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1. LIST OF ABBREVIATIONS

4-OHT
APC
Atohl
BTB/POZ
CBC
ChIP

cit

CKl1
CRC
CreER™
CtBP
Dazap
delEx2
Dsh/Dvl
E

EGF
Flox
Gfil
GSK3
HDAC
Hes 1
HIC1
HiRE
HMG
INT-1
LEF 1
LGR
LRP5/6
MEFs
Neurog3
SIRT1
Sox9
Spdef
TA
TCF
TGF
TLE 1
TIr2
TMCO1
TNF
TNFRSF19
TROY
Wnt
Y2H

4-hydroxy tamoxifen

Adenomatous Polyposis Coli

Atonal homologue 1 (Math1)

Broad-Complex, Tramtrack, Bric f brac/ Pox virus and Zinc finger
Columnar based cells

Chromatin immunoprecipitation

Citrine

Casein Kinase |

Colorectal cancer

Cre recombinase fused to oestrogen receptor (regulated by 4-OHT)
C-terminal Binding Protein

Deleted in azoospermia associated protein

deleted exon 2

Dishevelled

embryonic day

Epidermal Growth Factor

flanked with loxP sites

growth factor independent 1

Glycogen Gynthase Kinase 3

Histone Deacetylase

hairy/enhancer of split 1

Hypermethylated In Cancer 1

HIC1 Responsive Element

High Mobility Group

integrated 1

Lymphoid Enhancer Factor 1

ohLeucine-rich repeat-containing G-protein coupled receptor
Low Density Lipoprotein Related Protein 5/6

Mouse embryonic fibroblasts

Neurogenin 3

Sirtuin 1

SRY-box containing gene 9

SAM pointed domain containing Ets transcription factor
Transit amplifying

T-Cell Factor

Tumour growth factors

Transducin-Like Enhancer 1

Toll-like receptor 2

Transmembrane coiled-coil domains 1

Tumour Necrosis Factor

TNF receptor superfamily member 19

TNF receptor superfamily member expressed on the mouse embryo
winglles, int-1

Yeast two hybrid



2. ABSTRACT

The Wnt signalling pathway is one of the major signal transduction cascades in all
multicellular organisms ensuring successful embryogenesis’”, regeneration®® and tissue

10, 11

homeostasis™ °. Accordingly, mutations in the pathway lead to birth defects and to

various diseases'?, most notably cancer'>"".

B-catenin is a central mediator of canonical Wnt signalling (also called Wnt/B-catenin
signalling). In unstimulated cells B-catenin is being constantly destabilized by a
multiprotein complex and degraded in the proteasome. Unlike in the presence of Wnt
ligands when they engage their receptors, degradation complex disassembles, 3-catenin
is stabilized and translocates to the nucleus to serve as a co-activator of Lef/Tcf

transcription factors and to drive the transcription of Wnt target genes'® "’

. Wnt/B-catenin
signalling is tightly regulated at various levels by as many as hundred proteins.

This thesis is based on four original articles and unpublished data that aim to increase
the knowledge of the regulation of the Wnt signalling pathway. The first publication
focuses on sequential posttranslational processing of the Wnt ligands. The next article
discusses the positive role of nuclear protein Dazap2 in determination of the Wnt/p-
catenin signalling outcome. The third study reports TROY as a novel negative modulator
of the Wnt pathway which reduces the levels of Wnt signalling in LGRS5-positive stem
cells of intestinal epithelium. Finally, the last issue depicts generation of two gene-
targeted mouse strains that enable studying the role of Hicl in vivo. The last chapter of
the thesis describes unpublished data on the nature of HIC1 bodies, HIC1 physical
interaction with members of the Wnt pathway, novel target genes and consequences of
conditional Hicl deletion in the intestinal epithelium which results in mis-regulation of
secretory cell types and enhanced tumourigenesis.

In conclusion, our findings contributed to the field of regulation of a fundamental

signalling pathway in development and disease.



3. REVIEW OF THE LITERATURE

Signal transduction pathways are molecular instruments that play diverse and context-
dependent roles in an incredibly complex process of vertebrate development. In adults,
the same evolutionary conserved pathways orchestrate the every-day tissue renewal and

regeneration in many organs after injury.

3.1. The Wnt signalling pathway

The Wnt signalling pathway plays a critical and evolutionarily conserved role in
directing cell fates during embryogenesis’” and adult tissue maintenance’ and
regeneration®. However, as a double edged sword, mutations in the components of Wnt
pathway are very often exploited in cancerogenesis® and neurodegenerative diseases .

Whnt signalling splits into canonical and non-canonical pathways based on their ability
to stabilize B-catenin, a central molecule to the canonical Wnt signalling cascade. In this
thesis, only the heavily studied canonical, B-catenin-dependent, signalization (Wnt/p-
catenin signalling) is dealt with. The stabilization of cytosolic B-catenin is a central logic
of the canonical Wnt signalling. In cells not exposed to Wnt, B-catenin is constantly
degraded in the proteasome through interactions with Axin, adenomatous polyposis coli
(APC), casein kinase 1 (CK1), and glycogen synthase kinase 3 (GSK-3). When a Wnt
ligand binds to the Frizzled/LDL-related protein (LRP) receptor complex at the cell
surface, these receptors transduce the signal to Dishevelled (Dsh/Dvl) and to Axin. As a
consequence, the degradation of B-catenin is inhibited and it accumulates in the
cytoplasm. Stable B-catenin enters the cell nucleus where it associates with the pathway
specific T cell factor/Lymphoid enhancer (TCF/LEF) transcription factors to regulate
expression of the Wnt/B-catenin responsive genes, such as ¢-MYC and Cyclin DI
(CCNDI)' [Figure 1].

The pathway itself is tightly regulated at various levels. The first level of regulation is
the synthesis and processing of the Wnt ligands themselves. Next, the activity of the Wnt
ligands is stimulated or attenuated in the extracellular space by a diverse group of
antagonists, co-factors and co-receptors. In the cytoplasm, the amount of B-catenin is
constitutively reduced by a large destruction protein complex. In the nucleus, the

transcriptional stimulation of the target genes is modulated by a complicated interplay



between various activators, repressors and other auxiliary factors. All the details on the

2,15, 16

pathway including the historical perspectives are available in recent reviews as well

as at the Wnt home page (http://www.stanford.edu/group/nusselab/cgi-bin/wnt/).

