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Abstract 

The cytoplasmic/nuclear relocalization of β-catenin and ZO-1 from the adherens and tight junctions are common 
processes of the epithelial-mesenchymal transition (EMT) associated with tumor invasion. Data are now 
accumulating to demonstrate that these molecules, which shuttle between the plasma membrane and the nucleus 
or the cytosol, are involved in signaling pathways,and contribute to the regulation of genes such as vimentin or 
matrix metalloproteinase-14 which are turned on during EMT.  
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Abbreviations used in this paper 
EMT epithelial-mesenchymal transition 
MMP matrix metalloproteinase 
TCF/LEF T cell factor/lymphoid enhancer factor 
ZO-1 zonula occludens protein-1 

 

The diminution of cell-cell adhesion is instrumental in the loss of epithelial features occurring in epithelial-
mesenchymal transition (EMT) processes associated with the metastatic conversion of epithelial tumor cells. At 
the molecular level, this involves the reorganization of cell-cell adhesion complexes including adherens and tight 
junctions [Reichert et al., 2000; Ikenouchi et al., 2003; Thiery, 2003; Huber et al., 2005]. A reorganization of E-
cadherin/catenins complexes has indeed been largely involved in EMT processes associated with epithelial cell 
migration in both physiological and pathological conditions. Such a reorganization also involves a relocalization 
of β-catenin, which in normal conditions participates in the linking of E-cadherin to the actin cytoskeleton 
[Wheelock and Johnson, 2003]. During EMT, β-catenin dissociates from the E-cadherin/catenin cell membrane 
complexes, accumulates in the cytoplasm and translocates into the nucleus where it acts as a transcriptional 
coactivator through its binding with the members of the T cell factor/lymphoid enhancer factor (TCF/LEF) 
transcription factor family [Harris and Peifer, 2005; Brembeck et al., 2006] (fig. 1). An increasing number of 
genes have been identified as targets of the β-catenin/ TCF/LEF pathway. These include members of the matrix 
metalloproteinases (MMP), chemokines or cytoskeletal protein families, some of them having major 
implications in tumor progression [Brabletz et al., 1999; Marchenko et al., 2001; Levy et al., 2002; Takahashi et 
al., 2002; Gilles et al., 2003; Mestdagt et al., 2006]. Even though the implication of tight junction molecules in 
EMT is less well documented, a parallelism can nevertheless be depicted between the reorganization of adherens 
junctions and tight junctions occurring during EMT (fig. 1). Indeed, similar to adherens junctions, tight junctions 
comprise transmembrane molecules (occludin, claudins or junctional adhesion molecules/JAM) linked to the 
actin cytoskeleton through cytoplasmic linker molecules such as zonula occludens proteins (ZO) [Gonzalez-
Mariscal et al., 2003]. A delocalization of ZO-1 from the cell membrane has been reported during epithelial cell 
migration and the presence of ZO-1 in the nuclei of migratory cells has also been observed [Gottardi et al., 
1996]. Also, an interaction between ZO-1 and the transcriptional repressor ZONAB (ZO-1-associated nucleic 
acid-binding protein) has been demonstrated at the tight junctions. This results in the regulation of ZONAB 
nuclear levels and its subsequent ability to regulate gene expression [Balda and Matter, 2000; Balda et al., 2003]. 
Although the nuclear localization of ZO-1 remains controversial, both β-catenin and ZO-1 appear to be shuttle 
molecules. Depending upon the state of differentiation and migration of epithelial cells, β-catenin and ZO-1 may 
be found in different subcellular compartments and act as signaling proteins, regulating gene transcription. 
Although such shuttling properties have been assigned to several other adherens or tight junction molecular 
components [Balda and Matter, 2003], we will focus this summary on β-catenin and ZO-1 in tumor EMT 
systems. 
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Fig. 1: Schematic representation of β-catenin and ZO-1 subcellular relocalization during EMT processes. In differentiated normal 
epithelial cells, both β-catenin and ZO-1 mostly localize at the cell-cell adhesion membrane complexes. During EMT, both β-catenin and 
ZO-1 relocalize from these membrane complexes, accumulate in the cytoplasm and eventually translocate to the nucleus. The activation of 
the Wnt pathway, inhibiting the degradation of the cytoplasmic β-catenin through the proteasome system, plays an important regulatory role 
in this scheme.  

