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Abstract. Background/Aim: Mammary neoplasms, like
breast neoplasms in women, are one of the most common
tumours in female dogs. Cancer-associated fibroblasts
(CAFs) found in the tumour stroma play a role in
angiogenesis and increase cell migration, contributing to
tumour growth and progression, as well as metastasis. The
aim of our work was to determine the level of periostin
(POSTN) expression in CAFs in mammary tumours of female
dogs. Materials and Methods: The research material
consisted of 77 carcinomas and 24 adenomas of the
mammary ridge in female dogs. Immunohistochemistry tests
were performed using antibodies directed against the
antigens POSTN, Ki-67, ERB-B2 receptor tyrosine kinase 2
(HER?2), vimentin, and alpha smooth muscle actin (aSMA).
Expression of POSTN at the mRNA level was determined
using real-time polymerase chain reaction methods in 20
cases of mammary neoplasms. Results: Expression of POSTN
in CAFs was observed in 92% of mammary cancer samples
and in 25% of mammary adenoma samples in female dogs.
A statistically significant increase in POSNT expression in
CAF's was found in the carcinomas compared with mammary
adenomas in female dogs. Expression of POSTN in CAFs in
mammary carcinomas in female dogs positively correlated
with the histological malignancy grade of tumours and the
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expression of Ki-67 proliferative antigen. Conclusion: Our
results suggest a role of POSTN on the pathogenesis of
mammary tumours in female dogs. Moreover, POSTN may
prove to be a useful marker in the evaluation of cancerous
stroma of mammary tumours in female dogs, and may have
prognostic significance.

Mammary neoplasms constitute about 40% of tumours and are
one of the most frequently diagnosed malignant lesions in
female dogs (1-3). It is estimated that the majority of
mammary tumours are malignant, and their incidence
increases with the age of patients, reaching a peak between 9
and 11 years of age (1-5). Breeds predisposed to these
cancerous changes are: Poodles, Spaniels, German Shepherds,
Maltese, Yorkshire Terriers, Pointers, Dachshunds, Afghan,
Chihuahua, Beagle, West Highland White Terriers and
Bichons (1, 5). Due to the described hormonal dependence of
some mammary tumours, unspayed bitches or those spayed at
an old age are particularly vulnerable. In addition, early
ovariohysterectomy has been shown to reduce the risk of
developing mammary gland neoplasm (1-5).

The mammary ridge in female dogs is usually built up of
five pairs of mammary glands, and the neoplasms are most
frequently located in pairs IV and V (1, 5). Both single
tumours and disseminated neoplasms are diagnosed in many
glands within one or both mammary ridges (1, 5). The
clinical stage of the disease is evaluated according to the size
of the tumour, the status of regional lymph node
involvement, and the presence of metastases (2, 5).
Mammary neoplasms are highly prone to metastasis,
especially to nearby lymph nodes and lungs, less often to
bones, adrenal glands, kidneys, heart, liver, brain or skin (5).
Final diagnosis is obtained by histopathological examination,
and in doubtful situations, in addition to routine diagnostics,
an immunohistochemical examination (IHC) should be
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performed using antibodies directed to appropriate tumour
cell antigens, which allow for a more accurate prognosis and
effective therapy (2, 6).

The neoplastic transformation process may involve both
epithelial and stromal cells (1, 3, 7). In the microscopic
picture of mammary gland tumours, a large variety of cancer
cell is observed; hence different types of cancers are
distinguished in the histological classification (7). Most
mammary neoplasms diagnosed in female dogs have
epithelial origin. However, there are also tumours derived
from myoepithelial cells, stromal cells, and mixed
histological tissue (1, 2, 7).

