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1. UVOD

Pfi bioptickém vySetieni v gynekopatologii, stejné jako v jinych oblastech patologie,
vychazime pii mikroskopickém vysetieni ze standarniho zakladniho barveni hematoxylin-
eosinem (H&E). V nékterych ptipadech je vsak presné uréeni diagndzy zalozené pouze na
zaklad¢ morfologickych znaktl obtizné a problematické a v téchto ptipadech miizeme s vyhodou
vyuzit modernich diagnostickych metod, mezi néz patii zejména imunohistochemicka,
molekularné biologicka a cytogeneticka vysetteni. Vyznam téchto metod v poslednich letech
stale stoupa a diky rozvoji imunohistochemickych a molekularné biologickych analyz dochazi
v oblasti gynekopatologie k lepsimu porozuméni riznym aspektim nenadorovych i nadorovych
onemocnéni, a tim V praktické tirovni ke zlepSeni nejen diagnostiky, ale i k rozvoji prediktivni
patologie umoznujici predikovani odpovédi nadoru na konkrétni 1é€bu a tim personalizaci
lécebné strategie.

Moderni diagnostické metody ndm mohou pomoci rozlisit nejen jednotlivé histologické
typy nadort ¢i 1ézi, coz je dulezité zejména s ohledem na terapii 1 prognézu, ale mohou nam
pomoci stanovit biologickou povahu 1€zi nebo nalézt genetické alterace a epigenetické zmény,
které¢ by mohly byt vyuzitelné pti cilené terapii nadori. V nékterych ptipadech vedly noveé
poznatky K vétsimu porozuméni podstaty nadoru ¢i 1ézi, s naslednou zménou klasifikace nebo
alespon oteviely prostor pro diskuzi a dal$i zkoumani, které by nasledné ke zménam ¢i zptesnéni
klasifikace mohly vést. Pfikladem jsou ser6zni karcinomy ovaria, kde klinickopatologické a
molekularné biologické analyzy ukézaly, Ze low grade a high grade ser6zni karcinomy
neptedstavuji mofologické spektrum téhoz nadoru, ktery progreduje od 1épe diferencovanych
forem k hiife diferencovanym, ale Ze jde o ruzné entity s odliSnym vyvojem, které jsou
charakterizované jinym typem mutaci a Z klinického pohledu odli§nou prognézou a reakci na
1é¢bu. Kromé toho vedlo podrobné vysetfovani vzorku z adnexektomii pacientek s BRCA

mutacemi k novému pohledu na primarni misto vzniku high grade ser6znich karcinomi, coz



bylo zohlednéno ve FIGO i TMN Klasifikaci nadortu ovaria, délozni tuby a primarnich
peritonealnich karcinomi a nasledné i v doporu¢enych postupech pro zpracovani bioptického
materialu.

Ptesnd diagnostika a klasifikace nadorii a 1€zi ma spolu s hodnocenim molekulérnich a
cytogenetickych zmén zésadni vyznam pii optimalizaci 1éCebné strategie a individualizace 1écby.
V poslednich letech se pozornost stale vice zaméiuje nejen na identifikaci a vyuziti markert
prognostickych, ale i na markery prediktivni, coz tzce souvisi s rozvojem novych terapeutickych
moznosti zejména v oblasti cilené terapie.

To vSechno s sebou pifinasi i neustale se zvysujici naroky na pracovisté patologie dané
stale se rozsifujicicm spektrem dostupnych specialnich metod, at’ uz jde o metody
imunohistochemické, cytogenetické, ¢i molekularni. Nejde jen o materialové naklady, ale i o
potifebné piistrojové vybaveni a kvalifikovany personal.

Diky rozvoji modernich diagnostickych metod je vétsi pozornost vénovana i bioptickému
materialu, jehoz kvalita ovliviiuje vysledek vysetieni. Vzorek odebrany k bioptickému vySetfeni
by mél byt nejen reprezentativni, nezhmozdény a v ptipadé¢ resekatii dobfe zorientovatelny, ale
Vv ptipadé, Ze jsou indikované néslednd imunohistochemicka a hlavné molekularné biologicka a
cytogeneticka vySetieni, hraje zasadni roli tzv. preanalyticka faze odbéru, kterd se tyka zejména
typu a doby fixace tkané. Standardné pouzivanym fixativem je pufrovany roztok 10% formolu
(odpovidajici 4% formaldehydu), ktery ma neutralni pH.

V nékterych odbérech pak miizeme narazet na problémy dané malym mnozstvim
diagnostického materialu, které je pro vysetieni k dispozici. Jde zejména 0 material
ziskany punk¢énimi (tru-cut) odbéry nebo kyretazi, ale se stejnym problémem se mizeme setkat i
ve vetSich odbérech ¢i resekétech, pokud je nddor tvofeny prevazné nekrotickou tkani nebo je
nador ¢i 1éze zastizena jen okrajove. Zejména v téchto piipadech jsou kladeny vysoké naroky na

vySetiujiciho patologa, ktery musi byt dobte znat jednotlivé histologické typy nadort a 1ézi,



véetné jejich mozné morfologické ale i imunofenotypické variability. Nasledna vysSetfeni pak
musi byt indikovana s rozmyslem, protoze zde hrozi riziko postupné ztraty tkan¢ pii zpracovani,
tzv. ,,vykrajeni materialu.

V tomto kontextu je nutné zminit, ze zcela zasadni roli hraje spoluprace s klinickymi
1€kari, dulezita je znalost anamnestickych dat pacientek, piipadné dalsich relevantnich udaju,

které by mély zahrnovat i informace o ptredchozi ¢i probihaji terapii.
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2. VYSETRENI A DIAGNOSTICKE METODY V GYNEKOPATOLOGII

Pii vySetieni bioptickych vzorka v gynekopatologii mohou na zakladni barveni
v indikovanych piipadech navazovat metody histochemické, imunohistochemické, molekularné
biologické a cytogenetické.

Histochemicka vysetfeni umoziuji prokazat ve vzorku pomoci chemické reakce
ptitomnost konkrétnich latek, jako napiiklad glykogenu, zelezitych iontt (hemosiderin), hlenu,
lipidd, melaninu, amyloidu, mikroorganismu a dalsich. Jejich praktické vyuziti v diagnostice je
vSak Vv oblasti gynekopatologie spiSe limitované.

Nezastupitelnou roli pti gynekopatologickém vySetieni maji metody
imunohistochemické. Uplatiiuji se zejména v diferencialni diagnostice obtizné zafaditelnych 1ézi
a nadoru, pti klasifikaci nadort a pti uréovani biologické povahy. U nékterych typt nadort je 1ze
vyuzit I pfi stanoveni prognozy a v predikci odpovédi na terapii, napiiklad vySetfeni
hormonalnich receptorit U endometroidniho karcinomu délozniho téla.

Imunohistochemické metody vyuzivaji k detekei jednotlivych tkanovych antigenti
specifické protilatky, jak monoklonalni, tak polyklonalni. Monoklonalni protilatky jsou
produktem jednoho klonu B lymfocytl (hybridomu vzniklého fizi vybraného klonu B lymfocyti
s nadorovou ,,nesmrtelnou® plazmatickou bunkou). Polyklonalni protilatky jsou produktem
mnoha aktivovanych kloni B lymfocytt. Pti detekci antigend jsou nejcastéji vyuzivany tzv.
nepiimé dvou a vicestupiové imunohistochemické metody, které umozni znacné zesilit signal, a
tim zvysit citlivost reakce. Protoze vazba antigenu s protilatkou ve tkanich probiha bez viditelné
reakce, nasledn¢ se musi vizualizovat pomoci chromogend, kdy je v pfipadé pozitivni reakce
vazba antigenu s protilatkou znazornéna barevnym produktem, ktery 1ze prohlizet ve svételném

mikroskopu.
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Pii hodnoceni preparatu je nezbytné zaroven hodnotit i pozitivni a negativni vnitini
kontrolu, pfipadné vyuzit paralelné zpracovany kontrolni vzorek, aby nedoslo k falesné
pozitivnimu ¢i negativnimu vysledku.

Konkrétni moznosti vyuziti imunohistochemickych protilatek v gynekopatologii jsou
podrobnéji popsany nize v textu, kde vyuziti jednotlivych protilatek demonstrujeme na nadorech
ovaria (karcinomech i anastomozujicim hemangiomu) a na karcinomech a lézich délozniho t¢la i
hrdla [1-6].

Pfi hodnoceni imunohistochemickych vysetieni je tfeba myslet i na to, Ze specifita
protilatek neni stoprocentni, nadory a 1éze mohou byt imunofenotypicky proménlivé a v fadé
ptipadu je proto 1épe vyuzivat protilatky v diagnostickém panelu. Jako piiklad, kdy je vyhodné
pouzit protilatky v diagnostickém panelu, uvadime algoritmus vySetfeni navrzeny za ucelem
rozliSeni malo diferencovanych dlazdicobunéénych karcinomii a adenokarcinomt délozniho
hrdla [3].

Krom¢ toho lze imunohistochemicka vysetfeni v gynekopatologii vyuzit i k upfesnéni
nadorového stagingu, naptiklad pfi detekci nadorovych metastaz a mikrometastaz v lymfatickych
uzlinach u karcinomti délozniho hrdla, jak ukazujeme ve studii, kde jsme detekovali nadorové
metastazy a mikrometastazy u nesentinelovych uzlin pacientek, které maji vysoké riziko

uzlinového postizeni nadorovymi metastazami [7].

V poslednich letech stale vice v§ak nabyva na vyznamu vysetieni bioptickych vzork
molekuldrné biologickymi metodami, které umoziuji analyzu nukleovych kyselin a proteind.
Vysetieni zacina izolaci nukleovych kyselin, na niz pak mohou navazovat dalsi metody. Mezi
metody vyuzivané v gynekopatologii patii napiiklad polymerazova fetézova reakce (PCR),
metody vyuzivajici expresnich DNA ¢ipt, komparativni genomova hybridizace (CGH), metoda

ptfimého Sangerova sekvenovani, bisulfitové sekvenovani nebo sekvenovani nové generace
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(NGS, nazyvané také masivni paralelni sekvenovani (MPS)), slouzici k pfesnému urceni poradi
bazi.

Molekularn¢ biologické metody se mohou uplatiiovat v diferencialni diagnostice
nadorovych i nenadorovych onemocnéni, pii uréovani prognozy, ale i pfi zjiStovani znamych, ¢i
odhalovani novych molekularnich aberaci a genovych variaci v riznych 1ézich ¢i nadorech
zenského genitalu, které by mohly eventualné hrat v budoucnu roli pii cilené terapii. Jako ptiklad
prace zamétené na detekci mutaci uvadime nasi studii zaméfenou na vyzkum aberaci v
karcinomech délozniho téla, ve které se nam podafilo nalézt n€kolik dosud nepopsanych mutaci
genu HNF1B [5]. Kromé vyse uvedeného lze tyto metody vyuzit v prediktivni diagnostice, napf.
odpovédi na cilenou terapii inhibitory polymerazy polyADP ribozy (PARP inhibitory).

V rutinni diagnostice i k vyzkumnym téelim se v gynekopatologii vyuzivaji i
cytogenetické metody, které nejcastéji vychazi z klasické hybridizace nukleovych kyselin, tj. in
situ hybridizace (ISH). Tyto metody pftispivaji zejména ke zlepSeni diferencialni diagnostiky
problematicky zaraditelnych nadorti a 1ézi. Na nasem pracovisti nejvice vyuzivame fluorescencni
in situ hybridizaci (FISH), pti které se vizualizuji konkrétni geny nebo oblasti chromozomii
pomoci fluorescencéné znacenych sond a vysledny produkt se poté prohliZi ve fluorescen¢nim
mikroskopu. Jako ptiklad vyuziti modernich cytogenetickych metod uvadime pouziti FISH pfi
diagnostice svétlobunééného sarkomu vulvy, charakterizovaného translokaci genu Ewingova
sarkomu (EWS) [8].

Vyuziti metod molekularné biologickych nebo cytogenetickych analyz v kombinaci
s metodami imunohistochemickymi mize v n¢kterych ptipadech vést k uptesnéni 1ézi a nadorii
zenského genitalu, jak dokumentujeme naptiklad na skupiné atypickych polyp6znich
adenomyomu nebo lymfoepitelioma-like karcinomu délozniho téla [4, 6].

Vyznam modernich diagnostickych metod v gynekopatologii je demonstrovan na

nékolika nasSich studiich:
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2.1. Vyznam vyuZiti imunohistochemickych metod v gynekopatologii

Mozné vyuziti imunohistochemicky metod v diagnostice i pii vyzkumu gynekologickych
nadort a 1ézi je demonstrovan na nize podrobnéji popsanych ptikladech, které se vénuji

problematice karcinomii délozniho hrdla, nadort a 1ézi d€lozniho téla a nadorech ovaria.

2.1.1. Vyuziti imunohistochickych metod v diferenciilni diagnostice nizce diferencovanych
adenokarcinomii a dlazdicobunéénych karcinomi déloZniho hrdla

Rozliseni nizce diferencovaného adenokarcinomu a dlazdicobunééného karcinomu hrdla
zalozené pouze na histologickych znacich je u nékterych nadort komplikované a v nékterych
ptipadech dokonce nemozné. Nicméné z terapeutického hlediska je ptesné specifikace
histologického typu nadoru vyznamna. Proto jsme se pomoci imunohistochemickych metod
pokusili nalézt vhodné protilatky a stanovit algoritmus vySetieni, ktery by mohl byt napomocny
pfi diferencialni diagnostice téchto morfologicky nejednoznaénych karcinomti hrdla.

Na skupiné 155 karcinomt déloZzniho hrdla, zahrnujici vySe zminéné nadorové typy
véetné karcinomil nizce diferencovanych, jsme porovnavali expresi vybranych protilatek: HNF-
1B, D2-40, ER, PR, CEA, p63, p40 a p16. Pii vybéru jsme se soustiedili jednak na protilatky, u
kterych uz byla exprese v karcinomech hrdla jiz popsana, ale také markery v této oblasti mén¢
prozkoumané, jako je D2-40 a HNF-1p. Pozitivita protilatky D2-40 jiz byla dle n€kterych autort
nalezena v podskupiné dlazdicobunécnych karcinomi z riznych lokalit, ale v karcinomech
délozniho hrdla do té doby nebyla podrobnéji prozkoumana [9-11]. HNF-18 je obecné
povazovany za marker svétlobunéénych karcinomt, ale v n¢kolika recentnéjSich studiich byla
jeho pozitivita nalezena i v jinych typech karcinomt véetné endometroidnich, vzacnéji i u

mucinodznich a seréznich karcinomti ovaria [12-14]. V oblasti d¢lozniho hrdla byla exprese HNF-
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1B do té doby zminéna jen ve dvou studiich, které vSak nebyly priméarné€ cileny na problematiku
exprese tohoto proteinu a byly v nich hodnoceny jen nékteré vybrané typy adenokarcinoma [15,
16]. Nase predbézné vysledky z limitovaného souboru piipadi v§ak naznacovaly, ze HNF-1f je
exprimovany prevazné v adenokarcinomech a nikoli v dlazdicobuné¢nych karcinomech hrdla.
Ptredpokladali jsme tedy, ze pokud by se ndm podafilo prokézat odliSnou miru exprese HNF1-f
Vv téchto nadorovych typech na vétsim reprezentativnim souboru piipadt, mohl by tento marker
potenciondlné vyuzitelny pfi diferencialni diagnostice malo diferencovanych karcinomi
délozniho hrdla.

V souladu s nasimi pfedbéznymi vysledky a ptedpoklady se nam expresi HNF-1§
podatilo prokazat ve vétsing (75 %) adenokarcinomii délozniho hrdla, oproti tomu u
dlazdicobuné¢nych karcinomi jsme ji zastihli pouze raritné (2 %). Co se tyka ostatnich markerd,
D2-40 byl exprimovéan piiblizné v poloviné dlazdicobunéénych karcinomi (54 %), ale v Zzddném
adenokarcinomu. Markery stratifikovaného epitelu p63 a p40 jsme ve stejném rozsahu nalezli ve
vSech dlazdicobunéénych karcinomech (100 %), ale jen v nékolika adenokarcinomech (4 %).
Protilatku HNF-1f tedy lze povaZovat za pomocny marker adenokarcinomii délozniho hrdla,
zatimco p63, p40 a D2-40 za specifické markery dlazdicobunéénych karcinomt ov§em s
variabilni senzitivitou. Ostatni protilatky se neukazaly pro diferencialni diagnostiku karcinomi
délozniho hrdla ptili§ pfinosné.

Protilatky HNF-1f, p63, p40 a D2-40 maji jednotlivé variabilni miru senzitivity, proto se
domnivame, Ze optimalnich vysledkl pro diferencidlni diagnostiku mélo diferencovanych
karcinomu délozniho hrdla Ize nejlépe dosahnout vyuzitim jejich kombinace v diagnostickém

panelu [3].

2.1.2. Vyuziti imunohistochemickych metod pii analyze exprese HNF-1p karcinomech a

nenadorovych lézich endometria a v korporalnim endometriu

15



V dalsi studii jsme vyuzili imunohistochemickych metod k analyze exprese proteinu
HNF-1p (hepatocytarniho jaderného faktoru 1 beta) ve 320 vzorcich karcinomi, nenadorovych
endometrialnich 1ézi a v kontrolni skupiné 19 svétlobuné¢nych karcinomu ovaria [5].

HNF-1 je transkrip¢ni faktor, ktery hraje kliCovou roli pii ontogenezi, reguluje expresi
cetnych genti podilejicich se na modulaci bunécného cyklu a pravdépodobné se uplatiuje pii
karcinogenezi nékterych nadori [17, 18]. ZvySena exprese tohoto markeru byla nalezena ve
vétsiné svétlobunéénych karcinomt ovaria, pankreatu, ledviny a v hepatocelularnim karcinomu
[18-20]. Snizeni exprese HNF-1p v bunéénych liniich svétlobunétného karcinomu ovaria
indukuje apoptodzu a exprese tohoto transkripcniho faktoru se zda byt v n€kterych ptipadech
vyznamnou pro piezivani nadorovych bunék [21, 22]. V oblasti zenského genitalu je protein
HNF-1B povaZovan za vysoce specificky marker svétlobunééného karcinomu a vyuziva se v
diferencialni diagnostice svétlobunéénych karcinomu ovaria i endometria [23, 24].

Recentni prace, zabyvajici se expresi HNF1-B v epitelovych nadorech endometria a
ovaria, v§ak naznacuji, Ze specifita tohoto markeru pro svétlobunécné karcinomy je zfejmeé nizsi,
nez se predpokladalo, protoZe jeho exprese byla popsana i v dalSich typech karcinomt, véetné
karcinomi ser6znich, endometroidnich a mucin6znich, ve vétsiné typti borderline nadort ovarii a
i v nékterych nenadorovych 1ézich zenského genitalu [12-14].

V nasi praci jsme imunohistochemickymi metodami analyzovali expresi HNF-1§

Vv hlavné karcinomech, ale v i nenddorovych 1ézich endometria.

Karcinomy endometria jsou vétsinou rozdélovany do jednotlivych histologickych
subtypt na zaklad¢ morfologickych znakt. V nékterych ptipadech je vSak piesné urceni
histologického typu nadoru zalozené na morfologii obtizné, zejména slozité mtize byt odliseni
svétlobunécnych karcinomt endometria od jinych typti endometrialnich karcinomu, které pouze

vykazuji svétlobunécnou preménu. Pesna diagnoza svétlobunéénych karcinom je vSak velmi
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dulezita, protoze jde z definice o high grade tumory s odlisnou odpovédi na 1é¢bu i prognézou,
nez maji n¢které jiné Castéjsi typy karcinomu endometria.

Cilem nasi prace bylo provést imunohistochemickou analyzu HNF-1f na karcinomech a
1ézich korporalniho endometria a nasledné zhodnotit ptinos tohoto markeru pro diferencialni
diagnostiku i s ohledem na mozny prognosticky a prediktivni vyznam. Zaroven jsme se na
podskupiné endometroidnich karcinomu délozniho téla pokusili nalézt epigenetické zmény a
mutace genu HNF1B, coz je podrobné&ji popsano v ¢asti vénujici se molekularné biologickym
metodam.

V souladu s recentnimi studiemi jsme imunohistochemicky prokazali, ze HNF-1f je
senzitivni, ale ne zcela specificky marker pro svétlobunééné karcinomy. Pozitivita tohoto
proteinu muze byt bézné nalezena i v jinych typech nadort a v nenadorovych 1ézich. Nicméné
silnou intenzitu exprese protienu HNF-1p jsme prokazali pouze ve skupiné svétlobunéénych
karcinomtl, kromé& jednoho piipadu ser6zniho karcinomu endometria. Domnivame se, Ze vyznam
intenzity exprese na imunohistochemické urovni ¢i rovni exprese mRNA by mohl byt
pfedmétem dalSich vyzkumi. Kromé toho jsme nalezli riznou miru exprese HNF-1p v
endometroidnich karcinomech v zavislosti na diferenciaci nadoru. Vysledek exprese HNF-13
V nenadorovém endometriu a v prekancer6znich 1ézich podle ptepokladi nesveédci pro to, Ze by
tento marker mohl byt vyuZitelny v diferencialni diagnostice téchto 1ézi.

Z nasich vysledkt vyplyva, Ze HNF-1B mlze byt vyuzit v diferencidlni diagnostice
nadort zenského genitalu, ale musime si byt védomi urcitych limitaci, zejména nizké specifity

markeru pro svétlobunééné karcinomy.
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2.1.3. Vyuziti imunohistochemickych metod p¥i analyze exprese Glut-1 v korporalnim

endometriu a karcinomech a lézich endometria

Vyznam a vyuziti imunohistochemickych metod v gynekopatologii si miizeme déle
ukazat napiiklad na préci, ve které jsme analyzovali expresi Glut-1 ve 336 vzorcich karcinomti 1
nenadorovych 1ézi délozniho téla a v korporalnim endometriu v riznych fazich cyklu [2].

Glut-1 je membranovy glykoprotein, ktery je spolu s ostatnimi gluk6zovymi pienaSeci
zodpovedny za zprostiedkovani ptijmu glukézy do builky. ZvysSend exprese tohoto markeru byla
nalezena u nékterych malignich naddort, které maji schopnost pfepnout z oxidativni fosforylace
na aerobni glykolyzu (Warburgtv efekt), coz jim pfinasi selektivni ristovou vyhodu [25].
Vyznamné niz$i zisk energie pii glykolyze oproti oxidativni fosforylaci (2 molekuly ATP versus
32 molekuldm ATP) si tyto nddory kompenzuji pteprogramovanim bunééného metabolismu a
jednim z mechanismi je praveé zvySena exprese glukdzovych transportérii, zejména Glut-1, ktery
je povazovan za jeden z nejvyznamnéjSich glukozovych transportéri [26, 27].

Podle nékterych studii je zvySena exprese tohoto markeru v nddorech zaroven i
prognosticky nepiiznivym faktorem asociovanym s vysSim stupném nadorové differenciace
(grade) i stadia (stage) a s lymfovaskularni invazi ¢i postizenim lymfatickych uzlin [28-30].

V nenadorové tkani a benignich nadorech byva tento marker vétSinou negativni nebo pouze slabé
pozitivni (kromé par vyjimek, jako jsou napt. erytrocyty nebo perineuralni bunky)[30-33].

V tomto kontextu je dilezita analyza exprese Glut-1 v pfednadorovych lézich vzniklych
v endometriu, zejména analyza atypické hyperplazie, ktera je prekursorovou lézi
endometroidniho karcinomu endometria, ale jejiz odliSeni od hyperplazie bez atypii zaloZzené
pouze na morfologickych znacich je v nékterych ptipadech komplikované [34]. Touto

problematikou se zabyvalo nékolik studii s variabilnimi vysledky [35, 36].
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Cilem nasi prace bylo tedy analyzovat expresi Glut-1 na velkém souboru ptipad
endometrialnich nadoru, ale i dalSich 1ézi a nenadorovém endometriu a vyhodnotit potencialni
vyuziti tohoto markeru v diagnostické praxi.

V nasi praci se nam na dosud nejvétsim souboru ptipadt podatilo potvrdit vysokou miru
exprese u karcinomil endometria, a to nejen u endometroidnich karcinomn, ale také v dalsich
typech karcinomd, vCetné svétlobunééného a serdzniho. Dale se na zaklad¢ vysledki
domnivame, Ze imunohistochemickd exprese Glut-1 mize byt vyuZitelna jako pomocny marker
v diferencialni diagnostice mezi hyperplazii atypickou a hyperplazii bez atypii, jejichz rozliSeni

ma zasadni dopad na zpusob 1é¢by [2].

2.1.4. Vyuziti imunohistochemickych metod pri detekci nadorovych metastaz a

mikrometastaz u nesentinelovych uzlin

V dalsi préci jsme se zabyvali detekci nddorovych metastdz a mikrometastaz u panevnich
uzlin pacientek s karcinomy délozniho hrdla, které maji vysoké riziko uzlinového postiZeni
nadorovymi metastazami [7].

Vyznam vySetieni sentinelovych uzlin (SLN) u karcinomi délozniho hrdla byl jiz potvrzen
fadou studii [37-39]. Ultrastagingovym protokolem jsou ale vySetfované pouze SLN a riziko
postizeni dalSich panevnich (nesentinelovych) uzlin mikrometastazami je tudiz neznamé. Cilem
nasi studie bylo zhodnotit riziko postizeni nadorovymi mikrometastazami v lymfatickych
uzlinach pacientek s peropera¢né negativnimi SLN, pfi¢emz do studie byly zatazeny pacietky
S vys§$im rizikem metastatického postizeni, tedy s vétsimi nadory (FIGO IB1, IB2, IIB).

