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1. UVOD

Hepatocytarni jaderny faktor 1 beta (HNF1B), také znamy pod oznacenim transkripcni
faktor-2 (TCF2), je transkrip¢ni faktor, ktery hraje klicovou roli béhem ontogenetického vyvoje,
kdy se podili na regulaci diferenciace visceralniho endodermu z primitivniho endodermu
(Cereghini 1996; Barbacci et al. 2004). HNFIB patii do genové superrodiny kodujici
transkrip¢ni faktory obsahujici homeodoménu a koduje transkripéni faktor Pit-1/Oct-1/Unc-86
(POU), ktery je zasadni pro regulaci signalnich drah ucastnicich se fizeni endoderméalniho
vyvoje (Alvelos et al. 2015). Ackoliv byl tento faktor popsan poprvé v hepatocytech (coz vedlo
k pojmenovani celé této rodiny), jeho nejvyznamnéjsi ptisobeni spoc¢iva ve vyvoji a diferenciaci
zejména ledvin, pankreatu a biliarniho traktu. U dospélych jedinct je proto exprese HNF1B
pozorovana piedevSim v epitelidlnich tkanich vytvarejicich tubularni formace, jako jsou
naptiklad praveé kanalky ledvin ¢i pankreatické vyvody (Yu et al. 2015a). Podle komplexnich
RNA-Seq dat (GTEx Portal; (Carithers ef al. 2015) je ale HNF1B exprimovan také v dalSich
tkanich jako jsou tenké a tlusté sttevo, zaludek, jatra, plice, prostata a varlata (Obr.1). Kromé&
bunééné diferenciace se HNF1B ucastni také regulace exprese fady gent podilejicich se na
modulaci bunécného cyklu, citlivosti k apoptdze, odpovédi na oxidacni stres a na fizeni
gluk6zového metabolismu (Pontoglio 2000; Tsuchiya et al. 2003; Suzuki ef al. 2015).

Gen HNFIB je lokalizovan na dlouhém raménku chromosomu 17 (17q12) a sklada se
z 9 exond, jez pokryvaji pfiblizné 60 kb (MIM#189907). HNFI1B je soucasti jedné ze Ctyt
hlavnich rodin hepatocytarnich jadernych faktort, které se skladaji z rodiny HNF1 (HNFla a
HNF1p), HNF3 (neboli FOXA, skladajici se z FOXA1, FOXA2 a FOXA3), HNF4 (HNF40 a

HNF4y) a HNF6 (neboli ONECUT, OC, tvofeny OC1, OC2 a OC3)(Lau et al. 2018).
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Obr. 1. Piiklady imunohistochemické exprese HNF1B u nenadorovych adultnich tkani. A)
Diftizni silna jaderna pozitivita HNF1B v epiteliich vystylajicich krypty tlustého stieva (200x).
B) Parenchym kuary ledviny, kde je patrna silna pozitivita barveni HNFIB v epiteliich
proximalnich tubulti (bila sipka), zatimco struktury glomerull jsou negativni (¢erna hvézdicka)
(100x). C) Parenchym pankreatu s pozitivitou epitelialnich bun¢k exokrinnich acint a epitelii
vystylajicich intrapankreatické vyvody (bilé sipky). Struktury Langerhansovych ostrivkl jsou
zcela negativni (zelend Sipka) (100x).
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HNF1B je transkrip¢ni faktor jez obsahuje celkem tii funk¢éni domény: DNA-vazajici
doménu (tvofenou POU-homeodoménou a POU-specifickou doménou), transaktivaéni doménu
a dimerizacni doménu (El-Khairi & Vallier 2016). DNA-vazajici doména HNF1B se specificky
vaze k palindromické konsenzualni sekvenci GTTAATNATTANC, zatimco dimerizacni
doména (umisténa na N-terminalnim konci) umoziuje HNFI1A i HNF1B vytvaret ve vazebném
misté homo- ¢i heterodimery (De Simone & Cortese 1991).

Vzhledem k tomu, Ze exprese HNF1B souvisi zejména s embryonalnim vyvojem ledvin,
pankreatu, bilidrniho traktu, jater a reprodukéniho systému, mutace v tomto genu jsou
spojované s celou fadou vrozenych vyvojovych onemocnéni téchto organii. Heterozygotni
germinalni mutace vedou k vyvoji komplexnich malformaci urogenitélniho traktu a pankreatu,
které jsou souhrnné oznaovany jako syndrom rendlnich cyst a diabetu (renal cysts and diabetes
syndrome, RCAD) (Adalat et al. 2009). Genové mutace mohou také postihnout reprodukéni
systém, s klinickymi projevy ve form¢ abnormalit vyvoje genitalu u Zen a azoospermie u muzil
(Anik et al. 2015). HNF1B také patii mezi geny spojované s vyvojem jednoho z monogennich
typti diabetu mellitu — MODY diabetu (maturity-onset diabetes of the young), konkrétné jeho
podtypu MODY 5. Tento typ diabetu je fenotypicky charakterizovany insulinovou rezistenci a
dysfunkci beta bun€k endokrinnich pankreatickych ostriitvkll (Anik et al. 2015).

V poslednich letech se také objevuje nartstajici pocet dliikazli o tom, Ze by HNF1B mohl
byt soucasti patogeneze nékterych solidnich nadord. HNFI1B je diskutovan zejména
v souvislosti se vznikem a progresi svétlobunéénych karcinomi ovaria a ledvin, ale jeho
plsobeni je zmiflovano 1 v souvislosti s nddory jater, gastrointestindlniho traktu, pankreatu a
prostaty. Navzdory narlistajicimu zajmu o tento aspekt jeho pisobeni a poctu studii, které se
touto problematikou zabyvaji, jsou informace o moznych somatickych mutacich genu HNFIB
ptitomnych v jednotlivych typech nadora stdle vzacné. Oblasti, které je v literatuie vénovan

vétsi prostor, je ale problematika jednonukleotidovych polymorfisml (single nucleotide
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polymorphisms, SNP) v nekodujicich intronickych sekvencich tohoto genu. Pro HNFIB tak jiz
bylo popsano nékolik SNPs, které jsou spojovany se zvySenym rizikem vyvoje karcinomu
ledvin (Rebouissou et al. 2005) a karcinomu endometria (Setiawan et al. 2012; Painter et al.
2015). Dale byly identifikovany také nékteré rasové specifické HNFIB varianty asociované
s rizikem vzniku karcinomu prostaty (Berndt ef al. 2011; Hindorff ez al. 2011). Objevuji se také
data o roli HNF1B ve vyvoji karcinomu pankreatu (Janky et al. 2016), zatimco pro jiné maligni
nadory, jako je naptiklad karcinom tlustého stfeva, tento vztah zatim nebyl potvrzen (Elliott et
al. 2010). U n¢kterych nadort je také vyzdvihovan vliv epigenetickych alteraci genu HNFIB,
a to zejména epigenetické inaktivace tohoto genu. Hypermetylace promotoru HNFIB
popisovand autory Silva et al. byla dokonce navrZena jako mozny neinvazivni epigeneticky
marker onemocnéni kolorektdlnim karcinomem (Silva et al. 2013).

Ptesny mechanismus, jakym se HNFIB ucastni procesu karcinogeneze, nebyl jesté
objasnén a je pravdépodobné, Ze se 1i8i v zavislosti na konkrétnim nadorovém onemocnéni.
Velmi zajimavé jsou dosavadni poznatky, které naznacuji, Ze v zavislosti na typu tkan¢ a nadoru
by HNF'1B mohl piisobit bud’ jako tumorsupresorovy gen nebo jako protoonkogen. Jak piesné
je ale konkrétni vliv uplatilovan nicméné jesté nebylo objasnéno a existuji studie, které oznacuji
HNFIB jako pro-diferenciacni faktor se silnou tumorsupresorovou aktivitou ve zdravych
tkanich (Ross-Adams et al. 2016), zatimco jiné studie jej naopak oznacuji jako onkogen ve
tkanich, které prosly maligni transformaci. U téchto tkdni ma mit HNF1B naopak schopnost
indukovat rakovinny fenotyp a aktivovat vznik invazivniho onemocnéni prostfednictvim
aktivace epitelo-mezenchymalni tranzice (EMT) (Matsui et al. 2016).

V souvislosti s témito poznatky byly publikovany prace, které udavaji, ze exprese
proteinu HNF1B je alterovana u nékolika typt nadorovych onemocnéni a v zévislosti na tom,

o které onemocnéni se jednd, byla popsana jak up, tak downregulace jeho exprese. Zavéry
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téchto praci jsou nicméné Casto rozporuplné a konfliktni vysledky jsou ¢asto popisovany i pro

stejné typy nadorovych onemocnéni v zavislosti na autorech provedenych studii.

1.1. HNF1B sestrihové varianty

Aktualn€ dostupna literarni data neposkytuji zcela jasné informace o celkovém poctu a
charakteristice jednotlivych izoform genu HNFIB. Data publikovana v databazich NCBI a
Ensemble uvadi, ze HNF'IB ma celkem tii pln€ charakterizované izoformy: divokou (wild type)
variantu 1 a dal$i dvé alternativni sestiihové varianty; variantu 2 a 3. Wild type transkripéni
varianta 1 (GenBank NM_000458) je dlouh4 2815 pb a dava vznik proteinové izoformé 1 o0 557
aminokyselinach (UniProtKB P35680). Alternativni sestfihovd varianta 2 (GenBank
NM 001165923) je dlouha 2746 bp a kdduje protein o 531 aminokyselindch s krat§im exonem
3, ktery v porovnani s variantou 1 neobsahuje aminokyseliny 183-208. Alternativni sestfihova
varianta 3 ma nejkratsi délku se 2432 bp (GenBank NM_001304286) a koduje protein o 457
aminokyselinach, ktery méa oproti variant¢ 1 také zkradceny exon 3 s chybéjicimi
aminokyselinami 420-551 na C-termindlnim konci fetézce, coz vede k preskoceni exontli 7 a 8.
Databaze Ensemble obsahuje také zminky o dal§ich HNF'1B proteinovych izoforméch, nicméné
bez udani blizSich informaci o jejich referencni mRNA sekvenci ¢i dalSich vlastnostech. Presna
charakteristika existujicich izoforem proteinu HNF1B v riznych 1ézich neni v literatufe
popsana, a vysledky dostupnych publikovanych studii i data publikovana v molekuldrné
genetickych databazich neposkytuji jednozna¢né¢ informace. Literarni popis HNFIB
proteinovych izoforem je vysoce inkonzistentni a mnohdy rozporuplny, coz z€asti souvisi i
s nejednoznaénym pojmenovanim jednotlivych izoforem, které se v riznych pracich oznacuji
bud’ ¢isly 1, 2 a 3 nebo pismeny A, B a C. Déle se navic ukazuje, Ze izoformy popsané ve starsi
publikované literatuie neodpovidaji pfesné izoformam, které jsou v soucasné dobé uvadéné

v databazich NCBI a Ensemble, jejichz data jsou zalozena na vysledcich projektt vénujicich se
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masivnimu paralelnimu sekvenovani genomt a transkriptomi (a tudiz pravdépodobné i
zalozena na presnéjsich idajich). Komplexni piehledové schéma soucasnych znalosti o HNF1B

izoformach a jejich doménach je zpracovéano v Obr. 2. (Bartu et al. 2018)

Transkrip&ni Dimerizaéni POU; DNA vazajici POU, DNA vazajici C-terminus s
varianty doména doména doména s NLS transaktivaéni
AA1-31 AA 88 - 180 AA 229 - 319 aktivitou
5'UTR 3’ UTR
!_Lﬁ r .

I]I E9

34 402 446 B 551 557

1-NM_000458 _|

2 - NM_001165923

I - B - | :
|

322 376 420 485 525 531

3 - NM_001304286 ) D £

322 37 420 457

Obr. 2 (prevzato z Barti et al., 2018). Schematicky diagram HNF1B transkripti (dle dat
z RefSeq databédze). Modré a bilé obdélniky znazornuji kodujici oblasti referencnich exont,
pocet aminokyselin (AA) je uvedeny pod korespondujicimi exony. Zluté obdélniky piedstavuji
alternativni exony. Oblasti, které jsou zvyraznéné zluté, hnédé, ¢erné, zelené a Sed¢ predstavuji
funkéni domény napti¢c HNF1B transkripty. Délky exontl jsou zobrazeny proporcionalné dle
jejich skutecné délky. Transkript 2 postradd 26 AA (78 bp) na 5'konci exonu 3. Transkript 3
postrada cely exon 7 a 8 a obsahuje alternativni stop kodon v exonu 9 (umistény 110 bp za
pivodnim stop kodonem). Zkratky: UTR — neptekladana oblast, NLS — jaderny lokaliza¢ni
signal, POUs — POU-specifickd doména, POUy — POU homeodoména

Ptesna charakteristika téchto variant, a dokonce 1 jejich pocet je nicméné v soucasné
dobé zpochybnovand, pticemz jejich ptfitomnost v riznych lézich nebyla podle naseho
nejlepsitho védomi do této doby piredmétem zddného vyzkumu. Samotnd charakteristika a
publikované informace o vyse popsanych tfech izoformach také nejsou konzistentni a mezi
literarn€ popsanymi sekvencemi a jejich nazvy existuji vyrazné rozdily.

Jak jiz bylo zminéno vyse, exprese HNF1B proteinu je alterovana u nékolika riiznych
typtt solidnich nddort a v zavislosti na typu nadoru jsou popisovany jak up, tak downregulace

této exprese. Analyzou vlivu konkrétnich sestfihovych variant se do této doby zabyvala pouze
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jedna studie, jejiz autofi poukazuji na rozdil v expresi jednotlivych izoforem mezi zdravou
prostatickou tkani a karcinomem prostaty (Harries et al. 2010). Na celkem 39 vzorcich benigni
prostatické hyperplazie a 21 vzorcich adenokarcinomu prostaty tito autofi popsali zmény
v expresi B a C izoformy HNF1B, nicmén¢ dopad jejich vysledki je sporny, vzhledem k tomu,
ze od doby publikace této prace bylo prokazano, ze varianta C (RefSeq NM_006481) neexistuje
a jeji zdznam byl permanentné odstranén z NCBI databaze. Souhrnna data o mRNA expresi

jednotlivych HNF1B transkriptl jsou tedy prozatim stdle postradana.

1.2. Germinalni a somatické mutace HNFIB

Bezchybna funkce HNFIB je nezbytna pro aktivaci segment-specifického genového
programu, ktery je klicovy pro spravny vyvoj a funkci nefronti (Banyai et al. 2018). Béhem
ontogenetického vyvoje ledvin HNF'1B zajist'uje nalezitou interakci mezi ureteralnim pupenem
a metanefrickym mezenchymem, kterd je nutnd pro spravné vétveni ureteralniho pupenu a
epitelo-mezenchymalni tranzici (Bockenhauer & Jaureguiberry 2016; Ferre & Igarashi 2019).
Heterozygotni germinalni mutace genu HNFIB jsou nejCastéj$i monogenni piicinou
vyvojovych onemocnéni ledvin a jako takové jsou spojovany s celou Skalou renalnich
malformaci, které u postizenych jedincii vedou k chronické poruse rendlnich funkci, a nakonec
k chronickému renalnimu selhani (Clissold et al. 2015; Clissold et al. 2018; Okorn et al. 2019;
Omura et al. 2019). Pro toto postiZeni renalnich funkci byl v klinické praxi recentné zavedeny
novy termin — autosomdlné¢ dominantni tubulointersticidlni onemocnéni ledvin (ADTKD-
HNF1B) (Kompatscher et al. 2018). HNF'1 B mutace jsou také spojovany s poruchami ve funkci
jater a ledvin, atrofii pankreatu, malformacemi genitalii a komplexnimi syndromy jako je
RCAD, MODYS ¢i neonatalni diabetes (Bellanne-Chantelot et al. 2004; Edghill et al. 2006;
Lokmane et al. 2008; Adalat ef al. 2009). Fenotypické projevy germinalnich mutaci HNFIB

také zahrnuji hypomagnezémii a rendlni ztraty magnézia, coz naznacuje, ze HNF1B hraje roli
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nejen v nefronogenezi a tubulogenezi, ale 1 v dalSim udrzovani renalnich tubularnich funkci
(Adalat et al. 2009). Mezi vzéacnéj$i poruchy patii napiiklad 1 mutace HNFIB, ktera je
spojovana s hypoplastickym glomerulocystickym onemocnénim ledvin projevujicim se
neonatalni renalni dysfunkci (Alvelos et al. 2015).

Spektrum germindlnich mutaci HNF 1B genu zahrnuje piedevsim substituce bazi a malé
inzerce-delece Ci celogenové delece, u kterych se uplatinuje autosomalné dominantni typ
dédicnosti (nicméné az 50 % z téchto alteraci vzniké de novo) (Clissold et al. 2015; Stiles et al.
2018; Madariaga et al. 2019). Jeden z navrzenych mechanismi, jakym HNF'1B reguluje renélni
tubulogenezi, je kontrola exprese supresoru cytokinové signalizace 3 (SOC3) a recentni studie
provedené na mysich modelech naznacuji, Ze HNF'1B by mohl mit dvé odli$né zakladni funkce:
jako klasicky transkripéni aktivator, anebo jako takzvany ,,bookmarking* faktor, jehoz funkci
je oznaceni cilovych gent pro rapidni transkripéni reaktivaci po probéhnuti mitotického cyklu
(Ke-Sheng Wang 2014).

Mezi dal$i popsané fenotypické projevy HNF1B-asociovanych onemocnéni patii také
autismus, dna, epilepsie a primarni hyperparathyroidismus, nicméné piesnd charakteristika
téchto onemocnéni spojenych s germindlnimi mutacemi ANFIB je mimo zabé&r této prace.

Zatimco v odborné literatufe bylo do soucasnosti popséno vice nez 100 jednotlivych
germindlnich mutaci, které se nejCastéji manifestuji ve formé& vzacnych vyvojovych
onemocnéni ledvin (Heidet et al. 2010; Alvelos et al. 2015; Dubois-Laforgue et al. 2017),
problematika somatickych mutaci a jejich asociace se vznikem nadorovych onemocnéni je
mnohem méné prozkoumand. Jediné dostupné poznatky v této oblasti reprezentuje n€kolik
publikovanych kazuistik popisujicich ptipady chromofobniho renalniho karcinomu spojeného
s kombinovanou monoalelickou germinalni a somatickou mutaci v genu HNF'IB (Lebrun ef al.
2005; Rebouissou et al. 2005; Clissold et al. 2015; Bockenhauer & Jaureguiberry 2016;

Verhave et al. 2016).
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S vyjimkou téchto n¢kolika vzacnych piipadt zatim v literatufe prakticky neexistuji
zadna data, ktera by se zabyvala somatickymi variantami v kddujici sekvenci genu HNFIB u
ruznych typt solidnich nadorti (v€etné karcinomu prostaty, ledvin a tlustého stieva). Naprosta
vétSina publikovanych studii v této oblasti se zaméfuje na analyzu intronickych sekvenci a
potencialn¢ vyznamné SNPs. Piehled jednotlivych SNPs, které maji na zaklad¢ literarni reSerse
dostupné literatury nejvétsi potencialni vyznam z hlediska jejich vlivu na vyvoj solidnich
nadort, je shrnuty v Tab. 1, spole¢né s jejich umisténim v HNFIB genu.

Alterace detekované ve vzorcich nadorové tkan€ jsou zaznamenavané v databazi
Cosmic, spolecné s variantami popsanymi v ramci velkych, systematickych studii
publikovanych v recenzovanych odbornych casopisech. Vysledkem je nékolik popsanych
alteraci genu HNF'IB u riznych typi naddord, které zahrnuji mutace, variabilitu poctu kopii a
metylaci promotoru. Nicmén¢ informace o somatickém ¢i germinalnim piivodu téchto zmén
Casto zcela chybi a pouze nekolik z téchto alteraci mé potvrzeny somaticky ptvod (Forbes et
al. 2015). V nasi predchozi praci jsme provedli screening genetickych variant v celych
kodujicich sekvencich HNFIB, ktery odhalil celkem ctyfi mutace ve 30 vySetfovanych
endometroidnich karcinomech endometria a jednu missense variantu mezi 12 vySetfovanymi
svétlobunéénymi karcinomy ovaria (ovarian clear cell carcinoma, OCCC) (Nemejcova et al.
2015). S vyjimkou této prace nebyly zatim publikovany Zadné studie, které by se genetickymi

zménami HNF'1B u solidnich néddort zabyvaly.
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Tabulka 1. Prehled nejcastéji popisovanych SNP u riiznych typt nadort, s uvedenim jejich
lokalizace v genu HNF'IB a studované kohorty nadord, kde vliv SNP na karcinogenezi dosahl
statistického vyznamu.

Pozice na
Lokalizace | chromozomu 17, Studovana
SNP v HNF1B GRCh37 kohorta Reference
karcinom Setiawan et al., 2012; Spurdle et al.,
rs4430796 | intron2 | g.36098040G>A endometria 2011; Mandato et al., 2015
ksavrf:flnoobmur;i?r\i/a Shigetomi et al., 2014
Berndt et al., 2011; Elliott et al., 2010;
Chornokur et al., 2013; Kim et al.,
2011; Thomas et al., 2008; Zhao et al.,
2015; Grisanzio et al., 2012; Hu et al.,
2013; Sun et al., 2008; Harries et al.,
karcinom prostaty | 2010
rs757210 | intron 2 |g.36096515T>C/G| karcinom ovaria |Ross-Adams et al., 2016

Elliott et al., 2010; Chornokur et al.,

rs7501939 | intronl g.36101156T>C | karcinom prostaty | 2013; Kim et al., 2011

rs11649743 | intron4 | g.36074979G>A | karcinom prostaty | Harries et al., 2010; Sun et al., 2008;

rs7405696 | intron1 | g.36102035G>C | karcinom prostaty | Berndt et al., 2011; Kim et al., 2011

rs4794758 | intron4 | g.36080428C>T | karcinom prostaty | Berndt et al., 2011

rs1016990 | intron4 | g.36088915G>C | karcinom prostaty | Berndt et al., 2011

rs3094509 | intron 6 | g.36062299A>G | karcinom prostaty | Berndt et al., 2011

rs11868513 | intron 8 | g.36052692G>A | karcinom prostaty | Kim et al., 2011

rs2074429 | intron6 | g.36061297C>T | karcinom prostaty | Kim et al., 2011

1.3. Role HNF1B v tumorigenezi solidnich nadoru

Na zédklad¢ reSerSe dostupnych literdrnich poznatkli je zfejmé, Ze genetické a

epigenetické zmény HNF'IB hraji v tumorigenezi solidnich nadori velmi pleiotropni roli, kterd

se li$1 v zavislosti na histogenezi daného naddoru. Jednim ze zakladnich popsanych mechanismii,

prostfednictvim kterych se HNF1B ucasti na procesu karcinogeneze, je jeho funkce v regulaci

bunécného cyklu prostfednictvim interakce s proteiny kontrolnich bodii bunééného cyklu RB1

a p27, spolecné s jeho vlivem na regulaci gluk6zového metabolismu, bunééné migrace, adheze

a proliferace, a v neposledni fad¢ také jiz vySe zminéné epitelo-mezenchymalni tranzice

(Desgrange et al. 2017; Chan et al. 2018). V tomto kontextu se tak HNFIB uplatituje jako
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regulacni gen, ktery svou funkci plni prostfednictvim udrzovani aktivni transkripce i navzdory
efektu vyvolaného mitotickou kondenzaci chromatinu (Sun ef al. 2008).

Jak jiz zde bylo uvedeno, HNF1B je v literatufe spojovan u rtiznych solidnich nadort
jak s protoonkogennim, tak s tumorsupresorovym efektem. U hepatocelularniho karcinomu
(Shim et al. 2013; Yu et al. 2015b), karcinomu prostaty (Noto et al. 2010), karcinomu ze
zloutkového vacku (Rougemont & Tille 2018), maligniho gliomu (Zheng et al. 2017) a
svétlobunécného karcinomu ovaria (Li et al. 2014) byla v nékolika studiich pozitivni exprese
HNFI1B asociovédna s horsi prognézou onemocnéni a HNFIB je tak u téchto onemocnéni
pfisuzovana role protoonkogenu. Naopak, v ptipadé duktalniho adenokarcinomu pankreatu
(Janky ef al. 2016), Wilmsova tumoru ledvin a chromofobniho renélniho karcinomu (Lebrun et
al. 2005; Liu et al. 2019) vysledky poukazuji spiSe na tumorsupresorovy efekt HNF1B.

Zatimco popisovany vyznam HNF1B se u rGznych nadorii tedy casto 1i8i, jednim
z konzistentnich nélezl je asociace pozitivni exprese HNF1B se svétlobunéénym fenotypem
(svétlobunéeny karcinom ovéria, svétlobunéény renalni karcinom), vzhledem k tomu, ze vice
nez 90 % téchto nadort vykazuje na proteinové trovni pievazné silnou expresi HNF1B (Kobel
et al. 2009).

Dosavadni poznatky zatim neumoZiuji pfesné urcit a popsat mechanismy,
prostiednictvim kterych HNF1B uplatiiuje svilj vliv na vyvoji a progresi solidnich nadori.
Kromé diskutované schopnosti potlacovat ¢i aktivovat epitelo-mezenchymalni tranzici a tim i
vznik invazivnich nadorovych fenotypi (v nékterych ptfipadech podpotfenych ko-expresi
ERBB2) (Matsui et al. 2016) je n¢kterymi autory také navrhovand mozné asociace HNF1B
s kmenovymi / progenitorovymi bunikami. Nékolik publikovanych studii predklada hypotézu,
ze by se HNF1B mohl podilet na regulaci exprese genli asociovanych s t€émito buitkami —
HNF1B byl naptiklad spojovany s aktivaci genu CD24 (jez byl recentné identifikovany jako

marker populace rendlnich progenitorovych bunck), osteopontinu (asociovaného s jaternimi
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progenitory) a genu CD44 (asociované¢ho s rakovinnymi kmenovymi buiikami u riiznych typa

nadort) (Yu et al. 2015a).

1.4. Imunohistochemicka exprese HNF1B u vybranych solidnich nadori
1.4.1. Exprese v karcinomech tlustého stieva

Na zaklad¢ dat dostupnych v literatuie dosud nebyla imunohistochemicka exprese
HNF1B u karcinomu tlustého stfeva popsana, takze charakteristika expresniho profilu téchto
1ézi s ohledem na HNF1B stale chybi. HNF1B se m4 pfitom zdsadnim zpiisobem podilet na
termindlni diferenciaci a determinaci intestindlnich epitelii, kde bylo popsano, Ze se spolecné
s HNF1A podili na pfimé regulaci exprese Jagl a Atohl, které jsou v regulacnich kaskadach
nadfazené Notch signélni cesté (D'Angelo et al. 2010). Mozny vyznam vyuziti IHC exprese
HNF1B, zejména s ohledem na moznou prognostickou stratifikaci pacienti, tak zatim neni
jasny. Stejné tak dosud nebylo popséano, jakym zplisobem by se HNF1B mohl podilet na
patogenezi kolorektalniho karcinomu, ackoliv jeho vyznam z hlediska embryonélniho vyvoje

v této oblasti je nesporny.

1.4.2. Exprese v karcinomech ovaria

Vzhledem k popisované asociaci exprese HNF1B se svétlobunéénym fenotypem nadort
byla jeho exprese u karcinomil ovaria jiz studovéana v fad¢ praci, které se sousttedily predevsim
na charakteristiku exprese u svétlobunécného karcinomu. Siln¢€ intenzivni exprese je udavana
zejména u OCCC, a to do té€ miry, ze HNF1B byl jiz v roce 2003 oznaceny za prvni relativné
specificky diagnosticky imunohistochemicky (IHC) marker OCCC (Tsuchiya et al. 2003).
Asociace HNF1B se svétlobunécnym fenotypem byla v literatuie také spojovéna s moznou
derivaci ze sekre¢niho endometria (Cuff ez al. 2013). DalSim zajimavym poznatkem této studie
byla identifikace statisticky vyznamné asociace mezi IHC expresi HNF1B a zvySenym rizikem

klinicky manifestni hluboké Zilni trombodzy (v piipadé gynekologickych karcinomii bylo riziko

20



zvysené 3nasobné, v piipadé¢ kombinované skupiny gynekologickych a renalnich karcinomi
2.3nasobn¢). Tyto vysledky naznacuji, Ze by HNFIB mohl asociovany nejen s akumulaci
glykogenu, ale i s trombdzou.

Exprese HNF1B byla ale také popsana i u urc¢itého procenta endometroidnich karcinomu
[5/21 (23.8 %)] a mucindznich karcinomt [6/10 (60 %)] (Huang et al. 2016). Jini autofi popisuji
expresi HNF1B u vétSiny typt borderline tumora ovaria (Kato et al. 2006). Exprese u ostatnich
typlt nddort je ovSem popisovand jen jako fokalni a slabé (¢i nejvyse stiedn€) intenzivni,

zatimco pro OCCC je typicka silna difizni exprese.

1.4.3. Exprese v nadorech ledvin

HNFIB se zisadnim zplsobem podili na sprdvném vyvoji rendlniho tubularniho
systtmu a charakteristika jeho exprese u ruznych typt nadorti tak ma velky vyznam.
et al., ktefi hodnotili expresi HNF1B u svétlobunécného rendlniho karcinomu (ccRCC),
chromofobniho rendlniho karcinomu (chRCC), papilarniho renalniho karcinomu (papRCC),
onkocytomu (RO), Wilmsova tumoru, metanefrického adenomu (MA), mucindézniho
tubularniho a vietenobunééného karcinomu (MTSCC) a jejich prekurzorovych 1ézi (Szponar et
al. 2011). Vysledky IHC analyzy prokazaly silnou diftizni jadernou expresi u 38/67 (56 %)
papRCC, 5/5 (100 %) MA a 5/5 (100 %) MTSCC. Silnd jaderna pozitivita byla také pozorovana
u prekurzorovych 1ézi (nefrogennich hnizd) asociovanych s papRCC a MTSCC, coz naznacuje,
ze overexprese HNF1B v téchto 1ézich by mohla vést k opozdéné tubularni diferenciaci. Tato
snizend troven diferenciace bun¢k by tak mohla predstavovat jeden z hlavnich faktor vyvoje
prekurzorovych 1€ézi, které pfetrvavaji v renalnim parenchymu béhem adultniho Zivota a vedou
ke vzniku papRCC, MA a MTSCC. Wilmsiv tumor byl zcela negativni ve stroméalnich a

blastemalnich buiikéch, zatimco vyzravajici tubuly v blizkosti nefrogennich hnizd byly silné
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pozitivni. Naopak nizka exprese HNFI1B byla pozorovana u RO (které vykazovaly jen
izolovanou pozitivitu v 1/18 ptipadlr), chRCC (které byly zcela negativni) a prekvapivé také u
ccRCC, ktery vykazoval jen ojedinélou jadernou pozitivitu u 7/98 (7 %) ptipadi. V piipade
svétlobunééného karcinomu je tento vysledek ovSem ojedin€ly, nebot’ vétSina jinych autora
naopak udava, ze pro ccRCC je naprosto typicka silna, difuzni exprese HNFB (Buchner et al.

2010; Wang et al. 2013).

1.4.4. Exprese v karcinomech prostaty

Imunohistochemickd exprese HNFIB u karcinomu prostaty je prozatim v literatuie
popisovana velmi sporadicky — na zdklad¢ extenzivni analyzy byla identifikovana pouze jedna
studie, kterd byla na expresi HNF1B u karcinomu prostaty cilené zamétfena (Debiais-Delpech
et al. 2014). Jeji autofi se zabyvali vztahem mezi expresi HNF1B a agresivitou a progresi
nadorového onemocnéni, pfi¢emz jejich vysledky ukézaly, Ze exprese HNF1B byla vyznamné
spojend s proliferaci nadorovych bunék. Jaderna pozitivita HNF1B byla v porovnani s klinicky
lokalizovanym onemocnénim signifikantné zvySend u tkdni karcinomu prostaty rezistentniho
ke kastraci a také u metastatického karcinomu prostaty. U pacientil s klinicky lokalizovanym
onemocnénim pak byla exprese HNF1B vyznamné asociovand s proliferaci nadorové populace.

Recentné bylo publikovano nékolik dalSich studii, ve kterych byla exprese HNF1B na
imunohistochemické urovni analyzovana i jako dopliujici analytickd metoda u komplexniho
posouzeni mechanistického vlivu HNF1B na patogenezi nadorovych onemocnéni. IHC analyza
tak byla provedena napftiklad autory Wang et al., ktefi u 17 ptipadi metastatického karcinomu
prostaty pozorovali vyrazné potlaenou, slabou az zcela negativni expresi (Wang et al. 2020).
Obdobny vysledek popisuji i Lu et al., ktefi v ramci jejich analyzy zamétené na vliv HNF1B na
bunécnou proliferaci pozorovali obdobné nizkou az zcela negativni expresi u tkani

metastatického karcinomu prostaty (Lu et al. 2020).
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2. VYMEZENI CiLU PRACE

Hlavnim cilem této prace je komplexni analyza zmén HNF1B a jejich vlivu u vybranych
solidnich nédorGt na  imunohistochemické 1 molekularné¢ biologické  {rovni.
Imunohistochemicka analyza exprese HNF1B je zamétfena piedev§im na charakteristiku
pfitomnosti a typu exprese v jednotlivych studovanych 1ézich, a dile na mozné vyuziti této
exprese s ohledem na diferencialni diagnostiku ¢i ovlivnéni progndzy nékterych histologickych
typtt naddord. Pro vSechny vysledky IHC analyz byla také provedena biostatistickd analyza
s cilem stanovit, zda je mezi expresi HNFIB (a jejimi zménami) a vybranymi klinicko-
patologickymi charakteristikami nadorii vyznamny vztah. V ramci biostatickych analyz byly
provedeny i analyzy preziti a stanoveni prognostického vyznamu HNF1B. Dalsim studovanym
aspektem je 1 mozné vyuziti exprese HNF1B jako prediktivniho markeru s ohledem na mozné
budouci terapeutické vyuziti. Analyza genetickych a epigenetickych zmén ma vyznam zejména
z hlediska pfispéni k porozuméni, jakou roli hraje HNF1B v patogenezi vybranych solidnich
nadorii. Posouzeni téchto zmén ma vyznam zejména jako dulezita informace pro moznou

budouci cilenou terapii.

Jednotlivé hlavni cile prace tedy byly nasledujici:

1. Analyza exprese HNF1B na imunohistochemické trovni u benignich a malignich
nadori tlustého stteva, nddort ledvin, nadorii ovaria, a naddorovych a nenddorovych 1ézi
prostaty. Charakteristika rozsahu a intenzity exprese a jeji korelace s klinicko-
patologickymi charakteristikami nadord. Zhodnoceni mozného vyuziti HNFIB

v rutinni praxi v ramci diferencialni diagnostiky a jako prognostického markeru.

2. Mutaéni analyza genu HNF1B u vsSech vybranych nadorovych i1 nenddorovych tkani

s cilem identifikovat dosud nepopsané somatické patogenni mutace. Posouzeni vlivu
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vybranych jednonukleotidovych polymorfismi HNFIB na prognézu studovanych

malignich nadort.

3. Metylaéni analyza genu HNFIB za G¢elem zhodnoceni, jakou roli hraje metylace ve
zméndch exprese HNF1B ve studovanych 1ézich. Stanoveni korelace metylace genu

HNFIB s proteinovou expresi HNF1B (stanovenou imunohistochemicky).

4. Vyuziti ziskanych vysledki k posouzeni, jakou roli hraje HNF1B v patogenezi

vybranych solidnich nadori.

Vysledky nasi prace byly publikovany v ¢lancich uvedenych nize.
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3. MATERIAL A METODY

3.1. Tkané

Vsechny analyzy byly provedeny na vzorcich tkané vySetfovanych v rdmci rutinniho
provozu na Ustavu patologie 1. LF UK a VEN. Imunohistochemické analyzy byly provedeny
na archivnich tkanovych bloc¢cich po ptfedchozi fixaci tkdn¢ v 10% roztoku formolu a
nasledném zaliti tkané do parafinu (formalin-fixed paraffin-embedded, FFPE). Pro potieby
molekularnich analyz byly preferencné vyuzity zmrazené tkanové vzorky (fresh-frozen tissue,
FT) uchovavané ve specialnim stabilizacnim roztoku RNAlater (Qiagen) pii — 80 °C dle
protokolu vyrobce (Stabilization of RNA in Harvested Animal Tissues; Qiagen), deponované
v Bance biologického materidlu 1. 1ékarské fakulty Karlovy univerzity v Praze (BBM) na
nasem pracovisti. V pfipadech, kdy zmrazena tkan nebyla dostupnd, byly molekularni analyzy
provedeny na archivnich FFPE tkanovych blocich.

Vsechny zahrnuté piipady byly nejprve podrobeny histopatologické revizi preparati
barvenych standardnim hematoxylin-eosinovym barvenim, béhem které byla ovétena diagndza
v souladu s aktudlnimi WHO klasifikacemi jednotlivych podtypt vySetfovanych nédort.
Zaroven byly vybrany a oznaceny vhodné oblasti preparatu pro vyrobu tkanovych mikrocCipi
(tissue microarray — TMA). Metoda TMA byla preferencné vyuzita pro provedeni
imunohistochemického barveni u vSech ptipadi, kde bylo k dispozici dostatecné mnozstvi
reprezentativni tkané vySetfovanych 1¢ézi. Z kazdého déarcovského (donor) blocku byla
s vyuzitim nastroje TMA Master (3DHISTECH Ltd., Budapest’, Mad’arsko) vyvrtana dvé jadra
(kazdé o priméru 2.0 mm), ktera byla néasledné pouZita ke konstrukci sloZzeného tkanového
mikroCipu, jez obsahoval celkem 20 jader (z 10 jednotlivych 1ézi).

