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ABSTRACT 

The loss of E-cadherin expression and the translocation of β-cate-nin to the nucleus are frequently associated 
with the metastatic conversion of epithelial cells. In the nucleus, β-catenin binds to the TCF/LEF-1 (T-cell 
factor/ lymphoid enhancer factor) transcription factor family resulting in the activation of several genes, some of 
them having important implications in tumour progression. In our study, we investigated the potential regulation 
of monocyte chemotactic protein-1 (MCP-1/CCL2) expression by the β-cate-nin/TCF pathway. This CC-
chemokine has been implicated in tumour progression events such as angiogenesis or tumour associated 
macrophage (TAM) infiltration. We thus demonstrated that MCP-1 expression correlates with the reorganization 
of the E-cad-herin/β-catenin complexes. Indeed, MCP-1 was expressed by invasive breast cancer cells (MDA-
MB-231, BT549 and Hs578T), which do not express E-cadherin but was not produced by noninvasive breast 
cancer cell lines (MCF7 and T47D) expressing high level of E-cadherin. In addition, the MCP-1 promoter was 
activated in BT549 breast cancer cells transfected with β-catenin and TCF-4 cDNAs. The MCP-1 mRNA level 
was similarly upregu-lated. Moreover, we showed that MCP-1 mRNA was downregu-lated after transfection 
with a siRNA against β-catenin in both BT549 and Hs578T cells. Our results therefore identify MCP-1 as a 
target of the β-catenin/TCF/LEF pathway in breast tumour cells, a regulation which could play a key role in 
breast tumour progression. 
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Chemokines constitute a superfamily of proinflammatory cytokines that are implicated in tumour progression, 
modulating not only host tumour-specific immunological response but also angiogenesis or tumour cell invasion 
and proliferation.1-3 Monocyte chemotactic protein-1 (MCP-1) or CCL2 is a CC-chemokine that specifically 
attracts monocytes and memory T cells. It has been particularly implicated in processes characterized by 
mononuclear cell infiltration including breast cancer.4,5 In some models, MCP-1 has been shown to display an 
antitumoral effect. 6,7Nevertheless, a large number of studies demonstrate that MCP-1 facilitates tumour 
progression through its ability to recruit stromal cells including tumour associated macrophages (TAMs) and 
endothelial cells. A pro-angiogenic role of MCP-1 has been demonstrated in many systems, facilitating tumour 
growth and dissemination. 8,9,11,12 Moreover, a direct effect of MCP-1 on tumour cell migration in vitro has also 
been described. 13Recently, Lebrecht et al. 14have correlated an increased MCP-1 serum level with an advanced 
breast tumour stage and the presence of lymph node metastasis. In the same way, Amann et al.15 reported a 
significant association between MCP-1 urinary levels and tumour stage and grade. They suggested a use of its 
urinary level as prognosis marker in bladder cancer. The correlation between MCP-1 expression and a poor 
prognosis was also demonstrated for the squamous cell carcinoma of the oesophagus. 16In tumours, MCP-1 is 
produced both by peri-tumoral stromal cells and by tumour cells themselves, but an over-expression of MCP-1 in 
invasive tumour cells has been documented in several human carcinomas including breast, gastric and 
oesophageal carcinomas.10,17,18If the functional implication of MCP-1 in tumour progression is therefore largely 
documented, the mechanisms regulating MCP-1 expression in tumour cells are still poorly understood. 

A major mechanism involved in the regulation of tumour-promoting genes by tumour cells is the loss of                 
E-cadherin mediated cell-cell adhesion. 19,20E-cadherin is a transmembrane glycoprotein found in adherens 
junctions implicated in the maintenance of a polarized and cohesive epithelium. In normal conditions, the 
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intracellular domain of the E-cadherin is linked to the actin cyto-skeleton via cytoplasmic linkers: the catenins 
(α-, β- and γ-catenin). In pathological processes including cancer progression, β-catenin can accumulate in the 
cytoplasm and then translocate to the nucleus where it binds transcription factors of the TCF/LEF family (T Cell 
Factor/Lymphoïd Enhanced Factor), leading to the activation of specific genes.21,23 The accumulation of 
cytoplasmic β-catenin and its translocation to the nucleus has been associated with epithelial cell migration and 
invasion in various physiological and pathological processes including tumour progression. 21,23-26Several β-
catenin/TCF target genes have now been identified. They pertain to various families of proteins including matrix 
metalloproteases, cytoskeletal proteins or angiogenic cytokines and chemokines (IL-8, MMP-7, MMP-14, CD44, 
cyclin D1, c-myc, claudin-1, vimentin, MMP26, VEGF...), some of them having important implications in 
cancer progression.27-36

