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Abstract

The histological grade is usually used as a prognostic factor in canine mammary gland 
carcinomas, but the actual biological behaviour is not always in accordance with this available 
tool. Disrupted expression of cell adhesion molecules is a very promising way how to predict 
possible tumour spread. The goal of this study was to detect and quantify the expression 
of adhesion molecule E-cadherin and β-catenin by means of immunofluorescence and relate the 
findings with the histological grade in 18 samples of canine mammary gland carcinomas.
There is a disruption of β-catenin and E-cadherin expression in canine mammary carcinoma. 
Significantly positive correlation was found between the expression index of E-cadherin and 
β-catenin with the histological grade. A significant difference (P < 0.05) in the membrane index 
(MI) of β-catenin expression was found between groups of canine mammary carcinomas (CMCs) 
grade I and II, grade I and III, grade II and III. A significant difference (P < 0.05) in the MI 
of E-cadherin expression was also found between groups of CMCs grade I and II, grade I and 
III, grade II and III. A significant difference (P < 0.05) in the cytoplasmic index (CI) of β-catenin 
expression was found between groups of CMCs grade I and II, grade I and III. In the case of CI 
expression of E-cadherin, no significant difference was found in the expression of E-cadherinin 
CMCs of different grade. The results of the study show that these adhesion molecules could be 
promising markers in determining the prognosis of patients with CMCs.

β-catenin, E-cadherin, carcinoma, expression index

Canine mammary tumours are a heterogenous group of tumours and are the most common 
oncological disease in bitches (Rezaie et al. 2009; Sleeckx et al. 2011; Sorenmo 
et al. 2011; Cassali et al. 2014; Furuya et al. 2015; Salas et al. 2015). Canine mammary 
tumours (CMTs) represent 25–50% of all tumours (Novosad 2003) and more than 82% 
of tumours of the genital apparatus in bitches (Ettinger and Feldman 2010). Most 
commonly this disease occurs in older unspayed bitches or in bitches spayed at an older age 
(Cassali et al. 2014). Determining the histological grade of malignancy is one of the most 
important prognostic factors. A consensus dealing with this issue was published in 2013 
(so called Peña grading system) (Peña et al. 2013). This methodology is now considered 
as a gold standard in diagnostics, treatment and determining the prognosis. 

In comparison with mammary gland carcinomas in women, the treatment of canine 
mammary carcinomas (CMCs) is based in most cases on surgical removal. A limiting factor 
for using systemic treatment is the lack of knowledge regarding CMCs. Further studies are 
necessary to obtain more detailed information on the biology of CMCs.
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Phenotyping based on detection of surface features, so-called markers, allows to 
determine the type of tumour and get more accurate information regarding the patient’s 
prognosis and set specific treatment according to the patient’s individual needs (Cassali 
et al. 2014).

Adhesion molecules are cell molecules capable of determining the metastatic potential 
of primary neoplastic lesion by cell adhesion to itself or surrounding tissues. These molecules 
include cadherins, a group of transmembrane proteins. Cadherins play an important role 
in intercellular junctions in structurally normal tissues (Kaszak et al. 2018). One of the 
most frequently investigated adhesion molecules is epithelial cadherin (E-cadherin). The 
main function of this molecule is adhesion of cell to epithelium (Matos et al. 2006). 
Loss or reduced expression of adhesion molecules is associated with lower differentiation 
of neoplastic cells, development of metastases in sentinel lymph nodes, and invasiveness, 
which has an adverse effect on the patient (Cassali et al. 2014). In epithelial cells, 
molecule of E-cadherin creates a complex with an intracellular binding domain of β-catenin 
(Perez-Moreno and Fuchs 2006). Beta-catenin is a molecule with a very complex cellular 
function; besides the cell adhesion maintenance, it is a key regulator of Wnt signalling 
pathway (Perez-Moreno and Fuchs 2006; Grigoryan et al. 2008). Wnt signalling plays 
a very important role in tumour development and even though it is extensively studied in the 
human medicine, the research of this pathway is still at the beginning in veterinary oncology 
(Chon et al. 2013; Yu et al. 2017; Putnová et al. 2021) In a simplified manner, the dislocation 
of β-catenin from the membrane to the cell cytoplasm or nucleus can be a sign of activation 
of this pathway (Yokoya et al. 1999; Luo et al. 2018). Not only the loss of cadherins, but 
also the disruption of the cadherin/catenin complex leads to epithelial integrity disruption 
and possible tumour spread. Therefore, we decided to determine these expressions of both 
of these molecules together.