Imunohistochemicky bylo celkem analyzovano 516 vzork nadorové a nenadorové
tkan¢, které zahrnovaly Siroké spektrum materialu pochézejiciho z orgénovych resekati,

probatornich excizi, polypektomii ¢i jinych diagnostickych odbéri. Mutacni analyzy byly
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uspésné provedeny u celkem 400 vzorku a analyza metylacniho stavu promotoru genu HNF1B

u 321 vzorku.

3.1.1. Nadorova tkan
Vysetieno bylo celkem 498 vzork nadorové tkan€. Mutacni analyzy byly Gspésné
provedeny u 284 vzorkl, metylacni analyzy u 266 vzorkl. Nadorova tkan zahrnovala nadory

tlustého stfeva, nadory ledvin, karcinomy prostaty a karcinomy ovarii.

3.1.1.1. Nadory tlustého stieva
Celkem jsme vysetiili 145 nadort tlustého stfeva, které zahrnovaly 105 kolorektalnich
karcinomti a 40 adenomiti. V pfipad¢ karcinomt byla v BBM dostupnd Cerstvé zmraZena
(n&dorova a pro nékteré pripady i korespondujici nenddorova) tkan u 78 karcinomi, ktera byla
vyuzita k izolaci nukleovych kyselin pro muta¢ni analyzy a analyzy metylace promotoru genu
HNF1B. U adenomt nebyla v BBM k dispozici Zddna zmraZena tkan a molekuldrni analyzy tak
byly provedeny na celkem 34 vzorcich, kde byla DNA izolovana z FFPE tkanovych blokd.
Skupinu adenomt tvofilo celkem 20 adenomi slow grade (LG) dysplastickymi
zménami epitelu a 20 adenom s high grade (HG) dysplastickymi zménami. VySetfované 1éze
se skladaly zné¢kolika rGznych histologickych typti adenomu tlustého stifeva, pfiCemz se
konkrétné jednalo o:
1) tubularni adenomy (celkem 24 ptipada; 15 x LG, 9 x HG)
2) tubulovil6zni adenomy (celkem 9 ptipadi; 1 x LG, 8 x HG)
3) sesilni serrated adenomy (celkem 3 ptipady; vSechny LG)

4) tradi¢ni serrated adenomy (celkem 4 piipady; 1 x LG, 3 x HG)

27



Technika odbéru, kterou byly adenomy ziskany, zahrnovala nejcastéji polypektomii
provedenou béhem endoskopického vysetteni (n = 32), ale 1 hemikolektomii (n = 4), parcialni
kolektomii (n = 3) a v jednom ptipad¢ biopsii z objemného polypu.

Co se tyce skupiny karcinoma, vSechny zahrnuté ptipady byly rozdéleny podle TNM
klasifikace daného nédoru do Ctyt skupin dle hloubky invaze do stény stfeva: pT1 (invaze do
submukdzy.; n = 10 ptipada), pT2 (invaze do tunica muscularis propria; n = 30 ptipadt), pT3
(postizeni subserdzy nebo Sifeni do neperitonealizované perikolické nebo perirektalni tkang; n
= 45 ptipadl) a pT4 (proristani nadoru na visceralni peritoneum ¢i do jinych organt a struktur;
n = 20 ptipadi) (James D. Brierley 2018). Hodnocené klinicko-patologické parametry u
skupiny karcinomil zahrnovaly mimo jiné i ,lokalitu®, kterd byla klasifikovana do dvou
zakladnich skupin: colon (néddory v appendixu, céku, colon ascendens az colon sigmoideum) a
rektum. Histologické typy nadorii zahrnovaly pfevdzné varianty nemucinéznich karcinomu (n
= 94), ale 1 karcinomy mucindzni (n = 11). Parametr ,,grade* byl pro statistické zpracovani
rozdélen do ¢ty skupin (G1, G2, G3 a mucindzni), s vy€lenénim mucinéznich karcinomi do
samostatné skupiny, vzhledem k tomu, ze grade téchto nadorii zavisi na mikrosatelitové
instabilit¢ (podle 4. edice WHO Classification of Tumors of Digestive System) a
mikrosatelitovy status nebyl dostupny pro vSechny zahrnuté karcinomy.

Technika odbéru vySetfovanych karcinomll zahrnovala piedevs§im resekéni chirurgické
vykony (n = 100; prevazné¢ hemikolektomie, parcidlni kolektomie, amputace rekta a
nespecifické resekce), ale v ptipadé pT1 karcinoml se jednalo i o polypektomie (n = 5).
Klinické sledovani v rdmci dlouhodobé dispenzarizace (tzv. follow-up) bylo k dispozici u 98
pacientil, pfi¢emz doba sledovani sahala od mén¢€ nez 1 mésice az po 61 mésicii (medidn: 41

mésict, primér: 22 mésich).
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3.1.1.2. Karcinomy ovaria

Celkem jsme vysetfili 122 high grade ser6znich karcinomti (HGSC) ovaria. Z celého
souboru karcinomt byla v BBM dostupna Cerstvé zmrazena, korespondujici (nadorova a pro
nekteré pripady i1 korespondujici nenddorovd) tkan u 58 karcinomd.

Ve vySetfovaném souboru byly zastoupené karcinomy vsech ctyt FIGO stadii a klinicky
follow-up byl k dispozici u 119 ptipada. Primérny vék pacientek v dobé diagnozy byl 59 let
(median: 60 let; rozsah 36 — 81 let). Hlavni hodnocené parametry naddoru zahrnovaly vék v dobé
diagnoézy, FIGO stadium, pfitomnost lymfovaskularni invaze, idaje o neoadjuvantni terapii a
ptitomnost lokalni a vzdalené recidivy. Technika odbéru vysetfenych karcinoml zahrnovala
ptedevsim bilaterdlni adnexektomii (n = 113), doplnénou o rizné rozsahly chirurgicky vykon
tvofeny hysterektomii, appendektomii, infrakolickou ¢i totdlni omentektomii, panevni a
paraaortalni lymfadenektomii, unilateralnim ¢i bilateralnim ,,strippingem‘ branice a parcialni
¢i totdlni panevni peritonektomii. Ve 3 piipadech byl nddor odebran v ramci jednostranné

adnexektomie.

3.1.1.3. Nadory ledvin
Celkem jsme vySetfili 130 nadorti ledvin, mezi které patfilo 121 rGznych typh
karcinomt a 9 benignich nadort. Spektrum vysetfenych nadorti zahrnovalo:
1) svétlobunéény rendlni karcinom - ccRCC (celkem 93 piipadi)
2) papilarni rendlni karcinom — papRCC (celkem 17 ptipadl)
3) chromofobni rendlni karcinom — chRCC (celkem 11 ptipadi)

4) renélni onkocytom - RO (celkem 9 ptipadit)
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Pro cely tento soubor byla v BBM dostupna Cerstvé zmrazena (nadorova a pro nékteré
piipady i korespondujici nenddorova) tkan u celkem 56 nadort (42 ccRCC, 2 papRCC, 3
chrRCC, 9 RO).

Klinicko-patologickd charakteristika vySetfovanych piipadi byla vzhledem
k nevyvazenému (a v nékterych ptfipadech limitovanému) poctu néadortt v jednotlivych
skupinach analyzovéna pouze pro subset ccRCC. Hlavni hodnocené parametry zahrnovaly
stddium nédoru (TNM) a jeho grade u ptipadl, kde byly tyto parametry relevantni (hodnocené
na zakladé 4. vydani WHO Classification of Tumours of the Urinary System and Male Genital
Organs, a International Society of Urological Pathology), déale lymfovaskularni invazi,
pfitomnost metastaz, recidivu, pohlavi, a vék pacientli v dob¢ diagnozy.

Technika odbéru, kterou byly vzorky nadort ziskdny, zahrnovala bud’ tumorektomii (n
= 59) ¢i nefrektomii (n = 71). Kompletni resekce (R0) s negativnimi chirurgickymi okraji bylo
dosazeno v 96 % (125/130), R1 resekce s pozitivitou chirurgickych okrajli byla zaznamenana
u 4 % ptipadd (5/130). Klinické sledovani v rdmci dlouhodobé dispenzarizace bylo k dispozici
u 128 pacienttl, pficemz doba sledovani sahala od méné nez 1 mésice az po 119 mésicii (median:

42 mésicl, primér: 42 mésici).

3.1.1.4. Karcinomy prostaty

Celkem jsme vysSetfili 101 pfipada acinarniho adenokarcinomu prostaty, z nichz u 55
byla dostupna Cerstvé zmrazena nadorova tkan. Parova nenddorova Cerstvé zmrazena tkan od
stejnych pacientt byla k dispozici u 49 ptipadi.

Hlavni hodnocené parametry =z hlediska klinicko-patologickych charakteristik
zahrnovaly vék v dobé diagndzy, stadium onemocnéni, Gleasonovo skore, ptitomnost nadoru
v resek¢énich okrajich (RO vs. R1 resekce), lymfovaskularni invazi, perineuralni invazi,

pritomnost vzdalenych metastaz, naméfené hodnoty PSA pied operaci, biochemicky
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hodnocenou rekurenci nadoru, metylacni stav a ptitomnost SNP rs4430796. VSechny piipady
byly rozdéleny do 4 skupin dle TNM Kklasifikace (T1 — T4) a do 3 skupin v zavislosti na
dosazeném Gleasonové skore daného nadoru: low grade nadory (grade skupina 1), nadory
intermediarniho gradu (grade skupina 2 a 3) a high grade nadory (grade skupina 4 a 5).
Metoda odbéru nadort predstavovala zejména prostatektomii (n = 96), v nékolika
piipadech se jednalo o materidl ziskany z transuretralni resekce prostaty (TURP, n = 5).
Resekce s negativnimi chirurgickymi okraji bylo dosazeno v 67/101 (66.3 %) pfipadi, pozitivni
okraje byly udavany u 34/101 (33.7 %) ptipadd. Klinicky follow-up byl k dispozici u 90

pacientil a doba sledovani se pohybovala v rozsahu 2 — 94 mésict.

3.1.2. Nenadorova tkan

Pro potfeby imunohistochemickych ¢i molekuldrné genetickych vySetieni jsme déle vySetfili
celkem 257 vzorki zahrnujicich normalni tkan a nenadorové 1éze. Tyto vzorky zahrnovaly:

1) 87 vzorkli nenddorové tkané tlustého stieva (pro molekularné genetické analyzy)

2) 42 vzorkli nenddorové tkané¢ ledviny (pro molekularné genetické analyzy)

3) 18 vzorkua benigni hyperplazie prostaty (pro imunohistochemické vySetfeni a molekularné
genetické analyzy)

4) 61 vzorkli nenddorové tkan€ ovaria (pro molekularné genetické analyzy)

5) 49 vzorkl nenadorové tkané prostaty (pro molekularné genetické analyzy)

3.2. Imunohistochemické vySetieni
Imunohistochemické analyzy byly provedeny na celotkanovych fezech ¢ TMA
s vyuzitim standardnich fezli z FFPE blokii o tloustce 4 um, které byly nabarveny pomoci

automatizované¢ho barviciho pfistroje Ventana BenchMark ULTRA (Roche, Basilej,
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Svycarsko). Viechny preparaty byly barveny krali¢i polyklonalni protilatkou proti HNF1B
(fedéni 1:500, produktové cislo HPA002083, Sigma-Aldrich, Prestige Antibodies, St. Louis,
Spojené staty americké). Teplem indukované odkryti antigeni bylo provedeno v 0.01M
citratovém pufru (pH 6.0). Detekce primarni protilatky byla vizualizovéana prostiednictvim IHC
detek¢niho kitu OptiView DAB (Ventana, Roche). Pouze jaderné zbarveni bylo hodnoceno
jako pozitivni, pficemz tato jaderna exprese byla ve vSech pfipadech hodnocena nezavisle
dvéma patology v ramci tzv. double blinded odectu.

Vysledky imunohistochemické analyzy byly hodnoceny na trovni celkového procenta
pozitivnich bun¢k (v rozmezi 0 — 100 %) a zarovenl také semikvantitativné, s vyuzitim
hodnoceni prostfednictvim H-skore (Specht ef al. 2015), které umoziuje zahrnout do celkového
hodnoceni i intenzitu pozorované¢ho barveni. Za ucelem stanoveni H-skoére je hodnocen
procentudlni rozsah pozitivity na zdklad¢ intenzity barveni (1+ pro slabou intenzitu, 2+ pro
stiedni, a 3+ pro silnou intenzitu). Celkové H-skore je poté vypocitano prostfednictvim souctu
nasobki jednotlivych intenzit: [1 x (% bunék s pozitivitou 1+) + 2 x (% bunék s pozitivitou 2+)

+ 3 x (% bungk s pozitivitou 3+)]. Vysledné H-skore tak dosahuje hodnot v rozmezi 0 — 300.

3.3 Biostatistické analyzy

Vsechny statistické analyzy vramci studie byly provedeny s vyuZitim softwaru
Statistica (StatSoft, Inc., Tulsa, Oklahoma, Spojené staty americké). Ovéteni normality dat bylo
provedeno pomoci Shapiro-Wilkova testu. Vzhledem k nenormalni distribuci dat byly pro dalsi
analyzy zvoleny neparametrické metody testovani.

Za ucelem hodnoceni vztahu mezi proteinovou expresi HNF1B (H-skore jako spojita
zavisla proménnd) a sledovanymi klinicko-patologickymi charakteristikami (kategorické
proménné) byl vyuzit neparametricky ANOVA test. V zavislosti na poctu analyzovanych

kategorii byl zvolen bud’ Mann-Whitney U-test (dv¢ kategorie) ¢i Kruskal-Wallis H-test (tii a
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vice kategorii). V ptipad¢ pouziti Kruskal-Wallisova H-testu byly provedeny také post-hoc
testy (parové testy mnohonasobného porovndvani) za ucelem stanoveni, které jednotlivé
skupiny se liSi od ostatnich. Pro hodnoceni vlivu nezévislych klinicko-patologickych
charakteristik na hodnoty kategorizovaného H-skore byl vyuzit Pearsoniiv chi-kvadrat test nebo
Fishertiv exaktni test (v zavislosti na o¢ekavanych Cetnostech). Korelace mezi dvéma spojitymi
proménnymi byly hodnoceny pomoci Pearsonova korelacniho koeficientu.

Pro vypocet analyzy pieziti byly pouzity neparametrické metody odhadu funkce pteziti,
konkrétné Kaplan-Meiertiv model s implementovanym log-rank testem, ktery stanovuje rozdily
mezi jednotlivymi kiivkami preZiti. Jednotlivé hodnocené klinické udalosti zahrnovaly u v§ech
malignich nadorovych onemocnéni: (1) dobu pfeziti bez nemoci (disease-free survival, DFS) =
doba od data stanoveni primarni diagnézy do umrti na dané onemocnéni (pouze pacienti s
umrtim na zkoumanou diagnézu byli povazovani za necenzorovana data), (2) dobu pieziti bez
lokdlni recidivy (local recurrence-free survival, LFS) = doba od data stanoveni primarni
diagnézy do data diagndzy prvni lokdlni recidivy, a (3) dobu pfeziti bez vzdalenych metastaz
(metastasis-free survival, MFS) = doba mezi datem stanoveni primarni diagnézy a datem
diagnézy prvni vzdalené metastazy. Pokud u pacienta nedoslo k Zadné z monitorovanych
udalosti (DFS / LFS / MFS), byl dany pfipad v analyze povaZovan za cenzorovany k datu
posledniho dostupného zadznamu (posledni kontrola). Za datum stanoveni primarni diagnozy
bylo povazovéano datum potvrzeni bioptické diagnozy.

Vsechny testy byly oboustranné a za signifikantni byly povazovéany hodnoty p < 0.05.
Podrobnosti, ve kterych se jednotlivé studie v metodice lisi, jsou do detailti rozpracovany v

textu piilozenych publikaci, které jsou soucasti dizertacni prace.
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3.4. Molekularné biologické analyzy
Provedené molekuldrné biologické analyzy zahrnovaly:
1. mutacni analyzu vSech koédujicich oblasti HNF1B (exony 1 — 9, RefSeq NM_000458.2)
s prilehlymi intronovymi sekvencemi (15 par bazi, bp) a hlubokymi intronovymi
sekvencemi obsahujicimi vybrané jednonukleotidové polymorfismy (rs7527210 a
154430796 v ptipad¢ nadora tlustého stieva, ledvin a prostaty, které¢ byly v pripadé
karcinomu ovaria doplnény jesté o rs7405776)

2. epigenetickou analyzu metylace CpG ostriivkll v oblasti HNF'IB promotoru

Zaucelem provedeni HNF 1B muta¢ni analyzy byly vyuzity dva hlavni pfistupy v zavislosti
na puvodu vySetfované tkan¢. Vysoce kvalitni DNA ziskana z FT vzorkl byla analyzovana
prostiednictvim nami navrzené dvou krokové polymerazové fetézové reakce (polymerase chain
reaction, PCR) a amplikonového sekvenovani nové generace (next generation sequencing,
NGS). DNA ziskana z FFPE blokl byla analyzovana s vyuzitim panelové NGS, zalozené na
principu vychytavani cilovych oblasti pomoci sond, kterd zahrnovala vSechny kodujici
sekvence HNF'1B genu a ktera je pro zpracovani FFPE materidlu vhodné;si.

Mutace, které nebyly dosud popsany v literatufe, v Single Nucleotide Polymorphism
Database (dbSNP,  http://www.ncbi.nlm.nth.gov/SNP/), v ClinVar = Database
(https://www.ncbi.nlm.nih.gov/clinvar/), nebo v Catalogue of Somatic Mutations in Cancer

(COSMIC, http://www.sanger.ac.uk/cosmic) byly povazovany za nové a dosud neobjevené.

3.4.1. I1zolace nukleovych Kkyselin a kontrola kvality
V ptipad¢ pouziti FT vzorkl byly analyzované tkdné nejprve rozmrazeny a néasledné
bylo 10 — 30 mg dané tkan€ homogenizovano s vyuzitim MagNA Lyser Green Beads trubi¢ek

v nastroji MagNA Lyser Instrument (Roche) za ptitomnosti of 600 pl RLT Plus pufru (Qiagen)
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a 6 ul 14.3 M 2-merkaptoetanolu (Sigma-Aldrich). Celkové mnozstvi DNA bylo izolovano dle
protokolu Simultaneous Purification of Genomic DNA and Total RNA from Animal Tissues s
vyuzitim AllPrep DNA Mini kitu (Qiagen). Izolované DNA vzorky byly nasledné
kvantifikovany s vyuzitim nastroje NanoDrop 2000 (Thermo Fisher).

V piipadé vyuziti tkanovych fezli z archivnich FFPE blockii byla DNA ziskanaz 5 — 10
tkanovych fezii (o tlouStce 4 — 5 pum) a izolovdna s vyuzitim automatického izolatoru
MagCore® nucleic Acid Extractor, pomoci MagCore Genomic DNA FFPE One-step kitu, Ref
MGF-03 (RBC Bioscience). Vysledné izolovand DNA byla poté kvantifikovana pomoci Qubit
fluorimetru (Thermo Fisher) a podrobena kontrole kvality amplifikacni u¢innosti s vyuzitim
qPCR (5 ng DNA vzorku bylo amplifikovano pomoci 5x HOT FIREPol® EvaGreen® HRM
Mix NO ROX; Solis Biodyne). Pouze ty vzorky, které dosahly poZzadovanych kritérii kvality

(Cp <35 na 180 bp produktu amplifikace) byly vyuZity pro dalsi analyzy.

3.4.2. Priprava amplikonového NGS a sekvenace

Za ucelem provedeni nami navrzené dvou krokové amplikonové PCR bylo sestaveno
15 part primerti s univerzalnimi adaptorovymi sekvencemi (Tab. 2). Tyto primery byly
navrzeny tak, aby v prvnim kroku PCR pokryly specifick¢ oblasti HNFIB genu, vcetné
hlubokych intronovych sekvenci obsahujicich varianty rs7527210 a rs4430796. U skupiny
HGSC ovarii byla analyza doplnéna i o rs7405776, s vyuzitim specialné navrzenych primert
(rs7405776_Forward: agccacagactctagatctgg, rs7405776 Reverse: caaagtgctgggattataagtgtg).

Ve druhém kroku PCR byl vyuzit univerzalni par primerid obsahujici adaptorové
sekvence pro Illumina sekvenovani. Prvni PCR krok (pokryvajici HNF1B cilové oblasti) byl
proveden ve dvou samostatnych multiplexnich reakcich. Kazd4 reakce byla provedena
s odliSnymi pary primert tak, aby doslo k zamezeni nezadoucich interakci mezi primery. Ob¢
PCR reakce byly amplifikovany s vyuzitim systému FastStart High Fidelity PCR System

(Roche) dle standartniho doporu¢eného PCR postupu (FastStart High Fidelity PCR System,;
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Roche) ve 20 ul reakcich dle nasledujiciho protokolu: 2 min — 95 °C; 10 cykli po 15 s —95 °C,
20 s—62 °Ca30s—72°C (pro vSechny kroky s uplatnénim zmény teploty 2 °C/s) a poté 20
cyklit po 15 s — 95 °C, 20 s — 62 °C a 30 s — 72 °C (standartni zména teploty 4 °C/s). Po
dokonceni prvniho PCR kroku bylo odebrano 10 pl z obou prvnich PCR reakci, pficemz
vysledny produkt byl nasledné ekvimolarné promisen a purifikovdn pomoci AMPure XP
systému (0,8x; Beckmann Coulter). Takto ptipraveny PCR produkt byl dale amplifikovany v
10 cyklech ve druhém PCR kroku s vyuzitim stejného protokolu, se standartni zménou teploty
a odliSnymi primery (obsahujicimi adaptorové sekvence pro Illumina sekvenovani).

Po dokonceni druhého PCR kroku byla stanovena koncentrace vyslednych PCR
produktt s vyuzitim Qubit fluorimetru (Thermo Fisher) a tyto produkty byly ekvimolarné
smichdny do jedné sekvenaéni knihovny. Pfipravena sekvenacni knihovna byla purifikovana
prostiednictvim AMPure XP systému (0,8x; Beckmann Coulter) a vysledny produkt byl
podroben méfeni koncentrace (Qubit) a stanoveni délky jednotlivych fragmentl s vyuzitim
High Sensitivity NGS Fragment Analysis kitu na Fragment Analyzéru (AATI).

Vyslednd amplikonova knihovna byla poté sekvenovana spolecné s dalSimi
(panelovymi) knihovnami za ti€elem zvySeni sekvenaéni heterogenity. Samotné sekvenace byla
provedena bud’ na 50 vzorcich, které byly sekvenované v ramci jedné amplikonové knihovny
pomoci MiSeq 300 cycles v2 kitu, nebo na 90 vzorcich s vyuzitim NextSeq 300 cycles mid
output kitu v2.5. Tento sekvenacni pfistup s vyuzitim amplikonového sekvenovani ale
vykazoval nizké pokryti 20 bp na 5" konci exonu 4 ve vSech testovanych vzorcich, a tato oblast
proto byla dodatecné sekvenovana pomoci klasického Sangerova sekvenovéni s vyuzitim

specifického paru primert (Tab. 3).
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1 276 HNF1B_NGS_elF1 ACACTCTTTCCCTACACGACGCTCTTCCGATCTGTTAGAAG CTGACTCCTTTCG 25 40.0 59.1
HNF1B_NGS_elR1 | GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTAACTCCTCCAAGGCCTGAAC 20 55.0 60.6
) 279 HNF1B_NGS_elF2 ACACTCTTTCCCTACACGACGCTCTTCCGATCTGAAAATGGTGTCCAAGCTCAC 21 47.6 59.6
HNF1B_NGS_elR2 GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTAGGATGGGAGGTGTGTCATAGTC 23 52.2 61.5
3 270 HNF1B_NGS_elF3 ACACTCTTTCCCTACACGACGCTCTTCCGATCTCAAGCCGGTCTTCCATACTCT 21 52.4 60.6
HNF1B_NGS_elR3 | GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTAACGGGCTTGGCGAGTGT 18 61.1 64.1
4 247 HNF1B_NGS_e2F ACACTCTTTCCCTACACGACGCTCTTCCGATCTTAACCATCTGCTTGTCTGTCTAGTG 25 44.0 59.9
HNF1B_NGS_e2R GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCAGAGGCAGGATGAAAACACTTAC 24 45.8 61.4
HNE1B NGS e3F1 ACACTCTTTCCCTACACGACGCTCTTCCGATCTGTCTGTCTGTCTGTCTGTCTGCTG 24 54.2 61.6
5 276 = =
HNF1B_NGS_e3R1 | GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGTAGGCCTGGTACAAGATTTGC 22 50.0 60.0
6 292 HNF1B_NGS_e3F2 ACACTCTTTCCCTACACGACGCTCTTCCGATCTCTGTTTCTCTTTCCAGAGTTCAGTC 25 44.0 60.0
HNF1B_NGS_e3R2 GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTACTAGTGTCTCAATATCCCAGGACC 25 48.0 61.0
2 264 HNF1B_NGS_e4F1 ACACTCTTTCCCTACACGACGCTCTTCCGATCTGACTGCTGTGATTGTGTGTTTTTG 24 41.7 61.9
HNF1B_NGS_e4R1 | GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTAGAGGGTTCAGGCTGTGAGTC 21 57.1 60.8
8 253 HNF1B_NGS_e4F2 ACACTCTTTCCCTACACGACGCTCTTCCGATCTCACTGAGGTCCGTGTCTACAAC 22 54.5 59.7
HNF1B_NGS_e4R2 GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTAACCCTTAAACCAGATAAGATCCG 24 41.7 60.9
9 251 HNF1B_NGS_e5F ACACTCTTTCCCTACACGACGCTCTTCCGATCTACTAATGTTCCCTACTGGGTTTGTG 25 44.0 61.6
HNF1B_NGS_e5R GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTG GCCTCTTATCTTATCAGCTC 25 40.0 59.1
10 972 HNF1B_NGS_e6F ACACTCTTTCCCTACACGACGCTCTTCCGATCTATCGCTAAGTCACATCGTGTTG 22 45.5 60.1
HNF1B_NGS_e6R GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTTGCTTCCCATTCTTCTTCTCCC 22 50.0 61.0
1 265 HNF1B_NGS_e7F ACACTCTTTCCCTACACGACGCTCTTCCGATCTCACCTCTCCTTATCCCAGGAG 21 57.0 58.2
HNF1B_NGS_e7R GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTACTGAGGGTCCTGAGTGC 18 61.0 60.4
12 47 HNF1B_NGS_e8F ACACTCTTTCCCTACACGACGCTCTTCCGATCTTACCTGTGTCTTTGCCTGTGTATG 24 45.8 61.3
HNF1B_NGS_e8R GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTAACCTCTGCACATCCATGG 19 52.6 58.7
13 285 HNF1B_NGS_e9F ACACTCTTTCCCTACACGACGCTCTTCCGATCTAGTTGGGCATCATCTCCCTTAG 22 50.0 61.7
HNF1B_NGS_e9R GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCTCCTGAGAGTGGATTGTCTGAG 23 52.2 60.4
HNF1B_chrl7_
14 269 rs4430796_F ACACTCTTTCCCTACACGACGCTCTTCCGATCTGAGCGAGAGACCTTTCCAAG 20 55.0 60.5
HNF1B_chr17_
rs4430796_R GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTTTGAGAAGTTTCCAGTCTGCC 21 47.6 59.8
HNF1B_chrl7_
rs757210_F ACACTCTTTCCCTACACGACGCTCTTCCGATCTGTCACCTCCACACAAGTCAG 20 550 61.1
15 250
HNF1B_chr17_
rs757210_R GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCATCTAATTCTTACGACCGCTCC 23 47.8 60.4

Tabulka 2. Seznam genové€ specifickych primert pouzitych pro mutaéni analyzu HNFIB

amplikonovym NGS s univerzalnimi adaptorovymi sekvencemi (Cervenc).
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HNF1B e4F TTGGCCAAGCACCAACAAGTC 21 58.2
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N

HNF1B e4R1 | CTATAGCTCCAACCAGACTCACAGC 25 52.0 | 58.5

Tabulka 3. Par primerti pouzity pro Sangerovo sekvenovani HNFIB 5 konce nizce pokrytého
exonu 4.

3.4.3. Priprava panelové NGS a sekvenace

Vzhledem k charakteru DNA ziskané z FFPE tkanovych bloku a jeji nizsi kvalité byla
pro sekvenaci tohoto materialu vyuzita metoda panelové NGS, zalozena na principu obohaceni
prostiednictvim vychytavani cilovych oblasti pomoci hybridiza¢nich sond.

Jednotlivé vzorky uréené pro panelovou NGS byly pripraveny pomoci APA HyperPlus
kitu dle Seq Cap EZ protokolu (Roche NimbleGen), pficemz cilové genové sekvence byly
obohaceny s vyuZitim panelu na zakazku zhotovenych SeqCap hybridiza¢nich sond proti
vicecetnym ciltim (257kbp panel cilovych genti, NimbleGen, Roche). Samotna sekvenace byla
provedena dle postupu detailné popsaného v jedné z naSich diivé;jSich praci (Ticha et al. 2019).
Aby nedoslo k obohaceni homolognich sekvenci byly sondy navrzeny tak, aby se parovaly
pouze s jednou cilovou oblasti. Pfipravené¢ knihovny byly sekvenovany pomoci néstroje
NextSeq 500 (Illumina, San Diego, Kalifornie, Spojené staty americké) s vyuzitim NextSeq

500/550 Mid Output Kitu v2.5 (150 Cycles, Illumina).

3.4.4. Biostatisticka analyza ziskanych NGS dat

Zakladni nezpracovana data ziskana z amplikonového a panelového sekvenovani byla
demultiplexovana, pfevedena do .fastq formatu a déale analyzovana za pomoci NextGEN
(Softgenetics) softwaru s vyuzitim stejného zakladniho postupu, ktery jsme popsali diive
(Ticha et al. 2019). Pro potieby mapovani cteni byl pouzit genom GRCh37 a referen¢ni
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transkript NM_000458.2. Pouze ty vzorky, které dosédhly minimalniho pokryti > 200x (v
piipadé nadort tlustého stieva, prostaty, ovaria, pankreatu) a > 100x (v pfipadé nadort ledvin)
a varianty s frekvenci variantni alely (variant allele frequency, VAF) > 10 % byly pouzity
k dalSimu zpracovani a hodnoceni.

Identifikované varianty byly manualné prozkouméany pomoci IGV prohlizece (Broad
Institute) za ucelem eliminace faleSn¢€ pozitivnich variant, a nasledné prioritizovany v zavislosti
na vlivu identifikované mutace. Pouze varianty tfidy 3 (varianta nezndmého vyznamu), 4

(varianta pravdépodobné patogenni) a 5 (varianta patogenni) jsou uvedeny ve vysledcich nize.

3.4.5. Analyza metylace HNF1B promotoru

Prvnim krokem v ramci analyzy metylace byla bisulfitova konverze DNA, ktera byla
provedena s pouzitim EZ DNA Methylation-Lightning Kitu (Zymo Research, Irvine,
Kalifornie, Spojené staty americké) dle instrukci vyrobce. Metylované i nemetylované alely
podstoupily PCR amplifikaci s vyuZzitim primeri, jez byly navrzeny prostfednictvim

Methprimer softwaru (http://www.urogene.org/cgibin/methprimer/methprimer.cgi):

HNF1B_met forward TTT TTG GAT TTG TTA AGT TAG TGT TTT, HNF1B_met_reverse
CCC TTC CTA AAT AAT CAA TTT CTC TT (PCR produkt chr17:36105251-36105506,
GrCh37).

PCR amplifikace byla provedena dle nasledujiciho protokolu: 12 min - 95°C, 40 cykla
po 15s-95°C,30s-58°C, 30 s - 72°C), zakonceno 5 min - 72°C. Amplifikovand promotorova
oblast HNF1B pokryva celkem 15 CpG ostrivkl (Obr. 3A) a nachézi se v useku -457 az -202
bp, GRCh37, pied mistem zacatku transkripce (transcription start site, TSS). Tato oblast také
obsahuje CpG ostravek chr17:36105517-36105518, GRCh37, jehoz metylace je v literatuie
spojena se snizenou expresi HNFIB (Shen et al. 2013). Po dokonceni amplifikace byla
provedena analyza kiivek tani (melting curve analysis) s pouZitim nastroje LightCycler 480 II

(Roche).
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a) CCTTTGGACTTGTTAAGCCAGTGCCTTGCAGCCTAGGLGLGGGGCTTTTCCACCGGTTCTCAGTTCE
GCTTTAGTCCAGAGAGAAGACACTACGCTTEGGGGTTCAGGTGAGAGCCAGAGGAAGCTGGGGTG
CTCGTGGAAGAAGGGGACLGCAGGAG GAAGCG!AAG AGTAGAGACCCTGGATGELGTCCLGGCLGAL

GCAGGTGGTGGGCCAGGAGAGCCLGCAGGGLGEGAAGAGAAACTGACCACTTAG GAAGG/GE/-

PCR-HRM
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Obr. 3. A) Oblast promotoru HNFIB, ktera byla podrobena HRM analyze a kterd zahrnovala
15 CpG ostruvki (zvyraznéné Sedou barvou). Tato oblast se nachazi v useku -457 az -202 bp
GRCh37 pted TSS. B) Teplotni mapa znazornujici metylované lokusy HNFIB na zaklad¢
TCGA dat. Kazdy tadek predstavuje jeden vzorek nadorové tkdn€, kazdy sloupec predstavuje
jeden z 27 analyzovanych CpG ostriivki. Cisla nad jednotlivymi ostriivky oznaluji pozici
daného CpG ostrivku vzhledem k TSS genu HNFIB. Tti z analyzovanych CpG ostravki
(zndzornéné modrym fontem) byly zahrnuté také v nasi metylacni analyze. Modra Sipka
oznacuje TSS genu HNFIB.
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V ramci nasi prace jsme byli pomoci High Resolution Melting (HRM) analyzy
amplifikovanych PCR produkti schopni detekovat nejméné 5 % metylované¢ DNA. Kazdy
jednotlivy béh analyzy obsahoval vzorek konvertované DNA, promisené se sérii 100%, 20%,
10%, 5% a 0% univerzaln¢ metylovanych kontrolnich DNA vzorkil a nemetylovanych DNA
vzorkli (Human HCT116 DKO Non-Methylated DNA a Human HCT116 DKOMethylated
DNA; Zymo Research). Jednotlivé kiivky tani analyzovanych vzorkl byly analyzovany pomoci
LightCycler 480 II Softwaru a poté porovnany s kiivkami tani kontrolnich smési (Wojdacz et

al. 2008).

3.4.6. Analyza mikrosatelitové instability

Problematika mikrosatelitové instability (MSI) hraje dileZitou roli v patogenezi a
progresi kolorektalniho karcinomu, kde ptedstavuje jeden ze zékladnich molekularnich
mechanismi (MSI cesta) vzniku a propagace onemocnéni, a také dilezity faktor v rdmci
klinického rozhodovani o vybéru adjuvantni terapie (Singh et al. 2019). Proto jsme u skupiny
kolorektalnich karcinomi doplnili u pfipadii kde bylo k dispozici dostatecné mnozstvi nadoroveé
tkan¢ také fragmentacni analyzu mikrosatelitové instability, ktera byla provedena s vyuzitim
nasledujiciho souboru péti kvasimonomorfnich mononukleotidovych mikrosatelitovych
markert: BAT-26, BAT-25, NR-21, NR-22, a NR-24 (Suraweera et al. 2002).

Samotna fragmentacni analyza byla provedena s pomoci analyzéru ABI 3500
(ThermoFisher). MSI stabilni naddory (microsatellite stable tumors, MSS) nevykazuji Zadné
znamky instability, zatimco MSI instabilni nddory (MSI-high nebo MSI-low fenotyp) jsou
definované na zaklad¢ pfitomnosti jednoho (MSI-low), nebo dvou a vice (MSI-high)

nestabilnich lokusu.
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3.4.7. Shromazdéni a analyza dat z The Cancer Genome Atlas databaze

The Cancer Genome Atlas program (TCGA, https://www.cancer.gov/about-

nci/organization/ccg/research/structural-genomics/tcga) je vyznamny projekt vénujici se

problematice nadorové genomiky, jehoz naplni je shromazdéni dat zahrnujicich komplexni
molekularni charakteristiku Sirokého spektra nadorovych onemocnéni. V soucasnosti obsahuje
TCGA detailni popis vice nez 20 000 vzorkl primérnich nadort a parovych nenadorovych tkani,
zahrnujicich 33 rGznych nadorG. V rdmci vicetroviiové komplexni analyzy HNF1B jsme
v relevantnich pfipadech provedli také srovnani naSich vysledkd s daty ziskanymi z TCGA

databaze. TCGA data byla staZena prostiednictvim cBioPortal (www.cbioportal.org; TCGA) a

zahrnovala pfedevs§im udaje o metylacnim stavu CpG ostrivki, ale také o expresi HNFI1B na
urovni mRNA, a také vybrand klinicko-patologicka data jednotlivych nadora (rasa, T/N/M
stddium, klinické stddium onemocnéni, histologicky typ tumoru, grade tumoru, lokalita tumoru).