These independent data from the literature therefore suggest that a reorganisation of E-cadherin/β-catenin and an 
overexpres-sion of MCP-1 in tumour cells are 2 events associated with cancer progression. This prompted us to 
investigate the potential regulation of MCP-1 by the β-catenin/TCF pathway. We thus here document the 
overexpression of MCP-1 mRNA and the transactivation of the MCP-1 promoter following the activation of the 
β-catenin/ TCF pathway. 

Material and methods 

Cell lines and culture conditions 

Human breast carcinoma cell lines (MCF7, T47D, MDA-MB-231, BT549 and Hs578T) were obtained from the 
American Type Culture Collection (Rockville, MD) and grown in Dulbecco's Modified Eagle's Medium (Life 
Technologies, Grand Island, NY) supplemented with 10% FCS, 2 mM of L-glutamine and 100 Ul/ml of 
penicillin and streptomycin (Life Technologies). 

RT-PCR analysis 

Total RNA was extracted using the High Pure RNA isolation kit (Roche Diagnostics, Mannheim, Germany).  
Ten nanograms of RNA was then reverse transcribed into cDNA and amplified using the GeneAmp 
Thermostable rTth enzyme (Perkin Elmer Life Sciences, Boston, MA). The following reverse (R) and forward 
(F) primers were used: MCP-1R 5'-AATGGTCTTGAAGATCAC-AGCTTC-3', MCP-1F                                                              
5'-TAGCAGCCACCTTCATTCCCC-AAG-3', 28SR 5'-GATTCTGACTTAGAGGCGTTCAGT-3', 28SF 5'-
GTTCACCCACTAATAGGGAACGTGA-3', E-cadherinR 5'-CTGTCACCTTCAGCCATCCTGTTT-3', E-
cadherinF 5'-CCC-ATCAGCTGCCCAGAAAATGAA-3'. Amplification cycles were as follow : 30 cycles at 
94°C 15 sec, 60°C 20 sec, 72°C 10 sec for MCP-1 detection, 16 cycles at 94°C 15 sec, 68°C 20 sec, 72°C 10 sec 
for 28S detection and 35 cycles at 94°C 15 sec, 68°C 20 sec and 72°C 10 sec for E-cadherin detection. Each 
experiment was performed at least 3 times. 

Detection of MCP-1 by ELISA 

MCP-1 secretion was measured by ELISA in conditioned media of the different breast cancer cell lines. 3 ×105 
cells of each cell lines were seeded in 6-well plates containing 2 ml of DMEM 10% FCS per well. The MCP-1 
ELISA was performed on 48 hr conditioned media according to the manufacturer's instructions (DuoSet human 
MCP-1 kit, R&D Systems, Minneapolis, MN). Results are expressed in pg/ml of conditioned medium as means 
± SEM of 3 independent experiments. 

Western blot analysis 

Total protein extracts from the different cell lines were made in Tris 50 mM, pH 7.4, NaCl 150 mM, Nonidet            
P-40 1%, Triton X-100 1%, Deoxycholic acid 1%, SDS 0,1% and Iodoacetamid 5 niM supplemented with a 
cocktail of proteases inhibitors (Roche Diagnostics, Mannheim, Germany). Ten micrograms of protein samples 
were separated by electrophoresis on 12% SDS-polyacry-lamide gels and then transferred on a PVDF membrane 
(Perkin-Elmer Life Sciences). Immunoblotting was performed with a monoclonal anti E-cadherin or β-catenin 
antibody (Transduction Laboratories, BD Bioscience, San Diego, CA) followed by an incubation with a 
horseradish peroxydase-conjugated goat anti-mouse secondary antibody (Dako, Glostrup, Denmark). Signals 
were visualized using the Western Lightning Chemiluminescence Reagent kit (Perkin-Elmer Life Sciences). In 
order to normalize the signals, the blots were then incubated, after extensive washing, with a rabbit anti-actin 
antibody (Sigma Chemical Co., St. Louis, MO) followed by a horseradish peroxydase-conjugated swine anti-
rabbit secondary antibody (Dako). Actin signals were also visualized using the Western Lightning 
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Chemiluminescence Reagent kit (Perkin-Elmer Life Sciences). 