Vsechny uzliny od kazdé pacientky véetné SLN byly nejprve prokrajeny v intervalu dvou
mm a dale zpracovany ultrastagingovym protokolem v celém rozsahu. Dle protokolu byly vzdy
zhotoveny dva po sobé jdouci fezy v intervalu 150 um. Prvni z nich byl obarven H&E a druhy

protilatkou proti cytokeratinim AE1/AE3 (Obr. 1). Cely proces se opakoval az do uplného
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vykrajeni uzliny. Takto nastaveny protokol nam umoziuje detekovat nadorové mikrometastazy
(0,2 az 2,0 mm) i izolované nadorové buniky (ITC) (mensi nez 0,2 mm, nebo subkapsularni
shluky nadorovych bunék nepiesahujici pocet 200 bunék). Podle soucasnych predpokladi
predstavuji mikrometastazy pravdépodobné skute¢né nadorové postizeni, oproti tomu ITC maji

ziejme limitovany potencial pro vzdalené Sifeni nadoru.

i

Obr.1
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Klinicka inkluzni kritéria studie splnilo 17 pacientek, u kterych byly ultrastagingovym
protokolem zpracovany vSechny panevni lymfatické uzliny. Celkem bylo vysetieno 573
panevnich lymfatickych uzlin, z ¢ehoz 43 tvoftily uzliny sentinelové a 530 uzliny nesentinelové.
Celkem bylo zhotoveno 5762 skel (2881 H&E a 2881 imunohistochemickych preparati
s protilatkou CK AE1/AE3).

Nadorové postizeni jsme prokazali celkem v osmi SLN (1 metastazu, 4 mikrometastazy a 3
ITC). Pouze u dvou pacientek byly nalezeny metastazy i v nesentinelovych uzlinach (3

mikrometastazy a 1 ITC), pficemz v obou piipadech nesentinelového postizeni byly zaroven
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pritomny nadorové mikrometastazy v SLN. U zadné pacientky s ultrastagingové negativni SLN
jsme nadorové postizeni v nesentinelovych uzlinach neprokazali.

Diky modernim vySetfovacim metodam zahrnujicim imunohistochemické vysetteni
ultrastagingovym protokolem jsme v nasi skupiné ,,rizikovych* pacientek neprokazali pii
vySetieni SLN ,,faleSnou negativitu“. V nasi studii se nam tedy podatilo potvrdit nizké riziko
pozitivity panevnich lymfatickych uzlin u pacientek s ultrastagingové negativni SLN. Jsme si
vsak védomi limitaci danych malym souborem pacientek a vyznam nadorovych metastaz a ITC
v lymfatickych uzlinach u karcinomu délozniho hrdla bude muset byt potrvzen v dalSich

studiich.

2.1.5. Vyuziti imunohistochemickych metod pri diagnostice vzicného nadoru -

anastomozujiciho hemangiomu ovaria se stromalni luteinizaci

Dalsim ptikladem vyuZiti kombinace morfologickych znaki a imunohistochemického
vySetieni je klinickopatologicka studie 6 ptipadi anastomozujiciho hemangiomu ovéria se
stromalni luteinizaci [1]. Jde o vzacny typ nadoru, ktery byl poprvé popsan v urogenitalnim
traktu [40].

V ovariu se heminagiomy vyskytuji pouze ziidka a konkrétné anastomozujicich
hemangiomt zde bylo popsano dosud pouze 8 piipadu. Pti jejich diagnostice se vétSinou
opirame o morfologické znaky zaloZené na proliferaci anastomozujicich cév velikosti kapilar se
sinusoidalnim uspofaddnim pifipominajicim ¢ervenou pulpu sleziny, které jsou promiseny
se stfedné& velkymi cévami. Casto byvaji pfitomny i hobnail buiiky, tromby, hemoragie a
extramedularni hemopoeza.

Kromeé toho byla ve vSech dosud popsanych ptipadech nalezena rtizn€ rozséhla stromalni
luteinizace, ktera muze, pokud je prominentni, vzbuzovat dojem steroidogenniho nadoru.

Pritomnost luteinizace se pokousi vysvétlit dvé rizné teorie. Jedna z nich je zaloZena na principu
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tlakovych zmén v okoli vaskularni 1éze zpusobujicich v disledku stromalni luteinizaci, obdobny
princip jako u rostouciho folikulu [41, 42]. Druha teorie se naopak pokousi vysvétlit vznik
vaskularni 1éze na zakladé pusobeni zvySenych hladin estrogenu na cévy, nicméné proti této
verzi svedci absence exprese estrogenovych a progesteronovych receptorii v endotelidlnich
bunkach 1éze [43].

K potvrzeni diagn6zy anastomozujiciho hemangiomu vyuzivame imunohistochemické
vySetfeni potvrzujici endotelialni pivod 1éze, pozitivni prukaz protilatek CD31, CD34 nebo
fVIII. Diferencialni diagnostika oproti ostatnim vaskularnim 1ézim je vétSinou zaloZena na
morfologickych znacich, vyjma Kaposiho sarkomu, k jehoz vylouceni vyuzivame
imunohistochemické vysetteni s protilatkou proti HHVS.

Anastomozujici hemangiomy ovdria jsou vzacné vaskularni 1éze, které musi byt brany
V potaz pii diagnostice vaskularnich naddorl a 1ézi ovaria a nesmi byt zaménény za ovarialni

angiosarkom.

2.2. Vyznam molekularné biologickych a cytogenetickych metod v gynekopatologii

V této Casti uvadime riizné piiklady mozného vyuziti molekularné biologickych i
cytogenetické metod v diagnostice, ale 1 pii detekci zndmych 1 nezndmych molekularnich aberaci

a genovych variaci v riznych 1ézich ¢i nadorech zenského genitalu.

2.2.1. Komplexni imunohistochemicka a molekularné geneticka analyza atypickych

polypo6znich adenomyomii

Atypické polypozni adenomyomy (APA) jsou vzacné 1éze dé€lozniho téla s rizikem
rekurence u konzervativné lé¢enych pacientek [44-46]. Tyto 1éze byvaji nachazeny v souvislosti

nebo predchazeji vzniku atypické hyperplazie nebo endometroidniho karcinomu [47, 48]. V dob¢
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provadéni nasi studie neexistoval jednotny nazor na ptistup k pacientkam s APA, coz s sebou
piinaselo terapeutické problémy zejména s ohledem na fakt, ze fada pacientek s APA je

v produktivnim véku a Casto si pieji zachovat fertilitu. V tomto kontextu bylo tedy dilezité
pokusit se urcit patogenezi a biologickou povahu 1éze. Ackoli bylo v literatuie popsano asi 230
piipadt, pouze 2 malé studie se zabyvaly n¢kterymi molekularnimi aspekty téchto 1ézi [49, 50].
Cilem nasi studie byla komplexni analyza APA s vyuzitim modernich diagnostickych metod se
snahou o zhodnoceni biologické povahy 1ézi.

Podaftilo se ndm shromdzdit skupinu 21 téchto vzacnych 1€zi, na které jsme nejprve
provedli imunohistochemickou analyzu exprese vybranych protilatek, které zahrnovali HNF-1p,
PTEN, mTOR, B-catenin, HNF-1p, Glut-1, MLH1, MSH2, MSH6 a PMS2. Dale jsme
pokracovali s vySetfenim mutacniho stavu vybranych gend. Cytogenetickou metodou FISH jsme
vySetteli geny PTEN a TP53 a molekuldrné biologickymi metodami PCR mutacni stav genil
KRAS, BRAF, EGFR.

Pii vybéru genti a protilatek jsme se soustiedili na ty, u kterych je zndma souvislost
s vyvojem atypické hyperplazie endometria a endometroidniho karcinomu, jako jsou naptiklad
geny KRAS, PTEN, proteiny MSI, ale také na n¢které v této oblasti dosud méné prozkoumané
markery jako napiiklad HNF-18, Glut-1 a mTOR.

Nase vysledky ukézaly, ze APA sdileji nékteré konzistentni imunohistochemické a
molekularni znaky, s jakymi se setkdvame u atypické hyperplazie a endometroidniho karcinomu.
Mezi vyznamnéjsi znaky nalezené na imunohistochemické urovni patii exprese -cateninu ve
skvamozni komponenté 1ézi, exprese HNF1-B a Glut-1 v glandularni komponenté, dale wild typ
exprese p53 a ztrata exprese PTEN, kterd byla u jedné pacientky doprovazena deleci genu PTEN
detekovanou metodou FISH. Na molekularni urovni jsme prokazali mutaci KRAS u 5 vzorki, ale

u zadného vzorku nebyla nalezena mutace genit NRAF, BRAF a EGFR. VVzhledem k tomu, ze
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nebyl prokazan ani deficit v ,,mismatch repair proteinech, domnivame se, ze APA nejsou
soucasti projevu Lynchova syndromu.

Nase vysledky naznacuji, ze by APA mély byt povazovany za lokalizovanou formu
atypické hyperplazie, tedy prekursor endometroidniho karcinomu. Tento zavér je klinicky
vyznamny zejména S ohledem na nasledny terapeuticky pristup k ¢asto mladym pacientkam,

které si pteji zachovat fertilitu.

2.2.2. Molekularni analyza metylace promotoru a mutaci genu HNF1B

Molekularné biologické metody jsme vyuzili i v ¢asti studie, ktera navazovala na analyzu
exprese HNF-1p v nadorech a 1ézich korporalniho endometria [5]. Vzhledem k tomu, Ze se
transkrip¢ni faktor HNF-1 pravdépodobné podili na karcinogenezi riiznych typi nadort, véetné
endometroidnich karcinomd, vénovali jsme se v této ¢asti studie molekularni analyze metylace
promotoru a mutaci genu HNF1B v karcinomech endometria a svétlobunéénych karcinomech
ovaria [18, 19, 51]. Cilem nasi studie bylo analyzovat genetické variace genu HNF1B
v kdédujicim regionu i v oblasti promotoru, zhodnoceni vyznamu téchto zmén a korelace
S expresi na urovni proteinu.

Podle celogenomovych studii jsou nékteré genetické varianty genu HNF1B asociovany se
zvySenym nebo naopak snizenym rizikem vzniku riznych nadorovych typu, véetné
endometroidniho karcinomu délozniho téla a ser6zniho karcinomu ovaria [52-54]. HNF1B se
mize v ruznych typech nadorti chovat jako tumor supresorovy gen nebo jako onkogen, ale
piesny mechanismus, kterym se HNF-1 podili na procesu karcinogeneze, ziistava neznamy a
pravdépodobné se v riznych typech nadori 1isi.

Zvysena exprese HNF-1 byla nalezena ve vétSin€ svétlobunéénych karcinomti ovaria,
pankreatu, ledviny a v hepatocelularnim karcinomu a downregulace tohoto genu je u

svétlobunéénych karcinomu ledviny a prostaty asociovana s horsi prognozou [19, 55].
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Epigeneticka inaktivace genu obvykle vede ke ztrat¢ exprese HNF-1f a metylace promotoru byla
nalezena u nékterych bunéénych linii karcinomu pankreatu, kolorekta, zaludku a ovaria, ale
V oblasti zenského genitalu se této problematice vénovalo pouze n¢kolik malo studii [22, 54, 56].
U svétlobunéénych karcinomi ovaria je promotor genu HNF1B typicky nemetylovany a
genova exprese je ve srovnani s ostatnimi typy ovarialnich karcinomi zvysena [22, 54]. Snizeni
exprese HNF-1B v bunéénych liniich svétlobunécného karcinomu ovaria indukuje apoptozu a
exprese tohoto transkripéniho faktoru se zdé byt v n¢kterych ptipadech vyznamnou pro piezivani
nadorovych bunék [22].

Nase vysledky byly v souladu s diive publikovanymi studiemi. V Zadném
svétlobunéném karcinomu ovaria jsme metylaci bisulfitovym sekvenovanim neprokazali.
Oproti tomu ve skupiné endometroidnich karcinomi délozniho téla, jsme detekovali metylaci
promotoru genu HNF1B v 13 % a tyto pfipady zaroven vykazovaly negativitu nebo pouze slabou
expresi proteinu HNF-1.

Dale se nam ve skupiné endometroidnich karcinomt délozniho téla podatilo v kodujicim
regionu genu HNF1B detekovat ¢tyfi jednonukleotidové sekvenéni varianty (1 patogenni
nonsense variantu; 1 pravdépodobn¢ patogenni silent variantu a 2 intronové varianty nejasného
vyznamu, které by mohly potencidlné vést k aberantnimu sestfihu mRNA a nasledné
aberantnimu proteinovému produktu). Ve svétlobunéénych karcinomech ovaria jsme nalezli
jednu missence variantu, u které bylo prediktivnimi modely in silico potvrzeno, ze jde vysoce
pravdépodobné o mutaci patogenni.

Jsme si v§ak védomi limitaci plynoucich z malého souboru ptipadl a presna role HNF1B

Vv Karcinogenezi, jeho potencialni vyuziti pfi cilené terapii bude vyzadovat dalsi studie.

2.2.3. Vyuziti molekularnich a cytogenetickych metod pri diagnostice svétlobunécného

sarkomu vulvy

25



V dalsi praci jsme popsali vyuZiti zejména cytogenetické metody FISH v diagnostice
svétlobunécného sarkomu vzniklého v oblasti vulvy [8]. Svétlobuné¢ny sarkom, také znamy jako
melanom mékkych tkani, je vzacny nador, ktery tvoii ptiblizné 1 % nadort mékkych tkani [57].
Jeho diagnostika je vSak pomérné obtizna, protoze ma piekryvné fenotypické a
imunohistochemické rysy s malignim melanomem. Oba nadory jsou charakterizované expresi S-
100 proteinu, HMB-45, Melanu A a mikroftalmického transkripéniho faktoru (MiTF), ale
svétlobunéény sarkom se oproti malignimu melanomu ¢astéji vyskytuje v hlubokych tkanich bez
postizeni koznich struktur.

Pti diferencidlni diagnostice téchto dvou naddorti v§ak mizeme s vyhodou vyuzit
cytogenetické metody, protoze svétlobunééné sarkomy jsou charakterizované prestavbou genu
Ewingova sarkomu (EWS). Nejcastéjsi aberaci je balancovand translokace (12;22)(q13;q12),
kterou jsme metodou FISH prokéazali i v naSem ptipadu, a vzacnéji mize byt prokadzana
translokace (2;22)(g34;912) [58-60]. V malignich melanomech nebyly tyto piestavby prokazany.

Potencialné by §lo vyuZzit i molekuldrné biologické analyzy mutac¢niho stavu gentit BRAF
a NRAS, kter¢ se naopak vyskytuji v malignich melanomech. Mutaci genu BRAF lze nalézt az ve
40-60 % vSech koznich melanomil a jeji detekce prediktorem pro terapii BRAF inhibitory.

V naSem pfipadu jsme vSak tuto mutaci neprokazali, coz podpofilo diagndzu svétlobunééného
sarkomu mékkych tkani.

S vyuzitim cytogenetickych a imunohistochemickych metod jsme tedy diagnostikovali a

popsali prvni ptipad svétlobunécného sarkomu vzniklého ve vulvé.

2.2.4. Komplexni imunohistochemicka a molekularni analyza lymfoepitelioma-like

karcinomu

V dalsi praci jsme provedli komplexni imunohistochemickou a molekuldrni analyzu

vzacného nadoru endometria, lymfoepitelioma-like karcinomu (LELC)[61].
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Lymfoepitelialni karcinomy (lymfoepiteliomy) jsou nediferencované karcinomy
nasofaryngu s prominentnim lymfocytarnim infiltratem, vétSinou asociované s virem Ebstein-
Barrové (EBV)[62, 63]. Karcinomy s morfologicky obdobnymi rysy vzniklé mimo nasofarynx se
oznacuji terminem lymfoepitelioma-like karcinomy. U téchto nadori je asociace s EBV infekci
variabilni a li$i se dle lokality vyskytu [63-66].

V zenském genitalu se LELC nejcastéji vyskytuji v oblasti délozniho hrdla, kde jsou
povazovany za variantu dlazdicobuné¢ného karcinomu, a pouze ojedinéle v endometriu, kde
bylo dosud popsano pouze Sest piipadi [65-70]. V Zadném z nich vSak nebyla provedena
podrobnéjs$i molekularni analyza, pouze v jedné studii se autofi zabyvali i molekuldrnim
testovanim mikrosatelitové instability [68]. Proto jsme nas piipad podrobili komplexni
imunohistochemické a molekuldrné biologické analyze, s cilem 1épe objasnit podstatu naddoru.

V nasem piipadu LELC se ndm pii imunohistochemickém vysetieni podafilo prokézat
difuzni expresi p16 a aberantni exprese proteinu p53. Pii molekularnim vysetieni metodou NGS
jsme nalezli patogenni mutaci genu TP53 a neprokazali pfitomnost mutaci v genech ARID1A a
PTEN. Fragmenta¢ni analyza prokézala, ze jde o nddor mikrosatelitové stabilni (MSS). Tento
imunofenotyp i genotyp je charakteristicky pro ser6zni karcinomy endometria.

Histogeneze LELC endometria je nezndma, ale imunohistochemicky a molekularné
geneticky profil naseho ptipadu naznacuje, ze by se mohlo jednat o neobvyklou morfologickou
variantu ser6zniho karcinomu endometria. Nicméné k uplnému porozuméni histogeneze,
biologického chovani a prognézy LELC endometria bude zapotiebi dalSich studii, coz bude jisté

komplikované raritnim vyskytem téchto nadort.
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3. ZAVER

V nasi praci jsme se pokusili ukazat, ze moderni vySetfovaci metody hraji v oblasti
gynekopatologie nenahraditelnou roli a v soucasné dobé¢ se nékteré z nich jiz staly nedilnou
soucasti modernich vysetrovacich postupti. Na ptikladech nadort ale i nenddorovych 1ézi
endometria, nadort ovarii, délozniho hrdla a vulvy jsme demonstrovali vyznam a mozné vyuziti
specialnich metod v rtiznych oblastech gynekopatologie.

V ramci nami realizovanych vyzkumnych projektd jsme navrhli panel protilatek, ktery by
mohl napomoci pfi rozliSeni morfologicky obtizné zaraditelnych malo diferencovanych
karcinomu d€lozniho hrdla. Déle jsme popsali expresi nékterych protilatek v nadorech,
nenadorovych 1ézich i normalnich tkanich zenského genitalu, coz by mohlo mit v budoucnu
pfinos pro diferencidlni diagnostiku. Imunohistochemickymi, molekularn€ biologickymi a
cytogenetickymi metodami jsme analyzovali nékolik dosud méné prozkoumanych 1ézi a nadord,
jako jsou atypické polyp6zni adenomyomy délozniho téla a lymfoepitelioma-like karcinom
endometria. Na zaklad¢ téchto analyz se domnivame, ze by se na atypické polypozni
adenomyomy mélo pohlizet jako na lokalizovanou formu atypické hyperplazie, coz je diilezité
zejména s ohledem na fakt, Ze 1éze se Casto vyskytuji u mladych zen a divek piejicich si
zachovanti fertility. V pfipadé lymfoepitelioma-like karcinom endometria vysledky
imohistochemickych a molekularné biologickych analyz ukazaly, Ze by se mohlo jednat o
neobvyklou morfologickou variantu ser6zniho karcinomu endometria. V ramci komplexni studie
vénované problematice HNF1B se nam podafilo nalézt n€kolik dosud nepopsanych mutaci genu
HNF1B.

Ptestoze hraji moderni vySetiovaci metody v gynekopatologii stale vétsi roli, zdkladem
bioptického vySetfeni nadale ziistava klasické histologické vysSetieni, na které v indikovanych
piipadech tato specialni vySetfeni navazuji. Stale se rozsifujici spektrum protilatek a poznatky

Vv oblasti molekularni biologie s sebou také piinasi zvysené naroky na znalosti vySetiujiciho
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patologa, ktery s nimi musi byt dobfe obeznamen. Nelze vSak zcela opominout ani finanéni
aspekt, kdy zejména vysetfeni molekuldrné biologickymi a cytogenetickymi metodami jsou

finan¢né€ nérocna a jejich vyuziti v rutinni diagnostické praxi narazi na problémy s uhradou.
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4. PUBLIKACE IN EXTENSO

4.1. Expression of HNF-1p in cervical carcinomas: an immunohistochemical study of 155
cases.
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Expression of HNF-1f3 in cervical carcinomas:
an immunohistochemical study of 155 cases
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Abstract

Background: HNF-1[3 is 2 commonly used marker in the differential diagnosis of clear cell carcinoma of the ovary
and endometrium. Recent studies have found HNF-1[ expression to a lesser extent in other ovarian and endometrial
turmnaors including endometrioid, mucinous and, rarely, serous cardnoma. Regarding cervical carcinomna, HNF-13
exprassion has been mentioned exceptionally in mesonephric and some other types of adenocarcinoma, However,
a systematic analysis of HNF-13 expression in cervical carcinomas has not been performed to date.

Methods: We analyzed HNF-1[3 expression in 155 cervical cardnomas (including 56 adenocardnomas 85 squamous
cell cardnomas and 14 undifferentiated carcinomas). Exprassion of HNF-153 was comelated with the expression of other
markers including estrogen receptors, progesterone receptors, CEA, p63, pdl, p16, and D2-40.

Results: Adenocarcinomas showed expression of HNF-1B in 42/56 cases (75%), CEA in 48/56 cases (85.7%), p63 in 4/56
cases (7.2%), pd0 in 256 @ses (3.5%), estrogen receptors in 956 cases (16.1%), progesterone receptors in 5/56 cases
(8.9%6), p16 in 56/56 (1009%) cases, and D2-40 in 0/56 cases ((96). Squamous cell @arcinomas showed expression of
HNF-1B in 2/85 cases (2.35%), CEA in 77/85 cases (90.6%), p63 and pd0 in 85/85 cases (100%), estrogen receptors in
9/85 cases (1046%), progesterone raceptors in 1/85 cases (1.2%), p16 in 84/85 cases (98.5%), and D2-40 in 45/84 cases
1536%). Undifferentiated carcinomas showed expression of HNF-1(3 in 2/14 cases (14.39%), CEA in 8/14 cases (57.1%),
pl6in 14/14 cases (100%), hormone receptors in 0/13 cases [0%), p63 in 7/14 cases (50%), p40 in 5/14 cases (35.7%),
and D2-40 in 1/14 cases (7.1%).

Conclusions: In cervical cardnoma, expression of HNF-1[3 is mostly restricted to adenodarcinomas and can be used as
an auxiliary adenocardnorma marker in the diferential diagnosis of poorly differentiated cervical cardnomas. HNF-10 as
an adenocarcinoma marker and p63/p40 and D2-40 as a squamous cell cardnoma markers are highly specific with
variable sensitivity, Optimal results can be achieved using these markers in a panel.

Virtual Slides: The virtual slide(s) for this article can be found here: httpy/www diagnosticpathology diag no mieu/vs/
134883644 2160205,

Keywords: HNF-1(, Squamous cell carcinoma, Undifferentiated cardnoma, Immunohistochemistry
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uterine cervix. Expression of this marker was correlated
with expression of other markers including estrogen re-
ceptors, progesterone receptors, CEA, p63, pd0, plé, and
D2-440.

Methods

In total, 155 specimens were included in the study, in-
cluding 56 adenocarcinomas (46 endocervical adeno-
carcinomas, usual type; 8 mucinous carcinomas, NOS;
2 mucinous carcinomas, intestinal type), 86 squamous
cell carcinomas and 13 undifferentiated carcinomas.
All cases were selected from files of our department
(Department of Pathology, the First Faculty of Medicine
and General University Hospital, Charles University in
Prague). In all cases, formalin-fixed, paraffin-embedded
tissue blocks were available for subsequent imnunohisto-
chemical analysis. Tissue blocks containing only a small
amount of tumor or otherwise inadequate samples were
excluded. Selected cases represented routine diagnostic
surgical specimens induding 37 endocervical curettage,
punch biopsy, 19 cone biopsy, and 91 hysterectomy
specimens. In compliance with the Helsinki Dedaration,
the project has been approved by Ethics Committee of
General University Hospital in Prague.

Immunohistochemical analysis

Immunohistochemical analysis was performed using the
avidin-biotin complex method with antibodies against
the following antigens: HNF-1B (polyclonal, dilution
1:500, Sigma-Aldrich, Prestige Antibodies, 5t. Louis,
United States), estrogen receptor (clone GF11, dilution
1:50, MNovocastra Laboratories, Newcastle upon Tyne,
United Kingdom), progesterone receptor (clone 16, dilu-
tion 1:200, Movocastra), CEA (clone I1-7, dilution 1:100,
Dako, Glostrup, Denmark), p63 (clone 4A4, dilution 1:50,
Diagnostic BioSystems, Pleasanton, USA), P40 (polyclonal,
dilution 1:50, BioSystems), P16 (clone E6H4, CINtec*
Histology Kit, Roche mtm Laboratores AG, Manheim,
Germany), and D2-40 (clone D2-440, dilution 1:100, Dako).
Antigen retrieval was performed induding pretreatment
in 0.01 M citrate buffer (pH 6.0} for 40 min in a water
bath at 98°C for progesterone receptors and CEA.
Heat-induced epitope retrieval was done in (.01 citrate
buffer (pH 6.1) for HNF-1[, and in 0.01 citrate buffer
(pH 9.0} for estrogen receptors, p63 and pd0. All anti-
bodies were processed manually, except for plé, which
was stained on a Ventana Benchmark immunostainer
(CINtec* Histology Kit, Roche mtm laboratories AG,
Manheim, Germany).

