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Abstract. Background/Aim: Mammary neoplasms are very
common tumours in female dogs. Cancer-associated
fibroblasts (CAFs) play an important role in the oncogenesis
process. One of the useful proteins used in the diagnostics of
CAFs cells is podoplanin (PDPN). The aim of our study was
to assess the expression of PDPN in mammary cancer in
female dogs. Materials and Methods: Our study cohort
included 61 cancers and 21 adenomas of the mammary
tumour in bitches. Expression of podoplanin, Ki-67 and
HER? was determined using the Immunohistochemical (IHC)
method. PDPN expression at the mRNA level was determined
using real-time PCR. Results: Expression of PDPN in CAFs
was observed in 22.9% of cases of mammary cancers in
bitches, with no PDPN expression in adenomas. A positive
correlation was found between the expression of PDPN in
CAFs and the grade of histological malignancy and
expression of Ki-67. Conclusion: PDPN plays a significant
role during the process of carcinogenesis of mammary
tumours in female dogs.

Cancer in the form of mammary tumours represents one of
the most common oncological lesions in dogs (bitches). They
are found mainly in the form of malignant lesions (cancers),
and much less frequently in the form of benign lesions
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(adenomas) (1-5). In the majority of bitches, the cancer
process occurs in older animals and is located in the caudal
ventral and inguinal region of the mammary ridge (1-4). The
most commonly used diagnostic methods are i) biopsy and ii)
histopathological examination following mastectomy. The
final prognosis is based on the diagnosis of the type of tumour
and the degree of histological malignancy, while in doubtful
cases immunohistochemical (IHC) tests are used (4, 6).

Most published research focuses on assessing the type of
cancer cells in order to determine the malignancy of the
lesion and the prognosis for the patient (7-11). Following the
trends in human medicine, more and more attention is also
directed towards the analysis of the cancerous stroma, whose
elements are, among others, the so-called cancer-associated
fibroblasts (CAFs). CAFs are part of the stroma of many
types of cancers, and their presence in breast cancer in
women has been confirmed in many scientific reports (12-
15). The origin of CAFs is not yet fully understood, however,
it is believed that these cells may originate from local
fibroblasts, modified epithelial cells, bone marrow stem cells
or cells undergoing epithelial-mesenchymal transition (EMT),
and, according to recent reports, from local adipocytes (16-
18). It has also been reported that CAFs present in breast
cancers show differences in functions as well as in gene
expression compared to typical fibroblasts found in the body
(13-14, 19). Moreover, CAFs in the tumour microenvironment
affect the tumour development and its metastatic potential.
This is due to the ability of CAFs to secrete many different
cytokines, including epidermal growth factor (EGF), stromal
cell-derived factor-1 (SDF-1), transforming growth factor 3
(TGF-B), hepatocyte growth factor (HGF), and vascular
endothelial growth factor A (VEGF A) (13, 20-25). In
addition, CAFs modify and influence extracellular matrix
proteins (ECM), which leads to changes in signaling between
cancer cells (21, 26).
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Figure 1. Serial sections: expression of podoplanin (PDPN), vimentin and a-SMA in cancer-associated fibroblasts (CAFs) in mammary tumours in

bitches. Scale bars=200 um.

Due to the involvement of CAFs in the process of
carcinogenesis, as well as in the prognosis of patients, it is
important to demonstrate their presence in the tumour (12, 15,
20). Many cell markers aiding in the visualization of CAFs
have been described in the literature. For example, Shoppmann
et al., (27) have demonstrated the presence of CAFs in
esophageal adenocarcinoma by using antibodies against alpha
smooth muscle actin (a-SMA) and vimentin (27). Both of
these markers are also used to diagnose and evaluate CAFs in
IDC (invasive ductal carcinoma) in women (12-15, 20).