Immunofluorescence 

Confluent cell monolayers on glass coverslips were fixed in 2.5% paraformaldehyde in PBS for 30 min and then 
permeabilized with 0,2% Triton X-100 for 15 min at room temperature. The coverslips were then saturated for 
30 min with 3% bovine serum albumin in PBS. After intermediate washes in PBS, monolayers were incubated 
for 1 hr with a monoclonal antibody to β-catenin (Transduction Laboratories, BD Bioscience, San Diego, CA). 
Cells were then exposed to a tetramethylrhodamine isothiocya-nate-conjugated antibody (Dako). The coverslips 
were then mounted with Aquapolymount antifading solution (Polysciences, Warrington, PA) onto glass slides 
and observed under a MRC 600 confocal laser scanning microscope (Bio-Rad, Richmond, CA). 

Plasmids 

The human MCP-1 promoter construct was generated by sub-cloning a 3.8 kb fragment of the 5' promoter region 
(GI access number: 516772) into the firefly luciferase reporter plasmid pGL-3 (Promega, Madison, WI). This 
fragment was isolated from the pCAT∆3.8k plasmid previously described. This human MCP-1 promoter 
contains a consensus β-catenin/TCF binding site (5'-CTTTGTA-3') located 1,399 bp upstream of the 
transcription initiation start. We also constructed a reporter vector containing a mutated β-catenin/TCF binding 
site (5'-CTTTGGC-3') using the Quick Change site directed mutagenesis kit (Stratagene, LaJolla, CA) according 
to the manufacturer's instructions. The mutation was verified by sequencing. Such a two nucleotide substitution 
in the β-catenin/TCF binding site has previously been described to dramatically reduce β-catenin/TCF signal 
transduction. 38,39The TCF-4 cDNA cloned into pCDNA3zeo expression vector and the ∆NTCF-4 expression 
vector (which lacks the β-catenin binding domain) were kindly provided by Dr. H. Clevers (University Hospital, 
Utrecht, The Netherlands). The β-catenin expression vector (in pCDNA3) expresses a mutated form of β-catenin 
less susceptible to degradation and was kindly provided by Dr. K. Orford and Dr. S. Byers (Lombardi Cancer 
Center, Georgetown University, Washington DC). 

Transient transfections of β-catenin and TCF-4 

Transient transfections were performed with Lipofectamine 2000 transfection reagent (Invitrogen, Carlsbad, CA) 
on 2 × 105 BT549 cells plated in 6-well-plates. Twenty-four hours after plating, transfection was carried on as 
recommended by the manufacturer by adding in each well a mixture containing 500 µl of serum-free medium, 3 
µl of Lipofectamine 2000 and 1 µg of the β-catenin expression vector + 1 µg of pCDNA3zeo vector or 1 µg of 
the TCF-4 expression vector + 1 µg of pCDNA3 vector or 1 µg of both β-catenin and TCF-4 expression vectors. 
Controls were generated by transfecting the cells with 1 µg of each corresponding empty vectors. RNA 
extraction was performed for MCP-1 RT-PCR analysis. 

