
Abstract. Background/Aim: E- and P-cadherin (E-cadh, 
P-cadh) control tumor cell invasion, metastatic or stemness
potential and chemotherapy resistance. The study aimed to
assess E- and P-cadherin expression in breast cancer molecular
subtypes. Materials and Methods: Immunohistochemistry for 
E-cadh and P-cadh was performed for 97 breast cancer cases.
Membrane (M), cytoplasmic (C) or mixed (MC) patterns of 
E-cadh and P-cadh were considered in our evaluation. Results:
E-cadh and P-cadh C pattern was significantly correlated in the
HER2 subtype (p=0.031). P-cadh M pattern was highly specific
for the HER2 subtype (p=0.002). Only P-cadh C characterized
the triple negative breast cancer subtype (p=0.015). For
Luminal B/HER2 cases, P-cadh M pattern was strongly
coexpressed with the E-cadh MC pattern (p=0.012).
Progesterone receptor (PR) expression influenced E-cadh M
pattern in the Luminal B/HER2 subtype (p=0.042). Conclusion:
E- and P- cadherins define distinct subgroups within breast
cancer molecular subtypes. Our findings support the inclusion
of E- and P-cadherin into breast cancer molecular
classification.

Breast cancer is still the most frequent neoplastic disease in
women, and despite the significant progress done in the last
years, morbidity and mortality remain high. In order to
improve the therapeutic strategy, two decades ago a new
classification of breast cancer was proposed. Based on gene

analysis and later certified by immunohistochemistry, five
main subtypes and corresponding specific markers were
included in the new molecular classification. A long and
controversial discussion was conducted about the possible
use-case and practical application of E-cadherin, supported
by some authors and rejected or neglected by others. 

Cadherins are calcium-channel dependent transmembrane
proteins involved in intercellular adhesion (1) in prenatal and
postnatal life in normal conditions. They are strongly
involved in tissue differentiation during embryogenesis,
especially in cell migration and epithelial-mesenchymal
transition, which are essential processes for tissue and organ
development. In the postnatal life, cadherins continue to play
an important role in maintaining tissue and cell integrity (1).

E-cadherin and P-cadherin are type I, classical cadherins
(2, 3). E-cadherin is the main component of adherens
junctions of all normal epithelial cells (4), while P-cadherin
is colocalized with E-cadherin, but it is restricted to the basal
proliferative layer of various epithelia (5). Both cadherins are
expressed during normal development of the human
mammary gland, E-cadherin in luminal cells (6), while P-
cadherin in basal and stem cells (7).

During breast carcinogenesis, both E- and P-cadherin have
a crucial role in tumor cell invasion, metastasis,
chemotherapy resistance and stemness. 

In breast cancer, E-cadherin is extensively studied as
compared to P-cadherin. E-cadherin expression has been
studied in normal breast development and in the molecular
subtypes of breast cancer, while the role of P-cadherin
remains still highly controversial in both normal and tumor
breast tissue. P-cadherin expression is associated with
undifferentiated cells during the development of the
mammary gland and poorly differentiated carcinoma of the
mammary gland. P-cadherin is frequently overexpressed in
high-grade tumors, being a poor prognostic factor for breast
cancer patients (7). Several years ago, a humanized anti-P-
cadherin monoclonal antibody was developed and tested on
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breast cancer cell lines (8). It is currently tested in a Phase I
clinical trial, and interferes with P-cadherin involvement in
the invasion and metastasis processes (8). 

Several papers reported in the past that loss of E-cadherin
from luminal cells is responsible for cancer invasion and
metastasis in breast cancer (9, 10). Recently, the results
reported by Padmanaban et al. are in contradiction with
previous findings. By using three different experimental
models of breast cancer, they proved that metastatic cells
retain E-cadherin expression, which improves their survival
and metastatic potential (11).

Controversial issues about the impact of a heterogeneous
expression pattern (membrane, cytoplasmic or mixed) on
breast cancer progression and prognosis have been reported
in the literature before, most of them being correlated with
conventional diagnosis, grade of differentiation and a worse
prognosis (12). 

The membrane pattern is the most accepted expression
pattern for E-cadherin. Cytoplasmic expression, usually
known as aberrant expression, seems to have an important
impact on tumor progression and metastasis. Usually E- and
P-cadherins are separately evaluated and their expression
heterogeneity in the different molecular subtypes of breast
cancer is not well certified.

In the present study, we have analyzed the expression of
E- and P-cadherin related to the different molecular subtypes
of breast cancer, in order to search for a potential impact of
both cadherins on molecular stratification of breast cancer.

Materials and Methods
Specimens. A total of 97 formalin-fixed parraffin embedded (FFPE)
biopsies from patients diagnosed with breast cancer between 2011-
2017 were selected from the archive of the Department of Pathology.
Inclusion criteria referred to the quality of the FFPE specimens
(tested by their positiviy to vimentin, clone V9 and also by the
presence of enough material in order to be processed for
immunohistochemistry). Only cases with a previous molecular
classification, tested for a minimum of four markers, were included
in the study. Based on these data, patients were classified as Luminal
A, Luminal B, mixed Luminal B/HER2, HER2 and triple negative
breast cancers (TNBC) subtypes. All biopsies were previously
collected by open surgery and processed following steps of a routine
pathology protocol by the FFPE method. We selected from each case
the haematoxylin and eosin stained slide and paraffin block. 

