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Introduction: Canine soft tissue sarcomas (STSs) are locally aggressive 
mesenchymal tumors with variable recurrence rates, and often, their therapy 
is limited to surgical excision. CD117 (KIT) is a tyrosine kinase receptor involved 
in cell growth and cancer development. c-kit proto-oncogene mutations have 
been reported to be associated with prognosis and therapy response in human 
and canine cancers. However, CD117 expression and c-kit mutations have rarely 
been investigated in canine STSs. This study aims to assess CD117 expression 
and c-kit mutations in different canine STSs.

Methods: Spontaneous STSs were surgically removed, fixed, routinely processed, 
and stained for histological and anti-CD117 immunohistochemical analyses. 
Staining intensity and percentage of positivity were scored. Cases with intense 
CD117 expression in more than 50% of cells were analyzed for the presence of 
mutations in exons 8, 9, or 11 of the c-kit proto-oncogene.

Results: Overall, 115 canine STSs were collected. Among them, CD117 was 
expressed in 43 STSs, with diffuse cytoplasmic staining of variable intensity. CD117 
was expressed in 16 out of 27 perivascular wall tumors, 12 of 13 sarcomas of 
fibroblastic origin, 6 of 6 rhabdomyosarcomas, 7 of 46 liposarcomas, and 2 of 3 
nerve sheath tumors. Leiomyosarcomas (20 of 20) did not show CD117 expression. 
Mutations were investigated in 22 cases, all of which returned negative results.

Discussion: In summary, canine STSs variably expressed CD117, which suggests 
that tyrosine kinase inhibitors may represent a promising targeted therapy for 
selected canine STSs histotypes.
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Introduction

Canine soft tissue sarcomas (STSs) are a heterogeneous group of malignant mesenchymal 
neoplasms, accounting for 8–15% of all canine cutaneous and subcutaneous tumors (1). They 
show a variable biological behavior, from locally aggressive, with a low tendency to 
metastasize, to highly aggressive and destructive neoplasms (1–5). Thus, several studies have 
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recommended a more specific approach to each tumor type to gain a 
better understanding of their behavior and response to therapy (6, 7).

Currently, the primary treatment for STSs is surgical removal (if 
feasible) (1, 3, 8, 9) in combination with radiotherapy, metronomic 
chemotherapy, or electrochemotherapy (10), particularly when the 
margins are infiltrated. While therapies aimed at controlling the 
recurrence of STSs have shown effectiveness to some extent, their efficacy 
in preventing metastasis is limited. Furthermore, prognosis tends to 
be worse for tumors exceeding 5 cm, and the response to therapy varies 
depending on specific histotypes (11). Despite the promising results of 
radiation therapy and metronomic chemotherapy following excision, 
new strategies, such as the expansion of anticancer drug availability to 
manage unresectable canine STSs and to improve their clinical outcomes, 
are being explored (7, 11–13). Therefore, targeted adjuvant therapies are 
being investigated to improve the management of inoperable tumors, 
control metastases, and reduce local recurrences.

CD117 (KIT) is a transmembrane receptor tyrosine kinase (RTK) 
that plays a role in the intracellular signal transduction pathways 
involved in cell growth, survival, and angiogenesis (14). The role of 
CD117 expression has been investigated in human medicine across 
various tumors (15–21), and its dysregulation has been shown to have 
implications in the development of gastrointestinal stromal tumors 
(GISTs), melanomas, acute myeloid leukemias (AMLs), and 
seminomas (16, 22). In veterinary medicine, CD117 expression has 
been investigated extensively in canine GISTs (23) and canine mast 
cell tumors (MCTs) (24–27). Sparse information is available about 
CD117 expression in other tumor types in canines. Studies have 
primarily focused on the differential diagnosis of GISTs and 
leiomyosarcomas (28, 29) and carcinomas (30–35), but studies on 
canine STSs are scarce (23, 35, 36).

Mutations in the c-kit proto-oncogene, especially in exons 8, 9, 11, 
and 17, lead to CD117 dysregulation and oncogenesis (16, 37). These 
mutations have been extensively investigated in human medicine due 
to their implications as prognostic factors related to survival time and 
as response to targeted therapy (21, 22). In veterinary medicine, c-kit 
mutations have been studied only in canine MCTs (24), where they are 
associated with increased recurrence rates (27) but do not predict the 
response to tyrosine kinase inhibitor (TKI) treatment (38), and in 
canine GISTs (39), where the administration of TKIs has proved 
successful despite the absence of c-kit gene mutations (39). In addition, 
c-kit gene mutations have been sporadically reported in dogs with 
hemangiosarcomas (40), melanomas (41), STSs (41), and 
osteosarcomas (41).

CD117 represents a good target for TKIs, a class of molecules 
acting as specific antineoplastic drugs that are effective in controlling 
cancers in humans (42) and, more recently, in companion animals (43).

Given the scarcity of available data, the present study aims to 
assess the protein expression of CD117 and mutations in different 
canine STS histotypes and investigate the potential of TKI targeting 
for improving therapeutical management in selected canine STSs.

Materials

Ethics

This study was approved by Organo Preposto al Benessere 
Animale (OPBA), the Institutional Animal Welfare Organization of 
the University of Milano, Italy (protocol no.: 60-2022).

The experiments conducted in this study involved privately owned 
dogs that spontaneously developed STSs. Internationally established 
and recognized high standards (“best practice”) of veterinary clinical 
care for the individual patient were always followed. Written informed 
consent was obtained from dog owners for all diagnostic and treatment 
procedures as well as for the use of data for scientific purposes.

Case selection

Tissue samples included in the study were derived from either 
incisional biopsy or curative intent surgery of spontaneous canine 
STSs performed between 2002 and 2023 and stored in the archives of 
the Department of Veterinary Medicine and Animal Sciences 
(DIVAS), University of Milano, Italy; Department of Veterinary 
Medicine (DIMEVET), University of Bologna, Italy; and BiEsseA-Scil 
Laboratorio Analisi Veterinarie, Milano, Italy.

For all samples, information on dog signalment, tumor site, and 
diagnosis was collected.

Histopathological analysis

Histological slides were reviewed by four pathologists, among 
whom two pathologists (GA and PR) were certified by the European 
College of Veterinary Pathology (ECVP) board, one ECVP resident 
(SD), and one doctor of veterinary medicine (DVM, GG). A 
histopathology analysis was performed through visual examination 
of 4-μm sections of formalin-fixed paraffin-embedded (FFPE) tissues, 
which were routinely processed and stained with hematoxylin and 
eosin (H&E). Tumors were histologically classified, subtyped, and 
graded according to the most recent classification (6). Definitive 
tumor diagnoses were confirmed using selected 
immunohistochemical (IHC) markers when only morphological 
features were insufficient to determine the histotype with certainty, 
as previously performed (44, 45). Diagnoses of doubtful cases of 
malignant nerve sheath tumors (MNSTs) were confirmed by the 
positive expression of nerve growth factor receptor (NGFR), while 
the diagnoses of rhabdomyosarcomas (RMSs) were confirmed by the 
positive expression of desmin.

Besides diagnosis, morphological features such as the percentage 
of necrosis and mitotic count were assessed for grade assignment. In 
addition, histological sections were investigated for necrosis by 
visually estimating the percentage of the section that was necrotic and 
categorizing it as absent, less than 50%, or more than 50% (6, 46). 
Mitotic counting was carried out using an Olympus BX51 microscope 
with a 40x objective and a 10x FN22 ocular eyepiece, counting 10 
non-overlapping fields of the tumor, which corresponded to an area 
of 2.37 mm2, the standard area to be counted for grading (47–49). 
Fields were selected in less differentiated and more cellular areas that 
showed no to minimal microhemorrhage or edema and lacked 
necrosis. Histological grading was performed in accordance with the 
Surgical Pathology of Tumors of Domestic Animals (6).

