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1. Abstrakt

Signalni drahy jsou molekularni nastroje buiiky zprostfedkujici odpovéedi na vnitini 1
vnéj$i podnéty, které mohou nésledné vést k bunéénému déleni nebo diferenciaci na jedné
strané, stejné jako k bunééné smrti na stran¢ druhé. Molekularni sit’ riznych signdlnich drah
umoziuje mezibunéénou komunikaci, a tudiz miiZe cely organismus existovat a koordinované
fungovat.

Signalni draha Wnt patii mezi evolucné staré a konzervované molekularni drahy a
ucastni se celé fady d&ji béhem vyvoje. Navic je nezbytna pro udrzovani dospélych tkani,
protoze se podili na jejich regeneraci. Mnoha zhoubnéd onemocnéni, souvisejici s nefunkénimi
komponentami dréhy Wnt, pfedstavuji temnéjsi uhel pohledu.

Tato prace je postavena na Ctyfech nize uvedenych publikacich, které¢ se tykaji
rtiznych bunéénych trovni drahy Wnt. Nejdfive je zminéna prace o ligandu Wnt, jez stoji na
samém zacatku signalizace, na plazmatické membran¢ buiky. Déle jsme se zabyvali
fenoménem preZzivajicich leukemickych bunék, vyvolaném fibroblasty produkujicimi protein
Wnt po indukci apoptozy ligandem TRAIL. Posledni dvé publikace ukazuji nové komponenty

Whnt signalizace a uvedou néas do bunécného jadra — az ,,na dno* cel¢ dréhy.
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2. Uvod do problematiky

Signalni drdha Wnt je jednou z mnoha bunécnych proteinovych kaskad. Jeji role
souvisi s diferenciaci bunc¢k jak b&hem vyvoje organismi, tak v jejich dospélosti, kdy
umoznuje regenerovat celé tkané. Draha je totiz nezbytnou soucasti obnovy tzv. kmenovych
bunék, které maji potencidl vytvaret tkan¢ rtiznych typd. Temnou strankou signalizace Wnt
zistdva povaha dé&jii spojend s jejim poskozenim. Netizené déleni bunck je vhodnym
podhoubim pro vznik nadort, pfiCemz praveé schopnost regenerovat ptisobi dvojsecné — dava
totiz nadorim Sanci znovu povstat po jejich 1€cbé [1, 2].

Komponenty drahy Wnt jsou evolu¢né konzervované, najdeme je u moiské sasanky
Nematostella vectensis z kmene zahavcl stejné jako u lidi [3]. RozliSujeme kanonickou Wnt
drahu, pro niz je kli¢ovy protein B-katenin, od pfinejmensim dvou dalSich Wnt signalnich
drah (dréha planarni polarity a signalizace Wnt/Ca"), které, jak uZ nazev napovida, taktéz
pouzivaji protein Wnt. Vzajemné pilisobeni jednotlivych drah je nasnadé, praveé kvili
spoleénym komponentam.

Ligand Wnt patii do rodiny proteintl, jez u savcl ¢itd 19 ¢lend. Tyto maji vysoce
homologni sekvenci, jinymi slovy jsou si velmi podobné, zeyména co se tyce poctu a pozice
cysteinl. Hydrofobni charakter proteinu souvisi sjeho palmitaci a Wnt je také N-
glykosylovan, pficemz obé zminéné modifikace podminuji biologickou aktivitu proteinu [4-
6]. Ten je sekretovan vné bun€k, kde siln¢ vaze extracelularni matrix a dokdze se po ni
pohybovat [7, 8]. Kromé& toho Wnt spolu s dal§imi morfogeny vyuZivad k mezibunéénému
transportu na delsi vzdalenost lipidové vacky, nazvané u octomilky argozémy [9, 10], nebo
obdobny nosi¢ - vysokodenzitni lipoprotein (HDL) - u savct [11].

Jestlize neni Wnt ligand pfitomen, drdha je ve vypnutém rezimu. StéZejni molekula
kanonické Wnt signalizace - je pribézné Stépen v cytoplazmé za ucasti tzv. degrada¢niho
komplexu. Tento proteinovy komplex je slozen z proteinti axin, APC (adenomatous polyposis
coli) a kindz GSK3 (kinaza glykogen syntazy 3) a CKI1 (kasein kinaza 1), které B-katenin
fosforyluji a tim odesilaji do proteazomu. Zarovenn se [-katenin nachdzi v blizkosti
plazmatické membrany v mistech adhezivnich spoji, které fyzicky drzi sousedni bunky
pohromadé [12, 13]. B-katenin se tu ucastni zcela jiného dé&je, propojuje vné€jsi prostiedi
s vnitrobunénym, konkrétné s cytoskeletem a tudiz ve svém disledku i s bunéénym
pohybem. Zda se, Ze zminéné dvé cytoplasmatické niky B-kateninu se mohou vzdjemné

ovlivilovat a davaji tak nahlédnout miru komplexity, ktera v bunikach panuje.