Tissue microarray. From each FFPE specimen, we performed an
automated tissue microarray method by using automated TMA
Grand Master microarrayer (provided by 3DHistech, Budapest,
Hungary). We created TMA parrafin blocks by selecting four
areas (2 from the middle and two from the periphery of the
tumor); we collected 2 mm tissue cores from each of the
previously selected areas and transfered them to the recipient
parraffin block. By using this method we created the final
parraffin block, which included five different cases per block,
each case having 4 cores. 

Immunohistochemistry (IHC). A three micrometer thick section from
each TMA paraffin block was stained with haematoxylin and eosin,
and based on microscopic analysis they were selected for
immunhistochemistry. Because of the external origin of the FFPE,
Vimentin (clone V9) was performed first to select the tissues proper
for IHC. On the selected specimens, we performed
immunohistochemistry for E-cadherin and P-cadherin by using
monoclonal mouse anti-human E-cadherin antibody (clone 36B5)
and monoclonal mouse anti-human P-cadherin antibody (clone
56C1, Labvision, Fremont, CA, USA). All IHC steps were
performed following a protocol selected on MaxBond Autostainer
(Leica, Microsystems, Cambridge, UK). 

Microscopic analysis and data interpetation. Immunostained slides
were scanned with Pannoramic DESK Scanner (3DHistech,
Budapest, Hungary) and stored in the Web Slide Library (Case
Center, 3DHistech, Budapest, Hungary). Three pathologists
analysed the scanned slides by using Pannoramic Viewer Software
(3DHistech, Budapest, Hungary) and had high accuracy of
microscopic images. They were also able to take pictures from areas
of interest. Membrane (M), cytoplasmic (C) or mixed (MC) patterns
were assessed and correlated with molecular subtypes of breast
cancers. Statistical analysis included data processing with SPSS
software version 20 and correlations were considered significant
when p was less than 0.05.

Results

A positive reaction for E-cadherin was found in 72% of the
cases, and P-cadherin was positive in 56% of the cases
included in the study. In 24% of the cases, both cadherins
were negative. Subsequently, we investigated separately the
cytoplasmic, membrane or mixed expression of E- and P-
cadherin. 

In consequence, 36% of the cases showed a mixed,
membrane and cytoplasmic E-cadherin expression (Figure 1a),
whereas 28% had membrane restricted expression (Figure 1b).
Cytoplasmic expression alone was found in 8% of cases
(Figure 1c). The expression pattern was membrane restricted
in 40% of the cases (Figure 1e), exclusively cytoplasmic in
8% of cases (Figure 1f), while membrane and cytoplasmic
coexpression was found in only 8% of the cases (Figure 1d). 

A 56% of the cases was characterized by an increased
intensity of E-cadherin expression noted as +3 regardless of
the expression pattern, 8% having moderate expression and
another 8% low expression. 

P-cadherin expression was observed in a smaller number
of cases compared to E-cadherin expression and was also
quantified at the membranous and cytoplasmic levels. The
maximum intensity of expression was observed in 20% of
cases (Figure 2a), 24% having poor expression (Figure 2c).
The remaining positive cases (2%) were moderately positive
(+2) (Figure 2b). 

The heterogeneous expression of these three patterns had
a spatial distribution such that, at the periphery of the tumors
or the invasion front, tumor cells expressed cytoplasmic/
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membrane mixed patterns. The pure cytoplasmic pattern was
the least common in evaluating E- and P-cadherin in
malignant breast tumors.

After assessing the patterns of expression and the intensity
of E- and P-cadherin immunoexpression, the expression of
cadherins related to the different breast cancer molecular
subtypes was subsequently evaluated.

Thus, for Luminal A breast carcinoma, E-cadherin was
positive in 58.33% of cases, all cases having a maximum
intensity of expression of +3. Within these, the pattern of
expression was extremely heterogeneous, 71.42% having a
mixed membrane (M) and cytoplasmic (C) pattern, while
only 28.58% had an expression pattern restricted to the
membrane. Of the cases with mixed M+C expression, 60%
were G2, the others being G3. In contrast, negative E-

cadherin cases were G2 in 80% of cases. Type M expression
was present in 50% of G3 cases and in 50% of G1 cases. 

P-cadherin had also a heterogeneous expression and
intensity in Luminal A. The 58.33% of cases were negative for
P-cadherin, the remaining cases (41.67%) being positive. The
intensity of expression was much weaker than that of E-
cadherin; 33.34% of cases showed an intensity of +1 and
8.33% were strongly positive for P-cadherin. M+C
coexpression was not found in Luminal A breast cancer cases,
and M restricted expression was present in 60% of the cases,
40% being C-type. Regarding the grade of differentiation, it
was heterogeneously distributed between G1, G2, and G3.
Consequently, 60% were associated with G3, 20% with G2 and
20% with G1. The comparative summary of the results
obtained is shown in Figures 3, 4 and 5. 
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Figure 1. E- and P-cadherin expression patterns in breast cancer. Three types of expression have been identified for both types of cadherins. Mixed
membrane and cytoplasmic expression (a, d) was much more intense for E-cadherin. Membrane expression was also much better outlined for E-
cadherin (b) compared to P-cadherin (e). In contrast, cytoplasmic expression had relatively the same distribution and intensity (c, f) for both
cadherins.