Luciferase reporter assays 

Transient transfection experiments were performed using Fugene-6 transfection reagent (Roche Diagnostics) on 
5 × 104 MCF7, BT549 or Hs578T cells seeded in a 24-well plate half an hour before the addition of the 
DNA/Fugene mixture. Each well was incubated with a mixture containing 20 µl of serum-free DMEM, 0.6 µl of 
Fugene, 0.15 µg of the firefly promoter-lucifer-ase reporter plasmid containing either the wild-type MCP-1 
human promoter (WT MCP-1) or the MCP-1 promoter in which the putative β-catenin/TCF binding site was 
mutated (mut MCP-1), 0.15 µg of the β-catenin expression vector (or the corresponding empty vector), 0.15 µg 
of the TCF-4 expression vector (or the corresponding empty vector) and 0.8 ng of the renilla luciferase 
expression vector phRG-TK (Promega). To compare the effect of wild-type TCF-4 vs. ∆NTCF-4 on the 
activation of the MCP-1 promoter, each well was incubated with a mixture containing 20 µl of serum-free 
DMEM, 0.6 µl of Fugene, 0.05 µg of the wild-type MCP-1 promoter and 0.4 µg of TCF-4 or ∆NTCF-4 
expression vector (or the corresponding empty vector as control) and 0.8 ng of the renifla luciferase vector 
phRG-TK (Promega). Twenty-four hours after transfection, the cells were lysed in 100 µl of passive lysis buffer 
and the luciferase activity was determined with a luminometer using the Dual Luciferase Assay System 
(Promega) on 20 µl of lysate. For each experiment, the firefly luciferase activity was normalized to the activity 
of the renifla luciferase used as internal control. For β-catenin/TCF-4 induction experiments, results were 
expressed as fold induction determined by normalizing each firefly luciferase value to the renilla luciferase 
internal control value and by dividing these normalized values with the mean normalized value of the 
corresponding reporter construct transfected with the empty expression vectors. Each experiment was performed 
at least 3 times in triplicate. Data are expressed as means ± SEM. 
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FIGURE 1 - MCP-1 expression is restricted to invasive, E-cadherin-negative breast tumour cell lines, (a) RT-
PCR analysis of MCP-1 and E-cadherin in different human breast cancer cell lines (MCF7, T47D. MDA-MB-
231, BT549 and Hs578T). The RT-PCR of the 28S mRNA is shown as a control. Each experiment was performed 
at least 3 times and 1 representative experiment is shown. (b) ELISA analysis of MCP-1 in 48 hr conditioned 
media obtained from the different breast cancer cell lines. 

 
 

Transfection of small interfering RNA 

A 19-nt specific sequence was selected in the coding sequence of β-catenin (Genebank accession number: 
X87838) to generate 21-nt sense and 21-nt antisense strands of the type (19N)TT (N, any nucleotide). The sense 
and antisense strands were then annealed to obtain duplexes with identical 3' overhangs. The sequence was 
submitted to a BLAST search against the human genome to ensure the specificity of the siRNA to the targeted 
sequence. A corresponding scramble duplexe which does not recognize any sequence in the human genome was 
used as control. The 19-nt specific sequence for the β-catenin siRNA is as follow:                                                           
5'-GAAACGGCTTTCAGTTGAG-3'. The 19-nt specific sequence for the control siRNA is as follow:                       
5'-GCTTATGGTGACAGA-TGTT-3'. For transfection of the siRNA duplexes, 7 × 103 BT549 cells and 1 × 10s 
Hs578T cells were plated in 6-well plates in 2 ml per well of culture medium. Twenty-four hours after plating, 
the cells were transfected by phosphate calcium precipitation by adding in each well 200 µl of a mixture 
containing the siRNA duplexes (50 nM), 140 mM NaCl, 0.75 mM Na2HPO4, 6 mM glucose, 5 mM KC1, 25 mM 
HEPES and 125 mM CaCl2. Twenty-four hours after transfection, the cells were extensively washed with PBS 
and incubated for 48 hr in culture medium before they were harvested for RT-PCR, Western blotting or Elisa 
analyses. 
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FIGURE 2 - β-catenin localization in the different breast cancer cell lines. (a) Western blot analysis of E-
cadherin and β-catenin expression in human breast cancer cell lines (MCF7, T47D, MDA-MB-231, BT549 and 
Hs578T). β-actin level is shown as a control. (b) Confocal analysis of β-catenin localization in noninvasive, E-
cadherin-positive, MCP-1-negative MCF7 breast cell line and in invasive, E-cadherin-negative, MCP-1-positive 
BT549 breast cancer cells. Bar = 8µM. 

