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p120catenin alteration in cancer
and its role in tumour invasion

Florent Peglion and Sandrine Etienne-Manneville

Cell Polarity, Migration and Cancer Unit, Institut Pasteur - CNRS URA 2582, 25 rue du Dr Roux,
75724 Paris cedex 15, France

Since its discovery in 1989 as a substrate of the Src oncogene, p120catenin

has been revealed as an important player in cancer initiation and tumour

dissemination. p120catenin regulates a wide range of cellular processes

such as cell–cell adhesion, cell polarity and cell proliferation and plays a

pivotal role in morphogenesis, inflammation and innate immunity. The

pleiotropic effects of p120catenin rely on its interactions with numerous part-

ners such as classical cadherins at the plasma membrane, Rho-GTPases and

microtubules in the cytosol and transcriptional modulators in the nucleus.

Alterations of p120catenin in cancer not only concern its expression level

but also its intracellular localization and can lead to both pro-invasive and

anti-invasive effects. This review focuses on the p120catenin-mediated path-

ways involved in cell migration and invasion and discusses the potential

consequences of major cancer-related p120catenin alterations with respect

to tumour spread.
1. Introduction
Discovered in 1989 as a novel substrate for oncogenic membrane-associated

Src [1], mouse p120catenin was named after its 120 kDa molecular weight

and its further identification as a major cadherin partner in 1994 [2]. Like all

catenins (from catena, Latin for chain), it is a core protein of adherens junctions

that links cadherins to the underlying actin cytoskeleton. The name ‘catenin’ is

perfectly suited as it reflects the dual function of this protein: bridging the trans-

membrane protein cadherin to the internal cytoskeleton and mediating

cadherin intracellular signalling. Over the years, the spectrum of p120catenin

functions has extended beyond its role in adherens junction stability to the

remodelling of the cytoskeleton and to genetic regulation (see [3–5] for reviews).

In mammals, p120catenin is the prototypic member of a larger protein family

which includes the closely related armadillo repeat proteins d-catenin/neural pla-

kophilin-related armadillo repeat protein (NPRAP), armadillo repeat protein

deleted in velo-cardio-facial syndrome (ARVCF) and p0071 [6]. p120catenin is

composed of four distinct functional regions, including a coiled-coil domain, a

regulatory or phosphorylation domain, an armadillo domain containing nine

armadillo repeats and a short C-terminal tail (figure 1a). p120catenin interacts

with its partners mainly via its central armadillo domain (e.g. for cadherins,

RhoA, Kaiso) and its regulatory domain (e.g. for Fer, kinesin, PLEKHA7, RhoA),

even though a catenin-RhoGAP-association-domain (CRAD) has been identified

recently in the C-terminus part (figure 2). Although all p120catenin family mem-

bers share the same mode of interaction with the membrane proximal part of

classical cadherins, their functions are not fully redundant. p120catenin deletion

in amphibians generates severe embryological alterations and p120catenin knock-

out (KO) mice die during early embryogenesis despite the presence of ARVCF, d-

catenin and p0071 [7]. By contrast, both ARVCF and d-catenin KO mice are viable

and show no obvious morphological defect, except for the severe cognitive dys-

functions observed in d-catenin KO mice [8,9]. In vivo ablation of p120catenin in

multiple organs has further demonstrated the vital role of p120catenin in morpho-

genesis, although its precise function appears tissue-dependent (see [10,11] and

[9,12] for extensive reviews).
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Figure 1. The molecular diversity of p120catenin: alternative translational isoforms and post-translational modifications. (a) Molecular structure and alternative
translational isoforms formation. The four p120catenin isoforms emanate from alternative initiation start codons (the arrows indicate the beginning of the translated
region, the number indicates the position on the isoform 1 of the first amino acid of each isoform). The longest isoform ( p120catenin1) contains the four domains
indicated at the top (coiled-coil domain, regulatory domain, armadillo domain, carboxy-terminal domain). The shortest isoform ( p120catenin4) contains only the
armadillo and the C-ter domain. (b) Post-translational modifications including phosphorylation events and ubiquitinylation. The position of each modification is
shown in the middle panel. Most post-translational modifications take place on the regulatory domain. The phosphorylations that have been shown to promote
tumour invasion ( pro-invasive) are indicated with a circled ‘P’.
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In addition to its physiological functions, p120catenin

participates in tumour progression. The precise analysis of

p120catenin KO mice revealed the presence of a number of

cancer hallmarks. Ablation of p120catenin in the salivary

gland resulted in morphological defects typically found in

high-grade intraepithelial neoplasia, a precancerous stage in

humans leading to invasive cancer [13]. Conditional ablation

of p120catenin in skin epidermis caused a lethal hyper-

proliferative disorder and p120catenin-deficient skin grafts

revealed early mitotic defects and signs of hyperkeratosis

and dysplasia [14,15]. p120catenin deletion alone, with no

other genetic alteration, in the oral cavity, oesophagus and

squamous forestomach generated alterations in proliferation,

differentiation, desmoplasia and neoplastic lesions typically

progressing in invasive squamous cell cancer [11]. This

study revealed, for the first time, a potent tumour suppressive

function for p120catenin in mammals.