Global analysis of the included cases concluded with the
identification of statistically significant correlations between
the grade of differentiation, E- and P-cadherin expression, as
well as between the expression of estrogen and progesterone
receptors and those of E- and P-cadherin. The molecular type
had a statistically significant correlation with E-cadherin
expression (p=0.005) with both M (p=0.001) and C
(p=0.005) patterns. Also, the molecular type was correlated
with cytoplasmic expression of P-cadherin (p=0.05), but not
with membrane expression. Therefore, the degree of
differentiation was statistically correlated with the
cytoplasmic expression of P-cadherin (p=0.022), but not with
the other parameters. 

The expression of estrogen receptor (ER) had a poor
(p=0.07) correlation with the C pattern of E-cadherin
expression. In contrast, progesterone receptor (PR) had a
statistically significant inverse correlation with both M (p=-
0.04) and C (p=-0.006) E- cadherin patterns. Also, PR
expression is statistically significantly influenced by the
membrane expression of P-cadherin. HER2 expression
correlated with the membrane expression of E-cadherin

(p=0.04), but not with P-cadherin expression. The androgen
receptors (AR) that were included in the evaluation of our
cases correlated with E- cadherin, both patterns (p=0.04), but
also had an inverse correlation with the C pattern of P-
cadherin (p=0.05). 

Thus, for Luminal A-type, the degree of differentiation
had a correlation coefficient p=0.07 with the M-type
expression of E-cadherin, which suggested a weak
correlation between the two parameters. A statistically
significant inverse correlation was recorded between the
global expression of E- and P- cadherin, suggesting that E-
cadherin expression excludes P-cadherin expression.

For Luminal B/HER2 mixed cases, E- and P-cadherin
expression was extremely heterogeneous and revealed
specific aspects. Accordingly, in the mixed form, none of the
studied parameters correlated with G. Instead, a significant
correlation was recorded between the E- and P-cadherin
expression on the one hand, as well as for the differentiated
expression of E-cadherin. The statistical data are summarized
in Table I. 

In the case of triple-negative breast cancers, cytoplasmic
expression of P-cadherin predominated, and a statistically
significant correlation with the total expression of P-cadherin
was found for a correlation coefficient p=0.015. Also, the
membrane expression of E-cadherin showed a statistically
significant correlation with G (p=0.001). This statistically
significant correlations are summarized in Table II.

For HER2 positive cases, a statistically significant
correlation was noted between the cytoplasmic expression of
E- and P-cadherin and the fact that for HER2 positive cases
the membrane expression of P-cadherin was predominant
(Table III).
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Figure 2. Evaluation of expression intensity of the two cadherins in
relation to immunostaining. Three intensities marked as 3(a), 2(b) and
1(c) for both types of cadherins were indentified, these intensities being
present regardless of the expression pattern of E- and P-cadherin.

Figure 3. Comparison of E- and P-cadherin in Luminal A type.



Discussion

Cadherins are known as adhesion molecules involved in the
formation of adherence-type junctions within the
transmembrane interrelations between cells. Cadherins
behave both as receptors and as ligands for other
molecules. During development, their behavior helps to
correctly position the cells: they are responsible for
separating the different tissue layers and for cell migration
(13). Many cadherins are specified for specific functions in
the cell and are differentially expressed in a developing
embryo.

E-cadherin is also known as Cadherin 1 and is encoded by
the CDH1 gene. Cadherin-1 is a classic member of the
cadherin superfamily. The encoded protein is a calcium-
dependent cellular adhesion molecule composed of five
extracellular units, a transmembrane region, and a well
conserved cytoplasmic tail. The mutations in this gene are
correlated with gastric, breast, colorectal, thyroid and ovarian
cancers. Loss of function is thought to contribute to cancer
progression by increasing proliferation, invasion and/or
metastasis. The ectodomain of this protein mediates bacterial
adhesion, while the cytoplasmic domain is required for
internalization.
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Figure 4. E-cadherin expression according to Grade in Luminal A molecular type.

Figure 5. The heterogeneity of P-cadherin expression. There is a lack of membrane and cytoplasmic coexpression of P-cadherin in Luminal type A.



E-cadherin is the best studied member of the cadherins
family. The intracellular domain contains a highly
phosphorylated vital region for beta-catenin binding and,
therefore, for the E-cadherin function. Beta-catenin can also
bind to alpha-catenin. Alpha-catenin participates in the
regulation of cytoskeleton filaments that contain actin. In
epithelial cells, cell-to-cell junctions that contain E-cadherin
are often adjacent to cytoskeletal filaments that contain actin.

E-cadherin is primarily expressed in the mammalian 2-cell
stage and becomes phosphorylated in the 8-cell stage. In
adult tissues, E-cadherin is expressed in epithelial tissues,
and is constantly regenerated with a half-life of 5 hours on
the cell surface. Cell-cell interactions mediated by E-
cadherin are essential for the formation of blasts in many
animals (13). Cadherins is certified as having an essential
role in the progression and metastasis of carcinomas. This
type of adhesion molecule induces and supports the
phenomenon of epithelial-mesenchymal transition, which
increases the aggressiveness of carcinomas and promotes
metastasis. Numerous recent studies have as the main subject
of study E-cadherin interrelation with the prognosis and
long-term survival of patients with oncological diseases. 

A slightly less studied aspect in the literature is the
polymorphic heterogeneous expression of E-cadherin, i.e.,
membrane, cytoplasmic or combined dependent of the
molecular type of breast cancer. It is well known that the
decrease in E-cadherin membrane expression is accompanied
by its cytoplasmic and/or nuclear overexpression, these latter
two aspects being suggested as a negative prognostic factor
associated with reduced survival in the various types of
cancer (14, 15). Differentiated, membranous or cytoplasmic
expression in breast cancer molecular subtypes has not been
reported so far. 

