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1. Uvod

1.A. Dlazdicové karcinomy hlavy a krku

Dlazdicové karcinomy hlavy a krku predstavuji kolem 5% vSech tumord. Naprostou
vétsinu z nich (90%) tvofi dlazdicové karcinomy vychazejici ze sliznic hornich cest
dychacich a polykacich. Z klinického hlediska se déli predev§im dle lokalizace na
karcinomy dutiny ustni, orofaryngu, epifaryngu, hypofaryngu, dutiny nosni, hrtanu a
slinnych zlaz. Jednim z nejvice rizikovych faktort pro vznik téchto nadori je kouteni.
Vice nez 80% nadori hlavy a krku je spojeno s expozici tabakovému koufi (Myers et
al., 2003). Mezi dalsi rizikové faktory dale patfi predevSim alkohol, lidsky papiloma
virus (HPV, sérotypy 2, 6, 11, 16 a dalsi), virus Epsteina a Barrové (EBV), dietni
faktory (nedostatek [B-karotenli, vitaminu A) (Nomura et al, 1997),
faryngolaryngealni reflux, geneticka predispozice (geneticky polymorfismus geni
enzyml, jez se podileji na neutralizaci kancerogent, napt. CYPIA 1, GSTM1 a dalsi)
(Fronhoffs et al. 2001), vlivy zevniho prostfedi (azbest, chrom, dfevny prach, prach
v kozedélném primyslu). Dlazdicové karcinomy hlavy a krku se nejcastéji
vyskytujici v orofaryngu a laryngu a jsou charakterizovany lokalnim agresivnim
chovanim a ¢asnym metastazovanim do regionalnich uzlin.

Systémové metastazy jsou predev§im v plicich a jatrech. Terapie je chirurgicka,
onkologickd nebo kombinace obou modalit. Cilem terapie je zajistit radikalni
odstranéni nadoru a dosaZeni uspokojivé kvality Zivota (Parkin et al., 1988, Boring et
al., 1992).

Navzdory diagnostickym i terapeutickym pokrokiim ziistava stile prognéza pacienti
s karcinomy hlavy a krku vazna. Pfi 1é¢bé je nutné zachovani dostate¢né radikality a
zaroven ochrana pacientll pred zbyte¢né agresivnimi postupy, které zhorSuji funkéni

vysledky (Chiesa et al., 1999, Ogawa et al., 1999).

Prognostické informace jsou nezbytné pro zhodnoceni a vybér optimalni Iécebné
modality s cilem dosahnout co nejlepsi kvality Zivota a nejdelsiho pieziti. Na
prognostické znaky je mozno nahliZet zrizného hlediska a podle toho je téz

klasifikovat:



a) Rizikové faktory (vék. koufeni, konzumace alkoholu. atd.) stanovuji riziko
vyskytu nadoru v populaci exponované tomuto faktoru ve srovnani s celou populaci.
Jejich stanoveni ma vyznam piedevsim v prevenci.

b) Diagnostické faktory (SCC Ag, Cyfra 21-1, atd.) napomahaji k detekci novych
nadord nebo k prikazu relapsu onemocnéni v preklinickém stadiu. Jejich stanoveni
ma vyznam predev§im diagnosticky. Zachyt zmény hladiny téchto znaki nas vede k
indikaci dalSich vy$etfeni a eventualni v€asné terapeutické intervenci.

¢) Prognostické a prediktivni znaky v uzs$im slova smyslu slouzi k efektivn€jSimu
definovani biologickych vlastnosti nadoru (TMN klasifikace, histologicka klasifikace,
atd.). Jejich vyznam spociva v urceni spravného lécebného postupu kdy napomahaji k
predpovédi Gcinnosti terapeutického postupu a tudiz k volbé nejoptimalnéjSich
lécebnych modalit.

Je cela fada studovanych znakii na molekularni urovni ve vztahu k patofyziologii
dlazdicovych karcinomi hlavy a krku, které by mohly byt pouzity ;jako prognostické
znaky. Obecné by se tyto znaky daly rozdélit podle mnohastupriovych fenotypovych

alteraci, které vedou k maligni transformaci na:

. Ziskani autonomni proliferacni signalizace (EGFR-receptor pro epidermalni
rastovy faktor, HGFR-receptor pro hepatocytarni riistovy faktor atd.).

2. Inhibice rist tlumicich signala (alterace cyklinu DI, p27, p16, Rb proteinu, p53,
atd.).

3. Unik mechanismiim programované bunééné smrti (alterace bel proteini).

4. Imortalizace (zvySeny vyskyt enzymu telomerazy v nékterych karcinomech).

5. Ziskani dostatecného cévniho zasobeni (iniciace neoangiogeneze: napf. zvySenou
expresi receptori pro vaskularni ristové faktory - VGFR, zvySenou produkci
rdstovych angiogennich faktord, napi. hepatocytarniho ristového faktoru. HGF atd.).
6. Ziskani invazivniho a metastatického fenotypu (abnormality v expresi integrin{,
laminind atd.).

Zhodnocenim lokalniho nalezu pacienta celkového statutu s vySe zmifiovanymi je
cesta k nejlepSimu vybéru terapeutického schématu a dalsi dispenzarizace pacienta.
Dal§imi molekulami, které by se mohly stat nadéjnymi prognostickymi znaky,:jsou
¢lenové rodiny endogennich lektind-galektiny ajjejich ligandy (Smetana et al., 2008,
Gabius et al., 1997).



1.B. Lektiny

Lektiny jsou proteiny, které nemaji charakter enzymu &i protilatek a jsou schopné
specificky rozpoznat sacharidové struktury (Barondes et al., 1988, Kocourek et al.,
1981). S lektiny se setkdvame u vSech Zivych organismi od vird, bakterii a rostlin az
rozpoznavajici sacharidy (Carbohydrate Recognition Domain, CRD).

Rostlinné lektiny byly popsany pred vice jak sto lety v souvislosti jejich schopnosti
shlukovat erytrocyty a nékteré jiné bunky. Ackoliv se lektiny vyskytuji v celé
rostlinné fisi, nejvétsi mnozstvi jich bylo izolovano z lusténin. Biologicky vyznam
rostlinnych lektint neni zcela jasny, zda se vSak, Ze se podileji na ochrané rostlin pred
patogennimi mikroorganismy a herbivornimi Zivocichy. Vyznam rostlinnych lektint
pro glykobiologii spo¢iva v moznosti uziti jejich specifické vazby na vybrany
cukerny motiv, ¢ehoz lze vyuzit v chemii, biologii i diagnostice.

Zivo&isné (endogenni) lektiny délime na zakladé strukturniho uspofadani na pét t¥id

(Tab. 1).

Tab. 1 Klasifikace Zivo¢iSnych lektini

Rodina Charakteristika Sacharidové
ligandy
C-lektiny konzervativni CRD, pro vazbu se sacharidem rizné (manosa, galaktosa.
potiebuji divalentni kationty jako kofaktor fukosa, heparinovy

tetrasacharid)

I-lektiny vykazuji strukturalni homologii s imunoglobuliny rizné (hyaluronové kyselina
a2,3/a2,6-sialyllaktosa,
manosa-6N-acetylglukosa)

Galektiny konzervativni CRD, postradaji transmembranové f-galaktosidy

(dfive S-lektiny) hydofobni tiseky, pro vazbu nepotiebuji

divalentni kationy

Pentraxiny pentamerové uspofadani 4,6 cyklicky acetal 3-
galaktosy, galaktosa,
sulfonylované a
fosforylované
monosacharidy

P-lektiny konzervativni CRD Manoso-6-fosfat
Zkratky: CRD karbohydraty-rozpoznavajici doména



Galektiny patii mezi endogenni lektiny dfive nazyvané S-lektiny, které jsou
charakterizovany vysoce konservativni CRD a afinitou k B-galaktosidim. Jsou aktivni
i bez pfitomnosti divalentnich kationd. Nachazeji se predevSim v cytoplasmé,
v bunééném jadre a extracelularni matrix a mohou se vazat i na buné¢nou membranu.
Postradaji vSak hydrofobni transmembranovy motiv. Doposud bylo popsano
minimalné 14 zastupci rodiny galekting.

Dle struktury se daji rozdélit do 3 skupin.
1. ,,Prototype* typy-jsou sloZzeny z peptidového fetézce s jednou CRD ( galectin -1,-
2,-5,-7,-10,-11,-13,-14)
2. ,,Tandem repeat™ typy- dvé CRD spojené kratkym peptidovym fetézcem (galektin -
4.-6,-8.-9, -12)
3. ,,Chimera typ“-CRD je lokalizovana na C-konci molekuly, v oblasti N-konce je

pfitomna nelektinova doména bohata na prolin, glycin a tyrozin (galektin-3) viz tab. 2

Tab. 2 Klasifikace galektini dle struktury

Typ galektinu Struktura Zastupci
Prototyp — nekovalentni homo- galektin-1,-2,-5,-7,-10,-11,
dimery, obé ¢asti maji stejnou CRD m -13,-14

se specifitou pro stejny oligosacharid

Chimera typ — obsahuje CRD na C

konci aminokyselinového fetézce, N O—
konec oligosacharid nevaze

galektin-3,

Tandem-repeat typ — obsahuje dvé galektin-4 -6, -8, -9, -12

kovalentné vazané CRD s riznou
specifitou

O Karbohydrata rozpoznavajici doména

Galektiny se uplatiiuji v Siroké Skale biologickych déjd, kde se podileji na regulaci
proliferace, diferenciace, apoptozy a modulaci mezibunécné interakce a interakce s

extracelularni matrix a to jak v normé, tak i za patologickych stavi. V kancerogenezi



se uplatfiuji predev§im galektin-1, -3, -7 (Plzak et al., 2001, Chiariotti et al., 2004,
Hughes et al., 2001).

K nejvice prozkoumanym galektinim ve vztahu ke kancerogenezi patfi galektin-1,

galektin-3 a galektin-7, ktery byl centrem zajmu této disertacni prace.

Galektin-1 (molekularni hmotnost 14,5 kDa) se vyskytuje v mnoha tkanich (kostni,

svalova, srde¢ni, placenta, lymfaticka). Jeho funkce lze shrnout do nasledujicich

bodu:

1. bunééna adheze a mezibunééné interakce
. imunomodulace. zanétlivé procesy
. regulace bunécného ristu

. apoptoza

&, N S VS T S

. sestiih pre-mRNA.

Galektin-1 vykazuje jak pozitivni, tak negativni efekt na buné€nou adhezi. Prikladem
takového antagonistického chovani je zesileni adheze u bunék melanomové linie,
bunék ¢ichového epitelu ¢i rabdomyosarkomu ve srovnani s normalnimi myoblasty
kde adhezi inhibuje (Cooper et al., 1991). Galektin-1 je popisovan jako vyznamné
proapoptoticky lektin, ktery ma zfejmé dulezitou dlohu pfi selekci a vyzravani T
lymfocyti (Perillo et al., 1997). Je =zvySené exprimovan v imunologicky
privilegovanych organech jako je placenta a oko. Pravdépodobné se uplatiiuje jako

protektivni faktor autoimunitnich chorob pravé pro jeho indukéni vlastnosti
apoptézy u aktivovanych autoagresivnich klond T lymfocytd (Levi et al., 1983,
Offner et al.,, 1990). Protichidné je plsobeni galektinu-l na bunécnou
proliferaci. Jeho exprese stimuluje proliferaci endotelovych bunék (Sanford et al.,
1990). Rovnéz ptidani nizkych davek exogenniho lektinu jejich proliferaci
stimuluje. Naopak vysoka ji  inhibuje (Adams et al.,, 1996). Galektin-1 je
asociovan s ribonukleproteiny bunécného jadra (RNP), které jsou soucasti
sestfihovych komplext a podileji se na vzniku definitivni podoby mRNA (Dagher
et al., 1995, Vyakarman et al., 1997). Jeho zvySena exprese byla nalezena ve vétSiné
transformovanych bunéénych linii a tumorG (Plzak et al., 2004), pfi chronické

pankreatitidé a u parazitarnich onemocnénich.



Karcinomy hlavy a krku vykazuji heterogenni expresi galektinu-1 (Gillenwater et al.,
1996). Exprese galektinu-1 je v literatufe popisovana u karcinoml s vyrazné
malignim fenotypem a zvysSenou tendenci k metastazovani piedevSim v karcinomech
jazyka. V karcinomech laryngu a hypofaryngu se galektin-1 vyskytuje heterogenné,
kde je jeho vyskyt ovlivnén hypoxii v nadoru. Tyto nalezy u nadort je mozno dat do
souvislosti s vyskytem  galektinu-1 u kmenovych bunék dlazdicovych epitelt
(Purkrabkova et al., 2003), nebot’ se zda, ze se kmenové buiiky podileji na vzniku
nadord vychazejicich z dlazdicovych epiteld (Motlik et al., 2007). Vysoky vyskyt
galektinu-1 ve stromatu dlazdicovych karcinomi hlavy a krku je charakteristicky
(Lacina et al., 2007) a miZe se podilet na indukci apoptozy lymfocytl infiltrujicich

oblast nadoru (viz vyse).

Galektin-3 se podobné jako galektin-1 vyskytuje v burikach (jadro/cytoplasma) a
v mezibunééné hmoté. Podili se rovnéz se na adhezi bunék i intercelularnich
interakcich, regulaci déleni a apoptdzy a sestiihu pre-mRNA (Dumic et al., 2006).
V dlazdicovych epitelech je typicka jeho ptfitomnost v suprabazalnich vrstvach.
Kromé toho je pfitomen v makrofazich a Langerhansovych burikdch (Smetana et al.,
1999). Zatimco jeho pfitomnost je typicka pro karcinomy prostaty a Stitné zlazy,
v adenomech S§titné Zlazy zaznamenina nebyla (Sawangareetrakul et al., 2008).
Exprese galektinu-3 je ma proproliferacni a antiapoptoticky ucinek (Polyak et al.,
1997). Karcinomy hlavy a krku vykazuji rozdilny vyskyt galektinu-3 v zavislosti na
oblasti, zniz tumor pochazi. RovnéZz subcelularni lokalizace galektinu
(Jadro/cytoplasma/membrana) mize pfinést cenné informace o biologickém chovani
nadoru a prognoéze (Honjo et al., 2000, Piantelli et al., 2002). Podobny vyznam ma i
prikaz vazebnych mist pro galektin-3, ktera se nachazeji zejména v mezibunéénych
kontaktech bunék dobie diferencovanych dlazdicovych karcinomi. Naopak snizena
vazba galektinu je typicka pro méné diferencované karcinomy a metastazy do uzlin.
Tyto nalezy se odrazily v niz§im metastatickém potencialu nadorovych bunék a ve
zvySeném preziti pacientd s vysokou expresi vazebnych mist pro galektin-3 (Plzék et

al., 2004).



Galektin-7 predstavuje endogenni lektin prototypniho typu exprimovany ve vSech
vrstvach dlazdicového epitelu. Za fyziologickych podminek se uplatiiuje v procesech
regulace proliferace, apoptdzy a stratifikace dlazdicovych epiteld. Predpoklada se, Ze
hraje dilezitou roli v embryonalnim vyvoji vrstevnatych epitelti (Magnaldo et al,,
1998, Timmons et al., 1999). Tyto vysledky naznaCuji, Ze galektin-7 by mohl byt
dobrym markerem normadlni stratifikace dlazdicovych epitelii. Velice zfidka je
detekovan v bazocelularnich karcinomech (Chovanec et al., 2005). ZvySena exprese
mRNA byla zaznamenana u linie keratinocyti po expozici UVB zafeni a po aplikaci
prodiferenciaénich &inidel (Bernerd et al., 1999). Je proto popisovan jako p53
inducibilni gen 1 a jeho podil na spusténi apoptozy, zejména u bunék s poskozenou
DNA je ziejmy. Exprese tohoto lektinu v dlaZdicovych karcinomech je popisovana
s rozdilnymi vysledky a prognostickymi vyhledy pro pacienta (Saussez et al., 2006).

1.C. Epidermova kmenova buiika, nukleostemin

V posledni dobé vzrostl velky zdjem o studium tzv. kmenovych bunék. Pfedevsim pro
jejich mozné efektni a cilené pouziti v raimei ztratovych (tkatiovych) patologickych
stavii. Kmenova buiika by se dala definovat jako burika, kterd ma schopnost se
neomezené délit v buriky opét kmenové a v buriky, které vstupuji do procesu ¢asové
omezené diferenciace. Kmenové buiky se obecné déli na embryonalni a tkaiové,
které se nachazeji v tkanich dospé€lého jedince. Jiné vicobecné uzndvané déleni
kmenovych bunék je na tzv. totipotentni, pluripotentni, multipotentni a monopotentni.
Totipotentni kmenové butiky jsou takové kmenové buiiky, které obsahuji plnou
genetickou informaci, jsou piitomné v oplozeném vajicku a ve velmi asném embryu.
Pluripotentni kmenové buiiky jsou pfedstavovany embryondlnimi kmenovymi
butikami, jenZ se nachazeji embryoblastu blastocysty. Multipotentni kmenové buriky
jsou pritomné v dospélém jedinci a davaji vznik omezenému poétu bunéénych linii.
Monopotentni kmenové buiiky, které se také nachazeji v dospélém jedinci, davaji
vznik pouze jedné bunééné linii. Existence kmenové buiiky je zavisla na prostfedi ve
kterém se nachazi. Toto prostiedi, ve kterém dochazi k interakcim jak na subbunééné

tak bunéfné vrovni, se nazyva Niche (Lanza et al., 2004). Vztah stromatu
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v netransformovanych a transformovanych tkanich je probiran v kapitole epitelo-

mezenchymalni transformace a nadorové stroma-viz nize.

Epidermova kmenova buiika

Epidermis je vrstevnaty dlazdicovy epitel, pivodem z ektodermu, ktery se sklada
z keratinocytl, bungk obsahujici intermedialni filamenta - keratiny.

Diilezitou ulohu v procesu stratifikace maji bazalni buiky, které jsou v kontaktu
s bazalni membranou, jenZ jsou schopné se délit a od nichZ zadina proces stratifikace
a diferenciace. Krom& nich se epidermis sklada ze stratum spinosum, granulare,
lucidum a korneum. Epidermalni multipotentni kmenové buriky jsou uloZeny v misté
zevni pochvy vlasového folikulu zvaného ,bulge” v blizkosti mazové Zlazy a
pravdépodobng i ve stratum basale. Z epidermalnich kmenovych bun¢k vznikaji
délenim nové multipotentni kmenové buiiky s neomezenym potencialem déleni a tzv.
transit amplifying cells (TA cells), které maji omezeny pocet mitoz pied terminalni
diferenciaci (Morasso et al., 2005).

Centrem zajmu fady vyzkumnych skupin je najit specifické znaky nebo jejich
kombinace charakterizujici epidermalni kmenové buiiky vyuZit je pro separaci téchto
elementti.

Jednim z takovych znaki je Bl-inetgrin a a6f4 integrin. V epidermis zajistuji diky
vysoké afinité k fibronektinu adhezi bunék k bazilni lamin&. Zaroveri se podileji na
prenosu signalu z extracelularntho prostfedi do nitra buiiky, timto se uplattiuji
v procesech zajist'ujici organizaci cytoskeletu, proliferaci, apoptéze a diferenciaci
(Mainiero et al., 1996). N&ktefi autofi popisuji kombinaci vysoké exprese o6
integrinu a nizké exprese transferinového receptoru jako znaky epidermalni kmenové
buiiky (Morasso et al., 2005, Li et al., 2004). Kromé& Bl-integrinu, se za znaky
epidermalni kmenové buiiky popisuji protein p63, fi-katenin a také galektin-1.

Bl integrin je schopen udrZovat buiiky v nediferencovaném stavu a s pribyvajici
diferenciaci bunék exprese 1 integrinu klesd. U knock-out my$i Kl4cre pro Bl
integrin byl zaznamenan defekt v proliferaci (Morasso et al., 2005, Raghavan et al.,
2000).

P63 je protein zrodiny pS3 transkripénich faktord. Je pFedstavovin dvéma
isoformami proteimi: TA p63 nebo ANp63. Oba proteiny se vyskytuji ve 3
isoforméch o, B, v. Protein se uplatiiuje pfedevS§im v regulaci kontroly bunééného

cyklu, vsignilni transdukci d&G uplatfiujici se v morfogenezi. Dominantni
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isorformou v transformovanych/netransformovanych dlazdicovych epitelech je
ANp63, kterd spoletné s izoformou TAp63 je schopna blokovat aktivity proteinu p53
a tim inhibovat apoptoézu. P63 je popisovan v literatufe jako protein, ktery se podili v
procesech diferenciace a preziti kmenovych bun€k v mnoha epitelech véetné
dlazdicového (Morasso et al., 2005).

B-katenin je multifunkéni protein, uplatiiujici se b&hem embryonalniho a
neoplastického vyvoje. Normaln€ se vyskytuje v membrané bunék dlaZzdicového
epitelu, kde kooperuje skadheriny. Jeho posun do oblasti cytoplasmy a jadra je
pozorovéin v obdobi embryogeneze a p¥i malignich transformacich epiteld.
Pfitomnost tohoto proteinu v jadée je povaZovana nékterymi autory za zniamku
kmenovych bun&k (Ridanpaa et al., 2001).

Galektin-1 vazebnd mista (galectin-1 binding sites, Gal-1-BS), byla exprimovana
v jadrech bungk, které pochazely z oblasti ,,bulge* zevni pochvy vlasového folikulu a
zaroveft byly pozitivni na keratin-19 (Klima et al., 2007). Mezi dalsi znaky
epidermalnich kmenovych bunék povazuji néktefi autoti Ki-67, keratin-8 a CD 71
(Kaur a Li 2000).

Nukleostemin je jaderny a jadérkovy protein vyskytujici se v kmenovych buiikach
stromatu kostni dieng, v nervovych a hematopoetickych kmenovych buiikach
(Lacina et al., 2006, Tsai et al., 2002, Yaghoobi et al., 2005). Proto se tento protein
stava zdjmem u studia kmenovych bunék, véetné epidermalnich kmenovych bunék.

Exprese nukleosteminu je typicka pro ranna stadia proliferace multipotentnich bunék
a klesa spostupnou diferenciaci bunék. Nukleostemin se ziejmé uplatiiuje
v procesech fizeni embryonalnich, proliferaénich, regeneracnich d&jii fizeni apoptdzy
(Beekman et al., 2006). Pfesny mechanismus plisobeni nukleosteminu nenf zndm, ale
udava se, ze vaze GTP a kooperuje jako regulacni faktor s proteinem p53. Jeho
exprese byla zji§t€éna v nékterych nadorovych bunécnych linii, napf. v SGC-7901,
HepG2, HeLa, 0S-732, MMK-7, HEK-293 (Liu et al., 2004, Sijin et al., 2004).
V dlazdicovych epitelech byla exprese nukleosteminu pozorovana v bazalnich i
suprabazélnich postmitoticky aktivnich buiikach, pozitivni na keratin-10, ktery je
znakem diferencovanych bungk. Nicméné zvySend exprese m-RNA byla
zaznamenana microarray technologii v mist€ bulge, tedy v mist€é uloZeni

epidermalnich kmenovych bungk (Tumbar et al., 2004). V in vitro pokusech byla
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zjisténa exprese nukleostemin pozitivnich jadérek v kultufe keratinocytt z vlasového
folikulu kokultivovanych s feederem z mesenchymalnich nenidorovych bunék,
nebyla prokézana v kultufe z interfolikularnich bun€k (Lacina et al., 2006). Zajimavé
je, Ze nebyla prokazana zavislost mezi expresi nukleosteminu a keratinu-19, jenZ je

povaZovan za jeden ze znaki epidermalnich kmenovych bunék (Lacina et al., 2006).

1.D. Nador a nadorové stroma, epitelomezenchymova transformace

Klasicky se daji nadory rozdélit na benigni a maligni. Maligni nador v plném slova
smyslu se d4 definovat jako soubor populace bunék s pfechodné neomezenym ristem
a schopnosti ristu v nejméné ve tfech kompartmentech: v pivodnim kompartmentu,
ze kterého tumor vyrfista, v mezenchymu tkané, do které tumor vrista (tzv. invazivni
fronta nadoru) a do tzv. vzdaleného kompartmentu, ktery umoziuje regionalni &i
vzdaleny rozsev-metastazy.

Zatimco nékteré nadory se vyskytuji disperzné v tkanich v podobé ,suspenze®,
ptikladem je moZzné uvést leukemie, jiné tumory tvoii solidni tkafiové masy-tzv.
solidni nadory. Solidui nadory se skladaji ze dvou zakladnich komponent, z vlastnich
nadorovych bunék-parenchymu a znadorového stromatu. V pFipadé epitelovych
nadord, které jsou centrem naSeho zijmu, je stromalni komponenta zpravidla
oddélena od vlastnich nadorovych buné¢k bazélni laminou, ktera byva velmi &asto
netiplna ¢i chybéjici.

Obecné patologové rozdéluji tumory na ty, které obsahuji malo stromatu, pfikladem
je mozné uvést medulérni karcinomy prsu nebo lymfomy a tumory oznafované jako
desmoplastické, jenZ obsahuji velké mnoZstvi stromatu. Do této skupiny patii vétSina
nadorfi Zaludku, pankreatu aj. Udava se, Ze v té€chto nadorech je az 90% stromalni
komponenty (Dvorak et al., 1991).

