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(57) ABSTRACT 
The Snail transcription factor has been identi?ed as a 
repressor of the expression of E-cadherin. The expression of 
Snail induces invasive and metastatic capacity in tumour 
cells. This invention presents: a neW target protein, Snail, for 
the identi?cation of neW antitumoral compounds and a neW 
diagnostic tumour marker, indicative of tissue invasion and 
metastatic capacity. 
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SNAIL, A NEW MARKER FOR TUMOUR 
INVASION AND TARGET PROTEIN OF NEW 

ANTITUMORAL COMPOUNDS 

INVENTION SECTOR 

[0001] Biomedicine. Target protein for antitumoral com 
pounds. System for identi?cation of candidates for antitu 
moral compounds. 

[0002] Tumour invasion and metastasis markers, their use 
as diagnostic markers of the disease and as a guide to 
medical professionals in the selection or evaluation of 
treatments. 

PRIOR ART 

[0003] The protein E-cadherin has not only been shoWn to 
mediate intercellular adhesion of epithelial cells during 
embryonic development and in adult tissues, but also to be 
implicated in the phenotypic transformation observed in 
epithelial tumours during their progression into invasive 
tumours. In this process of invasion by the tumour cells, 
expression of the protein E-cadherin is reduced or abolished 
and this loss is associated With the acquisition of migratory 
properties. Functional alterations of E-cadherin and/or its 
associated proteins, catenins, have been associated With 
de-dilferentiation and greater aggressivity of tumours 
[Takeichi, M. Cadherins in cancer: implications for invasion 
and metastasis. Curr. Op. Cell Biol. 5, 806-811 (1993); 
Birchmeier, W. & Behrens, 1. Cadherin expression in car 
cinomas: role in the formation of cell junctions and the 
prevention of invasiveness. Biochim. Biophys. Acta 1198, 
11-26 (1994)] and have even been seen to be implicated in 
the transition from adenomas to invasive carcinomas [Perl, 
A. K., P. Wilgenbus, U. Dahl, H. Semb & Christofori, G. A 
causal role for E-cadherin in the transition from adenoma to 
carcinoma. Nature 392, 190-193 (1998).]. For all of these 
reasons, the E-cadherin gene has been considered to be a 
tumoral invasion suppressor gene [Frixen, U. H., et al. 
E-cadherin-mediated cell-cell adhesion prevents invasive 
ness of human carcinoma cells. 1. Cell Biol 113, 173-185 
(1991); Vleminckx, K., Vakaet, L. 1., Mareel, M., Fiers, W. 
& Van Roy, F. Genetic manipulation of E-cadherin expres 
sion by epithelial tumor cells reveals an invasion suppressor 
role. Cell 66, 107-119 (1991); Miyaki, M. et al. Increased 
cell-substratum adhesion, and decreased gelatinase secretion 
and cell groWth, induced by E-cadherin transfection of 
human colon carcinoma cells. Oncogene 11, 2547-2552 
(1995); Llorens, A. et al. DoWnregulation of E-cadherin in 
mouse skin carcinoma cells enhances a migratory and inva 
sive phenotype linked to matrix metalloproteinase-9 gelati 
nase expression. Lab. Invest. 78, 1-12 (1998).] so that the 
molecular mechanisms Which control its expression or func 
tion are of the utmost importance in increasing our knoWl 
edge of tumour invasion processes. 

