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Introduction
Epithelial-to-mesenchymal transition (EMT) is a complex process
that occurs in different biological situations involving cell migration
or invasion, such as in normal embryonic development and wound
healing, but also in pathologies such as cancer and organ fibrosis.
During EMT, epithelial cells lose their intercellular contacts and
baso-apical polarity, and acquire a fibroblastic phenotype with gain
of mesenchymal markers and a motile or invasive capacity (Thiery
and Sleeman, 2006). A hallmark of EMT is the functional
downregulation of the cell-cell adhesion protein E-cadherin (CDH1)
(Thiery, 2002; Huber et al., 2005). Diminished E-cadherin
expression has been shown to correlate with increased invasiveness
and metastatic potential (Birchmeier and Behrens, 1994) and to be
the rate-limiting step in the transition from adenoma to carcinoma
(Perl et al., 1998). E-cadherin downregulation might be transient
and reversible, because the inverse process (referred to as
mesenchymal-to-epithelial transition, MET) is frequently observed
once metastases are established (Thiery, 2002). This concept is in
accordance with the mechanisms responsible for E-cadherin
downregulation in most carcinomas: promoter hypermethylation and
transcriptional repression (Peinado et al., 2004a).

To increase our understanding of the molecular regulation of
epithelial cell plasticity, in the last few years, our laboratory and
others have focused attention on the downregulation of E-cadherin
gene (Cdh1) expression. These studies have led to the identification
of several Cdh1 transcriptional repressors, such as the zinc-finger
factors Snail1 (SNAIl) (Cano et al., 2000; Batlle et al., 2000) and
Snail2 (Slug) (Hajra et al., 2002; Bolós et al., 2003), the two-handed
zinc finger proteins SIP1/ZEB2 (Comijn et al., 2001) and
δEF1/ZEB1 (Groteclaess and Frisch, 2000; Eger et al., 2005), and

the basic helix-loop-helix (bHLH) regulators E12/E47 (Pérez-
Moreno et al., 2001; Kondo et al., 2004) and Twist (Yang et al.,
2004). All these factors repress E-cadherin expression, most of them
through direct binding to proximal E-boxes of the promoter, and
induce a full EMT when overexpressed in epithelial cells. During
development, they are expressed in regions that are suffering or
had undergone EMT. Importantly, their augmented expression is
being detected in increasing types of tumours and invasive cell lines
(for a review, see Peinado et al., 2007).

HLH transcriptional regulators are present in most eukaryotic
organisms and have important roles in many essential developmental
processes, regulating cell growth and differentiation of distinct cell
types (Massari and Murre, 2000). All members of the family
have a conserved HLH domain that mediates homo- or
heterodimerisation. In addition, most HLH factors contain a stretch
of basic amino acid residues, constituting a bHLH motif, through
which they can bind to E-box sequences (CANNTG) in promoters
of diverse genes. The HLH proteins have been classified into seven
functional classes (I to VII) (Massari and Murre, 2000). In mammals,
there are three class I genes: E2A (also known as Tcf3), HEB (Tcf12)
and Tcf4 (Sef2/Itf2 encoding E2-2), which are also known as E-
proteins and are widely expressed, but not ubiquitous. bHLH class
I factors usually act as transcriptional activators, but can also
function as repressors depending on the bHLH partner and/or the
co-regulators they interact with (Lemercier et al., 1998; Murayama
et al., 2004; Zhang et al., 2004; Goardon et al., 2006). E-proteins
have two conserved transactivation regions, AD1 and AD2. The
N-terminal AD1 domain seems to be required both for activation
and repressor activities in different cell types (Skerjanc et al., 1996;
Petropoulos and Skerjanc, 2000; Bayly et al., 2004). The
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new EMT regulator. Both isoforms of E2-2 (E2-2A and E2-2B)
induce a full EMT when overexpressed in MDCK cells but
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bHLH E47. E-cadherin repression mediated by E2-2 is indirect
and independent of proximal E-boxes of the promoter.
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for maintenance of the EMT driven by Snail1 and E47.
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embryonic expression pattern of Tcf4 and E2A (which encodes
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transcriptional activity of E-proteins can be negatively regulated
by class V HLH factors, known as Id (inhibitor of differentiation)
proteins, which lack the basic DNA-binding domain, thus blocking
promoter interactions of the corresponding E-protein and Id
heterodimers (Perk et al., 2005).

Class I bHLH factors have crucial roles in cell-lineage
determination and lymphocyte development (Massari and Murre,
2000; Murre, 2005), although many aspects of their functionality
remain unknown, which is due in part to their redundant signalling
(Ik Tsen Heng and Tan, 2003). The class I Tcf4 gene encodes two
highly related isoforms, E2-2B and E2-2A, which differ in the N-
terminal regions. E2-2A, the shorter isoform, contains a N-terminus
devoid of the conserved AD1 domain (Henthorn et al., 1990;
Corneliussen et al., 1991; Skerjanc et al., 1996). Tcf4 is expressed
in different tissues such as brain, muscle, liver, lung, testicle,
trophoblasts and mammary gland, and it is implicated in T-cell and
B-cell differentiation (Bergvist et al., 2000; Wikstrom et al., 2006).
E2-2B has been characterized as a transcriptional repressor and a
target of TCF/β-catenin (Petropoulos and Skerjanc, 2000; Kolligs
et al., 2002), whereas E2-2A has been described as a transcriptional
regulator with diminished or absent repressor capacity (Furumura
et al., 2001; Skerjanc et al., 1996).

Here we show that E2-2 factors drive a full EMT and indirectly
trigger Cdh1 repression when overexpressed in epithelial cells.
Knockdown studies indicate that, although Tcf4 is a common
downstream target of the EMT regulators Snail1, Snail2 and E47,
it is dispensable for the EMT action of Snail1 and E47 factors.
Nevertheless, genetic profiling and expression pattern analyses
indicate that E2-2 products induce a distinct genetic program from
that of E47, suggesting a non-redundant role of different bHLH
factors in EMT and putting forward an interesting interplay with
other Cdh1 repressors in the regulation of EMT.

Results
E2-2 is upregulated in cells overexpressing Snail1, Snail2 or
E47, and in invasive squamous carcinoma cell lines
Previous cDNA microarray studies from our laboratory revealed
increased expression of the class I bHLH factor E2-2 in MDCK
cells that stably express the E-cadherin repressors and EMT
inducers Snail1, Snail2 or E47, relative to MDCK control cells
(Moreno-Bueno et al., 2006). Those data were validated by reverse
transcriptase polymerase chain reaction (RT-PCR) analysis,
confirming the elevated expression of E2-2A and E2-2B mRNA
transcripts in stable MDCK-Snail1, MDCK-Snail2 and MDCK-
E47 cells, relative to control cells (supplementary material Fig.
S1A), thus suggesting that E2-2 factors are direct or indirect targets
of Snail1, Snail2 and E47. The expression of E2-2A and E2-2B
was also analyzed in several keratinocyte cell lines representative
of different stages of mouse skin carcinogenesis (Navarro et al.,
1991; Cano et al., 2000) (supplementary material Fig. S1B).
mRNA encoding E2-2B is upregulated in the invasive and E-
cadherin-negative cell lines HaCa4 and CarB relative to non-
invasive E-cadherin-positive MCA3D and PDV cells, whereas the
E2-2A mRNA transcript was only elevated in spindle CarB cells.
Interestingly, HaCa4 and CarB cells express high levels of
endogenous Snail1, Snail2 and E47 factors (Cano et al., 2000;
Perez-Moreno et al., 2001; Fraga et al., 2004), supporting the
relationship between E2-2 and those EMT regulators inferred from
the MDCK cell model. We extended the analysis of Tcf4
expression to several human carcinoma-derived cell lines.
Increased levels of transcripts encoding E2-2B were detected in

SiHa and SW756 squamous cell carcinoma (SCC) cells with low
or absent expression of E-cadherin, compared with well to
moderately differentiated A431 (vulvar epidermoid carcinoma)
and HeLa (cervical adenocarcinoma) cells (supplementary material
Fig. S1C). These observations suggest that E2-2 factors, in
particular E2-2B, could behave as additional Cdh1 repressors
and/or EMT inducers.

E2-2 factors induce a full EMT in epithelial cells
To test whether E2-2 factors affect E-cadherin expression and cell
plasticity, the exogenous mouse E2-2B (mE2-2B) or E2-2A (mE2-
2A) cDNAs were stably transfected in the prototypical MDCK
epithelial cell line. Several independent stable clones were isolated
and results obtained in up to three representative clones from each
transfection are shown hereafter. Since the results obtained with
E2-2A and E2-2B were very similar, most of the results obtained
with E2-2A are shown as supplementary material. Cells transfected
with mE2-2B or mE2-2A (hereafter called MDCK-E2-2B or
MDCK-E2-2A, respectively) exhibited a conversion towards a
spindle mesenchymal-like phenotype compared with those
transfected with the control vectors (Fig. 1Aa,b; supplementary
material Fig. S2A). To confirm the phenotypic change observed in
these clones at the molecular level, we analyzed the expression of
epithelial and mesenchymal markers. Immunofluorescence images
showed drastically reduced endogenous E-cadherin protein levels
and an increase or reorganization of the mesenchymal markers
fibronectin and vimentin, as well as a rise in N-cadherin (Fig. 1Ac-
j; supplementary material Fig. S2A). Furthermore, all clones stably
expressing E2-2A and E2-2B organized F-actin in stress fibres and
motile structures that were similar to lamellipodia, in contrast to
the cortical F-actin organization observed in control cells (Fig.
1Ak,l; supplementary material Fig. S2A). Western blot analysis
showed a decrease in β-catenin, which was similar to results in
MDCK-Snail and MDCK-E47 cells (Bolós et al., 2003) (and data
not shown). These experiments also confirmed the observed changes
in the different epithelial and mesenchymal markers detected by
immunofluorescence, with the exception of vimentin (Fig. 1B;
supplementary material Fig. S2B), because no significant changes
were detected at the protein level in MDCK-E2-2 clones compared
with controls. Expression of the exogenous E2-2B protein in the
different clones was monitored with anti-HA antibody in western
blots (Fig. 1B, upper panel). In addition, immunofluorescence
analysis of the tagged protein showed a nuclear localization in
more than 50% of MDCK-E2-2B cells (Fig. 1C). E-cadherin
downregulation was confirmed at the mRNA level and this transcript
was almost undetectable in all isolated E2-2 clones (Fig. 1D;
supplementary material Fig. S2C), suggesting transcriptional
regulation. RT-PCR analysis revealed that expression of endogenous
Snai1 and E47 (Tcf3) mRNAs were not affected whereas Snai2
transcripts were partly inhibited in MDCK-E2-2A and MDCK-E2-
2B cells (Fig. 1E; supplementary material Fig. S2D). No changes
in Snail1 total protein levels were either detected in MDCK-E2-
2A or -E2-2B clones with respect to control MDCK-CMV cells
(supplementary material Fig. S2E). Nevertheless, a potential
influence of E2-2A or E2-2B factors in Snail1 stability and/or
nuclear localization cannot be ruled out. Similar analyses for other
EMT inducers, Snail2, E47 or ZEB1 were precluded by the lack
of specific antibodies. The ability of E2-2 factors to induce EMT
was confirmed in an independent cell model, the mouse keratinocyte
MCA3D cell line (supplementary material Fig. S3; and data not
shown). These results clearly indicate that E2-2 factors can induce
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a full EMT in epithelial cells with loss of the epithelial morphology
and distinctive epithelial markers and gain or reorganization of
mesenchymal markers.

