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Abstract

The Wnt pathway is one of the major signaling cascades contributing to
multiple cellular processes during embryogenesis, and adult tissue homeostasis
and regeneration. Moreover, aberrant activation of the Wnt signaling pathway is
connected with development of neoplasia, notably colorectal cancer.

The aim of the thesis was to identify new ways of the Wnt pathway
regulation to understand better physiological as well as non-physiological
mechanisms of Wnt signaling. The results are summarized in four publications.

The first article deals with TROY, a member of tumor necrosis factor
receptor family. We identified TROY as a Wnt target gene during our search for
Whnt responsive genes in colorectal cancer cell lines. Additionally, we detected
expression of Troy in tumors of two mouse models of intestinal cancer. In the
healthy gut, Troy is produced in fast cycling intestinal stem cells where
negatively regulates the Wnt pathway.

The second study focuses on processing and posttranslational modification
of murine Wntl and Wnt3a. Wnts are glycosylated and double acetylated by
lipid adducts and our results revealed that O-linked acylation of serine is
required for the subsequent S-palmitoylation of cysteine. Moreover, acylation of
Whnts is connected with their signaling activity which is related to Wntl and
Whnt3a ability to associate with the extracellular matrix.

The third report describes the generation of conditional knock-out and
citrine-reporter alleles of the gene Hicl, a tumor suppressor gene which was
previously described in our laboratory as a negative regulator of the Wnt
signaling pathway.

Finally, protein Dazap2 a small, evolutionary conserved, ubiquitously

expressed gene was identified as an interacting partner of the TCF proteins. We



detected Dazap2 modulates the affinity of TCF4 for its DNA recognition motif
and thus enhance the expression of the Wnt signaling target genes.

Introduction

The signaling pathway initiated by the extracellular ligands Wnts is one of
a few evolutionarily-conserved signal transduction pathways used largely during
animal development, from Hydra to humans®. Wnt signals control myriads of
processes in animal development, tissue regeneration, stem cell maintenance,
synaptic plasticity and neurotransmission, and additionally, cancer development
and progression®.

The Wnt pathway is initiated by binding of Wnt proteins to the
Frizzled/LRP heterodimer at the cell surface®. These receptors transduce a signal
to protein complex which consist several intracellular proteins including
Dishevelled (Dvl), glycogen synthase kinase-33 (GSK-3), Axin, Adenomatous
Polyposis Coli (APC), and B-catenin. The level of B-catenin is normally kept
low in the cell by continuous proteasome-mediated degradation. The process is
controlled by above mentioned protein complex and E3 ubiquitin ligase -
transducin repeat-containing protein (B-TrCP) (Figure 1)*. When cells receive
Wnt signals, the degradation is inhibited, and consequently [-catenin
accumulates in the cytoplasm and enters into nucleus. There, it interact with
transcription factors of the T cell-specific transcription factor/ lymphoid
enhancer-binding factor (TCF/LEF) family, which are in the absence of the Wnt
signal bonded by Groucho transcription repressors, to turn on the expression of
large set of genes’.

The most notable Wnt targets include members of the Wnt signal
transduction pathway itself, providing a negative feedback control, as Axin2,
cell cycle progression related genes as c-Myc and stem cells markers as leucine-

rich repeat-containing G-protein coupled receptor (LGR) 5" °.



There are numerous regulators that contribute to balanced Wnt pathway activity.
To reveal new ways of canonical Wnt pathway regulation were aims of this

thesis.

Figure 1: A
simplified scheme of
canonical whnt
signaling. In the
absence of Wnt, the
[-catenin destruction
complex comprising
scaffolding proteins
Axin and APC,
kinases CK1 and
GSK3, and protein
Dvl continuously

binds,
Wnt target gene Whnt target gene phosphorylates, and

mediates
ubiquitinilation of B-catenin by B-TrCP. The proteasome instantly recognizes and degrades
such modified p-catenin. Wnt induces the association of the entire complex with
phosphorylated LRP trough proteins Dvl and Axin, while 3-TrCP dissociate. After binding to
LRP, the destruction complex saturates with phosphorylated, but not ubiquitinilated, 3-catenin
and newly synthesized [3-catenin accumulates in the cytoplasm and enters the cell nucleus. In
there, it displaces the Groucho transcriptional repressors from Wnt target gene regulatory
elements occupied by TCF transcription factors, and recruits the transcriptional coactivators
instead. Modified from the reference”.



List of methods

preparation of plasmids with recombined proteins
lentiviral/retroviral infection

cell culture, transfection and generation of stable cell lines
recombinant protein isolation, coimmunoprecipitaions

western and Southern blotting,

Immunocytochemistry, confocal microscopy, FRET, FACS
Immunohistochemistry, in situ hybridization

radioactive labeling, cell proliferation assay

double axis formation assay in Xenopus embryos

RNA isolation, cDNA synthesis and qRT PCR

density gradient ultracentrifugation and extracellular matrix isolation
reporter assays, cell SIRNA treatments

yeast two hybrid screen

antigen preparation, antibody purification

chromatin immunoprecipitation

expression profiling - microarrays

transgenic mouse strain preparation, gene targeting, reporter mouse analysis
bisulfite sequencing

organoid isolation and cultivation



Results

Troy, a Tumor Necrosis Factor Receptor Family Member, Interacts

with Lgr5 to Inhibit Wnt Signaling in Intestinal Stem Cells

Fafilek B, Krausova M, Vojtechova M, Tumova L, Pospichalova V,
Sloncova E, Huranova M, Stancikova J, Sedlacek R, Luksan O, Oliverius
M, Voska L, Jirsa M, Paces J, Kolar M, Krivjanska M, Klimesova K,
Tlaskalova-Hogenova H, Korinek V.