Rozsifena data o metyla¢ni analyze vSech CpG ostrivkti u HNF1B lokust byla stazena

prostiednictvim Mexpress (https://mexpress.be) a dale vyuZzita pro vizualizaci dat formou

teplotni mapy (Obr. 3B). Zatimco naSe metylacni analyzy byly provedeny metodou HRM,
metylacni analyza nadori v TCGA databazi byla provedena s vyuZitim platformy Illumina
Infinium Human Methylation 450 K BeadChip. Vysledky metyla¢ni analyzy (odhadované
urovné metylace vzorki) jsou v TCGA prezentované jako B-hodnoty, které predstavuji pomér
mezi intenzitami metylovanych a nemetylovanych alel (B-hodnoty tak nabyvaji hodnot od 0 do
1, kde 0 predstavuje zcela nemetylovanou alelu a 1 predstavuje pln€¢ metylovanou alelu).
Exprese HNF1B na urovni mRNA je v TCGA prezentovana jako standartni deviace
pramérné exprese popsané u referencni populace (vSechny vzorky, které jsou z hlediska
HNFIB lokusu diploidni a vzorky normalni, nenadorové tkan¢), kterd je uvedena v podobé

mRNA Expression z-Score (RNA Seq V2 RSEM).
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4. VYSLEDKY

4.1. Nadory tlustého stireva
4.1.1. Imunohistochemické vySeti‘eni a biostatistické analyzy

Vysledky imunohistochemického vySetteni ukéazaly, ze prakticky vSechny analyzované
pfipady adenomt i karcinomt tlustého stieva vykazovaly uréitou miru homogenni, jaderné
exprese HNF1B. Ukédzky imunohistochemického vysetieni exprese vysetfovanych 1ézi jsou
uvedeny na Obr. 4, vysledné hodnoty HNF1B exprese a jejich korelace s klinicko-
patologickymi charakteristikami jsou shrnuty v Tab. 4 a Tab. 5. Pro potieby chi-kvadrat testti a
biostatistickych analyz byly hodnoty H-skore u vSech vySetfovanych 1ézi kategorizované do
dvou skupin (skupina 1: H-skore 0-200; skupina 2: H-skore 201-300).

Co se tyCe skupiny adenomt, vSechny (n = 40) vysetiované ptipady byly pfi barveni
protilatkou proti HNF1B difuzné pievazné siln€ (¢i v mensim procentu piipadii stfedné siln¢)
pozitivni. Pfi porovnani skupiny adenomii a karcinoml adenomy dosahovaly nejen statisticky
vyznamné vysSiho rozsahu pozitivni exprese (p < 0.001), ale také vysSich hodnot intenzity
barveni (p <0.001; Tab. 6).

Biostatistick¢ analyzy ukazaly, Ze hodnoty H-skore se statisticky vyznamné neliSily
mezi skupinou adenomil s high grade dysplastickymi zménami a adenomti s low grade
zménami [HG dysplazie H-skore: 235.8/250 (primér / median), LG dyspldzie H-skore:
260.1/257 (primér / medidn)]. Zajimavym nalezem nicméné byly urCité zmény v expresi
HNF1B u adenom, které vykazovaly prevazné low grade dysplastické zmény v celé 1€z1, a jen
fokalni kratké useky high grade dysplazie na povrchu léze. V téchto ptipadech bylo patrné, ze
zatimco LG dysplastické tseky jsou siln€ difuzné HNF1B pozitivni, povrchové HG partie
adenomu vykazuji postupné klesajici intenzitu exprese (ktera ziistala zachovana, ackoliv v nizsi
mife) (Obr. 4A). V piipadé skupiny adenomt byl déle hodnocen vztah mezi HNF1B expresi a

vybranymi klinicko-patologickymi charakteristikami, které¢ zahrnovaly v€k pacienta, pohlavi a
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stupef dysplastickych zmén. Zadné z téchto charakteristik nevykazovaly u adenomu statisticky

vyznamnou souvislost s expresi HNF1B.
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Obr. 4. Vysledky imunohistochemického barveni protilatkou proti HNF1B u nadort tlustého
stteva. a) Silnd jadernd exprese u adenomu s pievazujici low grade dysplazii epitelu,
v povrchovych partiich s patrnou sniZzenou expresi v oblastech s high grade dysplastickymi
zménami (200x). b) Kompletni ztrata exprese HNF1B u kolorektalniho karcinomu (200x). c)
Prevazné slaba a fokalné stfedné silnd exprese HNF1B u jiného piipadu kolorektalniho
karcinomu (100x). d) Kolorektéalni karcinom vykazujici diftzni silnou expresi HNF1B (100x).
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Tabulka 4: Vztah mezi expresi HNF1B a zakladnimi klinicko-patologickymi
charakteristikami u 40 ptipadt kolorektalnich adenomi

Exprese HNF1B (n)

Charakteristika ~ Skupina If)lrsrl;(;rre r}IIl_escll{iZ;e ho 5n;)taa skupina I skupina2 é,; _0 b
Pohlavi 0.712 0.927
Muz 28 2483 260 5 23
Zena 12 2469 250 2 10
Vek 0.140 0.694
fﬁ;‘éri‘;flrz_;_,g’ <70 14 2332 243 2 12
>70 26 2558 267 5 21
Stupen dysplazie 0.129 0.212
High grade 20 235.8 250 5 15
Low grade 20 260.1 257 2 18

? —hodnoty p jsou zaloZeny na vysledcich Mann-Whitney U- testu
® _hodnoty p jsou zaloZeny na vysledcich Pearsonova chi-kvadrat testu (kategorizovana
exprese)

Skupina karcinom tlustého stfeva vykazovala v porovnani s adenomy vyznamné nizsi
hodnoty exprese HNF1B (H-skére primér 184.5, median 190; p < 0.001) (Tab. 6, Obr. 5). U
skupiny karcinomii zahrnovaly hodnocené klinicko-patologické parametry zejména vék
pacienta, pohlavi, anatomickou lokalitu nadoru, lateralitu umisténi nadoru, grade nadoru,
T/N/M stadium, stddium dle Dukese, pozitivitu lymfatickych uzlin, pfitomnost lymfovaskularni
invaze a perineuralni invaze, recidivy, a v piipadech kde byla tato informace dostupnd 1 MMR
status nddoru stanoveny imunohistochemickym vySetfenim (Tab. 5). Z téchto parametri dosahl
statistick€é vyznamnosti pouze vztah mezi snizenou expresi HNF1B a recidivou (p = 0.043)

(Obr. 6). Zadné z ostatnich charakteristik s expresi HNF1B vyznamné nekorelovaly.
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Tabulka 5. Vztah mezi expresi HNF1B a klinicko-patologickymi charakteristikami u 105
ptipadt kolorektalnich karcinomt

H-

H-

Exprese HNF1B (n)

Charakteristika Skupina  n skg')rev sk()r.e’ ho 5;1_0 - sku?ma skug na ho é; ; 1
prumér median
Pohlavi 0.267 0.162
Muz 61 191.7 210 29 32
Zena 44 1745 170 27 17
Vék 0.857 0.896
(primé - 7711) <71 50 1845 190 . ’3
>71 55 1845 190 29 26
Lokalita 0.167 0.325
Colon 93 188.6 195 48 45
Rektum 12 1529 155 8 4
Lateralita* 0.410 0.976
levostr. 54  190.6 190 29 25
pravostr. 50 176.7 178 27 23
Histologicky 0.781 0.469
typ
o i 04 1857 1925 49 45
mucindzni 11 175 174.1 7 4
T stadium 0.221 0.152
T1 10 216.5 240 3 7
T2 30 165.8 165 19 11
T3 45 1949 220 21 24
T4 20 1733 180 13 7
N stadium 0.791 0.612
NO 76 188.4 195 39 37
N1 17 1779 180 9 8
N2 12 169.2 180 8 4
M stadium 0.844 0.772
MO 89 183.8 190 48 41
Ml 16 188.8 200 8 8
Dukes staging 0.584 0.436
A 10 216.5 240 3 7
B 50 1833 178 28 22
C 29 1733 180 17 12
D 16 188.8 200 8 8
Skupina dle TNM
stag?ngu 0.469 0.767
I 34 1753 170 20 14
II 34 201.8 220 16 18
11 21 168.3 180 12 9
v 16 188.8 200 8 8
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Grade

Stav lymfatickych

uzlin

Lymfovaskularni
invaze

Perineuralni
invaze

MMR status®

Recidiva*

Gl
G2
G3
muc.

Pozitivni

Negativni

deficitni

zachovaly

Ano
Ne

26
59

11

29
76

41
64

9
96

11
42

16
87

204.4
186.9
113.1
177.1

174.3
190.0

179.3
187.9

201.7
182.9

210.0
190.2

147.8
189.5

225
190
110
183

180
200

180
203

220
185

260
195

153
205

0.097

0.498

0.742

0.363

0.318

0.048

11
31

17
39

24
32

4
52

4
22

13
43

15
28

12
37

17
32

5
44

7
20

3
44

0.161

0.502

0.392

0.576

0.341

0.019

* — data nebyla dostupna pro vSechny piipady

? —hodnoty p jsou zaloZeny na vysledcich Mann-Whitney U- testu nebo Kruskal-Wallis H-

testu

® _hodnoty p jsou zalozeny na vysledcich Pearsonova chi-kvadrat testu (kategorizovana

exprese)

Tabulka 6. Vztah mezi expresi HNF1B a typem 1€ze u 145 nadort tlustého stieva

Exprese HNF1B (n)

. . H-skore H-skore p- . . p-
Charakteristika Skupina n primér  medidn  hodnota® skupina 1 skupina 2 hodnotd®
Typ léze <0.001 <0.001

Adenom 40 2479 253 7 33
Karcinom 105 184.5 190 56 49

? —hodnoty p jsou zaloZeny na vysledcich Mann-Whitney U- testu
® _hodnoty p jsou zaloZeny na vysledcich Pearsonova chi-kvadrat testu (kategorizovana

exprese)
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Obdobn¢ analyzy asociace mezi expresi HNF1B (hodnocenou ale na mRNA, ne na IHC
urovni), metylaci HNF1B a klinicko-patologickymi tdaji byly provedeny i na souboru dat
kolorektalnich karcinomii ziskanych z TCGA, ktery pro jednotlivé hodnocené parametry
obsahoval 296-372 piipadi (Tab. 7). Hodnocené klinicko-patologické parametry zahrnovaly
rasu, T/N/M stadium, klinické staddium onemocnéni, histologicky typ tumoru a lokalitu tumoru.
Jediny z vysledkl, ktery dosahl statistického vyznamu, byl vztah mezi expresi HNF1B a
histologickym typem karcinomt, kdy mucinézni karcinomy vykazovaly vyrazné niz§i expresi

HNF1B na mRNA urovni nezZ non-mucinézni karcinomy (p = 0.022).

300 | — e

250 | o

200

150 ¢

H-skore

100 ¢ Em—

S50+

0t —L— o Medidn
[ 25%-75%
T Min-Max

adenom karcinom

Typ leze

Obr. 5. Vztah mezi expresi HNF1B (H-skore) a typem léze, analyza zaloZena na 145 ptipadech
(adenom: n = 40, karcinom: n = 105). Mann-Whitney U test: Z=4.069, p <0.001
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Klinicky follow up byl k dispozici u 98/105 karcinomii a tato data byla pouzita
k provedeni analyz pfeziti s ohledem na DFS, LFS a MFS. Vysledky odhalily statisticky
vyznamny vztah mezi expresi HNFI1B a DFS (p = 0.014), kdy byla snizena exprese spojena
s horsi prognozou a kratSim DFS (Obr. 7). Vysledky analyzy dalSich dvou parametr poukazaly
pouze na trend naznacujici asociaci mezi nizsi expresi HNF1B a kratSim LFS 1 MFS, ktery ale

nedosahl statistické vyznamnosti (LFS p =0.101, MFS p = 0.057).

300 —

250

200 } o

150 ¢ ]

H-skore

100 }

50 ¢

s Median
25%-75%
Mindax

Recidiva

Obr. 6. Vztah mezi expresi HNF1B (H-skore) a recidivou onemocnéni, analyza zaloZzena na
105 ptipadech kolorektalniho karcinomu. 0 = bez recidivy, 1 = ptipady, kdy doslo k recidivé.
Mann-Whitney U-test: Z=2.021, p = 0.043
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Obr. 7. Korelace exprese HNF1B s progn6zou. Pravdépodobnost A) pieziti bez nemoci (DFS),
B) bez lokalni recidivy (LFS), a C) bez metastaz (MFS) na zakladé kategorie H-skore HNF1B
u 98 pfipadd kolorektdlniho karcinomu. Kftivky pteziti byly ziskany s vyuzitim Kaplan-

Meierovy metody,

p hodnoty jsou
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4.1.2. Muta¢ni analyza

V piipadé adenomu tlustého stieva byla mutac¢ni analyza GspéSné provedena na 20
piipadech (z celkového poctu 34 vzorki, pro vSechny byl dostupny pouze FFPE material).
V ptipad¢ kolorektalnich karcinomt byla analyza uspésna u 84 ptipada (73 vzorkii nddorové
tkan¢ a 11 vzorka korespondujici nenadorové tkan€) zcelkem 90 ptipadi s dostupnym
kvalitné¢jSim FT materidlem.

Vysledky analyz ukdzaly, Ze v Zadném z vysetfovanych adenomil nebyly identifikovany
7zadné mutace ttidy 3-5. V pfipadé kolorektalnich karcinomi byly mezi 73 ptipady
identifikovany celkem 3 somatick¢ mutace HNFIB. Jednalo se o dvé frameshift mutace
(vedouci k posunu c¢teciho ramce) a jednu nonsense mutaci (vedouci ke vzniku ptedcasného
stop kodonu a zkraceného proteinového produktu): c.149delC, p.P50LfsTer75 (VAF 38.45 %,
déale oznacovana jako Piipad A, H-skore: 210); ¢.1006delC, p.H336TfsTer40 (VAF 34.88 %,
dale oznafovana jako Ptipad B, H-skore: 240) a ¢.554C > T, p.Q182X (VAF 26.79 %, dale
oznatovana jako Piipad C, H-skore: 80). Zadné dalsi varianty tfidy 3 - 5 (somatické &i
germinalni) nebyly zaznamenany.

Jak jiz bylo zminéno vysSe, v literatute je kromé vlivu mutaci HNF'1B také diskutovan
vyznam jednonukleotidovych polymorfismii HNFIB, zejména s ohledem na riziko vzniku
ur¢itych nddorovych onemocnéni, pti¢emz vysledky dosud publikovanych studii jsou ¢asto ne
zcela jednoznacné ¢i si dokonce protifeci (Elliott et al. 2010; Berndt et al. 2011; Spurdle et al.
2011). Na zéklad¢ téchto poznatki jsme se v rdmci této prace zabyvali také hodnocenim vlivu
dvou nejcastéji popisovanych SNP (rs4430796 a rs7527210) na parametry preziti u
kolorektalniho karcinomu. V ptipadé SNP rs4430796 bylo pozorovano vyznamné delsi DFS u
pacientil s genotypem AA, neZ u pacientli s genotypem GA a GG (p = 0.035, Obr. 8). Pro SNP

1s7527210 nebyl prokazan statisticky vyznamny vliv na pieziti (p = 0.942).
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Obr. 8. Korelace genotypu SNP rs4430796 s progn6zou. Pravdépodobnost preziti bez nemoci
(DFS) ve vztahu ke genotypu rs4430796, na zaklad¢é 73 piipadi kolorektalniho karcinomu.
Kiivky pteziti byly ziskany s vyuzZitim Kaplan-Meierovy metody, p hodnoty jsou odhadnuty
pomoci log-rank testu. PoCet uplnych/cenzorovanych dat je uveden v zavorkach.

4.1.3. Metyla¢ni analyza

Analyza metylace promotoru HNF1B byla uspésné provedena u celkem 93 piipadii (72
karcinomll a 21 adenomil) z 99 piipadd, které byly podrobeny bisulfitové konverzi DNA.
V piipadé¢ adenoml byla metylace promotoru zaznamenana u 1/21 (4.7 %) adenomd,
nenddorova tkan od stejného pacienta za ucelem porovnani nebyla v tomto piipadé k dispozici.
V souboru karcinomt byla metylace pozorovéana u 3/72 (4.2 %) ptipadt. Ve dvou piipadech se
jednalo o nizky stupeit metylace (5—10%, H-skore téchto karcinomt bylo 30 a 95), zatimco

v poslednim ptipadé dosidhla metylace stfedni urovné (cca 25%, H-skére = 295).
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Korespondujici nenadorova tkan byla k dispozici pro dva z téchto karcinomii a v zddném
z ptipadl nebyla metylace zaznamenana. Z celkem 87 vzorkl nenddorové tkané, ktera byla
izolovéna, byla metylacni analyza UspéSné€ provedena u 61 ptipadd, pricemz zadny z nich
metylaci nevykazoval.

Vysledky metylacni analyzy provedené na nasem souboru byla dale porovnany s daty
ziskanymi z TCGA, kterd byla stazena prostiednictvim portdlu Mexpress. Soubor
kolorektalnich karcinomt ziskany z TCGA obsahoval 372 piipadi suvedenym T / N / M
stddiem, histologickym typem nadoru, lokalitou, stddiem onemocnéni a metylaénim stavem.
Statisticky signifikantni vztah s expresi HNF1B (na turovni mRNA) byl pozorovan ve skupiné

mucin6znich karcinomii, kde byla exprese HNF1B vyznamné niZzsi.

4.1.4. Analyza mikrosatelitové instability

Stanoveni mikrosatelitové instability metodou fragmentacni analyzy bylo uspésné
provedeno u 103/105 ptipadl karcinomt (u zbyvajicich 2 ptipadl nebylo na tuto analyzu jiz
k dispozici dostatecné mnozstvi nddorové tkan€). Vysledky ukazaly, ze 81/103 karcinom bylo
MSS, 2/103 karcinomil byly MSI-low a 20/103 karcinomii byly MSI-high. Oba dva pfipady,
které fragmentacni analyza vyhodnotila jako MSI-low, byly dodate¢né¢ podrobeny
imunohistochemickému vySetfeni s pouZitim protilatek proti mismatch-repair proteintim
(MSH2, MSH6, MLH1, PSM2). Ty vykazovaly zachovalou IHC expresi, a proto byly pro
potieby statistickych analyz tyto pifipady pfifazeny do MSS skupiny nadort. Biostaticka
analyza neprokazala Zadnou statisticky vyznamnou asociaci mezi expresi HNF1B a témito

dvéma (MSS versus MSI-high) skupinami (Tab. 5).
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Tabulka 7: Vztah mezi expresi HNF1B na urovni mRNA a metylaci a klinicko-
patologickymi charakteristikami u souboru kolorektalnich karcinomt z TCGA

Charakteristika Skupina n mRNA mRNA p- B - B- p-
exprese exprese hodnota hodnota hodnota hodnota
z-skore  z-skore primér mediin
primér median

Rasa* 0.447 0.497

bélosska 284 0.167 0.059 0.036 0.025
cerno$ska 61  0.046 -0.084 0.042 0.026
T stadium* 0.149 0.002
T1 10  0.412 0.319 0.047 0.319
T2 53 0.235 0.159 0.032 0.025
T3 48  0.142 0.062 0.036 0.025
T4 255 -0.165 -0.208 0.058 0.031
N stadium* 0.237 0.600
NO 200 0.117 0.125 0.036 0.025
N1 97  0.270 0.009 0.037 0.025
N2 68  -0.058 -0.218 0.035 0.027
M stadium* 0.709 0.779
MO 246 0.111 0.023 0.033 0.023
Ml 50  0.044 -0.07 0.042 0.026
stadium 0.743 0.863
onemocnéni*
I 54 0.219 0.186 0.035 0.026
II 132 0.068 0.102 0.038 0.026
11 112 0.166 -0.048 0.035 0.025
v 51 0.035 -0.084 0.041 0.026
histologicky typ 0.022 0.295
non-muc. 332 0.178 0.082 0.034 0.025
karcinom
muc. 40  -0.243 -0.221 0.058 0.026
karcinom
lokalita tumoru* 0.100 0.278
colon 311 0.166 0.071 0.035 0.025
rektum 40  -0.088 -0.125 0.041 0.027

* data nebyla dostupna pro vSechny piipady
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4.2. Karcinomy ovaria
4.2.1. Imunohistochemické vySetieni a biostatistické analyzy

Imunohistochemicka analyza byla provedena u vSech 122 ptipadi HGSC a jeji vysledky
ukazaly, Ze jaderna IHC exprese HNF1B byla obecné velmi nizka (H-skore primér: 21.8; H-
skore median: 0). Pozitivita HNF1B byla pozorovana pouze u 28 ptipadi (u 15 ptipada byly
hodnoty H-skére v rozmezi 20 — 99, u 13 ptipadt v rozmezi 100 - 200), pficemz zbytek piipadi
(n =94) byl zcela negativni (H-skore 0). V piipadech, kde byla pozitivita HNF1B pfitomna, se
jednalo pfevazné o slabou az stiedné silnou intenzitu barveni. U celkem 17/28 ptipadl byla
intenzita HNF1B barveni fokaln¢ silnd, ale rozsah takto pozitivnich nadorovych bunék
v 7Zadném z p¥ipadti nepiekroéil 30 % z celého nadoru. Zadny z HGSC nedoséahl hodnot H-

skore nad 200. Reprezentativni ptiklady vysledkii IHC analyzy jsou uvedeny v Obr. 9.
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Obr. 9. Piiklady imunohistochemického barveni protilatkou proti HNF1B u HGSC ovéria. A)
Kompletni negativita jaderné exprese HNF1B v nadorovych bunkach (200x). B) Fokalni
variabiln¢ intenzivni exprese HNF1B (stfedn¢ silnd az silnd) (200x).
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Pro potieby chi-kvadrat testi a analyz pteziti byly hodnoty H-skore u vSech ptipadt
kategorizovany do dvou skupin s ohledem na median dosazenych hodnot (skupina 1: H-skore
0-19; skupina 2: H-skoére 20-300). Biostatistické analyzy prokézaly, ze vyssi exprese HNF1B
byla pozitivné asociovana s lymfovaskularni invazi (p = 0.025) (Tab. 8). Pro zadny z dalSich
testovanych klinicko-patologickych parametrti nebyl prokézéan statisticky vyznamny vztah s
expresi HNFI1B.

Analyzy pteziti v zavislosti na expresi HNF1B byly provedeny pro vSechny tfi
sledované parametry (DFS, LFS, MFS) a vysledky pro Zadny z parametri nedosahly statistické
vyznamnosti. Pro DFS byl nicméné pozorovan trend naznacujici asociaci mezi niz8i expresi

HNF1B a vyssi pravdépodobnosti delsiho DFS (Obr. 10).
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Obr. 10. Kaplan-Meierovy kiivky pravdépodobnosti preziti bez nemoci v zavislosti na

kategorizované expresi HNFI1B (H-skore). HNF1B skupina 1: H-skére 0-19; skupina 2: H-
skore 20-300.
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Tabulka 8. Vztah mezi expresi HNF1B (H-skoére) a klinicko-patologickymi charakteristikami
u 122 piipadi HGSC

Charakteristika n H-skore H-skore p- H-skore H-skore p-
priamér median hodnota skupinal skupina2  hodnota
VEk (pramér = 0.094° 0.273¢
59, median = 60)
<60 59 13.8 0 48 11
>60 63 29.3 0 46 17
FIGO? 0.953° 0.676°
I 10 27.6 0 7 3
I 7 18.6 0 6 1
11 83 225 0 62 21
v 20 19.2 0 17 3
Lymfovaskularni 0.025° 0.023¢
invaze
Ano 63 27.7 0 45 18
Ne 28 8.6 0 26 2
Neoadjuvantni 0.607° 0.768¢
terapie
Ano 28 24.4 0 21 7
Ne 94 20.9 0 73 21
Lokalni recidiva® 0.261° 0.734¢
Ano 55 16.8 0 42 13
Ne 49 29.5 0 36 13
Vzdalena 0.087° 0.651¢
recidiva®
Ano 52 15.8 0 40 12
Ne 52 30.1 0 38 14
Metylace® 0.056° 0.089°
Ano 26 12.3 0 23 3
Ne 41 21.6 0 29 12
rs4430796° 0.993° 0.5354
Ano 44 20.4 0 35 9
Ne 21 13.9 0 15 6
rs757210* 0.613° 0.4764
Ano 52 17.9 0 41 11
Ne 13 19.8 0 9 4
rs7405776* 0.071° 0.115¢
Ano 44 24.8 0 31 13
Ne 21 5.0 0 19 2

Data nebyla dostupna pro vsechny piipady; ® p — hodnoty jsou zaloZeny na vysledcich Mann-
Whitney U-testu nebo Kruskal-Wallisova H-testu; ¢ p — hodnoty jsou zaloZeny na vysledcich
Pearsonova chi-kvadrit testu; ¢ p — hodnoty jsou zaloZeny na vysledcich Fisherova exaktniho
testu. Exprese HNF1B je kategorizovéana do 2 skupin: skupina 1 (H-skore 0-19) a skupina 2

(H-skore 20-300).
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4.2.2. Mutac¢ni analyza

Mutacni analyza genu HNF'1B byla uspésn¢ provedena u 61 FT vzorki nadorové tkane.
U jednoho z analyzovanych piipada [1/61 (1.6 %)] byla identifikovana somatickd nonsense
mutace NM_000458.2: ¢.1063C>T, p.(Q355X) s frekvenci variantni alely 68 %. Tento ptipad
byl zcela negativni v imunohistochemickém prikazu HNF1B (H-skore: 0).

Z4dny z analyzovanych SNP (rs4430796, rs7527210, rs7405776) nebyl signifikantné

asociovany s IHC expresi HNF1B (Tab. 8) ¢i s metylaci promotoru HNFIB (Tab. 9).

4.2.3. Metyla¢ni analyza

Analyza metylace promotoru genu HNF1B byla Gspésné provedena u 67 FT vzorkl
nadorové tkané. Metylace promotoru HNFIB byla detekovana u 26/67 (38.8 %) piipadd,
pricemz dle biostatistickych analyz nebyl metyla¢ni status vyznamné asociovany se zadnym ze
sledovanych klinicko-patologickych parametrti (Tab. 9).

Vysledky metyla¢ni analyzy provedené na naSem souboru nadort byla také porovnany
s daty ziskanymi z TCGA, ktera byla stazena prostiednictvim portalu Mexpress. Soubor nadorti
ziskany z  TCGA  zahrnoval 569  pfipadi  oznadenych  jako ,serdzni
cystadenokarcinom* s uvedenym stadiem, gradem a metyla¢nim stavem. Metylacni stav byl
ziskéan s vyuzitim lokusu cg12788467 (pozice relativni k TSS je -238, GRCh37), ktery byl také
zahrnut v nami analyzované oblasti promotoru. Tento lokus byl oznacen jako hypermetylovany
v ptipad¢, Ze jeho  hodnota pfesahla 0.3 (Cancer Genome Atlas Research 2015). Na zakladé

téchto kritérii byla metylace promotoru HNF'1B zaznamendna u 315/569 (55 %) ptipadu.
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Tabulka 9. Vztah mezi metylaci promotoru HNF'IB a vybranymi klinicko-patologickymi
charakteristikami u 67 ptipadit HGSC.

Charakteristika Metylace Metylace p —hodnota
Ano Ne

Vék 0.307
<60 16 20
>60 10 21

FIGO? 0.714
I 1 4
I 2 3
I 17 27
v 6 6

Lymfovaskularni invaze® 0.778
Ano 12 26
Ne 5 9

Neoadjuvantni terapie 0.478
Ano 5 11
Ne 21 30

Lokalni recidiva® 0.252
Ano 14 19
Ne 6 16

Vzdalena recidiva® 0.878
Ano 11 20
Ne 9 15

rs4430796* 0.615
Ano 16 28
Ne 9 12

rs757210* 0.524
Ano 19 33
Ne 6 7

rs7405776* 0.614
Ano 16 28
Ne 9 12

#Data nebyla dostupna pro vSechny piipady.
P —hodnoty jsou zaloZeny na vysledcich Pearsonova chi-kvadrat testu.
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4.3. Nadory ledvin
4.3.1. Imunohistochemické vySeti‘eni a biostatistické analyzy

Vysledky imunuhistochemické analyzy ukézaly, Ze mezi vSemi Ctyfmi typy
analyzovanych nador ledvin byly vyznamné rozdily v rozsahu a intenzité IHC exprese HNF1B
(» < 0.001). Dosazené urovné exprese u jednotlivych typti nadortt hodnocené prostiednictvim

H-skore jsou uvedené v Tab. 10.

Tabulka 10: Vztah mezi expresi HNF1B a typem nadoru u 130 ptipadl renalniho karcinomu

kategorizované H-skore

. H-skore H-skore - skupina skupina skupina -
Skupina " primér medidn hoclfnotaa {) g g hoclfnotab
Diagnoza <0.001 0.004
ccRCC 93 201.3 250 22 18 53
chRCC 11 35.5 0 9 2 0
papRCC 17 201.8 270 5 3 9
RO 9 162.2 170 3 3 3

ccRCC — svétlobunéény rendlni karcinom, chRCC — chromofobni renalni karcinom, papRCC
— papilérni renalni karcinom, RO — renalni onkocytom

4 — p - hodnoty jsou zaloZené na vysledcich Mann-Whitney U-testu nebo Kruskal-Wallis H-
testu

b _ p —jsou zaloZené na vysledcich Pearsonova chi-kvadrat testu (kategorizovana exprese)

Ve skupin€¢ ccRCC, papRCC a RO vykazovaly prakticky vSechny ptipady urcitou
uroven homogenni, jaderné pozitivity HNF1B, zatimco témé&f vSechny nadory ze skupiny
chRCC byly zcela negativni (s vyjimkou pouze dvou ptipadl, kdy byla pozorovéana slabé az
stftedné silnd pozitivita). Reprezentativni piiklady vysledkti IHC barveni s protilatkou proti

HNF1B jsou uvedené v Obr. 11.
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Obr. 11. Priklady vysledkt imunohistochemického barveni protilatkou proti HNF1B u nadort
ledvin. A) Diftzni silnd jaderna pozitivita HNF1B u ccRCC (100x). B) Ojedinéla slaba
pozitivita exprese HNF1B a ptevazujici kompletni negativita u jiného ptipadu ccRCC (100x).
C) Ojedin¢la slaba pozitivita exprese HNF1B a pfevazujici kompletni negativita u chRCC

(100x). D) Difuzni silné jaderna pozitivita u papRCC (100x).
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Vzhledem k zaznamenanym rozdilim v IHC expresi mezi jednotlivymi typy nadort
ledvin byly provedeny post-hoc testy, které ukazaly na statisticky vyznamné rozdily zejména
mezi skupinou chRCC a ccRCC (p <0.001) a také mezi skupinou chRCC a papRCC (p <0.001).
Mezi skupinou RO a ostatnimi typy nadorti nebyl prokdzan vyznamny rozdil. Rozdilné
vysledky exprese HNF1B u jednotlivych typti nadort jsou znazornéné v Tab. 10 a Obr. 12, kde

je také zvyraznén nerovnomérny pocet piipadii v jednotlivych skupinéch.
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Obr. 12. Rozdilna exprese HNF1B (H-skore) ve vztahu k jednotlivym typtim nadort ledvin.
Analyza je zaloZena na 130 pfipadech rendlniho karcinomu (¢ccRCC: n = 93, chRCC: n =11,
papRCC: n=17,RO: n=9). Kruskal-Wallisav H-test: H (3,130) =21.96, p < 0.001. Jeden bod
v grafu miize pfedstavovat vice nez jeden pripad.
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Vzhledem k nerovnomérnému poctu piipadi v jednotlivych skupinidch nadori (a
v nékterych piipadech také k jejich limitovanému poctu) byla dale analyzovana asociace mezi
expresi HNF1B a klinicko-patologickymi charakteristikami pouze pro tu nejpocetnéjsi skupinu
nadort ledvin — ccRCC (n = 93). Pro potieby chi-kvadrat testi byly hodnoty H-skoére u vsech
piipadi kategorizovany do celkem tii skupin (skupina 1: H-skére 0—100; skupina 2: H-skore
101-200; skupina 3: H-skore 201-300).

Vysledky analyz jsou shrnuty v Tab. 11. Exprese HNF1B byla signifikantn¢ asociovana
s gradem nddort (p = 0.002), kdy nizsi exprese HNF1B korelovala s vy$§im gradem nadoru.
Nasledné doplnéné post-hoc testy pro zndzornéni rozdili mezi jednotlivymi skupinami ukazaly
tyto vysledky: G1 vs. G2 (p =0.032), G1 vs. G3 (p =0.019), G1 vs. G4 (p = 0.025), G2 vs. G3
(p>0.05), G2 vs. G4 (p > 0.05), G3 vs. G4 (p > 0.05) (Obr. 13). Vysledky pro zadny z dalSich
hodnocenych parametrt (vék, pohlavi, T stddium nadoru, pfitomnost lymfovaskularni invaze,
metastdz, recidivy, ptitomnost specifickych SNP HNF'IB) nedoséhly statistické vyznamnosti.
Zajimavym zjiSténim byl nicméné fakt, Ze pfi porovnani naddort v Tla (nador o velikosti do 4
cm véetné) a T1b stadiu (nador vétsi nez 4 cm, ale mensi neZ 7 cm) byl pozorovan vyznamny
rozdil v dosazenych hodnotach H-skore mezi t€émito dvéma skupinami (vzhledem k nizkému
poctu piipadi ve vySSich T stadiich by nebylo zahrnuti téchto stadii do analyz racionalni).
Nadory ve skupiné Tla vykazovaly vyssi expresi HNF1B neZ nadory ve skupiné T1b (pTla:
pramér = 235.8, median = 280; pT1b: primér = 181.0, median = 185, p = 0.046).

Vzhledem k tomu, ze v pocetné nejvétsi skupiné nadortt ccRCC bylo zaznamenéno
celkem pouze 8/93 piipadl lokdlni ¢i vzdalené recidivy onemocnéni by analyzy pfeziti

neposkytly statisticky relevantni vysledky a nebyly proto provedeny.

63



Tab. 11: Vztah mezi expresi HNF1B a klinicko-patologickymi charakteristikami u 93 piipadi

ccRCC
kategorizované H-skore
Charakierisika Skupina 15 L SE hodmotat 1 a e hodmota
Pohlavi 0.617 0.399
Muz 54 198.2 240 12 13 29
Zena 39 2058 250 10 5 24
Vek 0.849 0414
(prumeér = 63,
median = 65) <65 44 198.9 240 8 8 28
> 65 49  203.5 260 14 10 25
pT klasifikace 0.094 0.360
pT1 70 2124 265 15 11 44
pT2 6 141.7 145 2 2 2
pT3 17 177.1 170 5 5 7
Grade 0.002 0.012
Gl 22 2555 300 2 2 18
G2 53 196.1 240 14 9 30
G3 13 167.7 170 3 6 4
G4 5 106.0 50 1 1
Lymfovaskularni
invaze* 0.264 0.558
Yes 15 1773 200 5 3 7
No 75 207.1 260 16 14 45
Metastazy* 0.121 0.135
Yes 10 158.0 140 3 4 3
No 81 2078 250 18 14 49
Recidiva* 0.458 0.899
Yes 8 183.8 210 2 2 4
No 83  204.1 250 19 16 48
rs4430796* 0.727 0.951
Yes 31 2077 270 6 2 21
No 8 276.3 295 0 1 5
rs757210%* 0.384 0.528
Yes 36  216.1 275 0 0 3
No 3 290.0 290 6 3 23

* — data nebyla dostupna pro vSechny ptipady
& — p - hodnoty jsou zalozené na vysledcich Mann-Whitney U-testu nebo Kruskal-Wallis H-

testu

b _ p - hodnoty jsou zaloZené na vysledcich Pearsonova chi-kvadrat testu (kategorizovana

exprese)
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Obr. 13. Variabilita exprese HNF1B (H-skore) ve vztahu ke gradu nadoru. Analyza je zaloZena
na 93 ptipadech ccRCC (G1: n =22, G2: n =153, G3: n =15, G4: n =5). Kruskal-Wallistiv H-
test: H (3,93) = 14.50, p = 0.002. Jeden bod v grafu mize pfedstavovat vice nez jeden piipad.

4.3.2. Mutacni analyza

Mutaéni analyza byla Gspé$n¢ provedena u 53 vzorkl nadorové tkané€ (39 ccRCC, 2
papRCC, 3chRCC a 90 RO) a 42 vzorkd korespondujici nenadorové tkané. V zadném
z analyzovanych pfipadii nebyly v kodujicich oblastech HNFIB a jejich ptilehlych usecich
identifikovany varianty tfidy 3 — 5.

V ramci mutaéni analyzy jsme se zaméfili také na ptitomnost SNP rs4430796 a
1s7527210 a jejich asociaci s expresi HNF1B, nicméné biostatistické analyzy neprokazaly mezi

témito parametry zadny vztah.

65



4.3.3. Metyla¢ni analyza

Metylacni analyza byla Gspésné provedena u celkem 53 vzorki nddorové tkané (slozeni
viz vyse) a 39 vzorkil korespondujici nenddorové tkang, které prodélaly bisulfitovou konverzi
DNA. V piipadé¢ nadord ledvin zahrnovala amplifikovand oblast promotoru HNFIB také
specifické CpG ostrivky (umisténé od TSS genu HNFIB na pozici — 238, - 240 a - 267 bp),
které jsou dle dat ziskanych z TCGA nejvice asociované s expresi HNF1B (hodnocené na
urovni mRNA) v naddorech ledvin.

Metylace promotoru byla identifikovana u 2/39 ccRCC (5.1 %) a 1/9 (11.1 %) RO. Ve
vSech tfech ptipadech se jednalo o slabou metylaci (5 — 10 %, H-skore téchto nadori bylo 300
a 10 v ptipadé ccRCC, 300 v ptipadé RO). Korespondujici parova nenddorova tkan byla
dostupnd pouze pro jeden z metylovanych ccRCC a vtomto vzorku nebyla metylace
detekovéna.