Jakmile Wnt ligand propoji svou vazbou receptor Frizzled s koreceptorem LRP,
funkce degradacniho komplexu je naruSena. Frizzled prochéazejici sedmkrat plazmatickou
membranou na svém cytoplazmatickém konci navaze adaptor Dishevelled, ktery
zprostiedkuje pfitazeni axinu s navazanou kinazou GSK3 k té ¢asti koreceptoru LRP, kde se
vyskytuje nekolik fosforylacnich motivii [14, 15]. Ty jsou modifikovany i dal$imi kindzami a
slouzi jako pfistav pro axinovy komplex. Béhem minut vznikd na membrané oligomer
velikosti ribozomu zvany téz ,,LRP signalozom* a degrada¢ni komplex prestava fosforylovat
B-katenin [16]. Ten se hromadi v cytoplazmé a putuje do jadra, pravdépodobné skrze piimou
vazbu s nukleoporiny diky strukturni podobnosti s jadernym importinem [17, 18]. Rlzni
vazebni partnefi napomahaji pohybu B-kateninu at uz zjadra ven (APC, axin, menin,
RanBP3) ¢i dovniti (Bcl9), takze se zda, ze B-katenin jednoduse stale pendluje mezi jadrem a
cytoplazmou [19-23]. Kazdopadné v jadie vaze transkripéni faktory zrodiny TCF/LEF a
transaktivuje expresi cilovych gend drahy Wnt [24-26].

Jaderné efektory Wnt drahy, TCF/LEF proteiny, rozpoznavaji specificky motif
v DNA sekvenci, tzv. WRE — ,,Wnt responsivni element” (CCTTTGT/AT/A), skrze ktery
ovlivilyji transkripci. V piipadé, Ze je draha je vypnutd, tedy neni v jadie B-katenin, nalézaji
se TCF/LEF proteiny v komplexu s transkripénimi represory Groucho/TLE. Tyto inhibuji
transkripci pomoci deacetylaz histonii (tzv. HDAC), které umozni, aby chromatin zhutnél a
nebyl pfistupny pro piepisovaci aparat. Po aktivaci proteinem Wnt jsou Groucho/TLE
nahrazeny B-kateninem a fadou dalSich proteinii ovliviiyjicich transkripci, napt. acetyldzami
histontt (HAT), jez pracuji opaéné neZ HDAC a chromatin rozbaluji.

Vratme se ale jesté¢ k TCF/LEF rodiné; u savcl existuji ¢tyfi geny — Tcf1, Lefl, Tcf3
a Tcf4. Zajimavé je, kolik rtznych izoforem téchto transkripénich faktortt mize vzniknout
diky alternativnim promotorim (7cf1, Lef1) a alternativnimu sestfihu exonti, takze vznika celad
Skéala transkriptd odliSnych vlastnosti. Obecné plati, Ze TCF1 a TCF4 mohou byt jak
aktivatory, tak represory transkripce, kdezto LEF1 plsobi vice aktivaéné a TCF3 spiSe
inhibi¢cng. DilezZitou roli hraji posttranslaéni modifikace proteini, které také ovliviiuji
TCF/LEF funkci. Napf. sumoylace odstrafiuje LEF1 do jadernych télisek, ¢imzZ ho inhibuje,
na rozdil od acetylace transkripcnich faktort pomoci p300/CBP, jez ptsobi aktivacné [27,
28]. Fosforylace se 1i8i dle mista a toho kterého proteinu; napt. fosforylace TCF3 skrze CKle
zvySuje jeho afinitu k B-kateninu na tkor Groucho/TLE represoru a tudiz roste transkripéni
aktivita [29].

Vedle zminénych mechanismi, jeZ zasadné reguluji miru Wnt signalizace a tudiz i

soubor cilovych genti, které budou piepsany, je tfeba vzit taktéz v potaz fadu jadernych



agonistl a antagonistl. Tyto proteiny vesmés moduluji vazbu [-kateninu k TCF/LEF
faktorim, ptipadné pak reguluji univerzalni komponenty transkripéniho aparatu. Mezi
represory se fadi protein CtBP pfimo interagujici s nékterymi TCF [30], dale proteiny Chibby
a ICAT, které vazou B-katenin a brani tak vazb¢ jinych partnerti [31, 32]. KLF4 zase chrani 3-
katenin a histony v misté cilovych genti od potfebné acetylace [33].

