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Abstract: Mammary tumors are the most common neoplasms in unspayed female dogs. Biomar-
kers are biological molecules measured in blood or tissue that provide information for the pre-
sence of disease, treatment and prognosis. Tumor biomarkers can be used to determine cancer
risk, early diagnosis, recurrence or progression. In this study, 125 tissue samples from 31 dogs
with mammary tumor were included. It is aimed to evaluate the tissue estrogen receptor (ER),
progesterone receptor (PR), epidermal growth factor receptor (EGFR) and carbohydrate antigen
15-3 (CA 15-3) in regard to different tumor types and clinicopathological parameters. Tumors inc-
luded in the study; were evaluated in 3 groups as malignant epithelial tumors group (MET, n=66),
hyperplasia&dysplasia (H&D, n=43) group and benign mammary tumor (BMT, n=16) group. The
highest ER and PR levels were determined in group BMT (P<0.05). Also, CA 15-3 level in group
MET was significantly higher than in group H&D (P=0.01). However, the evaluated biomarkers in
group MET were not different with regard to clinicopathological parameters such as histological
subtypes and grading, tumor size, and invasion (P>0.05). In this study, ER was moderately and
positive correlated with PR (r=0.383, P<0.001) while it was low and positive correlated with EGFR
(r=0.223, P<0.05). Also, CA 15-3 was moderately and positive correlated with EGFR (r=0.376,
P<0.001) while it was low and positive correlated with PR (r=0.216, P<0.05). This study stated that
ELISA is capable enough to detect the ER, PR, EGFR and CA 15-3 in canine mammary tumor tissue.
In conclusion, ER and PR can distinguish benign tumor from malignant tumor and H&D, while CA
15-3 can distinguish malignant tumor from H&D.

Introduction

disease, treatment outcome and prognosis (6, 7). Tumor
biomarkers can be used to determine cancer risk, early

Neoplasms are one of the most common conditions seen in
dogs in recent years. While it is a leading cause of death in dogs,
the Veterinary Cancer Society estimates that 25% of dogs will
be diagnosed with cancer in their lifetime (1-3). Mammary
tumors are the most commonly diagnosed tumors in female
dogs (4). Nikodinovska et al. (5) investigated canine tumors and
reported that mammary adenocarcinomas were the most
frequently diagnosed tumor compared to all tumors (19.42%).

Biomarkers are biological molecules that can be measured in
blood or tissues and provide information for the presence of a

diagnosis, recurrence or progression (8).

Estrogen is thought to have an effect on tumor development
(9). While estrogen receptors (ER) are found in both benign and
malignant mammary tumors, ER is expressed more in benign
mammary tumors (10). Progesterone receptor (PR) is one of the
biomarkers that effectively predict hormonal response in
mammary tumors (11). Progesterone receptor protein products
from target genes are involved in cellular activities such as
transcription, steroid and lipid metabolism, cell growth and
apoptosis, and some of these proteins are associated with
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mammary tumor development (12). The epidermal growth
factor receptor (EGFR) belongs to the family of human
epidermal growth factor receptors (HER) (13). It is associated
with poor clinical outcomes because it increases angiogenesis
and metastasis (14). The cancer antigen known as Mucin 1 (CA
15-3) is a glycoprotein that is a product of the mucin 1 gene
expressed from the apical plasma membrane (15). In malignant
cases, the membrane expression of the MUC-1 gene, associated
with cell surface oncoproteins, often changes from apical to
lateral at the same time as the loss of polarity in epithelial cells.
By acting as anti-adhesive molecules, it facilitates the
detachment of malignant cells. Thus, it increases the potential
of tumor cells to metastasize and invade (16). High serum levels
of CA 15-3 are associated with large tumor size, disease stage,
and the presence of lymph node metastases, and they indicate
a poor prognosis (17,18).

There are a limited number of studies in the literature
evaluating the tumor tissue in dogs with mammary tumors
together and investigating the relationship with clinical
parameters (9, 15, 19, 20). The aims of this study are to evaluate
the difference of ER, PR, EGFR, CA15-3 biomarkers in canine
mammary tissue with different pathologies and to investigate
the change in amounts of the specified biomarkers in malignant
epithelial tumors related to clinical parameters such as
histopathological subtype, mass size, invasion status, tumor
grade.

