
46 

46 

Mar eh 
1 vestigaciones 

CENTRO DE REUNIONES 
INTERNACIONALES SOBRE BIOLOGÍA 

Workshop on 

Molecular Mechanisms Involved in 
Epithelial Cell Differentiation 

Organized by 

H. Beug, A. Zweibaum and F. X. Real 

H. Beug G. Portella 
C. Birchmeier 
W. Birchmeier 
M. Bissell 
A. Cano 
A. García de Herreros 
M. Kedinger 
R. Montesano 
A. Muñoz 
H. Ponta 

C. S. Potten 
E. Pringault 
M. Quintanilla 
F. X. Real 
E. Rodríguez- Boulan 
M. Sibilia 
G. F. V ande Woude 
F. M. Watt 
M. C. Weiss 
A. Zweibaum 



Instituto Juan March (Madrid)

46 

Instituto Juan March 
de Estudios e Investigaciones 

CENTRO DE REUNIONES 
INTERNACIONALES SOBRE BIOLOGÍA 

Workshop on 

Molecular Mechanisms Involved in 

Epithelial Cell Differentiation 

Organized by 

H. Beug, A. Zweibaum and F. X. Real 

H. Beug 
C. Birchmeier 
W. Birchmeier 
M. Bissell 
A. Cano 

G. Portella 
"'CIO¡' 

~~ ~ "' C. S. Potten 

~\ v 1~ E. Pringault 
Hd9 M. Quintanilla 

· F. X. Real 

A. García de Herreros 
M. Kedinger 

E. Rodríguez- Boulan 
M. Sibilia 

R. Montesano 
A. Muñoz 
H. Ponta 

G. F. V ande Woude 
F. M. Watt 
M. C. Weiss 
A. Zweibaum 



Instituto Juan March (Madrid)

The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 9th through the 1 lth of October, /995, 
al the Instituto Juan March. 

Depósito legal : M. 43.198/1995 
l. S. B. N. : 84-7919-546-0 
Impresión: Ediciones Peninsular. Tomelloso, 27. 28026 Madrid. 



Instituto Juan March (Madrid)

INDEX 

PAGE 

INTRODUCTION: Francisco X.Real•••••••••••••••••••••••••••••• 7 

FIRST SESSION: POLARITY AND MORPHOGENESIS 
Chairperson: Francisco X. Real ••••••••••••••••..•••••••••••• 

Enrique Rodríguez-Boulan: Mechanisms involved in the 
assembly of post-Golgi vesicles in polarized and non 
polarized cells .......................................... . 

Roberto Montesano: Induction of epithelial tubulogenesis 
in vitro ................................................. . 

SECOND SESSION: STEM CELLS 

11 

13 

15 

Chairperson: Alain Zweibaum................................. 17 

Christopher S. Potten: Stem cells in the small 
intestinal epithelium..................................... 19 

Fiona M. Watt: Isolation and localisation of human 
epidermal stem cells.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

THIRD SESSION: DIFFERENTIATION - IN VITRO MODELS 
Chairpersons: Hartmut Beug and Enrique Rodríguez-Boulan..... 21 

Mary c. Weiss: Induction of the hepatic phenotype by 
over-expression of HNF-4.................................. 23 

Alain Zweibaum: Apical delivery in human intestinal 
epithelial cells: a potential role for oligosaccharide 
side chains............................................... 24 

Miguel Quintanilla: Epithelial-mesenchymal trans
differentiation and malignant progression of mouse skin 
carcinogenesis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • 26 

Francisco X. Real: Cell differentiation in the human 
exocrine pancreas........................................ 28 

Alberto Muñoz: Effects of thyroid hormone and its 
receptor the erbA oncogene on the phenotype and gene 
expression of mammary epithelial cells.................... 30 



Instituto Juan March (Madrid)

PAGE 

Hartmut Beug: Modulation of the polarized epithelial 
phenotype by a conditional c-JunER protein................ 32 

Open session: (abstracts not submitted) 
Mina Bissell: Breast cancer: Genes and the 
microenvironment. 
Mary c. Weiss: Role of the transcription factor HNF-4 
in hepatic differentiation. 

FOURTH SESSION: ADHESION MOLECULES 
Chairperson: Mina Bissell................................... 33 

Walter Birchmeier: The role of mesenchyrnal ligands for 
epithelial tyrosine kinase receptors in the 
morphogenesis and differentiation of epithelia............ 35 

Amparo Cano: Role of E-cadherin in the epithelial 
phenotype and invasion properties of transforrned 
epidermal keratinocytes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 

Antonio García de Herreros: Role of protein kinase C in 
differentiation of human intestinal epithelial cells...... 38 

ROUD TABLE: POLARITY, CELL ADHESION, ANO 
DIFFERENTIATION. Chairpersons: Mina Bissell, Antonio 
García de Herreros, Enrique Rodríguez-Boulan. 

Short presentations: 
Anna Bogdanova: Characterization and potential use 
of new immortalized mouse intestinal cell lines to 
study the inductive role of lamina propria and local 
immune system on intestinal terminal differentiation..... 40 

Véronique Orian-Rousseau: Expression of laminin-5 in 
the human intestine and in various colon carcinoma 
cell lines............................................... 41 

Manuel Marí-Beffa: patched requirements in 
the developing tergites of Drosophila melanogaster...... 42 

FIFTH SESSION : ANIMAL ~ODELS 
Chairperson: Walter Birchmeier.............................. 43 

Giuseppe Portella: Control of the squamous-spindle 
transition and E-cadherin expression in mouse skin 
tumours................................................... 45 



Instituto Juan March (Madrid)

PAGE 

Carmen Birchmeier: Tyrosine kinase receptor in the 
control of cellular growth, motility and differentiation.. 46 

Mina Bissell: Extracellular matrix as a master switch in 
differentiation, apoptosis and cancer •.... ~............... 48 

Maria Sibilia: Role of EGF-R in epithelial proliferation 
and differentiation....................................... 49 

ROUND TABLE: ANIMAL MODELS TO STUDY EPITHELIAL CELL 
DIFFERENTIATION. Chairperson: Carmen Birchmeier 

Short presentations: 
Patricia Ruiz: The role of the E-cadherinjcatenin 
complex in tumor progression and embryonic development.... 50 

José Luis Jorcano: Expression of a dominant negative 
mutant of the epidermal growth factor receptor in the 
epidermis of transgenic mice.............................. 51 

Paul A.W. Edwards: The role of Erbb2, FGF4 and Wnt-4 in 
development of mammary epithelium studied by expressing 
the genes in transplanted mammary gland................... 52 

SIXTH SESSION: EPITHELIAL CELLS, EXTRACELLULAR 
MATRIX ANO THE MESENCHYME 
Chairpersons: Fiona M. Watt and George F. Vande Woude.. . ... 53 

Michele Kedinger: Cell interactions and basement membrane 
molecules in intestinal epithelial differentiation........ 55 

Helmut Ponta: CD44 isoforms in tumor progression and 
embryonic development..................................... 57 

Eric Pringault: Crossing the digestive barrier: In 
vitre reconstitution of Peyer's patch follicle-
associated epithelium properties and M cell formation..... 58 

George F. vande Woude: MET:HGF/SF, tumorigenesis and 
metastasis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 

ROUND TABLE: GENE REGULATION IN EPITHELIAL CELL 
DIFFERENTIATION. Chairperson: Mary C. Weiss 
Short presentations: 

Hans-Ulrich Bernard: Regulation of epithelial specific 
transcription in papillomaviruses......................... 62 



Instituto Juan March (Madrid)

Vladana Milisavljevic: Characterization of nuclear 
protein binding sites in the prometer of human keratin 

PAGE 

K17 gene............................. . ....... . .... . ... . ... 63 

POSTERS........................ . ........ . .... . .............. 65 

Antonia Follenzi: The MSP receptor gene (RON) is 
involved in development of ephitelial, bone and 
neuro-endocrine tissues. .. ..... .. . .. . ... . . ... .. . .. . . . . . . . . 67 

María del Mont Llosas: Activation of PK-Ca prometes 
translocation of E-cadherin and cell scattering in 
HT-29 MG cells. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 

Estanis Navarro: Molecular cloning of a set of cDNAs 
overexpressed during epithelial committment and 
differentiation......... . ................................. 69 

Rosanna Paciucci: Hepatocyte growth factor-induced 
scattering is associated with down-regulation of 
E-cadherin and APC................... . .................... 70 

Charlyne Rebut-Bonneton: Epithelial-mesenchymal 
transition: influence of the cell cycle position in 
FGF1-scattering effect.. .. .. . ... ... ......... . .. .. ....... . 71 

Christiana Ruhrberg: Identi f ication of a 210 k D 
protein that is specific to differe ntiating human 
keratinocytes and is a new member of the desmoplak in/ 
BPA/plectin gene family. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 

Henrik Semb: Cadherins regulate cell-cell interac t i ons 
important for morphogenesis of the endocrine pancreas... . . 73 

Euan M. Slorach: Somatic gene the rapy for cystic 
fibrosis by epithelial stem cell mutation correction...... 74 

Verdon Taylor: Epithelial membrane protein-1 i s 
expressed in gastric pit epithelia. .. . . . .. . ... . . . .. . . . . . . . 75 

Senén Vilaró: Growth factors and differentiation 
promoters modulate the cytoskeletal organization 
during the epithelial-mesenchymal transition of 
cultured neonatal rat hepatocytes. . ..... ... . ... ... . . . . . .. . 76 

LIST OF INVITED SPEAKERS........................... . ........ 77 

LIST OF PARTICIPANTS. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . 83 



Instituto Juan March (Madrid)

INTRODUCTION 

Francisco X. Real 



Instituto Juan March (Madrid)

9 

Epíthelia cover the body surtaces that are in direct contact with the 
environment. In addition to providing mechanical protection, epithelial cells secrete 
a large number of molecules that participate in resistance to infection and the 
digestiva process, among others. 

Because of the many different functions they perform, epithelial tissues are 
affected in a large number of pathological processes (i.e. inflammation, atrophy, 
metaplasia) and epithelial-derived tumors constitute 85 "'o ol human cancers . 

In spite of their importance, understanding the mechanisms that control 
epithelial cell renewal and differentiation is well behind our knowledge of these 
processes in other cell types. First, epithelial tissues are notas readily accessible 
as, lar example, hematopoietic cells. Second, there are only few instances in which 
normal epithelial cells can be culturad in vjtro and conditions permissive for cell 
differentiation have only been worked out for a small number of models. Because of 
these problems, tumor cell lines are often used and, in sorne cases, they have 
preven extremely useful in unraveling both the steps and the mechanisms 
controlling cell maturation. In addition, tissue-specific differences in extracellular 
matrix and mesenchyme, as well as other factors, may also play a significan\ role. 

The main aim of the Workshop was to update the mechanisms that are 
involved in the control of cell differentiation in epithelia. 

The identification of stem cells in epithelia remaíns an importan! but dífficult 
task. Two dífferent approaches were reported that have provided insight into this 
issue in the intestina and the skin, respectively. In the intestina, cell replication has 
been identified ~ using a variety of techniques to identify DNA synthesis 
whereas cell culture methods, and the selectiva isolation of cells on the basis of 
their phenotype, has been applied to the study of the epidermis. 

In !he last few years, majar advances have been made in the identification of 
molecules that control morphogenesis, such as hepatocyte growth factor. In vitre 
studies are beginning to allow the dissection ol morphogenesis and 
cytodifferentiation in epithelia, particularly in the breast. 

An issue ol continued debate is the use of culturad cell models vs. transgenic 
models. When considering the former, a great emphasis was placed on the role of 
the extracellular matrix, the mesenchyme, and other connective tissue components 
in epithelial cell differentiation. Regarding the latter, emphasis was placed on the 
need to complement "animal phenotype' studies with biochemical and molecular 
analysis using cultured cells derivad from transgenic animals. Finally, the possibility 
of introducing genes in tissue explants and analyzing their effect both in vitro and 
upon injection in experimental animals was proposed as an alternativa strategy to 
anatyze gene function without the need to generala transgenic animals. 

Severa! studies addressed the plasticity of the epithelial cell phenotype, in 
particular epithelial-mesenchymal transitions. The peptides (i.e. hepatocyte growth 
factor, transforming growth factor beta, fibroblast growth factor) and receptors that 
are able to induce such changas are being identified and their role during 
development, tissue regeneration, and neoplasia ís being examíned. In these 
processes, dramatic changes in the expression of tissue-specific genes and 
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adhesion molecules take place. Furthermore, the induction of protease production 
upon loss of the differentiated epithelial phenotype was reported as a factor 
contributing to the acquisition of migrating properties and- in the case of tumor cells 
- to the metastatic process. 

Regarding gene regulation by transcription factors, current evidence points to 
the existence of few really tissue-specific factors and the current challenge is to 
understand how multímolecular complexes are formed that interact with nucleic 
acid sequences not only in the vicinity of transcribed sequences but also at 
distance. 

The Workshop brought together scientists from diversa fields and with 
different interests, emphasizing the advantages and disadvantages of the various 
approaches used. The recent advances should improve our understanding of both 
basic questions and pathological processes. 
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Anne Müsch .. , Huaxi Xuit, Charles Yeaman, Dennis Shieldst & Enrique 
Rodriguez-Boulan ... Mechanisms involved in the assembly of post-Golgi vesicles 
in polarized and non polarized cells. 
,.Department of Cell Biology, Cornell University Medica! School, 1300 York 
Avenue, New York, New York 10021. 
tDepartment of Developmental & Molecular Biology Anatomy & Structural 
Biology, Albert Einstein College of Medicine, 1300 Morris Park Avenue, Bronx, 
New York 10461 

The Trans Golgi Network (TGN) is a majar sorting center in the secretory pathway, 
where basolateral membranes of epithelial ce lis, to regulated and consti tu ti ve 
secretory pathways, and to lysosomes, are packaged into distinct post-TGN vesicles. 
Sorting of basolateral membrane proteins is mediated by discrete signals in the 
cytoplasmic domain, whereas sorting of apical membrane proteins, lysosom al 
hydrolases and presumably secretory proteins is directed by luminal signals. To 
characterize specific "basolateral", "apical" and "regulated" vesicle assembly 
mechanisms, we performed competition experiments using basolateral signa! 
peptides corresponding to the cytoplasmic tails of Vesicular Stomatitis Virus G 
protein (VSVG), a mutant basolateral form of influenza hemagglutinin (HA Y), and 
the TGN marker TGN 38. The VSVG peptide strongly inhibited the vesicular 
release of VSVG from the Trans Golgi Network (TGN) of semi-intact epithelial 
(MDCK), fibroblastic (3T3) and regulated secretory (GH3 pituitary) cells. The peptide 
did not inhibit the vesicular release of HA in MDCK cells and two polypeptide 
hormones in GH3 cells and only affected partially the release of HA in 3T3 
fibroblasts. Our results indica te that a basolateral-like, signal-mediated constitutive 
pathway from TGN to plasma membrane exists in al! three cell types and that an 
apical-like pathway is present in fibroblasts . The data support cargo protei n 
involvement, not bulk flow, in the formation of post-TGN vesicles. Data on the 
sorting of apical and basolateral proteins in the TGN obtained with an adenovirus 
mediated gene transfer system will also be discussed. 

Matter, K., and Mellman, l. (1 994). Mechanisms of Cell Polarity: Sorting and 
Transport in Epithelial Cells. Current Opinion in Cell Biology 6, 545-554. 

Melancon, P., Franzusoff, A., and Howell, K. E. (1991). Vesicle budding: insight from 
cell free assays. Trends Cell Biol. 1, 165-171. 

Rajasekaran, A. K., Humphrey, J. S., Wagner, M., Miesenbock, G., Le Bivic, A., J.S., B., 
and Rodriguez-Boulan, E. (1994). TGN38 recycles basolaterally in polarized Madin
Darby canine kidney cells. Mol Biol Cell5, 1093-1103. 

