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Abstract. Mastocytoma is one of the most common skin tumours in dogs. It is characterised by
a specific course, unpredictable behaviour, and prognosis. This tumour is dangerous because it
mimics the external signs of other neoplasms, from less-threatening lipoma to skin cancer. The
purpose of the study is to conduct pathomorphological verification and classification of neoplasia
in dogs diagnosed during a clinical examination and to establish the features of the morphological
manifestation of the skin form of mastocytoma in them. The material for the studies was obtained by
excisional biopsy during surgical interventions for skin neoplasms. The diagnosis of mastocytoma
was established based on the results of a clinical examination of animals and the examination of
biopsy material of neoplasms using cytological and histological research methods. It was established
that the share of skin neoplasia in the structure of oncological diseases of dogs was 30.12%. Among
the animals with skin neoplasia that were examined, mastocytoma was diagnosed in 17.55% of
dogs aged 3 to 14 years. The highest incidence rates were established in dogs aged 7 to 12 years.

Suggested Citation:
Kolych, N., Hudz, N., & Tarasov, O. (2023). Clinical and morphological features of mastocyte diagnosis in
dogs. Ukrainian Journal of Veterinary Sciences, 14(1), 57-73. doi: 10.31548/veterinary1.2023.57.

“Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)



Clinical and morphological features of mastocyte diagnosis in dogs

Most often, skin mastocytoma was diagnosed in dogs of the following breeds: Shar Pei - 13.5%;
Labrador — 9.5%; Boxer — 8.2%. Isolated cases of tumour formations were observed in animals of
such breeds as: German shepherd, Spaniel, Central Asian Shepherd, and Pug. Depending on gender:
males accounted for 52.2%, females — 47.8%. In 50% of the examined animals, mastocytomas
developed with rapid dynamics, which indicates a substantial aggressiveness of tumour growth.
Clinically, signs of dehydration and gastrointestinal disorders were detected in dogs, which
indicates the development of paraneoplastic syndrome. According to the results of sonography,
it was established that skin mastocytomas are visualised as heterogeneous hypoechoic structures
with indistinct contours and uneven edges. Based on the results of the study, new information was
obtained regarding the morphological features of the manifestation and development of mastocytes
in dogs. Thus, the obtained results complement and expand knowledge about the pathogenesis
of mastocytoma in dogs, the frequency of spread and features of the course of this oncological

pathology in a separate geographical population of Ukraine
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Introduction

In recent years, animal tumours have been used
to test genetic engineering technologies as
generally accepted models, which is important
in the treatment of people with cancer (Akin,
2020). Over the past decade, there has been a
growing interest in investigating neoplasia
in dogs. This is due to large economic losses,
which are caused by the need for examinations,
diagnostics, and treatment of animals with ne-
oplasms. Measures to prevent tumour growth
also require scientific justification. The inves-
tigation of “natural models” of neoplasia in
animals plays a leading role in expanding the
understanding of the essence of tumour growth
(Leguit et al., 2020).

In animals, over the past 30 years, the rate
of growth of diseases for malignant tumours
and mortality from them has increased (Leguit
et al., 2020; Tamlin et al., 2020).

Dogs are located in the closest climatic
and living conditions to humans and are also
exposed to the same negative environmental
factors in large and technogenically saturated
cities. According to the World Health Organ-
isation, animal tumours meet many criteria

for “natural model candidates” for human tu-
mours (Tamlin et al., 2020). Animal tumours
have many features of the clinical course,
risk factors, biochemical characteristics, and
some pathogenetic and prognostic factors in
common with human tumours (Willmann et
al., 2019). Indications on the frequency of oc-
currence, morphology, pathogenesis, clinical
course, diagnosis, and treatment of tumours in
dogs are insufficient and sometimes scattered,
which makes it difficult to solve a number of is-
sues of comparative oncology (Akin, 2020; Bal-
ima & Vairamuthu, 2020).

Problems in solving most oncology issues
are associated with a large histogenetic and
histological specificity of malignant and benign
neoplasms and are the result of versatile ap-
proaches to grouping tumours according to dif-
ferent classifications based on different evalua-
tion criteria (Smiech et al., 2018). There are only
a few banks in the world that store a substantial
number of tumour samples from various tissues
obtained from dogs that differed in breed, age,
region, and habitat conditions. In Ukraine, al-
most no studies have been conducted on various
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aspects of neoplasms in dogs. Therefore, there
is a need to identify the regional features of the
manifestation of neoplasia in dogs, their spread,
and features of behaviour in the body, which
is quite valuable clinical material. Conducting
these studies will help to clarify some issues of
carcinogenesis and contribute to obtaining new
data on the role of individual environmental
factors in these processes due to technogen-
ic human activities. These data will also be of
biological interest since the processes that de-
termine the geographical accumulation of cases
of neoplasms in humans and dogs are to some
extent completely different and not always in-
terdependent (Garden et al., 2018).

Ambiguous assessments and certain dis-
crepancies in the diagnosis and prognosis of
the biological behaviour of mastocytes indicate
the relevance of conducting more in-depth and
diverse studies of this neoplasia. Notably, this
issue is quite important for veterinary science
and practice. The study of pathomorphological
and clinical-biological features of mastocytoma
in different geographical populations of Ukraine
is not only of scientific interest but also of great
practical importance for veterinary medicine.