Stromalni komponenta je pfitomna jiZ pfi velikosti tumoru kolem 1-2 mm. Néadorové
stroma obsahuje fadu bunék. Nejvice zastoupenou skupinou bun&k pFedstavuji
fibroblasty, zirné buriky, endotelové buiky, adipocyty, makrofagy a buiky
imunitnfho systému. Kromé bunéénych elementii se zde nachazeji i cévy, produkty

rozpadu bunék, plasmatické proteiny, proteoglykany, glykosaminoglykany, fibrin,
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kolagen (pfedevsim typ I, II), fibronektin, fibroblasty aj. Ackoliv vétSina t&chto
bunék a slozek extracelularni matrix je piivodem z nemalignich tkini, jejich vzajemné
interakce mezi sebou a viastnim nadorem vedou k udrZzovani funkéniho maligaiho
fenotypu s pfitomnymi interakcemi buika-butika, burika-extracelularni matrix a
produkty tansformovanych a netransformovanych bunék, mezi které patii rizné typy
chemokint, cytokinii a ristovych faktord (Kulbe et al., 2004).

V minulosti byl epitel rozliSovan od mezenchymalnich bunék pouze na podkladé
morfologické struktury, kdy epitel tvoii viceméné uniformni a kompaktai celek,
charakterizovany svoji polaritou a tésnymi mezibunéénymi kontakty (Shook and
Keller 2003), ktery v 3-D prostoru tvoii jasn¢ definovany celek s uritou funkei a
morfologickou charakteristikou. Mezenchymalni buiiky jsou jakoby opakem
pravidelnosti a uniformity epitelidlnich bun&k. Netvofi jasné definované celky, jenz
jsou ve vzajemném kontaktu, ale disperzné uloZené butiky &i shluky bunék, jejichZ
protahly tvar a mensi vazby mezi buiikami a extraceluldarni matrix nedovoluji vytvofit
kompakini systém. Na druhou stranu umoZfiuji snazSi migraci bun&k v tomto
prostoru.

Nejpocetn€jsi bunélnou populaci v nadorovém stromatu piedstavuji fibroblasty,
jejichZ jednotlivé zastoupeni v nadorech se lifi. Obecné se tyto fibroblasty oznaduji
tumory asociujici ﬁbroblésty (CAFs-cancer associated fibroblasts), pro které je
charakteristické vedle vietenovitého tvaru exprese o-SMA. Rozdil mezi t€mito a
normalnimi fibroblasty je, Z¢ CAFs jsou trvale aktivovany, nekonvertuji zpét na
normalni fibroblasty a nepodléhaji klasické apoptoze (Li et al., 2007). Piivod tumor
asociujicich fibroblastl, neni stale jasny. Je nékolik teorii, které se snaZi vysvétlit
jejich pivod. Jedna znich uvaZuje o filzi nadorovych bun&k s poziné blizkymi
rezidentnimi fibroblasty (Duelli a Lazebnik 2003), jina teorie zvaZuje jejich ptivod
z CAFs prekurzorii bunék aktivované kostni dien€, pfiCemzZ je stile nejasné zdali
butiky derivované zkostni difené se stdvaji aktivni teprve v interakci
s mikroprostfedim tumoru a nebo piedstavuji jiz fenotypové predurcenou skupinu
bunék v kostni dieni (Ganss et al., 2006), a konecné se velmi intenzivné studuje teorie
epitelomezenchymalni transformace (EMT).

EMT bychom mohli definovat jako zménu epitelidlnich bunék v jejich morfologii a
architektufe, provazené zménou adheze, zvySenim migratni aktivity a rezistenci
k anoikis/apoptéze. Jina definice EMT, kterd zahrnuje fakt, ¢ EMT je

zaznamenavana v mnoha bun&nych linii v in vitro studii, tak vin vivo studiich,
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napiiklad u karcinomu prsu se vyskytuje pouze v 18%, definuje EMT jako piechod
epitelidlni komponenty do stavu fenotypové odpovidajici mesenchymu s paralerni
expresi vimentinu a ztratou exprese E-cadherinu. Petersen (Petersen et al., 2003)
definuje EMT u karcinomu prsu jako expresi mesenchymdlnich znaki-vimentinu,
tenascinu a stromelysinu, u variabilniho poétu nadorovych bunék.

Jak jiZ bylo vySe zminéno EMT miZe byt objektivizoviana zménou a expresi
molekularnich markerfi. Obecné€ uznavanymi markery EMT je zvySena exprese N-
kadherinu, vimentinu, jadérkova lokalizace B-kateninu, zvySena produkce
transkripcnich faktori jako Snail 1(Snail), Snail 2(Slug), EF1/ZEBI1, SIP1/ZEB2,
EA7, ktery inhibuje produkci E-cadherinu. Molekularni zéklad EMT prochézi fadou
faktor (HGF), jenZ byl oznafovan ,dispersing faktor pro epitelidlni buiiky
plsobenim na c-met receptor s tyrosinkinazovou aktivitou (Thiery et al., 2003).
Krom& HGF se studuji dal$i rGstové faktory a proteiny, pfedevsim TGF-B, PDGF,
LEF, integriny B4 a o5, Snail a Slug (Tse a Kalluri et al., 2007). Posledni dva
zmifované se uplatiiuji pfedevsim v ,,rozpusténi“ mezibunéénych kontakt (Shi and
Massagué 2003). Piisobi pfedevsim svym aktivnim C-koncem na promotory DNA a
tim ovliviiuji transkrip&ni aktivitu butiky (Huber et al., 2004).

Popisuje se cela fada molekuldrnich kaskad, které pi#i aktivaci vedou
k epitelomezenchymalni transformaci. Jednou z nich je aktivace tyrosinkindsovych
receptorti, spusténim kaskady Ras/Raf/MAPK, konéici aktivaci transkripénich faktori
Snail/Slug. Jiny ptiklad kaskady iniciovanou aktivaci tyrosinkinazového receptoru je
Ras/PI3K/AKT. Netyrosinkinasové kaskady jsou predstavovany transkripénimi
faktory SHIP-1, Crk, Rhoa, Smad2, Notch, Hedgehog, NF-kB (Thiery 2003).

Oblasti epitelomezenchymalniho pfechodu je mozné dle nékterych praci definovat
jako pfitomnost bun¢k s koexpresi vimentinu a cytokeratini s paralerni expresi
transkripcniho faktoru Snail (Huber et al., 2004, Petersen et al., 2003). Jiné studie
poukazuji na misto EMT se zvySenou expresi Snail a snizenou expresi E-cadherinu
(Yokoyama et al., 2003).

Dulezitou otdzkou je, zdali vzniklé mezenchymalni buiiky-(CAFs) jsou schopné
néjakym zptisobem ovliviiovat biologickou aktivitu vlastni transformované ¢&i
netransformované tkané. Pfikladem miZeme uvést vyrazn€ rychlejsi rist

karcinomovych linif po p¥idéni separovanych nddorovych stromalnich bungk. Na

druhou stranu je nutné konstatovat, e aplikace téchto bungk do netransfori



tkang, i pfes stejné genetické mutace, nevyvolalo tumorigenni chovani (Petersen et
al., 2003).

V procesu kancerogenese hraje EMT dle nékterych literarnich udaji velkou roli,
nebot’ umoziuje zatim neagresivnim benignim nadorovym buiikam (neinvazivoi a
neschopné metastazovat) stat se invazivnimi, tedy se schopnosti proriistat do okolni
tkané a zakladat vzdalené metastazy (Li et al., 2007).

Na zavér je nutné fict, Ze proces EMT je velmi zajimavou oblasti ve studiu
kancerogenese, ale je nutné na né&j pohliZet jako na dil¢i dileZitou podjednotku
velkého a sloZitého celku biologie tumor. Kromé toho se zda, Ze by se tento
mechanismus mohl uplathovat i pfi vzniku biologicky aktivnich stromalnich
fibroblasti.
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2. Cile disertacni prace:

» Glykobiologickd charakterizace dlazdicovych karcinomii hlavy a. krku
zejména z hlediska exprese vybranych galektind ve srovnani s normalnimi
tkanémi v korelaci s vyskytem funkéné vyznamnych jadernych a

cytoplasmatickych proteinti.

e Exprese nukleosteminu v dlaZdicovych karcinomech hlavy a krku a jeho

korelace s expresi znakii charakterizujici epidermalni kmenové buiiky.

e Objasnéni funkce, vzniku a pivodu nadorové asociovanych stromdlnich

fibroblastii stromatu jako niche pro nadorovou kmenovou buiiku.
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3. Material a metodika

3.1. Pouzity biologicky material

Vsechny vzorky byly odebirany s pfislusnym informovanym souhlasem pacienta.
Vzorky normélni epidermis, bazocelularnich karcinomti a dlazdicovych karcinom
pochazely pfevaZné z Dermatovenerologické kliniky 1.LF UK a VEN v Praze 2, z
kliniky ORL a chirurgie hlavy a krku 1.LF UK a FN v Motole, Praha 5 a z Kliniky
plastické chirurgie 3. LF UK a FN Kralovské Vinohrady .

3.2. Kultivace bunék

Vzorky normalni kiiZe a nadori byly odebrany pfimo na operaCnim sale a uloZeny
do transportniho kutivaniho média s pfidavkem antibiotik (penicilin, streptomycin-
Sigma Aldrich, Praha, CR) a antimykotik (amfotericin B- Sigma-Aldrich, Praha,
CR) a prfevezeny do laboratofe na Anatomickém tstavu, kde vzorky byly
enzymaticky rozvolnény roztokem trypsinu (Sigma-Aldrich, Praha, CR) a
ethylendiamintetraoctové kyseliny-EDTA (Sigma-Aldrich, Praha, CR). Z epidermis
byla ziskana priméarni kultura interfolikularnich keratinocytl, z dermis kultura
folikularnich keratinocytii a fibroblastli. Ze vzorkii bazoceluldrnich a dlazdicovych
karcinomti byly pfipraveny primokultury stromalnich fibroblastli a keratinocyti.
Dale jsme pouzili linie my$ich embryonalnich fibroblasti 3T3, linie FaDu-piivodné
izolovana z dlazdicového karcinomu hypofaryngu a bunééné linie TC-1 piivodné
ziskané transformaci epitelidlni my$i linie C57BL/6 pomoci HPV 16 E6/E7 a
aktivovaného H-ras proonkogenii. Linie 3T3 bunék jsme pouZili jako podpiirnou
plidu pro kultivaci keratinocyt. Pfed nasazenim 3T3 bunck ve vhodné denzité ke
kokultivaci s Kkeratinocyty jsme pouzili Mytomycin k zastaveni jejich proliferaéni
aktivity. Buiiky byly ko-kultivovany v médiu HMEM

(Sevapharma, Praha, CR) s 10% bovinnim sérem (ZVOS, Hustopeg, CR) a se
zvySenou tenzi CO; (3,3%). Vedle 3T3 linif jsme jako podpiimé fibroblastové buiiky
pouZily linie dermalnich lidskych fibroblasti, fibroblasty izolované z karcinomi a
TC1 bunégk, jenz byly kultivované v DMEM médiu (Biochrom, Berlin, NSR) s 10%
fetalnim bovinnim sérem (Biochrom, Berlin, SRN) pti 37 °C a 5% tenzi CO,. Vyse
zmitiovana linie Fadu byla kultivovana ve EMEM médiu (Biochrom, Berlin, SRN)

s 10 % fetalnim bovinnim sérem pfi 37 °C a 5% tenzi CO,.
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Jednotlivé buniky (mezenchymové buriky/keratinocyty) byly studovany jak ve 2D
prostoru po nasazeni na kryci skla nebo ve 3D rostoru po nasazeni do Matrigelu
(BD, Biosciences Erembodegen, Belgie). Jednotlivé interakce epitelovych a
mezenchymovych bunék byla studovana bud’ v pfimém vzdjemném kontaktu nebo
v systému Insert (BD-Falcon, Franklin Falls, USA), ktery umozZiuje za pomoci
mikroporozni membrany studovat vzijemnou interakci dvou bun&énych populaci
pomoci solubilnich faktort, pronikajici pfes mikroporézni membranu, aniz by doslo

k jejich vzajemnému fyzickému kontaktu.

3.3. Imunohistochemie

Vzorky normalnich i nadorovych byly po odbéru ihned jeSt€ na operacnim sile
upraveny na vhodnou velikost cca 5x5x5mm a ponofeny do zmraZovaciho média
Tissue-Tek (Sakkura,Zoeterwoude, Nizozemi). Po 60 minutich, kdy byl vzorek
uloZen pii teploté +4°C, bylo provedeno rychl€ zmraZeni v tekutém dusiku a dale
byl vznikly blotek uchovan pii teploté -80°C do definitivniho zpracovani. Zmrazend
tkan byla nasledné nakrajena na kryostatu Cryocut-E (Reichert-Jung, Viden,
Rakousko) na fezy o sile 7 pm. Tyto byly pfeneseny na skla s povrchem
modifikovanym poly-L-lysinem (Sigma-Aldrich, Praha, CR).

Ziskané kultury rostouci na krycich sklech byly po opakovaném oplachnuti
v pufrovaném fyziologickém roztoku (PBS) rychle ususeny v laminarn€ proudicim
vzduchu a uchovavany do definitivnfho zpracovani v mrazicim boxu pfi teploté -
20°C. Kultury v Matrigelu byly po odséati kultivatniho média bleskov€ zmraZeny
v tekutém dusiku a tovn&z uchovavany do definitivniho zpracovani pfi teploté -
80°C, kdy byly nakrajeny na kryostatu. Pfed vlastnim imunohisto- a cytochemickym
zpracovanim byly vzorky kratce fixovany v paraformaldehydu (2 % /wiv/
paraformaldehydu v PBS /pH 7.3/) a permeabilizovany za pouZiti Triton X-100
(Sigma-Aldrich, Praba, CR). Bylo pouZito metody vicendsobného znaeni na tirovni
jedné buiiky. Redéni protilatek pouZitych ve studiich respektovalo pokyny uvedené
vyrobci jednotlivych protilatck. Nespecifickd vazba protilatek druhého kroku byla
blokovana pomoci prasetiho séra (DAKO, Brno, CR). Po obarveni byl vzorek
zamontovin do média Vectashield (Vector Laboratories, Burlingame, CA, USA) a
hodnoceni vzorki a méfeni bylo provddéno na fluorescenénim mikroskopu
Optiphot-2 a pozdéji Nikon Eclipse 90i (Nikon, Praha, CR) vybaveném
specifickymi filtry (FITC = fluoresceinisothiokyanat, TRITC = tetrametylrodamin
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isothiokyanat, DAPI= 4',6'-diamidino-2-phenylindole dilactate) a chlazenou CCD
kamerou o vysokém rozliSeni Cool-1300Q (Vosskiihler, Osnabrick, NSR). Analyza
obrazu a méfeni fluorescenénich profild bylo providéno pomoci softwarového
systému Lucia 3.2 respektive 5.1 (Laboratory Imaging, Praha, CR). Vysledky byly
hodnoceny Studentovym t- testem. Specificita imunohistochemické reakce byla
ovéfena nahraZenim protilatky prvniho kroku jinou v dané tkani se nevyskytujici
protilatkou. Barveni jaderné DNA bylo univerzadlné provadéno pomoci DAPI

(Sigma-Aldrich, Praha, CR).

3.4. Lektinova histochemie

K detekci vazebnych mist pro jednotlivé galektiny byly pouzity biotinylované
galektiny, které pfipravil pripravil H.-J. Gabius a S. André (Univerzita Ludwiga-
Maximiliana, Mnichov), jako znadeni druhého kroku byl pouZit ExtrAvidin-TRITC
(Sigma-Aldrich, Praha, CR). Jako test specifické reakce pfi lektinové histochemii
byl bud’ vypustén z protokolu biotinylovany galektin, popfipadé byla provedena

inhibice laktdzou.

3.5. Analyza na FACS

Meéfeni byla provadéna na pfistroji FACSCalibur (BD Biosciences
Immunocytometry Systems, San Jose, CA,USA) v suspenzi enzymaticky
odvolnénych bunék po neutralizaci trypsinu sérovymi proteiny. Analyza vysledki
byla provedena sofiwarem Summit V3.3. Build 1024 (DakoCytomation, Fort
Collins, CO, USA).

3.6. Cytogeneticka analyza

Cytogeneticka analyza SCCF (mezenchymalni buriky izolované ze spinocelularniho
karcinomu) kultivovanych 4 hodiny v médiu s obsahem demekolcemidu (Sigma
Aldrich, Praha, CR) po dobu 4 hodin, které byly néasledn& roztokem trypsinu a
EDTA odvolnény, oSetfeny v hypotonickém roztoku KCl a fixovany v kyselém
methanolu. Metafazické chromozémy byly obarveny metodou G-/R-banding a
analyzovany systémem Ikaros version 5 (MetaSystems, Altlussheim, NSR). Takto

bylo analyzovéno 50 bunék ve v§ech vzorcich.
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Podrobné& jsou vsechny postupy a podminky experimentdi popsany v publikacich,

které jsou uvedené v prislusné kapitole.
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4. Vvsledky a diskuze

4.1. Galektin-7 (publikace €. 4)

Zjistili jsme, Ze vyskyt galektinu-7 v dlazdicovych karcinomech nebyl uniformni. Dle
rozloZzeni a intenzity signalu pro galektin-7 byly rozliSeny 4 modelové situace
v tumorech: A: silna intenzita signalu s homogennim rozlozenim signalu, B: silna
intenzita signalu s heterogennim rozlozenim signalu, C: slaba intenzita signalu
s homogennim rozloZenim signalu, D: Zadna intenzita signalu.

Statisticky nejvyznamnéjsi korelace (P=0,0105) silné exprese galektinu-7 bez
zavislosti na homogenité ¢i heterogenité signalu byla zaznamenana ve vztahu ke
keratinizaci, kde silna exprese galektinu-7 byla detekovdna v rohovych perlach
tumoru s nejcastéjSi lokalizaci v centralnich partiich nadord. Statisticky vyznamna
korelace (P=0,0024) byla rovnéZ zaznamenana mezi silnou homogenni expresi
galektinu-7 a pfitomnosti kontinualné¢ formované bazalni laminy. DalSi statisticka
vyznamnost byla potvrzena u silné homogenni exprese galektinu-7 a diferenciaci
nadoru (P=0,0009), kde tumory se silnou intenzitou signalu exprese galektinu-7
vykazovaly dobrou diferenciaci (Grading-1 a 2). Tento ndlez koreluje s vysledky
nékterych publikaci (Bernerd et al., 1999). Vzhledem k nékterym publikovanym
pracim (Saussez et al., 2006), které poukazuji napiiklad na Spatnou progndézu u
pacienti s karcinomem hypofaryngu stadia IV s paralern¢ nizkou expresi galektinu-7,
nebyla v naSem souboru tato zavislost zjiSt€éna. Zajimavym nalezem byla detekce
galektinu-7 v jadrech bunék a to pfedevSim v tumorech se silnou a homogenni
expresi, coZz by mohlo souviset s urcitou roli galektinu-7 pfi sestfihu pre-mRNA, jako
je tomu u galektinu-1 a 3 (Wang et al.,, 2004). Bohuzel nebyla zaznamenana
statisticka zavislost mezi expresi galektinu-7 a piezitim.

Exprese galektinu-7 nebyla detekovana v bazocelularnim karcinomu (n=10)
(Chovanec et al., 1995).

Zavérem je mozné konstatovat, Ze z vysledki této prace neni mozné v tuto chvili

povaZovat galektin-7 za suverénni diagnosticky a prognosticky marker.

4.2. Nukleostemin (publikace ¢. 1)

Zjistili jsme, Ze jadérkova exprese nukleosteminu byla pfitomna v kontrolnich

normalnich sliznicich laryngu a orofaryngu, a to jak v bazalnich tak suprabazalnich

24



vrstvach (Smetana et al.,, 2006), pticemz velikost jadérek byla v obou
kompartmentech srovnatelna. Primérna velikost plochy jadérek byla v rozmezi 6-10
pm>.

V dlazdicovych karcinomech hrtanu, jazyka, orofaryngu, FaDu burikach a tumorech
transplantovanych nu/nu mysi jsme zaznamenali silnou expresi nukleosteminu
v jadércich, jejichz velikosti nebyly tak uniformni ve srovnani s normalnim epitelem,
ale na druhou stranu byly daleko vétsi. Zjistili jsme jadérka i o velikosti plochy do 35
um®. Soucasné sexpresi nukleosteminu v jadércich jsme detekovali expresi P-
kateninu. jehoZ jaderna exprese je popisovana jako znak epidermalni kmenové buriky
(Smetana et al., 2006, Lacina et al., 2007). Zjistili jsme, Ze velikost jadérek
v nukleostemin pozitivnich burikach s jadernou ¢i cytoplasmatickou expresi f3-
kateninu byla ve srovnani s expresi B-kateninu na buné¢né membrané€ vyssi. Zrovna
tak jadérka keratin-10 negativnich a nukleostemin pozitivnich bunék byla vétsi ve
srovnani s buiikami pozitivni na keratin-10. Na druhou stranu je tfeba dodat, Ze jsme
ojedinéle nalezli buiiky s velkou plochou jader, které byly cytokeratin-10 pozitivni a
soucasné se u nich vyskytovala membranova exprese [3-kateninu. Tento stav by mohl
byt pfirovnan k popisovanému vyskytu disproporce mezi diferenciaci a maturaci v
dlazdicovych karcinomi objektivizovany soucasnou expresi Ki-67 s markery
charakterizujici terminalné diferencia¢ni stav burniky (Chovanec et al., 2005).

Expresi galektinu-1, ktery je povazovan nékterymi autory znakem epidermalnich
kmenovych bunék (Klima et al., 2005), jsme detekovali pouze ve stromatu tumoru.
Tento nalez je obdobny s popisovanou expresi tohoto endogenniho lektinu ve
stromatu bazocelularniho karcinomu, psoriazy a dermis (Lacina et al., 2006).
Ackoliv je fadou autorti nukleostemin povazovan za marker kmenové burky (Tsai et

al. 2002, Yaghoobi et al., 2005) vysledky nasi prace tuto hypotézu zatim nepodporuii.

4.3. Interakce stromalnich a epitelovych bunék in situ a in vitro,
nadorové stroma, epitelomezenchymova transformace

(publikace €. 2,3,5,6)

Zjistili jsme, Ze izolované SCCF (fibroblasty pfipravené z dlazdicového karcinomu)
vykazovaly znaky typické pro mezenchymové buiiky. Byly vimentin pozitivni a

keratin negativni. Ve 30 % exprimovaly Ki67 a byla zjisténa jadra s nukleostemin

pozitivnimi jadérky koexprimujici Ki-67 i jadra s nukleosteminem bez soucasné
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ptitomnosti proliferacniho markeru Ki-67. 20 % bunék obsahovalo galektin-1. Tyto
buiiky rovnéz produkovaly extracelularni matrix obsahujici tento galektin. Tento
nalez je obdobny s popisovanym vyskytem galektinu-1 ve stromatu bazocelularniho
karcinomu (Lacina et al., 2007).

Zajimavy byl rozdilny fenotyp kolonii interfolikularnich epitelovych bunék
kokultivovanych s dermalnimi fibroblasty ¢i s 3T3 bunkami a keratinocyty
kokultivovanymi s SCCF. Zatimco keratinocyty kokultivované s nenadorovymi
fibroblasty tvofily klasické ploché ovéalné kolonie, byly kolonie keratinocyti
kokultivované se SCCF nepravidelné a s vyskytem keratinocytl spiSe podobnych i
fibroblastim. Vedle morfologickych rozdilti jsme u téchto bunék zaznamenali expresi
keratinu-8. Tento keratin je u nadorovych keratinocytl znakem agresivity a v mnoha
ptipadech signalizuje Spatnou progndzu pacienta (Casanova et al., 2004, Raul et al.,
2004). Je zéroveni i znakem prekurzorl epidermové kmenové buiiky (Troy a Turksen
2005). Krom¢é toho jsme pozorovali i expresi keratinu-19 a presun B-kateninu z
membranové lokalizace do cytoplasmy. Soucasna exprese keratinu-19, ktery je
povazovan za znak kmenovych bunék epidermis a presmyku p-kateninu do
cytoplasmy jsou popisovany u velmi agresivnich tumori (Smetana et al., 2005,
Morasso et al., 2005). Velmi zajimavym nalezem, ktery soucasné podporuje teorii
vznik nadorového stromatu epitelomezenchymovym prechodem, bylo zjisténi
koexprese vimentinu a keratinu v ¢etnych keratinocytech kokultivovanych se SCCF.
Tato skutecnost byla podpofena i expresi transkripcniho faktoru Snail, jenz tento
proces fidi a je povazovan za znak ptechodu epitelovych bunék do fibroblastd (Thiery
et al., 2003, Thiery a Sleeman 2006). Nutno vSak podotknout, Ze soucasnou expresi
vimentinu a keratinu jsme ve velmi omezeném mnozZstvi zaznamenali i v normalnich
keratinocytech kokultivovanych s dermalnimi a 3T3 fibroblasty.

