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Vlastnosti bunék v priubéhu dynamické
homeostazy

» Rychlé bunecné déleni

» Dynamické zmeny diferenciacniho stavu (cell fate)
» Intenzivni migrace

» Zmeny tvaru a velikosti bunky

» Schopnost odpovédi na poskozeni

= Vlastnosti bunék v pribéhu embryonalniho
vyvoje



Role signalnich drah v regulaci dynamickych
procesu

a) signaly z okolniho prostredi

transkripce urCuje

jednotlive citlivost buriky k
signalni vnéj$im signaltim
drahy (napf. regulaci
moduluji - exprese receptorl
transkripci a &i komponent
strukturu pfenosu signalu)
chromatinu

b) transkripCni program v jadre






Hlavni signalni drahy — velka petka
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Zasveétil zivot
octomilkam.
Ziskal diky tomu
Nobelovu cenu

Na Masarykovu univerzitu pfijel v ramci
prednaskového cyklu Mendel Lectures
molekularni biolog Eric Wieschaus.
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_

Béhem prace na genech majicich viiv na vyvoj embryi Eric Wieschaus s kolegy vubec netusili, jak je

jejich pokus vyznamny. Ukazala to az nasledujici léta.

Eric Wieschaus travi v podstaté cely Zivot obklopen octomilkami. Neni
piitom vinaf ¢ ovoena¥, ale molekularni biolog, ktery se zajima o vliv genti | kdybychom nedostali

na vyvoj embryi. Za popis tohoto procesu ziskal spolu s Christiane Niisslein- Nobelovu cenu, pofad bychom
Volhardovou a Edwardem Lewisem v roce 1995 Nobelovu cenu za fyziologii ~ méli krasné vysledky i pribéh,
a lékaf'stvi. Zadatkem ¥fjna piijel na Masarykovu univerzitu v ramei fika Wieschaus.

prestizniho prednaskového cyklu Mendel Lectures.




Klicové molekularni komponenty vyvoje
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Wwnt (Wingless/Int)

- rodina ligandu

- 19 genu pro proteiny Wnt u Clovéka a u mysi
- extracelularni proteiny modifikované glykosylaci a palmitoylaci
- pusobi na kratké vzdalenosti, vazi se k extracelularni matrix

- pouze u mnohobunécnych zivocichu

kanonicka draha nekanonicka draha
/zavisla na B-kateninu/ /na B-kateninu nezavisla/

(napr. Wnt-1 or Wnt-3a) (napr. Wnt-5a)




Wnt/B-kateninova draha (= kanonicka draha)

- indukuje duplikaci télni osy u Xenopus

- indukuje transformaci bunécné linie odvozené
od lidskych prsnich epitelialnich bunék C57mg

- signal pfenasen pres translokaci -kateninu do
jadra




Specialni bunécny aparat pro sekrece Wnt
proteinu

Lipoprotein
particle
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Figure 1. Wnt Secretion
To be secretad, Wnt proteing in the endoplasmic reticulum (ER) need
to be palmitoylated by the action of Porcupine. Wnt proteins also re-
quire Wntless (Wls'Evi) in order to be routed to the outside of the cell.
Loading onto lipoprotein particles may occur in a dedicated endo/ex-
ocytic compartment. The retromer complex may shuttle Wis between
the Golgi and the endo/emocytic compartment.