Analyzu ptfitomnosti metylace jsme provedli 1 na souboru ledvin ziskaném z TCGA,
ktery zahrnoval 480 ptipadii ccRCC, 321 papRCC a 66 chRCC. Vysledky metyla¢ni analyzy
byly staZeny prostfednictvim Mexpress a jsou uvedeny v Obr. 14 v podobé teplotni mapy.
Metylace proximalni promotorové oblasti byla zaznamenéna u 2/480 ccRCC, 1/321 papRCC a

0/66 chRCC (jako prah pro pozitivni DNA metylaci byla zvolena 3 hodnota > 0.3).
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Obr. 14. Vysledky metylacni analyzy souboru nadort ledvin ziskaného z TCGA databaze.
Vizualizovana data vysledkdi metyla¢ni analyzy vSech CpG ostrivkit HNFIB lokusi byla
stazena prostfednictvim Mexpress. Kazdy tfaddek predstavuje jeden vzorek nadorové tkane,
kazdy sloupec predstavuje jeden ze 27 analyzovanych CpG ostrivki. Ciselna oznadeni nad
sloupecky indikuje pozici daného CpG ostrivku od TSS genu HNFIB. Tii z analyzovanych
CpG ostritvkll (zvyraznéné modie) byly zahrnuty také v nasi analyze metylace promotoru.
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4.4. Nadorové a nenadorové 1éze prostaty
4.4.1. Imunohistochemické vySetieni a biostatistické analyzy

Pozorované hodnoty exprese HNF1B byly obecné u vzorka karcinomu prostaty (PC) i
adenomyomatozni hyperplazie (AH) velmi nizké a jsou uvedené v Tab. 12 a Tab. 13. U
karcinomu prostaty se hodnoty H-skére pohybovaly v rozmezi 0 — 160, pficemz primérmé H-
skore bylo 19.5. Obdobné nizka exprese HNFI1B byla zaznamenéana i u adenomyomat6zni
hyperplazie, kde bylo primérmé H-skore 11.7. Reprezentativni ukazky THC barveni HNF1B
jsou uvedeny v Obr. 15. Mezi expresi u karcinomu prostaty a adenomyomatdzni hyperplazie

nebyl statisticky vyznamny rozdil (p = 0.925).

Tabulka 12. Vztah mezi expresi HNF1B (H-skore) a typem 1éze u 119 ptipadii nddorovych a
nenadorovych 1ézi

Typ 1éze f{NFlB HNF.I B p — hodnota
pramér + SD median
0.925
PC 101 19.5+36.6 0
AH 18 11.7+16.9 0

PC — karcinom prostaty, AH — adenomyomato6zni hyperplazie

Pro potteby chi-kvadrat testli a analyz pteziti byly hodnoty H-skore u vSech ptipadi
kategorizovany do dvou skupin (skupina 1: H-skére < 10; skupina 2: H-skore 2 10). Provedené
analyzy ukazaly, Ze exprese HNF1B nebyla vyznamné asociovana se Zadnym ze sledovanych
parametri (Tab. 13). Hodnocené klinicko-patologické parametry zahrnovaly veék pacienta,
stddium onemocnéni, Gleasonovo skore, pfitomnost nadoru v resekénich okrajich,
lymfovaskularni invazi, pfitomnost vzdalenych metastaz, namétené hodnoty PSA pted operaci,

biochemicky hodnocenou recidivu nadoru, metylacni stav a ptitomnost SNP rs4430796.
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Tabulka 13: Vztah mezi expresi HNF1B (H-skore) a klinicko-patologickymi
charakteristikami u 101 piipadi karcinomu prostaty.

. . HNF1B  HNFIB
Charakteristika Skupina n priimér £ SD median p - hodnota
Vek 0.728

<66 53 17.8 £35.3 0
> 66 48  21.4+383 0
Staging 0.871
T1+2 49  222+41.0 0
T3+4 52 16.6 £32.0 0
Gleasonovo skore 0.943
Low 16 15.0£25.8 0
Intermediérni 58 20.1+393 0
High 27  20.9+38.1 0
Resekeéni okraje 0.887
RO 67 18.7+34.2 0
R1 34 21.1+425 0
Lymfovaskularni invaze 0.229
Ano 20 24.0+37.0 2
Ne 81 18.4+37.1 0
Perineuralni invaze 0.163
Ano 86  21.4+38.0 0
Ne 15 8.6+28.5 0
Metastazy* 0.824
Ano 4 17.5+35.0 0
Ne 93 19.1+37.3 0
Preoperativni hodnoty PSA (ng/ml)* 0.293
<4 8 23.8 £38.9 5
4.1-10 54 14.4+34.6 0
10.1-20 10 20.0+27.5 5
>20 11 27.3+494 0
Metylace* 0.335
Ano 28 11.2+26.8 0
Ne 24 30.0+514 0
rs4430796* 0.969
Ano 44 19.4 +£41.1 0
Ne 8 22.5+41.6 0
Biochemicka recidiva* 0.373
Ano 20 26.1+42.1 0
Ne 75 17.1 £36.0 0

* — data nebyla dostupna pro vSechny ptipady
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Obr. 15. Piiklady imunohistochemické exprese HNFI1B u lézi prostaty. A) Kompletni
negativita barveni u adenomyomato6zni hyperplazie (100x). B) Kompletni negativita barveni u
karcinomu prostaty (200x). C) Diftzni slaba exprese u jiného piipady karcinomu prostaty
(100x). D) Variabilni slaba az fokaln¢ silna jaderna exprese u piipadu karcinomu prostaty s GS
8 (200x).

Biochemicka recidiva byla definovéana jako nartist sérovych hladin PSA 2 0.2 ng/ml po
provedeni radikalni prostatektomie. Jako datum biochemické recidivy bylo pouzito prvni datum
po operaci, kdy pooperac¢ni hodnoty PSA v séru pacienta poprvé doséhly stanovené koncentrace.

S vyuzitim hranice 0.2 ng/ml byla biochemickd recidiva zaznamenana u 15/90 (16.6 %)



pacientli s dostupnym klinickym follow-up. Median doby, po které¢ doslo k biochemickeé
recidive, byl 53 mésicii. Prognosticky vyznam biochemické recidivy byl stanoveny pomoci uni-
a multivariatnich analyz v rdmci Kaplan-Meierova modelu a Coxova modelu proporcionalnich
rizik. Rozdily v kfivkach pteziti byly hodnoceny s vyuzitim log-rank testu. V univariatnim
modelu byla biochemicka recidiva statisticky vyznamné spojena s piedoperacnimi hodnotami
PSA (p =0.001), pozitivnimi resek¢nimi okraji (p = 0.022), Gleasonovym skoére (p = 0.012) a
s pfitomnosti lymfovaskularni invaze (p = 0.045). V multivariatnim modelu si vyznamnost
zachovaly predoperacni hodnoty PSA (p = 0.012) a pozitivita resekcénich okrajii (p = 0.022).

Pro expresi HNF1B se zddny vztah s biochemickou recidivou nepotvrdil (Obr. 16).
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Obr. 16. Kaplan-Meierovy kiivky pravdépodobnosti pteziti bez biochemické recidivy
v zavislosti na expresi HNF1B (H-skore) u 91 ptipadd karcinomu prostaty. H-skore je
kategorizované do 2 skupin: skupina 1 = H-skoére < 10, skupina 2 = H-skére > 10. Pocet
cenzorovanych/uplnych dat je uveden v zdvorkach.
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4.4.2. Mutacni analyza

Mutacni analyza byla uspésné provedena u celkem 77 PC a 14 AH. V jednom
z analyzovanych PC (1/77, 1.3 %) byla identifikovana dosud nepopsana somatickd mutace genu
HNF I B nejistého vyznamu NM 000458.2: ¢.232G > C, p.E78Q, frekvence mutantni alely =
6.4 %. V datech ziskanych z TCGA byla identifikovana pouze jedna missense mutace v genu
HNFIB (NM_00458.4: ¢.853G > A, p.G285S), ktera je v databazi ClinVar popisovana jako
pravdépodobné patogenni.

Kvalitni FT material (55 PC, 18 AH) byl také vyuzity pro analyzu intronového
polymorfismu 1s4430796 (G/A) pomoci amplikonového sekvenovani nové generace.
Zaznamenané frekvence homozygotl GG (15.1 % PC; 14.3 % AH), AA (24.5 % PC; 21.4 %
AH) a heterozygotii AG (60.4 % PC; 64.3 % AH) byly u obou skupin 1ézi obdobné, stejné jako
celkova frekvence alel G/A (A: 53.2 %; G: 46.8 %). Tento nalez je v souladu s obecnymi

populacnimi daty ziskanymi z databaze 1000Genomes (https://www.internationalgenome.org;

A:55.4 %, G: 44.6 %).

4.2.3. Metyla¢ni analyza

Analyza metylace promotoru HNFIB byla Gspésn¢ provedena u 53 PC a 16 AH.
Metylace promotoru byla zaznamenana u 29/53 (55 %) PC a 1/16 (6 %) AH, a byla tak mnohem
Castéjsi u karcinomu prostaty nez u adenomyomatozni hyperpléazie (p < 0.001). Mezi metylaci
promotoru a expresi HNF1B nebyl potvrzen zadny statisticky vyznamny vztah (p = 0.217).

Metylace promotoru HNF'IB byla vyznamnég asociovana s karcinomy vysSiho T stadia
(T3 + T4) v porovnani s karcinomy niz§iho stadia (T1 + T2). Déle byla exprese také spojena
s vys$§im Gleasonovym skoére (intermedidrni a high grade) (Tab. 14).

Data z TCGA obsahovala informace o metylacnim stavu 491 karcinoml prostaty,
piicemZ metylace promotoru byla zaznamenéana u 231/491 (47 %) ptipadi. Metylované ptipady

(n=231) vykazovaly vyrazn¢ nizsi expresi mRNA HNF1B nez ty nemetylované (n = 260, p <
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0.001). Exprese HNFIB na mRNA urovni byla také vyznamné asociovanad s Gleasonovym

skore, kdy byly snizené hladiny exprese spojené s vys$im skore.

Tabulka 14. Vztah mezi metylacnim stavem HNF'IB a klinicko-patologickymi
charakteristikami u 53 ptipadi karcinomu prostaty. Statisticky signifikantni p — hodnoty jsou
zvyraznény tuéné.

Charakteristika metylovany nemetylovany p - hodnota
Vék 0.63
<66 15 14

> 66 14 10

Staging 0.002
T1+2 6 15

T3+4 23 9

Gleasonovo skore 0.034
Low grade 1 4

Medium grade 18 18

High grade 10 2

Resekéni okraje 0.858
RO 20 16

R1 9 8
Lymfovaskularni invaze 0.127
Ano 7 2

Ne 22 22

Perineuralni invaze 0.532
Ano 25 22

Ne 4 2

Preoperativni hodnoty PSA (ng/ml) 0.989
<4 2 2

4.1-10 20 16

10.1-20 4 3

>20 3 3

rs4430796 0.631
Ano 24 21

Ne 5 3

Biochemicka recidiva* 0.917
Ano 5 4

Ne 22 19

* — data nebyla dostupna pro vSechny ptipady
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5. DISKUZE

HNF1B je transkrip¢ni faktor, ktery hraje zdsadni roli v embryologickém vyvoji fady
organd, zejména ledvin, pankreatobiliarniho a gastrointestinalniho traktu (Lau ef al. 2018;
Rezanejad ef al. 2018). V souvislosti s jeho ontogenetickym vyznamem je v posledni dobé
diskutovéan i jeho vyznam z hlediska vzniku, progrese a potencidln¢ také chemorezistence
ur¢itych nddorovych onemocnéni. Mezi nadory, které jsou nejvice spojovany s ucasti HNF1B,
patii zejména karcinomy se svétlobunéénym fenotypem (ccRCC, OCCC), vzhledem k tomu,
ze vice nez 90 % z téchto nadorti vykazuje silnou IHC HNF1B pozitivitu (Senkel et al. 2005;
Kobel et al. 2009; Buchner et al. 2010; Cuff et al. 2013; Amano et al. 2015; Nemejcova et al.
2016).

V této praci jsme provedli komplexni retrospektivni analyzu vlivu a role, kterou HNF1B
hraje u vybranych nddorovych a nenadorovych 1ézi, zejména s ohledem na expresi HNF1B,
jeho genetickych a epigenetickych zmén a moZzného vyuziti HNF1B jako markeru

v diferencialni diagnostice ¢i jako prognostického a prediktivniho markeru.

Imunohistochemické analyza HNF1B ve skupiné nadort tlustého stfeva potvrdila silnou,
difuzni pozitivitu HNF1B v nenadorové sliznici tlustého stfeva. Tento nélez neni prekvapivy,
vzhledem k tomu, Ze HNF1B se vyznamnym zplsobem podili na embryologické diferenciaci
visceralniho endodermu, a tim padem hraje roli 1 ve vyvoji epitelii tlusté¢ho stfeva (zejména
v ramci jejich termindlni diferenciace) (Suaud et al. 1997). Recentni prace autorit Yang et al.
uvadi, ze HNF1B se v normalnim epitelu tlustého stfeva vyskytuje v hojném mnozstvi a v ramci
bunécné regulace zde uzce spolupracuje s CDX2, se kterym spole¢né tidi transkrip¢ni
programy zodpovédné za dynamickou obnovu stfevniho epitelu (Yang et al 2016).
Ontogeneticky vyznam HNF1B pro spravny vyvoj stteva byl také potvrzen ve studii, ktera na

mySim modelu prokazala, Ze zatimco deficit HNFIA se u mysSi projevil spravnym
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morfologickym vyvojem stfeva, ale funkénimi defekty, germindlni deficit HNF1B vedl
k porusené¢ diferenciaci extraembryondlniho visceralniho endodermu a byl tak letalni
(D'Angelo et al. 2010).

Silna difazni pozitivita HNF1B byla na naSem souboru pozorovana také u adenomu
tlustého stfeva (s low 1 high grade dysplastickymi zménami). Pii porovnani exprese HNFI1B u
adenomu a karcinomii byla IHC pozitivita HNF1B pozitivné asociovana s benigni diagn6zou,
coz naznacuje, ze v piipad¢ 1ézi tlustého stteva by HNF1B mohl hrét roli tumorsupresoru a mit
tak protektivni vliv. Tato niz§i exprese HNFI1B u kolorektalnich karcinomti ve srovnani
s adenomy by mohla byt nasledkem poruSené diferenciace intestinalnich epitelii, ktera je dle
literarnich 0daji fizena komplexni siti navzajem interagujicich transkripénich faktort, mezi
které patii zejména HNF1, CDX2 a GATA 4 (Yang et al. 2016).

Snizend exprese HNF1B u kolorektdlnich karcinoml byla statisticky vyznamné
asociovana s rekurenci (p = 0.043), nepiiznivou prognozou a s krat§Sim DFS (p = 0.014). Tento
vliv HNF1B v kontextu kolorektalniho karcinomu by mohl souviset s n€kterymi zakladnimi
biologickymi funkcemi tohoto transkripéniho faktoru. HNFIB (a sit HNFIB-asociovanych
gent zahrnujici vice nez 30 gend, zejména FLRT3 a SLCI14A1) se totiz vyznamné podili na
regulaci procesu chemotaxe a cadherinem zprostiedkované adheze ke slozkam extracelularni
matrix. To vedlo k zdvéru, ze HNF1B by mohl pracovat jako kontrolni spina¢, ktery u
normalnich nenddorovych tkani za spravnych okolnosti brani procesu epitelo-mezenchymalni
tranzice (Ross-Adams et al. 2016). Snizend exprese HNF1B pozorovand u lokalné
pokrocilejSich kolorektalnich karcinomii a u rekurentniho onemocnéni by tedy mohla byt
zplisobena invazivnéj§im fenotypem téchto malignich nadort, ktery je spojeny s poklesem ¢i

ztratou funkéniho vlivu HNF1B.

75



Co se tyCe casti prace vénované nadorim ledvin, imunohistochemicka exprese HNF1B
v nenddorovém parenchymu ledvin jiz byla detailn€ popsana. V adultnim renalnim parenchymu
je silna exprese HNF1B zachovana v epiteliich renalnich tubull a také v bunkach vystylajicich
Bowmannovo pouzdro, zatimco struktury glomerulu a okolni stromalni tkan¢ jsou v IHC
prukazu HNF1B negativni (Buchner et al. 2010). Vysledky nasi IHC analyzy v nadorech ledvin
ukazaly, ze se exprese HNF1B mezi jednotlivymi typy nadort vyznamné lisi.

Nejnizsi exprese HNF1B byla pozorovana u skupiny chRCC, kde se jednalo bud’ o
vyrazné slabou expresi, nebo €astéji o zcela chybéjici expresi. Na§ soubor chRCC je ovSem
kvantitativné limitovany a pro lepsi hodnoceni toho, do jaké miry je exprese HNF1B u téchto
nadorii skutecné downregulovand, by bylo nutné provést analyzu na vétSim souboru. NaSe
vysledky jsou nicméné v souladu s nalezy publikovanymi Szponarem et al., ktefi u jejich
souboru 21 chRCC nepozorovali viibec Zadnou pozitivitu HNF1B (Szponar ef al. 2011).
Obdobné vysledky byly popsany i v jiné studii, kde u skupiny 18 chRCC autofi uvadi vyznamné
snizenou expresi HNF1B u 16/18 (89 %) ptipadt (Wang et al. 2013).

Chromofobni renélni karcinom je na molekularné genetické tirovni charakterizovany
zejména specifickymi aneuploidiemi, které vedou ke ztraté celych kopii chromozomi 1, 2, 6,
10, 13 a pfedevsim chromozomu 17, kde je lokalizovany také gen HNFIB (Lebrun et al. 2005).
Vjedné studii vénované problematice vzniku chRCC byla u vétSiny piipadli popsdna
downregulace exprese HNF1B na Grovni mRNA 1 proteinu, pficemZ sniZzena exprese HNF1B
u pacientll s chRCC siln¢ korelovala s aneuploidii (Sun et al. 2017). Stejni autofi také poukazuji
na roli, kterou v patogenezi chRCC hraje dodate¢nd ztrata 7P53, jeZ by mohla nddorovym
bunikdm napomahat v potlaceni senescence a programované smrti. Kombinace ztraty HNF1B a
mutaci 7P53 tak zvySuje troven bunééné proliferace a aneuplodie, coZ u chRCC vede ke vzniku

agresivnéjSiho fenotypu. V kontextu chRCC by tak HNF1B mohl mit tumorsupresorovy vliv.
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Nejvyssi hodnoty exprese HNF1B jsme zaznamenali u skupiny papilarnich renalnich
karcinomu, které byly tésn¢ nasledovany skupinou svétlobunécnych renalnich karcinomu. Oba
typy nadorti si tak byly zhlediska exprese HNF1B velmi podobné, navzdory tomu, Ze
pravdépodobny mechanismus patogeneze téchto typl nadort ledvin je diametralné odlisny.

Papilarni renalni karcinomy jsou na molekularné genetické trovni charakterizované
specifickymi trisomiemi a tetrasomiemi tykajicimi se zejména chromozomii 7 a 17, kdy jsou
s patogenezi papRCC spojované predevsim alterace zde lokalizovanych gent MET (7q31) a
HNF1B. Amplifikace a naslednd overexprese MET je asociovana s porusenou diferenciaci
postizenych bunégk, ktera je spojend se zménami v poctu kopii segmentit DNA (pfedevsim jejich
narustu) ¢i s amplifikaci na chromozomu 17. Tyto zmény vedou ke konstitutivni overexpresi
HNF1B, jez déle podporuje proliferaci bun€k s opozdénou ¢i zcela pozastavenou diferenciaci,
coz by mohlo piedstavovat jeden ze zdkladnich krokd v postupné progresi vzniku papRCC
(Szponar et al. 2011; Banyai et al. 2018). Nase vysledky ukazaly, Ze vSech 17 ptipadi papRCC
vykazovalo ur¢itou uroveit HNF1B exprese, pficemz ve vétsin€ piipadl byla exprese silna.
Variabilni uroveit HNF1B pozitivity byla také popsdna Szponarem et al., ktefi pozorovali silnou
IHC pozitivitu HNF1B u 38/67 (57 %) papRCC a také Banyiaem et al., ktefi zaznamenali
stfedné silnou pozitivitu HNF1B u 47/76 (62 %) papRCC (Szponar et al. 2011; Banyai et al.
2018). Vzhledem k literarnim udajtim, které popisuji konzistentni silnou IHC expresi HNF1B
u adultnich nadorG embryonalniho pivodu (papRCC, ale také mucindzni tubularni
vietenobunécny karcinom a metanefricky adenom) by tato overexprese HNFIB mohla
predstavovat jeden z hnacich mechanismi vzniku papRCC. HNF1B by tak u papRCC mohl mit
roli protoonkogenu.

Na rozdil od papRCC je v ptipadé ccRCC plivod nddoru piipisovan epitelialnim
buitkam, jez vystylaji proximalni tubuly nefronu. V nasi skupiné ccRCC jsme pozorovali

rozdilné trovné exprese HNFIB u témétr vSech analyzovanych piipadd, coz je v souladu
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s hypotézou, ze v porovnani s nenadorovym rendlnim parenchymem je exprese HNF1B u
tohoto nadoru sice zachovala, ale variabiln¢ oslabena (Yu ef al. 2015a). Zachovala exprese je
také popisovana Wangem et al., ktefi ji v jejich studii pozorovali u 23/24 (96 %) ccRCC (Wang
et al. 2013). V rozporu s témito nalezy je prace Szponara et al., kteii u jejich skupiny 98 ccRCC
pozorovali jen ojedinélou jadernou pozitivitu HNF1B u nékolika ptipadt [7/98 (7 %)] (Szponar
et al. 2011). V nasi praci exprese HNF1B u ¢ccRCC vyznamné korelovala s gradem nadoru
(niz$1 hodnoty exprese byly spojené s vy$§im gradem).

Asociaci mezi sniZzenou expresi HNF1B a malignim potencidlem ccRCC se zabyvali
také Buchner et al., ktefi zkoumali expresi HNF1B na urovni mRNA u metastdz ccRCC
(Buchner et al. 2010). Vysledkem bylo zjiSténi, ze downregulace HNF1B byla vyznamné
spojena s progresi nddoru a se Spatnou prognozou, coz znaci, ze HNF1B by mohl byt uzitecnym
prognostickym faktorem pfi stratifikaci pacient s ccRCC. Inaktivace exprese HNF1B dle
téchto autorti zpusobuje deregulaci sité transkripénich faktorfi, coz vede k tumorigenezi a
progresi nadorového onemocnéni. V tomto kontextu by tedy role HNFIB u ¢ccRCC mohla
spocivat ve funkci tumorsupresoru. Tento zavér je nicméné v ostrém kontrastu s popisovanou
funkci HNF1B u jiného nddoru, ktery je také charakterizovany svétlobunéénym fenotypem —
OCCC. V pfipadé¢ OCCC je totiz naopak béZnym néalezem overexprese HNF1B, kterd je
spojovana se vznikem tohoto néddoru (Tsuchiya et al. 2003).

Nase vysledky analyzy exprese HNF1B u papRCC a ccRCC déle podtrhuji rozdilny
puvod téchto nadorti, vzhledem k tomu, Ze se na patogenezi obou onemocnéni podileji odlisné
mutace a molekularni signalni drahy. V ptipad€ ccRCC je v posledni dobé diskutovan nejen
vyznam HNF1B jako potencialniho prognostického faktoru, ale také jeho mozné vyuziti na poli
terapie. Zda se totiz, ze HNF1B se na patogenezi ccRCC podili zejména prostiednictvim své

inaktivace, coZ vede k poruseni funkce komplexni sit¢ transkripcnich faktord. Je tedy mozné,
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ze reaktivace HNF1B a jeho signalni funkce by mohla vést k obnoveni dysfunk¢ni transkripéni
sit¢ (Buchner et al. 2010).

Z hlediska mozného vyuziti HNF1B v rutinni diagnostické praxi ma dilezity vyznam
zejména rozdil mezi expresi HNFI1B u skupiny chRCC a RO. Renalni onkocytom je druhy
nejcast¢jsi benigni tumor ledvin a tvoti 3 — 7 % vSech nadorovych 1ézi ledvin (Akin et al. 2019).
Jednou ze zékladnich morfologickych charakteristik tohoto nadoru je jemné¢ granulovana
eosinofilni cytoplazma, kterd se mlze napadné podobat eosionofilnimu podtypu chRCC a
rozliSeni mezi t€émito dvéma nddory tak mize byt v nékterych ptipadech obtizné (von
Brandenstein et al. 2018). Vzhledem k tomu, Ze biologickd povaha téchto dvou nadori je
zasadné odlisnd, je spravnd diagndza nezbytné nutnd pro spravny pooperacni postup a pro
prognozu pacienta. Nase vysledky THC exprese HNF1B u téchto dvou skupin nadord po
provedeni post-hoc testii nicméné nedosédhly statistické vyznamnosti (p = 0.080). V soucasné
dobé tedy stale nebyl indentifikovan jednozna¢ny a spolehlivy IHC marker vhodny pro odliSeni
chRCC a RO. Otazkou mozného vyuziti HNF1B za ucelem rozliSeni mezi chRCC a RO se jiz
zabyvalo nékolik publikovanych praci, které jsou ale ¢asto provedené na malém poctu ptipadi
a jejich vysledky nejsou zcela jednoznacné (Szponar et al. 2011; Wang et al. 2013; Conner et

al. 2015).

Dalsi skupinou nadort, u které jsme analyzovali expresi HNF1B, byl high grade ser6zni
karcinom ovdria. V oblasti zenského genitalu se vétSina publikovanych studii zamétenych na
problematiku HNF1B soustfedi ptedev§im na OCCC, ackoliv exprese HNF1B byla popsana i
u dalSich typt karcinomt ovéria, véetné HGSC (Tomassetti et al. 2008; Kalloger ef al. 2011).
HGSC predstavuje nejcastéjsi karcinom ovaria, ktery ma zaroven velmi nepfiznivou prognézu.
Ackoliv je HGSC pomémé dobfe morfologicky definovanou jednotkou s typickymi

diagnostickymi znaky, ¢ast téchto karcinomii v n¢kterych ptipadech vykazuje svétlobunéénou
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pieménu bunék a napodobuje tak OCCC. Vzhledem k této podobnosti patii zdméena téchto dvou
nadorti mezi mozna diagnosticka pochybeni. Tato skuteCnost se mlize odrazet i v pomérné
Sirokém rozmezi udévané incidence OCCC, kterd sahd od 3 — 12 % vSech epitelidlnich
karcinomt ovdaria v zemich zapadniho svéta, pfi¢emz v Japonsku dosahuje udavana incidence
az 20 % (to vSak muze souviset i s jinymi faktory) (Sugiyama et al. 2000; Itamochi et al. 2008;
Kobel et al. 2010). Spravné rozliSeni mezi témito nadory je piitom pro pacientky naprosto
zasadni, protoze OCCC na rozdil od HGSC obvykle S$patné¢ odpovidd na standardni
chemoterapeuticky rezim zaloZeny na platinovych derivatech a obecné neni indikovan pro
1écbu PARP inhibitory.

S ohledem na diferencialni diagnostiku tedy jiz existuje celd fada studii, kterd se
zabyvala odliSnou expresi HNF1B u OCCC a HGSC (Kato ef al. 2006; Yamamoto et al. 2007;
Kobel et al. 2009; Li et al. 2014; Huang ef al. 2016). Jejich vysledky ukazaly, Ze zatimco pro
OCCC je typicka silna, difuzni pozitivita HNFI1B, u HGSC je exprese HNF1B bud’ zcela
negativni, nebo jen fokalni a slaba. Overexprese HNF1B se tak zacala vyuZzivat v rutinni
diagnostické praxi jako vysoce specificky marker OCCC, dosahujici az 96.2% senzitivity a 95%
specificity (Kao et al. 2012).

Analyza THC exprese HNF1B u naseho souboru 122 HGSC prokazala obecné velmi
nizké hladiny exprese, kdy byla pozitivita pozorovana pouze u 28 piipadl (23 %), pficemz
zbytek piipadi byl zcela negativni. Ackoliv jsou tyto vysledky v souladu s dosud
publikovanymi daty, ktera udavaji, ze exprese HNFI1B je u HGSC typicky potlacend, ostatni
1/35 (2.9 %) ptipadl, Kao et al. u 3/60 (5 %) piipadl, Kobel et al. u 4.8 % ptipadii a Li et al.
popisuji expresi HNF1B u 4/30 (13.3 %) ptipadt (Kobel et al. 2009; Kao et al. 2012; Li et al.
2014; Huang et al. 2016). Vysvétlenim pro tuto pomérné nizsi udavanou pozitivitu v porovnani

s naSimi vysledky by mohly byt naptiklad rozdily v metodice (pouziti jiné protilatky s jinou
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metodou odkryti antigenti, jind metoda vizualizace), ¢i pouziti jiného postupu pro hodnoceni
exprese.

U nasi skupiny HGSC byly vyssi hodnoty exprese (H-skore) vyznamné asociovany s
lymfovaskularni invazi (p = 0.025). Tento vysledek podporuje zavér jinych autort, ktefi uvadi,
ze HNF1B by se mohl podilet na indukci epitelo-mezenchymalni tranzice a ziskani invazivnich
vlastnosti, které jsou klicové pro agresivni chovéani nadoru a proces metastazovani (Chaffer et
al. 2016; Matsui et al. 2016).

Velmi dalezitym aspektem potencialniho vyznamu HNF1B exprese je moznost jeho
terapeutického vyuziti. V ptipadé OCCC je HNF1B povaZovan za molekulu, ktera je klicova
pro vysoce agresivni biologicky fenotyp tohoto nadoru. Roli HNFIB v nadorovém
metabolismu se extenzivné zabyvali Okamoto et al., kteti uvadi, Ze HNF1B funguje jako silny
supresivni regulator bunécné proliferace (Okamoto et al. 2015). V jejich praci vedlo potlaceni
exprese HNF1B ke sniZeni exprese CDKN1A a CDKNI1B. To naznacuje, Ze HNF1B negativné
ovliviiuje bunécnou proliferaci tim, Ze indukuje expresi vyznamnych regulator bunééného
cyklu, jez inhibuji progresi G1 faze. Potlaceni exprese HNF1B tak vedlo k vyraznému zvySeni
podilu bun¢k v S fazi. Tento poznatek by mohl byt reflektovany 1 v jedné ze zékladnich
charakteristik ristu OCCC a HGSC. Pro HGSC je totiz typicka rapidni proliferace nadorovych
bun¢k a rychly riist naddoru, zatimco OCCC obecné roste pomaleji, coz by mohlo alespon
castecné souviset s popisovanou overexpresi HNF1B. Supresivni vliv HNF1B na proliferaci
nadorovych bunék je zéroven doprovazeny posunem jejich metabolismu k preferenénimu
vyuziti anaerobni glykolyzy, coz je mechanismus, ktery velmi dobfe spliluje metabolické
naroky nadorovych bunék na rychlou proliferaci (Tsuchiya et al. 2003; Amano et al. 2015;
Okamoto et al. 2015). Tyto vysledky naznacuji, ze overexprese HNF1B u OCCC neni
zodpovédna za zajisténi zvySené proliferace (jak je patrné u HGSC, jez roste rapidné, ale

overexpresi HNF1B vykazuje jen vzacné), ale pravdépodobné k ni dochazi za ucelem ochrany
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nadorovych bunék a umoznéni jejich preziti. OCCC totiz na rozdil od jinych karcinomt ovaria
(s vyjimkou endometroidniho karcinomu) ¢asto vznika v extrémné metabolicky stresujicim
prostiedi endometriézy a endometroidnich cyst, které je bohaté na volné kyslikové radikaly, jez
piedstavuji vyznamny stresovy faktor (Komiyama et al. 2006; Cuff & Longacre 2012; Kondi-
Pafiti et al. 2012; Ishibashi et al. 2017; Ayhan et al. 2019; Bas-Esteve et al. 2019). Role HNF1B
by tak mohla spocivat v potlaceni stresovych stimuli, které ptasobi na nadorové bunky, ¢imz
jim napomahé dlouhodobé¢ piezit.

Obdobny zavér je popisovany v recentni studii autorti Takenaka et al., ktefi pracovali se
skupinou 68 epitelidlnich karcinomii ovaria (HGSC a OCCC), u kterych hodnotili expresi
HNF1B a jeji souvislost s progndzou pacientek (Takenaka et al. 2019). HNF1B se v této studii
uplatnil i pfi inicidlni centrdlni revizi zahrnutych ptipadd, kdy bylo za pomoci IHC panelu
obsahujiciho WT1, HNF1B, napsin A, p53 a ER celkem 9 ptipadt HGSC pteklasifikovano jako
OCCC, nebot’ tyto naddory vykazovaly expresni profil typicky pro OCCC. V ramci této studie
autofi identifikovali malou populaci OCCC (14.8 %), ktera vykazovala ztratu exprese HNF1B.
Chybé¢jici exprese statisticky vyznamné korelovala s lepsi odpovédi na platinovou terapii a s
del$im preZzitim bez progrese nemoci (progression-free survival, PFS) a celkovym pfeZitim (OS,
overall survival) (PFS — p =0.0194, OS — p =0.0395), a to i u pacientek s reziduélni nddorovou
masou po stagingovém chirurgickém vykonu. SniZzena exprese HNF1B by tak u té€chto nadort
mohla souviset s chybé&jicim protektivnim vlivem HNFIB nutnym pro ochranu nédorovych
bunék proti stresorim zevniho prostfedi. Ztrata HNF1B by tedy mohla pomoci identifikovat
podtyp OCCC, které maji o néco lepsi progndzu. Zaroven by se mohl HNF1B ptimo uplatnit i
v terapii, kdy by znovunastoleni jeho exprese mohlo obnovit jeho inhibi¢ni funkci na proliferaci
bunek. Vynucena exprese HNF1B u bunééné linie serdzniho karcinomu ovdria totiz vedla ve
studii Okamoty et al. ke zpomaleni riistu bun¢k a potlacené glykolytické aktivité (Okamoto et

al. 2015).
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Nase prace je také jednou z mala, ktera se zabyvala hodnocenim exprese HNF1B na
imunohistochemické trovni u 1ézi prostaty. V nasi praci je u adenomyomat6zni hyperplazie i u
karcinomu prostaty exprese HNF1B obecné velmi nizka. Pti extenzivni revizi literatury byla
nalezena pouze jedna studie zamétend na IHC hodnoceni exprese HNF 1B u karcinomu prostaty
(Debiais-Delpech et al. 2014). Jeji autoii pracovali se skupinou vzorki normalni prostatické
tkdin¢ (n = 91), high grade prostatické intraepitelialni neoplazie (n = 61), klinicky
lokalizovaného PC (CLC, n = 434), metastaz PC (n = 28) a PC rezistentniho ke kastraci (CRC,
n = 49), u kterych analyzovali expresi HNF1B v souvislosti s progresi nadoru a agresivitou
onemocnéni. Pozitivni exprese HNF1B byla vyrazné zvySena u CRC (pozitivita detekovana u
96 %) a metastaz PC (65 %), v porovnani s nizkou expresi zaznamenanou u CLC (23 %). Autofti
také demonstrovali, Ze exprese HNF1B na urovni mRNA 1 IHC vykazovala pozvolny narGst
béhem progrese PC od prostatické intraepiteldlni neoplazie k CLC, CRC, a nakonec k
metastatickému onemocnéni. U pacientli s CLC tak zde byla pozitivni exprese HNF1B silng
asociovana s proliferaci nadorovych buné€k, progresi naddoru a s karcinomem rezistentnim ke
kastraci.

Expresi HNF1B hodnocenou imunohistochemicky se také zabyvali autofi Dan et al.,
kteti ji hodnotili u mySiho modelu acinarniho adenokarcinomu prostaty (Dan et al. 2019). Mysi
s karcinomem prostaty v pokrocilém stadiu vykazovaly v jejich studii utlumenou expresi
HNFI1B. Jejich vysledky tak potvrzuji, Ze béhem vzniku a progrese PC dochazi ke ztrate
pivodni tumorsupresorové funkce HNF1B, ktera je zapti¢inénd downregulaci jeho exprese.
Obdobny zavér je popisovany i v dalsi praci, kterd se zabyvala vlivem HNF1B na proliferaci
nadorovych bunék (Lu et al. 2020). Autofi této recentni studie udavaji, Ze HNF1B inhibuje
rychlost proliferace bunc¢k karcinomu prostaty, nebot’ overexprese HNFIB v builkach
karcinomu prostaty vedla k zastavé bunécného cyklu v G1 fazi a k sniZzené expresi cyklinu D.

Jejich prace tak predkladd nové dikazy o tom, ze HNF1B se u karcinomu prostaty
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pravdépodobné uplatnuje jako tumorsupresorovy gen. Tato hypotéza je také potvrzena naSimi
vysledky, které ukazaly, ze exprese HNF1B je u PC vyrazné€ sniZzena.

Potlacenou expresi HNF1B u bunéénych linii karcinomu prostaty udavaji také Wang et
al. (Wang et al. 2020). Autofi tento nalez davaji do souvislosti s tim, ze HNF1B byl recentn¢
oznaCen za piimy downstream cil faktoru EZH2. Obnovend vynucena exprese HNF1B u
nadorovych bunék PC v jejich praci potlacovala rychly rist nadoru a procesy spojované
s epitelo-mezenchymalni tranzici (jako je bunénd migrace a invaze), které jsou funkcné
zprostfedkovavané pravé vlivem EZH2. Jejich vysledky také ukazaly, Ze vysokd troven

exprese HNF1B siln¢€ predikuje lepsi prognézu PC.