E2-2 factors repress E-cadherin gene transcription by indirect
mechanisms
The implication of E2-2 factors as E-cadherin gene (Cdh1)
transcriptional repressors was tested on the proximal promoter of
the mouse Cdh1 gene in epithelial cells. As shown in Fig. 2A,
transient transfection assays indicated that E2-2B represses Cdh1
promoter activity by approximately 70% in epithelial MDCK cells,
in a dose-dependent fashion. The same result was obtained in
MCA3D and NMuMG cells (supplementary material Fig. S4A,B).
Similar results were also obtained for the E2-2A isoform in MDCK
cells but it failed to repress the Cdh1 promoter activity in MCA3D
and NMuMG cells (supplementary material Fig. S4C; and data not
shown).

Journal of Cell Science 122 (7)

To analyze the requirement of specific E-boxes, Cdh1 promoter
constructs containing mutated versions of the promoter affecting
the upstream proximal E-boxes were tested in transient transfections.
As shown in Fig. 2B, the mutation of E-box1 or E-box3 does not
affect the repression of the reporter by E2-2, and only a moderate
de-repression was observed with mutant E-box2, indicating that
proximal E-box1, E-box2 and E-box3 are essentially dispensable
for E2-2 mediated Cdh1 repression. These results suggest that E2-
2 could either repress Cdh1 promoter through binding to other
regions other than E-boxes and/or in an indirect way.

Thus, to test whether E2-2 binds to the endogenous Cdh1
promoter, chromatin immunoprecipitation (ChIP) assays were
performed on MDCK-E2-2B-HA cells, using a highly specific anti-
HA antibody and MDCK-Snail1-HA cells (Peinado et al., 2005) as
a positive control. Surprisingly, no significant binding of E2-2B to
the endogenous Cdh1 promoter was detected in several independent
clones from MDCK-E2-2B cells, in contrast to the strong Snail1

Fig. 1. E2-2B induces a full EMT when
overexpressed in MDCK cells.
(A) Phenotypic characterisation of
MDCK-E2-2B cells. Phase-contrast
images of MDCK-CMV control cells
(a) and one representative clone from
MDCK-E2-2B cells, C2 (b). Scale bar:
100 μm. Immunofluorescence images of
EMT markers, in MDCK-CMV (c,e,g,i)
and MDCK-E2-2B, C2 cells (d,f,h,j).
E-cad, E-cadherin; FN, fibronectin; N-
cad, N-cadherin; VM, vimentin. F-actin
stain in MDCK-CMV (k) and MDCK-
E2-2B (l) cells. White arrows indicate
lamellipodia-like structures. Scale bar:
50 μm. (B) Western blot analysis of E2-
2B-HA and the indicated epithelial and
mesenchymal markers in MDCK-CMV
and three independent clones from
MDCK-E2-2B cells. α-Tubulin levels
are shown as a loading control.
(C) Immunofluorescence images
showing the nuclear localization of
E2-2B-HA protein. Panels a,b: control
MDCK-CMV; c,d: MDCK-E2-2B,
C2 cells. Scale bar: 40 μm.
(D,E) Semiquantitative RT-PCR analysis
to detect the expression of the
exogenous E2-2B (D, upper panel) and
endogenous Cdh1 (D, middle panel)
transcripts and of endogenous dog E47,
Snail1and Snail2 in the indicated clones
and control cells (E). GAPDH levels are
shown as a loading control.
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1017EMT regulation by E2-2 factors

binding detected in MDCK-Snail1 cells (Fig. 2C; and data not
shown). Taken together, the above results indicate that although
E2-2 factors can induce an EMT process, their role in Cdh1
repression is indirect, and probably involves the participation of
another repressor(s).

Biological relevance of E2-2 factors
The full EMT observed in MDCK clones stably expressing E2-2A
and E2-2B prompted us to investigate whether they had also gained
a motile or invasive behaviour. The migratory capability of MDCK-
derived cells was investigated by in vitro Transwell assays on
collagen type IV gels, showing that all clones overexpressing E2-
2A and E2-2B displayed increased migratory ability relative to
control cells (Fig. 3A). In addition, wound-healing assays on plastic
dishes revealed that MDCK-E2-2A and -E2-2B cells moved faster
and moved as individual cells in contrast to MDCK-CMV control
cells, which migrated as an organised epithelial cell layer (data not
shown). Increased motility was also observed in MCA3D-E2-2A
cells in wound-healing assays (supplementary material Fig. S3C).
The invasion capability of MDCK-derived cells was further

Fig. 2. E2-2B represses E-cadherin gene promoter activity in MDCK cells.
(A) The activity (mean ± s.d.) of mouse proximal wild-type Cdh1 promoter
(–178/+92) fused to the luciferase gene analyzed in MDCK cells in the
presence of increasing amounts (25-200 ng) of pcDNA3-E2-2B-HA or empty
pcDNA3-HA control vector (200 ng). (B) The activity of the wild type (WT)
Cdh1 promoter (–178/+92) and versions containing point mutations in E-box1
(MutE1), E-box2 (MutE2), E-box3 (MutE3) or in both E-box1 and E-box2
(MutEpal) (see scheme) were analyzed in MDCK cells in the presence of
pcDNA3-E2-2B-HA or empty pcDNA3-HA as indicated. CMV-β-gal was
used to normalize transfection efficiency. Luciferase and β-galactosidase
activities were determined 24 hours after transfection. The promoter activity is
represented as relative luciferase units (RLU) and the values were normalized
to those obtained in the presence of control vector. A representative
experiment out of at least three experiments is shown in each panel, each
performed in triplicate. Error bars represent s.d. (C) Chromatin
immunoprecipitation assays performed with an anti-HA antibody in MDCK-
CMV-HA, MDCK-E2-2B-HA (clones C1, C3) and MDCK-Snail1-HA cells.
Amplified fragment corresponds to position –85/+130 of the dog Cdh1 gene.
Controls obtained in the absence of antibody (–) and after precipitation with an
irrelevant antibody (IgG), as well as inputs, are included.

Fig. 3. E2-2B overexpression causes the acquisition of a migratory and
invasive behaviour. (A) The migratory capability of MDCK-E2-2A
(C1,C3,C8), MDCK-E2-2B (C1,C2,C3), MDCK-Snail1 and MDCK-CMV
control cells was analyzed in Transwell assays on type IV collagen. Results
represent the mean ± s.d. of three experiments performed in duplicate samples.
*P<0.05; **P<0.01; ***P<0.001 in Student’s t-test with respect to MDCK-
CMV cells. (B) The infiltrating behaviour of MDCK-CMV (a-d) and MDCK-
E2-2B, C2 (e-h) cells was analyzed in three-dimensional organotypic cultures
on type I collagen gels. Immunofluorescence images of E-cadherin (red; a,e)
and vimentin (green; b,f) from 8 μm cryostat sections from 2 week cultures.
Nuclei staining with DAPI corresponding to the same fields of MDCK-CMV
(c,d) and MDCK-E2-2B (g,h) cultures are also shown. Scale bar: 100 μm.
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analyzed in organotypic cultures grown on three-dimensional type
I collagen gels (Peinado et al., 2004b). After 2 weeks of culture,
MDCK-E2-2B cells effectively invaded the collagen gel, mainly
as individual cells, showed no E-cadherin expression and retained
strong vimentin staining (Fig. 3Be-h). By contrast, control MDCK-
CMV cells remained at the top of the gel in an organized epithelial
layer (Fig. 3Ba-d), expressing E-cadherin at the basolateral
membrane, as observed previously (Peinado et al., 2004b). Similar
results were obtained in organotypic cultures of MDCK-E2-2A cells
(supplementary material Fig. S5).

To rule out the possibility that the observed effects on migration
and invasion were a consequence of increased proliferation of
MDCK-E2-2 cells relative to control MDCK cells, BrdU
incorporation by the different cell types was determined. All
analyzed MDCK-E2-2 clones had a lower proliferation rate than
control cells, both in the absence and in the presence of serum (data
not shown). Thus, the motile and invasive behaviour displayed by
MDCK-E2-2 cells cannot be attributed to increased proliferation.

The full EMT and invasive capacity induced by E2-2 factors in
MDCK cells led us to assess the tumorigenic ability of MDCK-
E2-2A and -E2-2B cells in nude mice. Unexpectedly, MDCK-E2-
2A cells are nontumorigenic, whereas MDCK-E2-2B cells show
very limited tumorigenic capacity (one tumour out of eight injected
sites).

The motility, invasion and tumorigenic ability of MDCK-E2-2A
and -E2-2B cells present two differential characteristics compared
with MDCK-E47 cells, which express the closely related class I
bHLH factor E47. First, MDCK-E47 cells are highly tumorigenic
in nude mice and induce a potent angiogenic response (Pérez-
Moreno et al., 2001; Peinado et al., 2004b). Second, MDCK-E47
cells exhibit poor infiltration ability on collagen type I organotypic
cultures, and show no significant changes in their proliferation
potential in two-dimensional cultures (Peinado et al., 2004b). These
data indicate important differences in the biological effects of E2-
2 and E47 factors and prompted us to examine the gene expression
spectra induced by the expression of each factor.

