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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

non-canonical

(eg. Wnt-5a)



Canonical Wnt signalling

- eg. Wnt-1 or Wnt-3a

- induce axis duplication in Xenopus

- induce transformation of mammary cell line
C57mg

-signals via nuclear translocation of B-catenin



Canonical Wnt signalling and tumours

according to Beachy et al., Nature 2004

Wnt pathway
Colon Adanccarcinoma Tumicrig y inactivationof APC, Axin; umorigenesis by stabilization of p-catenin,
apigens ation of ZFRPs
Livar Hepatoblastoma Tumcrigen 1mousa) by inactivation of APC and by stakilization of p-catenin
Blood Multiple myaloma Cell-groweth inhibition by domirant negative TCR, groeth stimulation By Wnt ligand
Hair follicle Filomatricoma rigenesiz in mousa) by overexprassion of p-catenin
Bora ; )
Lurig ; i - Tinhizition By short intefering BRA
{ oy against Wnit2

Flaura Mesothelioma Apoptosis and call-growth inhiition By transfection of SFRP
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Figure 3 Tissue anatomy of the colonic epithelium. Putative stem calls (dark blug)
reside at the crypt bottom. Proliferating proganitor calls occupy two-thirds of the
crypt. Differantizted cells (gresn) populate the remaindar of the crypt and the flat

surface epithelium. (Adapted from ref. 89,

Fgure 4 The hair follicle. Stem cals resida in the bulge niche. Calls can migrate
upwards fram here to populate the sebaceous gland and the imterfaliicular
epidermiz. Cells that migrate dowmwands enter the matrix whare they rapidly
proliferate and than differantiate to form the hair. @dapted from ref, 90))

Reya & Clevers 2005, Nature




Consequences of -catenin activation in the epidermis (keratin 14 promotor):

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



Consequences of 3-catenin activation in the brain:

midbrain (Brn4-promotor) cortex (nestin enhancer)

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



Non-canonical Wnt signalling

- 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 f3-
catenin



Drosophila — PCP (planar cell polarity)

Flanar cell polarity

Wing
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Darsal
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Non-canonical/PCP (Planar cell polarity) pathway
defects cause neural tube closure
phenotypes in mouse (and human)

Apical wedging
ol neuroepithalium

Exencephaly
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Hamblet et al., 2002, Development



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

a [-Catenin b Planar Cell Polarity/JNK/Rock

Cell Differentiation

Vincan, 2004, Frontiers in Bioscience

! Rock JNK- |
Cascade |
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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



Metoda 1: Western blotting

prirmany

Western Blot showing
Elot after bands indentified by
Stained gel transfer of proteins specific antibody




Compound Target Concn Activity

PTX Galpha i/o 100 ng/ml \[e]
- Wnt-3a PDBu PKC activator mny No
5 + Wortmannin PI3K 50 nM No
DvI2 =:, LY294002 PI3K 50 uM No
PD98059 MEK1/2 10 uM No
UO126 MEK1/2 10 uM No
Dvi3 =2‘ SB203580 p38 10 UM No
JNKII inhib JNK 6 uM No
ABC = = Genistein PKC 50 uM \[o]
chelerythrine PKC 10 uM No
Ro-31 8220 PKC 1uM No
BIM | PKC 500 nM No
ABC - active B-catenin = g-catenin _ fgjlas Cc:;asrrl1<K3ll 120“11'\')'4 Ez
dephosphorylated on GSK3f target sites Kenpaullone GSK-3 6 UM No
Dvl — Dishevelled — activated by phosphorylation H89 PKA (Y No
detected as phosphorylation dependent mobility 8-Br-cAMP cAMP pathway activator 10 M No
shift 8CPT-2Me-cAMP EPAC activator 30 uM No
< PS-Dvi SQ22536 Adenylyl cyclase 100 uM No
MDL12330 Adenylyl cyclase 10 uM \[o]
PP2 Src-like 10 uM No
AG1276 EGFR 10 uM No

ET-18-OCH3 10 uM No

CHAPS | Wnt-3a - -— _
staurosporin Ser/Thr kinases, PKC 2 uM
D4476 (100 pM)
Dvi2 Both and Wnt-5a activate DvI2

and DvI3 via casein kinase 1 (CK1)

Bryja et al., J. Cell Sci., 2007



Metoda 2: Immunoprecipitace

Add Antibody

Against Protein of
kﬂhﬂsl

Adding Protein A4 or G
Makes Antibody-Protein
Complexes Insoiuble

g —

Antibody Binds to
Protein of Interest

@

Copyright Molecular Station

Centrifug ation of Solution
Pellets the Complexes.
Remaval of Supernatant

And Washing. ,,.-7-——..“
P II.r A LY
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B-arrestin binds Dishevelled