Tyto vzajemné interakce mezi SCCF a interfolikularnimi epidermalnimi keratinocyty
mohou byt vysvétleny dvéma mechanismy, a to interakci vzajemnych kontakti
burika-burika  a/nebo  parakrinnim  plisobenim  ristovych faktori/cytokinti
produkovanymi SCCF. Proto jsme dale kultivovali keratinocyty oddélené
mikroporézni membranou od buné€k SCCF. V tomto modelu normalni keratinocyty
opét exprimovaly keratin-8 vcetné koexprese keratinu a vimentinu-tedy znaky

epitelomezenchymového piechodu.
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Ve snaze o vytvoreni modelu, ktery by se co nejvice podobal podminkam in vivo,
jsme kultivovali normalni interfolikularni keratinocyty se SCCF ve 3D systému v
matrigelu. I za té€chto podminek keratinocyty exprimovaly keratin-8 a vimentin.
Dalsim ptikladem interakce mezenchymalnich a epitelovych bunék je mozné uvést na
na ptikladu fibroblastli izolovanych z benigniho fibrézniho histiocytomu (FBFH) a
normalnich keratinocytd. Toto pozorovani ukazalo, Ze interakce nadorového epitelu a
okolniho mezenchymu hraje roli i u benignich nadorGi a mizZe vysvétlit
hyperproliferaci keratinocytti nad loZiskem tohoto typu nadoru.

K dal$imu dilkazu vzdjemné interakce stromalnich a epitelidlnich bun€k (normalni
folikularni-NHF, interfolikularni keratinocyty-NIF) jsme pouZili geneticky upravenou
bunécnou linii TC-1, ktera byla pfipravena transfekci mySich plicnich epitelovych
bunék geny E6/E7 lidského papilomaviru HPV16a genem pro H-ras. Tyto buriky lze
povazovat za model bunék, které vznikly epitelovémezenchymovou transformaci
bunék nadorovych a hypoteticky se mohou podilet na vytvafeni bioaktivniho
stromatu. Kontrolu pfedstavovaly 3T3 mysi fibroblasty kokultivované s vySe
zminovanymi keratinocyty.

Rozdily jsme opét zaznamenali v morfologii kolonii. NHF a NIF kokultivované s 3T3
buiikami tvofily klasické ploché ovalné kolonie. Stejné keratinocyty kokultivované s
TC-1 bunkami tvorily malé, misty aZ papilomatdzné vzhliZejici kolonie. Po separaci
TC-1 bunék mikroporézni membranou NIF keratinocyty tvofily velké kolonie,
zatimco kolonie NHF keratinocytti byly opét malé. Je nutné konstatovat, Ze hranice
bunék v koloniich byly obtizné patrné, ale bylo jasné, Ze buriky jsou extrémné malé.
Mefili jsme proto plochu jadra (DAPI). Velikost jader keratinocytli kokultivovanych
s TC-1 bunkami byla velmi mala. Podobala se velikosti jader rychle adherujicich
keratinocytd, které jsou rovné€z velmi malé a jsou povaZovany za epidermovou
kmenovou buriku (Barrandon et al., 1985; Klima et al., 2007).

Vsechny keratinocyty kokultivované s TC-1 burikami exprimovaly keratin-8 a 19,
tedy keratiny, jeZ charakterizuji méné diferencované az kmenové epidermalni burky
a bunky nadorové (Michel et al., 1996, Commo et al., 2000). TC-1 rovnéz indukovaly
expresi Ki-67, vimentinu a nukleosteminu.

Zaroven je mozné konstatovat, Ze ackoliv byly pouzité mySi modelové linie (3T3,
TC-1) vinterakci s lidskymi keratinocyty, je proces vzdjemného pilisobeni mezi
stromalnimi a epitelialnimi bufikami druhové nespecificky. Uvedené nalezy rovnéz

naznacuji na podil mezenchymovych bunék vzniklych epitelovémezenchymovou
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transformaci na vzniku bioaktivnich stromalnich elementi. Ukazuji i na moZnou

tlohu kmenovych bunék v ontogenezi nadort vychazejicich z dlazdicovych epitelq.
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5. Souhrn vysledki

------

e Exprese galektinu-7 v karcinomech hlavy a krku je heterogenni, s rozdilnym
rozlozenim a intenzitou signélu. Statisticky nejvyznaméjsi korelace byla
zaznamenana mezi silnou expresi galektinu-7, keratinizaci, gradingem a
pfitomnosti dobfe formované bazalni membrany. Nebyla zaznamenéna

statisticka zavislost mezi expresi galektinu-7 a piezitim.

e Prokazali jsme, Ze exprese nukleosteminu neni zavisla na proliferacnim
stavu bunky, a to jak v normalni-netransformované tkani, tak v tkani
transformované. Dale jsme zaznamenali uritou korelaci mezi velikosti
jadérek a nucleostemin-pozitivnimi nadorovymi buiikami. Ackoliv je
nukleostemin povaZovan fadou autoril za znak nékterych kmenovych bunék
(napt. hematologickych. nervovych), z naSich poznatki nelze tento protein

povaZovat za znak kmenovosti v epitelovych burikach.

e Zjistili jsme, Ze izolované nadorové fibroblasty jsou schopné zménit fenotyp
netransformovanych/normalnich keratinocyti do podoby nadorovych bunék.
Zaroven jsme prokazali, Ze pfi vzajemnych interakcich téchto bunék se
v keratinocytech exprimuji  znaky, které jsou typické pro méné
diferencované az kmenové buriky. RovnéZz jsme nastinili moznost vzniku

nadorového stromatu procesem epitelomezenchymové transformace.
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6. Summary

Cancers of head and neck represents about 5% of all tumors. 80 to 90% of these
tumors are constituted of squamous cell carcinomas. Despite a rapid progress in
diagnostics and therapy the overall 5-year survival of this type of cancer is among the
lowest of the major cancer types. This unfavourable situation needs the extensive
research to found new markers to better characterize biological behavior of tumors as
a rational background for more sophisticated therapeutic modalities. One of the most
promising markers are endogenous lectins called galectins and their ligands.
Especially galectin-1, -3 and -7 play a key role in pathology of squamous cell
carcinomas. Galectin-7 is described in literature as a protein which has anti and pro-
malignant features in different in vitro models. We studied tissue sections
immunohistochemically and disclosed a correlation to increased status of
differentiation and keratinization in head and neck squamous cell carcinomas.

Other marker which could better characterizes the tumors is nucleolar protein
nucleostemin. We proved that presence of nucleostemin was documented in head and
neck cancer, and its detection, together with the size properties of positive nucleoli,
may relate to tumor cell features. Although nucleostemin is described as a marker of
stem cells (e.g. neural or hematopoietic stem cells), we cannot consider this protein as
realible marker of epidermal stem cells, becouse it is expressed by suprabasal,
terminally differentiated keratinocytes.

The fibroblasts prepared from stroma of squamous cell carcinoma influence the
phenotype of normal human epidermal keratinocytes to be similar to epidermal stem
cell. These fibroblasts can participate in the control of biological properties of this

type of cancer.
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Abstract. Background: This study presents initial data on
presence of nucleostemin — a nucleolar protein typical for stem
cells in the normal squamous epithelium of the oropharynx
and larynx - in squamous cell carcinoma originating from
these epithelia. Materials and Methods: Differentiation and
proliferation markers such as keratins, B-catenin, galectin-1,
and Ki67 were studied in parallel with nucleostemin for
defining cell characteristics. Results: Nucleostemin was
detected in nucleoli of both proliferating basal cells and
terminally differentiated suprabasal cells of normal epithelium
and in tumor cells. Imponantly, malignant transformation was
connected with a significant enlargement of nucleostemin-
positive nucleoli in these cell types. Conclusion: Therefore, the
pattern of nucleostemin presence deserves as new marker for
evaluation of tumor differentiation and biology.

Head and neck cancers represent about 6% of malignant
tumor cases worldwide; at least 9% of these tumors are
squamous ccll carcinomas. Despite rapid progress in
diagnosis and therapy the overall 5-year survival rate for this
malignancy is among the lowest of the major cancer types
(1). This unfavorable situation calls for research activities to
aim at finding new markers to better characterize the
biological behavior of tumors in order to serve as a rational
guideline to improve therapeutic modalities (2-5).
Respective candidates may originate from applying the stem
cell concept to this tumor class,

Adult tissue stem cells have scveral similarities with
cancer cells, and the idea of stem cells as a source of solid
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cancer was put forward recently (6, 7). As a consequence,
potential roles of epidermal stem cells in cancer, especially
in squamous cell carcinoma, have been proposed (8). Fitting
this concept, characteristics of the epidermal stem cell
phenotype could be detected in in vitro propagated cells
from cancer lines of squamous cell epithelial arigin (9, 10).
Morcover, cells of a very low differentiation level, akin to
epidermal stem celis, have been observed on the periphery
of tumor lesions in the so-called "aggressive front" of
carcinomas. Tumors abundantly populated by these cells
exhibit a highly anaplastic aggressive phenotype (11). At
present, no single specific marker of adult tissue stem cells
(including stem cells of squamous epithelia) has yct been
discovered. These cells are currently identified by the
detection of a combination of markers. In this situation, the
systematic study of individual proteins will help characterize
the phenotype of these cells thoroughly. This rationale
prompts the study of nucleostemin, a nuclear/nuclcolar
protein present in neural and bone marrow stem cells and
their related malignancies (12, 13). Nuclcostcmin, of note,
participates in the control of prolifcration in these cells and
also in early embryonic development (14) and tissuc
regeneration (15), explaining why monitoring of its presence
in cancer is warranted. In the human epidermis, this protein
is not exclusively expressed by cells of the stem cell pool,
and cven nucleoli of terminally differentiated suprabasal
cclls reveal the presence of nucleostemin (16). However,
nucleostemin expression is up-regulated in follicular bulge
epidermal stem cells when measured by microarray
technology at the mRNA level (17); in vitro only those celis
cocultured with non-tumor feeder cells contain nucleoli
positive for nucleostemin expression (16).

This study demonstrates the expression of nucleostemin
in nucleoli of cclls of normal squamous cell cpithelium
(nmamely of the larynx and oropharynx) and in squamous cell
carcinomas originating from these epithelia. The scope of
these results was extended to nucleostemin presence in
FaDu cells, a model line of human squamous cell carcinoma
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from the hypopharynx, in vitro and in vivo after tumor
development in nu/mu mice. To relate nucleostemin
presence to other cellular characteristics, the presence of
the following well-established markers was determined: Ki-
67, B-catenin, and keratin 10. Proliferating cells were
detected by the nuclear expression of Ki6? (18). -Catenin
is usually a membrane-associated protein in the majority of
cells of the squamous cell epithelium; its shift to the
cytoplasm and nucleus is related to with tumor progression
(19). Keratin 10 expression is associated with terminal
differentiation in cclls of squamous epithelia under
physiological conditions and in cancer (11, 20). In addition,
the presence of a key member of the adhesion/growth-
regulatory galectins, galectin-1 was determined. These
endogenous lectins can interact with distinct glycan epitopes
and proteins at diffcrent sites of the cell to trigger efficient
signaling leading to diverse cell responses (21-23). In this
context it is noteworthy that nuclear presence of galectin-1
has been observed in cells of the bulge region of the hair
follicle which are phenotypically similar to epidermal stem
cells (24).

Materials and Methods

Clinical material. Five specimens of laryngeal squamous cell
carcinoma, three specimens of squamous cell carcinoma of the
tongue and four specimens of oropharyngeal squamous cell
carcinoma at stage T3 and without previous therapy as well as five
control samples of normal laryngeal mucosa and three control
samples of oropharyngeal mucosa {control samples were obtained
from tumor-free organs as verified by histology) were taken. All
samples were donated with the informed consent of the patients.
The tissue donors had not undergone previous cytostatic
(chemo)therapy. The samples were frozen in liquid nitrogen using
Tissue-Tek (Christine Gropl, Tulln, Austria) as a cryoprotective
medium and stored at -85°C until further processing.

Tissue culture and animal experiments. The human hypopharyngeal
squamous cell carcinoma line FaDu (HTB-43) was obtained from
the American Type Culture Collection (ATCC, Rockville, MD,
USA), and the cells were cultured in Dulbecco’s modified Eagle’s
medium {DMEM) containing 10% fetal calf serum, antibiotics (100
units/mL of penicillin, 100 pg/mL of streptomycin; Sigma, St. Louis,
MO, USA), 1.5 g/L NaHCO,, 0.11 g/L sodivm pyruvate, 0.292 g/L
L-glutamine, and 10 mM N-(2-hydroxyethyl) piperazine-N"-(2-
cthancsulfonic acid) (HEPES). FaDu cells were also cultured on
covenslips as described previously (10, 16). The cells were cultured
under standard conditions i.e. under 5% CO, tension at 37°C.
Three independent experimental series were immunohisio-
chemically evaluated. For xenotransplaniation, two female nu/nu
CD-1 mice, aged 8-12 weeks, were purchased from the Institute of
Molecular Genetics, Academy of Scicnces of the Czech Republic.
The mice were housed in accordance with approved guidclines and
provided food and water ad libitum. A (otal of 1x10¢ FaDu cells
from tissue culture were resuspended in 100 ul of phosphate
buffered saline (PBS) and mixed with 50 ul of BD Matrigel™ (BD
Biosciences, Erembodegen, Belgium) according to supplier

instruction. The resulted suspension was then subcutaneously
inyecied o each nu/nu CD-1 female mice.

The animals were sacrificed after 49 days and the specimens
were frozen as described above.

Immunohistochemisiry. Frozen sections, 7 pm each, were prepared
using Cryocut E (Reichert-Jung, Vienna, Austria)! The tumor
sections and the FaDu cells grown on coverslips were washed with
PBS, bricfly fixed with 4% paraformaldechyde in PBS (pH 7.3) at
room lemperature, and then washed once with PBS. Diluted
porcine secrum (1%) (DAKO, Brno, Czech Republic) was used as a
tlocking solution to prevent the nonspecific binding of first and
second stcp antibodies. Nucleostemin was delecied by goat
polyclonal antibody (Neuromics, Bloomington, MN, USA). Ki-67,
a pankeratin, and keratin 10 were visualized by commercial mouse
monoclonal antibodies (DAKO, Brno, Czech Republic) and f-
catenin by a rabbit polyclonal antibody (Santa Cruz, Santa Cruz,
CA, USA). Rabbit polyclonal antibody against galectin-l (non-
crassreactive with ather galectins) was employed to visualize this
antigen (25, 26). TRITC-labeled donkey anti-goat (Jackson
Laboratories, West Grove, PA, USA) along with FITC-labeled
swine anti-mouse (SWAM-FITC, AlSeVa, Prague. Czech Republic)
and FITC-labeled swine anti-rabbit (SWAR-FITC, AlScVa, Prague,
Czech Republic) were used as second-step reagents. All
commercial antibodies were diluted according to supplier
recommendations. Five sections from the each tumor samples were
employed for the each antibody combinations. Sections and
cultured cells were stained at room temperature for 60 minutes.
Specificity controls were performed by omitting the first-step
antibody or by replacing it with monoclonal/polyclonal antibodies
against thyroglobulin (not expressed in the studied tissucs: DAKO,
Brno, Czech Republic) to exclude any interaction of an antibody
with sections of the studied tissues via Fc receptor. The nuclei were
then counterstained with DAPI (4°.6'-diamidino-2-phenylindole
dilactate) (Sigma-Aldrich, Prague, Czech Republic). The specimens
were mounted using Vectashicld (Vector Laboratories,
Burlingame, CA, USA) to prevent the UV blcaching of
fluorochromes. A Nikon Eclipse-90i fluorescence microscope
(Nikon, Prague, Czech Republic) equipped with filter blocks
specific for DAPIL, FITC and TRITC, a cooled CCD Vosskiihler
Cool-1300Q camera (Vosskihler, Osnabrick, Germany) and a
computer-assisted image analyzer LUCIA 5.1 (Laboratory Imaging,
Prague, Czech Republic) were used for imaging. The image
analyzer was also used for measuring the size of nucleolar arca
positive for nuclcostemin. A total of 300-500 cells were analyzed in
cach specimen. The results were statistically proccssed using
Student’s unpaired ¢-test.

Results

Normal oropharyngeal and laryngeal epithelium exhibited
nucleostemin-positive nucleoli in both basal and suprabasal
cells (Figure 1A). This obscrvation is in accordance with a
previous study of normal epidermis, hereby serving as
internal quality control (16). The size of nuclcostemin-
positive nucleoli was identical in both compartments (Figure
2A). In order to support this notion the presence of Ki-
67was mcasured and found to be restricted to cells of the
basal layer in samples of normal epithelium (not shown).
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Figure 1. Detection of nucleostemin (NuclS, red) (A-E), galectin-1 (Gal-1. green) (A. B. E), Ki-67 (green) (C), B-catenin (B-cat, green) (D) and of a
pankeratin (Kerat. green) (F) in normmal laryngeal epithelium (A), squamous cell carcinoma of the oropharynx (B). squamous cell carcinoma of the larynx (C,
D),cultured FaDu cells (E) and in FaDu cells grown in nufmu mice (F). All nuclei are counterstained with DAPI. Arrows indicate cells with cytoplasmic/nuclear
expression of B-catenin. Mitotic cells are marked by "in". Fluorescence intensity profiles were measured for FaDu cell nucleoli marked 1 and 2 (G).

The nuclei of cells from squamous cell carcinomas contained
nucleoli which gave a strong nuclcostemin signal (Figure 1B-
D). Similar findings were also obtained in cultured FaDu
cells (Figure 1E) and in tumors from FaDu cells grafted into
mice (Figure 1F). In addition to the signal intensity the size
of nucleostemin-positive nuclcoli was significantly larger in
cells of squamous cell carcinomas than in cells of normal
cpithelia (Figure 2A). This property was also detectable in

FaDu cells grown both in vivo and in vitro, although it was
not statistically verified (Figure 2A). Analyzing the
distribution of nucleoli according to their size. the nucleolar
arca in normal cpithelium was rather uniform with a high
incidence of nucleoli in the range of 6 to 10 ym-~ (Figure 2B).
In contrast, the size distribution of nucleoli in both laryngeal
and oropharyngeal squamous cell carcinomas was broad.
with occurrence of very large nucleoli up to 35 pm- (Figure
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Figure 2. A) Size of nucleostemin-positive nucleoli in basal layer cells (N1.
-Basal cells} of normal laryngeal epithelium, in suprabasal layer cells (NL
-Suprabasal cells) of normal laryngeal epithelium, in laryngeal (Ca -
Larynx) and in oropharyngeal (Ca -Oropharynx) cancer cells, in cultured
FaDu cells (FaDu-in vitro), and in cells of tumors formed by grafting
FaDu cells in vivo. Sintistically significant differences are marked by
asterisks; p=0.0S, B) Size-dependent distribution of nucleostemin-positive
nucleoli in basal and suprabasal layer cells, as well as in carcinoma cells
of the oropharynx and larynx.

2B). Having first focused on features of nuclcostemin
presence, we next set the immunohistochemical data in
rclation to proliferation and other cellular markers.The
studied tumors contained groups of cells with membrane-
associated signals for p-catenin with the cytoplasmic and
nuclear presence of this protein (Figure 1D) that is
associated with tumor progression. The mean size of the
nucleostemin-positive area per nucleolus was smaller in cells
with membrane-associated positivity for f-catenin than in
cells with positivity in the cytoplasm/nucleus (Figure 3A).
However, this result should be be considered cautiously due
to the rather low degree of nucleostemin positivity in cells
with membrane-associated fB-catenin (Figure 1D), where
approximately one half of the cclls contained nucleostemin-
positive nucleoli (Figure 3B). When the signal for
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Figure 3. A) Size of nucleostemin positivity per nucleolus in cancer cells,
in relation to the expression of the proliferation marker Ki-67, the
expression pattern of f-catenin (; b Yytoplasmicinucilear) and
the expression of keratin 10. B} Incidence of cancer cells according to their
phenotype. C) Comparison of the size of the area expressing nucleostemin
in cells positive for this ker and p. ing a b iated
signal for B-catenin, and for keratin 10. The difference ‘is swatistically
nonsignificant; p=0.05.

nucleostemin was evaluated based on positive cells only,
these were found to exhibit large nucleostemin-positive
nucleoli (Figure 3C). Interestingly, the same phenomenon
was observed for keratin 10-positive cells (Figure 3A-C).



Cada et al: Nucleostemin in Head and Neck Cancer

Nuclear/nucleolar expression of galectin-1, known to be
expressed in cells sharing features with epidermal stem cells
was detected in cultured FaDu cells (Figure 1E). No signal
for the expression of this endogenous lectin was found in the
nuclei of cells from normal epithelia or carcinomas (Figure
1A, B), or in tumors from FaDu cells grown in nu/nu mice
(not shown). Of note when examining the tumor sections was
the abundant presence of galectin-1 in the tumor stroma
(Figure 1B); its level was significantly higher than in the
connective tissue of the normal mucosa (Figure 1A).

Discussion

Evidently, expression of nucleostemin is not dependent on
the proliferation status of cells in squamous epithelia of
either ectodermal (epidermis) or endodermal (larynx) origin,
knowing that only basal cells are able to proliferate (4, 27).
Similarly, the proliferation status of tumor cells has no
influence on the expression of nucleostemin in their nucleoli.
However, the nucleostemin-positive nucleoli are larger than
these in the normal cpithelia. Surprisingly, nucleostemin-
positive nucleoli of a very large area were found in cancer
cells exhibiting membrane attached p-catenin and keratin 10,
markers indicating differentiated phenotype in the normal
cells (11, 19). This finding is similar to our observation in a
previous study comparing the expression of keratins, ligands
for galectin and Ki-67 where difference between expression
of markers of the terminal differentiation and Ki-67 can be
explained by the disparity between cell maturation and
differentiation in cells of squamous cell carcinomas of the
head and neck (11). Galectin-1 expression in the cell nucleus
and/or nucleolus was observed in cells sharing features of
epidermal stem cells (24) and it was also observed in FaDu
cells (10). While nucleostemin was expressed in all cultured
FaDu cells nucleoli, galectin-1 was detected in one half of
studied cells where the good agreement of both proteins
localization was present.

Extensive expression of galectin-1 in the tumor stroma
represents one of dominant features of all the studied
carcinomas. Increased presence of galectin-1 in the stroma
has been observed, for example, in basal cell carcinomas
(28) and the dermis of psoriatic skin (29).

The presented results document the presence of
nucleostemin in squamous cell carcinoma of the head and
neck. A high level of expression of this nuclear protein has
also been observed in brain tumors (12), basal cell
carcinomas (16), stomach and liver cancers (30) and cancer
of the kidney (31). By immunohistochemical means it is not
possible to determine whether this high level is an inherent
property of tumor cells or is induced by a crosstalk between
the cancer epithelium and tumor stromal cells (28). Looking
at functional aspects, nucleostemin is likely not involved in
the production of rRNA (32), but it may exert other

regulatory functions during malignant transformation (33).
One proposed function of nucleostemin is the control of
proliferation and the inhibition of senescence, a potential
means by which tumor cells avoid restrictions to their
growth potential also related to galectins (34-36).

Conclusion

The presence of nucleostemin was documented in head and
neck cancer here, and its detection, together with the size
properties of positive nucleoli, may relate to tumor cell
features (37).
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Marker profiling of normal keratinocytes identifies the stroma
from squamous cell carcinoma of the oral cavity as a modulatory
microenvironment in co-culture
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Abstract

Purpose: 'The microenvironment established by stromal cells may or may not influence phenotypic aspects of epithelial cells
and may be relevant for tumor and stem cell biology. We address this issue for keratinocytes using tumor-derived stromal
cells in a co-culture system.

Mazerials and methods: We isolated stromal cells from human squamous cell carcinoma tissue and studied their cffect on
phenotypic characteristics of normal human interfollicular keratinocytes m vitro.

Reswdrs:  Stromal fibroblasts significantly influence immuno- and lectin cytochemical properties of co-cultured normal
keratinocytes. Expression of keratins 8 and 19, the nucleolar protein nucleostemin, parameters related to adhesion/growth-
regulatory galectins and the epithelial-mesenchymal transition were altered. This biological activity of tumor-derived stromal
cells, which did not require cell contact, appeared to be stable, because it was maintained during passaging of keratinocytes
in the absence of cancer cells.

Conclusions: Tumor-derived stromal fibroblasts acquire distinct propertics to shape a microenvironment conducive to
altering the phenotypic characteristics of normal epithelial cells in vitro.

Keywords: Cell biology, skin, stem cells, tumour physiology

cells are believed to participate in the development of

Introduction basal cell and squamous cell carcinomas (Owens &

Advances in stem cell research are likely to broaden
the clinical potential of regenerative medicine, cell
therapy and tissue engineering. Equally important is
our understanding of stem cell biology in adult
tissues, currently linked to the origin of solid tumors,
which can notably factor into development of new
therapeutic concepts (Reya et al. 2001, Sell 2004,
Keith 2006). From this point of view, epidermal stem

Watt 2003, Costea et al. 2006, Modik et al. 2007).
This hypothesis is based on functional aspects shared
by normal adult stem cells and cancer cells as well as
on the similarity of their phenotypes observed either
under i vitro conditions or in biopsies. (Chovanec
et al. 2005a, Dvorinkova et al. 2005, Mackenzie
2005, Smetana et al. 2006). In order to maintain their
unique properties tissue stem cells require a special
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microenvironment, whose essennbal biochemical
components are not clearly defined as yet (Watt &
Hoggan 2000). The stem cell compartment in skin
being intensively swtdied to address this issue
(Tumbar et al. 2004). Assuming a lineage from adult
stemn cells to tumor cells, it is reasonable to consider
the analysis of the cellular microenvironment in
tumors to identify spot clues to be followed in stem
cell research. Focusing on fibroblasts in the tumor
stroma, an intriguing question arises as whether they
contribute to the establishment of niche-like proper-
tes (Kenny & Bissell 2003, Bissell & LaBarge 2005).
Of relevance are studies of the establishment of
malignancy in a prostatc epithelium cell line and
rumor spread after inoculaton into mice, in which
stroma fibroblasts appeared to favor transformation
(Hayward et al. 2001). Such reports are a paradigm
for the potential of tumor stromal fibroblasts to act as
modulators of other cell types. This potential for
modulation is the main aim of our report.