Immunohistochemical results were semigquantitatively
assessed and graded on a four-tier scale based on the per-
centage of positive cells: 0=<5%; 1=5-29%; 2=30-59%;
3 = >60% positive cells. For HNF-1p, estrogen receptors,
progesterone receptors, pod, and pd0 only nuclear staining
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was regarded as positive. For pl6, nuclear and cytoplasmic
staining was considered as positive. Positivity of CEA and
D2-40 was defined as distinct membrane staining. More-
over, the staining intensity of HNF-1} was assessed as
weak, moderate or strong.

Results

Patients’ age ranged from 23 to 86 years (mean 53.7;
median 55.0). The 56 ACAs included 46 endocervical
adenocarcinomas, usual type, 8 mucinous carcinomas,
NOS, and 2 mucinous carcinomas, intestinal type).
Thirty-seven cases were moderately differentiated, 15
cases were poorly differentiated, and 4 cases were well
differentiated. In the group of 86 SCC, 2 cases were well
differentiated, 49 cases moderately differentiated and 34
cases poorly differentiated. We focused only on “usual”
types of endocervical adenocarcinoma and other types of
cervical adenocarcinoma (including serous, endome-
tricid, and clear cell) were excluded from the study.
However, 4 cases of clear cell adenocarcinoma were used
as a positive control for HNF-1§ staining (all 4 cases
showed strong 3+ positivity).

Immunohistochemistry

All the results are summarized in Table 1. Table 2 sum-
marizes antibodies which can be used in the differential
diagnosis of ACA and SCC. Figure 1 shows HNF-1[ ex-

pression in cervical carcinomas.

Adenocarcinomas

Expresdon of HNF-1p was found in 42/56 ACAs (75%).
Twenty-seven cases were 3+ positive, eight cases showed
2 + positivity, and seven cases were positive only focally 1+.
Intensity of staining was highest in the group of 3+ postive
cases (2 lesions showed strong positivity, 17 lesions showed
moderate positivity and 8 lesions weak positivity). In the
group of 2+ and 1+ positive lesions, the intensity of stain-
ing varied between weak to moderate.

Simultaneous expression of p63 and p40 was found in
2/56 tumors (3.6%). Two other cases were pbd weakly
positive (1+) without simultanecus expression of pd
(both of them with weak intensity of staining). Estrogen
receptors were positive in 9/56 cases (16.1%), two cases
strongly 3+, one 2+ and remaining 6 weakly 1+ positive.
In 5 of these cases was also found simultaneous expres-
sion of progesterone receptors. CEA was positive in 48/
56 cases (B5.7%) of ACAs and pl6 was positive in all 56
ACAs. None of the ACAs showed D2-40 positivity.

Sguamous cell carcinomas

SCC showed expression of HNF-1p in 2/85 cases (2.35%).
These cases expressed HNF-1[ in approximately 70% and
30% of tumor cells, respectively. Both cases were simul-
taneously strongly pl6, p63, and pd0 positive, and showed
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Table 2 Summary of antibodies which can be used in
differential diagnosis of ACA and 5CC

ACA SCC
HNF-1[ —

{75%) (2%)
p63/pad -+ +4++

(7% [ 4%) {100%)
CEA 4 44

(865 (91%)
ER +— +—

{16%) {11%)
PR —

(996 {1%)
D2-40 -+

(0%} 1545}

ACA - adenocandinoma; 500 - squamous call cardinoma.
In brackets &5 a percentage of positive cases in our study_

1+ and 2+ expression of CEA. All SCCs were p63 and p40
positive. 9/85 (10.6%) SCCs were estrogen receptors posi-
tive and one of them was progesterone receptors positive
1/85 (1.2%). CEA was positive in 77/85 cases (90.6%). P16
showed positivity in all but one SCC. The negative case
was HNF-1p, estrogen receptors, progesterone receptors
and CEA negative, and strongly 3+ p63 and pd0 positive.
D2-40 was positive in 45/84 cases (53.6%). In one case
there was not enough material for analysis

Undifferentiated carcinomas

Undifferentiated cardnomas showed expression of HNF-
1B in 2/14 cases (14.3%). In one case (3+) the positivity
was strong in approximately 70% of tumor cells. In sec-
ond case (1+) the positivity was strong in approximately
10% of tumor cells. Both cases were estrogen receptor
and progesterone receptor negative. The former was
simultaneously CEA, p63, and p40 negative and showed
plé 1+ positivity, and the latter was CEA 2+ positive,
pl6 3+ positive, p63 1+ positive and p40 negative. Alcian
blue staining at pH 25 was negative in both cases. Ex-
pression of CEA was positive in 8/14 cases (57.14%). All
tumors were plé positive and hormone receptor nega-
tive. P63 was positive in 7/14 cases (50%) and p4) was
positive in 5/14 (35.7%) cases. P63 and p40 were simul-
taneously positive in 5 cases (4 were 3+ and 1 was 1+).
Two other p63 positive cases (1+ and 2+) were pdd
negative. Only one of p63/p40 3+ positive cases was
simultanecusly D2-40 positive. Other 12/13 cases were
D2-40 negative.

Non-neo plastic tissue

Non-neoplastic squamous epithelium was found in
immunohistochemically examined slides in 59 cases. In
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all these cases, HNF-1p was negative in this epithe-
linm. Non-neoplastic glands or superficial columnar
epithelium was found in 33 cases. 21/33 cases (63.6%)
were HNF-1[ positive, 19 cases with weak and 2 cases
with moderate intensity of staining.

Discussion

The hepatocyte nuclear factor 1 (HNF-1) transcription
factor family includes HNF-1 (also known as HNF-1a,
Tct-1), and wvariant isoforms of the HNF-1 (vHNF-1)
(also known as HNF-1B, Tdf-2, LFB3). These transcrip-
tion factors are expressed in a different spatio-temporal
manner in the yolk sac endoderm, and in the developing
kidney, liver, and pancreas [10]. HNF-1p is also expressed
in the developing neural tube, lungs, and entire urogenital
system [3-5]. Functions of HNF-1 family proteins are es-
sential for different stages of ontogenesis. HNF-1p is cru-
cial in the differentiation of visceral endoderm from the
primitive endoderm and is essential for formation of kid-
ney tubules, intrahepatic bile ducts and gallbladder, and
specification of pancreatic primordium [1,2]. In humans,
mutations in the HNF-1f gene are associated with a
number of diseases associated with defects in kidney de-
velopment and a complex syndrome known as renal
cysts and diabetes (RCAD), characterized by multiple
abnormalities of the kidney, male and female genital
tract, and by early-onset diabetes, pancreatic hypoplasia,
and liver dysfunction [11,12].

In normal tissues, HNF-1f is expressed in epithelial
cells of the urogenital tract, liver, pancreas, gut, and lung
[3-5]. In tumors, mutations and epigenetic inactivation
of the HNF-1p gene has been shown to be involved in
the development of several cancer [13-15]. Methylation
of the HNF-1 gene promoter was found in some cancer
cell lines derived from pancreatic, colorectal, gastric, and
ovarian tumors [16]. Tumor cell lines with a mutation
in HNF-1f usually show a loss of protein expression as
detected by immunohistochemistry [17]. On the con-
trary, some tumors show up-regulation of HNF-1j and
expression of this protein is found in most clear cell
carcinomas of pancreas, endometrium, ovary and kid-
ney [6,13,14,18,19]. It has been shown that down-
regulation of HNF-1J in clear-cell renal cell carcinoma
is associated with tumor progression and poor progno-
sis [15]. However, the precise role of HNF-1p in car-
cinogenesis as well as the importance of molecular
targeting of this protein for therapeutic purposes re-
mains unknown.

Regarding to the expression of HNF-1§ in non-
neoplastic tissue and neoplasms of the female genital tract,
only a few studies have analyzed HNF-1} expression in
endometriosis, normal endometrium, and tumors of cer-
vix, endometrium and ovary. Most of these studies found
that expression of HNF-1p is mostly restricted to clear cell
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Figure 1 HNF-1p expression in cervical @ardnomas. (A) Weak nuclear expression of HNF1R in adenocarcinoma. Note moderate HNF 1R

expression in normal endocervical glands (upper right cormer) (200x). (B) Moderate expression of HNF 1 in adenocarcinoma (200x). (C) Well

differentiated adenocarcinoma showing strong expression of HNF 1B 200x). (D) Strong expression of HNF-18 in squamous cell carcinoma (200x).

(E) Focal nuclear expression of HNF-1B in squamous cell carcinoma. Note non-specific oytoplasmic staining in some tumor cells (200x). (F) Focal
nudear expression of HNF-18 in undifferentiated carcinoma. Note non-spedfic cytoplasmic staining in some tumer cells (200x).

'

adenocarcinoma and concluded that this marker is spe-
cific for clear cell adenocarcinoma [6,13,17,18]. However,
in other studies, the authors described HNF-1p expression
not only in clear cell adenocarcinoma, but also in other
tumor types including serous, endometrioid and mucin-
ous cardnoma, and most types of borderline tumors
[8,20-22]. Some recent studies have found expression of
HNF-1B in some cases of endometriosis (particularly atyp-
ical or with inflammatory changes) and in normal endo-
metrium, espedally in the secretory phase or gestational
state [22,23]. Expression of HNF-1f was not found in the
ovarian surface epithelium. However, one study described
its expression in some ovarian indusion cysts [22].
Expression of HNF-1f in carcinoma of the uterine cervix
has been mentioned only in two studies. One of them
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focused on the HPV status and immunohistochemical pro-
files of unusual histologic subtypes of endocervical adeno-
cardnoma [8]. This study examined 26 cases of various
subtypes of cervical adenocardnomas. HNF-1 was positive
in 7/9 (78%) clear cell carcinoma, in 2/5 (40%) of usual
type of endocervical adenocarcinoma, in 3/11 (27%) of
gastric-type of endocervical adenocarcinoma, in 3/3
(100%) minimal deviation adenocarcinoma, in 1/1 (100%)
mesonephric adenocarcinoma, in 1/1 (100%) serous adeno-
carcinoma, and in 1/1 (100%) malignant mixed Miillerian
tumor. In a second study, focused on the immunohisto-
chemical analysis of seven mesonephric adenocarcinomas,
expression of HNF-1f was found in 3/7 cases (42.8%) [9].
Distinguishing between poory differentiated adenocar-
cinoma and squamous cell cardnoma of the uterine cervix
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can be difficult and in some cases is almost impossible
based only on histological features. Clinically, however, this
distinction is important and can modify therapeutic deci-
sions, in particular because of squamous cell carcinoma ra-
diosensitivity. Immunohistochemistry can be of help in
poorly differentiated tumors, particulady with antibodies
against p63 or p40 as markers of strafified epithelium.
Moreover, some papers also describe the expression of
D2-40 in a subset of squamous cell cardnomas [24-26].
Other markers such as CEA, cytokeratin 7, as well as the
estrogen and progesterone receptors are not helpful in
distinguishing these tumors [27 28],

In our study, we found expression of HNF-1j in 42/56
cases of adenocarcinoma (75%) and in 2 only /85 cases
of SCC (2.35%). Expression D2-40 was positive in 45/84
SCC (53.6%) and 0/56 of ACAs. Expression of p63 and
p40 was found in a coordinate staining pattern in 2/56
adenocarcinoma (3.6%) and 85/85 SCC (100%). More-
over, weak expression of p63 without expression of pd0
was found in other two adenocarcinoma cases. Regard-
ing undifferentiated carcinomas, we propose that these
tumors can be subclassified based on the immunohisto-
chemical profile into three groups: possible adenocar-
cinoma (2/14 cases; 14.3%) characterized by positivity
for HNF-1p and negativity of p40 and D2-40; possible
SCC (5/14 cases; 35.7%) characterized by positivity for
p40/p63, variable expression of D2-40 and negativity
for HNF-1f; undifferentiated carcinoma, NOS (7/14
cases; 50%) characterized by HNF-1B, p63/p40, and
D2-40 negativity.

Conclusions

Based on our results, expression of HNF-1 is mostly re-
stricted to adenocarcinomas and can be used as an
auxiliary adenocarcinoma marker in the differential diag-
nosis of poorly differentiated cervical carcinomas. Ac-
cording to our results, HNF-1B can be considered an
adenocarcinoma marker while p63/p40 and D2-40 are
highly specific markers of SCC with variable sensitivity.
Optimal results can be achieved by using these markers
in a panel. Limitation of the utility of HNF-1p includes
expression in benign glands, which preclude use of this
marker in the differential diagnosis of benign lesions and
well differentiated plé negative types of cervical adeno-
carcinoma. Also, the positivity of HNF-1§ in a subset of
endometrioid adenocarcinoma prevents the use of this
marker in the differential diagnosis between endome-
trioid and endocervical type of adenocarcinoma.
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4.2. Expression of Glut-1 in Normal Endometrium and Endometrial Lesions.
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Abstract

Background: Glucose transporter-l (Glut-1) is a membrane glycoprotein that is, together with other glucose
transporters, responsible for the regulation of glucose uptake. An increased expression of this protein seems to be
a general feature of several malignant tumors that are able to reprogram their metabolism and switch from oxidative
phosphorylation to aerobic glycolysis. Methods: We performed comprehensive immunohistochemical analysis of Glue-
| expression in 336 endometrial samples, including tumors, nontumor lesions, and normal tissues. Results: Bxpression
of Glut-1 was found in 87% of endometricid carcinomas (1607184 cases), 100% of serous carcinomas (2929 cases), 100%
of clear cell carcinomas (17/17 cases), 50% of polyps with atypical hyperplasia (8/16 cases). 12.5% of polyps with non-
atypical hyperplasia (3/24 cases), 77% of hyperplasias with atypias (10/13 cases). 9% of hyperplasias without atypias (1/11
cases), B7% of secretory endometrium samples (13/15 cases), and in none of the nonsecretory endometrium samples
{0/27 cases). In endometrioid carcinomas, Glut-1 was expressed in a marked geographical pattern. In nontumor lesions,
its expression was more commen in atypical hyperplasia and polyps with atypical hyperplasia compared with polyps
with non-atypical hyperplasia and hyperplasias without atypia (P = .00032). Conclusion: Qur study confirms the high
expression of Glut-1 not only in endometrioid carcinomas but alsc in other carcinomas of endometrium incduding clear
cell and serous types. Glut-1 expression can be used as a surrogate marker in differential diagnosis between hyperplasia
with and without atypia. Because of commen Glut-1 expression in malignant tumors, therapeutic strategies influencing
this protein or its signaling pathways can be beneficial.

Keywords
endometrium, hyperplasia, clear cell carcinoma, serous carcinoma, endoemetrioid carcinoma. Glut- 1 immunchistechemistry

Introduction which Glut-1 expression was detected by westem blot also
in all normal and nonneoplastic tissues; however, the
intensities of Glut-1 expression were significantly lower
than those found in neoplastic tissue.** Currently, only a
few studies have analyzed endometrial lesions and focused
mostly on endometrial and cervical carcinoma.™'" Glut-1
has been demonstrated to be expressed to different extents
in both tumor and nontumor tissues. Nevertheless, all stud-
ies are limited by the small size of the examined sample
set. The goals of the present study were (a) to analyze the

In most mammalian cells, the uptake of glucose is medi-
ated by members of Glut (SLC2A) family of membrane
transport proteins. This family includes 14 Glut proteins;
however, only Glut-1-4 are well established with known
substrates.! In tumor tissue, one of the most important
transporters largely responsible for glucose uptake is glu-
cose transporter-1 (Glut-1). An increased expression of
this protein can be detected in several malignant tumors
and seems to constitute an adverse prognostic factor asso-
ciated with higher tumor grade, higher stage, as well as
lymphovascular  space/lymph  node  involvement ™ 'Department of Pathology, First Faculty of Medicine, Charles University
Contrasting with these findings, with the exception of ?“d General University Hospital, Prague, Czech Republic

. . Department of Cermatovenerology, First Faculty of Medicine, Charles
some cells such as erythrocytes, perineurial cells, tropho- University and General University Hospital, Prague, Czech Republic
blastic cells, reactive germinal centers, squamous epithe-
}]'IJII'[, Tele l'|.1|:|1:'l|E:5, a.nd. same cr_ldothe]la] CEI].S’ Pavel Dundr, Department of Pathology, First Faculty of Medicine,
immunchistochemically proven expression of Glut-1 in - . University and General University Hospttal In Prague.
nontumor tissue and benign tumors is relatively rare and Studnickova 2, Prague 7 121800, Czech Republic
usually weak Mevertheless, there are several studies in Emall: pdundri@zeznam.cz
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Table I. Characteristics of 294 Patlents With Different Endometrial Leslons and 42 Controls.

EC Mormal Endometrium
Gl G2 G3 5C CCC HPA HP HA H Sec. Pro. Atr.

Total ir 78 29 29 7 I3 24 13 Il 15 16 I
Age (mean) 63 &8 &9 &7 &7 6l 55 a7 60 34 36 63
LWSI & 27 14 15 10 MA MA MA MA MA MA MA
LM metastases 220 w3l 416 1220 &'13 MA MA MA MA MA MA MA
Distant metastasas 0 0 2 4 | MNA MA MA MA MA MA MA
Stage A 40 31 9 5 4 MNA MA MA MA MA A MA
Stage |B 22 25 10 4 2 MA MA MA MA MA MA MA
Stage |1 a 10 3 3 4 MA MA MA MA MA MA MA
Stage [IlA 4 3 | 2 0 MNA MNA MA MA MA MA MA
Stage B 1] | 0 0 0 A A MA A MA A A
Stage NIC 1] 0 0 0 0 MA MA MA MA MA MA MA
Stage NICI 2 8 3 9 5 MA MA MA MA MA MA MA
Stage NIC2 1] 0 0 0 0 MA MA MA MA MA MA MA
Stage IVA 0 0 | 0 0 MA MA MA MA MA MA MA
Stage VB 0 0 2 4 | MA MA MA MA MA MA MA

Abbreviations: BEC, endometriold carcinomas; G|, well differentlated carcinoma; G2, moderately differentiated cardnoma; G3, poorly differentlated
carcinoma; 5C, serous carcinoma of endometrium; CCC, endometrial clear cell carcinoma; HPA, polyps with atypical hyperplasia; HP, polyps

with non-atypical hyperplasia; HA. hyperplasias with atyplas; H. hyperplasias withourt atyplas; Sec., secretory; Pro., prolferative; Acr., atrophic;

LM metastases, met@stases to the lymph nodes (number of caces with positive lymph nodefto@l number cases where lymphadenectomy was

performed); MA&, not applicable.

expression of Glut-1 in 336 different endometrial tumors,
nontumor lesions, and normal tissues, which is, so far, the
most extensive published sample set; and (F) to find poten-
tial use of Glut-1 expression in the question of differential
diagnostics between typical and atypical hyperplasia.

Material and Methods

Formalin-fixed paraffin-embedded tissue blocks were
obtained from the archive files processed at our depart-
ment. A review of the hematoxylin and eosin—stained
slides was performed for all the involved cases. In total,
336 formalin-fixed paraffin-embedded specimens were
selected for further immunochistochemical analysis, com-
prising of 184 endometrioid carcinomas (ECs), 29 serous
carcinomas (SCs), 17 clear cell carcinomas (CCCs), 16
polyps with atypical hyperplasia, 24 polyps with non-atyp-
ical hyperplasia, 13 hyperplasias with atypias, 11 hyper-
plasias without atypias, and 42 samples of normal
endometrium in various phases of the endometrial cycle
( 16 proliferative endometrium, 15 secretory endometrium,
and |1 atrophic endometrium).

The patients’ characteristics are summarized in Table 1.
The mean age of all the patients was 62 years (range =
20-90 years), the mean age of patients with endometrial
carcinomas was 66 years (range = 28-90 years), and the
mean age of patients with endometrial lesions and normal
endometrium was 53 years (range = 20-86 wyears).
Endometrial carcinomas were classified according to the
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criteria of the International Federation of Gynecology and
Obstetrics. The cases of endometrial carcinomas included
80 patients with stage [A, 63 with stage IB, 28 with stage
IT, 10 with stage [11A, | with stage I11B, 27 with stage ITIC,
| with stage IVA, and 7 with stage IV (4 of the curettage
samples could not be classified because the following sur-
gical procedure was not performed within our institution
and biopsy reports were not available to us). Histological
type and grade of all tumors were assessed according to
the World Health Organization classification." EC com-
prised 77 well-differentiated (G1), T8 moderately differen-
tiated (G2), and 29 poorly differentiated (G3) tumors.
Lymphovascular invasion was present in 82 cases, 57/184
(31%) ECs, 1IV17T {59%) CCCs, and 15/29 (52%) serous
carcinomas. A lymphadenectomy procedure was per
formed in 100 patients, and in 33 cases metastases to the
lymph node(s) were found (predominantly in 3Cs). Distant
metastases were found in 7 patients comprising 4 with SC,
2 with grade 3 EC, and | with CCC. In compliance with
the Helsinki Declaration, the project has been approved by
Ethics Committee of General University Hospital in
Prague.

Immunchistochemical Analysis

Immunochistochemical analysis was performed using the
avidin-biotin complex method with antibody against the
Glut-1 (polyclonal, 1:100; Cell Marque, Rocklin, CA).
Antigen retrieval was performed including pretreatment in
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Table 2. H-Score Scale and Calculation.

IHC 5taining Glut-| H-5core Scale
0 Megative 0-29
I+ Wveak positivicy 30-99
1+ Moderate positivity 100-199
3+ Strong positivity 200-300

Abbreviatons: I[HC, immunohistochemical s@ining; H-score = [ x (%
cells 1+) + 2 = (% calle 2+) + 3 = (% cells 3+)].

0.01 M citrate buffer (pH 9.0) for 40 minutes in a water
bath at 98°C. Only the membranous staining was regarded
as positive. The expression of Glut-1 was then evaluated
by 2 independent patheologists. Immunchistochemical
results were assessed semigquantitatively with the use of an
H-score method as described previously.” The H-score
combines the percentage of positive cells and staining
intensity level (weak 1+, moderate 2+, strong 3+). The
score for each sample was calculated using the following
formula: [1 = (% cells 14+) + 2 = (% cells 2+) + 3 = (% cells
3+)). The final score ranged from 0 to 300. Finally, we
classified the samples on the basis of a discriminatory
threshold (Tables 2 and 3), which we assessed as follows:
specimens with scores 0 to 29, 30 to 99, 100 to 199, and
200 to 300 were classified as having negative, weak, mod-
erate, and strong positivity, respectively.

Statistical Analysis

Software STATISTICA 10 (StatSoft, Tulsa, OK) was used
for data analysis. The y” test was applied to evaluate differ-
ences in Glut-1 expression and other qualitative variables
between different groups of samples. All tests were
2-sided, and a P value <.05 was considered as significant.

Results

Immunohistochemical Findings

All the results are summarized in Table 4. Figure 1 shows
representative examples of the Glut-1 expression in nor-
mal endometrium and endometrial tumors.

An expression of Glut- 1 was found in 160/184 (87%) of
all ECs with more pronounced expressions found in less
differentiated tumors; however, the difference in Glut- 1
expression among groups with no, week, moderate, and
strong Glut-1 expression is not statistical significant in our
sample set (P = .13004). ECs showed positivity of Glut-1
in 63/T7 (82%) of grade | tumors, 69/78 (89%) of grade 2
tumors, and 2829 (96.5%) of grade 3 tumors. Only 247184
(13%) cases were negative. In the group of well-differenti-
ated ECs, the expression was weak in 3177 (40%) cases,
moderate in 29/77 (38%) cases, and strong in 377 (4%)
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cases. Fourteen of 77 (18%) cases were negative. In mod-
erately differentiated ECs, the expression was weak in
INTR (40%) cases, moderate in 3478 (44%) cases, and
strong in 478 (5%) cases. Nine out of 78 (12%) cases were
negative. In poorly differentiated tumors, the expression
was weak in 7/29 (24%) cases, moderate in | 829 (62%)
cases, and strong in 3/29 (10%) cases. Only 1 case from
this group ( 1/29; 3%) was negative. Positive stromal cells
staining was found in the total of only & out of 1 84 cases of
ECs, with a weak to moderate intensity of staining.

Serous carcinomas were Glut-1 positive in all cases
(29/29; 100%). The expression was weak in 6 cases, mod-
erate in 17 cases, and strong in 6 cases. Two cases demon-
strated weak positivity located alse in stromal cells.
Different pattern of distribution of Glut-1 expression was
found in 4/29 (14%) cases, where the positivity was found
predominantly in papillary surface, without apparent rela-
tion to areas of necrosis or distance from stromal tissue.

Clear cell carcinomas showed positivity of Glut-1 in all
17717 (100%) cases. Positivity was weak in 4 cases, mod-
erate in 6 cases, and strong in 7 cases. There was an appar-
ent type of zonation found in 6 cases, but similarly to SCs
the positivity of staining was mostly pronounced along the
surface portions of tumors without any relation to necrosis
or distance from the tumor stroma. No case of CCC showed
positivity of stromal cells.

