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Abstract

The most significant interest in veterinary oncology is occupied by tumors of a mixed nature, which are represented by the direct
interaction of epithelial and mesenchymal components. According to some data, the formation of cell lineage of mesenchymal
cells occurs due to the transformation of epidermal basket cells surrounding the glandular epithelium. In this case, the forma-
tion of a cartilage anlage with its further transformation into differentiated bone tissue occurs. The article contains information
about the structure and features of the location and interaction of mixed tumors’ glandular and stromal components in female
dogs (n=29). It was revealed that in addition to simple mixed neoplasms, tumors with proplasia of the mesenchymal component
into highly differentiated cartilage or bone tissue were also often registered. To confirm subcellular changes in the expression
of certain types of proteins, such as a-SMA and vimentin, an IHC study was used. The expression of the studied biomarkers
was established in mesenchymal fibroblastic differon cells and myoepithelial cells. The intensity of immunoreactive material
expression ranged from moderate (2+) to strong (3+), indicating changes in myoepithelial cells’ genotype during the formation

of mixed mammary neoplasms.
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Introduction

The World Health Organization (WHO) published
the “International Histological Classification of Pet Tumors”
(18), in which mixed tumors are considered a complex histo-
logical picture, including epithelial and mesenchymal com-
ponents. These tumors consist of innocent ductal and acinar
epithelial structures under which myoepithelial cells are lo-
cated. Another cell type is represented by mesenchymal cell
lineage, which forms isogenous groups of chondrocytes in
myxoid tissue, followed by the formation of a bone structure
(2,8,11, 16, 19).

According to some data, myoepithelial cells begin to
proliferate in the area between the epithelium and the basal
membrane, they change their form and become more plastic
and mobile, which allows them to penetrate the extracellular
matrix through the basement membrane. Due to this activity,
a nodular spindle cell mass arises, in which a type II colla-
gen-containing cartilage matrix begins to be secreted and ac-
cumulated (1). For this rearrangement, in myoepithelial cells,

the change in cytoskeletal proteins occurs, the expression of
basal cytokeratins (CK5, CK14, and CK17) decreases, and the
expression of mesenchymal proteins such as a-smooth muscle
actin (a-SMA) and vimentin increases (4, 9, 13, 14, 15).

Modifying proteins at the molecular level leads to
epithelial-mesenchymal transition (EMT), which stimulates
myoepithelial cells to invade through the basement membrane
and mediates changes in these cells into a mobile mesen-
chymal type. Such changes contribute to transforming the
epithelial and stromal components within breast tumors (3).

The work aimed to study the morphological and mo-
lecular features of the stromal component of mixed mammary
tumors in dogs.

Materials and Methods

Female dogs were evaluated before the surgery
(mastectomy) at the Scientific Diagnostic and Veterinary
Treatment Center of Stavropol (Russia). Then the biopsy
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specimens obtained during the operation were transferred
to the Department of Parasitology and Veterinary Sanitary
Expertise, Anatomy, and Pathoanatomy, named after Pro-
fessor S.N. Nikolsky FSBEI HE “Stavropol State Agrarian
University”. A confidentiality and informed consent form that
allowed to research the submitted material was required for
submission to the institutions mentioned above. Samples were
not collected intentionally for this study and were submitted
by veterinary clinicians between September 2019 and Decem-
ber 2022 after surgery (n=29) as a therapeutic intervention.
Thus, the study did not require additional ethical approval.

For the histopathological study, 1cm? pieces of altered
areas of the mammary glands were selected with the capture
of healthy tissue and skin. The pieces were fixed for 48 hours
in 10% buffered formalin (BioVitrum, Russia). The processing
and filling of the material was carried out according to the
generally accepted histological technique. From the obtained
blocks, paraffin sections of mammary tumor tissue samples
with a thickness of 3-4 microns were made, and mounted on
glass. Next, standard staining with hematoxylin and eosin
(H&E) and Mallory (BioVitrum, Russia) was performed on an
automatic Prisma™ multistainer (Bio-Optica, Italy).

To determine vimentin localization, monoclonal
rabbit antibodies Vimentin (SP20) 1:25 — 1:50 (USA, “Ri-
chard-Allan ScientificCo”) were used, localization of alpha-
-smooth muscle actin - monoclonal mouse antibodies (Actin,
Smooth Muscle Ab-1 (1A4) 1:25—1:50 (USA, “Richard-Al-
lan ScientificCo”). The slices were incubated for 20 minutes
in a 3% hydrogen peroxide solution to block endogenous
peroxidase. The formulation of THC reactions was carried
out using a peroxidase-polymer imaging system according to
the manufacturer’s standard protocol (Dako, USA). The an-
tibodies were unmasked by boiling the slices at 100 °C in a
citrate buffer (pH = 6.0) for 10 min. At the final stage of the
reaction, the slices were finished with Mayer’s hematoxylin.
Reactions with replacing the first antibodies with dilution so-
lution (SpringBioScience, USA) served as a negative control.

