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Abstract

Cadherins are transmembrane receptors that function
through calcium-dependent homophilic and
heterophilic interactions that provide cell-cell contact
and communication in many different organ systems.
In the mammary gland only a few of the cadherins that
make up this large superfamily of proteins have been
characterized. Frequently in metastatic breast cancer,
the genes for cadherins are epigenetically silenced,
mutated, or regulated differently. During epithelial-
mesenchymal transition, cadherins that are expressed
normally in the epithelial cells are down-regulated,
while cadherins expressed in the mesenchyme are
up-regulated. This process is known as cadherin
switching, and its regulation can sometimes facilitate
the increased motility, invasiveness and proliferation
that occurs in metastatic cancer cells. Depending

on the context, however, cell motility, invasiveness,
proliferation and expression of mesenchymal markers
can be independently modulated from cadherin
expression, leading to partial epithelial-mesenchymal
transitions and even mesenchymal-epithelial
transitions (METs). This review will summarize the
current understanding of cadherins found in the
mammary gland and what is known about their
mechanism of regulation in the mammary gland
during normal physiological conditions and in breast
cancer.

Members of the cadherin superfamily provide cell-cell
contact and communication in many different organ
systems. Cadherins comprise a large superfamily consist-
ing of six groups: classical, fat and daschous, flamingo,
protocadherins, 7-pass transmembrane, and desmosomal
cadherins. They operate as transmembrane receptors
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that mediate calcium-dependent homophilic and hetero-
philic interactions between cells. These interactions are
crucial for enhancing the cell’s ability to not only interact
with neighboring cells, but also for cell signaling [1]. This
review will provide an overview of all cadherins known to
be expressed in the mammary gland with particular focus
on the less reviewed cadherins and atypical cadherins.
Information on the regulation and function of these
cadherins in the mammary gland and during breast
cancer will be included.

Cadherins have specific structural features that are
used to classify them into type I, type II, and type III or
atypical cadherins (Figure 1). Type I cadherins possess a
unique histidine-alanine-valine (HAV) motif in their
amino acid sequence before the first calcium binding site
in the amino terminus of the protein that is suggested to
function in cadherin-cadherin interactions and has a
single tryptophan (W) before the first calcium binding
site. Type II cadherins contain the HAV motif, but this
has two tryptophan residues (WW) instead of the one
tryptophan found in type I cadherins. Type III or atypical
cadherins possess calcium binding sites, but do not
typically have HAV or W residues in their amino acid
sequence [2]. All three classifications of cadherin are
expressed in the mammary gland (Table 1).

Type | cadherins

Type I cadherins, which include epithelial (E), neural (N),
placental (P), and retinal (R) cadherins, are expressed in
the mammary gland [3-6]. E-cadherin is expressed exclu-
sively in all of the mammary epithelial cells, while P-
cadherin is expressed in mammary epithelial cells of the
alveoli and ducts, but also in the myoepithelial cells
[3,5,7]. N-cadherin is expressed in mesenchymal cells of
the mammary stroma. R-cadherin, which was first identi-
fied in the retina, is expressed in the mammary epithelial
cells [8].