Immunohistochemical analysis

CD117 expression was analyzed on 4-μm paraffin sections by 
mounting them on poly-L-lysine-coated slides and staining them with 
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an anti-CD117 primary antibody (Dako, Agilent Technologies, 
Glostrup, Denmark), whose cross-reactivity with canine tissues had 
been demonstrated previously (50–52).

Briefly, the sections were subjected to combined deparaffinization, 
hydration, and antigen retrieval in a pH 9.0 working solution (Buffer 
H, Epredia, Breda, Netherlands) that was preheated at 97°C in a water 
bath for 20 min, followed by the quenching of endogenous peroxidase 
activity with 0.3% hydrogen peroxide and incubation with anti-CD117 
primary antibody at a 1:400 ratio for 1 h at room temperature. After 
30 min of incubation with a biotinylated secondary antibody (goat 
anti-rabbit, Vector, CA, United States) at room temperature, detection 
was performed using the avidin–biotin enzyme complex (ABC Kit, 
Vectastain, Vector, CA, United States) for 30 min. The reaction was 
developed using a diaminobenzidine substrate kit (ImmPACT DAB 
Kit, Vector, CA, United States). Then, sections were counterstained 
with Mayer’s hematoxylin (Diapath, Bergamo, Italy), dehydrated, and 
mounted with Micromount (Diapath, Bergamo, Italy). A positive 
control from Patnaik grade 2, Kiupel low grade mast cell tumor with 
intense membrane and cytoplasmic CD117 positivity was included in 
each run. Negative controls consisted of primary antibody replacement 
with an isotype-matched irrelevant antibody (Rabbit Anti-von 
Willebrand Factor, Dako, Agilent Technologies, Glostrup, Denmark) 
or omission of the primary antibody.

The staining was semi-quantitatively evaluated by visually 
estimating the percentage of positive neoplastic cells (−, 0%; −/+, 
<5%; 1+, 6–25%; 2+, 26–50%; 3+, 51–75%; 4+, >75%). Cases 
expressing CD117  in more than 50% of neoplastic cells were 
considered to have high CD117 expression.

IHC staining included the estimation of staining intensity (1, 
weak; 2, intermediate; 3, strong) and its cellular localization 
(membrane, cytoplasm, and nucleus).

Mutations

Polymerase chain reaction (PCR) amplification of exons 8, 9, and 
11 of c-kit was performed on samples from dogs with high CD117 
expression (i.e., in more than 50% of neoplastic cells) with strong 
intensity to identify mutations in the nucleotide sequence of the proto-
oncogene. From selected FFPE tumor samples, 10-μm-thick sections 
were cut and placed in microcentrifuge tubes. Genomic DNA was 
extracted using the Maxwell RSC DNA FFPE Kit (Promega, Madison, 
WI) following the manufacturer’s instructions. The concentration of 
DNA was evaluated following a fluorometric procedure using a 
Quantus Fluorometer (Promega, Madison, WI). PCR amplification of 
all exons of the c-kit proto-oncogene was performed using previously 
described primer sets and cycling conditions (38, 53).

PCR products were visualized on a QIAxcel Capillary 
Electrophoresis System (Qiagen, Venlo, The Netherlands), and an 
aliquot of samples was also analyzed using polyacrylamide gel 
electrophoresis (PAGE) with a 6% polyacrylamide gel.

CD117 expression associations

The association between the STS histotype, histological grade, and 
CD117 expression in STSs was assessed using Pearson’s χ2 test, and 
the data were analyzed using JASP (version 0.18.3) software. All 

p-values were from two-sided tests, and a p-value of <0.05 was 
considered statistically significant.

Results

Cases

A total of 115 cases were included in the study. Information on the 
dogs’ signalment and clinical presentation is presented in detail in 
Supplementary Table 1 and summarized in Table 1. Of the 115 dogs 
included, 68 were male, of which 9 were castrated, and 44 were female, 
of which 18 were spayed; for 3 dogs, information on sex and 
reproductive status was not available. The age range of these dogs 
ranged from 1 to 16 years, with a mean age of 9.9 years. In addition, 
69 dogs were pure breeds, with Labrador Retriever (17), Golden 
Retriever (7), German Sheperd (4), and Rottweiler (4) being the most 
represented breeds; 41 dogs were crossbreeds, and information about 
the breed was not available for 5 dogs.

The site of STS development was cutaneous/subcutaneous in 101 
out of 115 dogs; of these, 40 were localized in the limbs (22 in the hind 
limb and 18 in the forelimb), 24 in the trunk, 13 in the head and neck 
region, 10 in the axilla, 8 in the perineum, 4 in the inguinal region, 
and 1 case each on back and tail. Among the total of 115 dogs, STS 
was intracavitary in 8 dogs, with localization in retroperitoneum in 4 
dogs, pelvic cavity in 3 dogs, and mesentery in 1dog, and the site of 
STS development was unknown in 6 dogs.

Histopathology

A summary of tumor subtypes and grades is presented in Table 2, 
and further details are included in Supplementary Table 1.

Tumors included 46 liposarcomas, subclassified into pleomorphic 
(24), well-differentiated (15), myxoid (4), and dedifferentiated (3); 27 
perivascular wall tumors (PWTs); 20 leiomyosarcomas; 13 sarcomas 
of fibroblastic origin, subclassified into fibrosarcomas (7) and 
myxosarcomas (6); 6 RMSs; and 3 MNSTs.

Of the 115 tumors, 53 were grade I, 47 grade II, and 15 grade III.

Immunohistochemical expression of c-kit

A summary of IHC staining results are presented in Table 3, and 
further details are included in Supplementary Table  1. CD117 
expression was detected in 43 out of 115 tumors. All myxosarcomas 
and RMSs expressed CD117.

Of the 46 liposarcomas assessed, 7 expressed CD117, of which 2 
were grade I, 2 were grade II, and 3 were grade III. Among the positive 
liposarcomas, 2 were well-differentiated, 2 were pleomorphic, 2 were 
myxoid, and 1 was dedifferentiated.

In all positive liposarcomas, CD117 expression was cytoplasmic 
and was observed in more than 50% of neoplastic cells, and staining 
intensity ranged from intermediate to strong (Figures 1A,D).

Of the 27 PWTs assessed, 16 expressed CD117, among which 8 
were grade I, 5 were grade II, and 3 were grade III. Among these 16 
cases, CD117 expression was high in 11, with 4 being grade I, 4 being 
grade II, and 3 being grade III. Staining was cytoplasmic in all but one 
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case, which showed nuclear expression of CD117. Staining intensity 
was strong in 4 out of 16 cases, intermediate in 9 cases, and weak in 3 
cases (Figures 1B,E).

All 20 leiomyosarcomas were negative for CD117 expression 
(Figures 1C,F). In addition, there were 13 sarcomas of fibroblastic 
origin (fibrosarcoma and myxosarcoma) mentioned in this study, 
among which 12 expressed CD117 (Figures 1G,J). CD117 expression 
was assessed in seven fibrosarcomas: three grade I and four grade 
II. Of these seven tumors, four (two grade I and two grade II) tumors 
expressed CD117 in more than 50% of neoplastic cells; two tumors 
expressed CD117  in less than 50% of cells; and one tumor was 
negative. CD117 staining was cytoplasmic in all positive cases, with 
strong intensity in three cases (two grade I  and one grade II), 
intermediate in two cases (one each of grade I and grade II), and 
variable (intermediate to strong) in one case (grade II).

Furthermore, six myxosarcomas were assessed. All these were 
grade I  and expressed cytoplasmic CD117  in more than 50% of 
neoplastic cells, with intermediate to strong intensity.