Rodriguez-Boulan, E., and Powell, S. K. (1992). Polarity of epithelial and neuronal 
cells. Annu.Rev.Cell Biol. 8, 395-427. 
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Xu, H., and Shields, D. (1993). Prohormone processing in the Trans Golgi Network: 
Endoproteolytic Cleavage of Prosomatostatin and Formation of Nascent Secretory 
Vesicles in Permeabilized Cells. J. Cell Biol. 6, 1169-1184. 
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INDUCTION OF EPITHELlAL TUBULOGENESIS IN VITRO 

Roberto Montesano 

Dept. ofMorphology, University Medica! Center, Geneva (CH) 

A crucial event in the ontogeny of most parenchymal organs is the formation of branching 

epithelial tubules. Although il has long been recognized that epilhelial tubulogenesis is 

controlled by 1he adjacent mesenchyme, the molecular mechanisms involved in lhese induclive 

interactions are still poorly understood. Our approach lo 11ús problem has been lo sludy lhe 

effect of mesenchyme-derived diffusible factors on the morphogenetic properties of well 

differentiated epithelial cells grown in a three-dimensional collagen matrix. 

Madin-Darby canine kidney (MDCK) epithelial cells retain severa! properties of kidney 

tubule epithelium and generate tubule-like structures in vivo, but form spherical cysts when 

grown witlún three-dimensional collagen gels (1). To investigare whether the morphogenetic 

properties of MDCK cells might be influenced by diffusible factors released by neighbouring 

mesenchymal or stromal cells, we designed an in vitro system in which MDCK cells are 

cocultured in collagen gels wilh embryonic or adull fibroblasts under conditions precluding 

heterocellular contact. We found that MDCK cells suspended witlún a collagen gel contiguous 

to a fibroblast-populated gel !ayer formed branclúng tubules, instead of the spherical cysts that 

developed under control conditions, i.e. in the absence of fibroblasts. In addition, MDCK cells 

grown as a monolayer on a cell-free collagen gel cast on top of a fibroblast-containing gel !ayer 

invaded the underlying collagen matrix, witlún wlúch they formed a network of branclúng 

tubules. Finally, fibroblast-conditioned medium (CM) stimulated tubule formation by MDCK 

cells grown in collagen gels (2). The effect of CM was not mimicked by any of a number of 

well characterized growth and differentiation factors, including EGF, bFGF, aFGF, TGF-131, 

IGF-1, IGF-11, PDGF, or KGF (2) 

While we were attempting to identify the fibroblast-derived factor which induced tubule 

formation by MDCK cells, it was reported that hepatocyte growth factor (HGF), a polypeptide 

considered to be a humoral mediator of liver regeneration (3), is produced by cultured 

fibroblasts and stimulates the proliferation of a broad spectrum of epithelial cell types (4). 

These new data prompted us to explore the effect of HGF in our system. We found that 

MDCK cells grown in collagen gels in the presence of HGF formed branching tubular 

structures. In addition, MDCK cells grown in the presence of fibroblast CM that had been 

preincubated with anti-HGF antibodies exclusively formed spherical cysts, which demonstrated 

that the fibroblast-derived tubulogenic factor is HGF (5). These studies have revealed a 

previously unsuspected property of HGF, i.e. the ability to transmit molecular information that 

determines the spatial arrangement of epithelial cells. lt is noteworthy that no other molecule 

has heretofore been reported to have similar properties. Interestingly, HGF has been shown to 
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be ;d ~ n:i ca l to scatter fact or (SF), a protein which 1nduces di :;per5in r. vf MDCK celi s in 

monoiaycr culture (6). This rai ses the int nguing question of how the same Cy1okine induces 

formation of well organized tubu les in co llagen gels, while causing cell dissociation in 

conven:ic·nal cultures We four.d that HGF induces MDCK cdls grown :J /1 the s111jace of a 

collagen gel to scatter, as they do on a plastic substratum. Thi s findin ~ suggests that the criti ca! 

factor whicl: determines whether MDCK cell s will dissociatc or organize into tubules in 

response to HGF/SF is the geometry of cell-matrix interactions (i e two-dimensional versus 

three-dimen5ional interactions), rather than the chemical nature of the ~ubsiratum (5) 

ls the paracrine type of epithelial-mesenchymal interaction describe above more widcly 

appl!cablc to the morphogenesis of other epithelial ti ssues? To address thi s issue, we 

investigated whcther diffusible factors released by fibroblasts would promote formation of 

duct-l ike st ructu res by mammary gland epit helial cell s embeddcd in collagen gels. Using a 

clone (TAC-2) derived in our laboratory from the normal murine mammary gland (NMuMGJ 

epithelial cell line, we found that additi on of fibroblast CM to cultures of T AC-2 cells 

stimulated the development of an extensive system of highly arborized duct-like structures, 

which in appropriate sections were seen to contain a central lumen. The effect of fibrobla st CM 

was abrogated by antibodies to HGF, whereas addition of exogenous HGF to the cultures 

mimicked the tubulogenic activity of fibroblast CM. The effect of fibroblast CM or HGF was 

markedly potentiated by the simultaneous addition of hydroconisone, which also enhanced 

lumen formation (7). These results indicate that the tubulogenic activity of HGF is not 

restricted to a single epithelial type, and suggest that HGF is an imponant stromal mediator of 

mammary gland ductalmorphogenesis. 

Taken together, the results obtained with kidney-derived MDCK cells and T AC-2 

mammary gland epithelial cells suggest that HGF may be one of the long-sought paracrine 

mediators of morphogenetic epithelial-mesenchymal interactions. 

References 

l. McAteer JA, Evan AP, Gardner KD. Anat Rec 1987; 217 : 229-239. 
2. Montesano R, Schaller G, Orci L Cell1 99 1; 66 697-711. 
3. Nakamura T, Nishizawa T, Hagiya M. et aL Nature 1989; 342 : 440-443 . 
4. Rubin JS , Chan AM-L, Bottaro DP et aL Proc Na ti Acad Sci USA 199 1; 88 415-419 
5. Montesano R, Matsumoto K, Nakamura T, Orci L Cell 1991; 67 : 901-908. 
6. Gherardi E, Stoker M. Nature 1990; 346 228 . 
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STEM CELLS IN THE SMALL INTESTINAL EPITHELIUM, CS Potten, CRC Epithelial 
Biology, Paterson lnstitute for Cancer Research, Christie Hospital NHS Trust, 
Manchester M20 9BX, UK 

Proliferation occurs in discreta closed units - the crypts, in the small intestina where 
proliferation is as fast as in any tissues in the body. The cells ultimately responsible for 
this cell replacement, the stem cells, can be shown by cell migration studies, a variety 
of cell kinetic experiments and mathematical modelling to be located at the base of the 
crypts immediately above the differentiated Paneth ce lis (1 ,2). The stem celllocation 
in the colon is likely to be at the absoluta base of the crypts. This spatial organisation, 
in the absence of stem cell specific markers, offers the ability to study the behaviour 
and characteristics of the cells at the specific stem cell location. Clona! regeneration 
assays, a test of the functional capacity of stem cells, have been extensively used. 
These show that each ctypt contains up to 30 clonogenic cells, far less than the total 
number of 150 proliferating ce lis. The size of the clonogenic compartment appears to 
be dependent u pon the leve! of damage induced in order to study these ce lis. After 
medium sized doses there are about 6 clonogenic ce lis and after high doses about 30 
cells that can perform clonogenic function (3) . A certain leve! of spontaneous apoptosis 
occurs in the stem cell region which is believed to be a reflection of stem cell 
homeostatic mechanisms in operation. Up to about 6 cells in the stem cell region of the 
crypt exhibit an exquisita radiosensitivity consistent with a lack of repair capacity and 
an intolerance of minor levels of DNA damage. Once damaged, these cells switch on 
the apoptosis program. This represents a protective mechanism operating on the 
functional stem cell compartment which may account for the surprisingly rare cancer 
incidence in this rapidly proliferating tissue. This process does not appear to be 
functioning in the large bowel (4) . Taken as a whole, the observations suggest a 3-tier 
stem cell compartment with about 6 exquisitely sensitiva steady state functional stem 
cells, a further 6 cells with clonogenic capacity, higher radio resistance and good repair 
capacity. Finally, there are about 24 even more resistant reserve clonogenic cells and 
about 120-130 rapidly proliferating cells with no apparent stem cell attributes. In the 
colon, differences exist in the effectiveness of these processes (possibly related to bcl-2 
expression), which may account in part for the higher cancer risk. 

References 

1. Potten CS, Structure, function and proliferative organisation of mammalian gut. In : 
Radiation & Gut. Ed. Potten CS & Hendry JH. Elsevier 1995 1 -31 

2. Potten CS & Loeffler M, Stem cells; attributes, cycles, spirals, uncertainties and 
pitfalls: lesson for and from the crypt. Development 1990 . .1.10.: 1001-1019. 

3. Potten CS & Hendry JH, Clona! regeneration studies. In: Radiation & Gut Ed Potten 
CS & Hendry JH, Elsevier 1995 45-59. 

4. Potten CS, U YQ, O'Connor PJ, & Winton DG, Target cells for the cytotoxic effects 
of carcinogenesis in the murine large bowel and a possible explanation for the 
differential cancer incidence in the intestina. Carcinogenesis 19921.3...2305-2312. 
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ISOLATION AND LOCALISATION OF HUMAN EPIDERMAL STEM CELLS 

fiona M. Watt 
Imperial Cancer Research Fund 

44 L1ncoln's tnn Ftelds. London. WC2A 3PX, England 

The ep1detm1s 1s made up of multlple layers of keraUnocytes. Prollferatlon takes 
place 1n the basal layer of cells that adhere. via receptors of the 1ntegrm famlly. to the 
underlying basement membrane. Cells that 1nitlate temúnal dillerenUaUon detach ftom the 
basement membrane as a result of lntegrtn lnactlvatlon and move lnto the fl.rst suprabasal 
layer. Tenninal differenuauon occurs as cells move through the suprabasallayers to the 
suñace oí the tissue. Tenninally d.!fferentlated cells are contlnually shed from the epidermis 
and epl.denn.al self-renewal depends on prollferaUon of stem cells In the basal layer. In 
adcllt1on to stem cells there are other prollferatlve keratinocytes. ca11ed trans1t ampllfy1ng 
cells. which are destlned to initlate terminal dlfferentlatlon after a small number of rounds 
of divlsl.on. My laboratory has recently shown that stem cells express h!gh.er levels of 
lntegrins than transit ampl1fying cells and that th!s can be used to determine the locat1on of 
stem cells ln epidermis from dlfferent body-s!tes. Furthermore. stem cells can be lsolated 
directly from skin and their behaviour In culture can be analysed. We are currently looking 
for additional stem cell markers and I shall present our recent data. 

Rderences 

Jones. P.H. and Watt. F.M. (1993) Cell 73:713· 724 

Jones. P.H .• Harper. S. and Watt, F.M. (1995) Cell 80:83-93. 
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Induction of the hepatic phenotype by over-expression of HNF-4. Gerald 
Spath and Mary C. Weiss. Unité de Génétique de la Differenciation, URA 
CNRS 1149, Departrnent of Molcular Biology, Institut Pasteur, 25 rue du Dr. 
Roux, 75724 París, France. 

The techniques of reverse genetics have been used in a number of 
laboratories to identify and clone a series of transcription factors that are 
enriched in the hepatocyte. In cultured cells of hepatic origin, only two of 
them, HNF1 and HNF4, show expression patterns that are strictly 
correleated with the differentiation profile of the cells: in dedifferentiated 
hepatoma cell variants as well as in hepatoma-fibroblast hybrids showing 
extinction of the hepatic cell phenotype, neither of these factors is produced. 
In addition, it has been shown that HNF4 is a positive regulator of the 
HNF1 gene. Consequently, HNF4 can be considered the most likely 
candidate for a regulator of hepatic cell differentiation. 

In order to examine the effects of forced expression of exogenous 
HNF1 and HNF4 on 1)· the expression state of the endogenous HNF1 gene 
and 2) the differentiation state of the recipient cell, expression vectors have 
been prepared that contain cONA for the factors as well as for a VSV tag: the 
exogenous and endogenous mRNAs can be distinguished by size, and the 
exogenous proteins are detectable by immunofluorescence. 

Clones of dedifferentiated variant C2 and HS rat hepatoma cells have 
been isolated which express exogenous HNFl and HNF4. In all cases, the 
presence of exogenous HNF1 leads to the activation of expression of the 
endogenous HNF1 gene, confirming the existence of a suspected positive 
regulatory loop. However, only exogenous HNF4 expression leads to a 
modification of the cell's phenotype, and only in the case of transfection 
into HS cells. The steps in the re-acquisition of hepatic morphology and 
polarization as well as in the re-expression of hepatic functions will be 
presented. 
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Aplcaf deffvery In human Intestinal epftheffaf ceffs: a potentfaf role for 
oflgosaccharfde sfde chafns. 

Afain Zweibaum, INSERM U178, Viffejuif, France. 

Differentiated human colon carcinoma ceff fines such as Caco-2 and HT-29 have been 
extensivefy used as in vitro models lo study the apical delivery of proteins, as they exrress, alter 
confluency, the differentiation characteristics ot either intestinal enterocy1es (Caco-2 and sorne 
HT-29 subpopulations like those selected by adaptation to glucose deprivation, i.e. HT29-Gfc·2¡ 
or goblet ceffs (HT-29 subpopulations and more particularty those selected tor their resitance to 
methotrexate , quoted as HT29-MTX ceffs3) . Unlike in the human intestine, where apicaffy 
secreted glycoproteins, like mucins, or apicaffy addressed glycoproteins, like brush border 
membrane-associated hydrolases, constitutively express ABH blood group terminal sugars4, 
the corresponding proteins in Caco-2 or HT-29 ceffs show rnodifications of glycosylation with 
ABH terminal sugars being replaced by sialylated sugars. A potential role ot these 
oligosaccharide side-chains in the intraceffular traffic ot glycoproteins relies on results obtained 
with HT29-Gic· and HT29·MTX ceffs. These ceffs are characterized, alter confluency, by the 
presence in both populations of an apical brush border whose membrane is endowed with 
dipeptidylpeptidase-IV (DPP-IV), MUC1 and CEA and, in MTX ceffs, of mucins which accumulate 
in the supranuclear compartment of the ceffs and are secreted in the culture medium. The major 
carbohydrate componen! ot these mucins has been shown to be NeuAca2 , 3Gai~1-3GaiNAc 
os In a recent work the groups of G. Huet (INSERM U377, Liffe, France) , P. Delannoy (UST, 
Liffe, France) and F.X. Real (IMIM, Barcelona, Spain) have shown that treatment ot HT29-MTX 
ceffs with the sugar analog GaiNAc-a -0 -benzyl resulted in a decreased secretion of mucins 
which show a lower sialic acid content andan increased content of T antigen, i.e . Gai~1 -
3GaiNAc-O. In this work it was shown that GaiNAc-a-0-benzyl was metabolized lo Gai~1 -
3GaiNAc-a-O-benzyl which occurs to be a potent inhibitor ot the 0 -glycan a-2,3-
sialyltransterasé. In coffaboration with these three groups we have recently observed thatthis 
effect was not restricted to MTX ceffs and mucins, but also involved apicaffy addressed proteins 
such as DPP-IV, MUC1 and CEA. Permanent treatment ot both mucus-secreting and 
enterocy1ic HT-29 ceffs by GaiNAc-a-0-benzyl results in (1) a considerable sweffing ot the ceffs 
which show a 6-fold increase of their volume without modification of their viability or 
morphological differentiation, i.e. ceff polarity and presence of an apical brush border, (2) a 
generalized intracy1oplasmic accumulation of DPP-IV, MUC1 and CEA which are absent from the 
brush border, in contrast to villin (which is not known to be glycosylated) and (3) a lower sialic 
acid, and a an increased content ot T antigen in these proteins as substantiated by their 
reactivity to the lectins MAA (spedfic tor NeuAca2,3Gal) and PNA (specitic for Gal~1 ,3GaiNAc). 
The arrest of the intraceffular traffic of these glycoproteins occurs without there being any effect 
on their mANA leve! or total protein content. 11 is totaffy and rapidly reversible within less than 48h 
alter removal of the drug. Altogether these results show that drug-induced modifications of 
oligosaccharide side-chains result in an arrest of the intraceffular traffic of apicaffy delivered 
glycoproteins in HT-29 ceffs. These results raise the question of whether oligosaccharide side
chains, like eg ABH determinants in the normal, are involved in the biosynthetic traffic of apicaffy 
delivered glycoproteins. 
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Eplthellal-mesenchymal transdlfferentlatlon and mallgnant progresslon of 

mouse skln carclnogenesls 

M. Quintanilla, P. Frontelo, F.G. Scholl, C. Gamallo1, A. Fabra2 and C. Caulín. 
Instituto de Investigaciones Biomédicas CSIC-UAM, Madrid. 1 Dept. de Anatomía Patológica, 
Hptal La Paz, Madrid. 21nstitut Recerca Oncológica, Barcelona. Spain. 

