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A B S T R A C T

Endothelins and their receptors have been implicated in numerous diseases and have recently emerged
as relevant players in a variety of malignancies. Tumours overexpress the Endothelin-1 (ET-1) and the
Endothelin-A receptors (ETAR) and their interaction enhances tumour growth and metastasis by pro-
moting tumour cell survival, proliferation and angiogenesis. In this study we have evaluated the expression
of ET-1 and ETAR in 50 canine mammary tumours, compared to normal controls. Results demonstrated
a progressive increase in ET-1 and ETAR expression from benign tumour to grade 1 and to grade 2 ma-
lignant mammary tumours with a decrease of expression in grade 3 carcinomas. Co-localization of ET-1
and ETAR was observed in benign mammary tumours and in G1 and G2 carcinomas, while absent in G3
carcinomas. Concluding, ET-1/ETAR can be considered reliable markers for evaluating malignancy of canine
mammary tumours and could have importance for the development of specific anticancer therapies.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

The Endothelin (ET) family consists of three isopeptides named
ET-1, ET-2 and ET-3, which are produced by endothelial and several
epithelial cell types, playing a relevant role in cancer biology by
intervening and regulating many processes such as aberrant pro-
liferation, escape from apoptosis and angiogenesis (Levin, 1995;
Nelson et al., 2003). All these effects are obtained by linking of
endothelins with distinct G protein-coupled receptors ETAR and ETBR
which act in opposite manner and induce divergent intracellular
effects (Simonson and Dunn, 1990).

In particular, ET-1 has a high affinity to ETAR and through this
linking can trigger many biological mechanisms such as modulat-
ing cell behaviour and local microenvironment homeostasis (Bhalla
et al., 2009); yet, the most important role played by the ET axis seems
connected to neoplastic transformation and tumour progression
(Nakamuta et al., 1993). In fact, ET-1 can stimulate DNA synthesis
promoting cell proliferation, it can alter the connexin expression
by interfering with cell communication disrupting the intercellu-
lar gap junction (Spinella et al., 2003), and it is involved in
neoangiogenesis through complex interaction with Vascular En-
dothelial Growth Factor (VEGF) synthesis (Wulfing et al., 2004).

Elevated expression of ET-1 and ETAR has been correlated with
poor tumour cell differentiation, increase of microvascular density,

incidence of metastasis and reduced disease-free survival time in
human breast cancer (Wulfing et al., 2003, 2004). Moreover, ETAR
antagonists are successfully used in a number of human antican-
cer therapy protocols (Bagnato and Natali, 2004; Kandalaft et al.,
2009).

For these reasons, molecules of the ET family and in particular
ET-1 are considered useful factors in the evaluation of malignancy
and in consequence, in the prognosis for several forms of neopla-
sia, such as ovarian (Bagnato et al., 2005), prostate (Nelson et al., 1995,
1996), colorectal (Asham et al., 2001) and mammary tumours
(Alanen et al., 2000; Kojima and Nihei, 1995).

To the best of our knowledge, little is known about the role ETs
play in canine neoplasms (Borzacchiello et al., 2010). The aim of the
present study was, on one hand, to evaluate the expression of ET-1
and ETAR in normal and in neoplastic canine mammary tissue by
immunohistochemistry, double immunofluorescence staining and
western blot analysis, and, on the other, to correlate results with
the histological grade of those tumours.

2. Materials and methods

2.1. Samples

Fifty samples of canine mammary tumours and five matched
samples of normal mammary gland tissue were collected. Each tissue
sample was divided in two parts: one part was fixed in 10% neutral
buffered formalin and the other was quick frozen in isopentane/
liquid nitrogen. Fixed samples were routinely processed and stained
in haematoxylin and eosin. Each sample was classified according
to Goldschmidt et al.’s (2011) criteria (Table 1). Malignant tumours
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were graded independently by two observers, in 15 well (G1), 13
moderately (G2) and 12 poorly differentiated carcinomas, accord-
ing to the Histological Grading System proposed by Peña et al. (2013).

