
Abstract. Background/Aim: Endosialin is present in human
fibrosarcoma neoplastic cells. This study aimed to analyse the
expression of selected cellular proteins found in fibrosarcomas
and soft-tissue fibroids in dogs. Materials and Methods: A
total of 71 skin tumours obtained from dogs were used. The
samples included 31 fibromas and 40 fibrosarcomas.
Histopathological evaluation was performed according to
World Health Organization guidelines. Immunohistochemistry
was performed with anti-endosialin, Ki-67, cyclo-oxygenase 2
and vimentin antibodies and assessed using the semi-
quantitative scale. Results: Endosialin expression was
observed in 82.5% of fibrosarcomas and in 35% of fibromas.
A significant positive correlation was found between the
expression of endosialin in fibrosarcoma neoplastic cells and
the degree of histological malignancy and the expression of
the Ki-67 and cyclo-oxygenase 2 antigen. Expression of
vimentin confirmed the mesenchymal origin of these tumours.
Conclusion: The results of our research suggest that
endosialin is involved in the carcinogenesis of fibrosarcoma
in dogs.

Fibrosarcomas are neoplasms originating from fibrous tissue,
myofibroblasts and fibroblasts, including immature
proliferating fibroblasts (1). We include them in the group of
soft-tissue sarcomas (STS). STSs are invasive neoplasms
whose metastatic potential is directly proportional to the
grade of malignancy (2). In dogs, among skin and
subcutaneous tissue cancer types, STS constitutes 6% of all

proliferative lesions (3, 4). Contrary to humans, in animals,
mesenchymal neoplasms are more common than epithelial
tumours, except for changes in the skin and the mammary
gland, a phenomenon that has not been explained so far (5).

Unfortunately, in the early stages of development, such a
tumour is relatively small and not painful, and therefore
often goes unnoticed by pet owners. Later in the growth
stage, fibrosarcomas become large and tend to infiltrate the
surrounding tissues and metastasize (6).

In veterinary medicine, immunohistochemical tests (IHC)
are being used more and more often in histopathological
diagnostics, they allow for a precise assessment of neoplastic
lesions, especially those with poor differentiation. Assessment
of the level of expression of cellular markers in IHC studies
also allows for a more accurate determination of the patient’s
prognosis and targeting of therapeutic management.

Endosialin (CD248) was first described in 1992 as an
antigen produced by murine cells immunised with human
foetal fibroblasts (7). Subsequent studies showed that the
antibody to endosialin reacted with neoplastic cells in
sarcomas, while no reaction was found in normal tissues (8).
The presence of endosialin in fibroblasts and pericytes of the
human thymus, spleen and lymph nodes has also been
confirmed, and its expression appears to be intense during
the development of lymphoid tissue; in adults, it is usually
absent, except for the endometrium, corpus luteum and
marrow fibroblasts (9, 10).

This study aimed to analyse the expression of selected
cellular proteins found in fibrosarcomas and soft-tissue
fibroids in dogs. We used antibodies against the proteins
endosialin, Ki-67, cyclo-oxygenase 2 (COX2) and vimentin.
Another aim was to determine the correlation between the
tumour grade and the level of expression of the above-
mentioned proteins. Vimentin was used to confirm the
mesenchymal origin of the tumours. The level of endosialin
expression was compared with the expression of already
known proteins correlating with tumour grade, namely Ki-
67 and COX2. To our knowledge, the presence of endosialin
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has not yet been confirmed in fibromas or fibrosarcomas of
the skin and subcutaneous tissue in dogs.

Materials and Methods
This research was carried out on 71 tumours of the skin and
subcutaneous tissue of dogs, of various breeds and sexes (aged 4 to
15 years) previously classified as fibroids (fibromas, 31 tumours)
and fibrosarcomas (40 tumours). The material tested came from the
archives of the Department of Pathomorphology and Forensic
Veterinary Medicine of the University of Life Sciences in Wrocław
from 2019-2020.