In normal mammary epithelial cells, E-cadherin
provides a tight connection between epithelial cells and
localizes and interacts with components of the adherens
junction. At the adherens junction, the E-cadherin cyto-
plasmic tail provides binding sites for p120, y-catenin and
[-catenin, providing a connection between the actin
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Figure 1. Diagram of the different classes of cadherins with distinct characteristics in both the extracellular and cytoplasmic domains.
Type 1 cadherins contain extracellular calcium binding domains, including the histidine-alanine-valine (HAV) and tryptophan (W) conserved
motifs, along with cytoplasmic domains that bind to 3-catenin and p120 and connect the cadherin to the actin cytoskeleton. Type Il cadherins
have similar motifs, but instead of one tryptophan, they contain two. Type Il cadherins do not have a cytoplasmic domain, but rather a
glycosylphophatidylinositol (GPI) anchor. Protocadherins and desmosomal cadherins have similar extracellular domains, but their cytoplasmic
domains are different. Fat and Daschous cadherins are unique in that the number of extracellular domain repeats can vary in number, and their
cytoplasmic domains interact with a different set of cytoplasmic proteins. B-cat, 3-catenin; TM, transmembrane.
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cytoskeleton and signaling pathways [2,9]. The relation-
ship between E-cadherin and p-catenin is well studied
and together these molecules stabilize the epithelial
polarized cellular shape. E-cadherin joins with -catenin
to form an E-cadherin-catenin adhesion complex, which
inhibits B-catenin’s function in the canonical Wnt path-
way. The sequestering of f-catenin by E-cadherin impairs
the nuclear localization of [-catenin, which has been
shown to induce a gene expression that guides a cell into
favoring tumor invasion [10].

E-cadherin has been identified as a tumor suppressor
gene and is modified in many cancers, including breast
cancer. Because E-cadherin promotes adhesion and
development of normal epithelial architecture and pheno-
type, its down-regulation in cancer cells is linked to an
increase in epithelial-mesenchymal transition (EMT),
motility, invasiveness, and overall metastasis [11,12].
Multiple transcriptional repressors, such as Zebl, Zeb2,
Snaill and Snail2, are able to down-regulate E-cadherin,
thus inhibiting the cell's ability to maintain proper
adhesion properties and leaving the cell vulnerable to

increased invasiveness and metastasis in breast cancer
[13]. E-cadherin also interacts with epidermal growth
factor (EGF) receptor to suppress receptor tyrosine
kinase signaling, which regulates cell proliferation [14].
N-cadherin is expressed normally in the mesenchymal
cells of the mammary gland and interacts with the
fibroblast growth factor (FGF) receptor (FGFR) pathway
[15] and RhoGTPases [16,17]. The association of N-
cadherin with FGFR prevents FGFR internalization and
sustains FGF signaling. This lengthens the stimulation of
the mitogen-activated protein kinase (MAPK)/ERK
signaling pathway and induces the expression of matrix
metalloprotease 9, which increases cell motility [18]. In
breast cancer cells, when N-cadherin is misexpressed in
the epithelial cells, it also increases cell motility through
the RhoGTPases and provides the epithelial cells the
ability to interact with stroma and endothelial cells
through homophilic binding to N-cadherin in these two
cellular regions, enabling the cancer cells to become
metastatic and survive in other tissues [17]. Interestingly,
not only does N-cadherin function at the membrane, but
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Table 1. Identification and description of cadherins present in the mammary gland and altered in breast cancer

Localization in the

Cadherin  Name Classification mammary gland Involvement in breast cancer

CDH1 E-cadherin Classical type | Luminal epithelial Downregulated and overexpression, somatic mutations
CDH2 N-cadherin Classical type | Nerve and mesenchymal Upregulated

CDH3 P-cadherin Classical type | Myoepithelial, ducts and alveoli Upregulated

CDH4 R-cadherin Classical type | Epithelial Downregulated

CDH5 VE-cadherin Classical type Il Vascular endothelial Overexpression and misexpressed

CDH11 OB-cadherin Classical type Il Unknown Upregulated in epithelial

CDH13 T/H-cadherin Classical type Il Ductal epithelium, endothelial and Downregulated/decreased expression, promoter

smooth muscle cells

CDH15 M-cadherin Classical type Il Unknown
FAT4 Protocadherin Fat4 Fat and Daschous Epithelial
PCDH8 Protocadherin-8 Protocadherin Luminal epithelial
PCDH10 Ol-protocadherin Protocadherin Epithelial
DSG2 Desmoglein-2 Desmosomal Epithelial
DSC3 Desmocollin-3 Desmosomal Epithelial

methylation
Downregulated, LOH
Downregulated, promoter methylation

Downregulated, somatic missense, LOH, homozygous
deletion, promoter methylation

Downregulated, frequent promoter methylation
Unknown

Downregulated, promoter methylation

LOH, loss of heterozygosity.

