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Abstract
Detection of the circulating tumour cells (CTC) in dogs with a mammary tumour is a useful
tool to reveal the micrometastases long before metastases are recognised clinically. The aim
of this study was to evaluate the association of the epidermal growth factor receptor (EGFR),
claudin 7 (CLND7) and epithelial cell adhesion molecule (EPCAM) with the clinical indices and
to reveal the diagnostic importance of these biomarkers in canine mammary tumours (CMTs).
Peripheral blood (PB) samples were collected from 45 bitches (group MT) which had single
mass with malignant epithelial tumours and 9 healthy bitches (group H). Real time PCR (rt-PCR)
was performed to determine the expression levels of EGFR, CLDN7, and EPCAM. Mean values
of EGFR and CLDN7 expressions were significantly higher in group MT compared to group H
(P < 0.01 and P < 0.001, respectively). The expression level of CLDN7 was positively correlated
with EGFR and EPCAM (P < 0.001 and P < 0.05, respectively). The EPCAM expression was
associated with increased tumour size (P < 0.05) and EPCAM tended to decrease in the presence
of skin ulceration on tumour (P = 0.05). Furthermore, expression levels of EGFR in intact
dogs were significantly higher compared to spayed dogs in group MT (P < 0.01). The EGFR
expression was significantly higher in the presence of metastases (P < 0.05). Also, increased
EGFR was determined in grade 2 compared to grade 1 (P < 0.05). In conclusion, these results
show that EGFR, CLDN7, EPCAM markers are measureable in PB and they may provide
valuable information about the clinical pathophysiology of CMT.
Claudin 7, epidermal growth factor receptor, epithelial cell adhesion molecule