Naproti tomu adaptorovy protein Bcl9 a jeho vazebny partner Pygopus jsou
nezbytné pro B-kateninem vyvolanou transkripci. Trvale jaderny Pygopus verbuje po spusténi
drahy Bcl9/B-katenin duplex, a protoZe soucasné vaze také chromatin, vytvafi jakousi kotvu
pro B-katenin v pfipad¢ ukonceni transkripce [34]. Acetyltransferazy p300/CBP interaguji
s C-koncem B-kateninu a jak jiz bylo zminéno vySe, modifikuji histony Siroko daleko (az do
30 kilobazi) kolem WRE motivli v promotorech cilovych gent [35]. Zajimavé je, Ze i po
stimulaci proteinem Wnt je B-katenin s navdzanymi koaktivatory periodicky nahrazovan
represory, a to navzdory pfetrvavajici stimulaci. Dochazi tedy k jakémusi cyklovani
aktivacnich versus inhibi¢nich sad proteinti na TCF/LEF faktorech [36, 37].

Cilové geny drahy Wnt jsou lemovéany zpravidla nckolika sekvencemi WRE,
pfi¢emz nékteré se nachazeji daleko od pocatku transkripce. Mlze byt pfitomen jesté dalsi
motiv rozpoznavany TCF/LEF doménou zvanou ,,C-clamp* (,,cysteinova svorka®), kterou lze
nalézt v nékterych variantach transkripénich faktorti. Tento druhy motiv umoznuje regulaci
odliSnych cilovych gent [38-40]. Protoze se drdha Wnt Ucastni riznych bunécnych procesi,
je ziejmé, Ze exprese cilovych genli zavisi na té které tkani a zejména na Casové Skale po
aktivaci [41]. Navzdory tomu vSak existuje téméf univerzalni cilovy gen a tim je Axin2,
podobné jako u octomilky gen Naked cuticle indukovany Wingless drahou (Wingless je
ortolog od Wnt v octomilce) [42, 43]. Mezi dalsi cilové geny patii fada jinych komponent
samotné drahy, kterd se timto sama reguluje (Frizzled a LRP receptory, proteiny
extracelularni matrix...). Buné¢né dé¢leni, apoptdza, diferenciace, adheze nebo imunitni
odpovéd’ jsou ovlivnény Wnt-indukovanymi geny, nyni zndme zhruba 100 pfimych cilovych
gentl, jak nas informuje domovska stranka proteinu Wnt

(http://www.stanford.edu/group/nusselab/cgi-bin/wnt/target genes). Kromé téchto piimo

spusténych genli kontrolovanych skrze WRE motiv je tu ale celd fada nepiimych cilovych
gend napft. transkripéni regulator c-Myec, ktery je indukovan piimo drdhou Wnt, dale spousti
rizné efektory jako je protein p21 [44]. Mnoho neni zndmo o represi cilovych genli drahou
Wnt, prestoze nckteré dukazy existuji. Transkripcni faktor Ultrabithorax v octomilce je
pfepisovan v zavislosti na sile Wnt signalizace — pfi slabych signalech je aktivovan, kdeZto pii

silnych naopak inhibovan [45].



3.  Vysledky

Nase vysledky pfispivaji do mozaiky védéni o draze Wnt. Prvni publikace se
tématicky drzi na plazmatické membrané buiiky. Tyka se ligandu Wnt, ktery dava jméno celé
draze, a ktery byl doneddvna zahadou pro své hydrofobni vlastnosti. NeltspéSna snaha
izolovat jednotlivé proteiny Wnt byla prolomena, kdyz Karl Willert se svymi kolegy objevil
metodou hmotnostni spektroskopie, Ze protein Wnt3a je palmitylovan na cysteinu 77 [4].
Protoze je tento cystein evoluéné vysoce zakonzervovan, najdeme ho v sekvenci i ostatnich
Wnt proteinti a 1ze ptedpokladat, ze disponuji stejnou modifikaci. Posléze byl objeven druhy
acyl, palmitat sjednou dvojnou vazbou, na serinu 209 Wnt3a [5]. I tato modifikace je
pravdépodobné univerzalni, nebot’ obdobny serin nalezneme 1 v ostatnich Wnt proteinech.
Predpoklada se, Ze ob& lipidové upravy pacha jeden a tentyz enzym, totiz acyltransferaza
Porcupine [46]. Celé tfada publikaci se zabyva roli obou acylii, nicméné jednotny konsensus
neexistuje, at’ uz proto, ze byly zkoumany rizné proteiny Wnt nebo proto, ze kazdy modelovy
organismus muze skytat unikatni prostfedi se specifickymi mechanismy. Ziejmé je, Ze acyly
délaji Wnt proteiny hydrofobni a souvisi s jejich aktivitou [4, 47-49]. My jsme se sousttedili
na dva proteiny, mys$i Wntl a Wnt3a a vytvofili jejich mutantni formy, jeZ disponuji vzdy jen
jednim z obou acyli. Timto nastrojem jsme chtéli odhalit funkci lipidovych modifikaci.
Zajimavy vysledek byl ten, Ze pokud jsme zmutovali konzervovany serin, Wnt nebyl nejen
acylovan na serinu, ale ani na pfitomném cysteinu. Z toho Ize vyvodit, Ze modifikace serinu
pfedchazi a podminuje palmitaci cysteinu. Wnt bez acylli ztraci aktivitu, pfestoZze je
sekretovan vné bunék. Pokud jsme zaménili konzervovany cystein za alanin, serin byl 1 nadale
modifikovan a proteiny si zachovali alespoil ¢astecnou aktivitu. Sekretovany Wnt je
asociovan s plazmatickou membranou a také s extracelularni matrix (ECM), po které se
pravdépodobné pohybuje. Dokonce nepalmitylované formy proteinu Wnt jsou barvitelné
extracelularné, jak uz bylo zminéno. Co je vSak odliSuje od funkénich proteinl je jejich
absence na ECM. Wnt ligandy tedy pro svou funkci potiebuji ECM coby nosic ¢i koreceptor a
k tomu jsou nezbytné hydrofobni acyly. Jestli pomahaji ptimé vazbé Wnt proteinit na ECM
nebo je potieba néjaky prostrednik ziistava Zhavou otdzkou.