Considering the above, the purpose of the
study was to examine the features of the clin-
ical and morphological manifestation of the
cutaneous form of mastocytoma, the frequen-
cy of spread, breed, and gender predisposition
of dogs to the cutaneous form of mastocytoma
in dogs under conditions of the city of Kyiv and
the suburban area.

Literature review
Mastocytoma (mast cell tumour, histiocytic
mastocytoma, mast cell sarcoma, mast cell tu-
mour, MST, Mastocytoma) got its name from the
type of cells from which it is formed - masto-
cytes (Macewen & Withrow, 2013). Mast cells
are oval or round cells of mesenchymal nature,
their diameter is 10-13 microns, with secretory
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granules that are located in the cytoplasm
(Sledge et al., 2016; Balima & Vairamuthu,
2020). Mast cell precursors are formed in the
bone marrow, then they migrate through the
walls of blood vessels to the tissues, where they
differentiate. Their final maturation occurs in
the connective tissue. Mast cells are found in
almost all body tissues, but their greatest con-
centration is around blood and lymphatic ves-
sels in places of contact with the external en-
vironment (skin, respiratory tract, intestines).
Mast cells are one of the main cells that per-
form a protective function in the animal body,
and they also regulate the homeostasis of con-
nective tissue. These cells produce biological-
ly active substances and mediators: heparin,
histamine, serotonin, tumour necrosis factor-o
(TNF-a), proteases, interleukins, glycoproteins,
chemotactic migration factor of eosinophils,
etc. and are able to deposit and store them in
cytoplasmic granules. The release of biologi-
cally active substances from mast cells occurs
by exocytosis. Two types of mast cell degran-
ulation are described: partial, which lasts the
whole day, and rapid, which takes several min-
utes. During the activation and degranulation
of mastocytes, these biologically active sub-
stances are released, which play a leading role
in the course of physiological and pathological
processes (Garden et al., 2018).

Mast cell activation syndrome is a fairly
common disorder in the pathogenesis of both
rare and common diseases. Therewith, it is not-
ed in the literature that the number of mast
cells increases substantially with inflamma-
tion and immune responses (Valent et al., 2012;
Bautista-Quach et al., 2013; Akin, 2020).

An important function of these cells is
their involvement in the manifestation of adap-
tive immunity. On their surface, mast cells car-
ry antibodies (Class E immunoglobulins), which
are released by plasma cells under the action of
antigens, and in the process of cell life, they
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actively bind to the surface of mast cells. There
can be from 5,000 to 500,000 IgE molecules on the
surface of mast cells simultaneously, which are
directed against various antigens (Broudy, 1997).

The course of diseases involving activated
mastocytes in animals and humans has certain
differences (Willmann et al., 2018; Tamlin et
al., 2020).

Mastocytoma can also occur in other tis-
sues of the reticuloendothelial system: in the
bone marrow, kidneys, and liver, referred to by
the term “systemic mastocytosis”. The biologi-
cal behaviour of systemic mastocytosis is very
different from that of cutaneous mastocytes
(Lisickaja & Sedov, 2011).

According to the medical literature (Par-
danani, 2016; Frolova et al., 2018; Leguit et al.,
2020), mastocytosis affects both adults and
children. Adults experience systemic mastocy-
tosis, which affects not only the skin, but also
the spleen, liver, and bone marrow. A benign
period is rare. The disease has an unfavourable
prognosis and a very aggressive course. In chil-
dren, the prognosis is more favourable and the
disease occurs mainly in the skin form and in
the form of pigmented urticaria.

Skin neoplasms in dogs occupy one of the
first places in terms of frequency of occurrence
and spread and account for 1/3 of all cancer cases
(Sledge et al., 2016). Most often, dogs are diag-
nosed with mastocytoma of the skin. This type
of tumour is observed in 16-21% of cases of all
skin neoplasms (Balima & Vairamuthu, 2020).

Factors that lead to the risk of skin masto-
cytoma in dogs remain unclear. Therewith, ge-
netic factors play a substantial role, indicating
a different frequency of neoplasia in different
breeds of dogs. Another important endogenous
risk factor for tumours is the age of animals.
Tumours in dogs can be detected throughout
their lives, but the largest proportion of ani-
mals with mastocytoma is diagnosed at the age
of 7-12 years (Withrow & MacEwen’s, 2013).

Other factors that may be important in the
etiology of tumours in dogs are carcinogenic
environmental hazards, parasitic and viral in-
fection, and injuries (Leguit et al., 2020). There
is also an assumption about the viral aetiology
of mastocytes (Lisickaja & Sedov, 2011). How-
ever, to date, there are no studies that would
support this theory. Receptors for sex hor-
mones (testosterone and estrogens) have been
established in the cytoplasm of mast cells and,
together with data on a more favourable prog-
nosis of the disease in females, may indicate
the role of hormones in tumour development
(Balima & Vairamuthu, 2020).

Recently, considerable attention from re-
searchers has been focused on finding genes
that may be associated with the development
of mastocytoma (Mohammad & Joanne, 2016).
Mutations in the c-kit gene have recently been
identified in some dog, human, rat, and mouse
mastocytoma cell lines and tissue samples (Web-
ster et al., 2006). The gene encodes a receptor on
the mast cell progenitor membrane in the bone
marrow that binds the mast stem cell growth
factor (SCF). This factor stimulates the prolifer-
ation and differentiation of mast cell progenitor
cells into mature cells. Mutations in the gene
cause changes in the structure of the receptors,
which leads to the launch of a cascade of bio-
chemical reactions without binding SCF itself
(semke et al., 2001; Jones et al., 2004). Based on
the results of a study in the field of humane ge-
netics, it was established that point mutations
of the gene in children are often associated
with mastocytosis in adults (Jones et al., 2004).