Recent studies have shown the presence of a protein called
podoplanin (PDPN) in CAFs found in the stroma of breast
cancer (12-15, 20, 28). PDPN is an O-sialoglycoprotein made of
162  transmembrane  amino  acids  (O-glycosylated
sialoglycoprotein), which has many names in the literature,
including gp36, gp38, Tlalfa, Aggrus, OTS-8, PA2.26, M2A (13,
14, 20, 29, 35). This protein was discovered in 1990 in mouse
osteoblastic cells lines (MC3T-El) and in ras-transformed
MC3T3 cells (26, 29). In studies carried out by Breiteneder-
Geleff er al., PDPN expression has been shown in lymphatic
endothelial cells of both malignant tumours (angiosarcoma) and
benign hemangiomas and lymphangiomas (31). PDPN is also
recognized as a selective marker of lymphatic vessel
endothelium and it is not expressed in blood vessels (31). In
addition, Breiteneder-Geleff et al., have been the first to show
the expression of the discussed protein in podocytes in rats, and
since then it has the name podoplanin (32). In the following
years, PDPN found application in the diagnosis of cancer of
skin, lungs, mammary glands, liver, bladder and esophagus (12-
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Table 1. Modified semi-quantitative scale (IRS- immunoreactive score)
(42).

Points A-Percentage of cells that B-Color reaction
show 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%

The results correspond to those shown in Figure 1. AUC: Area under
the curve; CI: confidence interval.

16, 20, 21, 27, 30, 33). In the case of breast cancer in women,
PDPN expression has been observed both in myoepithelial cells
surrounding the glandular structures and in the cytoplasm of
some cancer cells, as well as in CAFs (12, 14, 15, 20, 27, 31,
34). Recent reports have shown that PDPN increases the
migration of human fibroblasts and affects the structure of
endothelial cells (28). Moreover, a positive relationship has been
identified between the level of PDPN expression in CAFs and
the grade of histological malignancy of the cancer, Ki-67, HER2
expression, tumour size, and the number of metastases to nearby
lymph nodes (12, 14, 15, 20, 28). Finally, patients with breast
cancer who had high expression of podoplanin in CAFs appear
to have significantly shorter survival times [overall survival
(0S)] (13, 14,27, 28, 33).
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Table II. Assessment of podoplanin (PDPN) expression in cancer-associated fibroblasts (CAFs) and cancer cells, Ki-67, HER?2 receptor in mammary
tumours in bitches using previously described scales. Results rounded to full numbers. Expression intensities of studied markers grouped and encoded

according to established assessment scales.

PDPN in CAFs PDPN in cancer cells Ki-67 HER2
Malignant tumour, n (%)
n=61
None (-) 47 (77) 35 (57.5) 6 (10) 4(6,5)
Weak (+) 11 (18) 11 (18) 15 (24.5) 7 (11.5)
Moderate (++) 0 (0) 8 (13) 22 (36) 10 (16)
Intense (+++) 3(5 7 (11.5) 18 (29.5) 40 (66)
Benign tumour, n (%)
n=21
None (-) 21 (100) 14 (67) 20 (95) 1(5
Weak (+) 0 (0) 6 (28) 1(5) 5 (24)
Moderate (++) 0 (0) 105 0 (0) 8 (38)
Intense (+++) 0 (0) 0 (0) 0 (0) 7 (33)

Due to the common living environment and the
incidence of the discussed cancerous lesions in both
humans and animals, as well as the great similarity
between the mammary gland of the woman and the
mammary gland of the dog, both in its histological
structure and function, we can assume that mammary
cancer in dogs is a potentially promising model for human
breast cancer (35). The aim of our work was to determine
the level of PDPN expression intensity in both CAFs and
cancer cells in mammary cancers and adenomas in female
dogs, and to determine the relationship of its expression
level and the patient’s breed, age, tumour histological
grade (G) and expression of other cell markers connected
with carcinogenesis such as HER2 and Ki-67. In addition,
the co-localization of aSMA, vimentin and podoplanin
expressions in CAFs in serial sections was determined to
verify and confirm the type and location of fibroblast cells.
These are the first such studies analyzing the level of
podoplanin expression in mammary cancers in dogs
conducted on such a large number of cases.

Materials and Methods

Patients and tumours/Population study. Immunohistochemical
(IHC) tests were performed in 82 mammary gland tumour samples
(61 cancers and 21 adenomas) collected from bitches of different
breeds and ages. bitches (range=6-14 years).

The samples were obtained during mastectomy and were then
sent to the Division of Pathomorphology and Forensic Veterinary
Medicine at the Wroclaw University of Environmental and Life
Sciences. Molecular tests were carried out on frozen fragments
taken from 16 malignant mammary cancers in bitches.