Gastroenterology. 2012, accepted for publication

Abstract:

Background & Aims: The Wnt signaling pathway is required for maintenance
of the intestinal epithelia; blocking this pathway reduces the proliferative
capacity of the intestinal stem cells. However, aberrant Wnt signaling leads to
intestinal cancer. We investigated the roles of the Wnt pathway in intestinal
epithelium homeostasis and during malignant transformation in human cells and
mice.

Methods: We performed chromatin immunoprecipitation with DNA microarray
analysis (ChIP-onchip) to identify genes regulated by Wnt signaling in human
colorectal cancer (CRC) cells Colo320, DLD1, LS174T, and SW480. Intestinal
tumor formation was induced in C57BL/6J mice using azoxymethane and
dextran sulphate. Intestine tissues from these mice, as well as Apc”™" and
ApcKoKO/ gr5-EGFP-IRES-CreERT2  mice,  were  analyzed by
immunohistochemisty and in situ hybridization.

Results: We identified promoter regions of 960 genes that interacted with the
Wnt pathway nuclear effector T-cell factor 4 in four different human CRC-

derived cell lines; 18 of these promoters were present in all chromatin
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precipitates. Wnt signaling upregulated a member of the tumor necrosis factor
receptor superfamily called TROY. Levels of TROY mRNA were increased in
human cells with deficiencies in the adenomatous polyposis coli (APC) gene and
in cells stimulated with the Wnt3a ligand. Troy expression was significantly
upregulated in neoplastic tissues from mice during intestinal tumorigenesis.
Lineage-tracing experiments revealed that Troy is produced specifically by fast-
cycling intestinal stem cells. TROY associated with a unique marker of these
cells, leucine-rich-repeat containing G-protein coupled receptor (LGR) 5. In
organoids established from the intestinal crypts, Troy suppressed signaling by
R-spondin, a Wnt agonist.

Conclusions: TROY is upregulated in human colorectal cancer cell lines and in
intestinal tumors in mice. It functions as a negative modulator of the Wnt

pathway in LGR5-positive stem cells.



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 J,
Valenta T, Pospichalova V, Fafilek B, Plachy J, Sebesta O, Korinek V.
Cellular signalling. 2011 May;23(5):837-48. Epub 2011 Jan 16.

Abstract:

The Wnt family of proteins is a group of extracellular signalling molecules that
regulate cell-fate decisions in developing and adult tissues. It is presumed that
all 19 mammalian Wnt family members contain two types of post-translational
modification: the covalent attachment of fatty acids at two distinct positions, and
the N-glycosylation of multiple asparagines. We examined how these
modifications contribute to the secretion, extracellular movement and signalling
activity of mouse Wntl and Wnt3a ligands. We revealed that O-linked acylation
of serine is required for the subsequent S-palmitoylation of cysteine. As such,
mutant proteins that lack the crucial serine residue are not lipidated.
Interestingly, although double-acylation of Wntl was indispensable for
signalling in mammalian cells, in Xenopus embryos the S-palmitoyl-deficient
form retained the signalling activity. In the case of Wnt3a, the functional duality
of the attached acyls was less prominent, since the ligand lacking S-linked
palmitate was still capable of signalling in various cellular contexts. Finally, we
show that the signalling competency of both Wntl and Wnt3a is related to their

ability to associate with the extracellular matrix.
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Generation of two modified mouse alleles of the Hicl tumour

suppressor gene

Pospichalova V, Tureckova J, Fafilek B, Vojtechova M, Krausova M,
Lukas J, Sloncova E, Takacova S, Divoky V, Leprince D, Plachy J,
Korinek V. Genesis. 2011 Mar;49(3):142-51.

Abstract:

HIC1 (hypermethylated in cancer 1) is a tumor suppressor gene located on
chromosome 17p13.3, a region frequently hypermethylated or deleted in human
neoplasias. In mouse, Hicl is essential for embryonic development and exerts an
antitumor role in adult animals. Since Hicl-deficient mice die perinatally, we
generated a conditional Hicl null allele by flanking the Hicl-coding region by
loxP sites. When crossed to animals expressing Cre recombinase in a cell-
specific manner, the Hicl conditional mice will provide new insights into the
function of Hicl in developing and mature tissues. Additionally, we used gene
targeting to replace sequence-encoding amino acids 186-893 of Hicl by citrine
fluorescent protein cDNA. We demonstrate that the distribution of Hicl-citrine
fusion polypeptide corresponds to the expression pattern of wild-type Hicl.
Consequently, Hicl-citrine “‘reporter’” mice can be used to monitor the activity

of the Hicl locus using citrine fluorescence.
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Dazap2 modulates transcription driven by the Wnt effector TCF4

Lukas J, Mazna P, Valenta T, Doubravska L, Pospichalova V, Vojtechova
M, Fafilek B, Ivanek R, Plachy J, Novak J, Korinek V. Nucleic Acids
Research. 2009 May;37(9):3007-20. Epub 2009 Mar 20.

