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Praca oryginalna Original paper

Cadherins are a family of homophilic adhesion 
molecules whose activity is linked to the presence of 
extracellular calcium. Their major function consists in 
the maintenance of proper tissue architecture. Several 
types of classic cadherins have been well identified, 
including E-cadherin, present in epithelial cells, 
P-cadherin, present in placental cells, and N-cadherin, 
typical of nervous tissue, muscular tissue, and endo-
thelial cells (12).

E-cadherin is a glycoprotein with a molecular weight 
of 120 kDa, playing a major role in intercellular adhe-
sion in epithelial tissue, and determining the formation 
and maintenance of multi-cellular epithelial structures, 
both during embryonic development and in the mature 
organism. E-cadherin is composed of an extracellular 
domain (N), which dimerizes selectively to an identi-
cal structure on adjacent cells, and an intracytoplas-
mic domain (C), which is linked to proteins of the 
cytoskeleton by means of catenins (4, 9). E-cadherin 
is expressed along the basolateral border of epithelial 
cells at the point of intercellular connection (12).

The wide availability of monoclonal antibodies re-
acting with adhesion molecules for immunohistochem-
ical studies, has made it possible to conduct extensive 
research on the role of cadherins in the development 
and clinical course of epithelial neoplasms in humans 
(11, 20, 27, 32). In-depth studies on E-cadherin expres-
sion in human cancer show that tumours with lower 
expression are more aggressive. They more widely 
infiltrate the adjacent tissues and vessels, and more 
frequently develop metastasis in the regional lymph 
nodes and more distant organs (10, 33). It was also 
reported that E-cadherin expression in breast cancer 
was correlated with the histological type and grade of 
tumour (21-23, 25, 31). In a study on pancreatic can-
cer cell lines it was proven that the loss of E-cadherin 
expression coincided with the transformation of a well-
differentiated adenoma into an invasive carcinoma 
(24). Also, in recent years, studies have been initiated 
on E-cadherin expression in canine mammary gland 
tumours. These studies show that adhesion molecules 
may play a significant role in the pathogenesis and 
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a normal gland and benign tumours, which depends on the histological type and malignancy grade. Moreover, 
a progressive decrease in E-cadherin expression was observed in mammary carcinomas with an increasing 
malignancy grade. This suggests that decreasing E-cadherin expression may contribute to the differentiation 
of poorly-differentiated neoplastic cells to an invasive phenotype, and may be one of the factors triggering the 
metastatic cascade.
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progression of this disease, determining the differen-
tiation of an invasive phenotype and the development 
of metastatic properties by tumour cells (3, 8, 13, 14, 
19, 30). Mammary gland tumours are the most fre-
quently diagnosed neoplasms in female dogs. About 
50% of cases are malignant, and the most prevalent are 
epithelial neoplasms (1, 2, 15, 18). Among mammary 
carcinomas, there is a number of histological types 
differing in malignancy grade (17).

The aim of this study was to compare E-cadherin 
expression in a normal canine mammary gland and in 
benign and malignant epithelial mammary neoplasms, 
and to determine the relationship between the level of 
E-cadherin expression and the histological type and 
grade of malignancy.

Material and methods
The study material consisted of 44 mammary gland  

tumours (8 benign and 36 malignant) and 6 samples of  
adjacent normal mammary tissue (internal control) col-
lected from female dogs of various breeds, aged 6-13 years, 
undergoing partial mastectomy for mammary tumours at 
the Department of Animal Reproduction, University of 
Life Sciences in Lublin. The tissue samples were fixed in 
10% neutral buffered formalin, dehydrated, and embed-
ded in paraffin wax. Sections (4 µm) were cut and stained 
with haematoxylin and eosin (HE) for histological exami-
nation. Tumours were classified according to the World 
Health Organization (WHO) criteria for canine mammary 
tumours (17) and divided into benign and malignant groups. 
Malignant epithelial neoplasms were graded according to 
the Nottingham method for human breast tumours (6, 7) 
adopted for canine mammary tumours (16). Tubule for-
mation, nuclear pleomorphism and the mitotic index were 
scored on a 1-3 scale (slight, moderate or marked degree), 
and grades were based on the total score: grade I (G1 – well 
differentiated) – 3-5 points; grade II (G2 – moderately dif-
ferentiated) – 6-7 points; and grade III (G3 – poorly dif-
ferentiated) – 8-9 points.