Kanonicka signalni draha Wnt

Cytoplasm

Degradation

Nucleus




Kanonicka signalni draha Wnt

- legenda k obrazku:

The Canonical Wnt signalling cascade. Canonical Wnt signalling mediates its effect by binding to their receptors
frizzled (Fzd) and co-receptors, LRP 5/6. This causes activation of intracellular Dishevelled (Dvl) which, in turn, inhibits
glycogen synthase kinase-3 (GSK3B). This results in the stabilisation and nuclear translocation of B-catenin, inducing
gene transcription via the LEF/TCF family of transcription factors. In the absence of Wnt signalling, a complex
containing GSK3B phophorylates B-catenin, leading to degradation by ubiquitination. Copyright BTR©



Frizzled — klicovy receptor signalnich drah
Wnt

Ligands
WNTs
R-spondin
Norrins
FRPs
CTGF

PDZ proteins

* DVL *DLG-1,-2,-4
*« GIPC1-3 « GOPC

* GRIP-1 * dPATJ

* MAGI-3

* PTP-BL

Figure 1. Schematic view of the 7TM model of FZDs. The model indicates extra-
and intracellularly interacting proteins, putative glycosylation and phosphorylation
sites. The N-terminal CRD is the primary binding site for ligands. The pink stretch
in the C terminus indicates the internal PDZ-interacting motif (KTxxxW), which is
absolutely conserved in the different FZD isoforms and necessary for DVL binding
and signaling. The blue stretch at the far C terminus indicates the presence of a
classical, less well-conserved PDZ-ligand sequence present in a subset of FZDs.




Lrp5/6 — stézejni ko-receptor kanonickeé
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Lrp5/6 — stézejni ko-receptor kanonickeé
signalni drahy Wnt

EM visualization of LRP6 ectodomain

- Wnt + Dkk1
Resting state Inhibited state

n I
" i

Normal signal No signal No signal




Destrukéni komplex pro beta-katenin




Destrukcni komplex

- legenda k obrazku destrukéniho komplexu:

A working model for the destruction complex. (1) Initially, the destruction complex
contains Axin, GSK3, CK1 and APC (with the 15 aa and 20 aa repeat regions shown).
The complex contains other components such as PP2A, which are not shown here. (2) -
Catenin enters the complex by binding Axin and potentially the APC 15 aa repeats. This
positions the N-terminus of -catenin near CK1 and GSK3. (3) CK1 phosphorylates -
catenin at Ser45. (4) GSK3 phosphorylates -catenin at, successively, Thr41l, Ser37 and
Ser33. (5) The 20 aa repeats, particularly repeat 3, are phosphorylated by a CK1 (and
possibly GSK3) which greatly increases their affinity for -catenin. The binding of a
phosphorylated 20 aa repeat to -catenin displaces Axin from -catenin. (6) -TRCPL1 binds
the phosphorylated N-terminus of -catenin, causing the ubiquitination of -catenin by an
E2 ligase. APC is then either desphosphorylated within the complex, allowing the
ubiquitinated -catenin to leave the complex, or the ubiquitinated -catenin bound to APC
leaves the complex and is separated from APC at the proteasome. The complex then
returns to Step 1



Kanonicka signalni Wnt draha - video




Geny pod kontrolou Wnt drahy v kmenovych
bunkach
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Propojeni mezi Wnt drahou a kmenovymi
bunkami

« Lgr5 jako cilovy gen Wnt drahy




Propojeni mezi Wnt drahou a kmenovymi
bunkami

« Lgr5 jako cilovy gen Wnt drahy

« Lgr5 jako marker kmenovych bunék ve strevé

 R-spondin jako ligand Lgr5 a jako aktivator Wnt drahy




Vazba R-spondinu na LGRS aktivuje Wnt drahu

Wnt + RSPO Wnt
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Propojeni mezi Wnt drahou a kmenovymi
bunkami

« Lgr5 jako cilovy gen Wnt drahy

« Lgr5 jako marker kmenovych bunék ve strevé
 R-spondin jako ligand Lgr5 a jako aktivator Wnt drahy

« Wnt signalizace jako kliCova slozka komunikace mezi
kmenovymi bunkami a jejich nikou




R-spondin
Paneth cell-derived

short-range Wnt signals Vo, R spondin-induced Wnt signal
Wnt2b amplification on the CBC
Non-epithelial cell-derived stem cell compartment

short-range Wnt signals




Propojeni mezi Wnt drahou a kmenovymi
bunkami

« Lgr5 jako cilovy gen Wnt drahy

« Lgr5 jako marker kmenovych bunék ve strevé
 R-spondin jako ligand Lgr5 a jako aktivator Wnt drahy