Kromé charakteristiky exprese HNF1B na IHC trovni a jejitho vyznamu jsme se
zabyvali také identifikaci moznych genetickych alteraci genu HNFIB. Problematika
somatickych ¢i germinalnich mutaci HNF1B u malignich nadort je v literatufe (na rozdil od
mutaci spojovanych s vrozenymi malformacemi urogenitalniho a pankreatobiliarniho systému)
popisovana extrémné vzacné. Objevuje se nékolik publikaci (pfevazné kazuistik), které se
zabyvaji germinalnimi mutacemi HNFIB asociovanymi se vznikem chromofobniho renalniho
karcinomu, které obecné poukazuji na to, Ze v pfipadé¢ chRCC méd HNFIB pravdépodobné
tumorsupresorovy vliv (Lebrun et al. 2005; Rebouissou et al. 2005). Co se tyce somatickych
mutaci, informace v literatufe jsou obdobné vzacné. Na zaklad¢ extenzivni revize literatury byla
identifikovana pouze jedna z naSich recentnich praci, ktera popisuje somatické mutace genu
HNF 1B v nadorech Zenského pohlavniho systému (Nemejcova et al. 2015). V této praci byla
provedena analyza celych koédujicich sekvenci HNFIB, jez odhalila pfitomnost jedné klinicky
relevantni somatické mutace u 1/30 endometroidnich karcinomt endometria a jedné missense

varianty nezndmého klinického vyznamu u 1/12 OCCC.
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Zatimco v nasi skupin¢ adenom tlustého stieva nebyly identifikovany zadné mutace,
ve skupiné kolorektalnich karcinomt byly nalezeny 3/73 (4.1 %) inaktiva¢ni somatické mutace
Dvé ztéchto variant byly frameshift mutace se zachovalou imunohistochemickou expresi
HNF1B, zatimco v tfetim pfipad¢ se jednalo o nonsense mutaci se zachovalou, ale vyrazné
snizenou expresi HNF1B. Zachovalou IHC expresi u prvnich dvou pfipada je mozné vysvétlit
inkompletni inaktivaci jedné ¢i obou alel HNFIB, ale také moZnou nadorovou heterogenitou.

Ptitomnost a vliv mutaci HNFIB na malignity kolorektalni oblasti nebyla dosud
zkoumana. V soucasné dobé tedy stale neni zcela jasné, jaky vliv by mohly mutace genu
HNF 1B mit na kolorektalni karcinogenezi, ackoliv jsou prace, které naznacuji, ze HNF1A by
se mohl podilet na vzniku MSI-high kolorektalniho karcinomu (Laurent-Puig et al. 2003).
Autofi této studie uvadéji, Ze u jejich skupiny 64 MSI-high kolorektalnich karcinomi byly
mutace HNF 1A detekovany u 15 ptipadi (15/64), zatimco u MSS kolorektélnich karcinomi a
adenomil Zadné z t€chto mutaci identifikovany nebyly.

V na8i skupiné nadorti ledvin muta¢ni analyza neodhalila pfitomnost zadnych
somatickych ¢i germinalnich variant tfidy 3-5. Tento vysledek je v souladu s literarnimi daty,
kterd ukazuji, Ze zatimco jiZ bylo objeveno a popsano vice nez sto unikatnich germinalnich
mutaci HNFIB projevujicich se n€kterou formou vzacnych vyvojovych vad ledvin (Madariaga
et al. 2019), o somatickych mutacich HNFIB a jejich vyznamu v karcinogenezi je prozatim
znamo velmi malo. Vyjimku pfedstavuji necetné kazuistiky a studie uvedené vySe (Lebrun et
al. 2005; Rebouissou et al. 2005), které zminuji, Ze vyvojové malformace ledvin spojené
s mutacemi v HNFIB jsou také asociované s predispozici pro vznik chRCC (Wang et al. 2013).

V ¢asti vénované HGSC oviria jsme u jednoho z analyzovanych piipadii identifikovali
dosud nepopsanou somatickou nonsense mutaci. Z nasich vysledkii tedy vyplyva, Ze exprese
HNF1B v HGSC je pravdépodobné regulovana bud’ prostfednictvim hypermetylace promotoru,

nebo vlivem jinych regulacnich mechanismii ovliviiujicich aktivaci transkripce, spiSe nez
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prostiednictvim mutaci v kodujicich sekvencich HNF'IB ¢i posttransla¢nich modifikaci genové
exprese.

Mutace genu HNFIB byly velmi sporadickym nalezem také u skupiny karcinomi
prostaty, kde jsme zaznamenali pouze jednu somatickou aberaci, ktera byla klasifikovana jako
varianta nejistého vyznamu. Obdobny vysledek jsme pozorovali i u skupiny 491 PC ziskané
z TCGA, kde byla identifikovana jedna somaticka mutace (klasifikovana jako pravdépodobné
patogenni). U karcinomu prostaty tedy pravdépodobné neni inaktivace funkce HNFI1B

zprostiedkovana genovymi mutacemi.

Mnohem vice prostoru nez v pfipadé mutaci je v literatufe vénovdno zménam
v nekodujicich intronovych sekvencich HNF1B. Specifické jednonukleotidové polymorfismy
HNF 1B jiz byly asociovany se zvySenym rizikem vzniku né€kolika riznych nadorti, zejména
karcinomll endometria, prostaty a ovaria (Sun et al. 2008; Shen et al. 2013; Painter et al. 2015;
Ross-Adams et al. 2016), ale 1 karcinomu plic, kde je vliv HNFIB spojeny s dysregulaci Wnt
signdlni kaskady (Sun ef al. 2011). Dalsi studie jsou zaméfené na vliv SNP HNF'1 B na progndzu
vybranych nadorti. Napiiklad v pfipadé mnohocetného myelomu bylo popsano, Ze varianta
rs7501939 genu HNF 1B je vyznamné spojend s hor§im celkovym piezitim (Rios-Tamayo ef al.
2016).

Na zakladé celogenomovych asociacnich studii (genome-wide association studies,
GWAS) bylo identifikovano nékolik konkrétnich SNP HNF'IB, pro které se popisuje asociace
s rizikem vzniku rtiznych karcinomu. Jednd se zejména o rs447096, rs7527210 a nékolik
dalSich SNP, studovanych zejména v souvislosti s karcinomem prostaty (rs1016990, rs7501939,
rs11649743, rs7405696, rs4794758 a rs3094509) (Harries et al. 2010; Berndt ef al. 2011; Kim
et al. 2011). Navzdory narustajicimu poctu publikaci, vénovanych problematice SNP HNFIB,

je ovSem jejich vyznam a souvislost se vznikem malignich nddort stdle nejasny. Vzhledem
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k tomu jsme se v nasi praci vénovali analyze dvou vybranych, nej¢astéji popisovanych SNP
(rs4430796 ars7527210) s ohledem na stanoveni vztahu mezi témito specifickymi intronovymi
sekvencemi a prognozou studovanych malignich nadort.

U skupiny kolorektalnich karcinomti v nasem souboru nebyl v piipadé¢ SNP rs7527210
zaznamenan zadny vyznamny vztah s monitorovanymi parametry preziti (p = 0.942).
V literatuie je rs7527210 diskutovan zejména v souvislosti s karcinomem ovéaria a prostaty
(Ross-Adams ef al. 2016), pro kolorektalni karcinom zde nejsou dostupna srovnatelna data.
V piipadé rs447096 jsme pozorovali statisticky vyznamné rozdily v odhadovaném DFS
v zavislosti na tfech rlznych genotypech rs447096, piicemz genotyp GG byl asociovany
s nejhor$i prognozou. Tyto vysledky jsou v souladu s vysledky studii provedenych na jinych
typech nadort, kdy zejména v ptipad¢ karcinomu endometria je GG genotyp spojovany
s nejhor$im OS (Mandato ef al. 2015). Tento nalez by mohl souviset s popisovanym vlivem
overexprese HNF1B na chemorezistenci svétlobunééného karcinomu ovéria, nebot’ G alela je
v literatuie spojovana se snizenou chemosensitivitou k cisplatinové ¢i paklitaxelové toxicité
(Shigetomi et al. 2014). Vzhledem k tomu, Ze v pfipadé kolorektdlniho karcinomu tvofi
zakladni chemoterapeuticky adjuvantni reZim pfedevSim fluoropyrimidinové a oxaliplatinové
preparaty, je tento nalez zvlasté dilezity (Kountourakis et al. 2016).

V ¢asti prace zaméetené na nadory ledvin také nebyl zaznamenan Zadny vyznamny vztah
mezi SNP 154430796 a rs757210 a expresi HNF1B. Na zdkladé téchto vysledka lze tedy
ocekavat, ze u studovanych piipada jsou klicové udalosti v alteraci HNF1B pravdépodobné
zprostiedkovany jinymi mechanismy, nebo prostiednictvim vzacnéjSich SNP, které nebyly
v naSich analyzéach zahrnuty.

U skupiny HGSC ovéria také nebyl zadny z analyzovanych SNP (rs4430796, rs7527210,
1rs7405776) signifikantné asociovany s IHC expresi HNF1B, ani s metylaci promotoru HNF'IB.

Identifikaci vyskytu a vlivu SNP na HGSC a OCCC se zabyvali také Shen et al., ktefi u HGSC
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identifikovali jako rizikovou alelu rs7405776, ktera ale nevykazovala statisticky vyznamnou
asociaci se zvySenou metylaci HNF'I B promotoru (potvrzen byl pouze hrani¢ni vztah, p = 0.07)
(Shen et al. 2013). NaSe vysledky jsou tak v souladu s vySe uvedenymi daty.

K odlisnému zavéru ale dosli Ross-Adams et al., jejichz experimentalni zavéry ukazuji,
ze u HGSC byla jimi zkoumand rizikova alela rs757210 G asociovana s epigenetickou
inaktivaci HNF 1B (Ross-Adams et al. 2016). Jedinci nesouci tuto vysoce rizikovou alelu jsou
tak predisponovani k procesu EMT, ktery by mohl byt dale podpotfen dal§imi stresory
typickymi pro nddorové buiiky (jako je napt. aberantni metabolismus). Autofi dale udavaji, ze
dle vysledki jejich funkénich eseji se HNFIB chova jako pro-diferenciacni faktor, ktery
v nenadorovych nemetylovanych tkanich potlacuje epitelo-mezenchymalni tranzici a béhem
progrese do HGSC je tato jeho tumorsupresorovd funkce ztracena. Jednonukleotidové
polymorfismy v genu HNF1B jsou tak dle nich asociovany s HGSC a OCCC podtypy
karcinomil ovéria zcela opaénym zpisobem jak na urovni genetické a epigenetické, tak i na
urovni exprese. Tento zavér je v souladu s odhadovanou tumorsupresorovou roli HNF1B u
HGSC, a naopak onkogenni roli u OCCC.

Vyznam SNP je zvlasté zduraziiovany zejména u karcinomu prostaty, nebot’ PC patfi
mezi nejvice dédi¢nosti ovlivnéné malignity. Problematika SNP a rizika vzniku karcinomu
prostaty je v odborné literatufe popisovana v fadé studii, pficemz do soucasnosti bylo
identifikovano vice nez rizikovych 40 lokusi spojenych s karcinomem prostaty (Grisanzio et
al. 2012). Navzdory velkému mnozstvi praci, které se této otdzce vénuji, ovSem stale neni role
a klinicky vyznam vybranych SNP zcela jasna a stejné SNP jsou v riznych studiich né€kdy
oznacované bud’ za rizikové, ¢i naopak za varianty protektivni, coz dale podtrhuje komplexnost
tohoto tématu.

Nejcastéji je v souvislosti s karcinomem prostaty zminiovany SNP rs4430796, na kterém

muizeme dobfe demonstrovat vyznamné rozdily mezi dfive publikovanymi vysledky. VétSina
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provedenych GWAS oznacuje variantu rs4430796 za vyznamny faktor, ktery je ale dle
nekterych autorti oznaCovany jako protektivni, spojeny se snizenym rizikem vzniku PC
(Thomas et al. 2008; Elliott ef al. 2010; Stevens et al. 2010; Berndt et al. 2011; Kim et al. 2011;
Chornokur et al. 2013; Zhao et al. 2015), zatimco dle jinych autorG se jedna o variantu
asociovanou se zvysenym rizikem vzniku PC (Gudmundsson et al. 2007; Sun et al. 2008;
Grisanzio et al. 2012; Hu et al. 2013). Podobné nejednotné vysledky jsou ale udavany i pro
variantu rs7405696, ktera se dle riznych praci uplatiiuje bud’ jako rizikovy faktor (Berndt ef al.
2011), nebo jako faktor protektivni (Kim et al. 2011). Stejné tak varianta rs7501939 byla
asociovana se zvySenym (Gudmundsson et al. 2007; Kim et al. 2011; Chornokur et al. 2013) 1
snizenym rizikem vzniku PC (Stevens et a/. 2010). Dalsi varianty, pro které se uvadi asociace
se zvySenym rizikem PC, pfedstavuji rs11649743 G a rs3760511 G, které byly v jedné studii
spojovany se sniZzenou metylaci promotoru HNF'1B, a tudiz se zvySenou expresi HNF1B u dvou
nezavislych klinickych kohort (Ross-Adams et al. 2016).

Na zakladé mnozstvi praci zabyvajicich se vlivem SNP na karcinom prostaty byla
recentné publikovana robustni metaanalyza, kterd také hodnotila asociaci mezi nej€astéji
popisovanymi variantami HNFIB a rizikem vzniku PC (Tong et al. 2018). Jeji autofi pracovali
se souborem ¢itajicim témér 35 tisic pacientli a 56 tisic kontrol a nasli silnou pozitivni asociaci
s genotypem rs4430796 A, AA a AG, a dale také s genotypy rs7501939 G, rs11649743 G, GG,
a AG, a s genotypem rs3760511 C. V nasi praci jsme se zabyvali variantou rs4430796 (G > A),
pfi¢emz celkova frekvence detekovanych alel byla prakticky stejnd, jakou udéavaji data uvedena
pro obecnou populaci v databazi 1000G. U nasi pocetné limitované skupiny se tak asociace

polymorfismu rs4430796 s karcinomem prostaty nepotvrdila.

Epigenetické zmény jsou jednim ze zakladnich regulacnich mechanisml genové

exprese, které se Casto ucastni na vyvoji malignich nadort (Cuff et al. 2013). Jednou
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z nejCastéjSich epigenetickych alteraci je DNA metylace, coz je reverzibilni proces ktery
piedstavuje jeden z potencialnich terapeutickych cilii vyuzitelnych pii cilené protinadorové
terapii (Bubancova et al. 2017). Aberantni metylace promotorovych oblasti urcitych
tumorsupresorovych genii vede k utlumu exprese (tzv. silencing) téchto tumorsupresorti, coz
piedstavuje jednu z klicovych udalosti iniciace nadorového rastu. Epigenetické alterace jsou
v procesu kancerogeneze relativné Casnou udalosti, a proto by se mohly Gspésné uplatnit nejen
jako neinvazivni biomarker pfitomnosti nadorového onemocnéni béhem screeningu, ale také
jako biomarker v monitorovani odpovédi na terapii (Graham et al. 2009).

U nasi skupiny nadort tlustého stieva byla zaznamenana pouze slaba parcidlni metylace
u nékolika ptipadd, které vSechny vykazovaly zachovalou proteinovou expresi HNF1B.
Metylace promotoru tak v tomto souboru nekorelovala s expresi HNF1B na proteinové urovni,
coz by mohlo byt ndsledkem inkompletni inaktivace genu HNFIB. Metylace promotoru
HNFIB tedy nebyla v nasem souboru ¢astym néalezem, coz je v ostrém kontrastu s vysledky
jedné z n€kolika malo praci, které se touto problematikou zabyvaly. Dle t€chto autorti je HNF1B
spole¢né¢ s RUNX3, PCDHI0, SFRP5 a IGF2 jednim z pétice genti, které v jejich studii
vykazovaly nejvyssi priméma procenta hypermetylace promotoru (Silva et al. 2013). Na
zakladé tohoto nalezu autofi dokonce navrhuji, Ze by hypermetylace promotoru ZNF'IB mohla
slouzit jako jeden zneinvazivnich epigenetickych markeri kolorektalniho karcinomu.
Epigeneticka inaktivace HNFIB u bunécénych linii kolorektalniho karcinomu byla popsana také
v praci autorti Terasawa et al., coz dle autorii poukazuje na jeho UcCast na kolorektalni
karcinogenezi (Terasawa et al. 2006).

Jedno z moznych vysvétleni pro takto odlisné vysledky by mohlo v pfipadé autort Silva
et al. spocivat v odliSném metodickém pfistupu (autofi pracovali s Methyl-Profiler™ DNA
Methylation PCR Array systémem). Dilezity je také fakt, ze v jejich préaci pracovali se

souborem pouze 10 nadora (Silva et al. 2013). V ptipad¢ studie autorti Terasawa et al. byla
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metylace HNFIB analyzovana pouze v exonu 1, coz by mohlo objasnit odlisné vysledky,
protoze v nasi praci byla metylace testovana v oblastech, které se nachéazi upstream od exonu 1
(Terasawa et al. 2006).

Ve skupin€ nadorti ledvin byla metylace promotoru /NF'I B nalezena pouze vzacné, coz
je v souladu s daty ziskanymi z TCGA. Oba vysledky tak naznacuji, Ze se na regulaci exprese
HNF1B v tomto piipad¢ pravdépodobné podili jiné mechanismy nez promotorova metylace.
Nicméné je diileZité zminit, Ze v nasi praci jsme se zabyvali pouze oblasti CpG ostriivku, ktery
je dle literarnich dat a TCGA nejvice spojovan s HNF1B expresi (Shen ef al. 2013) a pted tim,
nez bude role metylace v tomto kontextu zcela vyloucena, by bylo nutné provést extenzivnéjsi
analyzu.

U skupiny HGSC byla metylace promotoru HNFIB detekovéna u 38.8 % pftipadd,
nicméné metylacni status nebyl vyznamné asociovany se zadnym ze sledovanych klinicko-
patologickych parametri. Obdobné vysledky metyla¢ni analyzy byly publikovany i dal§imi
autory, ktefi udavaji metylaci v rozmezi 41.3 % (Terasawa ef al. 2006) az 50.8 % (Baranova et
al. 2020). Bubancova et al. se zabyvali metylaci promotoru HNF'IB u riiznych typii karcinomu
ovaria a identifikovali metylaci u 18/40 (45 %) HGSC (Bubancova et al. 2017). Epigeneticky
wsilencing® HNF1B u HGSC je popisovany 1 v préci autorti Shen et al., jejichz metylacni data
ukazuji, ze kauzalni rizikové alely pro HGSC (rs7405776) by mohly predisponovat promotor
HNFIB k aberantni metylaci, a tim i1 podporovat vznik serdéznich, ale ne svétlobunéénych
tumort (Shen et al. 2013).

MozZnym praktickym vyuzitim metylace se u HGSC zabyvali autofi recentni studie,
zam&fené na identifikaci potencidlniho metylaéniho panelu biomarkerli za uUcelem casné
detekce HGSC (Baranova et al. 2020). Autofi zkoumali panel ¢tyf vybranych genli (HNFIB,
CDH13, PCDH17 a GATA4), ktery dosahl jako screeningovy marker 100% specificity a 88.5%

senzitivity. Metylace promotoru byla detekovand u 31/61 (50.8 %) HGSC, pricemz ¢ast¢jsi byla
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u nadorii pokroc¢ilého stadia [27/47 (57.5 %)] nez u naddorh ¢asného stadia [4/14 (28.6 %)]. U
naSeho souboru HGSC jsme pozorovali obdobny trend (stadium I/IT 30 % vs. stadium II/IV
41.7 %), ktery ale nedosahl statistického vyznamu (p > 0.05). Pfitomnost metylace promotoru
HNFIB uz u nadort v ¢asném stadiu nicméné naznacuje, ze by metylace mohla piedstavovat
slibny marker pro casnou detekci HGSC. Vzhledem k tomu, ze HGSC piedstavuje nador
s velmi nenapadnymi a nespecifickymi klinickymi symptomy a onemocnéni je tak casto
diagnostikovano az v pokro€ilém stadiu, je identifikace biomarkerii pro ¢asnou diagnostiku
velmi Zadouci.

Roli epigenetické inaktivace u regulace exprese HNFIB jsme se zabyvali 1 u nasi
skupiny karcinomi prostaty. Metylace promotoru HNF'1B byla identifikovana u 55 % PC, coz
je obdobny vysledek, jaky uvadi data ziskand z TCGA (47 %). Metylaci promotoru HNF1B se
zabyvali 1 autoii Ross-Adams et al., ktefi u dvou samostatnych kohort pacientl s karcinomem
prostaty (n = 65, n = 36) pozorovali, Ze tkdn¢ PC byly ve srovnani se zdravymi, nenadorovymi
tkanémi hypermetylované (Ross-Adams et al. 2016). Jejich experimentalni data tak ukazuji, Ze
u karcinomu prostaty a HGSC ovéria by se na vzniku nddoru mohly podilet obdobné
mechanismy. Za Ucelem identifikace biologickych drah, kterych se HNF1B ucastni u
nadorovych bungk, autofi generovali stabilni bunééné linie karcinomu prostaty overexprimujici
HNF1B. U né&kolika bunéénych linii overexprese HNF1B korespondovala u bunék PC
s vyraznym poklesem proliferace, snizené rychlosti bunééné migrace, vyraznym poklesem
invazivity a s n¢kolika dalSimi alteracemi, které naznacuji, Ze ztrata exprese HNFI1B hraje
zasadni roli v procesu EMT. Tento zavér byl podpoten skutecnosti, Ze u nddorovych bunék
overexprimujicich HNF1B doslo ke zméné tvaru z pivodniho protahlého vietenitého na tvar

epiteloidni.
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6. ZAVER

HNF1B je tkanovée specificky transkripéni faktor, jehoz vyznam pro vznik vyvojovych
malformaci ledvin a dalSich organti jiz byl pomérné dobte a extenzivné popsan, zatimco jeho
uplatnéni v patogenezi solidnich nadorii dosud nebylo objasnéno. Hlavnim cilem této prace je
prohloubeni znalosti o vyznamu zmén HNF1B u vybranych solidnich naddort. Zahrnuté typy
nadorti byly selektovany na zaklad¢ provedené reSerSe literatury, s ohledem na dosavadni
popisovany vyznam HNF1B u karcinogeneze nadorovych onemocnéni a jeho vyuziti v rutinni
diagnostické praxi.

Nase data ukazuji, ze v ramci diferencialni diagnostiky je na IHC Grovni hlavni vyznam
hodnoceni exprese HNF1B u nadort ledvin, zejména v oblasti odliSeni chRCC od renalniho
onkocytomu. Dalsi vyuziti je u nddort Zenského genitalu, nicméné pomérné vysoké procento
exprese u HGSC v naSem souboru (v souladu s recentnimi literarnimi daty) vyznam HNF1B v
této indikaci limituje. Z naSich vysledkl zaroven ale vyplyva, Ze se jeho vyznam zvySuje, pokud
zohlednime intenzitu exprese (nebot’ silnd exprese byla nalezena pievazné jen u OCCC).
Potencidlni impakt téchto vysledkli v klinické praxi by tak mohl spocivat nejen v lepsi
stratifikaci nddorovych podtypli a potencidlnich novych terapeutickych pfistupd, ale také
v lepSim porozuméni etiologie téchto onemocnéni. Z hlediska prognostického vyznamu méla
IHC exprese HNF1B vyznam zejména u kolorektilniho karcinomu, kde sniZena exprese
korelovala s recidivou a byla spojena s horsi prognozou a krat§im DFS.

S ohledem na vyznam HNFI1B v patogenezi nadorti naSe vysledky ukézaly, ze u
kolorektalniho karcinomu, high grade ser6zniho karcinomu ovdria, karcinomu prostaty,
svétlobunééného a chromofdbniho karcinomu ledviny by se HNF1B mohl chovat jako
tumorsupresor, zatimco u papilarniho karcinomu ledviny spiSe jako protoonkogen. Vzhledem

k odlisné hypotetické roli, kterou HNF1B hraje u riznych typt nadori ledvin, by tak HNF1B
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mohl ptedstavovat diilezity prognosticky faktor umoznujici lepsi stratifikaci pacienti s ohledem
na naristajici vyuziti cilené terapie u nadorovych onemocnéni. Analyzy SNP potvrdily u
kolorektalniho karcinomu asociaci GG fenotypu rs447096 s horsi progndézou onemocnéni,
zatimco u ostatnich typli nadort se asociace studovanych polymorfismu s prognézou ¢i rizikem
vzniku nadoru nepotvrdila. Klicové udalosti v alteraci HNF1B jsou tak pravdépodobné
zprostiedkovany jinymi mechanismy (nebo prostfednictvim vzacnéjSich SNP, které nebyly v
nasich analyzach zahrnuty). Cést prace vénovana epigenetickym alteracim ma vyznam zejména
u HGSC, kde byla potvrzend pomérné vysoka trovenl metylace, coZz v souladu s literaturou
naznacuje, Ze by metylace mohla predstavovat slibny marker pro casnou detekci HGSC.
Zavérem je ovSem dulezité zdlraznit, ze za Gcelem presného stanoveni toho, jakou roli
hraje HNF1B v biologii vybranych nadorti a objasnéni jeho potencialniho prognostického a

terapeutického vyuZiti je zapotiebi provést dalsi studie na vétsim mnozstvi piipadu.
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7. ABSTRAKT

HNF1B je tkanoveé specificky transkripcni faktor, ktery hraje zasadni roli v
embryondlnim vyvoji celé fady organl, zejména ledvin, gastrointestinalniho systému,
pankreatu a zluCovych cest. Zatimco vyznam HNF 1B pro vznik vyvojovych malformaci ledvin
a dal$ich organii jiz byl pomérné¢ dobie popsan, jeho uplatnéni v patogenezi solidnich nadort
dosud nebylo objasnéno. Dle dostupnych dat se ukazuje, ze HNF1B se v zavislosti na riznych
typech nadorii pravdépodobné milize na procesu karcinogeneze podilet bud’ jako onkogen, nebo
jako tumorsupresor. Pfesny mechanismus, jakym tuto svoji roli uplatituje, ovSem neni jasny.

Prace je zaméfend na prohloubeni znalosti o vyznamu zmén HNF1B u vybranych
solidnich nadort i nenddorovych 1ézi. Jednotlivé cile zahrnuji: 1) objasnéni role, kterou HNF1B
hraje v patogenezi téchto 1ézi, 2) zhodnoceni mozného vyznamu HNF1B pro diferencidlni
diagnostiku jednotlivych 1ézi, 3) analyzu mozného prognostického a prediktivniho vyznamu
HNF1B, 4) muta¢ni analyzu genu HNF'1B u vSech naddorovych i nenddorovych tkani s cilem
identifikovat dosud nepopsané somatické patogenni mutace, 5) metylacni analyzu promotoru
genu HNFIB.

Imunohistochemické vySetfeni s protilatkou proti HNF1B bylo provedeno u celkem 516
vzorkl naddorové a nenddorové tkang. Mutaéni analyzy zahrnovaly amplikonové sekvenovani
nové generace €1 panelové sekvenovani a byly Uspé$né provedeny u 400 vzorkid. Analyza
metylacniho stavu promotoru genu HNF1B byla provedena u 321 vzorkl. NaSe data byla také
porovnéna s daty dostupnymi z The Cancer Genome Atlas.

Hlavni ziskané vysledky: 1) U adenomt tlustého stfeva je exprese HNF 1B signifikantné
vy$$i nez u karcinomi. 2) Nizk4 exprese HNF1B u karcinomi tlustého stfeva korelovala s
rekurenci a se zkracenym DFS. 3) Mezi vSemi 4 analyzovanymi typy nadort ledvin byly
vyrazné rozdily v rozsahu exprese HNF1B a jeji intenzity. 4) U svétlobunééného karcinomu

ledviny (ccRCC) byla nejvyssi exprese u nadorti s grade 1 a klesala s rostoucim gradem. 5) U
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high grade ser6zniho karcinomu ovaria (HGSC) je exprese HNF1B obecné nizka a vyssi
exprese byla asociovana s lymfovaskularni invazi. 6) Metylace promotoru byla u karcinomu
prostaty spojena s karcinomy vyssiho T stadia a s vy$sim dosazenym Gleasonovym skore. 7)
Celkem jsme nalezli 5 variant genu HNF1B: 3 u kolorektalniho karcinomu, 1 u HGSC, 1 u
karcinomu prostaty.

V ramci diferencialni diagnostiky je na IHC trovni hlavni vyznam hodnoceni exprese
HNF1B u nadort ledvin, zejména v oblasti odliSeni chRCC od renalniho onkocytomu. Dalsi
vyuZiti je u nadorti Zenského genitalu, nicméné pomérné vysoké procento exprese u HGSC v
naSem souboru vyznam HNF1B v této indikaci limituje. Z prognostického hlediska méla THC
exprese HNF1B vyznam zejména u kolorektalniho karcinomu, kde snizené exprese korelovala
s recidivou a byla spojena s hor$i prognoézou. S ohledem na vyznam HNFIB v patogenezi
nadortl naSe vysledky ukazaly, Ze u kolorektalniho karcinomu, HGSC ovéria, karcinomu
prostaty, ccCRCC a chRCC ledviny by se HNF1B mohl chovat jako tumorsupresor, zatimco u
papilarniho karcinomu ledviny spise jako protoonkogen. Cést prace vénovana epigenetickym
alteracim mé vyznam zejména u HGSC, kde byla potvrzend pomérné vysoka troven metylace,
coz v souladu s literaturou naznacuje, Ze by metylace mohla pfedstavovat slibny marker pro

¢asnou detekci HGSC.
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8. SUMMARY

HNF1B is a tissue-specific transcription factor, which plays a crucial role in the
embryological development of a number of organs, especially kidneys, gastrointestinal system,
pancreas and billiary system. While the significance of HNF1B in the development of urinary
tract malformations has already been well described, its role in the pathogenesis of solid tumors
has not yet been elucidated. Based on the current data it seems that depending on the type of
individual tumor HNF1B can either act as an oncogene or a tumor suppressor. However, the
precise mechanism of how it exerts its influence is still unclear.

The thesis focuses on expanding the knowledge of the significance of HNF1B changes
in selected solid tumors and non-neoplastic lesions. The individual goals include: 1)
determining the role which HNF1B plays in the pathogenesis of these lesions, 2) evaluating the
significance of HNF1B for differential diagnosis, 3) analysis of the prognostic and predictive
meaning of HNF1B, 4) mutation analysis of the HNF1B gene in all the tumor and non-tumor
tissues with the aim to identify novel pathogenic mutations, 5) methylation analysis of the
HNF1B promoter.

Immunohistochemical examination with the antibody against HNF1B was performed
on 516 samples of tumor and non-tumor tissues. The mutation analyses included new generation
amplicon sequencing or capture-based sequencing and were successfully performed on 400
samples. The mutation analysis was performed on 321 samples. Our data was also compared to
the data available from The Cancer Genome Atlas.

The main experimental results include the following: 1) The expression of HNF1B is
significantly higher in colon adenomas than in carcinomas. 2) Low expression of HNFIB in
colorectal carcinomas correlated with recurrence and shorter DFS. 3) There were significant
differences in HNF1B expression across all 4 groups of renal tumors. 4) The highest expression

of HNF1B in clear cell renal cell carcinoma (ccRCC) was observed in grade 1 tumors and was
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decreased with increasing grade. 5) In high grade serous carcinoma (HGSC) of the ovary the
expression of HNFI1B is generally low and higher expression was associated with
lymphovascular invasion. 6) In prostate carcinoma, promoter methylation was associated with
tumors of a higher T stage and higher Gleason score. 7) The total of 5 variants of HNF1B gene
were found: 3 in colorectal carcinoma, 1 in HGSC and 1 in prostate carcinoma.

Concerning differential diagnosis the main significance of IHC expression of HNFI1B
could be in the tumors of the kidney, especially when differentiating between chRCC and renal
oncocytoma. Another use could be in the tumors of the female genital system, however, the
rather high percentage of expression found in our group of HGSCs may limit its use in this area.
From the prognostic point of view the expression of HNF1B was significant especially in
colorectal carcinoma, where decreased expression correlated with recurrence and worse
prognosis. When considering the involvement of HNF1B in the pathogenesis of tumors, our
data showed that in colorectal carcinoma, HGSC of the ovary, prostate carcinoma, ccRCC and
chRCC HNFI1B may act as a tumor suppressor, while in papRCC it could work as a
protooncogene. The part of our work dealing with epigenetic alterations is significant especially
for HGSC, where the confirmed high levels of methylation (in accordance with literature)

suggest that methylation could represent a promising marker for early detection of HGSC.
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The Role of HNF1B in Tumorigenesis of Solid Tumours:
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Abstract. Hepatocyte nuclear factor 1-f is a tran-
scription factor which plays a crucial role during
ontogenesis in the differentiation of visceral endo-
derm from primitive endoderm, and is especially im-
portant for the normal development of the kidney,
urogenital tract, gastrointestinal tract, liver, and
pancreas. Despite the growing knowledge about the
potential involvement of hepatocyte nuclear factor
1-p in the process of carcinogenesis, the exact under-
Iying mechanism that would explain its rather varied
effects in different tumours has not been sufficiently
investigated. Most of the data regarding the signifi-
cance of hepatocyte nuclear factor 1-p arise from ge-
nome-wide association studies and is concerned with
the influence of single-nucleotide polymorphisms of
hepatocyte nuclear factor 1-p on either the increased
or decreased susceptibility to certain tvpes of cancer.
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However, the influence of both the germinal and so-
matic mutations of this gene on the process of carcino-
genesis is still poorly understood. According to cur-
rent data, in some tumours hepatocyte nuclear factor
1-f acts as a protooncogene, while in others as a tu-
mour suppressor gene, although the reasons for this
are not clear. The exact incidence of hepatocyte nu-
clear factor 1-p mutations and the spectrum of tu-
mours in which they may play a role in the process of
carcinogenesis remain unknown. From the practical
point of view, immunohistochemical expression of
hepatocyte nuclear factor 1-f can be used in differ-
ential diagnostics of certain tumours, especially clear
cell carcinoma. In our article we review the current
knowledge regarding the significance of hepatocyte
nuclear factor 1-f in carcinogenesis.

HSPD1 — heat-shock protein family D1, ICC — intrahepatic chol-
angiocarcinoma, IGFBP2 — imnsulin-like growth factor binging
protein 2, IGFBP5 — insulin-like growth factor binging protein 5.
IGF2 — insulin-like growth factor 2. IHC — imnmmnohistochemis-
try, il —intron 1, 12 — intron 2, i4 — infron 4, 16 — intron &, 18 —
intron 8. Jagl —jagged 1. MA — metanephric adenoma, MESH —
Medical Subject Headings. MTSCC — mucinous fubular and
spindle cell carcinoma, MODY — maturity-onset diabetes of the
young, NCBI — National Center for Biotechnology Information,
NF-+B — nuclear factor w-light-chain-enhancer of activated B
cells, NLS — nuclear localization signal, NR4A1 — muclear recep-
tor subfamily 4 group A member 1. OCCC — ovarian clear cell
carcinoma_ OR. — odds ratio, OS — overall survival, PAWE. — pro-
apoptotic Wilms tumour 1 regulator, PCDH10 — protocadherin 10,
PDAC — pancreatic ductal adenocarcinoma, PTK3CG — phos-
phatidylinositol-4, 5-bisphosphate 3-kinase catalytic subumit vy,
RCAD —renal cysts and diabetes, PDX1 — pancreatic and duode-
nal homeobox 1, POU — Pit-1/0ct-1/Unc-86 transcription factor.
POU, — POU homeodomain, POU, — POU-specific domain,
PTF1A - pancreas-associated transcription factor la, RAP2A —
Ras-related protein Rap-2a, RCC — renal cell carcinoma, RCT —
renal cell mmour, RT-PCR. —real-time polymerase chain reaction,
RUNX3 — mnt-related transcription factor 3, SFRPS — secreted
fnzzled related protemn 5, SNP — single-nucleotide polvmorphism,
SOX0 — sex-determining region Y-related high mobility group
box, TPDS2 — tamowr protein D52, UTR —untranslated region.
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Introduction

Hepatocyte nuclear factor 1-p (HNF1B, which 1s
encoded by the HNFIB gene. also known as TCF2) 1s a
transcription factor that plays a crucial role during on-
togenesis i the differentiation of visceral endoderm from
primitive endoderm (Barbacc et al., 2004; Cereghim,
1996). The HNF 1B protem regulates expression of mul-
fiple genes mvolved in the cell cycle modulation, sus-
ceptibility to apoptosis, and glucose metabolism (Pon-
toglio, 2000; Suzuka et al., 2015; Tsuchiya et al., 2003).
Despite the growing number of studies demonstrating
the potential involvement of HNF1B in the process of
carcinogenesis, the exact underlying mechanism that
would explain its rather vaned effects in different lesions
of different anatomical settings has not been sufficiently
investigated and 1s still poorly understood. Furthermore.
even the very question of its basic oncogenic or tumour
suppressor effects does not seem to have a unified an-
swer, as HNF1B has been reported to act in either capac-
ity in different lesions, or even in the same lesions when
examined by different authors. Given the inconsistent
findings, the aim of this study was to summarize the cur-
rent and previous findings concerning the role of HNF1B
in selected solid tumours, with a special focus on -
mours of the female and male genstal tract, the unnary
tract, pancreatic cancer, and colorectal cancer.