Of the numerous Wnt pathway modulators, Dazap2,

Figure 1. Wnt/B-catenin
e s signalling. In the absence of Wnt
Neighbouring cell ligand (left panel), cytoplasmic [-
catenin forms a complex with
Axin, APC, GSK3, and CK1, and
is phosphorylated by CKI1 and
: . subsequently by GSK3-f.
Cadherin Adherens Phosphorylated ~ B-catenin  is
Faoton ' targeted for proteasomal
degradation and the target genes
are repressed by Groucho co-
repressors. -catenin also exists in
a cadherin-bound form and
regulates cell—cell adhesion. In the
presence of Wnt stimulus (right
panel), [B-catenin is uncoupled
= . from the degradation complex
APC GSKS-IBJ p-catenin allowing it to accumulate in the
dogriidtoy cytoplasm.  Finally, [-catenin
enters nucleus where it serves as a
coactivator for TCF/LEF family
of proteins to activate Wnt-
responsive genes. Adopted from”.

Troy and Hicl are discussed

further.

3.2. Role of Wnt signalling in the intestinal epithelium and colorectal cancer

The epithelia of gastrointestinal tract represent the most rapidly self-renewing tissue in
the adult mammalian body (reviewed in). The absorptive single-layer epithelium of the
small intestine is ordered into invaginations called crypts of Lieberkiihn (henceforth only
crypts) and microscopic finger-like protrusions called villi. The colon epithelium
contains crypts but has a flat surface. The mouse intestinal epithelium completely renew
approximately every three to five days. Each crypt contains several long-lived stem cells,
which proliferate and feed an upward compartment of transit-amplifying (TA),
progenitor cells. The TA cells frequently divide and move upwards from the crypt. When
they reach the edge of the crypts, they differentiate either into the predominant

absorptive cell type enterocyte or into a member of secretory cells lineage. Secretory



cells can be subdivided into three main cell types: mucus-producing goblet cells,
hormone-secreting enteroendocrine cells, and bactericidal and stem cell niche
constituting Paneth cells. In addition, minor populations are represented by opioids
releasing tuft cells and antigen sampling M-cells [Figure 2]. The differentiated cells
continue their upward migration and when they reach the top of the villus (small
intestine) or the luminal surface (colon), they undergo apoptosis and are shed to the
intestinal lumen'®. Paneth cells are an exception to the scheme. These antibacterial agents
producing cells stay at the crypt base where they persist for approximately three to six
weeks and serve as multifaceted guardians of the stem cell niche'”.

Active Wnt signalling in the intestinal epithelium is essential for the preservation of
undifferentiated and proliferative status of the stem and progenitor cells™. At the bottom
of the crypts, Lgr5" stem cells are interspersed between terminally differentiated Paneth
cells. Lgr5 is a target of the Wnt pathway and numbers of Lgr5’ stem cells seem to be
restricted by available Paneth cell surface”’. Numbers of Paneth cells must therefore be
tightly regulated, which is indeed the case, otherwise this may have delirious
consequences, for instance cancer.

It has been postulated that cancer is a disease of stem cells. In a wide variety of
cancers, including colorectal cancer (CRC), only a small subset of tumour cells are able
to initiate and sustain malignant tumour growth and to give rise to the phenotypic
heterogeneity observed in the tumour™. It is thus not surprising that the major pathway
regulating stem cells in healthy intestinal tissue, the Wnt pathway, is the most frequently
and the earliest pathway mutated in colorectal carcinogenesis with the tumour suppressor
Adenomatous polyposis coli (APC) being a perfect example, as its mutations are found in

22 Tt is of vital importance, that a mutation in Apc is

the majority of intestinal cancers
only tumour productive, if it happens in the stem cell”. Mutation in a TA cell or a
differentiated one will hardly manifest itself in tumour formation. This is due to the fact,
that the progenitor (TA) or mature cells have a short lifespan and a limited opportunity to
accumulate the multiple mutations in critical genes required for tumour development.

In conclusion, Wnt signalling has been indubitably linked to the CRC by a wealth of
studies that provided invaluable insights into the disease. However, further molecular

studies should be warranted before bringing new hope for patients.
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Figure 2. The epithelium of the small
intestine. Up, the scheme represents a
crypt/villus unit in the adult mouse
small intestinal epithelium. The main
functions and representative molecular
markers identifying each of the cell
types and the intestinal stem cells
(CBCs) are indicated. Down, the
genetic hierarchy of epithelial cell
lineage commitment in the intestine.
CBCs  proliferate and  produce
progenitors. Choice between
absorptive or secretory cell fates is
under the control of the Hesl or Atohl
gene. Within the cells committed to
secretory types, Neurog3 is required
for enteroendocrine cell differentiation.
Gfil is required for Paneth and goblet
cell differentiation, preventing the
expression of Neurog3. Sox9 is
essential for differentiation of Paneth
cells. Spdef'is required for both Paneth
and goblet cell terminal maturation.

Adopted from'.
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3.3. HIC1 tumour suppressor

HIC1 (Hypermethylated In Cancer 1) was isolated as a candidate tumour suppressor
gene during the screening of the short arm of chromosome 17, that is frequently altered in
human cancers™. HIC1 encodes an evolutionary conserved transcription repressor, whose
target genes remain largely unknown. However, the known target genes participate in
diverse cellular processes, including DNA damage response, cell cycle regulation,
differentiation of progenitor cells and metastatic invasion>’. Although silencing of HIC1
expression during cancerogenesis has been known for almost fifteen years, the biological
role of HIC1 remains elusive.

Data obtained from mice have firmly established Hic/ as a tumor suppressor gene.
Hicl™" mice develop spontancous malignant tumors, interestingly with a gender-
dependent pattern and with a dense promoter hypermethylation and concomitant silencing
of the remaining Hicl allele®®. Hicl” mouse die perinatally probably due to severe
developmental defects of head and limbs®™. Such embryonic lethality stresses the
importance of Hicl, but at the same time limits the use of these mice for further studies
and calls for generation of conditional knock-out allele.