Comparative genetic profile analysis between cells expressing
E2-2 and E47 
To examine the genetic programmes induced by each type of bHLH
class I factor, we performed a comparative gene profile analysis in
MDCK-E2-2 and MDCK-E47 cells using a human cDNA platform,
previously validated for MDCK cells (Moreno-Bueno et al., 2006).
First, we determined that no significant differences in the gene
expression patterns of MDCK-E2-2A and MDCK-E2-2B clones
existed (only 5 genes out of 183 were detected as differentially
expressed between both cell types) (data not shown). Therefore,
we compared the gene expression pattern of MDCK-E2-2A and
-E2-2B (as a pool) and MDCK-E47 cells with respect to control
MDCK-CMV cells. After processing the arrays, 220 clones (177
genes and 43 ESTs) were found to be modified more than twofold
in expression in at least one of the two MDCK-transfected cell lines
relative to the control MDCK-CMV cells (Fig. 4A; supplementary
material Table S1). Around 31% (n=55) of those genes were
regulated in a similar fashion (upregulated or downregulated) in
both cell types (MDCK-E2-2 and MDCK-E47 cells). In addition,
12% (n=21) and 53% (n=94) of the candidate genes were modified
in only one of the cell types, MDCK-E2-2 or MDCK-E47,
respectively (Fig. 4B). Barely 3.6% of the clones (n=8), showed
differential expression (upregulated versus downregulated, and vice
versa) between MDCK-E2-2 and MDCK-E47 cells after Student’s
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t-test analysis (FDR <0.1) (supplementary material Table S1). The
functional grouping of the identified genes is shown in Fig. 4C.
About 20% of the genes (35 out of 177) are related to EMT and,
as expected, almost 49% of them were common to MDCK-E2-2
and MDCK-E47 cells (supplementary material Table S1).
Nevertheless, a considerable fraction of EMT-related genes were
specifically expressed in MDCK-E2-2 (11%, 4/35) and in MDCK-
E47 cells (34%, 12/35). Importantly, analysis of the genes related
to cell growth, proliferation and signalling (24% of the candidate
genes) showed that only about one-third were commonly regulated
in MDCK-E2-2 and MDCK-E47 cells, whereas the rest were
specific to E2-2 (9.3%, 4/43) or E47 (60.4%, 26/43) cells
(supplementary material Table S1). Some of the candidate genes,
including those encoding SPARC and Id1, have been validated at
the mRNA and/or protein level in different clones of MDCK-E2-
2B and MDCK-E2-2A as well as in MDCK-E47 cells (Fig. 4D).
Upregulated expression of ZEB1 (TCF8) was detected in the
microarray analysis in MDCK-E2-2 and MDCK-E47 cells
(supplementary material Table S1) and confirmed by RT-PCR
analysis (Fig. 4D), thus placing ZEB1 as a common downstream
target of both class I bHLH factors. By contrast, expression of the
growth factor PDGFC was confirmed to be specific to MDCK-E47
cells (Fig. 4D).

Altogether, these results indicate that E2-2 and E47 factors can
regulate the expression of common and specific genes that might
contribute to general and particular aspects of the EMT, as
previously reported for Snail1, Snail2 and E47 (Moreno-Bueno et
al., 2006). Furthermore, E2-2 and E47 regulate the expression of
distinct sets of genes potentially involved in the differential
invasiveness and proliferation potential conferred by the expression
of either type of class I bHLH factor in epithelial cells.

E2-2 is expressed in early embryonic mesoderm
The previous results suggested that E2-2 and E47 could confer
different biological effects to epithelial cells during EMT. To gain
further insights into the biological role of E2-2 factors, we explored
the in vivo distribution of the products of the gene encoding E2-2
and its relationship with E47 expression in early mouse embryos
[8.5-10 days post coitus (d.p.c.)]. In situ hybridization in whole
mounted embryos and vibratome sections using a probe recognizing
mRNA transcripts encoding both E2-2A and E2-2B, revealed their
presence in the mesoderm, the neuroepithelium and in the branchial
arches, and their absence in the heart and extraembryonic
membranes, except for the allantois (Fig. 5A,C; and data not shown).
Higher levels of E2-2 mRNA were found in the neural crest cells
populating the branchial arches and in the limb buds (Fig. 5C). No
apparent expression was detected in the embryonic epithelia
regardless of their origin, either ecto or endodermal (Fig. 5E,G).
These results indicate that Tcf4 follows a similar expression pattern
to that previously described for the E2A gene (which encodes
E12/E47) (Pérez-Moreno et al., 2001) (Fig. 5B,D). However, a close
inspection of the expression patterns of both genes indicated a much
weaker expression of Tcf4 transcripts in the neural tube and a more
restricted pattern in the mesoderm, relative to E2A transcripts
(compare Fig. 5E,G with 5F,H, respectively). Interestingly, the
absence or extremely low levels of Tcf4 mRNA in embryonic and
extraembryonic epithelia and its expression in mesodermal tissues
follows an inverse pattern with respect to Cdh1 expression (Cano
et al., 2000), supporting a repressive action in early embryos.
However, their apparent absence in regions that are active in EMT
(Fig. 5E), suggests a direct or indirect role for Tcf4 products in the
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1019EMT regulation by E2-2 factors

maintenance of the mesenchymal phenotype in vivo, rather than in
induction of EMT. Interestingly, the more restricted expression of
Tcf4 mRNA in some mesodermal populations (migratory neural
crest cells or somites) compared with the expression pattern of E2A
(Fig. 5E-H) supports a complementary, rather than redundant, role
for Tcf4 and E2A products in the maintenance of distinct
mesenchymal cell populations in vivo.

E2-2 factors do not mediate the EMT induced by Snail or E47
factors
To further study the role of E2-2 and its relation with other EMT
inducers, RNA interference experiments were performed. Two
specific 19-mer oligonucleotides that target Tcf4 mRNA transcripts
were designed and cloned in pSuper-Neo-GFP vector. Both shE2-

2 (shE2-2.1 and shE2-2.2) vectors inhibited mRNA encoding E2-
2A and E2-2B by more than 70% after transient expression in
MDCK-E2-2B cells (data not shown). Stable transfection of shE2-
2.1 was then performed in MDCK-E2-2B clone C2, and cells were
selected as a pool (hereafter called MDCK-E2-2B-shE2-2). In
parallel, cells were transfected with an nonspecific sequence
(shControl) as a control (MDCK control cells). The specificity and
effectiveness of E2-2 silencing was confirmed by RT-PCR and
western blot analysis of the mouse E2-2B transgene. As shown in
Fig. 6A, expression of mE2-2B was strongly silenced at both mRNA
and protein levels in MDCK-E2-2B-shE2-2 cells (less than 70% of
the corresponding control). As expected, the high levels of
endogenous ZEB1 transcripts detected in MDCK-E2-2B cells were
significantly reduced after E2-2 silencing, although they still

Fig. 4. Comparative gene expression
analysis between MDCK-E2-2 and
MDCK-E47 cells. (A) Unsupervised
cluster analysis of genes modified in
MDCK cells expressing E2-2 (blue) or
E47 (yellow) factors, when compared with
control MDCK-CMV cells. Only genes
with twofold or greater variation in at least
one cell type were considered and three
hybridizations of each cell type were
analyzed. Upregulated (red) or
downregulated (green) genes are
indicated. (B) Graphic representation of
the common and specifically regulated
genes in MDCK cells expressing E2-2 and
E47. A total of 177 genes were
differentially expressed more than twofold
in at least one cell type relative to control
cells. The number of genes found to be
regulated in each case is indicated inside
each bar; upregulated (red) or
downregulated (green) genes are
indicated. (C) Functional grouping of the
modified expressed genes. The specific
functions are listed on the right using a
colour code and numbers indicate the
percentage representation among all the
candidate genes. (D) Validation of selected
genes. Left, RT-PCR analysis of
endogenous SPARC, ZEB1 and PDGF-C
transcripts in the indicated cell lines.
Right, western blot analysis of SPARC
and Id1 protein levels in the indicated cell
lines. α-tubulin (right) and GAPDH (left)
are shown as loading controls. Two
independent clones from MDCK-E2-2B
and MDCK-E2-2A cells were analyzed.
MDCK-E47 cells were also included.
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remained higher than those in MDCK-CMV control cells (Fig. 6B).
However, the low endogenous levels of transcripts encoding Snail1,
Snail2 and E47 were not modified in MDCK-E2-2B-shE2-2 cells
compared with controls (Fig. 6B). E-cadherin analysis by RT-PCR
and western blot showed that E2-2 knockdown did not restore E-
cadherin expression (Fig. 6G) nor did it induce significant changes
in the phenotype of MDCK-E2-2B-shE2-2 cells compared with
control cells (supplementary material Fig. S6A,B), indicating that
the EMT driven by E2-2 factors in MDCK cells is maintained by
mechanisms that are independent of E2-2 expression.

Since Tcf4 is a common downstream target of Snail1, Snail2 and
E47 in MDCK cells (Moreno-Bueno et al., 2006), we next asked
whether E2-2 is required for EMT mediated by Snail or E47 factors.
Transfection of shE2-2 was performed on MDCK-Snail1 (as a
model of Snail factors) and MDCK-E47 cells and sorted GFP-

Journal of Cell Science 122 (7)

positive pools and independent clones were analyzed. Efficient
silencing of endogenous mRNA transcripts for E2-2A and E2-2B
by shE2-2 in both cell types was confirmed by RT-PCR, whereas
no changes were detected in expression of the Snai1 or E2A
transgenes in the corresponding cells (Fig. 6C,E). Furthermore, no
significant changes in endogenous levels of Snai1, Snai2, E2A and
ZEB1 mRNA transcripts were observed in either MDCK-Snail1 or
MDCK-E47 cells following E2-2 interference (Fig. 6C-F), except
for a marked decrease in Snai2 transcripts in MDCK-E47 cells (Fig.
6D), reinforcing the specificity of E2-2 silencing. However, and
similar to the findings in MDCK-E2-2B-shE2-2 cells, knockdown
of E2-2 factors in MDCK-E47 or MDCK-Snail1 cells did not restore
E-cadherin expression at the mRNA or protein level (Fig. 6G).
Similar results were obtained in several independent clones isolated
from MDCK-E47-shE2-2 cells, which also showed no changes in
expression of several mesenchymal markers (N-cadherin,
fibronectin, SPARC) (supplementary material Fig. S6G).