Abstract:

A major outcome of the canonical Wnt/B-catenin signalling pathway is the
transcriptional activation of a specific set of target genes. A typical feature of the
transcriptional response induced by Wnt signalling is the involvement of Tcf/Lef
factors that function in the nucleus as the principal mediators of signalling.
Vertebrate Tcf/Lef proteins perform two well-characterized functions: in
association with b-catenin they activate gene expression, and in the absence of
Whnt ligands they bind TLE/Groucho proteins to act as transcriptional repressors.
Although the general characteristics of Tcf/Lef factors are well understood, the
mechanisms that control their specific roles in various cellular backgrounds are
much less defined. In this report we reveal that the evolutionary conserved
Dazap?2 protein functions as a TCF-4 interacting partner. We demonstrate that a
short region proximal to the TCF-4 HMG box mediates the interaction and that
all Tcf/Lef family members associate with Dazap?2. Interestingly, knockdown of
Dazap2 not only reduced the activity of Wnt signalling as measured by Tcf/B-
catenin reporters but additionally altered the expression of Whnt-signalling target
genes. Finally, chromatin immunoprecipitation studies indicate that Dazap?2

modulates the affinity of TCF-4 for its DNA recognition motif.
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Discussion and conclusions

The thesis presents several diverse ways of the Wnt pathway modulation.
One of the modulations described in the first publication is represented by a
molecule of TROY, a member of the tumor necrosis factor receptor family. We
found TROY is a target gene of the Wnt pathway and it is expressed in human
colorectal cancer cells and in mouse tumors. Previously, Troy has been detected
as a Wnt/p-catenin target gene by microarray profiling but no data suggested

TROY role in Wnt signaling regulation” ®

. Moreover, we detected Troy
transcripts in fast-cycling Lrg5" stem cells, whereas originally Troy expression
was confined to the adult central nervous system, the developing hair follicle
and embryonic skin®.

Additionally, we found TROY interacts with LGR5 and inhibits canonical
Whnt signaling, although the mechanism of TROY action is uncertain. Recently,
LGR-interacting zinc and ring finger (ZNRF) 3 and ring finger (RNF) 43
transmembrane ubiquitin ligases were identified as negative regulators of Wnt
signaling'® ™. These related proteins decrease the stability of the Wnt receptor
Fz through ubiquitin-mediated degradation. TROY has been found to interact
with tumor necrosis factor receptor associated factor (TRAF) 6% ** an E3
ubiquitin ligase otherwise involved in the NFkB signaling™. It is thus possible,
that mechanism of TROY action involves ubiquitination mediated by TRAF6,
although this hypothesis requires further testing.

Strikingly, Troy deficient mice display relatively subtle and survival-

compatible phenotype™ *°

which would argue for Troy redundancy. Partial
redundancy between Troy and homologous protein Edar has already been
suggested®’. However, Edar expression was not observed in CBC cells
(unpublished data), which rules out the possible Wnt-related role of Edar in the
gut. It is thus more likely that lack of Troy, at least in the gut of Troy™ mice, is

not compensated by a single molecule but rather by some unknown signaling
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mechanism. This regulation is probably somehow eliminated in crypts grown
outside the intestinal mesenchyme, i.e. in the case of organoid culture. This may

explain why Troy deficiency was manifested only in the organoid culture.

The aim of the second study was to define the relationship between post-
translational modification and the signaling activities of Wnt proteins. We
demonstrated that for Wnt activity in mammalian cells, the acylation is
absolutely essential contrary to glycosylation, which is not absolutely required.
These results are in concordance with previous observations that Wnt
glycosylation is dispensable for its function'” *°. Moreover, our data suggest that
N-glycosylation precedes and conditions Whnts for efficient acylation because N-
glycosylation-deficient Whnts displayed apparently reduced acyl content.
Additionally, our experiments revealed differences in autocrine stimulation
induced by glycosylation deficient Wntl and Wnt3a. Whereas signaling
mediated by sugar-deficient Wnt3a was impaired, as compared to wild-type
protein, Wntl without sugar modification was able to signal as wild-type Wnt1.
Because both ligands were tested in the same cell line, Wnt signal was perceived
by the same set of receptors. Thus, N-glycosylation may determine the affinity
of Wnt ligands for various Fz receptors.

Concerning the function of the cysteine palmitoylation, our observations
support recent finding, which suggested that palmitate moiety mediates
interaction of Wnt with lipoprotein particles and thus release of Wnt3a to culture
media'®. As for the serine palmitoleoylation, our data demonstrated that this
modification is absolutely essential for Wnt signaling activity, which is also in
agreement with previous resutls®. Moreover, recently published report revealing
crystal structure of Xenopus Wnt8 in complex with a Fz CRD firmly confirmed
the necessity of this modification for Wnt-Fz interaction®*. However, the same
study also showed that XWnt8 is mono-lipidated. This result disclose obvious

dissimilarity between various Wnts, suggesting that knowledge of structure of
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one ligand/receptor complex, although highly valuable, cannot fully cover the
complexity of Wnt ligands.

The third publication documents generation of two modified alleles of
mouse Hicl. The work was based on a previous result of our laboratory which
revealed a crosstalk of HIC1 and the canonical Wnt signaling pathway?. We
have found that HIC1 physically interacts with the TCF4/B-catenin complex and
restrain these proteins from the Wnt-responsive promoters and thus attenuates
Wht signaling output®”. Moreover, HIC1 also interacts with some other proteins
of the Wnt signaling cascade like APC and likely DvI3 (unpublished data).