The crucial role of p120catenin is also apparent in human

tumours where its alterations are associated with poor survival

rates [16]. Loss, downregulation or mislocalization of
p120catenin is observed in most human cancers [16,17]

(figure 3). For example, p120catenin is absent in 48% of skin

cancer [18] and 10% of bladder cancer compiled from 228

cases [19–21] and downregulated in 86% of colorectal cancers

[16]. Because p120catenin expression is often monoallelic, the

mutation of a single allele is sufficient to promote a massive

downregulation of the protein [22]. However, to date,

CTNND1 (p120catenin gene) mutations have only been

reported in breast and colon cancers [23,24], indicating that tran-

scriptional misregulation, epigenetic alterations or miRNA-

induced silencing, may also be involved in p120catenin down-

regulation. In non-small cell lung cancer, p120catenin

expression is reduced upon upregulation of the transcription

factor FOXC2 [25]. p120catenin also bears an evolutionally con-

served seed sequence for miR-197, which is involved in the

decrease of p120catenin expression in highly aggressive inva-

sive ductal pancreatic adenocarcinoma [26]. The level of the

p120catenin protein may also be controlled by protein degra-

dation. p120catenin degradation by calpain-1 has been

observed in response to stress conditions in neuroblastoma,

http://rstb.royalsocietypublishing.org/
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endothelial and epithelial cells [27–29]. Moreover, p120catenin

levels may be regulated, such as bcatenin, by Wnt signalling, a

known proto-oncogenic pathway. p120catenin interaction with

GSK-3b [30] and casein kinase-1a has been shown to promote

phosphorylation-dependent ubiquitinylation and degradation

of p120catenin [26] (figure 1b). However, in colon cancer cells

that bear an APC (adenomatous polyposis coli) mutation,

p120catenin level does not always parallel those of bcatenin,

suggesting that other pathways may counteract Wnt signalling

in these tumours [31].

Not only the expression level of p120catenin but also its

localization are frequently altered in human tumours

(figure 3). Translocation of p120catenin to the cytoplasm

and sometimes to the nucleus occurs in a vast proportion

of breast cancers, including 90% of invasive lobular carci-

nomas [32,33]. However, other metastatic breast cancers

have been shown to express high levels of E-cadherin and

junctional p120catenin [34–37]. These conflicting obser-

vations highlight the complexity of p120catenin functions

in cancer. In fact, p120catenin appears to have both pro-

tumourigenic and anti-tumourigenic effects, depending on

the localization and the specific function of p120catenin in

each cell compartment. While the anti-invasive function of

p120catenin mainly relies on its ability to interact with cad-

herin at the plasma membrane and to maintain adherens

junctions and contact inhibition of locomotion, cytosolic

p120catenin influences the cytoskeletal machinery involved

in cell migration and nuclear p120catenin indirectly promotes

tumour invasion and metastasis by modulating gene

expression (figure 3).
2. Membrane-associated p120catenin and the
regulation of adherens junctions

In the 1940s, work from Coman [38] showed that tumour cells

are less adherent than non-tumour cells. Since then, accumu-

lated evidence demonstrated the essential role of cadherin-

mediated cell–cell adhesion in preventing tumour invasion.

In the vast majority of epithelial cancers, E-cadherin is

altered and associated with pro-invasive behaviour and

poor prognosis [39,40]. Early studies revealed that E-cadherin

alteration could turn normal epithelial cells into invasive cells

and accelerate tumour progression towards a pro-invasive

and metastatic behaviour [41,42]. More recently, conditional

depletion of E-cadherin in the mammary epithelium of a

p53-deleted mouse increased tumour initiation and its

invasive and metastatic progression [43]. In non-epithelial

cancers such as highly invasive glioma, or glioblastoma,

loss of the tissue-of-origin cadherin increases migration

speed, alters directionality, and is eventually associated

with tumour invasion [44–46]. As a crucial stabilizer of cad-

herin-mediated cell–cell contacts, the presence of p120catenin

at adherens junctions is a key parameter controlling cell

dispersion and invasion (figure 3a).
(a) p120catenin controls cadherin endocytosis,
recycling and stability