[0004] Expression of the E-cadherin gene is regulated by 
several elements located in the 5' proximal region of its 
promoter [Behrens, 1., LoWrick, O., Klein, H. L. & Birch 
meier, W. The E-cadherin promoter: functional analysis of a 
GC-rich region and an epithelial cell-speci?c palindromic 
regulatory element. Proc. Natl. Acad. Sci. USA 88, 11495 
11499 (1991); RingWald, M., Baribault, H., Schmidt, C. & 
Kemler, R. The structure of the gene coding for the mouse 
cell adhesion molecule uvomorulin. Nucleic Acids Res. 19, 
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6533-6539 (1991); Bussemakers, M. 1., Giroldi, L. A., van 
Bokhoven A. & Schalken, 1. A. Transcriptional regulation of 
the human E-cadherin gene in human prostate cancer cell 
lines: characteriZation of the human E-cadherin gene pro 
moter. Biochem. Biophys. Res. Commun. 203, 1284-1290 
(1994); Giroldi, L. A. et al. Role ofE-boxes in the repression 
of E-cadherin expression. Biochem. Biophys. Res. Com 
mun. 241, 453-458 (1997)]. Of these, the E-pal element, 
Which contains tWo E-boxes, has been identi?ed in the 
E-cadherin promoter in mice (betWeen positions —90 and 
—70) and is important because it acts as a repressor in normal 
cells and transformed cells de?cient in E-cadherin [Behrens, 
1., LoWrick, O., Klein, H. L. & Birchmeier, W. The E-cad 
herin promoter: functional analysis of a GC-rich region and 
an epithelial cell-speci?c palindromic regulatory element. 
Proc. Natl. Acad. Sci. USA 88, 11495-11499 (1991); Hen 
nig, G., LoWrick, O., Birchmeier, W & Behrens, 1. Mecha 
nisms identi?ed in the transcriptional control of epithelial 
gene expression. 1. Biol. Chem. 271, 595-602 (1996); 
Faraldo, M. L., Rodrigo, I., Behrens, 1., Birchmeier, W & 
Cano, A. Analysis of the E-cadherin and P-cadherin pro 
moters in murine keratinocyte cell lines from different stages 
of mouse skin carcinogenesis. Mol. Carcinog. 20, 33-47 
(1997); Rodrigo, I., Cato, A. C. B. & Cano, A. Regulation of 
E-cadherin gene expression during tumor progression: the 
role of a neW Ets-binding site-and the E-pal element. Exp. 
Cell Res. 248, 358-371 (1999)]. The transcription factors 
Which interact With this element or in the corresponding 
region of the promoter of the human cadherin gene [Bus 
semakers, M. 1., Giroldi, L. A., van Bokhoven A. & 
Schalken, 1. A. Transcriptional regulation of the human 
E-cadherin gene in human prostate cancer cell lines: char 
acteriZation of the human E-cadherin gene promoter. Bio 
chem. Biophys. Res. Commun. 203, 1284-1290 (1994); 
Giroldi, L. A. et al. Role of E-boxes in the repression of 
E-cadherin expression. Biochem. Biophys. Res. Commun. 
241, 453-458 (1997)] are unknoWn. 

[0005] Potential transcription factors Which are repressors 
of the expression of the E-cadherin gene could be of great 
value in the identi?cation of neW antitumoral candidates 
Which act by inhibiting the function of these factors, and 
consequently the invasive and metastatic process. Further 
more, their presence could be used as markers of tumour 
spread and malignancy. 

DESCRIPTION 

BRIEF DESCRIPTION 

[0006] The transcription factor Snail has been identi?ed as 
a repressor of the expression of E-cadherin, as it has a direct 
interaction With the E2 box of the E-pal element of the 
promoter. The ectopic expression of Snail in epithelial cells 
induces epithelial-mesenchymal transition and the acquisi 
tion of migratory properties concomitant With inhibition of 
E-cadherin expression and the loss of other epithelial dif 
ferentiation markers. This invention presents and includes 
the folloWing: 

[0007] a neW target protein for the identi?cation of neW 
antitumoral compounds, and 

[0008] a neW marker of tumour invasion and metastasis 
and its application as a diagnostic marker of the disease 
and as a guide to medical professionals in the selection 
or evaluation of treatments. 
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DETAILED DESCRIPTION 

Snail is a Transcription Factor Which Acts as a Direct 
Repressor of E-cadherin Expression 

[0009] Identi?cation of transcription factors Which inter 
act With the E-pal element Was undertaken by means of a 
one-hybrid approximation using the mouse E-pal sequence 
(—90/—70) oligomerised to direct the expression of the HIS3 
gene of S. cerevisiae as bait and a cDNA gene library of 
NIH3T3 fused to the GAL4 activation domain as a prey. A 
total of 130 clones Were isolated, capable of interacting With 
(and directing the transcription of the reporter gene HIS3) 
the construction containing the native E-pal element; they 
did not recognise the mutated oligomeric element. This 
mutated form of the E-pal element contains 2 modi?ed bases 
(TT instead of GC) Which eliminate the E2 box. This 
mutated form has been described as being responsible for 
abolishing the repressor effect in the E-cadherin promoter in 
mice (Hennig, G., LoWrick, O., Birchmeier, W. & Behrens, 
J. Mechanisms identi?ed in the transcriptional control of 
epithelial gene expression. J. Biol. Chem. 271, 595-602 
(1996); Faraldo, M. L., Rodrigo, I., Behrens, 1., Birchmeier, 
W & Cano, A. Analysis of the E-cadherin and P-cadherin 
promoters in murine keratinocyte cell lines from different 
stages of mouse skin carcinogenesis. Mol. Carcinog. 20, 
33-47 (1997). 