Immunohistochemical methods (IHC) or immunofluorescence methods (IF) were used to 
determine these molecules. The principle of IF is the binding of diagnostic antibodies with 
a conjugate with fluorescent dye (fluorochrome) to antigens in tissues. This binding can 
be demonstrated with a fluorescence microscope (for example under ultraviolet radiation) 
(Cammack et al. 2011). The main difference between these two methods is that in case 
of IF the detection is done using immunofluorescence, while IHC is based on chemical 
reaction to detect monoclonal and polyclonal antibodies. The advantage of IF is higher 
specificity and sensitivity in comparison to IHC.

The goal of this study was to detect and determine the membrane and cytoplasmic 
index of expression of adhesion molecules E-cadherin and β-catenin in CMC using 
immunofluorescence depending on the grade of malignancy.

Materials and Methods

Samples of mammary gland tumours obtained surgically at the Department of Surgery and Orthopaedics at the 
Small Animal Clinic, VETUNI Brno, from the year 2016 to 2021 in the form of native tissue of mammary gland 
were used for histopathological analysis. Only samples from patients undergoing surgery only were included 
in analysis; patients in which adjuvant chemotherapy was used were excluded. Only samples from patients with 
known survival time were used for the final statistical analysis.

Samples were labelled and fixed in 10% buffered formaldehyde solution for 48 h at the Department 
of Pathological Morphology and Parasitology, VETUNI Brno. Tissue marking dyes were used to label margins 
(Histological Davidson Marking System®, Bradley Products, Bloomington, USA). Representative parts of the 
lesion were selected and processed into the form of paraffin blocks using tissue processor (Leica TP 1020, Leica 
Biosystems, Illinois, USA). Standard histological sections were made of 3–5 µm in thickness. These sections 
were then dyed with haematoxylin and eosin stain. At the same time, serial sections were prepared on SuperFrost® 
slides (Thermo Fisher Scientific, Waltham, USA) for immunohistochemical and immunofluorescence analyses. 
The specimens were then independently evaluated by two veterinary pathologists. Histopathological diagnosis 
was determined using Goldschmidt classification (Goldschmidt et al. 2011). In every specimen a grade was 
determined using Peña grading system (Peña et al. 2013).



13

For immunofluorescence, the double labelling method was used. The primary antibodies used were β-catenin 
in concentration 1:100 (Cell Signaling Technology, Massachusetts, USA, No 9582), E-cadherin in concentration 
1:100 (Thermo Fisher Scientific, No CF800671), as a secondary antibody Alexa Fluor 488 in concentration 1:200 
(Thermo Fisher Scientific, No A11008) and Alexa Fluor 565 in concentration 1:200 (Thermo Fisher Scientific, 
No A11004) were used. The nuclei were counterstained with Draq5TM (Thermo Fisher Scientific, No 65-0880-92). 
The antigen retrieval was performed in citric acid, pH6 (20 min, hot bath 90 °C). The slides were observed under 
the confocal microscope Leica TCS SP8 (Leica Microsystems, Wetzlar, Germany). The pictures were edited 
in Adobe Photoshop 2021 (Adobe, San Jose, USA).

Membrane and cytoplasmic expression of E-cadherin was subjectively evaluated according to the degree 
of intensity f (f0: negative (0), f1 weakly positive (+), f2: moderately positive (++), f3: strong positive (+++)). The 
percentage representation of individual groups according to the degree of expression was determined. The result 
quantification was obtained according to the Lipponen and Collan’s (1992) formula and membrane expression 
index (MI 0–3) and the cytoplasmic expression index (CI 0–3) was determined.

I = (f0 * f1) + (1 * f2) + (2 * f3) + (3 * f4) / 100
The same procedure was used to evaluate the expression of β-catenin. The quantification according to 

the Lipponen and Collan (1992) was also carried out. The membrane expression index (MI 0–3) and the 
cytoplasmic expression index (CI 0–3) was determined. 

The software STATISTICA CZ Version 6 (StatSoft CR, Prague, Czech Republic) was used for statistical 
analysis. Comparisons were made at a significance level P < 0.05.

