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Recent fmdings emerging from different research fields are reinforcing the idea that 

the same molecules and mechanisms operate during embryonic development and in the adult, 

under both physiological and pathological conditions. 

In this workshop, held at the Juan March Foundation between February 26-28, 2001, a 

total of 50 scientists, including speakers, gathered to exchange ideas regarding the molecules 

and signalling pathways that are common to development and cancer. The link between 

development and tumorigenesis is stronger than ever, and may open new avenues in cancer 

research owing to the availability of experimentally amenable systems. 

Different topics were covered in this workshop, and particular attention was paid to 

the molecules and signalling pathways triggering one of the key processes in morphogenesis 

and tumour progression: the Epithelial-Mesenchymal Transition (EMn. This process 

involves a dramatic change in cell phenotype by which a well-differentiated and polarised 

epithelial cell is converted into a mesenchymal cell with a leading edge that facilitates its 

rnigration through the extracellular matrix, and thus, the colonisation of different structures. The 

acquisition of this phenotype is fundamental for the formation of many tissues and organs 

during embryonic development and constitutes the first step in the metastatic process in tumours 

of epithelial origin. 

Several signalling pathways have been implicated in triggering EMT. In particular, the 

TGF-P superfarnily has been shown to induce EMT both during embryonic development, and 

in tumour invasion and metastasis. Members of this farnily participate in many different 

developmental processes including the control of neural induction, dorso-ventral patteming 

and organogenesis, and they promote the conversion of cells with an epidermoid carcinoma 

phenotype to a spindle morphology in vitro. The majority of these processes were revised at 

the meeting, where an additional very prornising role in wound healing was presented. 

Undoubtedly, adhesion molecules deserved to be paid special attention during this 

workshop as individual cells must adhere either to their neighbours or to the extracellular 

matrix around them. Amongst the main protein farnilies that mediate these interactions are the 

cadherins and the integrins, and the correct functioning of these molecules is crucial both for 

tissue morphogenesis and tissue homeostasis in the adult . This has become even more evident 
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when discussing the number of genes in volved in adhesion, since it seems that there has been 

a particular expansion of these molecules in humans. They are tightly regulated, not least 

because their malfunctioning produces serious consequences including embryonic lethality 

and the endowment of neo-plastic properties to tumour cells. Indeed, E-cadherin is thought to 

be an invasion-suppressor gene since its loss is considered a marker of poor clinical outcome. 

As the loss of E-cadherin is concomitan! with the onset of EMT, it is extreme! y importan! to 

understand the mechanisms that regulate cadherin expression. Recently, members ofthe Snail 

family oftranscription factors that repress cadherin expression have been implicated in EMT, 

both in different embryonic regions during development and during tumour progression. 

Indeed, results from severa! groups have shown that the direct repression of E-cadherin 

transcription is sufficient to trigger EMT. During the meeting we had the opportunity to 

discuss the role of these transcription factors in different systems and to leam about other 

transcription factors also in volved in the regulation of cadherin expression. 

Another molecule that occupies a central position in the regulation of cell adhesion, 

cell growth and tumorigenesis is 13-catenin. Apart from its well-known role in cadherin­

mecüated adhesion processes, recent studies have established its role in a novel signa! 

transduction pathway initiated by Wnt growth factors. This pathway is crucial for embryonic 

patterning and cell fate determination both in vertebrales and invertebrates through the control 

of gene transcription. Moreover, the association of 13-catenin with the tumour suppressor gene 

APC reveals a role for this pathway in tumorigenesis. The study in different systems and the 

availability of severa! mouse models is helping to understand the important equilibrium 

between the di verse functions of 13-catenin in a particular cell context. 

Finally, a theme common to embryonic cell rnigration and neo-plastic progression is the 

production of extracellular matrix hydrolytic enzymes. Among them, the metalloproteinases 

attracted much attention, since a positive correlation between their expression and the invasive 

potential oftumours, both in vitro and in vivo, has been found. 

The use of different experimental systerns and approaches, including transgenic and 

mutant animals and sophisticated screening approaches, has uncovered a whole plethora of 

molecules involved in the cellular signalling pathways that lead to the acquisition of normal 

rnigratory behaviour or malignant properties. I hope and believe that this meeting has 
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contributed to enhance the communication between scientists working in these fields, and 

opens up new avenues of research and novel collaborations aimed at better understanding the 

mechanisms used by common molecules operating in both physiology and pathology 

processes. It should also served to emphasise the need for basic researchers and pathologists to 

work together in the hope of understanding the process of tumour progression, paving the way 

for the design of specific anti-invasive drugs. 

M. A. Nieto and M. Takeichi 

Instituto Juan March (Madrid)
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Overview of epithelial-mesenchymal transformation 

Elizabeth D. Hay 

During epithelial-mesenchymal transformation (EMT) in the embryo, epithelial cells 
lose E-cadherin, tight junctions, desmosomes, keratin., and apical-basal polarity. They change 
to elongated, fibroblast-like cells that acquire front end-back end polarity, vimentin, and the 
motility mechanisms needed to invade extracellular matrix. 1 In early studies on mechanisms 
ofEMT, Src, Ras, Mos, Fos, and antibodies to E-cadherin2 were shown to transform MDCK 
cells to mesenchyme, and more recently downregulation of E-cadherin by snail transcription 
factor was also demonstrated to induce EMT in MDCK cells3 E-cadherin itself is a powerful 
inducer of epithelial genes in cell lines and also can transforrn primary embryonic fibroblasts 
to stratified, desmosome-rich epithelia with both adherens junctions and tight junctions. 1 

Recently, it has been shown that LEF-1 competes with E-cadherin for 13-catenin, a protein that 
stabilizes adherens junctions when bound to E-cadherin, but that enters the nucleus on binding 
to LEF-1 to forro 13-catenin/LEF-1 transcription complexes. In severa! in vitro systems, 
induction of EMT has been shown to be associated with activation of this transcription 
complex.4 For direct proof of 13-catenin/LEF-1 causative involvement in EMT, we induced 
colon carcinoma, MDCK cells, and cornea! epithelium to transforrn to mesenchyme by 
infecting them with LEF-adenovirus (Kirn and Hay, unpublished). This demonstration of 
LEF-1 potential to induce EMT in vitro strengthens the possibility that the 13-catenin/LEF-1 
transcription complex brings about EMT in vivo. Induction ofEMT in embryonic hearts and 
palates by TGFI3 might, in fact, be mediated by this complex, because it has now been shown 
that TGFI3 alone or in collaboration with Wnt can actívate LEF-1 using Smad 4 or Smad 3, 4 
with or without 13-catenin.l Interestingly, activation of the Ras-Raf-ERKJMAPKinase 
pathway in MDCK cells stimulates TGFI3 secretion and synergizes with TGFI3 to promote 
EMT. Other genes likely to be involved in EMT by effects on 13-catenin and TGFI3 signaling 
pathways include members of the snaillslug family. Moreover, the stimulatory effect of 
extracellular matrix and members of the 131 integrin pathway, such as S re, on EMT1 may be 
mediated by cooperation between integrin and growth factor signaling pathways.6 

References: 
l. Hay, E. D. 1995. An overview of epithelio-mesenchymal uansfonnation. Acta Anatomica 154:8-20. 

2. Behrens, J. , Mareel, M.M., Van Roy, F.M., and Bircluneier, W. (1989) Dissecting tumor cell invasion: 
Epithelial cells acquire invasive properties after the loss of uvomorulin-mediated cell-cell adhesion. J.Cell 
Biol 108: 2435-2477. 

3. Cano. A., Prez-Moreno, M.A., Rodrigo, 1. , Locascio, A., Blanco, M.J., del Barrio, M.G., Portillo, F., and 
Nieto, M. A. (2000) The transcription factor Snail controls epithelial-mesenchymal transitions by repressing 
E-cadherin expression. Nature Cell Biology 2: 76-83 

4. Eger, A., Stockinger, A., Schafihauser, B., Beug, H. , and Foisner, R. (2000) Epithelial mesenchymal 
transition by c-Fos estrogen receptor activation involves nuclear translocation of P-catenin/l..EF-1 
transcriptional activity. J. Cell Biol. 148:173-187. 

5. Labbe, E ., Letamendia, A., and Attisano, L. (2000) Association of Srnads with lymphoid enhancer binding 
factor lff cell-specific factor mediales cooperative signaling by the transfonning growth factor-P and Wnt 
pathways. PNAS USA 97: 8358-8363. 

6. Parsons, J.T., and Parsons, S.J . (1997) Src family kinases: cooperating with growth factors and adhesion 
signaling pathways. Cure. Opin. Cell Biol. 9:187-192. 
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Control of cell migration by Eph receptors and ephrins 

David Wilkinson 

Division ofDevelopmental Neurobiology, National Institute for Medica) Research, London 

Eph receptor tyrosine kinases and their ephrin ligands mediate cell contact dependent 
interactions and are expressed in complex pattems during vertebrate development. Evidence 
that ephrins transduce signals suggests that bi-directional signalling may occur upon their 
interaction with Eph receptor. Such signalling occurs at the interfaces of complementary Eph 
receptor ephrin expression domains, and witlún domains of overlapping expression. To obtain 
direct evidence for the role of Eph receptors and ephrins in early development we developed 
in vivo and in vitro assays of the effects on cell behaviour of uni-directional versus bi­
directional signalling, and of complementary versus overlapping expression. These molecules 
appears to mediate repulsion in many developmental contexts, and our findings suggest that 
bi-directional repulsion restricts cell intermingling between adjacent domains. In addition, we 
found that Eph receptor or ephrin-B activation can restrict cell-cell communication via gap 
junctions. However, in other contexts, Eph receptOís and ephrins can upregulate adhesion, and 
a number of possible mechanisms have been suggested to underlie repulsion versus adhesion 
responses. I will discuss our recent studies revealing novel developmental roles of Eph 
receptors and ephrins, and mechanisms by which they may control cell behaviour. 

References: 
Xu, Q. , Alldus, G., Holder, N. and Wilkinson, D.G. (1995) Expression of truncated Sek-1 receptor tyrosine 
kinase disrupts the segrnental restriction of gene expression in the Xenopus and zebrafish hindbrain. 
Development 121 , 4005-4016. 

Smith, A., Robinson, V., Patel, K. and Wilkinson, D.G. (1997) The EphA4 and EphBJ receptor tyrosine kinases 
and ephrin-B2 ligand regulate targeted migration ofbranch.ial neural crest cells. Current Biology 7, 561-570. 

Theil, T., Frain, M. , Gilardi-Hebenstreit, P. , Flenniken, A. , Charnay, P. and Wilkinson, D.G. {1998) Segmental 
expression of the EphA4 (Sek-1) receptor tyrosine kinase in the h.indbrain is under direct transcriptional control 
ofKrox-20. Development 125, 443-452. 

Xu, Q., Mellitzer, G., Robinson, V. and Wilkinson, D.G. (1999) In vivo cell sorting in complementary segmental 
domains mediated by Eph receptors and ephrins. Nature 399, 267-271. 

Mellitzer, G., Xu, Q. and Wilkinson, D.G. (1999) Restriction of cell intermingling and commun.ication by Eph 
receptors and ephrins. Nature 400, 77-81 . 

Wilkinson, D.G. (2000) Eph receptors and ephrins: regulators of guidance and assembly. Int. Rev. Cytol. 196, 

177-244. 

Xu, Q., Mellitzer, G. and Wilkinson, D.G. (2000) Roles ofEph receptors and ephrins in segmental pattern.ing. 
Phil. Trans. Royal. Soc. B 355, 993-1002. 

Mellitzer, G., Xu, Q. and Wilkinson, D.G. (2000) Control of cell behaviour by signalling through Eph receptors 
and ephrins. Curr. Opio. Neurobiol. 10, 400-408 . 
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Growth factor signaling in brancbiog morphogenesis aod 

carcinoma progression 

J. P. Tlúery, Radvanyi, F.,Jouanneau, J., Mailleux, A , Warburton*, D. and Bellusci, S 

CNRS UMR 144 Institut Curie, 26 rue d' Uim 75248 Paris Cedex 05, France and 
University of Southern California School of Dentistry and Medicine, Los Angeles. 