[0010] Sequentiation of the isolated clones revealed that 
49% of them contained inserts Which encoded the complete 
or partial sequence of the mouse Snail cDNA [Nieto, M. A., 
Bennet, M. E, Sargent, M. G. & Wilkinson, D. G. Cloning 
and developmental expression of Sna, a murine homologue 
of the Drosophila snail gene. Development 116, 227-237 
(1992); Smith, D. E., Del Amo, F. F. & Gridley, T. Isolation 
of Sna, a mouse homologous to the Drosophila gene snail 
and escargot: its expression pattern suggests multiple roles 
during postimplantation development. Development 116, 
1033-1039 (1992)], While one single clone encoded a partial 
sequence of the mouse Slug cDNA. 

[0011] To determine the effect of Snail as a transcription 
factor in the context of the proximal region of the E-cadherin 
promoter (—178/+92), the complete sequence of Snail DNA 
Was subcloned in an expression vector (pcDNA3) and its 
activity Was analysed by cotransfection in tWo mouse epi 
dermal keratinocyte cell lines, MCA3D and PDV. Both lines 
had previously been characterised as having a high level of 
E-cadherin expression and promoter activity [Faraldo, M. 
L., Rodrigo, I., Behrens, 1., Birchmeier, W & Cano, A. 
Analysis of the E-cadherin and P-cadherin promoters in 
murine keratinocyte cell lines from different stages of mouse 
skin carcinogenesis. Mol. Carcinog. 20, 33-47 (1997); Rod 
r1go, 

[0012] I., Cato, A. C. B. & Cano, A. Regulation of 
E-cadherin gene expression during tumor progression: the 
role of a neW Ets-binding site and the E-pal element. Exp. 
Cell Res. 248, 358-371 (1999); Navarro, P. et al. Arole for 
the E-cadherin cell-cell adhesion molecule in tumor pro 
gression of mouse epidermal carcinogenesis. J. Cell Biol. 
115, 517-533 (1991)]. Cotransfection of Snail in MCA3D 
cells (FIG. 1A) and PDV (FIG. 1B) produced strong repres 
sion of the native E-cadherin promoter (95% and 75%, 
respectively), but not of the promoter containing the mutated 
E2 box (FIG. 1). These results con?rm those obtained by the 
one-hybrid screening method and demonstrate that Snail is 
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a direct repressor of the transcription of the E-cadherin gene 
acting through its binding to the E2 box of the E-pal element. 

Snail Induces the Fibroblastic Conversion of Epithelial Cells 
and the Acquisition of Migratory Properties 

[0013] To obtain more information about the role of the 
Snail protein in the regulation of the E-cadherin gene and its 
participation in epithelial-mesenchymal transition, it Was 
ectopically expressed in several cell lines. Transient expres 
sion of Snail Was initially analysed in the keratinocyte lines 
MCA3D and PDV, Which offer the advantage of being able 
to groW in isolated groups, establishing strong intercellular 
contacts mediated by E-cadherin even at loW density, and 
exhibit very loW cell motility [Navarro, P. et al. Arole for the 
E-cadherin cell-cell adhesion molecule in tumor progression 
of mouse epidermal carcinogenesis. J. Cell Biol. 115, 517 
533 (1991); LoZano, E & Cano, A. Cadherin/catenin com 
plexes in murine epidermal keratinocytes: E-cadherin com 
plexes containing either b-catenin or plakoglobin contribute 
to stable cell-cell contacts. Cell Adh. Commun. 6, 51-67 
(1998); Gomez M., Navarro P. & Cano A. Cell adhesion and 
tumor progression in mouse skin carcinogenesis: increased 
synthesis and organiZation of ?bronectin is associated With 
the undifferentiated spindle phenotype. Invasion & Metasta 
sis 14, 17-26 (1994); Frontelo, P. et al. Transforming groWth 
factor b1 induces squamous carcinoma cell variants With 
increased metastatic abilities and a disorganiZed cystoskel 
eton. Exp. Cell Res. 244, 420-432 (1998)]. The overexpres 
sion of Snail eliminated intercellular contacts Within the 
24-28 hours after transfection in both cell types as a con 
sequence of inhibition of the expression of E-cadherin 
(FIGS. 2b and 2]) and other associated proteins, such as 
plakoglobin. Simultaneously With these changes, the mor 
phology of the cells transfected With Snail Was greatly 
altered. Abundant membranous prolongations and long ?la 
ments resembling ?lopodia Were observed in both cell lines. 

