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Perspective

Downregulation or loss of α-catenin 
occurs in multiple human cancer 

types. The traditional view of α-catenin 
is that it is one of the core components 
of the E-cadherin-catenin complex and 
is required for maintaining the integrity 
of the intercellular adherens junction, a 
cell junction whose cytoplasmic face is 
linked to the actin cytoskeleton. There-
fore, loss of α-catenin can result in loss of 
cell-cell adhesion, a common character-
istic of cancer cells. There is an emerg-
ing recognition; however, that α-catenin 
also regulates multiple signaling path-
ways independent of adherens junctions. 
For instance, α-catenin functions as a 
tumor suppressor in E-cadherin-negative 
basal like breast cancer cells by inhibit-
ing NF-κB signaling. In this perspective, 
we discuss the role and mechanisms of 
α-catenin in regulating several signaling 
pathways in cancer.

Introduction

The cadherin-catenin protein com-
plex forms the adherens junction between 
neighboring cells, which is critical for main-
taining cell-cell adhesion, cellular polarity 
and tissue organization.1 E-cadherin is 
a transmembrane protein that forms the 
core of the adherens junction, and its cyto-
plasmic tail interacts with p120 catenin 
and β-catenin. β-catenin in turn binds to 
α-catenin which connects adherens junc-
tions to actin filaments (Fig. 1).

While adherens junctions are abun-
dant in normal epithelia, disruption or 

loss of the cadherin-catenin protein com-
plex occurs commonly in human cancers 
and plays important roles in tumori-
genesis and malignant progression. For 
instance, mutations in CDH1 (encod-
ing E-cadherin) are found in hereditary 
gastric cancer,2 and loss of E-cadherin 
induces epithelial-mesenchymal transition 
and promotes breast tumor invasion and 
metastasis.3,4 A common gene alteration in 
colon cancer is mutation of the APC tumor 
suppressor,5 which results in stabilization 
and nuclear translocation of β-catenin. 
β-catenin, which links adherens junctions 
to the Wnt signaling pathway, promotes 
tumorigenesis and metastasis in many 
cancers.6,7 Moreover, p120 catenin has 
been shown to stimulate lung cancer cell 
proliferation.8

Owing to the important roles of 
E-cadherin and β-catenin in cancer, 
many studies have been focused on these 
two components of the adherens junc-
tion. However, α-catenin, the bridge 
between adherens junctions and actin 
filaments, received less attention in the 
field of cancer. Here we summarize recent 
progress on the role and mechanisms of 
α-catenin in tumorigenesis and discuss 
future directions.

α-catenin is a Tumor Suppressor 
in Human Cancer

Although α-catenin is less studied in 
cancer compared with E-cadherin and 
β-catenin, it has been recognized that 
α-catenin expression is downregulated 
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in multiple cancers. In the early 1990s, 
loss of α-catenin in tumor cells was first 
reported in a human lung cancer cell 
line, PC-9. Despite abundant expres-
sion of E-cadherin, this cell line exhib-
its impaired cell-cell adhesion, which is 
likely to be a result of homozygous dele-
tion of the α-catenin gene, CTNNA1.9 
Subsequently, downregulation or loss of 
α-catenin was found in many other can-
cer cell lines or primary tumor tissues,10 
including myeloid leukemia,11,12 breast 
cancer,13-15 colon cancer,16 lung cancer,17 
and prostate cancer,18 which correlated 
with high tumor grade, metastasis and 
poor survival.16,17,19 Loss of α-catenin 
expression in these tumors results from 
multiple reasons, including chromosomal 
deletion,11,13 DNA methylation,12 gene 
mutation,15 and modulation of expression 
by ischemic microenvironment.20

In addition to these expression analy-
ses, a growing body of evidence has dem-
onstrated a functional role for α-catenin 
in cancer. For instance, overexpression 
of α-catenin in glioma cells inhib-
ited cell proliferation, migration and 
invasion.21 Restoration of α-catenin 
in HL-60 cells, a myeloid leukemia 
cell line lacking α-catenin expression, 
resulted in reduced proliferation and 
apoptotic cell death.22 Through loss-
of-function and gain-of-function 
analyses, our laboratory identified 
α-catenin as a tumor suppressor in 
basal-like breast cancer.23 Moreover, 
mice with tissue-specific deletion 
of α-catenin in the skin developed 
squamous cell carcinoma.24,25 These 
findings suggest that α-catenin has a 
tumor-suppressing role.