(jptlúery@curie.fr) 

The plasticity of epithelial cells is of critica! importance during embryogenesis. 
Various signaling systems have been implicated in the remodeling of epithelia and in the 
conversion of epithelia into mesenchyme. The analysis of epithelial cell plasticity in 
Drosophi/a has has led to the identification of key genes in sorne of these processes. We 
investigated the mechanism of branclúng morphogenesis in the lung, making use of recent 
work on Drosophi/a tracheal development. Branchless and breathless, which are orthologs of 
fibroblast growth factor (FGF) and FGF receptors, control severa! key stages of tracheal 
placode branclúng. The sprouty gene, wlúch encodes a cysteine-rich protein, was found to 
regulate branchless signaling via breathless, its cognate tyrosine kinase surface receptor. We 
and others ha ve shown that FGF 1 O, an ortholog of branchless, is a key positive regulator of 
lung branclúng morphogenesis. Mouse Sprouf)/2, an ortholog of Drosophi/a sprouty, is 
expressed in the peripheral endoderm in embryonic lung and downregulated in the clefts 
between ·new branches at E!2.5. mSprouty2 is expressed in a domain restricted in time and 
space, adjacent to that of FgflO in the peripheral mesenchyme. FGFIO beads upregulated the 
expression of mSprouty2 in adjacent epithelium in embryonic lung explant culture. Lung 
cultures treated with exogenous FGF!O showed greater branclúng and lúgher levels of 
mSprouty2 mRNA. Conversely, FgflO antisense oligonucleotides reduced branclúng and 
decreased mSprouty2 mRNA levels. Studies of transgenic mouse embryos expressing Sprouty 
2 in the lung confirm the crucial importance of tlús gene in branching morphogenesis. 
Epithelial cell plasticity may also be involved in carcinoma progression. We have studied a 
malignant bladder epithelial cell line (NBT -II) that can undergo reversible conversion to 
motile fibroblastic-like cells (epithelium-mesenchyme transition, EMT) upon exposure to 
several growth factors . Scatter activity involves early and transient activation of c-Src. 
Conversion also requires activation of the Ras-MAP kinase pathway. Slug, a transcription 
factor related to snail in Drosophila, is also induced early, before the dissociation of epithelial 
cells. Snail is a zinc finger transcriptional repressor produced during early gastrulation in 
invaginating mesodermal cells. Cells producing slug lose their desmosomes and are converted 
into stationary fibroblast-like cells. NBT -II epithelial cells can also undergo EMT upon 
exposure to native collagens and laminin 5. Activation ofthe a2~1 integrin by type 1 collagen 
induced specific tyrosine phosphorylation of FAK and paxillin. Transient expression of a 
paxillin gene with mutations affecting two critica! tyrosines strongly inhibited NBT-II cell 
motility on a collagen-coated substrate. We will present a model suinmarizing our current 
view of the mechanisms governing EMT in NBT-II cells. We have investigated whether 
epithelial cell plasticity is involved in tumor progression by analyzing the behavior of NBT-II 
cells expressing growth/scatter factors constitutively or following inducion. FGF-1-expressing 
cells have a fibroblastic morphology in vitro and were much more tumorigenic in nude mice 
than mocked transfected NBT-II cells. The role of FGF-2 was also investigated in NBT-II 
cells rendered autocrine for tlús growth factor. Autocrine behavior was required for NBT -11 
cells to become invasive, angiogenic and tumorigenic. NBT-ll cells expressing a high-
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molecular mass isofonn of FGF-2 became highly metastatic in the lung via a FGF receptor­
independent pathway. Recent studies of human bladder carcinoma have demonstrated the 
multifunctional properties of some growth facto rs, which act positively via enhanced 
autocrine loops or negatively, as suppressors of tumor progression. This work clearly shows 
that similar mechanisms control epithelial morphogenesis in development and tumor 
progression. 

Rcfcrences: 
Thiery, J.P. and Chopin, D. (1999) . Epitl1elial cell plasticity in development and tumor progression. Cancer and 
Metastasis Reviews 18, 3 1-42. 

de Maximy. A.A. . Nakatake, Y., Moneada, S., Itoh, N., Thicry, J.P. and Bellusci, S. ( 1999). Cloning and 
expression panem ofa mouse homologue of Drosophila sprouty in tite mouse embryo. Mech. Dev. 81, 213-2 16. 

Mailleux, A., Teffi , J.D., Ndiaye, D., Thiery, J.P., Warburton, D. and Bellusci, S. (200 1) Evidence that 
SPROUTY2 functions as an inhibitor of mouse embryonic lung growth and morphogenesis. Mech. Dev. In 
press. 

Petit, Y., Boyer, B., Lentz, D., Tumer, C.E., Thiery, J.P. and Vallés, A.M. (2000) Phosphorylation of tyrosine 
residues 31 and 118 ofpaxillin regulates cell migration through an association with CRK in NBT-II cells. J. Cell. 
Biol. 148, 957-969. 

Jouanneau, J., Moens, G. and Thiery, J.P. (1999). The communíty effect in FGF-1 mediated tumor progression 
of a rat bladder carcinoma does not involve a direct paracrine signaling. Oncogene 18, 327-333. 

Okada-Ban. M., Moens, G., Thiery. J.P. and Jouanneau, J. (1999). Nuclear 24kD FGF-2 confers metastatic 
properties to rat bladder carcinoma in a conventional FGF receptor independent manner. Oncogene 18, 67 19-
6724 

Ricol, D., Cappellen, D., El Marjou, A., Gil-Diez de Medina, S., Girault, J-M., Ferry, G., Tucker. G .. Poupon, 
M-F., Chopin, D. , Thiery, J. P. and Radvanyi, F. (1999). Tumour suppressive properties of fibroblast growt11 
factor receptor 2-lllb in human bladder cancer. Oncogene 18, 7234-7243 . 

Gil-Diez de Medina, S., Popov, Z., Chopin, D. K., Southgate, J., Tucker, G. , Delouvée, A., Thiery, J.P. and 
Radvanyi. F. (1999). Relationship between E-cadherin and Fibroblast Growth Factor Receptor 2b expression in 
bladder carcinomas. Oncogene 18, 5722-5726. 

Cappellen. D., De Oliveira, C., Rícol. D., Gil-Diez de Medina, S., Bourdin, J., Sastre-Garau, X .. Chopin, D.K .. 
Thiery, J.P. and Radvanyi, F. (1999). Frequent activating mutations of FGFR3 in human bladder and cervix 
carcinomas. Nat. Genet. 23, 18-20. 
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Molecular aspects of cell ioteractions during intestinal 
developmeot aod tumorigenesis 

M.Kedinger, C. Domon-Dell, O.Lefebvre, L Duluc, P.Simon-Assmann, J.N .Freund 

INSERM U.381, "Ontogenesis and Pathogenesis ofthe gut" 67200 Strasbourg, France 

Endodenn/epithelium-mesenchyme cell interactions are essential for both intestinal 
development and homeostasis. Heterotopic associations of fetal endoderm and mesenchyme 
have been used to delineated the respective role of these tissue anlagen in the morpho­
functional development ofthe gut (1). 

We ha ve focused our attention towards two families of genes in volved in this cellular 
cross-talk: the laminins and the Cdx genes. 

Among other extracellular matrix molecules, laminins are major constituants of the 
basement membrane (BM), a tridimensional molecular structure located at the interface 
between the epithelial and stromal cells. The precise composition of the BM is specific to 
each developmental stage and to the crypt (proliferative compartment)-villus (differentiation 
compartment) location in the adult gut (2,3). We have analyzed the regulation and role of 
laminin-1 and -5, on the epithelial ce!! behavior, the former being expressed in the crypt, the 
latter in the villus BM. The combination ofvarious experimental approaches (inhibition ofthe 
expression or overexpression in colonic cancer cell lines, injection of the cells in nude m ice, 
prometer studies) leads to the conclusion that laminin-1 is crucial for the assembly ofthe BM 
components (in particular of laminin-1 0), for the basal segregation of the et6~4 integrin and 
for cell proliferation and polarisation; laminin-5, whose prometer is up-regulated by HGF/SF 
is rather involved in cell spreading and migration (4,5). 

Cdxl and Cdx2, are the mammalian homologues ofthe Drosophila caudal homeobox 
gene; they are specifically expressed in the intestinal epithelium from fetal stages up to adult 
life (6); Cdxl is expressed in the crypt cells, whereas Cdx2 is predominantly expressed in the 
villus cells. Using proximo-distal heterotopic associations of fetal rat endoderm and 
mesenchyme, we showed that the expression of Cdx genes was dependen! u pon the nature of 
the mesenchyme, and provided arguments of the role played by Cdx 1 and Cdx2 in defining 
the positional identity along the length of gut in mammals (7) . We showed that laminin-1 
induces an increased expression of Cdx2 in cultured intestinal epithelial cells; besides, 
overexpression of Cdx2 leads to changes in cell-cell and cell-matrix adhesion molecules and 
to an increased cell differentiation, paralleled by an inhibition of the expression of Cdx 1 (8). 
Together with observations made by other groups, it is suggested that these genes participate 
in the control of intestinal homeostasis. 

lt has been reported that Cdx 1 and Cdx2 expression is altered in colorectal cancers; the 
possibility that these genes may be targets of oncogenic pathways has been tested for the 
Wnt/~-catenin and the PTEN/PI3K pathways which are both activated during development 
and cancerogenesis. 

Firstly, in collaboration with Dr.Kemler (Freiburg) and with Dr.Clevers (Utrecht), 
arguments have been provided suggesting that Cdxl , but not Cdx2, is a target of the Wnt 
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pathway during intestinal development (9). Indeed, Cdx 1 expression is upregulated in 
intestinal endoderms upon . coculture on Nlli3T3 cells transfected to produce Wntl. In 
addition, Cdx 1 expression is no more detectable in the fetal intestine of m ice deficient for the 
Tcf4 factor (activated by Wnt signalling). Beside development, we have also demonstrated 
that the oncogenic activation of the 0-catenin/Tcf4 pathway stimulates Cdxl in human colon 
adenocarcinoma cell lines, whereas no effect was observed in an intestinal mesenchymal cell 
line. 

Secondly, it appears that Cdx2, but not Cdxl , is a specific target ofthe pathway that 
involves the tumor suppressor gene PTEN, an antagonist of the PI3K pathway (JO); 
collaboration with Dr.Evers (Galveston) and with Dr.Cristofano (NY)]. lndeed, (i) the CDX2 
protein and the phosphatase encoded by PTEN share a similar pattern along the longitudinal 
and crypt-villus axes ofthe gut, (ii) Cdx2 expression is reduced in the colon epithelium and in 
the intestinal polyps of PTEW'- mice, and (iii) PTEN transfection or any treatment to 
antagonize PBK activity stimulate Cdx2 expression in the colon adenocarcinoma cell line 
HT29. 

Taken together, these data demonstrate that intestinal development and homeostasis 
depend on epithelial-mesenchymal cell interactions that involve various laminin variants and 
the Cdxl and Cdx2 homeobox genes. Interestingly, the latter are regulated by distinct 
developinental signalling pathways that are frequently activated during colon tumorigenesis . 
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Regulation of BMP signaling in the extracellular space by Chordin, Xolloid 
and Twisted gastrulation 

Juan Larraín, Michael Oelgeschliiger, andE. M. De Robertis 

HHMI and Department ofBiological Chemistry, UCLA, Los Angeles, USA. 

Dorsal-ventral patteming ín vertebrate and Drosophila embryos requires a conserved 
system of extracellular proteíns to generate a gradient of positional information. The 
components ínvolved ínclude Bone Morphogenetic proteíns (BMP/Dpp), a BMP antagonist 
(Chordín/Short gastrulation), and a secreted metalloproteínase (Xolloidffolloid) that cleaves 
Chd/Sog allowíng reactivation of BMP signallíng. Here we íntroduce an additional player, 
Xenopus Twisted gastrulation (xTsg). xTsg is expressed ventrally as part of the BMP-4 
synexpression group and encodes a secreted proteín that binds BMP and Chordin. 
Biochemical studies indicate that xTsg can modulate BMP signaling by three different 
mechanisms: l) xTsg forms temary complexes with Chordin and BMP and makes full-length 
Chordin a better BMP-antagonist, 2) xTsg removes BMP from the inactive complexes formed 
between the growth factor and the Chordin fragments generated by Xolloid cleavage, in this 
aspect xTsg will potentiate BMP signaling, and 3) at higher concentrations xTsg can compete 
the binding of BMP to its cognate receptor. Overexpression and loss-of-function studies on 
Xenopus embryos indicates that, in vivo, xTsg behaves as a ventralizing agent, probably by 
competing the residual anti-BMP activity of Chordin fragments. In this way xTsg provides a 
perrnissive signa! that allows high levels of BMP signaling in the embryo. Drosophila Tsg 
also binds BMPs and this mechanism probably . explains why Twisted gastrulation is 
necessary to acquire the highest levels ofDpp signaling in the fly embryo. 
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TGF8 isoforms in palate development, wound healing and fibrosis 

Mark W J Ferguson 

School ofBiological Sciences, University ofManchester, 3.239 Stopford Building, Oxford 
Road, Manchester, M13 9PT, UK Te!: 44 161 275 6775 
Fax: 44 161 275 5945, email: mark.ferguson@rnan.ac.uk 

During rnamrnalian palate development bilateral shelves elevate from a vertical 
position along side the tongue to a horizontal position above the dorsum of the tongue, 
contact and fuse with each other. Fusion of the rnidline epithelial seam involves initial cell 
adherence, degeneration and migration of the medial edge epithelial sea cells and 
mesenchymal condensation across the palate. This event is frequently disrupted leading to 
the birth defect - Cleft Palate. TGF-63 localises specifically to the medial edge epithelia 
during palatal fusion Suppression of TGF-63 activity using a ibodies or antisense 
oligonucleotides in cultures of paired palatal shelves results in a failure of palatal fusion. 
Transgenic deletion of the TGF-63 gene results in cleft palate due to a failure of palatal 
shelf fusion in the homozygous null embryos. Analysis of the palatal medial edge epithelia 
of the TGF-63 -/- embryos reveals they have fewer rnicrovilli: a phenotype, which can be 
reversed by exogenous administration of TGF-63 in culture, which also induces palatal 
fusion. These effects are Iikely transduced by alterations in the cyto-skeleton. 