« Wnt signalizace jako kliCova slozka komunikace mezi
kmenovymi bunkami a jejich nikou

* Inhibitory Wnt drahy - RNF43/Znrf3 — jako cile
kontrolované R-spondiny




Vazba R-spondinu na LGRS aktivuje Wnt drahu ...
... diky internalizaci E3-ubikvitin ligaz ZNRF3/RNF43

Wnt + RSPO Wnt

ZNRF3/RNF43

ZNRF3/RNF43
ZNRF3/RNF43

RNF43 je specializovana E3 ubikvitin ligaza pro Frizzled (FZD)



Propojeni mezi Wnt drahou a kmenovymi
bunkami

« Lgr5 jako cilovy gen Wnt drahy

« Lgr5 jako marker kmenovych bunék ve strevé
 R-spondin jako ligand Lgr5 a jako aktivator Wnt drahy

« Wnt signalizace jako kliCova slozka komunikace mezi
kmenovymi bunkami a jejich nikou

* Inhibitory Wnt drahy - RNF43/Znrf3 — jako cile
kontrolované R-spondiny

« R-spondin jako klicovy faktor potirebny pro rust
organoidu




In vivo




Kmenové bunky, Wnt a nadory

Familiarni adenomatoézni polypoza

» zkracene FAP, je autozomalne dominantni dedicne
onemocneni tlustého streva s vyskytem cCetnych
(tisice) polypu a adenomu, které pozdéji malignizuiji.
Onemocnéni zpusobuje zmutovany gen APC




Kmenové bunky, Wnt a nadory




Familiarni adenomatézni polypoza




Role kmenovych bunéek v rozvoji nadoru

ontogeneze

blastocysta vyvijejici se tkan (organ) dospéla tkan

P
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regenerace

tvorba nadoru

nadorovost




Table 2 Hh and Wnt pathways in cancer

Tissue Tumour Evidence of pathway involvement References

Hh pathway

Brain Medulloblastoma Tumorigenesis by inactivation of PTCH; allograft and cell-line growth inhibition by 37, 81;
cyclopamineg; inhibition of autochthonous tumour growth by synthetic small reviewed in 6
molecule antagonist
Tumorigenesis by inactivation of Suffu) 86

Glioma Gli amplification; 87,88

growth inhibition of some cell lines by cyclopamine

Skin Basal cell carcinoma Tumorigenesis by inactivation of PTCH. in vivo tumorigenesis by expression of activating 82,83;
form of SMO or by Shh overexpression and in vitro growth inhibition by synthetic Hh pathway  reviewed in 6
antagonist; inhibition of human tumour growth topical cyclopamine

Muscle Rhabdomyosarcoma Tumorigenesis by inactivation of PTCH reviewed in 6

Oesophagus Adenocarcinoma Cell-line growth inhibition by cyclopamine, Hh blocking antibody 42

Stomach Adenocarcinoma Cell-line growth inhibition by cyclopamine, Hh blocking antibody 42

Pancreas Adenocarcinoma Xenograft and cell-line growth inhibition by cyclopamine, Hh blocking antibody; 42,43
tumour initiation (in mouse) by Shh overexpression

Biliary tract Adenocarcinoma Xenograft and cell-line growth inhibition by cyclopamine, Hh blocking antibody 42

Lung Small-cell lung cancer Xenograft and cell-line growth inhibition by cyclopamine, Hh blocking antibody 4

Prostate Adenocarcinoma Xenograft and cell-line growth inhibition and suppression of metastasis 29,89, 90
by cyclopamine; increased xenograft growth by Shh and Gli overexpression

Bladder Urothelial carcinoma Increased tumour induction (in mouse) by alkylating agent in Ptch heterozygote N