2.2. Immunoperoxidase staining

Sections were de-paraffinated in xylene, dehydrated in graded
alcohols and washed in 0.01 M phosphate buffered saline (PBS). En-
dogenous peroxidase was blocked with hydrogen peroxide 0.3% in
absolute methanol for 30 min. The streptavidin-biotin-peroxidase
method (LSAB Kit; Dako, Glostrup, Denmark) was used. Antigen en-
hancement was performed by pretreating with microwave heating
in citrate buffer, pH 6.00, twice for 5 minutes at 750 W. As primary
antibodies, monoclonal mouse anti-human Endothelin-1 (clone
TR.ET.48.5; Sigma Aldrich, Milan) and polyclonal rabbit anti-human
Endothelin-A receptor were used (Sigma Aldrich); they were diluted
1:200 in antibody diluent (Dako) and applied overnight at 4 °C. The
immunolabelling procedure included negative control sections in-
cubated with normal serum, instead of primary antibody. A mixture
of biotinylated anti-mouse, anti-rabbit and anti-goat immunoglobu-
lins (LSAB Kit; Dako), diluted in PBS was used as secondary antibody
and was applied for 30 min. After being washed in PBS, the sec-
tions were incubated in streptavidin conjugated with horseradish
peroxidase in Tris–HCl buffer containing 0.015% sodium azide (LSAB
Kit; Dako) for 30 min. In order to visualize immunolabelling, 3′3′-
diaminobenzidine tetrahydrochloride was used as a chromogen, with
haematoxylin as a counterstain.

2.3. Double colour immunofluorescence staining

The pre-treatment steps were the same as those used for
immunoperoxidase labelling and the procedure was the same as that
used by the authors in previous studies (Restucci et al., 2007, 2009).
The primary mouse monoclonal anti-Endothelin-1 antibody was
diluted 1:10 in the same antibody diluent used for immunoperoxidase
labelling and applied overnight at 4 °C. Slides were washed three times
in PBS and incubated with a tetramethylrhodamine isothiocyanate
(TRITC)-conjugated goat anti-mouse secondary antibody, diluted 1
in 100 in PBS, for two hours at room temperature. After three washes
in PBS, anti-ETAR monoclonal mouse antibody, diluted 1:10, was
applied and the sections were again incubated overnight at 4 °C. Slides
were washed again three times in PBS and then incubated with fluo-
rescein isothiocyanate (FITC)-conjugated goat anti-mouse secondary
antibody (Chemicon, Germany) diluted 1 in 50 in PBS, for two hours
at room temperature. Slides were rinsed with PBS and mounted in
Fluorescent Mounting Medium (Dako). For scanning and photogra-
phy, a laser scanning microscope (LSM 510; Zeiss, Göttingen, Germany)
was used. Mouse monoclonal anti-ET-1 antibody bound to TRITC was
illuminated at 543 nm and then read with a 560 nm long pass filter.
Monoclonal mouse anti-ETAR bound to FITC was illuminated at 488 nm
and read using a 505–560 nm band pass filter. Two-channel

frame-by-frame multitracking was used for detection to avoid
cross-talk signals. The different frames were scanned separately, with
appropriate installation of the optical path for excitation and emis-
sion of each scan according to the manufacturer’s instructions.