Fetal wounds heal without scarring, whereas adult wounds scar. Scarring is a majar 
medica! problem. Amongst the many cellular and molecular differences between scar free 
fetal healing and scar forrning adult healing are the ratio of TGF-6 isoforrns at the wound 
site. Adult wounds have high levels of TGF-61 and 2 (largely der ed from inflamrnatory 
cells such as monocytes and macrophages) and low levels of TGF-63, whereas fetal 
wounds have high Ievels of TGF-63 (derived from keratinocytes and fibroblasts), but low 
levels of TGF-61 and 2 (as there is a much reduced inflamrnatory r ponse in the fetus). 
Experimental manipulation of the TGF-6 profile of healing adult rodent wounds by 
exogenous neutralisation of TGF-61 and 2 (using neutralising antibodies) or elevation of 
TGF-63 (by addition of recombinant protein) results in scar free adult healing. These 
manipulations are also associated with alterations in the organisation of the extracellular 
matrix and the inflamrnatory cell profile. 

Experimental wounding of TGF-B3 -/- embryos reveals a delay in wound healing 
characterised by a failure of the epithelial and mesenchyrnal cells to rnigrate. This results in 
a scar. This deficit in mesenchyrnal cell rnigration can be rnirnicked in vitro and specifically 
rescued by TGF-63, but not TGF-61 and 2 suggesting isoform specific receptor recognition 
and signalling. 

These fmdings have been extended from experimental investigations in rodents 
through to comparable studies in pig and potential human scar preventing pharmaceutical 
agents are entering human clínica! tria! as a result. Interestingly TGF-63 mutations may 
render humans susceptible to cleft pala te and also susceptible to adverse scarring. 
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Growth factor and transcriptional regulation of cell transformation in the 

embryonic heart 

Raymond B. Runyan 

Department ofCell Biology and Anatomy, University of Arizona, Tucson Arizona, USA 

During heart development, the precursor cells of the mitra! and tricuspid valves are 
formed by an epithelial-mesenchymal cell transformation of endothelial cells lining the heart 
lumen. This process of cell transformation has been extensively studied by utilization of 
collagen gel tissue culture assays and chick tissue. lt was shown that the endothelial response 
was due to a localized stimulus from the adjacent myocardium. Early studies exploring 
growth factors in the transformation process pointed to a role for TGFB. Though any 
exogenous TGFB isoform could mediate cell transformation, antisense oligonucleotide studies 
indicated a major role for TGFf33 . However, when TGFf32 KO mi ce proved to ha ve heart 
defects, the role of TGFf32 in chick hearts was re-examined. Our recent studies show that 
TGFf32 and TGFf33 have separate and sequential activities in mediating transformation. 
Antibodies against TGFf32 block cell-cell separation and blocking antibodies against TGFf33 
inhibit subsequent cell invasion. Studies with TGFB Type II and III receptors showed a 
similar division of roles, Type III receptor antibody blocked cell-cell separation while Type II 
receptor antibody blocked cell invasion. Independent signa! transduction via these receptors 
was confirmed by differences in the regulation of severa! markers expressed by mesenchymal 
cells. To explore the regulation of epithelial-mesenchymal cell transformation in this system, 
antisense oligonucleotides were prepared for a variety of transcription factors associated with 
embryonic cell transformations. Antisense oligonucleotides for Slug and Mox-1 were 
particularly effective in blocking transformation in vitro. Antisense Slug oligos blocked cell­
cell separation while antisense Mox-1 oligos blocked cell invasion. Direct analysis showed 
that Slug mRNA and protein were regulated by TGFf32 and that Mox-1 protein expression 
was regulated by TGFf33 . Analysis of the proximal Mox-1 promoter has identified a region 
with a novel isoform-specific regulation of a reporter. Thus Slug is regulated by TGFf32 and 
the Type 11 receptor while Mox-1 is regulated by TGFf33 and Type 11 receptor. These data 
argue that epithelial-mesenchymal cell transformation is regulated, in part, by largely 
independent regulation of different transcription factors needed for distinct elements of the 
process. Additional signa! transduction pathways including Wnt and HGF are known to be 
involved in this transformation in the heart. Ongoing studies are aimed at integrating the 
TGFB-mediated pathways with these other components ofthe transformation stimulus. 
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Cell adhesion and cytoskeleton dynamics 
during epithelial fusion in Drosophila 

Enrique Martín-Blanco 

Morphogenesis depends on the coordination of cellular activities during development. 
One of the best-studied morphogenetic processes is Drosophila embryonic dorsal closure. 
During closure epidermal sheets stretch and meet at the dorsal rnidline. Late in the Drosophi/a 
life, adult structures merge in a process, parallel to dorsal closure, that implements the encounter 
of imagina! cells. Both processes are driven by cell shape changes, share regulatory controls and 
result from similar cellular activities Dorsal closure and imagina! fusion are mediated by the 
activity of the JNK cascade. Mutants for members of this pathway show a dorsal hole and no 
elongation of lateral cells. Loss of function conditions for these genes during metamorphosis lead 
to disc fusion failure. We have found that, for both processes, JNK signaling is essential to 
promote ernission of filopodia out of leading edge cells. Furthermore, interference with JNK 
signaling provokes detachment of intervening cells from the active spreading epithelia. 
lnterestingly, we have found that integrins participate in epithelial spreading. Mutant alleles for 
myospheroid (mys), a Drosophila homologue of b-integrin, show epithelial detachment and 
dorsal phenotypes indistinguishable of those of JNK mutants. Mys accumulates in leading cells 
and it is transcriptionally regulated by JNK signaling. Moreover, Mys accumulates along the 
edge of imagina! discs and interference with Mys levels leads to disc detachments. Control of 
cytoskeleton dynarnics and cell adhesion by JNK signaling rnight be a general mechanism 
leading processes such as ventral enclosure in C. elegans, palate fusion in rnice, wound healing 
in vertebrates or tumor metastasis. 
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Multiple Wnt signaling pathways in vertebrates 

Randall T. Moon, Laird Sheldahl, Michael Kuehl, Julia Yang-Snyder, Mary Prieve, and 
Kavita Shah 

Howard Hughes Medica! Institute, Department ofPharrnacology, and Center for 
Developmental Biology, University ofWashington School ofMedicine, Seattle, WA 

98195, USA 

Based on gain-of-function assays in Xenopus and zebraflsh embryos, we have 
previously reported that different Wnts elicit one of two classes of responses. One group of 
Wnts stirnulates elevation of dorsal regulatory genes leading to duplication of the 
embryonic axes, while another group of Wnts leads to changes in morphogenetic 
movements. Subsequent study has revealed that the former group of Wnts activates the 
canonical-catenin signaling pathway, while the latter group of Wnts appears to work in a­
catenin-independent manner. These observations prompted us to investigate whether 
multiple Wnt signaling pathways exist in vertebrates. 

Assays of mouse and rat Frizzled homologs in explants of Xenopus embryos 
revealed that these receptors preferentially activate one of two apparently distinct signaling 
pathways. One group of receptors leads to activation of known -catenin target genes, while 
other receptors are much less efficient in eliciting gene activation. Instead, these receptors 
preferentially stirnulate CamKII, PKC, and intracellular calcium release. Based on these 
results we have proposed the existence of a-catenin-independent Frizzled signaling 
pathway, the Wnt/calcium pathway. While many irnportant questions rernain to be 
resolved, it is increasingly apparent that Wnt signaling in vertebrates is more complex than 
had been presumed based on genetic analyses in Drosophila. 

Given the evidence supporting the presence of distinct Wnt/Frizzled signaling 
pathways in vertebrates, we have initiated screens with DNA rnicroarrays to determine 
whether these apparently distinct signalling pathways have distinct effects on gene 
expression, and whether sorne genes rnay be regulated by both pathways. Prelirninary 
results ofthis project will be presented. 

Instituto Juan March (Madrid)



32 

Cadherins and catenins in development and cancer 

Cara Gottardi, Ellen Wong, and Barry M. Gumbiner 

E-cadherin is a tumor suppressor protein with a well-established role in cell-cell 
adhesion . Adhesion could contribute to tumor suppression by physically joining cells or by 
facilitating other juxtacrine signaling events. Altematively, E-cadherin tumor suppressor 
activity could result by influencing the nuclear signaling function of P-caterún, a known 
proto-oncogene. lndeed, in developing Xenopus embryos, cadherin overexpression 
antagorúzes the signaling activity of P-caterún during embryonic axis induction by binding 
and sequestering P-caterún at the membrane and depleting it from the cytosolic and nuclear 
pools. By analogy, E-cadherin could regulate cell growth by binding P-catenin and 
antagonizing its nuclear signaling activity. 

We have chosen to study the tumor suppressor activity ofE-cadherin using the SW480 
colorectal tumor cell line, because P-caterún is implicate in colorectal tumorigenesis and these 
cells are known to accumulate high levels of P-caterún due to a mutation in the APC gene. 
Expression of E-cadherin significantly inhibits the growth of this cell line. To distinguish 
between an adhesion- versus a P-caterún signaling-dependent mechanism, the growth 
inhibitory properties of chimeric cadherin constructs that specifically lack either adhesive 
function or 13-caterún-binding activity were determined. Growth inhibitory activity is retained 
by all constructs that have the p-caterún binding region of the cytoplasrrúc domain but not by 
E-cadherin constructs that exhibit adhesive activity, but lack the P-caterún binding region. 
This growth suppression correlates with a reduction in p-catenin/TCF reporter gene activity. 
Importantly, direct inhibition of p-caterún/TCF signaling inhibits the growth of SW480 cells, 
and the growth inhibitory activity of E-cadherin is rescued by constitutively activated forms 
of TCF. Thus, the growth suppressor activity of E-cadherin is adhesion-independent and 
results from an inhibition of the P-catenin/TCF signaling pathway, suggesting that loss of E­
cadherin expression can contribute to up-regulation ofthis pathway in human cancers. 

In contrast to the mecharúsm of 13-caterún signaling inhibition in the early Xenopus 
embryo, E-cadherin-mediated growth suppression in SW480 cells was not accomparúed by 
depletion of P-caterún from the cytosolic and nuclear pools. One possible explanation is that a 
rrúnor fraction of the p-caterún in this cell line may is active in nuclear signaling and that this 
rrúnor active pool of p-caterún is selectively sequestered by E-cadherin. Indeed, we find that a 
sizable fraction of the p-caterún in SW480 cells is not competent to interact with either the 
cadherin cytoplasrrúc domain or with the TCF transcription factor. Therefore, there is a large 
pool of 13-caterún that appears to be inactive with regards both to cell adhesion function and 
TCF-mediated transcriptional signaling, and E-cadherin may inhibit 13-caterún signaling by 
depleting the subfraction of active 13-catenin from the cytosol and nucleus. Thus, the 
physiological relationship between the two functions of P-caterún is more complex and 
subject to an additional !ayer of regulation. The molecular basis for the formation of these 
distinct cytosolic pools of P-caterún and its role in regulating 13-caterún-mediated signaling is 
being investigated. lt will be interesting to determine whether the interactions between 
cadherins and P-caterún signaling are sirrúlarly regulated in developing tissues. 
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Role of Beta-Catenin/armadillo in cell adhesion and signal transduction 

Walter Birchmeier 

Max-Delbrueck-Center for \-folecular Medicine, Robert-Roessle-Strasse 10, 13125 Berlin, 
Germany 

Beta-Catenin/armadillo is a component of both the cadherin cell adhesion system and 
the wnt signaling pathway. Wnt signaling increases the levels of cytosolic beta-catenin by 
preventing its ubiquination and degradation via proteasomes. This allows direct interaction of 
beta-catenin with transcription factors of the LEFffCF family and modulation of gene 
expression. We have shown previously that the protein conductin forms a complex with beta­
catenin, the tumor suppresSC'r gene product APC, and GSK3 beta. Conductin induces beta­
catenin degradation, whereas mutants of conductin that are deficient in complex formation 
stabilize beta-catenin. Fragrnents of APC that contain a conductin-binding domain also block 
beta-catenin degradation. Thus, conductin and the related protein axin are components of the 
multiprotein complex that direct beta-catenin to degradation. 