Paraffin sections on slides covered with 2% silane solu-
tion in acetone at a temperature of 56°C were used in the 
immunohistochemical method. Mouse monoclonal antibody 
against human E-cadherin (clone NCH-38), isotype IgG1 
(Dako) diluted 1: 100 was used in the immunohistochemi-
cal reaction. Sections were deparaffinized in xylene and 
dehydrated in graded alcohols. Next, they were placed in 
citrate buffer with pH = 6 in order to uncover 
the antigenic determinants, and warmed up in 
a microwave oven (15 mins at 750 W). Then 
they were cooled down for 20 minutes. After 
two washings in distilled water and 15 min in-
cubation with 3% hydrogen peroxide solution, 
preparations were rinsed in TRIS-buffered saline 
with pH = 8 (Sigma-Aldrich) and incubated with 
an antibody against E-cadherin for 1 h at 37°C. 
The presence of antigens was visualized with 
a commercial streptavidin-biotin-peroxidase kit 
(LSAB/plus – Dako), and 3,3’-diaminobenzidine 
tetrachloride (DAB, Sigma Diagnostics) was used 
as a chromogen. Slides were then counterstained 

with Harris’s haemotoxylin. Normal mammary tissue was 
used as a positive control. For the negative controls, the 
incubation with primary antibody was replaced by incu-
bation with mouse IgG1 serum under the same time and 
temperature conditions.

The morphological assessment of E-cadherin expression 
was performed using the modified semi-quantitative im-
munoreaction score (IRS) by Remmele (28) and computer 
image analysis software (NIS-Elements BR-2.20; Labora-
tory Imaging, Prague, Czech Republic). The method sepa-
rately evaluated the percentage of positive cells (0 points 
– no cells with positive reaction; 1 point – up to 25% of 
positive cells; 2 points – 25-50% of positive cells; 3 points 
– 50-75% of positive cells; 4 points – more than 75% of 
positive cells) and the colour determining the intensity of 
reaction (0 points – no reaction colour; 1 point – weak reac-
tion colour; 2 points – moderately intense reaction colour;  
3 points – strong reaction colour). The final result represents 
the product of the parameters (percentage of positive cells  
× reaction colour intensity), with values ranging from 0 to 
12 points (0 points – no reaction [–], 1-2 points – weak reac-
tion/expression [+], 3-4 points – moderate reaction/expres-
sion [++], 6-12 points – intense reaction/expression [+++].

The obtained results were subjected to statistical analysis. 
Values of the parameters were characterised by means of the 
mean value, standard deviation (SD), and the standard error 
of the mean (SEM). Qualitative variables were characterised 
using the size determined by percentage estimate. For mea-
surable properties, the normal distribution of the parameters 
was evaluated by the Shapiro-Wilk test. For comparison of 
two independent groups, Student’s t-test was used, whereas 
to compare a larger number of groups, variance analysis 
and Bonferoni post-hoc analysis were applied. For quali-
tative variables, the Chi-Square test for homogeneity was 
used. The results were considered statistically significant if  
P < 0.05. Statistica 10.0 software (StatSoft, Poland) was 
used to prepare the database and perform statistical analysis.

Results and discussion
Tumours used in the study comprised 8 benign tu-

mours (4 complex adenomas, 2 intraductal papillomas 
and 2 benign mixed tumours) and 36 malignant epi-
thelial neoplasms, including 15 complex carcinomas 
and 21 simple carcinomas (1 carcinoma in situ, 12 
tubulopapillary carcinomas, 6 solid carcinomas and  
2 anaplastic carcinomas) (Tab. 1).

Tab. 1. Results of histological examination of canine mammary gland 
tumours used in the study

Histological type No
Histological grade of malignancy

G1 G2 G3

Benign tumours
Complex adenoma
Intraductal papilloma
Benign mixed tumour

 8
 4
 2
 2

Malignant tumours
Complex carcinoma
Carcinoma in situ
Tubulopapillary carcinoma
Solid carcinoma
Anaplastic carcinoma

36
15
 1
12
 6
 2

12 (33.33%)
10 (66.66%)
1 (100%).

 7 (58.33%)
–
–

18 (50.00%)
 4 (26.66%)

–
 4 (33.33%)
 4 (66.66%)

–

  6 (16.66%)
  1 (6.67%)

–
  1 (8.33%)
  2 (33.33%)
  2 (100%)
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In terms of histological malignancy, 12 of the car-
cinomas (33.33%) were grade I, 18 (50%) were grade 
II, and 6 (16.66%) were grade III. All anaplastic car-
cinomas and 2 (33.33%) of the solid carcinomas were 
classified as grade III tumours. Carcinomas in situ 
displayed the lowest grade of malignancy, followed 
by complex carcinomas, of which 10 (66.66%) were 
classified as grade I tumours, and only one (6.67%) 
tumour displayed properties of grade III malignancy.

