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Over the past few years, there has been a surge in interest in the function of Wnt 
molecules in biological processes. Wnt proteins are secreted from cells, act as short range 
signaling molecules and are now recognized as one of the major families of developmentally 
important signaling molecules. Mutations in Wnt genes display remarkable phenotypes in the 
mouse, C. elegans and in Drosophila. Among functions provided by Wnt proteins are such 
intriguing processes as embryonic induction, the generation of cell polarity, and the specification 
of cell fa te. One example of the role of Wnt signaling in body plan formation is axis formation 
and head induction in vertebrate embryos. Severa) inhibitors of Wnt signaling have been 
discovered and when those inhibitors are over-expressed or deleted, dramatic phenotypes ensue. 
Wnt signaling in vertebrates also plays a role in limb outgrowth. In addition, severa! components 
ofWnt signaling are implicated in the genesis ofhuman cancer. 

Until 5-6 years ago, our knowledge of the molecular mechanism of Wnt signaling was 
very limited, but over the past years, severa) major gaps have been filled. These include the 
identification of cell surface receptors and a novel mechanism of relaying the signa) to the cell 
nucleus. These insights have come from different comers of the animal kingdom and have 
converged on a common pathway. Wnt signal transduction proceeds through a complex series of 
protein interactions. Signaling is initiated by binding of the Wnt protein to ce\l surface receptors, 
which then generate a signa! to downstream components. There are two kinds of receptors : 
Frizzled and LRP; LRP is a general receptor, while the Frizzleds are specific for certain Wnts. 
After activation of Dishevelled, a key event in signaling is the regulation of the GSK3 protein 
kinase and its substrate beta-catenin. In the absence of a Wnt signa!, GSK3 phosphorylates beta­
catenin, which then becomes targeted for degradation. Beta-catenin and GSK are brought 
together by two scaffolding proteins: APC and Axin. The binding of Wnt to its receptors initiates 
a cascade of events that inhibits GSK3 and ultima te! y results in an accumulation of beta-catenin. 
Together with the DNA binding protein TCF, beta-catenin activates expression of Wnt target 
genes. 

Remarkably, by studying this pathway, researchers have been able to predict which 
components could play a role in human cancer, and have indeed identified mutations in Wnt 
signaling components in such important human tumors such as colon carcinomas and melanomas. 
This component, beta-catenin, is now viewed as a major human oncogene, while negative 
regulators of Wnt signaling, in particular Axin and APC, are important tumor suppressor genes. 
At the same time, these molecule serve asan example ofthe power ofthe combinatoria! approach 
that researchers ha ve taken in this field: the Drosophila counterpart of beta-catenin ( ca\led 
armadillo) was first found in the fly as a component ofthe Wnt (or wingless) pathway. 

The findings on the function of Wnt signaling in various organisms underscore the 
importance ofbringing together researchers working in different areas . It was therefore extremely 
useful to have a meeting at the Juan March Foundation that was entirely devoted to Wnt 
signaling. The meeting resulted in extensive dialogues between researchers working on flies or 
worms and those working on human cancer. 

Roe] Nusse 
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WNT signalling regulates axonal microtubule organization 

Patricia C. Salinas 

Department ofBiological Sciences, Imperial College London, London, SW7 2AZ, UK 

The formation of functional neuronal connections requires the proper navigation of 
axons to their target and the assembly of functional synapses. In recent years, a number of 
signalling molecules that regulate the behaviour of axons have been identified. These axon 
guidance molecules regulate the stability and organisation of microtubules and actin 
filaments . However, the mechanisms by which these molecules regulate the neuronal 
cytoskeleton are poorly understood. We ha ve taken advantage of the well-characterised WNT 
signalling pathways to unravel the mechanisms that control microtubule stability and 
organisation in developing neurons. 

We ha ve previously showed that WNTs su eh as WNT -7a and WNT -3 induce profound 
effects on the morphology of axons. WNTs increase growth cone size, axon branching while 
decreasing axonal extension. Our studies of cultured neurons and the Wnt-7a mutant mouse 
ha ve shown that WNT -7a regulates the morphological maturation of multisynaptic structures 
in the cerebellum. Our data is consistent with the view that WNT-7a acts as a retrograde 
signa! that regulates pre-synaptic differentiation. Changes in axonal morphology induced by 
WNTs are associated with increased microtubule unbundling and the formation of looped 
microtubules at enlarged growth eones. To understand the mechanism by which WNT 
signalling regulates microtubules, we have examined Dishevelled, a downstream component 
of the WNT signalling pathway. Dishevelled is associated to axonal microtubules and 
increases microtubule stability. In the canonical WNT pathway, Dishevelled regulates 13-
catenin-TCF transcriptional activation by inhibiting GSK-313, a serine/threonine kinase. We 
found that Dishevelled stabilises microtubules through the inhibition of GSK-313. However, 
Dishevelled signals to the microtubules through a 13-catenin- and transcriptional-independent 
pathway. More importantly, we found that axonal microtubules are stabilised by Dishevelled 
when this protein is localised to the axon. We also demonstrate that localisation of 
Dishevelled to axons results in local stabilisation of microtubules by regulating the 
phosphorylation ofMAPs that directly control microtubule dynamics. 

This work is funded by The Wellcome Trust. 
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BCL9-2, the homolog of BCL9/legless, is an essential 

component of the nuclear ~-catenin/Lef- Tcf complex and 

acts in the Wnt signaling pathway in vivo 

Felix H. Brembeck, Thomas Schwarz-Romond, Jeroen Bakkers* , Matthias Hammerschmidt* , 
and Walter Birchmeier 

Max Delbrueck-Center for Molecular Medicine, Robert-Roessle-Strasse lO, 13092 Berlin, 
Germany, *Max Planck lnstitute for lmmunobiology, Stuebeweg 51, 791 08 Freiburg, 

Germany 

The Wnt / ~-catenin signaling pathway controls decisive steps in early development such 
as axis formation and patterning of mesoderm and neuroectoderm, and is involved in tumor 
progression in human. 

Here we describe the identification and characterization of BCL9-2, the homolog of the 
putative oncogene BCL9, which is required for Wnt signaling in vitro and in vivo. In a search 
for novel proteins which modulate the transcriptional activity of the N-terminal half of 
0- catenin, we identified in a Yeast-2-Hybrid screen BCL9-2 as 0-catenin binding protein. 
Both BCL9 and BCL9-2 share in total seven highly conserved clusters of homology, among 

them the 0-catenin binding domain. Biochemical analysis demonstrates strong interaction of 
BCL9-2 with ~-catenin and requires the first two armadillo repeats of 0-catenin. Both, BCL9 
and BCL9-2 activate the Lef/Tcf dependent transcription together with stabilized 0- catenin. 
An N-terminal homology domain of BCL9-2 appears to be essential for transcriptional activity 
and particular localization within the nucleus. Cloning of the human, mouse and zebrafish 
orthologs of BCL9-2 and BCL9 shows that both proteins ha ve an overall identity of approx. 
35%. In vivo analysis of BCL9 and BCL9-2 in zebrafish development reveals different 
functions ofthe two homologs. By gene ablation studies using morpholino injections and RNA 
overexpression, we found that BCL9-2 acts downstream in the Wnt pathway. 

We provide genetic evidence that BCL9-2 is an essential component m the Wnt 
cascade to specify patterning in early development. 

Thus, our data reveal a specific function ofBCL9-2 within the Wnt signaling pathway 
in vitro and in vivo. 

Instituto Juan March (Madrid)
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GSK-3 binding proteins in Wnt signalling 

Trevor Dale, Rana Dajani , Elizabeth Fraser, S. Mark Roe, Maggie Yeo, Valerie M. 

Good, Vivienne Thompson and Laurence H. Pearl 

Sections ofCell and Molecular Biology and Structural Biology, Institute ofCancer 

Research, London SW3 6JB 

In Wnt signalling, GSK3 is recruited to a multiprotein complex via interaction 

with Axin, where it hyperphosphorylates -catenin , marking it for ubiquitination and 

destruction. We have now detennined the crystal structure of GSK3 in complex with a 

mínima] GSK3-binding segment of Ax in, at 2.4Á resolution . The structure confím1s the 

co-locali sation of the binding si tes for Axin and FRA T in the C-tem1inal domain of 

GSK3, but reveals significan! differences in the interactions made by Axin and FRA T, 

mediated by confonnational plasticity of the 285-299 loop in GSK3 . Detailed 

comparison of the Axin and FRA T GSK3 complexes allows the generation of highly 
specific mutations, which abrogate binding of one or t he o ther. Q uantitative a nalysis 

suggcsts that the interaction of GSK3 with the Axin scaffold enhances phosphorylation 

of -catenin by >20,000 fold. 

References: 
Dajani et al. , 2003 EMBO J v.22 (3) 494-501 
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Control of tissue growth by the bantam microRNA 

Stephen Cohen 

miRNAs are a class of short 21-23 nucleotide RNA molecules implicated in the 
control of gene expression. Large numbers of miRNAs have been identified, suggesting that 
they will constitute a significant proportion of the genetic information in plans and animal 
cells. To date functions have been assigned to very few miRNAs, but those studied regulate 
post-transcriptional expression. l will present recent results showing that the bantam gene of 
Drosophila encodes a 21-nucleotide miRNA that stimulates cell proliferation and 
simultaneously prevents apoptosis, thereby promoting tissue growth. bantam miRNA 
expression is temporally and spatially regulated in response to patterning cues that control cell 
proliferation during development, suggesting that bantam miRNA provides an essential link 
between pattern formation and growth control. One factor limiting the analysis of miRNA 
functions is the difficulty in identifying the genes that they regulate. I will present a 
computational method for predicting possible targets of miRNAs. Using this method we 
identify the anti-apoptotic gene hid as a target for regulation by the Drosophila bantam 
miRNA, providing an explanation for the anti-apoptotic activity of bantam. 

Instituto Juan March (Madrid)
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Endocytosis regulates Wingless signaling 

Elaine S. Seto and Hugo J. Bellen 

In the developing Drosophila wing, Wingless spreads from the dorsal-ventral 
boundary to form a symmetric morphogen gradient that is essential for proper cell 
proliferation and cell fate specification. The mechanism of Wingless spread is still 
controversia!, hypothesized to form through either diffusion or vesicle-mediated transport 
(transcytosis) . We are studying the effects of intracellular trafficking on Wingless signaling 
by genetically altering the tlow of endocytosis. When the production of Wingless is normal 
but internalization is blocked by the absence of functional Dynamin, we find that the 
Wingless gradient is expanded and the protein levels are increased, implying that Wingless 
spread can occur through diffusion. Although intracellular trafficking does not appear to be 
necessary for Wingless spread, our data indicate that endocytosis does play an important role 
in regulating Wingless signaling. When internalization is blocked, there is increased 
extracellular Wingless but decreased Distalless and Vestigial expression, therefore signaling 
must also occur in an intracellular vesicle compartment. Furthermore, when lysosomal 
degradation is impaired, proteins accumulate at the endosome and Wingless signaling is 
enhanced . 

These findings indicate that Wingless signaling occurs at the endosome and is 
regulated by lysosomal degradation. 

Instituto Juan March (Madrid)
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Wnt-mediated transcriptional regulation in Drosophila 

Ken M. Cadigan, Jiong Li, Chris Sutter, Ming Fang, Jin-Hee Chang, David S. Parker and Hua 
V. Lin 

Dept. of Molecular, Cellular and Developmental Biology, Univ. of Michigan, Ann Arbor, MI 
48109 email: cadigan@umich.edu 

In the resting state, it is thought that TCF family members bind to the promoter regions 

of Wnt target genes, where they often repress transcription vi a interactions with co-repressors. 

Upon Wnt stimulation, P-catenin (Arm in flies) is translocated to the nucleus, where it binds 

to TCF, converting it from a transcriptional repressor to an activator1
• We are interested in 

this process and pursue this question using Wingless (Wg; a fly Wnt) signaling in Drosophila 
as a model. 

While the Wnt signaling pathway is highly conserved throughout the animal kingdom, 
severa! important mechanistic differences have emerged between flies and vertebrales. The 

secreted antagonists of Wnt signaling identified in frogs and mammals (e.g., Frs, Dickkoph, 
Cerebus and WIF) do not appear to be present in flies. Likewise flies lack an obvious 

homolog for FRAT/GBP, which is thought to be essential for inactivating GSK-3 kinases, 

thus stabilizing P-catenin. Finally, the histone acetylases CBP and p300 have been shown to 
actívate Wnt mediate transcription in vertebrales 2

•
3

, but the lone fly CBP (dCBP) has been 
shown to be a negative regulator in flies4

• The study of Wnt signaling in Drosophila 
continues to provide important challenges to the established model of how the pathway works 
5

•
6

. Therefore, the issue ofhow deep the conservation goes between insects and vertebrales is 
not trivial. 

My laboratory has been exploring the role of dCBP in fly Wnt signaling in flies and 

Drosophila cell culture. In vertebrales, CBP and p300 have been shown to bind to P-catenin 
and potentiate its transcriptional activation. Inhibition of CBP/p300 activity a viral protein 
could reduce Wnt signaling2

•
3

. In flies, dCBP can bind and acetylate dTCF, reducing its 
affinity for Arm). Reduction of dCBP gene activity could elevate Wg signaling4

. We find 
that overexpression of dCBP in fly imagina! discs blocks Wg signaling, consistent with the 

previously document negative role. However, in culture cells using reporter gene assays, we 

find that expression of dCBP can elevate Arm-mediated transcription. Moreover, inhibition 
of dCBP using RNAi causes a dramatic decrease in the ability of Arm to actívate a reporter 

gene. Finally, we find that Arm robustly associates with dCBP in vitro. We are currently 

attempting to examine the effect of near complete removal of dCBP gene activity on Wg 

target gene expression in fly embryos and imagina! tissues . 

We strongly suspect that dCBP plays a crucial positive role in regulating Wg targets 
genes. What other factors have been rigorously confirmed (i.e., genetically) to be necessary 
for dTCF/Arm activation of Wg target genes? Two such factors have been recently 
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identified, Le~less (Lgl) and Pygopus (Pygo). Both genes are essential for Wg signaling in 
Drosophila7

"
1 and vertebrate homologs of pygo are required in human cell culture 10and 

Xenopus embryos7
• Biochemical and genetic evidence supports a role for Lgl as an adapter 

that recruits Pygo to the dTCF/Arm complex8
. Using anti-Pygo antibodies, we have shown 

that Pygo and Lgl can be co-imrnunoprecipitated, supporting the data of the Basler lab. We 
are currently attempting to see ifthis complex exists on Wg target promoter using Chromatin 
imrnunoprecipitation. 

The genetic evidence is consistent with severa! models for Pygo biochemical action. 
Pygo could act to inactivate the dTCF co-repressors (i.e., as a derepressor). Altematively, 
Pygo could be required more directly in transcriptional activation or chromatin access. We 
have data in cell culture that argues against the first model. RNAi inhibition of pygo message 
greatly reduces the ability of dTCF/Arm to actívate a reporter gene. Pygo inhibition also 
cripples the ability of a Gal4-Arm fusion protein to actívate a Gal4 reporter. Since the portian 
of Gal4 used is not thought to be bound by co-repressors, this suggests that Pygo acts 
downstream of corepressor inactivation. 