HIC1 was encountered in our lab during the search for novel regulators of Wnt
signalling pathway. Two TCF/LEF family members, TCF3 and TCF4, associate with
CtBPs. Therefore, we performed Y2H screen for interacting partners using CtBP as a
bait. Our team identified HIC1 as a CtBP-associating protein and later on reported this
ubiquitously expressed transcription factor as an attenuator of Wnt/B-catenin signalling™.

Several issues made us to extend our in vitro studies of HIC1 to in vivo model. First,
the unique features of the intestinal self-renewal epithelia make them an ideal target for
testing tumour suppressor functions. Second, the rapid turnover of the intestinal
epithelium is ruled by the Wnt signalling pathway. Next, Afohl was recently published as
a Hicl target gene in the nervous system’'; however, Atohl is also essential for
differentiation of the intestinal secretory cells. Having developed the Hic ™ mice and
having the established methodologies, we investigated the role of Hicl in the intestinal

epithelium and contribution of its inactivation to intestinal neoplasia.



4. RESULTS AND DISCUSSION

4.1. Fatty acid modification of Wntl and Wnt3a at serine is prerequisite for

lipidation at cysteine and is essential for Wnt signalling

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.



4.2. Dazap2 modulates transcription driven by the Wnt effector TCF4

Dazap2 modulates transcription driven by the Wnt effector TCF-4. 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 Wnt 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 Dazap2 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
Dazap2. 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 Wnt-signalling target genes. Finally, chromatin immunoprecipitation
studies indicate that Dazap2 modulates the affinity of TCF-4 for its DNA recognition

motif.



4.3. TROY, the tumour necrosis receptor family member 19, interacts with stem
cell marker Lgr5 and inhibits Wnt signalling

TROY, the tumour necrosis receptor family member 19, interacts with stem cell

marker Lgr5 and inhibits Wnt signalling. Fafilek B, Krausova M, Vojtechova M,

Tumova L, Pospichalova V, Sloncova E, Huranova M, Chmelikova 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. Under revision.

Abstract:

Background & Aims

In the intestine, the Wnt signaling pathway plays two seemingly opposing roles. Under
physiological conditions the pathway is required for maintenance of the intestinal
epithelia and its blocking diminishes the proliferative capacity of the intestinal stem cells.

Conversely, aberrant Wnt signaling leads to intestinal cancer.

Methods

To investigate the role of the Wnt pathway in gut epithelium homeostasis and its
malignant transformation, we employed the chromatin immunoprecipitation method in
combination with DNA microarrays (so-called ChIP-on-chip) to identify genes regulated

by Wnt signaling in colorectal cancer (CRC) cells.

Results

Promoter regions of 960 genes interacting with the Wnt pathway nuclear effector T-cell
factor (TCF) 4 were identified in four different human CRC-derived cell lines; 18 of
these promoters were present in all chromatin precipitates. One of the most prominent
targets of canonical Wnt signaling was TROY, a member of the tumor necrosis factor
receptor superfamily (TNFRSF). TROY messenger RNA (mRNA) was increased in
human cells deficient in the adenomatous polyposis coli (APC) gene and in cells
stimulated with the Wnt3a ligand. Moreover, Troy expression was significantly
upregulated in neoplastic tissues in two mouse models of intestinal tumorigenesis.

Lineage tracing experiments revealed that 7roy is produced specifically in the fast-



cycling intestinal stem cells. TROY associates with a unique marker of these cells,
leucine-rich-repeat containing G-protein coupled receptor (LGR) 5, and suppresses Wnt

signaling.

Conclusions
TROY functions as a negative modulator of the Wnt pathway to reduce the levels of

Wnt signaling in LGRS5-positive stem cells.

4.4. Generation of two modified mouse alleles of the Hicl tumour suppressor gene

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.



4.5. The biological role of HIC1 tumour suppressor gene

In order to contribute to the knowledge of HICI role in the cell, we study HICI by
differential approaches using a pallet of methodologies. This part of the thesis contains
the unpublished data on HIC1 gained during my PhD study, which can be summarized as

follows:

1. HIC1 bodies are dynamic, cell cycle-regulated structures that do not colocalize with

markers of known nuclear bodies or speckles.

2. HIC1 physically associates with several components of the Wnt signalling pathway,
namely APC, DvI3 and likely kinases CKI, CKII and GSK3,

- the intact CtBP-binding domain of HIC1 protein, unlike the CtBP-binding
domain of APC, is indispensable for interaction between HIC1, CtBP and APC.

3. TMCOI is anovel target gene negatively regulated by HIC1 identified in WI38 cells

- two hundred genes are significantly up-regulated upon HIC1 knock-down in

primary human cells,

- TMCOI is repressed by HICI in human primary fibroblasts, CRC cell lines and
in MEFs,

- HIC1 co-operates with CTBP in negative regulation of TMCO].

4. Whole genome search for new target genes of Hicl in mouse revealed that only seven

genes were significantly upregulated upon conditional Hicl-deletion in MEFs,

- the most interesting candidate to be further validated is Toll-like receptor 2 (Tlr2).

delEx2 - -
17" mice results in early

5. Homozygous disruption of Hicl in Hicl® and Hic
embryonic lethality, which is in contrast with the data reporting perinatal

lethality of HicI”" mice.

6. HIC1 maintains the homeostasis of the intestinal epithelium by determining the

secretory cell fate

- Hicl is efficiently depleted from intestinal epithelium of Hic " Villinl-CreER™

and Hic " Lgr5-CreER™ model mice after tamoxifen administration,

- decreased level of Hiclis accompanied by an increased expression of its target



genes Atohl, Sirtl and Sox9, which we assume account for altered cell fate decision

of secretory cells,

- short term Hicl deletion in the intestinal epithelium mispositions and increases
Paneth cell marker expression and goblet cell numbers at the expense of

enteroendocrine cells,

- long term depletion of Hicl in the intestinal epithelium leads to formation of
dysplastic villi and preneoplastic lesions that are infiltrated with inflammatory
cells which are believed to sustain a chronic inflammation, a condition that

clearly enhances the tumourigenic process,

- hyperplastic lesions are potential sites of further mutation accumulation and can be

considered as a ‘mucosa at risk’.

7. Hicl synergizes with Apc tumour suppressor gene in preventing the tumourigenesis

in the intestine
- Hicl deletion is insufficient to induce tumour formation

- depletion of Hicl is able to promote cancerogenesis in an established model of

intestinal neoplasia

- the germ line inactivation of Hicl confers more severe cancer phenotype than the

conditionally inactivated Hicl allele in the adulthood.