In recent years, interest has increased in the tumour
microenvironment, which may play a key role in
carcinogenesis (8-13). The tumour stroma is created by many
elements among which are connective tissue stroma
(including fibroblasts), inflammatory cells, blood and
lymphatic vessels, and specific cells associated with
neoplasms, so-called cancer-associated fibroblasts (CAFs).
CAFs are an important element of the tumour stroma and
differ from typical fibroblasts in their function and different
gene-expression profile (12, 14-17). CAFs participate in the
phenomenon of epithelial-mesenchymal transition (EMT),
which is an important process in tumour progression, and are
involved in the remodeling of proteins of the extracellular
matrix (ECM) (14, 15, 17, 18). The consequence of protein
modification within ECM may be disturbed signaling
reaching cancer cells, which may intensify angiogenesis and
stimulate tumour growth (14, 15, 17). Another function
performed by CAFs is the secretion of cytokines, including
epidermal growth factor, connective tissue growth factor,
transforming growth factor 3 (TGFf), hepatocyte growth
factor (HGF) and stroma derived growth factor-1 (14, 15,
17). These cytokines increase tumour invasiveness and
ability to metastasize (15). CAFs also increase the secretion
of vascular endothelial growth factor-A, a factor that
stimulates angiogenesis (19). Moreover, CAFs produce a
number of proteins belonging to metalloproteinases (MMP),
including MMP1 and MMP3, which increase the
invasiveness and metastasis of cancer cells (14, 15). CAFs
are involved in the pathogenesis of many human cancer
types, and their presence is found, among others, in breast
cancer in women (14-17). CAFs probably also play a role in
mammary carcinogenesis in female dogs by promoting
angiogenesis, increasing migration and adhesion of tumour
cells, and intensifying the EMT process (20). One of
numerous markers of cancer stroma cells, including CAFs,
is periostin (POSTN).

POSTN is also a protein involved in the processes of
neoplastic transformation, and high levels have been found in
various types of cancer in humans, including cancer of the
breast, ovary, lungs, prostate, kidneys, intestine and pancreas
(14, 15, 18, 21-25). Moreover, in breast cancer in women,
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POSTN expression has been described in both CAFs and
tumour cells (14, 16, 21). POSTN is a glycoprotein secreted,
among others, by osteoblasts, mesenchymal stromal cells
located in the bone marrow and fibroblasts belonging to the
ECM (26-28). POSTN plays an important role in healthy
tissues, e.g. in collagen fibrogenesis and cell adhesion, and
participates in wound healing (16). In addition, POSTN is a
protein involved in carcinogenesis: it participates in EMT and
in the degradation of ECM proteins, which promotes cancer
invasion and increases metastatic potential (18, 29). Recent
reports have shown a positive correlation between increased
expression of POSTN in CAFs in breast cancer in women and
some factors determining tumour aggressiveness, e.g.
histological malignancy grade, as well as factors indicating
poor prognosis for the patient, e.g. overall survival (14, 21).

The aim of our study was to assess the degree of POSTN
expression in CAFs in malignant and benign mammary
tumours of female dogs and to determine the relationship
between clinicopathological factors such as the patient's age
and breed, the degree of histological malignancy of the
tumour and the expression of selected antigens: Ki-67 and
ERB-B2 receptor tyrosine kinase 2 (ERBB2/HER?2), which
are used as markers of poor prognosis in mammary cancer
of female dogs. As far as we are aware, we were the first to
analyse POSTN expression at the mRNA level in mammary
cancer and adenomas in female dogs.

Materials and Methods

Patients and tumours/population study. The study involved 101
dogs diagnosed with mammary neoplasms which underwent
mastectomy in 2015-2018. The material was taken from female
dogs of different breeds and ages, and then sent to the Department
of Pathomorphology and Forensic Veterinary Medicine at Wroclaw
University of Environmental and Life Sciences. The IHC studies
were conducted on tumour samples that were divided into two
groups, the first of which were malignant neoplasms (77
carcinomas), the second benign neoplasms (24 adenomas).
Molecular tests were carried out on frozen material for 16 malignant
cases of cancer and four benign tumours of the mammary ridge in
female dogs.

Haematoxylin and eosin staining. The obtained tumour sections
were fixed in 4% buffered formalin for 24 h, and then embedded in
paraffin blocks and cut into 3-pum-thick sections. The material was
stained with a standard method using haematoxylin and eosin. The
study determined the histological type of each neoplasm using the
currently applicable classification of mammary tumours in female
dogs according to Goldschmidt et al. (7). The grade of histological
malignancy of tumours was also assessed according to the scale of
Pena et al. (30).