it also can transcriptionally regulate gene expression in
the nucleus of neuronal cells. Presenilin-1 y-secretase
can cleave the cytoplasmic tail of N-cadherin to release a
35 kDa fragment that has the ability to translocate into
the nucleus and bind to the transcriptional coactivator
CREB binding protein (CBP) and target it for degrada-
tion, which represses CBP/CREB-mediated transcription
[19,20]. It remains to be seen whether this processing of
N-cadherin occurs in mammary epithelial cells.

P-cadherin is expressed in myoepithelial cells in the
mammary gland [21]. Little is known about the normal
function and regulation of P-cadherin in myoepithelial
cells, but many breast cancer studies have examined the
expression of P-cadherin. Aberrant expression of P-
cadherin is seen in 30% of patients with breast carcino-
mas and is used as a marker for poor prognosis [22].
Usually the increased expression of P-cadherin is asso-
ciated with a lack of estrogen receptor-a signaling and
results in increased levels of c-erbB-2 and p53 expression,
which lead to increased cell proliferation [23,24].
Changes in estrogen signaling can cause chromatin
remodeling at the P-cadherin promoter, enabling C/EBPf
to increase P-cadherin expression. Several clinical studies
are examining whether the inhibition of P-cadherin with
monoclonal antibodies can reduce the metastatic
potential of the cancer cells [25].

R-cadherin, which was first identified in the retina, is
expressed at similar levels to E-cadherin in the mammary
gland. Localization studies showed that R-cadherin is
expressed in the mammary epithelial cells that comprise
the ducts and lobules [8]. The function of R-cadherin in
the normal mammary gland is not known, but in breast

cancer cells, R-cadherin expression is repressed and cells
acquire a more metastatic phenotype. It has been shown
that the loss of R-cadherin changes the epithelial pheno-
type, which suggests that R-cadherin is involved not only
at the adherens junction but also to maintain the polarity
of the cells [8,26].

Type Il cadherins

Presently only two type II cadherins have been identified
as expressed in cells that comprise the mammary gland
(Table 1). Cadherin-5, which is also called vascular endo-
thelial cadherin, is found in endothelial cells and is part
of the adherens junction that maintains blood vessel
integrity. During invasive mammary carcinomas, cadherin-5
regulation is altered and it becomes expressed in the
mammary epithelial cells and endothelial cells [27]. This
enhances the ability of the mammary epithelial cells to
adhere to endothelial cells, cross into the bloodstream
and become metastatic. In a study with malignant fibro-
blastoid tumor cells that have increased cadherin-5
expression, mammary epithelial cells were stimulated to
increase proliferation by increasing activation of SMAD-2,
the transcription factor that is regulated by the trans-
forming growth factor-B signaling pathway [27]. This
demonstrates that an increase in cadherin-5 expression
during breast cancer can increase rates of proliferation of
the carcinoma cells.

Cadherin-11, which was originally named ob-cadherin
due to its discovery in osteoblasts, is considered a
mesenchymal cadherin and is expressed in many types of
condensing mesenchymes that form bone, somites and
limbs [28-30]. The expression of cadherin-11 in
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osteoblasts and fibroblast-like synoviocytes helps main-
tain bone and joint structures [29-31]. Little is know
about where cadherin-11 is expressed normally in the
mammary gland, but in several breast cancer cell lines
and during mammary carcinomas, cadherin-11 becomes
expressed in the epithelial cells, suggesting an EMT has
occurred [32-34]. Once the carcinoma cells express
cadherin-11, it provides the ability of metastatic
carcinoma cells to establish themselves into the micro-
environment of bone [34]. This is facilitated by the fact
that both osteoblasts and the carcinoma cells express
cadherin-11, enabling cell-cell interactions. In breast
cancer cell lines, it was also demonstrated that if a
truncated version of cadherin-11 derived from alternative
splicing is co-expressed with the full length version of
cadherin-11, there is an increase in invasive behavior of
the breast cancer cells [33]. Transcriptional regulation of
cadherin-11 has not been examined to any great extent in
the literature, but at the translational level in breast
cancer cells, cadherin-11 expression is down-regulated
by p-catenin binding to the 3’ untranslated region
directed by glycogen synthase kinase-f [35]. Additionally,
interactions between cadherin-11 and fibroblast growth
factor receptor 1 occur during the formation of neurite
growth cones [36], which may suggest that cadherin-11
in the mammary gland interacts with the FGFRs located
there.

