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1.

Abstract

Mast cell tumor is the second-most frequent malignant neoplasm in dogs, after mammary
gland tumors. Overall prevalence rate of mast cell tumor is up to 0.27% of the total dog
population and representing up to 21% of all cutaneous tumors in dogs. Mast cells were first
discovered by Paul Ehrlich in the year 1878. Mast cells are widely distributed in connective
tissues throughout the body. Biological behaviour of tumors is highly unpredictable and
majority were found as solitary nodules in the skin. Middle-aged to older dogs are highly
susceptible however no sex predisposition has been revealed. Tumor varies in shape, size and
consistency according to its anatomical site and nature of tumor. In most of the cases,
activating c-KIT mutations and aberrant KIT expression are leading cause of mast cell tumors.
Ultimately, transphosphorylation of the KIT receptors activates of abnormal proliferation of
mast cells. Diagnosis of mast tumors involves cytology, histopathlogy, special staining, and
immunohistochemistry.

Introduction

Canine mast cell tumors (MCTs) represent one of the most frequently encountered
neoplasms in small animal oncology accounting for 7-25% of all skin tumors and 11-27% of
the malignant skin neoplasms and remain a major diagnostic and therapeutic challenge due to
their highly variable biological behaviour (Kiupel, 2016; de Nardi et al., 2022). Although
many MCTs pursue an indolent clinical course, others display aggressive growth, local
recurrence, and metastatic spread, often accompanied by severe paraneoplastic syndromes

(London & Seguin, 2003). Advances in molecular biology and diagnostic pathology over the
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past two decades have significantly improved our understanding of mast cell tumorigenesis,
particularly the central role of KIT signaling abnormalities (London et al., 2009). This review
focuses primarily on the molecular pathogenesis of canine MCTs and highlights contemporary
diagnostic approaches that aid in accurate classification, prognostication, and clinical

decision-making.

Biology of Mast Cells and Their Neoplastic Transformation:

Mast cells are long-lived, granulated immune cells derived from hematopoietic stem
cell precursors (Vukman et al., 2017). Following migration from the bone marrow, immature
mast cell progenitors undergo terminal differentiation within peripheral tissues under the
influence of local cytokines and growth factors (Kitamura et al., 2007). In dogs, mast cells are
widely distributed in loose connective tissues, particularly within the skin, gastrointestinal
tract, respiratory system, and perivascular regions (Walker et al., 2012; Fede et al., 2023).
Their physiological functions include participation in innate and adaptive immune responses,
modulation of vascular permeability, angiogenesis, tissue remodeling, and wound healing

(Krystel-Whittemore et al., 2016).

Neoplastic transformation of mast cells is thought to arise from dysregulated
proliferation and survival signaling, leading to autonomous growth and resistance to
apoptosis. Unlike normal mast cells, neoplastic mast cells often exhibit aberrant receptor
expression, altered mediator release, and enhanced proliferative capacity, contributing to

tumor progression and systemic clinical manifestations (da Silva et al., 2014).

Molecular Pathogenesis of Canine Mast Cell Tumors:
Role of KIT Receptor and Stem Cell Factor:

The most extensively studied molecular abnormality in canine MCTs involves
dysregulation of the KIT receptor tyrosine kinase (CD117) (Miettinen & Lasota, 2005). KIT
is encoded by the c-KIT proto-oncogene and functions as the receptor for stem cell factor
(SCF), a critical regulator of mast cell development, differentiation, survival, and migration
(Tsai et al., 2022). In normal mast cells, ligand binding induces receptor dimerization and

controlled activation of downstream signalling pathways.

In neoplastic mast cells, activating mutations in the c-KIT gene result in constitutive,
ligand-independent phosphorylation of the receptor. This leads to persistent activation of
downstream pathways such as PI3K/AKT, MAPK, and JAK/STAT, which collectively
promote uncontrolled proliferation, resistance to apoptosis, enhanced survival, and increased

mediator release.
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KIT Mutations and Structural Alterations:

Activating mutations in ¢c-KIT are detected in a significant subset of canine cutaneous
MCTs, most commonly involving internal tandem duplications or point mutations within the
juxtamembrane domain (exon 11), and less frequently in exons 8, 9, or 17 (Zemke et al., 2004;
Webster et al., 2006). These mutations disrupt the inhibitory regulatory function of the
juxtamembrane region, resulting in continuous kinase activation. Tumors harbouring c-KIT
mutations are often associated with higher histological grade, aggressive biological behaviour,

increased metastatic potential, and poorer prognosis (London et al., 2009).
Additional Molecular Alterations:

Beyond KIT signaling, other genetic and molecular changes contribute to mast cell
tumorigenesis. Alterations in tumor suppressor genes such as TP53, dysregulation of cyclin-
dependent kinase inhibitors (including CDKN1A and CDKN1B), and aberrant expression of
hormone receptors have been reported (Vozdova et al., 2019). Chronic cutaneous
inflammation, repeated antigenic stimulation, and environmental irritants may also create a
pro-tumorigenic microenvironment that facilitates mast cell proliferation and malignant

transformation.
Clinical And Pathobiological Consequences of Mast Cell Mediator Release:

Neoplastic mast cells retain the ability to synthesize and release biologically active
mediators such as histamine, heparin, proteases, cytokines, leukotrienes, and prostaglandins
(Ryan et al., 2013). Excessive or uncontrolled degranulation contributes to many of the
clinical signs associated with MCTs, including localized erythema, edema, ulceration, and
bruising, as well as systemic effects such as vomiting, diarrhea, gastric ulceration,

hypotension, and delayed wound healing (Lamb ef al., 2019).
Diagnostic Approaches to Canine Mast Cell Tumors:
Clinical Characteristics:

Well differentiated tumors are small, slow-growing, non-ulcerated, non-encapsulated
having minimal alopecia. Whereas poorly differentiated neoplasms are large, rapidly-

growing, ulcerated and may show oedema in adjacent tissues.
Cytology:
Fine-needle aspiration cytology is considered the first-line diagnostic tool for canine

MCTs due to its simplicity, rapid turnaround time, and high diagnostic accuracy.
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Cytologically, mast cell tumors are characterized by round to polygonal cells containing
variable numbers of metachromatic cytoplasmic granules. Poorly differentiated tumors may
exhibit reduced granularity, nuclear pleomorphism, anisokaryosis, multinucleation, and

increased mitotic activity, which can complicate cytologic interpretation.

Recent cytologic grading schemes (Figure 1) incorporate nuclear features, granularity,
and mitotic activity to stratify tumors into low- and high-grade categories, providing valuable

prognostic information even before histopathological evaluation.

Granularity ]

* Mitotic Figures

* Nuclear indentation
* Bi or Multinucleation
* >50% Anisokaryosis

Figure 1: Cytologic grading scheme for MCTs

Histopathology:

Histopathological examination remains the gold standard for definitive diagnosis and
grading of canine MCTs. Well-differentiated tumors are composed of relatively uniform mast
cells with abundant granules, low mitotic indices, and minimal nuclear atypia. In contrast,
high-grade tumors demonstrate marked pleomorphism, karyomegaly, increased mitotic

figures, bizarre nuclei, and infiltrative growth patterns.

Among grading systems, the Kiupel two-tier histologic grading system (Figure 2)
(Kiupel et al., 2011) is currently preferred over Patnaik three-tier system due to its improved
reproducibility and prognostic relevance. This system classifies tumors as low-grade or high-

grade based on defined mitotic counts, nuclear atypia, multinucleation, and karyomegaly.
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Figure 2: Kiupel 2- tier histologic grading system
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Special Staining Techniques:

Special histochemical stains such as toluidine blue and Giemsa are valuable adjuncts
in cases where granules are poorly visualized on routine hematoxylin and eosin staining.
Toluidine blue highlights mast cell granules through metachromatic staining, facilitating

confirmation of mast cell origin, particularly in poorly differentiated tumors.
Immunohistochemistry and Molecular Diagnostics:

Immunohistochemistry (IHC) has emerged as a critical diagnostic and prognostic tool
in canine MCTs. CD117 (KIT) immunolabeling confirms mast cell lineage and reveals
distinct staining patterns that correlate with tumor behavior. Membranous KIT expression
(Pattern I) is generally associated with well-differentiated, less aggressive tumors, whereas
cytoplasmic or diffuse KIT staining patterns (Patterns II and III) are linked to c-KIT mutations

and poorer prognosis.

Proliferation markers such as Ki-67 and AgNOR counts provide additional prognostic
insight. Elevated Ki-67 indices and increased AgNOR numbers are strongly associated with

aggressive behavior, higher metastatic risk, and reduced survival times.
Conclusions:

Canine mast cell tumors represent a biologically complex and heterogeneous group of
neoplasms driven largely by molecular alterations in KIT signaling pathways. Advances in
molecular pathology have clarified key mechanisms underlying mast cell tumorigenesis and
have led to the integration of immunohistochemistry and proliferation markers into routine
diagnostic workflows. A combined approach incorporating cytology, histopathology, special
staining, and molecular diagnostics are essential for accurate classification and
prognostication. Continued refinement of molecular diagnostic tools will further enhance
individualized risk assessment and guide targeted therapeutic strategies in canine mast cell

tumors.
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