Since Hicl™ mice are embryonically lethal, we generated conditional Hicl
allele to study role of Hicl in canonical Wnt signaling in vivo. Additionally, to
track Hicl expressing cells, we generated Hicl-citrine ‘reporter’ strain which
expresses a reliable surrogate marker of Hicl locus activity. Recent publication
reporting genetic interaction between Hicl and the Wnt pathway in the intestinal
tumors later justified our approach®. The study describes accelerated formation
of the gastrointestinal tumors in Apc**"**Hic1*" double heterozygote mice
which carry a truncating mutation (A716) in one allele of the Apc gene and one
null allele of Hicl. Additionally, the absence of Hicl protein in tumor tissue was
accompanied by the increased expression of genes which are directly repressed
by Hicl and which are known to promote tumorigenesis e.g. Sirtl and Sox9%.
With use of these generated mice strains, we confirmed previously published®
synergistic effect of Hicl with Apc in prevention of colorectal carcinogenesis
(unpublished results). Moreover, Hicl deficient intestinal epithelia displayed
elevated expression of Wnt target genes Lgr5, Ascl2, and Sp5 (unpublished
results). These data indicate that Hicl may directly attenuate Whnt signaling in
the intestinal epithelium and intestinal tumors which potentially confirms the

previously obtained in vitro data®.
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In the fourth report, we provided evidence for an association between TCF
proteins and a small evolutionary conserved protein Dazap2. Dazap2 was
originally identified as a transcript expressed in the mouse inner ear, in the
embryonic heart and in both developing and adult mouse brain®*. However we
found Dazap2 to be ubiquitously expressed in various mouse tissues,
concordantly with other groups® ?°. Ubiquitous expression of Dazap2 together
with its highly conserved evolutional homology suggests general importance of
Dazap?2 of yet unknown significance.

Dazap2 was identified as a binding partner of many cellular proteins®” and
our data implicate its role in canonical Wnt signaling as well. The function of
Dazap2 might be modulation of the TCF affinity for its recognition motifs, as
chromatin immuneprecipitation revealed lower amounts of TCF/B-catenin
complexes on synthetic TCF promoter after Dazap2 knockdown.

Strikingly, the Dazap2”™ mice lack any obvious phenotype?, which might be
explained by redundancy with some other genes. Indeed, a sequence database
search in the mouse genome revealed a Dazap2 pseudogene localized on
chromosome 4 and one gene similar to Dazap2 on chromosome 13. Function of
proteins like Dazap2 may be considered important as there are homologous

proteins to provide backup of Dazap2-functionality.
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Souhrn

Signélni draha zahajovana proteiny Wnt fidi mnoho buné¢nych procesi
béhem embryogeneze a v dospélém organismu se podili na homeostaze a
regeneraci tkani. Navic jeji nefyziologicka aktivace byva casto spojovana

s vznikem rakoviny, zejména karcinomu tlustého stieva.

Cilem této prace bylo nalezeni novych zpusobt regulace signalni drahy
Whnt, jez by vedly k hlubSimu pochopeni jeji fyziologické i patologické aktivace.
Vysledky, jez jsou pokladem této disertace, jsou shrnuty ve ¢tyfech publikacich.

Prvni ¢lanek predstavuje protein TROY =z rodiny receptorti faktoru
nekrotizujicich nadory. TROY je cilovy gen signalni drahy Wnt, ktery jsme
nalezli, kdyz jsme hledali geny deregulované aberantni Wnt signalizaci
Vv bunécnych liniich kolorektalniho karcinomu. ZvySenou expresi genu Troy
jsme detekovali také v nddorech dvou mySich modelt stfevni rakoviny. Ve
zdravé sttevni tkani je gen Troy exprimovan pouze v rychle se délicich stfevnich

kmenovych bunkach, kde negativné reguluje signalni dréhu Wnt.

Druha studie se zaméfuje na post-translaéni modifikace mySich proteint
Wntl a Wnt3a. Ligandy Wnt jsou modifikovany jednak cukernymi komplexy a
jednak dvéma zbytky mastnych kyselin. NaSe vysledky odhalili, Ze modifikace
konzervovaného serinu zbytkem Kkyseliny palmitolejove je potiebna pro
naslednou modifikaci konzervovaného cysteinu zbytkem kyseliny palmitove.
Tyto modifikace ligandd Wnt navic ovliviiuji se jejich schopnosti signalizovat,

ktera souvisi s vlastnosti ligandi Wnt vazat se na extracelularni matrix.

Treti publikace popisuje ptipravu podminéné deletované a reportérové
alely s proteinem citrine pro gen Hicl. Hicl je nadorovy supresor, ktery byl jiz
diive popsany v nasi laboratoii jako negativni regulator signalni drdhy Wnt.

Ctvrta prace popisuje interakci proteinu Dazap2, malého evolu¢nd
konzervovaného, vSudypiitomné exprimovaného genu, s proteiny TCF rodiny.

Zjistili jsme, ze Dazap2 moduluje vazbu proteinu TCF4 na DNA a tak zesiluje

expresi cilovych genli drahy Wnt.
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Uvod

Signélni draha ligandi Wnt je jedna zmala evoluéné zachovalych
signalnich kaskad, jez se ve velké mife podili na fizeni vyvoje téla zivocichu, od
7ahavell po savce'. Kontroluje riizné procesy, jeZ se Glastni vyvoje téla
zivocichi, regenerace tkdni, udrzovani kmenovych bun¢k, synaptické plasticity

a prenosu nervovych vzruchi, a také vzniku a vyvoje rakoviny?.

Signalizace proteini Wnt je zahajovana navazanim téchto ligandi na
membranovy heterodimérni receptor Fz/LRP®. Ten potom piedava signal dale na
komplex slozeny z proteinti Dishevelled, GSK-3, Axin, APC a B-katenin. [3-
kateninu je Vv nestimulované bunce velice malo, protoZze je kontinualné
odbourdvan proteasomovou degradaci, jez je fizend vySe zminénym
proteinovym komplexem a E3 ubiquitin-ligazou p-TrCP*. Navézani ligandu Wnt
na receptor zastavi odbourdvani B-kateninu, B-katenin se zac¢ne hromadit
Vv cytoplazmé a nakonec vstoupi do jadra. V jadie f-katenin vyhleda transkrip¢ni
faktory TCF rodiny, které do tohoto okamZiku inhibovaly transkripci blizkych
geni, aby spole&nd zahajili jejich piepis® (Obréazek 1).