Material and Methods

A comprehensive review of all available literature
published on the subject of HNF 1B and its involvement
in several selected solid tumours was performed, includ-
ing the results of our studies focusing on HNF1B. The
data was obtained through a database search using the
MESH (Medical Subject Headings) terms “HNF1B™,
“cancer”, “solid tumours”, “prostate cancer . “colorec-
tal cancer”, “female genital tract cancer , “ovarian can-
cer . “pancreatic cancer , "SNP variants”, “cancer nisk
association”. “unmunolistochenustry”™ and their combi-
nations. Data was muned from the PubMedMEDLINE.
ScienceDirect. and Web of Science databases. Once a
thorough search was performed. all the ariicles obtamned
were reviewed by the authors in order to determune their
relevance. The results of the studies reviewed were not
a criterion for exclusion. as both positive and negative
associations needed to be taken into account Studies
were only excluded if they focused on ANFIB muta-
tions leading to congenital anomalies of the kidneys and
urinary tract. as only the association with cancer was
relevant for this review. A strong emphasis was placed
on studies with well-conducted methodology, based on
large patient cohorts. Special care was taken to seek out
studies focusing on full mutation analyses with a clearly
defined clinical significance. Following analysis of all
the available data,. this paper undertook to comprehen-
sively summarize the current state of knowledge of the
mnvolvement of HNF1B in the development and pro-
gression of selected solid tumours.

HXNF1B isoforms

HNFIE is located at chromosome 17q12 and com-
prises mine coding exons that span around 60 kb
(MIM#189907). It 15 a member of the homeodomain-
confaimng gene superfanuly of transcription factors and
encodes transcription factor Pit-1/0ct-1/Unc-86 (POU),
wlhach 15 mvolved i a number of signalling pathways
and plays a significant role in endodermal develop-
ment (Alvelos et al., 20135). The resulting protein has
three functional domains: the DNA-binding domain
(POU-specific domain and an atypical homeodomain,
POU homeodomain), the transactivation domain, and
the dimerization domamn (El-Khain and Vallier, 2016).

According to the current knowledge. there are three
fully characterized HNF1B 1soforms reported by NCBI
and Ensemble databases. The wild-type transcript
variant 1 (GenBank NM_000458) 1s 2815 bp long and
gives rise to 357 amino acid (aa) protem isoform 1
(UniProtKB P35680). The other two alternatively
spliced transcripts are transcript varant 2 (2746 bp:
GenBank NM_001165923) encoding 531 aa long pro-
tein with a shorter form of exon 3. which, compared to
1isoform 1, lacks aa 183-208. The transcript variant 3
(2432 bp; GenBank NM_001304286) codes for 437 aa
long protemn 1soform 3, also with a shorter form of exon
3 compared to 1soform 1 with mussing aa 420-551 1n the
C-termunus, which leads to the skipping of exons 7 and
8. Other protein 1soforms are reported 1n the Ensemble
database, but the reference mRNA sequence 1s nussing,
as well as their more detailed analysis. The precise char-
acterization of all HNF1B 1soforms m different lesions
1s missing, and both the literature data and the compari-
son of isoform variants among the databases are equivo-
cal There is huge inconsistency in the literature regard-
ing the described HNF1B isoforms, resulting from
differently described sequences of particular protein
1soforms. named 1. 2. and 3 or A. B, and C. in various
investigated tissues. Previously described isoforms are
wnconsistent with the ones currently declared in the data-
bases of NCBI and Ensemble according to the data
gamed from projects devoted to massive parallel se-
quencing of genomes and franscriptomes, which 1s
probably based on more accurate data. A comprehensive
schematic diagram of the current HNF1B transcripts
and their domains 1s provided in Fig. 1.

The expression of the HNF1B protein 1s altered in
several tumour types. and both down- and up-regulation
has been described thus far based on the tumour type.
However. only one study analysed expression of partic-
ular mENA HNF 1B transcripts and noted a switch in the
expression of HNF1B transcripts in prostate cancer tis-
sues compared to non-malignant prostate tissue (Harries
etal., 2010). In this stady, the authors described changes
in the expression of the B form and C form comparing
39 non-malignant benign prostatic hyperplasia samples
and 21 prostate adenocarcinoma samples. However, the
impact of this work is questionable, since the C variant
(RefSeq NM_006481) was not proved to exist and in the
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Fig 1 Schematic diagram of the HNF1B transcripts (according to the RefSeq database)
The blue and white boxes illustrate the coding parts of reference exons, with the amino acid (aa) numbers indicated below
the comresponding exons. The vellow boxes represent alternative exons. The vellow, brown, black, green. and grey areas

illustrate the functional domains across the HNF1B transcrip

ts. The lengths of exons are represented proportionally to

scale. Transcript 2 lacks 26 aa (78 bp) at the 5" end of exon 3. Transcript 3 lacks the entire exons 7 and 8. and contains an

alternative STOP codon in exon 9 due to a frame-shift (110 bp

after the original STOP codon). Abbreviations: UTE —un-

translated region, NLS — muclear localization signal. POU, — POU-specific domam, POU, — POU homeodomain.

NCBI database was permanently suppressed. Data about
mRNA expression of the individual HNFIB transcripts
1s still missing.

Germline HNFI1B mutations
Germline mutations i the HNFIB gene are linked

with a number of diseases associated with defects
kidney development. kidney and liver disorders, pancre-
atic atrophy, genital malformations, a complex syn-
drome known as renal cysts and diabetes (RCAD). and
maturity-onset diabetes of the young type 5 (MODY3)
or neonatal diabetes (Bellanne-Chantelot et al., 2004:
Edghull et al.. 2006; Lokmane et al., 2008; Adalat et al.,
2009). Mutations in ANFIB have also been associated
with hypomagnesemia and renal magnesium wasting,
suggesting that HNF 1B plays a role in both nephrogen-
esis and maintenance of renal tubular functions (Adalat
et al_, 2009). Other descnibed associated phenotypes mn-
clude autism, epilepsy, gout, and primary hyperparathy-
roidism. However, the precise descniption of germhine
mutations of HNFIB and associated non-neoplastic dis-
eases 15 out of the scope of this review. With respect to
the association of HNFIB germline mutations and tu-
mours, only rare (Lebrun et al.. 2005; Rebowssou et al.,
2003) case studies describing cases of chromophobe
renal carcinoma associated with a combination of mono-
allelic germline and somatic mutations have been pub-
lished (Clissold et al, 2015; Bockenhauer and Jaure-
guiberry, 2016; Verthave et al., 2016).

Somatic HVFI1B mutations

According to the results of our comprehensive search.,
so far no data showing somatic vanants in the coding
sequence of the HANFIB gene in different types of cancer

121

(including pancreatic, prostate, kudney and colorectal
cancer) has been published. as a vast majority of the re-
viewed studies focus on analysing the intromic sequences
and potentially significant single-nucleotide polymor-
phisms (SNPs). The SNPs of hughest significance accord-
ing to the literary data are summarized in Table 1. along
with their location in the ANFIB gene. Alterations de-
tected 1 tumour samples are collected in the cosmic da-
tabase. including data from peer-reviewed published
variants or from large systematic screen studies. Some
alterations of the ANFIE gene have been described. in-
cluding mutations, copy number variations, and meth-
ylations in different types of tumours. However, the in-
formation about the somatic or hereditary origin 1s often
missing, and just a few of these were confirmed to be
somatic (Forbes et al , 2013). In our recent study, screen-
ing of genetic variants in the whole coding sequences of
HNF 1B revealed four mutations in 30 endometrioid car-
cinomas and one missense vanant among 12 ovarian
clear cell carcinomas (OCCC) (Nemejcova et al._ 201 5a).
With the exception of these, there are no other studies
focusing on the genetic changes of HNFIE in solid -
mours.

A new potential biomarker of selected solid
cancers

The genetic and epigenetic changes of HNFIE appar-
ently play a pleiotropic role in tumorigenesis. Surpris-
ingly. despite the growing knowledge of the unportance
of HNFIB SNPs 1n several cancer types. little 1s known
about the mutations of this gene 1n various tumours, ex-
cept for some SNPs in the non-coding intronic sequences
of the HNVFIE loci associated with the nsk of kidney
cancer (Rebouissou et al. 2003), endometnal cancer
(Setiawan et al., 2012; Painter et al, 2013). and ances-
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Table 1. Summarization of the HNFI1B SNPs with the highest reported significance in the literary data, with their location
in the HNF 1B gene and the studied cohort where they were of statistical significance concerning their effect on carcino-

genesis
SNP Location in | Chromosome 17 position, | Studied cohort References
HNFIB GRCh37
1r:4430796 | intron 2 £ 36098040G=A endometrial cancer | Spurdle et al., 2011; Setiawan et al.. 2012;
Mandato et al., 2015
ovarian clear cell Shigetomi et al., 2014
carcinoma
prostate cancer Sun et al., 2008; Thomas et al.. 2008; Elliott ef al.,
2010; Harries et al.. 2010; Berndt et al., 2011;
Kim et al.. 2011; Grisanzio et al.. 2012; Chormokur
etal.2013; Huetal, 2013; Zhao et al_. 2015
15757210 infron 2 g.36096315T=C/G OVarian cancer Ross-Adams et al.. 2016
57501939 | infrom 1 g.36101156T=C prostate cancer Elliott et al., 2010; Kim et al., 2011;
Chomokur et al.. 2013
1511649743 | intron 4 £.36074070G=A prostate cancer Harries et al., 2010; Sun et al.. 2008
157405696 | intron 1 £.36102035G=C prostate cancer Berndt et al.. 2011; Kim et al . 2011
154794758 | intron 4 g 36080428C=T prostate cancer Berndt et al., 2011
151016990 | intron 4 £.36088015G=C prostate cancer Berndt et al., 2011
133094509 | intron 6 g 36062200A=G prostate cancer Berndt et al., 2011
1511868513 | intron 8 g.36052692G=A prostate cancer Kimetal, 2011
152074429 | mntron 6 £.36061207C=T prostate cancer Eimetal., 2011

try-specific ANFIB variants associated with prostate
cancer (Bemdt et al . 2011; Hindorff et al . 2011). There
is also emerging evidence about the involvement of
HNF1B in pancreatic cancer, while for colorectal cancer
no relationship has been confirmed as yet (Elliott et al |
2010; Janky et al., 2016).

Rather than somatic vanants i cancer tissues, what
has been the focus of several studies are epigenetic
changes, pomnting to the complex nature of HNF1B's -
fluence. Epigenetic silencing of the HNFIB gene has
been reported 1n several types of human cancers. mclud-
ing breast cancer, colorectal carcinoma (CRC). and ovar-
ian cancer (Bubancova et al., 2017). For example. the
development of sporadic colorectal cancer has been tra-
ditionally described as the result of accumulated genetic
and epigenetic alterations, and studies have suggested
that the common event in the carcinogenesis of CRC 1s
the association of global hypomethylation with discrete
hypermethylation at the promoter regions of various
specific genes. HNFIB was one of the five genes that
had the highest average hypermethylation percentage
(50 %0) 1n the test group of CRC, and the authors suggest
that DINA methylation may serve as a non-invasive epige-
netic marker of this tumour (Silva et al . 2013). The other
hypermethylated genes included RUNX3 (5389 %),
PCDHIO (55.5 %), SFRPS (32.1 %). and IGF?2 (50.4 %).

The exact mechanism by which HNF1B participates
i the process of cancerogenesis 1s unknown and prob-
ably differs in various types of tumours. In one study.
knockdown of HNFIEB 1n OCCC led to mduction of ap-
optosis (Tsuchiva et al.. 2003). This correlates with the
results of a recent study showing that up-regulation of

HNF1B by inflammatory cytokine NF-«B/p63 decreas-
es OCCC susceptibility to apoptosis (Suzuki et al.
2013). Depending on the relevant genetic and epigenetic
changes, HNF1B can probably serve as either a tumour
suppressor gene or an oncogene in different cancers. It
has been shown that down-regulation of HNF 1B 1 clear
cell renal cell carcinoma and prostate carcinoma 1s as-
sociated with tumour progression and poor prognosis
(Buchner et al.. 2010; Noto et al.. 2010).

A different situation 1s present 1n OQCCC. We and oth-
ers have found that the promoter of HNFIB in OCCC 1s
typically unmethylated and gene expression 1s increased
compared with other ovarian cancer types (Tsuchiva et
al., 2003; Shen etal., 2013; Nemejcovaetal, 2015a). In
our study, we have not identified any methylated case in
a group of 15 OCCCs. In contrast, we detected methyla-
tion of the HNFIB gene promoter in 4/30 endometrioid
carcinoma samples (Nemejcova et al, 2015a). Methy-
lation of the HNFIB gene promoter was also found in
some cancer cell lines denved from pancreatic, colorec-
tal, gastric, and ovanan tumours (Terasawa et al., 2006).
All of these diverse findings support the suggestion that
HNFIB may in fact represent one of the emerging “lin-
eage-dependent” oncogenes. which while acting as mas-
ter transcriptional regulators in normal cell lines show
abnormal expression in tumours derived from these
lines (Cuff et al.. 2013). In a cancerous setiing, their ex-
pression favours tumour survival.

The specific mechamsms through which HNFIB ex-
erts 1ts mfluence are vet to be fully uncovered. Some
authors have termed 1t fo be a pro-differentiation factor,
which mn healthy tissues suppresses the epithelial-mes-
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enchymal transition and has potent tumour-suppressive
activity (Ross-Adams et al | 2016). In tissues that have
undergone malignant transformation. ANFI1B was, how-
ever, suggested as a new oncogene inducing the cancer-
ous phenotype (which was enhanced by co-expression
of ERBBY) and activating epithelial-mesenchymal tran-
sition and formation of invasive phenotypes (Matsu et
al, 2016). Other suggestions are related to HNF1B's as-
sociation with stem/progenitor cells — several studies
have hypothesized that HNF1B could regulate expres-
sion of the genes associated with these cells. For in-
stance, HNF 1B was reported to activate the CD24 gene
(recently identified as a marker of renal progenitor pop-
ulation) in OCCC, osteopontin (associated with liver
progemtors), and CD44 (associated with cancer stem
cells 1 varous types of tumours) (Yu et al., 20135).

Female genital system

The role of HNFIB SNPs in the development and risk
of endometnal carcinoma (EC) has already been estab-
lished, especially demonstrating the relationship be-
tween SNP 154430796 (located in the intron 2 (12) of
HNFIB, also known as rs17626333 or rs38736954) and
a decreased risk of endometrial cancer (Spurdle et al |
2011; Setiawan et al . 2012). In recent years. new data
has emerged focusing on the relationship between
HNF1B and prognosis of endometrial cancer. One study
analysing association between the 154430796 polymor-
phism and overall survival (OS) in 191 patients with
endometrial cancer found rs4430796 (particularly the
GG genotype) to be an independent nisk factor for OS5 in
EC patients (with the GG genotype showing the worst
prognosis) (Mandato et al., 2015). Interestingly, this
study demonstrated a significant interaction between
rs4430796 and the success of adjuvant therapy, as the
polymorphism was found to be related to OS only in
patients who received a combined treatment with both
radiotherapy and chemotherapy. These findings there-
fore suggest that rs4430796 could play a key role i tu-
mour chemosensitivity and represent a useful predictive
marker capable of distingmshing the patient population
that would profit from the administration of a sensitiza-
tion agent (as the presence of the A allele of rs4430796
m EC patients treated with chemotherapy may be re-
sponsible for an increased response to therapy). With
the G allele being named as a possible culpnit for the
reduced chemosensitivity through HNF1B overexpres-
sion, it could be useful in the future to select those pa-
tients who are candidates for chemotherapy and adjust
the therapy options accordingly. Some of the suggested
explanations for these results are connected to the effect
of HNF 1B overexpression on some of the key regulators
of the cell cycle, especially the aberrant retention of the
G2 checkpoimnt. This conclusion 1s further supported by
similar results reported in the setting of OCCC. where
the overexpression of HNF 1B may also cause aberrant
retention of the G2 checkpomnt, leadmg to chemoresist-
ance of this particular tumour. This study demonstrated

chemosensitization by a CHK1 inhibitor in CCA (Shi-
getomi et al | 2014).

Another SNP associated with ovarian cancer risk 1s
15737210 (located 1n 12, also known as rs3786124 or
rs60456671). which was linked to increased promoter
methylation in high-grade serous carcinoma of the ova-
rv and also to increased HNF1B expression in OCCC
(Ross-Adams et al | 2016).

In regard to protein expression, HNF1B was identi-
fied 1n 2003 as the first positive, relatively specific 1m-
munohistochemical marker of OCCC (Tsuchiva et al.,
2003). An example of immunohistochemical evaluation
of HNF1B 1 selected tumours is provided in Fig 2.
Recently, one study suggested that the association of
HNF 1B with a clear cell phenotype mught reflect deriva-
tion from the secretory endometrium (Cuff et al., 2013).
Since the first implication of HNF 1B, 1ts expression in
non-neoplastic tissue and neoplasms of the female geni-
tal tract has been analysed i several studies (Kato et al .
2006; Yamamoto et al. 2007; Kato and Motoyvama.
2009 Park etal . 2011; Kenny et al., 2012). These studies
analysed HNF 1B expression in endometriosis, normal
endometrium. and lesions and tumours of the cervix and
ovary. Most of the early studies found that the expres-
sion of HNF1B is mostly restricted to clear cell carci-
noma (CCC) (Tsuchiya et al. 2003: Kato et al_, 2006:
Yamamoto et al_, 2007; Ye et al , 2016). However, more
recent studies have described HNFIB expression not
only mn CCC, but also in other tumour types mcluding
serous, endometrioid. and mucinous carcinomas and most
types of borderline tumours (Tomassetti et al, 2008:
Kallogeretal _ 2011; Park etal . 2011; Fadare and Liang_
2012). In our study, we have recently described expres-
sion of HNF1B in cervical adenocarcinomas. and we
have also observed 1ts expression in atypical polypoid
adenomyomas of the uterus (Nemejcova et al., 2015a, b).

Furthermore, down-regulation of HNFI1B may con-
tnbute to drug resistance in ovanan cancer, which was
suggested by a bioinformatic analysis of the mRNA ex-
pression data from online databases of ovanan cancer
cases and m platinum-resistant ovanan cancer cells (L1
et al., 2014). This study also suggested several protein/
gene, protein/protein. or gene/gene partners that were
also proved to be involved in drug resistance in cancer.

In the endometnal lesions. ours and other recent studies
have found expression of HNF1B in some cases of en-
dometriosis and in normal endometrinm, especially in
the secretory phase or gestational state (Yamamoto et
al . 2007: Kato and Motoyama, 2009; Nemejcova et al
2015a). Based on these results, HNF1B is not a specific
marker of CCC and can be commonly found in other
non-tumonr and tumour lesions. However, among the
tumours, strong expression of HNF1B 1s usually found
in CCC only. In our study, we observed differing HNF1B
expression m ECs depending on the degree of tumour
differentiation (Wemejcova et al.. 2016). Poorly dif-
ferentiated (grade 3) ECs seldom express HNF1B com-
pared with well or moderately differentiated (grade 1
or 2) ECs.
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Fig 2 Immunohistochemical evaluation of HNF1B expression in various lesions

(A) Normal renal parenchyma, showing strong diffuse nuclear positivity in tubular cells (white arrow). Note the negativ-
ity of the glomerulus (black arrow) (200x). (B) Clear cell renal cell carcinoma demonstrating diffuse, strong nuclear
posttivity of the tumour cells (200x). (C) Clear cell endometnial carcinoma. Note the strong nuclear positivity of HNF1B
in tumour cells when compared to the weak nuclear positivity of the atrophic endometrial glands (black asterisk) (200=).
(D) Endometrioid endometrial carcinoma with mucinous differentiation. Only a portion of the tumour cells show weak

nuclear HNF1B positivity (200x).

Colorectal cancer

HNF1B plays a significant role in the terminal dif-
ferentiation and cell fate commitment of intestinal epi-
thelial cells, where it works together with HNF1A in
directly controlling expression of Jagl and Atohl up-
stream of the Notch pathway (D" Angelo et al., 2010). In
colorectal carcinoma, only some epigenetic alterations
of HNFIB were found. with the conclusion that thas
marker may be used as a biomarker for detection of the
early stage of colorectal cancer, but 1ts expression has
not yet been investigated (Silva et al . 2013). The signif-
icance of HNF 1B expression in colorectal cancer was
also evaluated as a part of collaborative analysis of data
from 19 genome-wide association studies (GWAS) fo-
cusing on a number of diverse cancers (prostate cancer,
colorectal cancer, breast cancer, lung and pancreatic can-
cer. melanoma): however, for the two potentially signifi-
cant HNFIB SNPs (rs4430796 and rs7501939, located
12 and 11, respectively). there was no statistically sig-
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nificant association (Elliott et al., 2010). Prostate cancer
was the only malignancy that has shown a significant re-
lationship with these two HNFIEB SNPs.

Pancreatic cancer

HNF1B is one of the transcription factors that take
part in directing differentiation of pre-pancreatic foregut
endodermal cells mto pancreatic progenitors via se-
quenfial activation of the Hnflb — Hof6o — Pdx1 cascade
(Poll et al . 2006). HNF 1B thus controls pancreatic mor-
phogenesis. and 1its expenimental early deletion leads to
a reduced pool of pancreatic multipotent progenitor cells
as a result of mcreased apoptosis and decreased cellular
proliferation (De Vas et al . 2015). HNF1B has also been
described as one of the molecular markers of pancreatic
progenitor cells. along with CpAl and Sox9 (Pinho et
al., 2011). It has also been suggested that HNF1B plays
a crtical role mn the development and differentiation of
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at least the dorsal part of the pancreas, as agenesis of the
pancreatic body and tail are both parts of the systemic
disease phenotype in HNF 1B mutation carriers (Haldor-
sen et al., 2008).

Pancreatic ductal adenocarcinoma (PDAC) 1s still rela-
tively poorly understood at the genetic level However,
according to a recent study based on 27 microdissected
surgical samples, there are three distinct molecular sub-
types of PDAC (classical. exocrine-like, and quasi-mes-
enchymal) associated with type-specific gene signa-
tures, which have been defined as PDAssign (Collisson
et al.. 2011). The authors also provide evidence for the
clinical outcome and therapeutic response differences
between these subtypes. with the classical subtype being
associated with best survival. while the quasi-mesen-
chymal subtype showed the worst survival.

The prognostic relevance of molecular subtypes of
PDAC was subsequently recently confirmed on a larger
cohort of samples (whole tumour tissue obtained from
118 surgically resected PDAC) and possible master reg-
ulators were evaluated, naming HANFIB as a good candi-
date master regulator of pancreatic differentiation (Janky
et al. 2016). In this study, the immunohistochemical
expression of HNF1B in PDAC and normal pancreatic
tissue was assessed. While both the normal acinar pa-
renchyma and ductal cells showed clear nuclear stam-
ing. a gradual loss of nuclear expression was observed
through the well-differentiated and poorly differentiated
PDAC (correlating to the recorded down-regulation of
HNF1B in tumour samples). The samples of well-differ-
entiated PDAC demonstrated low expression of HNF1B.
with minimal to no expression observed in poorly dif-
ferentiated pancreatic ductal adenocarcinoma. The ma-
lignant ductal cells of the pancreas therefore lose ex-
pression of HNF1B at the protein level, suggesting that
HNFIE may play a role as a tumour suppressor in pan-
creatic cancer.

Similar results concerming HNF 1B expression in pan-
creatic tumours were also reported in another study
dealing with the master regulatory genes of pancreatic
embryonic development (Kondratyeva et al., 2017). In
their work the authors studied 21 samples of pancreatic
tumours of various histogenesis and found that com-
pared to samples of normal pancreatic tissue, the tumour
samples showed sigmficantly reduced expression of
HNFIE and other master regulatory genes. For ANFIB,
this reduction is linked to promotor hypermethylation.
The authors further stated that HNFIB. along with SOX0,
GATA4. PDX] and PTFla. form a single regulatory
module with complex interregulatory interactions. all
mvolved 1n the regulation and development of pancre-
atic ductal adenocarcinoma. The fact that the expression
suppression was observed in all the mentioned master
regulatory genes leads to the proposition that these may
in fact either all be required to work together in order to
sustain the cell identity of the tumour cell progenitor. or
that they act 1 a hierarchical order, with one gene con-
trolling the expression of the others in deternuning the
malignant transformation of pancreatic cells.
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Prostate cancer

Prostate cancer susceptibility 1s one of the most herit-
able (with genetic factors being estimated to account for
42 % of the nisk), and with the increasing availability of
GWAS the number of reported risk associations 1s grow-
ing steadily. To date, over 40 risk loci with a strong as-
sociation with prostate cancer have been reported
(Grisanzio et al . 2012). Several of these loci are located
at the 17q12 chromosome, where HNFIB 1s placed, and
therefore have been the focus of attention of studies
dealing with prostate cancer for more than a decade.
However, despite the large number of published results
(often based on tremendously large patient cohoris) the
conclusions remain largely inconsistent. There is no
doubt that several mtron-situated SNPs have been proved
to be statistically significantly associated with prostate
cancer. although their role and clinical meaning are of-
ten either unclear or not explained at all. The reported
associations also seem to differ significantly conceming
the authors’ conclusions about the biological signifi-
cance of ther findings. as will be discussed below, the
same SNPs are frequently reported as either being as-
sociated with increased prostate cancer susceptibility or
as a protective factor, further underlying the complexity
of this 1ssue.

The most commonly studied HNFIB SNP in associa-
tion with prostate cancer 1s rs4430796 (located m 12).
which also well represents the significant differences
between the published results. Although several GWAS
reported the SNP variant rs4430796 as the most signifi-
cant in men of European ancestry (a finding that was
later confirmed m a study of Japanese men as well), the
significance of thus vanant does not seem to be consist-
ent at all. Some authors describe it as a protective factor
leading to a decreased nisk of prostate cancer develop-
ment { Thomas et al_, 2008; Elliott et al . 2010; Berndt et
al.. 2011; Kim et al.. 2011; Chornokur et al.. 2013; Zhao
et al., 2013), others report 1t as being associated with
imncreased prostate cancer susceptibility (Sun et al.
2008; Grisanzio etal , 2012; Huetal , 2013). Additional
studies confirmed the sigmficance of rs4430796 and
named the ANFI1B mironic vanants rs11649743 (intron
4: 14), 157403696 (11), rs4794758 (i4), 151016990 (14).
and 153094509 (16) as the best model for nisk 1n this re-
gion (Sun et al, 2008; Thomas et al., 2008; Harries et
al. 2010; Berndt et al . 2011). However, the inconsisten-
cies 1 the estimated biological significance of these re-
main. For instance, SNP vanant rs7405696 1s reportedly
associated both with an increased odds ratio (OR)
(Berndt et al., 2011) and with a decreased OR. as a pro-
tective factor (Kim et al, 2011). Similarly, rs7301939
was associated with both increased (242 in men of
Afncan Amernican descend) and decreased (0.71) ORs
as well (Kim et al . 2011; Chornokur et al_, 2013). Inte-
restingly, one study suggested that HANFIB rs7301939
(11) was associated with increased prostate cancer nisk
exclusively in obese men of African American descent,
concluding that vanations 1 HNFIE may influence
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prostate cancer nisk in this specific population (Chor-
nokur et al., 2013). As the burden of prostate cancer var-
1es between certamn racial and ethnic groups (with Afni-
can American men demonstrating 1.6 times higher
mcidence and 2-3 times higher mortality rates). this
finding 1s of particular interest. As these authors further
discuss, studies that mvestigated prostate cancer nisk
and its association with ANFIB SNPs report mixed re-
sults when stratified by ethnicity.

A statistically significant association was also report-
ed in Korean prostate cancer patients, in a study naming
14 SNPs and three haplotypes that were significantly as-
sociated with prostate cancer risk (Kim et al. 2011).
Nine of these SINPs were associated with a lower risk of
prostate cancer and five SINPs were linked with an in-
creased risk of the disease, all located i the intromic
region of HNFIB. Of these. one SINP m particular
(rs118683513, located m HNFIB 18) was more frequent-
ly found in patients with tumours of a greater stage,
while two SNPs (rs4430796, rs2074429_ located in 12 or
16, respectively) and one haplotype (Block3 hil) were
more common in patients with a higher Gleason score
(GS = 7) than in those with GS < 6. At the moment, there
1s no single plausible explanation for these discrepan-
cies. other than that the association between different
SINP vanants in the 17q12 region and the development
of prostate cancer exists, but it appears to be highly
complex and 1t is probable that the reported SNPs work
in a combined fashion rather than on their own This
would be in accordance with the observation of Berndt
et al.. who stated that the significance of HNFIB SNPs
mncreases with an mcreased number of nisk alleles (with
OR. of 0—2 risk alleles being set as 1.0 and for a combi-
nation of 8—10 risk alleles increased to 1 88) (Berndt et
al 2011).

Although the biological mechanism by which HNF1B
may be unplicated in increased prostate cancer risk has
not yet been determned, differential levels of HNF1B
expression have been associated with prostate cancer
recurrence (Glinsky et al., 2004). A number of recent
forays mto the topic of HNF1B and 1ts functional role
and mechamstic effects hughly support the idea of plei-
otropy as the driving underlying force. One recent ge-
netic and functional analysis performed by Grisanzio et
al. (2012) on one of the largest cohorts of European
American, African American, and Japanese men also
suggests that the suppression of HNF1B expression af-
fects cellular phenotypes associated with tumour-related
properties (colony formation, proliferation, wiability) of
prostate cancer cells, implying other mechanisms through
which HNF 1B may contribute to prostate cancer patho-
genesis. One of the recent studies also presents an imfter-
esting hypothesis — that HNF1B is involved in prostate
cancer risk via modulating androgenic hormone effects
and coordination with other genes (namely, BAGI,
DDRI, ERBB4, ESRI, HSPDI, IGFBP2, IGFBPj,
NR4AI, PAWR, PIK3CG, RAP24, and TPD52) (Hu et
al, 2013}, According to this study, HNF1B was highly
expressed i an androgemic hormone-dependent cell line,
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pomting to its possible association with steroid hormone
metabolism.

In prostatic tissue, the immunohistochenucal expres-
sion of HNF1B was assessed in only one study in rela-
tion to tumour progression and aggressiveness, and the
authors found that the expression of this marker was
strongly associated with cancer cell proliferation (De-
biais-Delpech et al . 2014). Nuclear HNF1B staining was
significantly increased m the castration-resistant pros-
tatic cancer and prostatic cancer with metastases groups
when compared with clinically localized forms. In pa-
tients with clinically localized prostatic cancer, the ex-
pression of HNF 1B was strongly associated with cancer
cell proliferation.

Kidney cancer

Tumours of the kidney should be of special mterest
when 1t comes to alterations of HNFIB, given the enor-
mous significance of this transcription factor in the
normal development of the renal tubular system. Ac-
cording to one study, there 1s a ugh frequency of chro-
mosome 17q DNA alterations, leading to changes in
HNF1B expression and therefore pointing to a possible
role of HNF1B in papillary renal cell tumour (RCT) de-
velopment (Szponar et al, 2011). These alterations
combine specific duplication of the large chromosome
17g21 31-qter region, and more importantly, duplica-
tion/amplification of the chromosome 17ql2 region.
which among others contains the HNFIB gene. The au-
thors studied the genetic changes and expression of
HNF 1B i papillary RCTs. metanephric adenoma (MA).
mucinous tubular and spindle cell carcinoma (MTSCC)
and their precursor lesions, as well as Wilms™ tumour.
The results acquired by RT-PCR. showed that HNF1B 1s
overexpressed m adult tumours of embryonal ongin
(papillary RCTs, Mas. and MTSCCs) and i their pre-
cursors — embryonic rests. In comparison, conventional
RCCs, renal oncocytomas, chromophobe RCCs, and
Wilms™ tumours all showed only low levels of HNF1B
expression, if any. which 1s particularly surpnising given
the above-mentioned results of other authors, who found
conventional RCCs to show strong expression. The m-
creased levels of expression in papillary RTCs were not
only demonstrated via quantitative RT-PCR analysis.
but also confirmed immunochistochemically. Immuno-
histochemical analysis showed strong positive nuclear
staining in 56 % of papillary RTCs (38/67), and 100 %
of metanephric adenomas (5/3) and mucinous tubular
and spindle cell carcinomas (5/3). Strong nuclear posi-
tivity was also observed in all the precursor lesions
{nephrogenic rests) associated with papillary RCTs and
MTSCCs. suggesting that the overexpression of HNF1B
in these lesions may lead to subsequent delayed tubular
differentiation. This decreased cellular differentiation
could represent the underlying factor in the develop-
ment of the precursor lesions, which persist dunng hife
and lead to the development of papillary RTCs, MAs
and MTSCCs. Wilms’™ tumour demonstrated negative
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staining for HNF 1B in the stromal and blastemal cells.
but there was strong nuclear positivity in the differents-
ating tubules of surrounding nephrogenic rests. Renal
oncocytomas showed isolated (1/18) posttivity and
chromophobe RCCs were negative for HNF1B staining,
while conventional RCCs displayed only scattered nu-
clear positivity i 7 % (7/98) of cases. However, a dif-
ferent study focusing on renal cell carcinoma showed
that the HNF1B mRNA expression correlated with ma-
lignant transformation and progression from normal re-
nal tissue to primary tumour and to metastasis (Buchner
etal., 2010). The same authors also performed 1mmuno-
histochemistry (THC) m order to localize HNF1B ex-
pression, which showed specific nuclear staining con-
fined to the tumour cells of the pmary tumours and
metastases.

Contrary to the results published by Szponar et al.
(2011), several studies identified HNF1B as not only a
biomarker of OCCC, but as a broad marker of the clear
cell phenotype 1n general. One such stmudy further ex-
plored the relation between HNF 1B and carcinomas of
clear cell histology across both gynaescologic and renal
carcinomas and found 1t to be strongly associated with
both, similarly to their association with hypomethyla-
tion of the HNFIB promoter (Cuff et al.. 2013). Fur-
thermore, these authors also demonstrate a link between
positive HNF1B immunostaining and an increased risk
of climically sigmificant venous thrombosis (3-fold m-
crease in the gynaecologic cohort and 2 3-fold increase
m a combmed gynaecologic and renal carcinoma co-
hort). HNF1B may therefore not be associated only with
glycogen accumulation, but also with thrombosis.

Liver cancer

The significance of HNF1B 1n liver tumours 1s largely
unknown. However, recently, the expression of HNF1B
m hepatocellular carcinoma (HCC) has been more close-
ly examined, and so far the results suggest that the ex-
pression of HNF1B predicts disease recurrence and
HCC-specific death after liver transplantation in pa-
tients with HCC (Shim et al | 2013). Several interesting
conclusions are presented in another recent climico-
pathological study that focused on evaluating HNF1B
expression in different pathologic subtypes of primary
liver cancer (hepatocellular carcinoma and cholangio-
carcinoma — ICC) (Yu et al., 2015). The immunohisto-
chemically evaluated expression was associated with
the pathological subtype of primary tumour (as HCC
with strong nuclear expression displayed biliary pheno-
tyvpe) and was positively correlated with the expression
of hepatocyte progenitor cell/biliary markers. Moreover,
the results suggest that the HNF1B expression in HCC
tumour tissue may be associated with the change of phe-
notype on recurrence. Out of the 183 cases of HCC ex-
amined in this study, 13 showed the ICC phenotype on
recurrence, with all the cases showing strong 1mmuno-
histochemical HNF1B positivity (with 3+ wvalues in
80 % of them). Given these findings, HNF1B-positive
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tumour cells may in fact represent bipotential cells that
are capable of grving nise to both hepatocellular and bal-
1ary cell lineages. which is supported by the fact that in
rare mstances a combimed hepatocellular-cholangiocar-
cinoma contamming malignant cells of both of these oni-
gins may develop. Regarding prognostic factors, the
authors found the expression of HNF1B to be an inde-
pendent risk factor for both disease-free survival (DFS)
and OS5 1n HCC (but not 1n ICC). associated with poorer
disease outcome.

Conclusion

With the rise of genome-wide association studies and
their use i human cancer genetics, it 1s increasingly ap-
parent that a significant proportion of the identified nisk
alleles are located 1n the non-protein-coding paris of the
human genome, and therefore probably represent regu-
latory elements acting through other regulatory protein
transcripts. Given that most of the intron sequences re-
main unmapped, the number of emerging potentially
significant variants 1s steadily increasing, although their
interpretation and assessment of their meaning and bio-
logical effects are highly complicated and not always
possible. According to the results of several recent studies
referenced mn this review, HNF1B may be one of these
factors implicated in the pathogenesis of a number of
solid tumours. Its role m the development of carcinomas
with clear cell morphology (in both gynaecologic and
non-gynaecelogic setting) has already been established:
however, as HNF1B also plays a distinctive role in the
morphogenesis of other tissues, it 15 worth exploring
whether differing expression and genetic changes of thus
factor could be implicated in the pathogenesis of other
tumours of both the male and female gemital tract. the
unnary tract. and colorectal and pancreatic carcinoma.
From the practical point of view, the immunchistochem-
1cal analysis of the HNF1B protemn expression may be
used in the differential diagnosis of several tumours.
However, because of the paucity of knowledge regard-
1ng its expression in several tumour types, 1ts use 15 cur-
rently limited mostly to tumours of the female genital
tract and clear cell carcinomas of other origins. Despite
1ts high sensitivity for clear cell carcinomas, the speci-
ficity is relatively low, and in routine practice a panel of
other markers should be used, the correlation with tu-
mour morphology bemng essential.