Oral cavity Squamous cell cancer Growth inhibition of cell lines by cyclopamine; 92

Whnt pathway
Colon Adenocarcinoma Tumorigenesis by inactivation of APC, Axin; tumorigenesis by stabilization of B-catenin;

epigenetic inactivation of SFRPs iewed in 45
Liver Hepatoblastoma Turmorigenesis (in mouse) by inactivation of APC and by stabilization of B-catenin reviewed in 45
Blood Multiple myeloma Cell-growth inhibition by dominant negative TCF4; growth stimulation by Wnt ligand 93

Hair follicle

Piloratricoma

Turmoerigenesis (in mouse) by overexpression of B-catenin

reviewed in 45

Bone Osteosarcoma Dkk3 and LRPS expression inhibits tumour cell growth in vitro 94, 95

Lung Non-small-cell carcinoma Apoptosis and cell-growth inhibition by short intefering RNA 96
and a blocking antibody against Wnt2

Pleura Mesothelioma Apoptosis and cell-growth inhibition by transfection of SFRP a7

Emphasis is placed on functional data showing a requirement for pathway activation in tumour formation and/or tumour cell growth. (See Fig. 1 and text for gene abbreviations.)



Vztah ,,kmenovosti* a ,,nadorovosti*

ontogeneze

blastocysta vyvijejici se tkan (organ) dospéla tkan

v

Pocet mutaci nutnych
pro vznik nadoru:

nadorovost




Teratomy




Je to pravda?
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- Nekontrolovana aktivace kmenovych bunek
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Epitelo-mesenchymalni prechod (EMT -
epithelio-mesenchymal transition)

Loss of Gain of
Apico-Basal Mesenchymal
Polarity Proteins

®  Apical Membrane Companents BEIR  E-cadherin = =m= N-Cadherin 7 nctin Cytoskeletan
/' Basolatersl Membrane Components | B.catenin L) Mesenchymalinegring ¥ ActinStress Fibers

B Tight lunctions u Epithelial Integrins e Wk —l.  Basement Membrane
=4 Gaplunctions —  Cytokesatin Intermediate Filaments

Epitelialni - mezenchymalni pfechod (EMT) je proces, pfi kterém epitelové buriky ztrati svoji bunéénou
polaritu a adhezi a ziskaji migracni a invazivni vlastnosti, stanou se mezenchymalnimi. EMT je nezbytny
pro Cetné vyvojové procesy veetné tvorby mezodermu a tvorby neurdlini listy. EMT se uplatfiuje pfi hojeni
ran, pfi organové fibréze a pfi iniciaci metastaz v progresi rakoviny.



Beta-catenin se v bunkach vyskytuje ve dvou
hlavnich ,,poolech” — biochemickych komplexech

Wnt and E-cadherin pathways
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1. Jako soucast Wnt signalizace 2.V komplexu s E-cadherinem jako
soucast ,adherens junctions®




Epitelialnée-mezenchymalini tranzice (EMT) v
nadorech

primary tumor metastasis

central area invasive region central area invasive region
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EMT MET EMT
transient transient transient
differentiated de-differentiated differentiated de-differentiated
epithelial “mesenchymal” epithelial “mesenchymal”
growth dissemination growth dissemination

adhesion adhesion



Wnt signalni draha urcuje predozadni osu i pfi
regeneraci u plostenky
[RNA]
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Typove otazky z této prednasky

v ¢ 9 @ A 4

A 4

Nacrtni a kratce popi$ fungovani signalni drahy Wnt/beta-
catenin

Jak se beta-katenin podili na procesu epithelio-
mesenchymalni tranzice?

Co vis o genu/proteinu APC?
Jak funguje R-spondin?
Jak je aktivovana Wnt draha v epitelu stfeva?

Co je to destrukéni komplex beta-kateninu a z jakych proteinu
se sklada?

Co je to epitelo-mesenchymalni tranzice (EMT)?