Metastatic risks in canine mammary tumours (CMTs) are determined depending upon
several clinical prognostic factors such as the tumour type, histological differentiation, and
tumour size (Ferreira et al. 2009). Metastatic cancer cells named as circulating tumour
cells (CTCs) are spread to distant organs by blood and lymph vessels (Sleeckx et al. 2011;
Canadas et al. 2019). The CTCs have a prognostic value because these markers are able
to detect metastases before they are recognized clinically. The CTC markers are potential
mRNA markers that are expressed in mammary carcinoma (da Costa et al. 2013; Lee
et al. 2018).
Epidermal growth factor receptor (EGFR) is a transmembrane glycoprotein that plays
a role in growth, differentiation, proliferation and anabolism of tumour cells (Tang
et al. 2012; Kaszak et al. 2018). Claudins have an important role in the tight junction (TJ)
in canine mammary epithelial cells (Jakab et al 2008). Oshima et al. (2008) have claimed
that loss or decreased levels of claudin 7 (CLDN7) are a metastatic predictor. Besides, the
epithelial cell adhesion molecule (EPCAM) is one of the most common epithelial markers
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in humans (Alunni-Fabbroni and Sandri 2010). The EPCAM reflects the cancer
progression and prognosis and it is used as a diagnostic and prognostic marker in humans
with breast carcinomas (Gao et al. 2017). There were several reports on tissue expression
of EGFR (Gama et al. 2009; Carvalho et al. 2013; Guimarães et al. 2014) and CLDN7
(Jakab et al. 2008; Hammer et al. 2016) in CMTs. Moreover, e-cadherin was usually
expressed in tissue as cell adhesion molecule in CMTs but in human breast cancer EPCAM
expression was evaluated as a cell adhesion molecule (Gao et al. 2017).
Detection of the CTC markers from the peripheral blood (PB) of dogs with a mammary
tumour in the pre-operative term may be a useful tool for early diagnosis of CMTs. The
aim of this study was to investigate the expression levels of EGFR, CLDN7, and EPCAM
in PB. The relationship between the clinical indicators (ovariohysterectomy [OVH] status,
histology types, histology grade, metastases, ulceration and necrosis) and the circulated
tumour markers (EGFR, CLDN7, EPCAM) in dogs with mammary tumor were explored.
Materials and Methods
The animal care protocol and experimental procedures in this study were approved by the Local Ethics
Committee of Istanbul University (Approval Number: 2013/14).
Animals and study design
Forty-five bitches that had a single mass with malignant epithelial tumour (group MT) and 9 healthy
bitches (group H) were included in this study. Nine bitches in group H were presented to our clinic for
OVH section. The mean age and weight of the bitches in group MT and group H were 11.19 ± 0.41 years
vs 5.94 ± 1.21 years and 16.26 ± 1.49 kg vs 20.16 ± 2.73 kg, respectively. The breeds in the groups were Golden
Retriever, Terrier, German Shepherd, Kangal, Cocker Spaniel, Labrador Retriever and mix breed. Vaginal
examination (palpation, cytology, vaginoscopy), abdominal ultrasonography and examination of mammary
glands were performed in the clinical examination of all groups. Complete blood count and biochemical analyses
were performed in order to evaluate the preoperative anaesthesia risks in both groups. Three-view thoracic
radiography was taken by computerized radiography (Orex PcCR 1417 and Viztek diagnostic imaging program,
USA) in order to evaluate macrometastases of the lungs. The PB samples for RNA isolation were collected in
the pre-operative term into EDTA containing tubes. The 0.5 ml blood from an EDTA containing tube and 1.3 ml
RNA-later solution was collected into an Eppendorf tube for each bitch. The blood samples were stored at -20 °C
until RNA isolation. The bitches were initially premedicated with atropine sulphate (0.03 mg/kg, s.c.) (Atropin®,
Teknovet, Turkey). For induction of anaesthesia, 1% propofol (Lipuro®, Braun, England) was used at 4 mg/kg,
i.v.. The anaesthesia was maintained with 3% isoflurane (Forane liquid®, Abbott Laboratories, England) and
0.5–1% oxygen combination. Mastectomy was performed using the method described by Kirsan et al. (2005).
Ovariohysterectomy was not performed during mastectomy for the intact bitches in group MT to avoid the