Microscopy of histological preparations was per-
formed on an Olympus BX53 microscope with a built-in
SC 50 camera (Japan). Ten digital images were taken from
each preparation in immunopositive areas with magnification
x40, x100, X200, x400, x600, x1000. The classification by
M. Goldschmidt (2011) was used for the morphological
assessment of mammary gland tumors in dogs.

The intensity of immunoreactive material expression
was assessed visually, considering the percentage of active cells
and the sum of immunopositive structures area according to the
recommendations of the American Society of Clinical Onco-
logy / College of American Pathologists (ASCO/CAP 2013):
I. Positive immunoreactivity (IHC 3+) if peripheral

membrane full intense staining was observed in more

than 10% of tumor cells.
2. Indeterminate immunoreactivity (IHC 2+) if there is

a weak to moderate intensity, complete membrane

staining of more than 10% of tumor cells.

3. Negative immunoreactivity (IHC 1+) if there is in-
complete, weak/barely noticeable membrane stai-
ning of more than 10% of tumor cells.

4. Negative immunoreactivity (IHC 0) if no staining
is observed or incomplete, weak/barely noticeable
membrane staining of 10% or less of the tumor cells.

Results

The age, breed, invaded mammary gland, and tu-
mor tissue components of the studied dogs are presented
in Table 1. According to the results of the pathohistological
examination of mammary tumors, samples from dogs were
diagnosed as mixed tumor (n=10) — 34%, mixed tumor with
cartilaginous metaplasia (n=9) — 31%, mixed tumor with bone
metaplasia (n=5) — 17.2%, mixed tumor with transformation
into adenocarcinoma (n=4) — 13.8%, mixed tumor with trans-
formation into carcinoma (n=1) — 3.4%.

Simple mixed tumors have the highest percentage.
When assessing histological sections, tissue structures re-
presented by epithelial and mesenchymal components were
revealed. The epithelial component was located in the tumor
tissue in the form of islands surrounded by fusiform basket
cells. According to the phenotype, epithelial cells were mo-
nomorphic, prismatic, and arranged in 1-2 layers. The epithe-
lium of the islets creates the appearance of papillary structures
anastomosing with each other. The mesenchymal component
has a nodular structure. The nodes include loosely located
fibroblastic differon cells, between which a scanty multidi-
rectional connective tissue was placed (Fig. 1).

Mixed tumors with metaplasia into cartilage tissue
occupy an intermediate position among other neoplasm types.
The morphological picture was represented by developing a
moderately pleomorphic epithelial component, from a cubic
to a low-prismatic form of cells arranged in 2-3 layers. Myoe-
pithelial cells of elongated, fusiform shape were located under
them. The mesenchymal component was strongly developed
concerning the epithelial one, and there was a prosoplastic
metaplasia of fibroblastic differon cells into young chondro-
cytes. The cells were arranged singly or with the formation of
isogenic groups in the amount of 2 to 4 chondrocytes localized
in an abundant extracellular matrix, having a color from light
basophilic to dark, which was characterized by the presence
of acidic proteoglycans in it (Fig. 2).

The next type of dog neoplasm was a mixed tu-
mor with bone metaplasia. The epithelial component forms
pleomorphic, tubular, and papillary structures, the cells of
which have a shape from cubic to low-prismatic, arranged
in 2-3 layers. Basket cells were located under the epithelial
lining, appearing as elongated spindle-shaped structures.
Individual cells next to the cartilaginous skeleton have a light
cytoplasm with a swollen nucleus.

Metaplasia occurs due to elongated fibroblastic dif-
feron cells with numerous processes that form a nodular
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Table 1. Age, breed, invaded mammary gland, and tumor tissue components of the studied dogs.