8. CONCLUSIONS

This thesis is based on four original articles and unpublished data that aim to increase the
knowledge about the regulation of the Wnt signalling pathway. The results are summed up

below:

1. Wnt ligands trigger the signalling cascade. The ligands are glycosylated and double
acylated and we provided an evidence for the sequence of these posttranslational
modifications. First, N-glycosylation occurs, second palmitoleoylation on serine
conditions and precedes the cysteine palmitoylation. Moreover, lipid adducts are
necessary for interaction of Wnt proteins with the extracellular matrix, which is

connected to their ability to induce Wnt signalling.

2. Focusing on the cell nucleus, we described a small and evolutionary conserved protein
Dazap2 as a TCF4 interacting partner. Dazap?2 positively modulates TCF4 affinity for its
specific DNA sequence and thus its knock-down has negative impact on Wnt/B-catenin-

stimulated transcription.

3. The next manuscript depicts the identification and characterization of the Wnt/B-catenin
pathway target gene TROY encoding a membrane protein from the TNF receptor
superfamily. In our study, we utilized lineage tracing experiments to show that TROY
represents — next to LGRS — another marker specific for the fast-cycling CBC stem cells
of the intestinal epithelium. In addition, we proved that TROY interacts with LGRS and

limits the level of canonical Wnt signalling.

4. The last publication reports generation of two modified alleles of Hicl tumour suppressor
gene. We generated a conditional Hicl null allele using Cre/loxP system to overcome the
embryonic lethality of Hicl”" mice. Additionally, we used gene targeting to replace major
coding part of Hicl by citrine fluorescent protein and generated Hicl-citrine ‘reporter’

mice with a reliable fluorescent surrogate marker of Hicl locus activity.

5. Using the Hicl™ mice we assessed the role of Hicl in the homeostasis of the intestinal

epithelium and show that Hicl deletion mispositions and increases Paneth cell marker



expression and goblet cell numbers at the expense of enteroendocrine cells. Long term
depletion of Hicl promotes formation of dysplastic villi and neoplastic inflammatory
lesions in the intestinal epithelium which are at risk of further progression to
malignancies. Consequently, stem cell and cancer stem cell markers are upregulated in
the mucosa with metaplastic Paneth cells in Hicl-depleted intestines. Accordingly, Hicl
synergizes with Apc in the prevention of intestinal neoplasia.

Moreover, our team identified that HIC1 nuclear bodies are dynamically cycling
structures and that HIC1 physically associates with several members of the Wnt
signalling cascade, in particular with APC and Dvl3. Additionally, we reported TMCO1
as a novel target gene of HIC1 and other target genes are being heavily sought after. Their

identification is necessary for solving the question of the biological role of HICI.
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1. SEZNAM ZKRATEK
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2. ABSTRAKT

Signalni draha Wnt je jednou z hlavnich cest mezibunééné komunikace zajist'ujicich
. X .3-5 1 s 68 (2,9 “x v .
uspéSnou embryogenezi””, regeneraci tkani”" a homeostdzi” = mnohobunéénych organismil.

1

Mutace v této signalni draze tudiz vedou ke vzniku vrozenych vad'® ' a raznych

onemocnéni'’, pfedev§im rakoviny'> ™.

B-katenin je hlavnim vnitrobunéénym prostfednikem kanonické signalizace Wnt (tzv.
signalizace Wnt/B-katenin). V nestimulovanych bunkdch je koncentrace [-kateninu
udrzovana na velmi nizké urovni neustdlou degradaci za pomoci multiproteinového
komplexu a transkripce cilovych genl proto neprobihd. Naopak, po vazbé ligandu Wnt na
receptorovy komplex je degradacni komplex inaktivovan a hladina B-kateninu stoupa. [3-
katenin nasledné vstupuje do jadra, kde vytvaii komplexy s transkripénimi faktory rodiny
TCF/LEF, pro tuto drahu specifickymi, a spousti tak expresi cilovych gend'® . Signlni
dradha Wnt je na vSech svych urovnich regulovana celkové az stovkou riznych faktort.

Podkladem pro ptredklddanou disertacni préaci jsou Ctyfi odborné Clanky a dosud
nepublikovana data, jez maji za cil 1épe porozumét regulaci signdlni drdhy Wnt. Prvni
publikace se zaméfuje na potfadi posttranslaénich uprav ligandd Wnt. Druhy c¢lanek
pojednava o pozitivnim vlivu jaderné bilkoviny Dazap2 na hladinu signalizace Wnt/B-
katenin. Tteti studie charakterizuje protein TROY jako novy inhibitor signdlni drahy Wnt v
kmenovych buiikach stfevniho epitelu exprimujicich LGRS. Posledni publikace popisuje
proces vytvoreni dvou mySich kment s cilenou zménou v genu Hicl. Tyto myS$i umoziuji
studovat roli genu Hicl in vivo. ZavéreCna kapitola obsahuje nepublikované udaje o
dynamice jadernych télisek HIC1, o interakci polypeptidu HIC1 se ¢leny signalni drahy Wnt,
o novych cilovych genech transkripéniho represoru HIC1 a v neposledni fadé o disledku
podminéné ztraty genu Hicl ve stievnim epitelu, coz ma za nasledek nespravnou diferenciaci
sekre¢nich bun€k a nasledné zvysenou citlivost k rakovinnému bujeni.

Vérim, ze naSe vysledky pfispély k objasnéni regulace této zakladni signalni drahy

fidici vyvoj zivocCicht.



3. LITERARNI PREHLED

Signalni drahy jsou molekularni nastroje, které hraji rtizné, na kontextu zavisle,
regulacni role v nesmirné slozitém procesu vyvoje obratlovcli. U dospélych jedinct stejné
evoluéné ,konzervované“ cesty fidi kazdodenni obnovu tkani a regeneraci organi po

zranéni.