Hematoxylin and eosin staining. The collected tumour samples were
fixed in a 4% buffered formalin solution for 24 h, were then
embedded in paraffin blocks and cut into 4-um thick sections, which
were stained with hematoxylin and eosin (H&E). The histological
evaluation of the microscopic preparations was made on the basis
of the current classification, according to Goldschmidt et al., (6)
while the histological grade (G-Grading) of tumours was determined
according to the scale of Pefa et al. (36).

Immunohistochemistry. Immunohistochemical (ICH) reactions were
performed in 4-um thick paraffin sections using Autostainer Link48
(Dako, Glostrup, Denmark). First, deparaffinization, rehydration and
antigen retrieval were performed using the EnVision FLEX Target
Retrieval Solution (Dako) (97°C for 20 min; pH=6 for Ki-67 and
pH=9 for D2-40, a-SMA and Vimentin) in Dako PT-Link. The
activity of endogenous peroxidase was blocked by a 5-minute
incubation with the EnVision FLEX Peroxidase-Blocking Reagent
(Dako). Subsequently, primary murine monoclonal antibodies
directed against the Ki-67 clone MIB-1 (RTU, IR626, Dako), D2-
40 (RTU, IR072, Dako), HER-2 (1:200, A0485, Dako), aSmooth
Muscle Actin (RTU, IR611, Dako) and Vimentin (RTU, IR630,
Dako) were applied for 20 min. Then the slides were incubated with
EnVision FLEX/ HRP for 20 min. 3,3’-diaminobenzidine (DAB,
Dako) was used as the peroxidase substrate and the sections were
incubated for 10 minutes. Finally, all sections were counterstained
with EnVision FLEX Hematoxylin (Dako) for 5 min. Following
dehydration in graded ethanol concentrations (70%, 96%, 99.8%)
and in xylene, the slides were sealed with coverslips in Dako
Mounting Medium (Dako).

Assessment of HE and IHC. The examined tumours were subjected
to computer-aided image analysis using a computer coupled with an
Olympus BX53 optical microscope (Olympus Life Science, Japan)
equipped with a Color View IIIu digital camera (Olympus Life
Science) at 400x magnification.
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Table III. Assessment of podoplanin (PDPN) expression in cancer-associated fibroblasts (CAFs) and cancer cells depending on histopathologic

diagnosis.
Histological N Expression of Median (range Expression of Median (range
type PDPN in CAFs of IRS scale) PDPN in cancer cells  of IRS scale)
() ()
Malignant tumour, n (%) Simple 22 3 6 (1-9) 11 3(1-9)
n=61 tubulopapillary
carcinoma
Simple cystic 12 6 1.5 (1-8) 6 2.5 (1-6)
carcinoma
Solid carcinoma 11 4 1.5 (1-2) 5 2 (1-4)
Mixed carcinoma 8 0 0 2 5.5(2-9)
Complex carcinoma 8 1 1(1) 2 5.5(2-9)
Benign tumour, n (%) Simple adenoma 21 0 0 7 1(1-4)

n=21

The assessment of podoplanin expression in CAFs and tumour
cells was made on the basis of a modified scale compatible with
Remmele and Stegner immunoreactive score (IRS) (37), shown in
Table I. The final outcome takes into account 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, according to the
following scale: i) no reaction=0 points (), ii) light reaction=1-2
points (+), iii) moderate reaction=3-4 points (++), iv) intense
reaction=6-12 points (+++).

The location of CAFs was verified and confirmed by co-
localization of D2-40, aSMA and vimentin staining on serial sections.

The Ki-67 assessment was performed using a scale that included
the percentage of cell nuclei with a positive reaction: i) 0-5% no
reaction (-), ii) 6-25% weak reaction (+), iii) 26-50% moderate
reaction (++), iv) above 50% cells - intense reaction (+++) (7).