Druhé publikace se zabyva fenoménem piezivani leukemickych bunék vyvolaného
proteinem Wnt pfi snaze zahubit je ligandem TRAIL. Cela fada leukemickych bun€k vyuziva
kanonickou drahu Wnt, soudé€ podle stabilizovaného proteinu B-katenin [50, 51]. Tato drdha

je zaroven kliova pro spravny prabéh zrani lymfocytd fady B i T, nemluvé o kmenovych



hematopoetickych bunkach, kterym umoziiuje pomalé déleni a brani diferenciaci, takze
udrzuje jejich stalou pfitomnost i béhem dospélosti [52-54]. Neni tedy divu, Zze drdha Wnt
patii k nastrojim, jez si leukemické bunky rady udrzi. Podle teorie ,,rakovinnych kmenovych
bunek® nadory pretrvavaji pravé diky rezervodru rakovinnych bunék s vlastnostmi bunck
kmenovych, které neustdle dodavaji nové odolné klony [1]. Ty jsou pak pficinou névratu
nadortt po jejich 1écbé. Ligand TRAIL je zlatym jablkem protirakovinné 1écby, protoze
vyvolava apoptozu predevsim u malignich buné€k, kdezto na ostatni neptisobi. TRAIL vazbou
na tzv. ,,smrtici* receptory (,,death receptors; DR4 a DRS) spusti kaskadu kaspaz, které $tépi
celou fadu proteinti a v disledku navodi bunéénou smrt. My jsme zjistili, Ze pre-B bunécné
linie (REH, KM3) kultivované v prostfedi s fibroblasty produkujicimi protein Wntl nebo
Wnt3a na rozdil od linii jiného pivodu (Ramos, ML-1, HL-60...) jsou odolné vici apoptdze
vyvolané molekulou TRAIL. Mechanismus tohoto jevu mize souviset sniz§i expresi
»smrticich® receptorti na povrchu pre-B bunék kultivovanych v pfitomnosti proteintit Wnt.
Nicméné, samotny protein Wnt nestaci, nebot pouze pokud je produkovan prave
embryondlnimi krysimi fibroblasty a ne jinymi, lze fenomén pozorovat. Lze tedy
ptedpokladat dalsi molekulu(y), indukované Wnt proteiny v danych fibroblastech, které stoji
za prezivanim kokultivovanych pre-B bun¢k. Piestoze TRAIL putsobi apoptoticky na paletu
rakovinnych bunéénych linii, fada primarnich nadort je k nému rezistentni navzdory expresi
nsmrticich® receptort [55, 56]. Draha Wnt stejné jako dalsi ji zpisobené sekundarni signaly
mohou vysvétlit odolnost nékterych nadort k ligandu TRAIL.

Zbylé dve publikace nés pfivedou do bunééného jadra, k pomysiné , tfesni¢ce* drahy
Wnt, nebot’ zde vrcholi signalizace ptepisem cilovych genid. Jak uZz bylo zminéno,
transkripéni faktory TCF/LEF rodiny funguji ve dvou modech. Bud jako inhibitory
transkripce, pokud vaZzou Groucho/TLE represory, nebo jako aktivatory, kdyz je vysttida -
katenin [57]. Vedle zminénych proteinl existuje spousta dalSich modulétord, interakénich
partnerit TCF/LEF nebo B-kateninu, které ovliviiuji jejich funkci a miru transkripce, ptipadné
specifitu ptepisu cilovych gent.

