Lecture 10:

Wnt morphogenetic system




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)




Wnt/3-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 B-catenin
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Priklady vyvojovych procesu
regulovanych kanonickou Wnt
drahou




Maternalni Wnt/[3-cateninova draha
determinuje dorsalni (horni) pol
vyvijejici se zygoty a embrya
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Fig. 2.6 Gastrulation in amphibians The hiastula (firet panai)
conlains several thousand cells and there is a fluid-Tilled cavity,
the blastocoel, beneath the cells at the animal pole. Gastrulation
begins (second panal) at the blastopore, which forms on the
dorsal side of the embryo. Future mesodarm and endodernm of
the marginal zene move inside at this site through the dorsal lip
of the blastopore, the mesoderm ending up sandwiched

Early Xenopus

Animal

hatwaan the andoderm and actoderm in tha animal region (third
panel], The lissue movements creale a new intemal cavity-—the
archenteron-—which will become the gut. Endoderm in the
ventral region also moves inside through the veniral lip of the
blastopore (fourth panel) and will eventually completely ling

the archenteron. At the end of gastrulation the blastocoel has
considerably reduced in size. After Balinsky, B.1.: 1975,

Xenopus blastula

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

(dorsal side, stage 8)

embryo
Lateral view

Marginal

Vegetal

Ventral dorsal




axis duplication assay:

control Xwnt-8 dshADEP

- bMo

+ bMo




Wnt/[3-cateninova draha urcuje
anterioro-posteriorni (AP, predo-
zadni) osu tela behem gastrulace —
podporuje vznik zadnich a blokuje
vznik prednich casti tela

Jarkaal Xenopus blastula
Early Xenopus
embryo Mﬂrgina!
Lateral view Veaetal W Maternal Wit pathway
ege (dorsal side, stage 8)

Ventral dorsal




mysSi embryo po gastrulaci (E8.5):

Cilové geny Wnt/3-cateninove
drahy jsou exprimovany v zadni
Casti tela.

Uncx4.1/Mesogenin

Wntsat*:LRP6*




Deplece Wnt/[3-kateninové drahy
pri gastrulaci = ztrata zadnich casti
tela

wild type Wnt-3a knockout




Deplece inhibitoru \Wnt/[3-
kateninové drahy pri gastrulaci =

ztrata prednich casti tela
> D

wild type vs. Dkk1 knockout
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Whnt/[3-cateninova draha je
klicovym regulatorem aktivace
kmenovych bunek jak v
embryogenezi, tak v dospelych
tkanich




Wnt/[3-catenin draha je velmi €asto

deregulovana u nadoru!

according to Beachy et al., Nature 2004

Wt pathway
Colon Adaenccarcinoma Tumongenesiz by inactivation of APC, Axin; umonoenesis by stabilzation of p-catening
apigenstic inactivation of SFRPs
Liver Hepatoblastoma Tumonigenesiz inmousa) by inactivation of APC and by stakilization of p-catenin
Blood Multiple myaloma Cell-groweth inhibition By domirant negative TOR4; growth stimulation By Wt ligand
Hair follicle Filomatricoma Tumorngenesiz in mousa) by overexprassion of p-catenin
Bone Celensarcoma DkkS and LEPS expression inhibits tumour call groweth i vilro
Lung Mon-small-cal carcinoma Apoptosis and call-growth inhizition by short intefering BERA
and a blocking antibody against Wit
Flaura Masothelioma Apoptosis and call-growth inhibition by transfection of SFRF




Smoath
muscle

Figure 3 Tissue anatomy of the colonic epithelium. Putative stem cells (dark blue)
resile at the crypt bottom. Proliferating progenitor cells occupy two-thinds of the
crypt. Differentiated cells (green) populate the remainder of the crypt and the flat
surface epithelium. {(Adapted from ref. 89.)

Fgure 4 The hair follicle. Stemn cells reside in the bulge niche. Cells can migrate
upwards from here to populate the sebaceous gland and the interfolicular
epidermis. Cells that migrate dowmvards enter the matrix where they rapidly
praliferate and then differentiate to form the hair. (hdapted from ref. 90.)