To summarize, the expression of Glut-1 in tumor sam-
ples was detected in 206/230 (90%) of all endometrial car-
cinomas. Interestingly, we found much stronger expression
(conceming both the intensity and extensity) of Glut-1 in
areas found distant from the tumor stroma, as well as in
necrotic areas. This finding was especially pronounced in
well and moderately differentiated ECs, where this type of
expression was detected in 145/184 (79%) cases. Regarding
other tumor types, Glut-1 expression was rather heteroge-
neous and without the presence of apparent zonation.

Samples of nontumor endometrial lesions and normal
endometrium showed positivity in 35/106 (33%) cases.
Precancerous lesions were Glut-1 positive in 1829 (62%)
cases, including &'16 (50%) polyps with atypical hyper-
plasia and 10V13 (77%) hyperplasias with atypias. The
expression was weak in 14 cases and moderate in 4 cases.

In hyperplastic endometrium without atypias (hyperpla-
sias and polyps), Glut-1 positivity was found in 4735 (11%)
cases, including weak expression in 3/24 (12.5%) polyps
with non-atypical hyperplasia and 1/11 {9%) hyperplastic
endometrium. All of the 4 positive samples showed only
weak positivity. The one positive case of hyperplasia with-
out atypias (H-score 90) showed a few isolated scattered
glands with nuclear enlargement, rounded and focally dis-
tinctive nucleoli; however, these attibutes were not suffi-
cient enough to classify the lesion as atypical hyperplasia.
In some cases, we also found a weak to moderate positivity
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Table 3. Discriminatory Thresholds for Megativity and Positivity In Hyperplastic Endometrial Lesions®.

H-Score HPLPositive HPL Tomal Positivity % AHPL Positive  AHPL Total  Positivity % Sensitivity % Specificity %
50 2 35 6 10 29 34 34 94
45 2 35 6 12 29 41 41 94
40 2 35 6 14 29 48 48 94
35 4 35 I 16 29 55 55 89
30 4 35 1 18 29 62 62 89
25 6 35 17 20 29 69 69 83
20 9 35 26 20 29 69 69 74
I5 I 35 31 21 29 72 72 69
10 14 35 40 23 29 79 79 &0

Abbreviations: HPL. hyperplastic leslon without atyplas (polyps with non-atyplcal hyperplasia + hyperplasias without atyplas); AHPL, acypical
hyperplastic lesion {polyps with atypical hyperplazia + hyperplasias with atyplac).

*Most sultable threshold 1= indicated In boldface.

Table 4. Summary of Immunchistochemical Results®,

Mormal

EC Endometrium
Glue-l Gl G2 G3 5C CCC HPA HP HA H Sec Pro. At
Tol T TE 29 2% 17T l&e 24 13 11 15 1& 11
Positve &3 69 28 7 I7 ] I mo1o13 ] i)
3+ i 4 31 & 7 o 0 0o 0o O 0 1]
1+ % ¥4 18 17 ] | o 3 0 3 ] 1]
1+ il M T 6 4 7 i 7 1 10 ] 1]
Megtive 14 9 1 0 ] B 21 310 2 14 11

Abbreviatons: CCC, endometrial clear cell ardnoma; 5C, serous
cardnoma of endometrium; EC, endometricld cardnoma; HPA, polyps

with atypical hyperplasia; HP, polyps with non-atypical hyperplasia;
HA, hyperplaclas with atyplas; H, hyperplasias without atyplas; Sec.,
secratory; Pro., proliferative; Atr.. atrophic; G, well-differentated
carcinoma; G2, moderately differentated carcinoma; G3, poorty
differentlated carcinoma

*Immunohistechemical results were assessed on the basls of
dizcriminatory thresholds: spedmens with scores 0 to 29, 30 to 99,
100 wo 199, and 200 to 300 were classified, respectively, as having
negative, weak |+, moderate 2+, or strong 3+ positivity.

of stromal cells (3/24 hyperplastic endometrium and 3/11
polyps with non-atypical hyperplasia).

Samples from normal endometrium showed positivity
of Glut-1 in /16 (0%) cases of proliferative endometrium,
in 13/15 (87%) cases of secretory endometrium (10 cases
weak and 3 cases moderate positivity), and in 0/11 (0%) of
atrophic endometrium. Regarding the secretory endome-
trium, the intensity of staining appeared to be mostly weak
to moderate. In some cases of proliferative and secretory
endometrium, the review also found a weak to moderate
positivity of stromal cells (9716 proliferative and 10/15
secretory endometrium samples).

A few cases of nontumor endometrial lesions and nor-
mal endometrium showed positivity of Glut-1 located
within the surface epithelium. These findings were pro-
nounced mostly in proliferative endometrium (&/16; 37.5%
cases), polyps with aty pical hyperplasia (3/16; 19% cases),
and polyps with non-atypical hyperplasia (11/24; 46%

40

cases). However, we did not consider these cases to be
truly positive.

Discussion

Changes in tumor glucose metabolism seem to represent a
very important metabolic aspect of several tumors. When
focusing on glucose metabolism, the characteristic feature
of malignant tumors is their ability to reprogram glucose
metabolism in such a way that it causes a shift from oxida-
tive phosphorylation pathway to glucose aerobic glycoly-
sis (Warburg’s effect).™'* This feature represents a
selective growth advantage for several reasons, including
resistance to apoptosis, acidification of tumor microenvi-
ronment favoring the selection of more apgressive and
invasive tumor cells, and much higher speed of ATP pro-
duction. However, the process of glycolysis when com-
pared to oxidative phosphorylation actually results in
significantly lower production of ATP molecules (2 ATPs
vs 32 ATPs).”

Nevertheless, tumor cells are able to compensate for this
energy deficit by upregulating glucose transporters expres-
sion, especially Glut-1, which allows for an increased glu-
cose uptake.'” The mechanism of reprogramming the
cellular metabolism are various and include mitochondrial
damage, stabilization of hypoxia-inducible factor- Lo (HIF-
lu), inactivation of tumor suppressors such as p53 and
PTEN, and upregulation of several oncogenes of the PI3K/
Akt/mTOR signaling pathway.'™'® The impact of these
changes is complex and includes not only the upregulation
of glucose transporters but also resistance to apoptosis and
promotion of further proliferation. The most important glu-
cose transporter in tumor cells seems to be Glut- 1.

The expression of Glut-1 is influenced by certain
growth factors such as insulin-like growth factor-1 and
tumor necrosis factor-o, and downstream effectors of
mTOR, particularly HIF-la and c-myc.""*" These effec-
tors also play important role in the adaptive cellular
response to hypoxia.”
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Figure I. Glut-I expression in endometrial leslons. (A) Secretory endometrium showing weak Glut-1 expression (200%). (B)
Negativity of Glut-1 In proliferative endometrium. Note the expression of Glut-1 In superficial cells (100x). (C) Glut-| expression
In endometriold carcinoma (G2). Note the zonation pattern of positivity (20%). (D) Higher magnification showing Glut-1 expression
in endometriold carcinoma (G2). Note the positivity of tumor cells In areas of necrosis distant from the tumor stroma (200x). (E)
Glut-1 expression In endometrial serous carcinoma (200x). (F) Glut-1 expression In clear cell carcinoma (200%).

Increased expression of Glut-1 was already described in
several malignant tumors, including lung, breast, pancre-
atic, esophageal, colorectal, and head and neck cancers.””
Concerning the female genital tract, the studies of Glut-1
expression to date focused predominantly on endometrial
and cervical l&sions,“'u'z" but the expression has been ana-
lyzed also in different types of ovarian tumors.™ For exam-
ple. an absence of Glut-1 staining in cervical cancer
significantly increased metastasis-free survival but did not
affect disease-free survival or progression-free survival.”
The prognostic significance of Glut-1 expression in endo-
metrial cancer is equivocal. In one study, the expression of
Glut-1 was correlated with shorter disease-free survival. ™!
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However. another study failed to find any prognostic sig-
nificance of this expression.*” In these studies, the evalu-
ated tumors were classified only as positive or negative
without further subclassification based on the extent of
Glut-1 expression. The prognostic value of Glut-1 expres-
sion in endometrial carcinomas should be, however, corre-
lated with the extent and intensity of staining or carefully
thresholded, because several studies reported at least focal
Glut-1 expression in up to 100% of tumor cases of all types
of endometrial carcinoma.'” The protein expression was
assessed immunohistochemically and further confirmed by
western blot assay and in one study also by mRNA expres-
sion analysis.** Based on these data, the expression of
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(Glut-1 can be used as a prognostic factor, but the extent of
described positivity should also be considered™"
Moreover, there is a statistically significant difference in
the expression of Glut-1 among various endometrial
lesions.* Normal endometrium shows positive Glut-1
expression only rarely and if so in limited extent, which is
mostly varied between 0% and 3.3% of samples ™'
However, in one study the authors reported immunofluc-
rescence detection of Glut-1 in all of the examined samples
of normal endometrium.® In our study, we have found an
expression of Glut- lin 87% of secretory endometrium sam-
ples, but in none of the proliferative endometrium samples.
In nonneoplastic tissue, Glut-1 can be detected in 0% to
24% of hyperplastic endometrium without atypias, but the
percentage increases up to 7 1% when atypical hyperplasias
are concerned."™ According to one study, an expression of
Glut-1 alone, however, does not seem to constitute an inde-
pendent marker of increased risk of recurrence”
Interestingly, a few reports described an increased Glut-1
expression in those tumor areas close to necrotic regions or
distant from stromal (mesenchymal) tissue, possibly corre-
lating the expression with areas of hypoxia.'®

Glut-1 expression could be potentially used not only as
a prognostic marker but also as a diagnostic surrogate
marker to aid with distinction between typical and atypical
hyperplasia, which is in concordance with our results."”
However, the sensitivity and specificity in this setting is
variable according to previous studies. " This can be also
influenced by the considerable interobserver and intraoh-
server variations in diagnosis of atypical hyperplasia.”™
Due to the above-mentioned variability in diagnosis of
atypical hyperplasia, Glut-1 could be potentially used
rather as an indicator of hyperplasia with higher risk of EC
development.'” However, further studies specifically
devoted to this issue are neaded.

Based on the fact that aerobic glycolysis found in trans-
formed tumor cells represents a selective growth advan-
tage, interference with aerobic glycolysis represents a
potentially effective strategy to influence cancer cells.
Seeing as the expression of Glut-1 in malignant tumors
seems to be rather common, this protein and components
of its signaling pathway Akt'mTOR, which influence its
expression, seem to represent the best potential targets. In
a study focused on cell cultures of lung and breast cancers,
it has been shown that specific antibodies aimed against
Glut-1 inhibited proliferation by 50% and 75%. respec-
tively.” Moreover, increased apoptosis and potentiation of
chemotherapy effects were noted in this study. The mTOR
pathway inhibitors (rapamycin analogues) seem to be
effective in patients with advanced endometrial cancer and
inhibition of the PI3K/Akt'mTOR pathway may represent
a possible therapeutic approach.*™' Another therapeutic
approach includes competitive inhibition of glucose uptake
and utilization with the use of a glucose analogue 2-deoxy-
D-glucose (2DG).*
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Our results are similar to several previously published
studies.*™ In normal endometrium, we found Glut-1
expression only in samples of secretory endometrium.
Regarding the potential use of Glut-1 expression in the dif-
ferential diagnostics of different hyperplasias, Glut-1
expression was found in 11% of hyperplasias without
atypia and in 62% of atypical hyperplasias (Table 3). We
then attempted to assess a threshold for discriminating
between these 2 groups based on the H-score of Glut-1
expression. We found only a weak expression in 4 (11%)
positive cases out of 35 hyperplasias without atypia.
Moreover, one of these cases showed few isolated scat-
tered glands displaying nuclear atypias not quite sufficient
to classify the lesion as atypical hyperplasia. In Glut-1
positive atypical hyperplasias the expression was weak in
1429 (48%) cases and moderate in 4/29 (14%) cases.
Based on our results, if we compare the H-score of Glut-1
expression found in hyperplasias with and without atypias,
the best cutoff point for their discrimination seems to be a
score of 30, which showed the best sensitivity and speci-
ficity in our sample set { Table 3).

We therefore surmise that expression of Glut-1 can be
used as a surrogate marker in the distinction between
hyperplasias with and without atypias. However, the extent
of expression should be carefully thresholded. Ewven
though such a conclusion is in agreement with the results
of some previous studies,'™™ we are well aware of the
small sample set of hyperplasia samples in our study, and
more data are needed for a definite confirmation of our
conclusions.

In contrast with other studies, the extent of Glut-1
expression in ECs was not strongly comelated with
increased grade and stage of the tumors. By applying the
H-score and threshold at 30, we observed a trend of
increased expression of Glut-1 with higher grade of ECs
(FP=.13004). When the discriminatory threshold was set at
99, the samples divided into 2 groups where all negative
and weak positive cases (H-score 0-99) are considered as
negative and all cases with moderate and strong Glut-1
positivity (H-score 100-300) are considered as positive,
and the trend of higher Glut- 1 expression in less differenti-
ated tumors is stronger (P = .01784). We found positivity
in up to #9% of well-differentiated and moderately differ-
entiated ECs (82% in G1 and 89%, in G2 ECs, mostly weak
and moderate positivity), compared to 96.5% positivity in
G3 ECs and 100% positivity in 8Cs and CCCs. Higher
staining intensity was also observed in a group of high-
grade carcinomas, including endometrioid grade 3, 5Cs
and CCCs of the endometrium. In most tumors with endo-
metricid differentiation (79%), the expression showed
geographical pattern, mostly restricted to areas distant
from supportive stroma, in the center of tumor nests, espe-
cially pronounced in well-differentiated and moderately
differentiated tumors. This was, however, different in the
group of tumors with serous or clear cell differentiation,
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where the expression of Glut-1 was more heterogensous
with variable extent and without apparent zonation relat-
ing to necrosis or distance from stromal tissue.

We observed some weak to moderate positivity of Glut-1
i stromal cells, mainly in nonneoplastic tissue {27%) and
then predominantly in some cases of secretory and prolifer-
ative endometrium; however, the same positivity was pres-
ent in only a few carcinomas (4%). Glut-1 positivity of
stromal cells was also previously described in a study
devoted to endometrial pregnancy changes, which showed
increased Glut-1 expression on both mRNA and protein
level, present throughout the process of decidualization.™

In conclusion, we performed a comprehensive analysis
of Glut-1 expression in normal endometrium and in vari-
ous endometrial lesions on the largest series of cases
reported to date. Because the expression of Glut-1 is com-
mon in malignant tumors, therapeutic strategies influenc-
ing this protein or its signaling pathways could be
beneficial. Our study confirms high expression of Glut-1
not only in ECs but also in other carcinomas of endome-
trium including clear cell and serous types. From the diag-
nostic point of view, Glut-1 expression can be used as a
surrogate marker in differential diagnosis between hyper-
plasia with and without atypia.
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+ Sendtivity of SLM ultrastaging is high for the presence of both macrometastases and micrometastases in non-5IN pelvic lymph nodes
+ Intraoperative pathdogic SIN evahation has high flse negative rate in tumors at high risk of IN involvernent.
+ SN stams does not represent the status of the parametrial LNs.

ARTICLE I HNFO ABSTRACT
Artide history: Objective. A high sensitivity of sentinel lymph nodes [SLN) for pelvic lymph node ([N staging has been re-
Receiverd 21 May 2016 peatedly shown in patients with cervical cancer. However, since only SLN are evaluated by pathologic
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ultrastaging, the risk of small metastases, including small macrometastases [MAC) and micrometastases [MIC),
innon-5LN is unknowrn This can be a critical limitation for the oncological zafety of abandoning a pelbvic lymph-

adenectomy.
eywords: Methods The patients selected for the study had cervical cancer and were at high risk for IN positivity (stage
Sentinel lymph node IB-IA, biggest diameter = 3 cm). The patients had no enlarged orsuspicious LN on pre-operative imaging; SINs
Pathologic ull s Laging were detected bilaterally and were negative on intra-operative pathologic evalation All SINs and all other pel-
M hcrome L ta 5k vic IMs were examined using an ulrasaging protocol and processed completely inintervals of 150 pm

Resuls In all, 17 patients were enmolled into the study. The mean number of remowved pebric LMs was 300 A
total of 573 pelvic LNs were examined through ultrastaging protocol (5762 slides). Metastatic imvolvement
was detected in SINs of & patients [ 1= MAC; 4= MIC; 3= ITC) andin non-51Ms in 2 patents [ 2 MIC). In both
cases with positive pelvic non-5LNs, there were found MIC in ipsilateral SLNs. Mo metastasis in pelvic non-
S1M= was found by pathologic ultrastaging in any of the patients with negative SLN Side-specific sensitivity
was 100% for MAC and MIC There was one case of ITC detected in non-51N, negative ipsilateral SLM, but MIC
inSLM on the other pelvic side.

Conclusions. After processing all pelvic LMz by pathologic ultrastaging, there were found no false-negative
ca=s of pogtive non-51N [MAC or MIC) and negative SIM. SLN ultrastaging reached 100% sensitivity for the pres-
ence of both MAC and MIC in pelvic LNs.

@ 2016 Elsevier Inc. Al rights reserved.

1. Introduction institutional studies, in large retrospective cohorts, and also in pro-
spective multicenter studies [1-4]. In the only prospective trial,

The reliability of sentinel lymph node (SLN) evaluation for pelvic which involved pathologic SLN ultrastaging, and in which the prima-
lymph node (LM} staging has been assessed in many single ry end point was post-operative morbidity, there was no false-
negative case for patients with bilaterally detected SLN [3]. In the

Tﬁﬁmldhq aivthor at: Gynecalogic Onoology Genter, Department of s et s and !argegt renpspecrive S['le!,' to ‘_iare' un_ﬁ45lpatie nts, the _serlsiti‘.'il'_','
Gynecolagy, Apolinarska 18, Prague 2 120K, Crech Republic in an identcal subgroup of patents, with bilateral detection of SLN,
E-mail address: d_cibnd a8 yahoo.com (D. Gbula) reached 97% [2]. In all of these studies, pathologic ulrastging was
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solely used to process SLMNs. The risk of MIC in non-5SLN has not been
assessed in any of these studies.

‘Whereas pelvic LMs are, during standard pathologic evaluation,
mostly processedin 2 to3 mm slices, pathologic ultrastaging of SLMs in-
cludes additional levels in very small intervals, usually 150-250 pm.
This protocol enables the detection of small metastases, which could
otherwise be missed: both small macomestases (MAC), and, espe-
cially, micrometastases (MIC). Micrometastases are not arare finding
in early-stage cervical cancer; they are found in 10-15% patients and
their prevalence increases with tumor size and stage of disease, as
well as the prevalence of MAC [3,5-7]. Even though the prognostic im-
porance of low-volume disease [ microme @stases (MIC) and isolated
tumaor cells (ITC)) has not been established yet, in a lige re rospedive
study the presence of MIC but not [TC was associated with significandy
decreased overall survival, and the sunvival was not different from those
with MAC in LM [5].

Currently, the possibility of abandoning systematic pelvic lym phad-
enectomy and replacing it with SLN biopsy is broadly discussed. Even
though prospective controlled mrials are only being initiated, the first pa-
pers are appearing, and they re port small cohorts relying solely on SLN
biopsy [8,9].

The primary aim of this pilot study was to evaluate the risk of MIC in
pelvic LN in patients with negative SLM. Al removed LN, including non-
SLM and all SLN from both sides, were processed by pathologic
ulrastaging. The risk of LM involvement was increased by the seledtion
of cases with larger mumors,

2. Methods
2.1. Selection of patients

Patients with a high risk of LN involvement but nega ive intraopera-
tive pathologic SLN assessment were enrolled in the study. The follow-
ing inclusion criteria were used: a) squamous anoer, adenocancer, or
adenosquamous cancer of the uterine cervix confirmed by histwology;
b) bulky cervical tumor (=3 on of the largest diameter); ¢) no bulky
or suspicious LNs on preoperative imaging: d) planned surgical treat-
ment, induding LN staging. Only those patdents withbilateral SLN detec-
tion and negative intraoperative pathologic SLN evaluation were
included.

22 Surgery

A combined technique with both radioactive racer (997Tc, long pro-
tocol, application 12 h before surgery) and blue dye (applicaton at the
beginning of the surgery) was used for SLN detection either by laparos-
copy or by laparotomy. The application technique was modified in cases
with large tumors, as previously published | application into the residual
stroma by a spinal needle, continuous control of vaginal leak when
injected into the necrotic tssue) [10]. All identified SLNs were submit-
ted for intraoperative pathologic evaluaton according o a sandard
protwoool (see below ). Lymph node staging continued with a systematic
pelvic lymphadenectomy. Lymph nodes were removed from 7 standard
regions in the pelvis (external iliac left and right, obturator left and
right, common iliac left and right, presacral). Padents with MAC detect-
ed on intraoperative assessment were excluded from further analysis.
All pelvic LNs, including SLNs and non-SLNs, were processed according
to the pathological protocol for SLN ultrastaging (see below ).

23 Pathologic procesing

Arthe time of surgery, the SLNs were cut alon g their longest axis and
both halves of each node were examined with frozen secioning tech-
niques. SLMs with a diameter of <3 mm were processed as a whole
and examined in the frozen section. All patients with MAC were exclud-
ed from further analysis.

After that, SINs as well as all other non-5LNs were fixed in 10% for-
malin. After fixaton, all INs were sliced at 2 mm intervals and embed-
ded in paraffin. All LNs were further examined by the ultrastaging
protocol in its entirety. This protooo] consisted of 2 consecutive sections
(4 pm thidk) obtained in regular 150 pum intervals, which were cut from
each paraffin block untl the re was no lymph node Gssue left The first
section was stained with H&E and the second section was examined
immunohistochemically with antibody against oytokerating (AE1/AES,
1:50 dilution; Dako, Glostrup, Denmark) (Fig. 1).

The presence of MAC, MIC, and ITC was recorded and dassified ac-
cording o the THNM system. Macrometastasis was defined as a metasta-
sis>2 mm in diameter, MIC as a meas@sis between 0.2 and 2 mm, and
ITC as individual nmor cells or small clusters of cells <02 mm in
diameter,

24 Smbstics

Standard summary statistics were applied in the analyses; the medi-
an supported by the 5th-95th percentile range or by the min-max
range for continuows variables and absolute and relat ve frequencies
for categorical variables. The diagnostc power of examinations was
assessed on the basis of Receiver Operating Characteristics curves. The
ROC analysis was performed using a ROC calculator for the AUC compu-
tation and testing [ SPSS Inc., 2012) and MedCale 11.1.000 { MedCalc Soft-
ware 1993-2009) was used for the computation of sensidvity and
spedficity. The significance of the ROC analysis was based on the clcu-
Lated area under the curve (ALK, with a corres ponding 95% confidence
interval. The computation was based on binormal assumpton.

The predictive power of the assessed examination was described by
sensitivity, spedficity, negative and positive predictive value, overall ac-
curacy, and ROC-derived area under curve: all measures of predicive
power were supplied by 95% confidence intervals and statistical
significance.

Analyses were performed using SPSS 21 (1BM Corporatdon, 2012).

ﬁll

NE INC

Fg L Protocol for pathologic proessing of SLNs and all pelvic lymph nodes_ The
ulirastaging protocal consisted of processing of esch lymph node in the whale Two
onsecutive sections [ 4 pm-thick ) werne obtained in regular 150 wm intervab. The first
section wii Stained with HEE and the second section was examined
imnnahistochen cally with andbody against cytokeratins (AE] AE3).
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3. Results

In all, 26 patients fulfilled the pre-operatve indusion criteria and
were referred for radical surgery including LN staging Intra-
operatively, 9 patents were excluded due to unilateral SLN detection
[3] or detection of MAC from frozen section [6]. 17 patients were en-
rolled in the final analysis. Clinical characteristics of the patents are
displayed in Table 1. The large number of pelvic LNs removed from
each patient (minimum 15, median 30) refleds a syste matic approad
to pelvic lym phadenectomy.

A total of 573 pelvic LNs were examined by ulrastaging protool,
which encompasses 5762 slides analyzed (2881H&E + 2881 AE1/
AE3). Of these, 43 were SLNs and 530 were non-SLNs.

Metastases were found in 6 SLNs by ultrastaging: 1 of them was MAC
{225 mm), 2 were MIC (0.5-1.89 mm) and ITCwere detected in 3 SLNs
{in 2nd—4th series).

In non-SLNs, 3 LMs with MIC were found in 2 patents. In both these
patients, MIC were simultaneously detected in SLNs. [n the first case, a
MIC of 1.6 mm in 3rd-9th series was found in the obturator fossa; in
the latter case, 3 solated MIC were detected in 1 LN from the obturator
fossa of 0.39-0.49 mm [ in 9th-10th series ), and [TC in 1 presacral LN (in
the 4th series). A summary of the 5LN and non-5LN s@us after
ultrastaging is given in Table 2. The sensitivity of SLN ultrastaging was
100% for all types of metstases in pelvic LMs if counted per patient.
The laterality of different types of metastases is shown separately for
SLN and non-5LN in Table 3. The side-specific sensitivity of SLN
ulreastaging reached 100 for detection of both MIC and MAC in pelvic
LMs. In one case, [TC was detected in non-5LN on the side with negative
SLM, while MIC was found in SLM and non-SLN on the other side of the
pelvis.

In addition, in 2 patents there were MAC detected in parametrial
LMs In 1 patient with MIC in SLM, 3 MAC were found in the right and
left parametrial LMNs (6 mim, 5 mim, and 5 mm in dianeter). Inthe second
case without involvement of any other LM (SLN or non-SLN), MAC was
found in LN from the left parametrium (27 mm in diameter).