The involvement of E-cadherin in breast cancer is not a
novelty, being extensively studied in the past (16-18). The
interfering E-cadherin with other metastasizing factors such
as EGFR or the Akt/STAT mediated pathway, has been
reported as the main cause of induction of the epithelial-
mesenchymal transition in triple-negative cancers and has
been tested in vitro as a potential therapeutic target (19).
Data on differentiated E-cadherin involvement in molecular
subtypes of breast cancer are very few, most of the existing
articles referring to breast cancer’s classical histopathologic
classification and not the molecular one.
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Table I. Statistical correlations for E- and P-cadherin expressions in Luminal B/HER2 mixed cases.

G ECAD ECAD ECAD PCAD PCAD PCAD PR HER2
M C M C

G Pearson correlation 1 –0.029 0.161 –0.175 0.031 0.000 0.343 –0.012 –0.039
Sig. (2-tailed) 0.909 0.523 0.486 0.903 1.000 0.163 0.962 0.874
N 19 18 18 18 18 18 18 19 19

ECAD Pearson correlation –0.029 1 0.794** 0.630** 0.589* 0.579* 0.318 0.476* 0.186
Sig. (2-tailed) 0.909 0.000 0.005 0.010 0.012 0.199 0.046 0.460
N 18 18 18 18 18 18 18 18 18

ECAD M Pearson correlation 0.161 0.794** 1 0.269 0.394 0.403 0.304 0.484* 0.152
Sig. (2-tailed) 0.523 0.000 0.281 0.105 0.097 0.220 0.042 0.546
N 18 18 18 18 18 18 18 18 18

ECAD C Pearson correlation –0.175 0.630** 0.269 1 0.516* 0.351 0.391 0.305 0.331
Sig. (2-tailed) 0.486 0.005 0.281 0.028 0.153 0.109 0.218 0.179
N 18 18 18 18 18 18 18 18 18

PCAD Pearson correlation 0.031 0.589* 0.394 0.516* 1 0.867** 0.202 0.137 0.082
Sig. (2-tailed) 0.903 0.010 0.105 0.028 0.000 0.422 0.587 0.746
N 18 18 18 18 18 18 18 18 18

PCAD M Pearson correlation 0.000 0.579* 0.403 0.351 0.867** 1 –0.171 0.158 0.094
Sig. (2-tailed) 1.000 0.012 0.097 0.153 0.000 0.496 0.531 0.709
N 18 18 18 18 18 18 18 18 18

PCAD C Pearson correlation 0.343 0.318 0.304 0.391 0.202 –0.171 1 0.217 0.130
Sig. (2-tailed) 0.163 0.199 0.220 0.109 0.422 0.496 0.387 0.608
N 18 18 18 18 18 18 18 18 18

PR Pearson correlation –0.012 0.476* 0.484* 0.305 0.137 0.158 0.217 1 0.217
Sig. (2-tailed) 0.962 0.046 0.042 0.218 0.587 0.531 0.387 0.373
N 19 18 18 18 18 18 18 19 19

HER2 Pearson correlation –0.039 0.186 0.152 0.331 0.082 0.094 0.130 0.217 1
Sig. (2-tailed) 0.874 0.460 0.546 0.179 0.746 0.709 0.608 0.373
N 19 18 18 18 18 18 18 19 19

*Significant correlation with a value less than 0.05. **Strong significant correlation with a value less than 0.005. 



P-cadherin or cadherin 3 encoded by the CDH3 gene is
less studied in breast cancer. In contrast, in other types of
neoplasia, P-cadherin is recognized as a marker of cancer
stem cells and, moreover, as a stimulating factor for local
migration and the distance of neoplastic cells also favoring
metastasis.

P-cadherin is a calcium-dependent cell adhesion
glycoprotein, which plays a crucial role in preserving the
structural integrity of epithelial tissues. Similar to other
cadherin family members, P-cadherin regulates several
cellular homeostatic processes that participate in embryonic
development and maintain adult tissue architecture, being

important for cell differentiation, cell form, cellular polarity,
growth and migration (20-22). By distributing approximately
67% of homology with the E-cadherin protein, P-cadherin
differs mainly in the extracellular portion and is much less
characterized (23, 24).

Despite being expressed in human fetal structures (23, 25),
P-cadherin is present in several adult tissues, usually co-
expressed with E-cadherin, such as mammary gland and
prostate, as well as mesothelium, ovary, cervix, hair follicle
and corneal endothelium (26, 27).

Recent studies have clarified that P-cadherin expression is
crucial to maintain a normal mammary gland epithelial
architecture. LaBarge group used an antibody that
specifically marks the mediated intercellular P-cadherin
interactions in an in vitro human breast bone self-organizing
test to show that the migration of mammary myoepithelial
cells that occurred during the normal differentiation of both
layers, was compromised (28). Furthermore, the use of P-
cadherin-knockout isolated mammary cells by Andrew
Ewald’s group has recently shown that P-cadherin loss
results in prematurely branched morphogenesis in matrigel
and sustained enhanced dissemination in Type I collagen,
indicating the importance of this adhesion molecule in
maintaining normal mammary gland epithelial architecture
(29).