2.4. Western blot analysis

Five frozen samples for each grade of malignancy were chosen.
Samples were homogenized in 100 μL of ice-cold hypotonic lysis
buffer (10 mm HEPES, 1.5 mm MgCl2, 10 mm KCl, 0.5 mm
phenylmethylsulphonyl fluoride, 1.5 μg/mL soybean trypsin inhib-
itor, pepstatin A 7 μL/mL, leupeptin 5 μ/mL, 0.1 mm benzamidine,
0.5 mm dithiothreitol (DTT)) and incubated at 0 °C for 45 min, as
previously described by Izzo et al. (2001). Thereafter, the superna-
tant was isolated and protein quantification was performed using
a BioRad assay according to the manufacturer’s instructions (Bio-Rad
Laboratories, Hercules, CA, USA). Immunoblotting analysis of ET-1
and ETAR proteins was performed on cytosolic protein fractions iso-
lated from the samples as previously described (Restucci et al., 2007).
Equal amounts of protein (100 μg) were mixed with gel loading buffer
(50 mm Tris, 10% SDS, 10% glycerol 2-mercaptoethanol, 2 mg
bromophenol/mL) at a ratio of 1:1, boiled for 5 min, then separated
under reducing conditions in 6% for ET-1 and in 10% for ETAR
SDS-polyacrylamide minigel. The proteins were transferred onto a
nitrocellulose membrane according to the manufacturer’s instruc-
tions (Bio-Rad Laboratories). The membranes were blocked by
incubation at 4 °C overnight in a high concentration salt buffer (50 mm
Trizma base, 500 mm NaCl, 0.05% Tween-20) containing 5% bovine
serum albumin. Membranes were then incubated for 2 hours at room
temperature with anti-ET-1 (1:200 v:v or anti-ETAR (1:200 v:v)
followed by incubation with specific horseradish peroxidase (HRP)-
conjugate secondary antibody (Dako). The immune complexes were
developed using enhanced chemiluminescence detection reagents
(Amersham, Cologno Monzese, Italy) according to the manufactu-
rer’s instructions and exposed to Kodak X-Omat film. The blots were
stripped and reprobed against mouse anti-actin antibody
(Calbiochem) at 1:5000 to ensure the amounts of protein loading
for each sample. The bands of proteins on X-ray film were scanned
and densitometric analysis was performed using the public domain
NIH Image J program (developed at the U.S. National Institutes of
Health; available at http://rsb.info.nih.gov/nih-image/). The protein
concentrations were normalized to the actin levels and expressed
as the densitometric ratio. Experiments were repeated twice
yielding equal results.

2.5. Scoring of immunoreactivity and statistical analysis

The number of positively-labelled cells was established by count-
ing 1.000 cells in at least 20 high-power (×40 objective and ×10
ocular) fields for each sample and results were expressed as per-
centage and mean and standard deviation. To determine whether
ET-1 and ETAR positive cell numbers (percentage value) differed
between normal mammary gland tissue and benign tumours,
between benign and malignant tumours and among the differen-
tiation grades of malignant tumours, a Mann–Whitney test was
performed, considering statistically significant a p value of less
than 0.05. The correlation between ET-1 and ETAR expression was
assessed using s Spearman’s rank correlation coefficient test.

3. Results

3.1. Immunohistochemistry

More detailed results are summarized in Table 2.

Table 1
Histological type of canine mammary tumours classified according to Goldschmidt
criteria.

Mammary tumours Number of samples

Benign tumours
Intraductal papillary adenoma 4
Adenoma-simple 3
Fibroadenoma 3
Total 10
Malignant tumours
Tubulopapillary carcinoma 10
Tubular carcinoma 18
Solid carcinoma 12
Total 40
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3.1.1. Normal samples
Strong immunoreactivity for both ET-1 and ETAR antigens was

detected in endothelial cells of stromal vessels. Only few epitheli-
al cells of the ducts and lobules showed weak ET-1 cytoplasmic
immune labelling, which was confined to the luminal pole. Myo-
epithelial cells and fibroblasts in the stroma were negative. The
receptor (ETAR) was detected only in endothelial cells and in a few
epithelial cells. The percentage of positive epithelial cells ranged
from 11.3 % to 13.7% for ET-1 (cell number median value 119.4 ± 6.8)
and from 3.2% to 11.3% for ETAR (cell number median value
76.8 ± 37.2).

3.1.2. Benign tumours
Strong immunoreactivity for both ET-1 and ETAR antigens was

detected in endothelial cells of stromal vessels. In all adenomas the
percentage of positive epithelial neoplastic cells ranged from 14.4%
to 18.6% for ET-1 (cell number median value 161.2 ± 14.6) and from
9.4% to 17.2% for ETAR (cell number median value 139.2 ± 26.9). In
general, immunolabelling was weak and restricted to the luminal
pole of each epithelial neoplastic cell. Within the stroma any
immunolabelling was detected.