In beta-catenin, we have now identified amino acids that distinctly affect APC, 
conduction or LEF-lffCF binding. These residues form separate clusters in the superhelix 
built by armadillo repeats. Point mutations in one, APC or conductin binding sites, do not 
stabilize beta-catenin. Mutants unable to interact with both APC and conductin are fully 
stabilized. For degradation, it is thus sufficient if conductin or APC are recruited indirectly to 
beta-catenin and thus to the degradation complex. 

We also generated beta-catenin-deficient mouse embryos and observed a defect in 
anterior-posterior axis formation at ES .S, as visualized by the absence of Hex and Hesx and 
the mislocation of Cerberus-like and Lim-1 expression in the visceral endoderm. 
Subsequently, no mesoderm and head structures are generated, but beta-catenin-deficient cells 
can contribute to these tissues in chimeric embryos. Intercellular adhesion is maintained since 
plakoglobin substitutes for beta-catenin. Our data suggest that beta-catenin-mediated 
signalling is essential in anterior-posterior axis formation ofthe pre-gastrula mouse embryo . 
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The E-cadherin cell adhesion complex in cell-cell adhesion and signaling 

during mouse development 

R. Kemler 

Max-Planck-Institut fur Immunbiologie, Stübeweg 51, D-79108 Freiburg, Germany 

The cell adhesion molecule E-cadherin mediates the compaction process of mouse 
preimplantation embryos and is important for the maintenance and function of epithelial cell 
layers. 13-catenin is a central componen! of the E-cadherin cell adhesion complex and plays in 
addition an essential role in the Wingless/Wnt signaling pathway. 

During m o use preimplantation development the components of the E-cadherin-catenin 
complex are derived from both maternal and zygotic gene activity. The adhesion complex is 
increasingly accumulated and stored in a nonfunctional form, ready to be used for compaction 
and the formation of the trophectoderm cell layer. 13-Catenin is the major tyrosine­
phosphorylated protein in oocytes and early cleavage-stage embryos and the relative amount of 
phosphorylated 13-catenin is greatly reduced during the morula-blastocyst transition. Frorn 
these and other experiments we propose that tyrosine phosphorylation negatively regulates the 
adhesive strength of E-cadherin. In contras!, phosphorylation of the E-cadherin cytoplasmic 
domain by CKII and GSKJI3 increases binding of E-cadherin and 13-catenin. Thus post­
translational modifications of the components of the E-cadheriñcatenin complex represen! one 
way to modulate the strength of cell-cell adhesion. 

In Wnt-stimulated cells, 13-catenin is stabilized in the cytoplasm and, together with 
LEF-1/TCF transcription factors, controls the transcription of specific target genes. To identify 
target genes of the Wnt/13-catenin signaling pathway in early mouse embryonic development 
we have established a co-culture system consisting ofNIH3T3 fibroblasts expressing different 
Wnt's as feeder layer cells and embryonic stem (ES) cells expressing a green fluorescent 
protein (GFP) reporter gene transcriptionally regulated by the TCF/13-catenin complex. ES 
cells specifically respond to Wnt signa! as monitored by GFP expression. In GFP-positive ES 
cells we observe expression of Brachyury and we found the Brachyury ist transcriptionally 
regulated by TCF/13-catenin. We also provide evidence in vitro and in vivo that the Cdx l 
homeobox gene is a direct transcriptional target ofthe Wnt/13-catenin signaling pathway. Upon 
Wnt stimulation, expression of Cdxl can be induced in mouse embryonic stem (ES) cells as 
well as in undifferentiated rat ·embryonic endoderm. Tcf4-deficient mouse embryos show 
abrogation ofCdxl protein in the small intestinal epithelium, making Tcf4 a likely candidate to 
transduce Wnt signal in this part of gut. The promoter region of the Cdxl gene contains 
severa! Tcf-binding motifs, and these bind Tcf/Lefl/13-catenin complexes and mediate 13-
catenin-dependent transactivation. This transcriptional regulation of the homeobox gene Cdx 1 
by Wnt/13-catenin signaling underlines the importance ofthis signaling pathway in mammalian 
endoderm development. 

To study the role of 13-catenin during brain morphogenesis, we specifically inactivated 
the 13-catenin gene in the region ofWntl expression using the Cre/loxP system. 13-catenin gene 
deletion resulted in dramatic brain malformation and failure of craniofacial development. 
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Absence of part of the midbrain and all of the cerebellum is reminiscent of the convent ional 
Wnt 1 knockout, suggesting that Wnt 1 acts through P-catenin in controlling midbrain-hindbrain 
development. The additonal craniofacial phenotype, not observed in embryos lacking Wnt 1, 
indicates a role of P-catenin in the fa te of neural crest cells. Analysis of neural tu be explants 
shows that P-catenin is efficiently eliminated in migrating neural crest cell precursors. This 
together with an increased apoptosis in cells rnigrating to the cranial ganglia and in areas of 
prechondrogenic condensations suggests that removal of P-catenin affects neural crest cell 
survival and/or differentiation. Our results demonstrate the pivota! role of P-catenin in 
morphogenetic processes during brain and craniofacial development. 
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Role of the TCF family of transcription factors in intestinal polyp formation 

Eduard Batlle, Marc van de Wetering, Karin van der Hom, Adam Hurlstone, Cor Verweij, Wim 
de Lau, Elena Sancho and Hans Clevers 

Department ofimmunology. University Medica! Center. Utrecht. The Netherlands. 

Colorectal cancer is one the most prevalent types of neoplasias in the developed 
countries. About 50 % of the westem population will develop colorectal polyps during a normal 
life span. Eventually, sorne ofthese individuals will develop a colorectal tumor. Colorectal tumor 
development is a multistep process and these initíally benign polyps represent the gate used by 
the epithelíal intestinal cells to shuttle into the carcinogenic sequence. 

Genetic and molecular studies in the last decade have demonstrated that the key event for 
polyp development in the intestine is the abnormal actívation ofthe Wnt pathway. Around 85 % 
ofthe colorectal tumors show mutations in the APC gene while most ofthe remaining 15% have 
mutations in b-catenin. Either genetic alteratíon leads to the nuclear accumulation of b-catenin, a 
protein present normal! y in the adherens junctíons. The ultimate consequence of this process is 
the interaction of b-catenin with the Tcf family of transcription factors . This interactíon leads to 
the expression of a still poorly characterized set of genes in the epithelíal intestinal cells that 
most likely are responsible for tumor initiation (1 ,2). 

Although considerable effort has been done in the identificatíon of the genes activated by 
the b-catenin-Tcf complex in colorectal cancer cells, the contribution of these target genes to 
polyp formation remains unclear. To address this question, we have established colorectal cancer 
cell lines expressing a dominant negatíve form of the Tcf-4 or Tcf-1 transcription factors under 
the control of a doxycyclin inducible promoter. Upon addition of doxycyclin, these celllines stop 
proliferating and are rapidly arrested in the G 1 phase of the cell cycle. We have analyzed the 
changes in the gene expression profile caused by the expression of the DN-Tcf factors using a 
25000 EST array chip. Around 25 genes are downregulated in these celllines upon additíon of 
doxycyclin while more than 200 are upregulated. Analysis of the expression of these b­
catenin!fcf target genes in normal and tumor tissue indicates that most of the downregulated 
genes are expressed in tumors but also in normal prolíferating crypt cells of the intestine while 
severa! upregulated genes are well-known markers of intestinal differentiation. This observatíon 
supports the previous mo"del in which the b-catenin/Tcf mediated transcriptíon is determining or 
maíntaining the undifferentíated phenotype ofthe epithelíal intestinal crypt cell (2,3). Moreover, 
these results also suggest that polyp formation represents a disregulated expansion of the crypt 
compartrnent. This process míght be caused by either an increase in the levels of the b­
catenin!fcf target genes in polyp cells or by an impaired abílity of the crypt cells to properly 
switch-offthe WNT pathway duríng their migratíon towards the differentíated compartment. 
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Snail family of proteins in Drosophila gastrulation and neurogenesis 

Tony lp, Shovon Ashraf, Kirugaval Hemavathy, Xiaodi Hu, and John Roote· 

Program in Molecular Medicine, University ofMassachusetts Medical School, Worcester, MA 
01605, USA 

·Department ofGenetics, University ofCambridge, Downing Street, Cambridge CB2 3EH, UK 

The Snail family comprises of proteins that contain four to six zinc fingers and function 
as transcriptional regulators during embryonic development, cancer formation , and apoptosis 
(Hemavathy et al. , 2000). Drosophila Snail was the first member isolated and serves as the 
prototype (Boulay et al., 1987). Snail is essential for mesoderm invagination and differentiation 
in the early embryo. lt has been demonstrated that Snail functions as a transcriptional repressor, 
and such function is essential for mesoderm formation (Kosman et al., 1991 ; Leptin, 1991 ; Ip et 
al., 1992; Hemavathy et al., 1997). Snail also acts redundantly with Escargot (French for snail), 
another member of this zinc-finger protein family, to control the embryonic wing disc 
development (Fuse et al., 1996). Express ion pattern analyses revealed that Snail is expressed not 
only in early mesoderm and embryonic wing disc primodia, but also in neuroblasts (Alberga et 
al. , 1991; Kosman et al., 1991 ; Leptin, 1991 ; lp et al. , 1 994 ). Total loss of function of Snail, 
however, does not lead to signifícant phenotype in the developing CNS. 

The absence of CNS phenotype in loss-of-function mutants of snail is due to the 
redundant function provided by another member ofthe family called Worniu (Chinese for snail), 
as well as by Escargot to a lesser extend. In deletion mutants which uncover these three genes, 
the CNS is highly abnormal (Ashraf et al., 1999). The ventral nerve cord is largely 
underdeveloped as revealed by multiple neuronal markers. One ofthe early CNS markers that is 
severely affected isjushi tarazu (ftz) (Goodman and Doe, 1993)./tz is initially expressed in many 
ganglion mother cells (GMC) and later on in many neurons. In the deletion mutants, ftz 
expression in GMC is almost abolished, and such defect can be rescued efficiently by transgenes 
of the snail family (Ashraf et al., 1999). 

The CNS development ofDrosophila has been well characterized. Clusters of cells in the 
neuroectoderm receive- instruction from proneural genes to become competent to form 
neuroblasts (Goodman and Doe, 1993). Through the process oflateral inhibition, one ofthe cells 
in each cluster is selected to become neuroblast and delaminates from the ectoderm (Rooke and 
Xu, 1998). Delaminated neuroblasts have stem cell property, whereby each goes through 
repeated asyrnmetric cell division to generate a number of GMC (Lu et al., 2000). During or 
soon after delamination, genes such as inscuteable, miranda, staujen, and prospero are 
expressed. One ofthe functions ofthese genes is to control the subcellular localization within the 
neuroblasts of prospero mRNA and Prospero protein, which are segregated preferentially into 
GMC after cell division. Prospero is a key regulator in determining GMC fate, by controlling the 
expression of neural genes such asftz and the precise one round of cell division to produce post­
mitotic neurons (Lu et al. , 2000; Li and Vaessin, 2000). 

Instituto Juan March (Madrid)



40 

Sinceflz expression in GMC is highly defective in the mutants, we surmised that Snail 
family of proteins may function ata regulatory step in neuroblasts or GMC (Ashraf et al., 1999). 
We now find that S naif family of proteins ha ve functions within neuroblasts. In the absence of 
these proteins, the delaminated neuroblasts have significantly lower leve! of inscuteable RNA 
expression. While the expression of other genes that are involved in asymmetric neuroblast 
division including miranda, staufen, and prospero appear to be normal, the asymmetric 
localization of prospero RNA does not take place, and the strong Prospero protein staining in 
GMC normally resulted from asymmetric division is lost. These defects can be rescued by 
transgenic expression of Snail, Womiu, or Escargot. Thus, sorne intrinsic properties of 
asymmetric division is dependent on the presence of Snail family of proteins. The almost 
complete absence of Prospero protein staining in GMC in the deletion mutants is somewhat 
stronger than the phenotype ofzygotic inscuteable null mutations. This points to the notion that 
the loss of snail family of genes causes more defects than just the misregulation of inscuteable. 
Accordingly we found that expression of string promoter-lacZ reporters (Lehman et al., 1999) 
was highly abnormal in the deletion mutants. Together, these results support the idea that both 
asymmetric Iocalization and cell division of neuroblasts are regulated by the Snail family of 
proteins. However, string and inscuteable may not be the direct transcription targets. This 
postulation is based on the experiments demonstrating that mutations ofthe two Drosophila e­
terminal binding protein (dCtBP) co-repressor interaction motifs (Nibu et al. 1998) in Snail 
hamper the ability of S naif to rescue the CNS defects . Perhaps S naif family of proteins interact 
with dCtBP to repress a yet to be identified target gene which in tum is required to repress 
inscuteable and string transcription in neuroblasts. 