 
 

Results 

MCP-1 is expressed by invasive, E-cadherin-negative breast cancer cell lines 

In order to establish a potential relationship between a reorganization of E-cadherin/β-catenin complexes and 
MCP-1 expression, we first examined the expression of MCP-1 in a set of breast tumour cell lines previously 
characterized for their in vitro invasive properties and for their expression of E-cadherin.41-43 Examining MCP-1 
mRNA expression by RT-PCR analysis, we observed that invasive, E-cadherin-negative cell lines (MDA-MB-
231, BT549 and Hs578T) expressed high levels of MCP-1, whereas noninvasive, E-cadherin-positive cell lines 
(MCF7 and T47D) did not express MCP-1 mRNA (Fig. 1a). This selective expression of MCP-1 by invasive, E-
cadherin-negative breast cancer cell lines was confirmed at the protein level by ELISA (Fig. 1b). Looking at β-
catenin expression by Western blotting, we found it expressed in all cell lines regardless of E-cadherin 
expression (Fig. 2a). However, the subcellular localization of β-catenin was different among these cell lines. 
Indeed, as we previously showed, the nuclear activity of β-catenin revealed by the TOP-FLASH/FOP-FLASH 
reporter system, correlating with a nuclear localization of β-catenin, was higher in E-cadherin-negative cell lines 
than in E-cadherin-positive cell lines which displayed a membrane-associated staining for β-catenin34. Such a 
different localization of β-catenin in E-cadherin-negative, MCP-1-positive cell lines is also illustrated here (Fig. 
2b). Indeed, β-cat-enin was mainly localized in the cytolplasm and in the nucleus of E-cadherin-negative, MCP-
1-positive cells, whereas it was mainly found at the cell membrane in E-cadherin-positive, MCP-1-negative cell 
lines. These observations prompted us to examine the potential regulation of MCP-1 by the β-catenin/TCF 
pathway. 

MCP-1 is upregulated by the β-catenin/TCF pathway 

In order to show a direct effect of the β-catenin/TCF pathway on MCP-1 expression, we used a luciferase 
reporter plasmid containing the human MCP-1 promoter or the same promoter in which the consensus β-
catenin/TCF binding site was mutated (CTTTGTA—>CTTTGGC). Cotransfection experiments were performed 
in MCF7, BT549 and Hs578T cells using the wild-type or the mutated human MCP-1 promoter cotransfected 
with expression vectors encoding β-catenin and/or a member of the TCF/LEF family, TCF-4. In the E-cadherin-
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positive and MCP-1-negative MCF7 cell line, no activation of the human MCP-1 promoter was observed (Fig. 
3a). In contrast, cotransfection of β-catenin and TCF-4 in invasive, E-cadherin-negative BT549 and Hs578T cells 
led, respectively, to a 2.3- and 2.8-fold activation of the wild-type MCP-1 promoter (Fig. 3b,c). The use of the 
mutated MCP-1 promoter gave the same results than those obtained with the wild-type promoter in all 3 cell 
lines. Revealing a similarity between the regulation of the MCP-1 promoter and the MCP-1 mRNA, we also 
observed an increased expression of MCP-1 at the mRNA level in BT549 cells cotransfected with β-catenin and 
TCF-4 (between 2.3- and 3.5-fold induction) or transfected with TCF-4 alone (between 2.2- and 2.9-fold 
induction) (Fig. 4a,b). 

 

FIGURE 3 - β-catenin and TCF-4 transactivate the MCP-1 promoter. Luciferase activity of the wild-type (WT 
MCP-1) or the mutated (mut MCP-1) MCP-1 promoter cotransfected with the empty expression vectors 
(Control), the β-catenin expression vector (β-catenin), the TCF-4 expression vector (TCF-4) or the β-catenin and 
the TCF-4 expression vectors (β-catenin/TCF-4) in MCF7 (a), BT549 (b) and Hs578T cells (c). Results are 
expressed as fold induction relative to the cotransfection of the reporter plasmid (WT MCP-1 or mut MCP-1) 
with the empty expression vectors. 
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FIGURE 4 - β-catenin and TCF-4 upregulate MCP-1 mRNA in BT549 cells. (a) Representative RT-PCR analysis 
of MCP-1 and 28S expression in BT549 cells transfected with the β-catenin expression vector + pCDNA3zeo 
vector (lane 2), the TCF-4 expression vector + pCDNA3 vector (lane 3) or both β-catenin and TCF-4 expression 
vectors (lane 4). Controls were generated by transfecting the cells with the corresponding empty vectors 
(pcDNA3 + pcDNA3 zeo) (lane 1). (b) Quantification of the RT-PCR analyses of MCP-1 normalized with the 
28S values in 3 independent transfection experiments as described in (a). Data are presented as fold of induction 
relative to the control condition and expressed as means ± SEM. 