contamination of tumour cells into the abdomen. Stages of CMTs were established according to the tumourlymph node-metastasis (TNM) staging system (Owen 1980). The histopathological classification of CMTs was
obtained according to Gundim et al. (2016). Histological malignancy grades of CMTs were classified according
to Goldschmidt et al. (2011) as grade 1, 2, and 3.
Total RNA isolation and real time PCR procedure
A commercial total RNA purification kit was used for RNA isolation (Ribo-Pure Blood kit, Ambion, Cat. No.
AM1928, USA). Moreover, DNAse I treatment was performed to prevent DNA contamination at the end of the
RNA isolation process according to manufacturer’s protocol (Ribo-Pure Blood kit, Ambion, Cat. No. AM1928,
USA). After the amount and purity of the RNAs were analyzed using a Nanodrop 2000 spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA), isolated RNAs were stored at -86 °C. A script complementary
DNA (cDNA) synthesis kit (Jena Bioscience PCR-511L, Germany) was used to transcribe 1 µg of each total RNA
sample into cDNA in accordance with the manufacturer’s protocol. Commercial kits (Jena Bioscience, qPCR
ProbesMaster UNG/lowROX, Cat. No.PCR-306L, Germany) and validated primer-probe strands belonging
to EGFR, CLDN7, and EPCAM were used for rt-PCR which was performed according to the manufacturer’s
protocol on a Bio-Rad CFX 96 (Bio-Rad, USA). Reference sequence numbers related to EGFR, CLDN7, and
EPCAM were XM_533073.2, XM_546484.2 and XM_538481.2, respectively. In addition, ATP5B was used
as the housekeeping gene (HKG) because researchers (Bougarn et al. 2011; Hvid et al. 2011) have reported
that ATP5B is the most stably expressed HKG in the mammary epithelial cells in animals (Ref. Seq. No.
XM_531639.2). Fold changes were evaluated using relative mRNA expression 2-∆∆Ct method.
Statistical analysis
The SPSS 22.0 (IBM SPSS Statistics, ABD) program was used for statistical analysis. The relation between
fold change values (2-∆∆Ct) of the tumour markers in terms of the groups were evaluated by t-test. One-way
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Anova and t-test were performed for determining the relationship between group MT and clinical indicators
(OVH status, histology types, histology grade, metastases, ulceration and necrosis) by evaluating ∆Ct values of
the tumour markers. Down-regulation percentages of the tumour markers in regard to different mass sizes were
evaluated by chi-square test. Correlation between the expression levels of the tumour markers were evaluated
with Pearson correlation test. Besides, association between the levels of tumour markers and the presence of
metastasis in group MT were evaluated by Pearson correlation test. The receiver-operating characteristics (ROC)
curve analysis was performed to determine sensitivity and specificity of EGFR, CLDN7, and EPCAM in group H
and MT. The significance level was accepted at P < 0.05.

Results
The CTC markers were analysed in the pre-operative term for determining the association
between mRNA expression levels of the markers and various clinical indicators (OVH
status, tumour size, histology types, histology grade, metastases, ulceration and necrosis).
Numbers of the bitches with
Table 1. Number of the bitches with MT according to clinical indicators. MT according to clinical
indicators are presented
Clinical indicator
Number of bitches with MT in Table 1. Mean values
OVH status (n = 45)
of EGFR, EPCAM, and
(+)
7
CLDN7 mRNA expressions
(-)
38
in PB of both groups are
presented in Table 2. The
Tumor size (n = 45)
mRNA expression levels
< 5cm
12
of EGFR and CLDN7 were
5–10cm
12
significantly higher in group
> 10cm
21
MT compared to group H.
Also, ROC curve results for
Histological type (n = 45)
EGFR, EPCAM, CLND7
Tubular carcinoma
7
and
their
significances
Tubulopapillar carcinoma
9
were noted as 0.777(ΔCt)
Solid carcinoma
6
± 0.84, 0.647(ΔCt) ± 0.99,
Complex carcinoma
18
0.931(ΔCt) ± 0.40 and
Carcinosarcoma and malignant mix tumour
5
P < 0.01, P > 0.05, P < 0.001,
Histological grade (n = 45)
respectively. As a result
1
13
of ROC curve analysis,
2
13
cut-off points for EGFR,
3
19
EPCAM,
and
CLDN7
Metastases (n = 45)
were
4.937,
3.395,
and
(+)
22
6.002, respectively. Pearson
(-)
23
correlation coefficients (PCC)
Table 2. Expression levels (2-∆∆Ct) of EGFR, CLDN7 and EPCAM and their significance (P) in both groups (t-test).
Indicator
EPCAM (2-∆∆Ct)
CLDN7 (2-∆∆Ct)
EGFR (2-∆∆Ct)