Currently, there are several types of classi-
fication of skin tumours, including cutaneous
mastocytes. Classification by stages of the pro-
cess is conducted according to the international
clinical TNM classification (Owen, 1980), which
is used to describe the anatomical spread of the
tumour process and is based on three compo-
nents: T — the size and spread of the primary
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tumour; N — the absence or presence of metas-
tases in regional lymph nodes; M — the absence
or presence of metastases.

The figures added to these three main com-
ponents indicate the spread of the process: T,
(there is no tumour); T, (tumour up to 2 cm
in diameter); T, (tumour with a diameter of
2-5 cm); T, (the diameter of the tumour is from
5 cm, they note germination into the subcuta-
neous tissue, regardless of the size); T, (the tu-
mour spreads to muscles or other structures);
N, (there are no metastases in regional lymph

nodes); N, (there are small metastases in the
nearest regional lymph nodes, but their mo-
bility is preserved); N, (there are metastases
in several regional lymph nodes); N, (damage
to all regional lymph nodes, Immobile lymph
nodes); M, (there are no metastases in other or-
gans); M, (metastases were established in other
organs, including the bone marrow).

In addition to the TNM classification, the
WHO clinical classification is widely used,
which provides for mastocyte division accord-
ing to 5 stages (Table 1).

Table 1. WHO classification of skin mastocytes in dogs

0 The tumour is absent or completely removed, confirmed histologically
I Well-limited single node without lymph node metastases
I Well-limited single node, but with lymph node metastases
1 Single large node or multiple nodes with signs of infiltrative growth without / with lymph node
metastases
IVa A tumour with distant metastases, but no common clinical symptoms
IVb A tumour with distant metastases with common clinical symptoms present

Source: compiled by the author based on data from (Owen, 1980)

According to the WHO International his-
tological classification of canine skin tumours,
mastocytomas belong to cutaneous lymphop-
roliferative tumours and are divided according
to the degree of differentiation. According to
the degree of differentiation, there is no single
gradation of mastocytes. Today, three systems

are used simultaneously: according to Pat-
naik (1984), according to Bostock (1986), and a
more modern classification according to Kiupel
(2011). They are all based on tumour size, cell
morphology, and mitotic index, with the dif-
ference only in assigning a degree of gradation
from 1 to 3 (Table 2).

Table 2. Histological classification of mastocytes according to Patnaik and Bostock

Gradation according

Mastocytoma to
Patnaik Bostock
Anaplastic /
3 1
low-grade
Intermediate
/ medium- 2 2
differentiated
Highly differentiated 1 3

Cell morphology

A substantial number of mitotic figures; cytoplasm is poorly
restricted; asymmetrical nuclei, few secretory granules.

A small number of mitotic figures; the ratio of the nucleus to
the cytoplasm is less than the anaplastic type; the average
number of secretory granules is noted

A small number of mitotic figures; large secretory granules are
pronounced, the nuclei are rounded, the cytoplasm is limited

Source: compiled by the author based on the studies by Patnaik (1984), Bostock (1986)
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According to the classification of Kiupel et
al. (2011), mastocytomas are divided into two
groups: high or low degree of differentiation
and completely ignore moderately differentiat-
ed tumours. Notably, animal tumours meet sim-
ilar neoplasms in humans by many criteria. The
similarity in the aetiology, pathogenesis, symp-
toms, and morphology of tumours in dogs and
humans gives researchers the opportunity to
use animal models to examine the course of the
tumour process and develop modern diagnostic
and therapeutic measures for the treatment of
humans (Garden et al., 2018; Gargiulo, 2018).

Materials and Methods

The study was conducted based on a veterinary
clinic “Animal health” (Kyiv region, u.t.s. Hle-
vakha) and the laboratory of the Volodymyr Ka-
sianenko Department of Animal Anatomy,
Histology, and Pathomorphology throughout
2021-2022. During this study period, 1,205 dogs
with surgical pathology were registered.

The study material included 98 dogs with
skin tumours, including 9 animals with masto-
cytoma. The dogs were of different breeds and
genders, ranging in age from 3 to 14 years. Can-
cer-stricken animals were examined in accord-
ance with the criteria of clinical TNM classifi-
cation of tumours using clinical and laboratory
research methods (Owen, 1980).

Ultrasound examination was performed
using the ESAOTE MyLab 40 device (Italy).
Sonographic examination was performed on
the tumour itself, surrounding tissues, and
regional lymph nodes. The organs of the ab-
dominal and pelvic cavities were examined to
detect distant metastases. Sonographic imag-
es were used to analyse the echostructure of
the examined objects.

