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Abstract

Introduction: Canine mammary gland tumor is the most common type of
neoplasia in non-ovariectomized bitches. Approximately 50% of tumors are
malignant. Neoplasms originating from the mammary gland represent the
most common neoplastic disease in canines in Veterinary Medicine. Aim: Re-
late the expression of the receptor to progesterone (PR) with the tumor stage
of canine mammary Material and Methods: Analyti-
cal-cross-sectional study, samples of paraffinized tumor tissue obtained from

carcinoma.

30 canine patients with breast cancer were used. The expression of PR was
performed by immunohistochemical labeling, using murine anti-PR (anti-PR
Biocare brand). A descriptive analysis was carried out with the results using
the SPSS program. Results: The predominant histological subtype of breast
cancer was tubular carcinoma with 12 patients, followed by papillary cystic
carcinoma with 6 patients, solid carcinoma 5, carcinosarcoma 4 and comedo-
carcinoma 3. There was a significant trend between breast cancer subtypes,
histological grade G1. Among the histopathological findings, the degree of in-
vasion is related to the presence of tumor cells in adjacent lymph nodes, which
is why it is a prognostic indicator. The expression of PR in the tumor tissue
samples it was 42.8% positive versus 57.14% negative, of which 75% corre-
spond to G1, 8.3% to G2 and 16.6% to G3. With respect to the relationship of
the expression of PR vs type of tumor, it was found that 50% correspond to
tubular carcinoma, 33.3% to papillary cystic carcinoma, 8.3% to solid carci-
noma and 8.3% to comedocarcinoma. Conclusion: The hormone receptor was
negative in more than half of the patients and histological grade is significantly
associated with tumor subtypes, this study emphasizes the need to introduce
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receptor testing into our routine clinical practice to offer the best treatment for
breast cancer.
Keywords

Cancer, Mammary Gland, Progesterone, Immunohistochemistry,
Progesterone Membrane Receptor Component 1 (PGRMC 1)

1. Introduction

Cancer is the leading cause of death worldwide: in 2020, almost 10 million
deaths were attributed to this disease according to the WHO (1). So in veterinary
medicine, it is no exception, it also has a high impact; resulting in high morbidity
and mortality rates. In the dog breed, the most common cancer is breast cancer.

The mammary gland is a sweat gland located in the subcutaneous tissue
whose main function is to nourish neonates and confer passive immunity as they
develop as epithelial buds from the mammary ridges and extend from the axilla
to the inguinal region. They are classified as thoracic, cranial abdominal, middle
and caudal, and inguinal and are found exclusively in mammals and form the
glandular tissue of the breast [1].

The mammary gland is a modified apocrine gland, characterized by a tubu-
loalveolar structure and canine females usually have 5 pairs of mammary glands,
although 4 or 6 mammary pairs have been seen in some animals and each of
them characterized by a mammary body formed by 8 to 14 lobes, connective

tissue, skin, mammary papilla and the nipple [2].

1.1. Mammary Gland Cancer in Canines

Canine mammary gland tumor (CMT) is the most common type of neoplasia in
dogs, approximately 50% of tumors are malignant originating from the mammary
gland and it is the most common neoplastic disease in female canines [3].

These tumors vary in size from millimeters to centimeters, and at least 50% of
cases present multiple masses, mainly in the caudal glands. It is important to take
into consideration that the canine mammary gland is a hormone-dependent organ
whose activity Cyclic is associated with consecutive phases of development and
regression that differ between individual glands and also within each gland [4].

