-

#""i_' erimentalni- blolo_g_le-l?.ﬁF MU

T =

e ﬂ:ﬂ;‘u:ak =

-:‘

” Y

"Ir?'& qu ‘;ff*i;ﬁy

F




Wnts (Wingless/int)

- family of ligands

- 19 members in human and mouse

- glycosylated and palmitoylated extracellular proteins
- short range of action, bind to extracellular matrix

- only in multicellular animals

canonical

(eg. Wnt-1 or Wnt-3a)



Whnt/B-catenin draha (=
kanonicka draha)

- napr. Wnt-1 nebo Wnt-3a

- induce axis duplication in Xenopus

- induce transformation of mammary cell line
C57mg

-signal via nuclear translocation of 3-catenin

B

Moon-cel2[1] swf




Priklady vyvojovych a
fyziologickych procesu
regulovanych kanonickou Wnt
drahou



Maternalni Wnt/B-cateninova draha
determinuje dorsalni (horni) pol
vyvijejici se zygoty a embrya



 Blastula, stage 10

Early gastrula, stage 10

Gastrula, stage 11 Late gastrula, stage 12

blastocoe

margina

Animal pole

Vegetsipole YOk C8IS

archenteron archenteron yolk plug

E.I eCl0derm . MEs0nerm D Endodem J

Fig. 2.6 Gastrulation in amphibians. The blastula (first panel)
contains several thousand cells and there is a fluid-filled cawvity,
the blastocoel, beneath the cells at the animal pole. Gastrulation

begins (second panel) at the blastopore, which forms on the

dorsal side of the embryo. Future mesoderm and endoderm of
the marginal zone move inside at this site through the dorsal lip

of the blastopore, the mesoderm ending up sandwiched

Early Xenopus
embryo
Lateral view

Ventral dorsal

between the endoderm and ectodarm in the animal region (third
panel). The tissue movements creale a new intemal cavity—the
archenteron—which will become the gut. Endoderm in the
vantral region also moves inside through the ventral lip of the
blastopore (fourth panel) and will eventually completely line

the archenteron. At the end of gastrulation the blastocoel has
considerably reduced in size. After Balinsky, B.|.; 1975,

Xenopus blastula

Lygotic Wnt pathway
(marginal zone, stage 9)
Maternal Wnt pathway

(dorsal side, stage 8)




axis duplication assay:

control Xwnt-8 dshADEP B-catenin




Whnt/B-cateninova draha urcuje
anterioro-posteriorni (AP, predo-
zadni) osu tela behem gastrulace —
podporuje vznik zadnich a blokuje
vznik prednich casti tela

A Animal Xenopus blastula
Early Xenopus
embryo Marginal ’
Lateral view Vegetal d Maternal Wnt pathway

(dorsal side, stage 8)

Ventral dorsal



Whnt5at/t:LRP6**

mysSi embryo po gastrulaci (E8.5):

Cilové geny Wnt/p-cateninove
drahy jsou exprimovany v zadni
Casti téla.

Uncx4.1/Mesogenin

Whnt5a”:LRP6""



Deplece Wnt/B-kateninové drahy
pri gastrulaci = ztrata zadnich casti
tela

wild type Wnt-3a knockout



Deplece inhibitoru Wnt/(3-
kateninove drahy pri gastrulaci =

ztrata prednich c¢asti tela

wild type vs. Dkk1 knockout
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Wnt/B-cateninova draha je
klicovym regulatorem aktivace
kmenovych bunek jak v
embryogenezi, tak v dospelych
tkanich



Wnt/B-catenin draha je velmi Casto

deregulovana u nadoru!

according to Beachy et al., Nature 2004

Wnt pathway
Colon Adanccarcinoma Tumicrigenesiz by inactivation of APC, Axin; tumonoenesis by stabilization of p-catenin;
apigenstic inactivation of SFRPs
Livar Hepatoblastoma Tumonigenesis in mousa) by inactivation of APC and by stabilization of p-catenin
Blood Multiple myaloma Cell-groweth inhibition by domirant negative TCR, groeth stimulation By Wnt ligand
Hair follide Filomatricoma Tumonigenesia [in molsa) by overaxprassion of p-catenin
Bong Cetensarcoma Ckk3 and LEPS expression inhibits tumcur call growth in vifo
Lurig Mon-zmall-cel cacinoma Apoptosis and call-growth inhioition By short intefering BRA
and a blocking antibody against Witz
Flaura Masothelioma Apoptosis and call-growth inhibition By tranzfection of SFRP



Aktivace B-cateninu ve vyvijejici se mozkove trubici:

midbrain (Brn4-promotor) cortex (nestin enhancer)

. #ieTel i Demeee m
' A :
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E

T e L e

Zechner et al., 2003: Dev. Biol.;258:406-418. Chenn & Walsh, 2002: Science;297:365-369.