An interesting aspect of many developmental signaling pathways is that they actívate 
different genes in different cell types. The basis for this signaling diversity is not well 
understood. Another gene we identified in a genetic screen may shed sorne light on this 
phenomenon. The gene, called split ends (sfen), encodes a large nuclear protein containing 
three RNA Recognition Motifs (RRM) 11

'
1 and a SPOC domain at the C-terminus. The 

human homolo~ of spen is called SHARP, which has been shown to act as a transcriptional 
co-repressor13

•
1 

• Loss of spen gene activity in the larval eye, leg and wing causes phenotypes 
consistent with a loss of W g signaling. However, we can find no evidence for a requirement 
for spen in embryonic W g signaling, though Spen is abundantly expressed there. Therefore, 
we think Spen is a tissue or promoter-specific factor involved in Wg transcriptional 
regulation. The crucial question now is: what is the difference between spen-dependent and 
spen-independent Wg targets. 

References: 
l. Hurlstone, A. & Clevers, H. Embo J 21, 2303-11 . (2002). 
2. Takemaru, K. l. & Moon, R. T. J Ce// Bio/149, 249-54. (2000). 
3. Hecht, A., Vleminckx, K., Stemmler, M. P., van Roy, F. & Kemler, R. Embo J 19, 1839-50. (2000). 
4. Waltzer, L. & Bienz, M. Nature 395, 521-5. (1998). 
5. Chao, S. K. & Struhl, G. Ce/1111, 265-80. (2002). 
6. Tolwinski, N. S., Wehrli, M., Rives, A., Erdeniz, N., DiNardo, S. and Wieschaus, E. Developmental Cel/4, 

in press (2003). 
7. Belenkaya, T. Y. et al. Development 129,4089-101. (2002). 
8. Kramps, T. et al. Ce/1109, 47-60. (2002). 
9. Parker, D. S., Jemison, J. & Cadigan, K. M. Development 129,2565-76. (2002). 
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New components of the Wnt signalling pathway 

Walter Birchmeier 

Max Delbrueck-Center for Molecular Medicine, Robert-Roessle-Strasse 1 O, 
D-13092 Berlín, Germany 

In vertebrate embryogenesis, Wnt/~-Catenin signalling is essential for body axis 
specification and mesoderm formation, and deregulation of the pathway induces tumor 
formation . We have used gene expression profiling of ~-Catenin-deficient mouse embryos to 
characterize genetic networks that control early embryonic development. We define two 
distinct ~ -Ca tenin pathways that lead to axis and mesoderm formation, and isolate novel 
downstream components in each pathway. We find that Cripta is a major target of ~-Catenin 
signalling in anterior-posterior axis specification and in colon cancer cells. 

We also describe the vertebrate protein Diversin that interacts with two components of 
the Wnt/S-Catenin pathway, Casein kinase l¡::CK!s and Axin/Conductin. Diversin recruits 
CKh:; to the 13-Catenin degradation complex that consists of Axin/Conductin and GSK313 and 
allows efficient phosphorylation of ~-Catenin at serine 45, thereby inhibiting ~-Catenin 

signals. Morpholino-based gene ablation in zebrafish demonstrates that Diversin is crucial for 
axis formation during embryogenesis. Diversin is also involved in JNK activation and 
gastrulation movements. Our data demonstrate that Diversin is an essential component of the 
Wnt signaling pathway and acts as a molecular switch, which suppresses Wnt signals 
mediated by the ~-Catenin pathway and stimulates Wnt signaling via JNK. 
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Regulation of organogenesis by LEFl and Wnt signaling 

Juan Galceran, Wera Roth, Isabel Farinas, Klaus Kratochwi l and RudolfGrosschedl 

Gene Center and Institute ofBiochemistry, University ofMunich, Germany 

LEFl is a nuclear mediator of Wnt signaling that activates transcription in association 
with P-catenin. This activation can be antagonized by interaction ofLEFl with PIASy, which 
mediates SUMO modification ofLEFl and sequesters LEFl in nuclear bodies. In the mouse, 
LEFl is required for the formation of organs that involve inductive interactions between 
epithelial and mesenchymal tissues . To examine whether all activities of LEFl are mediated 
by interaction with P-catenin, we have generated a mutant allele of Lefl that carries point 
mutations in the P-catenin-interaction domain. In an initial analysis, the mutant mice were 
found to mimic the mi ce carrying a null mutation in Lefl, suggesting that most if not all 
activities of LEFl in vivo require the interaction with P-catenin. Analysis of another mutant 
allele of Lefl , which generates a dominant negative form of LEFl that interferes with the 
activity of other TCF proteins, indicated that Wnt!p-catenin signaling is not only involved in 
the generation of paraxial mesoderm but also in somitogenesis, apparently by affecting the 
expression of Notch Dl/1. 

In previous experiments, we found that the effects of LEFl in the epithelium of 
developing tooth germs are cell non-autonomous and transferred to the subjacent 
mesenchyme. In search for the underlying mechanisms, we found that the Fgf4 gene is a 
direct transcriptional target for LEFl, and we show that beads containing recombinant FGF4 
can fully rescue the developmental arrest of Lefl-1- tooth germs. FGF4 beads rapidely induce 
expression of Fg/3 in the mesenchyme, suggesting that Wnt signals are relayed via LEF-1 to 
induce sequentially expression of Fgf4 in the epithelium and Fg/3 in the mesenchyme. 
Finally, mesenchymal but not epithelial FGF proteins can induce Shh expression in the 
epithelium of Lefl-1- tooth germs. Thus, LEFl mediates a cross-talk between Wnt and FGF 
signals as part of sequential and reciproca! communications between epithelium and 
mesenchyme during organ development. 
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The beta-cateninffCF complex imposes a crypt progenitor phenotype on 

colorectal cancer cells 

Clevers H 

Hubrecht Laboratory, Netherlands lnstitute for Developmental Biology ofthe Royal 
Netherlands Academy of Arts and Sciences (clevers@niob .knaw.nl) 

Mutations in the Wnt pathway components APC, beta-catenin and conductin all 
induce sustained complex formation of the co-activator beta-catenin with TCF transcription 
factors. The resulting transactivation of TCF target genes is believed to represent the primary 
transforming event in colorectal cancer (CRC). Yet, the consequence of the presence of 
mutationally activated beta-catenin/TCF in fully transformed CRC cells is unknown. We have 
constructed CRC cell lines carrying inducible dominant-negative TCF constructs. Inhibition 
of beta-catenin/TCF resulted in a rapid G 1 arrest. DNA arra y analysis revealed the 
downregulation of a small set of transcripts. These genes were expressed in polyps, but al so, 
physiologically, in the crypt progenitor compartments of the colon. By contrast, we observed 
the induction of multiple marker genes of intestinal differentiation upon inhibing beta­
catenin/TCF in CRC cells. We provide evidence that p21 is responsible for this phenomenon. 
We conclude that beta-catenin/TCF inhibits differentiation and imposes a crypt progenitor 
phenotype on CRC cells. Moreover, inhibition of beta-catenin/TCF activity restares the 
differentiation program, despite the presence of multiple other mutations in CRC. 
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Axin complex assembly and recruitment to the plasma membrane 

Adam Cliffe, Fumihiko Hamada and Mariann Bienz 

MRC Laboratory ofMolecular Biology, Hills Road, Cambridge, CB2 2QH, UK 

In the absence of Wnt ligand, P-catenin/ Armadillo is phosphorylated by the Axin 
destruction complex, which earmarks it for rapid degradation by the ubiquitin system. Axin 
acts as a scaffold protein in this complex to assemble P-catenin/ Armadillo substrate and 
kinases (casein kinase 1 and glycogen synthase kinase 3P). The activity of this complex in 
promoting the degradation of P-catenin is regulated in sorne way by the Adenomatous 
polyposis coli (APC) tumour suppressor which binds to Axin. On Wnt signalling, the Axin 
complex is inhibited. As a consequence, P-catenin accumulates and binds to TCF proteins to 
stimulate the transcription of Wnt target genes. Wnt-induced inhibition of the Axin complex 
depends on Dishevelled, a cytoplasmic protein that can bind to Axin, but the mechanism of 
thi s inhibition is poorly understood . 

We have expressed Axin tagged with green tluorescent protein (GFP) in Drosophila 
embryos to study the regulation of the Axin complex. Our evidence suggests that (1) 
Drosophila E-APC is required for Axin complex assembly, (2) Dishevelled confers relocation 
of the Axin complex from the cytoplasm to the plasma membrane on Wingless signalling and 
(3) that recruitment of the Axin complex to the plasma membrane is sufficient for its 
inactivation. We propase a model, based on recycling endocytic vesicles, of how Dishevelled 
may convey the Axin complex to the plasma membrane in response to Wnt signalling to 
inhibit it . 
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Wnt signalling and regional patterning of the ernbryonic zebrafish 

forebrain 

Stephen Wilson, Florencia Cavodeassi, Marika Kapsimali, Masaya TakeUchi, Luca 
Caneparo*, Masa Tada, Cari-Philipp Heisenberg" and Corinne Houart* 

Department of Anatomy and Developmental Biology, University College London, Gower St, 
London WCIE 6BT 

*current address, Kings College London 
"current address, MPI, Dresden 

Our research is aimed at understanding the mechanisms that underlie the establishment 
of pattern within the vertebrate forebrain. During early development, the simple sheet of 
neuroepithelial cells that constitutes the neural plate is transformed into the highly complex 
and elaborate structures of the CNS. Nowhere is this transformation more dramatic than 
within the forebrain . This region gives rise to the telencephalon (which in humans forms the 
cerebral cortex and basal ganglia), the eyes, and the diencephalon (which includes the 
hypothalamus and thalamic nuclei) . For correct function, neurons within these different 
domains of the forebrain must acquire their correct identities and make appropriate 
connections with target cells, often in distant regions of the CNS . For a neural cell to acquire 
appropriate positional identity within the CNS, it must know its position within two, and for 
sorne cells, within three axes. Thus, it must receive cues regarding its position along the 
antero-posterior (AP) and dorso-ventral (DV) axes, and in sorne cases, information on 
whether it is on the left or on the right side ofthe brain. 

Recent work has implicated the Wnt signaling pathway in mediating AP positional 
identity within the forebrain neuroepithelium. A key finding for us was the demonstration 
that the masterblind (mbl) mutation is in the Wnt scaffolding protein, Axin 1 (Heisenberg at al 
2001 ). mbl mutant embryos exhibit a transformation of the anterior neural pi ate 
(telencephalon and eye fields) into more posterior diencephalon. Axin functions as a negative 
regulator of Wnt signals and thus the AP transformation is likely due to enhanced Wnt 
activity. Further evidence that suppression of Wnt activity is required for establishment of 
anterior forebrain fates has come from the identification of a SFRP family secreted inhibitor 
of Wnt signaling which appears to be essential for induction of the telencephalon (Houart et 
al 2002). Our more recent work is focusing upon roles for the Wnt pathway in induction and 
patterning of the eyes and hypothalamus. Both local suppression and local activation of 
canonical Wnt signalling can lead to a loss of eyes - this suggests that a low leve! of Wnt 
activity may be required for eye formation. We are currently exploring this possibility and 
have also begun to look at roles for non-canonical Wnt signalling in the early steps in eye 
formation . 
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Finally, we are examining if Wnt signalling plays role in patteming the ventral midline 
of the CNS. In the forebrain, ventral midline cells form hypothalamus whereas in caudal 
regions they differentiate as floorplate . The hypothalamus is unusual in that hypothalamic 
precursors originate near the organiser and migrate rostally to enter the forebrain territory. 
We have begun to explore whether Wnt signals influence the ability of axial signals (Nodals 
and Hhs) to induce hypothalamus versus floorplate. Our initial findings suggest that 
suppression of Wnt activity leads to axial tissue inducing hypothalamic identity. 

Acknowledgements: Our work on the Wnt pathway has been done in collaboration with the 
groups of Masa Tada, Derek Stemple, Corinne Houart, Cari-Philipp Heisenberg, Trevor Dale 
and Robert Geisler. 
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Role of Wnts in skeletal development 

Christine Hartmann 

Institute ofMolecular Pathology, Vienna, Austria 

The long bones of the vertebrate limbs are formed by a process referred to as 
endochondreal ossification, starting from mesenchymal condensations, which further 
differentiate into cartilagenous templates prefiguring the future skeletal elements 1

• The latter 
will be then be replaced by bone starting in the middle of the element (diaphysis) and 
proceeding towards the ends (epiphysis). In order for this to happen, cells within the 
cartilagenous template referred to as chondrocytes undergo a controlled differentiation 
program. The first sign of this differentiation is happening within the diaphysis whereby 
chondrocytes exit cell cycle and are now referred to as prehypertrohic chondrocytes 
expressing molecular markers such as Indian hedgehoge (llih) and Parathyroid-hormone­
related-peptide receptor (PTHrP-R). Subsequently, the prehypertrophic chondrocytes mature 
into hypertrophic chondrocytes, which have a distinct morphological appearance and 
extracellular matrix, and express molecular makers such as Collagen X (ColX). Consequently, 
immature, proliferating chondrocytes are only found at each end (epiphysis) of the cartilage 
element, appearing as two morphologically distinct populations; proliferating chondrocytes in 
the articular. region are small, round and closely packed, while adjacent to them is a zone of 
radially flattened proliferating chondrocytes. This maturation of chondrocytes is accompanied 
by characteristing changes within the population of flattened cells surrounding the cartilage 
template referred to as perichondrium. As the adjacent chondrocytes start to hypertrophy the 
perichondrium in the diaphysis differentiates into a structure known as the periosteum. The 
innermost periosteal cells adjacent to hypertrophic chondrocytes differentiate into osteoblasts, 
which secrete bone matrix (osteoid) that becomes progressively calcified, forming a 
membranous bone collar surrounding the diaphy~is of the cartilagenous element 2

. 

