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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/B-catenin draha (=
kanonicka draha)

- napf. Wnt-1 nebo Wnt-3a

- induce axis duplication in Xenopus

- induce transformation of mammary cell line
C57mg

-signal via nuclear translocation of -catenin

Moon-cel2[1].swf



Priklady vyvojovych a
fyziologickych procesu
regulovanych kanonickou Wnt
drahou



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



Early gastrula, stage 10% Gastrula, stage 11 Late gastrula, stage 12

marginal  Animal pole blastocoel archenteron archenleron yolk piug
' i o J L e—

Vegetstpole YO CEIS

. ecloderm . MESOHarm |:| Endodarm
Fig. 2.6 Gastrulation in amphibians. The blastula (first panel) between the endoderm and actodarm in the animal region (third
contains several thousand cells and there is a fluid-filled cavity, panel). The lissue movements create a new intemnal cavity—the
the blastocoel, beneath the cells at the animal pole. Gastrulation archenteron—which will become the gul. Endoderm in the
bagins (second panel) at the blastopore, which forms on the vantral region also moves inside through the ventral lip of the
dorsal side of the embryo. Future mesoderm and endoderm of blastopore (fourth panel) and will eventually completely line
the marginal zone mowve inside at this site through the dorsal lip the archenteron. At the and of gastrulation the blastocoel has
of the blastopore, the mesoderm ending up sandwiched considerably reduced in size. After Balinsky, B.l.: 1975,

Xenopus blastula

A Early Xenopus
embryo

Lateral view

Zygotic Wnt pathway
(marginal zone, stage 9)
Maternal Wnt pathway
(dorsal side, stage 8)

Ventral dorsal



axis duplication assay:

control Xwnt-8 dshADEP
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Whnt/B-cateninova draha urcuje
anterioro-posteriorni (AP, predo-
zadni) osu tela behem gastrulace —
podporuje vznik zadnich a blokuje
vznik prednich casti tela

Animal Xenopus blastula
Early Xenopus
embryo Marginal
Lateral view Vegetsl W maternal wnt pathway
egela (dorsal side, stage 8)

Ventral dorsal




mysSi embryo po gastrulaci (E8.5):

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

Uncx4.1/Mesogenin

Whnt5at/t:LRP6**

Whnt5a” " LRP6"/"




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

wild type Wnt-3a knockout



Deplece inhibitoru Wnt/p-
kateninoveé drahy pri gastrulaci =
_ztrata prednich casti 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/pB-catenin draha je velmi €asto

deregulovana u nadoru!

according to Beachy et al., Nature 2004

Wt pathwray
Colon Adenocarcinoma Tumonigenesiz by inactivation of APC, Axin, tumorigenesis by stabilization of p-catenin;
apigenstic inactivation of SFRPs
Livar Hepatoblastoma Tumonigenesiz (n mousa) by inactivation of APC and by stakilization of p-catenin
Blood Multiple myaloma Ceell-groweth inhibition by domirant negative TCR; groeth stimulation By Wint ligand
Hair follide Filomatricoma Tumonigenesiz [in molsa) by overaxprassion of p-catenin
Bong Cetensarcoma Ckk3 and LEPS axpression inhibits tumour call growth i wilio
Lurig Mon-zmall-cell cacinoma Apoptosis and call-growth inhiition by short intefering BRA
and a blocking antibody against Witz
Flaura Masothelioma Apoptosis and call-growth inhibition By tranzfection of SFRP



Figure 3 Tissue anatomy of the colonic epithelium, Putative stem calls (dark blug)
reside at the crypt bottom. Praoliferating proganitor cells occupy two-thinds of the
ciypt. Differentiated calls (green) populate the remainder of the crypt and the flat
surface epithelium. {Adapted from ref. 89.)

Fgure 4 The hair follick. Stem cells reside in the bulge niche. Cells can migrate
upwards from here fo populate the sebaceous gland and the interfollicular
epidermis. Calls that migrate dowmvarnds enter the matrix where they rapidly
praliferate and then differentiate to form the hair. (Adapted from r=f. 90

Reya & Clevers 2005, Nature




Dusledky aktivace B-cateninu v epidermis (po depilaci)

wild-type+4OHT ANB=eatcninER+40OH

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



Aktivace kanonickée Wnt drahy indukuje de novo
tvorbu vlasov

" |"
o | #

Wnt-dependent de novo hair follicle regeneration in -
adult mouse skin after wounding LETTI

—
m
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Mayumi Ito!, Zaixin Yang', Thomas Andl', Chunhua Cui', Noori Kim', Sarah E. Millar' & George Cotsarelis'



Aktivace B-cateninu ve vyvijejici se mozkove trubici:

midbrain (Brn4-promotor) cortex (nestin enhancer)

\
|
i I

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



Aktivace beta-cateninu v kmenovych bunkach zubu:
B-catrex3KT14/+

wild type

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



Wnt/pB-cateninova draha v
regeneraci



Il. regenerace

zebrafish
= uncut 3 days post amp

axolotl
A

amp. + Axin1

C

live 10 dpa



Wnt/p-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,’
lichun Chen,* Daniela Malide,® Ilsa I. Rovira,® Daniel Schimel,” Calvin ]. Kuo,®
). Silvio Gutkind,® Paul M. Hwang,® Toren Finkelt