The expression intensity of HER2 receptor was assessed using a
scale that took into account the percentage of tumour cells showing
a positive membrane reaction: i) no staining or staining in less than
10% of the tumour cells (-), ii) very weak and incomplete
membrane staining of more than 10% of the tumour cells (+), iii)
light or moderate intensity membrane reaction in more than 10% of
tumour cells or complete and intense membrane reaction in less than
10% of tumour cells (++), and iv) complete and strong membrane
staining of more than 10% of tumour cells (+++). HER2 expression
results of () and (+) were classified as negative, while (++) and
(+++) cases were considered positive (8).

PCR. Total RNA was isolated from frozen fragments of the tissue
using the RNeasy Mini Kit (Qiagen, Milden, Germany) in line with
the manufacturer’s recommended procedures. Reverse transcription
reactions were performed using the High-Capacity cDNA Reverse
Transcription kit (Applied Biosystems, Foster City, CA, USA).
Relative mRNA expression of PDPN was evaluated by real-time
PCR, using the 7500 Real-time PCR system and the iTag Universal
Probes Supermix (Bio-Rad, Hercules, CA, USA). Beta-actin was
used as the reference gene. For the reactions, the following sets of
primers and TagMan probes were used: i) Cf02628973_ml for
PDPN and ii) Cf04931159_m1 for (3-actin (Applied Biosystems).
All reactions were performed in triplicates under the following
conditions: i) initial denaturation at 94°C for 10 min, ii) 40 cycles
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of denaturation at 94°C for 15 s, followed by iii) annealing and
elongation at 60°C for 60 s.

Statistical analysis. Statistical analysis was performed using the
StatisticaPL 12.0 program (StatSoft, Poland). Data normality was
analyzed using the W Shapiro-Wilk test. The analysis of differences
between groups was performed using the Kruskal-Wallis test. The
correlation analysis of the obtained results was carried out using
the Spearman’s correlation test. Differences between results of
different grades tumours as well as for adenomas and cancers were
analyzed using the Mann-Whitney U-test and Kruskal-Wallis
analysis, respectively. The significance level was assumed for p-
Value<0.05.

Results

Age and breed of the patients. Our statistical analysis showed
no relationship of podoplanin expression in CAFs and cancer
cells with ageing (p>0.05) or the breed of the animal (p>0.05).

Immunohistochemistry. Expression of PDPN was found in
both stromal (CAFs) and cancer cells in mammary tumours
in bitches, and the results are shown in Table II. Statistical
analysis showed no significant relationship between the
PDPN expression levels in stromal cells (CAFs) and in
cancer cells (p>0.05). It should be noted, however, that in
10 out of 14 cases of cancers in which a positive PDPN
reaction was observed in CAFs (CAFs+), a positive
cytoplasmic reaction of PDPN in cancer cells was also
reported. Moreover, we assessed the expression of cell
proliferative antigen Ki-67 and HER2 receptor for
mammary carcinomas and mammary adenomas, and found
that Ki- 67 expression in cancer cells in 90% malignant
tumours and 5% benign tumours, expression of HER2 was
observed in 82% malignant tumours and 71% benign
tumours in female dogs. The results are presented in Table
II. The results regarding the histological types and tumours,
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Table IV. Assessment of podoplanin (PDPN) expression depending on the malignancy grade, expression of Ki-67 and HER?2 in malignant mammary

cancers in bitches.

N PDPN in CAFs Median (range p-Value,r PDPN in cancer cells Median (range p-Value, r
(n) of IRS scale) (n) of IRS scale)
Grading <0.05,r=0.37 >0.05
Gl 30 4 1(1-2) 13 3 (1-9)
G2 26 5 2(1-6) 9 4 (1-9)
G3 5 5 2 (1-9) 4 2.5 (1-4)
Ki-67 <0.05, r=0.37 >0.05
None (-) 6 0 0 3 2 (2-9)
Weak (+) 15 1 1(1) 4 2 (2-9)
Moderate (++) 22 6 1 (1) 12 4(2-9)
Intense (+++) 18 7 2 (2-9) 7 2(1-4)
HER2 >0.05 <0.05; r=0.28
None (-) 4 0 0 0 0
Weak (+) 7 1 1(1) 3 4(2-9)
Moderate (++) 10 5 2 (1-6) 2 1(1)
Intense (+++) 40 8 1.5 (1-9) 21 3 (1-9)

r, Correlation value.

and in particular the malignancy grades, are shown in Tables
III and IV.