Previously we, and others have shown that at Ieast four different members of the Wnt­
gene family, Wnt4, 5a, 5b, and 14, are expressed in distinct cell populations ofthe developing 
long bones in chick 3

"
7

. At early stages Wnt4 and 14 are predominantly expressed in cells of 
the joint region, while Wnt5a is expressed in the perichondrium 1 periosteum and its highly 
related family member Wnt5b in a subpopulation of prehypertrophic chondrocytes as well as 
in cells ofthe outer perichondrium 4

' 
5
• At later developmental stages expression ofWnt4 and 

Wnt5a can also be found in prehypertrophic chondrocytes 7• 

Gain-of-function experiments in chick using a retroviral delivery system revealed that 
various Wnt-genes exhibit effects on limb skeletogenesis 3-s, 7

• 
8

. Overexpression of either 
Wnt4 or an N-terminal truncated form of P-catenin (CAP-catenin) resulted in shortening of 
the infected skeletal elements. Histological and molecular marker analysis of the infected 
cartilage elements revealed that differentiation of hypertrophic chondrocytes, a maturated 
chondrocyte cell type, is accelerated in Wnt4 as well as CAP-catenin infected skeletal 
elements 4

. The similarity of the phenotypes resulting from Wnt4 and CAP-catenin 
overexpression in the skeletal elements suggests that Wnt4 signals in this context through the 
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P-catenin mediated canonical Wnt-signaling pathway. Correspondingly, skeletal elements 
infected with dominant-negative forms of members of the frizzled-receptors or the 
transcription factor Lef-1, as well as those infected with the Wnt-antagonist Frzb-1 displa¡ the 
opposite phenotype whereby maturation of hypertrophic chondrocytes is delayed 5

• (C. 
Hartmann unpublished observation). lnterestingly, overexpression of either Wnt5a or 5b also 
results in shortening of the infected skeletal elements, however, histological and molecular 
marker analysis revealed that in contrast to Wnt4 this is due to a delay in chondrocyte 
differentiation 2

' 
7
' 

9
. lt remains to be elucidated which signaling pathway is utilized by Wnt5a 

1 5b to exert the observed effects on chondrocyte maturation. 

The mouse orthologs of Wnt4, 5a, 5b and 14 are expressed in the developing mouse 
skeleton in similar but not identical patterns 9

• 
10

. Recent gain-of-function studies suggested 
that the delay in chondrocyte differentiation caused by Wnt5a and Wnt5b ColZa 1-driven 
transgene expression is due to differential effects on chondrocyte proliferation. Wnt4 and 
Wnt5a have been knocked-out, but surprisingly only mice lacking Wnt5a have a reported 
skeletal phenotype with reduced chondrocyte proliferation and a delay in maturation 10

• 
1 

• 

Recently we generated a conditional knock-out allele of Wnt14. Wnt14 was 
previously implicated in playing a role in the induction process of synovial joints on the basis 
of gain-of-function experiments in chick 5

• Wnt14 mutant mice, generated by using germ-line 
deleter, are born but die within the first 24 hours. They do not display any defects in the 
formation of synovial joints, suggesting that Wnt14 is not exclusively required for joint 
induction in the mouse. However, Wntl4 mutants exhibit a transient chondrogenic 
differentiation phenotype, which is only apparent at early embryonic stages and not obvious at 
birth, suggesting that other Wnt-molecules could compensate for loss-ofWntl4 activity. 
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8-catenin function in mouse development 

R. Kemler 

Max-Planck-lnstitut fur lmmunbiologie, Stübeweg 51, D-79108 Freiburg, Germany 

13-catenin is a central component of the E-cadherin cell adhesion complex and plays an 
essential role in the Wingless/Wnt signaling pathway. Wnts act as signaling molecules and are 
implicated in many developmental processes, including cell fate specification, polarity, 
migration and proliferation. A key player in the Wnt signaling cascade is 13-catenin, where it 
interacts with members of the LEF/TCF family of transcription factors and activates gene 
expression. In our attempts to identify target genes of the Wnt/13-catenin signaling pathway in 
early mouse embryonic development we have used embryonic stem cells co-cultured are 
Nlli3T3 fibroblasts expressing different Wnts as feeder cells. To decipher the role of 13-
catenin as a mediator of Wnt signaling in mouse development, we have conditionally 
inactivated the 13-catenin gene in mouse development using the Cre/LoxP recombination 
system of bacteriophage P l. 
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Factors and mechanisms affecting P-catenin phosphorylation 

Yinon Ben-Neriah', Yaara Birman', Sharon Amit', Ada Hatzubai', Shiri Shkedi*, Jens S. 
Andersent, Matthias Mannt and lrit Alkalay' 

The Lautenberg Center for lmmunology, The Hebrew University-Hadassah Medica! School, 
Jerusalem, 91120, Israel; tProtein lnteraction Laboratory, University of Southem 

Denmark,DK-5230 Odense M, Denmark 

The Wnt pathway controls numerous developmental processes vía the ~-catenin­

TCF/LEF transcription complex . Deregulation of the pathway results in the aberrant 
accumulation of ~-catenin in the nucleus, often leading to cancer. Normally, cytoplasmic ~­
catenin associates with APC and axin and is continuously phosphorylated by GSK-3~, 
marking it for proteasomal degradation . Wnt signaling is considered to preven! GSK-
3~ from phosphorylating ~-catenin, thus causing its stabili zation. However, the Wnt 
mechanism of action has not been fully resolved. Using mass spectrometry and 
phosphopeptide-specific antibodies, we have previously shown that a complex of axin and 
CKI induces P-catenin phosphorylation ata single site : serine 45 (S45) 1

• CKI-phosphorylation 
creates a priming site for GSK-3~ and is both neces~ary and sufficient to initiate the P-catenin 
phosphorylation-degradation cascade. Wnt3A signaling and Dvl overexpression suppress S45 
phosphorylation, thereby precluding the initiation of the cascade. However, once initiated, the 
progression of the phosphorylation cascade and the subsequent degradation of ~-catenin can 
be further modulated by different mechanisms, in which PP2A and the two CKI iso forms , 
alpha and epsilon, play a majar role. We will discuss the different factors and mechanisms 
involved in regulating ~-catenin phosphorylation . 
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A canonical Wnt signaling pathway regulates the expression of the 

homeobox gene mab-5 in the Q neuroblast lineage of C. elegans 

Rik Korswagen 

Hubrecht Laboratory, Netherlands Institute for Developmental Biology, Uppsalalaan 8. 3584 
CT, Utrecht, The Netherlands. Email : rkors@niob .knaw.nl 

The Wnt family of secreted glycoproteins controls a wide variety of developmental 
processes, ranging from cell fate specification to determination of cellular polarity and 
migration . A key effector of the canonical Wnt signaling pathway is 0-catenin, which 
activates the expression of specific Wnt target genes in collaboration with TCF transcription 
factors. In the absence of Wnt signaling, 0-catenin is targeted for destruction by the 
proteasome and Wnt target gene expression is inhibited by the interaction of TCF with 
Groucho co-repressors. 

To gain further insight into the complex mechanism and regulation of the canonical 
Wnt pathway, we are studying Wnt signaling in the relatively simple model organism C. 
elegans. We and others have found that a canonical Wnt pathway controls the expression of 
the homeobox gene mab-5 in the Q neuroblast lineage (reviewed in [ 1 ]) . The Q neuroblasts 
are born at similar anteroposterior positions on the left and right side of the animal and 
generate an identical set of daughter cells. The migration of the Q neuroblasts and their 
descendants is however strikingly different between the two sides of the animal: on the left 
side, the Q cell descendants migrate towards the posterior, whereas on the right side these 
cells localize in the anterior. This difference in migration is directed by the asymmetric 
expression of the homeobox gene mab-5 [2]. Only QL and its daughter cells express mab-5, 
which induces migration towards the posterior; QR and its descendants do not express mab-5 
and migrate in the default anterior direction. The expression of mab-5 in the Q neuroblast 
lineage is in turn regulated by a canonical Wnt pathway. Mutations in egl-20/Wnt, lin-1 7/Fz , 
mig-1 !Fz, mig-5/Dsh, bar-1 /0-catenin [3,4] and pop-1 /Tcf[ S] disrupt mab-5 expression in QL 
and induce anterior migration of the QL daughter ce lis, whereas mutation of pry-1 1 Axin [ 4,6] 
and overexpression of egl-20/Wnt and bar-1 /0-catenin results in ectopic expression of mah-5 
in QR and posterior migration ofthe QR daughter cells. 

We are using the migration of the Q neuroblasts as an assay to study the canonical 
Wnt pathway; mutations that disrupt egi-20/Wnt signaling affect the direction of QL daughter 
cell migration, whereas mutations that inappropriately activate the Wnt pathway affect QR 
daughter cell migration . Using a genome-wide RNA interference (RNAi) based screen, we 
have identified 11 new genes that are required for correct Q daughter cell migration. These 
genes may function in egl-20/Wnt or mab-5 signaling, or may affect the cell migration 
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process itself. We will present results on one gene that was identified in this RNAi screen, a 
homolog of the yeast retromer complex component VPS35 . We find that a null mutation in 

vps-35 closely phenocopies the egl-20/Wnt cell migration and polarity phenotypes. We 

speculate that vps-35 may play a new role in Wnt signaling or Wnt gradient formation. 
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Planar polarity and Wnts? 

Casal, J. , Struhl, G and Lawrence, P.A. 

This talk concems the adult abdomen of Drosophila as a model system for the study of 
pattem and polarity (Struhl et al., 1997a; Struhl et al. , 1997b) 

Although much is known of pattem formation in the parasegments and segments of 
the abdomen of the embryo, the adult abdomen is less well understood. The abdomen 
develops from histoblast nests and consists of altemating anterior (A) and posterior (P) 
compartments. These compartments form the engine that drives pattem formation . Hedgehog 
is produced by all the P cells and crosses over the compartment boundaries to form a 
morphogen gradient in the A compartment, the scalar concentration of Hedgehog at each 
point determining the differentiation of cells, including the development of bristles . We have 
evidence that the morphogen Wingless spreads back from a source at the rear of the A 
compartment and pattems the P compartment (Lawrence et al., 2002). 

Many models have been pul forward to explain planar polarity and (in our opinion) 
none, including our own, is satisfactory. One class of model asks that ce lis read the vector in a 
morphogen gradient we call "X". We have shown that Hh does not directly affect the 
orientation of the hairs and bristles (which indicate the planar polarity of the ce lis) but does 
act indirectly (Struhl et al., 1997a). One possibility is that Hh helps set up a gradient 
consisting of a self regulating system involving at least three genes, dachsous, four-jointed 
and fat, and that this gradient constitutes X (Casal et al., 2002; Yang et al., 2002). There is 
then a linked system that is downstream of X and is short-range. Its main function is to sense 
and respond to the X gradient in a way which ensures that all cells have a common polarity 
(Lawrence et al., 2002) . One element in this latter system appears to be the Wnt receptor, 
Frizzled (Adler et al., 1997; Vinson and Adler, 1987). 

In my talk I will discuss our attempts to define the function of Wnts in the abdomen. 
The analysis is complicated because Wnts are needed in the dorsal abdomen to specify 
tergites: inactivation of the Wnt signalling pathway in clones of cells of the tergites changes 
them to ventral parts. Overexpression of the pathway in the ventral p arts e hanges t hem t o 
dorsal parts. But, also, polarity changes are induced by such clones. We have therefore made 
an attempt to see if any of the 7 Wnts defined in Drosophila can affect polarity directly, but 
the results were negative. We therefore have tentatively concluded that Wnts do not constitute 
a part of X (Lawrence et al., 2002). This conclusion raises the question: what is Frizzled 
doing? 
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Clones of fz- cells, as well as clones that overexpress the gene, have strong local 
polarity effects both inside and outside the clone. Attempts to understand thi s have occupied 
severa] groups but the mystery remains. 
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An element of Wingless signalling as a potential target for Suppressor of 

Hairless Notch signalling 

Alfonso Martinez Ariasl , Penny Hayward 1, Tina Balayo 1 and Keith Brennan2 

l . Department of Genetics 
University ofCambridge, Cambridge CB2 3EH UK 

2. School ofBiological Sciences, 
University ofManchester, Manchester M13 9PT UK 

The Notch gene of Drosophila encodes a receptor with a complex conserved structure 
consisting of an extracellular domain with 36EGFiike repeats involved in ligand binding and 
an intracellular domain, whose main feature is six cdc 10/ ANK repeats, involved in the 
transcution and processing of signals ( 1 ). Notch plays a central role in many cell fa te 
decisions through a well characterized signalling event triggered by its interaction with either 
of two ligands, Delta and Serrate. This event leads to the cleavage of the intracellular domain 
of Notch and its translocation to the nucleus where it mediates transcriptional activation 
through its interaction with the transcription factor Suppressor of Hairless (2) . Notch as well 
as all the features of this signalling event ha ve been conserved and, with small modifications, 
can be found in vertebrates. 

Genetic studies in Drosophila have also uncovered a second signalling actJvJty of 
Notch which regulates signalling by Wingless. This activity has different structural 
requirements from that mediated by Suppressor of Hairless and is highlighted by an array of 
gain of function mutations in the extracellular and the intracellular domains of Notch which 
antagonize Wingless signalling (3 and reviewed in 4 and 5). In addition, and most 
importantly, in severa! instances loss of function of Notch (but not of Delta nor Suppressor of 
Hairless) rescues the phenotype of loss of function of Wingless or Dishevelled (reviewed in 
6) . This activity is likely to target the activity of Tcf (7) . Thus, Notch encocles an activity, 
independent of Suppressor of Hairless which suppresses Wingless signalling. 

Wingless can bind the extracellular domain of Notch (8, 9) and Dishevelled has been 
shown to interact with a specific region ofthe intracellular domain (3, 10). These interactions 
are likely to block the negative effect of Notch on Wingless signalling and to allow efficient 
Wingless signalling. Dosage dependent interactions between Notch and wingless support this 
possibility: Wingless signalling is generally enhanced by reduction in the dosage ofNotch. 

We have been interested in identif)ring the molecular linchpin of this interaction. We 
have recently identified an element of Wingless signalling which is targeted by Notch in a 
Suppressor of Hairless independent manner. We shall discuss these results and their 
implications for our understanding ofthe initial steps in Wingless signalling. Our 
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observations provide an explanation for many, but not all, of the genetic interactions that ha ve 
been described between Notch and wingless. 

Refercnces: 
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Anatomy of an inducible antagonist: Structure-function analysis of the Wnt 

antagonist naked cuticle (Nkd) defines Dishevelled binding and non-binding 

regions important for function in vivo 

K.A. Wharton, Jr., R. Rousset, J.A. Mack, S. Waldrop, K. Suyama, M. Fish, M.P. Scott 

Each signaling pathway employs feedback regulation as a means to ensure 
reproducibility and precision during development. For signaling by the Wingless/Wnt 
pathway, naked cuticle (nkd) is likely the only zygotically-acting feedback regulator active 
during early segmentation. 

Nkd encodes a novel protein with a single EF hand motif. We recently demonstrated 
that Nkd binds to and can inactivate the positively acting Wnt signaling componen!, 
Dishevelled (Dsh), a key transducer of both canonical Wnt signals and planar cell polarity 
signals. Dsh is a multidomain protein that distinguishes between these two types of 
Wnt/Frizzled signals and, depending on the context, transmits them to largely non­
overlapping sets ofsignaling-pathway specific components. 