3.1. Signalni draha Wnt

vvvvvv

diferenciaci b&hem embryonalniho vyvoje Zivodicht'> a jeji role je nezastupitelnd i v
dospélosti, napf. pro obnovu somatickych kmenovych bun&k’. Jeji dilezitost doklada i
vysoka evoluc¢ni ,.konzervovanost®. Anomalie v této kli¢ové signalni draze vedou k vaznym
vyvojovym porucham'' a jeji abnormaélni aktivace vyrazné pfispiva ke vzniku mnoha typa
nadora’ a neurodegenerativnich onemocnéni'®,

Signalizace Wnt se d€li na kanonické a nekanonické cesty na zakladé toho, zda se
v dané kaskadé¢ stabilizuje B-katenin, ustiedni molekula kanonické signalni kaskady Wnt. Ve
své disertaCni praci se zamétuji pouze na kanonickou drahu, tzv. signalizaci Wnt/B-katenin.

Ve své nejjednodussi form¢ je mozné kanonickou signalni drdhu Wnt popsat
nasledovné: v bunkach, které nejsou vystaveny piisobeni proteint rodiny Wnt, je 3-katenin
neustdle degradovan v proteazomu prostiednictvim multiproteinového komplexu a
transkripce cilovych genii proto neprobihd. Naopak, po vazbé ligandu Wnt na komplex
receptortt Frizzled/LRP na povrchu buiiky je degradacni komplex slozeny ze dvou kindz
(CKI a GSK3) a dvou adaptorovych proteinti (Axin a APC) inaktivovan a hladina 3-kateninu
stoupd. Stabilni 3-katenin nasledné vstupuje do jadra, kde vytvaii komplexy s transkripnimi
faktory rodiny TCF/LEF, jeZ jsou pro tuto drahu specifické, a spousti tak expresi cilovych
gentl jako je c-myc a Cyklin DI (CCNDI)’ [Obr. 1]. Obecné je signalni draha Wnt piisné
regulovdna na vSech svych trovnich. Prvni Urovni regulace je sama syntéza a zpracovani
ligandi Wnt. Aktivita glykoproteini Wnt je v mezibunéném prostoru podpoifena nebo
naopak oslabena rtiznorodou skupinou antagonistd, pomocnych faktorii a receptort. V
cytoplazmé je B-katenin neptetrzit¢ destabilizovan velkym komplexem bilkovin. V jadie je
transkripéni stimulace cilovych genli disledkem souhry mezi rozlicnymi aktivatory,

represory a jinymi pomocnymi faktory. VSechny podrobnosti o této signalni draze, vCetné



h* "> 1® stejnd tak

historie klicovych objevi jsou k dispozici v aktudlnich ptehlednych ¢lancic
na domovské strance @ Wnt  http://www.stanford.edu/group/nusselab/cgi-bin/wnt/).

Z ¢etnych modulétora signédlni kaskddy Wnt se dale zabyvam proteiny Dazap2, Troy a Hicl.

Obr. 1. Signalni draha Wnt/g-
katenin Je-li signalni drdha Wnt
neaktivni,

B-katenin je fosforylovan a oznacen k
rozStépeni v proteazomu  pomoci

degradacniho komplexu. Tento

: komplex obsahuje proteiny APC

Cadherin ‘ Adherens (Adenomatous polyposis coli), GSK3-3
Junction . | (Glycogen synthase kinase 3f), CKI

(Casein kinase I) a Axin2. Pfepis
cilovych geni v jadife builky za tohoto
stavu neprobihd. K aktivaci dréhy
dochazi navazanim rozpustného
ligandu z rodiny proteini Wnt na
transmembranovy  receptor  bunky
tvotfeny proteiny Frizzled a LRP, coz
aktivuje cytoplasmaticky protein Dsh
(Dishevelled). Dsh blokuje funkci
degrada¢niho komplexu a to ma za
nasledek stabilizaci molekul B-kateninu
v cytoplasmé. Nasledné je [B-katenin
presunut do jadra, kde tvoii komplexy s
transkripcnimi faktory rodiny Tcf/Lef a
spole¢né aktivuji cilové geny

3.2. Uloha signalni drahy Wnt ve sti‘evé a p¥i vzniku kolorektalniho karcinomu

Stievni epitel je jedna z mnoha tkani, ve kterych se velice siln¢ uplatiiuje signalni
dréha spousténa ligandy z rodiny Wnt. Vystelka stieva je tvofena jednovrstevnym epitelem,
pod nim se nach4zi mezenchymalni vrstva a dohromady tvofi tzv. mukozu. Mukdza stieva je
hlavnim mistem absorpce Zivin a hraje také podstatnou roli v imunitnim systému. U savct je
plocha vystelky tenkého stfeva mnohonasobné zvétSena vytvoifenim vy¢nélkit do lumen
(vnitfniho dutého prostoru) stfeva, zvanych klky (latinsky villi, sg. villus), a vchlipenin,
Lieberkiihnovych krypt (dale jen krypt). Situace v tlustém stfevée je obdobna, ale povrch je
plochy, bez villl.

Epitel stfeva je jedna z nejrychleji se obnovujicich tkani v savéim organismu.
Jednotlivé buiiky epitelu jsou vystaveny naroénym podminkdm a prostiedi uvnitt stieva a
proto musi byt neustidle obnovovany. To se d&je za pomoci kmenovych bunck, které se

nachazeji na dné krypt. Tyto kmenové bunky se neustale déli a davaji vznik pasmu rychle se



délicich tzv. progenitorovych bun¢k (transit amplifying cells), které se posouvaji kryptou
smérem vzhlUru a v misté, kde ptfechazi krypta ve villus, diferencuji, tj. rozriiziiuji se v
samostatné bunécné typy. VéEtSina diferencovanych bunék cestuje dale smérem k vrcholu
villu, kde buniky odumiraji a jsou vylouc¢eny do lumen stieva. Cely cyklus obnovy stievniho
epitelu trvd zhruba 3-5 dni. Progenitorové buiiky ve stfevnim epitelu postupnym procesem
rozliSovani vytvaii absorpni a sekreéni builky. Absorpéni bunky, enterocyty, jsou
nejcastéjSim bunénym typem stfevniho epitelu a jejich funkci je vstiebavani Zivin z potravy
usnadnénd vylucovanim hydrolytickych enzymt do lumen stfeva. Sekrecni buiiky stfevniho
epitelu se d€li do Ctyt typt: (1) enteroendokrinni bunky produkujici hormony, (2) poharkové
bunky produkujici mucin, ktery usnadiiuje posun natravené potravy stievem a chrani epitel
pted poskozenim, (3) tzv. kartaCkové bunky (brush/tuft cells), které jsou charakteristické
mikrovilly na svém povrchu, produkujici do lumen stfeva opioidy a vytvarejici enzymy
cyklooxygenazové rodiny a (4) Panethovy buiiky'® [Obr. 2].