The collected tumour sections were fixed in 7% formalin
solution for 24 h, then embedded in paraffin blocks and cut into 4-
μm-thick sections. The obtained preparations were stained with
haematoxylin and eosin, and then histopathological evaluation was
performed according to World Health Organization guidelines (11).
The evaluation took into account three parameters determined on
a 3-point scale: i) Histological differentiation of tumour cells,
scoring 1 for well-differentiated cells, 2 for poorly differentiated
and 3 for poorly differentiated; ii) number of mitoses seen in 10
fields of view at high-power magnification (×400), scoring 1 for 0-
9 mitotic divisions/HPF, 2 for 10-19 mitotic divisions/HPF, 3 for
>19 mitotic divisions/HPF; iii) area of necrosis, scoring 0 for no
tumour necrosis, 1 for ≤50% necrosis, and 2 for >50% area of
necrosis. From the sum of the points, three grades of malignancy
were distinguished: Grade 1: 2-3 points; 2: 4-5 points; and 3: 6-8
points (12).

IHC studies were performed on 4-μm-thick paraffin sections that
were placed on glass slides (Menzel-Glaser®), then the sections
were dewaxed in xylene and run through an alcohol series of
decreasing concentration to water. Formalin-fixed tissue antigens
were discovered in EnVision™ FLEX Target Retrieval Solution,
High pH (Dako®) for COX2, and Ki-67, endosialin and vimentin in
EnVision™ FLEX Target Retrieval Solution, Low pH (Dako®). All
slides were heated in a water bath at 96˚C for 20 minutes.
Endogenous peroxidase was blocked in EnVision™ FLEX
Peroxidase-Blocking Reagent for 10 minutes. Primary antibodies
from Dako® against vimentin (mouse monoclonal, clone V9;
dilution 1: 100), COX2 (mouse monoclonal, CX-294; dilution
1:100), Ki-67 (monoclonal mouse MIB-1; dilution 1:100), and
Novus Biologicals endnosialin (rabbit polyclonal; dilution 1:400)
were applied to the sections. All were incubated for 20 minutes at
room temperature. Subsequent steps were rinsing in EnVision™
FLEX WashBuffer and spotting EnVision™ FLEX/HR SM802

reagents onto the sections, incubating for 20 minutes at room
temperature. The IHC reaction was visualised using a solution of
3,3’-diaminobenzidine tetrahydrochloride (DAB), EnVision™
FLEX DAB+Chromoge (Dako®). The sections were then washed in
distilled water, the nuclei were stained with haematoxylin and
dehydrated in an alcohol series.

Photographs of the examined tumours were subjected to
computer-aided image analysis using a computer coupled to an
Olympus BX53 optical microscope (Olympus, Tokyo, Japan)
equipped with an Olympus ColorViewIIIa digital camera
(Olympus). Measurements were made using the cell^A and Cell^B
software (Olympus Soft Imaging Solution GmbH, Germany). 

The level of COX2 and endosialin expression was assessed
using the modified semi-quantitative scale according to Remmele
and Stegner (13). The method takes into account both the
percentage of positively stained cells and the colour intensity of
the reaction, and its final results represent the product of both
parameters with values from 0 to 12 points: no reaction=0 points,
−; weak reaction=1-2 points, +; moderate reaction=3-5 points, ++;
intense reaction=6-12 points, +++. Ki-67 expression was quantified
by determining the percentage of cells showing a positive nuclear
response: 0-5%=no response −; 6-25%=weak response, +; 26-
50%=moderate response, ++; above 50%=intense reaction, +++.
The expression of the tested markers was assessed by three
experienced pathologists.

Expression of vimentin in the studied material (both in fibromas
and fibrosarcomas) was employed to confirm the mesenchymal
origin of these tumours (4, 14).

Statistical analysis was performed using StatisticaPL 12.0
software (StatSoft, Kraków, Poland) and appropriate statistical tests.
The normality of the data was checked using the Shapiro-Wilk test.
The dependence of the obtained results was assessed based on the
Spearman correlation analysis. The difference between sexes in the
obtained results was assessed using the Mann-Whitney U-test. The
significance level adopted was p<0.05.

Results

Fibroma samples came from 31 dogs (20 males and 11
females) aged from 4 to 12 years (median=9 years). A total
of 32% of the fibromas were from mixed breeds, 13% from
Labrador retrievers and isolated cases amongst the remaining
breeds. Fibrosarcoma samples came from 40 dogs (22 males
and 18 females) aged from 5 to 15 years (median=10 years),
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Table I. Expression of the studied proteins in fibroma (n=31) and fibrosarcoma (FS) (n=40). The table shows the cases divided into groups according
to the intensity of immunoreaction. Data are presented as a percentage of all cases (%). Expression values were found to be significantly higher in
fibrosarcoma than in fibroma for endosialin (p<0.001), Ki-67 (p=0.005) and cyclo-oxygenase 2 (C0X2) (p=0.02).