 

  

Because of their implication in gene regulation, we and others have investigated the potential roles of β-catenin 
and ZO-1 in upregulation of the mesenchymal gene expressions which is observed during the EMT processes 
associated with epithelial tumor cell invasion. Among the mesenchymal genes considered as good markers of 
EMT, there is vimentin. Vimentin is a type III intermediate filament which, in normal conditions in adults, is 
expressed by cells of mesenchymal origin [Steinert and Roop, 1988]. Accumulating evidence has now clearly 
shown that vimentin can also be expressed by migratory/invasive epithelial cells, and is functionally implicated 
in cell migration [Sommers et al., 1989, 1992, 1994b; Gilles et al., 1994b, 1996a, 1999, 2003; Hendrix et al., 
1997; Singh et al., 2003]. Besides vimentin, several studies have also shown that MMP genes are turned on 
during EMT changes [Gilles et al., 2004]. MMPs are a family of proteases which cannot only degrade almost all 
ECM components, but also other key substrates such as cell-cell adhesion molecules, chemokines and cell 
surface receptors [Egeblad and Werb, 2002]. The consensus view is that many MMPs are, in general, mostly 
produced by stromal cells surrounding tumor cell clusters [Gilles et al., 2004; Polette et al., 2004]. However, 
expression of 'stromal' MMPs now appears as one of the major attributes that epithelial cells acquire after 
undergoing EMT processes [Gilles et al., 2004; Polette et al., 2004]. Among the MMP family, MMP-14 (MT1-
MMP) and MMP-3 have been more particularly examined in relationship with EMT [Lochter et al., 1997; 
Pulyaeva et al., 1997; Sternlicht et al., 1999; Gilles et al., 2004]. If MMP-3 has been mostly studied as a potential 
inducer of EMT in mouse tumor cells, MMP-14, on which this summary is focused, has rather been looked at as 
a target gene of EMT events. 
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In summarizing data describing the expression and localization of β-catenin, ZO-1, vimentin and MMP-14 in 
different breast, cervical and lung cell lines displaying different degrees of invasiveness, a clear-cut correlation 
can be drawn. Indeed, noninvasive cell lines do not express vimentin or MMP-14 and mostly express β-catenin 
and ZO-1 at the membrane, whereas invasive cell lines express high levels of vimentin and MMP-14 and display 
a rather diffuse cytoplasmic and/or nuclear staining of β-catenin and ZO-1 [Sommers et al., 1989, 1992, 1194a; 
Thompson et al., 1992; Gilles et al., 1994a, b, 1996a, b; Pulyaeva et al., 1997; Polette et al., 1998]. These 
correlations have also been made using in vitro cell systems in which EMT can be induced. This is shown in 
figure 2, in a two-dimensional migration assay, using MCF10A human mammary epithelial cells. In this assay, 
one can observe that the migratory subpopulation undergoes an EMT characterized by the expression of 
vimentin and MMP-14 and a nuclear and/or cytoplasmic relocalization of β-catenin and ZO-1 [Gilles et al., 
1999, 2001, 2003; Bindels et al., 2006]. In contrast, stationary cells neither express vimentin nor MMP-14, but 
show a typical epithelial honeycomb staining of β-catenin and ZO-1. In addition to these correlative data, we 
also showed that vimentin can be regulated by the β-catenin/TCF pathway in human breast tumor cells [Gilles et 
al., 2003]. Similarly, as also described for other MMPs, MMP-14 has been reported to be a target gene of the β-
catenin/TCF pathway [Takahashi et al., 2002]. Regarding ZO-1, the transfection of the N-terminal fragment of 
ZO-1, which is unable to localize to the cell membrane, has been reported to induce EMT changes in MDCK 
cells characterized by an increased vimentin expression and enhanced invasiveness [Reichert et al., 2000]. We 
have also recently reported that transfection of ZO-1 siRNA downregulates MMP-14 mRNA and protein, 
subsequently decreasing the in vitro invasive abilities of human breast tumor cells [Polette et al., 2005]. 
Furthermore, both studies have demonstrated that an induction of the β-catenin/TCF/LEF pathway occurs 
following ZO-1 transfection, showing evidence of a cross talk between both pathways [Reichert et al., 2000; 
Polette et al., 2005]. 

Fig. 2: Differential expression and localization of β-catenin, ZO-1, vimentin and MMP-14 in migratory versus stationary MCF10A human 
breast cells. MCF10A cells were seeded in growth medium inside a glass ring. Twenty-four hours after plating, the glass ring was removed 
and the cells at the periphery of the outgrowth initiated a directed migration from the confluent area initially delimited by the ring. Video 
microscopy measurements clearly identified a migratory (Mig.) subpopulation at the periphery of the outgrowth and a stationary 
subpopulation (Stat.) in the area initially delimited by the ring [Gilles et al., 1999]. In this assay, the migratory subpopulation clearly turned 
on vimentin and MMP-14 expression and displayed a rather cytoplasmic and/or nuclear staining for β-catenin and ZO-1. In contrast, the 
stationary subpopulation did neither express vimentin nor MMP-14 and displayed a membrane staining for both β-catenin and ZO-1. The 
white line schematically represents the migration front. β-Catenin, ZO-1, vimentin and MMP-14 immunostainings are in red. DAPI nuclear 
staining is in blue. Bar = 12 µm. 

 

In conclusion, during EMT, the loss of epithelial features can directly regulate the expression of mesenchymal 
genes. β-Catenin and ZO-1, which are a structural component of cell-cell adhesion complexes in differentiated 
epithelial cells, could each play a key role in such regulations through their ability to shuttle from the membrane 
to the cytosol or nucleus and act as signaling molecules. 
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