Flag-DviI3 constructs

FLAG B DIX mmmmm PDZ B DEP NS
FLAG EEEEE PDZ I DEP M

1

+ 4+

i

FLAG H DIX mmmmmm PDZ N

1
2
3
4 FLAG
5
6
7

+ +

Flag-DvI3 mutants
1 2 3 4 5 6 7

TCL:
WB:
Flag

£ [WB:
g Flag
©
A
e
T
a
WB: HA




Metoda 3. Immunocytochemistry




Fluorescencni proteiny

Excitation E Emission
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parr2-GFP

B-arrestin co-localizes with Dvl in the cytoplasm
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Metoda 4: Reporter assays




1. B-arrestin is required for B-catenin
activation in vitro

TopFlash reporter - B-catenin
transcriptional activity

s wt Barr1/2DKO

B-arrestin deficient MEFs

ity
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Is this relevant for Wnt signal transduction in vivo?



Metoda C. 5: In vivo analysis in
Xenopus

injection in 4-cell stage embryo
targets Dorsal Marginal Zone
affects primary axis formation (ventralization) and CE movements

Figures 2,3,and Suppl Figure 1

injection in 8-cell stage embryo
targets presumptive cardiac mesoderm
affects cardiac development, but avoids earlier effects on primary axis and CE

Figure 4




Metoda C. 5: In vivo analysis in
Xenopus




Is B-arrestin important for the Wnt/B-catenin signalling in vivo?

B-arrestin knockdown in Xenopus (axis duplication assay):

dshADEP

Wy

o




Keller explants (Xenopus)

CE

B-arrestin regulates convergent
extension movements in vivo

¥ A
s Il v,

control MO B-arrestin M

Blastopore D




Metody C. 6: Genetické modifikace
mysSi



Transgenni mys

Nobelova cena 2007

Mario R. Capecchi,
Martin J. Evans and
Oliver Smithies

Za

,principles for
introducing specific
gene modifications in
mice by the use of

embryonic stem cells®

A

Transgenic B Knock-in or Knockout

Recormbinant DNA C__\' Targeting vector
armbinan x JEMGEng

DNA injected to male ~ — 7 EON Bugemcn

N
profuckUs of fertikzed [,:i--__.__f___-{ EE cells through
e T Te o) homologous

: T l e recomizanation

- ™, Targeted ES ceils
il | colacied and

— W - apanded

1

Injected oocyte Y Targeted ES calls
dewalops into early

g Injedchend into esarly
mouse embryo *W@M mouss embryo

!

1 Embiyo implanted 5 Embryoimplanted

o8 Moo Of e QD into uerus of
pseudopregnant 52 pseudopregnant
MSE MoUse

Pt -:Th:pl., Chimearic mousa bom
— 3 X =< __ 5 andmatedwith
- =3 F= ™ normal mouse

ﬂhﬁ'__“ﬂh'-::‘}
Transgenic mouse Knock-in or Knockout mouse




Lrp6 KO embryos display exencephaly....

WT

Lrp6 -/-

#1

...which is rescued by loss of Wnt5a

Incidence of exencephaly
(E10.5)

—

Wnt-5a+/+ | Wnt-5a+/- | Wnt-5a-/-
Lrp6-/- Lrp6 -/- Lrp6 -/-

n=9 n=30 n=7




Lrp6 and Wnt5a KO show similar heart abnormalities associated with non-canonical
Whnt signalling defects; heart abnormalities in Lrp6 KO are rescued by loss of Wnt5a

wild type Wnt5a’ Lrp6* Wnt5a* Lrp6* ‘

Wnt5a*- Lrp6*" Whnt5a* Lrp6* Wnt5a*- Lrp6”

Whntba -/- Whntba -/- Wntba+/+ Whnt-5a +/-
Genot
SNOYPE Lrp6+/+ Lrp6+/- Lrp6 -/- Lrp6-/-
outflow tract defects/total
number of embryos




Metody C. 7: Afinitni purifikace
a hmotnostni spektroskopie



Afinitni purifikace

[ Sreptag [| TEW | HA l:

1) Streptayidin resin Dinding

2) TEV cleavage+
biadin elution

pGlue-Dvi2
pGlue-Dvi3

5) Dipas ion with trypsin,
analyss by LO-#EMS




Hmotnostni
spektroskopie
(Mass Spec)

Intensity (arbitrary units)

(1) Sample SDS-
fractionation PAGE
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(3) Peptide
chromatography

and ESI

Excised (2)Trypsin Peptide
proteins digestion mixture

200

(5) MS/MS

516.27 (2+)
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Déekuji za pozornost!

Celogenomove
techniky

Experimentalni
model
Molekularni in vitro - tkafové
mechanismus ~ kultury, in vivo -

~ mys, C. elegans,
Xenopus)

Celoproteomové
techniky -—