In mouse epidermal carcinogenesis progression to malignan! carcinomas involves de 
progressive loss of the epithelial phenotype. Thus, carcinomas can be classified by 
histological criteria ranging from well differentiated squamous cell carcinomas (SCC) to 
highly invasive undifferentiated spindle cell carcinomas (SpCC). Such changas are also 
observad in vitro , in cell lines derivad from tumors or transformad in culture by different 
approaches, and are associated with down-regulation of cell adhesion receptors, such as E
cadherin (1 ), alterations in the expression/organization of cytoskeletal proteins (2), and 
the acquisition of a fibroblastoid or spindle cell morphology. 

Whereas the events responsible for loss of differentiation in squamous carciomas are 
presently unknown, we have recently shown that transformad keratinocytes that escape to 
the block of proliferation exerted by transforming growth factor-~ 1 (TGF-p1) in normal 

epithelial cells, when culturad in the presence of this factor, elicits a reversible and 
sequential conversion from an epithelial to a fibroblast-like phenotype (3). This 
conversion correlatas with down-regulation of E-cadherin and cytokeratins and up
regulation of vimentin . 

The tumorigenic properties of TGF-~ 1 -treated cell cultures were studied by 

transplantation in nude m ice. TGF-~ 1 -treated cell cultures with a fibroblast-like 

morphology produced highly anaplastic SpCC, whereas untreated epithelial cells induced 
well differentiated SCC; and cultures in an intermediate step of reversion to epithelial, 
showing an epithelioid phenotype, gave rise to tumors containing both differentiated and 
undifferentiated regions, a type of tumor described in the literatura as carcinosarcoma. 
Thus, the sequential tumoral stages that take place during progression from SCC to SpCC in 
in vivo chemical carcinogenesis could be reproduced in vitro by treatment of transformad 
keratinocytes with TGF-P1. These results suggest a role for TGF-p 1 in late stages of 

malignan! progression in mouse epidermal carcinogenesis. 
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CELL DIFFERENTIATION IN THE HUMAN EXOCRINE 
PANCREAS. Francisco X. Real, Maya R. Vilá, and Teresa Adell. lnstitut 
Municipal d'lnvestigació Medica, 08003-Barcelona, Spain. 

The exocrina and endocrina pancreas derive from poorly 
characterized protodifferentiated cells located in fetal ducts. To better 
understand the mechanisms ínvolved in cell dífferentiation, we ha ve: 1) 
established better differentiation markers, 2) developed methods for the 
culture of normal human exocrina pancreas, and 3) examinad the role of 
growth factors in pancreas cell proliferation and differentiation. 

Acinar celis are weli characterized at the molecular ieveis and genes 
encoding the digestíve enzymes have been isolated and characterized. In 
contras!, iess is known regarding molecular markers restricted to ductai 
celis. We have identified differentiation markers which are present in ductal 
cells but not in acinar cells: CK7, CK19, MUC3, DPP-IV, and CFTR 
(reviewed in 1 ). However, non e of these markers is exclusively expressed 
in the pancreas. 

To examine cell differentiation, we have developed methods for the 
culture of normal pancreas epitheiium. Ninety percent of celis in the 
exocrine pancreas have an acínar phenotype and l!uli1rQ culture ís 
assocíated with the loss of acinar differentíation, indicated by a marked 
decrease in the expression of amylase, iipase, and chymotrypsinogen. 
Concomítantly, a ductal phenotype is activated, as determinad by the 
expression of CK7, CK19, and CFTR and the capacity to respond to 
secratín (2). This phenotypícal changa cannot be explaínad on the basis of 
ductal cell outgrowth. Expressíon of acinar genes has been shown to 
correlata strongly with the presence of a transcriptional complex 
designated PTF1 which íncludes p48, a DNA-bínding proteín specífic of 
tha exocrina pancraas (3 ). The regulation of p48 and PTF1 levels in this 
system is currantly being examinad. 

Because normal exocrina pancreas cultures have a limited lífespan, 
we have examinad which growth factors stimulate their l!ud1rQ 
proliferation: HGF is the most poten! mitogen and TGF alpha and KGF are 
also stimulatory (4) . 

Finally, we have examinad the effect HGF on the phenotype of 
pancreas cancer cells. IMIM-PC-2 cells were selected because their 
phenotype is similar to that of normal ducts (growth as a polarizad 
monolayer, formation of domes, and exprassion of all cytokeratins typical 
of normal ductal cells) (5) . IMIM-PC-2 cells overexprass c-met and its 
levels are down-reguiated in postconfluence, when cells acquire a 
dtfferentiated phenotype (6). HGF does not stimuiate the proliferation of 
cells seeded at low density but it induces scattering. When HGF is added 
after confluence, it induces foci of unpolarized cells which tend to detach 
and grow in suspension. Upon subculture in the presence of HGF, these 
cells attach, show a fibroblastic aspect ,and an up-regulated expression of 
vimentin. Similarly, chronic treatment (>4 weeks) of IMIM-PG-2 cells with 
HGF is acoompanied by the acquisition of a fibroblastic aspect and 
vlmentln up-reguiation. 
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These results suggest that pancreatic acinar and ductal cells show a 
high degree of plasticity in vitre. Normal pancreatic cultures and tumor cell 
lines display phenotypes that are similar to those of chronic pancreatitis 
and pancreas tumor tissues, respect ively, suggesting that they are 
adequate cellular models for the study of pancreatic pathology. 
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EFFECTS OF THYROID HORMONE AND ITS RECEPTOR THE erbA 

ONCOGENE ON THE PHENOTYPE AND GENE EXPRESSION OF 

MAMMARY EPITHELIAL CELLS 

Mónica López-Barahona, Irene Fialka•, José M. González-Sancho, Myriarn Asunción, 

Teresa Iglesias, Juan Bernal, Hartmut Beug• and Alberto Muñoz. 

Instituto de Investigaciones Biomédicas (CSIC), Madrid, Spain; •rnstitut für Molekulare 

Pathologie, Vienna, Austria. 

Thyroid hormone (triiodothyronine, 1'3) is a main regulator of growth, 

development and metabolism in vertebrales modulating gene expression and physiology in 

multiple cell types. T3 receptors are encoded by two genes (TR/c-erbA a and B) which are 

the cellular counterparts of the retroviral v-erbA oncogene involved in avian 

erythroleukenúa The clinical and experimental studies suggesting the involvement of T3 

and its receptors in carcinogenesis (1), together with the expression of thyroid receptors in 

normal mammary glands and breast cancer cells (2), the homology between thyroid and 

estrogen/progesterone receptors (3), the alterations in the erbA loci (4) and the contradictory 

reports on the beneficial or adverse effects of T3 on human breast cancer (5) prompted us to 

analyze 1'3/erbA and v-erbA actions on mammary epithelial cells. To this, we have used an 

spontaneous1y immortalized mouse mammary epithelial cell line (EpH4) which shows a 

normal differenti.ated phenotype. 

EpH4 cells express low but significan! levels of thyroid receptors. However, the 

RNA concentration for the non-hormone binding TR/c-erbAa2 form was higher than that 

corresponding to the active TR/c-erbAa 1, and TR/c-erbA(3 is not expressed. To clearly 

t:eveal T3 effects in EpH4 cells, the Iow level of endogenous T3 receptors was increased by 

introduction and expression of an exogenous c-erbA (chicken TR/c-erbAa) gene using 

retroviral vectors. Parallel cultures were infected with retroviruses encoding the v-erbA 

gene. Expression of the erbA genes was verified in Northem blots and hormone binding 

assays. Since the ability to degrade extracellular matrix is a prerequisite for epithelial cell 

plasticity, morphogenesis and metastasis, we studied the expression of protease genes. T3 

treatrnent increases the Ievels of the 1.9 kb stromelysin 1 (ST-1) and the 1.7/1.9 kb 

stromelysin 2 (ST-2) mRNAs in a way that correlates with the arnount of active thyroid 

receptor expressed. This increase is quite slow, reaching the maximum after 4{) h of T3 

treatrnent. In line with this, run-on experiments showed that elevated ST-11-2 mRNA 1evels 

do not result from increases in the transcription of these genes. These effects seem to be 

quite specific since no alterations were found in the expression of genes coding for other 
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proteases or protease inhibitors. Hormonal effects on stromelysin and also collagenolytic 

activities were analyzed by zymography. In both cases, T3 enhanced the secretion in cells 

expressing elevated TR/c-erbA levels (6). 

We have also studied the effects of T3/c-erbA and v-erbA on the differentiated 

epithelial phenotype of EpH4 cells. Activated TR/c-etbA has profound effects on the 

polarized phenotype preventing the formation of normal compact monolayers as shown by 

the inhibition of the transepithelial electrical resistance of cells grown on porous filters, and 

causing a partial redistribution of apical and basolateral markers. Thus, T3 treatment of 

EpH4+ TR/c-erbA cells leads to the expression of the apical marker DPP fV al so on the 

lateral plasma membrane and to the diffuse distribution over the whole lateral domain of 

severa! components of the adherent junctions (E-cadherin, ~-catenin , fodrin). Furthermore, 

addition of T3 to c-erbA-expressing cells causes the disruption of the tridimensional tubular 

structures formed in collagen gels, similar alterations in the distribution of polarized proteins 

and in the ordered deposition of components of the basement membrane (larninin). These 

results show that activated c-etbA affect the normal epithelial phenotype and morphogenetic 

potential of EpH4 cells (6). 

On the other hand, v-erbA abolished completely the ability of the cells to form 

domes when cultured on plastic. This action reflects also an inhibitory effect on the 

polarized phenotype of EpH4 cells. Besides this, v-erbA-expressing cells are absolutely 

unable to develop organized structures in collagen gels. instead, they fail to attach to 

collagen gel growing to confluence on the surface of the dish. V -erbA also inhibits partially 

the expression of sorne epithelial markers (Z0-1, E-cadherin) and concomitantly enhances 

that of mesenchymal markers such as fibronectin . Together, these results show that the 

mutated thyroid receptor v-erbA alters the normal differentiated phenotype of mammary 

epithelial EpH4 cells. 
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MODULATION OF THE POLARIZED EPITHELIAL PHENOTYPE 
BY A CONDITIONAL c-JunER PROTEIN 

I. Fialka, E. Reichmann, H. Schwarz and ~ 
Research Institute of Molecular Patho logy , Dr. Bohr-Gasse 7, A-103 0 Vienna 
(Austria) . 

Epithelial cells exhibit very specialized fearures: first, cellular polarity, 

ch3.Jll.ctcrized by sttuctunilly and functionally disrinct domains (apical and basolateral); 

and seeond, the tight interactions via different types of junctions between neighbouring 

cells within a cellular monolayer. Both of these properties can be affected in carcinoma 

cells. 

Members of the EGF (epidermal growth fac:tor) receptor family are known to be 

specifically involved in mammary carcinogenesis. We sougbt to examine e-Jun. as one 

of the nuclear targets of activated receptors, in normal mamnliU)' epithelial cel!s. For 

tlús. we used a c-JunER fusion protein which was tightly controlled by estradioL 

Activation of !he JunER by hormone resulted in !he transcriptional regulation of a 

variery of AP-1 target genes. More importan ti y, hormone-activated JunER induced a 

reversible loss of epithelial polariry, a disruption of intercellular junctions and normal 

barrier function and the formation of irregular mulilayers. Loss of epithelial polarity 

involved complete redistribution of both apical and basolateral proteins to the entire 

plasma membrane. The redistribution of uvomorulin and ~-catenin was accompanied by 

a desrobilization of complexes formed between these two proteins, leading toan 

enrichment of ~~atenin in the detcrgent-soluble fraction. 

Uninduced cells were able to form lhree-<lirnensional rubular strucrures in 

eollagen I gels which were disrupted upon JunER activation, leading to irregular cell 

aggregates. Interestingly, the JunER-induced disruption of rubular structures was 

dependent on active signaling by growth factors. Moreover, the effeclS of JunER eould 

be mimicked in normal cells by the addition of a~idic FGF (fibroblast growth factor) . 

These data suggest that a possible function of c-J un in epithelial cclls is to modulate 

epithelial polarity and regulate tissue or¡¡mization, prcx.;esses which may be cqually 

importam for both normal breast developmem and as iniriaring steps in carcinogenesis. 
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Thc Role of Mesenchymal Ligands for Epithelial Tyroúne Kinase Receptors in the 

Morphogenesis and Differentiation of Epithelia 

Walter Birchmeier, Max Delbrück Center for Molecular Medicine, Robert-Ri:issle-Strasse 10, 

13125 Berlin, Gennany 

Growth and morphogcnesi5 of epithelia rcpreseut esscntial steps in the development of many 

eukaryotic organs. A series of dcve!opment studics hnve demonstrated lhat growth and 

morphogenesis of epithelia are closely regulated by mcseuchymal epitbelial interactions. Reccnt 

evidence seggests, that epithelial tyrosine kinase receptors and their mesenchymal 1igands are 

good candidates for this sii,rnal transfer. 

We ha.ve examined tbe role of two mesench}'lnalligands of epithelial tyrosine kina~es in 

mousc mammary gland morphogenesis. In organ cultures, scatter factorlhepatocyte growth factor 

(SF/HGF) promoted branching of the ductal trees but inhibited differentiation. Neu 

differentiation factorlheregulin (NDFIHRG) stirnulated lobulo-alveolar budding and the 

production of mi1k proteins . These fum.:tional effects parallel tbe cxpression of the factors in 

vivo: SFIHGF is produced in mesenchymal cells during ductal branching in the virgin animal, 

NDF/HRa'' during lobulo-a!veolar deve!opment at prcgnancy. Branching morphogenesis and 

lobulu-al veolar differcntiation could be abolished by blucking expressiou of tbe cndogenous 

Ji gru1ds by lhl~ respective antisense oligonucleotides. We thus show that the major postnatal 

morphogeni<.: periods of mammary gland developmen\ are dependcnt on seguential 

mcsenchymal-t.:pithelial interactions mediated by SF/HGF nnd 1\'DFIHRG. 
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Role of E-cadherin in the epithelial phenotype and invasion properties 
of transformed epidermal keratinocytes. 