Results
Histological classification 

Histologically, all samples were classified as carcinomas (n = 18). The histological 
subtypes of CMCs were classified as solid carcinoma (n = 4), tubular carcinoma (n = 2), 
intraductal papillary carcinoma (n = 1), tubulopapillary carcinoma (n = 11). The histological 
grade of malignant CMCs included grade I (n = 6), grade II (n = 6), and grade III (n = 6).

Disruption of β-catenin and E-cadherin expression in canine mammary carcinoma
In some cases, the expression of E-cadherin was lost in mammary gland tumours. The 

most obvious changes in the expression were seen in the areas of tumour “budding” and 
its invasive front. Changes in β-catenin expression were also associated with the loss 
of E-cadherin signal. 

We observed a partial loss of β-catenin on the membranes of canine mammary gland 
carcinoma. The most striking changes were seen in the expression pattern, which changed 
from a linear membranous pattern to a clustered and uneven pattern. 

In a mammary gland carcinoma grade I we saw that the expression of β-catenin and 
E-cadherin was preserved. The signal of both markers was membranous with no significant 
clustering (Plate I, Fig. 1).

In mammary gland carcinomas grade II and III a major change in the expression 
of E-cadherin and β-catenin was apparent. The expression pattern changed from linear 
membranous to uneven clustered to even interrupted (Plate I, Fig. 2 and Plate II, Fig. 3).

Significant differences in the β-catenin and E-cadherin membrane and cytoplasmic 
expression index were found between the histological grades of canine mammary 
carcinoma. By comparing the membrane index of β-catenin expression in grade I  and 
II mammary gland carcinomas, a significantly higher expression (P = 0.0028) was found 
in the group of grade I tumours. Similarly, a significantly higher expression of β-catenin 
was found in grade I mammary gland carcinomas compared to grade III (P = 0.0001). 
Significantly higher expression of β-catenin was also found in patients with grade 
II mammary gland tumours compared to grade III (Fig. 4).

When comparing cytoplasmic expression index of β-catenin in grade I and II mammary 
gland carcinomas, a significantly higher (P = 0.049) expression was determined in the group 
of grade I tumours. Significantly higher (P = 0.021) expression of cytoplasmic β-catenin 
was found also when comparing grade I  and grade III mammary gland carcinomas, 
where the expression was higher in grade I. When comparing the difference in expression 
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of cytoplasmic β-catenin in grade II and III mammary gland carcinomas, no significant 
difference was determined (P = 0.2818) (Fig. 5).

The membrane expression index of E-cadherin in the group of grade I mammary gland 
carcinomas was not significantly different from that of grade II mammary gland carcinomas 
(P = 0.387). By comparing the membrane expression index of E-cadherin in grade II and 
grade III mammary gland carcinomas, a significantly higher (P = 0.0001) expression was 
determined in patients with mammary gland carcinomas grade II. Similarly, by comparing 
the membrane expression index of E-cadherin in grade I and grade III mammary gland 
carcinomas, a significantly higher (P < 0.0001) E-cadherin expression was found in patients 
with grade I mammary gland tumours (Fig. 6).

In case of cytoplasmic expression index of E-cadherin, no significant difference was 
found when comparing the different grades of mammary gland carcinomas: grade I 
vs. grade II (P = 0.3605), grade I vs. grade III (P = 0.3144), and grade II vs. grade III 
(P = 0.1657) (Fig. 7).

In our study a significant positive correlation was determined between the detected 
adhesion molecules (E-cadherin and β-catenin) and the comparison to their expression 
index with the histological grade according to grading system Peña et al. (2013). In well 
differentiated mammary gland carcinomas these molecules were detected to a greater 
extent than in carcinomas with lower degree of differentiation. 

Fig. 4. The relationship between the membrane index 
(MI) of β-catenin expression (0–3) in patients with 
mammary gland tumour and the histological grade 
of malignancy according to Peña et al. (2013)

Fig. 5. The relationship between the cytoplasmic 
index (CI) of β-catenin expression (0–3) in patients 
with mammary gland tumour and the histological 
grade of malignancy according to Peña et al. (2013)
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Discussion

Adhesion molecules E-cadherin and β-catenin are expressed mainly by epithelial cells. 
Expression of other types of cadherins (e.g. P-cadherin) is limited to myoepithelial cells 
(Restucci et al. 1997). Therefore, our study includes only specimens of mammary 
gland carcinomas without mesenchymal components. In our study a strong membranous 
immunostaining of E-cadherin in mammary gland carcinomas grade I was evident. 
These findings are in accordance with a similar study of Reis et al. (2003), where 
immunohistochemical methods were used. This outcome is supported by a number 
of studies in human medicine. In case of well differentiated carcinomas of various organs 
including mammary gland tumours, there is a marked expression of E-cadherin. Its 
prognostic potential lies in suppressing invasiveness when it is strongly expressed (Frixen 
et al. 1991; Oka et al. 1993; Takeichi 1993; Wong and Gumbiner 2003; Pohlodek 
et al. 2016).  