References: 
Alberga, A., Baulay, J.-L., Kempe, E., Dennefeld, C., Haenlin. M. (1991 ) The snail gene required far 

mesodenn fannatian is expressed dynarnically in derivatives af alJ three genn layers. Development 111, 983-992. 
Ashraf, S.I., Hu, X., Raote, J., T., i.Y. (1999) The mesodenn determinan! Snail collabarates with related 

zinc-fmger proteins to control Drasophila neuragenesis. EMBO J 18, 6426-6438. 
Baulay, J.L., Dennefeld, C., Alberga, A. (1987) The Drosophila develapmental gene snail encodes a 

protein with nucleic acid binding fmgers. Nature 330, 395-398. 
Fuse, N., Hirose, S. , Hayashi, S. (1996) Detenninatian af wing cell fate by the escargot and snail genes in 

Drasaphila. Development 122, 1059-1067. 
Gaodman, C.S., Doe, C.Q. (1993) Ernbryanic develapment afthe Drosophila central nervous system. The 

development af Drosophila melanogaster 11, p. 1131-1206. Cald Spring Harbar Labaratary Press, Cald Spring 
Harbar, NY. 

Hemavathy, K., Ashraf, S.I., Ip, Y .T. (2000) Snaii/Slug farnily afrepressors: s1awly gaing into the fast 1ane 
of deve1apment and cancer. Gene 257, 1-12. 

Hemavathy, K., Meng, X., Ip, Y. T. (1997) Differential regulation af gastrulatian and neuroectodermal gene 
expressian by Snail in the Drosophila ernbryo. Develapment 124, 3683-3691 . 

Ip, Y.T., Levine, M., Bier, E. (1994) Neurogenic expression af snail is controlled by separable CNS and 
PNS promater elements. Develapment 120, 199-207. 

lp, Y.T., Park, R.E., Kosman, D., Bier, E., Levine, M. (1992) The dorsal gradient marphagen regulates 
stripes of rhomboid expressian in the presumptive neuroectadenn af the Drosaphila embryo. Genes Dev. 6 , 1728-
1739. 

Kosman, D., lp , Y.T., Levine, M., Arara, K. (199 1) Establishment af the mesadenn-neuraectadenn 
baundary in the Drasaphila embrya. Science 254, 1.18-122. 

Lehman, DA, Pattersan, B., Johnston. LA, Ba1zer, T., Brittan, J.S., Saint, R ., Edgar, B.A. ( 1999) Cis­
regulatory e1ements ofthe mitatic regulatar, string/Cdc25 . Development 126, 1793 -803 . 

Leptin, M. (1991) twist and snail as pasitive and negative regulatars during Drosophila mesoderm 
development. Genes Dev. 5 , 1568- 1576. 

Instituto Juan March (Madrid)



41 

Li, L., Vaessin, H. (2000) Pan-neural Prospero tenninates cell proliferation during Drosophila 
neurogenesis. GenesDev 14, 147-151. 

Lu, B., Jan, L., Jan, Y.N. (2000) Control of cell divisions in the neiVous system: symmetry and asymmetry. 
Annu. Rev. Neurosci . 23, 531-556. 

Nibu, Y., Zhang, H., Levine, M. (1998) Interaction of short-range repressors with Drosophila CtBP in the 
embryo. Science280, 101-104. 

Rooke, J.E., Xu, T. (1998) Positive and negative signals between interacting cells for establishing neural 
fate. Bioessays 20, 209-214. 

Instituto Juan March (Madrid)



42 

Roles of snail-family transcriptional repressors during m o use 
embryogenesis 

E.A. Carver, R. Jiang, K. Oram, Y. Lan, C.R. Norton and T. Gridley 

The Jackson Laboratory, Bar Harbor, ME. 04609, USA 

In Drosophila two zygotic genes, Snail and Twist, are essential for mesoderm 
differentiation and morphogenesis during Drosophila embryogenesis. Molecular analysis of 
the Twist and Snail genes indicates that they encode proteins ofthe basic helix-loop-helix and 
zinc-finger farnilies, respectively. Twist is a transcriptional activator of mesoderm-specific 
genes, while Snail acts to maintain proper germ !ayer boundaries by repressing the expression 
within the mesoderm of regulatory genes involved in ectodermal development. 

We and others have cloned mouse genes encoding Snail-family proteins, termed Snail 
and Slug (Nieto et al. , 1992; Smith et al., 1992; Jiang et al. 1998; Sefton et al., 1998), and we 
have constructed targeted mutations in both the Snail and Slug genes. Contrary to expectations 
from analysis of other vertebrates, the Slug gene is not required for formation ·and 
differentiation of mesoderm and neural crest in mice (Jiang et al. 1998). This is most likely 
due to the fact that the mouse Slug gene, unlike the Slug genes of other vertebrates, is not 
expressed in either early embryonic mesoderm or premigratory neural crest precursors in the 
dorsal neural tube (Jiang et al. 1998; Sefton et al., 1998). However, Slug mutant homozygotes 
exhibit a number of other defects, including postnatal growth retardation, eye defects, and 
defects in formation ofthe nails. 

Embryos homozygous for a mutation of the mouse Snail gene die early during 
embryogenesis. The mutant embryos exhibit a defect in the epithelial-mesenchymal transition 
in the primitive streak of the embryo, which is required for proper formation of the mesoderm 
germ !ayer. In Snail homozygous mutant embryos, a mesoderm germ !ayer forms but the cells 
do not become truly mesenchymal. In the majority of Snail mutant embryos, cavities or 
lacunae form in the mesoderm cell !ayer, and the mesoderm cells abutting these lacunae 
exhibit an epithelial morphology. Cells lining these lacunae are more columnar and exhibit 
apicallbasal polarity, with microvilli along the apical surface and the presence of electron­
dense adhesive junctions that resemble adherens junctions. Prelirninary expression studies 
indicate that E-cadherin expression is not downregulated in the primitive streak and 
mesoderm of the Snail mutant embryos. These data suggest that formation of the mesoderm 
cell layer can occur despite the retention of E-cadherin expression, but also show that 
downregulation of E-cadherin expression is required for mesoderm cells to acquire a 
mesenchymal morphology. 

W e are also testing for genetic interactions between a targeted mutation of the m o use 
Twist gene (Chen and Behringer, 1995) and the Snail and Slug mutations. Haploinsufficiency 
for the human TWIST gene is one of the major causes of Saethre-Chotzen Syndrome, one of 
the most common disorders of craniosynostosis (premature fusion of the calvarial bones of the 
skull). Studies have shown that mice heterozygous for the Twist null mutation exhibit mutant 
skeletal phenotypes, including hind leg digit duplications and subtle skull defects (Bourgeois 
et al. , 1998). We are testing for genetic interactions by creating double mutant Snaill Twist 
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and Slug/ Twist mice, and are analyzing the double mutant embryos and mice for synergistic 
effects. The current status ofthese studies will be described. 
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The Snail gene family in evolution, development and tumour progression 

M. Angela Nieto 

Instituto Caja!, CSIC Av. Doctor Arce 37, 28002 Madrid, Spain. anieto@cajal.csic.es 

The Snail family of zinc-finger transcription factors plays a crucial role in embryonic 
development of vertebrates and invertebrates, with an evolutionarily conserved function in 
mesoderm development, and further roles in neural differentiation and vertebrate neural crest 
formation . lts function in mesoderm and neural crest delamination is mediated by the 
triggering of epithelial-mesenchymal transitions (EMT). Very recently, we have shown that 
Snail-mediated EMT is, at least in part, dueto the direct repression of E-cadherin expression. 
Furthermore, we have shown that Snail has been co-opted to trigger the EMT associated with 
the acquisition of the malignant phenotype in tumours. Thus, these transcriptions factors are 
utilised for the same cellular process both during normal embryonic development and in 
pathological situations ofthe adult, such as tumour progression. 

Severa! expected and unexpected observations make the study of this gene famil y 
from an evolutionary point of view extreme! y interesting. Firstly, the neural crest is believed 
to ha ve been crucial in the formation of the "new head" of vertebrates. In addition, we ha ve 
reported a unique swapping in the expression pattems and the roles of the two vertebrate 
family members (Snail and Slug) between avian and mammals. Thus, we have undertaken the 
study ofthe distribution and the evolutionary history ofthe Snail family. 

The founding member of the family was the snail gene from Drosophila 
melanogaster, and until very recently, only three members had been characterized in 
Drosophila (snail, escargot and scratch), one in urochordates and cephalochordates (snail) 
and two in vertebrates (snail and slug). Vertebrate snail genes are more related between 
themselves than to any of the fly genes, so a simple picture of a unique gene present befare 
the protostome/deuterostome radiation and independent duplication events in the arthropod 
and vertebrate lineages that leads to the present situation is assumed. 

However, in the last two years, three new members ofthe family have been described : 
ces/ from Caenorhabditis elegans, worniu from Drosophila, and Smuc from mouse. In our 
attempt to analyse the phylogenetic relationships ofthe Snail family genes, we have identified 
severa! previously undescribed Snail-type genes from a variety of model organisms. In the 
light of this new data, and in the search for ancestral and derived functions, I will present a 
new classification of the gene family and discuss the roles of these genes in neural crest 
formation and in general, in epithelial to mesenchymal transitions during early development 
and tumour progression. 

Instituto Juan March (Madrid)



45 

Regulation of E-cadherin expression by snail transcriptional repressor 

Antonio García de Herreros. 

Unitat de Biología Cel.lular i Molecular, /nstitut Municipal d'lnvestigació Médica, 
Universitat Pompeu Fabra. 

lt has been recently shown that ectopic expression of snail protein, a mesenchymal 

transcriptional repressor, induces downregulation of E-cadherin mRNA ( 1, 2). Snail blocks E­

cadherin expression through its binding to three 5'-CACCTG-3' boxes present in E-cadherin 

prometer (1 ). Moreover, snail expression in epithelial ce lis induces the acquisition of a 

fibroblastic phenotype, characterised by the inhibition of epithelium specific genes (CK-1 8, 

MUC-1) and the induction of mesenchymal specific genes (flbronectin, LEF-1 ). Moreover, snail 

expression ls also required for gastrulation and for the induction of mesenchymal genes in the 

early phases of development (3). We show here that induction of snail in epithelial ce lis 

stimulates the expression of one of these mesenchymal genes ZEB1 . Like snail, ZEB1 is also a 

transcriptional repressor and can inhibit E-cadherin prometer activity although with lower 

efficiency than snail. This result suggest a possible role of ZEB1 in snail-induced transcriptional 

repression of E-cadherin. 

Although expression of snail and E-cadherin is generally contrary, we have detected severa! cell 

lines that express both mRNAs. In these celllines (for instance, EpH4) Snail subcellular 

localisation was determined by immunofluorescence and was found to be restricted to the 

cytosol, whereas it was detectad in the nucleus in cell fines not expressing E-cadherin. A study 

of snail deletion mutants indicate that a PS-rich sequence present in the N-terminal domain of 

this molecule is involved in retention in the cytosol. This result evidences a new leve! of 

regulation of snail function in epithelial cells. 
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Induction of snail expression by activation of the PTH(rP)receptor is necessary 
and sufficient for proper epithelio-mesenchyme transition in the formation of 

parietal endoderm in the early mouse embryo 

J.A.A. Hendriks, J.M Veltmaat and L.H.K. Defize 

Hubrecht laboratory, Netherlands Institute for Developmental Biology (NIOB), Utrecht, The 
Netherlands 

The formation ofparietal endoderm (PE) in the periimplantation mouse embryo is the 
earliest example of an epithelio-mesenchyme transition (EMT) during murine embryogenesis. 
This process can be mimicked in vitro using F9 EC cells. We and others have established that 
parathyroid related peptide (PTHrP) and its receptor play an important role in this process 
both in vivo and in vitro. In vitro, using isolated Inner Cell Masses (ICM) from blastocysts, it 
was shown by others that endogenously produced PTHrP enhances EMT and differentiation 
to PE, especially on suboptimal FN concentrations. The PTHrP receptor signals 
predominantly through activation of protein kinase A (PKA), and addition of cell permeable 
cAMP analogs mimicks the PTHrP effect. Recently we identified the transcription factor snail 
as an immediate early target gene to the action ofPTHrP in F9 cells. 