4. Discussion

In a carefully selected groupof 17 patients with early-stage but high-
risk cervical cancer, we found in SLN through final ultrastaging [TCin 3
cases, MIC in 4 cases and MAC in 1 case, despite negative intraope mtive
SLN evaluation. All removed LMs, including SLN and pelvic non-SLN,
were processed by pathologic ulrastaging We found 100% sensitivity
of SLN ultrastaging for both MAC and MIC in pelvic LNs. Not one single
case was found with MIC in non-5LN and negative SIN. There wa one
side-specific false- negative case for the presence of ITC in a patient

Tabile 1
Bassic ¢ haracie ristics of patients (N = 171

Charscteristics®
Age 48; 45(32; 69)
Tumor volume [ mm” ) IRAT0: 3,250 (1080: TI6ETTE)
Slage
B1(>3cm) N =8 (47%)
2 N=7[41%)
g N=2[12%)
Histological type
Adena N =6 [353%)
ST N =19 (529%)
Adenosquamos N=2(113%)
sl
Yes N = 10(588%)
Number of SUN per pt 252 (2:5)
Number of PLN per pt 30.4:30 (15: 50)

* Mean; median [min; max) for continuous var isbles and alsolue and re lstve (re-
quency lor categorical varisbles
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Talsle 2

SINamd mon-5LN pehic lymph node stans ster wlrss oging (N = 17).
51N Non-5LN NIE)
g eg 9 [53%)
I neg 3[18%)
MIC neg 2[12%)
MALC neg 1 [6%)
MIC MIC 2[12%)

with negatve ipsilateral SLN but MIC in SLN and non-SLM on the other
side of the pelvis.

The main limitatdon of this study is the small size of the cohort. With
a median of 32 obtained LMs, 1 patient represents assessing =300 path-
ological slides, The assessment of all LNs according to the protooml for
ultrastaging cannot be applied in high numbers of patients due o the fi-
nancial cost. Patients at high risk of LN involvement were selected to
overcome the small size of the cohort. Only patients who had tumors
larger than 3 cm with a deep stromal invasion were enrolled in the
study; furthe rmore, in these patients SLN was bilaterally detected and
all removed SLN were negative on intra-operative evaluation. The cor-
rect selection criteria is reflected in the high propordon of patients
with positive LNs Final ultrastaging revealed metastatic involvement
of SLM in almost 50% of all patients (8/17), despite a negative intra-
operative result As expected, the majority of cases had MIC or [TC in
1 case only did the patient have a small MAC (225 mm).

Asimilar methodology of SLN and all other pelvic LNs processing has
been usedin the pat, butonly in a few small studies. As early asin 2004,
French authors published a cohort 0f 26 patients with [AT-IB1 stages, in
which the infra-ope rative assessment was negative [11] They detected
2 cases of MICin SLM. More imporzntly, they found a MICin non-5LN in
3 cases with negative SLM ultrastaging. The fake-negative rate reached
B0, This study remains the only one that showed false-negative SLN
ulrastaging for detection of MIC A hypothetical explanation could be
the limited experience with SLN detection in the years 2001-2002,
when the study was carried out. Another possible limitation could
have been the enrollment of patients in whom SLN was detected only
unilaterally. It is currently well established that staging must be side-
specific and SIN status on one side of the pelvis does not represent LN
status in the other one.

In another French study, 13 patie nts with bilateral SLN detection and
negative intra-operative SLN evaluiation were included [12]. Metastaric
involvement was detected in SLN in 5 patients (2 = MAC, 1x MIC, 2=
ITC): all other LNs were metastasis-free, The number of obtained LNs
from pelvic lymphadenectomy [ mean 8 per patdent) reflected a Emited
extent of lymph node staging. Two years later a Canadian group pub-
lished data from a cohort of 23 patients, Patients with low-risk cases
for LM involvement were enrolled [13]. The main indusion o iterion
was negative SLN ulrasaging. Mot one single metastasis was detected
inany of the non-5LMs or LMNs in these patients. Japanese authors pre-
sented a small cohort in 2009 [14)]. Cases with bilateral SLN detection
were enrolled in the study, in which all pelvic lymph nodes were nega-
tive through a routine pathological examination. Metastases were

Table 3

Laerality of LN pesitivity [N = 17
Left Right NE)
51N FLN SN FLN
neg neg neg neg 9(52.9%)
I neg neg neg 2[11.8%)
MIC MIC neg I 1[59%)
MIC nag nag g 1[59%)
meg neg ITC neg 1[59%)
neg neg MAC neg 1[59%)
neg neg MIC MIC 1[59%)
neg neg MIC neg 1[59%)
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detected inSLNs in2 cases [ 1= MIC, 1< [TC) and no metastases were re-
ported in pelvic non-5LN. The main weakness of all dred pa pers was the
enrollment of low-risk patients, which is reflected by the small portion
of patients with positive LMNs from the final pathology (972 cases).

Especially for the situation in which SLN is detected on one side of
the pelvis only, the so-called side-specific sensitivity is of
importance. It expresses the agreement from the staging between
SLN and non-SLN on each side of the pelvis separately. It is obvious
from Table 3 that I'TC were found in our study in one case on the
side of the pelvis where SLN ultrastaging was negative. Side-
specific sensitivity was, however, 100% for the detection of both
MIC and MAC.

Data on the prognostic significance of MIC and ITC in patients
with cervical cancer are limited so far since the size of the cohorts
in the majority of studies did not allow for evaluaton of the oncolog-
ical outcome. In the largest retrospective series to date, which in-
cluded 645 patients with SLN biopsy, MAC, MIC, and ITC were
detected by SLN ultrastaging combined with staging of all other
pelvicLN in 21%, 7%, and 4%, respectively [5]. The presence of MAC
and MIC was assodated with a significant deo ease of overall survival
but no difference in survival was found between patients with
negative LM and with ITC It is hypothesized that MIC represents a
truly small metastatic involvement, while ITC can be a different
entity with alimited pote ntial for the developmen tof distant disease
spread.

Asan additional finding, positive parametrial LNs we re detected in 2
cases, [n one patient, there was simultaneously found a MIC in SLN,
while in the other patient, all pelvic LMs were meastasis-free. Even
though there were only 2 such cases, it adds to the growing evidence
that the results of SLM staging do not represent the status of parametrial
LMs and that patients with larger tumors are not suitable candidates for
abandoning parametrectomy, even if the pelvic LMs are negative [15,
16].

This study does not allow making a definite conclusion due to the
small number of patients; it brings, however, another impotant piece
of evidence on the small risk of pelvic LM positvity in patdents with neg-
ative SLM ultrastaging. Asignificant feature of this study was the careful
selection of patients at high risk of LN involvement. Metastatic involve-
ment, mostly the presence of MIC, was detected in SLN in almost halfof
the patients, despite negative inraoperadve evaluation. There was no
false- negative case for the presence of either MAC or MIC Also side-
specific sensitivity reached 100 for both MAC and MIC, while in one
case [TCwas detected in non-SLN in the patientwith nega tve ipsilateral
SLM and the presence of MIC on the other side of the pelvis,
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Abstract We report six cases of anastomosing hemangioma
of the ovary. All lesions were unilateral and amse in 43 to
#1 vear old females. In all but one patient. the mmor was
asymptomatic and represented incidental finding. The excep-
tion was a tumor associated with massive ascites and elevated
CA 125, The mmors were, on cut section, spongy and dark
violet in color. The size of tumors ranged from 0.5 to 35 cm.
All lesions showed the same histelogical features and
consisted of capillary sized anastomosing vessels with
sinusoid-like pattern intermingled with sporadic medmm
sized vessels. Interestingly, in all cases there were areas of
luteinized cells at the mmor periphery, which ranged from rare
small nests to multiple and commonly confluent areas. In one
mor, components of matire adipose tissue were present.
Immunohistochemically, all umos were CD31 and CD34
positive. Other markers examined were negative, including;
estrogen receptor, progesterone receptor, andmgen receptor,
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and D2-40. Proliferative activity (Ki-67 index) was very
low in all cases. Anastomosing hemangioma is a rare entity,
only & lesions occumring in ovary has been described from its
initial description in 2009 We report six additional cases with
their clinicopathological correlation.

Kevwords Anastomosing hemagioma - Capallary
hemangoma - Ovary - Stromal luteinization - Urogenital tract

Introduction

Anastomosing hemangioma is a rare recently described entity
mitially reported in the uropenital tract on a series of 6 cases
ococurring in kidney and testis [1]. Since that, about 30 cases
have been described in kidney, and sporadic cases have been
reported inother organs of genitourinary tract including testis,
spemmatic cord uterns, and urinary bladder [2-4]. However,
this entity is not specific for urogenital tract and has been
reported in other locations including liver, gastrointestinal
tract (colon, small bowel). mesentery, adrenal gland,
retroperitoneum, and soft tssues [5-7]. Regarding the ovary,
only 8 cases of anastomosing hemangioma have been de-
scribed in this location to date [2, 7, 8]. We report a series of
6 additional cases of anastomosing hemangioma ofthe ovary
emphasizing their clinicopathological and morphological fea-
tures, including a commeon finding of stromal luteinization.

Material and Methods
The archive files of participating departments were searched
for vascular lesions of the ovary. Cavernous lesions and nod-

neoplastic vascular proliferation were excluded. Finally, we
identified six cases of capil larv4tvpe hemangioma which were
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inchded in the smdy. Histologic review of the hematoxylin and
eosin-stained slides was performed in all cases and formalin-
fixed paraffinembedded (FFPE) tissue blocks were selectad
for immunohistochemical analysis. Immunohistochemical
analysis was performed using the avidin-biotin complex meth-
od with antibody against the CD31 (clone JCT0A, dilution
1:25, Dako, Glostrup, Denmark), CD34 iclone QBEND 10,
dilution 1:50, Dako), D2-40 (clone D2-40, dilution 1:100,
Dako), CD68 (clone PGMI, dilution 1:25, Dako), ceinhibin
iclone R1, ready-to-use, Dako). calretinin {clone
DAK Calretl, dilution 1:30, Dako), estrogen receptor (ER,
clone 6F11, 1:200, Movocastra, Newcastle, UK), progesterone
receptor (PR, clone 16, dilution 1:100, Novocastra), andmogen
receptor (AR, clone AR 441, dilution 1:100, NeoMarkers,
Fremont, CA), and Ki-67 (clone Mib-1, 1: 50, Dako).
Antigen retrieval was performed by including pretreatment in
0.01 M citmte buffer (pH 6.0) for 40 min in a water bath at
98 *C for CD31, CD34, D2-40, progesterone receptor and
androgen receplor. Antigen heat-induced epitope retrieval was
performed in 0.01 M citate buffer (pH 9.0) for CD68, cc-inhib-
in, calretinin, Ki-67, and estrogen receptor.

Results
The clinicopathological features are summarized in Table 1.
Clinical Findings

The tumors occurred in female patients aged 43 to 81 years
(mean 66 vears (3D = 11.4), median 68.5 vears). Three cases
involved the right ovary, 2 cases the left ovary, and in one case
the laterality was unknown. The size ranged from 0.5 cm to
3.5 cm in the largest diameter. In all but one case, the tumors
represented incidental findings and were clinically asymptom-
atic. The only symplomatic case was a umor 3.5 cm in largest

diameter associated with massive ascites (2.5 1) and elevated
serum CA 125 (470 U/mL: normal value is 0-35 U/mL)
(Figs. 1, 2, 3, 4 and 5).

Pathological Findings

Girossly, the mmors were inall cases relatively well demarcat-
ed spongy lesions confined to ovary, On cut section the umors
were dark violet in color with one exception (case No. 3 ) with
a component of yvellowish tissue 0.8 = 0.5 cm.
Microscopically, all tumors showed typical feamres of anas-
tomosing hemangioma and consisted of anastomosing prolif-
eration of capillary-sized vessels intermingled with rare
medinm-sized vessels. The sinusoid-like architecture closely
resembled splenic red pulp. The tumor cells showed mild
nuclear variability without apparent atypia. Mitoses were ab-
sent. In all cases, scattered hobnail cells were present.
Common findings were fibrin thrombi and hemorrhage.
Mumerous mononuclear cells were present inside the vascular
spaces. In all cases areas of stromal luteinization consisting of
large cells with eosinophilic or clear finely vacnolated cyto-
plasm can be found. In one case (case No. 5), rare Reinke
crystalloids were present. The luteinized areas ranged from
small and rare groups of cells (case Mo. 2), multiple larger
groups (case No. 6) to large confluent group of cells (cases
Mo 1, 3,4, 5) In all cases, these areas were located at the
periphery of the vascular tumors with only mre luteinized cells
intermingled with the mmor vessels. Moreover, in one tumor
there was an area (0.8 * 0.5 cm) consisting of mature adipose
tissue component intermingled with nests of Tuteinized cells.

Immunohistochemical Analysis

Immunohistochemically, the mmor cells showed in all
cases expression of CD31 and CD34. Other markers ex-
amined were negative, including: estrogen receplor,

Table 1  Clinico patholog ical features o fanastomosing hemangioma

Case Mo, Age  Sie Size (cm) Clindcal manifestation Fallow-up Stromal heteinization

1 66 ovary 0.5 incidental finding 25 months, NED'  confluent, periphery
(HEBA bocause of maetromhagia)

2 43 lefit owary 13 =03 incidental finding (HEUA because 4 months, NED rare anall group of cells
of leiomyomas
and henign ovarian cyst)

3 9 right ovary 1.5 =08 incidental finding (HEBA because 32 months, NED'  confluent, periphery
of leiomyomas)

4 &l right ovary 3.5=3 %25  incidental finding (HEBA because NA confluent, periphery
of merorrhagia due o ad enomyosis)

5 GE lefit owary 35«3« 1E ovariantumor, ascies, increased NA confluent, mosthy periphery
CAILZS {470 Uiml)

[ &9 right ovary 1.2 < L.E suspocied ovarian tumor (patient under 13 months, NED' multiple small nodules, peripherny

sury gil lance bocause of lymphoma)

HEBA hysterectomy with bilateral salpingo-sophorectomy, FEUA hysiemctomy with unilateral salpingo-oophonectomy, NA not available, NED no

evidence of discase
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Anastomosing hemangioma of the ovary
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\ )

Fig. 1 Hemangioma of the ovary consiting of anastomosing small
vessels and few larger med um-sized vessels (case na 6, HE, 100 x)

progesterone receptor, androgen receptor, and D2-40. The
luteinized cells were positive with antibodies against a-
inhibin and calretinin. CD68 was positive in mononuclear
cells located in vascular spaces. Proliferative activity (Ki-
67 index). even though estimated in areas of “hot spots™,
was in all cases very low (case No. 4 < 1%: case No. 1, 3
and 5 < 2%; case No. 2 and 6 < 4%).

Discussion

Hemangiomas of the ovary are rare lesions, less than 90
cases have been reported in the literature to date [2, 7-37].
The lesions are usually small and asymptomatic, but ovarian
hemangiomas can be associated with pseudo-Meigs syn-
drome and a vet unnamed syndrome consisting of unilateral
or bilateral hemangioma. elevation of CA 125, and massive

e S A e

.

Fig. 2 Anastomosing hemangioma with mild nuclear vaniability and
scattered hobnail cells (case no. 6, HE, 400 x)
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Fig. 3 Anastomosing he: i with component of adipose tissue.
Note the luteinized cells intermingled with adipocytes (arows) (case
no. 3, HE, 100 x)

ascites [13, 14, 20, 22, 36). Histologically, more than half of
reported cases were cavernous type and remaining cases
were capillary type or mixed. Hemangiomas or florid vas-
cular proliferation resembling hemangiomas can rarely arise
in teratoma [38-41]. Based on the reported features of cap-
illary heman giomas described prior to the definition of anas-
tomosing hemangioma in 2009, or after that but classified
only as a capillary hemangioma, we believe that most of
these cases should be classified as amastomosing hemangio-
ma [9, 14, 18, 20, 25, 33). To this regard. anastomosing
hemangioma seems to be the most common type of capillary
hemangioma occurning in ovary. Anastomosing hemangio-
ma was initially described in the urogenital tract, however
other reports described its occurrence in other organs and
tissues and this entity is not specific for genitourinary organs
[5-7]. The morphology of anastomosing hemangioma is

riphery (amows) (case no. 5, HE, 1

8
&
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gioma at the periphery with sheets o
lwieinized cells {case no. 3, c-inhibin, 40x)

Fig. § Anssiomosing heman f

quite characteristic and encompasses non-obular prolifera-
tion of capillary sized vessels with sinusoid-like arrange-
ments resembling red pulp of the spleen, which are
intermingled with moderate-sized “feeding” and “draining”
vessels. Hobnail cells are common, as well as thrombi,
extramedullary hematopoiesis and areas of hemorrhage.
There is some variability in nuclei but nuclear atypias are
generally absent. Mitoses are absent or rare.

The differential diagnosis of anastomosing hemang jo-
ma encompasses especially low grade angiosarcoma. In
contrast to anastomosing hemangioma, angiosarcoma is
characterized by presence of nuclear atypia, increased mi-
totic and proliferative activity, and common multilavering
of tumor cells or presence of solid areas. Moreover, ne-
crosis is commonly present. Necrosis can be present in the
anastomosing hemangioma as well, usually in the center
of the lesion together with other regressive chanpes.
Nevertheless, the misdiagnosis of anastomosing heman gi-
oma with well differentiated angiosarcoma could be a com-
mon event, at least acconding to the literature data | 1, 4. Other
lesions, which can be confused with ovarian hemangioma,
include epithelioid and infantile hemangoendothelioma, and
non-umorous vascular proliferation of ovarian hilus (42, 43].
Hemangioendothelioma is chamcterized by a focal component
with solid or cord-like architecture. Moreover, cells with eo-
sinophilic vacuolated cytoplasm representing the earliest stage
of lumen formation are present. Cases of anastomosing hem-
angioma located in adipose tissue, either primarily or for ex-
ample in kidney hilus, usually show infiltrative growth at the
periphery and tumor vessels are intermingled with manire ad-
ipocytes. However, the lipomatous component can be on rare
occasions a part of the tumor arising in area where adipose
tissue does not normally occur [34]. This component was
foumd in one of our cases, representing a substantial part of
the mmor. In these cases, the differential diagnosis also

&) Springer
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inchudes myelolipoma. Moreover, in cases with prominent
stromal Iiteinization, the d#fferential diagnosis includes also
steroidogenic umors. Stromal luteinization isnot a rare finding
in ovarian hemangiomas [8, 10, 25, 32, 36|. There are two
theories explaining such changes [10, 32 The most probable
hypothesis is that the non-fimctioning vascular umors behave
similarly like enlarged follicles causing pressure on the adja-
cent tissue leading to the development of theca-like luteinized
stromal cells. The other hypothesis is that preexisting
hyperestrogenic state from stromal lnteinization stimulates de-
velopment of ovarian hemangioma due to the growth stinmla-
tory effects of estrogens on vessels. However, the absence of
estrogen and progesterone receptors in endothelial cells in all
our cases as well as in other sudies conceming their expres-
sion, suggests that ovarian hemangiomas may occur indepen-
dently of hormonal stimulation [16, 25, 35). In addition, we
assessed expression of andmgen receptors, which were ako
negative. In our cases, Inteinized cells were present in all cases.
In one case, the luteinized cells were rare and formed a small
group. However, in other 5 cases these areas were much
more prominent. Interestingly, in one case we have found
rare Reinke crystalloids, so these cells can be classified as
Levdig cells.

In conclusion, anastomosing hemangioma of the ovary is
rare vascular lesion, which can be misdiagnosed as an ovarian
angiosarcoma. Awareness of this entity is essential for achiev-
ing a comect diagnosis. Moreover, the possibility of stromal
huteinization should be considered, to avoid misdiagnosis with
steroid cell tumor with pronounced stromal vasculan zation or
mixed vascular-steroidogenic mmor.
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Atypical Polypoid Adenomyoma of the Uterus
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Abstract: Atvpical polyvpoid adenomyvoma (APA) is an un-
common uterne lesion that commonly recurs after local excision
and is occasionall y associated with or precedes the development
of atypical hyperplasia or endometricid adenocarcinoma. De-
spite the fact that about 230 cases have been reported in the
literature, only 2 studies of 6 and of 7 cases have investigated the
molecular aspects; as such, molecular altérations that occur in
APA remain largely unknown. We undertook a comprehensive
immunohistochemical and molecular analysis of 21 cases of
APA in 17 patients (including 4 recurrent/persisient lesions).
The analvzed genes were PTEN and TP5? (by fluorescence
in situ hvbridization) and KRAS, BRAF, EGFR, and NRAS (all
by polymerase chain reaction). Immunohistochemical staining
was performed for PTEN, p33, mTOR, f-catenin, HNF-1§, and
GLUTI and for the mismatch-repair proteins MLH-1, MSH-2,
MSH-6, and PMS-2. In most cases, there was nuclear expression
of fcatenin in squamous morules and expression of HNF-1§,
mTOR, and GLUTI in the glandular component. All cases
exhibited “wild-type” expression of p33. A common finding was
loss of PTEN expression (6/19 cases). In | of these cases, loss of
PTEN expression was accompanied by PTEN deletion. Muta-
ion of the KRAS pene was found in 5/19 cases. Intact mis-
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match-repair protein expression was present in all cases, and
TP33 abnormalites or mutations of EGFR, NRAS, or BRAF
genes were nol found. Given the association with atypical hy-
perplasia and endometrioid adenocarcinoma and the shared
immunohistochemical and molecular features, we feel that,
conceptually, APA is best reparded as analogous o a localized
form of atypical hyperplasia.

Key Words: uterus, atvpical polvpoid adenomyoma, atvpical
hyperplasia, molecular pathology, inmunohistochemistry

(Am J Swrg Pathol 2005:00:000-000)

Atﬂ){cal polypoid adenomyoma (APA) is an uncommon
uterine kesion first described in 1981.° It usually occurs
in premenopausil women and most commonly involves the
endometrium of the lower utenne segment or the upper
endocervix as a polypoid mass, although all parts of the
uterine corpus can be involved. As many patients with APA
are in the reproductive age group, fertility preservation is a
common issue. APA i1s regarded as a bemgn lesion, but in
conservatively treated patients it is managed by curettage or
polypectomy, recurrence/persistence is common, and there
have been reports of the associated synchronous or meta-
chronous occurrence of atypical hyperplasa (AH) or en-
dometrioid adenocarcinoma (EC) either within the APA or
the nonpolypoid endometrium; as such, management may
be problematic*™ In this context, it is very important to
determine the molecular events associated with the patho-
genesis of APA and related to its biclogical potential.
However, despite the fact that approximately 230 cases
have been reported in the literature, only 2 studies com-
prising 6 and 7 cases have investigated the molecular as
pects of APAS®

In this study, we undertook a comprehensive im-
munchistochemical and molecular analysis of 21 cases of
APA m 17 patients. We specifically concentrated on those
molecular events and proteins involved in the patho-
genesis of AH and EC given the association with APA.

MATERIALS AND METHODS

Cases
The cases were derived from the pathology archives
of the institutions to which the authors are affiliated.
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Twenty-one cases from 17 patents were included. Histologic
review of the hematoxylin and eosin-stained shdes was
performed. In all cases, formalin-fixed, paraffin-embedded
tissue blocks were available for immunohistochemical and
maolecular analysis. Six of the patients had recurrent/persis-
tent lesions after curettage or polypectomy. However,in 1 of
these, only material from the recurrent/persistent leson was
available (patient 7). In 4 other patients, there was enough
material from the pomary and recurrent/persistent lesions
for the analyss (patients 4, 5, 6, and 9). One patient also
developed a second recurrence (in this patient, materal from
the first recurrence was not available) (patient 11).

Immunohistochemical Analysis

Immunohistochemical staining was performed using
the avidin-biotin complex method with antibodies against
the following antigens: P-catenin (clone p-catenin-l,
1:400; Dako, Glostrup, Denmark), mTOR. (phosphory-
lated, clone 7CI10, 1:50; Cell Signaling Technology Inc.,
Danvers, MA), GLUTI (polyclonal, 1:100; Cell Marque,
Rocklin, CA), HNF-1p (polyclonal, 1:500; Sigma-
Aldrich, Prestige antibodies, St Louis), p53 (clone DO7T,
1:50; Immunotech, QC, Canada), PTEN (clone SP218,
1:200; Spring Bioscience, Pleasanton, CA). MLH-1 (clone
GI68-15, 1:50; Zytomed Systems. Berlin, Germany),
M3H-2 (clone FE 11, 1:50, Zytomed Systems), MSH-6
(clone FE 11, 1:50; Zytomed Systems), and PMS-2 (clone
EPR3M7, ready-to-use; Zytomed Systems). Antigen re-
trieval was performed. This comprised pretreatment in
0.01M citrate buffer (pH 6.0) for 40 minutes in a water
bath at 98°C for B-catenin, mTOR., p53, PTEN, MSH-1,
and MSH-6. Heat-induced epitope retrieval was per-
formed in 0.01 M citrate buffer (pH 6.1) for HNF-1j and
in0.01M citrate buffer (pH 9.0) for GLUT1, PMS-2, and
MLH-1.

p-catenin, HNF-15, PTEN, mTOR, and GLUTI
mmunchistochemistry was seruquantitatively assessed and
graded on a 5-tier scale on the bass of the percentage of
poative cells: 0 = < 5%; 1+ = 5% to 10%; 2+ =11% to
50%; 3+ =51% to 75%; and 4+ = = 75% postive cells.
For fecatenin, HNF-1f, and GLUTI, the assessment was
performed sepamately for glandular and squamous momular
components. Expression of the mismatch-repair (MMR)
proteins MLH-1, MSH-2, MSH-6, and PMS-2 was classified
as negative (no nuclear staining of epithelial cells) or positive
(convincing nuclear staining of any proportion of epithelial
cells—in practice, many nuclel were positive in all cases). p53
protein expression was assessed as “wild-type™ or “mutation-
type.” “Mutation-type” staining was regarded as diffuse in-
tense nuclear positivity of = 75% of epithelial cells or totally
negative staining with a positive internal control in the form of
weak nuclear staining of a proportion of stromal cells,
whereas “wild-type™ staining comprnsed focal, weak staining
of a proportion of the epithelial nucki™® Only muclear
staining was regarded as positive for HNF-1, p53, MLH-1,
MSH-2, MSH-6, PM5-2, PTEN, and p-catenin (cytoplasmic/
membranous staining occurs normally and was disregarded).
Cytoplasmic staining for mTOR and membranous staining
for GLUT] were inferpreted as positive.