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 mys

-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

A ws:

IP: Klo-myc | HA e
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Heterochronic

Model 1 — svalova fibroza _Isochronic
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- s prodluzujicim se vékem stale Castéji pfri

regeneraci svalu vznikaji misto svalovych bunek g
bunky fibrézni tkané — tak pfispivaji k nizsi >
vykonnosti svalu, ktera souvisi se starnuti
Model 2 — parabiotické parovani
.y o , e e B
Fyzické propojeni dvou krevnich systéemu (a tim i <
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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 3-
catenin



Drosophila — PCP (planar cell polarity)

Planar cell polarity




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-Dishevellad-
Diego (FZ-D5H-DGO)
and Frickle-5trabismus
(PE=STEM) complexes
has started to be
unravelled. In FIS, 2 are
reported examples of
the localization of each
complex invarious
tissuas. 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
Preirnal o >
b Anterior Posteriar

S

Equatorial %
-
C
Outer g—l
Antarior Posterior
mmmm FZ, D5H, DGO STRMWANG, PK
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 earjare shown ina, b and ¢,
respectively. d.e | Examples of dividing cells. The spindle arientation in the

D. melanogaster sensory organ precursor (S0P cells depends on the asymmetric
distribution of the Frizzled (Fzy/planar cell polarity (PCP) factors (as shown in d), as
does the orientation of neuroectodermal cells in zebrafish (as shown ine: note that
during mitesis the asymmetric distribution of PK is lost and then re-established).
Depending on the tissue, only a subset of the respective proteins has been analysed
{the D. 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 FCF proteins at the proposed time of signalling. Inthe wing, asymmetry of
Flamingo (FMIihas been reported earlier, but the relevance of this is unknown®. Mote
that in the mouse inner ear (as shownin gy vang-like 2 (VANGL2)and FZ3/F76 localize
to the same side of the cells; it is not knownwhether other Fz family members localize
withthe D5Hhomologues DVLL and OVLZ 1o the opposite side. During zebrafish
gastrulation iasshownin e) 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 Strabismus (STEM).




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

Cony ergence
— medially =—v

HoTraJ - [ J [ ]

Lateral hedial Lateral

Rostral

Extansion
along
fstrocaudal
axis

|

Craudal

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



Dusledky narusené konvergentni extenze (CE)

Apical wedging
of nauroepithelium
“‘H Exencephaly

Confinuing
convergen! extension

Medial migration == Y, 2,
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=

Open neural tube

" Shaping ol lateraldorsal
naural fzsue

v

Hamblet et al., 2002, Development



Moznosti studia CE - Kellerovy explantaty (Xenopus)

control
Lrp5 MO

Lrp5/6 .

loading control “I

control XLRP5 MO XLRP5 MO
+ mLrp5



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

Stereocilia orientation in inner ear hair cells

et
vt Attt [ttt
bttt bt o gy

Increased migration and metastatic
potential!



Known Wnt5a knockout
phenotypes

+/+ -/-

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
— R189W
R184C
R205X
1321-1325d RI9eX.
L] -1325del(5) R396X
IVS8+3+5del3ins19 — —
1398-1399insA — 17X del3s
— N620K
W749X —  WnoX
2249delG

Y755X




Komponenty nekanonické Wnt
drahy jsou zvyseny u pacientu s
chronickou lymfoidni leukémii
(CLL)



l. Vyvoj neuralni listy:

Whnt-3a

- neuralni lista je zdrojem periferniho nervového

Dorgal

Yentral

i neural
& crest

\'cells

neural tube

systému, melanocytu, oblic¢ejovych kosti a

svall, srdce a dalSich

control

E9.0

E10.5
Hari. L. et al. J. Cell Biol. 2002:159:867-880

|
|

mutant

Neural crest
v progenitor
ngn2-positive
Sensory
precursor

Melanocyte
precursor

v Neural crest
progenitor

¥ ngni-positive
Sensory
precursor

Sensory
neurons

A Melanocytes




Heart outflow tract
development

Wnt5a KO

fi-catenin mutant

e --*-‘__h
=¥, £
L f-lr

=
i . ™ &

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



Purification of Wnt ligands

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

Karl Willert*, Jeffrey D. Brown*, Esther Danenberg®, Andrew W. Duncan 1,
Irving L. Weissman}, Tannishtha Reyat, John R. Yates Il & Roel Nusse

MATURE | VIOL 423 |22 MAY 2003 |

no detergent detergent added




Wnt-con?litioned 4 liters of media conditioned by
medium fibroblasts expressing HA tagged
Wnt-5a

Blue Sepharose

Heparin column

Medium
Blue Sepharose

Superdex
Heparin

WB: Wnt-5a

silver staining

-




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

a [i-Catenin b Planar Cell Polarity/JNK/Rock
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Cell Differentiation Cytoskeletal Polarity

Vincan, 2004, Frontiers in Bioscience
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