A comprehensive analysis of the morphological, ge-
netic, immunolustochenucal, and epigenetic changes of
HNFIEB is needed to better understand the role of
HNFI1B 1n the process of carcinogenesis, but such a
complex analysis has yet to be undertaken.
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Abstract

Hepatocyte nuclear factor 1 beta (HNF1B) is transcription factor which plays a crucial role in the regulation of the development
of several organs, but also seems to be mmplicated in the development of certain tumours, especially the subset of clear cell
carcinomas of the ovary and kidney. Depending on the type of the tumour, HNF 1B may act as either a tumour suppressor or an
oncogene, although the exact mechanism by which HNF1B participates in the process of cancerogenesis is unknown. Using
immunohistochemical approach and methylation and mutation analysis, we have investigated the expression, epigenetic, and
genetic changes of HNF1B on 40 cases of colorectal adenomas and 105 cases of colorectal carcinomas. The expression of
HNF1B was correlated with the benign or malignant behaviour of the lesion, given that carcinomas showed significantly lower
levels of expression compared to adenomas. In carcinomas, lower levels of HNF 1B expression were associated with recurrence
and shortened disease-free survival. The mutation analysis revealed three somatic mutations (two frameshift and one nonsense) in
the carcinoma sample set. Promoter methylation was detected in three carcinomas. These results suggest that in colorectal cancer,
HNF1B may play a part in the pathogenesis and act in a tumour suppressive fashion.

Keywords Colon - Adenoma - HNF-1-beta - Immunohistochemistry - Mutation analysis - Methy lation

Introduction differentiation of the liver (hence its name), but also the lung,

gonads, biliary system, kidney and pancreas [1]. In adults,

Hepatocyte nuclear factor 1 beta (HNF1B), also known as
Transcription Factor-2 (TCF2), is a member of a family of
transcription factors which, primarly, plays a crucial role in
the regulation of the development of various tissues and or-
gans. Most importantly, it is implicated in the ontogenesis and
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HNF1B expression is found especially in tubule-forming ep-
ithelial tissues such as kidney or pancreatic exocrine duct tu-
bules [2], and also in other tissues such as colon, small intes-
tine, stomach, testis, lung, liver, prostate etc. as described ac-
cording to the complex RNA-Seq data [3]. As well as cell
differentiation, HNF1B is also involved in the regulation of
the expression of multiple genes implicated in cell cycle mod-
ulation, susceptibility to apoptosis, response to oxidative
stress and glucose metabolism [4-6].

As HNF1B expression is found during the embryonic de-
velopment of the kidneys, pancreas, liver, biliary tract, and
reproductive tract, mutations of this gene are associated with
various developmental disorders of these systems such as re-
nal cysts and diabetes syndrome (RCAD), or maturity-onset
diabetes of the young, type 5 (MODYS5) [7, 8]. Furthermore,
there is growing evidence that HNF1B may be involved in the
tumorigenesis of several types of solid tumours, especially in
the subset of clear cell carcinomas of the ovary and renal cell
carcinomas of the kidney, but its role in the development of
tumours of the gastrointestinal tract, liver, pancreas and pros-
tate is also being discussed [6, 9-15].
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Despite the mereasing interest and the number of studies ded-
icated to this topic, little is known about the possible HNFIB
mutations which may be found in varous tumours, although
some single nucleotide polymorphisms (SNPs) have been report-
ed in the non<oding intronic sequences of the HNFIB loci as-
sociated with risk of kidney cancer [16] and endometrial cancer
[17,18]. Some ancestry-specific HVFI B variants associated with
prostate cancer have also been reponted [19, 20].

Interestingly, it seems that HNF1B may act as eithera tumour
suppressor or an oncogene depending on the type of tissue and
tumour. How this influence is exerted specifically is not yet
understood and there are studies which define HNF1B as a
pro-differentiation factor with potent tumour-suppressive activ-
ity in healthy tissues [21], while other studies point to its role as
an oncogene in tissues which have undergone malignant trans-
formation, inducing a cancerous phenotype and activating the
formation of invasive phenotypes through epithelial-
mesenchymal transition [22]. The exact mechanism by which
HNFI1B participates in the process of cancerogenesis is un-
known and probably differs in various types of tumours.

Given these diverse and often ambiguous results, our aim
was to perform a comprehensive analysis of the expression
and the epigenetic and genetic changes of HNFIB in benign
and malignant lesions of the large intestine, as well as to fur-
ther investigate the potential differential diagnostic and prog-
nostic value of HNF1B.

Material and Methods

Samples

For the purposes of the study we used FFPE tissue blocks and,
where available, the corresponding fresh-frozen tissue (FT)

stored in the RNAlater stabilization solution (Qiagen) at
—80 °C according to the manufacturer’s protocol

(Stabilization of RNA in Harvested Animal Tissues;
Qiagen). The FFPE tissue blocks were obtained from the ar-
chives of our department and the corresponding FT samples
were provided by the Bank of Biological Material (BBM) of
the First Faculty of Medicine, Charles University in Prague.

A total of 145 FFPE tissue samples were used for the immu-
nohistochemical analysis, including 105 cases of colorectal car-
cimoma and 40 cases of colonic adenoma. For the 105 cases in
the colorectal carcinoma cohort, there were 78 cases with avail-
able corresponding FT sample pairs (tumour and non-tumour),
which were subjected to DNA isolation for mutation and pro-
moter methylation analysis. In the adenoma cohort, molecular
analysis was performed for 34 samples with the use of DNA
isolated from FFPE tissue blocks (no FT material was available
for this cohort). The clinicopathological characteristics of the
analysed samples are summarized in Tables 1 and 2.

Concerning the adenoma cohort, the samples consisted of a
variety of adenoma types: tubular adenoma (n=24),
tubulovillous adenoma (n=9), sessile serrated adenoma (n=
3) and traditional serrated adenoma (n=4). For the carcinoma
cohort, the charactenistic of *location” of the tumour was clas-
sified as either colon (including tumours found in the appen-
dix, caecum and ascending colon to sigmoid colon) or rectum.
The characteristic of *grade’ was divided into four groups (G1,
G2, G3 and mucinous) with mucinous carcinomas being
assigned a special category, given that the grade of these tu-
mours depends on their microsatellite status, which was not
available for all investigated cases (according to the 4th
Edition of WHO Classification of Tumors of Digestive
System) [23]. The characteristic of “sidedness’ was divided
into right-sided (cecum, appendix, ascending colon, hepatic
flexure and proximal two thirds of the transverse colon) and
left-sided (distal third of the transverse colon, splenic flexure,
descending colon, sigmoid colon and rectum) tumors.

The colorectal carcinoma samples were divided according
to the TNM classification into four groups (pT1-pT4), while

Table1 Association of HNFIB
expression and clmico-
pathological charactenstcs, based

Expression of HNF1B (N)

on40cases of colorectal adenoma ~ Charactenstic Group N H H P group 1 groupl  p-
score score value® vale”
mean median
Gender 0.712 0927
Male 2B 2483 260 5 23
Female 12 2469 250 2 10
Age 0.140 0.694
(mean= 70, <70 14 2332 243 2 12
median=T73)
=70 26 2558 267 5 21
Grade of dysplasia 0.129 0212
High-grade 20  235.8 250 5 15
Low-grade 200 260.1 257 2 18

*— p-values are based on the Mamn-Whitney U-test

P p-values are based on the Pearson chi-square test (categorized expression)
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Table2 Associaton of HNF1B expression and clinico-pathological charactenistics, based on 105 cases of colorectal caranoma

Expression of HNF1B (N)

Characteristic Group N H-score mean H-score median p- group 1 group 2 p-
valué* value®
Gender 0.267 0.162
Male 61 191.7 210 29 32
Female 44 174.5 170 27 17
Age 0.857 0.896
(mean= 71, =71 50 184.5 190 27 23
median=71)
=71 55 1845 190 29 26
Location 0.167 0.325
Colon 03 188.6 95 48 45
Rectumn 12 1529 155 8 4
Sidedness 0.451 0.937
left-sided 54 190.6 190 29 25
right-sided 51 178 180 27 24
Histological 0.781 0.469
subtype
NON-MUCTOS 94 185.7 192.5 49 45
IMUCTNOUS 11 175.0 174.1 7 4
T stage 0.221 0.152
T1 10 216.5 240 3 7
T2 30 165.8 165 19 11
T3 45 1.9 220 21 24
T4 20 173.3 180 13 7
N stage 0.791 0.612
NO 76 188.4 195 39 37
N1 17 177.9 180 9 8
N2 12 169.2 180 8 4
M stage 0.844 0.772
MO 89 1838 190 48 41
M1 16 1888 200 8 8
Dukes staging 0.584 0436
A 10 216.5 240 3 7
B 50 1833 178 28 22
C 29 173.3 180 17 12
D 16 1888 200 8 8
Stage TNM 0.469 0.767
grouping
I 34 1753 170 20 14
11 34 201.8 220 16 18
m 21 168.3 180 12 9
v 16 1888 200 8 8
Grade 0.097 0.161
Gl 26 2044 225 11 15
G2 59 186.9 190 31 28
G3 8 113.1 110 7 1
IMUCTNOUS 12 177.1 183 7 5
LN positivity 0.498 0.502
Positive 29 174.3 180 17 12
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Table 2 (contmucd)

Characteristic

Expression of HNF1B (N)

Group N H-score mean H-score median p- group 1 group 2 P
value' vahie”
Negative 76 190 200 39 37
Lymphovascular 0.742 0.392
Invasion
Yes 41 179.3 180 24 17
No 64 187.9 203 32 32
Perineural 0.363 0.576
Invasion
Yes 9 201.7 220 4 5
No 96 182.9 185 52 44
MMR status® 0.318
deficient 11 210.0 260 + 7 0.341
proficient 42 190.2 195 22 20
Recurrence™ 0.048 0.019
Yes 16 1478 153 13 3
No 87 189.5 205 43 44
MSI* 0.274 0.734
MSS 83 180.3 190 45 38
MSI-H 20 2003 205 10 10

*— data are not available for all cases

#— p-values are based on the Mamm-Whitney U-test or Kruskal-Wallis H-test

1"—,r)—\.'alul.:!; are based on the Pearson chi-square test (categonzed expression)

the adenoma samples were divided according to the grade of
the epithelial dysplasia (low grade vs. high grade). For the
purposes of the study a total of 145 lesions of the large intes-
tine were selected, including 105 cases of carcinoma of the
large intestine (pT1=10 cases, pT2 =30 cases, pT3=45
cases, pT4 =20 cases) and 40 cases of adenoma (LG dyspla-
sia =20 cases, HG dysplasia = 20 cases).

All the included cases underwent a histologic review of'the
hematoxylin and eosin-stained slides. During this review the
eligible and appropriate areas of the tumour were identified
and marked in order to provide tissue cores for the construc-
tion of the TMAs. Two tissue cores (each 2.0 mm in diameter)
were drilled from the donor block from each case using the
tissue microarray instrument TMA Master (3DHISTECH
Ltd., Budapest, Hungary).

Ethical Approval

The study has been approved by the Ethics Committee of
General University Hospital in Prague in compliance with
the Helsinki Declaration (ethical approval number 41/16
Grant VES 2017 AZV VFN). The Ethics Committee waived
the requirement for informed consent, because according to
the Czech Law (Act. no. 373/11, and its amendment Act no.
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202/17) it is not necessary to obtain informed consent in fully
anonymized studies.

DNA Isolation and Quality Control

Prior to the isolation of the FT samples, the tissues were
thawed, and 10-30 mg were homogenized using MagNA
Lyser Green Beads tubes in a MagNA Lyser Instrument
(Roche) in the presence of 600 pl of RLT Plus buffer
(Qiagen) with 6 pl of 143 M 2-mercaptoethanol (Sigma-
Aldrich). The total DNAs and RNAs were isolated according
to the Simultaneous Purification of Genomic DNA and Total
RNA from Animal Tissues protocol by using an AllPrep
DNA/RNA Mini kit (Qiagen). The isolated DNA samples
were quantified by NanoDrop 2000 (Thermo Fisher).

DNA from the tissue sections from the archived FFPE tis-
sue blocks was isolated using an automatic isolator
MagCore® nucleic Acid Extractor, utilizing the MagCore
Genomic DNA FFPE One-step kit, Ref MGF-03 (RBC
Bioscience). The isolated DNA was quantified by Qubit fluo-
rimeter ( Thermo Fisher) and underwent a quality control test
of amplification efficacy by qPCR (5 ng DNA of sample was
amplified using 5x HOT FIREPol® EvaGreen® HRM Mix
NO ROX: Solis Biodyne). Only the samples which passed the
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quality critena (Cp < 35 for a 180 bp product amplification)
were used for subsequent analysis.

Immunohistochemical Analysis

The immunohistochemical (THC) analysis was performed on
all samples using the standard 4 pm thick sections of FFPE
tissue and the automated staining instrument Ventana
BenchMark ULTRA (Roche, Basel, Switzerland) with a rab-
bit antibody against the HNF 1B protein (polyclonal, dilution
1:500, product no. HPADO2083, Sigma-Aldrich, Prestige
Antibodies, St. Louis, United States). The heat induced epi-
tope retrieval with a citrate buffer (pH 6.0) was used for pre-
treatment. The detection of the primary antibody was visual-
ized using the OptiView DAB THC Detection Kit (Ventana,
Roche). Only nuclear staining was regarded as positive and
the nuclear expression of HNF1B was double-blindly evalu-
ated by two independent pathologists.

The immunohistochemical results were assessed according
to the overall percentage of positive cells (0-100%) and then
also semi-qguantitatively, using the H-score method previously
described by others [24]. This method is based on the assess-
ment of the percentage of positive cells based on the level of
staining intensity (1+ for weak intensity, 2+ for moderate and
3+ for strong intensity). The final H-score for each case is then
calculated by adding the multiplication of the different stain-
ing intensities according to the following formula: [1 x (% of
cells 14) + 2x (% of cells 2+) + 3x (% of cells 3+4)], resulting in
the Hscore value of 0-300.

Prior to the construction of TMAs and the use of the stain-
ing instruments, we performed a validation of the staining
method, for which 10 cases of colorectal carcinoma, 10 cases
of normal mucosa of the large intestine, and 10 cases of ade-
noma were randomly selected. From these we obtained
whole-tissue sections which were stained with the antibody
against HNF1B in order to assess the quality of the staining
and heterogeneity of HNF1B expression. Although the inten-
sity levels of the staining differed among the different lesions,
the staining was homogenous throughout the examined tissues
and therefore the decision was made to test all the carcinoma
samples (n = 105) using the constructed TMAs. Even though
the expression pattern of adenomas was also homogenous, the
amount of tumour tissue available from each case tended to be
rather low and that is why only the larger adenomas, which
allowed for the extraction of 2 tissue cores, were selected for
the construction of TMA (n=30), while the remaining sam-
ples (n=10) were processed as whole-tissue sections.

Positive and negative internal controls were evaluated for
each of the THC stained slides. The staining of normal, non-
neoplastic intestinal epithelial cells served as a positive con-
trol, while the lack of staining of other structures (such as the
connective tissue, smooth muscle and adipose tissue) served
as a negative control.

Statistical Analyses

Statistical analyses were performed using the software
Statistica (StatSoft, Inc., Tulsa, OK). The nonparametric
ANOVA approach was used in order to analyse the associa-
tion between HNF1B expression (H-score as a continuous
dependent variable) and clinicopathological characteristics
(categorical variables). Depending on the number of catego-
ries either the Mann-Whitney U-test (two categories) or the
Kruskall-Walis H-test (three and more categonies) was used.
For the evaluation of the effect of independent clinicopatho-
logical characteristics on the categorized H-score, the Pearson
chi-square test was used. Survival analyses were plotted using
the Kaplan-Meier method and analysed using the log-rank
test. The evaluated outcomes included DFS (death from colo-
rectal carcinoma was considered as a failure), LFS (counted as
the period from the date of the primary diagnosis to the date of
diagnosis of the first local recurrence) and MFS (counted as
the period from the date of the primary diagnosis to the date of
the diagnosis of the first distant metastasis). The date of pri-
mary diagnosis is the date of the confirmation of the biopsy
diagnosis. For the purposes of chi-squared tests and survival
analyses, the H-score was categorized into two groups (group
1: H-score 0-200; group 2: H-score 201-300). All tests were
two-sided and a P value of less than 0.05 was considered as
significant.

Genetic and Epigenetic Analysis

Molecular analyses included DNA mutation analysis of the
coding parts of the ANFIB exons with adjacent intronic se-
quences (+— 15 bp) and epigenetic analysis of CpG methyla-
tion in the region of the HNF1B promoter.

The HNFIB mutation analysis was performed using two
different approaches, depending on the origin of the analysed
material. High-quality FT DNA samples (78 tumour and 12
paired non-{umour tissues) were analysed by in-house 2-step
polymerase chain reaction (PCR) amplicon next-generation
sequencing (NGS), while the FFPE DNA samples (20 tumour
samples) were analysed by a capture-based panel NGS, which
is more suitable for FFPE samples and included all the coding
parts of the HNF /B gene.

Amplicon NGS Preparation and Sequencing

For the in-house 2-step PCR amplicon approach, 15 primer
pairs with universal adaptor sequences were designed (list of
primers is provided in Online Resource 1) to fit the specific
HNFIEB gene regions in the first PCR step, including deep
intronic regions containing the rs7527210 and 54430796 var-
iant sites. In the second PCR step, a universal primer pair
containing [llumina sequencing adaptor sequences was used
(Online Resource 1). The first PCR step covering the HNF1B
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target regions was performed in two separate multiplex reac-
tions. Each reaction included a different primer pair set
(Online Resource 1) in order to eliminate unwanted primer
interactions. Both PCR reactions were amplified using the
FastStart High Fidelity PCR System (Roche) according to
the recommended standard PCR procedure (FastStart High
Fidelity PCR System; Roche) in 20 pl reactions according to
the following PCR protocol: 2 min—95 °C: 10 cyclesof 15 s—
95 °C, 20s — 62 °C and 30s — 72 °C (all steps with ramping
temperature 2 °C/s) and then 20 cyeles of 15 s —95°C, 205 —
62 °C and 30s - 72 °C (standard ramping temperature 4 °C/s).
Afier the first PCR step, 10 pl ofboth first PCR reactions were
equimolarly mixed and purified by the AMPure XP system
(0,8x: Beckmann Coulter). The purified PCR product was
amplified by 10 cyeles of the second PCR step using the same
protocol, with a standard ramping rate and different primers
(the universal primer pair with Illumina adaptor sequences
was used).

After the second PCR step, the concentrations of the PCR
products were measured using the Qubit fluorimeter (Thermo
Fisher) and then equimolarly mixed into one sequencing li-
brary. Once the sequencing library was prepared, it was puri-
fied using the AMPure XP system (0,8x; Beckmann Coulter),
measured for concentration (Qubit) and for fragment length
using High Sensitivity NGS Fragment Analysis kit on the
Fragment Analyzer (AATI). The amplicon library was then
sequenced together with different (capture) libraries in order
to increase sequencing heterogeneity. The sequencing was
performed either using 50 samples, which were sequenced
in one amplicon library by the MiSeq 300 cycles v2 kit or
using 90 samples by the NextSeq 300 cycles mid output kit
v2.5. The amplicon sequencing approach showed low cover-
age of 20 bp on the 5' end of exon 4 in all of the tested
samples, and therefore this part was additionally sequenced
by the Sanger sequencing method as described elsewhere [25]
with the use of a specific primer pair (Online Resource 1).

Capture-Based NGS5 Preparation and Sequencing

The DNA from the FFPE samples was prepared using the
SeqCap custom hybridization probes (257kbp panel of gene
targets, NimbleGen, Roche; the list provided in
Online Resource 2) and sequenced as described in Ticha
et al., 2019 [26]. The libraries were sequenced by the
NextSeq 500 instrument using the NextSeq 500/550 Mid
Qutput Kit v2.5 (150 Cycles).

Biostatistical Analysis of NGS Data
Both the amplicon and panel sequencing raw data were
demultiplexed and converted into the .fastq format and

analysed by the same pipeline using the NextGENe software
(Softgenetics) as described elsewhere [27]. For the reads
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mapping and analysis, the GRCh37 genome and
NM_000458.2 reference transcript was used. Only the sam-
ples with minimal coverage >200x and variants with variant
allele frequency (VAF) > 10% were further evaluated. The
identified variants were manually inspected using IGV
(Broad Institute) and prioritized according to the mutation
impact [27]. Only the mutations of class 3, 4 or 5 were
reported.

Microsatellite Instability

Analysis of microsatellite instability (MSI) was performed
with the following set of five quasimonomorphic mononucle-
otide microsatellite markers: BAT-26, BAT-25, NR-21, NR-
22, NR-24 [28]. Fragmentation analysis was performed using
ABI 3500 (ThermoFisher). The MSI-high or MSI-low pheno-
types were defined as the presence of two or more, or a single
unstable locus, respectively. MSI stable tumors (MSS) show
no instability.

HNF1B Promoter Methylation

Bisulfite conversion of DNA was performed using the EZ
DNA Methylation-Lightning Kit (Zymo Research, Irvine,
CA, USA) according to the manufacturer’s instructions. The
primers (Online Resource 1) used for PCR amplification of
both the methylated and unmethylated alleles were designed
using the software Methprimer (http://www urogene.org/cgi-
bin/methprimer/methprimer.cgi). The amplified promoter
region of ANFIB covers 15 CpG islands (as illustrated in
Online Resource 3, part a) and includes a CpG island
(chr17:36105517-36,105,518, GRCh37) whose methylation
is associated with a decreased HNF1B expression [29]. In our
settings we were able to detect at least 5% of methylated DNA
by High Resolution Melting (HRM) Analysis of the amplified
PCR products. Each nun included the converted DN A samples
and a series of 100%, 20%, 10%, 5 and 0% universally meth-
ylated DNA controls mixed with non-methylated DNA
(Human HCT116 DKO Non-Methylated DNA and Human
HCT116 DKO Methylated DNA; Zymo Research). The melt-
ing curves of the analysed samples were compared with the

melting curves of the control mixes (Online Resource 3) [30].

Results
Immunohistochemical Findings

Overall, virtually all of the colorectal carcinoma and adenoma
samples showed some degree of homogenous, constant nucle-
ar expression of HNF1B. The results of HNF1B expression
are summarized in Tables 1 and 2. Figure 1 (a c, d) shows
representative examples of HNF 1B expression in colorectal
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Fig. 1 Immunohistochemical
staining of the HNF1B expression
m colorectal lesions a Stong
nuclear expression in the nommal
epithelial ining of non-neoplastic
crypts and equally strong nuclear
expression I the adenoma with
low grade epithelial dysplasia on
the right (100x). b Low grade ad-
enoma with superficial areas of
high-grade dysplasia, note the
decrease of HNF1B expression in
the high-grade portions of the ep-
ithelium (200x). ¢ Complete lack
ofnuclear expression in colorectal
carcinoma (200x). d Strong, dif-
fuse nuclear expression in colo-
rectal carcmoma (100x)

C) :

carcinomas and adenomas, which was correlated with the be-
nign or malignant behaviour of the lesion. The group of car-
cinomas showed significantly lower levels of expression com-
pared to adenomas (p<0.001) (Table 3 and Fig. 2). When
evaluating the association between HNFIB expression and
clinicopathological charactenistics (Table 2), a lower HNF1B
expression was associated with recurrence (p=0.043) (Fig.
3). None of the other parameters (gender, age, anatomical
location, sidedness, T/ N/ M stage of the tumour, Dukes
stage, grade, lymph node positivity, lymphovascular invasion,
perineural invasion, and MMR status evaluated by immuno-
histochemistry where applicable) showed any association on a
significant level.

The group of adenomas showed not only significantly
higher levels of expression (p <0.001), but also an overall
higher intensity ofthe staining when compared to carcinomas
(p < 0.001; Table 3). Although there were no statistically sig-
nificant differences in the H-score based on the grade of epi-
thelial dysplasia [high-grade (HG) dysplasia H-score: 235.8/

ig;lh e

#
L oap i
.."f ; ')l"."j‘z‘

250 (mean / median) and low-grade (LG) dysplasia H-score:
260.1/257 (mean / median)], in cases of adenomas with pre-
dominantly LG dysplasia and only short sections of HG dys-
plasia there were some interesting changes in the staining
pattern. While the epithelial cells with LG dysplasia showed
strong, diffuse staining, the superficial portions of the adeno-
ma with HG dysplasia showed a gradual decrease in the in-
tensity of the staining, although the presence of staining pos-
itivity was preserved (Fig. 1b). None of the evaluated clinico-
pathological characteristics in the group ofadenomas (gender,
age, grade of dysplasia) yielded statistically significant results
when assessing the association of these with HNF1B expres-
sion (Table 1).

Survival analyses for the three available outcomes [disease-
free survival (DFS), local recurrence-free survival (LFS), and
distant metastasis-free survival (MFS)] were performed and
included 98 carcinoma cases with available follow-up from
the sample set of 105 carcinomas. They showed a statistically
significant association between HNF1B expression

Table3 Assodation of HNF1B expression and the type of diagnosis, based on 145 cases of colorectal lesions
Expression of HNF1B (N)
Characteristic Group N H-score mean H-score median P group 1 group 2
value® vale®

Type of lesion < (.01 < 0.001

Admoma 40 2479 7 33

Carcinoma 105 184.5 56 49
*— p-values are based on the Mam-Whitney U-test
P p-values are based on the Pearson chi-square test (categorized expression)
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(categorized mto two groups as described above) and DFS
(p=0.014), where lower levels of HNFIB expression were
associated with adverse DFS (Fig. 4). The other monitored
outcomes did not reach significant values (LFS p=0.101,
MFS p=0.057), although there is a trend suggesting an asso-
ciation between lower HNF1B expression and shorter LFS
and MFS (Fig. 4).

Genetic and Epigenetic Changes of the HNF1B Gene
Mutation Analysis

Mutation analysis was successfully performed on 84 samples
(73 samples of tumour tissue and 11 samples of corresponding
healthy tissue) from the total of 90 samples with available
fresh-frozen tissue (FT) matenal (78 tumour and 12 non-
tumour) in the sample set of colorectal carcinomas. In the
sample set of adenomas, the analysis was successfully per-
formed on 20 samples (from the total of 34 samples, for which
only formalin-fixed paraffin-embedded (FFPE) material was
available).

Among the 73 colorectal carcinomas we found three so-
matic ANFIB mutations, including two frameshift and one
nonsense: ¢.149delC p.PSOLETer7S (variant allele frequency
(VAF) 38.45%) (hereinafter referred to as Sample A, H-score:
210y, ¢.1006delC, p.H336T{sTer40 (VAF 34.88%) (hereinaf-
ter referred to as Sample B, H-score: 240) and ¢.554C>T,
p-QI82X (VAF 26.79%) (hereinafter referred to as Sample
C, H-score: 80). Other clinically relevant, either somatic or
hereditary mutations were not present. No mutations were
revealed among the 11 adenomas.

Given that the effect of HNF 1B single nucleotide polymor-
phisms is also discussed in the literature with often equivocal
yet suggestive results, we also evaluated the impact of two of
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T M hax
adencma carcinoma

Type of lesion

Fig.2 Assocation of H-score of HNF 1B and type of the lesion. Analysis
based on 145 cases (adenoma: N =40, carcinoma: N= 105). Mann-
Whimey U-test: £=4.069, p<0.001
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the most commonly reported SNPs (rs4430796 and
rs7527210) on colorectal carcinoma survival. Considering
rsA430796 SNP, a significantly better DFS was observed in
patients with the AA genotype when compared to GA and GG
(p=0.035; Fig. 5). No significant effect was detected in the
case 0of 157527210 (p = 0.942, data not shown).

Microsatellite Instability

The MST analysis was successfully performed on 103/105
carcinoma samples (the remaining 2 samples did not have
enough tumour tssue left for molecular analysis). The results
showed that 81/103 tumours were MSS, 20/103 were MSI-H
and 2/103 were MSI-L. The two MSI-L tumour samples were
additionally evaluated using immunohistochemical analysis
with antibodies against mismatch-repair proteins (MLH1,
PSM2, MSH2, MSH#6), which showed preserved expression.
Therefore, for the purposes of statistical analyses, those 2
samples were added into the MSS group. Statistical analysis
did not show any significant association between HNFIB ex-
pression and the two groups (MSI-H versus MSS) of carcino-
mas (Table 2).

Epigenetic Analysis

Promoter methylation analysis was successfully carmied outin
93 (72 carcinomas and 21 adenomas) out of the 99 samples
which had undergone the bisulphite DNA conversion.
Promoter methylation was detected in 3/72 (4.2%) adenocar-
cinomas: in two cases a low degree of methylation was de-
tected (5-10%, H-score of the corresponding tumours was 30
and 95), and in one case it was a moderate degree of methyl-
ation (approx. 25%, H-score = 295). Non-tumour tissue was
available for two of those tumour samples, and no methylation

300 —l—
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H-score

100

50

Recurrence
Fig. 3 Association of H-score of HNF1B and discase recurrence.
Analyses based on 105 cases of colorectal caremoma. ()= no recurrence,
I =recurrence occurs. Mamn-Whitney U-test: £=2.021, p =0.043
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Fig. 4 Correlation of HNF1B protein expression with prognosis. The
probability of disease-free survival (a) local recurrence-free survival (b)
and metastasis-free survival (¢) m relation to category of H-score of
HNF1B m 98 cases of colorectal caremoma The survival curves are

was detected in either case. In the cohort of adenomas, meth-
ylation was observed in 1/21 adenomas (4.7%). The non-
tumour tissue was not available in this case. Ofthe 87 isolated
non-tumour tissue samples the analysis was successfully per-
formed in 61 cases, all of which were non-methylated.

Discussion

HNFIB belongs to one of the four major hepatocyte nuclear
factor families, which include HNF1 (HNF 1o and HNF13),
HNF3 (or FOXA, made up of FOXAL, FOXA2 and FOXA3),
HNF4 (HNF4o and HNF4y) and HNF6 (or ONECUT, OC,
made up of OC1, OC2 and OC3) [31]. Depending on the
circumstances, it functions as a bookmarking transcription
factor which regulates gene expression by maintaining active
transeription or counteracting the epigenetic silencing effect of
chromatin condensation [1].
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Fig. 5 Correlation of rs4430796 genotype with prognosis. The
probability of disease-free survival in relation to 4430796 SNP geno-
types, based on 73 cases of colorectal caremoma. The survival curve 1s
estmated using the Kaplan-Meter method, the p vafue 1s estmated using
the log-rank test. The number of complete/censored data are shown m
parentheses

estimated using the Kaplan-Meier method, p valves are estimated using
the log-rank test. The number of complete/censored data are shown in
parentheses

The key influence of this transcription factor is two-fold.
Firstly, HNF1B is involved especially in the development of
the kidneys, biliary system, pancreas and gastrointestinal tract
[32, 33]. Secondly, its role in the development and progres-
sion of cancer (and potentially also chemoresistance in certain
tumour types) has been discussed in recent years, with re-
search focusing especially on tumours with clear cell pheno-
type, given that >90% of these tumours show HNF1B posi-
tivity [34].

We have performed a comprehensive, multi-level analysis
of the HNFIB gene in the setting of benign and malignant
lesions of the large intestine. The results of mutation analysis
revealed the presence of 3/73 (4.1%) inactivating somatic mu-
tations (VAF around 30% for all three cases) in the colorectal
carcinoma cohort, two of which were frameshift (sample A
and B) with retained immunohistochemical expression of
HNF1B (H-score 210 and 240, respectively). The remaining
was a nonsense mutation ¢.554C > T, p.Q182X (sample C),
with a retained but significantly decreased expression of
HNFI1B (H-score 80). The retained expression could be ex-
plained by the incomplete inactivation of one or both alleles or
by a possible tumor heterogeneity. There were no mutations
detected in the cohort of adenomas. There is very little infor-
mation in the literature which deals with the presence of either
germline or somatic ANF /B mutations in malignant tumours,
and no information whatsoever regarding specifically colorec-
tal carcinomas. There have been some rare (mostly case re-
port) instances of germline ANF /B mutations associated with
chromophobe renal cell carcinoma (RCC) [16, 35],
confirming that HNFIB acts as a tumour suppressor during
carcinogenesis of chromophobe RCC. Similar results were
reported for Wilms tumour (WT), which showed decreased
HNF1B expression in Wilms™ tumour tissue when compared
to the adjacent non-cancerous tissue [1]. Reports of somatic
mutations associated with HNF1B-mediated carcinogenesis
are equally sparse, and based on an extensive search of the
literature it is in fact only our recent study, which described
somatic mutations of the ANFIB gene in solid tumours of the
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female genital tract [36]. In this study, the analysis of genetic
variants using HRM (High Resolution Melting) analysis and
Sanger direct sequencing of the whole coding sequences of
HNFIB revealed 1 clinically relevant somatic mutation
among 30 endometrial endometrioid carcinomas and one mis-
sense variant of unknown significance among 12 ovarian clear
cell carcinomas (OCCC) [36].

The prognosis of certain malignant neoplasms may also be
influenced by polymorphisms in the non-coding intronic se-
guences of ANFIB. The relationship between HANFIB SNPs
has already been studied especially for endometrial cancer,
ovarian clear cell carcinoma and prostate cancer, but it was
yet to be investigated for colorectal cancer [37]. Based on the
results of genome-wide association studies, the most com-
monly implicated SNPs are rs447096 (located in the intron 2
(12), also known as rs17626333 or rs5876954), 157527210
(located in 12, also known as rs3786124 or rs60456671) and
several other SNPs studied for their association with prostate
cancer (rs11649743, rs7501939, 157405696, rs1 016990,
rs3094509 and rs4794758) [19, 35, 39]. However, although
the number of studies focusing on the association between
these intron-situated ANFIB SNPs and the risk of certain
cancers is steadily increasing, their results are often conflicting
and even their clinical role and significance remains unclear.

In the current study, we examined the effect of two selected
SNPs (rs4430796 and rs7527210) on colorectal carcinoma
survival and found that for SNP rs4430796 there were statis-
tically significant differences in the estimated disease-free sur-
vival based on three rs4430796 genotypes. Those patients
with the AA genotype showed a significantly better DFS
(p=0.035) than patients with GA and GG genotypes, with
the GG genotype showing the worst prognosis. This result 1s
in accordance with studies performed on other cohorts, espe-
cially endometrial cancer and ovarian cancer. For endometrial
cancer, it has been reported that patients with the GG genotype
also demonstrated the worst overall survival (OS) [40]. This
finding might be associated with the reported effect of HNF1B
overexpression on the chemoresistant phenotype of OCCC,
given the observed relationship between the GG genotype
and decreased OS. The G allele may be implicated in reducing
chemosensitivity to cisplatin- or paclitaxel-mediated cytotox-
icity, which is particularly interesting in the context of colo-
rectal cancer, given that the backbone of adjuvant therapy for
advanced disease lies in fluoropyrimidine- and oxaliplatine-
based regimes [41]. In our cohort no significant effect was
detected in the case of the SNP rs7527210 (p=0.942, data
not shown), which is also mentioned in literature as an ovarian
cancer risk- and prostate cancer risk-associated SNP [21].

Epigenetic changes of the HNFIB gene, especially epige-
netic silencing, have also been reported in several types of
human cancers. In general, aberrant methylation of promoter
regions of certain tumour suppressor genes is one of the key
events in tumour growth initiation and progression.
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Hypermethylation of the promoter region of HNF 1B has even
been suggested as a possible non-invasive epigenetic marker
of colorectal carcinoma [42]. According to this study, HNFIB
was one of the five genes with the highest average percentages
of promoter hypermethylation, along with RUNX3, PCDH10,
SFRPS and IGF2. There are other studies which also mention
epigenetic inactivation of ANFIEB in colorectal cancer cell
lines, suggesting its involvement in cancerogenesis [43].

Partial methylation was observed in 3/72 (4.1%) analysed
carcinomas and 1/21 (4.7%) adenomas in our study. This sin-
gle methylated adenoma was a high grade tubulovillous ade-
noma which despite the methylation showed a strong, diffuse
immunochistochemical positivity of HNF1B. Protein expres-
sion of HNF1B was also retained in partially methylated car-
cinomas. Methylation of the promoter did not correlate with
HNF1B protein expression, which could be a result of an
incomplete inactivation of the ANFIB gene. In our sample
set of colorectal lesions, the ANFIB-promoter methylation
was therefore not a frequent phenomenon, which is in accor-
dance with the data gained from The Cancer Genome Atlas
(TCGA), which shows very low degrees of methylation
{(Onhne Resource 4) in their colorectal carcinoma cohort. On
the other hand, these results are in stark contrast with the
aforementioned previous findings [42, 43]. However, in the
study published by Silva et al. the authors tested only 10
tumours in total and used a different methodical approach
from ours (Methyl-Profiler™ DNA Methylation PCR Array
System), which may provide an explanation for the signifi-
cantly different results. The study conducted by Terasawa
et al. only examined ANF /B methylation in exon 1, which
might have produced different results from ours since in our
study we tested promoter methylation upstream of exon 1.

To our knowledge, there is very little information on the
role HNF1B may play in the development of lesions of the
large intestine, specifically colorectal cancer and colonic ade-
nomas. As has already been mentioned. HNF1B is involvedin
the differentiation of visceral endoderm and therefore in the
development of colonic epithelial cells, especially their termi-
nal differentiation and cell fate commitment [44]. In fact
HNF 1B is reported to be abundant in normal intestinal epithe-
lium, where it cooperates with CDX2 in order to direct key
transcriptional programs involved in the dynamic status of
intestinal epithelium [45]. Studies on a mouse model showed
that while HNF1A deficiency gave rise to mice which were
bom normally but suffered from functional defects, germline
HNF1B embryonic deficiency was found to be lethal, as it
leads to a defective differentiation of extraembryonic visceral
endoderm [46].