Group
MT (n = 45)
H (n = 9)
MT (n = 45)
H (n = 9)
MT (n = 45)
H (n = 9)

Mean (±) SEM
4.54 ± 0.22
3.83 ± 0.52
7.24 ± 0.19a
5.04 ± 0.27b
6.12 ± 0.17a
4.84 ± 0.39b

P values
> 0.05
< 0.001
< 0.01

Different superscripts in the same column indicate significant differences at P < 0.01 and P < 0.001.
MT - dogs with a malignant epithelial tumour; H - healthy dogs; SEM - standard error of the mean; EPCAM epithelial cell adhesion molecule; CLDN7 - claudin 7; EGFR - epidermal growth factor receptor

a,b
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and significances of Pearson correlation test for the expression levels of EGFR, EPCAM,
and CLDN7 are presented in Table 3. The expression level of EPCAM was positively
correlated with CLDN7 and EGFR.
Table 3. Pearson correlation coefficients and significances of the Pearson correlation test for the tumour markers.
		
EPCAM (∆Ct)
PCC
P
CLDN7 (∆Ct)
PCC
P
EGFR (∆Ct)
PCC
P

EPCAM (∆Ct)
1
0.302
< 0.05
0.532
< 0.001

CLDN7 (∆Ct)
0.302
< 0.05
1
0.667
< 0.001

EGFR (∆Ct)
0.532
< 0.001
0.667
< 0.001
1
-

EPCAM - epithelial cell adhesion molecule; CLDN7 - claudin 7; EGFR - epidermal growth factor receptor; PCC
- Pearson correlation coefficients; P - significance

Macroscopic metastases on lungs were diagnosed in 22 bitches in group MT. Although
the expression levels of EPCAM and CLDN7 in group MT were not significantly associated
(P > 0.05) with the presence of metastasis, EGFR expression was significantly higher in
dogs with metastases (P < 0.05). In the presence of metastases in group MT, EGFR levels
were positively correlated with EPCAM and CLDN7 (P < 0.05; PCC: 0.463 and 0.516,
respectively). However, in the absence of metastases in group MT, EGFR levels had
a strong correlation with CLDN7 (P < 0.01 and PCC: 0.621). Furthermore, 19 dogs had an
ulcerated mammary tumour. Whereas the presence of ulceration was not associated with
the expression of CLDN7 and EGFR (P > 0.05), EPCAM expression tended to decrease in
dogs with an ulcerated mammary tumour (P = 0.05).
Seven bitches with a mammary tumour had already been spayed after 6 years of age.
Effects of OVH on the EGFR, CLDN7, and EPCAM expression levels in group MT are
presented in Table 4. The CLDN7 and EPCAM expression levels were not associated
with the OVH status of the bitches in group MT. The mRNA expression level of EGFR
significantly increased in intact bitches belonging to group MT (P < 0.01).
Table 4. Effect of OVH on EGFR, CLND7, and EPCAM expressions in group MT.
Indicators
EPCAM (ΔCt)
CLDN7 (ΔCt)
EGFR (ΔCt)

OVH (+/-)
OVH (+) (n = 7)
OVH (-) (n = 38)
OVH (+) (n = 7)
OVH (-) (n = 38)
OVH (+) (n = 7)
OVH (-) (n = 38)

Mean (±) SEM
3.83 ± 0.80
4.68 ± 0.22
6.62 ± 0.42
7.35 ± 0.21
5.07 ± 0.42 a
6.32 ± 0.17 b

P value
> 0.05
> 0.05
< 0.01

a,b
Different superscripts in the same column indicate significant differences (P < 0.01). EPCAM - epithelial cell
adhesion molecule; CLDN7 - claudin 7; EGFR - epidermal growth factor receptor; SEM - standard error of the
mean; OVH - ovariohysterectomy

According to the TNM classification system, no significant difference was found between
tumour markers with regard to tumour size (P > 0.05). However, when the mass size was
reclassified into 3 different groups (< 5cm, 5–10 cm, > 10cm) in addition to the TNM
system, the EPCAM expressions were significantly up-regulated in tumours up to 10 cm
(P < 0.05; Table 5). Also, it was indicated that EGFR and CLDN7 were not significantly
associated with tumour size in this study (P > 0.05).
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Table 5. Down-regulation percentages of EPCAM, CLDN7, and EGFR according to mass size in dogs with
mammary carcinoma.