Radiography of the tumour site, abdominal
cavity, and chest was performed using a digital
X-ray machine “ZooMax LC” (Hungary) in two
standard (straight and lateral) perpendicular

projections. Material for cytological examination
was obtained by fine-needle puncture biopsy of
neoplasia. This method is based on taking a cy-
tological sample, by puncture, during which cells
are sucked in from the neoplasm. A 10 mL plastic
syringe and needle No. 22 were used to do this.
Before performing the puncture, the tumour
was palpated, its interaction with surrounding
tissues and blood vessels was determined, its
mobility and convenient position for performing
the puncture were examined. Next, the tumour
was fixed with the fingers of the left hand. A nee-
dle with or without a syringe (the plunger is low-
ered) was passed perpendicularly through the
skin directly into the tumour. Fingers checked
the correctness of the puncture. If the syringe
was not attached, it was attached with the
plunger lowered. 2-3 sudden suction movements
were performed, removing the syringe from
the needle each time after lifting the plunger.
The syringe was removed along with the
needle. Therewith, ensuring that the plunger
of the syringe occupies a lowered position be-
fore removing the needle. After removing the
needle, a syringe with a raised plunger was at-
tached to it. The contents of the syringe were
carefully squeezed out onto a slide. The distri-
bution of cellular material on the glass surface
was conducted in one direction using a needle.
The resulting smear should be oblong in
shape and of medium thickness so that the cells
areplacedinasinglelayerandcanbedifferentiat-
ed. The smear was air-dried and stained accord-
ing to Poppenheim. The main criterion for mas-
tocytoma verification is the detection of round
tumour cells in cytological preparations that
contain azurophilic granules in the cytoplasm.
Experiments using live animals were con-
ducted in accordance with the recommenda-
tions of Arrive. For digital processing of the
results, the statistical analysis method using
Microsoft Excel 2019 and Statistica 6.0 comput-
er programmes was used.
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Results and Discussion

Among the examined animals, the average can-
cer rate was 12.5%. From the total number of
sick animals with cancer problems (n = 295),
108 dogs were diagnosed with tumours and tu-
mour-like skin lesions. The results of the study
(Hosseini et al., 2014) confirm that among an-
imals with oncological pathologies, dogs are
at risk of developing cutaneous mastocytoma,
which accounts for up to 21% of all skin tu-
mours. The aetiology of mastocytes in dogs is
unknown, but assumably, is multifactorial.

According to the results of a clinical exami-
nation of animals, and based on cytological ex-
amination of biopsy punctates of neoplasia in
13 dogs, the diagnosis of mastocytoma of the
skin was confirmed. In dogs, most of these tu-
mours occur as primary skin tumours.

According to the registration data, the sick
animals were of different breeds and genders,
aged from 3 to 14 years. Most often, skin mas-
tocytoma was recorded in dogs of the following
breeds: Shar Pei — 3 cases, Staffordshire terri-
er — 2, Boxer - 2, Labrador - 3, Doberman - 1,
and Rottweiler — 2 cases. German shepherd,
Spaniel, Pug, Alabai, and French bulldog dogs
had isolated cases (3.9%). Among animals with
mastocytoma, males accounted for 52.2% and
females — for 47.8%. The vast majority of ani-
mals admitted to the clinic underwent a full
course of vaccinations, but the animals were
also vaccinated only once in their lifetime. Not
all animals were also regularly treated with an-
tiparasitic agents. The sample includes animals
of both residential and street maintenance,
mainly with a mixed type of feeding.

In the age aspect, the number of cases of the
disease was distributed as follows: animals aged
3years — 1 case; 5-6 years — 2; 7-8 years — 2; 9-10
years — 4; 11-12 years — 3; 13-14 years — 1 case.
The highest incidence rates were established
in animals aged 7 to 13 years. It can be noted
that the results of this study coincide with the

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 1

data of foreign researchers (Sledge et al., 2016;
Smiech et al., 2018). According to the literature
data (Smiech et al., 2018), dogs of such breeds
as Boxer, American Staffordshire Terrier, Labra-
dor Retriever, Beagle, French and English Bull-
dogs, Pug, and Shar Pei are susceptible to the
development of the skin form of mastocytoma.
It is also known that along with the above-men-
tioned dog breeds, high morbidity rates are
noted among other breeds-these are Rottweil-
ers, Dobermans, German Shepherds, and Cock-
er Spaniels (Shoop-Worrall et al., 2015). Per-
haps such discrepancies in the literature data
can be explained by the distribution of certain
breeds in different geographical populations.

In clinical practice, mastocytoma is con-
sidered a skin neoplasia with a specific clinical
course, unpredictable biological behaviour and
prognosis. The priority area of research in this
study was to identify the prognostic factors of
this disease.

According to the results of clinical exami-
nations of dogs during the diagnostic and treat-
ment period, a substantial polymorphism in the
appearance and clinical manifestation of mas-
tocytes was established.

The examined dogs showed neoplasia,
which had the appearance of small dense nod-
ules (Fig. 1), and nodes of 3-5 cm in size, usu-
ally similar to lipomas and giant tumours of
9-10 cm or more in size.

Figure 1. Mastocytoma of the body area
in the form of a dense nodule
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In some animals, eczema-like skin lesions
were noted, which were very similar in appear-
ance to nodular panniculitis (Fig. 2).

Figure 2. Eczema-like skin lesions.
Boxer dog, age — 9 years

It was established that in 92.7% of dogs,
mastocytomas had the appearance of single
nodes and only in 7.3% — multiple (Fig. 3).

Figure 3. Mastocytoma on the pelvic limb.
Pug dog, age — 7 years

Most often, mastocytomas were localised
on the trunk — 44.7% and limbs — 38.5%, less
often in the head and neck (Fig. 4), and inguinal
and perineal-perianal areas (16.8%).