Six RMSs were included in this study, consisting of one embryonic 
RMS of the rhabdomyoblastic variant, two pleomorphic RMSs, and 
three cases with an undefined subtype. All RMSs expressed CD117. 
High positivity (more than 50%) was observed in four out of six cases 
(one of grade I, one grade II, and two grade III) (Figures  1H,K). 
Staining intensity was variable, from intermediate to strong, with 
higher intensity observed in more undifferentiated cells. Staining was 
generally cytoplasmic, and in one case, concurrent cytoplasmic and 
membranous staining was observed.

Three MNSTs were included, all of grade I. Of these, two expressed 
cytoplasmic CD117 with weak to strong intensity, with one being 
more than 50% positive (Figures 1I,L). The third case was negative.

CD117 expression associations

When STSs were considered as a group, no significant association 
was found (positive/negative) between histological grade and CD117 
expression (p = 0.574) (Table 4). With respect to stratifying STSs by 
different histotypes, all RMSs expressed CD117 and all 
leiomyosarcomas were CD117 negative.

In liposarcomas, a significant association was observed between 
histological grade and CD117 expression (positive/negative) T
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TABLE 2  Histotype and histological grade of canine soft tissue sarcomas 
included in the study.

Histotype Grade I Grade II Grade 
III

Total

Liposarcomas 18 23 5 46

Perivascular wall 

tumors
10 13 4 27

Leiomyosarcomas 11 6 3 20

Fibroblastic sarcomas 

(fibrosarcomas, 

myxosarcomas)

9 4 0 13

Rhabdomyosarcomas 2 1 3 6

Nerve sheath tumors 3 0 0 3

Total 53 47 15 115
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(p = 0.012), and liposarcomas with higher tumor grades were more 
likely to show positive expression. No significant association was 
observed between CD117 expression and histological grade for PWTs 
(p = 0.190) and sarcomas of fibroblastic origin (p = 0.118) (Table 4). 
In addition, due to the low number of MNSTs, reliable statistical 
analysis could not be conducted.

Similarly, considering STSs as a group, no statistically significant 
association was identified (p = 0.417) between tumor grade and 
percentage of CD117-positive neoplastic cells.

While stratifying tumors by histotype, a significant association 
between tumor grade and percentage of CD117-positive neoplastic 
cells was observed in liposarcomas (p = 0.012), with higher-grade 
liposarcomas expressing CD117 in more than 75% of neoplastic cells. 
No association was observed between percentage of CD117-positive 
neoplastic cells and histological grade for PWTs (p = 0.150), sarcomas 
of fibroblastic origin (p = 0.057), and RMSs (p = 0.287) (Table 5).

Mutations

Among the STSs included in the study, those with strong 
expression in more than 50% of the neoplastic cells, 22 cases were 
submitted for the assessment of mutations in exons 8, 9, and 11 of the 
c-kit gene: six sarcomas of fibroblastic origin (two fibrosarcomas and 
four myxosarcomas), six PWTs, three liposarcomas, five RMSs, and 
two MNSTs. No tumors had mutations in the tested exons of the 
c-kit gene.

Discussion

CD117 expression and c-kit gene mutations were analyzed in 
different canine STS tumor types to explore the usefulness of 
targeted therapies in controlling the disease as STSs may often 
relapse, may be non-resectable, and can occasionally metastasize. 
Combining adjuvant target-specific anticancer therapies with 
current therapeutic protocols could be a useful approach as this 
could reduce the rate of local recurrence, extend the disease-free 

interval, and prevent or control nodal and distant metastases (54). 
This study highlights the importance of assessing potential 
molecular targets to expand therapeutic options for STSs, 
considering their frequent local recurrence and occasional 
metastatic behavior (7). In the present study, 37% of all analyzed 
canine STSs expressed CD117. CD117 expression was variable 
depending on histotypes, ranging from 100% expression in 
rhabdomyosarcomas to the lack of expression in leiomyosarcomas, 
and expression was variable depending by the histotype. In 
addition, studies have reported variations in CD117 expression in 
human STSs, from 0 to 20% of the cases (20, 55), and the lack of 
CD117 expression in leiomyosarcomas allows us to differentiate 
them from GISTs that are CD117 positive (56).

In this study, the highest percentage of CD117-positive cases was 
observed in RMSs. This observation is a novel finding that needs 
further confirmation as the cases included were few to draw strong 
conclusions. However, if this observation is confirmed in studies with 
a larger sample size, the use of TKIs in RMSs can be explored in 
clinical studies. This finding is of relevance as RMSs, especially 
alveolar and embryonic variants, may develop in young dogs (57). It 
is worth noting that most RMSs tend to be infiltrative and that some 
variants such as alveolar have been reported to develop distant 
metastases (57). RMSs in humans may also develop in pediatric 
patients and may express CD117 (15, 19, 55, 58). Furthermore, in 
human RMSs, CD117 expression correlates with the histological 
subtype (15), with a lack of CD117 expression in alveolar and botryoid 
RMSs and a consistent expression in RMSs with spindle 
cell morphology.

Although observations on RMSs are not always comparable 
between humans and animals and CD117 expression data in RMSs 
are lacking in veterinary medicine, the association between RMS 
subtype and CD117 expression in dogs should be investigated.

Tumors of fibroblastic origin expressed CD117 in 92% of cases (12 
out of 13), with a case of fibrosarcoma being the only negative tumor. 
CD117 expression in tumors of fibroblastic origin has been previously 
analyzed only in canine oral fibrosarcomas (59), a tumor type that is 
consistently CD117 negative. Our findings are in contrast to those 
from reports on human STSs as sarcomas of fibroblastic origin have 

TABLE 3  Immunohistochemical expression of CD117 in canine soft tissue sarcomas included in the study.

Cases with positive neoplastic 
cells

Staining intensity

Tumor type No. of 
cases

No. of 
positive 

cases (%)

- 1+ 2+ 3+ 4+ Weak Intermediate Strong

Liposarcomas 46 7 (15%) 39 0 0 0 7 0 2 5

Perivascular wall tumors 27 16 (59%) 11 4 1 5 6 3 9 4

Leiomyosarcomas 20 0 (0%) 20 0 0 0 0 0 0 0

Sarcomas of fibroblastic 

origin (fibrosarcomas, 

myxosarcomas)

13 12 (92%) 1 0 2 3 7 0 5 † 7

Rhabdomyosarcomas 6 6 (100%) 0 2 0 2 2 1 ‡ 2 3 §

Nerve sheath tumors 3 2 (67%) 1 1 0 0 1 1 0 1

Total 115 43 72 7 3 10 23 5 18 20

Symbols: -, <5% positive neoplastic cells; 1+, 6–25% positive neoplastic cells; 2+, 26–50% positive neoplastic cells; 3+, 51–75% positive neoplastic cells; 4+, >75% positive neoplastic cells; †, 
two cases showed variable staining intensity, from intermediate to strong; ‡, one case showed variable staining intensity, from weak to strong; §, one case showed variable staining intensity, 
from intermediate to strong.
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been found to express CD117 in percentages ranging from 0 to 74% 
of tumors (19, 55, 58).

Regarding both RMSs and tumors of fibroblastic origin, the 
present study lacks a sufficient number of cases to draw definitive 
conclusions about their CD117 expression, which necessitates future 
research. However, the preliminary results suggest that a majority of 
RMSs and tumors of fibroblastic origin may overexpress CD117, 
which indicates the opportunity for TKI-based therapy in dogs with 
unresectable disease with or without distant metastasis.

Two out of three canine MNSTs expressed strong cytoplasmic 
CD117, but the number of cases was too low to provide a representative 
percentage and conduct a reliable statistical analysis. Thus, this 
observation cannot be compared to, or supported by, other data in 
veterinary medicine. This limitation regarding the small number of 
MNSTs should be overcome in future studies, and the present results 
should be interpreted with caution. Nevertheless, our observation is 
in line with data reported in human medicine where up to 81% of 
MNSTs express CD117 (19, 55, 58).