Immunohistochemistry. IHC was performed on transverse 4-um
formalin-fixed paraffin-embedded sections from mammary cancer.
Tissue sections were rehydrated, deparaffinized and antigen retrieval
was carried out by treating the slides with Envision FLEX Target
Retrieval Solution (97°C for 20 min; high pH for POSTN, ERBB2,



Borecka et al: Expression of Periostin in CAFs in Mammary Cancer in Female Dogs

Table 1. Modified semi-quantitative immunoreactive score compatible
with that of Remmele and Stegner (31). The final outcome is the product
of both the percentage of positive cells (A) and the intensity of
expression (B) and its value ranges from 1 to 12 points (no reaction=0
points, slight reaction=1-2 points, moderate reaction=3-4 points,
intense reaction=6-12 points).

Points A: Percentage of cells B: Colour reaction
with positive reaction intensity

0 0% No reaction

1 1-10% Weak reaction

2 11-50% Moderate reaction

3 51-80% Intense and strong reaction

4 81-100% -

vimentin and alpha smooth muscle actin (a(SMA), and low pH for
Ki-67) (Dako, Glostrup, Denmark) using a PTLink (Dako). All
reactions were performed using Dako Autostainer Link48 (Dako).
Activity of endogenous peroxidase was blocked by incubation in
EnVision FLEX Peroxidase-Blocking Reagent (5 min). Monoclonal
mouse antibodies: Ki-67 clone MIB-1 (RTU, IR626; Dako), cSMA
(RTU, IR611; Dako), vimentin (RTU, IR630; Dako) and polyclonal
rabbit antibodies: POSTN (1:100, NBP1-82472; Novus Biologicals,
Littleton, CO, USA), ERBB2 (1:200, A0485; Dako) were used as
primary antibodies (20-min incubation). Afterwards, slides were
incubated with EnVision FLEX/HRP (20 min). The reactions were
visualized using substrate for horseradish peroxidase (3,3’-
diaminobenzidine) with 10 min incubation. Additionally, all slides
were counterstained using EnVision FLEX Hematoxylin for 5 min.
Finally, all slides were dehydrated in graded ethanol concentrations
(70%, 96%, absolute) and xylene, and then were sealed in Dako
Mounting Medium.

Evaluation of IHC. The preparations obtained as a result of the IHC
reaction were subjected to computer-assisted image analysis using
a computer coupled with an Olympus BX53 optical microscope
equipped with a ColorView IIlu digital camera (Olympus, Tokyo,
Japan).

To evaluate the intensity of POSTN expression in CAFs, a semi-
quantitative immunoreactive score according to Remmele and
Stegner (31) was used, which took into account both the percentage
of cells with a positive reaction and the intensity of colour reactions
(Table I). The final result was the product of the values of both
components, and with values from 1 to 12 points rated according to
the following scale: No reaction = 0 points; weak reaction = 1-2
points; moderate reaction = 3-4 points; intense reaction = 6-12
points.

To confirm the type and co-localization of fibroblast cells,
including CAFs, serial sections were made using antibodies against
POSTN, vimentin and aSMA. Vimentin and o.-SMA are markers
used to diagnose and evaluate fibroblast and CAFs (15, 17, 19).

The Ki-67 evaluation was performed using a four-grade scale
taking into account the percentage of cancer cells showing a colour
reaction in the cell nucleus. The expression level of Ki-67 was
assessed according to the following scale: 0-5% cells: no reaction;
6-25%: weak reaction; 26-50%: moderate reaction; above 50%
cells: intense reaction (32).

Table II. The dominant breed of dogs diagnosed with malignant tumours
and benign tumours in female dogs.