It would be interesting to clarify the mechanisms behind
P-cadherin-mediated homeostatic function in the normal
breast, because the loss of this adhesion molecule can cause
rupture of the myoepithelial cell layer and may lead to pre-
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Table II. Correlation of E- and P-cadherin expression with G and the
particularity of cytoplasmic expression of P-cadherin in triple negative
breast cancer.

G ECAD ECADM ECAD PCAD PCADC
C

G
Pearson 1 –0.250 1.000** –0.408 –0.559 –0.612
correlation

Sig. 0.343 0.000 0.248 0.164 0.136
(1-tailed)

N 5 5 5 5 5 5
ECAD

Pearson –0.250 1 –0.250 0.612 0.000 0.408
correlation

Sig. 0.343 0.343 0.136 0.500 0.248
(1-tailed)

N 5 5 5 5 5 5
ECAD M

Pearson 1.000** –0.250 1 –0.408 –0.559 –0.612
correlation

Sig. 0.000 0.343 0.248 0.164 0.136
(1-tailed)

N 5 5 5 5 5 5
ECAD C

Pearson –0.408 0.612 –0.408 1 0.456 0.667
correlation

Sig. 0.248 0.136 0.248 0.220 0.110
(1-tailed)

N 5 5 5 5 5 5
PCAD

Pearson –0.559 0.000 –0.559 0.456 1 0.913*
correlation

Sig. 0.164 0.500 0.164 0.220 0.015
(1-tailed)

N 5 5 5 5 5 5
PCAD C

Pearson –0.612 0.408 –0.612 0.667 0.913* 1
correlation

Sig. 0.136 0.248 0.136 0.110 0.015
(1-tailed)

N 5 5 5 5 5 5

*Significant correlation with a value less than 0.05. **Strong significant
correlation with a value less than 0.005. 

Table III. E- and P-cadherin expression in HER2 positive cases. Note
the particularity of the membrane expression of P-cadherin.

ECADC PCAD PCADM PCADC
M

ECAD C
Pearson correlation 1 0.198 0.471 0.730*
Sig. (1-tailed) 0.335 0.143 0.031
N 7 7 7 7

PCAD
Pearson correlation 0.198 1 0.910** 0.271
Sig. (1-tailed) 0.335 0.002 0.278
N 7 7 7 7

PCAD M
Pearson correlation 0.471 0.910** 1 0.645
Sig. (1-tailed) 0.143 0.002 0.059
N 7 7 7 7

PCAD C
Pearson correlation 0.730* 0.271 0.645 1
Sig. (1-tailed) 0.031 0.278 0.059
N 7 7 7 7

*Significant correlation with a value less than 0.05 but higher than
0.005. **Strong significant correlation with a value less than 0.005. 



neoplastic lesions. Future cellular studies should provide
information on the influence of P-cadherin on tissue
architecture and cell form, and the mediation with cellular
determinants and other junctional proteins. In breast cancer,
P-cadherin has received more attention and the mechanisms
that lead to tumour progression have been characterized on
a large scale. Aberrant expression of P-cadherin is associated
with high histological grade carcinomas as well as
expression of well-established markers associated with poor
patient prognosis such as Ki-67, EGFR, CK5, vimentin, p53
and HER-2, and negatively associated with hormone receptor
expression (ER and PgR) (30-32). In fact, overexpression of
P-cadherin is mainly found in the triple-negative and basal-
like subgroup of breast cancer (32, 33) and is strongly
correlated with the presence of BRCA1 mutations (34).
Interestingly, none of these reports showed a significant
association with tumor size and metastasis in lymph nodes. 

None of the aforementioned studies reported differentiated
membrane, cytoplasmic or mixed expression of E- and P-
cadherin in mammalian breast cancer forms, nor did they
establish a correlation between E- and P-cadherin expression,
much less a correlation between cytoplasmic/membranous or
mixed expression.

Our results support a differentiated expression and
coexpression of the two types of cadherins in distinct molecular
subtypes of breast cancer. Triple-negative cases are
characterized by the correlation between membrane E-cadherin
and G. Furthermore, cytoplasmic expression of P-cadherin in
triple-negative cases supports their mediated aggressiveness
and cytoplasmic translocation of P-cadherin. Cytoplasmic
expression of P-cadherin has been statistically significantly
correlated with decreased survival in urinary bladder cancers
(35). Also, Ribeiro and his collaborators demonstrated that
overexpression of P-cadherin increases tumor cell motility and
the number of cancer stem cells in triple-negative mammary
tumors, and furthermore, by interacting with the SRC family
of kinases potentiates these undesired effects. Inhibition of the
P-cadherin/SRC pathway with dasatinib reduced tumor cell
aggression in vitro, suggesting that P-cadherin represents a
potential therapeutic target in triple-negative mammary tumors.
The validation of these observations on human specimens is
only at the beginning (36).

The interaction between HER2 and cadherins has been
extensively studied in gastric cancers (37). The interaction
of HER2 with E-cadherin, especially with its cytoplasmic
domain, causes a destabilization of the interaction between
E-cadherin and β catenin, an induction of the epithelium-
mesenchymal transition and implicitly with resistance to
trastuzumab therapy. For this reason, we can assume that the
presence of co-expression of HER2 with cytoplasmic E-
cadherin is a negative prognostic factor for HER2-positive
breast cancer in terms of development of resistance to anti-
HER2 therapy.