Embryos lacking the PTHrP receptor do form PE in vivo, which however seems not to 
function properly, based on the small size ofthe embryos already at day 8.5. The embryos die 
around embryonic day 12.5, which might be a consequence ofthis growth retardation as well. 
In PE isolated from d 6.5 embryos, we found that in -/- embryos, in contrast to wt and 
heterozygous embryos, a large proportion of cells have not undergone EMT and instead 
remain attached to one another. On low amounts ofFN, the cells do migrate, but as sheets of 
cells, rather than as solitary cells. This is reflected in the continued presence of E-cadherin 
and P-catenin at si tes of cell-cell contact, which is absent in normal PE. Importantly, 
incubation ofthe receptor-/- PE with dbcAMP or culturing it on high amounts ofFN induces 
EMT, showing that the cells are still responsive to elevated cAMP levels and the inductive 
effect ofFN. This treatment results in elevated snail levels, indicating snail is pivota! in the 
process. Indeed, overexpressing snail in F9EC aggregates results in enhanced formation of PE 
which cannot be further optimised by PTHrP addition. These results indicate that i) There is 
no or little redundancy in vivo for PTH(rP) receptor functioning in inducing complete EMT in 
PE, ii) Elevation of snaillevels is sufficient to induce EMT, suggesting this is a crucial event 
for proper PE differentiation and iii) EMT is necessary for PEto function properly. 
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Regulation of morphogenetic cell movement by cadherins and catenins 

Masatoshi Takeichi and Kazuki Horikawa 

Department ofCell and Developmental Biology, Graduate School ofBiostudies, Kyoto 
University, Sakyo-ku, Kyoto 606-8502, Japan 

Regulation of cell adhesion is thought to be essential for promoting a variety of 
morphogenetic processes, including cell migration and rearrangement. The cadherin 
adhesion system plays a central role in cell-cell adhesion, and therefore elucidating its 
regulatory mechanism is important. We previously found that a human colon carcinoma 
cell line, Colo205, express cadherins and associated catenins at normal levels. 
Nevertheless, they cannot undergo normal cell-cell aggregation, suggesting that the 
cadherin system is physiologically suppressed . Interestingly, if these cells are 
transfected with a mutant cadherin, designated as JM(-), in which the juxtamembrane 
(JM) region ofthe cytoplasmic domain was deleted, cadherin-dependent cell association 
was restored. This finding suggested that the JM domain has sorne regulatory role in 
cadherin function . Since pl20-catenin is known to interact with the JM domain, this 
molecule can be one of regulators to interact with this domain. lndeed, when Colo205 
ce lis were transfected with a N-terminus-truncated p 120-catenin, it induced their 
cadherin-dependent aggregation, implying that the endogenous p 120-catenin negatively 
regulated cadherin activity in Colo205 cells, and this activity was abolished by the 
removal ofthe N-terminus (1) . 

We hypothesized that the original role of the JM domain is to regulate cell 
adhesion in normal morphogenetic processes. To test this idea, we focused on myotome 
morphogenesis as a model , in which myocytes undergo coordinated cell migration and 
rearrangement during somite differentiation. We injected various cadherin constructs 
into developing somites, and examined the effect of their expressions on myotome 
development. Ectopic expression of the JM(-) cadherin in developing somites blocked 
the normal alignment of myocytes; their medio-lateral spreading was inhibited, leaving 
them as unorganized cell clumps, suggesting that this cadherin construct inhibited the 
migration and/or rearrangement of myocytes. This finding supports the idea that 
regulation of cadherin activity is required for morphogenetic cell movement, and the JM 
domain is involved in this regulation. A point-mutant cadherin to which p120-catenin is 
unable to bind had no effect on myocyte migration, indicating that this catenin is not 
involved in the above phenomenon. Other unknown factors may modulate cadherin 
activity through the JM domain, and, in turn, regulate cell rearrangement. From these 
observations, we conclude that the regulation of cadherin activity via the JM domain is 
important for morphogenetic cell movement or rearrangement. 
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Genomic approaches to cell adhesion 

Richard Hynes 

Howard Hughes Medica! Institute 
Massachusetts Institute ofTechnology 

Invasion and metastasis (collectively malignancy) are the processes that make cancer a 
dangerous disease. We understand much less about them than we do about the irútiation and 
development of primary tumors, yet malignancy is what kills . So, there is a pressing need to 
understand the molecular and cellular changes that contribute to invasion and metastasis. 
These processes involve loss of positional controls, which are intrinsically more complex than 
the loss of growth controls involved in primary tumor growth. Invasion requires both loss of 
adhesion for "home base" and acquisition of invasive and rnigratory properties, which 
themselves require acquisition of novel adhesive interactions. Good examples exist in human 
tumors both ofloss ofadhesion (e.g., cadherins in colon and stomach carcinomas) and gain of 
adhesion (e.g., integrins in malignant melanomas and many carcinomas). Changes in cell 
adhesion probably also contribute to the extravasation of tumor ceUs from the vasculature. 
Despite these anecdotal cases, we do not ha ve a good picture of the changes in cell adhesion 
that contribute to the many steps required for a successful metastasis. In part this is because 
the processes are complex; in part it is because we have until very recently lacked a 
sufficiently complete picture of the molecules involved in cell adhesion. The situation has 
changed radically in recent years and we now have the possibility to attempt a detailed 
inventory of the changes in cell adhesion associated with the multiple steps of invasion and 
metastasis. 

This prospect comes from severa! advances. First, during the past couple of decades, 
we have developed an understanding of many of the proteins that mediate ceil-cell and cell­
matrix adhesion .(!). Second, the completion, or near completion, of the human genome 
sequence offers the irnminent prospect of preparing a largely complete list of adhesion 
receptors and their ligands. We can already do that for flies and worms and comparison of 
those sequences with what we already know of cell adhesion molecules in vertebrates 
provides sorne informative insights into the evolution of cell adhesion (2). Third, the 
availability of DNA arrays and other post-genorrúc approaches allows rapid screerúng for 
changes in the expression of genes and proteins in primary tumors and cells in various stages 
of malignancy. lnitial applications of this approach have yielded new insights into changes in 
molecules involved in cell adhesion and rrúgration that occur during malignant progression 
(3). Further application of this strategy prorrúses to reveal many further such changes. · 
Compilation of inventaries of such changes offer irnproved diagnosis and open up routes to 
new therapies. This is particularly the case for cell surface adhesion receptors, such receptors 
are already being successfuUy targeted using antithrombotic and other drugs and seem likely 
targets for drugs designed to block invasion, metastasis and angiogenesis ( 4). 
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Transcriptional repression of E-cadllerin expression 
by Snail and E2A factors 

Amparo Cano 

Instituto de Investigaciones Biomédicas "Alberto Sois" CSIC-UAM. Arturo Duperier, 4. 
28029 Madrid . Spain. e-mail : acano@iib.uam.es 

The invasion oftumour cells into adjacent connective tissues involves the loss of cell­
cell interactions together with the gain of proteolytic and migratory properties, and is 
frequently associated with epithelial-mesenchymal transitions (EMTs), a crucial process for 
the generation of different tissues during embryonic development. Strong cell-cell adhesion in 
both embryonic and adult epithelial tissues is mainly dependent on the E-cadherin/catenin 
adhesion system. Indeed, the loss of E-cadherin mediated intercellular interactions is 
determinant for the acquisition of the invasive phenotype in epithelial tumours and for EMT 
processes that take place during early embryonic development. 

We are investigating the molecular mechanisms involved in E-cadherin 
downregulation during tumour progression. Previous work on the mouse E-cadherin promoter 
showed that the E-pal element (containing two adjacent E-boxes) plays a repressor role in E­
cadherin deficient carcinoma cells and fibroblasts, and supported the hypothesis that 
repression through the E-pa! element should be dominant over the activation of constitutive 
positive acting factors interacting with the GC-rich and CCAAT box proximal elements1

·
2 To 

identify transcriptional repressors of E-cadherin expression we recently developed a one­
hybrid yeast system based in the use ofthe E-pal element as bait and of a cDNA library from 
Nlli3T3 fibroblasts as prey. This system has allowed the identifícation of the zinc-fínger 
factor Snail, previously implicated in EMTs in embryos, as a potent repressor of E-cadherin 
expression3

. Epithelial cells that ectopically express Snail adopta fibroblastoid phenotype and 
acquire tumorigenic and invasive properties. Endogenous Snai/ is expressed in invasive 
mouse and human carcinoma cell lines where E-cadherin expression has been lost. 
Furthermore, the presence of Snail expression at the invasive front of squamous cell 
carcinomas and in dedifferentiated carcinomas also su~ports its implication in E-cadherin 
downregulation and in EMTs during the invasion process . 

A second factor isolated in the one-hybrid screening with high abundance (32% ofthe 
clones) corresponded to the mouse E47 bHLH factor, one of the two major products of E2A 
gene. Ectopic expression of E47 in epithelial MDCK cells leads to a dramatic EMT, 
concomitant with the loss of E-cadherin and the acquisition of invasive and tumorigenic 
properties. Repression of E-cadherin expression by E47 occurs at transcriptional leve! 
through the binding to the E-boxes of the E-pal element. Interestingly, endogenous E2A is 
expressed in invasive E-cadherin defícient carcinoma cell lines but it is absent from epithelial 
cell lines. This pattem correlates with the expression of E2A observed in early mouse 
embryos, where it is absent from the different epithelia. Thus, E12/E47 may be considered as 
an additional repressor of E-cadherin expression both during development and in tumour 
progression. The relationship between Snail family factors and E2A factors in the repression 
of E-cadherin expression is presently being investigated. 
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Taken together, our results support the hypothesi s that the same molecules and 
regulatory mechanisms are utili sed for the same cellular processes during normal embryonic 
development and in pathological events in the adult such as cancer progress ion. 
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How matrix metalloproteinases regulate development and neoplasia 

Zena Werb 

Department of Anatomy, University ofCalifonúa, San Francisco, CA 94143-0452, USA 

Matrix metalloproteinases (MMPs) are enzymes degrade most components of the 
extracellular matrix(ECM), including collagens, larninin, fibrin and proteoglycans. They are 
regulated by a family of physiological inhibitors, the tissue inhibitor of metalloproteinases 
(TIMPs). The 20 members of the family have been identified to date are all secreted or 
transmembrane molecules. MMPs participate in: (1) degradation of ECM to allow cell 
migration through the extracellular matrix; (2) alteration of the ECM micro-environment 
resulting in alteration in cellular behavior; (3) modulation of biologically active molecules by 
direct cleavage or release from ECM stores; and (4) regulation of the activity of other 
proteases. Cell attachrnent, migration, proliferation, differentiation and apoptosis are all 
regulated by MMPs. 

We have focused on the matrix metalloproteinase (MMP) familyand have sought to 
understand its role(s) during development and neoplastic progression in transgenic mice. 
Endochondral bone formation presents a particularly interesting developmental challenge. 
During this process an avascular tissue (cartilage) is converted into one of the most highly 
vascularized tissues (bone) in the vertebrate body. Ossification begins with invasion of the 
calcified hypertrophic cartilage by capillaries. This neovascularization of the growth plates is 
accompanied by apoptosis of the terminal hypertrophic chondrocytes, degradation of the 
cartilage matrix and deposition of bone matrix by osteoblasts. Remodeling of the bone matrix 
by chondroclasts results in a cavity filled with vascular channels containing hernatopoietic 
cells. We have shown.that gelatinase B/MMP-9 makes VEGF, the angiogenic factor made by 
hypertrophic chondrocytes available. The functional VEGF then co-ordinates matrix 
degradation and the recruitment of endothelial cells, chondroclasts and osteoblasts to allow 
the osteogenesis to proceed. 

During carcinogenesis of pancreatic islets in transgenic mice, an angiogenic switch 
activates the quiescent vasculature. Paradoxically, vascular endothelial growth factor (VEGF) 
and its receptors are expressed constitutively. Nevertheless, a synthetic inhibitor of VEGF 
signaling impairs angiogenic switching and tumor growth. MMP-2/gelatinase-A and MMP-
9/gelatinase-B, are upregulated in angiogenic lesions. MMP-9 can render normal islets 
angiogenic, releasing VEGF. MMP inhibitors reduce angiogenic switching, tumor number 
and growth, as does genetic ablation of MMP-9. Absence of MMP-2 does not impair 
induction of angiogenesis, but retards tumor growth. Thus, MMP-9 is a component of the 
angiogenic switch. 

