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/B-kateninova draha (=
kanonicka draha)

r

- induce axis duplication in Xenopus

- induce transformation of mammary cell line
C57mg

-signal via nuclear translocation of g-catenin



Wnt/B-catenin pathway
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The Canonical Wnt signalling cascade. Canonical Wnt signalling mediates its effect by binding to their receptors
frizzled (Fzd) and co-receptors, LRP 5/6. This causes activation of intracellular Dishevelled (Dvl) which, in turn, inhibits
glycogen synthase kinase-3 (GSK3p). This results in the stabilisation and nuclear translocation of B-catenin, inducing
gene transcription via the LEF/TCF family of transcription factors. In the absence of Wnt signalling, a complex
containing GSK3B phophorylates B-catenin, leading to degradation by ubiquitination. Copyright BTR©
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Figure 1. Wnt Secretion

To be secreted, Wnt proteing in the endoplasmic reticulum (ER) need
to be palmitovlated by the action of Porcupine, Wnt proteins also re-
quire Wntless (A1a/Evi) in order to be routed to the outside of the cell.
Loading onto lipoprotein particles may occur in a dedicated endofex-
ocyvtic compartment. The retromer complex may shuttle Wls between
the Golgi and the endoewocytic compartment.




Purification of Wnt ligands

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

Karl Willert*, Jeffrey D. Brown*, Esther Danenberg*, Andrew W. Duncan {,
Irving L. Weissman, Tannishtha Reyat, John R. Yates lll5 & Roel Nusse

MATURE | VOL 423 | 22 RAY 2003 |

no detergent detergent added




Frizzled — crucial receptor of most (all”?) Wnt
pathways

Ligands

WNTs Q7 NH;
R-spondin c%*“

Norrins ”

FRPs

CTGF

PDZ proteins
KXW o pyi « DLG-1,2-4

HOOC- VTTE « GIPC1-3 =« GOPC
« GRIP-1  «dPATJ
« MAGI-3
« PTP-BL

Figure 1. Schematic view of the 7TM model of FZDs. The model indicates extra-
and intracellularly interacting proteins, putative glycosylation and phosphorylation
sites. The MN-terminal CRD is the primary binding site for ligands. The pink stretch
in the C terminus indicates the internal PDZ-interacting motif (KTxxxW), which is
absolutely conserved in the different FZD isoforms and necessary for DVL binding
and signaling. The blue stretch at the far C terminus indicates the presence of a
classical, less well-conserved PDZ-ligand sequence present in a subset of FZDs.



Lrp5/6 — crucial co-receptor of the
canonical Wnt pathway

WNT

WISE

SOST? DK

' 11 ! I 1613aa
W3{zsBl=apB-propeller| |B-propeller| |B-propeller| | B-propeller | ™
a
T FFPSP PPTTF ___ PPFTP PPPS

b T1479

hLEP&e YDRAHVIGASEEEES8TEGTYFPAT PPEHATERSHY TMEFGYE
mLEP& YDRAHVIGASEES0CETHGTYFRATINPPPSHRATERSHY TMEREYS
XLEPe YDRAHVTGASSSSSS8THSTYFPPILMPPPEATERSHY TMEFCYS
mLEPE YDRENHVITGASESEEES8TKATLY PPILNPPPEPATDPSLYNVDVEY S
hLEPS: YDREMNHVIGASEESSS8TFATLYPPILNPPPSPATDPSLYNMOMEY S
XLEP: YDRNHVITCGASESSSS8TEATLYPOQILNPPPEATDESLYNTEVEYS
Arrow YDRNHITGESSETTNGESM?EYE——INPPPSPATR ———————————

&k & FhkEkFk LK LEEEEES E -

51490



Destruction e 2
complex

A working model for the destruction
complex. (1) Initially, the destruction
complex contains Axin, GSK3, CK1
and APC (with the 15 aa and 20 aa
repeat regions shown). The complex
contains other components such as
PP2A, which are not shown here. (2)
-Catenin enters the complex by
binding Axin and potentially the APC
15 aa repeats. This positions the N-
terminus of -catenin near CK1 and
GSKa3. (3) CK1 phosphorylates -
catenin at Ser45. (4) GSK3
phosphorylates -catenin at,
successively, Thr41, Ser37 and
Ser33. (5) The 20 aa repeats,
particularly repeat 3, are
phosphorylated by a CK1 (and
possibly GSK3) which greatly
increases their affinity for -catenin.
The binding of a phosphorylated