Dog No. Age Breed Invaded mammary gland Tumor tissue components

1 9 years crossbred 4 pack bone tissue

2 14 years Poodle 4 pack bone tissue

3 13 years Labrador 3 pack bone tissue

4 7 years Russian Spaniel 4 pack bone tissue

5 7 years Yorkshire Terrier 4 pack bone tissue

6 9 years crossbred 5 pack cartilaginous tissue

7 12 years Dachshund 4 pack cartilaginous tissue

8 9 years Zwergpinscher 5 pack cartilaginous tissue

9 10 years Dalmatian S pack cartilaginous tissue

10 13 years Deutsch Boxer 3 pack cartilaginous tissue

11 9 years Yorkshire Terrier S pack cartilaginous tissue

12 8 years Jack Russell Terrier 2 pack cartilaginous tissue

13 7 years Yorkshire terrier 5 pack cartilaginous tissue

14 7 years crossbred 4 pack cartilaginous tissue

15 9 years crossbred 3 pack myxoid tissue

16 7 years Pommeranter Spitz 5 pack myxoid tissue

17 8 years Yorkshire Terrier 4 pack myxoid tissue

18 13 years Yorkshire Terrier 3 pack myxoid tissue

19 9 years crossbred 3 pack myxoid tissue

20 10 years crossbred 3 pack myxoid tissue

21 9 years Pommeranter Spitz 4 pack myxoid tissue

22 8 years Shar-Pei 4 pack myxoid tissue

23 10 years Dachshund 3 pack myxoid tissue

24 S years Yorkshire Terrier 2 pack myxoid tissue

25 10 years Yorkshire Terrier 3 pack epithelial tissue — adenocarcinoma
26 9 years crossbred 4 pack epithelial tissue — adenocarcinoma
27 12 years Yorkshire Terrier 3 pack epithelial tissue — adenocarcinoma
28 10 years crossbred 4 pack epithelial tissue — adenocarcinoma
29 14 years crossbred S pack epithelial tissue — carcinoma

structure of myxoid connective tissue in the center. In some
areas, prosoplastic metaplasia of fibroblastic cells into young
chondrocytes takes place, forming a basophilic extracellular
matrix. The appearance of osteoclasts in the state of phago-
cytosis of cartilage structures was registered, which leads to
its resorption. In addition to osteoclasts, numerous osteoblasts
were visualized on the periphery of these structures, which
leads to bone restructuring and structuring of individual
cartilage sections into bone trabeculae.

The young bone matrix has a light basophilic color,
and highly differentiated bone tissue was characterized by
pronounced metachromasia. In the mature bone trabeculae,

reticulofibrous tissue was formed, in which the laying of
myeloid cells was visualized. We believe these structural,
morphological transformations reflect the inherent genetic
determination of mesenchymal cells in mammary tumor
tissues (Fig. 3).

Immunohistological examination (IHC) showed that
the expression of vimetine in all samples was observed from
moderate (2+) to strong (3+) and was located in fibroblastic
differon and myoepithelial cells (Table 2). Immunoposi-
tive myoepithelial cells had an elongated fusiform shape
under the epithelial layer in discontinuous chains. The marker
expression pattern was localized in the cytoplasm in the form
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Figure 1. Mixed tumor. A — mesenchymal tumor component. Dog, crossbred, eight years (stained
with hematoxylin and eosin, mag. x100). B - Fibroblastic structures, looking like a vortex.
Dog, St. Bernard, eight years (stained with hematoxylin and eosin, mag. x200).

Figure 2. Mixed tumor with cartilaginous metaplasia. A — mesenchymal component — hyaline cartilage.
Dog, crossbred, eight years (stained with hematoxylin and eosin, mag. x200). B - hyaline cartilage with
isogenous groups of chondrocytes (arrow). Dog, crossbred, eight years (Mallory staining, mag. x100).

of sprayed light brown granules or a perinuclear rim of dark
brown granules.

The expression of 0-SMA in myoepithelial cells was
observed from moderate (2+) to strong (3+) in all samples.
The biomarker localization in immunopositive cells was light
brown grains of a crumbly structure throughout the cytoplasm.
It was noted that the cells with pronounced overexpression
were located next to the cartilage/bone structure (Fig. 4).

Discussion

Canine mammary tumors (CMT) are the most com-
mon oncological disease pathology; more than 50% are malig-
nant neoplasms. In animals, neoplasias are most often recorded
at the age of 7, in most cases in uncastrated females (12).

Breed susceptibility in dogs was not thoroughly stu-
died, but according to some data, small and large dog breeds
are most susceptible to the development of mammary gland
tumors: Chihuahua, Dachshund, Poodle, Yorkshire Terrier,
Bulldog, Spaniel, German Shepherd, Doberman, German
Boxer (7).

Pathologists use the classification of M. Goldschmidt
et al. (8) when assessing the morphological type of tumors
in dogs in a new format through the revision of the WHO
CMTs classifications of 1974 and 1999. In addition to the
main terms of mammary gland tumors, another one was
added - inflammatory carcinoma, having clinical signs with
inflammatory reactions of the body (8).

In addition to the morphological classification in
2014, it was decided to supplement it with the use of immu-
nohistochemical study (IHC) for markers p63, o-SMA, and
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Figure 3. Mixed tumors with bone metaplasia. A — Bone tissue anlage and osteoclasts are nearby (arrows). Dog, Poodle, 14
years (Mallory staining, mag. x100). B — Bone tissue trabecula mineralization (arrows). Dog, crossbred, ten years (stained
with hematoxylin and eosin, mag. x100). C — Transformation of hyaline cartilage into bone tissue. Dog, Chinese Crested,

nine years (stained with hematoxylin and eosin, mag. x100). D — Trabecular bone tissue with the formation of myeloid-type
cells between the trabeculae (arrows). Dog, Russian Spaniel, 7,5 years (stained with hematoxylin and eosin, mag. x40).