2 | www.ajsp.com

Fluorescence In Situ Hybridization

Numerical abermations of TP53 and PTEN genes
were analyzed using the fluorescence in situ hybridization
(FISH) method with probes ZytoLight SPEC TP353 Dual
Color Probe (ZytoVision, Gemany) and PTEN Dual
Color Probe (ZytoVision). The assay procedure was
conducted according to the manufacturer's instructions.
Briefly, the slides with 2 to 3-pm-thick sections of paraf-
fin-embedded tissue were depamaffinized in xylene, then
pretreated in 0.2M HCI and subsequently in an NaSCN
solution at B0°C. The next step was the proteolytic
treatment. Protease IT (25mg) in a S0mL saline solution
at pH 2.0 was used with a digestion time of 60 minutes.
Then, the sections were fixed in buffered formalin. In the
next step, we applied the FISH probe, sealed it with a
liquid rubber cement, codenatured the specimen and the
DNA probe for | minutes at 75°C, and then hybridized it
overnight in a ThermoBrite system (Dako) at 37°C.

In each sample, a minimum of 100 nuckei (cutoff for
numerical aberrations was 10% of positive nucler) were
evaluated using the Olympus Provis AXT0 microscope
(Olympus, Tokyo, Japan).

Isolation of Nucdleic Acid

Sections of formalin-fixed, paraffin-embedded tissue
were used for DNA isolation using standard procedures.
Approximately seven 10-pm-thick sections from each
sample were deparaffinized in xylene. The DNA was then
extracted using the QIAamp DNA muni kit (Qiagen,
Hamburg, Germany).

Analysis of the KRAS and EGFR Genes

KRAS and EGFR StripAssay Kit (VienaLab Di-
agnostics GmbH, Vienna, Austria) was used according to
the manufacturer’s instructions, with robotic hybrid-
ization system Bee20 (Bee Robotics Ltd, North Wales,
UK). The EGFR pene was tested for mutations in exons
18, 19, 20, and 21, and the KRAS pene was tested for
mutations in exons 2 and 3 (codon 12, 13, 61).

Analysis of the NRAS Gene

NEAS Mutation Analysis Kit (EntroGen, Los
Angeles) was used for NRAS gene mutations in exon 2
(codon 12/13) and exon 3 (codon 61) according to the
manufacturer’s instructions using Light Cycler LC480
(Roche, Basel, Switzerland).

Analysis of the BRAF Gene

The Cobas 4800 BRAF Vo0 Mutation Test (Roche)
was used for the analysis of V600 mutations in exon 15 of
the BRAF gene according to the manufacturer’s instructions.

RESULTS
The age of the patients ranged from 29 to 53 years
(mean 41 yv; median 44v). Clinical data. including follow-
up, were available in 13/17 patients. In 6/13 patients with
an available clinical history, the patients presented with
abnormal uterine bleeding. Five lesions were asympto-
matic and detected incidentally during radiologic mves-
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tigations. In 2/13 patients, the lesion was discovered
during investigations for infertility.

Seven patients underwent a hysterectomy (3 after
preceding curettage or polypectomy; however, material
from the prehysterectomy biopsy was available in only 2
patients). Four patients underwent a hysteroscopy with
resection of the lesion by electrosurgical loop, and 2 un-
derwent curettage (2 of these 6 patients subsequently had
a hysterectomy).

Subsequently, 6/13 patients with available clinical
history were diagnosed with a recurrent/persistent lesion
from | to 8 months after first diagnosis. One patient ex-
hibited 2 recurrences (3 and & mo after the first diagnosis).

Histologically, all lesons showed the typical morpho-
logic features of APA and consisted of irregular endome-
trioid-type glands, often with a complex architectural
pattemn, armnged haphazandly within a fibromyomatous
stroma. The degree of architectural complexity varied among
the lesons. Squamows morkes, in | case with central ne-
crosis, were present in all but 2 cases. The glandular epi-
thelium exhibited mild to moderate nuclear atypia. Neither
AH nor EC were present in any case. Figure 1 shows rep-
resentative images of APAs included in the study.

Immunohistochemical Findings

The results of the immunohistochemical analysis in
the epithelial component are summarized in Table 1. The
staining pattern of the stromal cells was as expected
without any unusual patterns. Representative images of
mmunohistochemical results are shown mn Figure 1.

f-catenin

MNuclear staining was present in 13/17 patients (17/
21 lesions). There were differences between the glandular
and squamous morular elements. In all but 1 case the
staining was stronger and more extensive in squamous
morules. Of 19 lesions with squamous morules, 4 were
negative, 5 showed 3+ positivity, and 10 exhibited 4+
positivity. The glandular component was negative in 9
cases, 10 cases were 1+ positive, | case was 2+ positive,
and | case was 3+ positive.

mTOR

The expression of mTOR could be assessed in 15/17
patients (19,21 lesions). Of all analyzed samples, 2 were
negative. Positivity was restricted mostly to the glandular
component. The intensity of staining was weak or mod-
erate in 15 cases and strong in 2. Of 17 positive cases, 7
were classified as 4+, S5as 3+, das 2+, and l as | +.

FTEN

The expression of PTEN could be assessed in 16/17
patients (19/2]1 samples). Of these samples, 6 (from
5 patients) were negative with only focal positivity in up
to 5% tumor cells. Two lesions were classified as 1+, 4
as 2+, 5as 3+, and 2 as 4 +. The staining intensity was
mostly weak or moderate. Normal endometrium
was present in 1021 samples. Diffuse PTEN expression

Copyright © 2005 Wolters Kluwer Health, Tnc. AN rights reserved.

was found in all cases, weak to moderate in glands and
moderate to strong in stromal cells.

GLUTI

The expression of GLUTI1 could be assessed in all 17
patients (21 cases). All cases showed some degree of pos-
itivity. The expression differed between glandular and squ-
amous momlar components. The glandular component was
positive in all but 1 case. In contrast, the squamous morular
component was negative in 6/18 cases. Ten lesions showed
the same or higher positivity in the squamous morular
compared with the glandular components. The plandular
component was classified as: | case negative, 3 cases 1+,9
cases 2+, 6 cases 3+, and 2 cases 4+. The squamous
morular component was: 6 cases negative, 2 cases 1+, 7
cases 2+, 1 case 3+, and 2 cases 4+.

HNE-1R

The nuclear expression of HNF-IB was present
mostly in the glandular component. Only | kesion was fo-
cally positive in < 5% of the squamous morular component
and was classified as negative. The staining intensity was
usually weak or moderate. All but 5 cases were positive in
the glandular component: | case |+, 4 cases 2+, 6 cases
3+, and 5 cases 4+ . In many cases, there was weak cy-
toplasmic staining that was regarded as nonspecific.

MMR Proteins (MLH-1, MSH-2, MST-6, PMS-2)

MNuclear staining for the MMR proteins could be
assessed in 18/21 cases for MLH-1 and MSH-2, 12,21
cases for PMS-2, and 10/21 cases for MSH-6. In 3 cases,
there was no nuclear staining either in the lesion or in
normal tissues with MLH-1, MSH-2, and MSH-6 and in
| of these cases also with PMS-2; these cases were ex-
cluded from the analysis because of technical hmitations.
Two of these cases belonged to the group of recurrent/
persistent lesions and showed positive staining in a sub-
sequent biopsy. Of the analyzed cases, many nuclei were
positive for the MMR proteins in all lesions. Staining was
similar in the glandular and squamous morular elements.

p53 Protein

All cases exhibited weak nuclear positivity of scat-
tered cells, in keeping with “wild-type” expression.

Molecular Analysis

The results of the molecular analysis are summar-
ized in Table 2.

PTEN Gene

Numerical changes of the PTEN gene could be ana-
lyzed in all 21 samples. PTEN deketion was detected in 3
patients. In 1 of these patients, PTEN deletion detected by
FISH was accompanied by loss of PTEN immunohisto-
chemical expression. This patient had a recurrent/persisient
lesion, and loss of PTEN expression accompanied by PTEN
deletion was present in both the prnmary and recurrent/
persistent lesion. In the other 2 patients, PTEN deletion
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FIGURE 1. Morphologic and immunohistochemical features in cases of APA. A, Typical features of APA with haphazardly arranged
irregular endometrioid-type glands (HE). B, Glands with squamous morule located within a fibromyomatous stroma (HE). C, Gase
with complex architectural pattern and moderate nuclear atypia (HE). D-H, Results of immunohistochemical staining showing
nuclear expression of fcatenin mostly restricted to squamous morule (D); positivity of mTOR restricted to the glandular com-
ponent (E); PTEN with negative glands and positivity in stromal cells ); HNF-1 with nudlear expression in some glandular cells (G)
and nuclear expression of MLH-1 (H). HE indicates hematoxylin and eosin.
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fibromuscular rather than usual “endometrial-type.” If an
endometrial glandular proliferation arises within this
stroma, the stroma could in some way prevent the glan-
dular prohferation spreading outside this region and
therefore result in a localized polypoid lesion.

APA may be misdiagnosed as endometrial hyper-
plasia. including AH. because of the architecturally
complex glands and the cytologic atypia. Typically, the
glands in AH (and other endometrial hyperplasias) are
sumrounded by a dense proliferative endometrioid-type
stroma, whereas in APA the stroma is leiomyomatous or
fibromyofibromatous. APA may also be misdiagnosed as
EC. including myoinvasive EC, espeaally on a curettage,
biopsy. or polypectomy specimen. Marked cytologic
atypia favors a myoinvasive adenocarcinoma, as, in APA,
there is usually no more than mild to moderate cytologic
atypia. The kiomyomatous or fibromyomatous stromal
component of APA grows in short interlacing fascicles, in
contrast to the elongated fibers of the normal myome-
trium. In curettings or biopsy from an APA, there are
usually also fragments of normal background endome-
trium, and with an EC it would be unusual on biopsy to
obtain only myoinvasive neoplasm without free tumor
fragments.

APA is genemlly regarded as a benign lesion.
However, in conservatively managed patients, treated by
curettage or polypectomy, recurrence/persistence is com-
mon. In different studies, the rate varies but recurrence/
persistence has been observed in up to 45% of cases %12
In our study, a recurrence/persistence developed in 6/13
(46%) patients with an available chnical history. In a
meta-analysis of 136 cases of APA published in 2006, the
recurrence /persistence rate was 30%.1% Moreover, this
meta-analysis showed that APA not uncommonly coex-
ists with endometrial hyperplasia and that 8.8% of APAs
are associated with the development of EC. The hyper-
plasia or EC may involve the APA or the nonpolypoid
endometrium. Other cases of APA coexisting with or
preceding the development of EC have been repurl.ed.l"‘
On the basis of these data, cases of APA should be
carefully evaluated clinically and histologically, and this
should not be regarded as an unequivocally benign le-
sion. ¥ Because of the fact that many patients with APA
are in the reproductive age group, a request for fertility
sparing management is common. However, patients with
APA who wish to preserve fertility and are managed by
local excision without hysterectomy should be carefully
monitored and followed ufp.

Given the significant nsk for recumence/ persistence
after conservative management and the risk of develop-
ment of AH and EC, it is important to know the under-
lying molecular events associated with APA. Only 2 small
studies of 6 and 7 cases investigating the molecular events
have been reported to date”® The first study analyzed
microsatellite instability (MSI) by polymerase chain re-
action in 5 different microsatellite loci (BAT2S5, BAT26,
D25123, D55346, and D178250) and looked for MLH-/
promoter hypermethylation and CTNNBI! mutations.
Immunohistochemistry for MLH-1, MSH-2, and P-cat-
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enin was also performed. The results revealed MLH-J
promoter hypermethylation in 2 cases and nuclear ex-
pression of f-catenin in 5. However, CTNNB! mutation
was not found in any case. In contrast. in the second
study, mutations of CTNNB/! gene were detected in all 7
cases.® The discrepant results could possibly be related to
the fact that in the latter study the epithelial component
was microdissected, and the samples were not
“contaminated” by the stromal component. The second
study that was concerned mainly with the assessment of
proliferative activity showed overexpression of p2l and
cychin D1 in both the epithehal and stromal mmpum!nLi."’
The authors concluded that APAs are lesions with de-
creased cell proliferation and that the activation of -
catenin signaling seems to be essential for the morular
phenotype and the architectural features of the glandular
component.

Given the paucity of information regarding the
molecular events in APA, the goal of our study was to
analyze molecular and immunohistochemical features in a
large series of cases and to compare the results with the
literature pertaining to AH and EC. The analyzed genes
and proteins were selected because of the molecular al-
terations involved in the development of EC, which, as
discussed, may be associated with APA.'%2 Molecular
changes occurring in type IT end ometrial carcinomas (the
prototype of which is serous carcinoma) were not ana-
lyzed, except for TP33. We also examined the expression
of some other markers, including GLUTI, mTOR, and
HNF-14.

KRAS mutations have been implicated in the de-
velopment of AH and EC. Mutations of this gene have
been reported in about 20% of EC and some cases of
AH. 2% In our study, mutation of the KRAS gene was
found in 4/16 (25%) patients. About 20% of ECs and
some endometrial hyperplasias have been reported to be
BRAF mutated.” However, in our study no BRAF mu-
tations were found.

The majority of ECs have altered PTEN im-
munohistochemical expression, either reduced or com-
plete absence. Mutation or loss of PTEN expression has
been implicated as early markers of endometrial carci-
nogenesis, which also occurs in precursor lesions, and it
was hypothesized that this can be used as a biomarker
identifying lesions that are more likely to progress into a
carcinoma.2? However, later studies showed that loss of
PTEN expression was found not only in lesions that
progressed into a carcinoma but also in a similar per-
centage of lesions that did not progress, and ultimately
the loss of PTEN expression has not proven to be useful
as a progression marker.® Moreover, loss of PTEN ex-
pression can also be observed in normal endometrium, in
both the secretory and proliferative phases 2® In addition,
it is well known that there is a relatively poor correlation
between loss of PTEN protein expression and the pres-
ence of PTEN mutation * This could be related to the
occurrence of epigenetic changes that are not detectable
by sequencing. In our study, loss of PTEN expression was
identified in 5/16 patients. In | of these patients, the loss
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of PTEN expression was accompanied by PTEN deletion
detected by FISH. PTEN deletion occurred in 2 other
cases in which immunohistochemical expression was main-
tained. This may be explained by the fact that PTEN dele-
tion accompanied by loss of protein expression affects only
some glands. It has been shown that PTEN phosphatase is a
negative regulator of mTOR, and AH and EC are com-
monly associated with increassd mTOR  signaling 32
However, little is known about mTOR expression in endo-
metrial lesions. In our study, phosphorylated (activated)
mTOR expression was identified in 17/19 lesons.

MSI is found in about 25% to 30% of type I en-
dometrial carcinomas.*3®% Most sporadic MSI endo-
metrial carcinomas arise secondary to MLH-1 promoter
methylation, but a proportion have Lynch syndrome
secondary to mutation in 1 of the MMR genes. Tt has
been shown that in some patients with Lynch syndrome,
MSI can be demonstrated in endometrial h¥perplasi.'1
several years before the development of EC3?' The ex-
pression of MMR proteins in normal endometrium, en-
dometrial hyperplasias, and carcnomas has been
evaluated in many studies 37~ MST and loss of MMR
protein expression has been observed in a subset of EC,
which frequently show lower uterine segment location,
mucinous differentiation, intratumoral heterogeneity.
undifferentiated/dedifferentiated morphology, and prom-
inent lymphocytic infiltration. %42 In our study. loss of
MMR protein expregsion was not found in any case.
Therefore, MSI is unhkely to oocur in the development of
APA, and this lesion is not likely to be a component of
Lynch syndrome.

Mutations and epigenetic inactivation of HNF-Ifi
gene have been shown to be involved in the development
of several tumors. Tumor cell lines with ANF-1ff muta-
tion usually show loss of protein expression as detected by
mmmunchistochemistry. In contrast, some tumors show
upregulation of HNF-1f, and strong expression of this
protein is found in most clear cell carcinomas of the ovary
and other sites in the female genital tract. ¥ However,
this marker is not specific for clear cell carcinoma and can
be expressed in other tumors mcluding EC.* Regarding
the expression of HNF-If in non-neoplastic tissues,
studies have described positive staining in endometriosis
and in normal endometrium, especially gestational or
secretory endometrium. 847 Tn our study, we found ex-
pression of HNF-1B in the glandular component of APA
in 16/2] samples. The expression of GLUT] in normal
and pathologic endometrium has been analyzed in only a
few studies. Preferentially, the expression of this protein
has been demonstrated in AH and EC, and this has been
suggested as a surrogate marker for distinguishing be-
tween non-AH and AH.#* However, in | study the au-
thors identified GLUTI expression in some cases of non-
AH. 450 In pur study, we found GLUT | expression in the
glandular component of APA 1n 20,21 samples.

In summary, we have shown that APAs exhibit
consistent immunohistochemical and molecular features,
especially the nuclear expression of p-catenin in squ-
amous morules, the expression of HNF-1(, phosphory-

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

lated mTOR and GLUTI in the glandular component,
and “wild-type™ p53 protein expression. Loss of PTEN
expression and KRAS mutation also ocours in some cases.
The immunophenotype and molecular events are similar
to those found in AH and EC. On the basis of our results,
and in agreement with previously published chnical and
morphologic data, we believe that APA represents a le-
sion with an increased risk of developing AH and EC.
Given the association with AH and EC and the shared
immunohistochemical and molecular features, we feel
that, conceptually, APA is best regarded as analogous to
a localized form of AH.
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Abstract Hepatocyte nuclear factor 1-beta (HNF-1-beta) is a
tmnscription factor involved in cancerogenesis of various
tumors, including endometriold carcinoma. We performed
comprehensive analysis of HNF-1-beta in lesions of the
endometrium, including protein expression and genetic
and epigenetic changes. Expression of HNF-1-beta was
analyzed immunohistochemically in 320 cases including
both tumor and non-tumor endometrial lesions. Promoter
methylation and genetic variants were evaluated, using
bisulphite and direct sequencing, in 30 (18 fresh frozen,
12 FFPE tumaors) endometricid carcinomas (ECs) and 15
ovarian clear cell carcinomas (OCCCs) as a control group.
We detected expression of HNF-1-beta in 28 % of ECs
(51/180 cases), 26 % of serous carcinoma (727 cases),
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83 % of endometrial clear cell carcinoma (1518 cases),
93 % of hyperplastic polyps with atypias (13/14 cases),
100 % of hyperplastic polyps without atypias (1616 cases),
88% ofhyperplasias with atypias (14/16 cases), 91 % of hyper-
plasias without atypias (10/11 cases), and in =80 % of different
normal endometrium samples. The control group of OCCCs
showed HNF-1-beta expression in 95 % (18/19 cases).
Methylation in promoter region was detected im 133 %
(4/30) of ECs, but not in corresponding nomal tissue where
available, nor in QCCCs (015 cases). Mutation analysis
revealed truncating variant c43C > T (p.Gln152X) in
one EC and missense variant c.848C > T (p.Ala283Val)
was detected in one OCCC. In conclusion, expression of
HNF-1-beta was detected in various extents in all types of
lesions analyzed, nevertheless its strong expression was mostly
limited to clear cell carcinomas. Biological significance of
genetic and epigenetic changes needs further investigation.

Keywords Clearcell carcinoma - Endometricid carcinoma -
HNF-1-beta - Immunchistochemistry - Mutation anal ysis -
Methylation

Introduction

Hepatocyte nuclear factor 1-beta (HNF-1-beta protein is
coded by the ANFIE gene, also known as TCF2) is a
transcription factor that plays a crucial role during onto-
genesis in the differentiation of visceral endoderm from
primitive endoderm [1, 2]. The gene is located at chromo-
some 17gq12, comprises 9 coding exons that spans around
60 kb (MIM#189,907) and encodes four protein isoforms
(designated as A, B, C and 4) [3, 4]. The longest A
isoform is 557 amino acid (aa) protein that contains a
dimerization domain, aa 1-31, and a DNA binding domain,
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aa 231-311 (UniProt P35680; http://'www.miprot.org). The B
isoform, comparing to A, lacks aa 183-208. The C isoform
differs in structure from A in aa 350=400, and n the C
terminus aa 401-557 are missing [3, 4]. A and B isoforms
are regarded as transcription activators, whereas the C
isoform is probably a transcription repressor [3]. HNF-1-beta
protein regulates expression of multiple genes mvolved in cell
cycle modulation, susceptibility to apoptosis, and ghicose me-
tabolism [5-7]. Hereditary mutations i the HNF/E gene are
associated with a number of diseases associated with defects
in kidney development and a complex syndrome known as
renal cysts and diabetes (RCAD) [8, 9]. Expression of the
HNF-1-beta protein is altered in several tumor types, with
both down- or up-regulations described based on the tumor
type. There can also be changes m isoform expressions in
benign and malignant conditions [10]. Moreover, genetic
and epigenetic changes of HANFIB also play role in tumori-
genesis. However, only few studies have analyzed epigenetic
changes of HNFIB in female genital tract tumors and only 6
somatic genetic variants (2 silent, 3 missense and 1 frameshift)
were described in a group of 514 endometricid carcinomas as
a part of the large study “Uterine Corpus Endometrioid Car-
cinoma (TCGA, US) import from ICGC” (Cosmic database;
accessed October 2015; http://’www. sangerac.uk/cosmic) [11,
12]. Immunohistochemical expression of HNF-1-beta was
considered as a marker of clear cell carcinomas (CCCs) [5].
However, recent studies have shown that this marker is not
entirely specific and its expression can be found in tumors of
other histogenesis and also in some non-tumor lesions and
normal endometrium [13-21]. In our study, we focused on
comprehensive analysis of HNF-1-beta expression in various
endometrial lesions and in normal endometrium. Moreover,
we analyzed genetic variations of the ANFIE coding region
and methylation of the promoter region in selected cases of
endometrioid carcinoma and ovarian clear cell carcinoma
(OCCC) and compared these findings with immunohisto-
chemical results.

Material and Methods

Formalin-fixed paraffin-embedded (FFPE) tissue blocks were
obtained from the archive files of our department. Fresh fro-
zen tissue samples were from Bank of Biclogical Material
(BBM) of the First Faculty of Medicine, Charles University
in Prague. Histologic review of the hematoxylin and eosin-
stained slides was performed in all cases.

In total, 339 FFPE specimens was selected for immunohis-
tochemical analysis, comprising of 320 endometrial lesions;
180 endometrioid carcinomas (77 well differentiated, 73 mod-
erately differentiated, and 30 poorly differentiated), 27 serous
carcinomas, 18 endometrial CCC, 14 hyperplastic polyps with
atypias, 16 hyperplastic polyps without atypias, 16 hyperplasias
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with atypias, 11 hyperplasias without atypias, 38 samples from
normal endometrium (18 proliferative endometrium, 15 secre-
tory endometrium, and 5 atrophic endometrium); and as control
190CCC.

Promoter methylation and gene mutations were examined
in 33 cases of endometrioid carcimoma (15 FFPE and 18 fresh
frozen (FF) tumors), 15 FF comresponding normal non-tumor
tissues and 19 FFPE samples of OCCC. We were able to
isolate DNA of sufficient quality for molecular analysis from
all fresh frozen tissues and from 12/15 (80 %) FFPE
endometricid carcinoma samples. Regarding OCCC FFPE
samples, DNA of sufficient quality was obtained from 15/19
(79 %) cases for methylation anabysis and 12/19 (63 %) cases
for mutation analysis of whole coding region. Both, methyla-
tion and mutation analyses were successful in 10/15
endometrioid carcinomas and 1219 OCCCs

In compliance with the Helsinki Declaration, the project
has been approved by Ethics Committee of General Universi-
ty Hospital in Prague.

Immunohistochemical Analysis

Immunchistochemical analysis was performed using the
avidin-biotin complex method with antibody against the
HNF-1-beta (polyclonal, dilution 1:500, Sigma-Aldrich, Pres-
tige Antibodies, 5t. Louis, United States) Immunohistochem-
ical results were assessed semi-quantitatively and graded ona
four-tier scale based on the percentage of positive cells:
0 ==35%; 1+=5-29 %; 2+ = 30-39 %; 3+ = >60 %. Only
nuclear staining was regarded as positive. Moreover, the
staining intensity of HNF-1-beta was assessed as weak,
moderate or strong.