Type lll/atypical cadherins

Type III or atypical cadherins that have been demon-
strated to be associated with the mammary gland are
cadherin-13 and cadherin-15 (Table 1). Cadherin-13,
which is also referred to as T- or H-cadherin, is expressed
in multiple cell types in the mammary gland, including
myoepithelial, epithelial and endothelial cells [37]. It is a
more unique cadherin since it does not have a trans-
membrane domain, but rather has a glycosylphosphatidyl-
inositol anchor, and also because it localizes to the apical
surface of polarized mammary epithelial cells rather than
the basolateral surface [38]. Characterization of cad-
herin-13 suggests that it is not necessarily involved in
adhesion but instead is an adiponectin receptor [39].
Adiponectin is secreted by adipocytes and can sequester
growth factors. Since cadherin-13 is increased in endo-
thelial cells during breast cancer, it would provide a more
favorable environment rich in growth factors for the
mammary tumor cells while attracting the tumor cells to
the blood vessels. In mouse mammary tumor models, the
expression of cadherin-13 is reduced in all cell types
except endothelial cells. In cancer cell lines and primary
breast cancers, cadherin-13 is repressed by methylation
at the promoter. Further transcriptional repression of
cadherin-13 can occur through Zeb-1 signaling, as is
seen in gall bladder cancer, which results in a more
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invasive phenotype [40]. The repression of cadherin-13
increases the cancer cells’ ability to invade, metastasize
and form tumors [37,41,42].

Cadherin-15 or muscle (M)-cadherin is expressed
during myogenesis but has not been examined in normal
mammary gland physiology. In mouse mammary tumor
virus/neu transgenic mice the region on chromosome 8
where the M-cadherin gene is located is frequently lost in
mouse mammary tumors and it is suggested that M-
cadherin may also be a tumor suppressor gene [43].

Protocadherins

Protocadherins have been classified into two main
families, clustered and not clustered, based on the loca-
tion of the genes on the chromosome. More is known
about the non-clustered protocadherins that consist of 11
known members, which has been further divided into
three subfamilies in mammals: a-, f-, and y-protocad-
herins [44]. Protocadherin 4, which is also named FAT4,
is epigenetically repressed in breast cancers by methyla-
tion at the promoter. In mice mammary tumor models, it
was seen that if one copy of the Fat4 gene was deleted, it
resulted in the methylation and repression of the other
copy of Fat4 [45].

The expression and function of protocadherins in
normal mammary physiology are unknown. In Droso-
phila, the protocadherin homologs Fat and Dachsous
proteins act as a receptor-ligand pair involved in planar
cell polarity events and function during growth, branch-
ing and cell survival of many organ systems. In the
mouse, the Fat homolog called protocadherin-4 and
Dachsous proteins are expressed in mesenchymal cells of
many organs and act similarly to the homologs in Droso-
phila [46]. Both protocadherin-8 and protocadherin-10
are considered to be tumor suppressors and are mutated
and repressed in many breast cancer cell lines [47]. The
rat homolog of protocadherin-8 is called Arcadlin, and it
has been shown to interact with N-cadherin and cad-
herin-11 at the hippocampal synapses to regulate endo-
cytosis [48]. However, no other information is known
about the function of protocadherins in normal
mammary physiology, let alone in mammary carcinomas.