Fig. 5. Tcf4 is expressed in the mesoderm but not in embryonic epithelia. In
situ hybridization of whole-mount mouse embryos at 8.5 d.p.c. (A-B) and 10
d.p.c. (C-D), and transverse vibratome sections of 10 d.p.c. embryos taken at
the level of the anterior (E-F) and posterior trunk (G-H). Tcf4 products are
detected in many different tissues throughout the embryo including the
mesoderm, limb buds and neural tissues but are absent from the non-neural
epithelia (E,G), the heart primordium (A) and the extra-embryonic membranes
(A,G). E2A (E47) transcripts show a similar expression pattern, but with a
wider distribution in the mesoderm and increased levels in the neural tube
(F,H), compared with Tcf4 transcripts (E,G). Note that the region of the neural
tube undergoing EMT (EMT zone) expresses very low levels of Tcf4 and E2A
(E47) (E,F). a, amnion; ba, branchial arch; ect, ectoderm; end, endoderm; em,
extraembryonic membranes; h, heart; lb, limb bud; mnc, migratory neural crest
cells; nt, neural tube; s, somites.

Fig. 6. Interference of Tcf4 by shRNA. MDCK cells stably expressing E2-2B
(A,B), E47 (C,D) or Snail1 (E,F) factors were transfected with shE2-2.1 or
control vector and selected as pooled GFP-positive cells. Cells were analyzed
by RT-PCR for expression of the indicated exogenous transgenes (A,C,D) and
endogenous transcripts (A-F). Analysis of endogenous transcripts in untreated
MDCK-CMV cells (B,D,F) was included as an additional control. Expression
of E2-2B transgene was also confirmed by western blot analysis in MDCK-
E2-2B cells (A, lower panels). (G) The expression of E-cadherin in MDCK-
CMV control and indicated pooled cells after transfection with shControl (C)
or shE2-2 (RNAi) was analyzed by RT-PCR (upper) and western blot (lower).
GAPDH and α-tubulin levels were detected to control cDNA and protein
loading, respectively.
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1021EMT regulation by E2-2 factors

Consequently, no significant changes were detected in the phenotype
of MDCK-E47-shE2-2 or MDCK-Snail1-shE2-2 cells compared
with controls (supplementary material Fig. S6C-F).

Taken together, the results presented here support a
complementary role of E2-2 to the action of Snail and E47 factors
in EMT regulation, through indirect E-cadherin repression and the
induction of downstream EMT regulators, such as ZEB1.

Discussion
The study of the regulation of E-cadherin expression and EMT is
relevant to the understanding of mammalian development, but more
importantly, to the elucidation of the mechanisms of tumour
invasion, which will hopefully facilitate the development of more-
effective cancer treatments. Several EMT inducers have been
identified, including the zinc-finger factors Snail1 and Snail2, the
two-handed zinc-finger factors ZEB1/δEF1 and ZEB2/SIP1, and
the bHLH factors Twist1 and E12/E47 (Peinado et al., 2007). Gene-
profiling studies have shown that several gene clusters relevant for
the EMT process lie downstream of Snail1 and Snail2, E47 or ZEB2
(De Craene et al., 2005; Vandewalle et al., 2005; Moreno-Bueno
et al., 2006). Expression analysis, together with specific knockdown
studies, is starting to reveal the specific participation of some of
these factors in tumour progression (Yang et al., 2004; Olmeda et
al., 2007a; Olmeda et al., 2007b; Olmeda et al., 2008; Aigner et
al., 2007; Yuen et al., 2007; Spaderna et al., 2008). Nevertheless,
the hierarchical or functional inter-relationship between different
EMT regulators is still poorly understood.

The recent finding that the class I bHLH Tcf4 gene is a
downstream target of Snail1, Snail2 and E47 (Moreno-Bueno et
al., 2006) led us to analyze the participation of E2-2 factors in EMT
and their relationship to other EMT regulators. The results presented
here demonstrate that E2-2A and E2-2B factors act as additional
EMT regulators, inducing repression of E-cadherin and expression
of mesenchymal markers accompanied by acquisition of motile and
invasive behaviour, as exemplified in epithelial MDCK and MCA3D
cell systems. In agreement with these findings, an in vivo repressor
role for Tcf4 gene products in Cdh1 expression is supported by
expression analysis carried out in early mouse embryos, showing
Tcf4 expression in those embryonic tissues where Cdh1 expression
is absent. Furthermore, the correlative data obtained in mouse and
human carcinoma cells between Tcf4 expression and an invasive
or de-differentiated phenotype adds further support to the biological
implication of E2-2 factors in tumour progression. In agreement
with this idea, increased expression of E2-2 in a subset of breast
cancer cells lines with mesenchymal traits has recently been
reported (Blick et al., 2008). In this context, it is also worth
mentioning that other studies have reported E2-2 upregulation in
ovary adenocarcinomas with deregulated Wnt/β-catenin signalling,
and revealed that the Tcf4 gene is able to promote neoplastic
transformation of RK3E cells (Zhai et al., 2002; Kolligs et al., 2002).

Detailed analysis of E2-2-mediated Cdh1 repression indicates
that Cdh1 silencing by E2-2 factors might occur indirectly and might
not involve E-boxes and their direct binding to the proximal
promoter. Curiously, regarding Cdh1 repression, the EMT inductors
fall apparently into two classes: direct repressors such as Snail1,
Snail2, E47, ZEB1 and ZEB2 (Batlle et al., 2000; Cano et al., 2000;
Perez-Moreno et al., 2001; Comijn et al., 2001; Bolós et al., 2003;
Peinado et al., 2004c; Eger et al., 2005) and indirect repressors such
as Twist, FOXC2 and the homeobox protein Goosecoid (Yang and
Weinberg, 2008). Thus, it seems that E2-2 belongs to this latter
class. Intriguingly, maintenance of Cdh1 repression in MDCK-E2-

2 cells indeed depends on the integrity of proximal upstream E-
boxes and of histone deacetylase activity (supplementary material
Fig. S7), strongly suggesting the implication of downstream
repressors. The analysis of the mechanistic differences between
various EMT drivers deserves future investigation that will help in
the elucidation of the hierarchical relationship of these factors during
EMT. Nevertheless, the present results lead us to propose that E2-
2 factors could induce, in certain contexts, an initial repression of
Cdh1 that will be further maintained by induction of downstream
repressor/s that could also contribute to EMT maintenance. Results
obtained in the knockdown studies further support this hypothesis,
because no reversion of E-cadherin expression or the EMT
phenotype was achieved after efficient E2-2 silencing in MDCK-
E2-2 cells (Fig. 5G; supplementary material Fig. S6). This is in
marked contrast to knockdown of Snail1 or E47 in MDCK-Snail1
or MDCK-E47 cells, respectively, which leads to robust re-
expression of E-cadherin and a full mesenchymal-to-epithelial
transition (MET) (Olmeda et al., 2007a) (E.C. and A.C., unpublished
results). One of the potential candidates to maintain Cdh1 repression
and EMT in stable MDCK-E2-2 cells is ZEB1, which is a strong
Cdh1 repressor in various cell systems (Groteclaess and Frisch,
2000; Eger et al., 2005). Indeed, ZEB1 expression is strongly
upregulated in MDCK-E2-2 cells and maintained at high levels even
after E2-2 silencing, whereas the endogenous levels of Snail and
E47 transcripts are very low in parental MDCK cells and not
significantly modified by stable expression of E2-2 or following
its knockdown in MDCK-E2-2 cells (Fig. 6). Unfortunately,
preliminary assays directed to study the binding of ZEB1 to the
Cdh1 promoter in MDCK-E2-2 cells rendered negative results (data
not shown), suggesting that an unidentified factor(s) might be
responsible for maintaining Cdh1 repression and EMT in MDCK-
E2-2 cells. Further studies are clearly required to solve this
important issue.

The studies performed following E2-2 silencing in MDCK-Snail1
and MDCK-E47 cells also indicated that E2-2 expression appears
to be dispensable for Snail1- and E47-mediated EMT, at least in
MDCK cells, suggesting a potential redundancy between these
factors. However, important biological differences were detected
in the behaviour of MDCK cells overexpressing E47 or E2-2 factors.
Thus, although MDCK-E47 cells acquire tumorigenic properties,
generating undifferentiated spindle cell tumours with high
angiogenic potential (Perez-Moreno et al., 2001; Peinado et al.,
2004b), MDCK-E2-2 cells showed no or very low tumorigenic
capacity. However, the latter cell type exhibits a pronounced
invasive potential in organotypic cultures (Fig. 3), in contrast to the
poor infiltration ability of MDCK-E47 cells in this assay (Peinado
et al., 2004b). These results are in agreement with recent findings
that support a specific functionality of the various E-proteins in
certain neural progenitors (Flora et al., 2007). In agreement with
the biological differences detected between MDCK-E2-2 and
MDCK-E47 cells, comparative gene expression profiling showed
that E2-2 and E47 induce common and specific genetic programs
when overexpressed in MDCK cells, supporting a differential role
for each type of class I bHLH factor in tumour progression and
invasion, outside EMT induction. For instance, constitutive
expression of E47 leads to the modified expression of several genes
important in the cell cycle, cell proliferation or signalling, such as
Cdc2, Ran, Smad5, Ltbp1/3 or PDGFC, which are not significantly
modified (or even downregulated) in cells overexpressing E2-2
factors (supplementary material Table S1), and that can potentially
explain the different tumorigenic and proliferation properties

Jo
ur

na
l o

f C
el

l S
ci

en
ce



1022 Journal of Cell Science 122 (7)

displayed by MDCK-E2-2 and MDCK-E47 cells. In this context,
it is worth mentioning that our recent comparative gene expression
profile analysis of MDCK-Snail1, MDCK-Snail2 and MDCK-E47
cells also revealed that those factors share multiple direct or
indirect target genes, but that can also induce specific gene
expression programs (Moreno-Bueno et al., 2006), and thus confer
specific functional properties to the EMT and to the tumorigenic
or invasive process. Together, these results provide evidence for
the existence of distinct genetic programs underlying the EMT
mediated by Snail (Snail1/Snail2) and class I bHLH factors
(E47/E2-2). Importantly, we show here that Tcf4 is a, direct or
indirect, downstream target of Snail1, Snail2 and E47, whereas
ZEB1 lies downstream of E2-2 and E47, as well as of Snail1, in
agreement with previous reports (Guaita et al., 2002). These data
support a hierarchical action among different EMT regulators, as
previously suggested (Peinado et al., 2004a; Peinado et al., 2007),
placing Snail1 and E47 upstream of ZEB1 and E2-2, which in turn
contributes to induction of ZEB1 and perhaps other EMT regulators.