FIGURE 1

Hematoxylin and eosin (H&E) staining and immunohistochemical (IHC) expression of CD117 in the investigated histotypes of canine soft tissue 
sarcomas. (A) Liposarcoma, grade II, H&E. (B) Perivascular wall tumor, grade III, H&E. (C) Leiomyosarcoma, grade II, H&E. (D) Liposarcoma, grade II, 
IHC. CD117 is expressed in more than 75% of neoplastic cells (score 4+) with strong intensity (score 3). (E) Perivascular wall tumor, IHC. CD117 
expression in 50–75% of neoplastic cells (score 3+) with weak to intermediate intensity (score 1). (F) Leiomyosarcoma, grade II, IHC. Negative 
expression of CD117. (G) Fibrosarcoma, grade I, H&E. (H) Rhabdomyosarcoma, grade II, H&E. (I) Malignant nerve sheath tumor, H&E. (J) Fibrosarcoma, 
grade I, IHC. CD117 is expressed in more than75% of neoplastic cells (score 4+) with strong intensity (score 3). (K) Rhabdomyosarcoma, grade II, IHC. 
CD117 expression in 50–75% of neoplastic cells (score 3+) with variable intensity from weak to strong (score 2). (L) Malignant nerve sheath tumor, 
CD117 expression in 5–25% of neoplastic cells (score 1+) with weak intensity (score 1).
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In this study, 59% (16 of 27) of the PWTs variably expressed 
cytoplasmic CD117. PWTs are a common type of canine STSs 
developing more frequently in medium to large breed dogs and 
generally displaying a favorable prognosis (11). To our knowledge, a 
direct comparison is not possible due to the lack of similar studies on 
canine PWTs in veterinary medicine. However, in human medicine, 
the percentage of the formerly called hemangiopericytomas expressing 
CD117 varies from 0 to 20% (19). However, a proper comparison 
between canine and human PWTs is complex as human soft tissue 
hemangiopericytoma has been reclassified as solitary fibrous tumor 
(60); therefore, it is no longer included among PWTs. Other 
perivascular tumor types such as myopericytoma are rarer in humans 
than in dogs. In our cases, no association was found between CD117 
expression and tumor grade, which is consistent with the finding on 
the expression of other TKRs in canine PWTs (61).

Of the liposarcomas included in this study, 15% (7 out of 46) 
expressed CD117; on the contrary, in human medicine, no CD117 
expression has been found in liposarcomas (19, 55). This observation 
of CD117 expression in a minority of cases may support the hypothesis 
that CD117 overexpression is not primarily involved in cell 
proliferation and neoplastic transformation of canine 
liposarcomas (36).

Canine liposarcomas are rare but can be highly infiltrative and can 
recur locally (62), and the treatment of choice remains surgery. 
Among the STS histotypes included in the present study, liposarcoma 
was the only group of tumors where a significant association was 
observed between tumor grade and CD117 expression. No association 
has been previously reported between liposarcomas and CD117 
expression in humans or in other animal species. However, a previous 
study has reported a correlation between tumor grade and CD117 
expression in canine mast cell tumors (63). In addition, the association 
between the expression of platelet-derived growth factor receptor beta 

(PDGFRβ) and Ki67 labeling index has been reported in canine 
liposarcomas (36). Together, these findings suggest that multiple 
TKR-mediated pathways can be involved in the cellular proliferation 
of canine liposarcomas.

Although numerous liposarcomas were included in the present 
study, some variants were underrepresented. In future studies, to 
confirm the association of CD117 positivity with each morphological 
neoplastic variant, the number of cases needs to be  increased. 
Attention should be  paid to myxoid liposarcoma, which was 
uncommon in the present study but, based on recent studies, seems 
to represent a distinct entity compared with other types of canine 
liposarcomas (64, 65).

Consistent with previous reports in veterinary medicine (50), 
leiomyosarcomas included in the present study were always CD117 
negative, a finding that further supports the role of CD117 as a 
diagnostic marker to differentiate leiomyosarcomas (CD117 negative) 
from GISTs (CD117 positive) (29) in dogs and in some human GIST 
cases (56).

This observation is in contrast to those from studies on human 
leiomyosarcomas, which have been reported to express CD117  in 
37–82% of cases (18, 20, 58), whereas other studies have reported 
CD117-negative results for leiomyosarcomas (55, 66).

Notably, a high interstudy variability regarding CD117 expression 
in human sarcomas was observed, which constrains a more accurate 
comparison between canine and human STSs and CD117 expression. 
In human medicine literature, this variability has been attributed to 

TABLE 4  Association between CD117 expression and tumor grade in 
canine soft tissue sarcomas, evaluated using Pearson’s χ2 test.

CD117 expression

Negative Positive p

All soft tissue sarcomas

Grade I 20 11 0.574

Grade II 38 20

Grade III 14 12

Liposarcomas

Grade I 16 2 0.012*

Grade II 21 2

Grade III 2 3

Perivascular wall tumors

Grade I 2 8 0.190

Grade II 7 5

Grade III 2 3

Fibroblastic sarcomas

Grade I 0 9
0.118

Grade II 1 3

A p-value of <0.05 was considered statistically significant. * = p < 0.05.

TABLE 5  Association between the percentage of CD117-positive cells and 
tumor grade in canine soft tissue sarcomas, evaluated using Pearson’s χ2 
test.

Percentage of CD117-positive cells

<5% 5–25% 26–
50%

51–
75%

>75% p

All soft tissue sarcomas

Grade I 20 1 1 4 5 0.417

Grade II 38 6 1 3 10

Grade III 14 0 1 3 8

Liposarcomas

Grade I 16 0 0 0 2 0.012*

Grade II 21 0 0 0 2

Grade III 2 0 0 0 3

Perivascular wall tumors

Grade I 2 4 0 2 2 0.150

Grade II 7 0 1 1 3

Grade III 2 0 0 2 1

Fibroblastic sarcomas

Grade I 0 0 1 1 7
0.057

Grade II 1 0 1 2 0

Rhabdomyosarcomas

Grade I 0 1 1 0 0

0.287Grade II 0 0 1 0 0

Grade III 0 1 0 2 0

A p-value of <0.05 was considered statistically significant. * = p < 0.05.
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the application of different classification systems, possible 
misclassifications of some tumors, and technical inconsistencies in the 
IHC protocols applied in different studies (55).

Regarding c-kit mutations, exons 8, 9, and 11 were chosen because 
their mutations have been more frequently reported in dogs (67, 68). 
In the present study, none of the 22 canine STSs assessed showed 
mutations in these exons. These same exons have been demonstrated 
to frequently contain activating mutations in canine MCTs, leading to 
proliferation independent of the action of the growth factor (67). The 
mutational state of the c-kit gene can influence the efficacy of TKIs in 
both humans (21, 69) and dogs (70, 71). In human medicine, tumors 
with mutations in exon 11 appear to be more responsive to TKIs than 
those with mutations in exon 9, and tumors without mutations seem 
not to benefit from this therapeutic approach (19, 72).

Similarly, dogs having MCTs with an internal tandem duplication 
(ITD) mutation in c-kit gene exon 11 seem approximately two times 
as responsive to treatment with the TKI toceranib phosphate as dogs 
with MCTs harboring the wild-type c-kit gene (24, 25, 27, 43).

In canine MCTs, a correlation between tumor grade and the 
presence of mutations in the juxtamembrane domain of CD117 has 
been reported, with mutations more frequently observed in grade II 
and III MCTs (73). Furthermore, MCTs with ITD mutations have a 
significantly higher proliferation index, as measured by Ki67 IHC 
staining, and a significantly higher cell cycle progression rate, as 
measured by AgNOR histochemical staining, compared with MCTs 
without an ITD mutation (26).