An extensive literature exists on the regulation of cadherin

turnover by p120catenin (for a review, see [47]). Early studies
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Figure 3. p120catenin alterations in cancer and their impact on tumour invasion. After the initial transforming events ending up with unpolarized epithelial cells and a
relatively organized tumour mass (dark pink cells), the loss or mislocalization of p120catenin promotes tumour invasion (red, green cells) through different pathways
depending on the precise timing and the nature of the alteration. (a) If the loss of p120catenin occurs before the loss of E-cadherin, then it promotes invasion by
enhancing single cell invasion as a result of (i) E-cadherin internalization and degradation, (ii) misregulation of Rho-GTPases that activates NF-kB to trigger pro-invasive
inflammation and remodel the cytoskeleton, and (iii) the interaction of p120catenin with Kaiso and the repression of Kaiso tumour suppressive/anti-invasive target genes.
(b) If E-cadherin is altered before p120catenin, two possibilities exist depending first on the advance of the epithelial-to-mesenchymal transition (EMT) and the amount of
mesenchymal cadherin produced, and second on the context-dependent phosphorylation of p120catenin. If the level of mesenchymal cadherin is insufficient or if p120cate-
nin is phosphorylated ( p120 phospho) on the tyrosine sites highlighted in figure 1, p120catenin relocalizes away from the plasma membrane to the cytoplasm and in rare
cases to the nucleus (the green colour indicates the probable localization of p120catenin). As in (a), once in the cytosol, p120catenin can induce migration by regulating the
cytoskeleton and participating in anoikis resistance. In the nucleus, and in the presence of active Wnt/beta-catenin signalling, p120catenin interacts with Kaiso and inhibits
its repressive role on Wnt target genes expression. As a result it promotes the pro-invasive Wnt signalling. (c) If p120catenin is not phosphorylated and its interaction with
the mesenchymal cadherin stabilized, p120catenin can remain at the plasma membrane. Therefore, p120catenin sustains mesenchymal cadherin signalling by regulating
Rho-GTPases and mediating growth factor signalling. The functions of p120catenin at the plasma membrane may then favour collective cancer cell invasion by stabilizing
mesenchymal cadherin-mediated contacts with stromal cells such as cancer-associated fibroblasts (CAFs, shown in blue). Note that these three different situations (a – c) can
happen simultaneously within a tumour with only patches of p120catenin null or cytoplasmic p120catenin cells.
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by the Reynolds laboratory showed that p120catenin interacts

with classical cadherins and this mutual interaction is crucial

to maintain the two proteins at the plasma membrane. On the

one hand, cadherin binding allows p120catenin recruitment

at the membrane as shown by the translocation of p120cate-

nin from the cytoplasm to the plasma membrane upon E-

cadherin re-expression in E-cadherin deficient cells [48]. On

the other hand, in most tissues, the absence or downregula-

tion of p120catenin leads to a decreased level of classical

cadherins and consequently to severe alterations of adherens

junctions and loss of compact cell aggregation [49].

p120catenin, but not a p120catenin mutant unable to bind

cadherins, was sufficient to restore normal cadherin level

by increasing its half-life [23], showing the importance of a

direct interaction between p120catenin and cadherins.

The regulation of cadherin stability by p120catenin is due

to its precise binding to the juxtamembrane domain (JMD) of

the cadherin cytoplasmic tail (figure 2). Mutation of the JMD

preventing p120catenin binding considerably increases the

rate of cadherin endocytosis [50,51]. These studies led to

the hypothesis that some residues lying within the JMD

could associate either with p120catenin or with other protein

partners known to trigger cadherin internalization, such as

the endocytic adaptor AP-2 [50,52]. Recent crystallographic

studies of the cadherin-p120catenin complex confirmed this

hypothesis by mapping the binding sites between p120cate-

nin and E-cadherin [53] or VE-cadherin [54]. An endocytic

dileucine motif, potentially targeted by AP-2 [55], lies

within the dynamic binding site of E-cadherin. In addition,

two tyrosine phosphorylation sites recognized by the E3 ubi-

quitin ligase Hakai [56] fall within the core JMD domain of

E-cadherin (figure 2). In the absence of p120catenin, this

interaction promotes the proteasome-dependent degradation

of cadherin [56]. However, in some cell types, such as astro-

cytes [57] and neurons [58], the expression level of cadherin is

not so much impaired by p120catenin downregulation. This

may reflect the fact that the two internalization motifs are

absent in N-cadherin. Nevertheless, p120catenin depletion

has a crucial impact on synaptogenesis [58] suggesting that,

in these cells, p120catenin can control cadherin dynamics

rather than cadherin expression. In fact, p120catenin may

also contribute to cadherin turnover by masking another

endocytic DEE signal conserved in the three most studied clas-

sical cadherins, E-cadherin, N-cadherin and VE-cadherin [54].

p120catenin also acts indirectly to modulate cadherin

endocytosis. By directly binding to and recruiting the

plasma membrane p190RhoGAP [59], a RhoA inhibitor, or

ROCK1 [60], a Rho effector, p120catenin orchestrates Rho-

GTPase signalling at adherens junctions to fine tune cadherin

turnover [4] (figures 2 and 4). This indirect effect of p120cate-

nin could be cell-type specific as the expression of a

p120catenin mutant unable to regulate RhoA in endothelial

cells has no effect on VE-cadherin endocytosis [52]. Finally,

cadherin-bound p120catenin associates with FERM-domain

containing proteins (EPB4125 and FRMD5) that modulate

cadherin stability at the plasma membrane [61,62].

Furthermore, p120catenin influences cadherin delivery to

the plasma membrane. First, p120catenin plays a role during

cadherin biogenesis of certain types of cadherins by inter-

acting with PTP1B and the cadherin precursor in the ER

and favouring its translocation to the Golgi apparatus

[63], although this mechanism does not seem to apply to

E-cadherin [49]. Second, p120catenin interacts with
conventional kinesins (figure 2), which promote p120catenin

recruitment to the plasma membrane and prevent its

accumulation in the nucleus [64]. Via its interaction with

kinesins, p120catenin may support cadherin transport along

microtubules to the site of adherens junction assembly [65].