[0014] Stable expression of Snail Was carried out in the 
cell line MDCK, Which exhibits a “prototypical” epithelial 
phenotype and appears as a monolayer in culture. This 
phenotype does not seem to be affected by expression of the 
control vector in six independent isolated clones (FIG. 3a), 
Which maintain the expression of E-cadherin (FIG. 3b) and 
plakoglobin (FIG. 30) in intercellular contacts. HoWever, 
stable expression of Snail induces a dramatic conversion to 
a completely undifferentiated ?broblastic phenotype. 
MDCK cells transfected With Snail lose the ability to groW 
as a monolayer and to inhibit by contact. Instead, these cells 
form overlying netWorks With extremely long membranous 
extensions (FIG. 3d). Analysis of E-cadherin and plakoglo 
bin expression shoWed the loss of both molecules in MDCK 
cells transfected With Snail (FIGS. 3e and j). Additionally, 
stable expression of Snail in MDCK cells induced a strong 
migratory behaviour, Which Was demonstrated by tests of 
Wound-healing in cultures (FIG. 4). 

Snail is Expressed in Undifferentiated Tumours and in 
Invasive Regions of Epidermoid Carcinomas 

[0015] Analysis of the endogenous expression of Snail by 
RT-PCR in a panel of cell lines With varying E-cadherin 
expression demonstrated an inverse correlation betWeen the 
expression of both molecules and a relationship betWeen the 
expression of Snail and their invasive and metastatic capac 
ity (FIG. 5). E-cadherin Was observed in the epithelial, 
non-tumoral MCA 3D cell line and in the P¢V tumoral cell 
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line, Which in spite of its tumoral origin showed no invasive 
or metastatic capacity. However, the presence of Snail Was 
not found in any of the cell lines. In contrast, in the tumour 
cell lines With invasive and metastatic capacity, HaCa4 and 
CarB, the absence of E-cadherin is associated With the 
presence of Snail. 

[0016] Expression of Snail Was analysed by in situ 
hybridisation in epidermoid tumours induced in immunode 
pressed mice, either by different cell lines or by chemical 
treatment of the mouse’s skin. In both cases, high expression 
of Snail Was observed in undifferentiated tumours (FIGS. 6f 
and h) and in Zones of invasion in epidermoid carcinomas 
(FIG. 6!) Which had lost expression of E-cadherin (FIG. 6k). 
In contrast, no expression of Snail Was detected in non 
invasive, Well-dilferentiated tumours (FIGS. 6b and 6d). 

[0017] Taken together, these data demonstrate that Snail is 
a direct repressor of E-cadherin expression, implicated in the 
epithelial-mesenchymal transition Which occurs during 
tumour invasion. The presence of Snail, therefore, is a neW 
marker of tumour progression, speci?cally associated With 
the acquisition of the invasive and metastatic phenotype, 
Which alloWs it to be used as a diagnostic marker of tumours 
in humans and as a guide to medical professionals in the 
selection and evaluation of antitumoral treatments and forms 
part of this invention. 

[0018] Moreover, these data clearly indicate the direct 
inductive role of Snail in the acquisition of these character 
istics of tumour invasion and metastasis, so that Snail may 
be considered a target protein for neW antitumoral com 
pounds. Experiments to identify neW antitumoral candidates 
can be developed from this protein, based on cell lines 
transformed by the Snail protein, in Which analysis of the 
regulation of Snail expression by an antitumoral candidate 
Would identify neW antitumoral compounds, Which form 
part of this invention. Analysis of the regulation of Snail 
expression could be carried out by determining the presence 
or absence of Snail after contact With the antitumoral 
candidate, or by means of another type of signal inhibiting 
the Snail function in cells transformed With reporter genes, 
eg HIS3 and LacZ, Which form part of this invention. 

DESCRIPTION OF THE FIGURES 

[0019] FIG. 1.iSnail represses the activity of the E-cad 
herin promoter in epithelial cell lines. MCA3D (FIG. 1A) 
and PDV cells (FIG. 1B) Were transfected With the native 
E-cadherin promoter (Wt-178) or With a mutated version 
(mE-pal) fused to the gene marker CAT in the presence of 
1 pg of control vector pcDNA3 or containing Snail. The 
graph shoWs the levels of CAT activity of the promoter. 
Promoter activity is expressed as a measurement relative to 
that of the native promoter in the presence of the control 
vector. 

[0020] FIG. 2.iTransient expression of Snail in epider 
mal keratinocytes induces loss of E-cadherin and plakoglo 
bin and loss of cell-cell adhesion. MCA3D (a-d) and PDV 
(e-h) cells Were transfected With control vector (mock, 
a,c,e,g) or that containing Snail cDNA (b,d,g,h) and the 
presence of E-cadherin and plakoglobin Was analysed by 
immunocytochemistry visualised by confocal microscopy 
after 48 hours. 