Desmosomal cadherins

Desmosomal cadherins belong to a family of proteins
involved in the structure of the desmosome and hemi-
desmosomes, which enable cells to adhere to each other
and to the stroma. During cancer, there is an increase in
transmembrane metalloprotease activity, which results in
ectoderm shedding of cell surface molecules, facilitating
the ability of cells to become mobile and invasive. In
some breast cancers, ADAMI7 is up-regulated by EGF
and this causes increased ectoderm shedding of
ADAM17 targets, such as desmoglein-2, a desmosomal
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cadherin [49]. Desmocollin-3, also a component of the
desmosome in epithelial cells, was down-regulated by
epigenetic silencing at the promoter by methylation in
several breast cancer cell lines [50]. Because in cancer
cells the desmosomal cadherins are down-regulated epi-
genetically at the promoter in addition to ectoderm
shedding, they have also been identified as tumor
suppressor genes.

Role of cadherins in breast cancer

The role cadherins play in breast cancer is of fundamental
importance to understanding the disease and developing
treatments. Three events that can strongly influence the
expression of cadherins present in breast carcinomas
include cadherin switching, EMT, and MET. Cadherin
switching is where the type of cadherins change from
those expressed in epithelial cells to those expressed
more in mesenchymal cells [18]. It has been described as
a normal mechanism occurring in mammary tubulo-
genesis and during wound healing, providing intermediate
phenotypes with both epithelial and mesenchymal
characteristics [51,52]. This event is followed by EMT,
where the epithelial cells become more mobile and
invasive, and increase their levels of proliferation. Cancer
cells that have gone through EMT migrate to a secondary
site in the body where they sometimes go through MET,
reverting back to a more epithelial phenotype [53].
Further, these transitions are not always necessarily
complete, in that partial EMT and MET are seen in some
cancers [53-55]. These phenotypic transition events
during cancer can result in a more malignant and meta-
static cancer.

In some ways it should not be a surprise that EMT,
MET, and intermediate cell phenotypes exist, since these
are all dynamic processes that depend on the context of
both the cell and the environment. Several different gene
profiles for EMT have been identified in breast cancer
tissue samples [54]. Most research has focused on E-
cadherin expression and regulation during EMT. How-
ever, increasing evidence suggests that cancer cells can
have low E-cadherin levels but are not migratory and that
some breast cancer cells may not have all the mesen-
chymal markers (vimentin, fibronectin, N-cadherin) seen
in an EMT. Part of the difficulties lies in the fact that
there are multiple ways to regulate cadherins and the
mesenchymal markers during the process and some, but
not all, of the regulatory pathways overlap.

In a differentiated mammary epithelial cell, E-cadherin
is present at the adherens junctions. Although initially E-
cadherin was considered just a structural protein, it can
act as a tumor suppressor and in many cancers it is
silenced. Several microRNAs (miRNAs) that belong to
the miRNA200 family have been demonstrated to enable
differentiation of the mammary epithelial cells [56].
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These miRNAs protect E-cadherin from down-regulation
by targeting the E-box binding zinc finger transcription
factors Zebl and Zeb2, which can suppress E-cadherin
transcription [13,40]. E-cadherin also interacts with
members of the FGF, EGF, and Wnt families. These
interactions create a fine balance of signals through
several intracellular pathways involving 3-catenin, glyco-
gen synthase kinase (GSK)B, and AKT (Figure 2a). B-
catenin is a multifunctional protein involved with canoni-
cal Wnt signaling by acting as a co-transcription factor,
but it also interacts with the cytoplasmic tail of E-cad-
herin at adherens junctions, where it connects the
adherens junction to the actin cytoskeleton. E-cadherin
can suppress canonical Wnt signaling by sequestering the
[B-catenin to its cytoplasmic tail, which prevents [-
catenin from entering the nucleus where it can act to
change transcription of genes downstream of canonical
Wnt signaling.