Nevertheless, p120catenin can also reach the plasma mem-

brane, through microtubule transport, independently of

cadherin [66]. This suggests that the cadherin–b-catenin com-

plex and p120catenin can be independently recruited to the

plasma membrane where they interact to stabilize the

cadherin–catenin complex. Once at the plasma membrane,

p120catenin mediates the interaction of adherens junctions

with microtubule minus-ends by binding PLEKHA7 which

itself binds the minus-end protein NEZHA [67]. This connec-

tion may facilitate the rapid polarized transport of additional

cadherin to strengthen adherens junctions.
(b) The p120catenin-dependent control of adherens
junctions can have opposite effects on
tumour invasion

In most epithelial cancers (lung, prostate, invasive breast ade-

nocarcinomas, colorectal), p120catenin deletion facilitates

tumour dissemination and metastasis formation [68,69] and

is correlated with a poor outcome and metastasis in patients

[70,71], revealing the anti-invasive function of p120catenin

(figure 2a). p120catenin downregulation in cancer cells is

often associated with the loss of E-cadherin. The function of

p120catenin in the regulation of cadherin levels suggests

that loss of p120catenin may be responsible for E-cadherin

downregulation during tumour progression, but direct evi-

dence is still lacking [11]. Conversely, membrane-

associated p120catenin restrains the invasion of tumour

cell lines derived from breast, kidney and vulva cancers

[72,73]. Another scenario is at play in highly lethal forms of

breast tumours, in which membrane-associated p120catenin

appears to be pro-invasive (figure 3c). In this case, the stabil-

ization of E-cadherin mediated by p120catenin and its

progressive overexpression are essential to support the pro-

gression of a highly lethal form of breast tumour [37]. This

may reflect the necessity of intercellular adhesions and cad-

herin signalling during migration through the surrounding

microenvironment [72], supporting the idea that cancer

cells migrate collectively [74]. Alternatively, the scaffolding

function of p120catenin may be required to control signalling

cascades important for cell migration (figure 3c). For instance,

in ErbB2 overexpressing breast cancers, p120catenin was

shown to act as an obligate intermediate between ErbB2

and Rac1/Cdc42 to enhance the metastatic potential of

breast cancer cells [75].

As epithelial cancers progress, the decrease of E-cadherin

expression is frequently associated with a cadherin switch,

resulting in the concomitant increase in the expression of

N-cadherin and other mesenchymal cadherins (P-cadherin,

cadherin-11) [76]. N-cadherin expression has been shown

to promote the invasive potential of carcinoma cells by

modulating growth factor signalling and promoting the

pro-migratory interaction of cancer cells with the surrounding

stromal cells [77]. The pro-invasive function of p120catenin

could then be explained by its ability to sustain the

expression of mesenchymal cadherins (figure 3c). Indeed, in

some cellular contexts, stabilizing the highly labile P/N-

http://rstb.royalsocietypublishing.org/
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cadherin-p120catenin interaction could favour tumour cell

invasion because of the pro-invasive functions of P/N-

cadherin, and the regulation of a pro-migratory Rho-GTPase

signalling [73,78].
lsocietypublishing.org
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SocB
368:20130015
3. Cytosolic p120catenin, Rho-GTPases
and cytoskeleton rearrangements

During carcinoma progression, cancer cells of epithelial

origin undergo an epithelial-to-mesenchymal transition

(EMT) during which they acquire invasive properties. EMT

is associated with remarkable changes in cadherin expression

and frequently correlates with p120catenin accumulation in

the cytosol (figure 3b). Cytosolic p120catenin is found in

highly motile mesoderm cells lacking E-cadherin expression

during mouse early embryogenesis [33]. Similarly, cytosolic

p120catenin is generally considered as an indicator of

invasive tumours (figure 3b). Its accumulation has been

reported in late-stage tumours and associated with metastatic

progression and reduced survival in cohorts of pancreatic,

lung and colorectal cancers, suggesting a pro-tumourigenic

and pro-invasive role of cytosolic p120catenin [16]. In agree-

ment with this idea, downregulation of p120catenin is

both necessary and sufficient to prevent the invasion of

E-cadherin-deficient breast cancer cells [73].

(a) The mechanisms of p120catenin relocalization
to the cytosol

Cadherins are necessary and sufficient to maintain

p120catenin at the plasma membrane [48]. Thus, the pool of

cytoplasmic p120catenin has been proposed to serve as a

rheostat to measure the ‘density’ of cells in subconfluent

cells [79]. In absence of cell–cell contacts, the localization of

p120catenin in the cytosol would activate cell migration,

increasing the chance of forming new cellular interactions.

Upon contact, cells form adherens junctions. Cadherin then

recruits p120catenin at the plasma membrane and limits

migration. In cancer cells, loss of E-cadherin during EMT

leads to the cytoplasmic translocation (without downregula-

tion) of p120catenin [32,33,48,80] (figure 3b). The cadherin

switch, together with the expression of mesenchymal cadher-

ins, should, in principle, prevent p120catenin cytosolic

accumulation. Nevertheless, p120catenin accumulates in the

cytosol of N-cadherin-expressing cancer cells, possibly

reflecting the weaker affinity of p120catenin for N-cadherin

than for E-cadherin [81].