Breed Malignant tumour

(n=77), n (%)

Benign tumour
(n=24), n (%)

Mixed breed 29 (37.6%) 8 (33.3%)
Yorkshire Terrier 10 (13%) 6 (25%)
German Shepherd 8 (10.4%) 1 (4.17%)
Schnauzer 4 (5.2%) 0 (0%)
Shih-Tzu 4 (52%) 1 (4.17%)
Dachshund 3 (3.9%) 0 (0%)
West Highland White Terrier 3 (3.9%) 1 (4.17%)
Golden Retriever 2 (2.6%) 1 (4.17%)
Siberian Husky 2 (2.6%) 0 (0%)
American Bulldog 1(1.3%) 0 (0%)
Beagle 1(1.3%) 1 (4.17%)
Bernardine 1 (1.3%) 0 (0%)
Bolognese 1(1.3%) 0 (0%)
Boston Terrier 1(1.3%) 0 (0%)
Boxer 1 (1.3%) 0 (0%)
Cocker Spaniel 1(1.3%) 1(4.17%)
German Pointer 1(1.3%) 0 (0%)
Labrador Retriever 1 (1.3%) 0 (0%)
Lhasa Apso 1(1.3%) 0 (0%)
Maltese 1(1.3%) 0 (0%)
Russian Terrier 1 (1.3%) 0 (0%)
Amstaff 0 (0%) 1 (4.17%)
Irish Setter 0 (0%) 1 (4.17%)
Pug 0 (0%) 1 (4.17%)
Wolfdog 0 (0%) 1(4.17%)

The level of ERBB2 expression was evaluated using a scale that
took into account both the percentage of tumour cells that reacted
within the cell membrane and the intensity level of the colour
reaction. The scale was divided according to the following scheme:
No reaction: No colouring of the cell membrane or colour reaction
in fewer than 10% of cancer cells; weak reaction: very weak and
incomplete membranous colouring in more than 10% of cancer
cells; moderate reaction: light or moderate membranous reaction in
more than 10% of cancer cells or complete and intense membranous
reaction in more than 10% of cancer cells; strong reaction: complete
and strong membranous colouring in over 10% of cancer cells (33).

Polymerase chain reaction. RNeasy Mini Kit was used (Qiagen,
Hilden, Germany) for RNA isolation. The reverse transcription
reaction was performed using High-Capacity cDNA Reverse
Transcription Kit with RNase Inhibitor (Applied Biosystems,
Waltham, MA, USA). Changes in the expression level of POSTN
(POSTN TagMan Gene Expression Assay; Applied Biosystems)
were tested using 7500 Real-Time PCR System (Applied
Biosystems). Relative quantification (RQ) method was applied. The
results were standardized based on the expression of the reference
gene of B-actin (ACTB; TagMan Gene Expression Assay; Applied
Biosystems). The evaluation of POSTN gene expression by real-
time polymerase chain reaction (PCR) was repeated three times.

Statistical analysis. Statistical analysis was performed using Statistica
12.0 software (StatSoft, Krakow, Poland). Significance level was
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Table I11. Assessment of periostin (POSTN) expression in cancer-associated
fibroblasts (CAFs) in female dogs using modified semi-quantitative
immunoreactive score (IRS) compatible with Remmele and Stegner (31).
Assessment of POSTN expression in CAFs depending on histopathological
diagnosis, the malignancy grade, expression of Ki-67 and ERB-B2 receptor
tyrosine kinase 2 (ERBB2) in malignant mammary cancer in female dogs.

N (%) Positive Median p-Value
expression IRS (correlation)
of POSTN in  (range)
CAFs, n (%)
Histological type
Simple 14 (18.2) 14 (18.2) 6 (1-12) >0.05
tubulopapillary
carcinoma
Simple cystic 23 (29.9) 20 (26) 2 (1-12)
carcinoma
Solid 17 (22.1) 16 (20.7) 4 (1-12)
carcinoma
Mixed 70.1) 6 (7.8) 2 (1-6)
carcinoma
Complex 16 (20.7) 15 (19.5) 2 (1-9)
carcinoma
Grading
Gl 42 (54.5) 37 (48) 2 (1-12) <0.05 (r=0.37)
G2 27 (35.1) 26 (33.8) 3(1-12)
G3 8 (104) 8 (104) 10.5(1-12)
Ki-67
None 10 (13) 6 (7.8) 2 (1-2) <0.05 (r=0.46)
Weak 35(454) 34 44.0) 2 (1-12)
Moderate 19 (24.7) 19 (24.7) 4 (1-12)
Intense 13 (16.9) 12 (15.6) 8 (1-12)
ERBB2
None 7(9.1) 5(6.5) 4 (1-9) >0.05
Weak 9 (11.7) 8 (104) 1.5 (1-12)
Moderate 25 (32.5) 22(28.6) 4 (1-12)
Intense 36 (46.7) 36 (46.7) 2 (1-12)

assumed for p-value of less than 0.05. Data normality was analyzed
using the W Shapiro-Wilk test. The correlation analysis of the obtained
results was carried out using the Spearman correlation test. Mann-
Whitney U-test was used to compare the results of POSTN expression
in CAFs and neoplastic cells in the group of carcinomas and adenomas.