α-catenin signaling in cancer

It is widely accepted that loss 
of α-catenin leads to loss or reduc-
tion of cell-cell adhesion, a com-
mon characteristic of cancer cells. 
Thus, α-catenin may inhibit tumor 
formation and progression by main-
taining the integrity of cadherin-
catenin protein complexes. However, 
recent studies by us and others have 
revealed other mechanisms by which 
α-catenin suppresses tumorigenesis.

α-catenin suppresses Wnt/β-catenin 
signaling

β-catenin is a key molecule that links 
adherens junctions to the Wnt/Wingless 
signaling pathway.26 In the presence of 
Wnt ligands, the phosphorylation of 
β-catenin by glycogen synthase kinase 
(GSK)-3 is inhibited, leading to reduced 
ubiquitination-dependent degradation 
of β-catenin. Subsequently, stabilized 
β-catenin enters the nucleus, binds to 
the TCF/LEF-1 transcription factor and 
activates the transcription of target genes 
involved in cell proliferation,27 migration 
and invasion. The Wnt/β-catenin signal-
ing pathway has been shown not only to 
promote tumor formation and progression 
in multiple cancers,28,29 including colorec-
tal cancer,7,30,31 lung cancer32 and endome-
trial cancer,33,34 but also to regulate drug 
resistance.35

Since α-catenin directly binds to 
β-catenin, it is tempting to hypothesize 
that α-catenin modulates β-catenin sig-
naling. Indeed, ectopic expression of 

α-catenin in EGFR-overexpressing U87 
glioma cells promoted cytoplasmic reten-
tion of β-catenin, while shRNA-mediated 
depletion of α-catenin induced β-catenin 
nuclear translocation even without EGF 
treatment.21 In addition, Giannini et  al. 
found that α-catenin is present in the 
nuclei of SW480 and DLD-1 colon can-
cer cells.36 An α-catenin-deficient clonal 
variant of DLD-1 cells exhibited increased 
β-catenin-TCF transcriptional activ-
ity, which could be repressed by ectopic 
expression of α-catenin fused to a nuclear 
localization signal.36 Interestingly, this 
inhibitory effect of nuclear α-catenin on 
β-catenin signaling is not due to interrup-
tion of the β-catenin-TCF protein com-
plex, but is caused by disruption of the 
interaction between the β-catenin-TCF 
protein complex and DNA.36 Recently, 
Choi et  al. reported that α-catenin 
directly interacts with the catenin inhibi-
tory domain (CID) of the adenomatous 
polyposis coli (APC) tumor suppressor 
and promotes β-catenin ubiquitination 

Figure 1. α-catenin signaling in cancer. In addition to maintaining the integrity of the cadherin-catenin 
complex and linking adherens junctions to the actin cytoskeleton, α-catenin can: (1) inhibit the Wnt/β-
catenin pathway by preventing β-catenin nuclear translocation or formation of the β-catenin-TCF-DNA 
complex, by promoting β-catenin degradation, or by recruiting APC to the β-catenin-TCF complex; (2) 
regulate the Hippo-YAP pathway by blocking YAP dephosphorylation and nuclear localization; and (3) 
suppress the NF-κB pathway by inhibiting IκB ubiquitination and its association with the proteasome, in 
a tissue type-specific manner. The Hedgehog pathway is not shown, as it is unknown how this pathway 
is regulated by α-catenin.
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and degradation by stabilizing its bind-
ing to APC.37 On the other hand, the 
interaction of α-catenin with APC leads 
to nuclear translocation of APC and for-
mation of a protein complex consisting 
of APC:α-catenin:β-catenin and the 
CtBP:CoREST:LSD1 histone H3K4 
demethylase, which inhibits the transcrip-
tion of Wnt target genes.37 Interestingly, 
tyrosine phosphorylation of α-catenin 
at Y177 disrupts its interaction with 
APC but not β-catenin and releases the 
transcriptional repression of Wnt target 
genes.37 These experiments demonstrate 
that α-catenin can suppress Wnt signal-
ing by promoting β-catenin degrada-
tion, by hindering nuclear translocation 
of β-catenin, by preventing formation 
of the β-catenin-TCF-DNA complex, or 
by recruiting APC to the β-catenin-TCF 
complex (Fig.  1). Whether inhibition of 
β-catenin signaling mediates the tumor-
suppressing effect of α-catenin in vivo 
warrants further investigation.