We presume that these cells are recruited from the
fibroblast pool of the local mesenchyme responding
to growth factors/cytokines produced by the malig-
nant epithelium. They can also originate from the
malignant epithelium by epithelial-mesenchymal
transition (Petersen et al. 2003, Weber et al. 2006).
A fusion of cancer epithelial cells with stroma
fibroblasts was also proposed to create bioactive
stroma cells (Jacobsen et al. 2006). In a previous
study, we initiated monitoring of the properties of
normal human keratinocytes exposed to fibroblasts
derived from a human basal cell carcinoma in a co-
culture system (Lacina et al. 2007). Notable changes,
for example, concerned expression characteristics of
kerann 19 and nucleostemin and spurred our interest
to extend this line of investigation to epidermal
keratinocytes under similar experimental conditions.
A pertinent issue was to test stroma derived from a
different rumor type, i.e., squamous cell carcinoma.
Consequently, the present study focuses on mon-
itoring phenotypic properties of normal human
epidermal keratinocytes under the influence of hu-
man squamous cell carcinoma,

The stromal fibroblasts were first characterized by
karyotyping, profiling of cell surface markers and
immunocytochemical analysis. Keratinocytes co-cul-
tured with the tumor-derived stromal cells, using
human dermal fibroblasts and 3T3 cells as controls
in parallel, were subjected to monitoring of various
features relevant for differentiation and growth.
Among keratins, we looked especially at keratin 8,
because this type of keratin is not normally expressed
in postnatal normal squamous epithelia including
cultured cells and its presence in squamous cell
carcinoma is an indicator of poor prognosis of
panents (Gires et al. 2004). We also included keratin
19 present in epidermal stem cells, which is not

normally expressed in interfollicular epiderns
(Michel et al. 1996, Dvorinkovi et al. 2005). Keratir:
19 expression can be induced in the interfollicular
keratinocytes by a suspension vegimen and read-
hesion or by co-cultivation of these cells with
fibroblasts prepared from basal cell carcinoma
(Dvorankova et al. 2005, Lacina et-+al. 2007).
Although it has not been proven a reliable marker
of epidermal stem cells, we added nucleostemin to
our panel because this marker is expressed in
keratinocytes at an early stage of differentiation
under n virro conditions (Lacina et al. 2006,
2007). The region of epithelial-mesenchymal transi-
tion was defined by the level of coexpression of
keratins and vimentin and also by detection of snail,
the transcription factor involved in control of this
process (Huber et al. 2005). Due to the association
of B-catenin with the course of embryogenesis and
also to cancer progression the extent of its transloca-
tion from the cell membrane to either the cytoplasm
or nucleus was assessed (Conacci-Sorrell et al.
2002). The same, and even in more genecral terms,
holds true for glycan epitopes of cellular glycoconju-
gates acting as biochemical signals in the interplay
with endogenous lectins (Gabius 1997, 2001, 2006,
Buzas et al. 2006, Villalobo et al. 2006). Because
expression and profiling of those ligands are of
prognostic relevance in several tumor types and they
are supposed to be senescence-associated indicators
in keratinocytes (Chovanec et al. 2004, Gabius et al.
2004, Lahm et al. 2004, Plzik et al. 2004, Szoke
et al. 2005, Smetana et al. 2006), members of the
adhesion/growth-regulatory family of galectins were
studied by immuno- and lectin cytochemistry.
What’s more, galectin expression is susceptible to
modulaton by microenvironmental factors including
growth 2 virro or in tumors in vive (Gabius &
Vehmeyer 1988). These results direct attenton to a
methodological factor concerning the mode of cell
culture. Cell growth either on coverslips or in 3D
scaffolds can also influence cell features (Smalley
et al. 2006). Thus, we compared cell populations
kept in the classical two-dimensional (2D) culture
with those maintained in three dimensional (3D)
culture in a Matrigel matrix. To delineate whether
the influence of stroma cells depends either on direct
contact with the epithelial cells or on paracrine
mechanisms we tested the cytochemical parameters
mentioned above on keratinocytes physically sepa-
rated from stromal cells by a microporous mem-
brane. The given set of experiments were flanked by
two approaches to infer an ontogenetic relationship
between tumor cells and the stromal cell population,
i.e., (i) the applicaton of a differentation-promoting
agent, sodium butyrate, in vitro, and (ii) testing of
stroma in tumors obtained from cells of the human
FaDu line grafted to nw/nu mice i vivo.



Material and methods
Characterization of wumor

Attempts were made to isolate stromal cells from
squamous cell carcinomas of the head and neck of
three patients but only the presented cultivation was
successful. This sample was the third recurrence of a
squamous cell carcinoma of the head and neck in a
60-ycar-old male patient. The primary tumor was
located in the edge region of the base of the tongue,
metastases to lung and lymph nodes were present.
This patient had been treated so far surgically with
subsequent radiotherapy. The dissected tumor was
divided into three parts. The first part was fixed with
paraformaldehyde and embedded in paraffin for
routine histopathological evaluation. The second
part was embedded in the cryoprotective agent
Tissue-Tek (Christine Gropl, Tulm, Austria) and
frozen in liquid nitrogen. This part was used for
immuno- and lectin histochemistry. The third part
was used for the preparation of stroma and cancer
cells for experiments in virro. The entire experiment
was performed by strictly obeying the policy of
informed consent of patients according to the
Helsinki Declaration.

Detection of human papilloma virus DNA

Head and neck squamous cell carcinomas can be
etiologically linked to infecrion with human papillo-
ma virus (HPV) (Smith et al. 2006). To exclude a
possible influence of viral infection on the studied
parameters, tumors were examined for the presence
of viral DNA. After removal of paraffin with xylene,
sectons were incubated with proteinase K-contain-
ing solution (Sigma, Prague, Czech Republic) at a
final concentraton of 200 ug/ml in lysis buffer
(50 mM Tris-HCl, pH 8; 5 mM EDTA [ethylene-
diaminetetraacetic acid); 1% Tween 20) for 2 h at
55°C. Proteinase K was then inactivated at 95°C for
10 min, and DNA was extracted using the standard
phenol/chloroform mixture and stored at —20°C. A
negative control was included in the process of DNA
preparation.

Detection of presence and genotyping of the HPV
DNA in samples were carried out using the
polymerase chain reaction (PCR) with reverse-line
blot hybridization enabling genotyping of 37 differ-
ent HPV types in a single assay (van den Brule et al.
2002). The HPV DNA detection was performed in a
PCR thermocycler PTC 200 (M] Research, Inc,
Waltham, MA, USA) with primer GP5+ and 5'-end
biotin-labeled GP6+ primer, which amplify the
150 bp-long fragment of the L1 gene. PCR was
performed for 40 cycles, and the resulting biotiny-
lated PCR product was hybridized to oligonucleotide
probes labeled at the 5'-terminal amino group.
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These probes were covalendy linked to an activated,
negatively charged Biodyne C membrane. After
washing, the membrane was incubated for 60 min
at 42°C with peroxidase-conjugated streptavidin.
Chemiluminescent detection of hybridizing DNA
on the membrane used the ECL detection liquid
(Amersham Biosciences, Freiburg, Germany) and
exposure of the membrane to LumiFilm (Roche,
Indianapolis, IN, USA) for 5 min. Detection of a
fragment of the human f-globin gene was used as a
internal standard. It was amplified with primers PC
03 (5ACACAACTGTGTTCACTAGC 3") and PC
04 (5CAACTTCATCCACGTTCACC 39) (Saiki
et al. 1985). Positive S-globin amplification proved
that the sample contained a sufficient quantity of
DNA and that no inhibitors of the PCR were
present. Fifty microliters of the reacton mixture
contained 1 x concenwmated reaction buffer (Fer-
mentas, Vilnius, Lithuania) with 4.0 mMoll1 MgCl,,
0.2 mMol dNTP, 0.05 pmol of each primer (PC 03
and PC 04) and 25U Tag DNA polymerase
(Fermentas, Vilnius, Lithuania). After an inital
denaturation step for 5 min at 95°C, each of the
40 cycles comprised a 1-min period of denatura-
tion at 95°C, primer annealing for 2 min at 55°C
and chain elongation for 2 min at 72 °C. In the final
step, incubaton for three minutes at 72°C was
performed.

Cell preparation and 2D culrure

Normal dermal fibroblasts (DF) and keratinocytes
were prepared from skin specimens of healthy
patients (with their informed consent) who under-
went plastic surgery. Each skin graft was treated
overnight with a 0.3% solution of trypsin at 4 C.
Dermis and epidermis were separated. The tumor
sample was enzymatically treated in the same way.
Keratinocytes obtained from the epidermis and from
the tumor samples were propagated following the
modified Rheinwald-Green method (Matouskova
et al. 1989). Keratinocytes from healthy donors
(the first and second subcultures) were frozen in
aliquots in 10% of dimethyl sulfoxide (Sigma, Praha,
Czech Republic) and stored in liquid nitrogen.
Fibroblast emigrating from minced dermis pieces
were harvested and propagated in Dulbecco’s
modified Eagle’s medium (DMEM) medium (Bio-
chrom, Berlin, Germany) with 10% of fetal calf
serum (Biochrom, Berlin, Germany) at 37°C and 5%
CO,. Stromal fibroblasts of the squamous cell
carcinoma (SCCF) were prepared and cultured by
the modified method as described (Grando et al.
1996, Lacina et al. 2007). For the experiments cells
from the seventh passage cultured for 41 days,
presenting a normal appearance, were used. 3T3
cells were propagated in H-MEM mediwip ks’
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salts modified Eagle’s medium SevaPharma, Prague,
Czech Republic) with 10% bovine serum (ZVOS,
Hustopete, Czech Republic) at 37 °C and 3.3% CO;.
Prior to co-culture with keratinocytes, proliferation
of 3T3 fibroblasts was impaired by exposure to
mitomycin C (Sigma, Praha, Czech Republic) at a
concentrabon of 25 ug/ml for 3 h. These cells were
seeded on glass coverslides at a density of
25,000 cells/cm? and cultured for 24 h. Due to their
rather low proliferative activity SCCF were not
exposed to mitomycin C when cultured at a density
of 7000 cells’'cm?. The suspension of keratinocytes
(20,000 cells/cm?) was then added, and the cells
were culuvated in a keratnocyte medium
(Matouskova ct al. 1989) at 37°C and 3.3% CO,.
The SCCF phenotype was also studied after the
treatment of cells with sodium butyrate (Sigma, Praha,
Czech Republic) applied at concentrations of 0.4 or
0.8 mg/ml in culture medium as described elsewhere
(Dachn et al. 2006) for three or six consecutive days.

The commercially available human hypopharyn-
geal squamous cell carcinoma line FaDu (HTB-43,
American Type Culture Collection, Rockville, MD,
USA) was cultured in modified Eagle’s medium
containing 10% fetal calf serum, antbioucs (100
units/rn] of penicillin, 100 ug/ml of streptomycin;
Sigma), 1.5 g/l NaHCO,, 0.11 g/ sodium pyruvate,
0.292 g1 i-glutamine and 10 mM HEPES (4-
(2-hydroxyethyl)- 1-piperazineethanesulfonic  acid).
This line was used in the animal experiment.

Cell culture in Matrigel

5% 10° SCCF and ! x 10° of normal keratinocytes
resuspended in minimal volume (0.1 ml) and mixed
with 1.5 ml of BD Matrigel™ (BD Biosciences,
Erembodegen, Belgium) were placed in a culture
dish (3.5 cm). This 3D system was kept under
conditions as described above for seven days. After
this period, the Matrigel specimen with the cells was
frozen in liquid nitrogen and prepared for histo-
chemical analysis.

Grafting of FaDu cells o nu/nu mice

Two female nuw/nu CD-1 mice, aged ten wecks, were
purchased from the Insttute of Molecular Genetics,
Academy of Science of the Czech Republic (Prague,
Czech Republic). They were kept in accordance to
approved guidelines and had access to food and
water ad lhibstum. 1x10° FaDu cells were resus-
pended in 100 ui of phosphate-buffered saline (PBS;
pH7.3) and mixed with 50 ul of BD Matrigel™ (BD
Biosciences, Erembodegen, Belgium) as described.
This suspension was subcutaneously injected, the
animals were sacrificed after 49 days and tumor
specimens were frozen as described above.

Cytogeneric analysis

SCCF from the 9th passage were subcultured for
24 h, incubated with demecolcemid (Sigma) for 4 h,
detached from the substratum by applying trypsin-
EDTA solution, then treated by hypotonic KCi
soluton and fixed by acidic ethanol. Metaphasic
chromosomes were analyzed after G-/R-banding
using the Ikaros version 5 (MetaSystems, Aldus-
sheim, Germany). A total of 50 metaphases were
monitored in the samples investigated.

FACS analysis of DF and SCCF

DF after a brief culture period and SCCF cultured
for 41 (9th passage) days were harvested using
trypsin-EDTA solution. The activity of twypsin was
neutralized by adding fetal calf serum. Cells were
then resuspended in fresh culture medium and
analyzed for presence of the following markers:
cluster of differendadon (CD)11b, CDI18, CD29,
CD44, CD45, CD49a, CD49d, CD63, CD90,
CD106, and CD166 (all from Becton Dickinson,
Prague, Czech Republic), CDll1c, CD14, CD34,
CD45, CD71, CD235a, CD105, and HIA-A, -B,
and -C (all from Dako, Bmo, Czech Republic),
CXCR4 (R&D Systems, Minneapolis, MN, USA) as
well as CD19e and CD49¢ (Chemicon, Temecula,
CA, USA). IgG, (Dako, Brno, Czech Republic) was
used as a negative control. Measurements were
performed on a FACSCalibur® instrument (BD
Biosciences Immunocytometry Systems, San Jose,
CA, USA) and analyzed using Summit™* V3.3. Build
1024 software (Dako, Brno, Czech Republic).

Immuno- and lectin cytochemistry

The seven um-thick frozen sections from human/
mouse rumors and cell-containing Matrigel samples,
as well as cells adherent to coverslips, were washed
with PBS and briefly fixed with 5% paraformalde-
hyde diluted in PBS. The human galectins were
purified by affinity chromatography as crucial step
after recombinant production. Purity was ascertained
prior to use as antigen and the resulting polyclonal
antibody preparatons were subjected to rigorous
specificity controls including chromatographic re-
moval of cross-reactive maternal, if necessary (André
et al. 1999, 2004, Kayser et al. 2003a, 2003b, Kopitz
et al. 2003, Dam et al. 2005, Lensch et al. 2006).
Biotinylation was performed under actvity-
preserving conditions. Activity was ascertained by
solid-phase and cell-binding assays and extent of
labeling quantitated by a proteomics protocol
(Gabius et al. 1984, Purkrabkova et al. 2003, André
et al. 2005a, 2005b, 2006, Wu et al. 2006). Staining
was visualized as described previously (Frofikova



et al. 1999, Plzak et al. 2001). The entre panel of
monoclonal/polyclonal antibodies and the biotiny-
lated galectins is shown in Table I. The antigen-
dependent specificity was tested by replacement of
the test antibody with another polyclonal or mono-
clonal antubody of the same isotype but against
antigens not present in the studied cells/tissues.
Ligand-dependent binding of galectins was tested by
omission of galectin (and using the second-step
reagent only) and by use of lactose to block
carbohydrate-dependent binding. Nuclei of the
majority of specimens were counterstained with
DAPI (4',6'-diamidino-2-phenyindole dilactate,
Sigma), a DNA-specific dye. The processed speci-
mens were finally mounted to Vectashield (Vector
Laboratories, Bourlingame, CA, USA), inspected
and analyzed using an Eclipse 90i fluorescence
microscope (Nikon, Prague, Czech Republic)
equipped with suitable filterblocks, a high resolution
Vosskithler Cool-1300Q CCD camera (Vosskiihler,
Osnabriick, Germany) and a computer-assisted
image analyzer (L_UCIA 5.10) (Laboratory Imaging,
Prague, Czech Republic). Statstical calculations
using the Student’s non-paired r-test was used to
assess significance levels.

Results

The investigated stroma in this study originated from
a well-differentated keratinizing squamous cell
carcinoma with keratin pearls containing keratin
10-posiuve cells (Figure 1). In additon, keratin 8
presence was also observed (Figure 1). Intensity of
staming for galectin-7, a marker of squamous
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epithelium, was only weak, and keratinized tumor
parts were typically reactive with galectin-3 (not
shown). We performed PCR analysis to exclude the
confounding influence of HPV infecion. No HPV-
specific DNA was found in the tumor sample
(Figure 2). Next, we also checked for occurrence of
karyotype abnormalities. Comparing the karyotype of
SCCEF with normal human dermal fibroblasts, ‘80%
of studied cells exhibited no differences (Figure 3).
Absence of the Y chromosome was observed in 20%
of studied cells (not shown). As a further compara-
tive measure we monitored a panel of the surface
markers using FACS analysis. No significant differ-
ences were observed between SCCF and normal DF
including the absence of CD34 and CDI105
(Figure 3). Then we proceeded to immunocyto-
chemical monitoring.

SCCF were strongly positive for vimentin (Vim,
Figure 4A) and devoid of keratin expression (K,
Figure 4B). They exhibited high proliferative activity
as demonstrated by detection of the proliferation
marker Ki67, predominantly in nucleoli of approxi-
mately 30% of the studied cell population
(Figure 4C, 4D). Nucleoli were strongly positive
for nucleostemin that was detected in both the Ki67-
positive and -negative nuclei (NuclS, Figure 4C).
Approximately 20% of the SCCF expressed the
adhesion/growth-regulatory galectin-1 in the c¢yto-
plasm, and the presence of this endogenous lectin
was also detected in the extracellular matrix pro-
duced by these cells {Gal-1, Figure 4D). Using this
lectin as a probe, nuclei of SCCF were positive as
well as nuclei of malignant epithelial cells isolated
from the wmor (Figure 4E). These malignant

Table 1. Probes used for phenotypic characrerization of cells.

Visualized epitope Type of probe Supplier/origin Second-step reagent Supplier
Panel of keratins mMA Dako, Brno, a) SWAM-FITC 2) AlSeVs, Prague,
(K1 =1P34) Czech Republic b) Goar anti-mouse Czech Republic
Keratin 8 1gG-TRITC b) Sigma, Prague,
Keratin 10 Czech Republic
Kerann 19
Ki67
Vimentin (clone V9)
Panel of keratns rPA Abcam, Cambridge, UK SwAR-FITC AlSeVa, Prague,
Snail Czech Republic
B-Catenin rPA Santa Cruz, Santa Cruz,
CA, USA
Nucleostemin gPA Neuromics, Bloomingron, Donkey anti- Jackson Laboratories,
MN, USA goat-TRITC West Grove, PA, USA
Galectin-1 PA Munich lab SwAR-FITC AlSeVa
Galectin-3
Galectin-7
Galectin-1-binding sites Biotinylated lectin Munich lab ExtrAvidin-TRITC Sigma
Galecun-3-binding sites

mMA, mouse monoclonal antibody; gPA, goat polycional antibody; rPA, rabbit polyclonal antbody; SWAM-FITC, FTTC-labeled swine
anti-mouse antibody; SWAR-FITC, FITC-labeled swine anti-rabbit antibody.
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Figure 1. Immunochistochemical detection of keratin 10 (A) and
keratin 8 (B) in a well differentiated keratinizing squamous cell
100 ym.

M 1 2 3 4 5 6 7 8 M

Figure 2. Search for HPV-specific DNA in the tumor by PCR.
Lane M: marker; lane 1: section of §-giobin gene amplified from
patient material; lane 2: pegative control for specific amplification
of the B-globin gene; lane 3: positive control for amplificaton of
the f-globin gene; lane 4: H2O control; lane 5: processing of DNA
sample from the tumor to detect HPV presence; lane 6: negative
control of amplification of the HPV-specific DNA; lane 7: positive
control of amplification of the HPV-specific DNA (type 16);
lane 8: H,O control. The rectangle denotes the region for the
expected amplification product of HPV DNA, showing no signal

- in the sample prepared from the characterized tumor.

keratinocytes expressed keratin 8 (K8, Figure 4E), as
was also observed in tissue sections. Interfollicular
epidermal keratinocytes co-cultured with dermal
fibroblasts or with 3T3 cells were characterized
by their charactenistically round morphology
(Figure 4F, 4K, 4M) that contrasted with irregular
shape of colonies cultured in the presence of SCCF
(Figure 4L, 4N). Moreover, their phenotype was also
significantly changed. While keratinocytes cultured
with non-tumor stromal fibroblasts were negative for
expression of keratin 8 (Figure 4F), the introduction
of SCCF induced expression of this type of keratin,
normally not present in the postnatal squamous
epithelia (Figure 4G). Keratinocytes strongly positive
for keratin 8 were observed under the influence of
SCCF, mainly on the periphery of colonies
(Figure 4G). These keratin 8-positive cells contained
nucleoli with nucleostemin (Figure 4H). When we
compared the influence of SCCF without/with
treatment of mitomycin on normal keratinocytes,
the keratinocytes grown together with growth-
arrested SCCF were more spread than those

cocultured with untreated SCCF (Figure 4H, 4I
and Figure 5). Nucleostemin was detected in normal
keratinocytes only if they were co-cultured with
SCCEF not pretreated by mitomycin C (Figure 4H).
Evidently, the proliferative activity of SCCF has
impact on its modulatory role. In full accordance to
our previous report (Lacina et al. 2007)the stem-cell-
characteristic expression of keratin 19 was observed
only in keratnocytes co-cultured with SCCF
(Figure 4]). Concerning the expression pattern of
Bcatenin, the presence of SCCF in the culture led
to an intracellular shift of this protein from the cell
membrane (Figure 4K) to the cytoplasm and nucleus
(Figure 4L). Normal keratinocytes express keratins as
a cell-type-specific form of intermediate filament,
whereas the presence of vimentin is typical for
fibroblasts. We visualized both cytoskeletal elements
simultaneously in order to map the epithelial-me-
senchymal transition. Interfollicular epidermal kerati-
nocytes expressed keratins only (Figure 4M) when
cocultured with DF and 3T3 cells, respectively. The
presence of SCCF altered this expression pattern, and
both rypes of protein, i.e. keratins and vimentin, were
detected in Kkeratinocytes, namely in cells with
elongated fibroblast-like morphology (Figure 4N).
Moreover, the presence of the transcription factor
snail, a mediator in the control of the epithelial-
mesenchymal transition, was observed in elongated
epithelial cells expressing keratins (Figure 40).

In principle, the documented influence of SCCF
on interfollicular epidermal keratinocytes can be
mediated by two mechanisms, i.e., by intercellular
contacts or by paracrine supply of growth factors/
cytokines produced by SCCF. To resolve this issue,
we cultured epidermal cells, now separated from the
SCCEF by a microporous membrane inside the insert
system. These keratinocytes also expressed keratin 8
(Figure 6Al), and cells with dual positivity for
keratins and for vimentin (Figure 4P, Pl) were
identified in the pool of keratinocytes.

Interestingly, nucleostemin-positive nucleoli were
significantly larger in keratin 8-positive than in
keratin 8-negative cells (Figure 6A,_,). When
considering culture methods an important aspect to
be reckoned with is the mode of cell maintenance.

It is known that 2D/3D cell culture systems yield
non-uniform results. Thus, we also cultivated
normal interfollicular keratinocytes with SCCF in
Matrigel. Whereas keratinocytes formed distinct
spheroids, fibroblasts-like cells were located in their
periphery (Figure 4Q). Cells in such spheres
expressed keratin 8 (Figure 4R). These keratinocytes
inside the spheres and cells with fibroblast-like shape
expressed vimentin (Figure 4S, S, S,). A rather high
extent of epithelial-mesenchymal transition induced
by SCCEF is thus revealed as noted in the 2D system.
So far, we focused on testing of SCCF as the source
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Figure 3. Karyotype of representative stromal fibroblast (A) and companson of FACScan profiles of SCCF (black) and dermal fibroblasts
(stiped). Results for CD29 (B), CD34 (C), CD44 (D) and CD105 (E) in both cell populations is presented.

for modulatory effects. To provide information on
the origin of the SCCF we challenged the concept of
an epithelial-mesenchymal transition by two separate
experimental designs.,

First, we exposed SCCF to sodium butyrate to
revert the phenotype. Very few cells with keratins in
additon to vimentin were present in the population
of SCCF (Figure 4U), even after six days. Butyrate
presence thus led 10 no major occurrence of
reversion to epithelial cells. Should SCCF have
arisen from a transition process from the pool of
cancer cells, a marked extent of this process would be
expected. Along this line, an i vivo experiment with
xenotransplantation provided no evidence for such a
transition. FaDu tumor cells developed large tumors
in mice so that we could probe the species origin of
tumor stroma. When using an antibody specific for
human and porcine but not reactive with the mouse
protein, no signal for vimentin expression was

observed (Figure 4V). In the tested tumors stromal
cells are apparently of murine nature, not a product
of a transition from human tumor cells.