Materials and methods

The animal care protocol and experimental procedures in this
study were approved by the Unit Ethical Committee at the
istanbul University-Cerrahpasa, Faculty of Veterinary Medicine
(Approval Number: 2018/23).

Animal material and working procedure

Animal material was obtained from 125 mammary lobe samples
from 31 dogs with mammary tumors, aged 6-14 years and
weighing 6-40 kg, brought to Istanbul University-Cerrahpasa
Veterinary Faculty, Department of Obstetrics and Gynecology.
Mammary tissues included in the study were examined in 3
groups as malignant epithelial tumors group (MET),
hyperplasia&dysplasia (H&D) group and benign mammary
tumor (BMT) group. The study groups formed according to the
histopathological results of mammary tissues as bening tumors
(BMT) and malignant tumors (MT). Also, Group MT divided into
2 subgroups as; malignant epithelial tumors (MET),
carcinosarcomas and malignant mixed tumors. Hemogram,
blood biochemistry analysis results and three view thoracic
radiography of the dogs were evaluated. Distant and regional
metastases were determined based on clinical examiantion,
radiography, ultrasonography and histopathology. The
corresponding numbers of the groups according to the clinical
examination were presented in Table 1. Distant metastasis to
lungs and regional lymph nodes were observed in 7 dogs. The
tumors in group MET were classified according to the tumor,
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lymph node, metastasis (TNM) system determined by the World
Health Organization (21). While the distribution of masses was
presentin all lobes, the distribution of MET was higher in caudo-
abdominal and inguinal lobes. As a result of macroscopic and
histopathological examination, ulceration was detected in 3 of
the mammary tumors and inflammation in 1 of them.

Table 1: The corresponding numbers of the groups according to the cli-

nical examination

Clinical Examination Data Number of Samples

Groups

MET 66
H&D 43
BMT 16
Total mass number 125
Tumor Size (T

T1(0-3 cm) 37
T2 (3-5cm) 13
T3 (>5cm) 16
Intramammarial Lymph Node Invasion

(+) 18
(-) 48
Presence of Distant Metastasis

(+) 7
() 24
OVH Status of the Dogs

OVH (-) 25
OVH (+) 6

MET: Malignant epithelial tumors, H&D: Hyperplasia&Dysplasia, BMT: Benign
mammary tumor, OVH: Ovariohysterectomy

Dogs were initially administered Atropine (Atropine, Vetas,
Tarkiye), (0.02-0.04 mg/kg via subcutanously) as a
preanesthetic. Propofol (Propofol-PF 1%, Polifarma llag,
Turkiye) was administered at a dose of 6-8 mg/kg for induction.
General anesthesia was maintained with 3-3.5% isofluorane
(Forane, Baxter, Egypt) and 2-3% oxygen. Bilateral total
mastectomy was performed as a treatment.

Homogenization and analysis phase

Tissue samples were cut into small pieces, up to 500 mg each.
Phosphate Buffered Saline (PBS) cooled at 4°C and 1 ml per 100
mg sample (0.01M, pH=7.4) added. The homogenization process
was carried out in ice using ultraturax (Miccra-D1). After
application, homogenized samples were stored at 8°C until
centrifugation. Homogenates were centrifuged using a cooled



centrifuge (Sigma 3K30) at 3000 rpm for 20 min. The
supernatants were portioned into 4 pieces and stored at -25°C
until analysis was performed. Samples kept at -25°C were raised
to room temperature for measurements. Since four different
markers will be looked at, each marker was prepared and
measured separately. The MicroQuant ELISA system (Bio-Tek,
USA) and commercially available dog-specific ELISA kits in
accordance with the manufacturer's instructions were used for
the analyses (ER Catalog no: E0414Ca, PR Catalog no: EO058Ca,
EGFR Catalog no: E0301Ca, CA 15-3 Catalog no: E0156Ca Bioassay
Technology Laboratory, Shanghai, China). Three samples were
measured repeatedly in order to determine the coefficients of
variance within and between tests. In-test variance coefficients
were determined as 3.2%, 2.1%, 3.7%, and 5.2% for ER, PR, EGFR,
and CA 15-3 parameters, respectively. The variance coefficients
between the tests were found to be less than 10%.