EPCAM
CLDN7
EGFR

>10 cm
0% a
100%
50%

Mass size
5–10 cm
42.3% ab
76.9%
73.1%

P value
< 5 cm
66.7% b
86.7%
73.3%

< 0.05
> 0.05
> 0.05

Different superscripts in the same row indicate significant differences (P < 0.05). EPCAM - epithelial cell
adhesion molecule; CLDN7 - claudin 7; EGFR - epidermal growth factor receptor

a,b

The histopathological subtypes of CMTs were tubular carcinoma, tubulopapillary
carcinoma, solid carcinoma, complex carcinoma, carcinosarcoma and malignant mixed
tumours. Relationships between the tumour subtypes and EGFR, EPCAM, CLDN7
expression levels are presented in Table 6. The EGFR expression levels were significantly
higher in dogs with tubular carcinoma, carcinosarcoma, and malign mix tumours compared
to group H (P < 0.05). Increased levels of CLDN7 were detected in group MT (P < 0.001).
Distinction between group H and group MT could be made by EGFR and CLDN7,
however, EPCAM, EGFR, and CLDN7 were not capable enough to make a distinction
between histological subtypes of CMTs (P > 0.05).
Table 6. Effect of tumour types on EGFR, CLDN7, and EPCAM.
Indicator

EPCAM (ΔCt)

CLDN7 (ΔCt)

EGFR (ΔCt)

Tumour type
Group H (n = 9)
Tubular carcinoma (n = 7)
Tubulopapillar carcinoma (n = 9)
Solid carcinoma (n = 6)
Complex carcinoma (n = 18)
Carcinosarcoma and malignant mix tumour (n = 5)
Group H (n = 9)
Tubular carcinoma (n = 7)
Tubulopapillar carcinoma (n = 9)
Solid carcinoma (n = 6)
Complex carcinoma (n = 18)
Carcinosarcoma and malignant mix tumour (n = 5)
Group H (n = 9)
Tubular carcinoma (n = 7)
Tubulopapillar carcinoma (n = 9)
Solid carcinoma (n = 6)
Complex carcinoma (n = 18)
Carcinosarcoma and malignant mix tumour (n = 5)

Mean (±) SEM
3.83 ± 0.52
4.42 ± 0.40
4.72 ± 0.63
4.11 ± 0.85
4.59 ± 0.35
4.76 ± 0.47
5.04b ± 0.27
7.89a ± 0.58
6.55a±0.28
7.45a ± 0.66
7.31a ± 0.31
7.04a ± 0.49
4.84b ± 0.39
6.72a ± 0.30
5.96ab ± 0.28
5.55ab ± 0.54
6.04ab ± 0.29
6.58a ± 0.67

P value

> 0.05

< 0.001

< 0.05

Different superscripts in the same column belong to each marker indicating significant differences (P < 0.05
and P < 0.001). SEM - standard error of the mean; CLDN7 - claudin 7; EGFR - epidermal growth factor receptor