~ 1 , l. Rodrigo 1, E. Lozano 1, M .l. M. Faraldo 1 , A. Uorens2, A. Montes 1 , C. Ca(Jiín 1, 
M. Quintanilia 1 andA. Fabra2. 
1 . Instituto de Investigaciones Biomédicas. CSIC. Departamento de Bioquímica. UAM. 
Madrid. Spain. 2. lnstitut de Recerca Oncologica (IRO) . Barcelona. Spain. 

The cell-cell adhesion molecule E-cadherin (ECO} plays a determinant role in 
the acquisition and maintenance of the architecture of most epithelial tissues. Loss of 
ECO is frequently observed in a wide variety of epithelial carcinomas and an anti
invasive role has been proposed for this molecule ( 1 ) . Our previous studies in the 
mouse skin carcinogenesis model showed that ECO expression is downregulated during 
progression of squamous cell carcinomas, whereas the development of fully 
undifferentiated spindle cell carcinomas is accompanied by the complete loss of ECO 
and P-cadherin (PCD)(2). 

Using the mouse epidermal system, we are investigating the molecular 
mechanisms responsible for the downregulation of ECO and PCD as well as the 
influence of ECO in the epithelial phenotype and in the invasion/metastatic properties 
of malignant murine keratinocytes. A cell system constituted by a squamous carcinoma 
cell line, HaCa4 (ECD-/PCD+) and derived cell clones obtained by reintroduction of 
ECO cONA has shown that the expression of ECO suppresses the in vitro 
invasion/migratory properties of parental HaCa4 cells, but is not sufficient to block 
the in vivo metastatic behavior. Thus, sorne of the ECO+ cell clones (E62) remain as 
metastatic as the parental ce lis, whereas other ECD+ clones (E24) are non
metastatic. lnterestingly, E24 cells exhibit a more differentiated phenotype with a 
strong tendency to stratify in culture and express lower levels of oncogenic v-H-ras 
(3). To further understand the role of of ECO in the invasion/migratory process, the 
expression/activity of metalloproteinases in the HaCa4 and ECD-derived cell clones is 
being presently analysed. 

On the other hand, the influence of ECO expression in the epithelial-fibroblast 
phenotype transition which occurs during development of spindle cell carcinomas is 
being studied, using a cell system constituted by the spindle carcinoma cell line, CarB, 
and derived cell clones obtained after stable transfection of ECO and/or plakoglobin. 
These studies indicate that the presence of stable ECD-catenin complexes is not 
sufficient to revert the spindle phenotype and suggest that other epidermal components 
lost in spindle cells (i.e. desmosomes, intermediate filament keratins) are needed for 
the maintenance of the epithelial phenotype in highly transformed keratinocytes. 

The molecular mechanisms responsible for the downregulation of ECO and PCD 
during mouse skin tumor progression are being investigated through the analysis of 
the regulation of ECO and PCD promoters ( 4,5). These studies have identified S' 
proximal sequences (GC-rich and CAAT-box) responsible for the expression of both 
cadherin genes, with a differential involvement of Sp1-like (PCD) and AP2-Iike 
(ECO} transcription factors . In addition, the palindromic E-pal element specific of 
ECO prometer appears to play a regulatory role, acting as a repressor in non
expressing keratinocytes. The nuclear binding assays carried out suggest that sorne of 
the transcription factors interacting with the S' proximal sequences of the ECO 
prometer may be lost or inactivated in non-expressing keratinocytes. 
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ROLE OF PROTEIN KINASE C IN DIFFERENCIATION OF HUMAN INTESTINAL 

EPITHELIAL CELLS 

Antonio García de Herreros 

Institut Municipal d'Investigació Medica, Universitat Autónoma 

de Barcelona, Spain 

Protein kinase C (PK-C) plays a crucial role in the signa! 

transduction mechanism activated by growth factors, hormones and 

neurotransmitters. A role for PK-C in the development and 

progression of colon cancer has been suggested (1). However, the 

study of the effects of PK-C activation in these processes has 

been hampered by the lack of reproducible methods for the culture 

of normal intestinal epithelium and the undifferentiated 

phenotype of most colorectal cancer cell lines. recent progresa 

in this area has evolved from the characterization of intestinal 

epithelial cell that differentiate in culture into goblet or 

absorptive cells. we have used the mucus-secreting HT-29 M6 cells 

(2) to analyze the role of PK-C in goblet cell differentiation. 

TPA-induced PK-C activation prevented the accumulation of 

the differentiation markers dipeptidylpetidase IV (DPP-IV), 

villin and mucins in HT-29 M6 cells . This phorbol ester also 

downregulated the expression of mucins and DPP-IV in 

postconfluent differentiated cultures of these cells; both 

increased secretion and diminished mRNA levels of these markers 

were observed in cells treated with TPA. Sensitivity to this 

phorbol ester also defined to different steps in the procesa of 

differentiation; at early days HT-29 M6 cultures respond to TPA 

with loss of cell contacta and proliferation whereas in long-term 

cultures these paramenters were not affected. In both cases 

cellular levels of markers were decreased. 

TPA also induced alterations in cell-matrix and cell-cell 

interactions in preconfluent HT-29 M6 cells . After incubation 

with this phorbol ester cells showed lower cell-cell aggregation, 

that correlated with alterations in the localization of the 

adhesion protein E-cadherin as analyzed by immunofluorescence. 

Detergent extraction evidenced that activation of PK-C caused the 

translocation of E-cadherin from a Triton-resistant cytoskeleton

associated fraction to a Triton-soluble, cytosolic fraction. 

E-cadherin inactivation was accompanied by a rapid and 
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transient increase in the total cellular content of tyrosine 

phosphorylation: several majar substrates of 125-120 and 75-70 

K.Da were specially affected by TPA. Concomitantly with this 

increase in phosphorylation, we have detected the activation of 

c-src and FAK tyrosine kinase, two proteins that are found 

associated in HT-29 M6 cells. One of the proteins phosphorylated 

in tyrosine after activation of PK-C has been identified as pl20-

catenin, a c-src substrate that recently has been described to 

interact with E-cadherin (3). No changes in tyrosine 

phosphorylation of other E-cadherin-associated proteins as ~

catenin were detected. These results suggest that TPA effects on 

E-cadherin inactivation might be mediated by c-src stimulation 

and pl20-catenin phosphorylation. 

We have also investigated the PK-C isoform responsible for 

triggering such effects. Immunoblotting with isoform-specific 

antibodies we have detected in these cells cPK-Ca, nPK-CE, and 

aPK -cr. Using a cPK-C-selective TPA-analogue we have determined 

that activation of cPK-Ca is sufficient to produce E-cadherin 

solubilization. This conclusion has been confirmed transfecting 

a constitutively-activated mutant of this isoform regulated by 

an inducible prometer. 

References: 

1) Weinstein, I.B., Cancer Res. (suppl.) 51, 5080-5085, 1991. 

2) Lesuffleur et al., Cancer Res. 58, 6334-6443, 1990. 

3) Reynolds et al., Mol. Cell. Biol. 14, 8333-8342, 1994. 

Acknowledgements . The work described in this abstract has been 

performed in my laboratory by Myriam Fabre, Anouchka Skoudy, 

Eduard Batlle and Maria del Mont Llosas. 



Instituto Juan March (Madrid)

40 

CHARACTERIZATION ANO POTENTIAL USE OF NEW IMMORTALIZED MOUSE 

INTESTINAL CELL UNES TO STUOY THE INOUCTIVE ROLE OF LAMINA PROPRIA 

ANO LOCAL IMMUNE SYSTEM ON INTESTINAL TERMINAL OIFFERENTIATION. 

Bogdanova, A. 1, Kerneis, S.1, Vandewalle, A. 2, Kraehenbuhl, J . P. 1 and Pringault, E. t-3 . 

11SREC and lnstitut de Biochimie, Université de Lausanne, Switzerland ; 2 /NSERM U 246, 

Faculté de Médecine Xavier Bichat Paris, France ; and 3 lnstitut Pasteur, Paris, France. 

As already demonstrated for the villus-associated epithelium, the renewal of follicle

associated epithelium (FAE) found in Peyer's patches is dependan! on the proliferation of stem 

cells located in the surrounding crypts. Two distinct spatio-temporal axes of 

migration/differentiation originate from the same ring of crypt stem cells. On one side of the 

crypt, villus-type differentiation leads to the differentiation into absortive enterocytes, 

enteroendocrine or goblet ce!ls. On the other side, dome-type dillerentiation leads to the 

formation of absorptive enterocytes displaying several distinct features (loss of functions 

related to antibacterial defensa and nutrition), and M cells, specialized in antigen and micro

organism sampling . lmmune follicle cells seems to play a key role in the specific pattern of 

differentiation of FAE, as cross-talks between lamina propria and epithelial cells have been 

shown to be necessary to achieve villus enterocyte differentiation. To test this hypothesis of 

a two··way differentiation pattern, driven by underlying non-epithelial cells, we have 

developed new culturad models. A mouse cell line was derived by lipofection of FAE with the 

SV40 large T antigen controlled by the villin prometer. A clone of immortalized cells, 

referred as FAE-2 cells, exhibited a stable expression of SV40 nuclear large T antigen, and 

had a prolongad lile span. FAE-2 cells formed confluent monolayers composed of dome

forming , polarizad cuboid cells separated by tight junctions. Evidences of the epithelial and 

intestinal origin of FAE-2 cells were provided by the expression of an epithelial-specific actin 

network, Z0-1 protein, cytokeratins 46,51 ,55 Kd , cytokeratins 8-18, and villin . The 

alternativa model used is the mouse intestinal crypt cell line m-1Ccl2 cells (Bens et al. , 1995, 

Eur. J. Cell Biol. , ECBO Supp. Abstrae! 656). In addition to classical epithelial and intestinal 

markers, this clona! cell line maintained in culture differentiated functions characteristic of 

intestinal crypt cells (intracellular localization of sucrase isomaltase, high leve! of 

expression of polymeric immunoglobulin receptors, intracellular Paneth-specific 

glycoconjugates and CFTR chloride channel activity) . These two murine intestinal cell lines 

are used to study the lamina propria- or lymphoid follicle-mediated control of terminal 

differentiation, by co-culturing them with fibroblasts or lymphoid cells isolated from mouse 

Peyer's patches. 
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EXPRESSION OF LAMININ-5 IN THE HUMAN INTESTINE AND IN VARIOUS COLON 
CARCINOMA CELL LINES 
Orian-Rousseau V, Aberdam D•, Rousselle pu, Meneguzzi G•, Kedinger M, Simon-Assman~ 
P. U.38l INSERM- 3 avenue Moliere- Strasbourg, •U.385 INSERM- Ávenue de Valombrose 
- Nice, u ffiCP- CNRS UPR 412- Passage du Vercors- Lyon, FRANCE 

Cell interactíons between embryonic epithelial cell (endoderm) and stromal cells 

(mesenchyme) are determinan! and prerequisite for intestinal morphogenesis and differentiation. 

Recent works argue in favour of a role of larninin-1 , located in the subepithelial basement membrane, 

in these processes. Among the newly discovered variants of larninin, larninin-5 (LN5) is of potent 

interest. This isoform is a cross-shaped heterotrimeric molecule consisting of one heavy chain a3 

(165 Kd) and 2 light chains, (33 (140 Kd) and y2 (100 Kd). In the skin, former experirnent s have 

demonstrated that LN5 is located in the hernidesmosomal complex, which also include the integrin 

a6(34, a potential receptor of LN5. Expression of LN-5 is speci.fically impaired in lethal junctional 

epidermolysis bullosa, disease characterized by a dermal-epidermal disadhesion. 

In the human intestine, irnmunocytochernical studtes using the puri.fied polyclonal antibodies 

SE85p (against a3), SE144p (against y2) and the monoclonal antibodies GB3 (against the mature 

molecule) show: 1) an early expression of LN-5 during intestinal morphogenesis; 2) an increasing 

gradient of intensity along the crypt-villus axis which parallels the differentiation of epithelial cells. 

In order to correlate the expression of LN-5 and differentiation, we used colonic cancer cell 

lines displaying various differentiation properties. Westem blot and irnmunoprecipitation assays have 

revealed that the undifferentiated HT29 cells as well as the two differentiated HT29-MrX and 

HT29-Fu subpopulations produced the 3 chains described in the skin, whereas in the Caco2 cells 

only the y2 chain could be detected . 

Although the repertoire of integrins expressed by HT29 and Caco2 cells differ, the adhesion 

ability on LN-5 is tdenttcal for both cell types. Tests of inhibit1on of adhesion, with various ant' ·· 

integrin subunits antibod1es, show that receptors of LN-5 are speclfic to the cell type. In the case of 

the Caco2 cells, the receptors of the l3 1 fanuly (a2(31 and a6(31) are involved in the binding of cells 

to LN-5 and concerning the HT29 cell hnc a cooperation between the 134 (a6(34) and the 131 (a3(31 

and a2(31) farnily is needed 

Finally the use of chimenc hybrid intestines betwecn mouse and chick tissue components 

analyzed immunocytochemically WJth specics-specific antibodies enabled us to study the cellular 

origin ofLN-5. The y2 chain is produced very early by the endoderm compartment, later relayed by 

the mesenchyme which gives the adult pattem of expression. 

These prelirninary results suggest a potential role of LN-5 in rnigration/differentiation of the 

intestinal epithelial cells rather than in adhesion as it has been described in the skin. They point to a 

complex mechanism of basement membrane formation as well as to the diversity of receptors 

implicated in the epitheliaVmesenchymal interactions. 
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patched requirements in the developing tergites of Drosophila 

melanogaster 

Marí-Beffa. M. y Garcfa-Bellido, A. 

Laboratorio de Genética del Desarrollo. Centro de Biología Molecular ''Severo Ochoa". 

CSIC. Universidad Autónoma de Madrid. Spain 

Departamento de Biología Celular y Genética Facultad de Ciencias. Universidad de 
Málaga Spain 

The segment polarity gene paJched have been studied in morphogenetic clones of mutant 

cells carrying the loss-of-function allele ptc 6P and in allelic series of viable combinations. 

Three different regions can be clonally determined according to tergite phenotypes of mutant 

cells. Clones are rare in an anterior region, in which non-autonomous polarity reversa! 

phenotypes can be observed. Clones in medial region are devoided of pigmcnt and diffcrcntiate 
trichomes rcssembling !hose characteristic of the acrotergite suggcsting a posterior 

transformation. These clones are also accompanied by non-autonomous polarity reversions 

inducing mirror-image phenotypes. A posterior region can also be limited in which phcnotypes 
of non-autonomous loss of pigmentation and autonomous differentiation of ectopic bristles are 

observed. 

paJched alleles show an unique allelic series of pattem phenotypes. Panem perturbations 

are enlargement of both an anterior and a posterior region. In posterior regions pattem clements 
are coordinately translocated when compared with wild type phenotypes, suggesting that 

paJched is involved in a paUem controlling mechanism acting in tergites. 

The pattems of expression of wingless, engrailed, and paJched in lac Z enhanccr trap 

lines are restricted to partially overlapping domains at the anterior-posterior compartmcnt 

border. Those pattems provide an explanation to the allelic series of phenotypes suggest:ing a 
dependence on larval and histoblasts wingless function at the lineagc restriction border 

modulated by putched. As reported in imagina! discs, expression is extremely reduced in the 
non-border histoblasts where clona! phenotypes have been detccted. Clones with differcntial 

anterior-posterior non-autonomous phenotypcs can be observed at any position in paJched low

expression domain finally suggesting that positional cell fate in tcrgites is dependcnt on local 

less-expressed signals. 
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CONTROL OF THE SQUAMOUS-SPINDLE TRANSITION ANJ) E-CADHERIN 
EXPRESSION IN MOUSE SKIN TUMOURS. 
G.Portella, J. Liddell andA .. Balmain. 
Beatson Institute for Cancer Research. Glasgow Scotland U.K. 