Despite the fact that Nkd and Dsh interact in vitro, the majority of Nkd and Dsh are 
apparently separated in signaling cells in vivo, perhaps because their association is transient or 
in competition with an interaction between Dsh and sorne of the seventeen reported Dsh­
binding proteins. Astructure-function study shows that sequences in Nkd that bind Dsh, as 
well as an additional motif that doesn't bind Dsh in vitro, are importan! for nkd activity in 
vivo. Our data further indicate that Nkd may affect Dsh localization, accumulation, or 
phosphorylation state, all of which ha ve been shown to be importan! for Dsh function . Future 
experiments will seek to discem the mechanisms by which Nkd antagonizes Dsh activity in 
Wnt signaling, as well as discover additional proteins that regulate the Nkd!Dsh interaction 
and its consequences for signaling. 
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Understanding Wnt signaling pathways in development and cancer 

XiHe 

Children's Hospital and Harvard Medica! School , Boston 

Cell-cell communication plays a central role in animal development and tumor formation. 
Wnt signa! transduction is a key part of this cell-cell communication network and is essential 
for establishing the basic vertebrate body plan and for maintaining human tissue homeostasis. 
Disruption of Wnt signa! transduction causes abnormal embryogenesis and human cancers, 
including colo rectal cancer and melanoma. The mechanism of Wnt signa! transduction during 
embryogenesis and tumor formation is not fully understood . 

Using a combination of molecular, biochemical and embryological techniques, we have 
been trying to elucidate the molecular mechanism of Wnt signa! transduction in Xenopus 
embryos during their development and in human cells in culture. We particularly focus on 
elucidating how the Wnt receptor complex transduces Wnt signa! from outside the cell into 
inside the cell, how the Wnt receptor complex specifies distinct transduction pathways to 
govern different aspects of embryogenesis, and the molecular composition and logic of these 
different transduction pathways. I will discuss aspects ofthe following areas : 

1. Corroborating with genetic studies in Drosophila and mi ce, we demonstrated that LDL 
Receptor-Related F_rotein 5/6 (LRPS/6) functions as a ca-receptor for seven-pass 
transmembrane Frizzled (Fz) receptors in Wnt signaling, and that LRPS/6 may form a 
complex with Fz upon Wnt stimulation (ref 1). 

2. We found that Dickkopf-1 (Dkk-1), which is a secreted head inducer essential for head 
formation in Xenopus and mice, is a high affinity ligand for LRPS/6, and showed that Dkk-1 
functions to promete head formation probably by blocking Wnt-induced Fz-LRPS/6 complex 
formation and Wnt/b-catenin signa! transduction (ref2). 

3 Wnt signaling via the Fz-LRPS/6 receptor complex controls the protein level of oncogene 
product b-catenin. Deregulation of b-catenin is responsible for human colorectal cancer and 
severa! other malignancies . We found that b-catenin protein leve) is regulated by two protein 
kinases in the Axin complex, GSK-3 and CKia, and elucidated the mechanism by which these 
two kinases controls sequential phosphorylation ofb-catenin and its degradation (ref 3) . 

4. Wnt signaling via the Fz receptor also controls vertebrate gastrulation, a process by which 
an embryo develops germ Jayers and positions its head versus tail in a correct order. We 
demonstrated that this novel Wnt signaling pathway, which does not require LRPS/6 (ref 2) 
and is related to planar cell polarity (PCP) signaling in Drosophila, acts via governing 
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cytoskeleton through another sets of key cellular regulators, Rho and Rae GTPases (refs. 4 
and 5). We al so identified a novel protein called Daam 1, which is specifically required for 
Wnt/Fz activation ofRho, but not Rae (refs . 4 and 5). 

5. Dishevelled (Dvl) protein is a key molecule downstream of Fz in both b-catenin and PCP 
signaling. Its DIX domain is required for the b-catenin pathway activation, whereas the PDZ 
and DEP domains are involved in PCP signaling and Rho and Rae activation. In a 
collaborative NMR structural study with Dr. Overduin's group, we identified critica! region 
and residues that mediate Dvl binding to actin filaments and vesicular membranes, and 
demonstrated that Dvl binding to actin may titrate it from Wnt/b-catenin signaling whereas 
Dvl binding to vesicular m embranes i s e ssential f or i ts p hosphorylation a nd W nt/b-catenin 
signaling (ref. 6). 
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Regulation of the Wnt signaling pathway by sumoylation 

Akira Kikuchi 

Department ofBiochemistry, Graduate School ofBiomedical Sciences, Hiroshima University, 
Hiroshima, Japan 

1-2-3, Kasumi, Minami-ku, Hiroshima 734-8551 , Japan 

Tel81-82-257-5130; Fax 81-82-257-5134; e-mail akikuchi@hiroshima-u .ac.jp 

The post-translational modifications of P-catenin and Tcf such as phosphorylation, 

ubiquitination, and acetylation are important for the regulation of the stability of P-catenin 
and the transcriptional activity of Tcf SUMO is an ubiquitin related modifier. Many proteins 
including RanGAP, RanBP2, p53, Mdm2, and lkB have been shown to be sumoylated. 
Sumoylation of these target proteins is involved in mediating protein-protein interactions, 
subcellular compartmentalization, and protein stability. 

Our analysis of various Wnt signaling molecules revealed that one of them, Tcf-4, is 
sumoylated. The sumoylation of Tcf-4 was enhanced by PlASy, a SUMO E3 enzyme, in 
intact cells and in vitro, whereas the sumoylation of Tcf-4 was not enhanced, but rather 
inhibited, by a PIASy RING mutant that does not bind to Ubc9, a SUMO E2 enzyme. Lys297 

of Tcf-4 was a sumoylation si te. Tcf-4, SUM0-1, and PIASy were colocalized in the nucleus, 
and were present in a complex in the PML body. Although PIASy did not affect the 
interaction of Tcf-4 with P-catenin or DNA, PIASy activated Tcf-4. Furthermore, P-catenin 
and PlASy activated Tcf-4 synergistically. The PIASy RING mutant inhibited Wnt-3a-, Dvl-

1, or P-catenin-dependent Tcf-4 activation. These results suggest that sumoylation is 
involved in P-catenin-dependent and Tcf-4-mediated gene expression in the Wnt signaling 
pathway. 

Taken together with our previous observations that Axam, a desumoylation enzyme, 

induces downregulation of P-catenin, sumoylation is an important post-translational 
modification ofthe regulation ofthe Wnt signaling pathway. 
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Kremens are novel Dickkopf receptors that regulate Wnt/~-catenin 
signalling 

ChristofNiehrs, Bingyu Mao, Wei Wu, Gary Davidson, Joachim Marhold1
, Mingfa Li 1

, 

Bemard M. Mechler1
, Hajo Delius2

, and Andrei Glinka 

Divisions ofMolecular Embryology, Developmental Geneticsl and Applied Tumorvirology2, 
Deutsches Krebsforschungszentrum, lrn Neuenheimer Feld 280, D-69 120 Heidelberg, 

Gem1any 

Canonical Wnt signalling vía the ~-catenin pathway is transduced by two receptor 
families. Frizzleds and Lipoprotein receptor related proteins 5 and -6 (LRPS/6) bind Wnts and 
transmit their signa! by stabilizing intracellular ~-catenin . Wnt / ~-catenin signalling is 
inhibited by t hes ecreted p rotein D ickkopfl ( Dkkl ), m ember of a m u! ti gene family, which 
acts as head inducer in the Spemann organizer of amphibian embryos. Recently, Dkkl was 
shown to inhibit Wnt signalling by a novel mode of action, by binding to and antagonizing 
LRPS/6. We now describe the transmembrane proteins Kremenl and -2 as novel high affinity 
Dkkl receptors, which functionally cooperate with Dkkl to block Wnt/P-catenin signalling. 
Kremen2 forms a temary complex with Dkkl and LRP6 and induces rapid endocytosis and 
removal of the Wnt receptor LRP6 from the plasma membrane. Unlike Dkkl, the related 
Dkk2 can function either as LRP6 agonist or antagonist, depending on the cellular context, 
suggesting that its activity is modulated by unknown co-factors. In human 293 fibroblasts 
transfected dkk2 activates LRP6 signaling. However, co-transfection of krm2 blocks the 
ability of Dkk2 to actívate LRP6 and enhances inhibition of Wnt/Frizzled signaling. Krm2 
also co-operates with Dkk4 to inhibit Wnt signaling, but not with Dkk3, which has no effect 
on Wnt signaling. Likewise, in Xenopus embryos, Dkk2 and Krm2 co-operate in Wnt 
inhibition leading to anteriorized embryos. These results suggest that Krm2 can function as a 
switch that tums Dkk2 from an activator into an inhibitor of Wnt/LRP6 signaling. Finally, we 
ha ve investigated the role of Krm 1 and Krm2 during early Xenopus embryogenesis. 
Consistent with a role in zygotic Wnt inhibition, overexpressed Krm anteriorises embryos and 
rescues embryos posteriorised by Wnt8. Antisense morpholino oligonucleotide (M o) 
knockdown o f K rm 1 a nd K rm2 1 eads t o d eficiency o fa nterior neural development. In this 
process, Krm proteins functionally interact with Dkkl.The results indicate that Krm proteins 
function in a Wnt inhibition pathway regulating early AP patteming of the CNS. 
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Signaling by isolated Wnt proteins 

Roel Nusse 

Howard Hughes Medica! Institute, Department ofDevelopmental Biology, Beckman Center, 
Stanford University 

While progress had been made in understanding the Wnt signaling pathway in target 
cells, Wnt proteins had never been isolated as active growth factors . The Jack of active Wnt 
protein has been one of the most vexing problems in the field, and has Jed to a variety of 
indirect approaches to studying signaling. We have systematically tried to produce and isolate 
Wnt proteins and we have now purified severa! Wnts as biologically active molecules. An 
explanation for the unusual behavior of Wnt proteins and their insolubility carne from 
establishing that active Wnt proteins are Jipid modified. Using mass spectrometry, we mapped 
the modification site to one cysteine. Mutating that particular cysteine to an alanine results in 
a secreted form of Wnt3A that is not hydrophobic, and is not active. Furthermore, in a survey 
of wingless alleles in Drosophila, we found one natural allele containing a tyrosine replacing 
that same cysteine, providing additional evidence for the importance ofthis modification. 

The finding that Wnts are lipid modified has severa! interesting implications. It 
provides a likely explanation for earlier observations regarding the role of the genes 
porcupine and MOMl in Wnt signaling in Drosophila and C. elegans. These genes, required 
in Wnt producing cells have homology to acyl-transferases, enzymes that can attach lipids to 
substrates. These genetic similarities indicate that porcupine and MOM-1 are enzymes that are 
dedicated to Wnt signaling, underscoring the significance of the lipid as an integral 
componen! of Wnt signaling. 

Having purified Wnt proteins allowed us to test directly whether these signaling 
molecules can be used as growth or differentiation factors. In view of the evidence that Wnt 
signaling is important to maintain stem cell fate, we have concentrated our efforts on various 
kinds of stem or progenitor cells. While sorne of the results are preliminary, they are 
encouraging. For example, we have found that primary mesenchymal cells isolated from 
embryonic limb buds are profoundly influenced by added Wnt proteins. Normally, these cells 
can differentiate into various cell types, including chondrocytes. We found that Wnt protein 
inhibits differentiation, and acts as a mitogen for undifferentiated progenitor cells. 

The notion that Wnts act as stem cell growth factors is substantiated by experiments 
done together with Irving Weissman at Stanford. Using his Jab's extensive experience with 
hematopoietic stem cells (HSCs), we were able to promete expansion of undifferentiated, 
self-renewing HSCs with purified Wnt protein. The Wnt-exposed cells have the ability to 
reconstitute the entire hematopoietic system. Additional experiments have demonstrated that 
Wnt signaling is an essential pathway for HSC growth, and is perhaps the majar regulator of 
these important cells in vivo. 
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Stat5a activation mediates the epithelial to mesenchymal transition induced 

by oncogenic RhoA 

Salvador Aznar Benitah, Pilar F. Yaleron, Hallger Rui and Juan Carlos Laca! 

The involvement of Rho GTPases in signa! transduction pathways leading to 
transcription activation is one of the major roles of this family of GTPases . Thus, the 
identification of transcription factors regulated by Rho GTPases as well as the understanding 
of the mechanisms of their activation and its biological outcome is of great interest. We 
provide here evidence that Rho GTPases modulate Stat5a, a transcription factor of the family 
of Signa! Transducers and Activators of Transcription. RhoA triggers tyrosine 
phosphorylation (Y696) of Stat5a via a JAK2-dependent mechanism, and promotes DNA­
binding activity of Stat5a. Tyrosine phosphorylation of Stat5a is also stimulated 
physiologically by LPA in a Rho-dependent manner. Simultaneously, RhoA reduces serine 
phosphorylation of Stat5a at both serine residues S726 and S780, resulting in a further 
increase of activity as defined by mutagenesis experiments Furthermore, serine 
dephosphorylation of Stat5a by RhoA does not take place by downmodulation of either JNK.l , 
MEK 1 or p38 MAP kinases, as determined by transfection experiments or chemical inhibition 
of both MEKI, p38 and JNK serine kinases. Thus, RhoA regulates Stat5a via tyrosine 
phosphorylation, and by a yet to be determined novel downmodulating pathway that involves 
serine dephosphorylation. At last we provide evidence for a role of Stat5a in RhoA-induced 
epithelial to mesenchymal transition (EMT) with concomitant increase in vimentin 
expression, E-cadherin downregulation and cell motility. 

Instituto Juan March (Madrid)



58 

The Wnt receptor LRP6/arrow can signal independently of Frizzled 

proteins 

Keith Brennan, Jose M. Gonzalez Sancho, Louise R. Howe, Les li e A. Castelo-Soccio and 
Anthony M. C. Brown 

The identification ofthe LRP5&6 and Arrow proteins as components ofWnt receptors 
has raised questions ofthe indi vi dual functions ofthe Frizzled and LRP5/6 proteins within the 
receptor. We have addressed these questions by performing a structure-function analysis of 
the Fzdl and LRP6 proteins, which have previously been shown to be involved in 
transduction of the Wntl signa!. Our results indicate that extracellularly deleted LRP6 or 
Arrow proteins are able to actívate the intracellular Wnt signalling pathway in a ligand­
independent and Frizzled-independent manner. In contras!, over expression of Frizzled 
proteins was unable to actívate the Wntla-catenin pathway and can even attenuate signalling 
by Wntl. Consequently we suggest that LRP5/6 or Arrow constitutes the principal signalling 
componen! of Wnt receptors for the Wnt/a-catenin pathway and that Frizzled acts as a ligand 
presenting ca-receptor. 
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ldentification and characterization of Drosopltila Wingless cis-regulatory 

regions 

F Casares, P Pereira, J Costas, S Pinho, JP Couso , J Vieira, C Vieira 

Wingless (wg) is expressed in many tissues (including ectodermal, neural, mesodermal 
and endodermal derivatives both in embryo and adult primordia) during Drosophila 
development, and therefore its function depends on a complex and dynamic regulation of its 
transcription. The cis-regulatory regions (CRR) controlling wg expression must lie in the 
large intergenic regions flanking wg (over 30kb on both 5' and 3' sides) and/or inside wg 's 
introns. To date, two CRR have been clearly identified in the wg 5' untranslated region: one 
controlling embryonic expression, and other responsible of wg expression in the wing 
imagina! disc (Lessing and Nusse, 1998; Neumann and Cohen, 1997). 