Table 2. Indicators of immunoreactivity in the myoepithelial component of tumors.

Dog No. Age Breed Tumor tissue components Immunoreactivity

1 9 years crossbred bone tissue o-SMA (+++) vimentin (+++)
2 14 years Poodle bone tissue o-SMA (+++) vimentin (+++)
3 13 years Labrador bone tissue 0-SMA (+++) vimentin (+++)
4 7 years Russian Spaniel bone tissue 0-SMA (+++) vimentin (+++)
5 7 years Yorkshire Terrier bone tissue 0-SMA (+++) vimentin (+++)
6 9 years crossbred cartilaginous tissue a-SMA (+++) vimentin (++)
7 12 years Dachshund cartilaginous tissue o-SMA (+++) vimentin (+++)
8 9 years Zwergpinscher cartilaginous tissue 0-SMA (+++) vimentin (+++)
9 10 years Dalmatian cartilaginous tissue 0-SMA (+++) vimentin (+++)
10 13 years Deutsch Boxer cartilaginous tissue 0-SMA (+++) vimentin (+++)
11 9 years Yorkshire Terrier cartilaginous tissue 0a-SMA (++) vimentin (+++)
12 8 years Jack Russell Terrier cartilaginous tissue 0-SMA (+++) vimentin (+++)
13 7 years Yorkshire Terrier cartilaginous tissue 0-SMA (+++) vimentin (+++)
14 7 years crossbred cartilaginous tissue 0-SMA (+++) vimentin (+++)
15 9 years crossbred myxoid tissue o-SMA (++) vimentin (++)
16 7 years Pommeranter Spitz myxoid tissue 0-SMA (+++) vimentin (++)
17 8 years Yorkshire Terrier myxoid tissue 0o-SMA (++) vimentin (+++)
18 13 years Yorkshire Terrier myxoid tissue 0-SMA (++) vimentin (++)
19 9 years crossbred myxoid tissue a-SMA (++) vimentin (+++)
20 10 years crossbred myxoid tissue 0-SMA (++) vimentin (++)
21 9 years Pommeranter Spitz myxoid tissue 0-SMA (+++) vimentin (++)
22 8 years Shar-Pei myxoid tissue 0o-SMA (++) vimentin (++)
23 10 years Dachshund myxoid tissue o-SMA (+++) vimentin (++)
24 5 years Yorkshire Terrier myxoid tissue a-SMA (++) vimentin (+++)
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Figure 4. Biomarker expression. A —vimentin* expression in myoepithelial cells. Mixed tumor with
cartilaginous metaplasia, dog, crossbred, eight years (mag. x400). B — 0-SMA* expression in myoepithelial
cells. Mixed tumor with bone metaplasia, dog, Poodle, 13 years (mag. x1000). Inmunohistochemical
reaction with antibodies to vimentin/o-SMA. Mayer’s hematoxylin nucleus staining.

vimentin, for further identification of cellular structures de-
rived from myoepithelial cell lineage (10).

In our study, mixed tumors with a complicated cellu-
lar landscape of epithelial, myoepithelial, and mesenchymal
components represented a common type of canine mammary
neoplasia. There was no consensus on the origin of such di-
verse cellular structures in tumors, and only three hypotheses
were presented. The first one refers to the collision theory
when two tumors begin to unite their cellular components
due to their proximity. The second one was the combination
theory, which indicates that the origin of the three tissues
begins with their stem or multipotent cells. The last one refers
to the conversion (metaplastic) theory, based on metaplasia
and transdifferentiation of myoepithelial or basal mammary
gland cells (16, 17).

For further study of cellular elements in mixed
mammary gland tumors, an immunohistochemical study of
versican proteoglycan was used, which proves molecular
changes in myoepithelial cells, leading to transformation
into a mesenchymal component, which is the basis for the
cartilaginous matrix formation (5, 6).

We can conclude that among mixed mammary tumors
in dogs, the most significant percentage is occupied by neoplas-
ms with cartilaginous and bone metaplasia. The pathognomic
morphological feature is the nodular structuring of fibroblastic
lineage cells, with further transformation into hyaline cartilage
tissue, which undergoes remodeling to a highly differentiated
bone structure. An immunohistochemical study showed that
the biomarkers - vimentin, a-SMA, have cytoplasmic immu-
noreactivity in myoepitheliocytes. In our opinion, the presence
of hyperexpression indicates the intercellular effect of myoepi-
thelial cells on the mesenchymal component, which contributes
to the prosoplastic metaplasia activation inside the tumor tissue.
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