Mezi nejvyznamnéj$i cilové geny patii jednak ty, jejichz produkty zpétné
inhibuji signalni drahu Wnt, jako je Axin2, pak ty jez ovliviiuji bunéény cyklus,
jako napft. c-Myc, a nakonec ty, jejichz produkty zna¢i kmenové buiiky jako je

napf. protein bohaty na leucinové repetice, LGR5™°.

Proteinti, jez presné reguluji uroven signalizace zahajované ligandy Wnt, je
mnoho. Predkladana disertaCni prace popisuje Ctyfi nové nezavislé zplsoby
korekce signalni drahy ligandd Wnt, zvefejnéné ve Ctyfech samostatnych

védeckych publikacich.



Obréazek 1:
Zjednodusené
schéma  kanonické
signalizace Wnt. Bez
stimulace  ligandy
Whnt dochazi
v bunkach

K permanentni

degradaci  proteinu

B-katenin tzv.

destrukénim

@ at komplexem, ktery se
A\ " ﬁ‘ . skladd  z proteinu
Whnt target gene Wnt target gene Axin, APC, Dvl a

kinaz CK1 a GSK3.
Cinnosti tohoto komplexu je p-katenin fosforylovan a naslednd ubiquitinilovan proteiny B-
TrCP, coz zajisti jeho degradaci v proteazomu. Navazanim ligandu Wnt dojde k fosforylaci
proteinu LRP a nasledné inaktivaci degradacniho komplexu. Proteiny Dvl a Axin
zprostiedkovavaji interakci celého degradacniho komplexu s fosforylovanym koncem
receptoru LRP, ¢imz dojde k odpojeni B-TrCP. Degrada¢ni komplex se brzy saturuje
fosforylovanym, ale ne ubiquitinilovanym [(-kateninem, v dusledku ¢&ehoz se nové
syntetizovany f-katenin akumuluje v cytoplazmé. Poté B-katenin vstoupi do jadra, kde
z transkripénich faktora TCF wvytlac¢i represory Groucho a spomoci transkripénich

koaktivatord zahaji transkripci cilovych genti signélni drahy Wnt. Upraveno z citace”.



Pouzitée metody

piiprava plasmidt s rekombinatnimi proteiny

infekce retroviry/lentiviry

kultivace bunék, transfekce a ptiprava stabilnich bunécnych linii
1zolace rekombinantnich proteinil, koimunoprecipitace
Southerntuiv blot a western blot,

imunocytochemické barveni, konfokalni mikroskopie, FRET, FACS
imunohistochemickeé barveni, in situ hybridizace

znaceni DNA/proteinti radioaktivitou, méfeni buné¢né proliferace
metoda zdvojeni télni osy v embryich drapatky (X. laevis)

izolace RNA, syntéza cDNA and gRT PCR

gradientova ultracentrifugace a izolace extracelularni matrix
meéfeni aktivity reportérovych gend, SIRNA transfekce
kvasinkovy dvojhybridni systém

ptiprava antigenu, izolace a precisténi protilatek

chromatinova imunoprecipitace

expresni profilovani s pozitim mikro¢ipa

piiprava transgennich mysich kmend, gene targeting, analyza reportérovych

mysi
bisulfitové sekvencovani

izolace a kultivace organoidu (struktur stievniho epitelu)



Vysledky

Troy, ¢len rodiny receptorii faktoru nekrotizujich nadory, interaguje s

LgrS a inhibuje signalizaci Wnt ve stievnich kmenovych buikych.

Fafilek B, Krausova M, Vojtéchova M, Pospichalova V, Timova L,
Sloncova E, Huranova M, Stan¢ikova J, Hlavata A, Svec J, Sedlagek R,
Luksan O, Oliverius M, Voska L, Jirsa M, Paces J, Kolar M,
Krivjanska M, KlimeSova K, Tlaskalova-Hogenova H, Kotinek V.

Gastroenterology. 2012, ptijato do tisku

Abstrakt:

Cile: Signalni draha Wnt je nezbytna pro udrzeni stievniho epitelu, protoze
zablokovani této drahy ve stfevnich kmenovych bunkach snizuje jejich
schopnost proliferace. AvSak nefizend aktivace drahy Wnt podnécuje vznik
rakoviny stfeva. Zkoumali jsme Ulohu drahy ligandt Wnt v stfevni homeostaze a

nadorove transformaci lidskych bunék a mysiho stieva.

Metody: S pomoci chromatinové imunoprecipitace spojené s analyzou DNA
mikro¢ipd (ChlIP-on-chip) jsme nalezli geny regulovane signalizaci Wnt
Vv bunéénych liniich kolorektalniho karcinomu Colo320, DLD1, LS174T a
SW480. V mysich kmene C57BL/6)J jsme indukovali stfevni nadory
azoxymethanem a dextran-sulfatem. Stievni tkan tdchto mysi, Apc”™" a
ApcroKO/| gr5-EGFP-IRES-CreERT?2 mysi byla analyzovéana

imunohistochemickym barvenim a metodou in-situ hybridizace.