In canine GISTs, mutations in c-kit exon 11 are involved in tumor 
emergence by inducing ligand-independent phosphorylation, which 
suggests the therapeutic potential of TKIs in this tumor type (29, 39). 
Nevertheless, the efficacy of TKIs has been reported in some cases of 
dogs affected by GISTs showing strong IHC cytoplasmic positivity for 
CD117 and lacking mutations in c-kit exons 8 and 11 (39). This is a 
relevant finding as the lack of c-kit mutations in a tumor does not 
imply a lack of responsiveness to TKI treatment as long as CD117 is 
expressed, which suggests the involvement of alternative mechanisms 
in CD117 activation and response to TKI treatments. These alternative 
mechanisms can include overexpression of non-mutated CD117, 
intervention of other RTKs, mutated or overactive effector molecules 
in CD117 downstream pathways, or mutations in unevaluated exons.

Because alternative mechanisms may drive tumor growth, 
alongside or independent of c-kit mutations, a more in-depth 
investigation into these mechanisms is recommended to support the 
use of TKIs alongside agents targeting putative activating mechanisms 
(e.g., inhibition of the downstream pathway).

While only three c-kit exons 8, 9 and 11 were assessed for 
mutations in the present study, it is speculated that other exons also 
contribute to oncogenesis in canine malignancies. Mutations in exons 
12, 14, and 17 have been reported in canine MCTs (51, 67, 70). In 
humans, mutations in c-kit exon 13 have been observed in GISTs (66) 
and mutations in exon 17 have been reported in mastocytosis (21, 74). 
Thus, oncogenesis in canine sarcomas could be driven by mutations 
in exons other than those investigated in the present study.

This study provides novel insights into CD117 expression in 
different histotypes of canine STSs but has some limitations, including 
underrepresentation of some histotypes, low statistical reliability of 
the analyses conducted, a lack of information regarding the mutational 
status of exons 12, 13 and 17, and a lack of a more objective 
quantification of CD117 immunolabeling using image analysis. 

Another limitation is the lack of follow-up data regarding the cases 
included, which prevents us from drawing conclusions about the 
correlation between CD117 expression and clinical outcome, with or 
without TKI therapy. Further prospective studies are needed to 
address these knowledge gaps.

Conclusion

To the best of the authors’ knowledge, the present study is the 
first investigative study of CD117 expression and c-kit gene mutation 
in different canine STS histotypes. Our findings suggest that 
analyzing CD117 expression may be useful in several canine STS 
tumor types, especially in those exhibiting clinically aggressive 
behavior and/or high tumor grade, to include additional adjuvant 
treatment protocols. While this study did not clearly demonstrate the 
role of mutations in c-kit exons 8, 9, and 11 in STSs, a more extensive 
assessment of c-kit gene mutations and their therapeutic and 
prognostic significance in canine STSs should be  conducted in 
future studies.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The animal studies were approved by Organo Preposto al 
Benessere Animale (OPBA), University of Milano, Italy, Protocol 
#60-2022. The studies were conducted in accordance with the local 
legislation and institutional requirements. Written informed consent 
was obtained from the owners for the participation of their animals in 
this study.

Author contributions

SD’A: Conceptualization, Formal analysis, Investigation, 
Visualization, Writing – original draft, Writing – review & editing. 
VB: Conceptualization, Formal analysis, Investigation, Visualization, 
Writing – original draft, Writing – review & editing. DS: Formal 
analysis, Investigation, Resources, Visualization, Writing – review & 
editing. GA: Formal analysis, Investigation, Resources, Visualization, 
Writing  – review & editing. GG: Formal analysis, Investigation, 
Resources, Visualization, Writing – review & editing. SP: Formal 
analysis, Investigation, Resources, Visualization, Writing – review & 
editing. RF: Investigation, Writing  – review & editing. LA: 
Investigation, Writing  – review & editing. EG: Investigation, 
Writing – review & editing. AU: Investigation, Writing – review & 
editing. CR: Investigation, Writing  – review & editing. AV: 
Investigation, Writing – review & editing. PR: Conceptualization, 
Investigation, Project administration, Validation, Visualization, 
Writing – review & editing.

https://doi.org/10.3389/fvets.2025.1572923
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Dell’Aere et al.� 10.3389/fvets.2025.1572923

Frontiers in Veterinary Science 09 frontiersin.org

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. The authors acknowledge 
the support of the APC central fund of the University of Milan in the 
publication of the present article.

Conflict of interest

SP was employed by Antech Company.
The remaining authors declare that the research was conducted in 

the absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that Gen AI was used in the creation of this 
manuscript. The authors acknowledge the use of ChatGPT (model 4o) 

to assist in grammar, spelling, and syntax refinement during the 
preparation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fvets.2025.1572923/
full#supplementary-material

References
	1.	Dennis MM, McSporran KD, Bacon NJ, Schulman FY, Foster RA, Powers BE. 

Prognostic factors for cutaneous and subcutaneous soft tissue sarcomas in dogs. Vet 
Pathol. (2011) 48:73–84. doi: 10.1177/0300985810388820

	2.	Bray JP. Soft tissue sarcoma in the dog – part 1: a current review. J Small Anim Pract. 
(2016) 57:510–9. doi: 10.1111/jsap.12556

	3.	Bray JP, Polton GA, Mcsporran KD, Bridges J, Whitbread TM. Canine soft tissue 
sarcoma managed in first opinion practice: outcome in 350 cases. Vet Surg. (2014) 
43:774–82. doi: 10.1111/j.1532-950X.2014.12185.x

	4.	Linden D, Liptak JM, Vinayak A, Grimes JA, Sandey M, Smiley W, et al. Outcomes 
and prognostic variables associated with primary abdominal visceral soft tissue 
sarcomas in dogs: a veterinary Society of Surgical Oncology retrospective study. Vet 
Comp Oncol. (2019) 17:265–70. doi: 10.1111/vco.12456

	5.	Ferrari R, Marconato L, Boracchi P, Stefanello D, Godizzi F, Murgia D, et al. Splenic 
stromal sarcomas in dogs: outcome and clinicopathological prognostic factors in 32 
cases. Vet Comp Oncol. (2023) 22:12–21. doi: 10.1111/vco.12941

	6.	Roccabianca P, Schulman FY, Avallone G, Foster RA, Scruggs JL, Dittmer K, et al. 
Surgical pathology of tumors of domestic animals. Volume 3: Tumors of Soft Tissue. 
15th ed. Gurnee, Illinois: Davis-Thompson DVM Foundation (2020). 309 p.

	7.	Dell’Anno F, Giugliano R, Listorti V, Razzuoli E. A review on canine and human 
soft tissue sarcomas: new insights on prognosis factors and treatment measures. Vet Sci. 
(2024) 11:362. doi: 10.3390/vetsci11080362

	8.	Bray JP. Soft tissue sarcoma in the dog – part 2: surgical margins, controversies and 
a comparative review. J Small Anim Pract. (2017) 58:63–72. doi: 10.1111/jsap.12629

	9.	Stefanello D, Morello E, Roccabianca P, Iussich S, Nassuato C, Martano M, et al. 
Marginal excision of low-grade spindle cell sarcoma of canine extremities: 35 dogs 
(1996–2006). Vet Surg. (2008) 37:461–5. doi: 10.1111/j.1532-950X.2008.00408.x

	10.	Torrigiani F, Pierini A, Lowe R, Simčič P, Lubas G. Soft tissue sarcoma in dogs: a 
treatment review and a novel approach using electrochemotherapy in a case series. Vet 
Comp Oncol. (2019) 17:234–41. doi: 10.1111/vco.12462