A large body of evidence now indicates that the same molecules
and regulatory mechanisms are utilized for EMT processes during
normal embryonic development and in pathological events such as
cancer progression and organ fibrosis (Cano et al., 2000; Nieto,
2002; Peinado et al., 2004a; Thiery and Sleeman, 2006; Boutet et
al., 2006). The results presented here provide additional support
and add several new potential players for these EMT processes.
The expression pattern of Tcf4 and the inverse relationship with
Cdh1 expression in early embryonic development argues in favour
of a role for Tcf4 gene products in the generation and/or maintenance
of the mesenchymal phenotype. However, comparison of the
expression patterns of Tcf4 and E2A genes in early mouse embryos
(Fig. 5) (Pérez-Moreno et al., 2001) support the notion of a specific
and complementary role for class I bHLH factors, E47, E2-2A and
E2-2B, in the maintenance of the mesenchymal phenotype, as
previously suggested in neural development (reviewed by Ik Tsen
Heng and Tan, 2003). The fact that E2-2A and E2-2B factors are
upregulated in MDCK cells overexpressing Snail1, Snail2 or E47
(and in highly invasive tumour cells), and also that they are
expressed in migratory cells in mouse embryos, suggests that E2-
2A and E2-2B might participate in intermediate-to-late stages of
migration or invasion. They would thus contribute to EMT
maintenance through the silencing of a specific subset of epithelial
genes and/or induction of downstream EMT regulators, once
Snail1, Snail2 and/or E47 are expressed and have initiated the first
changes of the EMT. Although further work is required to assess
the specific contribution of E2-2 factors to the development of
human tumours, the present data clearly support their role as
additional players in epithelial cell plasticity, with important
connections to other EMT regulators.

Materials and Methods
Plasmid constructs
The complete cDNA sequence of mouse E2-2A (GenBank accession number
MMU16321) containing the RSRS sequence, and E2-2B (GenBank accession
number MMU16322) not containing the RSRS sequence (Skerjanc et al., 1996), were
initially isolated in a yeast one-hybrid screen (Cano et al., 2000; Pérez-Moreno et
al., 2001), and further subcloned from the yeast pACT2 expression vector (Clontech)
into pcDNA3 or pcDNA3-HA mammalian vectors (Invitrogen), respectively, under
the control of the cytomegalovirus (CMV) promoter.

Cell culture and treatments
Canine MDCK-II and derived cell lines, immortalized mouse mammary NMuMG,
mouse epidermal squamous HaCa4 and spindle cell carcinoma CarB cells, human
cell lines A431 (vulvar epidermoid carcinoma), HeLa (cervical adenocarcinoma),
SiHa and SW756 (cervical squamous cell carcinomas), were grown in Dulbecco’s

modified Eagle’s medium (DMEM, Life Technologies). Immortalized mouse MCA3D
and transformed PDV keratinocyte cell lines were grown in a mixture of DMEM and
Ham’s F12 medium (1:1) and in Ham’s F12 medium (Life Technologies), respectively.
All media were supplemented with 10% FBS (foetal bovine serum), 10 mM
glutamine (Invitrogen) and 100 μg/ml ampicillin and 32 μg/ml gentamicin (Sigma).
The origin and characterization of MDCK-CMV, MDCK-Snail1, MDCK-Snail2 and
MDCK-E47 cells has been previously described (Cano et al., 2000; Perez-Moreno
et al., 2001; Bolós et al., 2003; Peinado et al., 2004b).

Stable transfections
Stable transfectants were obtained from parental MDCK-II and MCA3D cells after
transfection with pcDNA3-E2-2B-HA, pcDNA3-E2-2A, or the corresponding control
vector, using Lipofectamine (Invitrogen). Cells were grown in the presence of G418
(400 μg/ml) for 3-4 weeks to select for transfected cells. Individual clones were isolated
with cloning rings. At least 10 independent clones were isolated from each transfection.

RT-PCR analysis
Total RNA from the different cell lines was extracted with Trizol reagent (Invitrogen).
2 μg RNA was used in RT-PCR experiments using specific primers for transcript
detection of Cdh1, E2-2A/B, E2-2A, E2-2B, Snail1, Snail2, E47, ZEB1, PDGF-C,
SPARC and GAPDH (glyceraldehyde-3-phosphate dehydrogenase). PCR products
were obtained after 30-35 cycles of amplification with an annealing temperature of
57-65°C. Sequences of the primers are indicated in supplementary material Table S2.
Primers for amplification of Cdh1, Snail1, Snail2, E47 and GAPDH have been
previously described (Perez-Moreno et al., 2001; Bolós et al., 2003; Martinez-Estrada
et al., 2006; Moreno-Bueno et al., 2006).

Cdh1 promoter assays
The mouse wild-type Cdh1 promoter (–178 to +92) fused to luciferase was used to
determine the activity of the Cdh1 promoter, as described previously (Bolós et al.,
2003; Peinado et al., 2004c), except that CMV-βgal was used to normalize for
transfection efficiency. MDCK, NMuMG and MCA3D cells, and stable MDCK-
derived clones were transiently transfected with pcDNA3-E2-2B-HA, pcDNA3-E2-
2A or control vectors, using Lipofectamine (Invitrogen). The ΔEpal version, in which
the Epal element has been deleted (Faraldo et al., 1997) and the mutant Epal version,
in which both E-boxes (E-box1 and E-box2) of the Epal have been eliminated by
point mutations, were excised from the pCAT basic vector and subcloned in the pGL2
vector (Promega) (Bolós et al., 2003). Independent mutations in E-box1, E-box2 or
E-box3 were performed on the wild-type promoter construct by site-directed
mutagenesis following standard procedures. In the mutant E-box1 construct, the first
C of the E-box1 was changed to A (CAGGTG to AAGGTG), and in the mutant E-
box2, the last G of the E-box2, to T (CACCTG to CACCTT). In the mutant E-box3
construct, the two first nucleotides were changed (CACCTG to ACCCTG). 200 ng
of each promoter construct and 10 ng CMV-βgal were used for transfection. Cell
extracts were obtained 24 hours after transfection and luciferase and β-gal activities
were determined using a Luciferase assay system (Promega). Where indicated,
trichostatin A (TSA) (Sigma), dissolved in ethanol, was added to the culture medium
at 100 nM, and maintained for 7 hours after transfection; an equivalent volume of
ethanol was added to control untreated cells.

Chromatin immunoprecipitation (ChIP) assays
ChIP assays were performed in MDCK-CMV-HA, MDCK-E2-2B-HA (clones C1,
C2, C3) and MDCK-Snail1-HA cell lines, using formaldehyde and 10 mM dimethyl
adipimidate before sonication, as previously described (Peinado et al., 2004c). For
detection of interaction between the tagged factors and the endogenous Cdh1 promoter,
an anti-HA antibody (Roche) was used. A 215 bp fragment of the dog promoter
(–85/+130) was amplified with the primers 5�-CCCGCC GCAG GTGCAGC -
CGCAGCCAAT-3� (direct) and 5�-GGCGCCGCCGTACCGAGGG-3� (reverse).
PCR was carried out as follows: 35 cycles at 94°C for 40 seconds, 65°C for 40 seconds,
and 72°C for 40 seconds. The amplified DNA was separated on a 2% agarose gel
and visualized with SyberSafe (Invitrogen).

RNA interference
For knocking down E2-2A and E2-2B expression, two 19 nucleotide homologous
sequences to both isoforms encoded by mouse and canine Tcf4 genes were generated
(ACTTTCCCTAGCTCCTTCT, shE2-2.1; GATCTATTCTCCAGATCAC, shE2-2.2)
and cloned in pSuper-Neo-GFP vector (OligoEngine) following the manufacturer’s
instructions. As a control, an unspecific sequence from Termotoga maritima (Qiagen)
was used. MDCK-E2-2B clone C2, MDCK-Snail1 and MDCK-E47 cells were
transfected with shE2-2.1 and control constructs using Lipofectamine 2000
(Invitrogen) and sorted three times by EGFP fluorescence using a FACSVantage SE
(BD) flow cytometer, to obtain populations with more than 90% EGFP-positive cells.
Enriched cell pools from each transfection were used for characterization. Independent
clones were isolated from MDCK-shE47-shE2-2.1 GFP-sorted cells by limited
dilution.

Jo
ur

na
l o

f C
el

l S
ci

en
ce



1023EMT regulation by E2-2 factors

Immunofluorescence and western blot analysis
Cells grown on coverslips were fixed in methanol (–20°C, 30 seconds) and stained
for the various epithelial and mesenchymal markers as previously described (Cano
et al., 2000; Perez-Moreno et al., 2001; Bolós et al., 2003). The primary and secondary
antibodies used are described in supplementary material Table S3. For F-actin staining,
cells were fixed in 3.7% formaldehyde-0.5% Triton X-100 (15 minutes at room
temperature), followed by incubation with FITC-phalloidin for 30 minutes at 37°C
and washed with PBS. DAPI (4,6-diamidino-2-phenylindole; Sigma) was used for
DNA staining. Slides were mounted on Mowiol and the preparations were visualized
using a Zeiss Axiophot microscope equipped with epifluorescence.