[0021] FIG. 3.iStable transfection of Snail in MDCK 
epithelial cells induces epithelial-mesenchymal conversion 
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concomitant With the loss of E-cadherin and plakoglobin. 
Phase contrast images of cells transfected With the control 
vector (a) and With the vector containing Snail (d). Confocal 
microscopy images Which shoW expression of E-cadherin 
(b,e) and plakoglobin (c,f) in control and transfected Snail 
cells, respectively. 
[0022] FIG. 4.iSnail induces a migratory phenotype in 
epithelial cells. The migratory behaviour Was analysed in an 
in vitro Wound model. MDCK control cultures (mock) or 
cultures transfected With Snail Were scratched With the tip of 
a pipette and photographs Were taken immediately (t=0, a,d) 
and 10 hours later (b,e). 

[0023] FIG. 5.iAnalysis of the endogenous expression of 
Snail by RT-PCR in a panel of cell lines. The endogenous 
expression of Snail is inversely correlated With that of 
E-cadherin in normal and transformed mouse keratinocyte 
cell lines. 

[0024] FIG. 6.iSnail expression is associated With inva 
sive carcinomas and invasive areas in epidermoid carcino 
mas. Tumours Were induced in nude mice With PDV (a-d) or 
CarB (e-h) cells or by chemical treatment (i-l). They Were 
analysed by hybridisation in situ With E-cadherin (a,c,e,g,i, 
k) or Snail (b,d,f,h,j,l) probes. E-cadherin is expressed in 
differentiated areas of epidermoid carcinomas (a,c,i,k), 
While there is no expression of Snail in these tumours (b,d,j). 
Invasive carcinomas do not express E-cadherin (e,g) but do 
express Snail (f,h). In chemically induced tumours, Snail 
expression is observed in undifferentiated invasive areas (1), 
Which do not express E-cadherin (k). 

EXAMPLES 

Example 1 

Isolation of Snail cDNA in Mice Using the 
One-Hybrid Technique 

[0025] The oligonucleotide Which contains the sequence 
of the E-pal element of the mouse E-cadherin promoter 
(CD-E) (nucleotides —90 to —70) containing targets for the 
restriction enZymes SalI in 5' and XhoI in 3' Was ligated in 
direct sense for a total of 6 complete repetitions using 
conventional techniques, isolation in polyacrylamide gels 
and cloning in pHISi vector (Clontech, Palo Alto, Calif.) 
Which contains the reporter gene HIS3 of S. cerevisiae, and 
replication elements of yeast, bacteria and appropriate selec 
tion genes. In this Way, the expression of the HIS3 gene 
remains under the control of the multimerised E-pal ele 
ment. Correct insertion of the regulatory sequences Was 
veri?ed by PCR, digestion With appropriate restriction 
enZymes and sequentiation. The bait vector thus generated 
Was denominated pHIS-E6. The same method Was used to 
generate vectors into Which a mutant version of the E-pal 
element Was introduced, also ligated 6 times in direct sense, 
in Which the tWo central oligonucleotides, GC, Were 
replaced by TT. The mutant bait vector generated Was 
denominated pHIS-mE6. The bait vectors pHIS-E6 and 
pHIS-mE6 Were independently integrated in the chromo 
somal locus URA3 of the yeast strain YM4271 (Clontech, 
Palo Alto, Calif.) by the usual techniques for transformation 
and selection of stable strains Which maintain groWth in the 
presence of 20 mM 3-aminotriaZole (3AZT). The strains 
selected Were denominated E-pal HIS3 (native E-pal con 
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struct) and ME-pal H1S3 (mutated E-pal construct). The 
yeast strain E-pal H1S3 Was subjected to transformation With 
a commercial gene library of cDNA from N1H3T3 cells 
Which contains different inserts of cDNA fused to the GAL4 
activation domain in the pACT2 vector (Clontech, Palo Alto, 
Calif.), previously ampli?ed to obtain a titre of 3><106 
independent clones using conventional techniques. Trans 
formant yeasts Were selected for their ability to groW in the 
absence of Histidine and in the presence of 20 mM 3ATZ, 
and 300 independent clones Were isolated. The plasmids 
containing the different sequences of cDNA Were isolated 
from the transformant yeasts and Were later used to trans 
form E. coli (DHSO. strain), recovering 221 independent E. 
coli clones, from Which the corresponding plasmids Were 
isolated. To eliminate false positives, the 221 plasmids Were 
independently introduced in parallel into the previously 
generated yeast strains containing the H1S3 gene under the 
control of the Wild E-pal element (E-pal H1S3 strain) or 
mutated E-pal (mE-pal H1S3 strain), selecting those plas 
mids Which conferred groWth in the absence of histidine and 
leucine and in the presence of 20 mM 3ATZ exclusively in 
the strain E-pal His3; the total number selected Was 130. 
1nserts of these plasmids Were initially analysed using 
digestion With various restriction enZymes and sequenced in 
an automatic sequencer. The sequences obtained Were analy 
sed in cDNa databanks using the BLAST/PASTA pro 
gramme. 49% of the clones identi?ed encoded the total or 
partial mouse Snail cDNA sequence. 