Expression of PDPN in CAFs. Expression of PDPN in CAFs
was found in 22.9% (n=14) of mammary tumours, which was
confirmed by the co-localization of vimentin and a-SMA in
serial sections (Figure 1). The intensity of PDPN expression
in CAFs ranged from 1 to 9 points on the IRS scale, where
79% of CAFs+ tumours showed a low level of expression of
PDPN at the level of 1-2 points, and 21% of CAFs+ tumours
at a high level rated at 6-9 points (Table II, Figure 2). There
was no expression of PDPN in CAFs in any of the examined
cases of mammary adenomas. A statistically significant
difference was demonstrated between PDPN expression in
CAFs in mammary carcinomas and mammary adenomas
(p=0.02) (Figure 3). PDPN expression level in CAFs was
significantly higher in malignant tumours than benign
tumours. The results showing PDPN expression in CAFs,
depending on the histopathological diagnosis, are presented
in Table III. Statistical analysis did not show significant
differences at the level of PDPN expression in CAFs
irrespective of the histopathological type of tumour (p>0.05).
The results of the intensity of PDPN expression in CAFs
depending on the histological grade of the tumour are
presented in Table IV. In all tumours assessed as G3, strong
PDPN expression in CAFs was observed. In addition, G3
tumours were characterized by higher PDPN expression
values according to the IRS scale compared to G2 (p=0.008)
and G1 tumours (p=0.003). The statistical analysis showed a
positive correlation between PDPN expression in CAFs and
the degree of histological malignancy (G) in the examined
mammary gland tumours (p<0.05, r=0.37) (Table IV).

Using the THC methods, the intensity degree of the
expression of Ki-67 antigen and HER2 receptor was
assessed. A positive correlation was found between PDPN
expression in CAFs and expression of the Ki-67 marker in
cancer cells in mammary tumours (p<0.05, r=0.37) (Table
IV). Higher PDPN expression intensity in CAFs was also
observed in HER2-positive tumours compared to HER2-
negative tumours. The statistical analysis showed no
relationship between HER2 receptor expression in cancer
cells and PDPN expression in CAFs (p>0.05) (Table IV).

Expression of podoplanin in cancer cells. The expression of
PDPN in cancer cells was observed in 42.6% (n=26) of the
cases of malignant tumours (carcinomas) studied, and the
value of results was 1-9 points according to the IRS scale,
of which i) 42% (n=11) showed a weak reaction (1-2 points),
ii) 31% (n=8) a moderate reaction (3-5 points) and iii) 27%
(n=7) a strong reaction (6-9 points). The results are shown
in Table II (Figure 4). For benign tumours, PDPN expression
in cancer cells was also observed in 33% (n=7) of lesions,
of which PDPN expression was weak, i) 1 point according
to the IRS scale for 86% of the examined benign lesions
(n=6) studied and ii) at a moderate level of 4 points
according to the IRS scale for 14% of adenomas (n=1). The
statistical analysis did not show a significant difference in
PDPN expression in cancer cells between carcinomas and
adenomas (p=0.2) (Figure 3).

The assessment of PDPN expression intensity in cancer
cells from the individual histological diagnoses is presented
in Table III. The statistical analysis did not show any
significant differences at the level of PDPN expression in
cancer cells depending on the histopathological type of
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Figure 2. Expression of podoplanin (PDPN) in cancer-associated fibroblasts (CAFs) in mammary cancers in female dogs (different degrees of

Remmele). Scale bar=100 um.

tumours (p>0.05). A summary of the intensity of PDPN
expression in cancer cells and the relationship between the
degree of tumour malignancy (G) and the expression of Ki-
67, HER2 in malignant tumours are presented in Table IV. No
statistically significant correlation between PDPN expression
level in cancer cells and the degree of histological
malignancy (G) (p>0.05), the Ki- 67 expression (p>0.05) was
found. The statistical analysis showed a positive correlation
of PDPN expression in cancer cells and HER2 receptor
expression in mammary tumours (p<0.05, r=0.28) (Table IV).