Aktivace beta-cateninu v kmenovych burnkach zubu:
B-calOx3K14/+

wild type

Jarvinenet al. (2006) Proc. Natl. Acad. Sci. USA 103, 18627-18632
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Figure 3 Tissue anatomy of the colonic epithelium. Putative stem cells (dark blue)
reside at the crypt bottom. Proliferating progenitar calls occupy two-thinds of the
crypt. Differantiated cells (green) populate the remainder of the crypt and the flat
surface epithelium. {Adapted from ref. 89.)

Fgure 4 The hair follicke. Stem cells reside in the bulge niche. Calls can migrate
upwards from here to populate the sebateous gland and the intarfollicular
epidermis. Cells that migrate dowmwvarnds enter the matrix whare they rapidly
proliferate and then differantiate to form the hair. {Adapted from ref. 90

Reya & Clevers 2005, Nature




Dusledky aktivace B-cateninu v epidermis (po depilaci)

ANB=eateninER+40H

Lo Celso, C. L. et al. Development 2004;131:1787-1799



Aktivace kanonické Wnt drahy indukuje de novo
tvorbu vlasovych korinku

Ly 1 i

i

Whnt-dependent de novo hair follicle regeneration in - R —
adult mouse skin after wounding LETTERS

Mayumi lto!, Zaixin Yang', Thomas Andl', Chunhua Cui', Noori Kim', Sarah E. Millar' & George Cotsarelis’
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Prostredi kmenovych
bunék (stem cell niche)

strevni epitel — latest developments
aneb jak opravdu na to (Barker et al.,
Nature, October 2007)

A. Priprava transgenni mysi €. 1 za
ucelem zjistit, kde je novy potencialni
stem cell marker exprimovan (in vivo
expression profiling). Lgr5 je
exprimovan specificky v burikach ve
spodni €asti krypty.

Figure 3 | Restricted expression of an LgrS-lacZ reporter gene in adult
mice. a, Generation of mice carrying lacZ integrated into the last exon of the
Lgr5 gene, removing all transmembrane (TM) regions of the encoded Lgr5
protein. Neo, neomycin resistance cassette; SP, signal peptide; LRR, leucine-
rich repeat region; C-Ter is carboxy terminus. b—h, Expression of Lgr5-LacZ
{blue) in selected adult mouse tissues. b, ¢, In the small intestine, expression
is restricted to six to eight slender cells intermingled with the Paneth cells at
the crypt base. d, &, In the colon, expression is confined to a few cells located
at the crypt base. f, g, Expression in the stomach is limited to the base of the
glands.
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P rOStFed I’ km e n OVyCh a Lgro-expressing cells

bunék (stem cell niche) [=_slmmem| ... (S

stifevni epitel — latest developments
aneb jak opravdu na to (Barker et al.,
Nature, October 2007)

B. Priprava transgenni mysi 2, 3 a4
za ucelem zjistit, co vSechno vznika z
Lgr5-pozitivnich bunék (Lgr5+
lineage tracing). Lgr5 pozitivni buniky
davaji vzniknout vSem ¢astem
bunééného epitelu.

.

-

S A
[+ Vi s TR

Figure 5 | Lineage tracing in the small intestine and colon. a, Lgr5-EGFP-
IRES-creER T2 knock-in mouse crossed with Rosa26-lacZ reporter mice 12 h
after tamoxifen injection. b, Frequency at which the blue cells appeared at

carrying activated Cre. c—e, Histological analysis of LacZ activity in small
intestine 1 day after induction (), 5 days after induction (d) and 60days after
induction (e). f-h, Double-labelling of LacZ-stained intestine using PAS
demonstrates the presence of goblet cells (f, white arrows) and Paneth cells
(g, blue arrows) in induced blue clones. Double-labelling with synaptophysin
demonstrates the presence of enteroendocrine cells within the induced blue
clones (h, black arrows). i—k, Histological analysis of LacZ activity in colon 1 day
after induction (i), 5 days after induction (j) and 60 days after induction (k).



Prostredi kmenovych | ... ..
bunék (stem cell niche) [s=_shmmems) ...