Example 2 

Transitory Stable Transfection of mSnail in 
Epithelial Cells 

[0026] The complete mouse Snail cDNA sequence 
(mSnail) contained in one of the clones identi?ed in the 
one-hybrid screening Was isolated from the pACT2 vector 
by digestion With the restriction enZymes EcoR1y Hind111 
and subcloned in the EcoR1/Hind111 sites of the pcDNA3 
vector (1nvitro gene), Which contains the neo gene conferring 
resistance to the antibiotic G418 and Was sequenced at both 
ends. The vector thus generated Was denominated pcDNA3 
mSnail. 

[0027] The mouse E-cadherin promoter construct, —178, 
Which contains the gene sequences —178 to +92 pb fusioned 
to the CAT reporter gene (Chloramphenicol Acetyl Trans 
ferase), and the mEpal construct (in Which the tWo central 
GC nucleotides of the E-pal element Were mutated by TT) 
have been described previously [Behrens, J., LoWrick, O., 
Klein, H. L. & Birchmeier, W. The E-cadherin promoter: 
functional analysis of a GC-rich region and an epithelial 
cell-speci?c palindromic regulatory element. Proc. Natl. 
Acad. Sci. USA 88, 11495-11499 (1991); Hennig, G., Low 
rick, O., Birchmeier, W & Behrens, J. Mechanisms identi 
?ed in the transcriptional control of epithelial gene expres 
sion. J. Biol. Chem. 271, 595-602 (1996); Faraldo, M. L., 
Rodrigo, 1., Behrens, J ., Birchmeier, W & Cano, A. Analysis 
of the E-cadherin and P-cadherin promoters in murine 
keratinocyte cell lines from different stages of mouse skin 
carcinogenesis. Mol. Carcinog. 20, 33-47 (1997)] and Were 
provided by Dr J. Behrens. 

[0028] a) Analysis of the Activity of the E-Cadherin 
Promoter. 

[0029] MCA3D AND PDV cells Were seeded at subcon 
?uence (3><105 cells/ 6 cm diameter plate, P-60) in HamF12 
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groWth medium containing 10% foetal bovine serum 
(Gibco) and incubated for 24 hours at 370 C. in an incubator 
containing 5% CO2 With a humidity of 95%. The medium 
Was then replaced by fresh DMEM medium With 10% foetal 
bovine serum and kept in the incubator for a further 6 hours. 
The cultures underWent transfection using Lipofectamin 
Plus (Life Technologies), folloWing the supplier’s instruc 
tions, using 2.5 pg of construct —178, mE-pal or the control 
vector pCATbasic (With no promoter sequences) (Promega) 
and in the presence of 1 pg of pcDNA3 -mSnail or the empty 
pcDNA3 plasmid. As an additional control, the activity of 
the E-cadherin promoter constructs Was compared With that 
of the vector pCAT-control (Promega) containing the CAT 
reporter gene under the control of the SV-40 promoter, and 
thus the cells Were transfected in parallel With this vector. 
Ef?ciency of transfection Was analysed by cotransfection in 
all the cultures With 2.5 pg of the CMV-Luc plasmid Which; 
contains the luciferase reporter gene under the control of the 
cytomegalovirus promoter. TWenty-four hours after trans 
fection the medium Was discarded and after Washing With 
PBS the cells Were collected by gently scraping the plates 
and Were centrifuged (2000 rpm for 4 minutes). Extracts 
Were obtained by resuspending the cellular pellet in 100 pl 
of a buffer containing 10 mM phosphate pH 8.0 and sub 
jected to 4 cycles of freeZing in liquid N2-Il12lW1I1g at 370 C. 
Luciferase activity Was initially determined in aliquots of 5 
pl using a commercial kit and a luminometer. Aliquots of the 
different extracts containing equivalent luciferase activities 
Were analysed for CAT activity, using Cl4-chloramphenicol 
(Amersham) as substrate and Acetyl-CoA (Sigma) as cofac 
tor, folloWing the method described previously [Faraldo, M. 
L., Rodrigo, 1., Behrens, J., Birchmeier, W & Cano, A. 
Analysis of the E-cadherin and P-cadherin promoters in 
murine keratinocyte cell lines from different stages of mouse 
skin carcinogenesis. Mol. Carcinog. 20, 33-47 (1997); Rod 
rigo, 1., Cato, A. C. B. & Cano, A. Regulation of E-cadherin 
gene expression during tumor progression: the role of a neW 
Ets-binding site and the E-pal element. Exp. Cell Res. 248, 
358-371 (1999)]. The CAT activity obtained in MCA3D and 
PDV cells for the —178 construct of the native E-cadherin 
promoter Was 70% and 50%, respectively, of that of the 
pCAT-SV40 vector. The CAT activities obtained Were nor 
malised to that obtained With the —178 construct in the 
presence of the empty pcDNA3 vector in each cell line. 
Transfection assays Were performed in equivalent duplicate 
cultures of each of the cell lines for all the experimental 
conditions analysed. 
[0030] b) The Effect of the Expression of mSnail in the 
Cell Phenotype and the Expression of Epithelial Markers 