Protein Dazap2 znadmy svou ulohou béhem vyvoje srdce nebo nervové soustavy
nebyl zatim nikdy davan do souvislosti s drdhou Wnt [58, 59]. My jsme Dazap2 popsali jako
vazebného partnera transkripéniho faktoru TCF4. Vazbu obou molekul umoziuje velmi
kratky motiv v TCF4 proteinu (aminokyseliny 214-228), ktery je nalezen 1 ostatnich ¢lent
této rodiny. Nejde o tytéz aminokyseliny, nybrz o motiv podobny strukturou. Dazap2 se
nachazi v komplexu TCF4:B-katenin, pokud je drdha Wnt spusténa. Kromé bunééného jadra,

kde se vyskytuje v neidentifikovanych téliscich, se Dazap2 barvi také v cytoplazmé. Pokud je
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vsak v bunkach ektopicky ptepisovan spolu s TCF4 proteinem, zcela translokuje do jadra, coz
jen potvrzuje vzajemnou vazbu obou proteint. Co se tyce funkce, spolu se snizenim mnoZzstvi
Dazap2 proteinu v riznych bunikdch se snizuje také transkripce vyvoland proteinem Wnt.
ProtoZe je sniZena i vazba TCF4 k promotorim cilovych gent, zdéa se, Ze Dazap2 ovliviluje
afinitu tohoto transkripéniho faktoru ke specifické DNA sekvenci. Souhrnem, nalezli jsme
novou komponentu drdhy Wnt regulujici funkci transkripénich faktort rodiny TCF/LEF.

V posledni publikaci se soustiedime na protein HIC1, dal§i vazebny partner TCF4
efektoru. Jiz struktura proteinu HIC1 napovidd nékolik zajimavych skutecnosti. Jednak
obsahuje vazebny motiv pro univerzalni jaderny korepresor CtBP [60], jednak mé potencial
vytvaret oligomery, coz se skutecn¢ déje v podobé tzv. HIC1 jadernych télisek [61], a
naposled je schopen specifické vazby na DNA, tj. rozpoznava konkrétni sekvenci (HiRE —
HICI responzivni element) [62]. Skrze HiRE protein inhibuje cilové geny s pomoci i bez
histonovych deacetyldz [63]. Protoze HIC1 mtiZe ovlivnit buné¢nou distribuci represoru CtBP
a CtBP zaroven negativné reguluje kanonickou TCF/B-kateninem ficenou transkripci, pokusili
jsme se poodhalit vzajemnou souvislost mezi t€émito molekularnimi hrac¢i. Nase vysledky
potvrdily existenci jadernych HICI télisek, kam je G€inn¢ vtazen taktéZ protein CtBP, stejné
jako TCF4. I bez ptitomnosti CtBP je TCF4 stale vtahovan do télisek, coZ je jen dusledkem
piimé vazby k represoru HIC1. Ptitomnost jadernych télisek podminiuje inhibicni potencial
proteinu HIC1 na kanonickou Wnt drdhu. V téliscich spociva také mechanismus vlastni
represe. To, ze je TCF4 a dokonce spolu s -kateninem vtahovan do HICI télisek, zplsobi
nedostatek téchto transkripénich regulatorti na promotorech cilovych genil a hovotime o jejich
represi. T¢liska tedy slouzi jako G¢inné proteinoveé skladiSté. Protoze protein HIC1 reguluje
geny kontrolujici bunécny rist a zaroven bunécnou smrt v disledku poskozeni DNA, a

protoze je umléen v fad€ nadort, je to velmi zajimavy cil pro piipadné 1éCebné terapie.
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1.  Summary

Signaling pathways function as molecular instruments mediating cellular response to
intrinsic and extrinsic inputs, which can consequently lead to cell division or differentiation
on one side and cell death on the other. Molecular network of different pathways enables the
intercellular communication and hence the whole organism can exist and function
coordinately.

The Wnt signaling pathway belongs among evolutionarily old and conserved
molecular pathways and acts in many different processes during development. Moreover, it is
necessary for maintenance of adult tissues as it participates in regeneration. Diverse
malignancies, where repressive components of the Wnt pathway are non-functional, represent
seamy side of the scope.

This thesis is based on 4 publications covering Wnt signaling on very multifarious
levels. Firstly, I focus on processing of Wnt protein which stands at the beginning of the
cascade as extracellular morphogen. Secondly, survival effect of Wnt producing fibroblasts on
leukemia cells after induction of apoptosis by ligand TRAIL is discussed. The third issue
shows novel components of the Wnt signaling pathway and introduces us into nucleus —

“bottom” level of the pathway.

1. Fatty acid modification of Wntl and Wnt3a at serine is prerequisite for lipidation at cysteine and is
essential for Wnt signalling. Doubravska L, Krausova M, Gradl D, Vojtechova M, Tumova L, Lukas
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2008 Apr;13(4):573-87. Epub 2008 Mar 18.
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Nucleic Acids Res. 2009 May;37(9):3007-20. Epub 2009 Mar 20.
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Epub 2006 May 25.
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2. Introduction

The Wnt signaling pathway represents one of many cellular protein cascades. It
plays a role in cell differentiation during the development as well as in adulthood. Wnt signals
provide tissue regeneration via stem cells which have the potential to generate different kinds
of tissues. The seamy side of Wnt signaling is connected to disregulation of pathway
components leading to cancers. The advantage of the Wnt-induced regeneration ability is
misapplied by tumors and gives them a chance to survive the therapy [1, 2].