Moreover, the interaction between E-cadherin and HER2
causes increased metalloproteinase activity and stimulates
tumour angiogenesis as well as tumour cell dissemination.
E-cadherin/P-cadherin cytoplasmic expression in HER2
positive cells identifies a stem cell population responsible for
the development of resistance to trastuzumab therapy. Our
data correlate with those previously reported by Ribeiro and
collaborators, on an in vitro breast cancer model, where P-
cadherin function is essentially influenced by the presence
and function of E-cadherin in tumour cells, and affects
cancer progression and metastasis (38). 

Conclusion

The study of E- and P-cadherin expression in the different
molecular subtypes of breast cancer revealed significant
variations. Differences in expression intensity and
distribution have demonstrated the distinct involvement of
the two cadherins in every breast cancer molecular subtype,
but also within the same molecular type. The cytoplasmic
expression of cadherin was considered to be an unfavorable
prognostic factor, favoring mesenchymal-epithelial
transition, progression, metastasis and development of
resistance to therapy. The heterogeneity of E- and P-cadherin
expression was observed within the same tumor, an aspect
that suggests the existence of unstable tumor areas, including
a particular and potentially increased invasion capacity with
the risk of dissemination and metastasis phenotype. In the
case of P-cadherin, the positive areas should be identified,
being potential sources of stem cells and an adaptive
mechanism to conventional and targeted therapy. The
expression of E- and P-cadherin correlated with the tumor
grade for Luminal type A, an aspect that has not been
encountered before in mixed cases. In the HER2 type, the
cytoplasmic expression of E-cadherin correlated statistically
significantly with that of P-cadherin. The type of TNBC was
characterized by the expression of P-cadherin, as well as by
the statistically significant correlation between its expression
and G. Luminal type B cases showed the highest expression
variability of the two cadherins.

Conflicts of Interest
The Authors have no conflicts of interest to declare regarding this
study.

Authors’ Contributions
Margan MM designed the study, collected FFPE specimens,
evaluated the cases, performed statistical analysis and wrote the
paper; Ceausu AR performed immunohistochemistry; Cimpean AM
and Raica M evaluated cases and classified them into molecular
subtypes, made immunohistochemical specimens’ interpretation,
performed statistical analysis and supervised the manuscript draft. 

ANTICANCER RESEARCH 40: 5557-5566 (2020)

5564



Acknowledgements
The Authors are grateful to Patricia Berzava and Ciprian Emanuel
Onica for their excellent technical support and excellent slide
preparations. The authors also thank Dr. Adriana Meche for
providing the material used in this work. 

This work was supported by the POSDRU grant no.
159/1.5/S/136893: “Strategic partnership for the increase of the
scientific research quality in medical universities through the award
of doctoral and postdoctoral fellowships – DocMed.Net_2.0”.

References
1 Yu W, Yang L, Li T and Zhang Y: Cadherin signaling in cancer:

its functions and role as a therapeutic target. Front Oncol (9):
989, 2019. PMID: 31637214. DOI: 10.3389/fonc.2019.00989

2 Goodwin M and Yap AS: Classical cadherin adhesion molecules:
Coordinating cell adhesion, signaling and the cytoskeleton. J
Mol Histol 35(8): 839-844, 2004. PMID: 15609097. DOI:
10.1007/s10735-004-1833-2

3 Kemler R: Classical cadherins. Semin Cell Biol 3(3): 149-155,
1992. PMID: 1623204. DOI: 10.1016/s1043-4682(10)80011-x

4 Takeichi M: Cadherin cell adhesion receptors as a
morphogenetic regulator. Science 251(5000): 1451-1455, 1991.
PMID: 2006419. DOI: 10.1126/science.2006419

5 Angst BD, Marcozzi C and Magee AI: The cadherin
superfamily: Diversity in form and function. J Cell Sci 114(Pt
4): 629-641, 2001. PMID: 11171368.

6 Shamir ER and Ewald AJ: Adhesion in mammary development:
Novel roles for e-cadherin in individual and collective cell
migration. Curr Top Dev Biol 112: 353-382, 2015. PMID:
25733146. DOI: 10.1016/bs.ctdb.2014.12.001

7 Albergaria A,  Ribeiro AS,  Vieira AF,  Sousa B,  Nobre
AR,  Seruca R,  Schmitt F and  Paredes J: P-cadherin  role in
normal breast development and cancer. Int J Dev Biol 55(7-9):
811-822, 2011. PMID: 22161837. DOI: 10.1387/ijdb.113382aa

8 Zhang CC,  Yan Z,  Zhang Q,  Kuszpit K,  Zasadny K,  Qiu
M,  Painter CL,  Wong A,  Kraynov E,  Arango ME,  Mehta
PP,  Popoff I,  Casperson GF,  Los G,  Bender S,  Anderes
K,  Christensen JG and VanArsdale T: PF-03732010: a fully
human monoclonal antibody against P-cadherin with antitumor
and antimetastatic activity. Clin Cancer Res 16(21): 5177-5188,
2010. PMID: 20829331. DOI: 10.1158/1078-0432.CCR-10-1343

9 Borcherding N, Cole K, Kluz P, Jorgensen M, Kolb R, Bellizzi
A and Zhang W: Re-evaluating E-cadherin and β-catenin: a pan-
cancer proteomic approach with an emphasis on breast
cancer. Am J Pathol 188(8): 1910-1920, 2018. PMID: 29879416.
DOI: 10.1016/j.ajpath.2018.05.003

10 Bruner HC and Derksen PWB: Loss of E-cadherin-dependent
cell-cell sdhesion and the development and progression
of cancer. Cold Spring Harb Perspect Biol 10(3): a029330, 2018.
PMID: 28507022. DOI: 10.1101/cshperspect.a029330.