 
 

ANTCF-4 does not activate the MCP-1 promoter 

As shown in Figures 3 and 4, an effect of TCF-4 alone was found on MCP-1 expression. In order to examine the 
contribution of β-catenin in this regulation, we used a deleted form of TCF-4 lacking the NH2-terminal 30 amino 
acids (∆NTCF-4) encompassing the β-catenin/TCF binding domain which cannot bind β-catenin. This mutant 
TCF-4 was unable to transactivate the MCP-1 promoter, suggesting that β-catenin binding is essential for this 
regulation. Indeed, the MCP-1 promoter activity was 2.9-fold enhanced in BT549 cells and 2.7-fold in Hs578T 
transfected with wild-type TCF-4, while the promoter activity in the presence of ∆NTCF-4 was similar to that of 
the promoter cotransfected with the empty vector used as control (Fig. 5). 

β-catenin siRNA downregulates MCP-1 expression 

In order to clearly demonstrate the implication of β-catenin in MCP-1 regulation, we used RNA silencing 
strategy to downregu-late endogenous β-catenin expression in human BT549 and Hs578T breast cancer cell 
lines. Transfection of a siRNA against β-catenin downregulated its expression in BT549 and Hs578T cells at the 
protein level (Fig. 6a). Using RT-PCR analyses, we also showed that the β-catenin siRNA downregulates MCP-1 
mRNA expression in BT549 and Hs578T cells compared to the control siRNA (3.7 fold decreased in BT549 and 
Hs578T cells) (Fig. 6b). Such a decrease of MCP-1 expression following β-catenin siRNA transfection was also 
observed at the protein level by Elisa analyses (Fig. 6c). 
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FIGURE 5 - ∆NTCF-4 does not activate the MCP-1 promoter. Luci-ferase activity of the wild-type MCP-1 
promoter cotransfected with the wild-type TCF-4 or the ∆NTCF-4 (which lacks the β-catenin binding domain) 
expression vector or the corresponding empty vector (Control) in BT549 (a) and Hs578T cells (b). 

 
 

Discussion 

In our study, we first demonstrated that MCP-1 is selectively expressed in breast tumour cell lines known to 
display high in vitro invasive properties and reorganized E-cadherin/β-catenin complexes. Even though the 
correlation between a reorganisation of E-cadherin/β-catenin complexes and MCP-1 expression has never been 
reported before, the large amount of data from the literature, associating E-cadherin/β-catenin complexes 
reorganization and the expression of an invasive phenotype20,22,40-44 strengthen our findings. Furthermore, our 
data are in agreement with data reporting MCP-1 expression in a variety of human tumour cell lines including 
gastric10, ovarian45, breast9, melanoma,46 pancreatic7 and neuroblastoma cancer cell lines.47 Similarly, in vivo, 
MCP-1 was expressed by tumour cells of different types including ovarian,45,48 gastric,10 pancreatic,7 
oesophageal16,18 and also breast carcinoma cells.8,9,7 More particularly in accordance with our results showing a 
selective expression of MCP-1 in invasive breast tumour cell lines, Valkovic et al.17 have shown that MCP-1 
overexpression in tumour breast carcinoma cells correlates with the histological grade and a low level of 
differentiation. Similarly, the expression of other chemokines, such as IL-8/CXCL8 (Interleukin-8) and SDF-
1/CXCL12 (Stromal Cell Derived Factor-1), has also been associated with the metastatic and invasive phenotype 
of breast carcinoma cells, ' melanoma cells,51 gastric carcinoma cells,52'53 prostate cancer cells54 and bladder 
cancer cells. Together with our results, these data suggest that the surexpression of MCP-1 is restricted to tumour 
cells which display invasive properties, a loss of E-cadherin expression at the cell membrane and a nuclear 
translocation of β-catenin. 
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FIGURE 6 - β-catenin siRNA downregulates MCP-1 expression. (a) Western blotting analysis of β-catenin 
expression in BT549 and Hs578T cells transfected with the siRNA against β-catenin (lane 2) or the control 
siRNA (lane 1). β-actin level is shown as a control. (b1) Representative RT-PCR analysis of MCP-1 and 28S 
expression in BT549 and Hs578T cells transfected with the siRNA against β-catenin (lane 2) or the control 
siRNA (lane 1). (b2) Quantification of the RT-PCR analyses of MCP-1 normalized with the 28S values in 3 
independent siRNA transfection experiments as described in (b1). Data are expressed as means ± SEM. (c) 
ELISA analyses of MCP-1 in conditioned media obtained from 3 independent experiments on Hs578T and 
BT549 cells transfected with β-catenin siRNA or the scrambled siRNA used as control. Data are expressed as 
means ± SEM. 
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In addition to the correlation between E-cadherin/β-catenin redistribution and MCP-1 expression, we also 
showed that MCP-1 promoter activity and MCP-1 mRNA expression were upregulated after cotransfection of β-
catenin and TCF-4. Even though the sequence of the MCP-1 promoter revealed a putative β-catenin/ TCF 
binding site, mutation of this site did not abrogate the regulation of the MCP-1 promoter. The implication of 
other β-catenin/ TCF binding sites similar in sequence cannot be excluded. Alternatively, other β-catenin/TCF 
target genes could activate the MCP-1 promoter. Furthermore, the fact that MCP-1 regulation following β-
catenin/TCF-4 transfections was observed only in invasive, E-cadherin-negative BT549 and Hs578T cells but 
not in MCF7 cells underlines the influence of the cellular context on the 