For western blot analysis, whole-cell extracts were obtained using RIPA buffer (50
mM Tris-HCl pH 7.5, 150 mM NaCl, 1% NP-40, 0.5% deoxycholate, 0.1% SDS),
containing protease inhibitors. 30 μg total protein from each sample were loaded on
7.5, 10 or 12% SDS polyacrylamide gel electrophoresis (PAGE) gels. Transfer,
blocking and incubation with the appropriate antibodies was performed as described
(Cano et al., 2000; Perez-Moreno et al., 2001; Bolós et al., 2003). The primary and
secondary antibodies used are described in supplementary material Table S3. For
Snail1 detection, mouse monoclonal 173EC3 antibody (1:40 dilution) was used as
described (Franci et al., 2006). Blots were developed using the enhanced
chemiluminescence detection system (Amersham-GE healthcare).

Transwell assays
Modified Boyden chambers, Transwells (Costar) with 8 μm pore-size filters covered
with type IV rat collagen (BD) were used, as previously described (Cano et al., 2000).
Briefly, 4�105 cells of each type were seeded onto the upper compartment. 16 hours
later, cells present in the low compartment and lower part of the filters were counted.

Invasion assays
Invasion assays in three-dimensional organotypic cultures on collagen gels were
performed as previously described (Peinado et al., 2004b). Briefly, 1�106 cells were
seeded onto collagen (type I) gels in filter-culture inserts (pore size 3.0 mm,
polycarbonate; BD Biosciences). The cultures were immersed in DMEM and grown
for 2 weeks. Medium was completely replaced every 3 days. At the end of the culture
period, the gels were immediately frozen in isopentane-cooled liquid nitrogen
embedded in Tissue Tek OCT Compound (Medim). 8 μm cryostat sections were
obtained for immunofluorescence analysis.

Statistical analysis
For determining statistic significance, Student’s t-test and one-way ANOVA analyses
were performed using the GraphPad Prism 4.0 software.

In situ hybridization of mouse embryos
In situ hybridization analyses of whole mounted embryos and vibratome slices were
performed as described (Cano et al., 2000; Perez-Moreno et al., 2001). The mouse
Tcf4 probe corresponds to a fragment of ~1.1 kb of the E2-2B cDNA sequence (from
+1610 to 2712) that would recognize both E2-2B and E2-2A mRNA transcripts. For
detection of E2A products, a probe corresponding to the complete mouse E47 cDNA
was used as previously described (Perez-Moreno et al., 2001). The slices were
photographed with a Leica DMR microscope under Nomarski optics.

Differential expression profile analysis
Total RNA from the different cell lines was extracted as previously described (Moreno-
Bueno et al., 2006). The results presented here correspond to the following cell lines:
MDCK-E2-2, MDCK-E47 and MDCK-CMV. The cDNA array chip is the CNIO
Oncochip manufactured by the CNIO Genomic Unit (http://bioinfo.cnio.es/ data/
oncochip) that contains 11,768 clones corresponding to 9300 different human genes.
All genes have been printed in duplicate to assess reproducibility.

For analysis of E2-2- and E47-expressing cells, two extractions of RNA for each
condition were performed and the corresponding RNA samples were labelled with
dUTP-Cy5 and hybridized against the dUTP-Cy3-labeled MDCK-CMV control cells.
An additional hybridization was performed using the dye swap label; thus a total of
three hybridizations were done in E2-2- and E47-expressing cells. The fluorescence-
intensity measurements of each array experiment were processed using the GenePix
Pro 6.0 and MS Excel programs as recently described (Moreno-Bueno et al., 2006).

For statistical analysis, genes showing at least twofold variation in expression level
respect to the MDCK-CMV control were selected. A hierarchical clustering
method was applied to group the genes and samples on the basis of the similarities
in expression, and the unsupervised analyses were visualized using the SOTA
and TreeView software assuming euclidean distances between genes
(http://bioinfo.cipf.es/). Genes with differentially significant expression between
E2-2 and E47 factors were identified using the POMELO-II program
(http://pomelo2.bioinfo.cnio.es/).We tested the null hypothesis of equal means among
the three groups using Student’s t-test, computing P values using a permutation test.
To select differentially expressed genes, we adjusted for multiple testing using the
False Discovery Rate (FDR) method (Hochberg and Benjamini, 1990). Here we report
differential expression in genes with an FDR <0.1. All the microarray raw data tables
have been deposited in the Gene Expression Omnibus under the accession numbers
GSE9145 (for E2-2 analysis) and GSE9147 (for E47).
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Figure S1. E2-2 transcripts are upregulated in MDCK cells overexpressing Snail1, Snail2 or E47 

factors, and in invasive carcinoma cell lines.

RT-PCR analysis of endogenous E2-2B and/or E2-2A mRNA levels in: A. MDCK cells stably expressing 

Snail1, Snail2 or E47 as indicated, and MDCK-CMV control cells. B. Cell lines derived from the mouse 

skin carcinogenesis model. MCA3D and PDV: epithelial, non-invasive; HaCa4: epithelioid, invasive; 

CarB: spindle, invasive. C. Human cell lines derived from vulvar epidermoid carcinoma (A431), cervical 

adenocarcinoma (HeLa) and cervical squamous cell carcinomas (SiHa and SW756) analysed for E2-

2A/B, E2-2B and E-cadherin mRNA expression. GAPDH levels were analysed as a control of the amount 

of cDNA. Expression of endogenous E-cadherin transcripts in A and B is indicated by +/- signs, as 

previously reported (Cano et al., 2000; Moreno-Bueno et al., 2006).
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lamellipodia-like structures. B. Western blot analysis of the indicated epithelial and mesenchymal markers in MDCK-CMV 
and three independent clones from MDCK-E2-2A cells (C1, C3 and C8). α-tubulin, loading control. C. RT-PCR analysis of 
exogenous E2-2A (upper panel) and endogenous E-cadherin (middle panel) transcripts in the indicated cell lines. D. RT-
PCR analysis of endogenous transcripts of E47, Snail1 and Snail2 in the indicated cells. GAPDH: loading control. E. Total 
protein levels of endogenous Snai1 (dSnail1) in the indicated MDCK-E2-2A/B clones and controls. α-tub: loading control.
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Figure S3. E2-2 induces EMT in mouse keratinocyte MCA3D cells.
A. Phase contrast images of MCA3D-CMV control cells (a) and one representative clone from MCA3D-
E2-2B cells, C8 (c). IF images of E-cadherin in MCA3D-CMV (b) and MCA3D-E2-2B cells, C8 (d). B. 
Western blot of the indicated markers in MCA3D-CMV and two independent clones from MCA3D-E2-2B 
cells (C5, C8) showing reduced levels of E-cadherin and β-catenin, and upregulaton of N-cadherin. 
Expression of E2-2B was confirmed with α-HA antibody. α-tubulin: loading control. C. Wound-healing 
assays on plastic dishes were performed in MCA3D-CMV control (a, c) and MDCK-E2-2A cells (b, d), as 
indicated in materials and methods.
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The activity of mouse proximal E-cadherin promoter (-178/+92) fused to luciferase gene was analysed in the 
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pcDNA3 control vector (200 ng) as indicated. CMV-β-gal was used to normalise transfection efficiency. 

Promoter activity, determined 24h after transfection in triplicate samples, is represented as relative luciferase
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representative experiment out of three is shown, performed in triplicate samples. Error bars represent 

standard deviation (s.d.). 
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Figure S5.  E2-2A overexpression causes the acquisition of a motile/ infiltrating behaviour.

A. The infiltrating behaviour of control CMV (a-d) and MDCK-E2-2A, C1 (e-h) cells was analysed in three 

dimensional organotypic cultures on collagen type I gels. Immunofluorescence images of E-cadherin 

(red; a, e) and vimentin (green; b, f) from 8 μm cryostat sections from two-week cultures. Nuclei staining 

with DAPI corresponding to the same fields of MDCK-CMV (c, d) and MDCK-E2-2A (g, h) cultures are 

also shown. Bar, 100 μm. 
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Figure S6. Knock down of E2-2 expression in 
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not alter the EMT phenotype.
A-F. Phase contrast images of MDCK cells stably 
expressing E2-2B (A, B), E47 (C, D) or Snail1 (E, F) 
and transfected with shControl (A, C, E) or shE2-2 
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from MDCK-E47shE2-2) showing no changes in the 
expression of the indicated EMT markers after knock 
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Figure S7. E-cadherin promoter repression in stable MDCK-E2-2A/B cells depends on E-

boxes and HDAC activity. A. The activity of the wild type (WT) mouse proximal E-cadherin

promoter and its deleted (ΔEpal) and mutated E1/E2 boxes (MutEpal) versions was determined in 

the indicated MDCK-derived cells lines, 24h after transfection. The promoter activity is represented 

as relative luciferase units (RLU) and the values were normalised to those obtained with the WT

promoter in control MDCK-CMV cells. A representative experiment out of three is shown, performed 

in triplicate samples. Error bars, standard deviation (s.d.). B. The activity of the WT E-cadherin

promoter was analysed in the indicated cell lines, 24h after transfection. Where specified, cells were 

treated with the HDAC inhibitor trichostatin A (TSA, 100 nM, grey bars) or vehicle (black bars) 7h 

after transfection. Normalised RLU values relative to those obtained in untreated control CMV cells 

are shown. Results represent the mean of three independent experiments, performed in triplicate. 

Error bars, standard deviation (s.d.).* p< 0.05; ** p< 0.01.



Table S1. Modified genes (at least twofold) in MDCK-E2-2 or MDCK-E47 compared with MDCK-CMV
control cells.