11 Padmanaban V, Krol I, Suhail Y, Szczerba BM, Aceto N, Bader
JS and Ewald AJ: E-cadherin is required for metastasis in
multiple models of breast cancer. Nature 573(7774): 439-444,
2019. PMID: 31485072. DOI: 10.1038/s41586-019-1526-3

12 Kowalski PJ, Rubin MA and Kleer CG: E-cadherin expression
in primary carcinomas of the breast and its distant
metastases. Breast Cancer Res 5(6): R217-R222, 2003. PMID:
14580257. DOI: 10.1186/bcr651

13 Gumbiner BM: Regulation of cadherin-mediated adhesion in
morphogenesis. Nat Rev Mol Cell Biol 6(8): 622-634, 2005.
PMID: 16025097. DOI: 10.1038/nrm1699

14 Bendardaf R, Sharif-Askari FS, Sharif-Askari NS, Syrjänen K
and Pyrhönen S: Cytoplasmic E-cadherin expression is
associated with higher tumour level of vegfa, lower response
rate to irinotecan-based treatment and poorer prognosis in
patients with metastatic colorectal cancer. Anticancer Res 39(4):
1953-1957, 2019. PMID: 30952738. DOI: 10.21873/anticanres.
13305

15 Ozawa M and Kobayashi W: Cadherin cytoplasmic domains
inhibit the cell surface localization of endogenous E-cadherin,
blocking desmosome and tight junction formation and inducing
cell dissociation.  PLoS One 9(8): e105313, 2014. PMID:
25121615. DOI: 10.1371/journal.pone.0105313

16 Younis LK, El Sakka H and Haque I: The prognostic value of
E-cadherin expression in breast cancer. Int J Health Sci (Qassim)
1(1): 43-51, 2007. PMID: 21475451. 

17 Horne HN, Oh H, Sherman ME, Palakal M, Hewitt SM,
Schmidt MK, Milne RL, Hardisson D, Benitez J, Blomqvist
C, Bolla MK, Brenner H, Chang-Claude J, Cora R, Couch FJ,
Cuk K, Devilee P, Easton DF, Eccles DM, Eilber U,
Hartikainen JM, Heikkilä P, Holleczek B, Hooning MJ, Jones
M, Keeman R, Mannermaa A, Martens JWM, Muranen TA,
Nevanlinna H, Olson JE, Orr N, Perez JIA, Pharoah PDP,
Ruddy KJ, Saum KU, Schoemaker MJ, Seynaeve C, Sironen
R, Smit VTHBM, Swerdlow AJ, Tengström M, Thomas AS,
Timmermans AM, Tollenaar RAEM, Troester MA, van
Asperen CJ, van Deurzen CHM, Van Leeuwen FF, Van’t Veer
LJ, García-Closas M and Figueroa JD: E-cadherin breast
tumor expression, risk factors and survival: Pooled analysis of
5,933 cases from 12 studies in the Breast Cancer Association
Consortium.  Sci Rep 8(1): 6574, 2018. PMID: 29700408.
DOI: 10.1038/s41598-018-23733-4

18 Corso G, Bonanni B, and Veronesi P: Tumor inactivation of E-
cadherin: a new tool for breast cancer treatment?. Ann Transl
Med 6(Suppl 1): S6, 2018. PMID: 30613582. DOI: 10.21037/
atm.2018.08.45 

19 Huang Q, Li S, Zhang L, Qiao X, Zhang Y, Zhao X, Xiao G and
Li Z: CAPE-pNO2 inhibited the growth and metastasis of triple-
negative breast cancer via the EGFR/STAT3/Akt/E-cadherin
signaling pathway. Front Oncol 9: 461, 2019. PMID: 31214503.
DOI: 10.3389/fonc.2019.00461 

20 Cavallaro U and Dejana E: Adhesion molecule signalling: not
always a sticky business. Nat Rev Mol Cell Biol 12(3): 189-197,
2011. PMID: 21346732. DOI: 10.1038/nrm3068 

21 Larue L, Antos C, Butz S, Huber O, Delmas V, Dominis M and
Kemler R: A role for cadherins in tissue formation. Development
122(10): 3185-3194, 1966. PMID: 8898231. 

22 Raymond K, Deugnier MA, Faraldo MM and Glukhova MA:
Adhesion within the stem cell niches. Curr Opin Cell Biol 21(5):
623-629, 2009. PMID: 19535237. DOI: 10.1016/j.ceb.
2009.05.004 

23 Albergaria A, Ribeiro AS, Vieira AF, Sousa B, Nobre AR, Seruca
R, Schmitt F and Paredes J: P-cadherin role in normal breast
development and cancer.  Int J Dev Biol 55(7-8-9): 811-822,
2011. PMID: 22161837. DOI: 10.1387/ijdb.113382aa

24 Hulpiau P and van Roy F: Molecular evolution of the cadherin
superfamily.  Int J Biochem Cell Biol 41(2): 349-369, 2009.
PMID: 18848899. DOI: 10.1016/j.biocel.2008.09.027 

Margan et al: Cadherins in Breast Cancer

5565



25 Sahin H, Akpak YK, Berber U, Gun I, Demirel D and Ergur AR:
Expression of P-cadherin (cadherin-3) and E-selectin in the
villous trophoblast of first trimester human placenta. J Turk Ger
Gynecol Assoc  15(1): 13-17, 2014. PMID: 24790510. DOI:
10.5152/jtgga.2014.56563