In a mouse model of multistage . tumorigenesis elicited by the HPV16 oncogenes, 
MMP-9 is upregulated in angiogenic dysplasias and invasive cancers of the epidermis. Mice 
lacking MMP-9 reveal this MMP normally amplifies keratinocyte hyperproliferation , and 
accelerates angiogenesis; furthermore it enhances the formation of invasive tumors, and yet 
restricts their malignant de-differentiation. Notably, MMP-9 ís expressed in reactive stromal 
cells, including fibroblasts, mast cells and neutrophils. Bone marrow transfer of MMP-9 
sufficient cells is sufficient to restore wild type carcinogenesis, unequivocally demonstrating 
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that inflammatory cells are co-conspirators not innocent bystanders to carcinoma 
development. 
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The two-handed zinc finger protein SIPl downregulates E-cadherin 

and induces invasion 
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Bruyneel,3 Marc Mareel,3 Danny Huylebroeck2 and Frans van Roy1 

1 Department ofMolecular Biology, VIB-Ghent University, Belgium 2 Department ofCell 
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Experimental Cancerology, Ghent University Hospital, Belgium 

The epithelial cell-cell adhesion protein E-cadherin is a genuine tumor suppressor as well 
as an established invasion suppressor. Lobular breast cancers and diffuse gastric cancers 
frequently harbor E-cadherin-inactivating mutations. However, in various other epithelial tumors 
transcriptional downregulation of E-cadherin appears to be a major event during tumor 
progression. Increased levels of the zinc finger transcription factor Snail were reported to 
mediate such reversible, though malignant E-cadherin suppression. Here, we report that the 
DNA-binding protein SIP1 (Smad-interacting protein 1; ZEB2) downregulates the E-cadherin 
prometer activity of man and mouse. This two-handed multi-zinc finger protein binds to both of 
two E2-boxes in the E-cadherin promoter sequences, and mutation of either the zinc fingers or 
the E2-boxes abrogates the transcriptional suppression. Moreover, conditional expression of 
SIP 1 in E-cadherin-positive MDCK cells likewise affected E-cadherin transcription, resulting in 
a striking loss of E-cadherin-mediated intercellular adhesion. Concomitantly, invasion into 
collagen type 1 was induced. This dramatic SIP 1 effect could not be ascribed to Snail induction, 
and it was accompanied neither by loss of b-catenin at the cell surface, nor by activation of 
LEFrfCF activity. Further, we showed that SIPI is highly expressed in severa! E-cadherin­
negative human carcinoma cell lines including cell lines lacking Snail expression, but also in 
normal nonepithelial cell types. How SIP 1 is induced in such ce lis needs further investigation 
How SIP 1 is induced in su eh cells needs further investigation SIP 1 contains severa! motifs 
predicted to interact with the transcriptional repressor CtBP, but these domains could be 
mutationally inactivated without loss of the E-cadherin suppression effect. In conclusion, SIPl 
appears to be a novel and potent invasion prometer protein in malignant epithelial tumors, acting 
negatively on E-cadherin expression via prometer binding. Presently, we generate suitable SIP 
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Mechanisms of head induction in vertebra tes 

José A. Belo 

Mouse Development Laboratory, UCTA, UALG, Portugal 

The Xenopus cerberus gene encodes a secreted factor expressed in the Spemann 
organizer that induces ectopic head formation when its mRNA is injected into Xenopus 
embryos. In the mouse, the related gene cerberus-like, Cer-1, is expressed in the Anterior 
Visceral Endoderm (A VE) and mesendoderm that underlies the presumptive anterior neural 
plate. Both factors function in the extracellular space as multivalent growth-factor antagonists 
inhibiting BMP, Nodal and Wnt proteins. Recent embryological and genetic evidence 
indicates that in vertebrates, the head and the trunk are induced by different sets of signals, 
originated by distinctly separated cell populations: in mice, the Head Organizer is located in 
the A VE and the Trunk Organizer in the Anterior Primitive Streak and node; in amphibians, 
the Spemann's Organizer (the homologous structure of the node in the mouse) partially 
overlaps with the anterior endoderm cells expressing cerberos. This raises the question 
whether in the mouse, these two signalling centers are independent or functionally 
interdependent with each other. Evidence for the above mentioned data will be shown as well 
as that the BMP antagonists chordin and noggin expressed in the node and its derivatives 
interact for correct forebrain development. A case of genetic interaction is not verified in cer-
1; noggin double mutants, leading to a view of a complex genetic network at the leve! of the 
severa! BMP antagonists in the patterning ofthe early mouse embryo. 
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p85a, a regulatory subunit of class lA PI3K, stimulates the transcriptional 
activity of 8-catenin/LEF-1 

Jesús Espada, Tatiana Pérez-Capilla and Amparo Cano 

Instituto de Investigaciones Biomédicas. CSIC. Arturo Duperier, 4. 28029 Madrid. Spain 

The canonical Wnt signalling pathway is critical during development and carcinogenesis. 
Activation of this pathway results in the cytoplasnúc accumulation and nuclear translocation of 
J3-catenin where it is thought to interact with members of the LEFffcf fanúly of transcription 
factors, thereby activating gene transcription. Recently, a Ras-dependent interaction between J3-
catenin and the regulatory subunit of the class lA PBK, p85a, was demonstrated in mouse 
keratinocytes (Espada et al. 1999. J. Cell Biol. 146: 967) suggesting a potential conecction 
between the Ras and Wnt signalling pathways. Gene reporter assays indicate that the 
transcriptional activity of the 3-catenin/LEF-1 co 1 plex is stimulated when p85a is coexpressed. 
This stimulation is further enhanced by the chenúcal inhibition of PI3K catalytic activity. 
Moreover, microinjection of recombinant p85a is sufficient to promete the nuclear translocation 
of J3-catenin, and núcroinjection of recombinant J3-catenin induces the cytoplasmatic and nuclear 
accumulation of p85a. This is the first evidence to suggest a role for p85a as a transcriptional 
coactivator in the canonical Wnt signaling pathway. 
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CSFRPl controls proliferation and axonogenesis 
in tbe developing chick neural retina 

Pilar Esteve, Francoise Trousse and Paola Bovolenta 

Instituto Caja!, CSIC. Avda. Dr Arce 37 28002 Madrid. Spain 

Secreted frizzled related (SFRPs) are a new c!ass of molecules that share extensive 
homologies with the N-terminal, extracellular, cystein-rich domain (CRD) of the frizzled family, 
putative receptors of the Wnt family of signalling molecules. SFRPs lacks however of the 
transmembrane and intracellular domains of the frizzled receptors, instead they show in their e­
terminal portion similarities ofthe with the so-cal!ed "basic netrin module" (NTR). Recently, we 
have isolated in chick a new member ofthis family. The nucleotide sequence ofthis gene shares 
62% homology with that ofthe Xenopus FrzA and 81-82% with those ofthe mouse and human 
SFRPl, respectively. On the basis of these homologies we named this gene cSfrpl. In situ 
hybridisation analysis indicates that cSfrpl is strongly expressed since gastrula stages in the most 
anterior portian of the embryo, with a pattem which overlaps with that of Otx2 and is 
complementary to that of cWnt8c. Later cSfrpl localisation extends to mesoderrnal and neural 
plate tissue with a highly dynamic expression pattem that suggests that this molecule might be 
involved in different processes during embryonic development. In the eye, cSfrpl is expressed 
with a pattem consistent with its involvement in cell differentiation. To address this issue we 
have generated a source of recombinant protein and analysed its effect in culture of E5 
dissociated retina! cells. cSFRP l induced a dramatic decrease of retina! cell proliferation as 
determined by BrdU incorporation. In parallel, the number of cells that exit the cells cycle and 
begin to express the neuronal markers, such as Tuj l and isletl/2, increased. Further, soluble 
cSFRPl induced profuse neurite outgrowth from retina explants grown over polylysine coated 
dishes . Whether cSFRPl exerts these activities through the Wnt signalling pathway or through 
and independent signalling mechanisms remains to be established 
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De-differentiation induced by TGF-beta in fetal hepatocytes confers them 
resistance to its apoptotic effect 

A. Sánchez#, F. Valdés#, A.M. Álvarez*, B. Herrera#, M. Femández#, C. Roncero#, M. Benito# 
and l. Fabregat#. 

#Dpto. de Bioquímica y Biología Molecular. Fac. de Farmacia (CSIC/UCM). *Centro de 
Citometria de flujo y microscopía confocal. Univ. Complutense de Madrid. 28040, Madrid. 

Spain. E-mail: isabelf@eucmax.sim.ucm.es 

Transforming growth factor-beta (TGF-~1) induces death of fetal hepatocytes by an 
apoptotic mechanism. However, always 40-50% cells survive. The process of cell survival is 
coincident with changes in morphology and phenotype. TGF-~ treated cells progressively 
acquire fibroblast-like appearance; they are flat, are spindle-like and migrate to the empty spaces. 
Furthermore, cells elicit an epithelial-mesenchymal transition. Co-expression of vimentin and 
cytokeratin filaments and F-actin stress fibers can be observed in most ofthe fibroblast-like cells. 
Expression of liver specific genes is very low in these cells; this effect is due to the decrease of 
their rate of transcription analyzed in "run on" experiments. Surviving cells also present a 
decreased DNA-binding activity for liver-enriched transcription factors (HNF-1, HNF-3 and 
HNF-4). In contrast, a high expression of protooncogenes, such as c-fos, c-jun, c-myc and H-ras 
andan increase in AP-1 DNA-binding activity can be observed. Taking together all these results, 
we propose that TGF-~ could be promoting sorne phenotypic, morphological and molecular 
changes in fetal hepatocytes that allow them to escape from its apoptotic effect. According with 
this, TGF-~, secreted at high concentrations during hepatocarcinogenesis might induce death of 
normal cells while providing a selective advantage for the survival of cells that are partially 
transformed and/or less differentiated and unresponsive to the factor. 
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rSNA, a retro-SNAIL gene expressed in human celllines and tissues 

Annamaria Locascio, Sonia Vega, Miguel Manzanares and M. Angela Nieto 
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Snail is a zinc-fmger transcription factor initially identified in Drosophila where mutant 
embryos show defects in mesoderm formationl . Two members of this family (Snail and Slug) 
have been described in vertebrates where they have been implicated in mesoderm formation and 
neural crest migration from the neural tube (see 2 and references therein). This property led us to 
suggest that Snail genes are required to release cells from an epithelium, permitting them to 
migrate, in a process known as epithelial-to-mesenchymal transition (EMT)3. It has also been 
shown that mouse and human Snail . genes are involved in the EMT that takes place during 
tumour progression4,5. This process, mediated by the direct transcriptional repression of E­
cadherin expression by Snail, leads to the acquisition of invasive properties and is associated 
with the degree of dedifferentiation and aggressiveness in tumours4. RT-PCR analysis ofhuman 
SNAIL expression revealed that, in addition to the expected transcript, an extremely similar but 
different cDNA could be amplified from different turnour cell lines. Database analyses indicated 
that it corresponded to a sequence previously described as a non-functional pseudogene located 
in a different chromosome6. However, our data show that it constitutes a real transcription unit 
originated from a LINE 1-mediated retrotranscription of a bona fide SNAIL transcript followed 
by genome insertion. Sequence analysis revealed a complete and non-interrupted open reading 
frame, where mutations have accumulated without disrupting the coding region. This has led us 
to name it retro-SNAIL (rSNA), to distinguish it from non-functional pseudogenes. In order to 
investigate the functional role of rSNA we have analysed its distribution in a panel of human 
tissues and turnour cell lines and the phenotypical changes that occur upon its stable expression 
in epithelial cells. The possible functional relevance of this transcription unit will be discussed in 
view of the results presented. 
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Analysis of the molecular dock that controls somitogenesis 

Miguel Maroto, Kim J. Dale and Olivier Pourquie 
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Luminy. Case 907, 13288 Marseille Cedex 09 (France) 

Among the theoretical models attempting to explain sornitogenesis, sorne suggested the 
existence of an oscillator or clock in the presornitic cells [1 , 2]. The purpose of such a clock was 
to generate a temporal periodicity wich could then be translated into the basic spatial metameric 
pattem of the sornites. Analysis in our laboratory of the expression of an avían hairy-homologue 
called c-hairyl in the presornitic mesoderrn (PSM), provided the first molecular evidence for the 
existence of such a dock in these cells [3]. c-hairyl is expressed in a very dynarnic anterior­
posterior expression sequence in the PSM. This dynarnic expression is independent of cell 
movements and does not result from the propagation of a signa! in the plane of the PSM, but 
rather corresponds to an intrinsic property of the cells. In addition, our laboratory and others 
have shown that lunatic fringe is expressed rhythrnically in chick and mouse PSM [4,5]. Lunatic 
fringe is a vertebrate homolog of a Drosophila gene that plays a role in modulating Notch-Delta 
signalling. The lunatic fringe null mutant rnice retain the metameric pattem, but sornitogenesis 
and Notch signalling are abnormal [6,7]. This suggests that the segmentation clock líes upstream 
of the Notch-Delta pathway in vertebrate sornitogenesis, and that the clock rnight act by 
modulating the Notch signalling pathway to generate a periodic arrangement of boundaries. 
Current work in the laboratory is primarely focussed on the molecular analysis of the clock 
mechanisms. We are currently analyzing the status ofthe protein products ofthe cycling genes c­
hairyl and lunatic fringe to define the correlation between mRNA and protein leve! of expression 
along the rotro-caudal PSM as well as the possible contribution of post-translational 
modifications of different proteins in the molecular dock machinery. To evaluate the relative 
contributions to the clock mechanism made by cell-cell communication systems such as Notch 
signalling, we are analyzing the expression of cyding genes at the single celllevel. 
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Role of Pl-integrins in mammary gland development 
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Cell-matrix interactions mediated by integrins are important regulators of cell growth, 
programmed ce!! death and cytodifferentiation. To study the role of ~1-integrin in mammary 
gland organization, we have used an approach of "dominant-negative mutation". We have 
created transgenic mice that express in the marnmary gland a chimeric molecule consisting of a 
cytoplasmic and transmembrane domains of the ~ 1-integrin subunit and an extracellular domain 
of the T-cell differentiation antigen CD4. Such a chirnera neither binds to a-integrin subunits, 
nor interacts with the matrix integrin ligands, however, it competes with endogenous ~ 1-integrin 
in binding to signalling molecules, and therefore exhibits an effect of a dominant-negative 
mutation. We have observed a retarded development ofthe transgenic glands in pregnancy and 
in lactation due to decreased proliferation and increased apoptosis rates. Differentiation of 
secretory epithelial cells was retarded as well. At the onset of lactation, the amount of the whey 
acidic protein (W AP) and ~-casein gene transcripts was significantly diminished in transgenic 
glands and reached the level similar to that observed in wild-type glands by day 5 of lactation. In 
involution, the apoptosis rates were similar in the transgenic and wild-type glands, whereas the 
levels of W AP and ~-casein transcripts dropped much quicker in the transgenic mice, indicating 
a precocious de-differentiation of secretory epithelium. 

