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ABSTRACT: Canine soft tissue sarcomas are a complex group with a higher tendency for invasion and metastasis,
making them challenging to treat. Although there are many different subtypes of these tumors, they are grouped under
a single group called “soft tissue tumors”, along with benign ones, because of their common mesenchymal features
and morphological similarities. In addition to promoting tumor angiogenesis, proliferation, invasion, and metastasis
the tumor microenvironment, which includes mast cells, also mediates the mechanism of therapeutic resistance. In this
study, the presence and relationships of mast cells with VEGF in benign and malignant soft tissue tumors were investi-
gated. As a result, mast cells were found in significantly higher numbers in malignant tumors than benign tumors. The
immunostaining scores in malignant tumors were also higher in the VEGF analyses performed for the interpretation
of angiogenesis. To the best of the authors’ knowledge, angiogenesis and mast cells in canine soft tissue tumors are
poorly characterized. This study revealed that mast cell and VEGF scores are greater in malignant tumors than benign
tumors and can be used as a prognostic marker. However, no link between mast cells and VEGF immune expressions
was found.
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INTRODUCTION

Canine soft tissue tumors are a group of tumors that
originate from non-osseous connective tissues and
include a variety of tumor types (Mayer and LaRue,
2005). Malignant tumors in this group include fibro-
sarcoma, hemangiopericytoma, myxosarcoma, undif-
ferentiated sarcoma, liposarcoma, malignant fibrous
histiocytoma, schwannoma, rhabdomyosarcoma, and
neurofibrosarcoma (Thrall and EL, 1995). These tu-
mors can form in any part of the body, but they are
commonly found in the cutaneous and subcutaneous
tissues (Dennis et al., 2011). Despite having different
biological origins, these tumors are thought to have
similar biological behaviors (Bostock and Dye, 1980,
Kuntz et al., 1997, Chase et al., 2009). Accurate prog-
nostic information is critical for the right approach to
patients, therefore studies are conducted to determine
various prognostic factors (Dennis et al., 2011).

The growth of new blood vessels (angiogenesis)
is necessary for the majority of solid tumor metasta-
ses, and imbalances in the blood vessel development
process lead to a variety of tumoral, inflammatory,
ischemic, infectious, and immunological illnesses
(Folkman et al., 1989, Rak et al., 1995). According
to current research, mast cells play an important role
in tumor progression by stimulating angiogenesis,
particularly with the tryptase they contain (Ribatti et
al., 2004). Data show that mast cell density is associ-
ated with high micro vessel density (Grimbaldeston
et al., 2007) and increased inflammation (Sener and
Ipek, 2021). There is also evidence that mast cells can
both inhibit and stimulate tumor growth in some cases
(Theoharides and Conti, 2004). Mast cells in sarco-
mas play a stimulating role, most likely due to their
ability to secrete vascular endothelial growth factor
(VEGF) (Baneth et al., 2005). Because of these con-
troversial findings regarding the role of mast cells in
tumor stroma, more clarification on the role of mast
cells in tumors is required. The aim of this study was
to investigate the presence of mast cells in canine be-
nign and malignant soft tissue tumors as well as their
relationship with VEGF staining intensities.

MATERIALS AND METHODS

Retrospective Study

In this retrospective study, 28 paraffin blocks with
a diagnosis of canine soft tissue tumor from the tis-
sue archive of the pathology department were used.
Sections (4-5 um) were taken from these blocks on
routine and poly-L-lysine slides for histopathologi-

cal and immunohistochemical analysis, respectively.
Firstly, soft tissue tumors were classified histopatho-
logically (Hendrick et al., 1998, Gross et al., 2005,
Avallone et al., 2007). Accordingly, tumors were
classified as fibrous tissue tumors, adipose tissue tu-
mors, muscle tumors, perivascular wall tumors, and
peripheral nerve sheath tumors. Unfortunately, immu-
nohistochemical analysis for the differential diagno-
sis could not be performed. Tumors were classified
as benign or malignant based on their histopatholog-
ical features. VEGF (clone JH121, Thermo) antibody
for angiogenesis was used immunohistochemically.
Immunostaining was also done with tryptase (clone
AALl, Biolegend) to reveal mast cells.