Statistical Analyses

Software R (https./www.r-project.org/) was used to perform
Fisher exact test in order to compare different tumor groups
based on the immunochistochemical staining intensity or the
percentage of positive staining cells. All tests were two sided,
and a P-value less than 0.05 was considered as significant.

Screening for Genetic and Epigenetic Alterations

Methylation states in promoter region and mutations in coding
region and exon-intron boundaries of HNF /B were screened.
DNA was extracted by using standard procedures implementing
GeneRead™ DNA FFPE kit or QlAamp DNA FFPE Tisue
Kit (Qiagen, Hilden, Germany). DNA was quantified
fluorometrically by usng dsDNA BR Assay Kit and Qubit
3.0 Fluorometer (Invitrogen, Thermo Fisher Scientific Inc.,
Waltham, MA, 1ISA). Bisulfite modification was analyzed by
using EZ DNA Methylation-Lightning Kit (Zymo Research,
Irvine, CA, USA) according to the mamfacturer’s instructions,
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followed by sequencing. Experiments included two controls,
non-methylated DNA and universally methylated DNA
(Human HCT116 DKO Non-Methylated DNA and Human
HCT116 DEO Methylated DNA; Zymo Research). Primers
used for PCR. amplification of promoter region and bisulphite
sequencing of modified DN A (Table 1) were designed by
using software httpziwww.zymoresearch.com/tools/bisulfite-
primer-seeker. Primers for mutation analysis (Table 1) in the
exons | to 9 and adjacent intron sequences were used for
PCR reaction and direct Sanger sequencing. DNA regions
of interest were amplified using 5 HOT FirePol EvaGreen
HRM Mix NOROX (Solis Biodyne, Tartu, Estonia) according
to the mamfacturer’s mstructions and analyzed by HRMA
(High Resolution Melting Analysis). BigDye Terminator v3.
1 Ready Reaction Mix (Applied Biosystems, Thermo Fisher
Scientific Inc., Waltham, MA, TISA) was used for sequencing
reaction and sepamtion was performed on ABT 3130 genetic
analyzer (Applied Biosystems). Mutations were detected by
both forward and reverse primer. Suspicious fragments were

verified by another independent PCR. amplification and se-
quence analysis.

NCBIReference sequence of the HNFIB gene (alternatively
TCF2) is NM_000458.3. Promoter region 95-693 bp upstream
ATG (start codon) was defined as putative promoter region
according RefSeq (Based on UCSC/NCBI Assembly, NCBI
Build 35, UCSC Version 17). Nomenclature of variants
follow recommendations by the Human Genome Variation
Society (HGVS). Mutations which were not found until
Cctober 2015 in the literature, the Single Nucleotide Poly-
morphism Database (httpe! www .ncbi.nim.nih.gov/SNF), the
1000 Genomes Database (hitp:fwww. 1 000genomes.org), in
Exome Sequencing Project (ESP; http:/fvarianttools.
sourceforge net’AnnotationEVS), or in the Catalogue of
Somatic Mutations in Cancer (httprfwww.sangerac.uk/
cosmic) were considered as novel [22]. To evaluate the
predicted effects of missense variants on protein biological
fimction and stability, in silico prediction tools were used:
PolyPhen-2 (http:/genetics.bwh harvard.edw/'pph2), Mutation

Table 1  Promer paims used for PCR amplification and sequence analysis of the HNF B gene
Exom Mame Primers 5- = 1" bp Amplicon [bp]
Primers for methy lation analysis in promofer region
HNF1B_mp2F TTAGGTTGTAAGGTATTGGTTTAATAAGTTTAAAGG £ 1640
HNF1B_mp2R AAACAAACCTAAAAAACAAAAAACCTAAACC n
Frimem for mutation analysis of coding region (* long exons were divided in two overlapping amp licons)
¥] HNF1B_f TGCTTGTGAAACTCCCCTOCAC n 277
HNF1B_{2r TGOTGAGAGTATGGA AGACCGGT ]
1 HNF1B_03f TIGCTGCCATCCCCGAACTTC 21 274
HNFIB_{sr TCCOCTCCACCTCGETCTG 19
2 HNFIB_05f CCCCAGATGTCTCOCACTAGTACT 24 287
HNF1B_0ér CACTTCAGGTTGAGGCAGAGGT n
*3 HNF1B_07f GGTGTCTTOGTCCGTTGTCTGTC 23 258
HNF1B_06r ATTTGAACCGGTTGOGGOG 19
3 HNF1B_{%f GTCAACAGAGUCATGGGOCTG 21 M
HNFIB_10r TCCTGGGTCTGTGTACTTGCCC n
4 HNFIB_11f CTGCTGTGATTGTGTGTTTTTGGOC 25 245
HNF1B_13r AGTCTGHT TGGAGCTATAGGOGTC 4
+ HNF1B_13f TGCAAACCGCAGGA AGGAGG » 270
HNF1B_14r GAGAGCGGOCCTAGGATCATCTC ]
5 HNF1B_15f CAGGACCCTGGTGGC ACTAATG n 246
HNFIB_16r AGUTCCAGAGUGACAATGGD 20
6 HNFIB_17f GGAAACTGCTCTTTGTGGTOC AAGTC 26 241
HNF1B_18r TCTTCTTCTCCCTGOCCCCAAG n
7 HNF1B_19 CTCCTTATCCCAGGAGCTGTCTGTG 25 290
HNF1B_Xir ACTGAGGUTOCTGAGTGOTCC 21
] HNF1B_21f GCCTGTGTATGCACCTTGATTCTG 24 226
HNFIB_Zir CACATCCATGGCCTTATC ACACCC 24
9 HNF1B_23f AATGACAC AGCTGAGCACCCTC n 172
HNF1B_24r CTCGCAGHTGCTGGTCAGG 19
&) Springer
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Taster (http:/www.mutationtaster org), and MUpro (hip:/
mupro.protecmics. ics.ucl.edu).

Results
Immunehistochemical Findings

All the results are summarized in Table 2. Figure 1 shows
representative examples of the HNF-1-beta expression in var
ious endometrial lesions.

The group of all CCCs in comparison with the tumaors of
different histogenesis showed significant difference in the
HINF-1-beta expression based on the intensity (p < 0.001) as
well as the extension of staining (p < 0.001) when comparing
CCCs with serous carcinomas and comparing CCC with
endometrioid carcinomas (EC).

Expression of HNF- 1 -beta was found in33/37 (#9 %) ofall
CCCs (18/19 [95 %] ovarian and 15/18 [83 %] endometrial).
Fourteen cases OCCCs were 3+ positive, four cases showed
2+ positivity, and only one case was negative. From the group
ofendometrial CCCs there were eleven cases 3+ positive, two
were 24 positive, two were positive only focally 1+, and three
were negative. The intensity of staining was in all HNF-1-beta
positive CCCs strong, with the exception of 1 case of endo-
metrial tumaor, which showed weak staining in about 7 % of
the tumor cells (1+).

ECs showed positivity of HNF-1-beta in 25/77 (32 %) of
well differentiated tumors, 24/73 (33 %) of moderately dif-
ferentiated tumors, and 230 (7 %) of poorly differentiated
tumaors. In total, 51/180 (28 %) ECs were HNF-1-beta pos-
itive. Nine ECs were 3+, 14 were 2+, and 28 were 1+
positive. The staining intensity was usually weak, only five
cases showed moderate intensity. No EC demonstrated
strong HNF-1-beta expression.

Table 2 Summary of immunohistochemical results

Fig. 1 HNF-1 betaexpression in endometrial lesions. Strong HNF-1 beta
expression in normal seeretory endometrium (1a, 400¢) and clear cell
carcinoma (1h, 200+). Staining of modemte intensity in grade 1
endometrioid carcinoma (lc, 400=), Weak muclear stining in grade 1
endometrioid carcinoma (1d, 400=). Note the nonspecific cytoplasmic
stining in some cases

Serous carcinomas were HNF-1-beta positive in 7/27 cases
{26%). 2 cases were 1+ positive, 5 cases showed 3+ positivity.
The intensity of staining was weak in three cases, moderate in
three cases and strong in one case.

All 16 hyperplastic polyps without atypias and 13/14
(93 %) hyperplastic polyps with atypias were HNF-1-beia
positive: 4 cases 2+, 12 cases 3+; and 3 cases 1+, 5 cases
2+, 5 cases 3+, respectively. The intensity of staining was
maostly weak or moderate,

Weak or moderate intensity of HNF-1-beta was found in
10/11 (91 %) hyperplasias without atypias (2 cases 1+, 3 cases
2+, 5 cases 3+) and in 14/16 (88 %) of hyperplasias with
atypias (B cases 1+, 2 cases 2+, 4 cases 3+).

Samples from normal endometrium showed positivity of
HMNF-1-beta in 1618 (89 %) of proliferative endometrium

HMNF1B QCeC CCCE sC EC HPA HF HA H MNormal endom.
Gl G2 G3 Ser. Pro. Amr

Total 19 18 27 77 73 30 14 16 16 11 15 18 5
Positive 18 15 7 25 24 2 13 16 14 10 15 16 +
3+ 14 11 5 3 4 2 5 12 4 5 13 11 +
2+ 4 2 0 7 7 0 5 4 2 3 1 4 0
1+ 0 2 2 15 13 0 3 0 & 2 1 0
Megative 1 3 20 52 49 28 1 0 2 1 0 2 1

OCCC Ovarian clear cell carcinomas, CCCE Endometrial clear cell carcmomas, SC Serous carcnomas of endometrium, £C Endometrioid carcinomas,
HPFA4 Hyperplastic polyps with atypias, HF Hypaplastic polyps without atypiss, A4 Hyperplasias with atypiss, A Hyperplasins without atypias, Normal
endom. Mormal endometrium, See, Seoetory, Pro. Proliferative, 4 Atrophic, Gf Well differentinted, (G2 Modemtely differentiated, 3 Poarly
differentiated cardnomas, Immunohisochemical resnlts were assessed semi-quantitatvely and graded on a four-tier scale based on the percentage of

positive cells; 0= <5 % 1+ = 520 %; 2+ = 350 %; 3+ = =60 %
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(1 case 1+, 4 cases 2+, 11 cases 3+), in all 15 cases of
secretory endometrium (1 case 1+, 1 case 24+, 13 cases 3+),
and in 45 (80 %) of arophic endometium (4 cases 3+). In-
tensity of staining in proliferative endometrium was weak in
10 cases and moderate in 8 cases. In secretory endometrium
the intensity of staining was mostly moderate or strong, except
oftwo cases which showed only weak intensity. In all cases of
atrophic endometrium the intensity of staining was weak.

Genetic and Epigenetic Changes of the ANFIB Gene
Epigenetic Analysis

Gold standard method employing bisulphite modification of
DNA followed by PCR amplification and direct sequencing of
target area was used for the analysis of DNA methylation. We
assessed DNA methylation in a part of the promoter region
that spans 3 CpG islands (Fig. 2). Methylation in promoter
region was detected m 4/30(13.3 %) ECs, butnot in 3 avail-
able comesponding normal tissues. Compared to EC, no case
of promoter methylation was found in 15 cases of OCCC
examined.

Mutation Analysis

Direct DNA sequence analysis of the HNFIB gene demon-
strates 4 different single micleotide variants in 4 ECs (one non-
sense variant in exon 2, c4%C > T, p.Ginl 532X; Fig. 3; one
silent variant in exon 3, ¢.585C = T, p.Aspl 95; two noncoding
varants in intron 2 and intron 3, flanking exon 3: ¢.545-25C>T
and ¢.809 + 27C > T), and one missense variant in exon 4
{c.B48C > T, p.Ala283Val) n OCCC. All 3 exon variants were
heterozygous transitions C > T, except mutation p.Gn152X
where the major varant was mutant allele T. All variants
have been reported for the first ime. Non-tumor tissue was
not available to confirm somatic status of the variant. Truncating
mutation p.Gin152X leads to a shorter dysfunctional protein

c.454C>T, p.GIn152X

WIr-CACCTCTCCCAGCATCTCA

Nl

Mut-CACCTCTCCTAGCATCTCA

Fig. 2 Bisulfite sequence electrophermgrams, Fragments show methy lation
status in three CpG sites from HNFIB promoter. Representative
electropherograms of (a) methylated, and (b) non-methylated are shown,
Sodium bisulfite deaminates cytosine into wracil but does not affect
S-methyleytosine, Uracils are detected as thymines after PCR and
sequencing reaction. Trigngles point cytosing in CpG islands
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and is generally considered as pathogenic, and p.Ala283Val
was evaluated by in silico model as deleterious (Table 3).

Discussion

HNF- 1-beta is a transcription factor which plays an essential
role during ontogenesis and seems to be involved in
cancerogenesis of various tumors, including endometrioid
carcinoma [1, 2, 23-25]. As indicated by recent genome-
wide association studies, common genetic variants of this
gene are associated with risk of type II diabetes and either
increased or decreased risk of several cancers including
endometricid endometrial carcinoma and serous ovarian car-
cimoma [7, 11, 26-29]. However, the exact mechanism by
which HNFIRB participates in the prmocess of cancerogenesis
is unknown and probably differs in various types of tumors.

In one study, knock-down of HNFIB in OCCC led to the
induction of apoptosis [5]. This comrelates with results of a
recent study which has shown that upregulation of HNFIB
by inflammatory cytokine NF-xB/p65 decreases OCCC sus-
ceptibility to apoptosis [6].

Regarding the fact that FNFIB can be either down-
regulated or up-regulated, HANFIB can probably serve as ei-
ther a tumor suppressor gene or an oncogene in different can-
cers. It has been shown that down-regulation of ANFIE in
clear-cell renal cell carcinoma and prostate carcinoma is asso-
ciated with tumor progression and poor prognosis [24, 30]. A
different situation is present in OCCC. The promotor of
HNFIB i QCCC is typically ummethylated and gene expres-
sion is increased compared with other ovarian cancertypes [5,
11]. This corresponds to our data. We have not identified any
methylated case in the control group of 15 OCCCs. On the
contrary, methylation of ANFIB gene promoter was detected
in 4/30 EC samples (in 1/12 FFPE and 3/18 fresh frozen tu-
mors). The correspond ng non-tumor tissue available in 1518
fresh frozen patients was unmethylated. Methylation of the
HNFIEB gene promoter was found in some cancer cell lines
derived from pancreatic, colorectal, gastric, and ovarian tu-
maors [12]. DNA methylation is typically associated with the
silencing of the gene expression. In our study, it was not pos-
sible to comrelate HNFIB genetic and epigenetic variations
with expression patten of HNF-1-beta because of a small
sample set. Nevertheless, we observed in all 4 cases weak or
negative HNF-1-beta staining with methylated promoter,
while stronger expression was detected in the group with
unmethylated promoter.

Surprisingly, despite the growing knowledge about the im-
portance of single nuclectide polymorphisms (SNPs) of
HNFIR in several cancer types, little is known about muta-
tions of this gene in various tumaors, except for some germline
mutations associated with kidney cancer [31]. In our study,
screening of genetic variants in the whole coding region

&) Springes
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Fig.3 Movel frame-shift muta- & TTTAGTITTITR
tion of HNFI B, Companson be-
tween wild type (WT) and rmutat-
ed (Mut) sequence. Changed mu-
cleotide is indicated by a triangle
b TTTASTITTTIF

||_I

revealed 4 sequence variants in 30 ECs and one missense
variant among 12 OCCCs. Nonsense mutation (p.Ginl 52X)
identified in one EC leads to premature translation termination
resulting to the aberrant protein formation. This tuncated
protein has retained epitope detected by owr antibody
which can explain detection of HNF-1-beta expression.
Mutation detected in one OCCC case was missense variant
leading to exchange of amino acid Alanine to Valine at the
position 283 (p.Ala283Val). This variant affects DNA binding
domain (amino acids 231-311) which suggests that this vari-
ant affects crucial function of the protein. High probability of
damaging effect of this mutation was suggested also by in
silico predictive model.

Regarding protein expression, HNF-1-beta was identified
in 2003 as the first positive relatively specific immunohisto-
chemical marker of CCC [3]. Since that, expression of HNF-
1beta in non-neoplastic tissue and neoplasms of the female
genital tract was analyzed in few studies [13-18). These stud-
ies have analyzed HNF-1-beta expression in endometriosis,
normal endometrium, lesions and mmors of cervix and ovary.
Most of the early studies found that expression of HNF-1-beta
is mostly restricted to CCC [5, 14-16]. However, more recent
studies have described HNF-1-beta expression not only in
CCC but also in other tumor types including serous,
endometrioid, and mucinous carcinomas and most types of
borderdine tumors [17, 19-21]. We and others have recently
described expression of HNF-1-beta in cervical adenocarci-
nomas and we have also described its expression in atypical
polypoid adenomyomas of the uterus [32, 33]. Other recent
studies have found expression of HNF-1-beta in some cases of
endometriosis and in normal endometrium, especially in the
secretory phase or gestational state [13, 14]. The results of our
study are in concordance with other recent studies, which have

,';MM l'_ M IV k‘f\m'e'mt'v f'u’k" il '\v

uCG GRGTATAARTGGATTTTEGTARAGT CFI IICF"'“'E"'T""

mﬁaﬂﬂmﬁdﬂm&hﬂoﬂ fu]

G!G GRGTATAATGEATTTTEETANR L"""TGT"‘TTTG",“" ECTTTTTTC

shown that HNF-1-beta is not a specific marker of CCC
and can be commonly found m other non-stumor and
tumor lesions. However, among tumors, strong expression
of HNF-1-beta was in our study found only in CCC, with
exception of one case of endometrial serous carcinoma. More-
over, we observed different HNF-1-beta expression in ECs
depending on differentiation of tumor. ECs with poor differ-
entiation seldom express HNF-1-beta compared with ECs
with well or moderate differentiation.

Despite the fact that HNF-1-beta is a relatively sensitive
marker of CCC, specificity is lower than previously thought.
For example, in a recent study of ovarian and uterine ECs,
ECs with clear cell change and CCC, the authors found
sensitivity of HNF-1-beta similar as for Napsin A, but the
specificity was lower (559 % vs. 93 %) [34]. Another
recent study analyzed expression of HNF-1-beta, Napsin
A, and AMACR in 279 ovarian carcinomas [35]. HNF-
l-beta and Napsin A were expressed in 92 % and 82 %
of OCCC, 7 % and 1 % of serous carcinoma, 37 % and
5.3 % of EC, 60 % and 0 % of mucinous tumors, and
100 % and 0 % of yolk sac tumors, respectively. HNF-1-
beta expression in 45 endometrial carcinomas has also
been assessed in another study analyzing 15 cases each
from CCC, serous carcmoma and EC, respectively [25].
In their study, strong expression of HNF-1-beta was found
in 100 % of CCC. Three out of 15 cases of EC (grade 3)
showed expression in >25 % of umor cells (30 % tumor cells,
weak to moderate intensity). Five serous carcinomas were
completely HNF-1-beta negative, 4 showed focal positivity
in <25 % of tumor cells, and 6 cases showed strong positivity.

In conclusion, we performed comprehensive analysis of
HNF-1-beta in normal endometiium and in various endome-
trial lesions, including its immunohistochemical expression

Table 3 i sdico prediction of pathogenicity. Prediction analysis of identified novel variants in the ANFI B gene

Exon Mutmtion Predicted effect Mutation Tasier PolyPhen-2 MUpro
designation® an protein

2 cAS4C =T pOQISZX Disease causing N4 MA

4 cBEC>T p.AZEIV Disease cousing Probably damaging Decrease stability

* GenBank Reference Sequence: MM_000458.3: +1 corresponds to the A of the ATG translation mitiation codon. MA — in silico prediction tool & not

applicable for nonsense mutations
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and analysis of epigenetic and genetic changes. Immunohis-
tochemical analysis of HNF-1-betaexpression can be of use in
the differential diagnosis of female genital tract umors. We
should be aware of some limitations, especially its low spec-
ificity for CCC. However, if we consider the character of
staining, strong expression of HNF-1-beta was found in our
study, with one exception, only in a group of CCCs. Further,
molecular analysis revealed relatively common (13.3 %)
methylation of the HANFI/B promotor in EC compared to the
unmethylated ANFIB promotor in OCCC. We have also
found nonsense heterozygous mutations of HNFIE in 1 case
of BC. Four other single nucleotide variants were identi-
fied, 3 of them in ECs (one silent variant in exon 3, and
two noncoding variants in intron 2 and intron 3) and one
in OCCC (missense variant in exon 4). However, reganding
genetic and epigenetic changes, we are well aware of the limi-
tations of our study because of small cohort of cases. The pre-
cise role of HNFIB in carcinogenesis as well as the importance
of molecul ar targeting of the HNF-1-beta protein for therapeutic
purposes remain unknown and require additional studies.
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4.7. Clear cell sarcoma of vulva. A case report.
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SUMMARY

We report the case of a 67-year-old female with clear call sarcoma (0C5) of the vulva.

(Grossly, the turnor was a partly exophytical vohar mass, measuring 20« 15 cm. At the time of presentation, the patient showed metastases to the lung, inguinal
and pelvic lymph nodes. Histologically, the tumor consisted of oval or spindle cells with only mild nuclear pleomorphism and rare mitoses (up to 2/10 HPF).
The cytoplasm was pale eosinophilic or dear. The tumaor cells were arranged in confluent sheets. There were large areas of necrosis and surface ulceration. Im-
munohistochemically, the tumor cells showed expression of 5100 protein and focal melan A and HMB45 expression. Fluorescent in situ hybridization analysis
revealed rearrangement of the EWSR1 gene. To the best of our knowledige, this is the first report of CC5 arising in the vulva.

Keywords: clear cell sarcoma - EWSR1 gene - melanoma of soft parts - vulva

Svétlobunéény sarkom vulvy. Kazuistika

SOUHRN

Prezentujeme phpad 67 laté feny s= svatlobunéZnym sarkomem wulvy. Nador byl z£3sti exofyticky a dosahl welikosti 20% 15 om.V dob klinicke prezentace byly
prokazany metastazy v plicich a v ingvinalnich a panevnich lymifatickych uzlindch. Mikroskopicky byl nador tvoreny ovélmimi nebo vietenit ymi bufikami s pou-
ze mimym jadernym pleomorfismem. Mitdzy byly zastizeny pouze Fidce (nejwyse 2110 HPF). Nadorowe bufiky mély svetle eosinofilnl & wodojasnou cytoplasmu
a byly uspofadany ve sphinajicl plochy. Nador byl povrchowe ulcerovany, s rozsahlymi lodisky nekrdz. Imunohistochemicky byl v nadorowych bunkach pozitivnl
prikaz 5-100 proteinu a fokalng prikaz Melamu A a HME45. Flucrescenéni in situ hybridizac jsme prokédzali pfestavbu genu EWSR1. Prezentujeme prenl phipad
primamiho svetliobunétného sarkomu wvulvy

Klitova slova: svétlobunétny sarkom - gen EWSRI - melanom mekkych Edsti - vulva
Cesk Patol 2016; 52(4): 215 -217

Clear cell sarcoma (CC5), also known as a melanoma of soft MATERIALS AND METHODS
parts, is @ malignant neoplasm first described by Enzinger in

1965 (1). This tumor is rare and accounts for 1 % of all soft fissue Immunaohistochemical analysis. Sections from formalin-fixed,
tumors. CC5 typically involves deep soft tissues of the extremi- paraffin-embedded tissue blocks were stained with hematoxy-
ties, in close proximity to tendons and aponeurotic structures, lin-eosin. Selected sections were analysed immunohistoche-
especially in young adults (2). Howewver, it can arise in other loca- mically using the avidin-biotin complex method with antibody

tions including the head and neck or trunk region and retrope- directed against following antigens: 5-100 protein (1:600, Dako,
ritoneum. We report the case of a 67-year-old famale with dlear Glostrup, Denmark), Melan A (clone AT032, 1:25, Movocastra,
cell sarcoma of the vulva. To the best of our knowledge, our case Mawcastla, UK), HMB45 (1:50, Dako) and Ki-67 (clone MIB-1, 1:50,
reprasents the first report of CCS arising in the vulva. Dako), cytokeratin AE1/AE3 (1:50, Dako, Glostrup, Denmiark),
cytokeratin high molecular weight (clone 34betaEl2, 1: 200,
Dako), estrogen receptors (ER, clone 6F11, 1:50, Novocastra),

CASE REPORT progesterone receptors (PR, clone 16, dilution 1:200, Novocas-
tra), desmin (clone D33, 1:200, Dako), actin (clone HHF 35, 1:400

Clinical history Dako), CD34 (clone QBEMD 10, 1:50, Daka), CD99 (MIC2, clone
A 67-year-old female presented with a one-year history of 12E7, 1:50, Dako), synaptophysin (clone 5¥28, 1:25, Dako), chro-
a slowly growing vulvar mass, finally measuring 20 x 15 cm at mogranin A {1:50, Dako) and p53 {clone DO-1, 1: 50, Bio, Genex).
its largest siza (Fig. 1). At the time of presentation, the patient Fluorescence in situ hybridization. The rearrangement of the
showed metastases to the lung, inguinal and pelvic lymph no- EWSR1 gene (22q12) was analyzed using the Flucrescent in situ
des. A biopsy of the vulvar tumor was performed. hybridization method with probe (Dual Color, Break Apart Rea-

rrangement Probe from Abbott Vysis, Downers Grove, IL USA).
The assay procedure was conducted according to the manu-
facturer's instructions.