Reaction Vimentin COX2 Endosialin Ki-67
intensity

Fibroma FS Fibroma FS Fibroma FS Fibroma FS

− 0 0 100 82.5 65 17.5 84 50
+ 0 5 0 2.5 16 17.5 13 27.5
++ 19 22.5 0 15 19 17.5 3 15
+++ 81 72.5 0 0 0 47.5 0 7.5



mixed breeds constituting 39%, Bernese Mountain dogs 9%,
Labrador retrievers 7%, with isolated cases amongst the
remaining breeds. Tumours were classified according to the
grade of malignancy, where 42.5% were grade 1, 42.5%
grade 2 and 15% grade 3.

The results of IHC tests are presented in Tables I, II, III,
IV and in Figure 1. Expression values were found to be
significantly higher in fibrosarcoma than in fibroma for
endosialin (p<0.001), Ki-67 (p=0.005) and COX2 (p=0.02).
Statistical analysis of the studied fibrosarcomas showed no
significant difference in tumour grade according to sex or
age (p>0.05).

For the examined fibrosarcomas, a positive correlation
(Spearman’s correlation analysis) was found between: Age
and COX2 expression (p<0.05, r=0.41), grade of malignancy
and endosialin expression (p<0.05, r=0.71), grade of
malignancy and Ki-67 expression (p<0.05, r=0.62), and
endosialin and Ki-67 expression (p<0.05, r=0.63), Ki-67 and
COX2 expression (p<0.05, r=0.31).

Moreover, differences in expression of endosialin
(p<0.001) and Ki-67 (p<0.001) depending on the tumour
grade were found: Endosialin expression was significantly
lower in grade 1 compared to grade 2 (p=0.001) and grade
3 (p<0.001); Ki-67 expression was lower in grade 1
compared to grade 3 (p<0.001), and in grade 2 compared to
grade 3 (p=0.01).

Discussion

Research on cancer biology very often focuses on finding
new proteins involved in the progression of cancer. This type
of research helps to better understand the mechanisms
governing carcinogenesis, and at a later stage is used for IHC
diagnostics and targeted therapy. Analyses carried out on
animal material are very often helpful and used to understand
the biological processes occurring in human tissues (15).
Although in human medicine, STSs constitute only about 1%
of all neoplastic lesions, they still pose many diagnostic and
therapeutic difficulties (16).

Previous studies on tumours from dogs have not shown any
correlation between the frequency of skin and subcutaneous
fibrosarcomas and the age, breed or sex of the animal (17). In
our study, no such relationship was found either.

Ki-67 is a protein whose expression is conventionally used
as a marker of proliferation (18). This protein is present
during the active phases of the cell cycle (G1, S, G2, M) but
not expressed during the resting phase (G0) (19). Nuclear
expression of Ki-67 has been noted in both fibroma and
fibrosarcoma. Of the fibromas we examined, 84% did not
express Ki-67, which confirms that the cells of these tumours
do not divide as intensively as in the case of malignant
tumours. Ki-67 expression in the fibrosarcomas we studied
was shown in 50% of cases. Our statistical analysis showed
a positive correlation between the grade of malignancy and
the expression of Ki-67 (p<0.05, r=0.74). A similar
relationship between the expression of Ki-67 and the degree
of histological malignancy of STS in their study was
obtained by Ettinger et al. (20). The results obtained by us
are similar to those shown by Nowak et al., in whose
research 44% of fibrosarcoma type tumours reacted with Ki-
67 antibody (21).

COX2 is a protein whose presence has been detected in
neoplastic lesions. It is associated with neoplastic
transformation of cells in neoplasms of both epithelial and
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Table II. Comparison of endosialin expression in fibrosarcomas by
tumour grade (p<0.05, r=0.71). Endosialin expression was significantly
lower in grade 1 compared to grade 2 (p=0.001) and grade 3 (p<0.001).

Endosialin expression, n (%)

Grade of − + ++ +++
malignancy

1 6 (15%) 6 (15%) 3 (7.5%) 2 (5%)
2 1 (2.5%) 1 (2.5%) 4 (10%) 11 (27.5%)
3 0 (0%) 0 (0%) 0 (0%) 6 (15%)

Table III. Comparison of cyclo-oxygenase 2 (C0X2) expression in
fibrosarcomas by tumour grade.