α-catenin inhibits NF-κB signaling
The nuclear factor κB (NF-κB) signal-

ing pathway plays critical roles in multiple 
processes, including cell proliferation, 
survival, apoptosis, angiogenesis, migra-
tion, invasion and immune response, and 
hyperactivation of NF-κB signaling has 
been observed in many cancers, includ-
ing both hematological malignancies 
and solid tumors.38 NF-κB is a family 
of transcription factors consisting of five 
subunits: NF-κB1 (p50 and its precursor 
p105), NF-κB2 (p52 and its precursor 
p100), RelA (p65), cRel, and RelB, which 
form homodimers or heterodimers. Under 
non-stimulated conditions, NF-κB dim-
mers stay predominantly in the cytoplasm 
due to their association with the inhibitor 
of NF-κB (IκB) and are transcriptionally 
inactive. A variety of cytokines, growth 
factors and kinases can activate NF-κB 
signaling through either the canonical 
pathway or the non-canonical pathway. 
Usually, pro-inflammatory cytokines 
and viral infections activate the canoni-
cal NF-κB pathway whereby the activated 
IκB kinase (IKK) complex phosphorylates 
IκB, leading to its ubiquitination and 
degradation. Subsequently, NF-κB dim-
mers, including RelA-p50 and cRel-p50, 
enter the nucleus and regulate gene tran-
scription.39 The non-canonical pathway is 

mainly activated by members of the tumor 
necrosis factor (TNF) family. Upon acti-
vation, p100, the main inhibitor of RelB, is 
phosphorylated by IKK and subsequently 
processed into the mature form, p52. The 
RelB-p50 and RelB-p50 dimmers are then 
translocated into the nucleus and activate 
the transcription of specific genes.38

Conditional deletion of α-catenin in 
the mouse skin (K14-Cre/α-cateninfl/f l) 
led to dramatic defects in the skin and 
limbs and early death.40 Grafting E18.5 
α-catenin-knockout skins onto the back of 
nude mice resulted in squamous cell car-
cinomas within 40–70 d,24 suggesting a 
tumor-suppressing role of α-catenin in the 
skin. Microarray profiling of the epider-
mis from E18.5 α-catenin-knockout mice 
revealed upregulation of genes involved in 
cell survival, growth, migration and inva-
sion, and interestingly, a number of NF-κB 
target genes were found to be upregulated 
early after α-catenin deletion.24 However, 
how depletion of α-catenin activates 
NF-κB signaling in the skin and whether 
the NF-κB pathway plays a causal role in 
skin tumorigenesis were not determined.

Constitutive activation of the NF-κB 
pathway is frequently observed in triple-
negative basal-like breast cancer cells,41 
but the cause of this activation was elu-
sive. Recently, our laboratory found that 
α-catenin acts as a tumor suppressor in 
E-cadherin-negative basal-like breast can-
cer by interacting with and stabilizing IκB, 
which provided a molecular mechanism 
by which α-catenin regulates NF-κB sig-
naling. In order to determine E-cadherin-
independent functions of α-catenin, we 
performed both loss-of-function and 
gain-of-function analyses of α-catenin 
in multiple breast cancer cell lines.23 We 
found that ectopic expression of α-catenin 
inhibited breast cancer cell proliferation, 
while knockdown of α-catenin promoted 
cell proliferation, migration and anchor-
age-independent growth. Interestingly, 
α-catenin suppresses NF-κB signaling 
specifically in E-cadherin-negative basal-
like breast cancer cells, but not in lumi-
nal cells or E-cadherin-positive basal-like 
breast cancer cells.23