A change in cell phenotype is frequently observed in the advanced stage of 
. mouse skin carcinogenesis, when a well differentiated squamous cell 
carcinoma progresses to an undifferentiated sarcoma like spindle cell 
carcinoma. The mechanism of this progression is still unknown and is probably 
due to the loss of factors controlling the epiderrnal differentiation program . .ln 
vivo, the squamous-spindle progression probably involves sorne intermediate 
stages which are neither squamous or spindle, but are characterized by a more 
plastic phenotype. The Sn161 is a squamous cellline in vitro, able to give rise 
to spindle carcinomas when injected s.c. in nude mouse. Squamous and spindle 
clones of this cell line have been obtained and all of them induce spindle cell 
carcinoma when injected s.c in nude mouse. Treatment of the squamous clones 
with TGFf3 induced a squamous- spindle conversion. After 6h of treatment the 
cells showed del~alization of the adhesion molecule E-cadherin and further 
treatment caused a reduction in E-cadherin expression levels. No changes in 
the expression of other epidermal markers were observed. The capability of 
exogenous factors to modify the cell phenotype was confirrned by injecting the 
Sn161 cells into severa! tissues of the mouse. When injected s.c., the cells are 
in a more fibroblastic environment and give rise to tumours with a uniforrn 
spindle morphology.However injection intraperitoneally gave rise to nodules 
with poorly differentiated squarnous areas mixed with spindle areas 
.lntravenous injection of Sn161 induced lung metastases with a similar 
morphology. The development of more squamous tumours is probably dueto 
the influence exerted by the epithelial microenviroment.One feature of spindle 
tumours induced by s.c. injection of Sn161 cells is the absence of E-cadherin 
protein.Analysis of the transcriptional activity of the E-cadherin gene in spindle 
cells confirrned that the squamous-spindle switch is not due to the loss of a 
transcription factor controlling E-cadherin expression.The spindle cell lines AS 
and Hll express no detectable E-cadherin protein. However RT-PCR showed 
that a low transcriptional activity is present in both spindle celllines. This was 
supported by transient transfection experiment with a plasmid containing 6 kb 
of the E-cadherin promoter controlling a luciferase reporter gene. This showed 
positive expression of luciferase in both spindle cell lines, at a leve! 
corresponding to about 40% of the control.On the other hand the more 
aggressive Car B cellline shows complete absence of promoter activity. We 
conclude that development of invasive spindle cell tumours may take place in 
severa! steps. An early event may be delocalization and reduced expression of 
E-cadherin induced by TGFf3. Furher reduction in E-cadherin expression can 
occour by post-transcriptional . alterations of mRNA levels, and finally by 
complete loss of promoter activity 
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TYROSINE KINASE RECEPTOR IN THE CONTROL OF CELLULAR 
GROWTH, MOTILITY AND DIFFERENTIA TION. Carmen Birchmeier, Eva 
Riethmacher-Sonnenberg, Frit:Oiu::lm Bladt, Dictcr Riethmacher and Dirk Meyr.r, 
Max-Delbrück-Centrum für Molekulare Medilin, Robert-Rossle-StraBe 10, 13122 
Berlín. 

We are analyzing the biological and pbysiological role of receptor tyrosine kinases, e-ros, c-met 
and c-erbB2 and c-erbB3. These receptors were identified because of their oncogenic potential 
when mutated. Therefore, the signa! transmitted by these receptors are commonly expected to 
be nutogenic . Experiments in cell culture have shown that these receptors can not only regulate 
cellular growth, but also motility, morphogenesis and differentiation. 

The e-ros receptor encodes an receptor tyrosine kinase with an as yet unknown ligand. The 
receptor is exclusively expressed in epithelial cells. Transcripts for e-ros are found during 
development in the Wolffian duct, in a Wolffian duct derivative, the ureter, and in intestine and 
lung. In the adult, a single site of expression is detected, epithelia of the caput epididyrnis, 
which develop from the Wolffian duct We have introduced a targeted mutations into the e-ros 
gene by homologous recombination. Embryonal stem cell technology was used to create rnice 
that carry the mutation. Homozygous mutant fernales appear healthy and normal, in contras! to 
homozygous males which are infertile. Chimeric animals that consist of e-ros -/- and e-ros +/+ 
cells transmit mutant and wild-type alleles with the sarne frequency, demonstrating that the e
ros receptor does not act in a cell autonomous manner during in male germ cell development or 
function. lndeed, the primary defect was found in epithelia of the epididyrnis. Large columnar 
epithelial cells typical of the initial epididymal segment are absent in mutant males and replaced 
by low columnar epithelial cells typical of more distal parts of the epididymis in control 
animals. This primary defect in epididymal epithelia affects sperm maturation and function in 
vivo . 

The c-met receptor encodes a tyrosine kinase receptor. The specific ligand is SF/HGF. We ha ve 
deterrnined the expression pattems of SFIHGF and c-met during development and found c-met 
expression predominantly in epithelia, whereas the ligand is e~pressed in the surrounding 
mesenchyme. Additional sites of c-met expression are neuronal cells and, in the early embryo , 
muscle precursor cells. we have introduced a targeted mutation into the SFIHGF and c-met 
genes by homologous recombination and analyzed animals which carry such mutations in a 
homozygous state. As expected, we find identical defects in SF/HGF and c-met mutant 

' animals, demonstrating the absence of a second c-met ligand (or the absence of a second 
SFIHGF receptor). Homozygous mutant animals die during development in a relatively broad 
window of time between El2.5 and El6.5. Various defects can be observed at the time of 
death. 1) A defect in Ji ver development, resulting in decreased liver size and damage to the 
parenchyma that varíes in serverity. In extreme cases, this leads to a loss of the entire 
parenchymal compartment. Also, c-met -/- cells cannot contribute to the adult liver inchimera 
that consist of c-met -/- and c-met +1+ cells, demonstration a cell autonomous role of c-met in 
development and/or growth of liver parenchyma. SFIHGF has thus a growth and cytoprotective 
function in liver development. 2) A defect in development of the placenta, and particular! y the 
labyrinth !ayer. In this !ayer, exchange of oxygen and nutrients between the maternal and the 
embryonal compartments take place, obviously an essential function for survival and growth of 
the embryo. The absence of this !ayer rnight be responsible for the observed embryonic 
lethality. This defect also might cause the developmental retardation of homozygous mutan! 
embryos that is first observed around El4.5 and gets more pronounced at later developmental 
stages. 3) Absence of developing muscles in the limbs, diaphragm and tip of the tongue, a 

. result of the absence of migration of myogenic precursor cells. These muscle precursor ce lis 
derive from the ventrolateral edge of the somite, and upon externa! stimulation, desegregate 
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from the somite, undergo a epithelial mesenchymal conversion and migrate as single cells into 
the anlage of the limb, diaphragm and tongue. The dermomyotomal cells in the ventrolateral 
edge of the somite express the c-met receptor, whereas SFIHGF is produced by the target sites 
the cells migrate to. In conclusion, we observe multiple, independent functions of SF/HGF and 
c-met in vivo, which resemble the activities de.scribed in vitro: the factor and its receptor can 
regulate growth, survival and migration of cells . 

References : 

Sonnenberg , E ., Meyer, D., Weidner, M. , and Birchmeier, C. (1993) . Scatter 
Factor/Hepatocyte Growth Factor and its Receptor, the c-met Tyrosine Kinase, can Mediate a 
signa! Exchange Between Mesenchyme and Epithelia during Mouse Embryogenesis . J. Cell 
Biol. 123, 223-235. 

Bladt, F., Riethmacher, D., Isenmann, S., Aguzz.i, A., and Birchmeier, C. (1995) Essential 
role for the c-met receptor in the migration of myogenic precursor cells into the limb bud. 
Nature, 376, 768-771. 

Schmidt, C., Bladt, F., Goedecke, S. , , Brinkmann, V. , Zschiesche, W., Sharpe, M .. 
Gherardi, E., and Birchmeier, C.(l995). Scatter Factor/Hepatocyte Growth Factor is Essential 
for Liver development. Nature 373, 699-702. 

Sonnenberg, E., Goedecke, A., Walter, B., Bladt, F., and Birchmeier. C. (1991) . Transient 
and locally restricted expression of the rosl protooncogene during mouse development. EMBO 
J. 1 O, 3693-3702. 

Riethmachcr. D., Brinkmann, V., and Birchmeier, C. (1995). A targeted mutation in the mouse 
E-cadherin gene results in defective preimplantation development. Proc. Natl. Acad. Sci . USA 
92, 855-859. 

Birchmeier, C. , Meyer, D., and Riethmacher, D. (19Y5) Factors controllíng growth, 
differentiation and motility of epithelial cells. International Review of Cytology. 160, 221 -266. 



Instituto Juan March (Madrid)

48 

MINA BISSELL 
Ufe Sdences DlvWon, Lawrentt Berlceley National Lab. 

One Cyclotron Rd., Berkeley, CA. 94720 (USA) 

Extracellular Matrix As a Master Switch in Differentiatioo, Apoptosis and Cancer 

In the last dccade, we have established "designer microenvironments" in culture and in 
transgenic mlce for studying how tissue-specific gene expresslon is maintained in the 
mammary gland of both mice and men. We ha ve shown that the extracellular Dl$i.x(ECM) 
regulates ml1k protein gene expression at multiple levels. It also regulates growth factor 
expression and growth signals. The ratio ofECM-degrading proteinases and their 
inhibitors are crucial, and a disturbance in this ratio leads to fonnation and dissemination of 
breast cancer. The mechanlsm by which the ECM directs these functions will be 
discussed. · 
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ROLE OF EGF-R IN EPITHELIAL PROLIFERATION AND DlFFERENTIATION 

Maria Sibilia and Erwi.t1 F. Wagner, Research Insrirutc of Molecular Pathology 

(IMP), Dr. Bohr-Gasse 7, A-1030 Vienna, Auslria 

The epidennal growth factor receptor (EGFR) belongs toa family of tyrosine kinase 

receptors and is activated by sever.U ligands including EGF and TGFet. In the mouse 

blastocyst EGFR is detected on the trophcctodcrm which gives rise to the 

rrophoblasts, the spccialized epithelial cells of the placenta (1). Later in gestation EGF 

binding activity can be detected in various organs, but only a few srudies have 

localized the EGFR in specific tissues or cell rypes (2). The broad exprcssion pattem 

of EGFR indicares that it might influence many cellular processes like proliferation, 

differentiution and morphogcncsis. 

In order to examine how these d.istinct funcrions rrúght be regulated in vivo the EGFR 

gene was inactívated in embryonic stem (ES) cells by replacing the first exon with an 

E.coli lacZ gene and independently targeted ES clones were used to gcncrate mice 

lacking functional EGFR. Homozygote mutant rrúce are retarded in growth and die at 

different stagcs of embryonic developrnent depending on their geneüc background 

(3). In an inbred 129/Sv background mutan! mice die at rnidgestation whereas in a 

mixed 129/Sv x C57BL/6 they can survive unril birth and evento postnatal day 20 in 

a 129/Sv x C57BL/6 x MFl background. Dcath in utero probably results from a 

defect in the placemas, wh.ich are smaller in size and have an underdeveloped 

spongiotrophoblast !ayer. Newbom mutan! mice have open eyes, underdeveloped 

whiskers , inunature lungs and structural defects in their epidennis correlating well 

with the expression pattem of EGFR as monitored by Jl-galactosidase activity. These 

results indicate that EGF-R primarily affects epithelial proliferation and/or 

differentiation in a strain-dependent manner. Evidcncc that the genetic background 

most Jikely acts on the developme.nt of the extra.embryonic tissues will be presente.d. 

(1) J.C. Cross et al ., Science 266, 1508-1518, 1994 

(2) R. Derynck, Adv. Cancer Res. 58, 27-52, 1992 

(3) M Sibilia and E.F. Wagner, Science 269,234-238, 1995 
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The Role of the E-Cadherin/Catenin Complex in Tumor Progression 
and Embryonic Development 

P. Ruiz and W. Birchmeier. Max-Delbrück Center for Molecular Medicine, Robert 
Rosslestr. 10, Berlín, Germany. 

E-Cadherin is a transmembrane molecule mediating Ca-dependent homotypic 
cell-cell interactions between epithelial cells. The loss of E-cadherin expression or 
function correlates with enhanced aggressiveness and de-differentiation of many 
human carcinomas and correlates with a non-favourable clinical prognosis. 
Within the cell, E-cadherin is associated with the catenins in so-called adherens 
junctions. This intracellular interaction appears to be regulated by the 
phosphorylation of the catenins and is necessary for the homotypic extracellular 
interaction of two E-cadherin molecules in cell-cell contacts. Yet another 
molecule with which the catenins can interact is the ª-denomatous ¡¿olyposis .!:;.Oli 

(APC) tumor suppressor gene product, probably working co-operatively to 
regulate cell adhesion and growth. To study the involvement of junctional 
components in differentiation of epithelial cells during tumor progression and 
embryonic development we established transgenic mouse lines carrying a defined 
mutation in the g-catenin/plakoglobin gene. By crossing these animals with 
other transgenic mice carrying defined mutations in other junctional 
components (E-cadherin, APC, b-catenin), the reconstitution of multistep 
processes in carcinogenesis might become feasible. 
Our working hypothesis is that in E-cadherin or g-catenin + 1- m ice, the wild-type 
alleles may be lost during tumor progression and thus render tumor cells more 
invasive and metastatic. The inactivation of the second allele, a loss-of
heterozygosity event, has been described in human as well as in animal cancer. 
We therefore crossed our heterozygous mutant animals with Min +/- mice 
(animals with a mutation in the Apc gene, which develop intestinal adenomas) 
and studied the consequences of an induced loss-of-heterozygosity event by the 
genetic induction of tumors. We expected that tumor bearing double mutant 
animals would develop metastatic lesions more rapidly and would die earlier 
than mice with. an intact E-cadherin or catenin gene. These metastasis might be 
composed of cells with an E-cadherin or catenin -/- genotype. The analysis of the 
animals resulting from such crossings will be presented. 



Instituto Juan March (Madrid)

51 

Expression of a dominant negative mutant of the epidermal growth factor 
receptor in the epidermis of transgenic mice. Murillas, R.; Larcher, F.; Santos, 
M.; Conti, C.; Ullrich, A. and Jorcano. J.L. Opto. Biología Molecular, CIEMAT 
28040 Madrid, España 
Signaling through epidermal growth factor receptor ( EGFR ) seems to be a 
fundamental mechanism in the phisiology of epidermis. We have generated transgenic 
mice overexpressing a truncated form of the EGFR gene (lacking the citoplasmic 
domain) under the control of the keratin 5 promoter. As expected, the expression of 
the transgene occurrs in the basal !ayer of estratified epithelia. Mice with a lower 
leve! of transgene expression show a phenotype of wavy hair and curly whiskers 
resembling the waved-1 and waved-2 mmants. However, mice showing a higher leve! 
of transgene expression display a much more severe phenotype characterized by 
striking alterations in hair follicle and skin architecture.Hair follicles show different 
degrees of degenera"tion ranging from mild vacuolization to severe necrosis and 
infiltration by inflamatory elements. Finally the hair follicle dissappears leaving only 
the hair shaft. Dermis and fat !ayer appear completely disorganized and interfollicular 
epidermis displays hiperplasia. We havc carried out Westem Blot experiments 
showing complete inhibition of EGFR amophosphorilation in response to EGF 
injection in the epidermis of our transgenic mice. Thus, signa! transduction through 
the EGFR seemed to be either abolished or greatly reduced in our transgenic mice. 
We are currently performing skin carcinogenesis experiments on our loss of function 
EGFR transgenic mice to determine whether tumor development is inhibited . 
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The Role of Erbb2, FGF4 and Wnt-4 in Dev€lopment of Mall\mary Epithelium 
studied by expressing the genes in transplanted mammary gland. 
Paul A.W. Edwardsl, Richard Deed3, Christina Niemeyer2, Trevor C. Date2, and 
Jane M Bradburyl 

1 Division of Cell and Genetic Pathology, Department of Pathology, University of Cambridge, 
Tennis Court Road, Cambridge, CB2 1 QP, U.K. 
2 Haddow Laboratories, lnstitute of Cancer Research, 15 Cotswold Road, Sutton, Surrey, 
SM2 5NG, U.K. 
3Patterson Laboratories, Christie Hospital, Manchester, U.K. 