In keeping with these findings, our results did indeed show
that there is a strong, diffuse nuclear positivity of HNF1B in the
normal colonic mucosa, and this trend is also observed in the
staining of colonic adenomas with either low- or high-grade
dysplasia. Statistically, there were no differences between high
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grade and low-grade adenomas. However, interestingly, in
some cases of high-grade adenomas there was an apparent
decrease in staining in the high-grade areas when compared
to the low-grade areas and normal epithelia. This is particularly
interesting given the differences in staining between carcino-
mas and adenomas, where adenomas showed statistically sig-
nificantly higher levels of expression than carcinomas
(p<0.001). HNF1B positivity was positively correlated with
a benign diagnosis, suggesting that in the setting of the large
intestine the role of this transcription factor may be in the form
of a tumour suppressor and HNFIB may have a protective
effect. In our study, on the protein level we observed the
highest expression in carcinomas of the T1 stage (tumours
invading to the submucosa, mean H-score 216, compared to
mean H-score 173 in the T2 stage, 195 in T3 stage and 177 in
T4 stage cases). This finding was also observed in TCGA co-
lorectal cohort (Online Resource 4), where the highest expres-
sion on the mRNA level was also reported in the T1 stage,
although the correlation of those data does not reach statistical
significance. Furthermore, lower values of H-score were asso-
ciated with a recurring disease (p=0.043). It has been sug-
gested that HNF1B could act as a control switch, which in
healthy, non-tumour tissue prevents epithelial-mesenchymal
transition [21]. This hypothesis is further supported by their
finding that the key biological processes related to HNFIB
and HNF1B-elated gene network (consisting of over 30 genes,
especially FLRT3 and SLC14A1) are chemotaxis and
cadherin-mediated adhesion to the extracellular matrix. The
downregulation of HNFIB in advanced stages of colorectal
carcinoma and in recurrent disease could therefore be attributed
to a more invasive phenotype of the disease, brought on by a
decrease of HNF1B fimctional effect. This hypothesis is further
supported by the results of our survival analyses, which showed
that there was a statistically significant association between
HNF1B expression and DFS (p=0.014), where lower levels
of HNF1B expression were associated with adverse outcome
and shorter DFS. However, neither of the other two other mon-
itored outcomes (LFS and MFS) reached significant values.

When focusing on the histological type of studied adeno-
carcinomas, the analysis of TCGA data revealed that there
was a significantly (p=0.022, Online Resource 4) lower ex-
pression of HNFIB on mRNA level in the group of mucinous
carcinomas when compared to the non-mucinous types. Our
data set was limited by the small number of mucinous carci-
nomas (n=11) and the statistical results did not reach signif-
icant levels (p = 0.469). Nonetheless, they do suggest a similar
trend and also hint at the lower levels of HNF 1B expression in
mucinous carcinomas.

The detected lower expression of HNF1B in colorectal car-
cinomas when compared to adenomas could represent a con-
sequence of a defective intestinal cell differentiation, which is
reportedly coordinated by a complex network of transcription
factors, among which HNF1, CDX2 and GATA4 are the most
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important [45]. The suggested protective effect of HNFIB in
colorectal carcinoma would place CRC, together with chromo-
phobe RCC and WT, amongst the handful of solid cancers,
where this tumour suppressive effect has been proposed [1,
35]. In contrast with this group, there is a much larger list of
cancers where HNF 1B was reported to act as a protooncogene.
The most important among these are clearly the wumours
characterised by the clear appearance of the cytoplasm, namely
OCCC and RCC. Tt has been suggested that HNF1B may be
induced within the stressful environment of endometriotic
cysts, leading to alterations in intracellular metabolism and en-
hanced aerobic glycolysis, which results in a significant surviv-
al advantage of cancerous cells, as well as the chemoresistant
phenotype of this cancer [47]. Other tumours in this group
include prostate carcinoma, yolk sac tumour (Y ST), hepatocel-
lular carcinoma (HCC) and oncogenic potential is also attrib-
uted to HNF1B in malignant glioma [9, 48, 49].

Conclusion

Apart from the role HNF1B plays in the pathogenesis of cer-
tain developmental disorders, in recent years it is also being
discussed as a tissue-specific tumour suppressor or an onco-
gene which plays an important role in the development and
progression of several tumours. We have performed a com-
prehensive analysis of the involvement of HNF1B in the set-
ting of benign and malignant lesions of the large intestine,
focusing especially on the expression, epigenetic and genetic
changes in colorectal carcinoma and its possible use in differ-
ential diagnosis or when assessing prognosis. We have re-
vealed infrequent somatic mutations and promoter methyla-
tion in our cohort. We have also found that on a protein level,
higher HNF1B expression is significantly associated with co-
lonic adenomas when compared to carcinomas. From a prog-
nostic standpoint we observed that there is a significant rela-
tionship between the levels of HNF1B expression and recur-
rence, where a lower expression seems to be associated with a
recurring disease. Decreased expression was associated with a
decreased DFS. These results suggest that in the context of
colorectal cancer, HNF1B may in fact play a part in the path-
ogenesis and act in a tumour suppressive fashion. However,
more studies on larger cohorts are needed to precisely under-
stand the mechanisms at play and the true possible signifi-
cance of HNF1B in the lesions of large intestine.
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Analysis of expression, epigenetic,
and genetic changes of HNF1B
in 130 kidney tumours

Michaela Bartd®™, Jan Hojny?, Nikola Hajkoval, Romana Michalkoval, Eva Krkavcoval,
Ladislav Hadravsky?, Lenka Kleissneroval, Quang Hiep Buil, lvana Struzinska?,
Kristyna Némejcova?, Otakar Capoun?, Monika Slemendova? & Pavel Dundri™

Hepatocyte nuclear factor 1 beta (HNF1B) is a transcription factor which plays a crucial role in
nephronogenesis, and its germline mutations have been associated with kidney developmental
disorders. However, the effects of HNF1B somatic exonic mutations and its role in the pathogenesis
of kidney tumours has not yet been elucidated. Depending on the type of the tumour HNF1B may act
as a tumeour suppressor or oncogene, although the exact mechanism by which HNF1B participates in
the process of cancerogenesis is unknown. Using an immunohistochemical approach, and methylation
and mutation analysis, we have investigated the expression, epigenetic, and genetic changes of
HMF1B in 130 cases of renal tumouwrs (121 renal cell carcinomas, 9 oncocytomas). In the subset of clear
cell renal cell carcinoma (ccRCC), decreased HNF1B expression was associated with a higher tumour
grade and higher T stage. The mutation analysis revealed no mutations in the analysed samples.
Promoter methylation was detected in two ccRCCs and one oncocytoma. The results of our work

on a limited sample set suggest that while in papillary renal cell carcinoma HNF1B functions as an
oncogene, in ccRCC and chRCC it may act in a tumour suppressive fashion.

Hepatocyte nuclear factor 1 beta (HNFIB, previously also known as TCF2) is a tissue-specific, developmentally
regulated transcription factor which is crucial for the embryonic development of organs derived from ventral
endoderm, including the kidneys, pancreas, gastrointestinal system, liver, biliary tract and genital tract"*. HNFIB
is located at chromosome 17q12 and plays a crucial role in the early stages of nephron development, as it is
required for the activation of a segment-specific gene expression program responsible for the development of
nephrons’. Heterozygous germline mutations of HNFIB are the most common monogenic cause of developmen-
tal kidney disease and are associated with a wide variety of congenital kidney malformations, which ultimately
lead to chronic renal disease in the afflicted individuals*’. The disease phenotype especially includes Renal
Cysts and Diabetes Syndrome (RCAD, OMIM #137920), which may also be associated with the dysfunction of
pancreatic -cells, leading to a subtype of diabetes mellitus (maturity-onset diabetes of the young, MODY5)*"

To date, more than 100 different germline HNF1B mutations scattered across the gene have been reported in
literature, all presenting with a varied range of phenotypes of associated kidney, urogenital tract, and pancreas
disorders™ ', They comprise mainly base substitutions, small insertion-deletions, or whole-gene deletions which
are inherited in an autosomal dominant fashion, although up to 50% of them arise de novo™'® ",

While the role of HNF1B in developmental kidney anomalies has already been well established, its role in the
pathogenesis of kidney tumours has not yet been elucidated, despite there being an increasing number of studies
pointing to its involvement in the pathogenesis of several types of cancers, including kidney cancer.

As yet, the effects of somatic exonic mutations of HNFIB on cancerogenesis and tumour development have
not been fully explained, although there are several genome-wide association studies { GWAS) which have identi-
fied several single nucleotide polymorphisms (SNPs) in the HNF1B gene as associated with either an increased or
a decreased risk of prostate cancer'* ", endometrial cancer' ", and even kidney cancer'®. According to literature,
HNFI1B protein may act as either a protooncogene or a tumour suppressor depending on the type of tumour
and its histogenesis'* '**". Nonetheless, the precise mechanism by which HNFIB participates in the process of
cancerogenesis is unknown, and probably differs in different types of tumours.

Although HNF1B plays such a profound role in the development of the kidneys, knowledge about its involve-
ment in the pathogenesis of kidney tumours is sparse, with only a handful of published studies focusing on the
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Diagnosis
ccRCC 93 | 2013 250 ] 18 53
chRCC 11 | 355 ] 9 2 ]
<0.001 0.004
papRCC |17 | 2018 70 5 3 g
RO 9 | 1622 170 3 3 3

Table 1. Association of HNF1B expression and type of diagnosis, based on 130 cases of renal cell carcinoma.
Statistically significant results (p-value < 0.05) are highlighted in bold. ccRCC clear cell renal cell carcinoma,
chRCC chromophobe renal cell carcinoma, papRCC papillary renal cell carcinoma, RO renal oncocytoma. *p
values are based on Mann-Whitney U-test or Kruskal-Wallis H-test. *p values are based on Pearson chi-
squared test (categorized expression).

relationship between HNF1B and malignant or benign kidney lesions™ *'-**, Malignant kidney tumours make
up to 2% of all cancers and, until recently, their incidence had been constantly rising™ **. The most common
histelogic subtype is clear cell renal cell carcinoma (ccRCC, 70-80%), followed by papillary renal cell carcinoma
(papRCC, 10-20%), and chromophobe renal cell carcinoma (chRCC, 5%)*. The landscape of melecular aber-
rations implicated in the pathogenesis of kidney tumours is very diverse and includes both chromosomal gains
and losses, with a number of genes (such as VHL, PBRM]1, SETD2Z, BAP1, MET, FH) already being established
as key players in the development of RCC¥. The role of others, including HNF1B, still remains to be elucidated.

Therefore, our aim was to perform a comprehensive analysis of the expression, epigenetic, and genetic changes
of HNF1B in kidney tumours, and to further investigate its potential differential diagnostic, prognostic and
therapeutic value, mainly at the level of somatic changes.

Material and methods

Samples. The study was performed on formalin-fixed, paraffin-embedded (FFPE) tissue blocks and, where
available, the corresponding fresh-frozen tissue (FT) stored in the RNAlater stabilization solution (Qiagen) at
— 80 *C according to the manufacturer 's protocol (Stabilization of RNA in Harvested Animal Tissues; Qiagen),
as described in our previous work™. The FFPE tissue blocks were sourced from the archives of our department
and the corresponding FT samples were provided by the Bank of Biological Material (BBM) of the First Faculty
of Medicine, Charles University in Prague.

A total of 130 FFPE tissue samples (Table 1) were used for the immunohistochemical analysis, consisting of 93
cases of clear cell renal cell carcinoma, 17 cases of papillary renal cell carcinoma, 11 cases of chromophobe renal
cell carcinoma, and 9 cases of renal oncocytoma (RO). Out of these 130 cases there were 56 cases (42 ccRCC, 2
papRCC, 3 chrRCC, 9 oncocytomas) with available corresponding FT sample pairs (tumour and in some cases
non-tumour tissue), which were used for DNA isolation and subsequently mutation and promoter methylation
analysis. The clinicopathologic characteristics (analysed for the ccRCC subset of samples) are summarized in
Table 2. The main evaluated parameters included tumour stage (TNM) and grade where applicable (according to
the 4th Edition of WHO Classification of Tumours of the Urinary System and Male Genital Organs and Interna-
tional Society of Urological Pathology)®, lymphovascular invasion, presence of metastases, recurrence, gender,
and age at the time of diagnosis. The hematoxylin and eosin-stained slides of all of the selected kidney tumour
samples were reviewed and suitable tumour areas were marked for the removal of individual tissue cores, which
were used for the construction of tissue microarrays (TMAs). From each tumour donor block two tissue cores
(each 2.0 mm in diameter) were drilled using the tissue microarray instrument TMA Master (3DHISTECH Ltd.,
Budapest, Hungary) and the evaluation of the studied tumours was performed with the use of TMAs.

Ethical approval. The study has been approved by the Ethics Committee of the General University Hospital
in Prague in compliance with the Helsinki Declaration (ethical approval number 41/16 Grant VES 2017 AZV
VEN). The Ethics Committee did not require the procurement of informed consent, given that according to the
Czech Law (Act. no. 373/11, and its amendment Act no. 202/17) it is not necessary to provide informed consent
in fully anonymized studies.

DNA isclation and quality control.  The DNA isolation process was performed as described in our previ-
ously published study focusing on the problematics of HNF1B*. All of the analysed DNA was obtained from
FT samples (stored in RNAlater), which were first thawed, and then homogenized (10-30 mg of the tissue)
using MagNA Lyser Green Beads tubes in a MagNA Lyser Instrument (Roche) in the presence of 600 pl of RLT
Plus buffer (Qiagen) with 6 pl of 14.3 M 2-mercaptoethanol (Sigma-Aldrich). The total DNAs and RNAs were
isolated according to the Simultaneous Purification of Genomic DNA and Total RNA from Animal Tissues
protocel by using an AllPrep DNA/RNA Mini kit (Qiagen). The quantification of the isolated DNA samples was
carried out with the use of NanoDrop 2000 (Thermo Fisher).

Immunchistochemical analysis.  Using the constructed TMAs, the immunohistochemical (THC) analy-
sis was performed on all of the kidney tumour samples using the standard 4 pm thick sections of FFPE tissue,
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Categorized H-score
Characteristic Group | N H-score mean | H-score median | p-value® | Group I | Group 2 | Group 3 p—'nH
Gender 0.617 0.399
Male 54 198.2 240 12 13 15
Female | 39 W58 250 10 5 24
A mean e 0549 D414
65 44 198.9 240 8 3 18
263 49 035 260 14 10 15
pT dassification 0.054 0360
pTl 70 2124 265 15 11 4
pT2 fi 141.7 145 2 2 2
pT3 17 177.1 170 5 5 7
Grade 0.002 0012
Gl o] 2555 300 2 2 18
G2 53 196.1 240 14 9 30
G3 13 167.7 170 3 [ 4
G4 5 106.0 50 3 1 1
i.ia;r:!:lhm'ascu'lar inva- 0264 0558
Yes 15 177.3 200 5 3 7
No 75 07.1 260 16 14 45
Metastasis* 0121 0135
Yes 10 158.0 140 3 4 3
No 81 078 250 18 14 45
Recurrence® 0458 0,595
Yes ] 183.8 210 2 2 4
No 83 204.1 250 19 l& 48
rs44307%6" 0.727 0.851
Yes 31 207.7 70 6 2 21
No B 76.3 285 0 5
rs757210¢ 0.384 0.528
Yes 36 216.1 275 0 0 3
No 3 290.0 250 6 3 23

Table 2. Association of HNF1B expression and clinicopathological characteristics, based on 93 cases of
ccRCC. Statistically significant results (p-value < 0.05) are highlighted in bold. *p values are based on Mann-
Whitney U-test or Kruskal-Wallis H-test. ®p values are based on Pearson chi-squared test (categorized
expression). *Data are not available for all cases.

in accordance with methodology described in our previous work®. The slides were stained with the automated
staining instrument Ventana BenchMark ULTRA (Roche, Basel, Switzerland) with a rabbit antibody against
the HNF1B protein (polyclonal, dilution 1:500, product no. HPA002083, Sigma-Aldrich, Prestige Antibodies,
St. Louis, United States). The heat induced epitope retrieval with a citrate buffer (pH 6.0) was used for pre-
treatment. The detection of the primary antibody was visualized with the OptiView DAB IHC Detection Kit
(Ventana, Roche). Only the nuclear staining was evaluated as positive and the nuclear expression of HNF1B was
double-blindly evaluated by two independent pathologists.

The immunchistochemical results were evaluated first according to the overall percentage of positive cells
(0-100%), with the positive cells then being stratified and assessed also semi-quantitatively, using the H-score
method previously described by others™. The H-score assessment method is based on determining the percent-
age of positive cells based on the level of staining intensity (1 + for weak intensity, 2 + for moderate and 3+ for
strong intensity). The final H-score for each case is then obtained through the following formula by adding the
multiplication of the different staining intensities: [1 x (% of cells 1+)+ 2 x (% of cells 2+) + 3 ¢ (% of cells 3+)].
The final H-score value then ranges between 0 and 300.

In each of the evaluated THC stained slides of tumour tissue cores the presence of internal negative and posi-
tive controls was also assessed. The positive control was represented by the staining of normal, non-neoplastic
tubular epithelia present in each IHC run, while the negative control was provided in the form of a lack of staining
in other structures (such as the connective tissue, smooth muscle, and adipose tissue).

Statistical analyses. All of the statistical analyses were performed with the use of the Statistica software
(StatSoft, Inc., Tulsa, OK). The association between HNFIB expression (using H-score as a continuous depend-
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ent variable) and clinicopathological characteristics (categorical variables) was analysed with the nonparametric
ANOVA approach. Based on the number of categories either the Mann-Whitney U-test (two categories) or the
Kruskall-Walis H-test (three and more categories) were used. In case of the Kruskall-Walis H-test, post-hoc tests
(pairwise multiple comparison of mean ranks) were conducted to determine which groups differed from each
other. When evaluating the effect of independent clinicopathological characteristics on the categorized H-score,
the Pearson chi-square test was used. Given that in the largest subset of samples (ccRCC) there were 8 / 93
cases of local or distant recurrence, survival analyses would not have yielded relevant results and therefore were
not plotted. For the purposes of the chi-squared tests the H-score was categorized into three groups (group 1:
H-score 0-100; group 2: H-score 101-200; group 3: H-score 201-300). All tests were two-sided and a p-value of
less than 0.05 was considered as significant.

Genetic and epigenetic analysis. The molecular analyses consisted of DNA mutation analysis of the
coding parts of the HNFIB exons with adjacent intronic sequences (+ 15 bp) and epigenetic analysis of CpG
methylation in the region of the HNFIB promoter. The HNFIB mutation analysis of high-quality FT DNA
samples (56 tumour and 42 paired non-tumour tissues) was performed by in-house 2-step polymerase chain
reaction (PCR) amplicon next-generation sequencing (NGS). Of the 56 tumour samples, three did not meet
the sufficient concentration requirements and therefore in their case the mutation analysis was not performed.

Amplicon NGS preparation and sequencing.  The in-house 2-step PCR amplicon approach was carried out with
the use of the 15 primer pairs (list of primers is provided in Supplementary Table 1) with universal adaptor
sequences, which were designed to fit the specific HNF1B gene regions in the first PCR step. The selected HNFI1B
gene regions also included the deep intronic regions containing the rs7527210 and rs4430796 variant sites. The
second PCR step was carried out with the use of a universal primer pair containing Illumina sequencing adaptor
sequences (Supplementary Table 1). The first PCR step which covered the HNF1B target regions was performed
in two separate multiplex reactions. In order to eliminate undesirable primer interactions each reaction included
adifferent primer pair set (Supplementary Table 1). Both PCR reactions were amplified using the FastStart High
Fidelity PCR System (Roche) according to the recommended standard PCR procedure (FastStart High Fidel-
ity PCR System; Roche) in 20 pl reactions according to the following PCR protocol: 2 min—95 °C; 10 cycles
of 155—95 °C, 20 5—62 °C and 30 s—72 °C (all steps with ramping temperature 2 °C/s) and then 20 cycles of
15 5—95 °C, 20 s—62 "C and 30 s—72 °C (standard ramping temperature 4 °C/s). Following the first PCR step,
10 pl of both of the first PCR reactions were equimolarly mixed and purified with the AMPure XP system (0.8 x;
Beckmann Coulter). The second PCR step was then employed in order to amplify the purified PCR product,
consisting of 10 cycles using the same protocol, with a standard ramping rate and different primers (the universal
primer pair with Illumina adaptor sequences was used).

When the second PCR step was completed, the concentrations of the PCR products were measured with the
use of the Qubit fluorimeter (Thermo Fisher) and then equimolarly mixed to create one sequencing library. The
prepared sequencing library was then purified using the AMPure XP system (0.8 x; Beckmann Coulter) and
measured for concentration (Qubit) and for fragment length using the High Sensitivity NGS Fragment Analysis
kit on the Fragment Analyzer (AATT). This amplicon library was then sequenced together with different (capture)
libraries in order to increase sequencing heterogeneity. The sequencing was performed either using 50 samples,
which were sequenced in one amplicon library by the MiSeq 300 cycles v2 kit or using 90 samples by the NextSeq
300 cycles mid output kit v2.5. Because in all of the tested samples the amplicon sequencing approach showed
a low coverage of 20 bp on the 5™-end of exon 4, this part was additionally sequenced by the Sanger sequencing
method as described elsewhere® with the use of a specific primer pair (Supplementary Table 1).

Biostatistical analysis of NGS data. The raw data gained from the amplicon sequencing was demultiplexed
and converted into the .fastq format, which was then analysed by the same pipeline using the NextGENe soft-
ware (Softgenetics), as described elsewhere™. The GRCh37 genome and NM_{0100458.2 reference transcript were
used for the reads mapping and analysis. Only the samples with minimal coverage >100xand variants with
variant allele frequency (VAF) > 10% were chosen for further evaluation. The identified variants were manually
inspected using IGV (Broad Institute) and classified according to the mutation impact™. Only the mutations of
class 3, 4 or 5 (variants of unknown significance, likely pathogenic or pathogenic, respectively) were reported.

HNF1B promoter methylation. For the purposes of methylation analysis, the DNA samples were subjected to
bisulfite conversion DNA using the EZ DNA Methylation-Lightning Kit (Zymo Research, Irvine, CA, USA)
according to the manufacturers instructions. The PCR amplification of both the methylated and unmethyl-
ated alleles was carried out using primers (Supplementary Table 1) which were designed with the software
Methprimer (https://www.urogene.org/cgi-bin/methprimer/methprimer.cgi). The amplified promoter region of
HNFI1B covers 15 CpG islands and it is located — 457 to — 202 bp (GRCh37) before the HNF1B transcription
start site (TSS).

Furthermore, this region includes the Cp(G island (chr17:36105517-36105518, GRCh37) the methylation of
which is associated with a decreased HNF1B expression*, as well as the CpG islands (relative to the TSS: — 238,
— 240, — 267) which, according to TCGA data, correlated the most with the expression (mRNA) of HNFIB in
kidney tumours. In our settings we were able to detect at least 5% of methylated DNA by High Resolution Melt-
ing (HRM) Analysis of the amplified PCR products. Each run included the converted DNA samples and a series
of 100%, 20%, 10%, 5 and 0% universally methylated DNA controls mixed with non-methylated DNA (Human
HCT116 DKO Non-Methylated DNA and Human HCT 116 DKO Methylated DNA; Zymo Research). The melting
curves of the analysed samples were compared with the melting curves of the control mixes™.
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Figure 1. Immunochistochemical staining of the HNF1B expression in kidney lesions. (A) Predominantly
maoderate-to-strong nuclear expression in ccRCC (200 x). (B) Strong, diffuse nuclear expression in papRCC
(100 ). (C) Complete lack of nuclear expression in chRCC (100 x). (D) Moderate-to-strong diffuse nuclear
expression in RO (100 x).

Results

Immunohistochemical findings.  The results of the IHC staining analysis revealed that there were signifi-
cant differences in the presence and intensity of HNF1B expression among the four analysed subsets of kidney
tumours (p<0.001). The results of HNF1B expression for all of the tumour types are summarized in Table 1.
In the subset of ccRCC, papRCC and RO, virtually all of the analysed tumour samples showed a certain level
of homogenous, positive nuclear expression of HNF1B, while the subset of chRCC showed predominantly a
complete negativity of the staining, with only two cases being weakly to moderately positive. Figure 1 shows
representative examples of HNF1B expression in each of the assessed kidney tumour types.

The differences in expression of HNF1B (H-score) in relation to the type of kidney tumour are shown in
Table 1 and Fig. 2 (also emphasizing the unbalanced sample size in each group). Subsequent post hoc test showed
significant differences between the chRCC and ccRCC groups (p<(.001), and also between the chRCC and
papRCC groups (p <0.001). No significant differences were detected between the RO and other groups.

Given the unbalanced number of cases in the individual tumour subsets and their limited size, the associa-
tion between HNF1B expression and clinicopathological characteristics was only analysed for the largest subset
of ccRCC. The results showed that the expression of HNF1B was significantly correlated with tumour grade
(p=0.002), where a lower expression was associated with a higher tumour grade, with the following post-hoc
intergroup differences: G1 vs. G2 (p=0.032), G1 vs. G3 (p=0.019), G1 vs. G4 (p=0.025), G2 vs. G3 (p>0.05),
G2vs. G4 (p=0.05), G3 vs. G4 (p>0.05) (Fig. 3). None of the other evaluated parameters {gender, age, T stage
of the tumour, lymphovascular invasion, presence of metastases, recurrence, or presence of HNFI1B SNP vari-
ants) showed any association at a significant level. However, when comparing the tumours of T1a and T1b stage
(it would not be reasonable to analyse other T stages due to the low number of cases in each group), there was
a significant difference in the H-score between these two stages, with Tla tumours showing a higher HNFIB
expression than T1b tumours (pT1la: mean = 235.8, median = 280; pT1b: mean = 181.0, median = 185, p=0.046;
data not shown in Table 2).

Genetic and epigenetic changes of the HNF1B gene. Mutation analysis. Mutation analysis was
successfully performed on 53 samples of tumour tissue (39 ccRCC, 2 papRCC, 3 chrRCC, 9 oncocytomas) and
42 samples of corresponding healthy tissue. There were no class 3-5 mutations found in the HNFIB coding
regions and their flanking areas in any of the analysed samples.

As a part of the mutation analysis we also focused on the role of two of the most commonly reported SNPs
associated with an increased or decreased risk of certain cancers (especially prostate and endometrial carci-
noma)—the rs4430796 and rs7527210 variants. No significant association was found for either of the two SNPs
and HNF1B expression.
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Figure 2. Variability of the expression of HNF1B (H-score) in relation to the type of lesion. Analysis based
on 130 cases of RCC (ccRCC: n=93, chRCC: n=11, papRCC: n=17, RO: n=9). Kruskal-Wallis H-test: H
(3,130)=21.96, p<0.001 (for the results of the post-hoc test, see the “Results” section). One point in the graph
may represent more than one case.
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Figure 3. Variability of the expression of HNF1B (H-score) in relation to grade. Analysis based on 93 cases of
ccRCC (G1:n=22, G2: n=53, G3: n=15, G4: n=5). Kruskal-Wallis H-test: H (3,93) = 14.50, p=0.002 (for the
results of the post-hoc test, see the “Results” section). One point in the graph may represent more than one case.

Epigenetic analysis. The HNFIB promoter methylation analysis was performed on the total of 53 samples
of tumour tissue and 39 samples of corresponding healthy tissue, which underwent the bisulphite DNA conver-
sion. Promoter methylation was detected in 2/39 ccRCC (5.1%) and 1/9 (11.1%) RO. In all three of these cases
the detected methylation was weak (5-10%, H-score of these tumours was 300 and 10 for the ccRCC, and 300
for the RO). Non-tumour tissue was available only for one of the methylation positive ccRCC tumour samples
and no methylation was detected.

Discussion
HNF1B is a transcription factor from the homeobox-containing family of transcription factors, which is known
predominantly for its role in the development of endoderm-derived organs, with a special importance in the
development of kidneys™. However, there is emerging evidence that it may also play an important role in the
carcinogenesis of several different types of solid tumours. In this context, HNFIB is a master regulator gene which
exerts its influence through maintaining active transcription or counteracting the silencing effect induced by
mitotic chromatin condensation*. While reports about the significance and specific pathogenetic role of HNF1B
in tumorigenesis are often ambiguous, there is a consistent finding of positive HNFIB expression reported in
association with tumours of clear cell phenotype, given that over 90% of these tumours show predominantly
strong levels of HNF1B positivity on a protein level*" ¥,

We have performed a comprehensive, multi-level analysis of the HNFIB gene on several of the most common
kidney tumour subtypes. The mutation analysis did not reveal the presence of any somatic or germline class
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Figure 4. Methylation of the HNFIB gene in kidney tumours from TCGA database. The visualized data of
methylation analysis of all the CpG islands of HNF1B loci was downloaded through Mexpress (https://mexpr
ess.be, accessed January 2020). Each row corresponds to tumour tissue sample, each column represents one of
the 27 analysed CpG islands, the number above the column indicates the position of the CpG island from the
transcription start site (TSS) of the HNFIB gene. Three of the Cp(G islands (in the blue box) were also included
in our promoter region analysis.

3-5 mutations in HNFIB. This finding is consistent with the literature, which shows that while there are over
100 reported germline mutations which usually manifest themselves in the form of rare kidney developmental
disorders'” very little is known about somatic HNFI1B mutations and their significance. However, there are a
small number of case studies which state that HNF1B-renal disease is associated with a predisposition to chRCC
development'® !,

In contrast to somatic HNF1B mutations, much more information is available about the significance of HNFIB
SNPs and their association with either an increased or decreased risk of the development of several cancers. In our
sample set of ccRCC, we analysed the relationship between the two most commeonly implicated SNPs mentioned
in literature (rs4430796 and rs757210) and their HNF1B expression, but no correlation was found. In our study,
the key events in HNF1B alterations are therefore probably mediated either by different mechanisms, or by the
effects of rarer SNPs, which have not been included in the analysis.

Epigenetic changes also play an important role in cancerogenesis as they influence gene expression and are
frequently implicated in the development of cancer®. In mammalian cells, the most frequently occurring such
alteration is DNA methylation, which is a reversible process and therefore represents a potential therapeutic
target*”. In our study, we found that promoter methylation was a rare event, only detected in 3 cases (2 ccRCCs,
1 RO), suggesting that there are other mechanisms aside from promoter methylation involved in the regulation
of HNF1B expression. However, we were focused only on the CpG island area which correlates the most with
HNF1B expression according to TCGA and literature™, so in order to fully discard the role of promoter meth-
ylation more inclusive analysis is needed. Our methylation results are in accordance with the data gained from
TCGA, which shows methylation of the proximal promoter region in 2/480 of ccRCC, 1/321 papRCC and 0/66
chRCC (P value > 0.3 as a threshold for positive DNA methylation (Fig. 08
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In adult kidney parenchyma, a strong HNF1B nuclear expression is preserved in the tubular epithelia and the
cells lining Bowmann s capsule, while the glomerular structures and surrounding stromal tissues are negative.
When evaluating the immunohistochemical expression of HNF1B in our sample sets, there were significant dif-
ferences among some of the four studied tumour types.

The lowest HNF1B expression was observed in the subset of chRCC, where it was either significantly low
[weak positivity in 2/11 cases (18%)], or more commonly completely absent [complete negativity in 9/11 cases
(82%)]. However, these results are gained from a limited sample set and a more extensive analysis of a larger
cohort is needed to better visualize the level of HNFIB expression downregulation. Nonetheless, very similar
results were reported in the study by Szponar et al., who in their sample set of 21 chRCC did not observe any
nuclear positivity at all**. Similarly, another study examined 18 chRCC and found HNF1B to be underexpressed
in 16/18 (89%) cases™. On a molecular level, chRCC is characterised by a specific pattern of aneuploidy with
the loss of entire copies of chromosomes 1, 2, 6, 10, 13, and especially 17 (where HNFIB is located)*. It has
been reported that in a majority of chRCC there is a downregulation of HNF1B expression on both the mRNA
and protein levels, and the same study observed a strong correlation between the reduced expression of HNF1B
and aneuploidy in chRCC patients™. The authors also point to the role of additional loss of TP53, which may
allow the cells to escape senescence and death. The combined HNFIB loss and TP53 mutations increase cell
proliferation and aneuploidy, promoting an aggressive phenotype in chRCC™. In the setting of chRCC, HNF1B
may therefore have a tumour suppressive effect.

In our study, the highest expression of HNF1B was observed in the subset of papRCC followed by ccRCC,
despite the striking differences in the hypothesized origin and pathogenesis of these two types of cancers.

On a molecular level, papRCC is characterised by specific trisomies and tetrasomies, especially of chromo-
some 7 and 17, with the genes MET (7q31) and HNFIB being particularly implicated in the pathogenesis of
papRCC. The amplification and overexpression of MET has been linked to impaired differentiation of affected
cells, which is then followed by copy number gain or amplification of chromosome 17, leading to an overexpres-
sion of HNF1B* . The resulting constitutive overexpression of HNF1B may further promote the proliferation
of cells with delayed or arrested differentiation, which may be a part of the step-wise process of papRCC patho-
genesis. Our results revealed that all the 17 papRCC showed some levels of HNF1B positivity, with most of the
cases beingly strongly positive. Varying degrees of HNF1B positivity were also reported by Szponar et al., who
observed strong nuclear HNF1B positivity in 38/67 (57%) papRCC in their sample set, as well as by Banyai et al.,
who observed a moderate THC positivity in 47/76 (62%) of cases™ **. Given that HNF1B is consistently reported
as being overexpressed in adult tumours of embryonal origins (papRCC, but also mucinous tubular spindle cell
carcinoma and metanephric adenoma), this overexpression may be a driver of papRCC development. In papRCC,
HNF1B may therefore function as a protooncogene.

Contrary to papRCC, in the case of ccRCC the tumour origin has been attributed to the epithelial cells lin-
ing the proximal tubule of the kidney nephron. In our subset of ccRCC we observed varying levels of nuclear
expression in almost all the examined cases [91/93 (98%)], which is in keeping with the observation that HNF1B
expression is preserved, but variably attenuated in tumour tissues compared to normal kidney*. Preserved
HNF1B expression was also reported by Wang et al., who observed it in 23/24 (96%) cases of ccRCC in their
study*’. Contrary to those results, Szponar et al. reported that in their study only scattered nuclear positivity of
HNF1B was observed in 7/98 (7%) ccRCC®. In our work, the expression was significantly correlated with the
grade of the tumour, where a lower expression was associated with a higher grade.

The association between decreased HNF1B expression and malignant potential of ccRCC was also studied by
Buchner et al., who examined the expression of HNF1B in ccRCC metastases on an mRNA level and found that
the downregulation of HNF1B in ccRCC was associated with tumour progression and poor prognosis, suggesting
that HNF1B might be a useful prognostic factor when stratifying patients with metastatic ccRCC into prognostic
groups®. The authors hypothesize that the inactivation of HNF1B expression results in the deregulation of the
transcriptional network, which leads to tumorigenesis and tumour progression. As such, the role of HNF1B in
ccRCC could therefore be in the form of a tumour suppressor. However, more data is needed to confirm that
hypothesis, especially given that this result is in stark contrast to the other most common tumour with a clear
cell phenotype, OCCC, because in OCCC the overexpression of HNF1B is a common phenomenon and has
been linked to the development of this tumour*.

These results highlight the different natural history between papRCC and ccRCC, considering that the muta-
tions and molecular pathways involved in their development are different. In ccRCC, the significance of HNF1B
is not only in its potential use as a prognostic factor, but its potential therapeutic role is also being discussed.
Given that the role of HNF1B in the pathogenesis of ccRCC seems to lie in its inactivation, leading to an impaired
transcription network, it is possible that the reactivation of HNF1B and its signalling role could restore the
dysfunctional network?'.

Regarding the IHC analysis, the difference in HNF1B expression between the subset of chRCC and RO may be
of particular interest for routine diagnostic practice. RO is the second most frequent benign renal tumour of the
renal parenchyma and represents 3-7% of all renal lesions*’. Among others, morphologically it is characterised
by eosinophilic features, which may resemble the eosinophilic subtype of chRCC and the distinction between
these two entities can represent a diagnostic challenge®. Given that these are tumours with crucially different
biological behaviours, proper diagnosis is key for correct postoperative surveillance and for the prognosis of the
patient. In our study, following the post-hoc tests the difference in HNFIB expression did not reach statistical
significance (p=0.080). To date, no single, reliable immunohistochemical marker of oncocytoma and chRCC has
been described. There are several studies which focused on the possible role of HNF1B in differentiating between
RO and chRCC, however, they are often performed on small sample sets and report conflicting results™ -+,

In order to maximize the therapeutic effects of any chosen treatment, individualized prognostic stratifica-
tion of patients is needed. Currently, the established prognostic parameters for ccRCC include the tumour
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histological type, pTNMG classification and the presence of necrosis and microscopic vascular invasion*’. With
the increasing use of targeted medicine, given its hypothesized different role in the development of different
subtypes of RCC, the expression of HNF1B could potentially represent another prognostic factor enabling a
better stratification of patients.

Conclusion

RCC is comprised of a diverse spectrum of carcinoma subtypes with distinct morphology, molecular pathol-
ogy, pathogenesis, and prognosis. Despite the advances in understanding the genetic aberrations behind the
development of various RCC subtypes, the search for new prognostic markers, as well as potential therapeutic
targets and differential diagnostic ancillary tests is constantly ongoing. HNF1B has already been well established
as playing a crucial role in the development of the kidneys and as such could also be implicated in the patho-
genesis of RCC. We have performed a comprehensive, multi-level analysis of HNF1B in several different kidney
tumour types and found that the genetic and epigenetic analyses did not reveal any HNFI1B mutations and only
rare promoter methylation. The immunchistochemical analysis revealed that there are significant differences in
HNF1B expression between the four studied tumour types. The different HNF1B expression suggests that in the
setting of chRCC and ccRCC, HNF1B may be involved as a tumour suppressor, while in papRCC its role may be
as a protooncogene. However, in order to determine the precise role of HNF1B in kidney tumour biology and
its potential prognostic and therapeutic application, more studies on larger cohorts are needed.

Data availability
The source data are included in this article and its supplementary information file or are available from the cor-
responding author upon reasonable request.
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