Figure 4. Mastocytoma of the neck area.
Russian spaniel dog, age —10 years

Mastocytomas are located in the groin ar-
eas, especially those involving the foreskin or
scrotum, and preputial mastocytomas can usu-
ally have more malignant biological behaviour.

During the studies, it was established that
small neoplasms (up to 2.5-3.0 cm) were main-
ly located in the thickness of the skin. These
neoplasms had the appearance of a node that
was mobile, well delimited from the surround-
ing tissues, and mostly rounded or ellipsoid in
shape. In some animals, at the initial stages of
mastocytoma development, it manifested itself
as a nodular seal in the thickness of the skin,
the contours of which were almost not palpated
and already based on this seal, the formation of
a tumour node took place.

Based on anamnestic data and the results
of the study;, it was established that in seven ex-
amined animals, the rate of mastocytoma devel-
opment was rapid — in two months, the tumours
doubled their size. Within 8-9 weeks, small seals
or nodules formed tumours with a diameter of
4-5 cm or more, indicating a substantial tumour
growth aggressiveness. The growth of neoplasia
was also rapid in four dogs. The time of dou-
bling the size of the primary tumour reached
an average of four months. Therewith, accord-
ing to the medical history, it was established
that in two dogs, the neoplasm development
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period lasted about a year and a half. It is be-
lieved that one of the clinical prognostic factors
in the assessment of mastocytoma is the rate
of doubling of the tumour mass of neoplasia.

During the study of the local process and
the results of monitoring the course of the dis-
ease, a variety in the clinical manifestation of
mastocytes was noted. On palpation at the ini-
tial stage of development, the consistency of the
tumours was soft, and over time they acquired
a dense elastic consistency. The surface of the
tumour went from smooth to bumpy. In 88% of
cases, the characteristic signs of mastocytoma
were swelling and inflammation. Inflammation
was observed both in the tumour itself and in
the surrounding tissues. Alopecia, erythema,
the presence of skin ulcers, and pain on palpa-
tion, were visualised on the tumour. Notably, in
addition to pain, mastocytes are characterised
by itching of the skin in the tumour area, which
is caused by the release of biologically active
substances, in particular, histamine. Therefore,
the animals constantly licked the tumour, tried
to scratch and even gnaw, thereby provoking its
growth. Constant irritation and trauma of the
neoplasia led to the periodic exacerbation of
the inflammatory process: increased oedema,
ulceration, and, as a result, accelerated growth
of tumours. It was established that the progres-
sive course of the disease occurred due to the
localisation of tumours in the groin, pelvic ex-
tremities, perineum, and neck.

The main indicators that indicate mas-
tocyte malignancy are the size of neoplasms,
their growth rate, the degree of germination in
surrounding tissues, damage to regional lymph
nodes and metastasis to internal organs (Beer
et al., 2018). During the clinical examination of
animals, the condition of the mandibular, axil-
lary, superficial inguinal, popliteal, and other
(regional) lymph nodes was considered.

According to the results of the initial ex-
amination of 13 dogs, six of them did not show
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any changes in the lymph nodes. They were al-
most not palpated, which indicates that there is
no reaction to the pathological process. In five
dogs, the regional lymph nodes were slightly
enlarged, but did not ache, were mobile and not
compacted. In two dogs with large tumours, the
lymph nodes were enlarged, sedentary, and had
dense consistency, which indicates the general-
isation of the pathological process.

In accordance with the international clini-
cal TNM classification of tumours, the scheme
of examination of animals for oncological dis-
eases provides for conducting a clinical study in
combination with radiation diagnostics. In the
available Ukrainian literature, it is not always
possible to find information on the use of X-ray
and ultrasonographic research methods, and
their effectiveness in differential diagnosis of
individual skin pathologies in dogs. Each test
animal was subjected to X-ray and ultrasound
examinations at the time of admission to the
veterinary clinic and at certain intervals. This
allowed tracing the dynamics of the patholog-
ical process and external changes in tumours.
According to the results of X-ray imaging, three
types of mastocyte growth were identified-lim-
ited nodular, infiltrative nodular, and diffuse
infiltrative types.

Limited nodular growth of mastocytes was
characterised by a homogeneous, heterogene-
ous radiological shadow. The tumour node was
mostly oval, less often rounded in shape and
was located in the thickness of the skin. Infiltra-
tive nodular type of tumours was characterised
by visualisation of the tumour shadow without
clear contours, and structural changes were
well expressed in the skin thickness and subcu-
taneous tissue. According to the diffuse infiltra-
tive type of tumour growth, the X-ray shadow of
neoplasms was compacted. Due to the swelling
and thickening of the skin, it was almost impos-
sible to establish clear boundaries of the neo-
plasm. In X-ray imaging, infiltrative nodular
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and diffuse infiltrative types of neoplasia char-
acterise the process of mastocyte malignancy.

During ultrasound examination, it was
established that the sonographic structure of
mastocytes depends on the location of the tu-
mour, the degree of spread of the pathological
process and the stage of the neoplastic process.
Mostly mastocytomas localised in the thickness
of the dermis were visualised as heterogeneous
hypoechoic structures. These structures had
uneven edges and indistinct contours. They
showed signs of infiltration into the surround-
ing tissues, which may indicate a low ability of
such tumours to form capsules. Increased pe-
ripheral vascularisation of mastocytoma and
diffuse hypoechoic infiltration of surrounding
tissues in such cases was a sign of inflammato-
ry oedema. Due to sonographic studies of some
mastocytes, which were characterised by pre-
vailing inflammation, deposits of calcium salts
in the thickness of the tumour were noted.