Real-time PCR. Expression of the PDPN gene at the mRNA
level was found in 100% (n=16) of the analyzed mammary
tumours. The results are presented in Figure 5. The statistical
analysis did not show a significant relationship between PDPN
expression at the mRNA level and the degree of histological
malignancy of the tumours (p>0.05). However, a higher PDPN
expression level was observed at the mRNA level in G2 and
G3 tumours in relation to G1 tumours (Table IV).

Discussion

In recent years, we have seen a visible increase in the
number of diagnosed mammary tumours in female dogs.
This fact is confirmed by numerous statistical data, where,
for example, in Poland in Lower Silesia in the years 2005-
2008, 331 cases of mammary tumours were recorded, which
constitute on average 83 cases per year (of which about
71.2% were classified as malignant forms). In 2009-2011,
many more such tumours were registered, i.e. 705 cases,
representing 235 cases per year on average (of which 75.6%
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are malignant) (2, 3). In the following years (2012-2013),
640 cases were recorded, i.e. 320 cases per year (of which
83% were malignant) (5). The number of registered breast
cancer cases in women has also been increasing in recent
years. According to data collected and published by the
Lower Silesian Oncology Center in Wroclaw, the most
frequently diagnosed cancers in women are also malignant
tumours of the mammary gland constituting consecutively:
i) in year 2010-1331 cases, ii) in 2012-1401 cases, iii) in
2014-1421 cases, and iv) in 2016-1669 cases among all
diagnosed cancers in women (38-41). Statistics show that
both mammary tumours in female dogs and breast cancers in
women constitute a high percentage of diagnosed cancerous
lesions. This information may also indicate an upward trend
in the formation of new oncological lesions in this organ in
both animals and humans. In order to better understand the
mechanism of carcinogenesis, new markers are constantly
being sought, which may also be useful for the diagnosis of
oncological lesions, as well as for predicting the course of
the disease, prognosis and treatment.

Both epithelial and stromal cells may undergo carcinogenesis
in the mammary gland. At the same time, CAFs, which are part
of the stroma, have been linked to the oncogenesis process in
humans (13-15, 20, 42). A recent report by Krél et al., has also
confirmed the presence of CAFs in mammary tumours of
female dogs due to the isolation of the carcinoma-associated
fibroblast cell line (25). Moreover, this group has reported that
CAFs promote angiogenesis and adhesion cells and participate
in signaling pathways associated with epithelial-mesenchymal
transition (EMT), thereby enhancing the tumour invasive
properties and increasing their potential for metastasis in
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Figure 3. Differences between podoplanin (PDPN) expression in cancer-associated fibroblasts (CAFs) (p=0.02, p<0.05) and in 33% in cancer cells
(p=0.2; p>0.05) in mammary cancers and adenomas in bitches. PDPN expression level in CAFs was significantly higher in malignant tumours
than benign tumours. The expression of PDPN in cancer cells was observed in 42.6% in carcinomas and in 33% in adenomas.

mammary tumours (25). This information suggests that the role
of CAFs in the dog's body can be very similar to the function
of these cells in the human body.

There are few reports describing PDPN expression in
canine cancers. Sleeckx N et al., have performed THC tests
with the use of PDPN. Nevertheless, the authors have not
observed PDPN expression in any of the examined cases of
mammary tumours in bitches (43). It is worth noting,
however, that the study cohort in that report was only 5
malignant and 5 benign tumours. Due to the fact that in our
results only about 23% of cases of malignant lesions
demonstrated PDPN expression in CAFs, the lack of PDPN
expression in CAFs in the studies by Sleeckx N et al. may
down to the small number of examined tumours.

PDPN is one of the most important proteins that allow the
immunohistochemical location of CAFs, and, moreover, the
level of the expression of this marker may has a prognostic
value for the oncological patient (12-15, 20, 27, 33). The
expression of PDPN in CAFs is mainly observed in
malignant tumours, including invasive pulmonary adenomas,
esophageal adenocarcinomas and invasive ductal carcinomas
(IDCs), but it is not expressed in benign tumours (12, 14, 20,
27, 33). Similar to the study results described above, our
studies showed the expression of PDPN in CAFs in only
about 23% of cancers, with no expression in mammary
adenomas in bitches. Moreover, in our studies we obtained
a statistically significant difference in PDPN expression in
CAFs between mammary carcinomas and adenomas in
bitches. Demonstration of PDPN expression in CAFs in
malignant neoplasms could potentially link its function with
the process of carcinogenesis.