Some studies claim that a lower degree of E-cadherin expression is associated with the 
presence of less differentiated breast carcinomas in females, but it is not possible to reliably 
determine to what extent this fact is related to a shorter survival time of patients (Soler 
et al. 1999; Knudsen and Wheelock 2005; Gould Rothberg and Bracken 2006). The 
use of E-cadherin as a prognostic marker is still controversial and further studies are needed.

Fig. 6. The relationship between the membrane index 
(MI) of E-cadherin expression (0–3) in patients with 
mammary gland tumour and the histological grade 
of malignancy according to Peña et al. (2013)

Fig. 7. The relationship between the cytoplasmic 
index (CI) of E-cadherin expression (0–3) in patients 
with mammary gland tumour and the histological 
grade of malignancy according to Peña et al. (2013)
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In our study we focused not only on the E-cadherin itself, but also on the E-cadherin/
β-catenin complex. This was studied in breast cancer in women and a reduction or loss 
of the E-cadherin/β-catenin complex was reported a long time ago (Gamallo et al. 
1993; Yoshida et al. 2001)

In this study the molecules E-cadherin and β-catenin were detected using indirect 
immunofluorescence. The main benefit of this method is higher sensitivity and signal 
amplification in comparison to immunohistochemical methods, which are standardly 
used to detect these adhesion molecules and various other molecules as well (Im et al. 
2019). Another advantage of using this method is multiplexing. In future studies this 
feature could enable joint localization studies, requiring multiantigen imaging with high 
definition. Higher image quality is achieved by using confocal microscopes, as was the 
case in our study. This allows us to avoid blurred images for which the chromogenic 
enzymes precipitates are responsible. While the enzymatic approach of chromogenic 
methods limits the quantitative possibilities of immunochemical analyses, fluorescent 
probes enable high performance and quantitative automated approaches (Cammac 
et al. 2011; Im et al. 2019). In our study the level of fluorescence intensity was evaluated 
using the index of membrane or cytoplasmic expression, both in the case of E-cadherin 
and β-catenin.

Similar work was conducted on canine tissue samples by Brunetti et al. (2005) using 
immunohistochemistry. Despite the different methodology, the results were similar 
to those found in our study. The authors also demonstrated a  significant correlation 
of these two markers in the same types of tumours as in our study. Brunetti et al. (2005) 
found a  connection between the expression of both individual E-cadherin, individual 
β-catenin and joint determination of the expression of E-cadherin and β-catenin. Decreased 
expression of E-cadherin, β-catenin, or a combination of both was significantly associated 
with progression from non-infiltrating to highly infiltrating mammary gland tumours. 
However, according to this study, the expression of the markers had no effect on the length 
of survival or proliferative activity (Brunetti et al. 2005).

In our study a  significant association was found between the expression of 
E-cadherin and β-catenin in mammary gland carcinomas, depending on their degree 
of malignancy according to the histological grade. A  limitation of this work is the 
small number of patients included, which is planned to be improved in our further 
studies. 

In conclusion, determination of E-cadherin/β-catenin complex expression in canine 
mammary carcinomas is a promising supplementary diagnostic method, but further 
investigation is needed, especially to uncover the role of β-catenin cellular localisation and 
its link to the tumour biological behaviour. 
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Plate I
Golis M. et al.: Correlation ... pp. 011-018

Fig. 1. The expression pattern of β-catenin and E-cadherin in canine mammary grade I (Peña et al. 2013). Sample 
A, B, C, detailed view A1, B1, C1

Fig. 2. The expression pattern of β-catenin and E-cadherin in canine mammary carcinoma grade II (Peña et al. 
2013). Sample A, B, C, detailed view A1, B1, C1



Plate II

Fig. 3. The expression pattern of β-catenin and E-cadherin in the invasive front of the canine mammary carcinoma 
grade III (Peña et al. 2013). Sample A, B, C, detailed view A1, B1, C1