26 Nose A and Takeichi M: A novel cadherin cell adhesion
molecule: its expression patterns associated with implantation
and organogenesis of mouse embryos. J Cell Biol 103(6 Pt 2):
2649-2658, 1986. PMID: 3539943. DOI: 10.1083/jcb.103.6.2649

27 Imai K, Hirata S, Irie A, Senju S, Ikuta Y, Yokomine K, Harao
M, Inoue M, Tsunoda T, Nakatsuru S, Nakagawa H, Nakamura
Y, Baba H and Nishimura Y: Identification of a novel tumor-
associated antigen, cadherin 3/P-cadherin, as a possible target
for immunotherapy of pancreatic, gastric, and colorectal
cancers.  Clin Cancer Res  14(20): 6487-6495, 2008. PMID:
18927288. DOI: 10.1158/1078-0432.CCR-08-1086

28 Chanson L, Brownfield D, Garbe JC, Kuhn I, Stampfer MR,
Bissell MJ, and LaBarge MA: Self-organization is a dynamic
and lineage-intrinsic property of mammary epithelial cells. Proc
Natl Acad Sci USA 108(8): 3264-3269, 2011. PMID: 21300877.
DOI: 10.1073/pnas.1019556108

29 Nguyen-Ngoc KV, Cheung KJ, Brenot A, Shamir ER, Gray RS,
Hines WC, Yaswen P, Werb Z and Ewald AJ: ECM
microenvironment regulates collective migration and local
dissemination in normal and malignant mammary epithelium. Proc
Natl Acad Sci U S A 109(39): E2595-604, 2012. PMID: 22923691.
DOI: 10.1073/pnas.1212834109  

30 Paredes J, Albergaria A, Oliveira JT, Jeronimo C, Milanezi F and
Schmitt FC: P-cadherin overexpression is an indicator of clinical
outcome in invasive breast carcinomas and is associated with
CDH3 promoter hypomethylation.  Clin Cancer Res 11(16):
5869-5877, 2005. PMID: 16115928. DOI: 10.1158/1078-
0432.CCR-05-0059

31 Turashvili G, McKinney SE, Goktepe O, Leung SC, Huntsman
DG and Gelmon KA: P-cadherin expression as a prognostic
biomarker in a 3992 case tissue microarray series of breast
cancer. Mod Pathol 24(1): 64-81, 2010. PMID: 20852590. DOI:
10.1038/modpathol.2010.189 

32 Matos I, Dufloth R, Alvarenga M, Zeferino LC and Schmitt F:
p63, cytokeratin 5, and P-cadherin: three molecular markers to
distinguish basal phenotype in breast carcinomas. Virchows Arch
447(4): 688-694, 2005. DOI: 10.1007/s00428-005-0010-7 

33 Paredes J, Lopes N, Milanezi F and Schmitt FC: P-cadherin and
cytokeratin 5: useful adjunct markers to distinguish basal-like
ductal carcinomas  in situ. Virchows Arch 450(1): 73-80, 2007.
PMID: 17123107. DOI: 10.1007/s00428-006-0334-y

34 Arnes JB, Brunet JS, Stefansson I, Begin LR, Wong N, Chappuis
PO, Akslen LA and Foulkes WD: Placental cadherin and the
basal epithelial phenotype of BRCA1-related breast cancer. Clin
Cancer Res 11(11): 4003-4011, 2005. PMID: 15930334. DOI:
10.1158/1078-0432.CCR-04-2064 

35 Vieira AF and Paredes J: P-cadherin and the journey to cancer
metastasis. Mol Cancer 14: 178, 2015. PMID: 26438065. DOI:
10.1186/s12943-015-0448-4. 

36 Ribeiro AS, Nobre AR, Mendes N, Almeida J, Vieira AF, Sousa
B, Carvalho FA, Monteiro J, Polónia A, Fonseca M, Sanches
JM, Santos NC, Seruca R and Paredes J: SRC inhibition
prevents P-cadherin mediated signaling and function in basal-
like breast cancer cells. Cell Commun Signal 16(1): 75, 2018.
PMID: 30404626. DOI: 10.1186/s12964-018-0286-2 

37 Caggiari L, Miolo G, Buonadonna A, Basile D, Santeufemia
DA, Cossu A, Palmieri G, De Zorzi M, Fornasarig M,
Alessandrini L, Canzonieri V, Lo Re G, Puglisi F, Steffan A,
Cannizzaro R and De Re V: Characterizing metastatic HER2-
positive gastric cancer at the CDH1 haplotype. Int J Mol Sci
19(1): 47, 2017. PMID: 29295527. DOI: 10.3390/ijms19010047

38 Ribeiro AS, Sousa B, Carreto L, Mendes N, Nobre AR, Ricardo
S, Albergaria A, Cameselle-Teijeiro JF, Gerhard R, Söderberg
O,  Seruca R,  Santos MA,  Schmitt F and  Paredes J: P-
cadherin  functional  role  is  dependent  on  E-cadherin cellular
context: a  proof  of  concept  using  the breast  cancer  model. J
Pathol 229(5): 705-718, 2019. PMID: 23180380. DOI:
10.1002/path.4143

Received June 27, 2020
Revised July 17, 2020

Accepted July 21, 2020

ANTICANCER RESEARCH 40: 5557-5566 (2020)

5566