	11.	Stefanello D, Avallone G, Ferrari R, Roccabianca P, Boracchi P. Canine cutaneous 
Perivascular Wall tumors at first presentation: clinical behavior and prognostic factors 
in 55 cases. J Vet Intern Med. (2011) 25:1398–405. doi: 10.1111/j.1939-1676.2011.00822.x

	12.	Chiti LE, Ferrari R, Roccabianca P, Boracchi P, Godizzi F, Busca GA, et al. Surgical 
margins in canine cutaneous soft-tissue sarcomas: a dichotomous classification system 
does not accurately predict the risk of local recurrence. Animals. (2021) 11:2367. doi: 
10.3390/ani11082367

	13.	Avallone G, Boracchi P, Stefanello D, Ferrari R, Rebughini A, Roccabianca P. 
Canine Perivascular Wall tumors: high prognostic impact of site, depth, and 
completeness of margins. Vet Pathol. (2014) 51:713–21. doi: 10.1177/0300985813503565

	14.	Ashman LK. The biology of stem cell factor and its receptor C-kit. Int J Biochem 
Cell Biol. (1999) 31:1037–51. doi: 10.1016/S1357-2725(99)00076-X

	15.	Diniz G, Aktas S, Ortac R, Tunakan M, Unlu I, Vergin C. Kit expression in spindle 
cell rhabdomyosarcoma can possibly create a different approach for its tumorigenesis 
and therapy. Pathol Res Pract. (2006) 202:671–7. doi: 10.1016/j.prp.2006.04.007

	16.	Miettinen M, Lasota J. KIT (CD117): a review on expression in Normal and 
neoplastic tissues, and mutations and their Clinicopathologic correlation. Rev Lit Arts 
Am. (2005) 13:205–20. doi: 10.1097/01.pai.0000173054.83414.22

	17.	Miettinen M. Immunohistochemistry of soft tissue tumours—review with 
emphasis on 10 markers. Histopathology. (2014) 64:101–18. doi: 10.1111/his.12298

	18.	Sato O, Wada T, Kawai A, Yamaguchi U, Makimoto A, Kokai Y, et al. Expression 
of epidermal growth factor receptor, ERBB2 and KIT in adult soft tissue sarcomas: a 
clinicopathologic study of 281 cases. Cancer. (2005) 103:1881–90. doi: 
10.1002/cncr.20986

	19.	Went PT, Dirnhofer S, Bundi M, Mirlacher M, Schraml P, Mangialaio S, et al. 
Prevalence of KIT expression in human tumors. J Clin Oncol. (2004) 22:4514–22. doi: 
10.1200/JCO.2004.10.125

	20.	Potti A, Ganti AK, Foster H, Knox S, Hebert BJ, Tendulkar K, et al. 
Immunohistochemical detection of HER-2/neu, c-kit (CD117) and vascular endothelial 
growth factor (VEGF) overexpression in soft tissue sarcomas. Anticancer Res. (2004) 
24:333–7.

	21.	Abdellateif MS, Bayoumi AK, Mohammed MA. C-kit receptors as a therapeutic 
target in Cancer: current insights. Onco Targets Ther. (2023) 16:785–99. doi: 
10.2147/OTT.S404648

	22.	Sheikh E, Tran T, Vranic S, Levy A, Bonfil RD. Role and significance of c-KIT 
receptor tyrosine kinase in cancer: a review. Bosn J Basic Med Sci. (2022) 22:683–98. doi: 
10.17305/bjbms.2021.7399

	23.	del Alcazar CM, Mahoney JA, Dittrich K, Stefanovski D, Church ME. Outcome, 
prognostic factors and histological characterization of canine gastrointestinal sarcomas. 
Vet Comp Oncol. (2021) 19:578–86. doi: 10.1111/vco.12696

	24.	Vozdova M, Kubickova S, Fictum P, Cernohorska H, Fröhlich J, Rubes J. Mutation 
and methylation status of KIT and TP53 in canine cutaneous and subcutaneous mast 
cell tumours. Vet Comp Oncol. (2020) 18:438–44. doi: 10.1111/vco.12543

	25.	Kiupel M, Webster JD, Kaneene JB, Miller R, Yuzbasiyan-Gurkan V. The use of 
KIT and tryptase expression patterns as prognostic tools for canine cutaneous mast cell 
tumors. Vet Pathol. (2004) 41:371–7. doi: 10.1354/vp.41-4-371

	26.	Webster JD, Yuzbasiyan-Gurkan V, Miller RA, Kaneene JB, Kiupel M. Cellular 
proliferation in canine cutaneous mast cell tumors: associations with c-KIT and its role 
in prognostication. Vet Pathol. (2007) 44:298–308. doi: 10.1354/vp.44-3-298

	27.	Webster JD, Yuzbasiyan-Gurkan V, Kaneene JB, Miller RA, Resau JH, Kiupel M. 
The role of c-KIT in tumorigenesis: evaluation in canine cutaneous mast cell tumors. 
Neoplasia. (2006) 8:104–11. doi: 10.1593/neo.05622

	28.	Russell KN, Mehler SJ, Skorupski KA, Baez JL, Shofer FS, Goldschmidt MH. 
Clinical and immunohistochemical differentiation of gastrointestinal stromal tumors 
from leiomyosarcomas in dogs: 42 cases (1990–2003). J Am Vet Med Assoc. (2007) 
230:1329–33. doi: 10.2460/javma.230.9.1329

	29.	Hayes S, Yuzbasiyan-Gurkan V, Gregory-Bryson E, Kiupel M. Classification of 
canine Nonangiogenic, Nonlymphogenic, gastrointestinal sarcomas based on 
microscopic, Immunohistochemical, and molecular characteristics. Vet Pathol. (2013) 
50:779–88. doi: 10.1177/0300985813478211

https://doi.org/10.3389/fvets.2025.1572923
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fvets.2025.1572923/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2025.1572923/full#supplementary-material
https://doi.org/10.1177/0300985810388820
https://doi.org/10.1111/jsap.12556
https://doi.org/10.1111/j.1532-950X.2014.12185.x
https://doi.org/10.1111/vco.12456
https://doi.org/10.1111/vco.12941
https://doi.org/10.3390/vetsci11080362
https://doi.org/10.1111/jsap.12629
https://doi.org/10.1111/j.1532-950X.2008.00408.x
https://doi.org/10.1111/vco.12462
https://doi.org/10.1111/j.1939-1676.2011.00822.x
https://doi.org/10.3390/ani11082367
https://doi.org/10.1177/0300985813503565
https://doi.org/10.1016/S1357-2725(99)00076-X
https://doi.org/10.1016/j.prp.2006.04.007
https://doi.org/10.1097/01.pai.0000173054.83414.22
https://doi.org/10.1111/his.12298
https://doi.org/10.1002/cncr.20986
https://doi.org/10.1200/JCO.2004.10.125
https://doi.org/10.2147/OTT.S404648
https://doi.org/10.17305/bjbms.2021.7399
https://doi.org/10.1111/vco.12696
https://doi.org/10.1111/vco.12543
https://doi.org/10.1354/vp.41-4-371
https://doi.org/10.1354/vp.44-3-298
https://doi.org/10.1593/neo.05622
https://doi.org/10.2460/javma.230.9.1329
https://doi.org/10.1177/0300985813478211


Dell’Aere et al.� 10.3389/fvets.2025.1572923

Frontiers in Veterinary Science 10 frontiersin.org

	30.	Setyo LC, Donahoe SL, Shearer PL, Wang P, Krockenberger MB. 
Immunohistochemical analysis of expression of VEGFR2, KIT, PDGFR-β, and CDK4 in 
canine urothelial carcinoma. J Vet Diagn Invest. (2023) 35:109–15. doi: 
10.1177/10406387221146247