Furthermore, biochemical analyses 
demonstrated that α-catenin physically 
interacts with IκB protein and stabi-
lizes IκB by blocking its lysine 48-linked 

poly-ubiquitination and its association 
with the proteasome, leading to cytoplas-
mic retention of RelA and p50 and upreg-
ulation of multiple NF-κB target genes, 
without affecting the activity of IKK23 
(Fig.  1). Co-immunoprecipitation assays 
showed that α-catenin binds to IκBα in 
E-cadherin-negative cell lines, but not in 
E-cadherin-positive cell lines. In addition, 
although β-catenin could be detected in 
α-catenin immunoprecipitates from basal-
like breast cancer cells, overexpression or 
knockdown of α-catenin did not affect 
β-catenin protein level, localization or 
activity.23 Therefore, α-catenin regulates 
different signaling pathways in different 
cell types.

Does NF-κB signaling mediate the 
effect of α-catenin on tumorigenesis? 
We found that knockdown of α-catenin 
in two basal-like breast cancer cells lines, 
MDA-MB-231 and BT549, induced 
anchorage-independent growth in vitro 
and tumor growth in vivo, which could 
be reversed by knockdown of RelA. 
Immunohistochemical staining revealed 
upregulation of TNFα and down-
regulation of IκB in tumors formed by 
α-catenin-depleted MDA-MB-231 cells, 
confirming that loss of α-catenin can lead 
to activation of NF-κB signaling in vivo. 
On the other hand, restoring α-catenin in 
an α-catenin-null basal-like breast cancer 
cell line, MDA-MB-157, inhibited tumor-
igenesis in xenografted mice, which could 
be reversed by knockdown of IκB.23 Taken 
together, these data suggest that inhibi-
tion of NF-κB signaling mediates the 
tumor-suppressing effect of α-catenin in 
basal-like breast cancer cells; this is highly 
relevant in human tumors, as α-catenin 
is specifically downregulated in human 
basal-like breast cancer due to DNA 
hypermethylation, correlates with relapse-
free survival and is negatively associated 
with the activity of the NF-κB pathway.23

α-catenin regulates the Hippo-YAP 
pathway

The Hippo-YAP pathway is involved 
in organ size regulation, and deregula-
tion of this pathway plays critical roles 
in tumor formation and progression. For 
example, genetic deletion of Mst1/242-45 
or transgenic overexpression of Yap46,47 
in mice has been shown to increase liver 
size and ultimately induce hepatocellular 
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carcinoma, demonstrating a pivotal role 
of Hippo signaling in organ growth and 
tumorigenesis. In addition, YAP overex-
pression promotes colon cancer cell pro-
liferation, probably by synergizing with 
Wnt/β-catenin signaling.48 Moreover, 
recent studies by us and others have dem-
onstrated that the downstream effector of 
mammalian Hippo signaling, YAP, func-
tions as a promoter of breast tumorigenesis 
and metastasis.49-52

A conserved Hippo kinase cascade is 
established in Drosophila and mammals: 
the mammalian Hippo homolog MST1/2 
phosphorylates and activates LATS1/2, 
and the LATS kinases in turn phosphory-
late YAP and TAZ, leading to cytoplas-
mic retention and functional inactivation 
of these 2 transcriptional co-activators.53 
Deregulation of Hippo signaling is asso-
ciated with a wide range of human can-
cers, including liver, lung, and colorectal 
cancer.54