Vysledky: Analyzou chromatinovych precipitat ze ¢tyi kolorektalnich linii jsme
nalezli 960 gend, do jejichz promotorové oblasti se vazal nuklearni efektor

signalni drahy Wnt, transkripéni faktor TCF4; 18 z téchto genii bylo spole¢nych
8



pro vSechny Ctyfi linie. Signalizace Wnt zvySovala expresi genu TROY, jez
koduje protein zrodiny receptorti faktoru nekrotizujicich nadory. ZvySené
mnozstvi mMRNA pro TROY bylo detekovano v bunéénych kulturach
s deficienci genu zplsobujici adenomatozni polypozu (APC) a v buiikach které
byly stimulovany ligandem Wnt3a. Exprese genu Troy byla rovnéz zesilena
v nddorech mysiho stieva. Znaceni dcefinych bunék (lineage-tracing) odhalilo,
Ze Troy je produkovan specificky v rychle se délicich stifevnich kmenovych
buitkkdch. TROY interagoval s proteinem produkovanym unikéitné¢ v téchto
bunkéach, receptorem asociovanym s G proteiny a bohatym na leuciny; LGRS5.
V kultufe organoida stfevnich krypt TROY inhiboval signalizaci agonisty Wnt

ligandd, proteinu R-spondin.

Zavér: Exprese genu TROY je zvySena v lidskych kolorektéalnich liniich a
mysich stfevnich nadorech. TROY funguje jako negativni regulator signalni
drahy Wnt v LGR5-pozitivnich burnkéch.



Modifikace ligandii Wntl a Wnt3a zbytkem mastné kyseliny na serinu je

nezbytna pro naslednou lipidaci cysteinu a pro signalizaci Wnt ligandu

Doubravska L, Krausova M, Gradl D, Vojtéchova M, Timova L, Lukas J,
Valenta T, Pospichalova V, Fafilek B, Plachy J, Sebesta O, Kofinek V.
Cellular signalling. 2011 May;23(5):837-48. Epub 2011 Jan 16.

Abstrakt:

Rodina proteini Wnt piedstavuje skupinu mimobunéénych signalnich molekul,
jez reguluji vyvoj buné¢k beéhem ontogeneze 1 v dosp&lém organismu.
Predpokléada se, ze vSech 19 savcich ligandiit Wnt je poznamenano dvéma typy
posttransla¢nich modifikaci: pfipojenim mastné kyseliny na dvé rizné pozice
polypeptidového fetézce kovalentni vazbou, a N-glykosylaci nékolika
asparaginil. ZjiStovali jsme, jak tyto modifikace pfispivaji k sekreci, pohybu
mezi buitkami a signalni aktivit¢ mySich proteini Wntl a Wnt3a. Objevili jsme,
ze lipidace serinu, je nezbytna pro naslednou modifikaci cysteinu zbytkem
kyseliny palmitové. Proteiny Wnt, které mutaci ztratili serin, tedy nebyly
modifikovany zadnym zbytkem mastné kyseliny. Je zajimave, ze i kdyz je
modifikace proteinu Wntl dvéma zbytky mastnych kyselin nepostradatelna pro
jeho signaliza¢ni funkci v sav¢ich bunkach, mutantni Wntl bez lipidovatelného
serinu mél schopnost aktivovat drahu Wnt v embryich drapatky X. Laevis. V
piipad¢ ligandu Wnt3a nebyla funkce lipidovych modifikaci tak jednoznacna,
nebot’ i molekuly, jeZz nebyly modifikovany zbytkem kyseliny palmitoveé, byly
stale schopny aktivovat drahu Wnt, a to v riznych typech bunék. Avsak v obou
piipadech, Wntl 1 Wn3a, je schopnost signalizovat spojend s asociaci ligandii

Wt k extracelularni matrix.
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Piiprava dvou mySich kmeni s modifikovanymi alelami tumor-

supresorového genu Hicl

Pospichalova V, Tureckova J, Fafilek B, Vojtéchova M, Krausova M, Lukas
J, Sloncova E, Takacova S, Divoky V, Leprince D, Plachy J, Kotfinek V.
Genesis. 2011 Mar;49(3):142-51.

Abstrakt:

HIC1 (hypermethylated in cancer 1) je tumor-supresorovy gen nachazejici se
Vv oblasti chromozomu 17p13.3, mist¢, které je v nadorech ¢asto zasazené
hypermetylaci ¢i deleci. U mysi se Hicl podili na embryondlnim vyvojiau
pted narozenim, pfipravili jsme kondiciovanou alelu genu Hicl, v niZ je kddujici
oblast tohoto genu obklopena loxP misty. Kdyz se takovato my$ zkiizi

s jedincem, jenz produkuje v ur¢itych typech bunék Cre rekombinazu,
dostaneme potomstvo, na némz budeme moci studovat llohu genu Hicl ve
vyvijejicich se 1 dospélych tkanich. Navic jsme jeste pripravili reportérovou
mys, v niZ jsme kodujici oblast genu Hic, odpovidajici aminokyselindm 186-
893, naradili cDNA fluorescen¢niho proteinu citrine. Dokazali jsme, Ze fiizni
protein Hicl-citrine je produkovan stejnym zpisobem jako ptivodni bilkovina
Hicl a tedy, Ze je mozno vyuzivat fluorescence proteinu citrine v téchto

reportérovych mysich ke sledovani aktivity lokusu Hicl.
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Dazap2 moduluje transkripci Fizenou nuklearnim proteinem signalni

drahy Wnt, TCF4

Lukas$ J, Mazna P, Valenta T, Doubravska L, Pospichalova V, Vojtéchova
M, Fafilek B, Ivanek R, Plachy J, Novak J, Kofinek V. Nucleic Acids
Research. 2009 May;37(9):3007-20. Epub 2009 Mar 20.