The N-terminal regulatory domain of p120catenin, which

contains most phosphorylation sites, is essential for the con-

trol of p120catenin functions [7] (figure 1b). Although the

armadillo domain alone is sufficient for cadherin binding

and stabilization, changes in the p120catenin N-terminal

domain may modulate the affinity of p120catenin for cadher-

ins [49]. Phosphorylation or another post-translational

modification of p120catenin may affect cadherin binding

and lead to p120catenin accumulation in the cytoplasm.

Tyrosine phosphorylated p120catenin was shown to reduce

cell–cell adhesion [82,83]. Phosphorylation of p120catenin

on tyrosine Y228 was recently shown to be increased in oral

cavity neoplastic lesions. The progression of these tumours

toward oral squamous carcinoma was associated with the

cytoplasmic relocalization of phosphorylated p120catenin,
suggesting that Y228-phosphorylated p120catenin could

serve as a marker for high risk of aggressive progression in

malignant oral lesions [84]. Similarly, Y228 phosphorylation

is also associated with the increased invasiveness of glioblas-

tomas [85]. In addition to Src [86], other tyrosine kinases

(Yes, Fer and Fyn) [87] and tyrosine phosphatases (RTPm,

DEP-1 and SHP) [88,89] can modulate p120catenin phos-

phorylation on multiple tyrosine residues. Serine and

threonine residues can be phosphorylated by PKC and

GSK3 kinases [30,90]. Phosphorylation events influence inter-

actions between p120catenin and its partners, and directly

impact on p120catenin functions.

Changes in p120catenin isoforms might also influence

p120catenin association with the plasma membrane. Multiple

p120catenin isoforms are produced from a single gene

(CTNND1) as a result of four different start codons (isoforms

1–4), and three alternatively spliced exons (A, B and C;

figure 1a). Even though 32 possible different isoforms have

been identified [91], the most commonly found versions of

p120catenin are the long isoform 1 and the short isoform 3

which lacks the coiled-coil domain and a portion of the regu-

latory domain. The presence of distinct isoforms is dependent

on the cell type and on the cellular context. Whereas

p120catenin short isoforms (3 and 4) are predominant in epi-

thelial and immobile cells, approximately 120 kDa long

isoforms (1 and 2) are more abundant in highly motile

mesenchymal-like cells [92–94]. EMT is frequently associated

with an upregulation of isoform 1 and a downregulation of

isoform 3 [95–97]. This isoform switch has been observed

in Src-transformed MDCK cells [92] and in advanced prostate

[97], thyroid [96], pancreatic [98] and lung cancers [99].

The mechanism allowing the downregulation of the short iso-

forms involves the downregulation of epithelial splicing

regulatory proteins 1 and 2 (ESRP1/2) that favour translation

from the third start codon of p120catenin [100]. Known EMT-

inducing transcriptional factors such as Snail or Slug can

promote these changes [101]. Some reports suggest that cad-

herins may preferentially interact with a specific p120catenin

isoform. In particular, in pancreatic cancer cells, E-cadherin

binds the short isoform 3, whereas N-cadherin associates

with the long hyperphosphorylated isoform 1 of p120catenin

[98]. However, re-expression of E-cadherin after Snail-

induced EMT of mesenchymal cells does not rescue the

epithelial morphology nor the expression of the epithelial iso-

form 3 of p120catenin, indicating that the expression of

different p120catenin isoforms is mainly due to the expres-

sion of specific splice factors rather than to the expression

of specific cadherins [101].

(b) Cytosolic p120catenin interacts with and modulates
Rho-GTPases

Once in the cytosol, the pro-invasive role of p120catenin is

thought to be essentially caused by p120catenin interaction

with Rho-GTPase signals (figures 3b and 4), which are essen-

tial in cell migration, tumour cell invasion, angiogenesis and

anchorage independent growth (for reviews, see [102,103]).

This regulation could be an innovation of vertebrate

p120catenin as the critical region for Rho-GTPases regulation

is missing in Drosophila and the worm Caenorhabditis elegans.

p120catenin inhibits RhoA in vitro by directly interacting

and stabilizing an inactive GDP-RhoA (figure 2). p120catenin

can also activate Cdc42 and Rac1 through its interaction with

http://rstb.royalsocietypublishing.org/
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Figure 4. p120catenin regulation of Rho-GTPase signalling. Depending on its
localization, p120catenin shows distinct modes of regulation of Rho-GTPases.
Cytosolic p120catenin regulates Rho-GTPases by direct association with RhoA.
p120catenin functions as a RhoGDI, inhibiting RhoA by sequestering it in its
inactive form (RhoA-GDP). Membrane-associated p120catenin inhibits RhoA
by interacting with p190RhoGAP, a protein which increases RhoA GTPase
activity. In parallel, cytosolic p120catenin activates Cdc42 and Rac1 by associ-
ating with the exchange factor Vav2, which promotes the GTP loading on
these two GTPases. Moreover, p120catenin can indirectly decrease RhoA
activity via Rac1. GTP-bound Rac1 activates p190RhoGAP via a pathway invol-
ving reactive oxygen species (ROS) and low molecular weight protein tyrosine
phosphatases (LMW-PTPs). Moreover, p120catenin regulates Rho-GTPase sig-
nalling by interacting with downstream targets. For instance, cytosolic
p120catenin interacts with N-WASP to enhance Cdc42-dependent actin
polymerization. It also inhibit myosin phosphatase rho-interacting protein
(Mrip), an antagonist of Rho/ROCK signal.
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their guanine nucleotide exchange factor, Vav2 [79,104,105]