Isoiation of nucleic acid. Sections of formalin-fixed, paraffin-

.. Correspondence address: -embeddad tissue wera used for DNA isolation using standard
Kristyna Némejcovd, M.D., Ph.D. procedures. Approximately seven 10-mm-thick sections from
First Faculty of Medicine and General University Hospital, each sample were deparaffinized in xylene. The DNA was then
Charles University in Prague. Studnickova 2, Prague 2. 12800, extractad using the QlAamp DNA mini kit (Qiagen, Hamburg,
Czech Republic Garmany).

phone: +420224968632 Analysis of the BRAF Gene. BRAF 6004601 mutations were de-
e-mail: Kristyna. nemeajcovaavinee tected by polymerase chain reaction (PCR) or reverse-hybridi-
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Fig. 1. Clear cell sarcoma of vulva growing as partly exophytical
tumorous mass.

zation (StripAssay, Viennalab, Austria) according to the manu-
facturer’s instructions.

RESULTS

Five incisional biopsies from the vulva of a 67-year-old
female measured 2 mm to 7 x 5 x 2 mm. Histologically, the
tumor consisted of oval cells arranged in confluent sheets
mostly with only mild nuclear pleomorphism and rare mito-

Fig. 2. CCS shows a proliferation of oval cells with pale eosino-
philic or clear cytoplasm. (H&E, original magnification 400x).

Fig. 3. Immunohistochemical expression of a) 5100 protein
{original magnification 200x), b) HMB45 (original magnification
400x) in tumor cells.

216
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sas (up to 2/10 HPF) (Fig. 2). The cytoplasm was pale eosino-
philic or clear. There were large areas of necrosis and surface
ulceration. Immunohistochemically, the tumor cells showed
expression of S-100 protein and focal expression of melan A
and HMB45. Ki-67 showed positivity in approximately 10 % of
tumor cells (Fig. 3). Other markers examined were negative,
including cytokeratin AE1/AE3, cytokeratin high molecular
weight, estrogen receptors, progesterone receptors, desmin,
actin, CD34, CD99, synaptophysin, chromogranin A and p53.
Fluorescent in situ hybridization analysis revealed rearrange-
ment of the EWSR1 gene (22q12). BRAF 600/601 mutations
were not detected by polymerase chain reaction (PCR) or re-
verse-hybridization.

DISCUSSION

CCSisarare tumor that usually presents as a slowly growing
mass. Recurrences occur in 14 - 39 % of patients, whereas
metastases develop in approximately 50 % of patients. The
prognosis of metastasizing CCS is poor with a mean survival
of 18.4 months (3). In non-metastasizing cases, unfavorable
prognostic factors include tumor size > 5 cm, histological
detection of necrosis, and local recurrence (4). Besides soft
tissues, CCS can also arise in the gastrointestinal tract. Howe-
ver, it has been a matter of dispute whether CCS of the gast-
rointestinal tract represents an entity distinct from soft tissue
lesions. Recently, a series of 16 cases was published under
the term malignant gastreintestinal neuroectodermal tumor
(5). CCS shows some phenotypic and immunohistochemical
features overlapping with malignant melanoma (MM), which
is the most important differential diagnostic consideration
(6). However, in contrast to MM, CCS usually arises in deep
soft tissues without involvement of the skin. Moreover, ne-
ither nuclear pleomorphism nor high mitotic activity are ty-
pical features of CCS. However, pleomorphic cases can occur.
Immunchistochemically, CCS and MM show the expression
of S-100 protein, HMB-45, Melan A and microphthalmia tran-
scription factor (MiTF). In contrast to MM, CCS is characteri-
zed by a rearrangement of the Ewing’s sarcoma (EWS) gene.
The most commeon rearrangement is a balanced translocati-
on (12;22)(q13;q12).This results in the fusion of the EWS gene
at 22g12 to the activating transcription factor 1 (ATF1) gene
localized at 12q13 (7,8). A translocation (2;22)(q34;q12) resul-
ting in fusion of EWSR1/CREB1 occurs less frequently (9). The-
se changes have not been identified in MM. Moreover, BRAF
and NRAS mutations that are commonly found in MM have
not been described in CCS (10).

In conclusion, we have described the first reported case of
CCS arising in the vulva. The clinician should be aware of the
possibility of this unusual primary location of CCS to avoid
confusion with other tumors, especially malignant melano-
ma. In doubtful cases, molecular analysis of the EWSR1 gene
will distinguish between these tumors.
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aneb nemélo by vam uniknout, ze ...

¥ PATOLOGIE GIT

... byl popsan dalsi typ smiteného neuroendokrin-
niho nidoru GIT: primdrni NEC a dlaidicobun&&ny
karcinom

Mebyva zvykem monitorovat kazuistické sdaleni, ale v dub-
novém £isle Histopathology skupina autord z Bristolu ve Velké
Britanii pfinesla popis zajimavého nadomu céka u 67letého pa-
cienta. Jednalo se o kombinaci malobunécného neuroendo-
krinniho karcdnomu (NEC G3) a dlaZdicobunadénsgho nerohowvé-
jicihg karcinomu. Pfes cilend patrani nenalezli autofi v nadoru
jakakeol loZiska struktur adenckarcinomu (wCetn& popsangho
negativniho vysledku histochemického prikazu hlenu v nado-
ru). V pfedloZeném sdéleni popisuji autofi detailng imunoprofil
obou komponeant nddoru: pozitivita CK 5/6 a fokalni p63 u dlaz-
dicové komponenty, pfi negativnim barveni neuroendokrinnich
znakd a Cam5.2 a Ki-67 indexu pod 5 %; inverzni” imunopro-
fil u MEC [pozitivita CD56, synaptofyzinu a Camb5.2, negativita
K 5/6, fokadlnl pozitivita pe3, Ki-57 index vice neZ 40 %). Obé
komponenty nadoru byly negativni v prikazu chromograninu
A, CEA a TTF-1; NEC déle vykazoval silnou jademou pozitivitu
CD¥-2. Pfi geneticke analyze vykazoval nddor bodovou muta-
Ci KRAS genu v exonu 2: ¢.35G>A pJiGly12Asp); analyza kodond
600 a 601 genu BRAF nevykazovala pfitomnost mutaci.
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Klinicky se jednalo o cbjemny (nejvatii rozmér 60 mmy), stie-
vo obturujici nddor, s metastazami v 17 z 22 vyletfenych lymfa-
tickych uzlin; £ast metastaz vykazovala morfologil Cistého NEC,
£ast pak smizenou morfologil. Pacient zemifel pfi progresi nado-
i 9 mésicd od operace.

PredloZeny nador je raritni a ukazuje, Ze neuroendokrinni na-
dory nemusi byt smideny pouze s adenomy/adenokarcinomy
(MAMEC), ale vzacné i s jinymi histologickymi vidy v nadorové
populaci. Ma zikladé zjisténé mutace genu KRAS uvaZuji autofi
o moZnosti vzniku takového nadoru z pluripotentni kmanowvé
bufky, analogicky s béEnymi adenokarcinomy v této oblasti. Ur-
ditou slabinu prace spatfuji v malo pfesném odhadu proporci
obou nadorovych komponent, kdy autof uvadaji, Ze pfevaZujici
komponentou naddoru byl NEC a zichyt dlaidicového karcino-
mu byl v nddoru occasional”. Analogicky v MANEC ma kazda
Z komponent pfadstavovat alespof 20 % bunéfné populace
nadoru.

Zdroj:
Hassan U et al. Primary combined neurcendocring carcinoma (small-cell

type) and sgamouws cell carcinoma of the colon. Histopathology 2016; 68:
T55-T66.

-T. lirdsek -
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Abstract

We are reporting a case of endometrial lymphoepithelioma-like carcinoma (LELC) in a 63-year-
old female. Microscopically, the tumor consisted of groups of tumor cells surrounded by dense
lymphoplasmacytic infiltrate. Immunohistochemically, the tumour cells were positive for
cytokeratins AE1/AE3, EMA, PAXS8, p16, and estrogen receptors. Protein p53 showed an
aberrant type of expression. Molecular genetic analysis revealed mutations in the TP53 and
PIK3CA genes. Based on our results, we believe that this type of tumor represents an unusual
morphological variant of endometrial serous carcinoma.To the best of our knowledge, only six
cases of LELC arising in the endometrium have been reported in literature to date.

Key Words: Endometrial serous carcinoma - Lymphoepithelial carcinoma - Lymphoepithelioma-
like carcinoma - Endometrium

Introduction

Lymphoepithelial carcinoma (lymphoepithelioma) is an undifferentiated

type of carcinoma with distinctive morphological features and common association with Epstein-
Barr virus (EBV), first described in the nasopharynx [61]. This tumour is characterized by the
proliferation of undifferentiated neoplastic epithelial cells, with a prominent reactive
inflammatory cell infiltrate. Carcinomas with morphologically similar features occurring outside
of the nasopharynx are termed “lymphoepithelioma-like carcinoma” (LELC). These tumors have
been reported in a number of various organs. The association with EBV infection in LELC is
different in various locations and also in different geographic regions. EBV positivity has been
described in tumours of lung, stomach, thymus, and salivary gland [63, 71-73], but it hasn’t been
demonstrated in cases of LELC occurring in the urinary bladder, renal pelvis, breast, and in
female genital tract [74-78]. It has been suggested that EBV positivity is related to a direct organ
exposure to the external environment, and EBV negativity is more common in internal organs
[62]. However, in LELC of uterine cervix the association with EBV has been observed only in a
few Asian patients, but not in western countries [64, 66]. In the female genital tract LELC mostly
occurs in the cervix, where it is regarded as a variant of squamous cell carcinoma, but cases
involving the vulva, vagina, endometrium, and ovary have also been reported [64-70, 77-79]. To
the best of our knowledge, only 6 cases of LELC arising in the endometrium have been reported
to date, however, none of these were accompanied by a molecular genetic analysis, with the
exception of molecular testing for microsatellite instability (MSI) in one of the cases [65, 67-70].
We report the seventh case of endometrial LELC with comprehensive immunohistochemical and
molecular genetic analysis [65, 67, 68, 70].

Clinical History

A 63-year-old woman presented with postmenopausal bleeding. Her gynecologic history
includes menarche at the age of 14, with irregular menstrual cycles, and menopause at the age of
51. She had had two vaginal spontaneous deliveries. Physical examination was unremarkable,
and laboratory data were within normal limits. A transvaginal ultrasound showed irregular
endometrial thickening, and the patient underwent endometrial curettage. Biopsy examination
showed high grade carcinoma with LELC features. Based on this diagnosis, the patient
underwent radical hysterectomy with bilateral adnexectomy and pelvic and para-aortic
lymphadenectomy. Biopsy examination of the resection specimen showed only residual tumour
structures limited to the endometrium. The patient was staged as FIGO IA and received adjuvant
vaginal brachytherapy. Six months after the surgery she is free of any signs of disease.
MATERIALS AND METHODS

Immunohistochemistry
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Sections from formalin-fixed paraffin-embedded tissue blocks were stained with hematoxylin-
eosin. Selected sections were analyzed immunohistochemically, using the avidin-biotin complex
method with antibodies directed against the antigens listed in Table I.

In situ hybridization (ISH)

ISH staining for EBV encoded RNA (EBER) transcript was performed on deparaffinized tissue
sections. The Epstein—Barr Virus (EBER) PNA Probe/Flourescein kit was used (Dako, code
Y5200) and visualized with the Dako PNA ISH Detection Kit (Dako, code K5201). For negative
controls, the EBER probe was omitted.

Molecular analysis

DNA was isolated from formaline-fixed paraffin-embedded (FFPE) tissue by cobas® DNA
Sample Preparation kit (Roche; Germany). Macrodissection was performed in order to enrich the
tumor content. Sequence capture next-generation sequencing (NGS) was performed with 300 ng
of gDNA (40% of neoplastic cells). A library was constructed using KAPA HyperPlus kit, and
the target area (219 kbp, 73 genes) was enriched using custom-designed hybridization probes
(Nimblegen, Roche) and pair-end sequenced using Miseq instrument (lllumina).

Reads were aligned to the human genome (GRCh37/hg19), with an average coverage of 550.7
(median 660.3; range 2-1174). Nonsynonymous variants in exons and adjacent intronic regions
with minimal coverage 100x and frequency of >5% were evaluated, and manually controlled
using Integrative Genomic Viewer (Broad Institute). Copy number variations were not evaluated
due to the low quality of FFPE sample. The list of investigated genes and characteristics of
detected variants is provided in Table I1.

For the evaluation of functional or clinical importance of detected missense variants a widely
used in silico prediction tools were utilized (part of NextGENe software: doNSFP v 2.9 — set of
algorithms for predicting the impact of the variant on protein function, according to the sequence
conservation and population frequency; ClinVar; dbscSNV for evaluating the impact of splice
variants). Further, IARC TP53 database (http://p53.iarc.fr) and Catalogue of somatic mutations
in Cancer (COSMIC; http://cancer.sanger.ac.uk/cosmic/, accessed on October 20, 2017) were
employed [80].

MSI was analyzed using fragment analysis on ABI 3500, examining five quasimonomorphic
mononucleotide microsatellite markers (MSI) BAT-26, BAT-25, NR-21, NR-22, NR-24.

Ethics Statement

In compliance with the Helsinki Declaration, the project has been approved by Ethics Committee
of General University Hospital in Prague.

Results

Material from endometrial curettage consisted of small fragments of poorly differentiated high-
grade carcinoma. The tumour was composed of irregular sheets, poorly defined nests or
individual tumour cells, surrounded by dense lymphoplasmacytic infiltrate (Fig. 1). The tumour
cells had indistinct margins, with round to oval vesicular nuclei with prominent nucleoli, and
eosinophilic to amphophilic cytoplasm (Fig. 2). The mitotic index was up to

7 mitoses per 10 high-power fields.

Immunohistochemically, the tumour cells were strongly and diffusely positive for cytokeratins
AE1/AE3, EMA, PAXS, p16, and some of them were positive for vimentin and S100 protein
(Fig. 3). Protein p53 showed aberrant type of expression (positivity in more than 75% of tumor
cells), which is in concordance with the detected pathogenic mutation in the TP53 gene (Fig. 4,
Table Il). Estrogen receptors were positive in 75 % of tumour cells. The proliferative (Ki-67)
index was about 80%. Nuclear staining of the mismatch repair (MMR) proteins (MLH-1, MSH-
2, MSH-6, and PMS-2) was positive, and the results of fragment analysis confirmed
microsatellite stable tumor. Progesterone receptors, chromogranin A, synaptophysin, HNF1§,
and napsin A were negative. EBER in situ hybridization was negative. The lymphoid stromal
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infiltrate consisted of a mixture of CD20 positive B-lymphocytes and CD3 positive T-
lymphocytes.

Mutation analysis was performed in 59/73 genes with sufficient coverage (14 genes in this panel
were poorly covered due to the insufficient quality of DNA). Non-synonymous variants were
detected in the TP53 (¢.584T>C (p.l1le195Thr) located in the DNA binding domain, PIK3CA
genes (c.323G>A (p.Arg108His) in exon 2, and ¢.1048G>A (p.Asp350Asn) in exon 5) (Table
I1). All of these variants were previously described in COSMIC database
(http://cancer.sanger.ac.uk/cosmic/) and were considered pathogenic. No pathogenic mutations
were found in genes such as PTEN, ARID1A, KRAS, POLE, HNF1B or BRCA2, which are
frequently mutated in endometrial carcinomas.

Additionally, heterozygous polymorphism was detected in BRCA2, NM_00059.3: c.1114A>C
(p.Asn372His, rs144848;38.2% MAF), although this finding is considered to be tolerated or
neutral by in silico predictive tools.

In a subsequent hysterectomy the uterus measured 46x27x40 mm, with endometrial thickness of
3 mm. There were some regressive changes with only residual tumour structures in the fundus,
limited to the endometrium. The cervix and both adnexa were unremarkable without any signs of
tumour involvement. All 35 sampled and examined lymph nodes were without metastases.
Discussion

Endometrial carcinomas can be classified into four main histological types encompassing
endometrioid, serous, mucinous and clear cell carcinoma. These tumors can usually be
distinguished based on their morphology, however in doubtful cases ancillary methods are
needed. In most cases, immunohistochemistry can be helpful but some equivocal cases with
overlapping morphological and immunohistochemical features still continue to be a diagnostic
challenge. In these cases, molecular genetic analysis can be used, which allow us to classify most
tumors into the correct category. Especially problematic can be the distinction between
endometrioid carcinoma (EC) and endometrial serous carcinoma. Immunohistochemically,
analysis of p53, p16, MMR proteins and PTEN expression can be very helpful in this case. EC is
characterized by the loss of PTEN expression, non-diffuse p16 staining, wild type p53 in most
cases and MSI. On the contrary, endometrial serous carcinomas are in most cases p16 diffusely
positive, show abnormal expression of p53, retained expression of PTEN and are MSS.
Regarding their genotype, endometrioid carcinomas are characterized by: i) concurrent PTEN
and ARID1A mutation; or ii) PTEN or ARID1A mutations in the absence of concurrent TP53 (and
PPP2R1A) mutations. Serous genotype is characterized by TP53 mutation in the absence of
PTEN or ARID1A mutations. PIK3CA mutation can occur in a subset of both endometrial and
serous carcinomas and is not helpful in discriminating between these tumors [81].

Recent approaches classify endometrial carcinomas based on their molecular characteristics into
4 groups: POLE ultramutated (POLE), microsatellite instability-high, copy number-low (CN-L),
and copy number-high (CN-H) [82, 83].The TCGA described the differences between high-
grade endometrioid carcinoma and serous carcinoma based on frequent mutations in PTEN,
ARID1A, mismatch repair genes, and KRAS. While these are common in endometrioid
carcinoma, serous carcinoma however carries frequent mutations in TP53 and PPP2R1A, and
mutations in PTEN, ARID1A, mismatch repair genes, and KRAS are not frequent in this
carcinoma. Generally, all serous carcinomas belong to the category CN-H, which is
characterized by TP53 mutation. However, high grade endometrioid carcinomas show
substantial genetic heterogeneity and a certain proportion of them fall under in the same category
as serous carcinoma (CN-H tumours). Nevertheless, these cases can be distinguished by analysis
of the above mentioned genes, ARID1A and PTEN. Further studies are needed to show whether
CN-H grade 3 endometrioid carcinomas are clinically different from endometrial serous
carcinoma.
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In our case, despite its unusual morphology, the tumor showed the typical immunophenotype
(diffuse p16 staining, aberrant expression of p53) and genotype (mutation of TP53, absence of
mutations of ARID1A or PTEN) of endometrial serous carcinoma. Expression of PAX8 and
estrogen receptors can be seen in both tumor types and as such is not particularly helpful in the
differential diagnosis, but it is suggestive of Miillerian origin of the tumor. Based on these
features, we believe that our case represents an unusual morphological variant of endometrial
serous carcinoma with LELC features due to the heavy inflammatory infiltration of tumor
stroma.

Endometrial LELCs are rare tumours, only 7 cases including ours have been reported to date. All
of the reviewed cases were EBV negative with only one exception, and even then only a few
cells showed positivity for EBV LMPL1 [69]. MSI testing was performed only in one previous
case (evaluated by PCR using capillary electrophoresis), and identically to our case the tumor
was microsatellite stable [68]. So far, MSI was found only in a subset of gastric LELCs [84].
Regarding immunohistochemical results, all the reported endometrial LELCs showed positivity
for epithelial markers in tumour cells, and CD3 and CD20 positivity in stromal cells, but other
results are equivocal [65, 67-70]. Positivity for estrogen and progesterone receptors was found in
1of 3 cases [65, 67, 68]. The aberrant type of p53 expression was found in 2 of the 3 investigated
cases, in accordance with our results [67, 68]. One case of the 3 reported was negative [65], but
the authors did not specify whether the 'negativity' meant a complete loss of p53 expression, as
this finding may also in some cases be regarded as aberrant expression. The expression of p16
was investigated only in one previous case, with a positive result, which is also in accordance
with our reported case [68]. The aberrant expression of p53 and overexpression of p16 are likely
signs of manifestation of cell-cycle dysregulation, which is quite a common finding in high grade
carcinomas [68].

Differential diagnosis may include lymphoproliferative lesions/tumours, which can however be
easily excluded by immunohistochemical recognition of their epithelial component. Moreover,
large cell neuroendocrine carcinoma with LELC features was rarely described, but this entity
could be ruled out based on the absence of neuroendocrine differentiation markers [85]. The
most significant differential diagnostic consideration is an undifferentiated carcinoma (UC). This
differential diagnosis may have certain clinical implications, as some authors suggested that the
prognosis of LELC is unclear or possibly favourable, whereas the prognosis of UC tends to be
poor [68]. Regarding this particular differential diagnosis, the evaluation of
immunohistochemical expression of epithelial markers can be helpful. LELC typically show
almost diffuse positivity, in contrast to the focal or patchy expression found in UC [86].

In conclusion, endometrial LELCs are rare carcinomas that are not associated with EBV. The
histogenesis of endometrial LELC is unknown, however, the immunohistochemical and
molecular genetic profile in our case suggests that this tumor could represent an unusual
morphological variant of endometrial serous carcinoma. Nevertheless, a comprehensive analysis
of more cases is needed to fully understand the histogenesis, biologic behaviour, and prognosis
of these tumors. This could, however, be problematic due to their rarity.
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Figure legends

Fig. 1. Proliferation of epithelial tumour cells surrounded by an intense lymphoplasmacytic
infiltrate (haematoxylin and eosin, magnification 100x).

Fig. 2. Poorly defined aggregates of syncytial tumor cells, round nuclei with

prominent nucleoli (haematoxylin and eosin, magnification 400x).

Fig. 3. Diffuse positivity for CK AE1/AE3 in epithelial component (magnification 200%).
Fig. 4. Aberant type expression of p53 in epithelial
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Table 1. Antibodies used for the immunohistochemical analysis

Antibody Clone Source Dilution | Result
CK AE1/AE3 AE1/AE3 Dako, Glostrup, Denmark 1:50 Diffusely positive
EMA E29 Dako, Glostrup, Denmark 1:100 Diffusely positive
ER SP1 Zytomed Systems, Berlin, Germany | 1:50 Positive in 75 %
PR 16 Novocastra, Newcastle, UK 1:200 Negative
HNF1p Polyclonal Sigma-Aldrich, Prestige antibodies, | 1:600 Negative
St. Louis, United States
Ki-67 MIB-1 Dako, Glostrup, Denmark 1:50 Positive in 80 %
napsin A P64 Novocastra, Newcastle, UK 1:200 Negative
p53 BP 53-12 Zytomed Systems, Berlin, Germany | 1: 200 Diffusely positive
synaptophysin DAK- Dako, Glostrup, Denmark 1:50 Negative
SYNAP
chromogranin A | LK2H10 Zytomed Systems, Berlin, Germany | 1:400 Negative
S-100 protein Polyclonal Dako, Glostrup, Denmark 1:1600 | Focally positive
vimentin V9 Dako, Glostrup, Denmark 1:50 Focally positive
PAX 8 Polyclonal Cell Marque, Rocklin, California 1:50 Diffusely positive
P16 E6H4™ Roche mtm Laboratories AG, RTU Diffusely positive
Manheim, Germany
MLH-1 G168-15 Spring Bioscience, Pleasanton, CA | 1:200 Positive
MSH-2 FE 11 Zytomed Systems, Berlin, Germany | 1:50 Positive
MSH-6 44 Zytomed Systems, Berlin, Germany | 1:50 Positive
PMS-2 EPR3947 Zytomed Systems, Berlin, Germany | RTU Positive
CD3 SP7 Spring Bioscience, Pleasanton, CA | 1:200 Positive in T cells
CD20 L26 Dako, Glostrup, Denmark 1:100 Positive in B cells

CK - cytokeratin, ER- estrogen receptors, PR- progesterone receptors, RTU — ready-to-use

Table I1. Somatic variants detected in the lymphoepitheloid-like carcinoma of uterus

Gene” exon | Ref. seq. Predicted effect Mutant Predicted impact -

mutation allele in silico / databases
frequency | and literature
%

TP53 6 NM_001126112.2 | p.1le195Thr 18 Pathogenic /
€.584T>C pathogenic
rs760043106

PIK3CA |2 NM_006218.2 p.Arg108His 24 Pathogenic /
€.323G>A pathogenic

5 €.1048G>A p.Asp350Asn 18 Pathogenic /
pathogenic

*genes evaluated by NGS:AKT3, ARID1A, ARID2, ATM, BAP1, BARD1, BRAF (ex11, 15) , BRCA1, BRCA2, BRIP1, CCND2, CCND3, CDH1, CDK4, , CYP19A1,

ERBB2, ERCC3, ESR1, ESR2, F11R, GNAQ, HNF1B, IDH1, JAM2, JAM3, KDR, KIT, KRAS, MAP2K1, MAPK1, MDM2, MET, MITF, MLH1, MLH3, MSH2, MSH6,

MYC, NBN, NRAS, PALB2, PARD3, PDGFRA, PIK3CA, POLE, POT1, PPM1D, PPP6C, PTEN, RAD51C, RAD51D, RB1, SF3B1, SNAI2, TIP1, TP53, TWISTL,

ZEB1, ZEB2; AKT1, BIRC5, FOXL2, GNA11, HRAS, MAP2K2, SNAI3, TWIST2I;partially evaluated because of low coverage in part of the genes: CDKN2A, MAPK3,

SMARCA4, SMARCB1, SNAI1; impossible to evaluate because of low coverage: AKT1, BIRC5, FOXL2, GNA11, HRAS, MAP2K2, SNAI3, TWIST2
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