Abstrakt:

Hlavnim vystupem kanonické signalizace drahy Wnt/B-katenin je aktivace
transkripce specifick¢é skupiny genti. Typickym znakem této transkripcni
odpovédi na stimulaci ligandy Wnt je zapojeni nukledrnich proteinti Tcf/Lef
rodiny, jez funguji jako hlavni zprostfedkovatelé transkripéni odpovédi. Proteiny
Tcf/Lef maji u savcu dvé dobfe popsané ulohy: ve spojeni s [B-kateninem
aktivuji genovou expresi, a pokud bunka neni stimulovana ligandy Wnt, tak
vazou faktory TLE/Groucho a funguji naopak jako transkripéni represory.
PtestoZe obecné funkce Tcf/Lef proteinli jsou dobie znamy, pfesné mechanismy,
které¢ kontroluji jejich specifickou ulohu v jednotlivych bunécnych typech,
nejsou tak zieyjmé. V této publikaci odhalujeme roli evolu¢né konzervovaného
proteinu Dazap?2 jako interakéniho partnera proteinu TCF-4. Ukazujeme, ze
kratky polypeptidovy Gsek v blizkosti HMG boxu protein TCF-4
zprostiedkovava vazbu molekuly Dazap2 a Zze takto interaguji s proteinem
Dazap?2 vSichni ¢lenové proteinové Lef/Tcf rodiny. Je pozoruhodné, Ze vyfazeni
bilkoviny Dazap2 z funkce metodou SiRNA nejen snizilo odpovéd’ bunék na
stimulaci ligandy Wnt, ale i zménilo expresi cilovych gent signalni drahy Wnt.
A kone¢né, pomoci chromatinové imunoprecipitace jsme dokazali, ze Dazap2

upravuje vazbu proteinu TCF-4 na DNA.
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Diskuse a zaver

Diserta¢ni prace predstavuje nékolik zpusobu regulace signalni drahy
ligandtt Wnt. Prvni z nich je zastoupen molekulou proteinu TROY, ¢lena rodiny
receptorti faktoru nekrotizujiciho nadory. Zjistili jsme, ze TROY je cilovym
genem signalni drahy Wnt a Ze je tedy exprimovan v lidskych a mysSich
sttevnich nadorech. Troy byl jiz diive oznacen za cilovy gen signalni drahy Wnt,
ale dosud mu nikdo neptikladal alohu v regulaci Wnt drahy” ®. Navic jsme
zjistili, Ze Troy je produkovan v rychle se délicich stfevnich kmenovych
buitkkdch znacenych proteinem Lgr5. Dfive byla totiz exprese genu Troy
detekovana jenom vV centralni nervové soustaveé, vyvijejicich se vlasovych
folikulech a kiizi mysich embryi®. Nejvétsim pfinosem této publikace pak bylo
zjisténi, ze Troy s proteinem Lgr5 interaguje a neznamym mechanismem
inhibuje kanonickou signalizaci Wnt. Nedavno byly objeveny dva homologni
transmembranové proteiny ZNRF3 a RNF43, jez funguji jako E3 ubiquitinové

lighzy a negativni regulatory signalni drahy Wnt'®

. Jejich aktivitou je
z membrany odbouravan protein Fz. Bylo popsano, Ze TROY interaguje
s proteinem TRAF6, E3 ubiquitinovou ligazou, kterd se podili na NFxB
12-14

signalizaci™~". MoZna, Zze TROY v komplexu s TRAF6 funguje podobnym
zpusobem jako proteiny RNF43/ZNRF3. Tato hypotéza ale musi byt testovana
dalSimi experimenty.

Troy" " mysi piekvapivé nevykazuji zadny vyrazné abnormalni fenotyp™ *°,
coz naznaluje postradatelnost genu Troy. Caste¢na redundance genu Troy
s homolognim genem Edar, jiz byla navrzena®. Avsak Edar neni produkovan
v stievnich kmenovych CBC bunkach (nepublikované vysledky), takze jeho
zapojeni do signalni drédhy ligandi Wnt miZeme v tomto systému vyloucit.
SpiSe to vypada, Ze nedostatek proteinu Troy je kompenzovan né&jakym jinym,

dosud neznamym, mechanismem. Ten je zjevné vyfazen z provozu v Kryptach,
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jez rostou mimo stievni mesenchym, jako je systém stievnich organoidii. Jeding
tak si lze vysvétlit, e rozdil mezi Troy”™ a normalnimi my3mi se projevil aZ pfi

kultivaci stfevnich organoidt derivovanych z téchto mysi.

Cilem druhé prace bylo objasnit vztah posttranslaénich modifikaci ligandt
Whnt k jejich schopnosti signalizovat. Zjistili jsme, Ze na rozdil od glykosylaci, je
modifikace zbytky mastnych kyselin naprosto zdsadni pro signalizac¢ni aktivitu
Ze glykosylace ligandti Wnt neni pro jejich funkci nezbytna™ *°. AvSak navic
naSe data naznacuji, Ze glykosylace proteinli Wnt piedchazi a podminuje jejich
lipidaci, protoze Wnt ligandy s mutovanymi glykosyla¢nimi misty vykazovali
snizenou miru modifikace zbytky mastnych kyselin. Rovnéz jsme zjistili, Ze
neglykosylovany Wnt3a nebyl schopen parakrinni signalizace, zatimco Wntl
bez cukernych modifikaci signalizoval jako nemutovany Wntl. Protoze oba
ligandy byly testovany v jedné bunééné linii, jejich signal byl piijiman stejnou
sestavou receptori. N-glykosylace tak mize urcovat afinitu jednotlivych Wnt
ligandt k riznym Fz receptordm.