Ethical approval. According to the Polish law, standard diagnostic
procedures and studies conducted on animal tissue did not require
permission from the Ethical Board.

Results

Age and breed of the patients. In the study, the average age
of patients was 9 years for both those with malignant and
benign tumours. The dominant breed of dogs diagnosed with
malignant tumours and benign tumours are presented in
Table II. Statistical analysis did not show any correlation
between the expression of POSTN in CAFs and the age and
breed of the dogs.
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Table IV. Assessment of expression of periostin (POSTN) in cancer-
associated fibroblasts (CAFs), Ki-67 antigen and HER2 receptor in
cancer cells in mammary tumours in female dogs. Expression intensities
of studied markers grouped and encoded according to established
assessment scales.

POSTN in CAFs, Ki-67, ERBB2,
n (%) n (%) n (%)
Malignant tumour (n=77)
None 6 (7.8) 10 (13) 70.1)
Weak 37 (48) 35@54) 9(11.7)
Moderate 17 (22.1) 19 (24.7) 25 (32.5)
Intense 17 (22.1) 13 (16.9) 36 (46.7)
Benign tumour (n=24)
None 18 (75) 21 (87.5) 1(4.1)
Weak 6 (25) 3(12.5) 7(292)
Moderate 0 (0) 0 (0) 7(292)
Intense 0 (0) 0 (0) 9(37.5)

Hematoxylin and eosin staining. In the examined material,
the histological type was evaluated. In the group of
malignant neoplasms, the largest percentage comprised
simple tubular carcinoma (n=23, 29.9%), followed by solid
cancer, complex cancer, simple tubular-papillary cancer and
mixed cancer. All benign tumours (n=24) were classified as
simple adenomas (Table IIT).

Depending on the degree of histological malignancy
(grading), the test material was divided into three groups:
54.5% of malignant neoplasms were assessed as grade 1,
35.1% as grade 2 and 10.4% as grade 3 (Table III).

Expression of POSTN in CAFs by IHC. The expression of
POSTN in CAFs, Ki-67, ERBB2 and the relationship
between POSTN expression and the histopathological type
and grade of malignancy are presented in Tables III and IV.

In our studies, expression of POSTN in CAFs was
demonstrated in 92.2% of mammary gland carcinomas
(n=71), among which in 22.1% it was 6-12 points, in 22.1%
3-4 points and in 48% 1-2 points (Figure 1). The location of
CAFs was verified and confirmed with serial sections using
antibodies to POSTN, aSMA and vimentin (Figure 2). In
7.8% of the examined malignant lesions, no POSTN
expression was found in CAFs. In benign tumours, the
expression of POSTN in CAFs was observed in 25%.
Moreover, the level of POSTN expression was significantly
lower (only weak reaction) in adenomas i.e. 17% were
evaluated at 1 point, and 8% at 2 points on the Remmele
scale (Figure 1). Statistical analysis showed significantly
higher expression of POSTN in CAFs in carcinomas
compared to that in mammary adenomas in female dogs
(»p<0.001) (Figure 3). There were also differences in the level
of POSTN expression in CAFs depending on the histological
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Figure 1. Expression of periostin (POSTN) in cancer-associated fibroblasts (CAFs) in mammary cancer in female dogs. Scale bar=100 um. A: Weak
reaction for POSTN in simple adenoma. B: Weak reaction for POSTN in simple cystic carcinoma. C: Moderate reaction for POSTN in simple
tubulopapillary carcinoma. D: Intense reaction for POSTN in simple tubulopapillary carcinoma. E: Intense reaction for POSTN in solid carcinoma.
Scale bars=100 um.
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type: POSTN expression in CAFs was significantly lower in
adenomas compared to solid cancer (p<0.001), simple
tubular-papillary cancer (p<0.001), simple tubular cancer
(p=0.002) and complex cancer (p=0.007).