The components of the Wnt molecular cascade are evolutionarily conserved as we
can find them in both sea anemone Nematostella vectensis and humans [3]. There are more
pathways using Wnt ligand (planar cell polarity pathway, Wnt/Ca2+ pathway) but we focus
on the canonical Wnt pathway with the key protein B-catenin. However, it is important to
perceive that Wnt signaling in terms of linear pathways does not exist. The “individual”
pathways mutually interact at least via common molecules.

Wnt ligands belong to a protein family composed of 19 members in mammals which
have highly conserved sequences. Especially the number and the position of cysteines are
very similar in Wnt proteins. Hydrophobic properties are based on the palmitoylation status of
the Wnts and N-glycosylations are also employed. Both posttranslational modifications
condition ligand biological activity [4-6]. Wnt proteins are secreted out of the cells where they
tightly associate with extracellular matrix that is used as a transport medium [7, 8].
Furthermore, the Wnts together with other morphogenes use lipoparticles to travel longer
distances. We call them argosomes in Drosophila [9, 10] and the analogical lipoprotein HDL
in mammals serves similarly [11].

The Wnt signaling pathway is not triggered in the absence of the ligand. The key
molecule of the canonical Wnt pathway - B-catenin - is continually diminished in the
cytoplasm via the “degradation complex”. This protein conglomerate composes of axin, APC
(adenomatous polyposis coli) and kinases GSK3 (glycogen synthase kinase 3) and CK1
(casein kinase 1), which address B-catenin to the proteasome by phosphorylation on multiple
sites. Simultaneously, B-catenin is located in the adhesive junctions in plasmatic membranes
and so it participates in physical connection among neighbouring cells [12, 13]. Moreover,
linking extracellular environment to intracellular one, especially to cytoskeleton, may lead to

cell movement. Obviously, there are two distinct cytoplasmic B-catenin pools, whereas one
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can influence each other. This kind of insight allows us to understand how complex the
cellular response is.

Immediately after Wnt ligand is added, it bridges Frizzled receptor with LRP co-
receptor. Consequently, the function of the “degradation complex” is disrupted. In more
detail, Frizzled receptor, passing seven times through the plasmatic membrane, binds on its
cytoplasmatic end an adaptor protein Dishevelled. This adaptor brings axin with bound GSK3
to close proximity of the LRP phosphorylation sites [14, 15]. The LRP modification by GSK3
and other kinases makes the co-receptor serve as a dock for the axin complex. Within minutes
the “LRP signalosome” — the ribosome-sized protein oligomer — is generated leading to the
arrest of P-catenin phosphorylation by the already non-functional “degradation complex™
[16]. B-catenin cumulates in the cytoplasm and further translocates into the nucleus. It
probably happens via direct interaction of nucleoporins with the B-catenin domain that is
structurally similar to the nuclear importin [17, 18]. There are plenty of B-catenin interacting
partners which help protein move outside the nucleus (APC, axin, menin, RanBP3) or inside
(Bcl9), so P-catenin seems to shuttle between the cytoplasm and the nucleus [19-23].
Anyway, being in the nucleus, -catenin binds to transcription factors of the TCF/LEF protein
family and transactivates target genes expression [24-26].

Nuclear effectors of Wnt signaling, TCF/LEF proteins, recognize a specific DNA
sequence called the Wnt responsive element (WRE) [CCTTTGT/AT/A]. If the pathway is
switched off and so there is no nuclear B-catenin, than TCF/LEF proteins stay in the complex
with Groucho/TLE transcriptional repressors. These repressors use histone deacetylases
(HDACSs) that provide chromatin compaction as an inhibition mechanism. Upon HDACs
action genes are then less accessible for the transcription apparatus. After adding Wnt ligand,
Groucho/TLE repressors are substituted by B-catenin together with a set of transcriptional
activators such as histone acetylases (HATs). HATs function conversely than HDACs and
decompress chromatin.

But back to the TCF/LEF protein family; there are four genes in mammals — 7¢f1,
Lefl, Tcf3 and Tcf4. It is interesting how many isoforms of these transcription factors may be
generated by alternative promoters (7cf1, Lefl) and alternative exon splicing. As the result
there are a number of transcripts with different functional properties. Generally, TCF1 and
TCF4 may act either as transcriptional activators or repressors while LEF1 rather activates
and TCF3 more inhibits transcription. Posttranslational modifications further modulate
TCF/LEF function. For instance, sumoylated LEF1 is inhibited by targeting into nuclear
bodies in contrast to via p300/CBP acetylated factors that are more actively potent [27, 28].
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As for the phosphorylation, it depends on each TCF/LEF family member but as an example,
CKle modifies and increases so TCF3 affinity to B-catenin instead of Groucho/TLE
repressors which consequently means transcriptional activation [29].