During the generalised process and the
spread of mastocytoma to internal organs, the
liver and spleen were primarily affected, which
may indicate a preference for the hematogenic
pathway of metastasis. Sonographically, such
foci had similar structures and were visualised
as heterogeneous dense formations with clear
contours and uneven edges, with increased
chaotic vascularisation.

The high variability of clinical symptoms in
animals with the development of mastocytoma
substantially complicates the determination of
the diagnosis for a veterinarian. Therefore, de-
termining the features of clinical changes and
blood parameters in dogs with this pathology
will contribute to the development of a complex
of diagnostic markers.

One of the main steps in the diagnosis of
mastocytes is cytological examination. Mas-
tocytoma is characterised by heterogeneous
behaviour. Highly differentiated tumours have
a low metastasis potential, and the metastatic

potential of low-differentiated tumours is high
and amounts to up to 95% (Leguit et al., 2020).

In most cases, diagnosing cutaneous mas-
tocytoma by cytological or histological studies
is not difficult, but forming an accurate prog-
nosis is more complicated. Prognostic substan-
tiality factors included classification (cytology
and histopathology), stage (regional and dis-
tant metastases), breed, tumour location, and
treatment (surgery, radiation, and chemother-
apy). Cytological examination after fine nee-
dle aspiration is useful for making a diagnosis,
but histopathology is necessary for evaluation.
Cytological examination often helps in the di-
agnosis of mast cells due to the characteristic
appearance of mast cells with regular staining.
As with other species, Wright-Giemsa staining
results in more intense granule staining in tu-
mour mast cells. The mechanism of differences
in staining is unclear. Several mast cell sub-
types were identified in humans and dogs based
on granule content and biological function.
(Hosseini et al., 2014).

In the case of the examined neoplasms, a
typical cytological picture was observed. Round
cells were noted against the background of a
substantial number of red blood cells and eosin-
ophils, which contained a large number of small
metachromatic granules and a homogeneous
nucleus in their cytoplasm, without pronounced
atypia. In some cells, metachromatic granules
completely covered the nucleus and made it
invisible. Granules were established both in
the cytoplasm and outside the cells (Fig. 5, 6).

The cells themselves were more often ar-
ranged in groups and had pronounced aniso-
cariosis and anisocytosis. 2-3 figures of mito-
sis were identified on the glass. Basically, the
degree of mastocytoma differentiation is de-
termined during a histological examination,
but given the individual mitosis patterns and
a large number of granules, it can be assumed
that all samples were highly differentiated.

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 1



https://pubmed.ncbi.nlm.nih.gov/?term=Hosseini%20E%5BAuthor%5D

Kolych et al.

Figure 5. Highly differentiated mastocytoma.
Pappenheim staining, x100

Notes: cells with small granules in the cytoplasm and a
typical nucleus (indicated by arrows)

Figure 6. Highly differentiated mastocytoma.
Pappenheim staining, x100

Notes: cells with small granules in the cytoplasm and a
typical nucleus (indicated by arrows)

According to the results of the cytological
study, mastocytoma can be considered poten-
tially aggressive, the cells of which contain few
metachromatic granules and there are two or
more of the following signs: the presence of
multinucleated and mirror cells in the prepara-
tion; nuclear polymorphism in more than 50% of
the population cells; a large number of mitoses.

Often, mastocytoma granules are not
stained with Diff-Quik paint and require stain-
ing with Wright dye. During Diff-Quik cytology,
if eosinophils are observed together with large
round cells without granules, mastocytoma
should be suspected and a different staining
method should be used.

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 1

The main disadvantage of cytological ex-
amination is that it does not allow for deter-
mining the degree of cell differentiation, which
is an important prognostic feature. Therefore, it
is believed that in the diagnosis of mastocytes,
the most accurate method is the use of histo-
logical examination.

A study (Hosseini et al., 2014) clearly
showed cellular infiltration of mast cells, mon-
onuclears, and eosinophils in the thickened,
hyperplastic, and hyperkeratinised epidermis.
In contrast to delayed-hypersensitivity mon-
onuclear cells, mast cells and eosinophils pre-
vailed, indicating an immediate-type hypersen-
sitivity reaction. Once activated, mast cells at
the wound edge are known to release inflam-
matory mediators in the damaged tissue by de-
granulation. Thus, immediate hypersensitivity
reactions may be responsible for the develop-
ment of skin damage due to a tumour in dogs.
However, the results show that intensive pro-
liferation of mast cells after the tumour occurs
mainly in the skin.

For single mastocytes, surgical excision
of the tumour with a wide capture of healthy
tissues is always recommended to radically re-
move it (Lisickaja & Sedov, 2011; Pardanani,
2016). Therewith, it is necessary to remove at
least 3 cm of healthy tissue bordering the tu-
mour. After its removal, a 0.5 x 1 cm piece of tis-
sue is cut off from the edge of this place from
3-5 sides, placed in a 10% aqueous solution of
formalin and sent for research. Histological ex-
amination of excisional mastocytoma should
necessarily examine the edges of resection
where it will be determined whether the tumour
cells remain in the border tissue. If the result
of histological examination is negative, then
“clean edges” are indicated. During fine-needle
aspiration of surgical excision and over-manip-
ulation of the mastocytoma site, local bleeding
often occurs, assumably due to coagulation de-
fects caused by the release of heparin. Indeed,
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there was an extended clotting time of blood
taken from or around the tumour. Since bleed-
ing can be a serious complication of surgery,
doctors should anticipate local bleeding and try
to avoid over-manipulating the tumour during
a biopsy or during its removal.

