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Summary

Summary

In the present thesis, 1 took advantage of the Xenopus animal model to locus on Wnt and

Frizzled (Fzd) gene funetions during kidney organogenesis. Vertebrate kidney development is

characterized by the formationofthree distinet kidneys: the pronephros,the mesonephros, and
the metanephros. While the pronephros is a simple structurecomposed of 1 to 3 nephrons,the
metanephros is complex and can contain up to one million nephrons in humans. In mammals,
most experimental studies have focused on the more complex metanephros. An alternative

model to study kidney organogenesis is provided by the frog, Xenopus laevis. Xenopus
embryos develop a fully functional pronephrickidney withinthree days. Furthermore,Xenopus
pronephros is readily accessible to gene manipulationand marker gene expression analysis.
Hence, I used here the Xenopus pronephros as a model to study the funetions of Wnt/Fzd

signaling during vertebrate kidney organogenesis. The Wnt gene family encodes for secreted

glycoproteins, which bind and activate seven-passtransmembranereceptor of the Fzd gene

family.Downstream of Fzd three distinet intracellular signaling pathways are activated leading
to cell speeification, differentiationand/or polarization.Wnt4, Wnt9b, and Wntll have been

implicated in different steps of mousekidney organogenesis. Interestingly, both in mouse and

in Xenopus, Wnt4 function is required for renal tubulogenesis, which demonstratesa conserved
role forWnt4 signaling duringvertebrate kidney development. Presently,it is not known, which
Fzd genes function during vertebrate kidney development to mediate Wnt4 signaling.

Here, I asked here which fzd genes are implicated duringpronephrickidney development
in Xenopus. By whole-mountin situ hybridization, I detected that fzd3, fzd6, and fzd8 were

expressed in the developing pronephric kidney. Interestingly, fzd3 was detected, similarly to

wnt4, in the developing proximal tubule. fzdö was expressed late along the entire pronephric
nephron. Finally, fzd8 was expressed in the developing intermediate, distal, and connecting
tubules of the pronephros. Hence, I focused my studies on analyzingfzd3, fzd6, and fzd8

gene funetions and the downstream signaling pathways involved during pronephric kidney
organogenesis.

I report here, that fzd3 function was required for speeification of proximal tubule cells.
In the absence of fzd3, no expressionof proximal tubule marker genes could be detected. In

addition, when expressed ectopically,fzd3 was able to induce ectopic pronephric tissue that
would differentiate to proximal tubules. The fzd3 phenotype was reminiscentof the wnt4

knockdown phenotype. Using cell eultures, I was able to demonstrate that fzd3 can interact
with wnt4. Taken together, fzd3 is the likely in vivo receptor mediatingwnt4 signaling during
proximal tubule development. Knockdown studies of fzdö failed to reveal a renal phenotype.
Finally, lzd8 knockdowns disrupted maturationofpronephricepithelia. Moreover, ectopic fzd8
expressionsuppressedthe formationof proximal tubules and promotedintermediate and distal
tubule cell fates. Interestingly, activation of the canonical Wnt signaling pathway or inhibition
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ofthe planar cell polarity(PCP)pathwayblocked terminal differentiationofintermediate, distal,
and connectingtubules. In summary,I demonstratedthat wnt4 signalsvia fzd3 to instruct renal

precursor cells to acquire proximal tubule fate. In contrast, fzd8 appears to activate the PCP

pathway to initiate terminal differentiationof intermediate, distal, and connectingtubules.
In collaboration with the laboratory of Prof. Kühl, I have also been involved in a study

focusingon the role ofWnt4 signaling duringeye development. Interestingly, we demonstrated

that wnt4 functioned upstream of eaf2, activated the PCP pathway and was required for

eye organogenesis. Furthermore,I also showed that eaf2 acted downstream of wnt4 during
pronephrickidney development.Taken together,eaf2 funetions as a downstreamtarget of wnt4
in the developing eye and pronephros.