- F { 7 oy
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stfevni epitel — latest developments
aneb jak opravdu na to (Barker et al.,
Nature & Sato, Nature 2009)

C. Lgr5 pozitivni bunky in vitro davaji
vzniknout kompletni villus-crypt
strukture in vitro (Doposud se to s
zadnymi jinymi bunkami nepodarilo)

GFP




Experimentalni dukaz:
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Oral . _g ;
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NATURE|Vol 457|29 January 2009
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Nekontrolovana aktivace kmenovych bunek ma
fatalni nasledky

a Villus
cells

TA cells

Zkriazeni s APC
flox/flox mySima
+ tamoxifen

Paneth/
stem
cells

S e T
I g:"txa

v

Rychly vznik
adenomu a nadoru

NATURE|Vol 457|29 January 2009
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DMBA/TPA-induced skin carcinogenesis

- benign papilomas, which in some cases progress into squamous cell
carcinoma (SCC)

Involutin
J Early cancer Advanced cancer

Normal Papilloma

DMBA-TPA



DMBA/TPA-induced skin
carcinogenesis
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Figure 2 | Cancer stem cells efficiently initiate secondary tumours that
recapitulate the organization of the primary tumour. a, Diagram
summarizing the frequency of tumour formation in orthotopic tumour
transplants using unsorted cells (filled diamonds) or CD34™ cells (open
circles) in varying amounts. The n value for each point is shown.

b, Abundance of CSCs (CD34"7AAD CD31 CD45 ) in secondary

tumours derived from orthotopic transplantations of CD34 ™ cells.

Malanchi et al. 2008, Nature
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Wnt/B-cateninova draha v
regeneraci



Il. regenerace

zebrafish
B uncut 3 days post amp

chick




Wnt/B-cateninova draha v regulaci
starnuti



Augmented Wnt Signaling In a
Mammalian Model of
Accelerated Aging

Hongjun Liu,* Maria M Fergusson,™* Rogerio M. Castilho,”* Jie Liu,* Liu Cao,’
Jichun Chen,® Daniela Malide,® Ilsa I. Rovira,® Daniel Schimel,® Calvin ]. Kuo,®
]. Silvio Gutkind,” Paul M. Hwang,” Toren Finkel't

SCIENCE VOL 317 10 AUGUST 2007 803

Increased Wnt Signaling During
Aging Alters Muscle Stem Cell
Fate and Increases Fibrosis

Andrew S. Brack,® Michael ). Conboy,* Sudeep Roy,* Mark Lee,® Calvin ]. Kuo,*
Charles Keller,® Thomas A. Rando**

SCIENCE VOL 317 10 AUGUST 2007 807



Klotho mysS

-mutantni kmen mysi s fenotypem
akcelerovaného starnuti: napf. kratSi zivot,
arterioskler6za, snizena plodnost nebo

kozni atrofie

- protein Klotho je transmembranovy protein
s velkou extracelularni doménou, ta muze
byt odstépena a volné cirkulovat v krvi

aktivita Wnt/p-cateninové drahy
ve stfevnim epitelu
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Model 1 — svalova fibroza _Isochronic

Heterochronic

- s prodluzujicim se vékem stale Castéji pfi
regeneraci svalu vznikaji misto svalovych bunek
bunky fibrézni tkané — tak prispivaji k nizsi
vykonnosti svalu, ktera souvisi se starnuti

Young

Model 2 — parabiotické parovani

Fyzické propojeni dvou krevnich systému (a tim i
dvou vnitfnich prostredi) u mysi
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Complement C1q Activates Canonical
Wnt Signaling and Promotes
Aging-Related Phenotypes

Atsuhiko T. Naito,” Tomokazu Sumida ® Seitaro Nomura® Mai-Lan Liu,* Tomoaki Higo," Akito Nakagawa,

Katsuki Okada,! Taku Sakai,! Akihito Hashimoto,! Yurina Hara,? lppal Shimizu,* Weidong Zhw* Haruhiro Toko,*
Akemi Katada ® Hiroshi Akazawa, - Toru Oka,-? Jong-Kook Lee,-2 Tehru Minamino,* Teshio Magai,® Kenneth Walsh,3
Akira Kikuchi,® Misako Matsumoto,® Marina Botto,” lchire Shigjima,’-2 and |ssei Komurg!-24"
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Nekanonicka Wnt draha

- e.g. Wntda

uninjected

- do not induce axis duplication in Xenopus

- do not induce transformation of mammary cell
line C57mg

- do not signal via nuclear translocation of f3-
catenin



Drosophila — PCP (planar cell polarity)