(figure 4). Overexpression studies revealed a putative role for

p120catenin in orchestrating Rho-GTPases-dependent signal-

ling pathways independently of its function at adherens

junctions. More recently, conflicting in vitro and in vivo obser-

vations suggested that the role of p120catenin in the regulation

of Rho-GTPases may be tissue- and context-dependent [106].

In vivo data in the mouse epidermis [14] and forebrain [58] con-

firmed the role of p120catenin in RhoA inhibition. This

regulatory process can occur in the cytosol through a direct inter-

action between RhoA and the amino-terminal domain and a

central polybasic region of p120catenin [107,108] (figure 2).

p120catenin also inhibits RhoA indirectly by interacting with

p190RhoGAP (a RhoA-GAP) via its carboxy-terminal-region

[109], but this interaction seems to occur only when p120catenin

is at the plasma membrane [59]. Alternatively, cytosolic

p120catenin may activate Rho by inhibiting the antagonist of

Rho/ROCK signalling Myosin phosphatase Rho-interacting

protein (Mrip), in an invasive lobular carcinoma mouse model

[110] (figure 4). Activation of Rho and ROCK signalling by

cytosolic p120catenin can influence cell migration and

invasion, and promote anchorage independent survival of E-

cadherin-deficient cancer cells [110]. p120catenin can also act

downstream of Src and Rac1 to suppress the RhoA-ROCK sig-

nalling pathway, highlighting the role of p120catenin in the

crucial interplay between Rac and Rho signalling. Thereby,

p120catenin mediates Rac-induced anchorage dependent

growth/AIG in MDCK cells [111], suggesting that p120catenin

may also favour tumour metastasis by promoting anoikis

resistance in cells [112].

For Rac and Cdc42 too, the role of p120catenin may vary

with the cellular context. p120catenin depletion has no
impact on Cdc42 and Rac1 in the mouse epidermis [14],

but it is associated with a decrease in Rac1 activity in the

mouse forebrain [58], in hormone-dependent ovarian cancer

[113] and in cancer cell lines devoid of E-cadherin [114].

Upon GnRH treatment, ovarian cancer cells undergo an

E- to P-cadherin switch that promotes p120catenin relocaliza-

tion to the cytosol and a subsequent increased Rac1 and

Cdc42 activity, leading to increased cell migration and inva-

sion in vitro [113]. p120catenin promotes motility of breast

cancer cells by inhibiting RhoA and increasing Rac activity

[33,73] and p120catenin depletion prevents increased levels

of Rac1-GTP in SKBR-3 cells [33]. In the colon cancer cell

line SW-40, Wnt3a triggers the dissociation of p120catenin

from E-cadherin and its subsequent cytosolic accumulation

that mediates Rac1 activation, by a direct interaction and

binding to its exchange factor Vav2 [115].

These different and sometimes opposite effects of

p120catenin on Rho-GTPases signalling may reflect the

specific capacity of the various p120catenin isoforms to regu-

late Rho-GTPases. p120catenin isoform 1, but not the short

p120catenin isoform 4, promotes invasiveness, both in vitro
and in vivo, and is associated with renal cancer micrometasta-

sis [108]. This may reflect the inability of p120catenin isoform

4 to bind and to inhibit RhoA (figure 1a). Finally, p120catenin

can also interact with downstream effectors of Rho-GTPases,

such as N-WASP [116] or cortactin [117], two activators of

Arp2/3-dependent actin polymerization. p120catenin inter-

action with cortactin at the cell leading edge promotes the

local accumulation of Rac, cell protrusion formation and

migration [117].