Statistical analysis

A priori power sample size analysis was performed by G*Power
version 3.1.9.7 software (Heinrich-Heine-Universitat Disseldorf,
Dusseldorf, Germany). Calculations revealed that a total sample
size of n =123 would be sufficient to provide 98% power with 0.05
a-error probability and an effect size of 0.40.

The SPSS 13.0 program (IBM, New York, USA) was used for
statistical analysis. First, normal distribution of the data was
analyzed by the Shapiro Wilk test. The relationship between
parameters (ER, PR, EGFR, CA 15-3) was evaluated by the Pearson
correlation test. One-way ANOVA and Duncan tests were used to
determine the differences between the study groups. A t-test was
performed to determine the difference between the invasion
status of the masses in the group MET. One-way Anova and
Duncan tests were used to determine the differences between
histopathological subtypes, histopathological grade, and mass
sizes of group MET. In addition, the significance of the distribution
of histopathological stages to the mammary lobes in the MET
group was evaluated by the Kruskal-Wallis test. The significance
level was considered as P < 0.05.

Results

The changes in the amount of ER, PR, EGFR, and CA 15-3 were
evaluated in terms of various histopathological and clinical
findings, and the obtained results were presented in Figure 1,
Figure 2, Figure 3, and Figure 4, respectively.

Comparison of the groups and histological findings related to
the evaluated biomarkers

The amounts of ER and PR were significantly higher in the BMT
group (10.33+0.76 and 17.53+ 1.68 ng/ml) than in the MET group
(8.43+ 0.30 and 13.81% 0.55 ng/ml) (P<0.05) and in the H&D
group (8.53+ 0.32 and 13.69+ 0.61 ng/ml) (P<0.05) (Figure 1 and
Figure 2). While there was no significant difference between the
study groups in terms of EGFR amounts (P>0.05), CA 15-3 levels
were found to be significantly higher in the MET group (1.27%
0.07 ng/ml) compared to the H&D group (0.91+ 0.08 ng/ml)

(P=0.01) (Figure 3 and Figure 4). In this study, ER was moderately
and positively correlated with PR (r=0.383, P<0.001), while it was
low and positively correlated with EGFR (r=0.223, P<0.05). Also,
CA 15-3 was moderately and positively correlated with EGFR
(r=0.376, P<0.001), while it was low and positively correlated with
PR (r=0.216, P<0.05) (Table 2). Histological subtypes of group
MET were simple carcinoma (n=31), solid carcinoma (n=5),
carcinoma complex type (n=13), carcinoma mixed type (n=7),
carcinoma specific type (n=7), carcinoma in situ (n=1), ductal
carcinoma (n=1), and intraductal papillary carcinoma (n=1).
Histopathological subtypes with one case each were not included
in the statistical evaluation. There was no significant difference in
the evaluated ER, PR, EGFR, and CA15-3 parameters according to
the histopathological subtypes (P>0.05). Histopathological
grading and their corresponding numbers in group MET were
Grade 1 (n=23), Grade 2 (n=30), and Grade 3 (n=13) according to
histopathological grade. There was no significant difference
between histopathological grades in relation to ER, PR, EGFR, and
CA15-3 parameters in group MET (P > 0.05).