Histopathology and Immunohistochemistry

Hematoxylin and eosin staining was used for his-
topathological analysis. For immunohistochemical
staining, after passing through the xylol and alcohol
series, the slides were dipped in a 10-fold diluted ci-
trate buffer solution (Citrate Buffer Heat-Induced Epi-
tope Retrieval pH: 6 Thermo Scientific) for antigen
retrieval and kept in the autoclave at 120 °C for 15
minutes. Tissues were then incubated in a blocking
solution (Bloxall, Vector Lab) for 15 minutes to block
endogenous peroxidase activity. After phosphate
buffered solution (PBS) washing for 5 minutes, 2.5%
normal goat serum (Vector Lab) solution was applied
for 30 minutes to prevent nonspecific antibody bind-
ing. After removing the protein block solution, slides
with VEGF antibody (1/20 dilution) and tryptase an-
tibody (1/25 dilution) were incubated at +4 °C over-
night. Then sections were washed with PBS for 2x5
minutes and were treated with secondary antibody
(Amplifier antibody [Goat anti mouse], Vector Lab)
and then streptavidin peroxidase solution (Vectorlab,
ImmPRESS Excel Amplified HRP Polymer Reagent).
Under the microscope, DAB chromogen (Vectorlab,
ImmPACT® DAB EqV Substrate) was applied in a
controlled manner. Sections were counterstained with
Mayer’s hematoxylin (Merck) for 25 seconds and
covered with entellan. For the positive control tissue,
canine mast cell tumor for tryptase and normal canine
skin for VEGF were used. For the negative control,
after protein blocking, PBS was used instead of the
primary antibody.

Semi-quantitative Method

Evaluation of immunohistochemical staining was
done semi-quantitatively. Tryptase-positive mast cells
were counted in five high magnification fields. Mast
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cell numbers ranged from 0 to 49. Then scoring was
made between 0-4 as follows; 0; no mast cell, 1; >
1-12 mast cells, 2; > 13-24 mast cells, 3; > 25-36
mast cells, and 4; > 36 mast cells. VEGF staining was
scored according to the staining intensity of the cells
(1; no staining, 2; weak staining, 3; moderate stain-
ing, and 4; strong staining) and then the ratio of the
stained areas in the tumors (1; <20%, 2; >20-50%, 3;
> 50-80%, and 4; > 80%). The final scores were cal-
culated from the numbers obtained by the multiplying
of these two scores (1; <4, 2;>5-8, 3;>9-12, and 4;
> 12). This scoring system was modified according to
the study of Kamarlis et al. (2017).

Statistical Analysis

For statistical analysis, the Minitab 16 package
program (version 16.1.1) was used. The Ryan-Join-
er normality test was used to determine whether the
obtained scores showed a normal distribution. After
scoring, differences in immunostaining between be-
nign and malignant tumors were statistically evalu-
ated using two-sample T-tests to determine whether
the results were significant. In addition, the Pearson
correlation test was used to determine the correlation
between mast cells and VEGF in all tumors. The cor-
relation coefficient r was evaluated as follows: 0-0.3
insignificant correlation, 0.3-0.5 low correlation,

0.5-0.7 moderate correlation, 0.7-0.9 high correla-
tion, and 0.9-1 very high correlation (Hinkle et al.,
2003, Mulaka, 2012).

RESULTS

Histopathologically, tumors were diagnosed as
fibroma (n:7), leiomyoma (n:2), fibrosarcoma (n:5),
myxosarcoma (n:1), fibromyxosarcoma (n:1), undif-
ferentiated sarcoma (n:4), malignant peripheral nerve
sheath tumor (PNST) (n:2), malignant perivascular
wall tumor (PWT) (n:2), and liposarcoma (n:4) (Fig-
ure-1).

Positive immunostaining of mast cells using an-
ti-tryptase antibody were scored between 0-4. Accord-
ingly, in fibroma cases, the score was 1 in six cases and
2 in one case. In leiomyoma cases, score 0 in one case,
and 1 in one case. In fibrosarcoma cases, the score was
1 in two cases, 2 in one case, 3 in one case, and 4 in
one case. The score is 0 and 1 in myxosarcoma case
and fibromyxosarcoma case, respectively. In the undif-
ferentiated sarcoma cases, the score was 1 in one case,
2 in two cases, and 3 in one case. In the malignant
PNST cases, the score was 1 in one case and 2 in the
other case. In the malignant PWT cases, the score was
1. Finally, in the liposarcoma cases, the score was 1 in
three cases, and 2 in one case (Figure-2).
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Figure-1: Histopathological appearances of the case of fibroma (A), leiomyoma (B), fibrosarcoma (C), myxosarcoma (D), fibromyxo-
sarcoma (E), undifferentiated sarcoma (F), malignant PNST (G), malignant PWT (H), and liposarcoma (I) ). H&E Bars: 50 pm
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Figure-2: Anti-tryptase positive mast cells in fibroma (A), leiomyoma (B), fibrosarcoma (C), myxosarcoma (D), fibromyxosarcoma
(E), undifferentiated sarcoma (F), malignant PNST (G), malignant PWT (H), and liposarcoma (I) ). DAB, Bars: 50 pm.
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ferentiated sarcoma (F), malignant PNST (G), malignant PWT (H), and liposarcoma (I). DAB, Bars: 50 um