(c) p120catenin may regulate the microtubule
cytoskeleton

The interaction of p120catenin with the microtubule network

may strongly influence Rho-GTPase activity and cell

migration. In adherens junctions, p120catenin binds to the

heavy chain of microtubule-associated motors kinesins

[64,65] to facilitate cadherin trafficking. p120catenin inter-

action with kinesins suggests that p120catenin may control

the distribution of its protein partners (e.g. N-WASP,

cortactin. . .) to specific cell spots to promote localized cell

protrusion. Cytosolic p120catenin localizes with microtubules

of interphasic cells [118,119]. Direct interaction with tubulin

is thought to involve the polybasic microtubule-binding

motif (KKGKGKK) contained in the armadillo domain of

p120catenin (figure 2) [120]. As this basic motif is also essen-

tial for p120catenin-dependent RhoA inhibition [104], the

association of p120catenin with microtubules may prevent

p120catenin-induced RhoA inhibition, and consequently

decrease Rac1 activity. Moreover, the interaction of p120cate-

nin with microtubules is likely to directly contribute to the

cell protrusive activity. Cytosolic p120catenin stabilizes the

microtubule network [118], as indicated by the increased

level of tubulin acetylation [120]. This microtubule-stabilizing

activity may involve p120catenin direct interaction with

microtubules or its impact on Rho-GTPases activity. Microtu-

bule-associated p120catenin would release and thus activate

RhoA, leading to increased microtubule stabilization via

RhoA-dependent mDia signalling [121,122]. The localization

of p120catenin at the leading ledge of migrating cells

(F. Peglion et al. 2013, unpublished data; [117]) may locally

promote tubulin acetylation and microtubule stabilization at
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the protrusions of migrating cells such as fibroblasts, astro-

cytes or neurons [123]. Changes in cytosolic p120catenin

level in cancer may contribute to the alteration of microtubule

stability observed in protrusive breast cancer cells [120].
lsocietypublishing.org
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4. Nuclear p120catenin and pro-invasive gene
transcription

Although p120catenin is often described in the cytosolic com-

partment, it is rarely found in the nucleus of tumour cells.

However, nuclear p120catenin has been observed in invasive

epithelial cancers such as pancreatic tumours [124], skin car-

cinoma [18] and invasive lobular breast carcinoma [32]. In

these cases, p120catenin is likely to profoundly affect gene

transcription and tumour spreading (figure 3a,b).

(a) p120catenin translocation to the nucleus
p120catenin bears two putative nuclear localization signals

and one nuclear export sequence (figure 2), which allow its

transport in and out of the nucleus [125]. However, the

nucleoplasmic properties of p120catenin could also be con-

ferred by its Armadillo repeats [119]. The signals that

trigger p120catenin import to and export from the nucleus

are still largely unknown. The interaction of p120catenin

with the microtubule cytoskeleton is likely to impact on

p120catenin translocation to the nucleus [119]. Destabilizing

the microtubule network enhances nuclear p120catenin,

whereas stabilized microtubules, by sequestering more

p120catenin in the cytoplasm, prevent nuclear accumulation.

As p120catenin promotes microtubule stabilization at adhe-

rens junctions via NEZHA and PLEKHA7 [67,126], altered

cell–cell adhesion could induce the destabilization of micro-

tubules and an increase in p120catenin translocation to the

nucleus. Alternatively, p120catenin could also dock on micro-

tubules either directly or through its interaction with kinesins

[64], following a mechanism similar to p53 [127] or smad

[128], and could then be transported to the nucleus in

response to signalling events [64]. In agreement with this

hypothesis, a study using a p120catenin mutant unable to

interact with microtubules prevented its localization to the

nucleus [120]. These apparently contradictory results reveal

that the precise functional link between microtubule binding

and nuclear translocation of cytoplasmic p120catenin needs

to be further investigated. The transmembrane protein

Mucin 1 interacts with p120catenin and b-catenin and has

been shown to control both p120catenin and b-catenin

nuclear import [129,130]. Mucin-1 overexpression is observed

in a number of human carcinomas and correlates with an

increase in nuclear catenins. As Mucin-1 is implicated in the

alteration of E-cadherin-mediated cell–cell adhesion [131], it

is tempting to speculate that increased Mucin-1 expression

in carcinomas destabilizes cadherin-mediated junctions by

interacting with p120catenin and subsequently promotes

the translocation of p120catenin to the nucleus.

(b) p120catenin interacts with Kaiso to control gene
transcription

Although b-catenin activates gene expression by interacting

with the Lef/TCF family of transcription factors [132],

nuclear p120catenin regulates gene transcription by binding
to Kaiso, a transcriptional repressor (figure 2). Kaiso is a

novel member of the broad complex, Tramtrak, Bric à brac/

Pox virus and zinc finger (BTB/POZ)-zinc finger family of

transcription factors [133]. Kaiso functions as a transcrip-

tional repressor which recognizes either a sequence-specific

DNA consensus site (Kaiso binding site, KBS) or methylated

CpG dinucleotide islands [134,135]. By interacting with Kaiso

at a specific site encompassing its zinc finger domain,

p120catenin inhibits Kaiso functions, thus activating its

downstream target genes such as the cancer-related genes

Rb, Xist, S100A4 (mts-1) and CDH1 (E-cadherin), metasta-

sis-associated gene 2 (MTA2) and Wnt-11 [135,136].

The interaction of p120catenin with Kaiso has a strong

impact on gene transcription and cell transformation, but

its role in cancer invasion remains unclear (figure 3a,b).