a,b

The results of histopathology grading and corresponding numbers of affected dogs were
grade 1 (n = 13), grade 2 (n = 13), and grade 3 (n = 19). The expression level of EPCAM was
not significantly associated with the histological grade (P > 0.05). The CLDN7 expression
tended to increase in grade 2 compared to grade 1 but failed to reach significance (P = 0.07)
(7.55∆Ct ± 0.33, 6.94∆Ct ± 0.36, respectively). The EGFR expression was significantly higher
in grade 2 compared to grade 1 (P < 0.05) (6.49∆Ct ± 0.39 and 5.73∆Ct ± 0.26, respectively).
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Discussion
Identification of CTCs is a potential marker for understanding the clinical course of
canine mammary tumours (da Costa et al. 2013). Da Costa et al. (2011) specified that
PCR assays were able to sensitively detect EGFR and CLDN7 in PB leukocytes. Likewise,
EGFR and CLDN7 were detected in circulation by rt-PCR assay. To our knowledge, this is
the first study on EPCAM expression in PB in dogs with a mammary tumour. The EPCAM
and CLDN7 interact in tumour progression (Nübel et al. 2009; Wu et al. 2013). Gires
et al. (2020) reported that EPCAM and its proteolytic fragments interact with EGFR for
the epithelial-to-mesenchymal transition (EMT) of carcinoma cells. Similar to the previous
reports (Nübel et al. 2009; Wu et al. 2013; Gires et al. 2020), EPCAM was positively
correlated with EGFR and CLDN7 in this study.
The rise in EGFR expression in group MT was assumed to be due to the proliferation,
growth and differentiation of the tumour cells, as reported by Koltai et al. (2018).
Da Costa et al. (2013) specified that CLDN7 expression was higher in PB of dogs with
non-metastatic mammary carcinomas compared to those with mammary adenomas, and
CLDN7 was not expressed in PB of healthy dogs. In contrast to Jakab et al. (2008) who
detected reduced expression of CLDN7 in malignant canine mammary epithelial tumor
tissue, CLDN7 expression was higher in PB of dogs in group MT compared to group
H. It was hypothesized that increased expression of CLDN7 in PB of dogs in group MT
could be explained by the degeneration of TJ permeability due to the loss of cell-to-cell
adhesion in mammary tissue which is well supported by current research (Kominsky
et al. 2003; da Costa et al. 2013). Da Costa et al. (2011) investigated EPCAM in PB
samples of dogs with a mammary tumour but failed to detect EPCAM in all samples.
Thamm et al. (2016) indicated that mean EPCAM expression in CMT tissue was higher in
tumor cells of epithelial origin than those of non-epithelial origin. To our knowledge, this
was the first study to detect EPCAM in PB of dogs with mammary tumours and healthy
dogs using a rt-PCR assay. However, EPCAM expression levels in PB were not sufficient
to distinct the healthy dogs from the dogs with mammary tumours in this study (P>0.05).
It was suggested that non-significant results were obtained in this study due to the downregulation of EPCAM in tumour tissue as researchers have reported for human breast
cancer (Königsberg et al. 2011; Zhang et al. 2017).
Carvalho et al. (2013) reported that EGFR expression is associated with increased
angiogenesis and metastasis in CMT as in human breast cancer. Also Queiroga et al.
(2017) indicated that increased concentration of EGFR was determined in mammary
tumour tissue of dogs with distant metastases. In line with the previous reports, increased
EGFR expression in PB was detected in dogs with distant metastases. Further studies need
to confirm the therapeutic target of EGFR in case of malignant CMTs. Reduced expression
of CLDN7 was correlated with a higher tumour grade, metastatic disease, including
loco-regional recurrences and with cellular adhesion (Sauer et al. 2005). Loss of CLDN7
may play a role in metastasis and it is considered to be related with the loss of cell adhesion
(Kominsky et al. 2003). When CLDN7 expressions were evaluated in PB of the dogs with
metastatic and non-metastatic mammary tumours, the non-significant results of CLDN7
expression were thought to be due to the reduced cell adhesion in tissue.
EPCAM is a transmembrane glycoprotein that regulates the cell-to-cell contact
(Pavšič et al. 2014). In line with previous reports (Pavšič et al. 2014), it was suggested
that EPCAM expression in PB tended to decrease in presence of ulceration on tumour
skin due to the deterioration of the cell-to-cell adhesion mechanism (P = 0.05). Other
researchers (Carvalho et al. 2013; Guimaraes et al. 2014) indicated that high EGFR
immunoreactivity was associated with tumour necrosis. However, Gama et al. (2009)
reported that EGFR expression in mammary tissue did not indicate significant differences
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in terms of necrosis and ulceration. Although the analyzed material was different (tissue
or PB), similar results were obtained (Gama et al. 2009). Kaszak et al. (2018) reported
that EGFR is involved in tumour growth. Hu et al. (2021) indicated that tumour growth
slowed after ulceration. It was thought to be because of EGF down-regulating its own
receptor in the presence of ulceration and necrosis. Cell-to-cell adhesions in epithelial
cell sheaths were maintained by claudins (Kominsky et al. 2003). However, CLDN7
expression in PB was not associated with the presence of ulceration (P > 0.05). It was
hypothesized that non-significant results were achieved due to the deterioration of cellular
adhesion from the beginning of tumour development.
Donnay et al. (1993) reported a positive correlation between oestrogen receptors and
EGFR expression in the tissue of malignant CMT. Similarly, increased EGFR expression in
PB was determined (P < 0.01) in intact dogs with mammary tumours in this study.
Queiroga et al. (2017) investigated EGFR expression in CMT tissue by ELISA assay and
significantly different results were obtained for complex carcinoma and simple carcinoma
compared to solid carcinoma and carcinosarcoma (P < 0.001). However, Guimarães et
al. (2014) reported that EGFR immunoreactivity was not associated with the histological
type of CMTs. Besides, the immunocytochemical expression of the TJ protein CLDN7
in smears from breast carcinomas was not significantly correlated with tumour subtypes
(Soysal et al. 2013). Ring et al. (2015) hypothesized that EPCAM mRNA expression was
feasible for most breast cancer subtypes. In this study, circulating mRNA expression levels
of EGFR, CLDN7, and EPCAM were not significantly associated with tumour subtypes
(P > 0.05). While EGFR expression levels showed significant differences between some
tumour subtypes and healthy dogs, CLDN7 was able to distinguish only healthy dogs from
dogs with mammary tumours in this study. In consideration of the reported data, it was
suggested that expression levels of these tumour markers did not show an alteration in
regard to the analysis techniques or epithelial tumour subtypes.
When tumour markers were evaluated according to tumour size (with reclassified
staging in addition to TNM), increased EGFR expression levels were explained by the
role of EGFR in the proliferation in CMT cells, as reported by Kennedy et al. (2011).
Other researchers (St Arnaud et al. 1984; Bertics et al. 1985) noticed that EGFR levels
were affected by many factors such as growth factors (platelet-derived growth factor,
transforming growth factor) and tumour promoters (12-O-tetradecanoylphorbol 13-acetate
or teleocidin). Also, EGF regulates these factors by decreasing its own receptor. As
specified by the authors (St Arnaud et al. 1984), due to EGF down-regulating its receptor
in tumour-growing tissue, EGFR expression levels increased in the PB of dogs with
a mass less than 10 cm in diameter (P < 0.05). Although CLDN7 had over-expression in
dogs with mammary tumours, CLDN7 expression levels were not significant (P > 0.05) in
terms of different tumour sizes, in keeping with the reported article (Sauer et al. 2005).
Tandon et al. (1990) also notified a positive correlation between the tumour mass size and
rate of tumour proliferation. It has been reported that EPCAM expression was associated
with worsening prognosis, and the mean tumour size of EPCAM positive breast cancer
patients was more than 34 mm (Soysal et al. 2013). Also, Abd El-Maqsoud and Abd
El-Rehim (2014) indicated that EpCAM over-expression was associated with tumour
size (P = 0.05) in invasive breast cancer. Similarly, EPCAM expression was significantly
(P < 0.05) up-regulated in increased tumour sizes (> 10 cm). It was concluded that dogs
with large masses should be followed-up prognostically.
Another clinical indicator in the present study was the histological grading of tumours
which had an effective role in the prognosis. Gama et al. (2009) reported that EGFR
expression was not associated with tumour histological grade in canine mammary
tissues. Contradictory results were obtained to their report (Gama et al. 2009) due to the
difference in the analysed material (tissue or blood). Similar to Guimaraes et al. (2014),