In order to identify and characterize the remaining wg CRR, we have resorted to three 
complementary approaches: reporter-gene analysis, molecular evolution and bioinformatics. 
So far, our results identify a number of regulatory functions located in the 3' untranslated 
region as well as in introns of the wg gene. In particular, we have narrowed down a head­
specific enhancer to less than 500bp, and we are currently molecularly testing transcription 
factors that might be responsible for its function. In addition, we are performing a 
comparative/functional analysis of these CRR throughout a dense fl y phylogeny to try to 
pinpoint changes in these sequences that might have relevance to the evolution of wg 
function . 
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Wnts and the specification of the eye field within the anterior neural plate 

Florencia Cavodeassi 1
, Rodrigo Young2

, Corinne Houart3 and Stephen Wilson1 

1 Dept. of Anatomy, University College London, Gower Street, WClE 6BT, London, UK 
2 Millennium Nucleus in Developmental Biology, Departamento de Biología, Facultad de 

Ciencias, Universidad de Chile, Casilla 653, Santiago, Chile 
3 MRC Centre for Developmental Neurobiology, New Hunt's House, King's College London, 

SE! 9RT, London, UK 

One of the earliest steps in the patterning of the vertebrate nervous system is the 
acquisition of regional identity by cells in different areas of the prospective central nervous 
system (CNS). During the last years, the mechanisms by which this regionalization is 
achieved within the anterior neural pi ate ha ve started to be umaveled, and a number of signals 
involved in this process have been identified. However, the way by which the eye fate is 
specified is still unclear. Here, we make use of the zebrafish model system to study in detail 
the role of the Wnt pathway, one of the most importan! pathways in anterior neural plate 
patteming, during eye fate induction. By transplanting cells expressing different components 
of the Wnt pathway within the prospective eye field , we have locally modified the levels of 
Wnt activity in this region. We will show results indicating an unexpected qualitative 
difference in the way the different intracellular branches of the Wnt pathway affect the 
induction of the eye field. Thus, while activation of the canonical branch results in repression 
of eye fate, activation of the planar-cell-polarity (PCP) branch leads to activation of eye 
markers, and presumably induction of eye fate. We will discuss different interpretations of 
these results and build a model that explains the requirement for both the suppression of the 
canonical Wnt branch and for the activation of the PCP branch for eye field induction. This 
remains a working model that has to be tested, and we are currently undertaking a number of 
experiments to ascertain its validity. 
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FrzA overexpression in transgenic mouse reduces infarct size and modifies 
infarct healing 

Laurent Barandon, Thierry Couffinhal, Pascale Dufourcq, Jérome Ezan, Pi erre Costet, 
Philippe Alzieu, Lionel Leroux, Catherine Moreau, Daniele Daret, Cécile Duplaa 

We ha ve previously shown that FrzNsFRP-1, a secreted Frizzled Related Protein, 
antagonist for the wnt/ frizzled pathway, was expressed in the heart and vessel during mouse 
embryogenesis and adulthood. In vitro, FrzA is involved in cell cycle control ofvascular cells . 

Here, we showed an up-regulation of sFRP-1/FrzA and distinct wnt and fz member 
expression after myocardial infarction (MI) . So, we assessed the hypothesis that FrzA could 
control the healing process after MI. To investigate the role of FrzA, we established 
transgenic mice (Tg) overexpressing the protein under a CMV promoter and developed a 
model of MI by ligation of the left anterior descending coronary artery. Analysis were 
reali zed in Tg m ice backcrossed onto C57BL/6J strain for more than 6 generations. C57BL/6J 
mice were used as control group. FrzA reduced cardiac rupture after MI in Tg (6.5% vs 26.4% 
in control, n= l65; p<O.OOl). MI was smaller in Tg at each time point (18±10.8% of LV 
circumference vs 30± 14.2% in control at day 30; p<O.OOI; n=6 at each time point). Similar 
results were found when MI was created by cryolesion. The cardiac function was improved in 
Tg (3800±370 mmHg/s dp/dt max vs 2800±840 in control, -2800±440 dp/dt min vs -
1800±211 in control at day 15; p<O.OOI; n=6). Early leukocyte infiltration was decreased in 
Tg within the first week (103±59 cells/mm2 vs 730±463 in control at day 7; p<O.OO l ; n=6) . 
Apoptosis index was decreased by 50% in Tg ( 1.1 % vs 2.4% in control at da y 7; p<O.O 1 ). 

Cellular density was 2 fold most importan! in Tg at day 15 (4002±496 cells/mm2 vs 
2075±359 in control, p<0.001). MMP-2 and -9 activity was reduced in Tg at day 4 (as 
assessed by zymography) and collagen deposition in the scar was increased in Tg. Capillary 
density in the scar was most importan! in Tg (290± 103 vessels/mm2 vs 1 04±43 in control at 
day 15; p<O.OOl). Vessels were more muscularized and mean lumen area was 3 fold most 
importan! in Tg (952±902 ¡.¡m2 vs 313±350 in control; p<0.001). In conclusion, 
overexpression of FrzA, through direct or indirect interaction with the different phases of the 
infarct healing, reduced the infarct size and improved cardiac function. 
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Lef-1 and Tcf-3 transcription factors mediate tissue-specific Wnt signalling 

during Xenopus development 

Giulietta Roe!, Piona S. Hamilton, Yoony Gent, Andrew A. Bain, Olivier Destrée and 
Stefan Hoppler 

Wnt signalling functions repeatedly during embryonic development to induce different 
but specific responses. What molecular mechanisms ensure that Wnt signalling triggers the 
correct tissue-specific response in different tissues? Early Xenopus development is an ideal 
model for addressing this fundamental question, since there is a dramatic change in the 
response to Wnt signalling at the onset of zygotic gene transcription: Wnt signalling 
components encoded by maternal mRNA establish the dorsal embryonic axis [1] ; zygotically 
expressed Xwnt-8 causes almost the opposite, by promoting ventral and lateral and restricting 
dorsal mesodermal development [2-4] . 

Although Wnt signalling can function through different signa! transduction cascades, 
the same b-catenin-dependent, canonical Wnt signa! transduction pathway mediates Wnt 
signalling at both stages of Xenopus development [5 , 6). Here we show that while the function 
of the transcription factor XTcf-3 is required for early Wnt signalling to establish the dorsal 
embryonic axis, closely related XLef-1 is required for Wnt signalling to pattern the mesoderm 
after the onset of zygotic transcription [7). Our results show for the first time that different 
transcription factors of the Lef/Tcf family function in different tissues to bring about tissue­
specific responses downstream of canonical Wnt signalling. 

Rcfcrcnccs: 
l. Heasman, J. , el al. (1994). Ccll79, 791-803. 
2. Christian, J. L. , and Moon, R. T. (1993). Genes Dev 7, 13-28. 
1. Hopp1cr, S., Brown, J. D., and Moon, R. T. (1996). Genes Dcv 10, 2805-2817. 
4. Hopp1er, S., and Moon, R. T. (1998). Mech Dev 71 , 119-129. 
5. Guger, K. A., and Gumbiner, B. M. (1995). Dev Biol 172, 115-125. 
6. Hamilton, F. S., Wheeler, G. N., and Hoppler, S. (2001). Development 128, 2063-2073 . 
7. Roe!, G., et al. Lef-1 and Tcf-3 transcription factors mediate tissue-specific Wnt signalling during 

Xenopus development. Curren! Bio1ogy, in press. 
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Wise, a novel modulator of the Wnt pathway by interacting with LRP6 

Nobue ltasaki 

Wise (Wnt modulator in surface ectoderm) was isolated by a functional screen assayed 
for activities that alter the antera-posterior (A-P) character of neuralised Xenopus animal caps. 
Wise encodes a secreted protein and is expressed in the surface ectoderm strongest near the 
neural tube. The embryonic phenotypes arising from ectopic expression of Wise or from 
injection of antisense morpholino oligonucleotide resemble those obtained when Wnt 
signalling is altered . Induction of neural posterior markers such as en2 in animal caps by Wise 
requires components ofthe canonical Wnt signalling pathway, indicating that in this context it 
activates the Wnt signalling cascade. Wise also induces nuclear localization of b-catenin in 
animal caps, suppoting activation of canonical Wnt pathway. In contras!, in other assays such 
as secondary axis induction, Wise antagonises the axis-inducing ability of Wnt8. Injection of 
Wise RNA into a ventral blastomere causes ectopic cement gland formation, mimicking a 
phenotype caused by Wnt signalling blockers. These results indicate that Wise can actívate or 
inhibit the Wnt signalling pathway in a context-dependent manner. The Wise protein 
physically interacts with the Wnt ca-receptor lipoprotein-receptor-related protein 6 (LRP6), 
and is able to compete with Wnt8 for binding to LRP6. These activities of Wise provide a 
new mechanism for modulating the balance ofWnt signalling. 
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Wnt signaling regulates early events of chondrogenic differentiation during 

chick limb development 

Yasuhiko Kawakami and Juan Carlos Izpisua Belmonte 

Wnt signaling is known to be involved in chondrogenic differentiation, such as 
controlling hypertrophic differentiation and joint formation , which are relatively late events 
during chondrogenesis. Vertebrate limb development provides an excellent model system for 
studying chondrogenic differentiation, leading to endochondral bone formation that comprises 
the majority of our skeleton. During limb development, undifferentiated mesenchymal cells 
undergo condensation to form a chondrogenic precursor, followed by differentiation into 
chondroblasts. These cells further differentiate into chondrocytes and form cartilage that acts 
as a template of endochondral bone formation . 

Previous studies suggest a possible involvement of Wnt signaling in the early sages of 
chondrogenesis, however, the endogenous factor is not yet identified. We have isolated chick 
Wnll Oa that is expressed in the en tire ectoderm during limb development. Misexpression of 
Wntl Oa by retrovirus vector results in a strong downregulation of chondrogenesis, both in 
vitro mesenchymal culture and in vivo. Analysis of molecular marker expression in the 
WntlOa-misexpressed limb suggests that WntlOa suppresses chondroblast formation, but not 
mesenchy:nal condensation. These data are consisten! with a known embryological study, 
which have demonstrated that limb ectoderm provides inhibitory signaling for 
chondrogenesis. 

Given the fact that chondrogenesis takes place in the core of limb mesenchyme, our 
data suggest that Wntl O a acts as an endogenous inhibitory factor of chondrogenesis during 
limb development to restrict a mass of mesenchymal condensation undergoing 
chondrogenesis. 
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Tyrosine phosphorylation of Axin by Glycogen Synthase Kinase-3beta 

M. H. Orme, AL Giannini , M. Vivanco, M. Kishida, A Kikuchi, J. Waxman and R.M. 
Kypta 

Axin negatively regulates Wnt signaling by facilitating the phosphorylation of b­
catenin by casein kinase-I and glycogen synthase kinase-3b (GSK-3b), marking it for 
proteo so mal degradation ( l ). Axin is al so phosphorylated by GSK-3b on serine and threonine 
residues, which increases its stability and its affinity for b-catenin (2) Here, we present 
evidence that axin undergoes GSK-3b-dependent tyrosine phosphorylation. Axin tyrosine 
phosphorylation is blocked by lithium, a GSK-3 inhibitor, but not by PP2, a tyrosine kinase 
inhibitor Moreover, a mutant axin that cannot bind GSK-3b is not tyrosine-phosphorylated . 

Axin is also phosphorylated on tyrosine by recombinant GSK-3b in vitro, suggesting 
that tyrosine phosphorylation in vivo is direct. Deletion and point mutation analyses suggest 
that Y309 and Y315 are the in vivo tyrosine phosphorylation sites These residues lie in a 
sequence resembling the GSK-3b activation loop containing the GSK-3b autophosphorylation 
site An unphosphorylated peptide containing the axin tyrosine phosphorylation sites inhibits 
GSK-3b tyrosine kinase activity in vitro, while a tyrosine-phosphorylated form of this peptide 
does not. 

These observations are consistent with a model in which the GSK-3b pseudo­
activation loop in axin inhibits GSK-3b, and tyrosine phosphorylation of axin relieves this 
inhibition. The tyrosine phosphorylation sites in axin have been mutated to phenylalanine and 
the activities ofthe mutants in the Wnt pathway wi!l be discussed . 

Rcfcrcnccs: 
( 1) Amit S. Hatzubai A, Birman Y. Andersen JS , Ben-Shushan E. Mann M, Bcn-Neriah Y, A1ka1ay l. Genes 
Dev. 2002 16:1066: Liu C, Li Y, Semenov M, Han C, Baeg GH, Tan Y, Zhang Z, Lin X, He X. Cell 2002 
108:817. 
(2) Wi 11crt K. Shibamoto S, Nussc R. Genes Dev. 1999 13: 1768; Yamamoto H, Kishida S, Kishida M, 1keda S, 
Takada S, Kikuchi A. J Bio1 Chem. 1999 274:10681 : Jho E, Lomvardas S, Costantini F. Biochem Biophys Res 
Commun. 1999 266:28. 
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Caudal Wnt8c is a target of FGF signalling and inhibits neuronal 

differentiation onset in chick spinal cord 

Isabel Olivera- Martínez and Kate G. Storey 

Wnt signalling promotes posterior versus anterior cell fates in the early neural plate and 
al so mediates a gradient of proliferation in the dorso-ventral axis of the closed neural tu be (for a 
review see Yamaguchi, 2001; Megason and McMahon, 2002). However, Wnt8c expression in the 
spinal cord primordia adjacent to regressing primitive streak, suggests an additional role for Wnt 
signalling in the maintenance of this neural precursor cell pool. We ha ve shown recen ti y that the 
onset of neuronal differentiation in the spinal cord requires attenuation of FGF signalling and that 
this is achieved by somite derived signals, which reduce Fgf8 transcripts in the spinal cord 
primordia (Diez del Corral et al. 2002). 

Here we show that Wnt8c is induced by and requires MAPKinase mediated FGF 
signalling. In addition, we show that somite derived signals also repress Wnt8c in the primordia. 
Further, ectopic maintenance of Wnt8c in the developing neural tu be inhibits neurogenesis onset 
and may therefore mediate the ability of FGF to repress neuronal differentiation. Wnt8c inhibits 
expression of Del ta-l and NeuroM, both markers of post-mitotic neurons, indicating that it acts 
early in the neurogenesis pathway, prior to cell cycle exit. However, ectopic expression of Wnt8c 
does not promote proliferation in the neural tube and appears to arrest neural cells in an 
undifferentiated state. On-going studies address the identity of the somite derived signal(s) that 
repress Fgf8 and Wnt8c, the requirement for canonical Wnt signalling as a mediator of FGF 
induced repression of neuronal differentiation and further characterisation of cells expressing 
ectopic Wnt8c. 

References: 
- Diez del Corral R, Breitkreuz DN, Storey KG. Onset of neuronal differentiation is regulated by paraxial mesoderrn 
and requires attenuation of FGF signalling. Development. 2002 Apr; 129(7): 1681-91 . 
- Megason SG, McMahon AP. A mitogen gradient of dorsal midline Wnts organizes growth in the CNS. 
Development. 2002 M ay; 129(9):2087-98. 
- Yamaguchi TP. Heads or tails: Wnts and anterior-posterior patteming. Curr Biol. 2001 Sep 4; 11 ( 17):R713-24 . 
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Insights into the molecular mechanisms of Wingless lysosomal degradation 

Eugenia Piddini and Jean-Paul Vincent 

The activity of Wingless is regulated in part by its degradation. Our lab has previously 
shown that in the embryonic epidermis of Drosophila the cells posterior to each stripe of 
wingless expression degrade Wingless more readily than the anterior cells, by a mechanism 
that targets Wingless for lysosomal degradation (Dubois et al. , 2001). 

