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)

- napfr. Wnt-1 nebo Wnt-3a

- induce axis duplication in Xenopus

- induce transformation of mammary cell line
C57mg

-signal via nuclear translocation of (3-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 blastula (first panel)
contains several thousand cells and thera is a fluid-filled cavity,
the blastocoal, 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
fhe marginal zone move inside at this site through the dorsal lip
of the blastopore. the mesoderm ending up sandwiched

betweean the endoderm and ecioderm in the animal region (third
panel). The lissue movements creale a new intemal cavity—the
archenteron-—which will become the gut. Endodem in the
ventral region also moves inside through the veniral 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.l.: 1975,

Xenopus blastula
Early Xenopus

embryo
Lateral view

Zygotic Wnt pathway
imarginal zone, stage 9)

Maternal Wnt pathway
(dorsal side, stage 8)

Ventral dorsal




axis duplication assay:

control Xwnt-8 dshADEP B-catenin

+ bMo




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

o Xenopus blastula
EETI}* Xenopus
embryo Mﬂrginu!
Lateral view Vasical Maternal Wnt FEthWE‘f
€98 (dorsal side, stage 8)

Ventral dorsal




mysSi embryo po gastrulaci (E8.5):

Cilové geny Wnt/3-cateninové
drahy jsou exprimovany v zadni
Casti téla.

Uncx4.1/Mesogenin

WntSat/ " LRP6™*

Wnt5a~: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

wild type vs. Dkk1 knockout




Wnt/[3-cateninova draha je
klicovym regulatorem aktivace
kmenovych bunek jak v
embryogenezi, tak v dospelych
tkanich




Wnt/B-catenin draha je velmi ¢asto

deregulovana u nadoru!

according to Beachy et al., Nature 2004

Wt pathway
Colon Adanccarcinoma Tumongenesiz by inactivation of APC, Axin; tumionoenesis by stabilzation of p-catening
apigenstic inactivation of SFRPs
Livar Hepatoblastoma Tumorigenesiz (inmousa) by inactivation of APC and by stakiliz ation of p-catenin
Blood Multiple myeloma Cell-growth inhibition by domirant negative TOR, growsth stimulation By Wit ligand
Hair follicle Filomatricoma Tumongenesiz inmousa) by overaxpression of p-catenin
Bone Cetecsarcoma DkkS and LEPS expression inhibits tumour call groweth i vifro
Lung Mon-=mall-cell cacinoma Apoptosis and call-agrowth inhizition by short intefering BRA
and a blocking antibody aoainst Writ2
Flaura Masothelioma Apoptosis and call-growth inhibition by tranzfection of SFRF
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Figure 3 Tissue anatomy of the colonic epithelum. Putatie stem calls {dark blug)
raskle at the crypt bottom, Proliferating progenitor cells occupy twa-thinds of the
crypt. Differentiated calis (green) populate the remainder of the crypt and the fiat
surface epithelium. (Adapted from ref. 89,

Rgure 4 The hair falicke. Stem cells reside in the hulge riche. Calls can migrate
upwards from here to populate the sebaceous gland and the intarfolicular
apidermis. Cells that migrate dowmvards anter the matrix where they rapidly
profiferate and then differentiate to form the hair, (dapted from ref, 90))

Reya & Clevers 2005, Nature




Dusledky aktivace (3-cateninu v epidermis (po depilaci)

ANB=eatcninER+40H

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




Aktivace [3-cateninu ve vyvijejici se mozkoveé trubici:

midbrain (Brn4-promotor) cortex (nestin enhancer)
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Zechner et al., 2003: Dev. Biol.;258:406-418. Chenn & Walsh, 2002: Science;297:365-369.