Mammary gland neoplasms are defined as masses of various sizes and shapes
that emerge in any of the anatomical regions that make up this organ. An essential
requirement for their appearance is that this mass is composed of glandular con-
nective tissue, therefore, the cell growth presents an autonomous and uncontrolled
growth, these abnormal growths of tumor cells in canines are grouped into various
categories according to the structures involved and the degree of malignancy pre-
sent, the most frequent are five: dysplasias, mixed tumors, benign tumors different

from the type mixed, carcinomas and sarcomas [5].
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1.2. Risk Factors that Predispose Neoplasms in the Mammary Gland

Sex is the first risk factor; since they are females, they are predisposed to pre-
senting this disease due to the tropism for the mammary gland and the presence
of natural estrogens that have a solid relationship with the incidence of mam-
mary neoplasms in female canines, demonstrated by the fact that in Bitches cas-
trated at an early age before the first estrous cycle have an incidence of 0.05%,
which increases by 8% or 26% if they are castrated after the first or second heat,
respectively; If they are neutered later, the risk of developing malignant tumors
is the same as that of a non-neutered dog [6] [7].

Diet should be considered as a risk factor for breast cancer. It has been shown
that the consumption of foods with high percentages of fat and obesity at an
early age are predisposing components, since they alter the availability and con-
centration of sex hormones when compared to canines that they consume
low-fat diets and have an adequate weight [8].

Another risk factor is age, since malignant mammary tumors appear in dogs
with an average age of 8 to 11 years and in younger dogs, the tumors are usually
benign and in dogs under 5 years of age, it is very rare for them to occur at least
that these females have been treated with progestogens [9].

Hormonal influence as a risk factor according to the study published by
Schneider et al in 1969, dogs subjected to olivary hysterectomy (OVH) before
the first estrus had a 0.5% risk of developing mammary tumors, while those op-
erated on between the 1st and 2nd estrus, and after the 2nd estrus, showed 8%
and 26% risk, respectively. Although no benefit was found in this study operat-
ing after the 2nd estrus, other studies showed that later OVH could also be pro-
tective, although not as significant [10].

The administration of exogenous hormones (progestogens and estrogens) in-
creases the risk of developing mammary tumors. It was observed that there is a
significant increase in benign tumors over malignant ones in bitches treated with
progestogens, although this relationship is reversed in bitches treated with a
combination of progestogens and estrogens [11].

1.3. Clinical Manifestation of the Disease

Many dogs have more than one mammary tumor and the 4th and 5th mammary
pairs are the most affected. Curiously, the 1st mammary pair is not usually in-
volved initially. The tumors can be small or large, fixed or mobile, ulcerated,
single or multiple, regional lymph nodes. They may or may not be enlarged and
distant metastases are infrequent, except for inflammatory breast carcinoma.
They may also present a highly aggressive neoplasia with a fulminant course.
These tumors encompass several mammary glands, presenting edema, inflam-
mation, pain, and may cause systemic signs such as anorexia, weight loss or

weakness [12].

1.4. Clinical Tumor Staging

The ideal and most useful staging system is one that directly correlates the clini-
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cal stage with the patient’s evolution, and therefore has an impact on treatment.
Although none of the currently used staging systems for mammary tumors have
been validated by the American College of Veterinary Pathologists, several stud-
ies suggest that the staging systems offer prognostic significance and therefore
guide clinicians when it comes to make therapeutic decisions [9].

Two staging systems have been proposed and published for canine mammary
tumors: the original World Health Organization system and the modified WHO
system, and as shown in Table 1, both WHO staging systems with a comparison.
Direct influence of TNM criteria in assigning stages. As shown, there are im-
portant differences between the two systems. According to the modified system,
stages I - III classify dogs based on tumor size, stage IV represents dogs with
lymph node metastasis, and stage V represents distant metastasis [3] [13].

In contrast, the original staging system assigned the same stage of disease,
namely stage II, to a dog with a small tumor and a positive regional lymph node
(N1p) as it did to a dog with a larger tumor (T2: 3 - 5 cm) regardless of lymph
node status (NOp or N1p), suggesting that a larger tumor has the same prognos-
tic importance as a positive lymph node. Additionally, according to the original
WHO staging system, a dog with a tumor large (T3) would be assigned a status
II1, regardless of lymph node status (any N), again suggesting that tumor size is

more important than lymph node status [7].