VEGF scoring was performed according to the score was 1 in five, 2 in two of the fibroma cases,
staining intensity of tumoral cells and the stained cell and 1 in all leiomyoma cases. In the fibrosarcoma, the
area and total scores were obtained. Accordingly, the scores were 1 in one case, 2 in two cases, and 3 in
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two cases. The score was 3 in the myxosarcoma and
fibromyxosarcoma cases. In the undifferentiated sar-
coma, the score was 1 in one case, 2 in two cases, and
3 in the other case. The score was | in the malignant
PNST cases. In the malignant PWT cases, the score
was 2 in one case and 4 in the other case. Finally, in
the liposarcoma cases, the score was 1 in three cases
and 3 in another case (Figure-3). Detailed information
about histopathological diagnoses and immunohisto-
chemical scores is summarized in Table 1.

Statistically, mast cell counts in malignant tumors
were found to be significantly higher than in benign
tumors in a two-sample T-test (P < 0.05). The VEGF
score was also significantly higher in malignant tu-
mors (P <0.01). Pearson correlation analysis revealed

an insignificant correlation was found between mast
cell and VEGF scores (r= 0.201). When the correla-
tion between mast cell scores and VEGF scores was
examined only in benign tumors, a moderate correla-
tion was observed (r= 0.567), but no correlation was
found between mast cell scores and VEGF scores in
malignant tumors (= 0.025).

DISCUSSION

Inflammation in a tumor microenvironment is a
prominent feature of cancer (Caso et al., 2009, Tu
et al., 2016). A tumor microenvironment is formed
by immune cells, leukocytes, fibroblasts, and vascu-
lar endothelial cells that interact with tumor cells to
influence tumor formation, growth, and metastasis
(Teng et al., 2016). Mast cells are a major source of

Table-1. Information of the cases, histopathological diagnoses and immunohistochemical scores

No Species Race Gender Age Localization Hlstol.)athol(.)glcal Mast VEGF
(year) Diagnosis Score
1. Dog Crossbreed Female 14 Breast Fibroma 1 1
2.  Dog Beagle Male 6 Hip Fibroma 1 2
3. Dog Beagle Male 6 Hip Fibroma 2 2
4.  Dog Russian poodle Male 10 Gum Fibroma 1 1
5. Dog Crossbreed Female 12 Vagina Fibroma 1 1
6. Dog  Goldenretriever Female 6 Breast skin Fibroma 1 1
7. Dog Brazilian Mastiff Male 10 Hip Fibroma 1 1
8.  Dog Crossbreed Female 11 Vagina Leiomyoma 1 1
9. Dog Terrier Female 16 Vagina Leiomyoma 0 1
10. Dog  Golden retriever  Male 5.5 Thyroid, neck region Fibrosarcoma 4 2
11.  Dog Rottweiler Male 4 Right forearm Fibrosarcoma 1 2
12.  Dog Setter Male 3 Left front leg Fibrosarcoma 1 1
13. Dog Crossbreed Female 16 Gum Fibrosarcoma 3 3
14. Dog  Golden retriever  Male 10 Gum Fibrosarcoma 2 3
15. Dog  Golden retriever Female 9 Left scapular region Myxosarcoma 0 3
16. Dog  Golden retriever  Male 10 Maxilla Fibromyxosarcoma 1 3
17.  Dog Crossbreed Male 6 Lower eyelid Undifferentiated 2 1
Sarcoma
18.  Dog Rottweiler Male 8 month Lumbar region Undifferentiated 3 3
Sarcoma
19, Dog German shepherd Male 6 Gum Undifferentiated ) 5
dog Sarcoma
20. Dog Crossbreed Male 13 Spleen Undifferentiated 1 2
Sarcoma
21. Dog Terrier Male 12 Perianal region Malign PNST 1 1
22.  Dog Husky Female 15 Tarsal region Malign PNST 2 1
23. Dog Crossbreed Male 9 Perianal region Malign PWT 1 2
24.  Dog Crossbreed Female 13 Left hind limb Malign PWT 1 4
25. Dog Terrier Female 10 Liver Liposarcoma 2 1
26. Dog Crossbreed Female 7 Abdominal muscle Liposarcoma 1 1
27. Dog Crossbreed Female 12 Femoral lateral muscle Liposarcoma 1 3
28. Dog Husky Female 7 Coccyx Liposarcoma 1 1
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histamine, which influences tumor development via
the H1 and H2 receptors (Fitzsimons et al., 1997).
Mast cells exert immunosuppression and promote tu-
mor development by producing tumor necrosis factor
alpha (TNF-a) and IL-10, both of which are critical
in fostering immune tolerance mediated by regulatory
T (Treg) cells (Grimbaldeston et al., 2007, Ullrich et
al., 2007). For this purpose, we evaluated the pres-
ence and grade of mast cells in benign and malignant
canine soft tissue tumors. We recently discovered a
substantial rise in calprotectin positive leukocytes in
canine soft tissue sarcomas which might be a prog-
nostic marker (Savas and Ipek, 2021). Mast cells were
also shown to be considerably higher in canine soft
tissue sarcomas compared to their benign counter-
parts in this study.

