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Abstract

Expression of cadherins has been correlated to the development and aggressiveness of epithelial neoplasms, however, 
in canine mammary tumors, their significance prognostic is uncertain. Due to this fact, the expression of the intracellular 
adhesion molecules E and P-cadherin and correlation with overall survival were analyzed in 25 canine mammary gland 
tumors. E-cadherin expression reduction was correlated with histological type, high histological grade, and overall survival 
rate. P-cadherin staining was higher in malignant tumors, unrelated to other clinicopathological features of aggressiveness. 
The results of this study suggest a relationship between lower expression of E and P-cadherin and worse prognostic in canine 
mammary tumors, including shorter overall survival.
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Introduction

Cadherins represent an important family of 
homophilic type of intercellular adhesion molecules, 
calcium-dependent, that present a fundamental role on 
the development and maintenance of tissue architecture 
(5, 2). Classical cadherins, denominated epithelial (E) 
and placentary (P) are preferably located in adherent 
intercellular junctions sharing a common basic structure, 
but presenting different molecular weights, binding 
specificity and tissue distribution (13). In canine mammary 
gland, the expression of E-cadherin is characteristic 
of epithelial cells and P-cadherin is expressed only in 
myoepithelial cells (8).

Reduced expression of E-cadherin is correlated 
with tumor size, histological type and grade, invasion 
and metastasis, considering that metastatic cell potential 
is inversely proportional to E-cadherin  expression (5, 
9). Some studies have linked E-cadherin re-expression 

to the occurrence of metastases, suggesting that, initially, 
low regulation of E-cadherin is a necessary prerequisite 
for stroma and vessel invasion. However, after vessel 
egression, the regaining of adhesive attributes certainly 
represents an advantage (15). Recent studies have 
demonstrated the potential importance of the focal 
acquisition of basal characteristics, which might underpin 
epigenetic E-cadherin inactivation leading to invasion 
and metastasis involving the epithelial-mesenchymal 
transition (EMT) (10). In canine mammary tumors 
E-cadherin absence support that EMT plays a critical role 
in the metastasis of canine mammary carcinoma (9; 14). 

Regarding P-cadherin, its expression has been 
related to increased aggressiveness and poor prognosis 
(22). In canine mammary carcinomas, an aberrant 
expression might characterize an embryonic phenotype 
similar to basal cells, with high proliferative capacity, 
negative for E-cadherin and estrogen receptors (13). 
Aberrant epithelial staining is found in a significantly 
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higher number of canine mammary malignant tumors 
when compared with benign tumors and was associated 
with invasion in this type of tumors, however, their 
prognostic value is not well established (5; 6). Previous 
studies with cultures of canine mammary tumor cells 
revealed that mutated P-cadherin gene (CDH3) is 
associated with the activation of sarcoma proto oncogene 
(cSRC) and a rounded morphology related to EMT 
phenotype (20).

In this study, we investigated the expression of 
E-cadherin and P-cadherin, by immunohistochemistry, 
in benign and malignant canine mammary tumors, and to 
investigate the usefulness of these antigens as prognostic 
indicators in canine mammary carcinomas.

Materials and methods

Sample
Tissues samples obtained for this study consisted of 

twenty five mammary tumors (eight benign and seventeen 
malignant) retrieved from the archive of the paraffin blocks. 
Sections of 4-μm sections from formalin-fixed and paraffin-
embedded tissues were stained with hematoxylin and eosin 
(H&E) and new histologic serial sections were prepared for 
immunohistochemical analysis. 

Histopathological Analysis
Tumors were classified independently by two 

pathologists in hematoxylin and eosin-stained sections, 
veterinary criteria (12; 4). Carcinomas were graded using 
the Nottingham method, which considers three morphologic 
aspects: tubular formation, nuclear pleomorphism and 
mitotic count. Each aspect was assigned with a value that 
varied from 1 to 3 and, from the sum of all three scores, 
a final grade was obtained: grade I (well differentiated), 
grade II (moderately differentiated) and grade III (poorly 
differentiated).

Immunohistochemistry
Sections were deparaffinized and rehydrated 

and followed by the streptavidine-biotine-peroxidase 
method (Ultra Vision Large Volume Detection System 
anti-polyvalent, HRP – ready to use- LabVision) with 
heat induced antigen retrieval (water bath at 98 C) with 
citrate buffer (Dako Corporation, Carpinteria, CA, USA). 
The sections were incubated at room temperature for 60 
minutes with the monoclonal antibodies for E-cadherin 
(clone 4A2C77, diluted 1:50, Zymed, USA), P-cadherin 
(clone 56, diluted 1:50, BD Transduction, EUA). Normal 
mammary tissues were used as a positive control for E and 
P-cadherin. Negative controls were assessed using normal 
serum (Ultra V Block, Laboratory Vision) as the primary 
antibody. The antibody reaction products were observed 
by revealing with the chromogen 3,3′ -diaminobenzidine 
tetrachloride (DAB) in DAB diluent for 1 minute.