Table 1. Staging systems for tumors in domestic animals according to the WHO and the modified one [13].

Original WHO Staging System® Modified WHO™»
Stage I TIa, b, ¢ NO MO Stage I TI NO MO
Stage II TO NI Mo Stage II T2 NoO Mo
TIa, b, ¢ NI MO
T2a,b,c¢  NOorNIa MO
Stage III T3a,b, ¢ AnyN Mo Stage III T3 NoO Mo
AnyT AnyNb
Stage IV AnyT AnyN MI Stage IV AnyT NI MO
Stage V Stage V AnyT AnyN MI
Abbreviations

T: Primary tumor (a, not fixed; b)
fixed to skin; ¢, fixed to muscle)

TO: No evidence of tumor

TI: < 3 cm maximum diameter

T: Primary tumor

TI: < 3 cm maximum

(a, b, ) diameter
T2: 3-5 cm maximum diameter T2: 3 - 5 cm maximum
(a, b, ) diameter
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Continued

T3: > 5 cm maximum diameter

(a, b, )

T4: Any T, inflammatory

carcinoma

N: Regional lymph node status
(a, not fixed; b, fixed)

Assessed by clinical exam or
hitopathology

NO: No metastasis

NI: Metastasis ipsilateral lymph
node (a, b)

N2: Metastasis bilateral lymph
nodes (a, b)

M: Distant metastasis

MO: No distant metastasis

MI: Distant metastasis detected

T3: > 5 cm maximum
diameter

N: Regional lymph
node status

Assessed by histology
or cytology

NO: No metastasis

NI: Metastasis

M: Distant metastasis

MO: No distant
metastasis

MI: Distant metastasis
detected

“Excluding inflammatory carcinoma.

1.5. Histopathological Analysis of Neoplasms of the
Mammary Gland

Mammary gland tumors manifest in canines in 42% as the main cancer pathol-
ogy and the histopathological study provides the degree of infiltration, malig-
nancy, tubular formation that includes, differentiation or degree of defined ana-
plasia, as well as the nuclear appearance and the index. Mitotic (MI) which helps
us give an adequate diagnosis and treatment [3] [12].

Histologically, the canine mammary tumor is classified into malignant epithelial
tumors (carcinomas), special types of carcinomas, malignant mesenchymal tumors

(sarcomas), carcinosarcomas and benign neoplasms [3] [7].

1.6. The Hormone Progesterone

Progesterone (P4) is a steroid hormone secreted by the corpus luteum (CL) and
the placenta that plays a fundamental role in reproductive events and the estab-
lishment and maintenance of pregnancy. The concentration of progesterone in
the circulation is determined by a balance between its production and metabo-
lism, whose responsible organ is the liver, progesterone (C,H30O;) is a steroid
hormone belonging to the group of progestogens, responsible for nidation and
maintenance of pregnancy. Its main source of progesterone is the corpus luteum
of the ovary, Although it has been isolated from the adrenal cortex and placenta

of some mammals, its chemical structure is 21 carbon atoms, made up of four
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fused rings, with ketone, aldehyde groups and two methyl branches. It is also the
precursor of all steroid hormones, it is an intermediate. In the biosynthesis of
androgens, estrogens and corticosteroids, it is hydrophobic and is synthesized
into pregnenolone, a cholesterol derivative that has a molecular mass of 314.46
g/mol [14].

1.7. Expression of the Progesterone Receptor Membrane
Component 1 Is Associated with Malignant Phenotypes of
Breast Cancer

Histopathological examination is the main means of diagnosis for a mammary
gland tumor and molecular biomarkers are currently used routinely, such as
component 1 of the progesterone membrane receptor (PGRMC1), which is ge-
netically overexpressed in a wide range of tumors of various types. Species,
compared to healthy tissues, was first observed as a gene induced during diox-
in-stimulated tumorigenesis in rat liver and was also part of a six-gene signature
associated with non-genotoxic carcinogens [15].