20 aa repeat to -catenin displaces
Axin from -catenin. (6) -TRCP1 binds
the phosphorylated N-terminus of -
catenin, causing the ubiquitination of
-catenin by an E2 ligase. APC is then
either desphosphorylated within the
complex, allowing the ubiquitinated -
catenin to leave the complex, or the
ubiquitinated -catenin bound to APC
leaves the complex and is separated
from APC at the proteasome. The
complex then returns to Step 1

APC

APC APC




Wnt and E-cadherin pathways
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Tyr142 of B-catenin:

phosphorylated — binds Bcl9
[% | dephosphorylated — binds o-catenin




Epithelio-mesenchymal transition (EMT)
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Priklady vyvojovych procesu
regulovanych kanonickou Wnt
drahou



Maternalni Wnt/B-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) between the endoderm and eclodarm in the animal region (third
contains several thousand cells and there is a fluid-filled cawvity, panel), The tissue movements create a new intermal cavity—the
the blastocoel, beneath the cells at the animal pole. Gastrulation archenteron—which will become the gul. Endoderm in the
begins (second panel) at the blastopore, which forms on the ventral 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 move inside at this site through the dorsal lip the archenteron. At the end of gastrulation the blastocoel has

of the b



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
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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




The effects of Wnts on stem cells in their niche

Under Normal Physiological Conditions

Niche

In Cancers or Tumors
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Cancer Research Reviews
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Dusledky aktivace B-cateninu v epidermis (po depilaci)

ANB=eateninER+40H

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



Wnt pathway induces de novo formation of hair follicles

Whnt signaling pathway
related polymorphism?

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’



Aktivace B-cateninu ve vyvijejici se mozkove 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 burnkach zubu:
B-calOx3K14/+

wild type

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



Wnt/B-cateninova draha reguluje
vyvoj neuralni listy (neural crest)



Nervova lista (neural crest)

- populace bunék, vznika
z dorsalni (= horni)
strany nervové trubice
procesem delaminace a
migruje nékolika
hlavnimi cestami do
jinych casti embrya

REy T

Dorsal

Ventral
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Co vsSechno z NC vznika?

- podil na vzniku cca 40 ruznych tkani a organu
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l. Vyvoj neuralni listy: extrapolated from mouse:

Wnt-3a

chick skull:

- neuralni lista je zdrojem periferniho nervového
systému, melanocytt, obli¢ejovych kosti a
svall, ¢asti srdce a dalSich




Wnt signaling pfi vyvoji neuralni listy

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



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 Finkelt

SCIENCE VOL 317 10 AUGUST 2007 803

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

Andrew 5. 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

WT Klo

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 starnutim

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



SnapShot: Noncanonical Wnt Signaling Pathways

Mikhal V. Semenov,! Raymond Habas,? Bryan T. MacDonald,! and Xi He'
'Children’s. Hospital Boston, Harvand Madical School, Boston, MA 02115, USA; “University of Madicine and Dentistry of New Jersay Piscalavay, NJ 08854, USA
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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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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).




Defect in the non-canonical Wnt pathway in mammals

Changes in the "haircut"

wiww. KLUBMORCAT .com




Sagittal view

8.5




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

Semicircular
cangls Yestibular
nerve

Stereocilia orientation in inner ear hair cells

“~” N~1)

Qian et al., 2007, Dev. Biol.




Primary cilia vs. motile (secondary) cilia
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Ror2
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Known Wnt5a knockout
phenotyp

E 18.5

Yamaguchi et al., 1999

Qian et al, 2007



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)
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Moznosti studia CE - Kellerovy explantaty (Xenopus)
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Whnt-induced
assymetry

Control

W-RAMP = Wnt-mediated
receptor-actin-myosin polarity

+Wnt5a




Moznosti studia migrace — Transwell assays (mammalian cells)
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Moznosti studia migrace — attractant/repelent assays
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