In order to assess tumour aggressiveness, the histological
malignancy grade was determined in the malignant tumour
samples. Additionally, the obtained results were correlated
with POSTN expression in the tumour stroma. The highest
levels of POSTN expression were observed in 100% of grade
3 tumours, slightly lower levels of POSTN expression in
96.3% of grade 2 tumours and the lowest levels in 88% of
grade 1 tumours. Moreover, the expression of POSTN in
CAFs in grade 3 tumours was characterized by significantly
higher values with regard to POSTN expression in CAFs in
grade 1 tumours (p=0.002). Statistical analysis showed
significant differences between POSTN expression and the
tumour histological grade, as well as a positive correlation
between POSNT expression in CAFs and the tumour
histological grade (r=0.37; p<0.05).

Expression of Ki-67 by IHC. The expression of POSTN in
CAFs was additionally correlated with the expression of Ki-
67 protein in tumour cells of the studied samples. The highest
levels of POSTN expression were observed in malignant
tumours. Furthermore, statistically higher POSTN expression
levels in CAFs were found in tumours with high and medium
Ki-67 antigen expression compared to tumours lacking Ki-67
expression (p=0.002). Statistical analysis also showed a
significant positive correlation between the expression of
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Figure 2. Serial sections from mammary tumours in female dogs showing positive expression of A: Periostin, B: Vimentin and C: Smooth muscle
actin in cancer-associated fibroblasts. The arrows in Figures indicate fibroblasts. Scale bars=200 um.

POSTN in CAFs and the expression of Ki-67 proliferative
antigen in mammary carcinomas (r=0.46; p<0.05) and in all
examined mammary tumours (r=0.65, p<0.05).

Expression of ERBB2 by IHC. ERBB2 expression was also
evaluated as a factor that might determine the aggressiveness
of mammary tumours in female dogs and was correlated with
expression of POSTN in CAFs. Expression of POSTN in
CAFs was observed in all malignant tumours with a strong
ERBB2 reaction (n=36) and in the majority of tumours with
a moderate to no reaction. Statistical analysis showed no
significant differences in the levels of POSTN expression in
CAFs by ERBB2 expression in both carcinomas and
adenomas.

Real-time PCR. The study evaluated POSTN expression at
the mRNA level in 16 mammary carcinoma samples and four
mammary adenoma samples using real-time PCR. There
were no statistically significant differences in the intensity
of POSTN expression at the mRNA level between the
malignant and non-malignant neoplasms, with slightly higher
POSTN expression levels in carcinomas compared to
adenomas. The level of POSTN mRNA expression according
to the degree of histological malignancy of tumour samples
is presented in Figure 4. Statistical analysis did not show
significant relationships between the mRNA expression of
POSTN and the degree of histological malignancy (p>0.05).
However, we observed a trend for increasing POSTN mRNA
expression with increasing grade.
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Figure 3. Periostin (POSTN) expression in cancer-associated fibroblasts
(CAFs) in mammary cancer and adenomas in female dogs. POSTN
expression level in CAFs was significantly higher in malignant tumours
than in benign tumours (p<0.001).