198
EGFR expression was significantly associated with the histological grade of malignancy
(P < 0.05). However, there are contradictory results with respect to EPCAM expression
in terms of histological grading in human literature (Li et al. 2016). In further studies,
the reflection of the EPCAM gene into the phenotype and investigation of protein levels
are required to evaluate the EPCAM with regard to metastases and histological grading in
dogs. The CLDN7 expression was inversely correlated with histological grading in CMT
tissue (Jakab et al 2008) and in humans with breast carcinoma cells (Kominsky et al.
2003). However, CLDN7 expression in PB tended to increase in grade 2 compared to grade
1 in this study but failed to reach significance. Inconsistent results were assumed to be due
to the difference in the analysed material with respect to previous reports (Kominsky
et al. 2003; Jakab et al. 2008; Li et al. 2016).
In conclusion, the measurement of tumour markers in PB was found to be effective
in CMTs. Besides, association between the expression of the CTC markers (EPCAM,
EGFR, CLDN7) in PB and clinical indicators was proved in dogs with mammary tumours.
Further studies are required to put these markers into the clinical practice by establishing
procedures for early diagnosis and treatment.
Conflict of interest
The authors(s) declare no potential conflict of interest with respect to the research, authorship, and/or
publication of this article.
Acknowledgements
This study was summarized from the first author’s PhD Thesis which was supported by the Scientific Research
Found of Istanbul University with project number: 31510.
References
Abd El-Maqsoud NMR, Abd El-Rehim DM 2014: Clinicopathologic implications of EpCAM and Cox2
expression in breast cancer. Clin Breast Cancer 14: 1-9
Alunni-Fabbroni M, Sandri MT 2010: Circulating tumor cells in clinical practice: Methods of detection and
possible characterization. Methods 50: 289-297
Bertics PJ, Weber W, Cocher C, Gill GN 1985: Regulation of the epidermal growth factor receptor by
phosphorylation. J Cell Biochem 29: 195-208
Bougarn S, Cunha P, Gilbert FB, Meurens F, Rainard P 2011: Validation of candidate reference genes for
normalization of quantitative PCR in bovine mammary epithelial cells responding to inflammatory stimuli.
J Dairy Sci 94: 2425-2430
Canadas A, França M, Pereira C, Vilaça R, Vilhena H, Tinoco F, Silva MJ, Ribeiro J, Medeiros R, Oliveira P,
Dias-Perreira P, Santos M 2019: Canine mammary tumors: comparison of classification and grading methods
in a survival study. Vet Pathol 56: 208-219
Carvalho MI1, Guimarães MJ, Pires I, Prada J, Silva-Carvalho R, Lopes C, Queiroga FL 2013: EGFR and
microvessel density in canine malignant mammary tumours. Res Vet Sci 95: 1094-1099
da Costa A, Oliveira JT, Gärtner F, Kohn B, Gruber AD, Klopfleisch R 2011: Potential marker for detection
of circulating canine mammary tumor cells in the peripheral blood. Vet J 190: 165-168
da Costa A, Kohn B, Gruber AD, Kolpfleisch R 2013: Multiple RT-PCR markers for detection of circulating
tumour cells of metastatic canine mammary tumours. Vet J 196: 34-39
Donnay I, Rauis J, Wouters-Ballman P, Devleeschouwer N, Leclerq G, Verstegen JP 1993: Receptors for estrogen,
progesterone and epidermal growth factors in normal and tumorous canine mammary tissues. J Reprod Fertil
Suppl 47: 501-512
Ferreira E, Bertagnolli AC, Cavalcanti MF, Schmitt FC, Cassali GD 2009: The relationship between tumour size and
expression of prognostic markers in benign and malignant canine mammary tumours. Vet Comp Oncol 7: 230-235
Gama A, Gartner F, Alves A, Schmitt F 2009: Immonuhistochemical expression of EGFR in canine mammary
tissues. Res Vet Sci 87: 432-437
Gao S, Sun Y, Liu X, Zhang D, Yang X 2017: EpCAM and COX2 expression are positively correlated
in human breast cancer. Mol Med Rep 15: 3755-3760
Gires O, Pan M, Schinke H, Canis M, Baeuerle PA 2020: Expression and function of epithelial cell adhesion
molecule EpCAM: where are we after 40 years? Cancer Metastasis Rev 39: 969-987
Goldschmidt M, Pena L, Rasotto R, Zappulli V 2011: Classification and grading of canine mammary tumors. Vet
Pathol 48: 117-131