Immunostaining Evaluation 
Cases presenting positive membrane staining 

for E-cadherin in at least 10% of neoplasic epithelial 
cells were considered positive (23). Cases presenting 
exclusively cytoplasmatic staining were not considered. 
Immunostaining intensity was evaluated semi-
quantitatively and scored as: 0 = negative, when absent, 
1 = moderate, when weaker than in normal epithelium, 2 
= strong, when positivity found in tumor cells was equal 
to normal mammary epithelium (17). As non-neoplastic 
secretory mammary cells do not express P-cadherin, cases 
were considered positive when more than 5% of tumor 
cells expressed membrane staining (15).

Overall Survival
All animals were submitted to nodulectomy, 

simple, partial or radical mastectomy, depending on tumor 
size, location and lymphatic drainage, no neoadjuvant 
or adjuvant treatments were associated. The animals 
were examined according to a three-semester schedule. 
Evaluation considered new tumor formations, recurring 
lesions, increased size of regional lymph nodes and presence 
of systemic signs indicating metastasis. 

Disease free survival was defined as the period 
between primary tumor diagnosis and local neoplasm 
recurrence and/or metastasis or the animal’s death 
associated with the disease. The animals whose deaths 
were caused by unknown reasons causes not related to the 
neoplastic disease or that were not monitored were censured 
for analysis. Among the most common causes were visceral 
leishmaniasis, road accident, renal disease conditions, while 
a few cases suffered a loss of follow up.
 
Statistical Analysis 

Statistical analysis for E-cadherin immunostaining 
in studied groups was performed using Kruskal-Wallis 
test. Statistical analysis for P-cadherin was performed 
comparing the tumors in groups of two using Fisher`s 
exact test. Evaluation of disease free survival period was 
performed using Kaplan-Maier analysis through a Cox 
model, comparing histological types, histological grading, 
tumor size, E-cadherin and P-cadherin expression. Values 
were considered statistically significant when p<0.05.

Results

Twenty-five mammary tumors were diagnosed 
as: eight benign tumors, consisted of three adenomas, four 
benign mixed tumors one ductal papilloma, and seventeen 
malignant tumors, consisted of ten carcinomas in mixed 
tumors, four solid carcinomas and three tubular carcinomas. 
The mean age was 9.8 ± 1.5 for female dogs that presented 
benign tumors, 8.4 ± 2.2 for carcinoma in mixed tumors 
and 6.8 ± 2.8 for simple carcinomas. Carcinoma grading, 
demonstrated nine grade I cases and eight grade II cases. 
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E-cadherin expression was observed in epithelial 
cells, with a linear membranous staining around cells. 
Strong membranous staining for E-cadherin in epithelial 
cells was presented in six benign cases analyzed and 
moderate staining was observed in two cases. Four cases 
of carcinomas in mixed tumors presented strong staining 
while six cases presented moderate membranous staining 
of epithelial cells. Only one case of simple carcinoma 
presented epithelial membranous staining, classified as 
moderate (Tab. 1).

Our results demonstrated that simple carcinomas 
present less staining when compared with benign tumors 
and carcinomas in mixed tumors. A lower expression 
of E-cadherin in carcinomas was associated with more 
aggressive tumor characteristics (21). Furthermore, the 
reduction of E-cadherin expression can be associated 
with malignancy and reduced tumor differentiation (7). 

Significant difference was found in E-cadherin 
expression among the three evaluated groups. This 
difference was strongly correlated between benign 
tumors and simple carcinomas (p=0.001), with stronger 
E-cadherin expression in benign tumors. Between 
carcinomas in mixed tumors and simple carcinomas 
(P<0.05), stronger expression was observed in carcinomas 
in mixed tumors. 

Benign mammary neoplasms in dogs, had higher 
expression of E-cadherin then malignant neoplasms and, 
regarding only malignant tumors, less differentiated 
carcinomas presented lower expression of E-cadherin 
(15; 5). Lower expression of E-cadherin is frequent in 
invasive carcinomas and progressive loss of this protein 

is associated with cell differentiation loss (17). 
In this study, a significant and inverse correlation 

was observed in E-cadherin expression and the increase 
of histological grade (r = -0.56; P= 0.01), since 64.7% 
of positive cases for E-cadherin were grade I tumors. 
However, the relationship between E-cadherin expression 
and cancer is not simple; apparently E-cadherin 
expression loss has only limited value as a prognostic 
indicator (11).

Intracellularly, E-cadherin is linked to the 
cytoskeleton by association with β, α and γ catenin 
suggesting that E-cadherin expression loss may be 
correlated with catenins phosphorylation (2). Besides 
that, the miRNA profiles were also investigated in canine 
mammary carcinoma and, miRNA-9 has been implicated 
in aiding metastasis by targeting the E-cadherin encoding 
mRNA, given that its expression levels are correlated 
with tumor grade and metastatic status in dogs (18, 19).