Discussion

Neoplastic transformation is a very complex process, and
some of its significant elements are EMT processes. EMT can
be affected by CAFs, which are part of the tumour stroma (13,
14,15, 17, 34). Numerous publications indicate a relationship
between CAFs and the process of carcinogenesis (13, 14, 15,
17, 20, 34). In addition, the increasing ability of cancer cells
to invade and migrate is a result of structural changes within
the ECM. One of the proteins belonging to the ECM is
POSTN, which plays an important role in cancer progression,
e.g. by intensifying angiogenesis, stimulating tumour cell
motility, and stimulating tumour growth (11, 14, 16).
Intensification of POSTN expression is mainly observed
in the tumour stroma (e.g. in CAFs), and, to a lesser extent,
in tumour cells in various types of malignant neoplasms (e.g.
of mammary gland, stomach, prostate, lungs) occurring in
humans (14, 15, 18, 21-25, 35). However, in ovarian and
pancreatic cancer, POSTN expression is almost exclusively
found in the tumour stroma (16, 21, 23). Currently, POSTN
is a protein also used in scientific research in veterinary
medicine and its high levels have been described in
squamous cell carcinoma stroma, myocardium and
periodontal ligament in dogs (36-38). Furthermore, increased
expression of POSTN was also observed in skin fibroblasts
of dogs with chronic inflammation, hence the assumption
that POSTN may be involved in the pathomechanism of
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Figure 4. Levels of periostin (POSTN) expression at the mRNA level in
mammary tumours in female dogs according to tumour grade (G). The
difference was not significant. RQ: Relative quantification; SD:
standard error; SE: standard deviation.

atopic dermatitis in dogs (39). It is also believed that POSTN
produced by fibroblasts may be involved in the pathogenesis
of squamous cell carcinoma in dogs (37). Similarly to human
cancers, in squamous cell carcinomas in dogs, POSTN
expression was found mainly in the tumour stroma, and in
tumour cells no expression or only low levels were observed
(37). In our research, we also observed high levels of
POSTN expression mainly in CAFs of mammary cancer, and
thus in the neoplastic stroma.

Many publications indicate the important role of POSTN
in the process of breast carcinogenesis in women. Ratajczak-
Wielgomas et al. observed the expression of POSTN in
CAFs in 70 cases (100%) of invasive ductal carcinomas
(IDC) in women (14). Similar results were obtained by the
team of Nuzzo et al. observing this phenomenon in 90% of
breast cancers (21). Our results are similar to those of that
research. Furthermore, Ratajczak-Wielgomas et al. observed
a significant increase in POSTN expression in CAFs in IDC
compared to its expression in non-invasive ductal carcinoma
in situ (p<0.0001), as well as in fibrocystic changes in
women (p<0.0001) (14). In our studies, we also showed
similar differences between the levels of POSTN expression
in CAFs in the malignant mammary cancer samples
compared to benign mammary tumour samples in female
dogs. The obtained results may indicate the participation of
POSTN in the process of carcinogenesis in the mammary
gland in dogs, similarly as in the case in women.
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Evaluation of the histological malignancy grade of
neoplasms is one of the most important prognostic factors
affecting further prognosis and selection of therapy (8). The
literature describes a positive correlation between the level of
POSTN expression in CAFs in IDCs and a higher degree of
histological malignancy of tumours in women (14). In the
conducted research, we also obtained a positive correlation
between POSTN expression in CAFs and the histological
grade of malignant mammary cancer in female dogs.
Moreover, in the research of Ratajczak et al., POSTN
expression at the mRNA level was significantly higher in
grade 3 tumours compared to grade 1 and 2 tumours (14). In
our experiments, we did not obtain significant relationships
between POSTN expression at the mRNA level and the
tumour grade, although a higher POSTN expression was seen
in grade 3 tumours compared to grade 1 and 2 tumours.

In veterinary medicine, in order to determine the prognosis
and appropriate therapy in female dogs diagnosed with
mammary tumours, in addition to histological grade assessment,
THC tests are also used. One of the most known and commonly
used in the diagnosis of mammary tumours is the Ki-67 antigen,
whose expression level in cancer cells is positively correlated
with the malignancy of tumour, and with a worse prognosis for
patients. In our studies, we showed a significantly positive
correlation of POSTN expression in CAFs with Ki-67
expression in mammary cancer in female dogs. This indicates
that POSTN may affect tumour aggressiveness and participate
in the progression of mammary neoplasms.

It should be added that many reports describe similarities
(including epidemiology, clinical and morphological pictures
and prognostic factors) between mammary cancer in female
dogs and breast cancer in women, and thus indicate that
mammary cancer in female dogs can be a potential model for
cancer found in humans. Thus, it can be assumed that many
proteins, including POSTN, perform similar functions in the
animal body as in the case of the human body (41, 42).

Considering the above, it can be assumed that POSTN
may be involved in the pathogenesis of mammary cancer in
female dogs.
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