Mastocytomas are very radiosensitive, and
numerous studies show that fractionated radi-
ation (daily or every other day for 15-18 proce-
dures with a total dose of 46 to 54 Gray) is an
effective adjunct therapy for incomplete edges
after surgery) in almost 75-96% of dogs with top-
ical treatment (no signs of re-growth 3-5 years
after exposure) (Laura D Garrett, 2014). However,
disagreements about what “incomplete” edges
mean and how likely such dirty edges are to lead
to tumour re-growth cast doubt on the need for
radiation therapy in some cases. If the tumour
is located in a place where only minimal resec-
tion can be obtained, then in practice the author
suggests radiation therapy. Radiation therapy
can also be very useful when used in weekly dos-
es of large fractions for four to six procedures
for treating bulky non-surgical mastocytes.

According to the conducted histological
studies, a diverse picture was established in
the samples. Cell morphology depends on the
degree of differentiation, but most neoplastic
cells have a clear cell membrane, a centrally lo-
cated round nucleus, and a different number of
cytoplasmic granules, which are coloured light
grey when stained with hematoxylin and eo-
sin, or purple with metachromatic spots when
stained with toluidine blue. The connective tis-
sue stroma varies from small to large and may
look swollen or hyalinised.

However, most often indistinct bound-
aries of the neoplasm were determined. The
surrounding area was diffusely infiltrated by
tumour tissues under the skin, a small number
of mitoses (no more than one in a large field of
view) and massive destruction of the dermis. In
some cases, the shape of the tumour cells was

only round, while in others it was polygonal. The
cytoplasm of cells is clearly defined and gran-
ular, in such cells, there is a separate nucleus
located in the centre, with two nucleoli. There-
with, cells that had an inconspicuous cytoplasm
with a dark small nucleus were observed. These
cells were very similar to small lymphocytes. In
the vast majority of cases, two cell types were
established simultaneously in the same sample.
The cells were arranged in groups, often form-
ing nests, chains, and “paths”, and were sepa-
rated by bundles of collagen fibres.

On histological sections stained with he-
matoxylin and eosin, the nuclei of mast cells are
very similar and resemble the nuclei of fibro-
blasts or pericytes, so special types of staining
are required to establish the correct diagnosis.

The histological picture of all forms of
mastocytosis is manifested by infiltrates con-
sisting mainly of mast cells. A different number
of eosinophils are either dispersed through-
out the tumour mass or form aggregates. Me-
tachromasia of mast cell granules was detected
using toluidine, methylene blue, and naph-
thol-as-D-chloroacetate esterase, which turns
the cytoplasmic granules of mast cells red.

According to the gradation of mastocytes
according to Patnaik (1984), according to the
degree of differentiation, all neoplasms can be
attributed to the second degree. According to
the Kiupel classification (2011), all neoplasms
corresponded to mastocytomas with a high de-
gree of differentiation.

A study (Hosseini et al., 2014) showed cy-
tohistopathological features of cutaneous mas-
tocytes in dogs in the skin area. Histological
features of these tumours indicate that most
of them should be classified as mastocytomas
with a high degree of differentiation. The use
of a classification system by tumour type can be
useful for differentiating this type of neoplasm
from other malignancies with similar morphol-
ogy. In addition, the study demonstrated that
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skin mastocytomas in dogs can be used as a
sensitive prognostic indicator of tumour be-
haviour after surgery, which is associated with
other histopathological variables that are wide-
ly recognised as having prognostic value.

Conclusions

Among the dogs admitted to the veterinary
clinic “Animal health” (Kyiv region, u.t.s. Hle-
vakha) with surgical diseases, the proportion of
neoplasia was 12.5%. According to the structure
of oncological diseases, skin tumour lesions in
dogs accounted for 32.16%. As a result, masto-
cytoma was diagnosed in 13 dogs aged 3 to 14
years. The highest incidence rates were estab-
lished in dogs aged 7 to 12 years. Notably, in
92.7% of dogs, mastocytomas were isolated and
only in 7.3% of cases they were multiple.

The most common places of localisation
of neoplasia are the trunk, limbs, less often the
head and neck, and groin area. The behaviour of
mastocytes is very diverse and depends on the
degree of cell differentiation. Low-differentiat-
ed tumours have a high potential for metastasis
and often recur. A high frequency of mastocyte

clinical stages and histology of cutaneous mas-
tocytosis, a direct correlation was established
between the size of the tumour and the degree
of its malignancy. A more malignant course of
the disease was characterised by mastocytomas
in dogs that were localised in areas of the body
accessible for permanent injury (limbs, groin
area, neck). According to the pathomorpholog-
ical assessment of mastocytoma, it is necessary
to consider the clinical stage of neoplasia to de-
termine diagnostic accuracy.