	31.	Walters L, Martin O, Price J, Sula MM. Expression of receptor tyrosine kinase 
targets PDGFR-β, VEGFR2 and KIT in canine transitional cell carcinoma. Vet Comp 
Oncol. (2018) 16:E117–E122. doi: 10.1111/vco.12344

	32.	Brown RJ, Newman SJ, Durtschi DC, Leblanc AK. Expression of PDGFR-β and kit 
in canine anal sac apocrine gland adenocarcinoma using tissue immunohistochemistry. 
Vet Comp Oncol. (2012) 10:74–9. doi: 10.1111/j.1476-5829.2011.00286.x

	33.	Urie BK, Russell DS, Kisseberth WC, London CA. Evaluation of expression and 
function of vascular endothelial growth factor receptor 2, platelet derived growth factor 
receptors-alpha and-beta, KIT, and RET in canine apocrine gland anal sac 
adenocarcinoma and thyroid carcinoma. BMC Vet Res. (2012) 8:1. doi: 
10.1186/1746-6148-8-67

	34.	Mallon HE, Ramírez GA, Dolenšek T, Erles K, Martí-Garcia B, Priestnall SL, et al. 
CD117 expression in canine ovarian tumours. J Comp Pathol. (2024) 212:1–5. doi: 
10.1016/j.jcpa.2024.05.001

	35.	Dos Anjos DS, Civa PAS, Werner J, Vicente IST, Fonseca-Alves CE. 
Immunohistochemistry screening of different tyrosine kinase receptors in canine solid 
tumors—part I: proposal of a receptor panel to predict therapies. Int J Mol Sci. (2024) 
25:8438. doi: 10.3390/ijms25158438

	36.	Avallone G, Pellegrino V, Roccabianca P, Lepri E, Crippa L, Beha G, et al. Tyrosine 
kinase receptor expression in canine Liposarcoma. Vet Pathol. (2017) 54:212–7. doi: 
10.1177/0300985816671379

	37.	Romagnoli S, Graziani D, Bramerio M, Gambacorta M, Colombo P, Roncalli M, 
et al. Immunohistochemical profile and c-kit mutations in gastrointestinal stromal 
tumors. Pathol Res Pract. (2005) 201:71–81. doi: 10.1016/j.prp.2005.01.005

	38.	Weishaar KM, Ehrhart EJ, Avery AC, Charles JB, Elmslie RE, Vail DM, et al. C-kit 
mutation and localization status as response predictors in mast cell tumors in dogs 
treated with prednisone and Toceranib or vinblastine. J Vet Intern Med. (2018) 
32:394–405. doi: 10.1111/jvim.14889

	39.	Elliott JW, Swinbourne F, Parry A, Baines L. Successful treatment of a metastatic, 
gastrointestinal stromal tumour in a dog with toceranib phosphate (Palladia). J Small 
Anim Pract. (2017) 58:416–8. doi: 10.1111/jsap.12657

	40.	Chen YC, Liao JW, Hsu WL, Chang SC. Identification of the two KIT isoforms and 
their expression status in canine hemangiosarcomas. BMC Vet Res. (2016) 12:1–8. doi: 
10.1186/s12917-016-0772-y

	41.	Wu K, Rodrigues L, Post G, Harvey G, White M, Miller A, et al. Analyses of canine 
cancer mutations and treatment outcomes using real-world clinico-genomics data of 
2119 dogs. NPJ Precis Oncol. (2023) 7:1–8. doi: 10.1038/s41698-023-00346-3

	42.	Huang L, Jiang S, Shi Y. Tyrosine kinase inhibitors for solid tumors in the past 20 
years (2001–2020). J Hematol Oncol. (2020) 13:1–23. doi: 10.1186/s13045-020-00977-0

	43.	London CA. Tyrosine kinase inhibitors in veterinary medicine. Top Companion 
Anim Med. (2009) 24:106–12. doi: 10.1053/j.tcam.2009.02.002

	44.	Sisó S, Marco-Salazar P, Roccabianca P, Avallone G, Higgins RJ, Affolter VK. Nerve 
Fiber Immunohistochemical panel discriminates between nerve sheath and Perivascular 
Wall tumors. Vet Sci. (2022) 10:1. doi: 10.3390/vetsci10010001

	45.	Milovancev M, Hauck M, Keller C, Stranahan LW, Mansoor A, Malarkey DE. 
Comparative pathology of canine soft tissue sarcomas: possible models of human non-
rhabdomyosarcoma soft tissue sarcomas. J Comp Pathol. (2015) 152:22–7. doi: 
10.1016/j.jcpa.2014.09.005

	46.	Moore FM, Williams B, Bertram CA, Donovan TA, Klopfleisch R, Meuten DJ, et al. 
Tumor necrosis guideline, version 1.1 [internet]. Veterinary Cancer Guidelines and 
Protocols; (2021) [cited 2024 Oct 27]. Available online at: http://vetcancerprotocols.org

	47.	Meuten DJ, Moore FM, George JW. Mitotic count and the field of view area: time 
to standardize. Vet Pathol. (2016) 53:7–9. doi: 10.1177/0300985815593349

	48.	Avallone G, Rasotto R, Chambers JK, Miller AD, Behling-Kelly E, Monti P, et al. 
Review of histological grading Systems in Veterinary Medicine. Vet Pathol. (2021) 
58:809–28. doi: 10.1177/0300985821999831

	49.	Meuten DJ, Bertram CA, Moore FM, Aubreville M, Donovan TA, Klopfleisch R, 
et al. Veterinary Cancer guidelines and protocols. (2024) [cited 2024 Oct 2]. Mitotic 
Count Guideline, version 1.1. Available online at: https://vcgp.org/documents/2022/03/
mitotic-count-2.pdf/

	50.	Morini M, Bettini G, Preziosi R, Mandrioli L. C-kit gene product (CD117) 
immunoreactivity in canine and feline paraffin sections. J Histochem Cytochem. (2004) 
52:705–8. doi: 10.1177/002215540405200515

	51.	London CA, Galli SJ, Yuuki T, Hu ZQ, Helfand SC, Geissler EN. Spontaneous 
canine mast cell tumors express tandem duplications in the proto-oncogene c-kit. Exp 
Hematol. (1999) 27:689–97. doi: 10.1016/S0301-472X(98)00075-7

	52.	Frost D, Lasota J, Miettinen M. Gastrointestinal stromal tumors and leiomyomas 
in the dog: a histopathologic, immunohistochemical, and molecular genetic study of 50 
cases. Vet Pathol. (2003) 40:42–54. doi: 10.1354/vp.40-1-42

	53.	Conrad D, Kehl A, Muller T, Klopfleisch R, Aupperle-Lellbach H. 
Immunohistochemical and molecular genetic analysis of canine digital mast cell 
Tumours. Animals. (2023) 13:1694. doi: 10.3390/ani13101694

	54.	Maeda S. Second era of molecular-targeted cancer therapies in dogs. J Vet Med Sci. 
(2023) 85:790–8. doi: 10.1292/jvms.23-0204

	55.	Hornick JL, Fletcher CDM. Immunohistochemical staining for KIT (CD117) in 
soft tissue sarcomas is very limited in distribution. Am J Clin Pathol. (2002) 117:188–93. 
doi: 10.1309/LX9U-F7P0-UWDH-8Y6R

	56.	Miettinen M, Sobin LH, Sarlomo-Rikala M. Immunohistochemical spectrum of 
GISTs at different sites and their differential diagnosis with a reference to CD 117 (KIT). 
Mod Pathol. (2000) 13:1134–42. doi: 10.1038/modpathol.3880210

	57.	Caserto BG. A comparative review of canine and human rhabdomyosarcoma with 
emphasis on classification and pathogenesis. Vet Pathol. (2013) 50:806–26. doi: 
10.1177/0300985813476069