β-catenin/TCF transcriptional regulation. This indeed emphasizes the importance of the levels of endogenous β-
catenin and TCF/LEF factors but also of other transcriptional activators or repressors that can directly or 
indirectly interact with this complex. Indeed, an increasing number of TCF-bound compressors (Groucho, 
CtBP,...) have been identified.21,56-58 Also, a synergy between β-catenin-TCF/LEF complexes and other 
transcription factors (including AP-1 or PEA-3) have been described in the promoter regulation of several β-
catenin/TCF targets genes including MMP-7 or the γ2 chain of laminin-5.35,59 The human MCP-1 promoter has 
accordingly been shown to be activated by several transcription factors including NFKB, Sp1 or AP-1.37,60-62 
Also emphasizing the importance of the cellular context, we observed that the transfection of TCF-4 alone led to 
an upregulation of the MCP-1 promoter activity in the BT549 and Hs578T cells in which β-catenin is abundantly 
found in the nucleus.34 This endogenous level of nuclear β-catenin might thus be sufficient to activate the MCP-1 
promoter in the presence of TCF-4. In agreement with ours results, Levy et al.32 have shown that, in hepatoma 
cells containing a constitutively activated β-catenin allele, exogenous wild-type TCF-4 is sufficient to activate 
the IL-8 promoter. In contrast, the deleted form of TCF-4 which lacks the β-catenin binding domain (∆NTCF-4) 
was unable to activate this promoter. Accordingly, our findings showing that ∆NTCF-4 does not transactivate 
the MCP-1 promoter clearly implicate β-catenin in this regulation. The decreased expression of MCP-1 mRNA 
and protein observed following transfection of a β-catenin siRNA in BT549 and Hs578T also emphasizes the 
implication of the β-catenin/TCF pathway in MCP-1 regulation. Therefore, if the cellular context obviously 
modulates the β-catenin/TCF regulation of the human MCP-1 promoter, our data clearly indicate that MCP-1 can 
be a target of the β-catenin/TCF pathway. Because of the major roles of MCP-1 in tumour progression, such a 
positive regulation of MCP-1 by the β-catenin/TCF pathway have obvious implications for tumour progression. 
Accordingly, many targets of the β-catenin pathway identified so far have been shown to play a key role in 
tumour progression by affecting tumour cell proliferation, tumour cell invasive properties or tumour cell 
survival. More particularly in agreement with our observations, other chemokines, including IL-8/CXCL8, 
another angiogenic chemokine, and MCP-3/CCL7, have been shown to be regulated by the β-catenin/TCF 
pathway.32,63 The proangiogenic vascular endothelial growth factor (VEGF) has also been shown to be regulated 
by the β-catenin/TCF pathway. 

In conclusion, our results demonstrate that MCP-1 expression is restricted to invasive breast cancer cell lines and 
correlates with the reorganization of the E-cadherin/β-catenin complexes in these cells. We also show that MCP-
1 is a target gene of the β-catenin/TCF pathway. Considering the various stimulatory roles of MCP-1 on tumour 
progression, such a regulation of MCP-1 by the β-catenin/TCF pathway might play an important role in breast 
cancer progression. 
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