Reya & Clevers 2005, Nature




Dusledky aktivace B-cateninu v epidermis (po depilaci)

e

ANBeatcninER+40OH

wild-type+4OHT

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




Aktivace [3-cateninu ve vyvijejici se mozkové trubici:

midbrain (Brn4-promotor) cortex (nestin enhancer)

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




Aktivace beta-cateninu v kmenovych bunkach zubu:
B-cat>eX3K14/+

Jarvinenet al. (2006) Proc. Natl. Acad. Sci. USA 103, 18627-18632




Whnt/(3-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,®
). Silvie Gutkind,” Paul M. Hwang,® Toren Finkel't
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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™**
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Klotho mys

-mutantni kmen mysi s fenotypem
akcelerovaného starnuti: napr. kratsi zivot,
arterioskleroza, snizena plodnost nebo
kozni atrofie

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

WT Kio

aktivita Wnt/(3-cateninoveé drahy
ve stfevnim epitelu

A

IP: Klo-myc

IP: Wnt3-HA

Input

WB:

HA

myc

HA

myc

—-— —

Wnt3-HA - + - +
Klo-myc - - + +

2 -

Fold Increase
s

0-
Wnt3
Klo (1g)

+ + + +
- ﬂl‘ UIE 1.u




Model 1 — svalova fibroza __Isochronic Heterochronic

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

Young

Model 2 — parabiotické parovani

Fyzické propojeni dvou krevnich systému (a tim i
dvou vnitfnich prostredi) u mysi
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Nekanonicka Wnt draha

- e.g. Wntba

uninjected

- do not induce axis duplication in Xenopus

- do not induce transformation of mammary cell
line C57mg

- do not signal via nuclear translocation of 3
catenin




napShot: Noncanonical Wnt Signaling Pathways

ikhail V. Semenoy,' Raymond Habas,? Bryan T. MacDonald,! and Xi He!

Childran’s Hospital Boston, Harvard Medical School, Boston, MA 02115, USA; *Universit y of Medicine and Dentistry of New Jersey Piscataway, NJ 08854, US4
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Drosophila — PCP (planar cell polarity)

Planar cell polarity




Molekularni

mechanismus
ustaveni PCP

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

The malecular logic of
the formation and
separation of the
Frizzled-Dishevellad-
Diego (FZ-D5H-DGO)
and Prickle-Strabismus
iIPE-5TEM) complexes
hasstarted to be
unravelled. In FIC. 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 asymmetric localization of the two complexes. Several lines of

Seifert and Mlodzik, Nature Reviews in Genetics, 2007

a Distal d
Proairmal - »
b Anterior Posterior

S

Equatarial
[
Outer  —
Anterior Posterior
e
mmmm FZ, DSH DGO STBM/WANG, PE
Inrer

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

cells and mouse sensory hair cells inthe cochlea {inner ear) are shown ina, b and ¢,
respectively. d.e | Examples of dividing cells. The spindle orientation in the

Dy melanogaster sensory organ precursor (S0OF) cells depends on the asymmetric
distribution of the Frizzled (Fz)/planar cell polarity (FCF) factors (as shown in d), as
does the crientation of neursectodermal 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 D melanogaster wing is the only tissue inwhich all proteins were analysed; all but
[5H have been analysed in the eye). These illustrations represent the localizations
patterns of PCF proteins at the proposed time of signalling. Inthe wing, asymmetry of
Flamingo (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 (VANGLZ) and FZ3/FZ26 localize
to the same side of the cells; it is not known whether other Fz family members localize
withthe D5H homologues DVLT and DVL2 to the opposite side. During zebrafish
gastrulation (asshownin e) Prickle (Pk), which is represented by green circles, is
cytoplasmic during cell division but regains polarity after separation of the daughter
cell. Unly PR has been anabysed in this context, but its localization depends onthe
presence of Strabismus (STEM).




Whnt-induced
assymetry

W-RAMP = Wnt-mediated
receptor-actin-myosin polarity
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Non-canonical/PCP (Planar cell polarity) in mouse
(and human) convergent extension
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Dusledky narusené konvergentni extenze (CE)
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Hamblet et al., 2002, Development




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

Stereocilia orientation in inner ear hair cells

t 1 t 71t 721
tt <~ xn~ 1\

Qian et al., 2007, Dev. Biol.

Increased migration and metastatic
potential!




Known Wntb5a knockout

phenotypes
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Yamaguchi et al., 1999

Qian et al, 2007




Moznosti studia CE - Kellerovy explantaty (Xenopus)

control XLRP5 MO XLRP5 MO

+ mLrp5

control
Lrp5 MO

Lrp5/6 .

loading control P




Moznosti studia migrace — Transwell assays (mammalian cells)
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Moznosti studia migrace — attractant/repelent assays
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l. Vyvoj neuralni listy:
2
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Whnt-3a

- neuralni lista je zdrojem periferniho nervového
systému, melanocytu, oblicejovych kosti a
svall, srdce a dalSich
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Hari, L. et al. J. Cell Biol. 2002;159:867-880
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Wnti-/~

fi-catenin mutant

Wnt5a KO

Heart outflow tract
development

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




zebrafish
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