Gene Symbol       E47            E2-2                  Description

EMT-related (n=35)

FAT4 3,33 1,94 FAT tumor suppressor homolog 4 (Drosophila)

CALD1 4,47 2,24 Caldesmon 1

CDH1 -7,80 -5,99 Cadherin 1, type 1, E-cadherin (epithelial)

CDH4 -2,41 -1,37 Cadherin 4, type 1, R-cadherin (retinal)

CDH6 3,28 2,75 Cadherin 6, type 2, K-cadherin (fetal kidney)

COL1A2 * 2,68 -4,19 Collagen, type I, alpha 2

CTNNB1 1,35 3,24 Catenin (cadherin-associated protein), beta 1, 88kDa

DSC2 -1,97 -2,15 Desmocollin 2

DSP -2,26 -2,51 Desmoplakin

EREG 2,54 -1,15 Epiregulin

FN1 4,72 3,43 Fibronectin 1

GPC3 4,30 -1,11 Glypican 3

HPN -2,48 -1,32 Hepsin (transmembrane protease, serine 1)

ITGBL1 2,61 -1,16 Integrin, beta-like 1 (with EGF-like repeat domains)

KRT17 -5,65 -2,31 Keratin 17

KRT7 -2,04 1,84 Keratin 7

KRT80 -3,24 1,13 Keratin 80

LMO7 -2,10 -3,98 LIM domain 7

MCAM 2,82 1,36 Melanoma cell adhesion molecule

MID1IP1 -3,13 -2,74 MID1 interacting protein 1 (gastrulation specific G12 homolog (zebrafish))

MMP1 2,63 1,22 Matrix metallopeptidase 1 (interstitial collagenase)

MMP10 3,21 -1,08 Matrix metallopeptidase 10 (stromelysin 2)

MSN 2,04 2,54 Moesin

NID2 * -2,21 4,89 Nidogen 2 (osteonidogen)

PLAU -2,11 -2,45 Plasminogen activator, urokinase

SERPINE2 2,60 2,68
Serpin peptidase inhibitor, clade E (nexin, plasminogen activator inhibitor type 1),
member 2

SPARC 16,00 15,58 Secreted protein, acidic, cysteine-rich (osteonectin)

TCF4 6,63 3,12 Transcription factor 4

TCF8 3,00 1,11 Transcription factor 8 (represses interleukin 2 expression)

TFF1 -4,11 -5,03 Trefoil factor 1 (breast cancer, estrogen-inducible sequence expressed in)



TIMP3 -2,76 -2,74 TIMP metallopeptidase inhibitor 3 (Sorsby fundus dystrophy, seudoinflammatory)

TMSB4X 7,55 4,03 Thymosin, beta 4, X-linked

TMSB4Y 4,59 2,66 Thymosin, beta 4, Y-linked

TSPAN4 1,13 -2,17 Tetraspanin 4

HS3ST1 -1,85 -2,70 Heparan sulfate (glucosamine) 3-O-sulfotransferase 1

Cytoskeleton (n=10)

ABLIM1 -4,74 -1,81  Actin binding LIM protein 1

EML1 2,57 1,30 Echinoderm microtubule associated protein like 1

MAP7 -3,91 -2,23 Microtubule-associated protein 7

NUMA1 * -2,07 2,73 Nuclear mitotic apparatus protein 1

PHLDA1 -5,89 -2,40 Pleckstrin homology-like domain, family A, member 1

PRC1 2,14 1,05 Protein regulator of cytokinesis 1

STMN1 3,79 1,20  Stathmin 1/oncoprotein 18

TUBB 3,76 2,03 Tubulin, beta

TUBB2C 2,14 2,42 Tubulin, beta 2C

TUBB4 1,60 2,46 Tubulin, beta 4

Transcription (n=14)

ATBF1 2,33 -1,34 AT-binding transcription factor 1

ATF4 -3,27 -1,29 Activating transcription factor 4 (tax-responsive enhancer element B67)

CPSF2 * 2,10 -2,23 Cleavage and polyadenylation specific factor 2, 100kDa

FBXL3 2,27 -1,12 F-box and leucine-rich repeat protein 3

FBXO11 8,25 1,12 F-box protein 11

FES 2,10 -1,08 Feline sarcoma oncogene

FOS -2,46 -7,70 V-fos FBJ murine osteosarcoma viral oncogene homolog

FXYD3 -11,91 -4,52 FXYD domain containing ion transport regulator 3

ID1 2,47 1,22 Inhibitor of DNA binding 1, dominant negative helix-loop-helix protein

ID3 2,84 1,65 Inhibitor of DNA binding 3, dominant negative helix-loop-helix protein

KLF4 -2,11 -4,57 Kruppel-like factor 4 (gut)

KLF9 -1,82 -2,00 Kruppel-like factor 9

MEF2A 2,75 -1,16
MADS box transcription enhancer factor 2, polypeptide A (myocyte enhancer
factor 2A)

PSIP1 2,31 -1,58 PSIP1, PC4 and SFRS1 interacting protein 1



Cell growth and proliferation (n=25)

ABI2 -5,51 -1,94 Abl interactor 2

ANLN 2,84 -1,07 Anillin, actin binding protein

BTG1 -2,30 -1,91 B-cell translocation gene 1, anti-proliferative

CDC2 2,65 -1,19 Cell division cycle 2, G1 to S and G2 to M

CDC6 -1,28 -2,82 Cell division cycle 6 homolog (S. cerevisiae)

DLG3 -3,10 1,27 Discs, large homolog 3 (neuroendocrine-dlg, Drosophila)

DOCK7 2,32 1,17 Dedicator of cytokinesis 7

EMR3 3,15 1,44 Egf-like module containing, mucin-like, hormone receptor-like 3

FGFBP1 -2,57 -3,16 Fibroblast growth factor binding protein 1

FGFR4 2,46 2,81 Fibroblast growth factor receptor 4

GAB1 -2,64 -2,10 GRB2-associated binding protein 1

IGF2 -2,17 -7,36 Insulin-like growth factor 2 (somatomedin A)

IGFBP5 -2,41 -4,77 Insulin-like growth factor binding protein 5

KIF20A 2,49 1,54 Kinesin family member 20A

LTBP1 3,74 -1,08 Latent transforming growth factor beta binding protein 1

LTBP3 2,70 -1,12 Latent transforming growth factor beta binding protein 3

MAD2L1 2,01 -2,27 MAD2 mitotic arrest deficient-like 1 (yeast)

NGFRAP1 -2,34 -1,45 Nerve growth factor receptor (TNFRSF16) associated protein 1

PDGFC 11,41 -1,42 Platelet derived growth factor C

RGS2 -4,62 -2,59 Regulator of G-protein signalling 2, 24kDa

SMAD5 2,20 -1,14 SMAD family member 5

THRSP 2,65 1,36 Thyroid hormone responsive (SPOT14 homolog, rat)

TRIP10 -1,02 -2,87 Thyroid hormone receptor interactor 10

USMG5 2,36 2,06 Upregulated during skeletal muscle growth 5 homolog (mouse)

GAS1 9,45 2,65 Growth arrest-specific 1

Cell signalling (n=18)

BASP1 -2,21 -4,60 Brain abundant, membrane attached signal protein 1

CALR -2,50 -2,08 Calreticulin

CCDC109A -2,53 -1,12 Coiled-coil domain containing 109A

GABBR2 3,67 1,04 Gamma-aminobutyric acid (GABA) B receptor, 2

GPR126 -2,21 -1,93 G protein-coupled receptor 126



GPR98 -1,92 -2,02 G protein-coupled receptor 98

KISS1R -1,87 2,18 KISS1 receptor

MAP3K11 2,64 2,05 Mitogen-activated protein kinase kinase kinase 11

MST1R -3,05 -1,17 Macrophage stimulating 1 receptor (c-met-related tyrosine kinase)

PTPRZ1 -3,83 -1,07 Protein tyrosine phosphatase, receptor-type, Z polypeptide 1

RAN 2,10 -1,23 RAN, member RAS oncogene family

RIT2 2,45 -1,24 Ras-like without CAAX 2

SAR1B 2,65 1,18 SAR1 gene homolog B (S. cerevisiae)

TACSTD1 -2,87 -1,81 Tumor-associated calcium signal transducer 1

THRB 3,14 -1,21
Thyroid hormone receptor, beta (erythroblastic leukemia viral (v-erb-a)
oncogene homolog 2, avian)

TM4SF1 -2,29 -2,74 Transmembrane 4 L six family member 1

TMEM23 2,27 1,02 Transmembrane protein 23

TNFRSF21 -3,14 -1,22 Tumor necrosis factor receptor superfamily, member 21

Angiogenesis (n=3)

ESM1 1,23 3,02 Endothelial cell-specific molecule 1

IL1RAP -2,43 -1,93 Interleukin 1 receptor accessory protein

IL1RN -12,29 -2,41 Interleukin 1 receptor antagonist

Apoptosis (n=5)

ANXA3 -1,75 -2,34 Anexina A3

ANXA5 2,64 1,22 Anexina A5

GADD45A -5,22 -2,32 Growth arrest and DNA-damage-inducible, α

MALAT1 -2,06 -3,16 Metastasis associated lung adenocarcinoma transcript 1 (RNA no codificante)

PAWR -1,58 -2,28 PRKC, apoptosis, WT1, regulator

Metabolism (n=22)

AOF1 2,72 -1,14 AOF1, Amine oxidase (flavin containing) domain 1

ARSJ 2,15 1,70 ARSJ, Arylsulfatase family, member J

ASNS -3,31 -2,51 ASNS, Asparagine synthetase

CDS1 -3,00 -2,06 CDS1, CDP-diacylglycerol synthase (phosphatidate cytidylyltransferase) 1

CHSY1 2,33 1,14 CHSY1, Carbohydrate (chondroitin) synthase 1

CTH -2,19 -2,36 CTH, Cystathionase (cystathionine gamma-lyase)



DARS 1,12 -2,61 DARS, Aspartyl-tRNA synthetase

DPP4 -3,49 -2,23
DPP4, Dipeptidyl-peptidase 4 (CD26, adenosine deaminase complexing
protein 2)

DUSP1 -2,75 -1,48 DUSP1, Dual specificity phosphatase 1

ENO1 2,39 1,34 ENO1, Enolase 1, (alpha)

HTRA1 4,10 1,34 HTRA1, HtrA serine peptidase 1

MPA1 1,93 -2,44 MPA1, Inositol(myo)-1(or 4)-monophosphatase 1

LDHA 2,26 2,70 LDHA, Lactate dehydrogenase A

LYPLA1 2,60 -1,17 LYPLA1, Lysophospholipase I

PLA2R1 -5,43 -2,10 PLA2R1, Phospholipase A2 receptor 1, 180kDa

PLSCR2 -2,50 -2,22 PLSCR2, Phospholipid scramblase 2

PSAT1 -2,25 -1,65 PSAT1, Phosphoserine aminotransferase 1

PTGDS 2,53 1,34 PTGDS, Prostaglandin D2 synthase 21kDa (brain)