Because of their histological characteristics, differ-
ential diagnosis of soft tissue tumors can be difficult
(Hendrick et al., 1998, Goldschmidt and Hendrick,
2002). In our study, four mesenchymal tumors were
diagnosed as undifferentiated since a definitive diag-
nosis could not be achieved with histopathology. Fur-
thermore, two PWT and two PNST were diagnosed.
PWTs are neoplasms originating from diverse cellular
components of the vascular wall, with the exception
of endothelium (Weiss and Goldblum, 2001). PNST
develops from many types of peripheral nerve cells
(Koestner and Higgins, 2002). PWTs are among the
tumors to consider while making a diagnosis of pe-
ripheral nerve sheath tumors. PWTs have perivascular
helical structures whereas PNSTs have similar struc-
tures surrounding collagen fibrils rather than capil-
laries (Gaitero et al., 2008). In our study, the PWT
distinction was made with the absence of vessels in
the center of the spiral structures observed in a PNST
case. In the other PNST, differentiation was made by
the presence of the Antoni-A pattern. Immunohisto-
chemical characteristics can also be used in the differ-
ential diagnosis of soft tissue tumors (Avallone et al.,
2007), however , immunohistochemical staining was
not possible in our study, therefore only the histologi-
cal features were evaluated.

Mast cells secrete several pro-angiogenic factors,
including fibroblast growth factor-2, VEGF, IL-8,
TNF-a, TGF-B and nerve growth factor (Mdller et al.,
1998, Abdel-Majid and Marshall, 2004). Mast cells
migrate in response to VEGF and placental growth
factor-1 both in vivo and in vitro (Gruber et al., 1988,
Detmar et al., 1998). VEGF can operate as both an
angiogenic and chemotactic factor for mast cells in

this environment, generating an autocrine cycle of
mast cell proliferation. Mast cells contain preformed
active serine proteases, such as tryptase and chymase,
in secretory granules (Metcalfe et al., 1997). In vitro,
tryptase stimulates the endothelial cell proliferation
and promotes vascular channel development . Mast
cell-deficient W/Wv mice exhibit a reduced incidence
of tumor angiogenesis (Starkey et al., 1988). Mast
cells have been demonstrated to increase in number
during angiogenesis in vascular tumors. Furthermore,
enhanced neovascularization is associated with mast
cell accumulation in hematological and solid tumors
(Tth et al., 2000, Ribatti et al., 2003). In our study, de-
spite the increased mast cell density and VEGF stain-
ing characteristics in malignant tumors, no correlation
was found between mast cells and VEGF. This lends
credence to the notion that VEGF release from tumor
cells is not only dependent on mast cells but also on a
variety of other tissue factors.

In previous human research, greater numbers of
mast cells were seen in nerve sheath tumors (Olsson,
1968, Giorno and Claman, 1988). Mast cells are more
common in neurofibromas than in neurilemomas and
malignant schwannomas (Isaacson, 1976). According
to Johnson et al (1989) this distinction is quite import-
ant because neurofibromas can only be distinguished
from neurilemmomas and malignant schwannomas
only by the amount of mast cells. Vasconcelos et al
(2019) has demonstrated the prognostic importance
of mast cells in human malignant PNSTs. On the oth-
er hand, Enzinger and Weiss (1988) found that mast
cells relatively unimportant in the differential diagno-
sis of soft tissue tumors and they emphasized that they
occur more frequently in synovial sarcomas. Malig-
nant fibrous histiocytomas also have high mast cell
numbers (Parwaresch et al., 1985). Moreover, mast
cells have been identified as an important prognos-
tic marker (Ueda et al., 1988). Mast cells were found
to be significantly higher in sarcomas than in benign
tumors in our study, suggesting that they might be a
prognostic marker, albeit there was no correlation be-
tween mast cell and VEGF scores. However, further
studies are needed to compare mast cells with larger
numbers of samples and more prognostic data.
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