[0031] Transient transfections Were performed With 2 pg 
of mSnail (pcDNA3-mSnail vector) and “mock” controls 
(empty pcDNA3 vector) in mouse keratinocyte lines 
MCA3D and PDV, folloWing the procedure described pre 
viously, except that the cells Were seeded on circular cov 
erslips (1.2 cm in diameter) placed on top of the P-60 plates. 
At 24 and 48 hours after transfection, the glass plates 
corresponding to the tWo experimental conditions of each 
cell line Were ?xed With methanol (—200 C.) for 30 s, and 
Were analysed for E-cadherin and plakoglobin expression by 
immuno?uorescence [Navarro, P. et al. A role for the E-cad 
herin cell-cell adhesion molecule in tumor progression of 
mouse epidermal carcinogenesis. J. Cell Biol. 115, 517-533 
(1991)]. The images Were analysed using a confocal micro 
scope (Leica). 
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[0032] Stable transfections of mSnail and “mock” control 
Were carried out on the MDCK epithelial line, grown in 
DMEM medium, 10% foetal bovine serum, in parallel 
cultures and following the protocol described previously. 
BetWeen 48 and 72 hours after transfection, When the 
cultures reached con?uence, the medium Was changed for 
fresh medium and 400 ug/ml of G418 Were added, selecting 
the cells resistant to G418 after 2-3 Weeks of groWth in the 
presence of the antibiotic. The total population generated 
(the “pool”) in both types of culture (mSnail and mock) Was 
collected, and independent clones Were obtained by dilution. 
To do this, 100 cells of each type of population Were seeded 
on P-100 plates (10 cm diameter) and groWn in DMEM 
medium, 10% foetal bovine serum and 400 ug/ml of G418. 
Independent colonies resistant to G418 Were obtained after 
a further 2-3 Weeks, and these Were isolated by trypsinisa 
tion using cloning cylinders (internal diameter 5 mm) and 
ampli?ed by successive passages on culture plates of 
increasing siZe (T6QF125QF25QF75), maintaining anti 
biotic pressure in all phases of the culture. A total of 10 
independent clones Were isolated from the mSnail transfec 
tion and 6 independent clones from the mock transfection. 
The different clones Were analysed for E-cadherin and 
plakoglobin expression by immuno?uorescence (confocal 
microscope analysis) and immunotransference, and for 
mSnail expression by RT-PCR after extraction of the RNA 
polyA+ of the different clones and the use of appropriate 
amplimers to amplify a fragment of 388 base pairs, in 
accordance With the mSnail cDNA sequence. 

Example 3 

Obtaining Tumours 

[0033] a) Tumours Induced in Immunodepressed Mice by 
Cell Lines. 

[0034] Tumours Were induced in 8-Week-old athymic 
male nu/nu mice of the BalC strain by subcutaneous injec 
tion of PDV, HaCa4 or CarB cells, as described previously 
[Navarro, P. et al. Arole for the E-cadherin cell-cell adhesion 
molecule in tumor progression of mouse epidermal carcino 
genesis. J. Cell Biol. 115, 517-533 (1991)]. The different cell 
lines greW to con?uence in F75 bottles, and Were trypsinised 
and resuspended in phosphate buffered saline (PBS) at a 
density of 1><107 cells/ml in PBS. The cells Were subcuta 
neously injected into both ?anks of each mouse (1><106 
cells/injection site) using insulin syringes and 25 gauge 
hypodermic needles. Usually 3 animals Were inoculated for 
each cell line (6 injection sites/line). The animals Were 
obtained from the IPA-CREDO production unit (France) and 
Were kept in sterile conditions in the installation speci?cally 
intended for such animals in the animal house of the Instituto 
de Investigaciones Biomédicas (IIB) in accordance With the 
centre’s regulations for animal handling. The injected ani 
mals Were observed 3 times a Week; the appearance of 
tumours Was determined by visual inspection and measure 
ment of their siZe Was done by caliper. The animals Were 
sacri?ced by asphyxia in ether When the external diameter of 
the tumours reached 1.5-2.0 cm. The tumours Were 
removed, a fraction Was ?xed in formaldehyde for subse 
quent histological analysis, and the remainder Was immedi 
ately froZen in isopentane directly cooled in a bath of liquid 
nitrogen or embedded in OCT (Tissue Tek). The samples 
Were stored at —70° C. for later use. 
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[0035] b) Induction of Tumours in Mouse Skin by Chemi 
cal Carcinogenesis. 