We have analyzed the different intracellular signalling pathways that can be responsible 
for the impaired growth and differentiation control in the transgenic glands during pregnancy and 
lactation. Our results show a defect in the activation of the MAPK (ERK and JNK) pathways vía 
the Shc and PI3K pathways, while F AK activation is not altered. On the other hand, preliminary 
results suggest that the levels ofSTAT5 (the transcription factor involved in the activation ofthe 
expression of milk protein genes) accesible to signalling are diminished in the transgenic glands, 
accounting for precocious de-differentiation in involution. Our observations prove that in vivo, 
~ 1-integrins are involved in control of proliferation, apoptosis, differentiation, and maintenance 
of baso-apical polarity of marnmary epithelial cells, and therefore they are essential for normal 
marnmary gland development and function. 
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The Ras/Rafpathway and the regulation ofintegrin activity during 
Drosophila development 

Domínguez, P., Brown, N. and Martín-Bermudo, M.D. 

Interactions between integrins cell adhesion receptors and their extracellular ligands are 
central to cell migration. One important aspect of the integrin function during the process of cell 
migration is the regulation of its activity. lt is vital that integrins only form attachments at the 
áppropriate time and can be inactivated to allow morphogenetic changes such as epithelium to 
mesenchyme transitions and the subsequent migration of mesenchymal cells. Experiments in 
vitro have shown that the small GTPases ofthe Ras family are among the intracellular molecules 
required to modula te integrin function. W e ha ve used the Drosophila wing as a model system to 
study the role of the Ras!Raf pathway in regulating integrin activation in a developing organism. 
The Position Specific (PS) integrins are required during morphogenesis to hold the dorsal and 
ventral wing epithelia together. We have seen that expression of constitutively activated integrins 
leads toa failure in this adhesion which produces a wing blister. We have looked for suppressors 
of this lack of adhesion phenotype and found that expression of dominant negative forms of Ras 
or Raf suppresses the blister phenotype. Furthermore, expression of activated forms of these 
molecules in the wing results in an integrin-like phenotype where the dorsal and ventral wing 
surfaces are separated. Taken together, our preliminary data suggest that in Drosophila the 
Ras/Raf pathway might be involved in a negative feed back loop that regulates PS integrin­
mediated adhesion. Further details of this regulation and its developmental consequences will be 
presented. 
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TGF-~3 and palatal fusion 
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The isolated cleft palate is a frequent congenital malformation caused, amongst others, by 
an altered expression of Transforming Growth Factor beta 3 (TGF-b3): TGF-b3 null mutant mice 
show cleft palate as the only craniofacial malformation (Proetzel et al. , 1995; Kaartinen et al. , 
1995), whilst mutations ofthe TGF-b3 gene have been found in isolated palatal clefts in humans 
(Lidral et al., 1998). Up to date, TGF-b3 has been reported to cause medial edge epithelial 
(MEE) ce lis differentiation (Taya et al.l998; Martinez-Álvarez et al., 1996, 2000a, b ), 
transformation into mesenchyme (Kaartinen et al., 1997; Sun et al. , 1998) and death (Martinez­
Álvarez et al., 2000a). The aim of this work was to determine whether TGF-b3 has a role on 
MEE cells adhesion and intercalation. Immunohistochemistry and labelling of MEE cells in 
culture by 1ipophilic cell markers were performed on TGF-b3 null and wild type pa1ates, 8.5 
embryonic day chick embryos or both mouse and chick palate cultures. First, our results show 
differences in the pattem of expression ofthe adhesion or adhesion related molecules E-cadherin, 
vinculin and b-catenin between the multilayered TGF-b3 wild type and the monolayered null 
palatal MEE. The extracellular matrix molecule chondroitin sulphate proteoglycan (CSPG), 
which seems to be re1evant during palata1 she1f adhesion and is expressed on the TGF-b3 wild 
type MEE surface, is absent in the TGF-b3 null palates. Furthermore, both CSPG synthesis and 
palatal shelf adhesion are clearly induced in chicken palate cultures when TGF-b3 is added to the 
culture medium. Second, marking MEE cells from each palatal shelf with Dil or DiO in culture 
has allowed the observation of their intercalation by the time of the elongation and disappearance 
of the midline epithelial searn. TGF-b3 seerns to be inducing this mechanism, as it is altered in 
TGF-b3 null palate cultures. The incapacity ofTGF-b3 null MEE cells all to forma multilayered 
epithelium, to intermingle when opposing epithelia are placed in contact in culture and to 
become mesenchyme (Kaartinen et al. , 1997; Sun et al., 1998) suggests that TGF-b3 cou1d be 
inducing MEE cell differentiation towards a "mobile" phenotype. This would also explain why 
both TGF-b3 null superficial MEE cells do not show the actin caused cellular bulges that are 
observed in TGF-b3 wi1d type palates (Martinez-Álvarez et al., 2000b) and are unab1e to 
synthesise CSPG prior to pa1ata1 fusion. Either an a1teration of the actin cytoske1eton 
organisation/composition or a fai1ure on the 1inkage/distribution of adhesion re1ated mo1ecu1es 
(as can be inferred by the distorted pattems of expression of b-catenin and vincu1in in TGF-b3 
null mice) could be the primary effect ofTGF-b3 on MEE cells. As a consequence, TGF-b3 null 
MEE cells wou1d be unab1e to estab1ish proper contacts both amongst themselves and with the 
opposing epithe1ium, resulting in disturbed palatal fusion and c1eft palate. Further investigations 
are being carried out to demonstrate this hypothesis. 

This work has been mostly supported by a grant from the Comunidad de Madrid, Ref. 
08.6/0012/1998 and a grant from the Spanish Fondo de Investigación Sanitaria (Ministerio de 
Sanidad), Ref. 99/0939. 
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Vitronectin regulates Sonic hedgehog activity 

during cerebellum development through CREB phosphorylation 

Sebastian Pons, José Luis Trejo and Elisa Martí* 

During development of the cerebellum, Sonic hedgehog (SHH) is expressed in migrating 
and settled Purkinje neurons and is directly responsible for proliferation of granule cell 
precursors in the externa! germinal !ayer. We have previously demonstrated that Slffi interacts 
with vitronectin in the differentiation of spinal motor neurons. Here, we analysed whether similar 
interactions between Slffi and extracellular matrix glycoproteins regulate subsequent steps of 
granule cell development. Laminins are expressed in the outer most externa! germinal !ayer 
where proliferation of granule cell precursors is maximal. Consistent with this expression 
pattern, Iarninin significantly increases Slffi induced proliferation in primary cultures of 
cerebellar granule cells. Vitronectin and its integrin receptor subunits alpha-v are expressed in 
the inner part of the externa! germinal !ayer where granule cell precursors exit the cell cycle and 
commence to differentiate. In cultures, vitronectin is able to overcome Slffi-induced 
proliferation, thus allowing granule cell differentiation. Our studies indicate that the pathway in 
granule cell precursors responsible for the conversion of a proliferative Slffi-mediated response 
to a differentiation signa! depends on CREB. Vitronectin stimulates phosphorylation of cyclic­
AMP responsive element-binding protein (CREB), and over-expression of CREB is sufficient to 
induce granule cell differentiation in the presence of Slffi. Taken together, these data suggest 
that granule neuron differentiation is regulated by the vitronectin-induced phosphorylation of 
CREB, a critica! event that terminates Slffi-mediated proliferation and permits the 
differentiation program to proceed in these cells. 
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Transcriptional repression in response to Wingless signalling: 

the role of Teashirt 

L. Waltzer, L. Vandel and M. Bienz 

During development, extracellular signals often act at multiple thresholds to specify 
distinct transcriptional and cellular responses. For example, in the embryonic midgut of 
Drosophila, low levels of Wingless stimulate the transcription of homeotic genes whereas high 
Wingless levels repress these genes(l , 2). Wingless-mediated transcriptional activation is 
conferred by Drosophila T ce!! factor (dTCF) and its co-activator Armadillo (3-7), but the 
nuclear factors mediating transcriptional repression are unknown. Here we show that teashirt is 
required for Wingless-mediated repression of Ultrabithorax in the midgut. Teashirt is also a 
repressor of the homeotic gene labial in this tissue. Furthermore, the target sequence for Tsh 
within the Ultrabithorax midgut enhancer coincides with the response sequence mediating 
repression of this enhancer by high Wingless levels. Finally, we demonstrate that the zinc finger 
protein Teashirt behaves as a transcriptional repressor in transfected mammalian cells and that it 
harbours a repression domain in its N-terminus which binds the CtBP co-repressor. It thus 
appears that the response to high Wingless levels in the Drosophila midgut is indirect and based 
on transcriptional activation of the T eashirt repressor. 
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Behrens, J. et al ., Nature (1996). 382: 638-642. (4) Brunner, E. et al ., Nature (1997), 385: 829-833. (5) van de 
Wetering, M. et al. , Cell (1997), 88 : 789-799. (6) Molenaar, M. et al., Cell (1996), 86: 391-399 (7) Riese, J. el al.. 
Cell (1997), 88 : 777-787. 
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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 Vira l Evasion of Host 
Defense Mechanisms. 
Organizers : M. B. Mathews 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. 
Organizers : C. M. Thomas, E. M. H. 
Willington , M. Espinosa and R. Díaz 
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 
ANA 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 Carcinogeilesis. 
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 an.d 
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. 
Organizers: E. Coen , Zs . Schwarz ­
Sommer and J . P. Beltrán. 

*37 Workshop on Cellular and Molecular 
Mechanism in Behaviour. 
Organizers : M. Heisenberg and A. 
Ferrús. 

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

39 Workshop on Molecular Basis for 
Biodegradation of Pollutants. 
Organizers : K. N. Timmis and 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. Comella. 

57 Workshop on NF-KBIIKB 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 Tela­
meres and Centromeres. 
Organizers: B. J. Trask, C. Tyler-Smith, F. 
Azorín and A. 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
Bameo. 

62 1996 Annual Report 

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

64 Workshop on Novel Biocatalysts. 
Organizers: S. J. Benkovic and A. Ba­
llesteros. 
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65 Workshop on Signal 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. 
Organizer : Centre for lnternational 
Meetings on Biology, Madrid. 

67 Workshop on Membrane Fusion. 
Organizers: V. Malhotra andA. 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: Site-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. Diaz-Orejas, 
D. K. Chattoraj and E. G. H. Wagner. 

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

78 Workshop on Notch/Lin-12 Signalling. 
Organizers: A. Martinez Arias, J . Mo,dolell 
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. Garcia-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 
Lymphocyte 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
Oimedo 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 Spemanri and Mangold. 
Organizers: E. M. De Robertis and J . 
Aréchaga. 

98 Workshop on Telomeres and Telome­
rase: Cancer, Aging and Genetic 
lnstability. 
Organizar: 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 
Motora 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. 

1 06 Workshop on Control of Signalling by 
Protein Phosphorylation. 
Organizers: J . Schlessinger, G. Thomas, 
F. de Pablo and J . Moscat. 

1 07 Workshop on Biochemistry and Mole­
cular Biology of Gibberelllns. 
Organizers: P. Hedden and J . L. García­
Martínez. 

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

109 Workshop on Tumor Suppressor Net­
works. 
Organizers: J. Massagué and M. Serrano. 

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

111 Workshop on Dendritas. 
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. 

• : Out of Stock. 
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The Centre for Intemational Meetings on Biology 
was created within the 

Instituto Juan March de Estudios e Investigaciones, 
a private 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 2000, 
a total of 149 meetings, 

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

were organized within the 
scope of the Centre. 
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Th e lecru res summarized in this publication 

were presented by th eir authors at o workshop 
held on the 26'" through th e 28111 of February, 200 1. 
ot the Instituto Juan March. 

Al/ published articles ore exact 
reproduction of author 's text. 

There is o limited edition of 450 copies 
o.f this volume. avai!ab/e f ree of charge. 