The progesterone membrane receptor component 1 PGRMCI1 was also de-
tected in the plasma and serum of patients with lung and kidney cancer, respec-
tively, in which its level was higher compared to healthy patients and recently in
women affected by high stages of breast cancer, experiments showed that
PGRMCI1 promotes tumor cell proliferation, resistance to apoptosis caused by
chemotherapy, invasion and metastasis in different tumor cell lines. Synthetic
progestogens combined with estrogens in this cancer therapy. Furthermore, re-
cent findings have shown that PGRMCI can trigger estrogen-dependent prolif-
eration of breast cancer cells, indicating that PGRMC1 could not only predict
risk using progestins but also different estrogens [10] [15].

2. Materials and Methods

In the present work, 30 female canine breast cancer patients were used from
whom tumor tissue was collected to perform an immunohistochemistry study to

determine tumor type, grade, and PR expression.

2.1. Sample Collection

The tumor tissue samples were washed with saline solution, and stored in formalin
until embedded in paraffin to make 4-micron-thick microtome sections and fixed

on electrocharged slides.

2.2. Determination of Progesterone Receptor by
Immunohistochemistry

Immunohistochemical labeling of the PR was performed on a semi-automated
device (IntelliPATH FLX).

The paraffin-embedded tissue samples were cut on a microtome into 4 pm-thick
sections. Antibody incubation was carried out using murine monoclonal antibody

(anti-PR Biocare cat. no. ACA 424 A). Immunodetection was visualized using di-
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aminobenzidine tetrahydrochloride (DAB; Sigma-Aldrich; Merck Millipore,
Darmstadt, Germany). Slides were counterstained with hematoxylin for 2 min
(Cat No. BSB 0024; Bio-SB, Inc.) and mounted with Entellan® (Cat. No. 107960;
Merck-Millipore).

3. Results

Histopathological and morphological analysis of the tissues determined that the
predominant histological subtype of breast cancer was tubular carcinoma (TC),
followed by papillary cystic carcinoma (CPQ), solid carcinoma (CS), carcino-

sarcoma (CSAR) and comedocarcinoma (CC) respectively as seen in Figure 1.

Identified sub-types

14

12

cr
crq
6 cs
4 CSAR
cc
2 . .
0

Figure 1. The number of patients and the predominant breast cancer subtypes of 30
patients are observed, where tubular carcinoma (TC) was the predominant one, followed
by papillary cystic carcinoma (PCC) and solid carcinoma (SC).

Number of patients

3.1. Degree of Tumor Progression

According to the Elston and Ellis classification, the tumors were classified as grade
1 in 17 patients (56.6%), as grade 2 in 3 patients (10.7%), and as grade 3 in 10 pa-
tients (35.7%). The characteristics of the patients are summarized in Table 2, there
was a significant trend between breast cancer subtypes (p 0.025), in which the G1
histological grade predominates.

Table 2. Distribution of neoplasms according to tumor grade.

n %
Tumor Grade
Gl 17 56.6
G2 3 10.7
G3 10 35.7.6

Among the histopathological findings, the degree of invasion is related to the
presence of tumor cells in adjacent and distant lymph nodes, so the presence of
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metastases in lymphoid niches is a prognostic indicator, as seen in Table 3.

Table 3. Values for the count of lymph nodes contaminated with tumor cells.

n %
Lymph node metastasis
YES (1-3) 16 53.3
YES (more than 3) 6 20
NO 8 26.6

3.2. Expression of the Progesterone Receptor (PR)

The PR expressions in the tissues of the 30 patients determined that 42.8% were
positive versus 57.14% that were negative and of these, 75% correspond to Gl1,
8.3% to G2 and 16.6% to G3, with respect to The relationship of PR expression vs
tumor type was found to be 50% tubular carcinoma, 33.3% papillary cystic carci-

noma and 8.3% solid carcinoma and finally 8.3% comedocarcinoma Table 4.