Panethovy buiiky jako jediné po své diferenciaci cestuji smérem ke spodu krypt ke
kmenovym bunkam, které jsou vmezefeny mezi zralymi Panethovymi buiikami. Cyklus
obnovy Panethovych bunék je 3-6 tydnti a funkce téchto bunék je pfinejmensim dvoji: (1)
sekrece antimikrobidlnich peptidl (napt. lysozym, kryptdiny) v ramci vrozené imunity, ¢imz
chrani kmenové bunky; dale (2) spoluvytvaii niku pro kmenoveé bunky na bazi sttevnich
krypt tim, Ze jsou zdrojem EGF, TGF-a, kanonickych ligandi rodiny Wnt a DIl4 (ligand
signalizace Notch), coz jsou faktory nezbytné pro udrzeni tzv. kmenovosti bungk”. V
tlustém stievé najdeme mezi kmenovymi buiikami tzv. CD24" Paneth-like buiky,
ekvivalenty Panethovych bunék v tenkém stievé.

VétSina cilovych gentl signalizace Wnt je exprimovana v celych kryptach, coz odrazi
vliv této signalizace na proliferaci progenitorovych bunck a na diferenciaci Panethovych
bun¢k. Bylo vSak identifikovano nékolik gent specifickych pro stfevni kmenové buiiky.
Jednim z nich je 1 tzv. marker téchto bunék Lgr5 (Leucine-rich repeat-containing G-protein
coupled receptor 5)*>. Zda se, ze celkovy poéet kmenovych bundk charakteristickych
piitomnosti molekuly Lgr5 na svém povrchu (dale jen Lgr5") je uréen poétem Panethovych
bunék, o jejichz dostupny povrch mezi sebou Lgr5" kmenové buiky soutdzi'”. Pocet
Panethovych bunék je tudiz pfisné¢ omezen, nebot pii jejich zvySeném jejich poctu miize

dochazet ke zvétSeni niky a tim 1 poctu kmenovych bunék, coZ miize mit pro organismus
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Obr. 2. Model diferenciace
epitelialnich bunék tenkého stieva.

Horni panel piedstavuje schéma zakladni
jednotky epitelu stteva. CBC buiky
(Crypt based columnar cells) predstavuji
epitelialni kmenové bunky, které davaji
vzniknout diferencovanym bunkdm. U
kazdého typu bunck jsou uvedeny jeho
hlavni funkce a charakteristické genové
produkty, tzv. markery. Spodni panel,
Diagram genetické hierarchie uvnitf
sttevniho  epitelu. Znézornény jsou
jednotlivé transkrip¢ni faktory
zodpoveédné za vznik daného bunécného
typu. Volba mezi absorpéni nebo
sekre¢ni specializaci je pod kontrolou
geni Hesl a Atohl. Gen Neurog3 je

nezbytny pro diferenciaci
enteroendokrinnich bunék. Gfil
pfeduréuje Panethovy a poharkové

buiiky. Faktory Sox9 a Spdef jsou nutné
pro diferenciaci Panethovych bunck,
Spdef navic i pro kone¢né vyzrani
pohéarkovych bunék. Prevzato z' .




dalekosahl¢ dasledky.

Jednim z takovych dusledkl je napt. rakovinné bujeni. Na rakovinu totiz mize byt
nahlizeno, a v soucasné dob¢ tomu tak je u mnoha typti tzv. solidnich nadorti i leukémii, jako
na nemoc kmenovych bun¢k. Podle teorie rakovinnych kmenovych bunék (cancer stem cells)
je pouze mala ¢ast bun¢k naddoru schopna nadorové bujeni nejen zahajit, ale 1 rozvinout a
vytvorit obrovskou tzv. fenotypickou heterogenitu bunéénych typt, kterou u nadort
pozorujeme™.

Proto jisté neni pfekvapenim, ze signalni draha Wnt, ktera tidi fyziologickou obnovu
stteva z kmenovych bunék, je nejcastéj$i a nejdiive mutovanou drahou pii vzniku
kolorektalniho karcinomu. Viibec nejcastéjSim mutovanym genem je APC (Adenomatous
Polyposis Coli), jehoz mutace stoji za vétSinou dédi¢nych i1 tzv. sporadickych nadori
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7. Zcela zésadnim faktem je, ze mutace v APC se musi uskute¢nit v kmenové

stfeva
bufice, aby dala za vznik malignimu onemocnéni®. Pokud toti mutace zasahne buiiku
progenitorovou nebo jiz pln¢ diferencovanou, nebude dostatek Casu pro vytvoieni dalSich
mutaci, které jsou nutné pro vznik ,,0speSné rakovinné bunky*, protoze tyto buiika bude z
téla vylouCena beéhem nékolika dni v rdmci obnovy stievniho epitelu. Narastem poctu
kmenovych bun€k se tudiz zvySuje Sance, Ze veskrze nahodné mutace zasahnou pravé tyto
buiiky a povedou ke vzniku maligniho nadoru. V souladu s touto hypotézou jsou v mysich 1

lidskych nadorech stfeva nalézany zvysené poéty jak Panethovych, tak LgrS” kmenovych

bunék.

3.3. Nadorovy supresor HIC1

Gen Hypermethylated In Cancer I (HICI) byl objeven v devadesatych letech jako
potencidlni nddorovy supresor a ziskal své jméno podle toho, Ze lokus, ve kterém se nachazi
(17p13.3), je hypermetylovan v mnoha typech nadort, coz vede k potlateni jeho exprese™.
Gen HICI je v relativné nizké mitfe piepisovan pravdépodobné ve vSech zdravych tkanich
dospélého organismu a kdduje jaderny protein o velikosti 85 kDa. Tento protein funguje jako
transkripcni represor a pokud jej experimentalné doddme do nadorovych linii, které ztratily
jeho expresi, je vysledkem snizeni klonalniho charakteru riistu kultury a apoptoza®.