We are interested in understanding the ce]] biological basis of this process. We are 
undertaking a candidate-based approach to try and identify the regulators involved. 

We are establishing a cell-culture assay to assess the role of the Drosophila Wg 
receptors (Arrow and the Frizzled family) and their possible post-translational modifications 
in Wg degradation. Since ubiquitination is one important modification that regulates 
endocytic sorting of the receptors, we are investigating whether W g degradation could be 
modulated by ubiquitination . We are also exploring the role of hrs (a gene involved in the 
formation of MVBs; Lloyd et al., 2002) in W g trafficking. 

References: 
Dubois L, Lecourtois M, A1exandre C, Hirst E, Vincent JP. Regu1ated endocytic routing modulates wing1ess 
signaling in Drosophi1a embryos. Cell. 2001 Jun 1; 1 05(5):613-24. 

Lloyd TE, Atkinson R, Wu MN, Zhou Y, Pennetta G, Bellen HJ. Hrs regulates endosome membrane 
invagination and tyrosine kinase receptor signa1ing in Drosophi1a. Ce11. 2002 Jan 25; 1 08(2):261-9. 
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Wnt signaling regulates thalamic development 

Chengji Zhou, Kathy I. Pinson, William C. Skames, Samuel J. Pleasure 

Although it has been demonstrated that Wnt signaling pathways are crucial for normal 
development of the CNS, and severa! Wnt genes are expressed in the developing 
diencephalon, there has been no direct evidence for physiological functions of Wnts in the 
developing thalamus. Also, most studies on the effects of Wnt signaling in the spinal cord and 
cortex conclude that these effects are most likely to be due to alterations in precursor 
proliferation. Here we examine whether Wnts regulate diencephalic development by 
analyzing LRP6 mutant mice. Since LRP6 is a recently described Wnt ca-receptor this would 
provide direct evidence for a role for Wnt signaling in these structures. In these mice, we have 
found that the majority of dorsal thalamic neurons (which strongly express severa! 
transcription factors Prox 1, Tcf4, Gbx2 and Id4) do not develop . 

This occurs despite the lack of any evidence for a proliferation defect in the dorsal 
thalamus. Also, projections from the dorsal thalamus to cortex failed to form properly. In 
addition, we noted the disruption of the boundary between ventral and dorsal thalamus (the 
zona limitans interthalamica), which has been proposed to be a local signaling center and the 
spread of ventral thalamic ventricular zone markers (Pax6 and Olig2) into the dorsal thalamic 
ventricular zone. Our results provide strong evidence for a function of the Wnt signaling 
pathway in thalamic development and furthermore, show that this is likely to be due to a loss 
of proper thalamic segmentation or cell fate regulation rather than effects on proliferation. 
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Dachsous, is required in the Wg receiving cells for wing-hinge specification 

l. Rodríguez 

In the wing imagina! disc of Drosophila, during the second larval instar, Wingless 
(Wg) signalling is essential to specify the wing blade and wing hinge. l have identified a new 
gen, dachsous ( ds ), that is required to facilita te the reception of W g signalling in the receiving 
cells during this early proccess. ds encodes for a cadherin that is expressed in a restricted 
pattern during imagina! development. ds mutations show phenotypes which resemble to those 
caused by insuficient Wg signalling. These phenotypes can be rescued by increasing Wg. 
Genetic interactions with other components of wg signalling provide additional evidences that 
ds is new component ofWg signalling cascade during wing-hinge specification 
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The transcriptional repressor brinker antagonizes Wingless signaling 

E. Saller, A Kelley, and M. Bienz 

In the embryonic midgut of Drosophila, Wingless (Wg) signalling elicits threshold­

specific transcriptional responses: low signalling levels activate target genes, whereas high 

signalling levels repress them. 

Wg-mediated repression of the HOX gene Ultrabithorax (Ubx) is conferred by a 

response sequence within the Ubx B midgut enhancer, called WRS-R. It further depends on 

the Teashirt (Tsh) repressor which acts through the WRS-R without binding to it. Here, we 

show that Wg-mediated repression of Ubx B depends on Brinker which binds to the WRS-R. 

Furthermore, Brinker blocks transcriptional activation by ubiquitous Wg signalling Brinker 

binds to Tsh in vitro, recruits Tsh to the WRS-R, and we find mutual physical interactions 

between Brinker, Tsh and the co-repressor dCtBP . This suggests that the three proteins may 

form a ternary repressor complex at the WRS-R to quench the activity of the nearby-bound 

dTCF 1 Armadillo transcription complex. Finally, brinker and tsh produce similar mutant 

phenotypes in the ventral epidermis, and double mutants mimic overactive Wg signalling in 

this tissue . This suggests that Brinker may have a widespread function in antagonizing Wg 

signalling. 
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Lineage-specific requirements of 13-catenin in neural crest stem cells 

Hari L., Brault Y., Kléber M., Lee H. Y., lile F. , Leimeroth R., Paratore C., Suter U. , Kemler 

R., and Sommer L. 

13-Catenin plays a role both in Cadherin-mediated cell adhesion and in mediating Wnt 

signaling. To study the role of 13-catenin in neural crest development, we used the Cre/loxP 

system to ablate 13-catenin specifically in neural crest stem cells. While severa] neural crest­

derived structures develop normally, mutan! animals lack melanocytes and dorsal root ganglia 

(DRG). In vivo and in vitro analyses revealed that mutan! neural eres! cells emigrate but fail to 

generate an early wave of sensory neurogenesis that is normally marked by the transcription 

factor neurogenin2 (ngn2). 

This indicates a role of 13-catenin in premigratory or early migratory neural crest and 

points to heterogeneity of neural crest ce lis at earliest stages of eres! development. In addition, 

migratory neural crest cells lateral to the neural tube do not aggregate to fom1 DRG and are 

unable to produce a later wave of sensory neurogenesis usually marked by the transcription 

factor ngn l. Culture experiments with neural crest stem ce lis in the presence of Wnt indicate 

that the requirement of 13-catenin for the specification of melanocytes and sensory neuronal 

lineages reflects roles of 13-Catenin both in Wnt signaling and in mediating cell-cell 

interactions. 
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Vertebrate pricklel regulates cell movements during gastrulation and 

neuronal migration 

Filipa Carreira-Barbosa, Miguel L. Concha, Masaki Takeuchi, Naoto Ueno, Stephen 
W. Wilson and Masazumi Tada 

During vertebrate gastrulation, mesodermal and ectodermal cells undergo 
convergent extension, a process characterised by prominent cellular rearrangements in 
which polarised cells intercalate along the medio-lateral axis leading to elongation of 
the antera-posterior axis. Recently, it has become evident that a non-canonical 
Wnt/Frizzled (Fz)/Dishevelled (Dsh) signalling pathway, related to the planar cell 
polarity (PCP) pathway in flies, regulates convergent extension during vertebrate 
gastrulation. We isolated and functionally characterised a zebrafish homologue of 
Drosophi/a prickle (pk), a gene implicated in the regulation of PCP. Zebrafish pkl is 
expressed maternally and in migrating mesodermal precursors. Abrogation of Pkl 
function by morpholino oligonucleotides leads to defective convergent extension 
movements, enhances the silherhlick (.\·lh)lwntll and pipetaillwnt5 phenotypes and 
suppresses the ability ofWntll to rescue the slh phenotype. Gain-of-function ofPkl 
also inhibits convergent extension movements and enhances the slh phenotype, most 
likely due to the ability of Pkl to block the Fz7-dependent membrane localisation of 
Dsh. Finally, we show that pkl genetically interacts with lrilohite (tri)lstrahismus to 
mediate the caudally directed migration of cranial motor neurons as well as convergent 
extension. These results suggest that ( 1) during zebrafish gastrulation, Pk 1 acts 
downstream of the non-canonical Wnt 11/WntS pathway to regulate convergent 
extension cell movements, but is unlikely to simply be a linear component of this 
pathway and that (2) Pk 1 interacts with Tri to mediate posterior migration of 
branchiomotor neurons, probably independent ofthe non-canonical Wnt pathway. 
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Gene tic and epigenetic changes in several components of the WNT signaling 

pathway in a large series of colo rectal carcinomas 

Lin Thorstensen, Tone Levig, Guro E. Lind, Rolfl. Skotheim, Chieu B. Diep, Gunn J. 
Meling, Torleiv O. Rognum, Ragnhild A. Lothe 

The WNT signaling pathway is importan! both in the embryogenesis and 
carcinogenesis. Approximately all colorectal carcinomas show alteration of this pathway, 
leading to accumulation of beta-catenin and transcription of downstream target genes like the 
c-MYC, cyclin DI and the WISPs (WNT inducible signaling pathway proteins). The tumor 
suppressor gene, APC, is a key regulator of this pathway and is changed in the majority of 
colorectal tumors. Among 277 colorectal carcinomas, 37 were microsatellite instable-high 
(MSI-H), 33 MSI-Iow (L) and 207 microsatellite stable (MSS) (!) . APC and TP53 mutations 
have previously been detected in 65% (144/220) and 46% (102/222) of these tumors, 
respectively (2, 3). Both mutations were more common in the MSI-L and MSS tumors than in 
the MSI-H tumors (p<O.OOI and p=0.003, respectively), and TP53 mutations were found 
associated with aneuploid (p<O.OOI). Only 2/215 tumors screened for mutations in exons 3, 5, 
6, 7 and 8 ofbeta-catenin showed alterations (2) . 

MSI tumors show a genome wide instability in repetitive sequences due to defect 
mismatch repair. Genes with repetitive sequences within their coding region are prone for 
mutations in these tumors. AXIN2, a componen! of the multiprotein complex leading to 
degradation of beta-catenin, was mutated in 6/32 (19%) of the MSI-H tumors. Interestingly, 
three cases, all with a specific frameshift mutation in AXIN2 leading to a late truncation in the 
protein, were concurrently mutated in APC. Mutations ofthe transcription factor TCF-4 ([A]9 
in exon 17) and of the downstream target gene WISP-3 ([A]9 in exon 4) were observed in 
42% (15/36) and 25% (9/36) ofthe MSI-H tumors, respectively. 

Hypermethylation of the promoter region of APC was seen in 25% (13/53) of the 
tumors and E-cadherin was hypermethylated in 42% (15/36) ofthe cases. 

Recently, we observed increased expression of gamma-catenin, a protein sharing 
functions with beta-catenin in cell adhesion and WNT signaling, in testicular germ cell tumors 
(TGCTs) (4). The fact that development of TGCT mimics the embryogenesis further 
strengthens the hypothesis that this pathway is involved in TGCT tumorigenesis. 
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Enhancement of beta-catenin transactivation activity by the coactivator 

FHL2 on TCF-mediated transcription in epithelial cells 

Y u Wei, Claire-Angélique Renard, Charlotte Labalette, Yuanfei Wu, Laurence Lévy, 
Christine Neuveut and Marie-Annick Buendia 

We have identified the four and a half LIM-only protein 2 (FHL2) as a novel 13-catenin 
interacting protein in a yeast two-hybrid screen. We showed specific interaction of FHL2 with 
13-catenin in yeast and mammalian cells, which requires the intact structure of FHL2 and 
armadillo repeats 1-9 of 13-catenin. FHL2 cooperated with f3-catenin to activate TCFILEF­
dependent transcription from a synthetic reporter and the cyclin D 1 and IL-8 promoters in 
kidney and colon cell lines. In contrast, coexpression of 13-catenin and FHL2 had no 
synergistic effect on androgen receptor (AR)-mediated transcription, while each of these two 
co-activators independently stimulated AR transcriptional activity. Thus, the ability of FHL2 
to stimulate the trans-activating function of 13-catenin might be dependent on the promoter 
context. Detection of increased FHL2 expression in hepatoblastoma, a ti ver tumor harbouring 
frequent 13-catenin mutations, suggests that FHL2 might enforce f3-catenin transactivation 
activity in cancer cells. We are currently investigating expression of TCF/f3-catenin target 
genes, such as cyclin D 1 and c-myc, in hepatoblastoma. 
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Hubrecht Laboratory, Netherlands lnstitute for 
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MRC Lab. ofMolecular Biology. Hills Road, Cambridge 
CB2 2QH (UK) . Tel. : 44 1223 402 226 . Fax: 44 1223 411 
582. E-mail: pal@mrc-lmb.cam.ac.uk 

Dept. of Genetics. University of Cambridge, Cambridge 
CB2 3EH (UK). Tel. : 44 1223 766 742. Fax 44 1223 333 
992. E-mail: amall@cus.cam.ac.uk 

Division ofMolecular Embryology, Deutsches 
Krebsforschungszentrum. !m Neuenheimer Feld 280, 69120 
Heidelberg (Germany). Tel. : 49 6221 42 4690. Fax 49 6221 
42 4692. E-mail: Niehrs@dkfz-heidelberg.de 

Howard Hughes Medica! Institute. Dept. ofDevelopmental 
Biology. Beckman Center. Stanford University. 279 Campus 
Drive, Stanford, CA. 94305-5323 (USA). Tel.: 1 650 723 
7769. Fax: 1 650 723 1399. E-mail: rnusse@pmgm2. 
stanford.edu 

Department ofBiological Sciences, Imperial College 
London. Exhibition Road, London SW7 2AZ (UK). Te! : 44 
207 594 5193 . Fax: 44 207 594 5207. E-mail: p.salinas@ 
imperial.ac.uk 

Department of Anatomy & Developmental Biology, 
University College London. Gower Street, London WClE 
6BT (UK). Tel. : 44 20 7679 3348. Fax : 44 20 7679 7349. E­
mail: s.wilson@ucl .ac.uk 
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Salvador Aznar 
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Felix H. Brembeck 

Keith Brennan 
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Jose L. Gomez-Skarmeta 
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Developmenl. The Company of Biologists Ltd. Bidder 
Building. 140 Cowley Rd., Cambridge CB4 ODL (UK). 
Tel.: 44 1223 420 007. Fax: 44 1223 423 353. E-mail: 
jane@biologists.com 

Inst ituto de Investi gaciones Biomédicas "Alberto Sois". C/ 
Arturo Duperier 4, 28029 Madrid (Spain). Tel.: 34 9 1 585 
4617. Fax: 34 9 1 585 4587. E-mai l: saznar@iib.uam.es 

The Lautenberg Center for Immunology. The Hebrew 
University-Hadassah Medical School, 91120 Jerusalem 
(Israel). Tel.: 972 2 6758718. Fax: 972 2 675893 5. E-mail: 
yinon@cc.huji.ac. il 

Max Delbrueck-Ccnter for Molecular Medicine. Robert­
Roessle-Strasse 1 O, 13092 Berlín (Germany). Tel.: 49 30 
9406 3775. Fax: 49 30 9406 2656. E-mail : brembeck@mdc­
berlin.de 