In both normal and neoplastic mammary glands, 
immunohistochemical reaction to E-cadherin was 
observed in cellular membranes. Only in a few cases, 
except for membranous expression, cytoplasmic reac-
tion was observed. In normal mammary glands (Fig. 1) 
and in benign tumours, intense E-cadherin reaction 
prevailed, characterised by a strong intensity of reac-
tion and more than 75% of positive cells (Fig. 2). At 
the same time, in the aforementioned groups, no low 
intensity of reaction and less than 25% of positive cells 
were observed. In the carcinoma group, the percentage 

Tab. 2. Comparison of intensity of E-cadherin immunohistochemical reaction and percentage of positive cells in tissues

Group

Reaction intensity
Total

Percentage of positive cells
Total

weak moderate strong < 25% 25-50% 50-75% > 75%

n
%

n
%

n
%

n
%

n
%

n
%

n
%

n
%

n
%

Normal mammary
tissue

0 1 5 6 0 0 2 4 6

0.00% 16.67% 83.33% 100.00% 0.00% 0.00% 33.33% 66.67% 100.00%

Benign tumours 0 2 6 8 0 1 3 4 8

0.00% 25.00% 75.00% 100.00% 0.00% 12.50% 37.50% 50.00% 100.00%

Malignant tumours 7 18 11 36 3 8 11 14 36

19.44% 50.00% 30.56% 100.00% 8.33% 22.22% 30.56% 38.89% 100.00%

Total 7 21 22 50 3 9 16 22 50

14.00% 42.00% 44.00% 100.00% 6.00% 18.00% 32.00% 44.00% 100.00%

Statistical analysis Chi2 = 10.07; P = 0.04* Chi2 = 3.82; P = 0.70

Fig. 2. Photomicrograph illustrating luminal epithelial cells 
exhibiting strong immunohistochemical reaction to E-cadhe-
rin in a complex adenoma. IHC staining. Harris’s haemato-
xylin counterstain. Bar = 20 µm

Fig. 1. Photomicrograph illustrating a strong membranous 
expression of E-cadherin in acinar and ductal epithelial cells 
of a normal mammary gland. IHC staining. Harris’s haema-
toxylin counterstain. Bar = 50 µm

Fig. 3. Photomicrograph illustrating a diffuse loss of E-cadhe-
rin expression in a simple, high grade (G3) malignant solid 
carcinoma. IHC staining. Harris’s haematoxylin counterstain. 
Bar = 20 µm
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of instances with more than 75% of positive cells was 
lower than in the normal gland and benign tumours, 
and it amounted to 38.89%. Most of malignant tumours 
(50%) showed a moderate intensity of reaction, and 
as many as nearly 20% of them showed week immu-
nohistochemical reaction (Fig. 3). Statistical analysis 
showed that in terms of reaction intensity, the groups 
differed significantly at P = 0.04, whereas differences 
in the percentage of positive cells were not statistically 
significant (Tab. 2).

The mean values of E-cadherin expression calculated 
on the basis of the modified semi-quantitative IRS scale 
according to Remmele, approximated values recorded 
for the normal mammary gland and benign tumours, 
amounting to 10.33 and 9.50, respectively (Fig. 4). 
For malignant tumours, the mean IRS value was 
lower (6.64), but only in the case of the normal gland, 
this difference was statistically significant (P < 0.05). 
E-cadherin expression in malignant tumours depended 
on the histological type and malignancy grade. In the 
group of malignant tumours, the lowest mean IRS value 
was recorded for anaplastic carcinomas (IRS = 4.0), 
followed by solid carcinomas (IRS = 4.50). The highest 
mean value was recorded for complex carcinomas (IRS 
= 7.40). Owing to the small number of anaplastic and 
solid carcinomas, statistical analysis covered jointly 
the groups of simple and complex tumours, without, 
however, revealing any statistically significant differ-
ences between them in E-cadherin expression (Fig. 5).

E-cadherin expression decreased along with the in-
crease in tumour malignancy. The highest expression 
of this protein with average IRS = 8.30 was recorded 
in grade I (G1) malignant tumours, and the lowest 
with IRS = 4.50, in grade III (G3) tumours (of highest 
malignancy). In the case of grade II (G2) tumours, IRS 
was 5.17. The mean IRS value in the least malignant tu-
mours (G1) showed a statistically significant difference 
when compared to the mean values in grade II (G2) and 
grade III (G3) malignant tumours (P < 0.05), whereas 
no significant difference was found between the mean 
values in grade II and grade III tumours (Fig. 6).

The study has shown a decreased membranous 
E-cadherin expression in canine mammary carcinomas 
when compared to benign tumours and normal mam-
mary glands, which is in agreement with the results of 
previous studies on canine mammary gland tumours 
(3, 14, 19, 26, 30) and human breast cancers (21, 22).