During breast cancer, changes in E-cadherin regulation
result in down-regulation of E-cadherin (Figure 2b),
which can, in some cases, facilitate an EMT. The loss or
down-regulation of E-cadherin can occur through several
different mechanisms. One of the most obvious changes
that can occur is the accumulation of mutations in the
genome at and near the cadherin genes, resulting in a loss
of heterozygosity and inactivation of specific cadherins
that can then lead to cancer [43]. Changes in transcrip-
tional regulation of cadherins can occur on several levels.
Epigenetic silencing can occur by either methylation at
the promoter and by noncoding RNAs that can repress
cadherin expression [1,12]. In some breast cancers,
somatic E-cadherin loss of function mutations occur in a
sporadic lobular subtype [20,57]. Additionally, hyper-
methylation at CpG islands on the CDHI gene promoter
has been documented in several cancers and mammary
carcinomas [58-60].

Silencing of the CDHI gene can also occur through
transcriptional modulators. During EMT, the Snail family
of suppressor transcription factors (Snaill and Slug) and
E-box-binding zinc finger transcription factors Zebl and
Zeb2 coordinate the reduction of E-cadherin expression
while increasing N-cadherin levels, which contribute to
the EMT. The coordination of this regulation is through
Snail, which turns on Zebl transcription and directs
Zebl to bind to the E-box motif on the E-cadherin
promoter, which blocks transcription of the gene [13,40]
(Figure 2b). These transcriptional suppressors include the
basic helix-loop-helix (bHLH) family members Twist and
E12/47 (the e2A gene product), the Snail family, Snaill
and Snail2 (Slug), and members of the zinc finger homeo-
box family of repressors, including ZEB1 (TCF8 or 8EF1)
and ZEB2 (ZFXHI1B or SIP1). It is these transcription
factor modulators that provide much of the confusion
when characterizing breast cancer cells going through
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Figure 2. A mammary epithelial cell showing changes in the signaling pathways that are altered when an epithelial cell goes through
epithelial-mesenchymal transition. (a) Normal mammary epithelial cell showing the signaling pathways and transcription factors that affect the
epithelial phenotype. (b) A mammary epithelial cell going through epithelial-mesenchymal transition (EMT) showing the signaling pathways that
facilitate the mesenchymal phenotype. BMP, bone morphogenetic protein; cad, cadherin; EGFR, epidermal growth factor receptor; FGF, fibroblast
growth factor; GSK, glycogen synthase kinase; miRNA, microRNA; TCF, T-cell factor; TGF transforming growth factor.

EMT, MET or partial reversions. This is due to the fact
that some of these transcription factors regulate not only
E-cadherin but also some of the mesenchymal markers
[61,62].

Both Snail and Slug can repress E-cadherin expression
in several breast cancer cell lines, and it has been

suggested that Slug is highly correlated to down-regu-
lation of E-cadherin in breast carcinomas in vivo [63,64].
Both of these repressors have been demonstrated to
down-regulate E-cadherin [65]. GSKf} was demonstrated
to inhibit Snail and Slug’s ability to activate Zeb. Snail
was not demonstrated to be correlated with breast ductal
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tumor progression in one study, but has been demon-
strated to down-regulate estrogen synthesase [66] and
Lundgren and colleagues [55] identified impaired tamoxi-
fen response in tumors with reduced Snail expression.
These findings would then alter strategies for breast
cancer therapies that involve aromatase suppressors [67].
Overall, it is clear that Snail and Slug indirectly regulate
E-cadherin through regulation of Zebl and Zeb2. Zebl
can bind to the E-cadherin promoter and down-regulate
E-cadherin expression, and Zebl can down-regulate
miRNAs that induce a more epithelial phenotype in the
cell, indirectly reducing E-cadherin expression. Further
studies need to examine Snail and Slug downstream
targets and whether they are targeting the mesenchymal
markers.