School ofBiological Sciences. Univ. ofManchester. 3.239 
Stopford Building. Oxford Road, Manchester M13 9PT 
(UK). Tel.: 44 161 275 15 17. Fax: 44 16 1 275 1505 . E­
mail : kei th .brennan@man.ac .uk 

Instituto de Biología Molecular e Celular (lBMC). Ruado 
Campo Alegre 823, 4150-1 80 Porto (Portugal). Tel.: 351 22 
607 4900. Fax: 35 1 22 609 9 157. E-mail: fcasares@ibmc. 
up.pt 

Depl. of Anatomy. University College London . Gower 
Street, London WC l E 6BT (UK). Tel. : 44 20 7679 3330. 
Fax: 44 20 7679 7349. E-mail: f.cavodeassi@ucl. ac.uk 

lNSERM U441. Av du Haut-Léveque, 33600 PESSAC 
(France). Tel.: 33 5 57 89 19 75. Fax: 33 5 56 36 89 79. E­
mai 1: ceci le .dup laa@bordeaux. insem1. fr 

Instituto Cajal . CSIC. Avda. Dr. Arce 37, 28002 Madrid 
(Spain). Tel. : 34 9 1 585 4715. Fax: 34 91 585 4754. E-mail: 
Pi larEsteve@ca j al.csic.es 

Cent ro de Biología Molecular "Severo Ochoa". Campus de 
Cantoblanco, 28049 Madrid (Spain). Tel. : 34 9 1 397 5072. 
Fax: 34 9 1 397 4799. E-mail: jlgomez@cbm.uam.es 

Centro de Biología Molecular "Severo Ochoa". Campus de 
Cantoblanco, 28049 Madrid (Spain). Tel.: 34 91 397 8492. 
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Div. ofCell and Developmental Biology. The Wellcome 
Trust Biocentre. University ofDundee, Dundee. Scotland 
DDI SEH (UK). Tel.: 44 1382 345 866. Fax: 44 1382 345 
386. E-mail: s.p.hoppler@dundee.ac. uk 

National Jnstitute for Medica! Research. The Ridgeway, 
London NW7 !AA (UK). Tel.: 44 20 88 16 2443. Fax: 44 
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The Salk Institute for Biological Studies. 1001 O North 
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858 453 4100. Fax: 1 858 453 2573 . E-mail: ykawakami@ 
ems.salk.edu 
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Sciences. Hiroshima University. 1-2-3, Kasumi , Minami-ku, 
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82 25 7 5134. E-mail: akikuchi@hiroshima-u.ac.jp 
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Wl2 ONN (UK). Tel. : 44 208 383 3783. Fax: 44 208 383 
5830. E-mail: r.kypta@ imperial.ac.uk 
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Neurociencias Ramón y Caja!, CSIC. Cl Doctor Arce, 37, 
28002 Madrid (Spain). Tel. : 34 91 585 4736. Fax: 34 91 
585 4754. E-mail: aixamorales@cajal.csic.es 

Max-Plank-Institut fúr Molekulare Physiologie. Otto-Hahn­
Strasse JI, 44227 Dortmund (Gerrnany). Tel. : 49 231 133 
2158 . Fax: 49 231 133 2199. E-mail: oliver.mueller@mpi­
dortmund.mpg.de 

Dept. ofCell and Developmental Biology. Wellcome Trust 
Biocentre. University of Dundee. Dow Street, Dundee. 
Scotland DDI 5EH (UK). Tel.: 44 1382 345 347. Fax: 44 
1382 345 386. E-mail: m.i.oliveramartinez@dundee.ac.uk 

Medica! Rcscarch Council. Nationallnstitute for Medica! 
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Department ofNeurology. University of California (UCSF), 
San Francisco, CA. 94143-0435 (USA). Tel. : 1 415 502 
5683. Fax : 1 415 476 5229. E-mail: samuelp@itsa.ucsf.edu 

Centro de Biología Molecular "Severo Ochoa". Campus de 
Cantoblanco, 28049 Madrid (Spain). Tel.: 34 91 397 8445. 
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Texts published in the 
SERIE UNIVERSITARIA 
by the 
FUNDACIÓN JUAN MARCH 
concerning workshops and courses organized within the 
Plan for International Meetings on Biology ( 1989-1991) 

* : Out of stock. 

*246 Workshop on Tolerance: Mechanisms 
and lmplications. 
Organizers: P. Marrack and C. Martínez-A. 

*247 Workshop on Pathogenesis-related 
Proteins in Plants. 
Organizers: V. Conejero and L. C. Van 
Loon. 

*248 Course on DNA - Protein lnteraction. 
M. Beato. 

*249 Workshop on Molecular Diagnosis of 
Cancer. 
Organizers: M. Perucho and P. García 
Barreno. 

*251 Lecture Course on Approaches to 
Plant Development. 
Organizers: P. Puigdomenech and T. 
Nelson. 

*252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizer: Juan F. Santarén. 

253 Workshop on Genome Expression 
and Pathogenesis of Plant ANA 
Viruses. 
Organizers: F. García-Arenal and P. 
Palukaitis. 

254 Advanced Course on Biochemistry 
and Genetics of Yeast. 
Organizers: C. Gancedo, J. M. Gancedo, 
M. A. Delgado and l. L. Calderón . 

*255 Workshop on the Reference Points in 
Evolution. 
Organizers: P. Alberch and G. A. Dover. 

*256 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín, M. Beato and A. 
A. Travers. 

257 Lecture Course on Polyamines as 
Modulators of Plant Development. 
Organizers: A. W. Galston and A . F. 
Tiburcio. 

*258 Workshop on Flower Development. 
Organizers: H. Saedler, J. P. Beltrán and 
J. Paz-Ares. 

*259 Workshop on Transcription and 
Replication of Negative Strand ANA 
Viruses. 
Organizers: D. Kolakofsky and J. Ortín . 

*260 Lecture Course on Molecular Biology 
of the Rhizobium-Legume Symbiosis. 
Organizer: T. Ruiz-Argüeso. 

261 Workshop on Regulation of 
Translation in Animal Virus-lnfected 
Ce lis. 
Organizers: N . Sonenberg and L. 
Carrasco. 

*263 Lecture Course on the Polymerase 
Chain Reaction. 
Organizers: M. Perucho and E. 
Martínez-Salas. 

*264 Workshop on Yeast Transport and 
Energetics. 
Organizers: A. Rodríguez-Navarro and 
R. Lagunas. 

265 Workshop on Adhesion Receptors in 
the lmmune System. 
Organizers : T. A . Springer and F. 
Sánchez-Madrid. 

*266 Workshop on lnnovations in Pro­
teases and Their lnhibitors: Funda­
mental and Applied Aspects. 
Organizer: F. X. Avilés. 
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267 Workshop on Role of Glycosyi­
Phosphatidylinositol in Cell Signalling. 
Organizers: J. M. Mato and J. Larner. 

268 Workshop on Salt Tolerance in 
Microorganisms and Plants: Physio­
logical and Molecular Aspects. 

Texts published by the 

Organizers: R. Serrano and J. A. Pintor­
Toro. 

269 Workshop on Neural Control of 
Movement in Vertebrates. 
Organizers: R. Baker and J. M. Delgado­
García. 

CENTRE FOR INTERNATIONAL MEETINGS ON BIOLOGY 

Workshop on What do Nociceptors · 1o Workshop on Engineering Plants 

Tell the Brain? Against Pests and Pathogens. 

Organizers: C. Belmonte and F. Cerveró. Organizers : G. Bruening , F. García-
Olmedo and F. Ponz. 

.2 Workshop on DNA Structure and 
Protein Recognition. 11 Lecture Course on Conservation and 
Organizers: A. Klug and J. A. Subirana. Use of Genetic Resources. 

.3 Lecture Course on Palaeobiology: Pre- Organizers: N. Jouve and M. Pérez de la 

paring for the Twenty-First Century. Vega . 

Organizers: F. Álvarez and S. Conway 
12 Workshop on Reverse Genetics of 

Morris. Negative Stranded ANA Viruses. 

. 4 Workshop on the Past and the Future Organizers : G. W. Wertz and J. A. 

of Zea Mays. Melero. 

Organizers: B. Burr, L. Herrera-Estrella 
and P. Puigdomenech. . 13 Workshop on Approaches to Plant 

Hormone Action 
·s Workshop on Structure of the Major Organizers: J. Carbonell and R. L. Jones. 

Histocompatibility Complex. 
Organizers : A. Arnaiz-Villena and P. .14 Workshop on Frontiers of Alzheimer 
Parham. Disease. 

.6 Workshop on Behavioural Mech-
Organizers: B. Frangione and J. Ávila. 

anisms in Evolutionary Perspective. . 15 Workshop on Signal Transduction by 
Organizers: P. Bateson and M. Gomendio. 

Growth Factor Receptors with Tyro-
•y Workshop on Transcription lnitiation sine Kinase Activity. 

in Prokaryotes Organizers: J. M. Mato and A. Ullrich. 

Organizers: M. Salas and L. B. Rothman-
Denes. 16 Workshop on lntra- and Extra-Cellular 

·a Workshop on the Diversity of the 
Signalling in Hematopoiesis. 
Organizers: E. Donnall Thomas and A. 

lmmunoglobulin Superfamily. Grañena. 
Organizers: A. N. Barclay and J. Vives. 

9 Workshop on Control of Gene Ex- .17 Workshop on Cell Recognition During 

pression in Yeast. Neuronal Development. 

Organizers : C. Gancedo and J. M. Organizers : C. S. Goodman and F. 

Gancedo. Jiménez. 
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18 Workshop on Molecular Mechanisms 
of Macrophage Activation. 
Organizers : C. Nathan and A. Celada. 

*19 Workshop on Viral Evasion of Host 
Defense Mechanisms. 
Org ani zers: M. B. Mathe ws and M. 
Esteban. 

*20 Workshop on Genomic Fingerprinting. 
Organizers: M. McCielland and X. Estivill. 

21 Workshop on DNA-Drug lnteractions. 
Organizers: K. R. Fox and J . Portugal. 

*22 Workshop on Molecular Bases of Ion 
Channel Function. 
Organizers: R. W. Aldrich and J . López­
Barneo. 

*23 Workshop on Molecular Biology and 
Ecology of Gene Transfer and Propa­
gation Promoted by Plasmids. 
Organ izers : C. M. Th omas , E. M. H. 
Willington, M. Espi nosa and R. D iaz 
Orejas. 

*24 Workshop on Deterioration, Stability 
and Regeneration of the Brain During 
Normal Aging. 
Organizers: P. D. Coleman, F. Mora and 
M. Nieto-Sampedro. 

25 Workshop on Genetic Recombination 
and Detective lnterfering Particles in 
RNA Viruses. 
Organizers: J . J . Bujarski, S. Schlesinger 
and J. Romero. 

26 Workshop on Cellular lnteractions in 
the Early Development of the Nervous 
System of Drosophila. 
Organizers: J. Modolell and P. Simpson. 

*27 Workshop on Ras, Differentiation and 
Development. 
Organizers: J. Downward, E. Santos and 
D. Martín-Zanca. 

*28 Workshop on Human and Experi­
mental Skin Carcinogenesis. 
Organizers: A. J . P. Klein-Szanto and M. 
Quintanilla. 

*29 Workshop on the Biochemistry and 
Regulation of Programmed Cell Death. 
Organizers: J . A. Cidlowski , R. H. Horvitz , 
A. López-Rivas and C. Martínez-A. 

*30 Workshop on Resistance to Viral 
lnfection. 
Organizers: L. Enjuanes and M. M. C. 
Lai. 

31 Workshop on Roles of Growth and 
Cell Survival Factors in Vertebrate 
Development. 
Organizers: M. C. Raff and F. de Pablo. 

32 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín, M. Beato andA. P. 
Wolffe . 

*33 Workshop on Molecular Mechanisms 
of Synaptic Function. 
Organizers: J. Lerma and P. H. Seeburg. 

*34 Workshop on Computational Approa­
ches in the Analysis and Engineering 
of Proteins. 
Organizers: F. S. Avilés, M. Billeter and 
E. Querol. 

35 Workshop on Signal Transduction 
Pathways Essential for Yeast Morpho­
genesis and Celllntegrity. 
Organizers: M. Snyder and C. Nombela. 

36 Workshop on Flower Development. 
Organize rs: E. Caen, Zs. Schwarz­
Sommer and J . P. Beltrán. 

*37 Workshop on Cellular and Molecular 
Mechanism in Behaviour. 
Organi zers : M . He ise nb erg and A. 
Ferrús. 

38 Workshop on lmmunodeficiencies of 
Genetic Origin. 
Organi zers: A. Fischer and A. Arnaiz­
Villena. 

39 Workshop on Molecular Basis for 
Biodegradation of Pollutants. 
Org anizers: K . N. T immis an d J . L. 
Ramos. 

*40 Workshop on Nuclear Oncogenes and 
Transcription Factors in Hemato­
poietic Cells. 
Organizers: J . León and R. Eisenman. 
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*41 Workshop on Three-Dimensional 
Structure of Biological Macromole­
cules. 
Organizers : T. L Blundell , M. Martínez­
Ripoll , M. Rico and J. M. Mato. 

42 Workshop on Structure, Function and 
Controls in Microbial Division. 
Organizers: M. Vicente, L. Rothfield and J. 
A. Ayala. 

*43 Workshop on Molecular Biology and 
Pathophysiology of Nitric Oxide. 
Organizers : S. Lamas and T. Michel. 

*44 Workshop on Selective Gene Activa­
tion by Cell Type Specific Transcription 
Factors. 
Organizers : M. Karin , R. Di Lauro, P. 
Santisteban and J. L. Castrillo . 

45 Workshop on NK Cell Receptors and 
Recognition of the Major Histo­
compatibility Complex Antigens. 
Organizers: J. Strominger, L. Moretta and 
M. López-Botet. 

46 Workshop on Molecular Mechanisms 
lnvolved in Epithelial Cell Differentiation. 
Organizers: H. Beug, A. Zweibaum and F. 
X. Real. 

47 Workshop on Switching Transcription 
in Development. 
Organizers : B. Lewin , M. Beato and J. 
Modolell. 

48 Workshop on G-Proteins: Structural 
Features and Their lnvolvement in the 
Regulation of Cell Growth. 
Organizers: B. F. C. Clark and J. C. Lacal. 

*49 Workshop on Transcriptional Regula­
tion at a Distance. 
Organizers: W. Schaffner, V. de Lorenzo 
and J. Pérez-Martín. 

50 Workshop on From Transcript to 
Protein: mANA Processing, Transport 
and Translation. 
Organizers: l. W. Mattaj, J. Ortín and J. 
Valcárcel. 

51 Workshop on Mechanisms of Ex­
pression and Function of MHC Class 11 
Molecules. 
Organizers: B. Mach and A. Celada. 

52 Workshop on Enzymology of DNA­
Strand Transfer Mechanisms. 
Organizers: E. Lanka and F. de la Cruz. 

53 Workshop on Vascular Endothelium 
and Regulation of Leukocyte Traffic. 
Organizers: T. A. Springer and M. O. de 
Landázuri. 