To investigate the possible role of genes such as erbB2, FGF4 and Wnt4 in development of the 
three-dimensional structure of mouse mammary epithelium we have expressed them in the 
epithelium in vivo. For this we have used our unique 'tissue reconstitution' method for 
expressing oncogenes in mouse mammary epithelium. Normal epithelial cells are isolated 
from one mouse, oncogenes are inserted in brief primary culture using belper-free retrovirus, 
and the cells are implanted into the 'cleared' mammary fat pad of another mouse. A 'cleared' 
mammary fat pad is one from which the endogenous epithelium has been removed early in 
development. The transplantéd cells reconstitute an epithelial 'tree' in the fat pad, with sorne of 
the cells expressing the introduced gene. This approach has advantages over expressing genes 
in transgenic mice, in particular it gives clones of cells expressing the inserted gene against a 
background of normal célls; and hormone-insensitive promoters can be used [Edwards PA W 
(1 993) Cancer Surveys 16, 79-96; Edwards PA W, Abra m CL and Bradbury JM ( 1995) 
Joumal of Mammary Gland Biology and Neoplasia, Plenum Press, vol. 1, in press ]. 

We have previously reported that expressing the oncogene neu, the mutant rat form of 
erbB2, caused a spectrum of lesions that resembled lesions found in human breasts, including 
atypical hyperplasias, carcinomas-in-situ and frank carcinoma [Bradbury, Amo & Edwards, 
Oncogene 8, 1551-1558 (1993)]. The mildestlearliest changes that might represent the effect 
of overactive erbB2 without progression events seem to be foci of premature alveolus 
development on ducts in the virgin, suggesting that inappropriate expression of erbB2 can 
cause alveoli to form. One explanation of this would be that erbB2 is involved in the 
development or maintenance of alveoli in the normal mammary gland. However, this 
interpretation may be over simple, as we also find that expressing FGF4 in virgin gland causes 
alveoli to appear, and as this gene is also expressed in lactation it too may be involved in 
development or maintenance of alveoli. 

When we expressed Wnt-4 in virgin epithelium, the growth pattem showed additional 
branching as in early pregnancy. As expression of Wnt-4 normally rises at the beginning of 
pregnancy it may be a key signa! in the development of new branches in early pregnancy 
lBradbury, Edwards, Niemeyer and Dale Dev Biol, in press.J . 
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CeU interactions and Basement Membrane molecules in intestinal epithelial differentiation 

M. Kedinger, A De Arcangelis, G. Evans, V. Orian-Rousseau, C. Storck and P. Simon

Assmann. 

U.381 INSERM, Ontogenesis and Pathology ofthe Digestive Tract, 3 avenue Moliere, 67200 

Strasbourg, France 

Intestinal epithelial cell differentiation occurs during development as well as along the 

crypt to villus axis from undifferentiated embryonic endodermal cells and from crypt stem cells 

respectively. Differentiation of gut epithelial cells requires the presence of undifferentiated 

mesenchymal cells in the fetal intestine and of fibroblasts from the lamina propria in the adult 

organ (1 ,2). The current knowledge indicates that the molecular mechanisms of these 

mesenchymal-epithelial cell interactions involve on one hand local paracrine soluble factors 

(FGFs, TGFPs. HGF) via specific receptors and on the other hand basement membrane (BM) 

molecules via integrins. Basement membranes are composed mainly of larninins (LN), type IV 

collagen, nidogen and perlecan. In the last years 7 different isoforms of larninins and at least 3 

types of collagen IV molecules ha ve been discovered. 

The intestinal subepithelial BM molecular composition vanes as a function of 

developmental stages and of crypt to villus localisation in parallel to morphogenesis and 

epithelial cell differentiation (3 ). As an example, in the human adult intestinal mucosa larninin-1 

is found to be located in the BM lining the villus epithelial cells, while larninin-2 is restricted to 

the crypt BM; the first expression ofLN-2 is delayed as compared to that ofLN- 1 (4) . 

In an in vitro coculture system allowing to mimick subnormal mesenchymal-epithelial cell 

interactions, we could demonstrate that BM formation - requires heterologous cell contacts, -

is progressive, and precedes epithelial differentiation. This cellular cooperation has been further 

documented by the development as grafts of interspecies chick-rodent endodermal

mesenchymal associations. The immunocytochemical survey of these hybrid intestines showed 

that the BM is composed of molecules produced by both cell compartments : sorne of them 

being exclusively of epithelial origin, others of mesenchymal origin and others are produced by 

both cell types (3) . 

The role of individual BM components on intestinal epithelial cell differentiation has been 

approached by the use of antibodies blocking a specific molecule, and of antisense messenger 

RNA : 1) In endodermal-fibroblastic cocultures, anti-larninin antibodies inhibit the expression 

of epithelial differéntiation markers (lactase); 2) Stable transfection of Caco2 cells with an 

eucaryotic vector carrying an anti-sense cDNA of LN-1 al chain alters the 
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polarizationldifferentiation of the cell, and the assembly of BM molecules at the 

Caco2/fibroblastic interface in cocultures. These data emphasize the major role of a 1 

constituent chain of laminin-1 on the BM formation and on epithelial cell differentiation. On 

the other hand, the absence LN-2 a2 chain expression in a mutant mouse strain (tzy/tzy), does 

not lead to detectable changes in intestinal morphology or differentiation (4). 

Finally, in preliminary experiments, we found that two clonal cell lines exhibit : 

- differential proliferative and differentiation response to TGF/3 and IL2, - opposite effects on 

epithelial proliferation and differentiation. Attempts are now directed to better characterize 

mesenchymal cell populations involved in normal epithelial-mesenchymal cell interactions and 

to analyze their deregulation in pathological situations. 

1) HAFFEN K, KEDINGER M, SIMON-ASSMANN P. In : Human Gastrointestinal 
Development. E. Lebenthal Eds. Raven Press, New York 1989, pp 19-41. 

2) KEDINGER M. In "Small Bowel Enterocyte Culture and Transplantation", Landes R.G. 
Company, USA, 1994, Campbell FC. ed., pp 1-31. 

3) SIMON-ASSMANN PM, KEDINGER M, DE ARCANGELIS A, ORIAN-ROUSSEAU 
V, SIMO P. Multi-author review series (Experientia). Extracellular matrix in animal 
development (Ekblom, P. editor). In press. 

4) SIMON-ASSMANN P, DUCLOS B, ORIAN-ROUSSEAU V, ARNOLD C, MATHELIN 
C, ENGVALL E, KEDINGERM. Develop. Dynamics,1994,201,71-8S. 
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CD44 jrosoforms in tumor progression and embryonic development 

.Helmut Ponta, Larry Sherman, and Peter Herrlich 

Forschungszentrum Karlsruhe, Institut für Genetik, Postfach 3640, D-76021 Karlsruhe, 
Gennany 

Despite tremendous efforts in the last decades, the identification of proteins that are 
exclusively expressed on tumor cells has not been successful. Interestingly, in several 
instances, tumors make use of proteins that are otherwise important in embryonic 
development, suggesting that such "fetooncoprotelns" confer functions to tumors that are 
predominantly required during embryogenesis (eg. migration, homing to specific tissues). 
Examples of such proteins are N-CAM, CEA and a recently ident!fíed, metastasis-specific 
marker, CD44v. CD44v describes a subgroup of the CD44 protein family . The members of this 
protein family are encoded by one gene, but differ in primary amino add sequence due to 
altemative splicing. The subgroup CD44vindudes all those members of the CD44 family 
that carry one or severa! of 10 "variant" exon sequences in the extracellular part of the 
transmembrane protein. In the smallest isoforrn, CD44s (standard), all these variant exon 
sequences are excised. 
Variants of CD44 have recently gained interest for severa! reasons : i) they are causally 
ínvolved in metastasis formation in rat systems<l>; ii) they are expressed on human mammary 
and colon carcinomas, and they predict poor prognosis<2l; and iií) they are transiently 
expressed on immune cells upon antigenic stimulation in vivo and in vítro and functional 
interference by CD44v-specific antibodies abolishes the immune responsé3>, 
Whereas CD44s is expressed on many different cells in the adult and during embryo 
development, the expression of CD44v is highly restricted to a few tissues. In embryos, the 
apical ectodermal ridge CAER), a structure composed of epithelial cells that induces limb 
formation in the neighbouring mesodermal layers, represenh "n exq\ti5ite ex!\mple. Th~: 
function of CD44v in AER is absolutely requlred for this induction process. 

1) Günthert, U., Hofmann, M., Rudy, W., Reber, S., ZOller, M., Haufimann,l., Matzku, S., 
Wenzel, A., Ponta, H., and Herrlich, P. (1991). Ce1165, 13-24. 

2) Sleeman, J., Moll, J., Sherman, L. , Dall, P., Pals, S. T., Ponta, H ., and Herrlich, P. (1994). 
Ciba Foundation Symposium, No. 189 on ''Cell adhesion and human disease", J. Wiley & 
Sons Ltd., Chichester, U .K. pp 142-156. 

3) Arch, R., Wirth, K., Hofmann, M., Ponta, H., Matzku, S., Herrlich, P., and Zóller, M. 
(1992). Science 257, 682-685 . 
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CROSSING THE DIGESTIVE BARRIER : IN VITRO RECONSTITUTION OF PEYER'S 

PATCH FOLLICLE-ASSOCIATED EPITHELIUM PROPERTIES ANO M CELL 

FORMATION. 

Pringault, E. 

ISREC and lnstitute of Biochemistry, University of Lausanne, CH-1 066 Epalinges, 

Switzerland (permanent address : lnstitut Pasteur, 25 rue du Dr. Roux, París, France). 

By sampling antigens and micro-organisms through the digestive barrier, M ce lis, 

found scattered in the follicle-associated epithelium (FAE) of intestinal Peyer's Patches 

(PP), have key role in the acquisition of a local, mucosa! immunity. Since M cells are a 

minority cell population, most studies have been restricted to morphological analyses, 

precluding biochemical studies. Furthermore, attemps to identify specific markers have 

failed. Whether M cells are of epithelial intestinal origin has been controversia!, and so far, 

has not been yet demonstrated. 

Our in vivo studies have shown that 1/mouse M cells express cytokeratins and villin 

but not vimentin, supporting their intestinal epithelial origin, 2/ that villin has a 

cytoplasmic distribution in M cells in contras! to adjacent absorptive enterocytes, 

indicating that the F-actin network differs greatly in these two cells types, and 3/ that the 

cytoplasmic distribution of villin provides an additional criteria to identify M cells by 

optical microscopy (Kerneis et al, 1995). 

M cells establish intimate contact with underlying B and T lymphocytes, as well as antigen 

presenting cells . To explore the role of this lympho-epithelial contact on M cell 

differentiation, we decided to develop experimental models, in vivo and in vitro . 

We first tried to induce in vivo the formation of M cells from intestinal cells, by ectopic 

transfer of Peyer's patch lymphoid cells . 

1/ In vivo induction of Peyer's patch-like structures: freshly isolated lymphoid folli c le 

cells were injected under the duodenal mucosa of a recipient mouse, in a location devoided of 

endogenous follicle or PP. Alter severa! days, we have observed the formation of s tructures 

similar to PP. The epithelium covering these induced patches displayed the characteristics of 

FAE and contained typical M cells. In contras!, the injection of thymocytes of three month old 

mice did not induce these structures. FAE and M cell differentiation could th erefore be 

specifically induced from any intestinal crypt from which normally originate a villus-type 

differentiation . 

Thus, we tried to establish ce-culture conditions with immnune and epithelial cells which 

mimic the in situ situation. 
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21 In vitro induction o! FAE properties: a ca-culture system composed of intestinal cells 

and follicle cells has been developed. Caco-2 clone1 cells, selected for a well developed 

homogenous brush-border and a widespread sucrase-isomaltase expression (Costa de 

Beauregard et al, 1995), were grown up-side-down on 3 Jlm porous filters . After 

confluency, lymphoid follicle cells were introduced in the basolateral chamber and co

cultured with intestinal cells for 1 to 7 days. Follicle cells passed through the filter, 

digested the extracellular matrix and homed into the epithelial monolayer. Epithelial 

polarity and tightness were maintained. We observed that decrease o! apical expression o! 

sucrase isomaltase, disorganization o! the brush border, and occasional apparition o! apical 

membrane ruffles were correlated with the homing o! lymphoid follicle cells . These changes 

in apical surface properties were followed by the acquisition o! a vectorial (apical to 

basolateral) translocation o! inert particles (lluorescent latex beads) . Thus, lympho

epithelial contacts have converted well differentiated villus-type absorptive enterocytes 

into epithelial cells sharing structural and functional properties with FAE and M cells. 

Such experimental models for the induction o! M cell properties will be used to study 

lympho-epithelial contact and translocation o! micro-organisms at the molecular leve!. 

1. Costa de Beauregard M.A., Pringault E, Robine S., and Louvard D. (1995) Suppression of 

vil/in expression by antisense RNAs blocks brush-border assembly in CaC02 intestinal cel/s 

and impairs the apical insertion of sucrase-isomaltase. EMBO J., 14, 409-421. 

2. Kerneis, S. , Bogdanova . A.N., Kraehenbuhl, J.P. and Pringault, E. (1995) Cytoso/ic 

redistribution of vil/in in M cells of the intestinal Peyer's patches corre/ates with the 

absence of brush-border. Gastroenterology, in press. 
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MET:HGF/SF, TUMORIGENESIS ANO METASTASIS 

Sing Rong 1 , Michael Jeffers1
, Lawrence A. Donehower-2, Marc F. Hansen 3 , Louise 

Strong3
, James H. Res a u 1, Eric Hudson 1, llan Tsarfaty', and George F. V ande Woude 1 . 

1ABL-Basic Research Program, NCI-FCRDC, Frederick, MD; 2Division of Molecular 
Virology, Baylor College of Medicine, Houston, TX 77030; 3Department of Molecular 
Gene~ics, University of Texas, M.D. Anderson Cancer Center, Houston, TX 77030. 

---------~---------------- · ---

The product of met protooncogene is the tyrosine kinase growth factor receptor for 
hepatocyte growth factor/scatter factor (HGF/SFl. The met protooncogene is 
expressed in most adult and embryonic tissues, especially in epithelial cells . HGF/SF 
is expressed predominantly by mesenchymal cells, stroma and fibroblasts, and is a 
paracrine mediator of mitogenic, motogenic, and morphogenic responses in epithelial 
cells expressing Met. The met protooncogene is amplified in spontaneous 
transformants of NIH/3T3 cells and overexpression of Met efficiently transforms 
NIH/3T3 cells. We have shown that this transformation is due to an autocrine 
mechanism ( 1). We have recently demonstrated that Met is overexpressed in human 
sarcoma cell lines as well as in primary sarcomas, suggesting that similar autocrine 
signaling may contribute to the development of these human tumors {2) . 

p53 is a potent regulator of cell growth and division and loss of its wild-type function 
is a majar step in the devetopment and progression of many human cancers. Mice 
heterozygous and homozygous for loss·of-function rmttations in p53 {p53 + 1· and 
p53 ·/·) appear normal at birth, but are highly predisposed to the development of a 
variety of tumors. Sarcomas occur at high frequency in p53-deficient mice as well 
as in individuals with Li-Fraumeni syndrome. 8oth human sarcoma tumors and 
sarcomas from the p53-deficient animals express high levels of Met (3) . We have 
shown that late passage fibroblast cell lines established from p53-deficient animals 
overexpress Met and can be tumorigenic in athymic nude mice, suggesting that 
progression occurs in vitro. The tumor explants display increased HGF/SF expression 
and Met turnover, indicating that autocrine Met activation is selected during the 
growth of the tumor. Thus, inappropriate Met expression · contributes to 
sarcomagenesis, and this event appears to be greatly enhanced by the loss of wild
type p53. Loss of p53 function does not by itself cause transtormation, but 
lnappropriate Met expression may be a leading factor in sarcomagenesis. 