With regard to malignant tumours, the level of 
E-cadherin expression was linked to the histological 
type and the grade of tumour malignancy. The highest 
E-cadherin expression was found in carcinomas in situ 
and in complex carcinomas, whereas the lowest expres-
sion of this protein was recorded in anaplastic and solid 
carcinomas. These results agree with those of similar 
studies conducted by other authors (8, 13, 30). Rodo 
and Malicka (30) studied E-cadherin expression in 48 
simple carcinomas, which included 13 solid and 32 
complex tumours. A significant decrease in E-cadherin 

Fig. 4. Comparison of E-cadherin expression in the examined 
tissues, according to IRS
Explanation: The mean values marked with different letters vary 
significantly at P < 0.05
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Fig. 5. Comparison of E-cadherin expression in simple and 
complex carcinomas, according to IRS

Fig. 6. Comparison of E-cadherin expression in carcinomas 
of different grades of malignancy, according to IRS
Explanation: The mean values marked with different letters vary 
significantly at P < 0.05
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expression was noted especially in solid tumours. The 
highest E-cadherin expression was observed in only 
15.4% of these tumours, in 35.3% of the remaining 
simple carcinomas and in 38.7% of complex carcino-
mas. A study by Gama et al. (8) showed a decreased 
E-cadherin expression in over 59% of solid carcino-
mas and in 50% of sarcomas. The smallest number of 
tumours with decreased E-cadherin expression was 
noted among complex carcinomas and tubulopapillary 
carcinomas (16.7% of cases in each group). Matos et al. 
(13) also recorded significantly decreased E-cadherin 
in solid carcinomas, compared with other histological 
types. Despite the lack of statistical significance, clear-
ly decreased expression was also observed in anaplastic 
carcinoma, mucinous carcinoma and sarcoma. Reis et 
al. (26), on the other hand, failed to find any significant 
differences in E-cadherin expression between various 
histological types of malignant mammary gland tu-
mours diagnosed in female dogs, although the lowest 
level of this protein was observed in solid carcinomas. 
Only about 18% of these tumours showed more than 
75% of cells expressing E-cadherin. In the case of 
complex carcinomas, tubulopapillary carcinomas and 
sarcomas, this percentage was, respectively, 100%, 
83.3% and 62.5%. Moreover, a significant correlation 
between the level of E-cadherin expression and the 
histological type of malignant tumours was shown in 
numerous studies on humans (11, 25, 31).

Studies to date have shown that the level of 
E-cadherin expression in malignant mammary gland 
tumours decreases along with the increasing grade of 
malignancy, and the lowest grade I (G1) group, showed 
a statistically significant difference when compared to 
other groups. The relationship between E-cadherin ex-
pression and the malignancy grade of canine mammary 
gland tumours has also been pointed by other authors 
(26, 29, 30). Restucci et al. (29) found no E-cadherin 
expression in any of the examined solid and squamous 
cell carcinomas of the canine mammary gland. All tu-
mours were grade III malignant. Reis et al. (26) found 
more than 75% of positive cells in only 46% of grade 
III malignant tumours, in 56.3% of grade II tumours 
and in as many as 81.8% of grade I tumours. Gama et 
al. (8) observed no decrease in E-cadherin expression in 
grade I malignant canine mammary tumours, whereas 
in grade III, decreased expression was recorded in more 
than 57% of cases. Decreased E-cadherin expression 
was associated with a considerable shortening of the 
survival period and of disease-free time after mastec-
tomy. Significant differences in E-cadherin expression 
in carcinomas of different grades were also reported 
by Rodo and Malicka (30). In contrast to the above 
authors, Matos et al. (13) failed to prove any link 
between decreased E-cadherin expression and a high 
malignancy grade.

It is believed that the loss of E-cadherin expression 
leads to the reduced adhesion of epithelial neoplastic 
cells and to their separation, which is conducive to 

their infiltration of adjacent tissues and metastasis 
development. Since neoplastic infiltration causes the 
loss of a regular, lobular structure of the mammary 
gland, this may account for the very frequent decrease 
in E-cadherin expression in solid carcinomas (26). 
Matos et al. (13) and other authors (3, 8, 14) confirm 
the link between low E-cadherin expression in canine 
mammary gland tumours and their ability to infiltrate 
and develop metastases in local lymph nodes and dis-
tant organs. Also, cell line studies show that decreased 
E-cadherin expression is related to the differentiation 
of neoplastic cells to an invasive phenotype, and that 
increased E-cadherin expression in neoplastic cells 
causes them to lose their ability to develop metastasis 
(5).

In conclusion, the results obtained in our study 
and a review of the literature show that in malignant 
epithelial tumours of the canine mammary gland, 
the expression of E-cadherin is decreased, which is 
related to the grade and histological type and tumour. 
The progressive decrease in E-cadherin expression as-
sociated with increasing tumour malignancy, suggests 
its contribution to the differentiation of the epithelial 
neoplastic cells of the canine mammary gland to an 
invasive phenotype, and can be treated as an unfavour-
able prognostic marker.
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