Table 2: Correlation coefficients (R) of ER, PR, EGFR and CA 15-3 para-
meters

ER PR EGFR CA15-3
ER 1 .383%* .223* 139
PR 1 .167 .216*
EGFR 1 .376%*
CA15-3 1

R: Pearson correlation coefficient, ** Correlation is important at the level of
0.01. * Correlation is significant at the level of 0.05

Comparison of clinical aspects related to the evaluated
biomarkers

Mass size was evaluated in accordance with TNM classification
in the MET group. Accordingly, tumors were grouped as 0-3 cm
(T1, n=37), 3-5 cm (T2, n=13), and larger than 5 cm (T3, n=16).
There was no significant difference in ER, PR, EGFR, and CA15-3
parameters according to mass size (P > 0.05). On clinical and
histopathological examination, 18 of the tumors in the MET
group were found to have invaded the muscles or inguinal
intramammary lymph nodes, and 48 of them were non-invasive.
Accordingly, there was no significant difference in ER, PR, EGFR,
and CA 15-3 parameters (P > 0.05) in terms of the presence of
the invasion. The relevant mammary lobes of the masses in
Group MET were determined as axillary lobe (n=5), thoracic
lobe (n=6), cranioabdominal lobe (n=16), caudoabdominal lobe
(n=21), and inguinal lobe (n=19). The effect of tumor localization
on histopathological grade in this group was evaluated. In our
study, although tumors were more localized in the last 3
mammary lobes, there was no significant difference between
histopathological grades and tumor localization (P>0.05).
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Figure 1: ER levels among histopathological and clinical groups and their significance. MET: Malignant epithelial tumor, HD: Hiperplasia and
dysplasia, BN: Bening neoplasms, SiC: Simple carcinoma, CS: Solid carcinoma, CC: Complex carcinoma, CMT: Carcinoma mix type, CST: Carcinoma
special type, INV: Invasive, N-INV: Non-invasive. 2P Different letters in each graph indicate the significance (P<0.05)
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Figure 2: PR levels among histopathological and clinical groups and their significance. MET: Malignant epithelial tumor, HD: Hiperplasia and
dysplasia, BN: Bening neoplasms, SiC: Simple carcinoma, CS: Solid carcinoma, CC: Complex carcinoma, CMT: Carcinoma mix type, CST: Carcinoma
special type, INV: Invasive, N-INV: Non-invasive. 2P Different letters in each graph indicate the significance (P<0.05)
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Figure 3: EGFR levels among histopathological and clinical groups and their significance. MET: Malignant epithelial tumor, HD: Hiperplasia and
dysplasia, BN: Bening neoplasms, SiC: Simple carcinoma, CS: Solid carcinoma, CC: Complex carcinoma, CMT: Carcinoma mix type, CST: Carcinoma
special type, INV: Invasive, N-INV: Non-invasive. 2P Different letters in each graph indicate the significance (P<0.05)
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Figure 4: CA15-3 levels among histopathological and clinical groups and their significance. MET: Malignant epithelial tumor, HD: Hiperplasia and
dysplasia, BN: Bening neoplasms, SiC: Simple carcinoma, CS: Solid carcinoma, CC: Complex carcinoma, CMT: Carcinoma mix type, CST: Carcinoma
special type, INV: Invasive, N-INV: Non-invasive. 2P Different letters in each graph indicate the significance (P<0.05)

Discussion

Biomarkers are biological molecules that can be measured in
blood or tissues and provide information for the presence of a
disease (6). In accordance with the previous report, the
difference of ER, PR, EGFR, and CA15-3 biomarkers in canine
mammary tissue with different pathologies and the change in
amounts of the specified biomarkers in malignant epithelial
tumors related to clinical parameters were investigated in this
study. High surface membrane progesterone expression was
determined in benign tumors (22). The researchers (22)
indicated that the proportion of progesterone-containing cells
in malignant tumors (13.63%3.5) was lower than in benign
tumors (39.2815.18). Inconsistent with the previous report, PR
levels in BMT were significantly higher than in group MET (P <
0.05). Millanta et al. (23) investigated the PR in
hyperplasia/dysplasia and benign and malignant mammary
tumors, and they found the lowest PR levels in malignant
mammary tumors. According to the data obtained, both studies
are compatible with each other. In the present study, it was
found that the amount of ER was statistically significantly higher
in benign tumors than in malignant epithelial tumors and
hyperplasia&dysplasia groups (P < 0.05). De Las Mulas et al. (24)
also found the amount of ER to be significantly higher in benign
tumors in their study with mammary tissue. When the
malignancy increases, the amount of estrogen hormone also
increases. As the amount of hormone increases, the rate of
destruction of the receptors cannot reach the rate of
construction, and when the amount of estrogen is high, the
down-regulation of ER occurs (25). The low ER levels in the
malignant tumor in this study are thought to be due to down-
regulation. Consistent with the researcher report (9), the
positive correlation between ER and PR was observed in this
study. Accordingly, itis thought that the use of steroid receptors
in canine mammary tumors would be appropriate from a
diagnostic and/or pathognomonic point of view. It was

hypothesized that the progression towards malignancy in
canine mammary tumors therefore appears to be associated
with a decrease in steroid hormone dependency.