The expression of mitogenic, motogenic, and angiogenic responses attributed to 
Met:HGF/SF signaling in a variety of tissues led us to ask whether sarcoma cells 
transformed through an autocrine mechanism are invasive and metastatic in vitro and 
in vivo (4) . Met:HGF/SF transformad NIH/3T3 cells are invasive in vitro and display 
enhanced pro tease activity necessary for the invasive phenotype. In experimental and 
spontaneous metastasis assays, these cells metastasize to the lung, but are also 
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invasive in other tissues such as the heart. diaphragm, salivary gland, and 

retroperitoneum (4). We have also shown that C127 mouse cells and SKLMS-1, a 

human leiomyosarcoma cellline, becomes invasive in vitro and metastatic in vivo with 

Met:HGF/SF paracrine or autocrine signaling, respectively. Moreover, we have shown 

that Met:HGF/SF activation in SKLMS-1 cells induces the expression of the urokinase 

plasminogen activator (uPA) proteolysis network and Met:HGF/SF signaling is, 

therefore , likely to contríbute to the generation of the invasive metastatic phenotype 

in these human sarcoma cells . 

Research sponsored in part by the National Cancer lnstitute, DHHS, under contract 

No. NO 1-C0-46000 with ABL. 

(1) Rong eta!. Mol Cell Biol 12:5152-5158, 1992 

(2) Rong eral. Cancer Research 53:5355-5360, 1993. 

(3) Rong et al. Cancer Research 55 :1963-1970, 1995 . 

(4) Rong et al. Proc Natl Acad Sci 91 :4731 -4735, 1994. 
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REGULATION OF EPITHELIAL SPECIFIC TRANSCRIPTION IN 
PAPILLOMAVIRUSES. 

Hans-Uirich Bernard, Mark O'Connor, and Doris Apt; lnstitute of 
Molecular and Cell Biology, National University of Singapore, Singapore 
0511. 

We are using papillomaviruses as a model system to understand 
epithelial specific transcription and differentiation. Papillomaviruses 
are causing a variety of epithelial neoplasias, and the association of 
sorne types, like HPV-16, with cervical cancer, makes them the most 
important viruses involved in human carcinogenesis . The 
epitheliotropism of papillomaviruses does not reside in the infection 
process, but in ~he specificity of the viral gene expression for 
epithelial cells. Strangely, the cis-reponsive elements that activate 
viral transcription are recognized by factors that are ubiquitous rather 
than unique for epithelial cells. This is reminiscent of similar 
observations made in transcriptional studies of keratin and other 
cellular genes expressed in epithelia. At least 6 different transcription 
factors bind the enhancers of different HPV types, namely AP1, NFI, 
OCT1, SP1, TEF1, and YY1. As these viruses have no sequences in 
common except these motifs, they are likely to represent the minimal 
complement to induce epithelial specific transcription, and the 
question is, why they fail to exert functions although they bind in non
epithelial cells. An important clue to understand this phenomenon 
comes from the NFI transcription factor family, which is derived from 
4 different genes. The NFI-C gene expresses the ubiquitous 
transcription factor CTF, while the NFI-X gene expresses a repressor, 
which antagonized the CTF function. This repressor is absent from 
epithelial ce lis, which results in a net-epithelial specific activation. 
Our research aims to understand why this repressor is not made in 
epithelial cells, additional epithelial specific mechanisms governing 
the synergism between CTF and heterologous transcription factors, and 
the role of these processes for regulation of cellular genes during 
epithelial differentiation. 
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CHARACTERIZATION OF NUCLEAR 
PROTEIN BINDING SITES IN THE PROMOTER OF HUMAN KERATIN 

K17 GENE 

Vladana Milisavljevic, I.M. Freedberg, M.Blumenberg 

The Ronald o. Perelman Department of Dermatology 
New York University Medical Center, New York, USA 

Keratin K17, while not present in healthy skin, is expressed under 

various pathological conditions, including psoriasis and cutaneous 

allergic reactions. The regulatory circuits involved in 

transcription of the human keratin K17 gene are poorly understood. 

To begin an analysis of the molecular mechanisms that regulate K17 

gene transcription, we have studied the interactions between the 

nuclear proteins and the promoter region of the human K17 gene. 

That promoter region contained 450 bp upstream from the translation 

initiation site . For the studies, we have used electrophoretic 

mobility shift assays, computer analysis, site-directed mutagenesis 

and DNA-mediated cell transfection . In addition to the previously 

characterized interferon ~ responsive elements, we have identified 

eight protein binding sites in the promoter. Five of them bind 

known transcription factors NFl, AP2 and Spl, and three others bind 

still unidentified proteins. Using site-directed mutagenesis, we 

have d e monstrated the importance of the protein binding sites for 

the promoter function involved in both constitutive and interferon-

induced expression of the K17 keratin gene. 
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THE MSP RECEPTOR GENE (RON) IS INVOLVED IN DEVELOPMENT OF 

EPITHELIAL, BONE ANO NEURO-ENDOCRINE TISSUES 

G.Gaudino\ V. Awantaggiato2
, A.Follenzi\ D. Acampara 2, A.Simeone2 and 

P.M.Comoglio1 

lnstitute For Cancer Research and Treatment (I.R.C.C.)\ University of Torino 
School of Medicine, and lnternational lnstitute of Genetics and Biophysics2

, Napoli. 

Macrophage Stimulating Protein (MSP) was originally isolated as a chemotactic factor 
for peritoneal macrophages. We previously showed that the MSP receptor is the 
tyrosine kinase encoded by the proto-oncogene RON. To elucidate the biological role 
of MSP we studied the expression of the Ron receptor in vivo, and the response to 
the factor in vitro. RON specific transcripts were detectable in the mouse liver from 
ear\y embryonallife (day 12.5 p.c.) through adult lite. Adrenal gland, spinal ganglia, 
skin, lung and - unexpectedly - ossification centers of developing mandible, clavicle 
and ribs were also positive at later stages (day 13.5-16.5 p.c.). From day 17.5 RON 

was expressed in the gut epithelium and in a specific area of the central nervous 
system, corresponding to the nucleus of the hypoglossus. In adult mouse tissues RON 
transcripts were observed in brain, adrenal glands, gastro-intestinal tract, testis and 
kidney. Epithelial, osteoclast-like and neuroendocrine cells express the Ron receptor 
and respond to MSP in vitro. In PC12 cells, while NGF induced growth arrest and 
morphological differentiation, MSP behaved as a strong mitogen.These findings show 
that the Ron receptor and its ligand are involved in the development of epithelial 
tissues, bones, and neuro-endocrina derivativas driving cells towards the proliferation 
program. 
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ACTJVATION OF PK·Ca PROMOTES TRANSLOCATJON OF E-CAOHERIN ANO 
CELL SCATTERING IN HT-29 M6 CELLS. 
Maria del Mont Lloaaa, Anouchka Skoudy, Oiga Coll, Eduard Batlle, Myriem 
Fabra y Antonio Garcra da Herreros. Departament d 'lmmunologia, lnstitut 
Municipal d'lnvestigació Medica, Barcelona. 

The intestinal cellline HT-29 M8 is able to differentiate after confluence 
to a mucosecretor phenotype ( 1). lncubation of this cell line with the phorbol 
aster TPA, an activator of the PK-C, induces the scattering of the cell colonias, 
effect accompanied by the decrease of the cell-cell contacte and the loss of the 
differentiation capacity (2, 3). · 

Here we show that TPA affects the localisation and levels of E-cadherin, a 
protein that playa !! crucial role in stablishing of the homotypical contacts (4). 
TPA promotes the· rapid dissociation of the cadherin from the citoskeleton and 
its posterior desappearance. Other proteins associated to E-cadherin such as a 
and 6 catenins· do not modify nor their asssociation with the citoskeleton neither 
their levels. 

The implication of the distinct PK-C isoforms in this effect was 
investigated using specific activators. TMT A, a phaJQOI est~! ,that only 
stimulates the subfamily of the calcium-sensitive PK~l: isoforms (cPK-Cs) (5), 
induces cellular scattering and the dissociation of tl')é cssdherin from the 
cytoskeleton with identical kinetics to TPA. Among tH·(/'·tPK-Cs activated by 
TMTA, only cPK-Ca was detectad in HT-29 M6 ce lis. The specificity of TMT A to 
cPK-Ca was verified using in vitro protein kinase assays and by its capacity to 
translocate and deplete only this isoform. 

Referances: 
1. Lessufleur et al. Canear Res. 5, 6334-6343 (1990). 
2. Fabre y Garcfa de Herreros. J. Cell. Sci. 106, 513-522 (1993). 
3. Garcra de Herreros et al. J. Cell. Sci. 105, 1165-1172 (1993). 
4. Takeichi. Ann. Rev. Biochem. 59,237-252 (1990). 
5. Kazanietz et al. Mol. Pharmacol. 44, 298-307 (1993). 
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ABSTRACT 

MOlECULAR CLONING OF A SET OF cDNAS OVEREXPRESSED 
DURINC EPITHELIAL COMMITTMENT ANO DIFFERENTIATION 

E.Nayarro, Ll. Espinosa, T. Adell, M.Tora, G. Berrozpe, F.X. Real. 
Dept. lmmunology, lMlM, C/ Dr Aiguader 80, 08003 Barcelona 

We have taken advantage of the distinct differentiat\on potentials of the 
HT-29 and HT-29/M6 cell lines to lsolate, by subtractive hybridization a 
group of cDNAs encodlng transcripts overexpressed in the committment 
and differentlation of HT29/M6 cells to the mucus-secreting phenotype 
(1). We isolated 54 cONA clones that were sequenced by their 5' end to 
generate a set of eplthelial ESTs. These cONA clones were classified In 
fou r groups: 1-transcri pts encoded by the m itochondri al genome (9 clones 
encodi ng the 125 mt-rRNA, 165 mt-rRNA, and cytochrome e oxidase)¡ 2-
transcrlpts that included anAl u repeat (10 clones}; 3-transcripts encoding 
components of the proteln syntheses machinery (23 clones encoding a 
number of ribosomal proteins and elongatlon factors)¡ 4-transcripts not 
included in any of the other groups (11 clones encoding ferritln, 
cytokeratln 18, TCHTP, the EMK klnase and severa! previously unknown 
proteins). Northern blot analysis showed the presence of HT29/M6-
speciflc mt-RNA precursors. Severa! of the clones encoded products 
greatly overexpressed in HT-29/M6 cells. In this sense, steady-state levels 
of the transcrlpts that included Alu repeats in their putative 3'UTR were 
higher in the HT-29/M6 cells than in HT-29 cells, suggesting a possible 
involvement of the Alu elements in the process of HT-29/M6 
d lfferentiatlon. 
1- Navarro,E., Espinosa,LI., Adell, T., Tora, M., Berrozpe, G., and F.X. 
Real. (1995). Submitted to publlcation. 
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HEPATOCYTE GROWTH FACTOR-INDUCED SCATTERING · ¡s 
ASSOCIATED WITH DOWN-REGULATION OF E-CADHERIN ANO 
APC. Rosanna Pacjucci. Montse Tora, Víctor Díaz, and Francisco X. Real. lnstitut 
Municipal d'lnvestigació Medica, 08003-Barcelona (Spain). · 

Hepatocyte growth factor (HGF) is a potent mitogen for normal exocrina 
pancreas cultures (1). In addition, c-met and HGF levels are up-regulated in 
pancreas cancer tissues (2), suggesting their participation in pancreas cancer 
progression. · 

We have examinad the motogenic effect of HGF on pancreas cancer cell 
lines displaying differentiated or undifferentiated features (3). Differentiation was 
défined on the basis of morphological aspect and growth pattern, ultrastructure, 
development of transmonolayer resistance, and expression of differentiation 
markers. 

Only 1/5 celllines examinad (IMIM-PC-2) responded to HGF with 
scattering; however, this effect was only observad when cells were cultured on 
plastic in the presence of <1% FBS. Although HGF-induced scattering results 
from the loss of intercellular contacts, no clear effects on E-cadherin expression 
have been reported. We have used immunofluorescence to examine the 
expression of E-cadherin, and other cell surface proteins involved in cell 
adhesion (APC, CEA, and MUC1), in cells undergoing scattering. The levels of 
cytoskeleton-associated E-cadherin were much lower in IMIM-PC-2 cells culturad 
in FBS-free medium than -¡¡, cells culturad in medium supplemented with 1 o % 
FBS. Treatment of serum-starved IMIM-PC-2 cells with HGF for 1 h resultad in the 
down-regulation of E-cadherin, detectad using western blotting; after 24 h of 
treatment, cell surface E-cadherin and APC were undetectable by 
immunofluorescence. EACA inhibited the motogenic effect of HGF and this effect 
was accompanied by an increase in the levels of E-cadherin and APC in areas of 
cell-cell contacts; in contrast, the levels or distribution of CEA or MUC1 were not 
alterad. Similar effects were observad when IMIM-PC-2 cells were exposed to 
EACA in the absence of HGF. 

IMIM-PC-2 cells constitutively express uPA and treatment with HGF led to 
an increase in the levels of uPA, but not of tPA, transcripts. 

These results suggest that: 1) serum starvation affects the motogenic 
response to HGF, possibly by down-regulating cytoskeleton-associated E
cadherin, 2) scattering is accompanied by changas in the cell surface expression 
of E-cadherin and APC, and 3) induction of uPA may contribute to the decreased 
expression of cell adhesion molecules. 

REFERENCES 

1. Vilá MR, Nakamura T, Real FX. HGF is a potent mitogen for normal human 
exocrina pancreas cells in culture. Lab. lnvest. 1995 (In press). 
2. Vilá MR, Lloreta J, Schüssler MH, Berrozpe G, Welt S, Real FX. New pancreas 
cancer celllines that represent distinct stages of ductal differentiation. Lab. lnvest. 
1995; 72:395-404. 
3. Vilá MR, Adell T, Nakamura T, Real FX. c-met/HGF in exocrina pancreas 
cancer: Relationship to cell differentiation and neoplastic transformation. 
Submitted for publication. 
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EPITHELlAL-MESENCHYMAL TRANSITION: influence of the cell 
cycle position in FGF1-scattering effect by: C. Rebut-Bonneton, 
J.P. Thiery and B~ Boyer. UMR 144, CNRS, lnstitut Curie. 12 rue 
Lhomond 75005 :rarís 

The rat bladder carcinoma cell line NBT -11 exhibits two 
mutually exclusive responses to acidíc FGF (FGF1 ): at high cell 
density, FGFl is a potent mitogen that drives cells into the S 
phase whereas, at low density, FGF1 acts as a scattering agent 
that converts the epithelial NBT-11 cells into fibroblastic-like 
motile ce lis. Beca use of these FGF 1 properties, we 
investigated w~ether the scattering effect of FGF1 could 
depend on the p-osition of cells in the cell cycle. 