Role HIC1 v potlacovani vzniku nadorii byla potvrzena u mysi zbavenych tohoto genu
(Hicl knock-out), kdy ztrata jedné alely v zarode¢né linii (HicI™") vede ke zvySenému

vyskytu malignich nddora. Zajimavé je, Ze typy nadort se lisi podle pohlavi zvitete, u samcii



prevazuji karcinomy, u samic sarkomy a lymfomy**. Mysi, kterym tento gen uplné chybi,
(HicI™") se rodi mrtvé a vykazuji mnoho vyvojovych vad®.

Doposud bylo identifikovano pouze né€kolik cilovych gentt HICI, pficemz vSechny
jsou jeho pisobenim reprimovany. Patii mezi né geny podilejici se na proliferaci,
angiogenezi, odpovédi na poskozeni DNA, metastatické invazi a diferenciaci, coz jsou
vechno kli¢ové procesy pii vzniku neoplazii*’.

Protein HIC1 se sklada ze tii hlavnich domén: (1) N-koncové domény BTB/POZ
(Broad complex, Tramtrack and Bric a brac/POx viruses and Zinc finger) zprostfedkovavajici
interakce mezi proteiny, predev§im oligomerizaci HIC1, (2) centralni domény, ktera je malo
evolu¢né konzervovana a (3) C-terminalni domény, ktera obsahuje pét tzv. zinkovych prstl
pro specifickou vazbu na DNA v mistech s HIiRE (HIC1 Responsive Elements) typickou
sekvenci nukleotidit v regulacnich oblastech cilovych genti. HIC1 je schopen blokovat
transkripci svych cilovych geni mechanismy nezavislymi na deacetylazach histond prvni a
druh¢ ttidy (HDAC 1 a II) pomoci autonomni domény BTB/POZ, zatimco represe
zprostiedkovana centralni doménou je zavisla na HDAC I a 1.

V nasi laboratofi bylo objeveno, ze HICI se chova jako negativni regulator signalni
drahy Wnt a to tak, Ze shlukuje komplexy B-kateninu a faktord TCF4 do HIC1 té€lisek, ¢imz
brani piepisu cilovych gentl, které jsou pod kontrolou téchto faktord™. Potladeni aktivace
signdlni kaskady Wnt je tak dal§im aspektem protinddorové funkce genu HIC]I.

Prestoze inaktivace HIC1 v nadorech je znama dlouho, vi se jen malo o jeho
fyziologické roli, ktera se zd4 byt velice riiznoroda.

N¢ékolik poznatkii nas ptimélo rozsitit uspesné in vitro studie funkce proteinu HIC1 do
in vivo modelu. Zaprvé, unikatni zplisob sebeobnovy stievniho epitelu z n¢j vytvari idealni
cil pro testovani funkci nddorovych supresorii. Za druhé, rychly obrat stfevniho epitelu je
pod kontrolou signalni drahy Wnt. Dale, gen Atohl je cilovym genem Hicl v nervovém
systému, navic Atohl je nezbytny 1 pro diferenciaci sttevnich sekre¢nich bunék. Proto jsme
se rozhodli za pomoci nami vytvorenych Hic " mysi a dobie zavedenych metodik objasnit

roli Hicl ve stfevnim epitelu a to, jak jeho inaktivace ptispiva k nddorovému zvrhnuti bun¢k.



4. VYSLEDKY

Ctyfi publikace rozkryvaji nékteré aspekty molekularnich mechanismi regulujicich

signani drahu Wnt.

1. Posttransla¢ni modifikace proteinit Wntl a Wnt3a zbytkem mastné kyseliny na serinu
je nezbytna pro nasledné pfipojeni zbytku mastné kyseliny na cystein a zaroven je
klicova pro spusténi signalizace Wnt.

2. Dazap2 moduluje transkripci kontrolovanou drahou Wnt/B-katenin.

3. TROY, membranovy protein z nadrodiny receptor TNF, interaguje s markerem
kmenovych bunék stieva, Lgr5, a snizuje Groven signalizace Wnt.

4. Byly vytvoteny dva nové kmeny mysi s modifikovanou alelou genu Hicl.

S cilem pfispét k poznani role genu HIC1 v buiice studujeme HICI diferencidlnimi
ptistupy za pomoci pestré palety metodik. Patad ¢ast prace obsahuje nepublikované idaje o
transkripcnim faktoru HIC1 ziskané béhem mého doktorského studia, které l1ze shrnout takto:

1. Jaderna téliska HIC1 jsou dynamické, bunécnym cyklem regulované struktury,

které nekolokalizuji s markery zndmych jadernych télisek ¢i struktur.
2. HIC1 se vaze s n€kolika komponentami Wnt signélni drahy, a to APC, Dvl3 a
pravdépodobné s kinazami CKI, CKII a GSK3.
- Neporusena vazebnd doména pro CtBP u bilkoviny HICI je, na rozdil od téze
domény v APC, nezbytnd pro interakci mezi HICI, CtBP a APC.

3. TMCOI je novy cilovy gen negativné regulovany faktorem HIC1 v bunikdch WI38.

- Exprese dvou set gentl je vyrazné navysSena po sniZzeni hladiny HIC1 v lidskych
primdrnich bunkach,

- gen TMCOI je utlumen faktorem HIC1 v lidskych primarnich fibroblastech, v
bunéénych liniich odvozenych od lidského kolorektalniho karcinomu a v MEFs,

- HIC1 spolupracuje s CTBP v negativnim regulaci TMCOL.

4. Celogenomové vyhledavani novych cilovych genii Hicl v mysi ukézalo, ze pouze
sedm genti méni vyznamné hladinu svého piepisu v disledku podminéné delece
genu Hicl v MEFs.

- Nejzajimavéj$im kandidatem, ktery musi byt jesté fadné€ ovéften, je Toll-like

receptor 2 (Tlr2).



5. Homozygotni inaktivace genu Hicl u HicI™ a Hicl™"

mySsi vyustuje v ¢asnou
embryonalni letalitu, coZ je v rozporu s dfive zvefejnénymi udaji o perinatalni letalité
Hicl” mysi.