54 Workshop on Cytokines in lnfectious 
Diseases. 
Organizers: A. Sher, M. Fresno and L. 
Rivas. 

55 Workshop on Molecular Biology of 
Skin and Skin Diseases. 
Organizers: D. R. Roop and J. L. Jorcano. 

56 Workshop on Programmed Cell Death 
in the Developing Nervous System. 
Organizers : R. W. Oppenheim, E. M. 
Johnson and J. X. Camella. 

57 Workshop on NF-1<8/IKB Proteins. Their 
Role in Cell Growth, Differentiation and 
Development. 
Organizers: R. Bravo and P. S. Lazo. 

58 Workshop on Chromosome Behaviour: 
The Structure and Function of lelo­
meres and Centromeres. 
Organizers: B. J . Trask , C. Tyler-Smith , F. 
Azorín andA. Villasante . 

59 Workshop on ANA Viral Quasispecies. 
Organizers: S. Wain-Hobson, E. Domingo 
and C. López Galíndez. 

60 Workshop on Abscisic Acid Signal 
Transduction in Plants. 
Organizers : R. S . Quatrano and M . 
Pages. 

61 Workshop on Oxygen Regulation of 
Ion Channels and Gene Expression. 
Organizers : E. K. Weir and J . López­
Barneo. 

62 1996 Annual Report 

63 Workshop on TGF- ~ Signalling in 
Development and Cell Cycle Control. 
Organizers: J. Massagué and C. Bernabéu. 

64 Workshop on Novel Biocatalysts. 
Organizers: S. J. Benkovic and A. Ba­
llesteros. 
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65 Workshop on Signa! Transduction in 
Neuronal Development and Recogni­
tion. 
Organizers: M. Barbacid and D. Pulido. 

66 Workshop on 100th Meeting: Biology at 
the Edge of the Next Century. 
Organizar : Centre for lnternational 
Meetings on Biology, Madrid. 

67 Workshop on Membrane Fusion. 
Organizers: V. Malhotra and A. Velasco. 

68 Workshop on DNA Repair and Genome 
lnstability. 
Organizers: T. Lindahl and C. Pueyo. 

69 Advanced course on Biochemistry and 
Molecular Biology of Non-Conventional 
Yeasts. 
Organizers: C. Gancedo, J . M. Siverio and 
J . M. Cregg. 

70 Workshop on Principies of Neural 
lntegration. 
Organizers: C. D. Gilbert, G. Gasic and C. 
Acuña. 

71 Workshop on Programmed Gene 
Rearrangement: Slte-Specific Recom­
bination. 
Organizers: J. C. Alonso and N. D. F. 
Grindley. 

72 Workshop on Plant Morphogenesis. 
Organizers: M. Van Montagu and J. L. 
Mico l. 

73 Workshop on Development and Evo­
lution. 
Organizers: G. Morata and W. J . Gehring. 

*74 Workshop on Plant Viroids and Viroid­
Like Satellite RNAs from Plants, 
Animals and Fungi. 
Organizers: R. Flores and H. L. Sanger. 

75 1997 Annual Report. 

76 Workshop on lnitiation of Replication 
in Prokaryotic Extrachromosomal 
Elements. 
Organizers: M. Espinosa, R. Díaz·Orejas, 
D. K. Chattoraj and E. G. H. Wagner. 

77 Workshop on Mechanisms lnvolved in 
Visual Perception. 
Organizers: J . Cudeiro and A. M. Sillito. 

78 Workshop on Notch/Lin-12 Signalling. 
Organizers: A. Martínez Arias, J. Modolell 
and S. Campuzano. 

79 Workshop on Membrane Protein 
lnsertion, Folding and Dynamics. 
Organizers: J . L. R. Arrondo, F. M. Goñi, 
B. De Kruijff and B. A. Wallace. 

80 Workshop on Plasmodesmata and 
Transport of Plant Viruses and Plant 
Macromolecules. 
Organizers : F. García-Arenal , K. J . 
Oparka and P.Palukaitis. 

81 Workshop on Cellular Regulatory 
Mechanisms: Choices, Time and Space. 
Organizers: P. Nurse and S. Moreno. 

82 Workshop on Wiring the Brain: Mecha­
nisms that Control the Generation of 
Neural Specificity. 
Organizers: C. S. Goodman and R. 
Gallego. 

83 Workshop on Bacteria! Transcription 
Factors lnvolved in Global Regulation. 
Organizers: A. lshihama, R. Kolter and M. 
Vicente. 

84 Workshop on Nitric Oxide: From Disco­
very to the Clinic. 
Organizers: S. Moneada and S. Lamas. 

85 Workshop on Chromatin and DNA 
Modification: Plant Gene Expression 
and Silencing. 
Organizers: T. C. Hall , A. P. Wolffe, R. J . 
Ferl and M. A. Vega-Palas. 

86 Workshop on Transcription Factors in 
Lymphocy1e Development and Function. 
Organizers: J . M. Redondo, P. Matthias 
and S. Pettersson. 

87 Workshop on Novel Approaches to 
Study Plant Growth Factors. 
Organizers: J. Schell and A. F. Tiburcio. 

88 Workshop on Structure and Mecha­
nisms of Ion Channels. 
Organizers: J. Lerma, N. Unwin and R. 
MacKinnon. 

89 Workshop on Protein Folding. 
Organizers: A. R. Fersht, M. Rico and L. 
Serrano. 
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90 1998 Annual Report. 

91 Workshop on Eukaryotic Antibiotic 
Peptides. 
Organizers: J. A. Hoffmann , F. García· 
Olmedo and L. Rivas . 

92 Workshop on Regulation of Protein 
Synthesis in Eukaryotes. 
Organizers: M. W. Hentze, N. Sonenberg 
and C. de Haro. 

93 Workshop on Cell Cycle Regulation 
and Cytoskeleton in Plants. 
Organizers: N. -H. Chua and C. Gutiérrez. 

94 Workshop on Mechanisms of Homo­
logous Recombination and Genetic 
Rearrangements. 
Organizers: J . C. Alonso, J. Casadesús, 
S. Kowalczykowski and S. C. West. 

95 Workshop on Neutrophil Development 
and Function. 
Organizers: F. Mollinedo and L. A. Boxer. 

96 Workshop on Molecular Clocks. 
Organizers: P. Sassone-Corsi and J. R. 
Naranjo. 

97 Workshop on Molecular Nature of the 
Gastrula Organizing Center: 75 years 
after Spemann and Mangold. 
Organizers: E. M. De Robertis and J. 
Aréchaga. 

98 Workshop on Telomeres and Telome­
rase: Cancer, Aging and Genetic 
lnstability. 
Organizer: M. A. Blasco. 

99 Workshop on Specificity in Ras and 
Rho-Mediated Signalling Events. 
Organizers: J . L. Bos, J. C. Lacal and A. 
Hall. 

100 Workshop on the Interface Between 
Transcription and DNA Repair, Recom­
bination and Chromatin Remodelling. 
Organizers: A. Aguilera and J . H. J . Hoeij­
makers. 

101 Workshop on Dynamics of the Plant 
Extracellular Matrix. 
Organizers: K. Roberts and P. Vera. 

102 Workshop on Helicases as Molecular 
Motors in Nucleic Acid Strand Separa­
tion. 
Organizers: E. Lanka and J . M. Carazo. 

103 Workshop on the Neural Mechanisms 
of Addiction. 
Organizers: R. C. Malenka, E. J . Nestler 
and F. Rodríguez de Fonseca. 

104 1999 Annual Report. 

105 Workshop on the Molecules of Pain: 
Molecular Approaches to Pain Research. 
Organizers: F. Cervero and S. P. Hunt. 

106 Workshop on Control of Signalling by 
Protein Phosphorylation. 
Organizers: J. Schlessinger, G. Thomas, 
F. de Pablo and J . Mosca!. 

107 Workshop on Biochemistry and Mole­
cular Biology of Gibberellins. 
Organizers: P. Hedden and J . L. García­
Martínez. 

1 08 Workshop on lntegration of Transcrip­
tional Regulation and Chromatin 
Structure. 
Organizers: J . T. Kadonaga, J. Ausió and 
E. Palacián. 

1 09 Workshop on Tumor Supp;·essor Net­
works. 
Organizers: J . Massagué and M. Serrano. 

11 O Workshop on Regulated Exocytosis 
and the Vesicle Cycle. 
Organizers: R. O. Burgoyne and G. Álva­
rez de Toledo. 

111 Workshop on Dendrites. 
Organizers : R. Yuste and S. A. Siegel­
baum. 

112 Workshop on the Myc Network: Regu­
lation of Cell Proliferation, Differen­
tiation and Death. 
Organizers: R. N. Eisenman and J. León. 

113 Workshop on Regulation of Messenger 
ANA Processing. 
Organizers: W. Keller, J . Ortín and J . 
Valcárcel. 

114 Workshop on Genetic Factors that 
Control Cell Birth, Cell Allocation and 
Migration in the Developing Forebrain. 
Organizers: P. Rakic, E. Soriano and A. 
Álvarez-Buylla. 
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. . . 
115 Workshop on Chaperonins: Structure 

and Function. 
Organizers: W. Baumeister, J. L. Garras­
cosa and J. M. Valpuesta. 

116 Workshop on Mechanisms of Cellular 
Vesicle and Viral Membrane Fusion. 
Organizers: J. J. Skehel and J. A. Melero. 

117 Workshop on Molecular Approaches 
to Tuberculosis. 
Organizers: B. Gicquel and C. Martín. 

118 2000 Annual Report. 

119 Workshop on Pumps, Channels and 
Transporters: Structure and Function. 
Organizers : D. R. Madden, W. Kühlbrandt 
and R. Serrano.om 

120 Workshop on Cmon Molecules in 
Development and Carcinogenesis. 
Organizers: M. Takeichi and M. A. Nieto. 

121 Workshop on Structural Genomics 
and Bioinformatics. 
Organizers : B. Honig, B. Rost and A. 
Valencia. 

122 Workshop on Mechanisms of DNA­
Bound Proteins in Prokaryotes. 
Organizers: R. Schleif, M. Coll and G. del 
Solar. 

123 Workshop on Regulation of Protein 
Function by Nitric Oxide. 
Organizers: J. S. Stamler, J. M. Mato and 
S. Lamas. 

124 Workshop on the Regulation of 
Chromatin Function. 
Organizers: F. Azorín , V. G. Corees, T. 
Kouzarídes and C. L. Peterson. 

125 Workshop on Left-Right Asymmetry. 
Organizers: C. J. Tabin and J. C. lzpisúa 
Belmonte. 

126 Workshop on Neural Prepatterning 
and Specification. 
Organizers: K. G. Storey and J. Modolell. 

127 Workshop on Signalling at the Growth 
Cone. 
Organizers: E. R. Macagno, P. Bovolenta 
and A. Ferrús. 

128 Workshop on Molecular Basis of lonic 
Homeostasis and Salt Tolerance in 
Plants. 
Organizers: E. Blumwald and A. Rodríguez­
Navarro. 

129 Workshop on Cross Talk Between Cell 
Division Cycle and Development in 
Plants. 
Organizers: V. Sundaresan and C. Gutié­
rrez. 

130 Workshop on Molecular Basis of Hu­
man Congenital Lymphocyte Disorders. 
Organizers : H. D. Ochs and J . R. Re­
gueiro. 

131 Workshop on Genomic vs Non-Genomic 
Steroid Actions: Encountered or Unified 
Views. 
Organizers: M. G. Parker and M. A. Val­
verde. 

132 2001 Annual Report. 

133 Workshop on Stress in Yeast Cell Bio­
logy ... and Beyond. 
Organizer: J. Ariño. 

134 Workshop on Leaf Development. 
Organizers: S. Hake and J. L. Micol. 

135 Workshop on Molecular Mechanisms 
of lmmune Modulation: Lessons from 
Viruses. 
Organizers: A. Alcami , U. H. Koszinowski 
and M. Del Val. 

136 Workshop on Channelopathies. 
Organizers : T. J . Jentsch , A. Ferrer­
Montiel and J. Lerma. 

137 Workshop on Limb Development. 
Organizers: D. Duboule and M. A. Ros. 

138 Workshop on Regulation of Eukaryotic 
Genes in their Natural Chromatin 
Context. 
Organizers: K. S. Zaret and M. Beato. 

139 Workshop on Lipid Signalling: Cellular 
Events and their Biophysical Mecha­
nisms. 
Organizers: E. A. Dennis, A. Alonso and J. 
Varela-Nieto. 

140 Workshop on Regulation and Functio­
nallnsights in Cellular Polarity. 
Organizers : A. R. Horwitz and F. Sán­
chez-Madrid. 
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141 Workshop on The Structure of the 
Cortical Microcircuit. 
Organizers: R. Yuste, E. M. Callaway and 
H. Markram. 

142 Workshop on Control of NF-KB Signal 
Transduction in lnflammation and lnnate 
lmmunity. 
Organizers: M. Karin , l. M. Verma and J. 
Mosca!. 

143 Workshop on Engineering ANA Virus 
Genomes as Biosafe Vectors. 
Organizers: C. M. Rice, W. J. M. Spaan 
and L. Enjuanes. 

144 Workshop on Exchange Factors. 
Organizers: X. R. Bustelo, J . S. Gutkind 
and P. Crespo. 

145 Workshop on the Ubiquitin-Proteasome 
System. 
Organizers: A. Ciechanover, D. Finley, T. 
Sommer and C. Mezquita. 

146 Workshop on Manufacturing Bacteria: 
Design, Production and Assembly of 
Cell Division Components. 
Organizers: P. de Boer, J. Errington and 
M. Vicente. 

147 2002. Annual Report. 

148 Workshop on Membranes, Trafficking 
and Signalling during Animal Develop­
ment. 
Organizers: K. Simons, M. Zerial and M. 
González-Gaitán. 

149 Workshop on Synaptic Dysfunction and 
Schizophrenia. 
Organizers: P. Levitt, D. A. Lewis and J . 
De Felipe. 

150 Workshop on Plasticity in Plant 
Morphogenesis. 
Organizers: G. Coupland , C. Fankhauser 
and M. A. Blázquez. 

* · Out of Stock. 

Instituto Juan March (Madrid)



The Centre for International Meetings on Biology 
was created within the 

Instituto Juan March de Estudios e Investigaciones, 
a prívate foundation specialized in scientific activities 

which complements the cultural work 
of the Fundación Juan March. 

The Centre endeavours to actively and 
sistematically promote cooperation among Spanish 

and foreign scientists working in the field of Biology, 
through the organization of Workshops, Lecture 

Courses, Seminars and Symposia. 

From 1989 through 2002, 
a total of 176 meetings, 

all dealing with a wide range of 
subjects of biological interest, 

were organized within the 
scope of the Centre. 
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The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 2411! through the 261h of March, 2003, 
at the Instituto Juan March. 

All published articles are exact 
reproduction of author's text. 

There is a limited edition of 400 copies 
of this volume, available f ree of charge. 