In the analysis of P-cadherin, we observed their 
expression in myoepithelial cells of the mammary gland, 
demonstrating a linear membranous staining around 
cells. In eight benign cases analyzed, five (62.5%) 
presented staining around myoepithelial/basal cells. Nine 
(53%) out of seventeen malignant cases were positive for 
P-cadherin, seven (41.2%) carcinomas in mixed tumors 
and two (11.8%) simple carcinomas (Tab. 1). P-cadherin 
staining was membranous in malignant tumors, although 
normally associated with cytoplasmatic expression 
in myoepithelial/basal cells. However, no significant 
statistical difference was found among the benign and 
malignant tumors. 

Table 1. Expression of E-cadherin and P-cadherin in canine mammary tumors

Histologic type E-cadherin N-Positive (%) P-cadherin N-Positive (%)

Benign Tumors 8/8 (100) 5/8 (62.5)

Carcinoma in mixed tumors 10/10 (100) 7/10 (70)

Simple carcinomas 1 /7 (14.3) 2 /7 (28.6)

*N = number of cases

Figure 1. Overall survival curves for animals with grade I and grade II mammary carcinomas.  
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This protein is a sensitive marker for myoepithelial 
cells in the canine mammary gland (5). In tumors, their 
expression was observed in both epithelial and myoepithelial, 
a significant correlation between protein expression and the 
histological type was observed, but, their specific role has 
not yet been fully revealed in canine tumors (7). P-cadherin 
expression in carcinomas may represent the acquisition of 
an embryonic phenotype similar to stem cells, which are 
highly proliferative, invasive, and negative for E-cadherin 
and estrogen receptor (8).

All animals with malignant epithelial tumors, were 
assessed in a 48 months follow-up. No statistical difference 
was found on overall survival among different histological 
grading (I and II), although a longer overall survival can 
be perceived in animals affected with grade I tumors 
when compared with grade II tumors (Fig. 1). Correlating 
E-cadherin immunostaining intensity (negative, moderate 
and strong) and overall survival in malignant tumors, cases 
with strong (18 ± 8.48 months) and moderate (28.28 ± 
16.51 months) staining presented greater overall survival 
than negative cases (7.8 ± 4.55 months) (P = 0.03) (Fig . 

2). In simple carcinomas, two cases of positive tumors fo 
P-cadherin showed poorer overall survival (3 ± 0 months) 
when compared to five negative cases (7.2 ± 5.45 months) 
(P = 0.04) (Fig. 3).

E-cadherin, ß-catenin, or E-cadherin / ß-catenin 
expression are significantly associated with tumor invasion, 
but not with proliferation or survival (3). Since abnormal 
expression of E-cadherin is associated with more aggressive 
canine mammary tumors, this marker can be used as a 
negative prognostic factor. Our results can be justified by 
the fact that E-cadherin is related to metastatic behavior 
and poor prognosis in cancer, The loss of its expression 
in association with the epithelial-mesenchymal transition 
(EMT) occurs frequently during tumor metastasis probably 
leading to epithelial cell separation and promoving adjacent 
tissue invasion (9). However, other factors, besides E-cad 
expression could be related to survival time, such as tumor 
grade, type of surgery, presence of distant metastasis (4).

On the other hand, overall survival in simple 
carcinomas between P-cadherin positive and negative 
tumors showed significant difference, with lower survival 

Figure 2. Overall survival curves for animals with canine mammary carcinomas,
classified as negative, moderate and strong imunostaining for E-cadherin.

Figure 3. Overall survival curves for animals with simple canine
mammary carcinomas, classified as positive or negative for P-cadherin.
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in positive cases. The probability of overall survival 
is significantly lower in human patients positive for 
P-cadherin (8). In human breast cancer, P-cadherin has 
been reported as an important inducer of cancer cell 
migration, invasion, and metastasis formation, being 
a well-established indicator of poor patient prognosis 
(1). In canine mammary tumor cells lines, P-cadherin 
alterations is associated to TEM induction (20). These 
data suggest important functioning to the P-cadherin 
during tumorigenesis and a similar process can also occur 
in canine mammary cancer and should be further studied 
in the future.
 
Conclusion

In this study, we observed a significant decrease 
of the E-cadherin and P-cadherin expression in canine 
mammary carcinomas. These reductions were compatible 
with a worse prognosis, mainly associated with E-cadherin 
expression, suggesting that this protein may be an important 
prognostic factor in canine mammary cancer. The great 
variability of biological behavior in canine mammary 
tumors has practical implications in veterinary practice. The 
prognostic value observed in this work could be essential for 
the evaluation and treatment of mammary cancer in dogs. 
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