During X-ray imaging, the infiltrative nod-
ular and diffuse infiltrative types of mastocytes
characterise the process of their malignancy.
According to the gradation of mastocytes by the
degree of differentiation, all the examined neo-
plasms can be attributed to the second degree.
However, according to another classification, all
neoplasms corresponded to mastocytomas of
a high degree of differentiation. Prospects for
further research are to examine the prognostic
factors for the biological behaviour of cutane-
ous mastocytoma in dogs during surgery.
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AHoTanis. MacTouuToMa € OfHi€l0 3 HaMOIIMpEHIMX NYXJAMH IKipu B cobak. BoHa
XapaKTepusyeThcs criendiunum mepebirom, Herepen6auyBaHO0 MTOBEIiHKOK Ta MPOTHO30M. LIs
MyX/IMHA HeGe31eyHa TUM, 1[0 iMiTye 30BHIillTHi 03HAKY iHIIMX HOBOYTBOPEHb, BiJl MEHII 3arPO3/IMBOL
jainmoMyu o0 paky ImKipu. Mera mocmimkeHb — TpoBecTu martoMopdosioriuny Bepudikamino Ta
kmacudikaiiito Heoriasiit y cobax, siki [iarHOCTOBAHO IIifi Yac KAiHiYHOTO OOGCTEXEHHS, a TaKOX
BCTAHOBUTH 0COGIMBOCTI MOP(OIOTiYHOTO MPOSIBY B HUX HIKipHO1 hOpMM MacTOIMTOMM. MaTepian
ILJISLAOCITi IKEHb OTPUMYBaJIM METOIOM eKCIM3iiTHO1 6iorcii mimyac XipypriuHux BTpy4yaHb 3 TPUBOAY
HOBOYTBOpEeHHS 1Kipy. [liarHO3 Ha MacTOLMTOMY BCTAHOBJIIOBAIM 3a pe3yabTaTaMy KIiHIiYHOTO
0o6CTeskeHHST TBapuH i JOCTiIKeHHSI GioTmCiifHOrO Marepiasly HOBOYTBOpPEHb 3a JOTIOMOTOIO
LMUTOJOTIYHMX i FiCTONIOTiUHMX METOZiB NOCTiIKeHHS. BcTaHOBIIEHO, 1110 YacTKa Heor1asiii HKipu y
CTPYKTYPi OHKOJIOTiYHMX 3aXBOPIOBaHb cO6aK cTaHoBwiIa — 30,12%. Cepen TBapyH i3 HeOTIa3issMu
HIKipH, SIKi TTPOXOIMIN 06CTEsKeHHST, MacTOIMTOMA Oyiia AiarHocToBaHa y 17,55% cobak, BikoM Bif,
3 mo 14 pokiB. HaitBuiili moKasHUKYM 3aXBOPIOBAHOCTi BCTAHOBJIEHO Y cO6aK BikOM Bif 7 o 12 pokiB.
Hajtuacriiire mKipHy MacTOLMTOMY AiaTHOCTYBa/IM y cob6ak mopon: iapieit — 13,5%; mabpamop —
9,5%; 6okcep — 8,2%. ITOOOMHOKI BUMIAAKY MyXJIMHHUX YTBOPEHb CIIOCTEPIrasu y TBApUH TaKUX
MopiJl, SK: HiMellbKa BiBuapka, CIlaHie€/lb, cepelHboa3iaTchKka BiBuapka Ta MOIIC. 3aJIeKHO Bif,
crati: Kobem craHOBMIM — 52,2%, cyku — 47,8%. Y 50% mocmimKyBaHMX TBApMH MACTOIMTOMMU
PO3BUBAINCS 3 CTPIMKOIO JMHAMIKOIO, 1[0 CBiAUMTH PO 3HAUHY arPpeCUBHICTb MyXJIMHHOTO POCTY.
KrniniuHo y co6aKk BU3HaUaaM 03HAKM AETiApaTallii Ta po3ianu 3i CTOpOHY ITYHKOBO-KUIIIKOBOTO
TPaKTY, 1[0 BKA3y€ HAa PO3BUTOK IMapaHeOIUIaCTUYHOIO CMHAPOMY. 3a pe3ynbraTaMu coHorpadii
BCTaHOBJIEHO, 1110 MAaCTOLMTOMM LIKipY Bi3yasi3ylOTbCS SK HEOLHOPiAHI rinoexoreHHi CTPYKTypU
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3 HEUiTKMMM KOHTypaMM i HepiBHMMM KpasMu. 3a pe3ylbTaTaMu IOCTiIKeHHSI OTpMMaHi HOBi
BimomMocTi 100 MOpPGOIOTiYHNX OCOGIMBOCTEN MPOSIBY Ta PO3BUTKY MAaCTOLMTOM Y COGak.
TakuM YMHOM, OIep>KaHi pe3y/abTaTy LOMNOBHIOIOTh Ta PO3MIMPIOIOTh 3HAHHS IIOL0 MaTOreHe3y
MacCTOLMTOMM B COOAK, YaCTOTH MOIMIMPEHHS Ta 0COGIMBOCTI repebiry 1iei OHKOMIOTiYHOI MaTOoMOoTii
B OKpeMiit reorpadiuHiii momymsiii Ykpainu

KniouoBi coBa: UMTONOTiYHE AOCTIIKEHHS; TiCTOJMOTiYHE MOCTiIKeHHS; IMyXJIMHA; IIKipa;
MeTacras
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