	58.	Sabah M, Leader M, Kay E. The problem with KIT: clinical implications and 
practical difficulties with CD117 immunostaining. Appl Immunohistochem Mol Morphol. 
(2003) 11:56–61. doi: 10.1097/00129039-200303000-00010

	59.	Milovancev M, Helfand SC, Marley K, Goodall CP, Löhr CV, Bracha S. 
Antiproliferative effects of masitinib and imatinib against canine oral fibrosarcoma 
in vitro. BMC Vet Res. (2016) 12:85. doi: 10.1186/s12917-016-0712-x

	60.	Fletcher CDM. The evolving classification of soft tissue tumours – an update based 
on the new 2013 WHO classification. Histopathology. (2014) 64:2–11. doi: 10.1111/
his.12267

	61.	Avallone G, Stefanello D, Boracchi P, Ferrari R, Gelain ME, Turin L, et al. Growth 
factors and COX2 expression in canine Perivascular Wall tumors. Vet Pathol. (2015) 
52:1034–40. doi: 10.1177/0300985815575050

	62.	Baez JL, Hendrick MJ, Shofer FS, Goldkamp C, Sorenmo KU. Liposarcomas in 
dogs 56 cases. J Am  Vet Med Assoc. (2004) 224:887–91. doi: 
10.2460/javma.2004.224.887

	63.	Da Costa RMG, Matos E, Rema A, Lopes C, Pires MA, Gärtner F. CD117 
immunoexpression in canine mast cell tumours: correlations with pathological variables 
and proliferation markers. BMC Vet Res. (2007) 3:1–7. doi: 10.1186/1746-6148-3-1

	64.	Avallone G, Muscatello LV, Leoni A, Roccabianca P, Lepri E, Crippa L, et al. p53 
expression in canine Liposarcoma correlates with Myxoid variant and higher 
proliferative activity. Vet Pathol. (2020) 57:620–2. doi: 10.1177/0300985820941501

	65.	Muscatello LV, De Biase D, Maloberti T, Di Oto E, Tallini G, Pellegrino V, et al. 
Analysis of MDM2 and TP53 genes in canine liposarcoma. Sci Rep. (2024) 14:14087. 
doi: 10.1038/s41598-024-64963-z

	66.	Miettinen M, Lasota J. Gastrointestinal stromal tumors—definition, clinical, 
histological, immunohistochemical, and molecular genetic features and differential 
diagnosis. Virchows Arch. (2001) 438:1–12. doi: 10.1007/s004280000338

	67.	Letard S, Yang Y, Hanssens K, Palmérini F, Leventhal PS, Guéry S, et al. Gain-of-
function mutations in the extracellular domain of KIT are common in canine mast cell 
tumors. Mol Cancer Res. (2008) 6:1137–45. doi: 10.1158/1541-7786.MCR-08-0067

	68.	Bonkobara M. Dysregulation of tyrosine kinases and use of imatinib in small 
animal practice. Vet J. (2015) 205:180–8. doi: 10.1016/j.tvjl.2014.12.015

	69.	Maleddu A, Pantaleo MA, Nannini M, Biasco G. The role of mutational analysis 
of KIT and PDGFRA in gastrointestinal stromal tumors in a clinical setting. J Transl 
Med. (2011) 9:75. doi: 10.1186/1479-5876-9-75

	70.	Nakano Y, Kobayashi M, Bonkobara M, Takanosu M. Identification of a secondary 
mutation in the KIT kinase domain correlated with imatinib-resistance in a canine mast 
cell tumor. Vet Immunol Immunopathol. (2017) 188:84–8. doi: 
10.1016/j.vetimm.2017.05.004

	71.	Kobayashi M, Kuroki S, Ito K, Yasuda A, Sawada H, Ono K, et al. Imatinib-
associated tumour response in a dog with a non-resectable gastrointestinal stromal 
tumour harbouring a c-kit exon 11 deletion mutation. Vet J. (2013) 198:271–4. doi: 
10.1016/j.tvjl.2013.05.035

	72.	Heinrich MC, Corless CL, Demetri GD, Blanke CD, Von Mehren M, Joensuu H, 
et al. Kinase mutations and imatinib response in patients with metastatic gastrointestinal 
stromal tumor. J Clin Oncol. (2003) 21:4342–9. doi: 10.1200/JCO.2003.04.190

	73.	Zemke D, Yamini B, Yuzbasiyan-Gurkan V. Mutations in the Juxtamembrane 
domain of c-KIT are associated with higher grade mast cell tumors in dogs. Vet Pathol. 
(2002) 39:529–35. doi: 10.1354/vp.39-5-529

	74.	Cilloni D, Maffeo B, Savi A, Danzero AC, Bonuomo V, Fava C. Detection of KIT 
mutations in systemic Mastocytosis: how, when, and why. Int J Mol Sci. (2024) 25:10885. 
doi: 10.3390/ijms252010885

https://doi.org/10.3389/fvets.2025.1572923
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1177/10406387221146247
https://doi.org/10.1111/vco.12344
https://doi.org/10.1111/j.1476-5829.2011.00286.x
https://doi.org/10.1186/1746-6148-8-67
https://doi.org/10.1016/j.jcpa.2024.05.001
https://doi.org/10.3390/ijms25158438
https://doi.org/10.1177/0300985816671379
https://doi.org/10.1016/j.prp.2005.01.005
https://doi.org/10.1111/jvim.14889
https://doi.org/10.1111/jsap.12657
https://doi.org/10.1186/s12917-016-0772-y
https://doi.org/10.1038/s41698-023-00346-3
https://doi.org/10.1186/s13045-020-00977-0
https://doi.org/10.1053/j.tcam.2009.02.002
https://doi.org/10.3390/vetsci10010001
https://doi.org/10.1016/j.jcpa.2014.09.005
http://vetcancerprotocols.org
https://doi.org/10.1177/0300985815593349
https://doi.org/10.1177/0300985821999831
https://vcgp.org/documents/2022/03/mitotic-count-2.pdf/
https://vcgp.org/documents/2022/03/mitotic-count-2.pdf/
https://doi.org/10.1177/002215540405200515
https://doi.org/10.1016/S0301-472X(98)00075-7
https://doi.org/10.1354/vp.40-1-42
https://doi.org/10.3390/ani13101694
https://doi.org/10.1292/jvms.23-0204
https://doi.org/10.1309/LX9U-F7P0-UWDH-8Y6R
https://doi.org/10.1038/modpathol.3880210
https://doi.org/10.1177/0300985813476069
https://doi.org/10.1097/00129039-200303000-00010
https://doi.org/10.1186/s12917-016-0712-x
https://doi.org/10.1111/his.12267
https://doi.org/10.1111/his.12267
https://doi.org/10.1177/0300985815575050
https://doi.org/10.2460/javma.2004.224.887
https://doi.org/10.1186/1746-6148-3-1
https://doi.org/10.1177/0300985820941501
https://doi.org/10.1038/s41598-024-64963-z
https://doi.org/10.1007/s004280000338
https://doi.org/10.1158/1541-7786.MCR-08-0067
https://doi.org/10.1016/j.tvjl.2014.12.015
https://doi.org/10.1186/1479-5876-9-75
https://doi.org/10.1016/j.vetimm.2017.05.004
https://doi.org/10.1016/j.tvjl.2013.05.035
https://doi.org/10.1200/JCO.2003.04.190
https://doi.org/10.1354/vp.39-5-529
https://doi.org/10.3390/ijms252010885

	CD117 (KIT) in canine soft tissue sarcoma: an immunohistochemical and c-kit gene mutation assessment
	Introduction
	Materials
	Ethics
	Case selection
	Histopathological analysis
	Immunohistochemical analysis
	Mutations
	CD117 expression associations

	Results
	Cases
	Histopathology
	Immunohistochemical expression of c-kit
	CD117 expression associations
	Mutations

	Discussion
	Conclusion

	References