Discussion

We have previously initiated a study of the mod-
ulatory influence of stromal cells from a basal cell
carcinoma on normal epidermal cells (Lacina et al.
2007). To extend the experimental basis of this study
and to test stromal cells from squamous cell
carcinoma we carried out a corresponding study.
To exclude a potentally confounding factor the
tumor material, which was also carefully karyotyped,
was rigorously examined for the absence of HPV
infection by PCR. One of the main findings of our
report is the expression of keratin 8 under the
influence of SCCF. This keratin is postnatally
expressed in monolayer epithelia, not in squamous
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Figure 4. Immuno- and lectin cytochemical profiling of the phenotype of cultured SCCF (A-D), of cultured SCCF treated with sodium
butyrate (NaBut, U), of cancer keratinocytes (SCCK) cocultured with SCCF (E), of normal interfollicular keratinocytes (NIK/5) co-
cultured with 3T3 cells (F, K, M), of NIK/5 co-cultured with SCCF on coverslips (G-], L, N, O), of NIK/5 separated from SCCF by a
microporous membrane (P, Pi-detection of vimentin, Vim, only), NIK co-cultured with SCCF in Matrigel (Q-S;) and of FaDu cells in a
tumor formed after xenotransplantation to nwnu mice (V). Normal interfollicular keratinocytes were co-cultured with stromal cells or with
3T3 fibroblasts for 5 or 10 days (NIK/5, NIK/10). The applied markers are directly defined in each figure, the respective name given in the
color of the detected signal. Yellow signal in panel N arises from merging red and green signals. Abbreviations: Vim, vimentin; K, panel of
keratins; NuclS, nucleostemin; Gal-1, galectin-1; Gal-1-BS, binding sites for galectin-1; K8, keratin 8; Gal-7, galectin-7, K19, keratin 19;
f-Cat, p-catenin. Solid Bar: 50 um, dashed bar: 10 ym. The keratinocytes cocultured with fibroblasts on the surface of coverslips without

matrigel are surrounded by the white dashed line and marked by star.

cell epithelium under physiological conditions.
Moreover, keratin 8 is expressed in embryoid bodies
originating from embryonic stem cells, these cells
probably being precursors of epidermal stem cells
(Troy & Turksen 2005). Its overexpression is
associated with the malignant phenotype (Casanova

et al. 2004, Raul et al. 2004). Fittingly, the increased
expression correlated with poor clinical prognosis in
head and neck cancer patients (Gires et al. 2004).
We detected expression of this keratin in the tumor
from which the stromal cells were prepared. In line
with this result, nucleostemin expression is enhanced



Mean of area of K8-positive cells
(um?)
g

+ mtmc -mMmec

SCCF treatment

Figure 5. Comparison of the size (mean arex} of normal
keratinocytes (mean 3 SD) cocultured with SCCF plus or minus
exposure to mitomycin {monc), 25 pg/ml for three hours (black
column: presence of mitomycin C (munc); white column: no
munc). The difference is statistcally significant (p < 0.01).

Ares of nucieostemin-positive
nucieolus ( um')
14

"] _ [

K B8-possve

>

x
Type of cel

Figure 6. SCCF induced expression of keratin 8 in normal
keratinocytes separated by use of a microporous membrane (A)~y).
These keratin 8-positive cells contained nucleostemin (NuclS)
positve nucleoli significantly larger than those of the keratn
8-negative cells (mean + SD) (Ay). The difference is statistically
significant (p < 0.05).

in normal keratinocytes cultured with fibroblasts
prepared from the stroma of squamous cell carcino-
ma. Nucleostemin expression is involved in cancer
growth regulation (Liu et al. 2004, Tsai & McKay
2002, Lacina et al. 2006) and previously was
reported to be up-regulated under the influence of
basal-cell-carcinoma-derived stromal cells (Lacina
et al. 2007). A shift of the signal for S-catenin from
association with the cell membrane to the cytoplasm/
nucleus can also be considered as ‘protumoral’
(Conacci-Sorrell et al. 2002), and, indeed, it was
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observed in keratinocytes cultured with SCCF. Next,
monitoring of the epithelial-mesenchymal transition
based on induction of vimentin and snail expression
in keratn-positive keratinocytes in both the 2D and
3D culture systems revealed a clear effect of SCCF
on the transition. This is consistent with the fact that
it is widely accepted that vimentin is marker of
mesenchymal cells and keratins are specific for!
epithelial cells (Petersen et al. 2003). The
epithelial-mesenchymal transition is performed un-
der the snail control (Thiery & Sieeman 2006). This
process is characteristic for embryonic development
and wound healing. In malignancy it represents a
high-risk factor relevant for tumor spread of cancer
cells (Takkunem et al. 2006, Thiery & Sleeman
2006). The absence of galectin-7, which was studied
in this tumor type previously (Chovanec et al.
2005b), together with binding of galectin-1 to cell
nuclei, characterisic of cells with low level of
differentiation (Klima et al. 2005), added to the
accumulating evidence of the strong modulation of
keratinocyte propertics. As a means to gauge the
importance of intercellular contacts for this effect we
introduced a membrane into the co-culture system
providing physical separation of the two cell popula-
tions but allowing communication mediated via
diffusible biochemical compounds. This arrange-
ment did not impair the biological cffect of SCCF
on normal keratinocytes. Paracrine mediators thus
appear sufficient to trigger changes in the monitored
phenotypic characteristics. The production of
growth-stimulatory/proangiogenic factors has been
similarly discussed for inflammatory cells in tumors
(Ichim 2005). Regarding the origin of the stromal
cells, our results provide no evidence for cell fusion
or an epithelial-mesenchymal transition process. In
other words, local fibroblasts of the tumor have
acquired special propertes to affect phenotypic
characteristics of keratinocytes i vitro.

In conclusion, stromal cells of squamous cell
carcinoma are capable of altering keratinocyte
propertics in co-culture in a characteristic manner,
namely, enhancement of keratin 8 expression and the
epithebial-mesenchymal transidon, among other
parameters. This may even signify clinical relevance,
e.g., for development of resistance mechanisms
against radiotherapy (Smith & Haffty 1999, Diehn
& Clarke 2006). The origin of stromal cell plasticity
and the biochemical mechanisms underlying the
effect on epithelial cells including tissue stem cells
warrant further srudy.
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Human hair follicle and interfollicular keratinocyte reactivity
to mouse HPV16-transformed cells: An in vitro study

KAREL SMETANA Jr'2, BARBORA DVORANKOVA!2, LUKAS LACINA!23,
ZDENEK CADA!2# and VLADIMIR VONKA®

ICharles University in Prague, First Faculty of Medicine, Institute of Anatomy; 2Chartes University in

Prague, Second Faculty of Medicine, Center of Cell Therapy and Tissue Repair: YCharles University in

Prague, First Faculty of Medicine, Department of Dermatovenereology; “Charles University in
Prague, First Faculty of Medicine, Department of Otorhinolaryngology and Head and Neck

Surgery; SInstitute of Hematology and Blood Transfusion, Prague, Czech Republic

Abstract. The role of stem cells in cancer formation and
spreading has been established. As with normal tissue, the
cancer stem cells need a special microenvironment to support
their growth. This microenvironment may be represented by
the tumor stroma. One of the possible ways of tumor stromal
formation is the epithelial-mesenchymal transition of tumor
epithelium. Following this mechanism, stromal cells must
share the basic genetic alterations with the tumor cells. In an
attempt to create a system capable of testing some aspects of
the mesenchymal cell-keratinocyte interactions, we studied
the effects of the fibroblastoid mouse TC-1 cells that were
prepared by the introduction of human papillomavirus type 16
(HPV16) genes E6 and £7 to lung cpithelial cells on the
phenotype of normal human interfollicular and hair follicle
keratinocytes. From this point of view, they may resemble
stromal cells formed by the epithelial-mesenchymal transition
of cells from HPV-induced squamous cell carcinoma. In
contrast to 3T3 murine embryonic fibroblasts which were
used as control cells, TC-1 cells influenced not only the size
of the keratinocytes and the shape of their colonies, but also
induced the expression of keratins 8 and 19 and vimentin. In
conclusion, TC-1 cells exhibited a marked biological activity
by influencing the behavior of the normal human follicular and
intefollicular keratinocytes. This observation is compatible
with the hypothesis that stromal cells play an important role
in tumor progression and spreading.
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Introduction

The volume of data indicating a role of genetically altered
adult tissue stem cells in cancer formation (including basal
and squamous cell carcinoma) is rapidly increasing (1-8).
According to our previous studies, very poorly differentiated
malignant keratinocytes are present, with some phenotypical
markers of epidermal stemn cells on the periphery of the
squamous cell carcinoma node/nodule where the cells with
features of differentiated clements are located in the centre of
the tumor (9,10). The majority of epithelial cancer cell lines,
which are those that can form tumors after grafting to
immunocomprimed mice, exhibit markers of stem cells that
gradually disappear during the prolonged cultivation (11,12).
Normal embryonic stem cells introduced to the adult
organism are highly tumorigenic as observed for more than
30 years (13). Since these malignant cells are able to form
normal tissue in mice after their introduction to mouse
blastocysts, it can be concluded that these cells are genetically
normal and their malignant conversion is influenced by the
specific microenvironment of adult tissue that is non-
physiological for embryonic cells. It is widely accepted that
the maintenance of stemness in adult tissue stem cells is
controlled by the specific microenvironment, known as the
niche (14.15). Although the stem cell niche in some adult
stem cells, such as the epidermal ones has been quite well
characterized at the molecular level (16), niche modeling in
tissue culture conditions and a prolonged expansion of stem
cells has not been successful thus far.

When we accept the hypothesis on the existence of
cancer stem cells (as mentioned above), the special micro-
environment or niche for propagation of the cancer stem will
also be necessary for their function and it can be provided by
the cells of cancer stroma (17). The impact of stromal cells on
the tumor elements was observed predominantly in breast
(18). prostate gland (19,20) and colon cancer (21). The fibro-
blasts isolated from basal or squamous cell carcinoma are
able to influence significantly the phenotype of cocultured
normal interfollicular keratinocytes to be similar to the
phenotype of malignant epithelial tumor cells from which the
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stromal cells were prepared (22,23). Although the molecular
mechanism of the stromal cell action to cancer cells is not
clear, the role of specific growth factors/cytokines can be
expected because the direct contact between stromal and
epithelial cells is not necessary (22.23).

The nature of tumor-associated fibroblasts is not clear
as yet, but in principle they can arise from three different
mechanisms or their combination: 1) the cytokine/growth
factors produced by the malignant cells can influence the
local fibroblast population that will consequently support the
growth of cancer cells (21); ii) the cancer cells can fuse with
the local fibroblasts and form polyploid stromal elements
(24) and iii) the direct formation of stromal fibroblasts by the
epithelial-mesenchymal transition of malignant cpithelium to
fibroblastoid stromal cells (25).

Epidermal stem cells are located in the bulge region of
the outer root sheath of a hair follicle and also in the basal
layer of the interfollicular epidermis (26). In this study we
cultured the normal human hair follicle and interfollicular
keratinocytes with TC-1 cells. TC-1 cells were isolated after
the co-transfection of mouse (C57/B6) lung cpithelial cells
with £6 and E7 genes of human papillomavirus type 16
(HPV16) and by an activated H-ras oncogene to maintain
their malignant properties (27). These cells were employed as
they acquire a fibroblast-like morphology that includes the
disappearance of keratins and are highly oncogenic for
syngeneic animals. When the stromal cells originate in cancer
epithelium, they will carry the same genetic alterations as the
epithelial tumor cells. TC-1 cells that were originally
epithelial exhibit the properties of fibroblast and they have
the same basic genctic alterations as the putative original
cancer epithelium where the £6 and £7 genes are present and
expressed (28). Therefore, we employed these cells as a
model of stromal cells formed from tumor epithelium because
they are the fibroblasts containing gene sequences typical
for HPV 16-transformed squamous epithelial cells from
which they originated. The phenotype of the two cell types,
i.e. normal hair follicle (NHF) and normal interfollicular
epidermal (NIF) keratinocytes, cultured under the influence
of TC-1 cells was monitored and compared with the pheno-
type of the same cells cultured on a mouse 3T3 cell standard
feeder (29). These cells are also of mouse origin and are
known to support the growth and physiological differentiation
pattern in the normal human keratinocytes under in vitro
conditions (22.23).

Materials and methods

Preparation of normal hair follicle and interfollicular
keratinocytes. Skin samples were obtained from the Depart-
ment of Aesthetic Surgery of the Third Faculty of Medicine
of the Charles University in Prague according to the criteria of
the Helsinki Declaration. Informed consent of patients was
obtained and the study was approved by the local cthics
committee. SKin samples from the breast of 2 female donors
were employed. NHF and NIF keratinocytes were prepared
and subcultured as described previously (30).

Cell lines. TC-1 cells kindly provided by Dr T.C. Wu (Johns
Hopkins University, Baltimore) were prepared by the

transformation of C57BL/6 primary mousc lung cpithelial
cells by HPV16 E6/E7 oncogenes and the activated H-ras
oncogene (27). They were maintained as previously described
(31). In the present experiments cells from the 3rd passage,
derived from a large frozen stock. were used. 3T3 as mouse
embryonic fibroblasts (32) were propagated in H-MEM
(Hanks' salts modified Eagle's medium, SevaPharma. Prague,
Czech Republic) with 10% bovine serum (ZVOS. Hustopece,
Czech Republic) at 37°C and 3.3% CO,.

Coculture of keratinocvtes with TC-1 and 373 cells. The two
ty pes of Keratinocytes were cocultured with TC-1 for 6 or 11
days, respectively. The proliferation activity of the feeder
cells was stopped using mitomycin C (Sigma-Aldrich, Prague,
Czech Republic) at a concentration of 25 pg/ml-! for 3 h prior
to cocultivation. Feeder cells were seeded on cover glasses at
a density of 25.000 cells/em® and cultured for 24 h. Then the
suspension of freshly prepared NHF and NIF keratinocytes
(20,000 cells/em?®) was added. They were allowed to adhere
for 15 min on the surface of presceded cover glasses and all
non-adherent cells were washed out. The cells were cultivated
in the Keratinocyte medium at 37°C and 3.3% CO, (22).
Keratinocytes cocultured with 3T3 fibroblasts under the same
conditions were used as a control. The grow th and size of the
quickly adhered keratinocytes were compared with the
exposed cells.

To distinguish between the effect of direct contact of the
keratinocytes with experimental TC-1 fibroblasts and the role
of the medium conditioned by their products, we evaluated
the phenotype of keratinocytes separated from the fibroblasts
during their coculture by a microporous membrane
(Transwell Inserts. Corning, Acton. USA) as described (22).

Imnuamocytochemistry. The procedure of multiple labeling at
a single cell level was employed (33). Cells were briefly fixed
with paraformaldchyde, washed in PBS and permcabilized by
Triton X-100 (Sigma-Aldrich). All antibodies were diluted
as recommended by the supplier. A panel of keratins was
visualized using the mouse monoclonal antibody [LP34, by
anti-high molecular weight keratins (both from Dako, Bmmo,
Czech Republic) and by rabbit polyclonal antibody (Abcam,
Cambridge. UK). It should be recalled that keratin type 8 is
physiologically not present in squamous cell ¢pithelia. but its
expression in the cells of squamous cell carcinoma is a
marker of poor clinical prognosis for the respective patient
(34.35). Keratin 19 was also detected by the mouse mono-
clonal antibody (Dako) as it is expressed in epidermal stem
cells (36). Vimentin which is normally not present in epithelial
cells, can be used in colocalization with keratins as a marker
of epithelial-mesenchymal transition (23). This process is
important for tumor spreading in organisms (37). Such
colocalization was studied in cultured cells using the mouse
monoclonal antibody (Dako). Nucleostemin, a protein
important for the control of stemness and proliferation, was
detected by the goat polyclonal antibody (Nceuromics,
Bloomington, MN, USA). Although nucleostemin is not an
exclusive marker of epidermal stem cells, it is characteristic
of a distinct population of keratinocytes cultivated in vitro
(22.23,38). The well-known marker of proliferating cells,
Ki67, was detected by the mouse monoclonal antibody (Dako).
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Figure 1. Detection of the panel of keratins (green signal: A-T). of keratin 8 (red signal: A. B. G. H. M and N). of keratin 19 (red signal: C. D.1.J. O and P).
of vimentin (red signal: E. F. K. Q. R and T). of nucleostemin (red signal: L) and of Ki67 (red signal: S) in normal interfollicular keratinocytes (NIF: A. C. E.
G. 1. K. L. M. O.Qand T) and in normal hair follicle keratinocytes (NHF: B. D. F. H. J. N. P. R and S) cultured in the presence of 3T3 (A-F) and TC-1 cells
(G-T). respectively. The inset shows details of K8 (G). K19 (I) and nucleostemin (L) expression in the red canal only. The yellow color indicates the co-
localization of signals of similar intensity. The nuclei were stained with DAPI and the scale is 50 gm.

The specificity of immunohistochemical reaction was tested
by omission of the first step antibodies or by their replace-
ment with antibodies against thyreoglobulin which do not
normally occur in the studied cells. In the case of monoclonals.
an antibody of the same isotype was used as a control. FITC-
labeled swine anti-mouse immunoglobulins (AlSeVa,
Prague. Czech Republic), FITC-labeled swine anti-rabbit
immunoglobulins (AlSeVa). TRITC-labeled goat anti-mouse
immunoglobulins (Sigma-Aldrich) and TRITC-labeled donkey
anti-goat immunoglobulins (Jackson Laboratories, West
Grove. PA. USA). respectively, were used as the second step
antibody. Nuclear DNA was counterstained with DAPI (4'.6'-
diamidino-2-phenylindole dilactate, Sigma-Aldrich).
Specimens were mounted with Vectashield (Vector
Laboratorics, Burlingame, CA, USA) and examined by
fluorescence microscopy using a Nikon Eclipse 90i micro-
scope (Nikon, Prague, Czech Republic) equipped with

filterblocks specific for FITC, TRITC and DAPI. respectively.
a high resolution CCD camera Cool-1300Q (Vosskiihler,
Osnabrick, Germany) and a Lucia 5.1 computer-assisted
image analysis system (Laboratory Imaging, Prague, Czech
Republic). This equipment was also used for measuring the
mean area of Keratinocyte nuclei. The results were evaluated
using Student's unpaired t-test.

Results

The influence of TC-1 cells on NHF and NIF keratinocyte
growth and cell size. The two cell types. i.e. NHF and NIF
keratinocytes formed typical flat colonies when they had
been cocultured with 3T3 feeder cells (Fig. 1A-F). In contrast,
NHF and NIF keratinocytes cultured on TC-1 feeder cells
formed very small and dome-shaped colonies with
papilloma-like morphology (Fig. 1G-L). As expected, the
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Figure 2. The companson of size of DAPI-positive nuclei of normal interfollicular (NIF) and normal hair follicle keratinocytes {NHF) cultured in the presence -
of 3T3 fibroblasts and TC-1 cells. Interfollicular keratinocytes that adhered only for 15 min are indicated as *15 min’. Subscqueatly. non-attached cells were
removed and only those which adhered were cultured (A). The graph {B) compares the mean area of keratinacyte nuclei cultured as described above. The
scale is 20 y#m and the siatistical significance was estimated using unpaired Student’s t-test at a significance level of p<0.05.

colonies became enlarged during the cultivation period from
days 6 to 11 (data not shown). While NIF keratinocytes
formed large colonies when they were separated from TC-1
cells by a microporous membrane, only small colonies were
observed if NHF keratinocytes were cultured under the same
conditions (Fig. IM-S). A possible role of the mitomycin C
pretreatment of TC-1 in direct coculture experiments on
keratinocyte growth was tested in an experiment in which the
two cell populations were separated by a microporous
membrane. No significant differences were observed,
indicating a negligible influence of this procedure on the
behavior of keratinocytes. Notably, NHF and NIF Kkeratino-
cyles cultured in the presence of TC-1 were very small (Figs.
I and 2). Since the cell borders were not distinguishable in all
cells, we measured the areas of DAPI-positive nuclei. This
reactivity reflects the size of the cells (Fig. 2). When the
keratinocytes cocultured with TC-1 cells and the rapidly
adhering NIF keratinocytes were compared. the nuclear areas
were quite similar (Fig. 2).

Effects of TC-1 on NHF and NIF keratinocyte phenotype. In
comparison with cultures in which 3T3 feeder cells were
used, we observed an increased number of dead cells with an
unspecific positive signal for the studied markers and with no
signal for the DAPI staining of DNA when the TC-1 feeder
was employed. The phenotype of NHF and NIF keratinocytes

Table 1. Phenotype of keratinocytes cultured under the
influence of 3T3 and TC-1 as a direct coculture.

im TC-1

Marker NHF NIF NHF NIF
K ++ ++ ++ ++
K8 - - ++ ++
K19 - - ++ ++
VIM - - ++ ++
NuclS + - ++ ++
Ki67 + + + +

-. no positive cells; +. 25-50% of positive cells and ++, >50% of
positive cells.

cultured in the presence of TC-1 cells was greatly different
from those maintained in the presence of 3T3 cells (Table |
and Fig. 1A-F). In principle. no qualitative ditferences between
the sensitivity of NHF and NIF to TC-1 were found conceming
the studied phenotype (Fig. 1G-J). Nearly all keratinocytes in
the presence of TC-1 exhibited a signal for the keratins 8 and
19 (Fig. 1G-J) and for vimentin (Fig. tK). They contained
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nucleostemin-positive nucleoli (Fig. IL) that were also
present in the nuclei of NHF cultured under the influence of
3T3. but not in the nuclei of NIF cocultured with 3T3
fibroblasts. A marked portion of Keratinocytes was actively
proliferating as estimated by the expression of Ki67 in the
two types of Keratinocytes cultured with 3T3 and TC-1 (data
not shown).

The separation of cell populations (i.e. TC-1 fibroblasts
and keratinocytes) by a microporous membrane had no effect
on the high expression of the two studied keratin types (8 and
19), vimentin and Ki67 (Fig. 1M-S).

A small proportion of cells (<5%) in the coculture of
TC-1 and keratinocytes was large (>100 um in diameter) with
the large nuclei exhibiting keratins and vimentin (Fig. 1T).

Discussion

This study demonstrated the influence of TC-1 cells
(HPV16-transformed mouse lung epithelial cells acquiring
the fibroblast properties) on two types of keratinocytes (NHF
and NIF). At variance with the control 3T3 cells, TC-1 cells
induced a formation of highly abnormal papilloma-like
colonies. The size of NHF and NIF cells was significantly
reduced under the TC-1 cell influence. It remained similar to
the size of quickly adhering keratinocytes. This observation
appears to be important, as stem cells, including epidermal
ones are known to be very small (39-42).

Concerning the phenotype of normal human hair follicle
and interfollicular keratinocytes, TC-1 cells but not the
control 3T3 cells induced a high level expression of keratins
8 and 19, vimentin and nucleostemin. These phenotype
changes indicated the important effect of TC-1 on the
differentiation of normal keratinocytes. because keratin 19
has not been observed in postnatal interfollicular epidermis
(36,43). Its presence in keratinocytes of the bulge region of
the hair follicle appears to be restricted to the stem epidermal
stem cell (36). Under pathological conditions this has been
observed in some basal cell carcinomas (-40). Keratin 8 which
is induced by TC-1 is not expressed by the cells of squamous
epithelia in the postnatal period under physiological conditions
but its expression in the squamous cell carcinoma has been
recognized as a marker of poor clinical prognosis of paticnts
(). The two keratins are not expressed in human keratino-
cytes during the prolonged cultivation in vitro except for the
Keratinocytes cocultured with stromal cells from basal or
squamous cell carcinomas exhibiting the presence of keratins
8 or 19 (22.23). The coexpression of keratins and vimentin in
Keratinocytes cocultured with TC-1 cells can be interpreted
as evidence of epithelial-mesenchymal transition (25,45) of
the normal keratinocytes. However, additional evidence
substantiating this conclusion are needed. This phenomenon
can be important for the spreading of the tumor in the
organism (25). The results described above were observed
even if the two cell populations had been separated by a
microporous membrane. thereby indicating the involvement
of some soluble bioactive factors produced by TC-1 cells.

These results are in agreement with the concepts which
assume that the mesenchymal cells play a leading role in the
control of the development of epidermis including appendages
such as hair or tecth (46.47). Even postnatally, fibroblasts

significantly influence the expression of specific keratins in
epidermal cells (48). The strong influence of TC-1 cells on
normal Keratinocytes, as demonstrated in the present
experiments, is compatible with the concept that tumor stroma
play a fundamental role in the biology of cancer arising from
squamous epithelia. The presented results indicate that
fibroblastoid cells formed by mesenchymal transition from
cancer epithelium can strongly influence the properties of
cpithelial cells by paracrine fashion. Since the present data
were obtained using human keratinocytes and mouse-
transformed fibroblastoid cells, the putative factors involved
in the events reported are not species-specific.

In conclusion, the model described in this study can help
us to understand the biology of squamous cell carcinomas
induced by HPV infection, such as some head and neck
cancers and all or nearly all carcinomas of the uterine cervix
(28.49). The fibroblastoid but originally epithelial cells
expressing the E6/E7 proteins were highly active as is
demonstrated by their influence on keratinocyte differentiation
and epithelial-mesenchymal transition, a phenomenon
supporting tumor growth and spreading in the organism.
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SOUHRN

Nédory hlavy a krku tvoli kolem § % vSech nddorl. Osmdesit a2 devadesdt procent (&chto nadoni je
pfedstavovino dlazdicovymi karcinomy. 1 pfes rozvoj chirurgickych poznatkil a metod véetn& onkolo-
gickych lécebnych reZimi, je terapic téchto tumond svizelnd a p&tileté preZiti u pokrogilych nidord je
stale velmi nizké. ReSenim situace je hledani novych znakid (markend), kicré by 1épe charakterizovaly
tyto nidory a napomohly tak pfi upfesnéni 1éfebné strategie. Jednim z &chto znaki by mohly byt endo-
genni lektiny zvané galektiny ajejich ligandy. V patologii dladicovych karcinomi hlavy a krku se nej-
vice uplatiiuji galektin-1, -3 a -7.