Researchers have reported that the presence of a direct
correlation between EGFR and ER concentrations in malignant
mammary tumors in dogs may be associated with an estrogen-
dependent expression of EGFR or a similar pattern of regulation
of receptors (26). In this study, there is a positive correlation
between ER and EGFR, in agreement with the researchers (26,
27). This situation is thought to be due to the synergistic effects
of ER and EGFR in mammary tumors, as stated in many studies
(26, 27). In the present study, no statistically significant
difference was found in terms of EGFR in benign tumors,
malignant epithelial tumors, and H&D groups (P >0.05). Gamma
et al. (28) found higher EGFR levels in malignant mammary
tumors than in benign mammary tumors. As the reason for this
contrast, it is thought that the growth of the tissues continues
in the mammary tissues with hyperplasia & dysplasia and
benign tumors, as in the malignant epithelial mammary tumors,
and because EGFR is a part of this growth, no difference was
detected between the groups. In this study, the CA 15-3 level in
malignant epithelial tumors was found to be significantly higher
compared to the H&D group (P=0.01). Jain et al. (29) reported
that CA 15-3 is at high levels in malignant mammary tumors.
Ramadan et al. (30) found that serum CA 15-3 levels are higher
in malignant mammary tumors compared to healthy mammary
tissue. Benign and malignant tumors can coexist in the same
animal. Since the present study was based on mammary lobes,
benign and malignant tumors may be present in close lobes.
Since the CA 15-3 biomarker is also a biomarker measured in
blood serum, it can pass from one lobe to the other via the
hematogenous way (31). Therefore, it is thought that there is no
significance between benign and malignant tumors. Sustained
elevation of CA 15-3 in breast cancer cases in humans has been
associated with the human epidermal growth factor receptor
(HER2) positivity (32). In this study, a positive correlation was
found between CA 15-3 and EGFR (P<0.001). This is thought to
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be due to the important role of both parameters in tumor
pathogenesis.

In this study, ER and EGFR amounts were not statistically
different related to the histological subtypes in group MET
(P>0.05). Millanta et al. (33) found no significant difference in
ER levels between the histological subtypes of canine mammary
tumors. In addition, although different materials or different
analysis methods were used in dogs with mammary tumors,
researchers (14, 28, 34) did not detect a statistical difference in
the amount of EGFR related to tumor subtypes. In the present
study, no significant difference was detected in the amount of
CA 15-3 in terms of the histological subtypes (P > 0.05). Manual
et al. (15) investigated CA 15-3 levels in canine mammary tissue,
and they did not observe the significance in CA 5-3 levels in
terms of histological subtypes of the tumor.

Histopathological grading is an evaluation to obtain information
about the tumor's malignancy, extent of spread, and metastatic
potential (35). The differences of the biomarkers evaluated in
this study according to the histological grades of the tumor were
examined. In the present study, no significant differences were
observed in the ER and PR parameters related to the histological
grades of the tumor (P>0.05). Gama et al. (28) stated that EGFR
levels did not differ in regard to the histological grading. Ginay
Ugmak et al. (34) reported that the amount of EGFR in the
circulation was higher in histopathological grade 2 tumors than
in grade 1 tumors. The opposite result with the previous reports
(28, 34) is thought to be due to the fact that this study material
is tissue. In this study, CA 15-3 levels were not different related
to tumor grades (P>0.05). Shao et al. (31) reported that the
amount of CA 15-3 tended to increase with tumor grade. The
researchers (15, 36) reported higher CA 15-3 levels in grade 2
and grade 3 carcinomas. The inconsistency with the studies is
thought to be due to the determination of CA 15-3 from serum
in the compared studies and the difference in the number of
cases belonging to malignancy grades.