NaSe zavéry tykajici se funkce zbytku kyseliny palmitové na cysteinu
podporuji nedavno publikované vysledky, tedy ze palmitat zprostfedkovava
vazbu Wnt3a ligandu s lipoproteiny a tak zajistuje jeho uvoliiovani do média®®,
NaSe vysledky také ukazuji, Ze modifikace konzervovaného serinu zbytkem
kyseliny palmitolejové je naprosto nezbytna pro signalizaci Wnt ligandd, coz je
ve shod¢ sdfive publikovanymi vysledky®. Letodni publikace krystalové
struktury  Wnt8 z&by drédpatky (X. Laevis) v komplexu s CRD doménou
receptoru Fz ukazuje, ze se zbytek kyseliny palmitolejové, pfipojeny k tomuto
konzervovanému serinu, podili na vazbé Wnt ligandu k receptoru Fz, coz
dokazuje potiebnost této modifikace pro signalizaéni schopnost liganda Wnt?".

Stejna publikace ale také ukazuje, Ze XWnt8 je modifikovany jenom jednim
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zbytkem mastné kyseliny, na rozdil od proteini Wnt3a a Wntl. Piestoze je
odhaleni krystalické struktury Wnt ligandu velkym krokem kupiedu, tak znalost
jenom krystalické struktury jednoho proteinu Wnt nemiize pokryt komplexnost
celé rodiny ligandt Wnt.

Tteti prace popisuje ptipravu dvou modifikovanych mysich alel genu Hicl.
Vychazi z predchozich vysledkd na$i laboratofe, které odhalili vztah mezi
proteinem Hicl a kanonickou signalizaci Wnt?. Zjistili jsme, Zze HIC1 fyzicky
interaguje s komplexem TCF4/B-katenin, vyvazuje ho z promotorti cilovych
gend signalni drdhy Wnt a tak oslabuje ptisobeni signalizace Wnt. Navic HIC1
interaguje s dalSimi proteiny signalni drdhy Wnt jako je APC a Dvl3
(nepublikovane vysledky).

ProtoZe Hicl” mys3i jsou embryonaln letalni, pfipravili jsme alelu mysiho
genu Hicl, kde je vétsi ¢ast kodujici sekvence genu Hicl ohrani¢ena loxP misty.
Takto mize byt sekvence DNA mezi loxP misty v uréenych buiikach odstranéna
Cre rekombinazou, coZ nam umozni studovat ulohu genu Hicl v téchto burnikach
in vivo. Navic, abychom mohli sledovat bunky, které exprimuji Hicl, jsme
piipravili i druhy mys$i kmen, kde je vétsi ¢ast kodujici sekvence genu Hicl
nahrazena reporterovym genem pro fluorescencni protein citrine. Nedavna
publikace ndm potvrdila, Ze bylo spravneé spojovat signalizaci Wnt s genem
Hic1®. Jeji autofi popisuji zvysenou tvorbu nadort gastrointestinalniho traktu u
Apc*™®Hic1*" mysi, tedy zvifat, kterd maji jednu alelu pro zkraceny (A716), tj.
nefunkéni, protein Apc a postradaji jednu alelu genu Hicl. Navic byla u nador
téchto mysi pozorovana zvysena exprese genu Sirtl a Sox9, jez jsou ve zdravé
bunce reprimovany proteinem Hicl, ale vzasazené bunce podporuji
kancerogenezi. S pouzitim mysi s podminéné deletovanou alelou genu Hicl
jsme potvrdili synergistické pusobeni genti Hicl a Apc v prevenci vzniku

sttevnich nddord (nepublikované vysledky). Z naSich dat navic vypliva, Ze
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stievni epitel s deletovanym genem Hicl vykazuje zvySenou expresi cilovych
gend signalni drahy Wnt, Lgr5, Ascl2 a Sp5 (nepublikované vysledky) coz
potvrzuje nasi predchozi tezi ziskanou in vitro, Ze Hicl zeslabuje pisobeni

signalni drahy Wnt.

Ve ctvrtém Clanku predstavujeme interakci mezi TCF proteiny a malym
evoluéné konzervovanym proteinem Dazap2. Ackoliv byl Dazap2 plvodné
popsan jako gen exprimovany v mysSim vnitinim uchu, mozku a embryonalnim
srdci a mozku®, my jsme spoleéné s daldimi skupinami detekovali expresi genu

Dazap2 prakticky ve viech tkanich® %

. To, ze Dazap2 je evolu¢né vysoce
konzervovan, a Ze je exprimovan v mnoha ruznych tkanich, naznacuje, ze se
jedna o dulezity protein, dosud nezndmého vyznamu.

Dazap2 byl popsan jako vazebny partner mnoha bun&énych proteinti® a
nase data naznaCuji jeho roli také v signalizaci Wnt. Jeho funkce bude
pravdépodobné spocivat v modulaci vazby TCF proteinii na DNA, protoze jsme
detekovali mensi mnozstvi TCF/B-katenin komplexu na syntetickém Wnt-
responsivnim promotoru v experimentu kde bylo snizené mnoZstvi Dazap?2
transkriptu metodou RNA..

Dazap2™ mysi nemaji zadny zévazny fenotyp®, coz naznaduje, Ze jeho
funkce mize byt nahrazena né¢jakym homolognim proteinem. V databazi mysiho
genomu se nachazeji dva lokusy s podobnou sekvenci jako Dazap2; jeden
pseudogen na chromozomu 4 a jeden homologni gen na chromozému 13. Tyto

homologni sekvence mohou poskytovat zalohu funk¢nosti proteinii typu Dazap?2

coz potvrzuje jejich dulezitost.
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