Kli¢ové slova: dlaZdicové karcinomy hlavy a krku, lektiny, galektiny, prognostické znaky.

SUMMARY

Cada Z., Plzdk J., Chovanec M. et al.: Galectins in Squamous Cell Carcinomas of the Head and Neck
Cancers

Cancers of head and neck represents about 5% of all tumors. 80 to 90% of these tumors are constituted
of squamous cell carcinomas. Despite a rapid progress in diagnostics and therapy the overall 5-year
survival of this type of cancer is among the lowest of the major cancer types. This unfavourable sitvation
nceds the extensive research to found new markers to better characterize biological behavior of tumors
as a rational background for more sophisticated therapeutic modalitics. Among the most promising
markers are endogenous lectins called galectins and their ligands. Especially galectin-1, -3 and -7 play
a key role in pathology of squamous cell carcinomas.

Key words: squamous cell carcinomas, lectins, galectins, prognostic markers. Ca.
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Galektiny v dlazdicovych karcinomech hlavy a krku

Cada Z.!2, Plzak J.!23, Chovanec M.!23, Dvotankova B.!3, Lacina L.!34,
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DLAZDICOVE KARCINOMY
HLAVY A KRKU

Dla%dicové karcinomy hlavy a krku pfedstavuji kolem
5 % viech tumond. Naprostou v&inu z nich (90 %) tvofi
dlazdicové karcinomy vychdzejici ze sliznic hornich cest
dychacich a polykacich. Z klinického hlediska se dgli pfe-
dev8im dle lokalizace na karcinomy dutiny ustni, orofa-
ryngu, epifaryngu, hypofaryngu, dutiny nosni, hrtanu
a slinnych 2liz. Jednim z ncjvice rizikovych faktord pro
vznik t&chto nidoni je kouieni. Vice ncZ 80 % niadoru hla-
vy a krku je spojeno s expozici tabikovému koufi (1).
Mezi dalsi rizikové faktory daile patfi pfedeviim alkohol,
lidsky papiloma virus (HPYV, sérotypy 2, 6, 11, 16 a dal3i),
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virus Epstcina a Barrové (EBV), dictni faktory (nedostatek
B-karotent, vitaminu A), faryngolaryngeélni reflux, gene-
ticka predispozice (geneticky polymorfismus gend enzy-
mu, jeZ se podileji na neutralizaci kancerogenii, napf.
CYP1A1, GSTMI a dalsi) (1), vlivy zevniho prostiedi
(azbest, chrom, dfevny prach, prach v koZed&lném pri-
myslu). DlaZdicové karcinomy hlavy a krku se nejcastéji
vyskytujici v orofaryngu a laryngu a jsou charakterizova-
ny lokalnim agresivnim chovinim a &asnym metastazovi-
nim do regionalnich uzlin. Systémové metastézy jsou pfe-
deviim v plicich a jatrech. Terapie je chirurgicka,
onkologickd nebo kombinace obou modalit. Cilem terapie
je zajistit radikaln{ odstrangn{ nddoru a dosaZeni uspokoji-
vé kvality Zivota (2).
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Navzdory diagnostickym i terapeutickym pokrokiim
20stava stdle prognoza pacientd s karcinomy hlavy a krku
vaZni. Phi 16¢b& je nutné zachovini dostatedné radikality
a zérovei ochrana pacientl pfed zbyte¢né agresivnimi postu-
py. které zhorSuji funk&ni vysledky (3).

Proto je nutné hledat néjaké prognostické znaky-markery,
které by Iépe charakterizovaly tyto nadory. Molekulami, kte-
ré by se mohly stat nadéjnymi prognostickymi znaky, jsou
Clenové rodiny endogennich Zivoisnych lektini-galektiny
a jejich ligandy (4).

LEKTINY

Lektiny jsou proteiny, které nemaji charakter enzymi &i
protildtek a jsou schopné specificky rozpoznat sacharidové
struktury (5). S lektiny se setkavame u viech Zivych orga-

a afinitou k B-galaktosidam. Nachdzeji se pifedeviim v extra-
celuldmi matrix, v bun&&ném jadru, cytoplazmé a bun&cné
membriné. Doposud bylo popsdno minimélné 14 zéstupci
rodiny galekting. Dle struktury se daji rozd€lit do 3 skupin
(1ab. 2).

Galektiny se uplatiuji v Siroké Skile biologickych d&ja,
kde se podileji na regulaci proliferace, diferenciace, apo-
ptézy a modulaci mezibun&lné interakce a interakce
s extraceluldrni matrix, a to jak v normé, tak i za patologic-
kych stavii. V kancerogenezi se uplatiuji pfedeviim galek-
tin-1, -3, -7 (7, 8).

Galektin-1

Galektin-1 (molekulérni hmotnosti 14,5 kDa) se vyskytu-
je v mnoha tkanich (kostni, svalovd, srde&ni, placenta, lym-
fatickd). Jeho funkce lze shmout do nésledujicich bodi:
1. bun&&na adheze a mezibunééné interakce; 2. imunomodu-

Tab. 1. Klasifikace Zivo&isnych lektint (pfipraveno z dat ziskanych zejména z Gabius, 1997 a Smectana a André, 2008)

Rodina Charakteristlka

C-iektiny konzervativni CRD, pro vazbu se sacharidem
potiebuji divalentni kationty jako kofaktor

I-lektiny vykazuji strukturalni homologii s imunoglobuliny

galektiny konzervalivni CRD, postradaji transmembranové

(S-lektiny) hydofobni Useky.pro vazbu nepotiebu)i
divalenini kationty

pentraxiny pentamerové usporadani

P-lektiny konzemvativni CRD

Sacharldové ligandy
rdzné (mandza, galaktdza, fukéza, heparinovy tetrasacharid)

nizné (hyaluronova kyselina, a2,3/a2,6-slalyllaktoza,
mangza-6N-acetylglukdza), B-galaktosidy

4,6 cyklicky acetal, f-galaktézy, galakt6za, sulfonylované
a fosforylované monosacharidy
manbza-6-fostat

CRD - karbohydraty rozpoznavajici doména (carbohydrate recognition domain)

Tab. 2. Klasifikacc galektina dle struktury (dle niznych autord)

Schéma struktury

/o)
O-
o0

Typ galaktinw

Prototyp — nekovalentni homodimery, obé
Lasti maji stejnou CRD se specificitou
pro slejny oligosacharigd

Chimera typ — obsahuje CRD na C konci
aminokyselinového retézce, N konec
oligosacharid nevaze

Tandem-repeat typ — obsahuje dvé
kovalentnd vazané CRD s ndznou specifitou

Zastupel

galektin-1, -2, -5, -7, -10, -11, -13, -14

galektin-3

galektin-4 -6, -8, -9, -12

O - karbohydréty rozpoznévajicl doména (CRD)

nismi od virh po Zivolichy. NejduleZit&jsi strukiurni sou-
Casti molekuly kaZdého lektinu je doména rozpoznavaji-
ci sacharidy (Carbohydrate Recognition Domain ~ CRD).
NaSim z§jmem byly a jsou Zivolidné (endogenni) lektiny,
které d&€lime na zdkladé strukturniho uspofadani na pét tfid
(tab. 1) (4, 6), a to pfedeviim galektiny.

GALEKTINY

Galektiny patfi mezi endogenni lektiny dfive nazyvané
S-lektiny, které jsou charakterizovany specifickon CRD

lace, zan&tlivé procesy; 3. regulace buné&ného ristu; 4. apo-
ptéza; 5. sestfih pre-mRNA.

Galektin-1 vykazuje jak pozitivni, tak ncgativni efekt na
bun&&nou adhezi. Pfikladem takového antagonistického cho-
véni je zesileni adheze u bungk melanomové linie, bungk
ichového epitelu & rabdomyosarkomu ve srovnéni s nor-
mélnimi myoblasty, kde adhezi inhibuje (9). Galektin-1 je
popisovan jako vyznamné proapoptoticky lektin, ktery ma
2fejmé dileZitou ilohu pfi selekci a vyzravéani T-lymfocytd,
Je zvySen& exprimovin v imunologicky privilegovanych
orgédncch, jako je placenta a oko. Pravdépodobné se uplatiiu-
je jako protektivni faktor auwtoimunitnich charob pravé pro
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jeho indukéni vlastnosti apoptézy u aktivovanych autoagre-
sivnich kloni T-lymfocytd (10). Protichidné je pusobeni
galektinu-1 na bunécnou proliferaci. Jeho exprese stimuluje
proliferaci endotelovych bunék (11). Rovnéz pfidani nizkych
davek exogenniho lektinu jejich proliferaci stimuluje. Na-
opak vysoka ji inhibuje (12). Galcktin-1 je asociovin s ribo-
nukleproteiny bunécného jadra (RNP), které jsou soudasti
sestfihovych komplexd a podileji se na vzniku definitivni
podoby mRNA (13). Karcinomy hlavy a krku vykazuji hete-
rogenni expresi galektinu-1 (14). Exprese galektinu-1 je

v literatufe popisovdna u karcinomi s vyrazné malignim
fenotypem (vysoce atypicka exprese diferenciacnich znak,
napiiklad pfitomnost keratinu-8) a zvySenou tendenci
k metastazovani pfedevSim v karcinomech jazyka. V karci-
nomech laryngu a hypofaryngu se galcktin-1 vyskytuje hete-
rogennég, kdy je jeho vyskyt ovlivnén hypoxii v nadoru. Tyto
nilezy u nadord je mozZno dit do souvislosti s vyskytem
galektinu-1 u kmenovych bunék dlazdicovych epitelu, nebot
se 7da, Ze se kmenové buiiky podileji na vzniku nadort
vychdzejicich z dlaZdicovych epiteli (15). Vysoky vyskyt

Obr. 1. Dobie diferencovany dlaZdicovy karcinom tonzily
Silna vazba galektinu-3 na povrchu bunék v centrilni oblasti nidoru (A); regiondlni lymfaticka metastiza dlaZdicového karcinomu
tonzily. Metastatické buiiky obsahuji cytokeratiny, ale nevaZou galckiin-3 (B). Dvojité fluorescenéni znaceni: 1.P-34* cytokeratiny
zelen¢ vazba galektinu-3 Cervené.

P=0,2144 GAL-3-BS -
klinické stadium

GAL-3-BS +

GAL-3-BS + P=-0,0007 Gp 3gg

keratinizace

Obr. 2. Gal-3-BS-: Absence vazebnych mist pro galektin-3 na nadorovych buiikich (z angl. piekladu galectin-3 binding sites);
Gal-3-BS+: Pritomnost vazebnych mist pro galektin-3 na nadorovych buiikich
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galektinu-1 ve stromatu dlaZdicovych karcinomu hlavy
a krku je charakteristicky (16) a maZe se podilet na indukci
apoptézy lymfocytii infiltrujicich oblast nddoru (viz vy3e).

Galektin-3

Galektin-3 se podobn& jako galektin-1 vyskytuje v buit
kédch (jadro/cyloplazma) a v mezibun&éné hmoté. Podili se
rovnéZz se na adhezi bun&k i intercelulamich interakcich,
regulaci déleni a apoptézy a sestiihu pre-mRNA. V dlaZdi-
covych epitelech je typick4 jeho pfitomnost v suprabazélnich
vrstvach. Krom& toho je pfitomen v makrofazich a Langer-
hansovych buiikich (17). Je exprimovdn v karcinomech pro-
staty a Stitné Zlazy. Exprese galektinu-3 ma proproliferatni
a antiapoptoticky iddinck (7, 18). Karcinomy hlavy a keku
vykazuji rozdilny vyskyt galektinu-3 v zévislosti na oblasti,
z niZ tumor pochézi. Rovn&Z subcelularni lokalizace galekti-
nu (jadro/cytoplazma/membrana) miiZe ptinést cenné infor-
mace o biologickém chovini nidoru a progn6ze. Prikladem
jsou préace, které poukazuji na v&t3f polet recidiv u karcino-
mi jazyka se soufasnym zvySenim exprese galektinu-3
v cytoplazmé a sniZenim v jadru (19, 20). Podobny vyznam
ma i pnikaz vazebnych mist pro galektin-3, ktera se nacha-
zeji zejména v mezibun&&nych kontaktech bungk dobie dife-
rencovanych dlaZdicovych karcinomi (obr. 1A), naopak sni-
¥end vazba galektinu-3 na bun&¥nou membrinu je typickd
pro méng diferencované karcinomy a metastizy do uzlin
(obr. 1B). S t&mito vysledky je v souladu pozorovani, které
ukazuje zvySenou vazbu galektinu-3 v korelaci s keratiniza-
¢f tumorl a metastazovanim do lymfatickych (obr. 2). Tyto
nélezy se odrazily v lep§im pfeZivani pacientl s vysokou
expres{ vazebnych mist pro galektin-3 (21).

Galektin-7

Galektin-7 predstavuje endogenn{ lektin prototypniho
typu exprimovany ve viech vrstvich dlaZdicového epitelu.
Za fyziologickych podminek se uplatiiuje v procesech regu-
lace proliferace, apoptdzy a stratifikace dlaZdicovych epite-
Ii. Pfedpoklddi se, Ze hraje dileZitou roli v embryonainim
vyvoji vrstevnatych epiteli (22). Tyto vysledky naznacuji, Ze

galcktin-7 by mohl byt dobrym markerem normdlni stratifi--

kace dlaZdicovych epiteld. Velice zfidka je detekovan
v bazoceluldrnich karcinomech (23). Zvyienad exprese
mRNA byla zaznamenina u linie keratinocytd po expozici
UVB zifeni a po aplikaci prodiferenciagnich Einidel (24). Je
proto popisovan jako p53 inducibilni gen 1 a jeho podil na
spulténi apoptézy, zejména u bun&k s poskozenou DNA je
zfejmy. Exprese tohoto lektinu v dlaZdicovych karcinomech
je popisovana s rozdilnymi vysledky a prognostickymi
vyhledy pro pacienta (25, 26).

ZAVER

Hleddni novych prognostickych znakid karcinomi hlavy
a krku by mohlo pfisp&t k lep3i charakterizaci t&chto zhoub-
nych tumord a k piipravé terapie ,,na miru* pro konkrétniho
pacient. Galektiny pfedstavuji zajimavé proteiny, které by
mohly roziifit spektrum znaki pro jejich detailni biologic-
kou charakierizaci (24, 27). Zejména reaktivita diferencova-
nych nidorovych bun&k pro znaleny exogenni galeklin-3 se
zda byt z hlediska stanovenf dal3i perspektivy pacienta velmi

slibna (21). Pro 8ir$i zavedeni prikazu galektind a jejich
ligandd do klinické praxe je vSak nezbytny jejich dalst
podrobny vyzkum,

Zkratky
CRD - karbohydrity rozpoznévajici doména
(carbohydrate recognition domain)

EBV - virus Epsteina a Barrové
HPV - lidsky papiloma virus
RNP - ribonukleproteiny bun&ného jidra
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Summary. The human lectin galectin-7 (Gal-7; p53-
induced gene-1) has anti- and pro-malignant features in
different in vitro models. We tried to clarify relation of
its expression to cellular and clinical parameters in head
and neck squamous and basal cell carcinomas. Using a
non-cross-reactive antibody, immunohistochemical
,staining in squamous cell epithelia (epidermis,
epithelium of oropharynx and larynx) (n = 57),
squamous cell carcinomas (n = 47) and lymph node
metastases (n = 25), as well as basal cell carcinomas (n =
10) were studied. This monitoring was flanked by
processing to assess the level of differentiation
(cytokeratins 10 and 14), proliferation (Ki67) and basal
lamina formation (collagen IV). The results were
correlated with clinical and pathological findings
(grading, TNM-staging, extracapsular spread, angio- and
lymphangioinvasion, perineural invasion, recurrence and
survival). Gal-7 resides in all layers of epithelia with
cytoplasmic and nuclear localization in normal
specimens. Basal cell carcinomas were devoid of the
Gal-7 respective signal. Squamous cell carcinomas were
positive, presenting different staining profiles. Intense
staining was predominantly found in squamous cell
cancers with high degrees of differentiation and
keratinization. Fittingly, poor level of differentiation (P =
0.0009), absence of keratinization (P = 0.0105) and
significant discontinuity or absence of collagen IV
expression in the peritumoral basal lamina (P = 0.0024)

was found in Gal-7-negative tumors. Gal-7 presence was
not related to gender, primary tumor site, T-stage, N-
stage, clinical stage, extracapsular spread, angio- and
lymphangioinvasion, perineural spread or treatment
outcome at a statistically significant level.
Immunohistochemical analysis revealed a positive
correlation for differentiation and keratinization to Gal-7
presence in squamous cell carcinomas. Absence of Gal-7
expression was detected in basal cell carcinomas. These
clinical data delineate Gal-7 influence on differentiation
in vivo, without evidence for a role in dissemination
reported for lymphoma.

Key words: Carcinoma, Collagen IV, Galectin,
Keratinization, Lectin
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Introduction

The malignant process is known to be associated
with aberrant glycosylation. Because the emerging
concept of the sugar code ascribes a role as biochemical
signals to glycan epitopes of glycoconjugates from
normal and tumor cells, these changes may not serve just
as phenotypic markers. They also convey new properties
to the cells which can be decoded by tissue lectins
(Gabius, 1997a, 2006). In fact, these glycan-binding
proteins are capable of “reading” even rather subtle
modifications in glycan structures, such as the presence
of core fucosylation or alterations in epitope density, and
translate them into responses, affecting e. g. cell
adhesion, growth or migration (Villalobo et al., 2006;
Wu et al., 2006; André et al., 2007a). Homing especially
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in on spatially accessible branch-end B-galactosidcs, the
members of the galectin family belong to these
endogenous effectors (Kasai and Hirabayashi, 1996;
Gabius, 1997b; Cooper, 2002). The recent finding that a
turmnor suppressor modulates in an orchestrated manner
the expression of a galectin and glycan tailoring of its
ligands for acquisition of susceptibility to anoikis
underscores the effectiveness of such interactions in
tumor biology (André et al., 2007b). In addition to
sensing changes in glycan profiles, these endogenous
lectins are known to exert activities also in the
cytoplasm and nuclcus by virtue of peptide binding, for
example, regulating transcriptional activity,
transformation or apoptosis (Rotblat et al., 2004; Wang
et al., 2004; Smetana et al., 2005). This background
explains our interest in galectins and their presence in
tumors.

The homodimeric galectin-7 (Gal-7) was initially
detected in studies aimed at identifying markers
associated with the normal keratinocyte phenotype, its
expression was sensitive to SV40 transformation and
linked to p53-related induction of apoptosis in epidermis
and human DLD-1 colon carcinoma cells (Madsen et al.,
1995; Magnaldo et al., 1995; Polyak et al., 1997;
Bemerd et al., 1999; Saussez and Kiss, 2006). In vitro,
the lectin inhibits growth of neuroblastoma cells and
induces apoptosis in activated T cells, but, in stark
contrast, is associated with an aggressive phenotype in
murine 164T2 lymphoma, characterized by increased
matrix metalloprotcinase-9 expression (Kopitz et al.,
2003; Moisan et al., 2003; Sturm et al., 2004; Demers et
al., 2007). Proteomic profiling raised evidence for a
relation to differentiation in bladder squamous cell
carcinomas and, conversely, tumorigenesis in buccal
squamous cell cancer (@stergaard et al., 1997; Chen et
al., 2004). Differential display of mRNA populations to
chemical carcinogenesis was described in rat mammary
gland but not colon (Lu et al., 1997). Thus, Gal-7
activities and relations to disease progression in models
appear to indicate contextual functionality, making
predictions for clinical correlations on the basis of in
vitro data difficult. In view of the same aim, the
immunohistochemical analysis of the anti-apoptotic Gal-
3 in breast cancer has recently revealed that in vitro
activities cannot simply be extrapolated to the clinical
situation (Moisa et al., 2007). The question is thus open
to define associations between lectin expression and
clinical parameters in tumor specimens. Toward this end,
we analyzed head and neck squamous cell and basal cell
carcinomas, using an antibody preparation non-cross-
reactive to other members of the galectin family.

Materials and methods
Tissue processing
Samples of human tissue were obtained with the

explicit informed consent of patients according to the
Helsinki Declaration during surgical procedures for head

and neck squamous cell carcinomas (Department o1
Otorhinolaryngology and Head and Neck Surgery, First
Faculty of Medicine and Faculty Hospital Motol,
Charles University in Prague) and basal cell carcinomas
(Department of Dermatovenerology, First Faculty of
Medicine and General Teaching Hospital, Charles
University in Prague). Each sample was divided to two
parts. First part was routinely embedded to paraffin and
used for histopathologic inspection, second was prepared
for preparation of frozen sections. These samples (Table
1) were frozen in liquid nitrogen using Tissue-Tek
(Sakura-Finetek Europe B.V., Zoeterwoude, The
Netherlands). 7-pm-thick frozen sections were prepared
by a Cryocut-E microtome (Reichert-Jung, Vienna,
Austria). Tissue-Tek was removed by rinsing in
phosphate-buffered saline (pH 7.2; PBS) immediately
before starting immunohistochemical processing.
Sections were routinely fixed with 2% (w/v)
paraformaldehyde in PBS. Carbohydrate-free bovine
serum albumin (BSA; Sigma, Prague, Czech Republic)
was used to block non-specific protein-protein
interactions.

Sections from paraffin embedded tissue were
routinely analyzed after the staining by hematoxylin and
cosin. Parameters such as differentiation grading,
extracapsular spread, angio- and lymphangioinvasion,
perineural invasion were evaluated as described (Bryne
et al., 1989; Ravasz et al., 1993).

Immunohistochemical processing

After recombinant production Gal-7 was purified
using affinity chromatography as a crucial step, and
purity was ascertained by one- and two-dimensional gel
electrophoresis, gel filtration and mass spectrometry
(Kopitz et al., 2003; André et al., 2004). The quality-
controlled protein was used as antigen in rabbits, and the
resulting polyclonal antibodies were thoroughly checked
for any cross-reactivity against other members of the
galectin family by Western blotting and ELISA,
especially the proto-type proteins, then removing any
traces by chromatographic affinity depletion (Kayser et
al., 2003; Lohr et al., 2007). Double labeling using
commercial antibodies was performed to characterize

Table 1. Number of tissue samples.

Tissue Number of donors
Human epidermis 10
Basal cell carcinomas 10
Squamous cell epithelia (oral cavity,

oropharynx, larynx, hypopharynx) 47
Primary squamous cell cancer

(oral cavity, oropharynx, larynx, hypopharynx) 47
Lymph node metastases of squamous celi carcinomas

(oral cavily, oropharynx, larynx, hypopharynx) 25
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cell characteristics. Cytokeratins 10 and 14 were
detected by mouse monoclonal antibodies (Dako, Brno,
Czech Republic; SIGMA, Prague, Czech Republic), as
were the nuclear Ki67 antigen of prolifcrating cells
(Dako, Prague, Czech Republic) and collagen IV
(Sigma, Prague, Czech Republic). Commercially
available ExtrAvidin-tetramethylrhodamine isothio-
cyanate (TRITC) (Sigma, Prague, Czech Republic) and
fluorescin isothiocyanate (FITC)-labeled swine-anti
mouse and swine-anti rabit immunoglobulins (SwWAM-
FITC, SwWAR-FITC, ALSEVA, Prague, Czech Republic;
GoAM-TRITC: Sigma, Prague, Czech Republic) were
used as second-step reagents. To exclude a false-positive
reaction by non-specific binding of immunoglobulins via
Fc receptors, an antibody specific for CDla
(Immunotech, Prague, Czech Republic) not present on
epithelial cells was tested in parallel. This reagent
replaced the first-step markers during routine processing
in a control section. Finally, the specimens were
mounted to Vectashield (Vector Laboratories,
Burlingame, CA, USA.) and then visually inspected and
analyzed using an Eclipse 90i fluorescence microscope
(Nikon, Prague, Czech Republic) equipped with
respective filter blocks, a high-resolution CCD camera
(Cool-1300Q; Vosskiiller, Osnabriick, Germany) and a
compuler-assisted image analyser (LUCIA 5.10)
(Laboratory Imaging, Prague, Czech Republic). All
sections were carefully examined by two independent
observers, who were completely blinded with respect to
clinical fcatures of the patients. In each case, at lcast 500
cells within randomly sclected and defined area sections
on each slide were counted. For statistical analysis, cut-
. ofT points were chosen to classify tumors to be intensely
or faintly positive for Gal-7 staining. A cut-off point of
lower 1/3 of the intensity profile valuc (arbitrary units)
between intensity of the background signal and the
intensity profile value in corresponding non-malignant
control epithelia within the tumor cell population was
arbitrarily set to determine the range of faintly positive
cells. Cut-offs were defined prior to relating clinical
parameters to results of histochemical staining. Ki67-
positive cells were counted per 1000 cells, an in this way
percentages of Ki67-positive cells in different samples
were determined. Mean average of Ki67-positive cells
for tumors with identical Gal-7 cytoplasmatic staining
profiles were calculated.