COX2 expression, n (%)

Grade of − + ++ +++
malignancy

1 15 (37.5%) 0 (0%) 2 (5%) 0 (0%)
2 15 (37.5%) 0 (0%) 2 (5%) 0 (0%)
3 3 (7.5%) 1 (2.5%) 2 (5%) 0 (0%)

Table IV. Comparison of Ki-67 expression in fibrosarcomas by tumour
grade (p<0.05, r=0.62). Ki-67 expression was lower in grade 1
compared to grade 3 (p<0.001), and in grade 2 compared to grade 3
(p=0.01).

Ki-67 expression, n (%)

Grade of − + ++ +++
malignancy

1 13 (32.5%) 3 (7.5%) 1 (2.5%) 0 (0%)
2 7 (17.5%) 8 (20%) 2 (5%) 0 (0%)
3 1 (2.5%) 0 (0%) 5 (12.5%) 0 (0%)



mesenchymal origin. It is assumed that COX2 expression is
related to the cell’s ability to inhibit the process of apoptosis
(22). Moreover, overexpression of COX2 in tumour cells
leads to the production of high levels of prostaglandins by
the body, mainly prostaglandin E2 (23). Research shows that
an elevated concentration of prostaglandin E2 in the blood
increases the resistance of cancer cells to apoptosis, enhances
angiogenesis, increases cancer cell proliferation and induces
immunosuppression (24, 25). In our study, COX2 expression
increased with the degree of malignancy of fibrosarcoma and
this was confirmed by the positive correlation shown in the
statistical analysis. In the case of fibroma, COX2 expression
was not detected at all. In contrast, Mohammed et al. in their
studies did not confirm the presence of COX2 in STS in
dogs (25). On the other hand, Nowak et al. showed a clear
increase in the expression of COX2 in fibrosarcoma in dogs
with the degree of malignancy (22). 

Endosialin is also known an endothelial tumour marker
(10). In humans, the presence of endosialin has been
demonstrated in malignant tumours of mesenchymal origin, of
the sarcoma type. Expression of this protein has been
demonstrated in both primary tumours and metastases. Its
intensity increases with the degree of histological malignancy
of the tumour (26, 27). Moreover, high endosialin expression
was positively correlated with the occurrence of metastases
(28). This means that its presence in neoplastic cells may
affect their metastatic potential, but the mechanisms of this
action are not yet known. The presence of endosialin in foetal
tissues and tumours suggests that endosialin is responsible for
increased cell proliferative capacity. Our research confirmed
the presence of endosialin in both fibroma, where 35% had a
positive reaction, and fibrosarcoma, where 82.5% of tumours
had a positive reaction. Statistical analysis showed endosialin
expression to be higher in fibrosarcoma than in fibroma.
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Figure 1. Immunohistochemical analysis of examined tumours, Scale bar=100 µm: A: Expression of endosialin (CD248) in the cytoplasm of
fibrosarcoma cells – intense reaction. B: Expression of Ki-67 in the nucleus of fibrosarcoma cells – moderate reaction. C: Expression of vimentin in
the cytoplasm of fibrosarcoma cells – intense reaction. D: Expression of cyclo-oxygenase 2 in the cytoplasm in fibrosarcoma cells – intense reaction.



Moreover, our research confirms a clear relationship between
the increase in the intensity of the endosialin reaction and an
increase in the histological degree of tumour malignancy,
which is confirmed by positive correlation in statistical
analysis. These results are consistent with studies conducted
in humans by Thway et al. (27), As well as O’Shannessy et
al. (26). Additionally, a positive correlation was demonstrated
between the expression of Ki-67 and that of endosialin, which
corroborates the increasing expression of endosialin in
tumours with increasing cell proliferation.

We obtained a positive correlation of the expression of
endosialin with Ki-67 as well as endosialin and COX2.
This means that endosialin may be related to the
proliferative potential of tumour cells and may be involved
in tumour progression. Similar results obtained in studies
on human tumours suggest that endosialin may play a
similar role in dogs. The results of our research suggest that
endosialin is involved in the process of carcinogenesis in
fibrosarcoma in dogs.
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