3.1.3. Malignant tumours
Strong immunoreactivity for both ET-1 and ETAR antigens was

detected in endothelial cells of stromal vessels. In G1 tumours the
percentage of epithelial neoplastic positive cells ranged from 28.3%
to 57.1% for ET-1 (cell number median value 432.2 ± 123.8) and from
27.3% to 53.1% for ETAR (cell number median value 350.2 ± 53.7). The
intensity of immunostaining for both ET-1 and ETAR was strong and
polarized to the luminal compartment of the ductal and lobular
neoplastic cells (Fig. 1a and b). In some areas, groups of epithelial
neoplastic cells with strong immunolabelling, which was uniform
and diffuse within the cytoplasm, were identified. Few ET-1 posi-
tive fibroblasts and myoepithelial cells were detected. In G2 tumours
the percentage of positive epithelial neoplastic cells ranged from
51.7% to 67.9% for ET-1 (cell number median value 591.4 ± 67), and
from 48.7 to 64.9% for ETAR (cell number median value 554.4 ± 40.9).
Immunolabelling for both ET-1 and ETAR was strong and distrib-
uted throughout the cytoplasm (Fig. 1c). Many strongly positive
epithelial neoplastic cells were observed in areas of infiltrating
cell proliferation (Fig. 1d). Few ET-1 positive fibroblasts and myo-
epithelial cells were detected.

In G3 tumours the intensity of ET-1 and ETAR immunolabelling
was weak and diffused in the cytoplasm of few epithelial neoplas-
tic cells (Fig. 1e). Strongly positive epithelial neoplastic cells were
localized only in areas adjacent to foci of necrosis (Fig. 1f). Percent-
age of positive epithelial neoplastic cells ranged from 22.4% to 41.2%
for ET-1 (cell number median value 312.2 ± 77.6) and from 20.4%
to 38.2% for ETAR (cell number median value 216.4 ± 60.8). Very few
positive fibroblasts and myoepithelial cells were occasionally
detected.

3.2. Double colour immunofluorescence staining

3.2.1. Normal samples
TRITC-conjugated ET-1, evident as a green fluorescence, was lo-

calized in stromal and endothelial cells and in few epithelial cells.
FITC-conjugated ETAR, expressed by a red fluorescence, was evident
in endothelial cells and only in few epithelial cells. A co-localization
of ET-1 and ETAR was observed as yellow fluorescence, only in
fibroblasts and endothelial cells.

3.2.2. Benign tumours
Only few epithelial cells showed a co-localization of ET-1 and

ETAR.

3.2.3. Malignant tumours
Grade 1 carcinomas showed an immunofluorescence staining for

ETAR and ET-1 in few epithelial malignant cells, which often was
polarized and co-localized (Fig. 2a–c). Grade 2 carcinomas exhib-
ited strong immunofluorescence staining for ETAR and ET-1, often
diffuse within the cytoplasm of some epithelial neoplastic cells
and colocalized (Fig. 2d–f). In Grade 3 carcinomas weak ETAR
immunostaining was seen in very few malignant epithelial neo-
plastic cells with a cytoplasmic distribution, while ET-1 was
expressed by very few malignant epithelial neoplastic cells with a
cytoplasmic distribution and also by endothelial and myoepithe-
lial cells. Co-localization was seen only in very few epithelial
neoplastic cells (Fig. 2g–i).

3.3. Western blot analysis

Quantitative expression of ET-1 and ETAR was more marked in
Grade 2 malignant tumours confirming the immunohistochemi-
cal results. Marked expression of ET-1 was evident also in Grade 3
carcinomas (Fig. 3). Densitometric analysis demonstrated a strong
expression of ET-1 and ETAR in G2 malignant canine mammary
carcinomas and a decreasing expression in G3 carcinomas (Fig. 4).

3.4. Correlation between ET-1 and ETAR expression with
histological grade

A progressive increase in ET-1 and ETAR expression from normal
mammary gland tissue, over benign tumours and Grade 1 carcino-
mas was evident up to Grade 2 malignant tumours; on the other hand,
in Grade 3 carcinomas, a decrease of both, ET-1 and ETAR expres-
sion was found (Graph Line 1). R value was 0.9 in benign tumours,
and 1 in the different grades of malignant tumours.

Statistical analysis showed a significant difference in the expres-
sion of ET-1 and ETAR between normal mammary gland and benign
tumours (P = 0.01 and 0.03 respectively), between benign and ma-
lignant tumours (P = 0.001 for both ET-1 and ETAR expression) as
well as between the various degrees of malignancies (P = 0.03

Table 2
Correlation between ET-1 and ETAR expressed by mean and standard deviation (X ± SD) with histological grade.
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between G1 and G2 carcinomas and P = 0.01 between G2 and G3
carcinomas for both ET-1 and ETAR expression) (Table 2).