Finally, I have been involved in a collaboration with the laboratory of Prof. Carmeliet,
which led to the establishment ofXenopus as a model to study vertebrate lymphangiogenesis.
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Dans cette these, j 'ai utilise le xenopecommeanimalmodelepour etudier la fonction des familles

de genes Wnt et Frizzled (Fzd) pendant l'organogenesedes reins. Chez les vertebres,les reins se

developpent en trois phases correspondantä trois formes distinctes de reins : le pronephros,le
mesonephroset le metanephros.Alors que le pronephros,est une structuresimple composee de
1 ä 3 nephrons,le metanephros est un organecomplexequi peutcontenir un million de nephrons
chez l'humain. Le metanephros,bienque complexe, est la principale forme de rein etudiee chez

les mammiferes.Alternativement, le xenopepeutetre utilise commemodeleanimalpour l'etude
du rein. En effet, les embryonsdu xenopedeveloppentun pronephros totalement fonctionnel en

3 jours.De plus, la manipulationgenetiqueainsi que l'analyse du developpement du pronephros
ä l'aide de marqueurs moleculairesest assez aisee chez le xenope. En consequence,j'ai utilise
le pronephros du xenope comme modele pour etudier le role des differentsgenes membres
de la famille Wnt et Fzd durant la formationdes reins. Les genes de la famille Wnt encodent
des gluco-proteines secretees. Ces gluco-proteines peuvent intcragir ä la surface des cellules
avec les recepteurs transmembranaires de la famille Fzd. Dans le cytoplasme,trois voies de

signalisations distinctes peuvent etres activees par les proteines Fzd. Ces signaux engendrent
soit la specialisation, la differentiationet/ou la Polarisation cellulaire. Wnt4, Wnt9b et Wntl 1
sont necessaires ä Forganogenese du rein chez la souris. Plus encore, Wnt4 est necessaire ä
la fois chez la souris et le xenope au debut de la tubulogenese. Ces resultats suggerentque le
role joue par les signaux emanant des proteines Wnt est conserve pendant l'organogenesedu
rein chez les vertebres.Actuellement,il n'est pas etabli quel Fzd recepteur est utilise par Wnt4

pendant la tubulogenesedu rein.

Iei, j'ai done tcnte d'identifier quel gene Fzd peutjouer un role pendant le development
du pronephros de xenope. Par hybridisation in situ, j'ai etabli que fzd3, fzdö et fzd8 sont

exprimees dans le pronephros durantson developpement. TMotablement, fzd3 est exprime dans
le tubule proximal d'une fa<?on similaire ä wnt4. fzdö est exprime tardivement tout au long
de l'epithelium du pronephros.Finalement,fzd8 est exprime dans les tubules intermediaires,
distaux et connectantpendant l'organogenesedu rein.

Je rapporte ici, que fzd3 est necessaire ä la speeification des cellules du compartimcnt
tubulaire proximal. En effet, en l'absence de fzd3, aucune cellule n'acquiert le caractere

proximal.De plus, l'activationectopic de fzd3 entmine le recrutementde cellules non destinees
au compartiment proximal ä acquerir un caractere proximal. Le phenotype genere par l'absence
de fzd3 est similaireä celui observe par l'absence de wnt4. De plus, des resultats obtenus lors
de cultures cellulaires suggerentque fzd3 est le recepteur de wnt4 pendant le developpement
du pronephros.En resume, fzd3 est tres probablement le recepteur in vivo par lequel wnt4

Signale pendant l'organogenesedu rein. L'absence de fzdö n'a pas revele de defauts dans le
rein. Finalement,l'inhibition de fzd8 empeche la maturation de l'epithelium pronephric. De
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plus, fzd8 est capablede convertir des cellules proximales en cellules plus distales. En outre,
l'activationde la voie de signalisationcanonical ainsi que l'inhibition de la voie de polarisation
dans le planentrainent le meme phenotype que l'absence de fzd8. En resume,j'ai demontre que
wnt4 signal au travers de fzd3 pour specifier les cellulesdu pronephros vers le compartiment
proximal.Au contraire, fzd8 active la voie de polarisationdans le plan dans les compartiments
plus posterieurs pour contröler leur maturation.

Lors d'une collaboration avec le laboratoiredu professeur Kühl,j'ai participe ä l'etudedu
role de wnt4 pendant l'organogenesedes yeux. Lors de cette etude, nous avons demontre que
wnt4 entraine l'expression de eaf2, l'activationde la polarisationdans le plan et est necessaire

pendant la formationdes yeux. De plus, j'ai demontre que wnta entraine l'expression de eaf2

dans le rein. En resume, eaf2 est un gene cible de wnt4 lors du developpement de l'eeil et du
rein.

Finalement,lors d'une collaboration avec le laboratoire du professeur Carmeliet, nous

avons etabli que le xenope est un modele permettant l'etude de 1'angiogenese du Systeme
lymphatique.