Importantly, we also found a positive correlation between
PDPN expression in CAFs with factors that may be of
significance in the prognosis and survival time in bitches
with mammary tumours, e.g. a higher degree of histological
malignancy of the tumour. This result is similar to the results
of studies conducted on IDC in women, which have also
showed a positive correlation between the expression of
PDPN in CAFs in tumours and the degree of histological
malignancy (G) (14, 20, 27). Moreover, we have obtained a
positive correlation between PDPN expression in CAFs and
the intensity of Ki-67 expression in mammary tumours in
bitches. Similar results have been obtained by Pula et al.,
who found a positive correlation between the intensity of
PDPN expression and the Ki-67 protein in IDC in women
(14). Both the histological grade and the Ki-67 protein are
commonly used as prognostic markers in cancer patients in
human medicine but also increasingly in veterinary
medicine. The demonstrated correlations may indicate the
role of PDPN during the neoplastic process of mammary
tumours in bitches as well as the important and prognostic
function of the examined protein. In the future, stromal
assessment may become a significant element that can
determine more accurate the prognosis in bitches during the
course of a neoplastic disease.

Similar to us, the co-expression of PDPN in CAFs with
HER?2 receptor expression has also been demonstrated in
cancer cells in IDC in women (15). HER2 is an important
marker used in the diagnosis of breast cancer in women, while
it is more and more frequently used for IHC tests in veterinary
medicine (9-11). This receptor participates in the oncogenesis
processes, by affecting cancer cell migration, increasing
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Figure 4. Expression of podoplanin (PDPN) in cancer cells in mammary cancers in bitches (different degrees of Remmele). Scale bar=100 um.

angiogenesis, and metastasis of cancer cells (9-11, 44). In these
published studies, there is no relationship reported between the
intensity of the HER?2 receptor expression and the level of
PDPN expression in CAFs in mammary tumours in bitches. In
our studies, we observed only slightly higher HER2 expression
levels in malignant compared to benign lesions; albeit with no
significant differences. Similar to us, no significant correlation
has been shown betweenHER?2 receptor expression and PDPN
expression in CAFs in human breast cancer (14, 20).
Concerning the cytoplasmic localization of PDPN in
cancer cells of mammary tumours in female dogs, our studies
demonstrated a slightly higher percentage of tumours with
PDPN expression in the cytoplasm of cancer cells’ cytoplasm
(42%) compared to cells in adenomas (38%). Moreover,
higher PDPN expression levels in cancer cells have been
found in mammary tumours in bitches compared to studies
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on breast tumours in women. In the case of breast tumours in
women, PDPN expression in the cytoplasm of cancer cells
has been observed in only 8% of cases (12) and 1.7% of cases
(14). The difference is significantly higher (6.3%) in the
Shoppmann study (12).

Our analysis showed a positive relationship between
HER?2 receptor and PDPN expression in cancer cells of
mammary tumours in bitches. This result indicates that
PDPN may be involved in the process of epithelial cell
carcinogenesis, while its expression in cancer cells probably
does not have such a significant diagnostic value as in the
case of CAFs.

To sum up, we are the first to find PDPN expression in
CAFs using IHC, and we have confirmed the expression of
PDPN in mammary tumours at the level of mRNA as well
as protein. Moreover, we suppose that CAFs cells included
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Figure 5. Levels of PDPN expression at mRNA level in mammary tumours.

in the stroma of mammary tumours can play an important
role in the carcinogenesis process in bitches. The obtained
test results and positive correlations between PDPN
expression in CAFs and factors that may indicate an
unfavorable prognosis for oncologic patients, i.e. histological
grade (G), and Ki-67 antigen expression suggest that PDPN
may can be used in diagnostics during the mammary
oncogenesis process in bitches, as in the case of breast
cancers in women (13-15, 20, 27, 34). In addition, we
suppose that in the future PDPN may be used as a diagnostic
marker for the stromal cells (CAFs) of mammary tumours,
and may also have prognostic significance for female dogs
diagnosed with mammary tumours.
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