Table 4. Count values of patients who tested positive for PR expression, cancer subtype
and degree of progression.

Expression of PR Cancer subtype and tumor grade

50% Carcinoma tubular
33.3% Papillary cystic carcinoma

Positive patients 42.8%
P ’ 8.3 % Solid carcinoma
8.3% Comedocarcinoma
75 % Son G1
Negative patients 57.14% 8.3 %s Son G2

16.6 % Like G3

3.3. Progesterone Receptor Immunolabeling

As we can see in Figure 2, the different types of cancerous tumors found in the
mammary glands are shown and revealing those with the immunohistochemis-
try and eosin and hematoxylin technique that were negative and positive to the

PR progesterone receptor.

4. Discussions

This study determined that the immunohistichemical (IHC) technique that was
used to mark the expression of PR applied in tissues from non-ovarictomized an-
imals did allow the expression of the receptor to be assessed in samples from pa-
tients with breast cancer, in our country currently the access IHC is still limited by
the high cost of the test, as well as the limited availability of laboratories that pro-
vide this service for veterinary use, but this technique could be used as a prognos-

tic method to classify patients with this condition. The relationship of low PR ex-
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pression with a poor prognosis has been described, while high expression is asso-

ciated with more favorable outcomes [16].

Figure 2. Photomicrographs of neoplastic canine breast tissue. “A” hematoxylin and
eosin stain of neoplastic tissue presenting low-grade tubular carcinoma. “B” negative
immunolabeling for PR 10x. “C” negative immunolabeling for PR 40x. “D” negative
immunolabeling control for PR. “E” hematoxylin and eosin stain of neoplastic tissue
presenting high-grade tubular carcinoma. “F” positive immunolabeling for RP 10x. “G”
positive immunolabeling for PR 40x. “H” positive immunolabeling control for PR.

Our study revealed that 35% of breast cancer patients have well-differentiated
tumors, 71% had positive lymph nodes, and the majority had stage T2 or T3
tumors. These unfavorable clinicopathological characteristics, such as high
grade, lymph node involvement, and advanced stage, are consistent with what
has been reported by other studies [14].

The advanced state of the disease in patients occurs precisely due to the delay
in an accurate, timely diagnosis and adequate treatment of patients and largely
also due to the delay in consultation and the lack of clinics with trained person-
nel for management. of this type of patients in the present study. In this study, it
was observed that 60% of the cases, patients who did not express the PR, pre-
sented affection in the lymphatic line in 60%, exceeding the 40% of patients who
were positive with expression of the PR, coinciding with the reports of the same
observation that had already been made by different authors [11].

Our findings in the current study have implications for the management of
breast cancer in dogs, in fact, it is common for patients with breast cancer to be
treated blindly with tamoxifen and yet 60% of our patients are negative for the
expression of PR, hormonal therapy would not be appropriate due to the de-
creased sensitivity of hormone receptors [16].

This study demonstrated interesting observations about breast cancer in dogs,
however, some limitations should be mentioned, such as the lack of availability
of the cellular marker in most cases, as well as completing a screening in which
other associated markers could be identified such as the estrogen receptor (ER),
Her 2neu and Ki67 and with this have a better overview of the expression of bi-
omarkers to provide better diagnosis, prognosis and management of canine pa-

tients with breast cancer.
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5. Conclusion

We report on the distribution of molecular subtypes of breast cancer and their
associations with some clinicopathological features in dogs. Breast carcinoma in
our patients are high-grade tumors and are diagnosed at an advanced stage. The
hormone receptor was negative in more than half of the patients Histological
grade is significantly associated with tumor subtypes. This study emphasizes the
need to introduce receptor testing into our routine clinical practice to offer the

best breast cancer treatment.
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