Statistical analysis

The Chi-squared test was used to set Gal-7
parameters in relation to the different clinicopathological
parameters, except for the Ki67 status trcated with the
Mann-Whitney U test. Overall survival and disease-free
survival were calculated using the standard method, data
sets being analyzed by using the Gehan-generalised
Wilcoxon test. Statistica 6.0 software (StatSoft, Prague,
Czech Republic) was run in all statistical analyses.
Overall survival was computed from the date of surgery
to the documented date of the last follow-up or death,

whereas disease-free survival was considered to cover
the period from the date of surgery to the date of
recurrence.

Resulits
Normal epithelia in situ

Application of the non-cross-reactive anti-Gal-7
antibody preparation to fixed sections of squamous cell
epithelia of the epidermis and mucosal coverings (oral
cavity, oropharynx, larynx and hypopharynx) detected
lectin presence from the basal region to the most
superficial layer (Fig. 1). Cytoplasmic and also nuclear
presence, the latter most prominently in nucleoli, were
seen in both basal and suprabasal layers. These
observations extend the evidence for nuclear presence of
galectins from proto-type Gal-1 and chimera-type Gal-3
(Smetana et al., 2005) and, most recently, Gal-2
(Dvofidnkovd et al., 2008). As a measure of cell
differentiation, cytokeratin-14 was present in cells of the
basal layer in epithelia of all specimens, wheras
cytokeratin-10 was encountered in keratinized cpithelia
of epidermis and tongue only. The typical nuclear
expression of the proliferation marker Ki67 was
observed in the basal layer and to a rcstricted extent in
the surrounding suprabasal layers. A subpopulation of
Ki67-positive cells represented about 5% of the cells in
the basal layer. As assessed by monitoring collagen 1V
presence, the basal lamina was well established and
continuous in the studied epithelia.

Basal cell carcinomas

As also shown in Fig. 1, a qualitative difference was
seen for negative tumor cells compared to the positive
surrounding non-transformed epithelium. Cytokeratin-10
was not detected in studied tumors, and the presence of
nuclear Ki67 antigen was observed in about 5-15% of
cells, predominantly in peripheral parts of tumor
nodules. Continuous collagen 1V staining appeared
around the studied tumors (not shown),

Squamous cell carcinomas

The staining profile for Gal-7 was not uniform in the
different specimens of primary and metastatic squamous
cell carcinomas. Four different patterns could be
discerned (Fig. 1). Intense staining with homogeneous
distribution in all tumor cells (intense and homogeneous)
was present in 32% of primary tumors and 12% of
regional lymph node metastases. Gal-7 presence
confined to the central parts of the tumor, mostly to
regions of formation of keratin pearls (intense
heterogeneous pattern), was observed in 25.5% of
primary tumors and 32% of regional lymph node
metastases. Faint but homogeneous staining throughout
the entire tumor cell population applied to 25.5% of the
primary tumors and 20% of the regional lymph node
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metastases. 17% of primary tumors and 36% of regional
lymph node metastases did not show immuno-
histochemical positivity. A clearcut difference between
primary tumors and corresponding lymph node
metastases could not reliably be described. Nuclear
positivity of tumor cells concerned only cases with
intense staining, irrespective of presenting homogeneous
or heterogeneous profiles. Regarding the markers for
cytodifferentiation, cytokeratin-14 was spotted in all
primary carcinomas and regional lymph node
metastases, cytokeratin-10 in keratinized carcinomas
only (Fig. 2). Gal-7 presence correlated with
keratinization (P = 0.0105). Ki67-expressing cells were
in the peripheral regions of tumor nodules. Studied
tumors differed among each other in the size of the
Ki67-positive cell population from 5 to 60% (Fig. 2,
Table 2). There was no apparent correlation of the

proliferation status with Gal-7 presence (P = 0.1376). In
general, peritumoral basement membranes were covered
with a continuous layer of collagen 1V in the tumors
with intense and homogeneous staining for Gal-7. The
other Gal-7 staining profiles showed variability for the
appearance of the collagen IV layer, ranging from major
defects to even complete absence in tumors lacking Gal-
7 (P 0.0024) (Fig. 2, Table 2). In contrast, intense and
homogeneous Gal-7 staining correlated with the level of
differentiation (grading) (P = 0.0009). When Gal-7
staining was set in relation with other factors, i.e. gender
(P = 0.3781), primary tumor site (P = 0.2703), T-stage (P
= 0.6222), N-stage (P = 0.1065), clinical stage (P =
0.5127), extracapsular spread (P = 0.5998),
angioinvasion (P = 0.6443) and lymphangioinvasion (P
= 0.3781), perineural spread (P = 0.1306) and treatment
outcome, no statistically significant association turned

Table 2. Comparison of clinical and histopathological parameters with Gal-7 presence.

PRIMARY CARCINOMAS INTENSE SIGNAL FAINT/NO SIGNAL P value
27 20

Site larynx/hypopharynx 13 7 0.2703
oropharynx/oral cavity 14 13

Gender male 24 16 0.3781
female 3 4

T-stage T1+2 8 9 0.6222
T 3+4 19 11

N-stage NO S 5 0.1065
N1-3 22 15

Clinical stage CS 142 1 1 0.5127
CS 344 26 19

Grading G1+G2 22 8 0.0009
G3+G4 5 12

Keratinization keratinized 15 4 0.0105
non-keratinized 12 16

Extracapsular spread (ECS) ECS - 21 17 05998
ECS + 6 3

Lymphangioinvasion lymphangioinvasion - 22 18 0.3781
lymphangioinvasion + 5 2

Angioinvasion angioinvasion - 22 16 0.6443
angioinvasion + 5 4

Perineural spread perin. spr. - 26 18 0.1306
penin. spr. + t 2
Outcome local recidive 2 2
regional recidive 3 2
distant metastases 3 2
no evidence of disease 20 16
7 4

Basal lamina (Cot IV) formation well surrounded 18 4 0.0024
poorly tormed 8 16

Ki 67-positive population mean 30% 38% 0.1376

Clinical and histopathological parameters (TNM staging, extracapsular spread, grading, keratinization, angio- and lymphangioinvasion, pefineural
spread), pattern of basal lamina (collagen V) formation and proliferation (Ki-67) vs. Gal-7 presence in primary head and neck squamous cell
carcinomas. Intense signal corresponds to tumors with either intense homogeneous or intense inhomogeneous Gal-7-dependent staining. Faint/No
signal corresponds to tumors with either weak homogeneous staining or no detectable Gal-7. Mean average of Ki-67-positive cells counted per 1000

tumor cells for tumors with identical staining pattem were calculated.
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up (Table 2). Also, no statistically significant differences
of survival among the studied patient groups suffering
from squamous cell carcinoma were observed relative to
Gal-7 (Fig. 3).

Discussion

Using stratification, a prognostic correlation has
been reported for stage IV hypopharyngeal squamous
cell carcinoma patients. In this group, Gal-7 therefore
has the potential to identify patients at risk of recurrence
and with dismal prognosis (Saussez et al., 2006). Of
note, staining characteristics for Gal-7 differed from
those of Gal-1 belonging to the same subgroup, a strong
argument for non-overlapping functionalities in the
galectin network (Saussez et al., 2008). Also, associated
with a feature of tumor progression, Gal-7 presence was
correlated to muscle-infiltrating growth in urothelial
cancer (Langbein et al., 2007), whereas Gal-7
monitoring in progression of thyroid cancer appeared to
reflect a dual role, with anti- and promalignant features

Gal-7

at different stages (Rorive et al., 2002). These results,
revealing a tumor-type- and also stage-of-tumorigenesis-
related activity profile in the case of Gal-7, have a
bearing on considerations to devise new treatment
modalities based on modulating endogenous galectin
expression.

Absence of the signal for Gal-7 in basal cell
carcinoma was also observed earlier (Magnaldo et al.,
1998; Chovanec et al., 2005). Explanation of this
phenomenon is only hypothetical but it can be related to
the low level of differentiation of tumor epithelial cells.
They express keratin 19, marker typical for epidermal
stem cells and o2,6-linked sialic acid, marker of poorly
differentiated epithelial cells (Holikova et al., 2002;
Dvofidnkovd et al., 2005). In harmony with these
observations, cells of basal cell carcinoma were never
recognized by labeled galectin-3, feature typical for
suprabasal cells of squamous epithelia (Plzdk et al.,
2001).

Following its description as a marker associated with
the normal keratinocyte phenotype and as p53-induced

Gal-7 - )

Gal-7

Fig. 1. Immunohistochemical detection of Gal-7 in epidermis (A), basal cell carcinoma (B) and head and neck squamous cell carcinoma (C: intense
and homogeneous/IH, D: faint and homogeneous/FH, E: intense and inhomogeneous/Il, F: no expression/NO). Grading (G1-G3), keratinized (KER).

Nuclei were counterstained by DAPI.
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Fig. 2. Immunohistochemcial detection of Gal-7, a marker of proliferation (Ki67), collagen IV (basement membrane) and keratins (K10, K14) in
squamous cell epithelia (A-D) and head and neck squamous cell carcinomas (E- L). Grading (G1-G3), keratinized (KER). Nuclei were counterstained
by DAPI.

Fig. 3. Kaplan-Meier graph of overall survival of patients
suffering from head and neck squamous carcinoma and Gal-7-
associated parameters. Phenotype of Gal-7 localization: IH:
intense and homogeneous, FH: faint and homogeneous, II:
intense and inhomogeneous, NO: no expression.
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gene product in DLD-I colon cancer cells, cell
biological data had indicated differential regulation of
Gal-7 in squamous cell carcinomas of different origin, a
differential response to chemical carcinogenesis in rat
models, and anti- or pro-malignancy activities in
different human tumor models. To decide on clinical
correlations in patient material we studied tissue sections
immunohistochemically and disclosed a correlation to
increased status of differentiation and keratinization in
head and neck squamous cell carcinomas.
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1. Introduction

Background: Benign and malignant fibrous histiocytoma present with a considerable difference
concerning cellular organization in their vicinity.

Objective: Normally appearing epithelium covers the malignant form in contrast to hyperplastic
epidermis for benign tumors. It is an open question as to whether the tumor-associated fibroblasts are
capable to affect phenotypic features of normal keratinocytes, prompting this comparative analysis.
Methods: Fibroblasts were isolated from benign and malignant fibrous histiocytomas, respectively, and
also from normal dermis. The resulting cell populations were thoroughly characterized immunocy-
tochemically using a large panel of antibodies. The three fibroblast preparations were cocultured with
normal interfollicular keratinocytes. Their phenotype was characterized for distinct properties including
differentiation and proliferation.

Results: Fibroblasts prepared from both tumor types were phenotypically practically identical with
normal dermal fibroblasts. Their activities on keratinocytes were different. Cells prepared from benign
fibrous histiocytoma were capable to effect strong expression of keratin 19 and production of a galectin-
1-rich extracellular matrix. Fibroblasts isolated from malignant fibrous histiocytoma led to a phenotype
very similar to that when keratinocytes were cocultured with normal dermal fibroblasts.

Conclusion: Fibroblasts prepared from benign fibrous histiocytoma were biologically active on
keratinocytes in a particular manner. Our results on fibroblast activity are suggested to be relevant
for morphologic differences observed in vivo between normal epidermis and epidermis adjacent to the
studied tumor types.

© 2009 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights reserved.

tumors show fibroblastic, myofibroblastic and histiocytic (macro-
phage-like) differentiation, often in the same tumor. The WHO

The fibrohistiocytic tumors of the skin are a heterogeneous
group of dermal/subcutaneous mesenchymal neoplasms. “Fibro-
histiocytic” refers in this context to a morphologic similarity of the
tells with fibroblasts and histiocytes. Indeed, the cells of such
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classification (2005) includes benign types of tumors (e.g. fibrous
histiocytoma, synonymous: dermatofibroma), tumors of inter-
mediate nature (e.g. plexiform fibrohistiocytic tumor and derma-
tofibrosarcoma protuberans) and aggresive tumors (e.g. malignant
fibrous histiocytoma) [1]. Benign fibrous histiocytoma (BFH) is a
common cutaneous soft tissue tumor with a frequency of
approximately 3% of the population [2]. Changes of the epidermis
in contact with the tumor represent a characteristic diagnostic
feature of this type of neoplasia. The epidermal morphology varies
from simple acanthosis to pronounced basaloid hyperplasia, very

0923-1811/$36.00 © 2009 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights reserved.
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similar in appearance to cell clusters in basal cell carcinoma |3-7|.
Immunohistochemical analysis of the epidermis overlying the
center of the dermatofibroma revealed distinct changes in
proliferation and level of differentiation [8). It is obvious that
activation of epidermal keratinocytes may be due to factors
originating from tumor andfor stromal cells acting on their
environment. The precise origin of fibrohistiocytic tumors has
been disputed for decades. Histiocytes, Abroblasts, or cells with
intermediate features between fibroblasts and histiocytes and
mesenchymal stem cells have all been proposed as origin of the
tumor cells. At any rate, an exclusive histiocytic origin is, no longer
considered |9).

Emerging insights into the modes of regulating progeny
production of epidermal stem cells provide instructive suggestions
in this respect [10). Evidently, adult tissue stem cells acquire
proper functionality within a very specialized microenvironment,
the so-called niche [11). Despite recent progress in understanding
the complexity of this entity in skin [12], detailed characterization
of this type of microenvironment continues to warrant efforts.
Because it is generally accepted that mutual mesenchymal-
epithelial interactions comprise salient mechanisms of morpho-
genesis, in vitro studies with tumor-derived fibroblasts are an
attractive tool toward further progress. Of relevance in this
context, cellular parameters of fibroblasts are significantly
influenced by their site of localization with ability to maintain
these features under physiological conditions [ 13), and they can be
the source of modulatory effects as e.g. demonstrated by
expression of distinct types of keratins in cocultured keratinocytes
{14). Following this line of evidence a regulatory role of cancer-
associated stromal fibroblasts on the biology of neighboring cells
including tumor cells was delineated [15]. Thus, when fibroblasts
were prepared from basal or squamous cell carcinomas, they were
active to influence phenotypic features of normal human
keratinocytes [16,17]. At this stage, it is an open question as to
whether stromal fibroblasts from a benign tumor have a similar
activity, which may underlie establishment of morphological
features of the tumor in situ.

In this study, we addressed this issue and answer the question
on a possible role of fibroblasts from BFH on normal human
keratinocytes using an in vitro cocultivation model. As internal
standard we have run assays in parallel with cancer-associated
stromal fibroblasts (CASF) from MFH. This tumor type is
morphologically diverse including the presence of condensed,
fibroblast-rich stroma (similar to BFH and basal cell carcinoma) but
lacking appearance of strong hyperplasia with no hyperplastic
changes in the adjacent epidermis [18,19]. The use of immuno-
histochemistry can be valuable in the diagnostic workup of any
spindle-cell fibrohistiocytic tumors, diagnosis of MFH based on
morphology alone not being reliable. There are no markers or
combinations of markers that establish the diagnosis of malignant
fibrous histiocytoma. The tumor cells of MFH can often show a
“vimentin only” immunophenotype with no ability of other
immunostains to discern any marked sign of differentiation. The
lesional cells of MHF must be negative for cytokeratins and 5100
protein; a small extent of expression of actin, indicating
myofibroblastic differentiation, is acceptable. Fibrohistiocytic
tumors usually contain nontumoral $100 protein-positive Langer-
hans cells, CD31-positive endothelial cells and macrophages, as
well as factor Xllla-positive dendritic cells. CD68 expressian does
not support or exclude the diagnosis of MHF in line with the other
traditional histiocytic markers (ajy-antitrypsin, ay-antichymo-
trypsin, and factor X111) [20).

We isolated CASF from both types of tumor and cocultured
them with normal interfollicular keratinocytes to probe into and to
characterize biological effect(s) triggered by the studied fibro-
blasts. To establish an internal reference value we added

experimental series with normal dermat fibroblasts (DF). Baseg
on our previous studies with basal{squamous cell carcinomy
{16.17), in which we demonstrated a shift of phenatype of normy
keratinocytes cocultured with tumor stromal cells, we focuseq
analysis on keratin 8 (that is present in squamous cell carcinom,
and not in normat epidermis and basalioma}, on keratin 19 (that g
present in bulge epidermal stem cells and in a minimum of 50% o
basalioma) and on vimentin, Its coexpression with keratins j
indicative of epithelial-mesenchymal interaction. Expression of
nucleostemin, binding sites for Gal-1 and Ki 67 can be related not
only to proliferation but also to differentiation status of
keratinocytes monitored (for details see [16,17]).

2, Material and methods
2.1, Tissue preparation and cell culture

Specimens of BFH and MFH (one specimen of each tumor) were
obtained from the Department of Dermatovenereclogy of the 1g
Faculty of Medicine (Charles University, Prague, Czech Repubic)
and tissue for control, i.e. normal skin, came from the Department
of Aesthetic Surgery of the 3rd Faculty of Medicine of the Charle
University in Prague, in all cases with written informed consent of
the donors. The experiments were approved by local ethicl.
committee and performed strictly according to the Declaration of
Helsinki principles. A part of each tumor and of normat skin was
fixed with paraformaldehyde, embedded in paraffin and used (o
routine pathologic characterization after hematoxilin and eosin
staining and for processing by immunohistochemistry (panel of
keratins, keratin 19, galectin-1; for details, please see below).

Normal DF and keratinocytes were prepared by mild trypsi-
nization overnight and cultured by a modified Rheinwald and
Green procedure [21], as described previously [ 16,17]. Fibroblasts
present at the site of the tumor were isolated and cultured
according to a routine protocol {22} with modifications given"
elsewhere [16,17). Cells with normal fibroblastoid appearance
were used from the seventh passage cultured for 53 days in the
case of BFH and from the sixth passage cultured for 77 days for
MFH, respectively. Their phenotype was repetitively examined by
the detection of vimentin, keratins and CD68 (please see below].
This procedure ensured to work with fibroblasts. Feeder cells were
seeded on cover glass at the low density of 4,000 cellsfcm? and
cultured for 24 h, the suspension of keratinocytes (30,000 cell§f
cm?) was then added, cells were then kept in culture in a
keratinocyte medium (DMEM +F12, 3:1) at 37°C and 5% (0
[16.17] for § days. This experiment was repeated up to five tirmes
independently to ascertain reproducibility.

2.2, FACScan analysis of fibrabiasts

The cultured fibroblasts prepared from both types of tumor and
from normal dermis were apalysed after trypsinization using
FACSCalibur* equipment (BD Biosciences, Heidelberg, Germany}
and data processing followed using the Summit™ v3.3. Build 104
software (DakoCytomation, Fort Collins, CO, USA) [ 16,17]. Single-
cell suspensions in phosphate-buffered saline (PBS) containing2$
fetal calf serum were characterized by probing for presence of th
following markers: cluster of differentiation markers CD1 1b.
CD18, CD29, CD44, CD45, CD49a, CD49d, CD63, CDYO, CD106, aM
CD166 (all from Becton Dickinson, Prague, Czech Republic)
CD11c, CD14, CD34, CD45, CD68, CD71, CD235a, CD105, HLA DR
DQ, DP and HLA-A, -B,and -C(all from Dako, Brno, Czech Republiﬂ
CXCR4, and alkaline phosphatase (R&D Systems, Minneapolit
MN, USA) as well as CD19e and CD49c (Chemicon, Temecula, CA
USA). Isotype immunoglobulins were used as negative controlsit
all experiments,
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2.3. Immunocytochemistry

Samples of normal epidermis, and epidermis surrounding the
tumors (BFH and MFH) were paraffinized and routinely stained for
presence of a pane) of keratins, keratin 19 and galectin-1 after the
retrieval of antigen (Antigen Unmasking Solution; Vector Labora-
tories, Burlingame, CA, USA) according to the manufacturefs
instruction- for the description of staining procedure, please see
below).

Fibroblasts prepared from both types of tumors and keratino-
cytes kept in coculture, as was also the case with normal DF, were
characterized immunocytochemically by multiple labelling at the
singlecell level as described in detail elsewhere [16,17]. Fibro-
blasts were processed to detect presence of the macrophage
tandem-repeat-type mannose receptor (Gaubius Laboratory, TNO
Prevention and Health, Leiden, The Netherlands), CD14 (MEM 15
antibody; generous gift of Prof. V. Hofej$i, Institute of Molecular
Genetics of the Academy of Science, vvi., Prague, Czech Republic),
€D45 (Sigma-Aldrich, Prague, Czech Republic), CD34, CD68, CD71,

vimentin, smooth muscle actin, Ki67 (DAKO Cytomation, Brno,
Czech Republic) and nucleostemin (Neuromics, Bloomington, MN,
USA). Keratinocytes were characterized by determining presence
of a panel of keratins using a rabbit polyclonal antibody (Abcam,
Cambridge, UK). Keratin 8 was detected by a mouse monocional
antibody (DAKOCytomation, Brmo, Czech Republic) and keratin 19
by a mouse monoctonal (Sigma-Aldrich, Prague, Czech Republic).
Epithelial-mesenchymal transition zone was defined immunocy-
tochemically by the occurrence of coexpression of keratins with
vimentin (see above). Nucleostemin and Ki67 were also detected
(as mentioned above). As a common marker of tumor stroma the
endogenous lectin galectin-1 was visualized using a home-made
polyclonal rabbit anti-human galectin-1 antibody, rigorously
checked for absence of cross-reactivity with other galectins {23~
25, in coculture of keratinocytes with experimental fibroblasts.
Western blotting of cell extracts comparing mock-treated and
galectin-1-overexpressing transfected cells with strong ectopic
expression was performed as further control, running highly
sensitive signal visualization by chemiluminescence [26.27).

Fig 1. Benign fibrous histiocytoma (BFH) with extensive hyperplastic epideimis (A) in contrast to malignant fibrous histiocytoma {MFH) covered by epidermis with normal
appearance (B). Epidermis above both types of tumors {C and D) resembled epidermis of normal skin (NS), (E) in terms of absence of keratin 19(C,~E, }. Stroma of BFH contains
a high level of the endogenous lectin galectin-1 {Gal-1) (F) whose extent of expression is comparatively low in MFH (G) and in dermis of normal skin (H). Bar is 50 sm.
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Purification and biotinylation, controls for purity and binding
activity as well as measuring degree of labelling of this human lectin
were described in detail elsewhere [24,28.29|. Fibronectin as
extracellular matrix component, a glycoprotein ligand for galec-
tin-1, was also detected in cultured cells with rabbit polyclonal
antibody (DAKOCytomation, Brno, Czech Republic). Fixation pro-
cedure and dilution of primary antibodies were set according to the
recommendation of the corresponding supptiers. FITC-labeled swine
anti-mouse serum (AlSeVa, Prague, Czech Republic)was the second-
step reagent in the cases of CD14, CD34, CD45, CD68, CD71 and
vimentin, FITC-labeted swine anti-rabbit serum (AlSeVa, Prague,
Czech Republic) for processing to detect the macrophage tandem-
repeat-type mannose receptor, galectin-1 and the panel of keratins,
respectively. TRITC-labeled goat anti-mouse serum (Sigma-Aldrich,
Prague, Czech Republic) facilitated visualization of signals for
vimentin, keratin 8, keratin 19 and smooth muscle actin, TRITC-
labeled dankey ant-goat serum {Jackson Laboratories, West Growe,
PA, USA) for nucleostemin. Control experiments were performed by
replacement of specific antibodies by mono- or polyclonal
antibodies with specificity that is irrelevant in the studied cells
and tissues (in the case of monoclonals of the same isotype). DNA
visualization by DAPI (4'.6'-diamidino-2-phenyindole dilactate;
Sigma-Aldrich, Prague, Czech Republic) provided a signal for the
cell nucleus, Specimens were then mounted in Vectashield (Vector
Laboratories, Burlingame, CA, USA) and inspected using an Eclipse
90t (Nikon, Prague, Czech Republic) fluorescence microscope
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Fig- 2. Western blot analysis of extracts of mock-treated (m) and galectin-|~
overcxpressing (o) cells (S0 ug protein per lane; molecular weight markers
designated by mass) to illustrate specificity of the anti-galectin-1 immunoglobulin
G preparation. Extracts from human HS-24 non-small cell lung cancer (left), HT-29
colorectal adenocarcinoma (center) and HEK 293 embryonic kidney (right) cells
were processed.

equipped with the suited filterblocks, a high-resolution CCD camera
(Vosskiihler Cool-1300Q; Vosskiihler, Osnabriick, Germany) and a
computer-assisted image analyzer (LUCIA 5.10; Laboratory Imaging,
Prague, Czech Republic). In addition to routine documentation
microscopy was also performed for acquiring quantitative data on
populations of 500 cells per specimen. The statistical significance
was tested using the Student ¢-test. Any difference with alevel lower
than 0.05 was considered to be statistically significant.
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Fig. 3. Representative documentation of intensity of immunodetection of selected markers in normal dermal fibroblasts and fibroblasts prepared from BFH and MFH (A-F).
While all three types of cells are positive for CD29 (A) and CD44 (B). they were negative for CD14 (C), CD34 (D). CD45 (E) and CD68 (F). The size of celis when measured after
adhesion and spreading was lower in the case of fibroblasts prepared from BFH than that of cells originating from MFH and of normal dermal fibroblasts, the difterence not

reaching the level of statistical significance (G).
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3. Results
3.1. Characterization of epidermis

Epidermis overlying BFH showed the characteristic hyperplasia
jn contrast to a rather normal appearance of epidermis when
monitoring MFH (Fig. 1A and B). Epidermis above both types of
tumor expressed Keratins, as seen in normal epidermis (positive
control of accessibility of antigen for antibody) (Fig. 1C-E). Keratin
19 was not detected in both normal interfollicular epidermis and in
the epidermis in contact with both studied tumors (Fig. 1C;-E,).In
contrast to normal skin and MFH, BFH exhibited an intense signal
for presence of galectin-1 in stromal component (Fig. 1F-H). The
antibody preparation did not cross-react with other members of

the family of human galectins and its specificity was further
ascertained by Western blotting with human cell extracts (Fig. 2).