[0036] Tumours Were induced in the dorsal skin of 8-10 
Week-old BalC mice obtained from the production unit of 
the IIB animal house, using the tWo-stage DMBA/TPA 
protocol as described [Cano, A. et al. Expression pattern of 
the cell adhesion molecules E-cadherin, P-cadherin and 
integrin is altered in pre-malignant skin tumors of p53 
de?cient mice. Int. J. Cancer 65, 254-262 (1996)]. One Week 
before the start of the experiment, the backs of the animals 
(20 in total) Were shaved, after Which a single dose of the 
carcinogen dimethylben(Z)anthracene (DMBA) at a concen 
tration of 50 ug/ml dissolved in acetone Was applied. AWeek 
later, the promotion Was begun by topical application of 
phorbol tetradecanoylphorbolacetate at a concentration of 
50 ug/ml dissolved in ethanol. The TPA Was applied every 
3 days for a total of 30 Weeks. The animals Were kept under 
Weekly observation for a total of 50 Weeks. At the end of 10 
Weeks of treatment With TPA the appearance of the ?rst 
papilloma-type tumours Was detected, and these continued 
to appear throughout the treatment and subsequently, at an 
average rate of 5-6 tumours per mouse. A small proportion 
of the papillomas (5%) progressed to carcinomas after the 
end of the TPA treatment. The animals Were sacri?ced at 
different intervals and the tumours Were extracted and froZen 
as previously described. 

1.-12. (canceled) 
13. A method of treatment of a pathological process, 

characterized by the capacity to invade tissues or to metas 
tasiZe other tissues in a patient in need of said treatment, by 
administering a therapeutically effective amount of a com 
pound obtained by the steps of: 

a. adding said compound to transformed cells Which 
express the diagnostic marker Snail; 

b. determining at least one of the reduction or total 
elimination of the ability to express said diagnostic 
marker in the transformed cells; and 

c. selecting said compound for the treatment of tumor 
invasion and metastasis if said transformed cells 
present a reduction or total elimination of Snail expres 
sion. 

14. The method according to claim 13, Wherein said 
pathological process is an epithelial tumor. 

15. A method of treatment of a pathological process, 
characterized by the capacity to invade tissues or-to metas 
tasiZe other tissues, in a patient in need of said treatment, by 
administering a therapeutically effective amount of a com 
pound obtained by the steps of: 

a. transforming the yeast strains With the pACT2-mSnail 
vector, Which contains the complete sequence of Snail 
cDNA in the presence and absence of said compound, 

b. determining the groWth of transformed yeasts from the 
strain Which expresses the HIS3 gene under the control 
of native E-pal in the absence of histidine and leucine 
and in the presence of 3ATZ, 

c. determining the inhibitory effect of said compound in 
yeasts transformed by pACT2-mSnail (mutated Snail) 
on yeast strains Which express the HIS3 gene under 
control of the native E-pal in the absence of histidine 
and leucine and in the presence of 3ATZ, 
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d. and selecting said compound for treatment of tumor 
invasion and metastasis provided said S. cerevisiae 
strain cells present a reduction or a total elimination in 
their growth capacity. 

16. The method according to claim 15, Wherein said 
pathological process ia an epithelial tumor. 

17. A method of treatment of a pathological process, 
characterized by the capacity to invade tissues or to metas 
tasiZe other tissues in a patient in need of said treatment, by 
administering a therapeutically effective amount of a com 
pound obtained by the steps of: 

a. transforming the yeast strains With the pACTZ-mSnail 
vector, Which contains the complete Snail cDNA 
sequence, in the presence and absence of said com 
pound; 
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b. determining [3-galactosidase activity of transformed 
yeasts from the strain Which expresses the LacZ gene 
under the control of native E-pal. 

c. determining the absence of inhibitory effect of said 
compound in the yeasts transformed by pACTZ-mSnail 
in yeast strains Which express the LacZ gene under the 
control of mutated E-pa; and 

d. selecting said compound for the treatment of tumor 
invasion and metastasis provided said S. cerevisiae 
strain cells present a positive detection of [3-galactosi 
dase activity. 

18. The method according to claim 17, Wherein said 
pathological process is an epithelial tumor. 

* * * * * 