Tumor size is one of the important pathognomonic factors in
malignant mammary tumors (37). When the biomarkers in this
study were evaluated according to tumor size, no significant
difference was found in ER levels in terms of tumor size
(P>0.05). This is thought to be due to the fact that ER down-
regulation does not show any difference in mass size in
malignant mammary tumors. In the present study, no
significance was determined in PR amounts related to tumor
size (P>0.05). De Las Mulas et al. (37) found that tumors with PR
were smaller in size. Compared to the small-sized tumors used
in previous studies, the tumors in this study were less
numerous, and this is thought to be the reason for the
contradictory results. In the present study, no difference was
detected in EGFR levels in regard to different tumor sizes
(P>0.05). The researchers (38, 39) reported that as the tumor
size increases, the amount of EGFR also increases. The
difference between studies can be explained by the fact that
EGFR down-regulates its own receptor as the mass grows (28).
Because elevated CA 15-3 levels are associated with large tumor
size and malignancy, tumor malignancy is assessed by the
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measured amounts of CA 15-3 (36). In this study, no statistically
significant difference was found between the mass sizes in
terms of the amount of CA 15-3 (P>0.05). The reason for this is
thought to be high CA 15-3 levels in malignant epithelial tumors,
regardless of mass size.

In the present study, ER levels were not different in regard to
the invasion status of the tumors (P>0.05). The researchers (23,
40) found the significant differences in ER levels related to the
invasion status of canine mammary tissue (P < 0.01, P = 0.05,
respectively). In this study, PR levels did not differ depending on
the invasion status of the tumors (P>0.05). Also, Millanta et al.
(33) found no significance in PR levels in regard to the tumor
invasion in their study using both cat and dog mammary tissue.
Adhesion to the skin and underlying tissues increases EGFR
levels (20). In the present study, EGFR levels did not differ
significantly according to tumor invasion status (P>0.05). Gama
et al. (28) found no significance in EGFR levels in terms of the
tumor invasion. The discrepancies in EGFR amounts are thought
to be due to the difference in the number of invasive tumor
tissues studied. Levels of CA 15-3 increase with invasion (41).
Although the amount of CA 15-3 was found to be high in
invasive malignant epithelial tumors in this study, it could not
reach significance (P > 0.05). This difference can be explained by
the increase in CA 15-3 levels with increasing metastasis and
histological grade and the fact that CA 15-3 levels in malignant
epithelial tumors are not affected by the mass size or by the
muscle invasion.

Canine mammary tumors appear to be predominantly localized
in the inguinal lobes, followed by the caudoabdominal lobes.
The malignant epithelial tumors in this study were mostly in the
inguinal lobes, which is consistent with a previous study (42).
Although the localization of malignant tumors was more than
posterior mammary lobes, no relation was found between
tumor localization and histological grading in this study. Our
findings show that ER and PR biomarkers can distinguish benign
from malignant and benign from H&D. A significant rise in ER
and PR in BMT tissues exhibited the need for steroid hormones
in tumor-growing tissues. In addition, the CA 15-3 biomarker
can distinguish between malignant and H&D. Although these
biomarkers could not make any distinction in terms of clinical
and pathological findings (histological subtypes, histological
grades, tumor size, invasion status, and localization) in
malignant tumors, it was concluded that they were capable of
revealing the tumor formation.

Conclusion

In conclusion, this study demonstrated that tissue tumor
markers CA15-3, ER, and PR can be used as diagnostic tools for
the screening of canine mammary tumors. This study stated
that ELISA is capable enough to detect the ER, PR, EGFR, and CA
15-3 in canine mammary tumor tissue. The results obtained
suggest that the combined detection of tumor biomarkers
CA15-3, ER, and PR can be used as a method for the diagnosis



of canine mammary tumors and may increase the rate of
diagnosis. ER and PR can distinguish benign tumors from
malignant tumors and H&D, while CA 15-3 can distinguish
malignant tumors from H&D.
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