The transcription factor ZEB1 can regulate cell fate
determination and development of mesodermally derived
tissue. It binds to DNA through the E-box consensus
motif and acts as a transcriptional activator, interacting
with acetyltransferase p300/pCAF and activated SMADs
[68-70]. Mutations in the ZEBI gene can cause METs
with increased ectopic expression of E-cadherin [71].
Transforming growth factor-p, tumor necrosis factor-a,
and insulin-like growth factor-1 signaling can activate
ZEB1 expression and induce EMT in cancer while decreas-
ing E-cadherin expression [69,72]. ZEB1 can interact
independently with both the co-repressor CTBP and SW1/
SNF chromatin-remodeling protein BRG1 and down-
regulate E-cadherin expression [73]. ZEB1 and BRGI1
have been colocalized in the nucleus in dedifferentiated
epithelial cells found at the edge of tumors together with
nuclear -catenin. Besides decreasing E-cadherin expres-
sion, ZEB1 can also down-regulate several miRNAs that
increase epithelial-like phenotypes [13,56,74,75]. Thus,
the changes in regulation of E-cadherin expression are
not dependent on the mesenchymal proteins being up-
regulated. The down-regulation of E-cadherin and the
up-regulation of mesenchymal markers appear to be two
separate events, although the transcriptional suppressors
are shared between the two events.

Twist is a bHLH protein involved in the differentiation
of several cellular lineages, including myogenesis, osteo-
genesis, and neurogenesis [76-79]. Twist can activate
EMT by down-regulation of E-cadherin and increasing
N-cadherin expression in the fruit fly [80]. In one study
on breast carcinomas, it was demonstrated that up-
regulation of Twist was associated with resistance to
paclitaxel and led to resistance to microtubule-disrupting
anticancer drugs [81,82]. In mouse models, up-regulation
of Twist was associated with a decrease in E-cadherin,
activation of mesenchymal markers, and increased meta-
stasis [83]. In the mouse mammary tumor model, Wnt 1
signaling through B-catenin regulated Twist expression,
and both can suppress mammary differentiation, which
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will permit further cell growth and tumorigenesis to
continue [84] (Figure 2b). Therefore, in breast cancers
where Twist is over-expressed, both increases in mesen-
chymal markers and also decreases in E-cadherin can
occur.

Additionally, the environment where the breast cancer
cells reside can modulate the mechanisms involved in
EMT or MET [55]. Both secondary sites of cancer and
hypoxia can alter the expression of cadherins and
mesenchymal proteins [53,55,85]. Recently, Chao and
colleagues [53] demonstrated that MET can occur by re-
expression of E-cadherin in metastatic breast cancers at
the secondary sites populated by the cancer cells. The re-
expression of the E-cadherin gene was dependent on the
inability of a DMA methyltransferase to methylate the
DNA after DNA replication at the secondary site; this
occurred at the edge of tumors and was suggested to
need cell contacts with the secondary organ’s cells. A
second mechanism for altering gene profiles of breast
carcinomas deals with the hypoxic conditions that arise
in the middle of tumors. Specifically, hypoxia can
independently affect transcriptional regulators such as
SNAIL without initiating mechanisms involved in cell
motility and migration and nor through the regulation of
hypoxia-inducible  factor  (HIF)-1-activated genes
involved in proliferation and EMT [55,85,86]. SNAIL
expression was stimulated in cells exposed to high levels
of hypoxia and resulted in SNAIL localizing to the
nucleus, where it can be stabilized by a small carboxy-
terminal domain phosphatase (SCP) [87]. SNAIL can
then bind to the ZEB1 promoter and lead to ZEB1
inhibition of the E-cadherin gene. Phosphorylation of
SNAIL by GSKp revealed a nuclear localization signal
that enabled SNAIL to exit the nucleus [88,89]. This
would enable the re-expression of CDHI and other genes
repressed by SNAIL. SNAIL does not directly alter the
expression of mesenchymal proteins like vimentin and N-
cadherin; instead, TWIST can be activated through HIF1
to increase vimentin and N-cadherin expression [85].
Therefore, in a hypoxic environment both SNAIL and
TWIST are regulated separately and independently to
assist cells in surviving the tumor environment.