Besides the mentioned regulation mechanism of Wnt signaling that can influence
which set of target genes will be transcribed there are also nuclear agonist and antagonists.
These proteins modulate especially B-catenin - TCF/LEF interaction or they can influence
universal components of a transcriptional apparatus. Protein CtBP functions in a repressive
way and binds directly to TCF [30]. Chibby and ICAT are B-catenin partners that blockade it
from binding other proteins [31, 32] and KLF4 protects B-catenin and histones from
acetylation needed for target genes expression [33].

On the contrary, the adaptor protein Bcl9, together with its interactor Pygopus, are
essential for Wnt/B-catenin mediated transcription. The protein complex of Bcl9 and B-catenin
is recruited by nuclear Pygopus upon Wnt stimulus. Pygopus generates a kind of an anchor
for B-catenin in case of transcription termination as it binds also chromatin at the same time
[34]. Acetyl transferases p300/CBP interact with the B-catenin C-terminus and as already
mentioned these enzymes modify histones up to 30 kilo bases around WRE motifs in target
genes promoters [35]. It is interesting that even upon Wnt stimulation B-catenin with bound
co-activators is changed periodically by transcriptional repressors. So, we can observe
permanent cycling of activating versus inhibiting sets of proteins on TCF/LEF factors [36,
37].

The Wnt signaling target genes are flanked by several WRE motifs; some of them
may be situated faraway from transcription start sites. There is another element recognized by
the TCF/LEF domain called “C-clamp”, which is present in several splicing variants. This
second motif may regulate a different set of target genes [38-40]. Because the Wnt pathway
takes part in various cellular processes, it is obvious that expression of target genes depends
on the tissue context and time after activation [41]. Nevertheless, there is a universal Wnt
target gene — Axin2 in mammals, similarly to Drosophila gene Naked cuticle [42, 43]. The
components of the Wnt pathway itself are also target genes (Frizzled and LRP receptors,
ECM proteins...) and manage signaling autoregulation. Cell division, apoptosis,
differenciation, adhesion or immune response, all these processes are influenced by Wnt-
induced genes. Nowadays, one hundred direct target genes are known, as “the Wnt home

page” informs us (http://www.stanford.edu/group/nusselab/cgi-bin/wnt/target_genes). There

are plenty of indirect Wnt target genes next to the direct ones controlled via WRE motifs. For

instance, the transcriptional regulator c-Myc, which is induced directly by the Wnt pathway,
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further triggers various effectors such as protein p21 [44]. Not much is known about
repression of Wnt target genes but some evidence exists. Ultrabithorax, a Drosophila
transcription factor, is expressed according to the strength of Wnt signaling — it is activated

during weak signaling and vice versa [45].

3. Results

Our results aim to increase the knowledge about the Wnt signaling pathway. The
first publication deals with the plasmatic membrane of the cell. We focus on the Wnt protein,
which gives name to the whole pathway and which was until recently kind of mystery for its
hydrophobic properties. The unsuccessful effort to isolate any of the Wnts was finally broken
by Karl Willert and his colleagues. Using a mass spectrometry method they discovered the
protein Wnt3a is palmitoylated on cysteine 77 [4]. The individual cysteine is highly conserved
through the Wnt family and may be modified in other members as well. Later on, the second
acyl, palmitoleoyl, was shown to be attached to serine 209 of Wnt3a [5]. Also this
modification seems to be universal as homologous serine is present in other Wnt proteins. It is
supposed that acyltransferase Porcupine can append both lipids [46]. The role of acyls has
already been described many times. However, a final unified consensus does not exist for
several reasons. Different Wnt proteins were researched and also each model organism can
provide special environment with its specific mechanisms. Nevertheless, it is obvious that
both Wnt hydrophobicity and activity are connected to the acyls presence [4, 47-49]. We
focused on murine Wntl and Wnt3a and generated mutant protein forms having only one of
the proposed lipids. This should be the instrument to uncover the lipids role. The first
interesting result was that when we mutated conserved serine, the Wnts were acylated neither
on serine, as supposed, nor on conserved cysteine. So serine modification precedes and
conditions cysteine palmitoylation. Non-acylated Wnt proteins lose their activity despite
being properly secreted outside the cells. When we changed conserved modified cysteine for
alanine, serine was still acylated and proteins functional, at least partially. Secreted Wnt
ligand associates with the plasmatic membrane and also with the ECM, which serves for
transportation evidently. As I have already mentioned, even the non-acylated forms of the
Wnats are stainable extracellularly. But what makes them different from functional proteins is

their absence from the ECM. The ECM acts as a Wnt carrier or a co-receptor and the acyls are
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necessary for their mutual binding. Whether the lipids help to manage direct interaction or an
unknown mediator is necessary remains a hot question.