Genetic deletion of α-catenin in the 
hair follicle stem and progenitor cells 
(GFAP-Cre/α-cateninfl/f l) led to develop-
ment of skin squamous cell carcinoma 
in mice.25 Specifically, GFAP-Cre/α-
cateninfl/f l mice exhibited skin inflam-
mation and tumors with squamous cell 
differentiation, a phenotype similar to 
that of the mice with transgenic overex-
pression of Yap in the skin,55 and concur-
rent deletion of the tumor suppressor p53 
in GFAP-Cre/α-cateninfl/f l mice acceler-
ated skin tumor formation.25 Interestingly, 
an siRNA screen suggested that YAP may 
be a downstream effector of α-catenin.25 
In support of this notion, the proliferation 
of α-catenin-deficient cells was suppressed 
by knockdown of YAP.25 Consistently, 
α-catenin promotes cytoplasmic seques-
tration of YAP and inhibits its transcrip-
tional activity. The regulation of YAP 
subcellular localization by α-catenin is 
not due to modulation of the canonical 
Hippo kinase cascade, but is mediated 
by the interaction between α-catenin 
and YAP.25,55 Moreover, the association of 
α-catenin with YAP is mediated by 14-3-
3, and this physical association prevents 
YAP dephosphorylation and activation55 
(Fig. 1). These findings suggest that loss of 
α-catenin may lead to skin tumorigenesis 

by promoting nuclear localization and 
transcriptional activity of YAP. Although 
this effect was not found in basal-like 
breast cancer cells,23 it remains to be deter-
mined whether α-catenin regulates YAP 
localization and activity in other epithe-
lial cancers, such as liver, lung and colon 
cancer.

α-catenin inhibits Hedgehog 
signaling

The Hedgehog (Hh) signaling pathway 
plays an essential role in segmental pat-
terning during development by regulating 
cell proliferation, migration and differen-
tiation, and deregulation of this pathway 
has been implicated in multiple human 
cancers, including lung, breast, brain, 
colon and pancreatic cancer.56,57 The core 
components of the Hedgehog pathway 
are a 12-pass transmembrane receptor, 
Patched (Ptch1), and a seven-pass trans-
membrane receptor, Smoothened (Smo). 
In the absence of ligands, Ptch1 consti-
tutively inhibits Smo. Upon binding of 
the Hh ligands, including Sonic (SHh), 
Desert (DHh) and Indian Hedgehog 
(IHh), to Ptch1, the inhibition of Smo is 
released and three Gli zinc-finger tran-
scription factors, the transcriptional acti-
vators Gli1 and Gli2 and repressor Gli3, 
are activated, leading to activation or 
repression of their target genes.58

Neural progenitors express αE-catenin 
while differentiated neurons expression 
αN-catenin.59 Conditional deletion of 
α-catenin in the mouse brain (Nestin-
Cre/α-cateninfl/f l) resulted in early death 
between 2–3 wk-of-age, and the mutant 
displayed enlarged head with massive 
hyperplasia in the brain.59 Microarray 
analysis showed that Fgf15 and Gli1, 
which are well-known targets of the 
hedgehog pathway, are the 2 most upregu-
lated genes in α-catenin-deficient brains.59 
This indicates that loss of α-catenin in 
the central nervous system leads to acti-
vation of hedgehog signaling; however, 
the underlying mechanism still remains 
unclear. Nevertheless, since Hh signaling 
is involved in tumorigenesis and malig-
nant progression of a variety of human 
cancers, this provides yet another mecha-
nism by which loss of α-catenin contrib-
utes to cancer development.

Conclusion and Future 
Perspectives

In summary, biochemical and genetic 
studies and clinical correlation analyses 
have demonstrated that α-catenin acts as a 
tumor suppressor in multiple human can-
cers. The regulation of Wnt/β-catenin, 
Hippo-YAP, NF-κB, and Hedgehog path-
ways by α-catenin may provide molecular 
mechanisms by which loss of α-catenin 
contributes to tumorigenesis. Given that 
α-catenin regulates distinct signaling 
pathways depending on the tissues type 
and the surrounding microenvironment, 
future studies should determine the spe-
cific α-catenin signaling pathways in dif-
ferent human cancer types and subtypes, 
and should evaluate its implication in can-
cer diagnosis, prognosis and treatment. 
In addition, studies thus far are focused 
on the role of α-catenin in tumorigen-
esis. Although some expression analyses 
showed underexpression of α-catenin 
in metastatic or invasive tumors,16,60,61 
whether α-catenin plays a functional 
role in tumor progression and metastasis 
remains to be determined.
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