Other signaling pathways, including canonical Wnt,
EGF and FGF signaling, are involved in the proliferation
and altered regulation occurring in mammary carcinoma
cells and have been shown to interact with different
cadherins. What is known is that several of the cadherins
can interact with these pathways to increase cell pro-
liferation and alter the actin cytoskeleton [14]. E-cadherin
interacts with the EGF receptor, and sustains growth and
proliferation signals by possibly preventing endocytosis,
which would prevent the EGF receptor from being
recycled [14]. Canonical Wnt signaling has been impli-
cated in breast cancer, ever since the mouse mammary
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tumor virus model (Wnt-1) was developed. The EGF
signaling pathway was shown to interact with the Wnt
signaling pathways. This interaction disrupts GSKp
function and enables an increase in -catenin expression
in the cytoplasm, which leads to an increase of 3-catenin
in the nucleus, where it can act as a co-transcription
factor with T-cell factor (TCF) transcription factors.
Cadherins can also provide the ability to modulate the
Wnt signaling pathway by altering localization of (-
catenin in the cell [26,35]. E-cadherin binds to -catenin
in its cytoplasmic tail and it is now clear that E-cadherin
can inhibit the Wnt signaling response by binding to p-
catenin and preventing it from entering the nucleus.
Canonical Wnt signaling can regulate Twist through a p-
catenin-TCF complex interacting at the Twist promoter,
which can increase the expression of N-cadherin. N-
cadherin and cadherin-11 both have recently been identi-
fied to interact with the FGF signaling pathway by bind-
ing to FGFRs and sustaining the FGF signal by preventing
the internalization of the FGFR [15,36]. Therefore, cad-
herins can modulate the response to growth factors by
inhibiting receptor internalization in addition to seques-
tering the cytoplasmic factors, such as p-catenin, needed
for transcriptional regulation of the genes downstream of
the growth factors.

Conclusion
Regulatory mechanisms that alter transcriptional, trans-
lational, and post-translational regulation of cadherins
have provided cancer cells with the means to proliferate
and survive in many different tissue environments. Many
questions still need to be answered about the function
and regulation of many cadherins in the mammary gland,
both during normal and cancerous physiology. The
recent controversy about EMT and partial EMT and
MET can be cleared up by understanding the differences
in the function and roles of the various repressors,
activators and growth factors in mammary epithelial
cells. Although EMT is described as a multi-step process
that begins with the down-regulation of E-cadherin, it
needs to be recognized that the regulation of E-cadherin
is separate from that of mesenchymal proteins. In
addition, the environment where the cancer cells are
found can also influence the regulation of the cadherins.
Future research should examine how the environment
affects cancer cells’ expression of different cadherins.
When gene expression profiles for various cancers are
created, it is important to recognize the environment and
location these samples are taken from as different
locations can alter gene expression profiles. Profiles of
gene expression within a tumor mass will be different
from those of tumor cells at the edge of the organs. The
mechanisms for regulating cadherin through noncoding
RNAs and suppressor transcription factors have been
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identified for E-cadherin, but still need to be examined
for other cadherins to determine whether these mecha-
nisms will become a paradigm. Further studies examining
cadherin regulation by transcriptional activators and
suppressors and miRNAs on other cadherins is still
needed. The roles of the many other cadherins, such as
protocadherins and atypical cadherins, still need to be
examined in the mammary gland; knowing these will
help researchers understand the connections between
different cell types in this organ. Understanding how
these proteins are mutated and how these mutations
affect their regulation will be crucial for identifying new
therapies and treatments for breast cancer.
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