Cell synchronrzation was realized by two different ways: 
serum deprivation or, addition into the culture medium of 
agents like Iovastatin and aphidicolin which arrest cell 
progression into cell cycle at different positions. Lovastatín 
is known to arrest cells at early Gl , whereas aphidicolin 
,which prevents mitotic cell divisíon by interfering with the 
activity of DNA .polymerase, arrests cells at late Gl. 

lf cells were synchronized at GO by serum deprivation, at 
early G1 or at late Gl , they scattered more readily in response 
to FGFl than unsynchronized cells. We can therefore 
hypothesize that FGF1 drives cells towards a critica! point in 
Gl · phase after which cells are directed to erther cell 
dispersion (for ·tow density culture) or mitogenesis (for high 
density culture).. This hypothesis is currently examined by 
measuring sorne parameters which are known to be modulated 
throughout the .:cell cycle: MAPK activity, cyclin D and A levels 
or activities ar;¡d phosphorylation of retinoblastoma protein. 
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Identification of a 210 kD protein that is specific to differentiating 

human keratinocytes and is a new member of the desmoplakin/ 

BP A/plectin gene family 

Ouistiana Ruhrberg and Fiona M. Watt 

We have identified a new protein, p210, that is highly homologous to the 

intermediate filament assodated proteins desmoplakin, plectin and bullous 

pemphigoid antigen (BPA) and is a new member of this protein family . 

Desmoplakin and BPA appear to be involved in the anchoring of keratin 

filaments to cell adhesion structures. Whereas BPA can only be found in the 

hemidesmosmes of basal keratinocytes, desmoplakin has a more widespread 

tissue distribution and is present in all living layers of the epidermis. In contrast, 

the localistion of the p210 protein is restricted to the upper !ayers of the skin, and 

the expression of the p210 mRNA is upregulated during the differentiation of 

keratinocytes. We have evidence that the p210 protein is membrane associated, 

and we furthermore know that it becomes crosslinked into the cornified envelope 

which is assembled under the cell membrane. Interestingly, the p210 protein also 

contains a regían homologous to the desmoplakin domain that has recently been 

shown to mediate the binding of specific keratins. The role of the p210 protein 

may therefore be to anchor differentiation-spedfic keratins and the cornified 

envelope to the cell membrane, a functíon that would appear crucially important 

for the architecture of terminally differentiated keratinocytes. We are currently 

investigating whether the p210 protein is able to bind differentiation-specific 

keratins. 
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HENRIK SEMB 

Department of Microbiology, Umea University 
S-901 87 Umea (Sweden) 

CADHERINS REGULATE CELL·CELL INTERACTIONS IMPORTANT FOR 
MORPHOGENESIS OF THE ENDOCRINE PANCREAS. 

In this study we ha ve investigated the importance of cadherins for cell-cell 
interactions mediating tha organization of endocrina cells into pancreatic 
islets of Langerhans in transgenic mice. Truncated mouse E-cadherin, with 
nearly all its axtracellular amino acids delatad, was overexpressed in 
pancreatic ~-cells in transgenic mice. The E-cadherin mutant competed with 
endogenous E-cadherin (and possibly other cadherins) for intaractions with 
cytoplasmic components, which resulted in removal of cadherin(s) from the 
cell surtace of most P-cells during early stages of pancreas ontogeny. At 
E 17.5-18.0 in m ice, when islets normally organize their cell types into a 
characteristic cell-architecture, transgenic ~-cells were found disparsed in the 
tissue as intarstitial clusters and individual cells. a-Ce!ls selectively 
aggregated into islet-like clusters devoid of B-cells. Thus, we have for the first 
time showed, in vivo, that E-cadherin and potentially other cadherins regulate 
adhesive properties of ~-calls which are essential for the aggregation of 
endocrine cells into íslets, and possibly also tor the organization of islets. ~
ce lis which expressed high levels of truncated E-cadherin increased their 
expression of ~-catenin. Surprisingly, between E17.5-18.0 and birth the 
number ot ~-cells which expressed enough of the mutant to compete out 
cadherin-activity rapidly decrease. We have indirect evidence that 
downregulation of the mutant occured at a transcriptional level. Endocrina 
cells are then organizad into normal islets. The adult transgenic show no 
signs of pancreas deficiencies. 
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Somatic Gene Therapy for Cystic Fibrosis by Epithelial Stem Cell 
Mutation Correction . 

Euan M. Slorach, David J. Porteous and Julia R. Dorin 
Molecular Genetics Section, MRC Human Genetics Unit, Westem General Hospital, 

Crewe Road, Edinburgh EH4 2XU. United Kingdom. 

Cystic fibrosis (CP) is caused by a mutation in the cystic fibrosis transmembrane 

conductance regulator (CFTR) gene wbicb encodes a cAMP regulated chloride ion cbannel. 

Abnormal ion transport across epithelial cell membranes results in abnormal water and ion 

transport giving rise to highly vi:;cous mucoid secretions in exocrine tissues. The re. ~ultin g 

complications lead to premarure death primarily as a result of chronic pulmonary infection. 

Gastrointestinal problems also contribute_to the morbidity with 10-20% of patients suffering 

from meconium ileus and/or recurren! intestinal obstruction in later life. Curren! gene 

thentpy strategies for CF are direckd primarily at the respiratory epithelium and are by no 

means perfect. .They face problems of targeting gene delivery to the corree! cell type, 

efficiency and frequency of delivery. possible immune response to gene delivery vectors and 

expression profl.les very different to that of wild type CFíR. In an attempt to overcome the 

various problems enCOWJtered by curren! CF gene therapy strategies we aim to correct the 

Cftr mutation in intestinal epithelial stem cells of the CF mouse model using homologous 

recombination before ultimately grafting the cells baclc into the mouse intestine. The goal of 

this approach is to obtain functional wild type Cftr in intestinal tissue under the control of its 

endogenous promoter sequences. This will allow corrected Cftr to be expressed there with 

the same precise temporal and spatial control as heterozygote mice which show no 

phenotype. At the same time, by targeting the crypt stem cells the treatment should in vol ve a 

single delivery . 

To this eod intestinal epithelial stem cells from the mouse will be grown in primary cultures 

where they will be targeted. Cells ll1\ich have been targeted will be selected for before being 

grafted into the mouse, eitber sut>.:utaneously or onto denuded intestinal muscle. This 

tcchnique of intestinal stem cell grafting has already been shown to generate neomucosa ie. a 

circumferential layer of epithelium which contains crypt/villus structures. The neomucosa 

has been characterized by othcrs and shov.n to display progressive cytodifferentiation, brush 

border enzyme expression and the pre.o;ence of al! cell types. 

Targeting vectors are currently under construction for correction of the Cftr mutation. The 

primary culture teehnique for small intestinal epithelium is now established using mouse 

tissue and characterisation of cell types is under way. Subcutaneous grafting of stem cells 

into syngeneic mice has recently beeu attempted. 
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EPITHELIAL KEMBRANE PROTEIN-1 IS 
EXPRESSED IN GASTRIC PIT EPITRELIA 

VERDON TAYLOR 

Cell Biology Institute, E'nf, HOnggerber, HPM E·26 

CH-8093 Zürich (Switzerland) 

Peripheral myelin protein 22 (PMP22l is expressed in many tissues of eplthelial origin but 

mainly by Schwann cells as a componen! of compact myelin of the peripheral nervous system 

(PNSl. Mutations affecting PMP22 including gene duplications, deletions and point mutations 

are associaled with heredítary motor and sensory neuropathles. Allhough these phenotypes are 

restricted to the PNS, PMP22 is thought lo play a dual role in myelin formation and in cell 

proliferation. One hypothesis for the lack of phenotype outside of !he peripheral nervous 

system is compensatory mechanisms via relaled molecules. 

Ne have cloned and characterized epithelial membrane protein-1 (EMP-1), a putative four

transmembrane protein of 160 amino acids wilh 40% amino acid identity lo PMI'22. EMP-1 and 

PMP22 are co-expressed in most tissues wilh !he exception of lhe liver where neither can be 

detected. EMP-1 is prominenUy expressed in lhe gastrointestinal trae!, skin, lung and brain. In 

!he corpus gastricum, EMP-1 protein can be localised to epithelial cells of lhe gastric pit and 

isthmus of !he gastric gland with a plasmamembrane associated sub-cellular distribution. 

PMP22 was also identified as !he growlh arres! specific sequence-3, (gas3). We show that EMP·l 

and PMP22 mRNA levels are inversely regulated in lhe degenerating rat scialic nerve after 

injury and by growth arreS! in NIH3T3 fibroblasts, wilh EMP-1 becomming more prominant in 

!he proliferative cell slate. These data support a finding of upregulation of an untra!llilated 

region of the EMP·l mRNA upon serum induced entry into G1 phase of !he cell cycle. These 

findings and !he, expression of EMP-1 in lhe proliferation and differentiation zones of !he 

gastric mucosa propases an intriguing link with epilhelial cell differentiation state. 

Our discovery of EMP·l as !he second member of a novel gene family led lo !he identification 

of !he lens-specific ntembrane protein 20 (MP20) as a third but distan! relative. The proteins of 

this family are like!y to serve similar functions related lo cell proliferalion and differentiation 

in a variety of cell types and may be able to compensate functionally for mutations in other 

family members. 
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Growth racton and dltrereotiation promoters rnodolate . the cytoskeletal 
orgaulzattqn during the epithelia.l-mesenchymal tramltloa of cultofed aeonatal rat 
hepaCo<:ytes. 

Roser Pagan, Isabel Martín, Miquel Uobera and Senén Vilaró 
Dept. Biología CeUulsr, Fac. Biologia, Univ. Barcelona, 08028 Barcelona. Tf. (93) 
4021550 

N:eonatal rat hepatocytes when cultured for different times in the absence of 
added growth factors lose some of their typical dífferentiation tnarkers (albumin, a

·. Íet(lprotein, glutathione--S transferue subunit pi) and acquire a migrating morphology. 
· · Previous studies from our )aboratory have demonstrated that they dedifferentiate by 
·_ epithelial-m~ymal transition. This event involve a change in. the expr~ion of the 

iutéimediate filament (If) proteins and a excltange between pre.existing cytokeratin 
. netWt:>rk by Yitnentin filaments. ·· · · 
· · COnfocal ~ing laser microscopy was u.~to determindhe spatial distnbution 

• of .cj:1okeratin ·$Dd vimentin IF networlcs. Vrtnentin expressing hepatocytes were mainly 
. _10c:ated on t1te perípbety of epithelial clusters an4 presented a niigmtórY tnorpbology, 
· ~ting that ~tin expression was related to the IosS -óf Ccllicell contact. 
~ and vertical dual imaging of double immunofluorescence with anti-vimentin 

. aridantkytokeratin antrOodies indicated that both filament colocaliU-strongly. Three· 
dimt:nsional tCconstruction of optical sections revealed that newly synthesized ·vimentin 
assembled foUowing the pre--existing cytokeratin network: an<4 : wheii present, both 
fililtnents scaffolds rodistributed inside cultured hepatocytes. · 

To detennine the possible role of dedifferentiating and diffetentiating . factors in 
. the ePithelial-mesenchymal transition of cultured neonatal rat hepatocytes we grow Ji ver 
: cells in piesence ofEGF (lOng/mi), HGF(S ng/ml), TGF-13 (05nglml), dimethylsulfoxide 
· .. (DMSO) (2%) a~ nicotinamide (10m M). Both growth factors (HGF aild EGF) induced 
. bigheévimentin expression in cultured neooatal rat hepatocytes compared to non-treated 

cultures. However, while vimentin-induced EGF-treated cells • had . an epithelial 
moiphology, viment.in-induced HGF-treated cells presented a fibroblastíc morphology. 
·1n ilddition, EGF-treatment retain albumin expression for long time ill cultured 

· hepawcy~. TGF~ induce coexpression of vimentin and cytoke~atin · . up- to 24h of 
· culture and late:r .the number of hepatocytes in the culture were ·eollsiderably reduced, 
. ·SUggesting that TGF-~ rould triggers cell death. In contrast, DMSO and nicotinamide 
~ (tVro. difterentiating factors) inhibited vimentin expression in . coltur~d neonatal 
· ~atocytes and retain their epithelial morphology even after 1 week in culture. Thus, 
. differentiating factors inhibit the epithelial-mesenchymal transition of cultured neonatal 
rat hq>atocytes. . 

. . _These ~t,a provide evidence that the EMf could be regulaied by growth and 
differentiating faciors and suggest that the EMT capacity of neonatálliver cells could have a direct ~uences on the differentiation f¡rogrnm that the neonaialh epatocytes rónow d uring postnatal OO.velopment. . . . . . . . . . 
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by the 
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·246 Workshop on Tolerance: Mechanisms 
and lmplications. 
Organizers: P. Marrack and C. Martínez-A. 

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

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

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

·251 Lecture Course on Approaches to 
Plant Development. 
Organizers : P. Puigdoménech and T. 
Nelson. 

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

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

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

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

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

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

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

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

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

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

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

·254 Workshop on Yeast Transport and 
Energetics. 
Organizers : A. Rodríguez-Navarro and 
R. Lagunas. 

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

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

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

Texts published by the 

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

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

CENTRE FOR INTERNATIONAL MEETINGS ON BIOLOGY 

Workshop on What do Nociceptors *10 Workshop on Eng i neering Plants 
Tell the Brain? Against Pests and Pathogens. 
Organizers: C. Belmonte and F. Cerveró. Organizers: G. Bruening , F. García-

Olmedo and F. Ponz. 
*2 Workshop on DNA Structure and 

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

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

paring for the Twenty-First Century. Vega. 

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

Negative Stranded ANA Viruses. 
*4 Workshop on the Past and the Future Organizers : G. W. Wertz and J . A. 

of Zea Mays. Melero. 
Organizers: B. Burr, L. Herrera-Estrella 
and P. Puigdomenech. *13 Workshop on Approaches to Plant 

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

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

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

anisms in Evolutionary Perspectiva. *15 Workshop on Signal Transduction by Organizers: P. Bateson and M. Gomendio. 
Growth Factor Receptors with Tyro-

*7 Workshop on Transcription lnitiation sine Kinase Activity. 
in Prokaryotes Organizers: J. M. Mato and A. Ullrich. 
Organizers: M. Salas and L. B. Rothman-
Denes. 16 Workshop on lntra- and Extra-Cellular 

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

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

9 Workshop on Control of Gene Ex- *17 Workshop on Cell Recognition During 
pression in Yeast. Neuronal Development. 
Organizers : C. Gancedo and J. M. Organizers : C. S. Goodman and F. 
Gancedo. Jiménez. 
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18 Workshop on Molecular Mechanisms 
of Macrophage Activation. 
Organizers: C. Nathan and A. Celada. 

19 Workshop on Viral Evasion of Host 
Defense Mechanisms. 
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
Bameo. 

*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 Regeneratíon of the Braín During 
Normal Aging. 
Organizers: P. D. Coleman, F. Mora and 
M. Níeto-Sampedro. 

25 Workshop on Genetíc Recombínatíon 
and Detective lnterfering Partícles 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, Dífferentíatíon and 
Development. 
Organízers: J . Downward, E. Santos and 
D. Martín-Zanca. 

28 Workshop on Human and Experi
mental Skin Carcinogenesis. 
Organízers: A. J . P. Kleín-Szanto and M. 
Quintanilla. 

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

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

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

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

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

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

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

36 Workshop on Flower Development. 
Organizers: E. Caen, 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: A. Fischer and A. Arnaiz
Villena. 

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 Lau ro , 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. 

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 

and Experimental Courses, Seminars, 
Symposia and the Juan March Lectures on Biology. 

From 1988 through 1995, a 
total of 83 meetings and 7 

Juan March Lecture Cycles, all 
dealing with a wide range of 
subjects of biological interest, 

were organized within the 
scope of the Centre. 



The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 9th through the 11th of October, 1995, 
at the Instituto Juan March. 

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

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