199
Guimarães MJ, Carvalho MI, Pires I, Prada J, Gonzales Gil A, Lopes C, Queiroga FL 2014: Concurrent expression
of cyclo-oxygenase-2 and epidermal growth factor receptor in canine malignant mammary tumours. J Comp
Pathol 150: 27-34
Gundim LF, de Araùjo CP, Blanca WT, Guimaraes EC, Medeiros AA 2016: Clinical staging in bitches with
mammary tumors: Influence of type and histological grade. Can J Vet Res 80: 318-322
Hammer SC, Becker A, Rateitschak K, Mohr A, Lüder Ripoli F, Hennecke S, Junginger J, Hewicker-Trautwein
M, Brenig B, Ngezahayo A, Nolte I, Murua Escobar H 2016: Longitudinal claudin gene expression analyses in
canine mammary tissues and thereof derived primary cultures and cell Lines. Int J Mol Sci 17: 1655
Hvid H, Ekstrom CT, Veinberg S, Oleksiewicz MB, Klopfleisch R 2011: Identification of stable and oestrus
cycle-independent housekeeping genes in the rat mammary gland and other tissues. Vet J 190: 103-108
Hu MS, Maan ZN, Leavitt T, Hong WX, Rennert RC, Marshall CD, Borrelli MR, Zhu TN, Esquivel M,
Zimmermann A, McArdle A, Chung MT, Foster DS, Jones RE, Gurtner GC, Giaccia AJ, Lorenz HP, Weissman
IL, Longaker MT 2021: Wounds inhibit tumor growth in vivo. Ann Surg 273: 173-180
Jakab C, Halász J, Szász AM, Kiss A, Schaff Z, Rusvai M, Gálfi P, Kulka J 2008: Expression of claudin-1, -2, -3, -4,
-5 and -7 proteins in benign and malignant canine mammary gland epithelial tumours. J Comp Pathol 139: 238-245
Kaszak I, Ruszczak A, Kanafa S, Kacprzak K, Krol M, Jurka P 2018: Current biomarkers of canine mammary
tumors. Acta Vet Scand 60: 66
Kennedy KC, Qurollo BA, Rose BJ, Thamm DH 2011: Epidermal growth factor enhance the malignant phenotype
in canine mammary carcinoma cell lines. Vet Comp Oncol 9: 196-206
Kirsan I, Ucmak M, Apaydin S 2005: Clinical evaluation of the complications found in bitches after total bilateral
mastectomy operations. Med Weter 61: 507-509
Koltai Z, Szabó B, Jakus J, Vajdovich P 2018: Tyrosine kinase expression analyses in canine mammary gland
tumours - a pilot study. Acta Vet Hung 66: 294-308
Kominsky SL, Argani P, Korz D, Evron E, Raman V, Garrett E, Rein A, Sauter G, Kallioniemi O, Sukumar S
2003: Loss of the tight junction protein claudin-7 correlates with histological grade in both ductal carcinoma in
situ and invasive ductal carcinoma of the breast. Oncogene 22: 2021-2033
Königsberg R, Obermayr E, Bises G, Pfeiler G, Gneist M, Wrba F, de Santis M, Zeillinger R, Hudec M, Dittrich
C 2011: Detection of EPCAM positive and negative circulating tumor cells in metastatic breast cancer patients.
Acta Oncol 50: 700-710
Lee CH, Lee SJ, Choi SH, Ahn SH, Son BH, Lee JW, Yu JH, Kwon NJ, Lee WC, Yang KS, Lee DH, Han DY,
Choi MS, Park P, Lee HK, Kim MS, Lee J, Jeon BH 2018: Cancer panel analysis of circulating tumor cells in
patients with breast cancer. Oncol Lett 16: 612-618
Li X, Fu L, Liu M, Fu M 2016: Expression of epithelial cell adhesion molecule and molecular subtypes and
prognosis of breast cancer. Zhong Nan Da Xue Xue Bao Yi Xue Ban 41: 258-263
Nübel T, Preobraschenski J, Tuncay H, Weiss T, Kuhn S, Ladwein M, Langbein L, Zöller M 2009: Claudin-7
regulates EpCAM-mediated functions in tumor progression. Mol Cancer Res 7: 285-299
Oshima T, Kunisaki C, Yoshihara K, Yamada R, Yamamoto N, Sato T, Makino H, Yamagishi S, Nagano Y, Fujii
S, Shiozawa M, Akaike M, Wada N, Rino Y, Masuda M, Tanaka K, Imada T 2008: Reduced expression of the
claudin-7 gene correlates with venous invasion and liver metastasis in colorectal cancer. Oncol Rep 19: 953-959
Owen LN 1980: Clinical stages (TNM) of canine mammary tumors. In: Owen LD (Ed.): TNM Classification of
Tumors in Domestic Animals. World Health Organization, Switzerland, pp. 16-18
Pavšič M, Gunčar G, Djinović-Carugo K, Lenarčič B 2014: Crystal structure and its bearing towards an
understanding of key biological functions of EpCAM. Nat Commun 5: 4764
Queiroga FL, Perez-Alenza MD, Gonzalez-Gil A, Silvan G, Pena L, Illera JC 2017: Quantification of epidermal
growth factor receptor (EGFR) in canine mammary tumours by ELISA assay: clinical and prognostic
implications. Vet Comp Oncol 15: 383-390
Ring A, Mineyev N, Zhu W, Park E, Lomas C, Punj V, Yu M, Barrak D, Forte V, Porras T, Tripathy D, Lang JE
2015: EpCAM based capture detects and recovers circulating tumor cells from all subtypes of breast cancer
except claudin-low. Oncotarget 6: 44623-4434
Sauer T, Pedersen MK, Ebeltoft K, Naess O 2005: Reduced expression of claudin-7 in fine needle aspirates from
breast carcinomas correlate with grading and metastatic disease. Cytopathology 16: 193-198
Sleeckx N, Rooster H, Veldhuis Kroeze EJB, Van Ginneken C, Van Brantegem L 2011: Canine mammary
tumours, an overview. Reprod Domest Anim 46: 1112-1131
Soysal SD, Muenst S, Barbie T, Fleming T, Gao F, Spizzo G, Oertli D, Viehl CT, Obermann EC, Gillanders WE
2013: EPCAM expression varies significantly and is differentially associated with prognosis in the luminal
B HER2(+), basal-like and HER2 intrinsic subtypes of breast cancer. Br J Cancer 108: 1480-1487
St-Arnaud R, Chabot JG, Pelletier G, Labrie F, Walker P 1984: Epidermal growth factor: structure, location,
phosphorylation and regulation of its receptor. Biochimie 66: 515-530
Tandon AK, Clark GM, Chamness GC, McGuire WL 1990: Association of the 323/A3 surface glycoprotein with
tumor characteristics and behavior in human breast cancer. Cancer Res 50: 3317-3321
Tang Y, Zhu L, Li Y, Ji J, Li J, Yuan F, Wang D, Chen W, Huang O, Chen X, Wu J, Shen K, Loo WTY, Chow LWC
2012: Overexpression of epitethelial growth factor receptor (EGFR) predicts better response to neo-adjuvant
chemotheraphy in patients with triple-negative breast cancer. J Transl Med 10: 1-7

200
Thamm DH, Hayes DF, Meuten T, Laver T, Thomas DG 2016: Epithelial cell adhesion molecule expression
in canine tumours. J Comp Pathol 155: 299-304
Wu CJ, Mannan P, Lu M, Udey MC 2013: Epithelial cell adhesion molecule (EpCAM) regulates claudin dynamics
and tight junctions. J Biol Chem 288: 12253-12268
Zhang S, Tiecheng W, Peng X, Liu J, Liu F, Wu S, Liu S, Dong Y, Xie S, Ma S 2017: Mesenchymal phenotype
of circulating tumor cells is associated with distant metastasis in breast cancer patients. Cancer Manag Res 9:
691-700