6. Hicl udrzuje homeostdzu stfevniho epitelu a podili se na ustanoveni sekre¢nich typii
bungk.
- hladina proteinu Hicl je efektivné sniZena ve stfevnim epitelu mys$i kmeni

Hic " Villinl-CreER™ a Hic " Lgr5-CreER™ po podani tamoxifenu,
- snizeni urovn¢ piepisu Hicl je provazeno zvySenym vyjadienim jeho cilovych
genll Atohl, Sirtl a Sox9, o kterych predpokladdme, ze jsou zodpovédné za zmény
v diferenciaci sekre¢nich bun¢k,
- kratkodoba absence Hicl ve stfevnim epitelu vede k chybné lokalizaci a zvySenému
mnozstvi Panethovych bunék a ke zmnoZeni poharkovych bunék na ukor
enteroendokrinnich buné¢k,
- dlouhodobé vycerpani Hicl ve stievnim epitelu vede k tvorbé abnormalnich villa a
dysplastickych 1€zi, které jsou infiltrovany zanétlivymi bunkami, jez ziejmé& udrzuji
chronicky zanétlivy stav, ktery jednozna¢n¢ usnadiiuje prib&h kancerogenniho
procesu.
- Hyperplastické 1éze jsou potencidlnimi misty dalSich mutaci a akumulaci chyb a
mohou byt povazovany za tzv. ,,mukozu v ohrozeni®.

7. Hicl spolupracuje s tumorsupresorovym genem Apc v prevenci vzniku nadort stfeva.
- Ztrata genu Hicl neni sama o sob¢ dostatecné k navozeni vzniku nadord,
- delece genu Hicl podporuje kancerogenezi v zavedeném modelu stfevnich neoplézii.
- Inaktivace genu Hicl v zarodecné¢ linii vede k vaznéjSimu naddorovému fenotypu nez

podminéna inaktivace alely Hicl v dosp¢losti.



5. ZAVER A DISKUZE

Tato disertatni prace je zalozena na ctyfech odbornych clancich a dosud
nepublikovanych datech, které maji za cil rozsitit naSe znalosti o regulaci signalni drahy

Wnt. Vysledky jsou shrnuty nize:

1. Ligandy Wnt, které spoustéji signalni kaskddu, obsahuji nékolik posttraslacnich
modifikaci. V nasi studii jsme se zaméfili na poradi, ve kterém jsou tyto posttranslacni
modifikace uskuteCfiovany. Zjistili jsme, Ze nejdiive je protein Wnt glykosylovan,
nasleduje pfipojeni palmitoolejové kyseliny na aminokyselinu serin, coz je nutny krok
pro piipojeni zbytku kyseliny palmitové na aminokyselinu cystein. Tyto lipidické adukty
jsou nezbytné pro interakci proteini Wnt s extracelularni matrix a k ispéSnému spusténi

signalizace Wnt.

2. Déle jsme zkoumali signalni drahu Wnt na urovni jadra buniky. Popsali jsme malou a
evolucné velice silné konzervovanou bilkovinu Dazap2 jako nového vazebného partnera
proteinu TCF4. Dazap?2 stimuluje vazbu transkripniho faktoru TCF4 na jeho specifické
cilové sekvence DNA a tudiz ma sniZeni hladiny proteinu Dazap 2 negativni dopad na

piepis gend, které jsou pod kontrolou drahy Wnt/B-katenin.

3. Tteti clanek se vénuje identifikaci a charakterizaci cilového genu drahy Wnt/B-katenin
kodujiciho membranovy protein z nadrodiny receptordt TNF s ndzvem TROY. Pomoci
experimentd studujicich diferenciaci bunék jsme prokazali, ze TROY predstavuje - vedle
LGRS - dalsi specificky marker rychle se délicich kmenovych bunék stievniho epitelu.
Navic jsme dokézali, Ze TROY spolupracuje s LGRS a snizuje v téchto bunikach Groven

kanonické signalizace Wnt.

4. Posledni publikace dokumentuje vytvoieni dvou modifikovanych alel genu Hicl.
V prvnim piipadé€ jsme vytvofili podminénou nulovou alelu genu Hicl pomoci Cre/loxP
systému. Tento kmen Hic ™ fesi problém embryonalni letality HicI”™ my$i a umoziuje
studovat funkci genu Hicl ve vSech jednotlivych tkanich dospélého organismu, pro které

je dostupny mys$i kmen exprimujici Cre rekombindzu. V druhém piipad€ jsme pouzili



pfistup tzv. gene-targeting k nahrazeni pievazné Casti kodujici sekvence genu Hicl
sekvenci pro fluorescencni protein citrin. Vysledné Hicl-citrin reportérové mysSi

umoziuji jednoduché sledovani aktivity genového lokusu Hicl pomoci fluorescence.

5. Za tu&elem studia funkce Hicl ve stievé byly Hicl™ my$i zkiizeny s jedinci
exprimujicimi Cre rekombindzu ve stievnim epitelu (Villinl-CreER™ a Lgr5-CreER™).
Vysledky ukazuji na dilezitou roli Hicl pro udrZzeni homeostdze epitelu stteva predevsSim
tim, ze tidi diferenciaci sekre¢nich bun¢k. Po inaktivaci genu Hicl dochazi ke zvySeni poctu
poharkovych buncék na ukor enteroendokrinnich bun€k. Déle jsme pozorovali zmnoZeni
poctu a zménu lokalizace bunék s charakteristickymi znaky Panethovych bunék, jez vytvaii a
chrani niku epitelialnich kmenovych bunék. V dlouhodobém hledisku se tato deregulace
ziejmé podili na zvétSeni niky a po¢tu kmenovych bunék, coz vede k ¢etné;si kancerogenezi.
Delece Hicl podporuje vznik dysplastickych a morfologicky pozménénych villa a také vznik
zénétlivych 1ézi ve stfevnim epitelu. Tyto 1éze je mozno povazovat za tzv. ,,mukédzu
v ohrozeni® , coz jsou mista s velkou pravdépodobnosti dalsi progrese smérem k malignité.
Hicl navic také spolupracuje s Apc v prevenci nadorového onemocnéni stfeva.

Déle nas tym zjistil, Ze jaderna téliska HIC1 jsou dynamicky se ménici struktury v rdmci
bunééného cyklu a Ze HIC1 fyzicky interaguje s nékolika ¢leny signalni kaskddy Wnt,
zejména s APC a Dvl3. V neposledni fad¢ jsme popsali novy cilovy gen HIC1 s ndzvem
TMCOla hledani dalSich cilovych genti nadale probihd. Jejich identifikace je nezbytna pro

vyteseni otazky biologické role nadorového supresoru HICI.
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