The second publication deals with the phenomenon of leukemic cell survival caused
by fibroblasts producing a Wnt protein upon TRAIL-induced apoptosis. Leukemic cells often
use canonical Wnt signaling judging by the stabilized B-catenin [50, 51]. At the same time,
the Wnt pathway is the key protein cascade necessary for proper maturation of B and T
lymphocytes. Moreover, it enables hematopoietic stem cells to divide slowly and regulates
differentiation to maintain their pool during the whole life [52-54]. It is easy to understand
why leukemias tend to keep this instrument. Agreeably with “the theory of cancer stem cells”
tumors resist thanks to the reservoir of cancer cells with stem cell characteristics that
continuously supply new clones [1] and are believed to be responsible for recurrence of the
disease after therapy. TRAIL ligand represents the promising anticancer molecule as it
induces apoptosis particularly in malignant cells. After TRAIL binding to the “death
receptors” (DR4 and DRSY5) the cascade of caspases is triggered leading to consequent
cleavage of different cellular proteins and finally to the cell death. We found that pre-B cell
lines (REK, KM3) co-cultured with fibroblasts producing Wntl or Wnt3a in contrast to lines
of another origin (Ramos, ML-1, HL-60...) are TRAIL resistant. The mechanism can be
partially explained by lower expression of surface “death receptors” on pre-B cells in the
presence of Wnt proteins. However, Wnt ligand alone is not enough to induce the mentioned
phenomenon. It must be produced solely by rat embryonic fibroblasts. So we suppose that
there is (are) (an)other Wnt-triggered fibroblast molecule(s) responsible for pre-B cells
survival. Although many cancer cell lines are TRAIL sensitive, the primary tumors are often
resistant despite the expression of “death receptors” [55, 56]. The Wnt pathway together with
its consequent secondary signals may help to explain this puzzle.

The remaining two publications introduce us into the nucleus — “icing on the Wnt
cake”. As already mentioned, transcription factors of the TCF/LEF family function in two
modes; either as transcriptional inhibitors if they bind Groucho/TLE repressors or as
activators if they change them for B-catenin [57]. Besides the mentioned interacting proteins,
plenty of other modulators exist that influence transcription or target genes specificity.

Protein Dazap2 known for its role during heart and brain development has not been
associated with Wnt signaling yet [58, 59]. We recognized Dazap?2 as an interacting partner of
transcription factor TCF4. The very short TCF4 motif (amino acids 214-228) is responsible
for the binding. This motif is structurally conserved also in the rest of TCF/LEF protein

family members meaning that Dazap2 can interact with all of them. After activation, Dazap2
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is found in the TCF4:B-catenin protein complex in the nucleus. Otherwise, it is stained both in
the cytoplasm and in the dot-like structures in the nucleus. If there are both Dazap2 and TCF4
ectopically expressed in the cells, Dazap2 then completely translocates to the nucleus which
only confirms mutual interaction. As for the function, we found that the lower cellular amount
of Dazap2 protein leads to the down-regulated Wnt-induced transcription. Because TCF4
binds target genes promoters less while Dazap2 knocked-down we speculate that Dazap2 may
influence TCF4 affinity to the specific DNA sequence. Summing up, there is a novel
component of the Wnt signaling pathway that regulates TCF/LEF proteins function.

Another TCF4 interacting protein, HIC1, is focused in the last publication. There are
several interesting HIC1 properties anticipated by its structure. Firstly, HICI1 is able to bind
the universal nuclear co-repressor CtBP [60]. Secondly, the protein is easy to oligomerize and
the generated structure is called “HIC1 nuclear bodies” [61]. And lastly, HIC1 specifically
interacts with DNA via an individual sequence element (HiRE — HICI1 responsive element)
and inhibits target genes [62, 63]. Since CtBP distribution can be regulated by HIC1 and at
the same time CtBP regulates TCF/B-catenin driven transcription negatively; we tried to
uncover mutual relation among these molecules. Our results confirmed the existence of HIC1
nuclear bodies that effectively drag in both CtBP and TCF4. Even in the absence of CtBP,
TCF4 is still retracted into the bodies as a consequence of direct interaction with the repressor
HIC1. Canonical Wnt signaling can be negatively modulated by HIC1 in dependence on
suppressor oligomerization ability. And HIC1 nuclear bodies also mediate the repression by
recruitment of TCF4 with bound B-catenin from target gene promoters. The bodies serve as a
kind of depository. HIC1 regulates genes controlling cell growth on one side and cell death
resulting from DNA damage on the other. It is the reason why tumors often silence HIC1 and

why this protein could be a good object of anticancer therapy.

List of abbreviations: page 3
Literature list: pages 10-12

24