SGK -2,09 -2,07 SGK, Serum/glucocorticoid regulated kinase

SPINT2 -5,28 -2,00 SPINT2, Serine peptidase inhibitor, Kunitz type, 2

SQRDL -2,30 -1,22 SQRDL, Sulfide quinone reductase-like (yeast)

SULT1A1 -2,87 -1,38 SULT1A1, Sulfotransferase family, cytosolic, 1A, phenol-preferring, member 1

Stress response (n=2)

HIG2 -1,91 -2,95 Hypoxia-inducible protein 2

HSPB8 3,26 2,66 Heat shock 22kDa protein 8

Transport (n=3)

SLC2A1 -2,92 -2,04 Solute carrier family 2 (facilitated glucose transporter), member 1

SLC2A3 -2,30 -3,92 Solute carrier family 2 (facilitated glucose transporter), member 3

STEAP1 * 11,38 -2,80 Six transmembrane epithelial antigen of the prostate 1

Basic cellular function (n=30)

ABCB1 2,42 -1,34 ATP-binding cassette, sub-family B (MDR/TAP), member 1

ABCG8 -2,25 1,46 ATP-binding cassette, sub-family G (WHITE), member 8 (sterolin 2)

ARL2BP 2,21 -1,35 ADP-ribosylation factor-like 2 binding protein

ARL4C * 8,43 -2,60 ADP-ribosylation factor-like 4C

ARL8B -2,24 -1,76 ADP-ribosylation factor-like 8B

ATP6V1C1 2,63 -1,80 ATPase, H+ transporting, lysosomal 42kDa, V1 subunit C1



CTSO 2,50 1,39 Cathepsin O

CYCS 3,24 -1,13 Cytochrome c, somatic

DNAJA1 2,46 -1,38 DnaJ (Hsp40) homolog, subfamily A, member 1

GBE1 2,45 -1,12
Glucan (1,4-alpha-), branching enzyme 1 (glycogen branching enzyme,
Andersen disease, glycogen storage disease type IV)

GMNN 2,55 1,09 Geminin, DNA replication inhibitor

GNAI1 4,30 -1,12
Guanine nucleotide binding protein (G protein), alpha inhibiting activity
polypeptide 1

GNG11 6,06 1,18 Guanine nucleotide binding protein (G protein), gamma 11

HERPUD1 -4,68 -1,97
Homocysteine-inducible, endoplasmic reticulum stress-inducible, ubiquitin-like
domain member 1

LMNB1 -2,84 -2,07 Lamin B1

LSM8 2,27 -1,05 LSM8 homolog, U6 small nuclear RNA associated (S. cerevisiae)

P2RX4 1,69 -2,15 Purinergic receptor P2X, ligand-gated ion channel, 4

PDE4B -2,04 -1,98
Phosphodiesterase 4B, cAMP-specific (phosphodiesterase E4 dunce homolog,
Drosophila)

PJA2 -1,10 -3,16 Praja 2, RING-H2 motif containing

POLR2B 2,69 1,15 Polymerase (RNA) II (DNA directed) polypeptide B, 140kDa

PPP1CA -1,16 -2,25 Protein phosphatase 1, catalytic subunit, alpha isoform

PPP1R15B -2,16 -1,96 Protein phosphatase 1, regulatory (inhibitor) subunit 15B

PSMA2 2,46 1,39 Proteasome (prosome, macropain) subunit, alpha type, 2

PTPN3 -1,92 -2,33 Protein tyrosine phosphatase, non-receptor type 3

RPA3 2,69 -1,09 Replication protein A3, 14kDa

RPS9 -2,01 -1,39 Ribosomal protein S9

SDF2L1 -2,52 -1,59 Stromal cell-derived factor 2-like 1

SSU72 2,32 2,47 SSU72 RNA polymerase II CTD phosphatase homolog (S. cerevisiae)

TOP2A 2,59 -1,09 Topoisomerase (DNA) II alpha 170kDa

TPBG 2,43 2,41 Trophoblast glycoprotein

Miscellaneous and unknown function (n=53)

AA012867 -2,42 -2,49 Transcribed locus

AA015892 -3,02 -1,19  Miscellaneous

AA026682 4,17 -1,25  Miscellaneous

AA083228 2,62 -1,18 Transcribed locus

AA131421 -3,72 -2,59 Homo sapiens, clone IMAGE:5547644, mRNA

AA187233 2,44 1,23 Transcribed locus



AA235343 4,53 1,04 Transcribed locus

AA418828 -2,03 -2,11 Transcribed locus

AA446839 -2,04 -4,94 Miscellaneous

AA448157 2,54 1,28 Transcribed locus

AA598555 -1,97 -2,07
Miscellaneous

AA668205 1,40 -2,48 Transcribed locus

AA682719 2,21 -1,34 Miscellaneous

AA778116 3,52 1,41 Miscellaneous

AA911832 -2,39 -1,30  CDNA clone IMAGE:6025865

AA971895 2,72 1,52
Transcribed locus, weakly similar to XP_534331.2  similar to ORF2 [Canis
familiaris]

AA974801 2,38 1,25
Transcribed locus, moderately similar to XP_001134686.1  hypothetical protein
[Pan troglodytes]

AI167261 * 6,59 -2,60 MRNA; cDNA DKFZp667B0924 (from clone DKFZp667B0924)

AI216571 2,67 -1,00 Transcribed locus

AI291262 4,32 1,15 Transcribed locus

AI923117 -2,53 -1,16 CDNA: FLJ23228 fis, clone CAE06654

BE561733 -2,77 -2,20 Miscellaneous

C16orf57 -2,20 -1,05 Chromosome 16 open reading frame 57

C3orf23 2,09 -1,74 Chromosome 3 open reading frame 23

C7orf24 2,51 -1,09 Chromosome 7 open reading frame 24

H26183 -4,98 -1,28 Miscellaneous

H41096 -2,65 -2,15 Transcribed locus

LOC126917 -3,42 -1,20 Hypothetical protein LOC126917

LOC387683 -1,04 -3,59 Hypothetical LOC387683

LOC645619 3,52 1,23
Similar to Adenylate kinase isoenzyme 4, mitochondrial
(ATP-AMP transphosphorylase)

N26928 -3,15 -1,90
 
Miscellaneous

N48697 2,45 -1,66 Transcribed locus

N68917 2,62 1,13  Miscellaneous

R14976 -2,17 -1,03 Miscellaneous

R25788 3,97 -1,09 Miscellaneous

R27680 -5,62 -1,73 Miscellaneous

R49274 5,19 1,18 Miscellaneous

R96595 -2,39 -1,56 CDNA clone IMAGE:4801326



T98612 2,57 1,18 Miscellaneous

W51794 4,68 1,41 Transcribed locus

W52353 2,15 -1,23 Miscellaneous

W52353 2,39 1,47 Miscellaneous

W92134 * -9,52 2,99 Miscellaneous

SEPT7 3,50 -1,31 Septin 7

CRYAB 2,84 1,10 Crystallin, alpha B

DIAPH3 2,17 -1,13 Diaphanous homolog 3 (Drosophila)

FAM84B -3,04 -2,75 Family with sequence similarity 84, member B

RORA 2,41 1,02 RAR-related orphan receptor A

SERINC1 2,86 1,28 Serine incorporator 1

SESN1 2,53 -1,08 Sestrin 1

SLAIN1 2,04 -1,79 SLAIN motif family, member 1

SUB1 2,64 1,74 SUB1 homolog (S. cerevisiae)

TSNAX 1,63 -2,17 Translin-associated factor X

* Differentially expressed clones between E47 and E2-2 expressing cells (FDR<0.1).



Table S2. Sequence of the primers used in RT-PCR.

mouse E2-2A/B Fw:  5´ GAGCGTGTCTTCTGGTAGC 3´
Rev: 5´ CCATGTGATTCGCTGCGTC 3´

human E2-2A/B Fw:  5´ GAGTGTCTCCTCTGGCAGC 3´
Rev: 5´ CCATGTGATTCGCTGCGTC 3´

mouse E2-2A Fw:   5´CCATGTACTGCGCATACACCATCC 3´
Rev: 5´GCTCAAACGTTCGTGTGGATGCAGG 3´

canine E2-2A Fw:  5´ CCATGTACTGCGCATACACCATCC 3´
Rev: 5´ GCTCAAGCGTTCGTGTGGATGCAGG 3´

mouse E2-2B Fw:  5´ TCAAATGTAGAAGACAGAAGTAGCTCA 3´
Rev: 5´ TTGCTTGAATACTGATAGTACTGGGAG 3´

canine / human E2-2B Fw:  5´ TCAAATGTAGAAGACAGAAGTAGCTCA 3´
Rev: 5´ TTGCTAGAATACTGGTAATACTGGGAG 3´

ZEB-1 Fw: 5´CACCGAAGAGGACCAGAGGCAG 3´
Rev: 5´ACACCCAGACTGCGTCACATGTC 3´

SPARC Fw: 5´ CCTGCCTGATGAGACAGAGGTGGTAG 3´
Rev: 5´ AGTGGCAG GAAGAGTCAAAGGTCTTG 3´

PDGF-C Fw:  5´AAACTGGAGACACAGAAGAGGGC 3´
Rev: 5´TTCCTGGTACAGTACCAGAACCACA 3´



Table S3. Antibodies used in immunofluorescence and Western blot analyses

Antibody Dilution
IF/ WB

Host * Source

Primary antibodies

E-cadherin (ECCD-2) 1:100/1:200 Rat Takeichi´s Lab.
β-catenin 1:250/ 1:500 Mou Transduction
N-cadherin 1:50/ 1:500 Mou Zymed
Fibronectin 1:1000/ 1:4000 Rab Sigma Chemical Co.
Vimentin 1:200/ 1:1000 Mou DakoCytomation
SPARC 1:100 Mou Novocastra
Id1 1:200 Rab Santa Cruz Biotechnology
α-tubulin 1:10000 Mou Sigma Chemical Co.
HA 1:500 Rat Roche

Secondary antibodies

Alexa Fluor 488 1:800 Rat, Mou, Rab Molecular Probes

Horseradish peroxidase
conjugated

- sheep  1:1000 Mou Amersham Biosciences
- goat 1:4000 Rab Pierce
- goat 1:10000 Rat Nordic

* Rat: rat; Mou: mouse; Rab: rabbit