Aktivace beta-cateninu v kmenovych bunkach zubu:
Bcat\eX3K14/+

wild type

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




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




Drosophila — PCP (planar cell polarity)

Planar cell polarity




Molekularni
mechanismus
ustaveni PCP

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

Tha molecular logic of i B
the formation and FZ
saparation of the
Frizzlad-Dishavellad-
Diego iFZ-D5H-DGO)
and Prickle=5trabismus
(PE-5TEBM) complexeas
has started to be
unravaelled. In FIC. 2 are
reported ex amples of
the localization of each
complex invarious
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tissues. The figure is an .
apicalview of two cells

that have attained asymmetric localization of the two complexas. Saveral lines of

Seifert and Mlodzik, Nature Reviews in Genetics, 2007
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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 mefanogaster wing cells and eye R2 and R4

cells and mouse sensony hair cells inthe cochlea (inner earyare shown ina, b and ¢,
respectively. d.e | Examples of dividing cells. The spindle arientationin the

D, melanogaster sensory organ precurser(30F) cells depends on the asymmetric
distribution of the Frizzled (Fzi/ planar cell polarity (PCF) factors (as shown in d), as
doesthe crientation of neurcectodermal cells in zebrafish (as shown ine; note that
during mitosis the asyrmmetric distribution of PK is lost and then re-established).
Depending onthe tissue, only a subset of the respective proteins has been analysed
ithe O, 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
Flamingo (FMI)has been reported earlier, but the relevance of this isunknown®, Note
that in the mouse inner ear (as shown in o vang-like 2 (VANGL2) and FZ3/FZ0 localize
tothe same side of the cells; it is not knownwhether other Fz family members localize
with the D5H homelogues DWVLL and DVL2 to the opposite side. During zebrafish
gastrulation (asshownin el Prickle (Pk) 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 Strahismus i STEM).




Non-canonical/PCP (Planar cell polarity) in mouse
(and human) convergent extension
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Konvergentni extenze — migrace
bunék smérem ke stredu téla —
vede k prodluzovani télni osy




Dusledky narusené konvergentni extenze (CE)

Apieal wedging
of nouroopithalium
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Hamblet et al., 2002, Development
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Moznosti studia CE - Kellerovy explantaty (Xenopus)

control XLRP5 MO XLRPS MO

+ mLrpS

control
Lrp5 MO

Lrp5/6 .

loading control P




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.

Increased migration and metastatic
potential!




Known Wnt5a knockout
phenotypes

+/+ -/-

E 18.5

Yamaguchi et al., 1999

Qian et al, 2007




l. Vyvoj neuralni listy:
L TR

T
- epiderrmis

Dorsal

s

Ventral

Wnt-3a

- neuralni liSta je zdrojem periferniho nervového
systému, melanocytu, oblicejovych kosti a
svall, srdce a dalSich

control

|
|

E10.5

mutant

Neural crest
v progenitor
v ngn2-positive
Sensory
precursor

Melanocyte
precursor

Neural crest
progenitor

Y ngni-positive
Sensory
precursor

Sensory
neurons

» Melanocytes

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




Wnti-/-

Wnt5a KO

Heart outflow tract
development

Henderson DJ et al., 2006,
TrendsCard. Res.
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Fundamental question of Wnt signalling: How the specificity is achieved?
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Vincan, 2004, Frontiers in Bioscience
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Cytoskeletal Polarity

DISHEVELLED

(Dvl — mouse, XDsh —
Xenopus, Dsh — Drosophila)

-phosphoprotein —
phosphorylated by numerous
kinases, significance often
unknow

- acts between Frizzled and
downstream signalling
components

- required for signal
transduction of all Wnt
signalling pathways




Purification of Wnt ligands

Wnt proteins are lipid-modified and
can act as stem cell growth factors

Kar Willert”, Jeffrey D. Brown*, Esther Danenberg*, Andrew W. Duncan 1,
Irving L. Weissman, Tannishtha Reya{, John R. Yates llls & Roel Nusse*

MATURE | VWOL 423 | 22 RAY 20005 |

Wnt-3a no detergent detergent added




Wnt-conditioned
medium

!

Blue Sepharose
column

Superdex gel
filtration
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Heparin column
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Heparin

4 liters of media conditioned by
fibroblasts expressing HA tagged
Whnt-5a

WB: Wnt-5a

b

silver staining