Kaiso has been shown to promote prostate cancer aggressive-

ness and cell invasion [137]. By inhibiting Kaiso activity,

nuclear p120catenin activates the transcription of a number

of potent tumour suppressors, including E-cadherin [42],

Xist [138], Rb [139] and mts-1 [140] and could therefore act

as a tumour suppressor (figure 3a). On the other hand, the

interaction between p120catenin and Kaiso induces the cano-

nical Wnt signalling pathway [141,142], which has been

shown to promote tumour cell infiltration and metastasis

[143,144], notably through the upregulation of the matrix-

degrading enzyme and metastasis-promoting gene MMP-7

(matrysilin; figure 3b) [145]. Interestingly, functional regula-

tor of dishevelled in ontogenesis (Frodo), a downstream

target of Wnt/Dsh signalling, associates with p120catenin

and reinforces p120catenin-mediated inhibition of Kaiso

and thus further increases the expression of Wnt/b-catenin

target genes [142]. Another positive feedback loop involves

the phosphorylation of p120catenin by CK11 in response

to Wnt3a signalling. Phosphorylation on S268 and S269

destabilizes p120catenin–cadherin interactions and leads to

p120catenin accumulation in the nucleus. Consequently, it

represses Kaiso activity to activate the pro-tumourigenic

and pro-invasive Wnt signalling pathway [146,147].
5. p120catenin, inflammation and the
pro-invasive tumour microenvironment

Following Virchow’s claim more than 150 years ago that

chronic inflammation contributes to tumourigenesis, accu-

mulated clinical and experimental data have closely

linked inflammation and tumour progression and contribu-

ted to describe cancer as a ‘wound that never heals’ [148].

Non-regulated inflammation drives infiltrative tumour

progression, through the recruitment and the abnormal acti-

vation of neutrophils and phagocytic cells [149]. These

immune cells not only contribute to DNA damage and geno-

mic instability through the generation of reactive oxygen and

nitrogen species [150], but also promote tumour growth,

angiogenesis, EMT and metastasis by secreting cytokines,

chemokines, growth factors and matrix metalloproteinases

(MMPs) [151–153]. During the past decade, p120catenin

has emerged as a suppressor of inflammation, leading to

the idea that p120catenin could prevent tumour invasion by

inhibiting chronic inflammatory responses at the tumour site.

The loss of p120catenin was shown to activate the key

inflammatory transcription factor NF-kB [11,14]. The sub-

sequent secretion of GM-CSF, M-CSF, MCP-1 and TNF-a
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by p120catenin-negative cancer cells leads to the recruitment

of immature myeloid cells to the tumour site [11]. Immature

myeloid cells generate a pro-invasive niche by activating

cancer-associated fibroblasts (CAFs) which, in turn, in a posi-

tive feedback loop, prolong the survival of immature myeloid

cells [11]. CAFs are critical actors in collective cancer cell inva-

sion. They invade the surrounding tissue and create tracks in

the extracellulair matrix (ECM), physically leading the way

for invading chains of carcinoma cells [154]. They also secrete

pro-invasive soluble factors, further promoting tumour

spread [155,156]. Immature myeloid cells are also known to

favour tumour invasion by promoting angiogenesis,

secretion of chemokines/cytokines and production of ECM-

degrading enzymes [157–160]. The pro-inflammatory micro-

environment observed in p120-depleted tissues ultimately

evokes mitotic alterations [15], hyperplasia [14] and true

invasive malignancy [11], depending on the targeted tissue

(figure 2a).

In addition to this cell-autonomous role, p120catenin may

indirectly control tissue inflammation by maintaining the

barrier function of adherens junctions. Loss of p120catenin

in the intestine induces cell–cell adhesion defects, leading

to barrier dysfunction, mucosal exposure to internal flora

and increased inflammatory response through increased

recruitment of neutrophils [161]. One can thus speculate

that increased inflammation in the context of tumour

development could favour tumour spreading and metastasis.
6. Conclusions
The characterization of p120catenin as a tumour suppressor

in mammals is supported by much evidence indicating that

alterations of p120catenin expression strongly impact on

tumour growth and spread. p120catenin association with

cadherins and its ability to stabilize adherens junctions [49]

are certainly essential for its tumour suppressor functions.

However, p120catenin also plays critical roles in the cytosol
where it influences the cytoskeleton, and in the nucleus

where it can modulate gene transcription. The pleiotropic

effects of p120catenin in different cell compartments add a

level of complexity when trying to assess how cancer-related

alterations modulate p120catenin-mediated functions (figure

3). It is now clear that the analysis of the global changes in

p120catenin expression levels is insufficient to predict how

p120catenin alterations affect tumour progression. A careful

and systematic analysis of the distribution of p120catenin

between the different cell compartments is necessary to

gain further insights into how p120catenin contributes to

cancer. The high molecular variety of p120catenin owing to

alternative splicing and multiple translation initiation

codons probably contributes to its wide range of activities

and to apparent controversies regarding its precise role.

Finally, the variability of p120catenin also involves post-

translational modifications. Initially found as an oncogenic

tyrosine kinase target, we now may have to assume that

p120catenin phosphorylation status is crucial for tumour

progression [1]. However, the role of phosphorylated

p120catenin in cancer cell invasion still needs to be clarified.

The in-depth understanding of the involvement of p120cate-

nin during tumour invasion and cancer progression will

require precise analysis of p120catenin isoform expression,

p120catenin phosphorylation levels and p120catenin intra-

cellular localization during the course of tumour

development. A better characterization of the critical altera-

tions promoting p120catenin pro-invasive or anti-invasive

functions will contribute to the identification of new

therapeutic strategies targeting specific p120catenin functions.
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