3.2. Characterization of fibroblasts

Fibroblasts prepared from both types of tumor presented a
similar phenotype without major deviation from appearance of
normal DF (Fig. 3A-F; Fig. 4 A-H; Table 1), with several notable
exceptions. They express no markers typical for leukocytes/
histiocytes (CD11, CD14, CD18, CD45, CD49, CD63, CD68, CD71,
CD90, CD105, CD166, CD235, CXCR4), for hemopoietic precursor
and endothelial cells (CD34, CD105, CD106, CD166) and for
mesenchymal stem cells (alkaline phosphatase). Also, the expres-
sion profile of both HLA-I/Il determinants was identical with

Fig. 4. Fibroblasts prepared from both types of tumor are negative for CD68 (A and B) and highly positive for vimentin (Vim) (C and D). Whereas no smooth muscle actin
(SMA)-containing myofibroblasts were present among the fibroblast population prepared from BFH (E), these cells, albeit at very low frequency, were detected in the pool of
fibroblasts prepared from MFH (F). A high proportion of nuclei of fibroblasts from BFH is positive for nucleostemin (NuclS) (G), No nucleostemin was present in nucleoli
among fibroblasts prepared from MFH (H). Keratin 8 (K8) was detected in a very low number of keratinocytes cocultured with fibroblasts prepared from BFH (I) and MFH (J).
Coculture of BFH-derived fibroblasts with keratinocytes led to a strong staining for keratin 19 (K19) in these cells (K). Very low level of presence of K19 was observed in
keratinocytes cocultured with fibroblasts from MFH (L) and with normal dermal fibroblasts (M). Coexpression of keratins with vimentin (Vim, arrow) was negligible in
keratinocytes cocultured with BFH- (N) and MFH-derived fibroblasts (O). Bar is 50 pm.
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Table t
Phenotypic characterization of studied fibroblast populations by FACScan analysis.
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NDF: normal dermal fibroblasts BFHF; fibroblasts from benign fibrous histiocytoma
MFHF: malignant fibrous histiocytoma
* Assessment was ascertained immunocytochemically

normal fibroblasts. CD29 and CD44 positivity indicates that all
three types of evaluated cells have the same ability to interact with
components of the extracellular matrix. In contrast to fibroblasts
prepared from BFH and to normal DF, myofibroblasts were present
in the pool of cells prepared from MFH (Fig. 4E and F). Of further
note, the number of nucleostemin-positive cells was significantly
increased (p < 0.001) in fibroblasts originating from BFH (Fig. 4G
and H). Overall, these fibroblasts were somewhat smaller than
those prepared from MFH and from normal dermis. However, the
differences did not reach the level of statistical significance
(Fig. 3G, p = 0.08). Summarizing the immunophenotyping carried
out with the three cell preparations (Table 1), the cells used for
further in vitro coculture experiments with normal keratinocytes
were fibroblasts, with no other elements being present in the
population of cultured stromal cells of BFH and MFH.

3.3. Characterization of the keratinocytes cocultured with fibroblasts

First examining morphology, keratinocyte colonies cocultured
with fibroblasts prepared from both types of tumor and normal
dermis had a rather similar appearance (Fig. 41-0, Fig. 5A-K). Next,
the status of differentiation was monitored based on keratin
immunocytochemistry. While only very few keratinocytes cul-
tured on all three types of fibroblasts (MFH, BFH, normal skin) were
positive for keratin 8 (Fig. 41 and J), keratinocytes grown in
coculture with fibroblasts prepared from BFH significantly
(p < 0.02) expressed keratin 19, a definitively distinctive feature
(Fig. 4K and L). Expression of this type of keratin in keratinocytes
cocultured with normal dermal fibroblasts (Fig. 4M) was
practically identical with appearance in those cultures where
keratinocytes were grown together with fibroblasts prepared from
MFH (Fig. 4L). Presence of Keratinocytes coexpressing both
keratins and vimentin was negligible in coculture with all types
of fibroblasts (Fig. 1IN and O). This observation excludes a
significant extent of epithelial-mesenchymal transition in any of
the tested systems, The adhesion/growth-regulatory endogenous
lectin galectin-1, known to be expressed in the stroma of various
tumors including basal cell carcinoma in situ and in vitro [25,30],

was part of deposits of the extracellular matrix produced by
fibroblasts from BFH cocultured with keratinocytes (Fig. 5A-C),
These deposits also contained the glycoprotein fibronectin, 3
ligand of this lectin {not shown). The majority of nuclei of
keratinocytes cocultured with all three types of fibroblasts
harbored presence of galectin-1-binding sites (Fig. 5D and E). In
comparison, the signal was rather strong in nuclei of keratinocytes
cocultured with fibroblasts from BFH, a situation also encountered
when keratinocytes were cocultured with normal dermal fibro-
blasts, this result being quantitatively substantiated by measuring
the profile of fluorescence intensity (Fig. 5D-G).

Next, the proliferation status of the keratinocytes was
determined by monitoring Ki67 presence. Its extent was appar-
ently higher for keratinocytes in coculture with fibroblasts
prepared from BFH, this difference yet not passing the threshold
for statistical significance (p=0.09) (Fig. 5H and I). A further
difference concerned expression of nucleostemin. Interfollicular
keratinocytes in coculture with DF revealed no signal for
nucleostemin (not shown), practically all cells cocultured with
both types of tumor fibroblasts contained nucleostemin-positive
nucleoli (Fig. 5) and K). Overall, the characterization of the
phenotype of interfollicutar keratinocytes cocultured with fibro-
blasts prepared from BFH revealed an influence akin to the effect
on keratinocytes when cocultured with fibroblasts prepared from
basal cell carcinoma [16].

4. Discussion

Although the marked hyperplasia of epidermis overlying BFH is
well known as morphological feature and used in diagnostic
procedures [3-8], the mechanisms underlying this phenomenon
are yet to be defined. Rather likely, stromal fibroblasts may play a
role in this cascade of processes, because fibroblasts prepared from
both basal and squamous cell carcinoma, respectively, are able to
significantly influence the phenotype of keratinocytes in coculture
[16.17}. Our current experiments were designed to address this
issue. As an essential prerequisite due to the heterogeneous nature
of tumor stroma in these cases, thorough and extensive
characterization of experimental fibroblasts was mandatory
[18,19,31}. Fibroblasts prepared from the both types of tumors,
i.e. BFH and MFH, were phenotypically identical with normal
dermal fibroblasts except for the presence of rare cases of cells
exhibiting a signal for smooth muscle actin in cultured cells
prepared from MFH. The comparative phenotypic investigation of
the cells prepared from both types of tumor indicated that these
cells can reliably be considered as fibroblasts. High level of
expression of nucleostemin in nuclei of cells prepared from MFH
can be related to their enhanced proliferation potential and low
differentiaton status [32]), and myofibroblasts are frequently
present in malignant tumor stroma [33).

When grown in contact to fibroblasts prepared from BFH,
keratinocytes were found to strongly express of keratin 19. A
similar effect on the keratinocyte population had previously been
observed, in coculture with stromal cells prepared from basal cell
carcinoma [16]. Keratin 19 is present in epidermal stem cells under
physiological conditions [34], and this cytoskeletal protein is also
detectable in cells of basal cell carcinoma [35]. In our previous
study, we had observed that keratin 19 could also be transiently
induced in a fraction of the population of basal interfollicular
keratinocytes after a suspension regimen [36]. In contrast, no
substantial presence of keratin 8 was seen in keratinocytes under
the influence of BFH-derived fibroblasts, a feature common for
normal keratinocyte coculture with fibroblasts from squamous cell
carcinoma [17). Because this keratin protein is normally not
present in postnatal squamous epithelia and is typical for
malignant cells of squamous cell carcinoma of the head and neck
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Fig. 5. Fibroblasts prepared from BFH cocultured with interfollicular keratinocytes characteristically produce galectin-1 (Gal-1)-rich extracellular matrices (white star, A) that
are not seen in parallel experiments with either cells from MFH (B) or from normal dermis (C). Majority of keratinocyte nuclei were reactive with Gal-1 in both cell
populations cocultured with fibroblasts prepared from BFH (C) and MFH (D). Measuring the fluorescence intensity profile of Gal-1 binding, the intensity of reactivity was
significantly increased in the cell system starting from BFH and from normal dermal fibroblasts (DF) (at the significance level of p = 0.01 in the case of MFH and p = 0.03 in the
case of DF) (F and G). Representative profiles are marked by numbers 1 and 2 (D and E). Presence of the proliferation marker Ki67 could apparently be observed more
frequently (not reaching the p < 0.05 threshold) in the system containing BFH (H) than in that from MFH (I). Also, the expression of nucleostemin was not significantly
influenced by the origin of cells from BFH and MFH (] and K). The non-paired Student t-test was applied to process data statistically, differences with p < 0.05 being considered
as statistically significant.
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of patients with poor prognosis [37], the influence of BFH-
associated fibroblasts appears distinct and separate from the effect
of fibroblasts originating from squamous cell epithelia. This
observation is corroborated by a practically absent coexpression
of keratins with vimentin, a protein that defines the epithelial-
mesenchymal transition [17,38,39). The difference between
absence of keratin 19 in epidermis positioned over the tumor in
BFH in situ and the positive signal from keratinocytes cocultured
with fibroblasts prepared from this tumor can be due to differences
in the environmental conditions in vitro and in situ, to which
fibroblasts from MFH can contribute, similar tofibroblasts fram the
basal cell carcinoma [16).

Another example of an effect of the BFH-derived fibroblasts on
the normal keratinocytes was provided by increased binding
activity of the endogenous lectin galectin-1 to nuclei of
keratinocytes under their influence. The expression of this lectin,
a potent mediator of cell adhesion and tissue invasion as well as
growth regulator by outside-inside signaling and intracellular
target selection, e.g. to oncogenic H-ras [40-45), was also
upregulated. To draw comparisons the stroma sections of basal
cell carcinomas [16] and squamous cell carcinomas {46-48] as
well as, interestingly, of psoriatic plaque [49] also have abundant
presence of this lectin, and similar galectin-1-containing
deposits are produced by stromal fibroblasts of basal cell
carcinoma in vitro {16]. Thus, the production of this lectin and
of sites with galectin reactivity are targets for factor(s)
originating from stromal fibroblasts. This finding will aid the
establishment of assays to define the nature of the effector
molecules. When looking at the epidermal hyperplasia in situ, our
results on the impact of BFH-derived fibroblasts in coculture, set
in relation to results obtained in this system using basal cell
carcinoma, appear to reflect the similar morphological status in
the epidermis. Thus, the merit of the tested model appears to be
underscored by the revealed similarities, warranting further
work in this system.
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Summary

Glycans of natural glycoconjugates are considered as source of biological information
relevant for cell adhesion or growth. Sugar-based messages are decoded and translated
into responses by endogenous lectins. This mechanism assigns a functional dimension
to tumor-associated changes of glycosylation. Consequently, it calls for mapping lectin
presence in tumors. Such an analysis has so far commonly been performed with the
scope to determine expression of few distinct proteins, e.g. from the effector family of
galectins with focus on galectins-1 and -3. Due to the emerging evidence for functional
divergence among galectins it is timely to address the challenge to evaluate their
presence beyond these few family members. Having raised a panel of non-cross-re-
active antibodies against seven human galectins covering all three subfamilies, we
herein describe their expression profiles in human skin. Comparing normal and
malignant tissues enabled us to define galectin-type-dependent alterations, arguing in
favor of distinct functionalities. It is concluded that comprehensive monitoring to define
the different aspects of the galectin network, as documented in this pilot study, is

advisable for future histopathologic studies aimed at delineating clinical correlations.
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introduction

Biological information transfer relevant for malignancy is mainly monitored on the level of
nucleic acids and proteins. Of note, a third class of biomolecules is receiving increa‘sing
attention based on the emerging concept of the sugar code (Gabius, 2009). Due to the
accumulated evidence on aberrations of glycosylation, the most frequent co- and
posttranslational modification of proteins, in tumor cells, essential functions of glycans
within the course of the disease are rendered likely (Caselitz, 1987; Hakomori, 1996;
Gabius et al., 2002, 2004). As a marked conceptual advance from the initial phenome-
nologic monitoring of structural glycan modifications a direct link of this aspect to its
decoding by tissue receptors (lectins) and ensuing cellular responses has been drawn
(Gabius, 2008, 2009). In detail, changes in glycosylation are thus not simply viewed as
random events establishing disease-associated parameters but they are assumed to
carry a distinct sugar-encoded message. Its information is then converted by
protein(lectin)-carbohydrate interactions to eventually trigger specific signaling and
glycan-dependent cell activities (Villalobo et al., 2006). As a consequence, detection of
lectins as part of tumor characterization offers the perspective to define relevant
molecular pathways of information flow. Toward this aim, we herein focus on a family of
adhesion/growth-regulatory lectins in a suitable model system.

Squamous epithelium forming the epidermis is morphologically and functionally
stratified. Of relevance regarding cell growth, only cells of the basal layer anchored to
the basement membrane have the potential to proliferate (Watt, 2002). The cells of the
upper layers are terminally differentiated which makes them prone to desquamation
(Kanitakis, 2002). The stratification predestines this type of epithelium to serve as

suitable model for the study of cell parameters at different levels of cell maturation, as



illustrated by delineating finely tuned glycosylation previously (Holikova et al., 2002).
Especially carbohydrate epitopes at branch ends of glycan chains are subject to
versatile structural modifications, and these readily accessible [-galactoside
determinants can bind to - among others - members of the galectin family. This lectin
group is further subdivided into three subclasses (proto-, chimera- and tandem-repeat-
type proteins), the individual proteins apparently capable to exert diverse and cell-type-
specific roles in the control of cell adhesion, apoptosis, growth and migration via homing
in on distinct glycans and also peptide motifs (Kasai and Hirabayashi, 1996; Gabius,
2001; Lahm et al., 2004; Smetana et al., 2006). Their remarkable selectivity for cell
surface glycans fulfills the requirement for eliciting distinct responses. For example,
cross-linking galectins can modulate growth of different cell types by binding either
ganglioside GM1 (neuroblastoma cells), asfB+-integrin (colon and pancreatic carcinoma
cells) or the Ty1-specific cell surface molecule Tim-3 (galectins-1, -7 and -9), apical
membrane trafficking by binding distinct N-glycans and sulfatide with 2'-hydroxylated
long-chain fatty acid (galectin-4) or adhesion (Hela cells) and cell activity (superoxide
production of neutrophils) by binding au- (of the amB2-complex) or asBi-integrins
(galectin-8) (Kopitz et al., 2001, 2003; Levy et al., 2001; Nishi et al., 2003; Delacour et
al., 2005; Fischer et al., 2005; Zhu et al., 2005; Stechly et al., 2009). As evident from
these cases, galectins appear to be capable to fulfil distinct assignments by virtue of
non-identical ligand selection. Thus, they will likely not be functionally redundant, as e.qg.
shown for activated T cells and induction of different routes of caspase-dependent
apoptosis or for neuroblastoma cells and a functional divergence toward inhibition of
proliferation (Kopitz et al., 2001; Sturm et al., 2004; André et al., 2005a; Stillman et al.,

2006). These results intimate to draw an analogy for galectins to the complexities of



integrin expression and functionality.

It is therefore a key step on the way to understand the operativity of the assumed
galectin network to define the expression profiles of different family members in tumor
tissues. The development of non-cross-reactive antibodies will make it possible to move
from initial biochemical and RT-PCR profiling of galectin expression in tumor tissues and
cell lines (Gabius et al., 1984, 1986; Lahm et al., 2001) to immunohistochemical analysis
not restricted to only one or two members of this family, commonly galectins-1 and/or -3.
The extended monitoring should ideally comprise members of all three galectin
categories. We herein report results of a pilot study on immunohistochemical analysis of
expression of human galectins-1, -2, -3, -4, -7, -8 and -9 (for classification into
subfamilies, please see Table 1; of note, presence of genes for galectins-5 and -6 is
restricted to the rat or mouse, respectively (Cooper, 2002)). Specimen of normal skin
and basal cell carcinomas were processed with a respective panel of non-cross-reactive

antibodies under identical conditions.

Materials and methods

Six specimens of normal skin from breast and seventeen samples of basal cell
carcinoma of the skin were obtained with informed consent of donors either from the
Department of Plastic and Reconstructive Surgery (Charles University, 3rd Faculty of
Medicine, Prague) or from the Department of Dermatovenerology. Tissue samples were
immediately protected by Tissue-Tek (Sakkura, Zoeterwoude, The Netherlands), frozen
in liquid nitrogen and stored at -80 °C until further processing. Seven-um-thin sections

were obtained using a Cryocut-E microtome (Reicher-dJung, Vienna, Austria). The



sections were mounted onto poly-L-lysine (Sigma-Aldrich, Prague, Czech Republic)-
coated glass slides, rehydrated with 20 mM phosphate-buffered saline (PBS, pH 7.3)
and fixed with 2 % (w/v) paraformaldehyde in PBS for five minutes. Washed sections
were first processed with albumin-containing solution to block any sites with non-specific
protein-binding capacity to minimize protein adsorption during the next steps. The
applied galectin-type-specific polyclonal antibodies had been systematically tested for
specificity and lack of cross-reactivity, with affinity depletion being performed by affinity
chromatography in each positive case followed by another round of controls by ELISA
(Kayser et al., 2003; Nagy et al., 2003; Saal et al., 2005; Lensch et al., 2006; Langbein
et al., 2007; Dvorankova et al., 2008). They were used at the constant concentration of
20 ug/ml. After extensive washing with PBS to remove unbound antibody, FITC-labeled
swine-anti-rabbit antibody (SWAR-FITC; AlSeVa, Prague, Czech Republic) diluted as
recommended by the producer was used as second-step reagent. 4',6'-Diamidino-2-
phenylindole (DAPI; Sigma-Aldrich, Prague, Czech Republic) facilitated to stain nuclei in
the sections. To ascertain absence of antigen-independent binding of the tested
immunoglobulin G fractions, for example via binding of the F¢ part of the antibody to F¢
receptors in the tissue, galectin-type-specific antibodies were replaced by a rabbit poly-
clonal antibody raised against the tandem-repeat-type mannose receptor, which is not
present in this epithelial tissue. Further controls to spot any antigen-independent staining
reaction were performed by omitting the incubation with first-step reagent from the
protocol. After finishing routine processing under conditions carefully kept constant
throughout this study specimens were mounted to Vectashield (Vector Laboratories,
Burlingame, CA, USA) to prevent the fluorescent signal from bleaching by UV-light. A

fluorescence microscope (Nikon Eclipse 90i; Nikon, Prague, Czech Republic) equipped



with filterblocks specific for the optical properties of FITC and DAPI and a high-resolution
cooled CCD camera (Cool-1300Q CCD camera; Vosskuhler, Osnabriuck, Germany) and
a computer-assisted image analyzer (LUCIA 5.10; Laboratory Imaging, Prague, CFech
Republic).were employed for image analysis and data storage. Data were further
processed to visualize quantitative aspects of the immunofluorescence staining (Dubovy
et al., 2002; Purkrabkova et al., 2003; Cada et al., 2009), and calculations using the
Student’s non-paired t-test led to assessment of significance levels for differences

between cell types.

Results

The parallel monitoring of frozen sections of human epidermis after processing with the
seven antibody preparations was performed to address the issue on extent of complexity
of galectin presence. The results which were obtained attested the validity of the
concept to extend the range of galectin detection to more than one or two proteins. In
fact, our antibody panel enabled to detect the presence of all seven different galectins
tested immunohistochemically, as exemplarily illustrated in Figs. 1-3. Under the given
experimental conditions, which were rigorously kept constant throughout this
comparative study, reactivity was mostly cytoplasmic and present at cell surfaces,
except for nuclear staining of cells of the basal and spinous layers with the anti-galectin-
7-specific antibody fraction (Fig. 1G). Monitoring of staining intensity revealed the
intensity pattern listed in Table 1, galectin-1 being an exception when examining normal
skin epithelium (Fig. 1). In this instance, a strong signal was recorded in the extracellular
matrix of the dermis (Fig. 1A). An obvious difference regarding zonal cell positioning was

noted in the case of galectin-9 and basal/suprabasal cells (Fig. 3, Table 1). Having



hereby provided results on the normal tissue, we proceeded to analyze a malignant
counterpart.

The manifestation of basal cell carcinomas led to a conspicuous and rather uniform
decrease of galectin presence, except for galectin-1 (Figs. 1-3, Table 1). However, stro-
mal reactivity was still detectable, and its extent was higher in tumor tissue than in
normal skin for galectin-1 (Fig. 1, Fig. 2). Underscoring operativity of differential
regulatory mechanisms, the opposite situation was measured for galectins-4, -7 and -8
(Fig. 2). Not exceeding background values, monitoring presence of galectins-2, -3 and -9
practically led to no evidence for stromal expression in this tumor type, further clear

evidence for disparate regulation.

Discussion

This study focused on endogenous lectins of the galectin family, because i) they are
emerging effectors in the regulation of diverse cell activities, with a range of functions
reaching the clinical level, as e.g. documented for clonal selection of CD4"CD7" vs.
CD4'CD7* leukemic T cells in patients during progression of the Sézary syndrome by
galectin-1 and relation of tumor suppressor p16™%*2 to this lectin (Rappl et al., 2002,
André et al., 2007a) and ii) they can sense changes in glycan structure at branch ends
or the core region, which can accompany malignancy (Ahmad et al., 2002; Hirabayashi
et al., 2002; André et al., 2004; 2005b, 2007b). By using a panel of non-cross-reactive
antibodies against seven galectins covering all three subfamilies we moved beyond the
scope of previous studies in this area (Smetana et al., 2006). Our panel enabled us to
answer the pertinent questions on the extent of complexity of expression profiles and of

tumor-associated changes. As model system, we tested human epidermis and basal cell



carcinomas.

It is now clear that the galectin network, at least in these cell types, is not restricted to
only few activities. Our strategy therefore makes a strong case for introducing the
profiling, as carried out here, to further investigations and hereby gives research in this
field a clear direction. Correlation of expression patterns to particular cellular properties
may then aid in delineating functional aspects for certain galectins undercovering new
clinical implications. In this respect, the relationship between galectin-9 presence in
basal/suprabasal cells and proliferation may indicate a distinct role of this protein.
Interestingly, galectin-9 is strongly expressed in nasopharyngeal carcinomas, down-
regulated in oral and cervical squamous cell carcinoma cases/lines and an inducer of
apoptosis of MM-RU melanoma cells (Kageshita et al., 2002; Kasamatsu et al., 2005;
Pioche-Durieu et al., 2005; Liang et al., 2008). Tumor-associated changes detected in
our study pertain to dermal and stromal cells in a galectin-type-dependent manner.
These results extend previous observations in the cases of basal and squamous cell
carcinomas (Lacina et al., 2007; Saussez et al., 2009a,b). Of note, inverse shifts
between nuclear and cytoplasmic localization had even been noted for galectins from

the same subgroup upon tumor progression (Saussez et al., 2006, 2008).

These results argue in favor of at least partial functional non-redundancy among
galectins. This interpretation is supported by previous immunohistochemical
observations on colon carcinomas, especially for the tandem-repeat-type galectins -4
and -8 and monitoring expression of proto- and chimera-type and tandem-repeat-type
galectins in murine tissue (Nagy et al.,, 2002, 2003; Lohr et al.,, 2007, 2008; Nio-

Kobayashi et al., 2009). Evidently, even members of the same subfamily can reveal



functional divergence, a finding warranting thorough analysis of tissue sections or
arrays. Such studies appear to harbor a noteworthy advantage for figuring out
exploitable correlations compared to work with engineered cell systems: the
manipulation of levels of galectin expression in vitro, a common tool to track down clues
for functions, can entail alterations of expression levels of diverse other proteins such as
integrins or cadherins, as seen in respective studies with galectins-1 and -3 (Warfield et
al., 1997; Matarrese et al., 2000; Camby et al., 2005; Mourad-Zeidan et al., 2008). This
detected effect confounds to reach an unambiguous conclusion on galectin functionality
from such models, making immunohistochemical monitoring of clinical specimen

indispensable.

Because lectin activity is governed by the protein's binding to ligands (glycoconjugates
or peptide motifs), it is tempting to add a methodological aspect, which complements this
research line. Explicitly, galectins can not only be detected immunohistochemically but
also be employed as histochemical tools. This study design with a labeled tissue lectin,
performed recently in the case of galectin-3 and skin, has already also provided clinical
correlations by the analysis of fixed sections of tumors from head and neck cancer
patients (Delorge et al., 2000; Plzak et al., 2002, 2004; Chovanec et al., 2005; Szabo et
al., 2009). The results presented herein, together with this perspective, underscore the
potential of comprehensive mapping of lectin-related parameters in the quest to define

new molecular aspects relevant for the course of the disease.
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