Planar cell polarity
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Molekularni
mechanismus
ustaveni PCP

Box 1| Molecular interactions between the Fz/PCP core factors

The molecular logic of
the formation and
separation of the
Frizzled-Dishevelled-
Diego (FZ-D5H-DGO)
and Prickle—5trabismus
(PE=5TEM) complexes
has started to be
unravelled. In FIS. 2 are
reported examples of
the localization of each
complex invarious
tissues. The figure is an
apicalview of two cells
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that have attained asvmmetric localization of the two complexes. Several lines of

Seifert and Mlodzik, Nature Reviews in Genetics, 2007
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b Anterior Posteriar
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Outer f—
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s F7, DSH, DGO STBM/WANG, PK
Inner

Figure 2| Subecellular distribution of core Fz/PCP factors in Drosophila
melanogaster and vertebrates. a—c | Examples of cellswith epithelial character
tmarked by grey shading). Drosophila melanogaster wing cells and eye R3 and R4

cells and mouse sensory hair cells inthe cochlea (inner earj are shown ina, b and ¢,
respectively. d.e | Examples of dividing cells. The spindle orientationin the

DL melanogaster sensory organ precursor (530P) cells depends on the asymmetric
distribution of the Frizzled (Fz)/planar cell polarity (FCP) factors (as shownin d), as
does the orientation of neurcectodermal cells in zebrafish (as shown ine: note that
during mitosis the asymmetric distribution of PK is lost and then re-established).
Depending onthe tissue, only a subset of the respective proteins has been analysed
ithe 0. melanogaster wing is the only tissue inwhich all proteins were analysed; all but
D5H have been analysed in the eye). These illustrations represent the localizations
patterns of PCP proteins at the proposed time of signalling. In the wing, asymmetry of
Flaminga (FMI)has been reported earlier, but the relevance of this is unknown®, Note
that in the mouse inner ear (as shown in ¢ vang-like 2 (VANGLZ2) and FZ23/FZ6 localize
to the same side of the cells; it is not known whether other Fz family members localize
withthe D5Hhomaologues DVLL and DVLZ to the opposite side. During zebrafish
gastrulation (as shownin e) Prickle (Pkj.which is represented by green circles. is
cytoplasmic during cell division but regains polarity after separation of the daughter
cell. Only PK has been analysed inthis context, but its localization depends on the
presence of Strabismus (STEM).




Non-canonical/PCP (Planar cell polarity) pathway:
phenotypes in mouse

Stereocilia orientation in inner ear hair cells
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Qian et al., 2007, Dev. Biol.



Non-canonical/PCP (Planar cell polarity) in mouse
(and human) convergent extension

Fostral
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Konvergentni extenze — migrace bunék smérem ke
stredu téla — vede k prodluzovani télni osy



Moznosti studia konvergentni extenze - Kellerovy explantaty (Xenopus)
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Dusledky narusené konvergentni extenze (CE)

Apical wedging

af neurmﬂﬁtrm Exencephaly

Continuing
convergent extension

Medial migration == P =

Dfﬂmdarmrls S _t_:_"“"* om :
-r"-rrr - L 5 = .-c'- -H'-\.H
L LY Continuing -
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: Open neural tube

Shaping ol lataraldorsal
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Hamblet et al., 2002, Development
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Known Wnt5a knockout
phenotyp

E 18.5

Yamaguchi et al., 1999

Qian et al, 2007



Mutations in Ror2 cause dominant brachydactyly type B
(BDB) and recessive robinow syndrome (RRS)

ror2

C182X
«—  RISOW
R184C
1321-1325del(S ' RI66W
== ) el(3) R396X
IVS8+3+5del3ins19 —>
~1399insA “— Q502X
1398-13991ns “— 1740-1774del35
«— N620K
W749X — WX
2249delG
Y755X

Q760X




Kanonické a nekanonické Wnt signalovani ¢asto reguluji odlisné

c¢asti téhoz vyvojového procesu.

l. Vyvoj neuralni listy:

Wnt-3a

- neuralni lista je zdrojem periferniho nervového

neural tube

systému, melanocytt, oblic¢ejovych kosti a

svall, srdce a dalSich

control
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Sensory
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Hari, L. et al. J. Cell Biol. 2002;159:867-880



Heart outflow tract
development

Wnt5a KO

Henderson DJ et al., 2006,
TrendsCard. Res.




Fundamental question of Wnt signalling: How the specificity is achieved?
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