4. Discussion

The “angiogenic switch”, by which neoplastic cells acquire the
ability to provide for their own oxygen and their nutrient require-
ments, is a key event in malignant transformation and in tumour
growth (Hanahan and Folkman, 1996). This vasculogenic poten-
tial has already been studied in several spontaneous tumours in
animals (Maiolino et al., 2001; Queiroga et al., 2011; Restucci et al.,
2000, 2002; Sleeckx et al., 2014; Wolfesberger et al., 2008).

In this study we found a significant increase of ET-1 and its re-
ceptor (ETAR) expression in G1 and G2 mammary carcinomas both
by immunohistochemical staining and western blot analysis; this dem-
onstrates an involvement of this protein and its receptor in the early
stages of malignant cell transformation and tumour progression when

the intensity of cell proliferation and metabolic demands strongly
increase.

It has been shown previously that ET-1 is involved in neoplas-
tic proliferation, activating a network of signals that results in the
transfer of a mitogen signal to the nucleus, promoting endothelial
cell growth (Nelson et al., 2003) which is the first step of the
angiogenetic process.

It has also been demonstrated in some tumours, such as in pros-
tate, ovarian and cervical cancer (Bagnato and Rosanò, 2008; Bagnato
et al., 1997, 1999; Nelson et al., 1995, 1996; Venuti et al., 2000), that
the spontaneous growth of malignant cells was inhibited in the pres-
ence of an ETAR receptor antagonists, which is in further support of
ET-1 stimulating cell proliferation, by acting through an autocrine
mechanism (Bhalla et al., 2009). Therefore, the ETAR receptor
expression in mammary gland tumours and its progressive intensifi-
cation in respect to malignant progression, as observed in our set of
canine mammary tumours, further confirm this mechanism.

Fig. 1. Streptavidin-biotin-peroxidase stain: (a) Tubular carcinoma Grade 1. Polarized immunostaining for ET-1 is shown by some epithelial cells (33.5%) (arrows). Scale
bar = 20 μm. (b) Tubular carcinoma Grade 1. Positivity for ETAR is evident in some epithelial cells (30.7%) (arrows). Scale bar = 20 μm. (c) Tubular carcinoma Grade 2. Strong
immunolabelling for ET-1 diffused in cell cytoplasm is evident in many neoplastic cells (63.8%). Scale bar = 20 μm. (d) Tubular carcinoma Grade 2. Strong immunolabelling
for ETAR is also seen especially in infiltrating cells (62.3%) (arrow). Scale bar = 20 μm. (e) Tubular carcinoma: Grade 3 malignant tumour. Immunolabelling for ET-1 ex-
pressed by few neoplastic cells is evident (35%.7) (arrows). Scale bar = 20 μm. (f) Solid carcinoma: Grade 3 malignant tumour. Strong expression of ET-1 is evident near a
necrotic area. Scale bar = 20 μm.
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Fig. 2. Two-colour immunofluorescence stain: (a) Tubular carcinoma Grade 1. ETAR immunostaining corresponding to red TRITC immunofluorescence is evident in few ep-
ithelial cells (arrows). Scale bar = 20 μm. (b) Tubular carcinoma Grade 1. ET-1 immunostaining corresponding to green FITC immunofluorescence, with a polarized expression,
is evident in few epithelial cells (arrows). Scale bar = 20 μm. (c) Tubular carcinoma Grade 1. Co-expression of ET-1 and ETAR evident in yellow shows the co-localization of
both proteins in few epithelial cells (arrows). Scale bar = 20 μm. (d) Tubular carcinoma Grade 2. Strong ETAR immunostaining corresponding to red TRITC immunofluores-
cence is evident in many epithelial cells. Cytoplasmic distribution is evident in some cells (arrows). Scale bar = 20 μm. (e) Tubular carcinoma Grade 2. ET-1 immunostaining
corresponding to green FITC immunofluorescence, with strong expression in many cells (arrows). Scale bar = 20 μm. (f) Tubular carcinoma Grade 2. Co-expression of ET-1
and ETAR evident in yellow shows the co-localization of both proteins in many epithelial cells (arrows). Scale bar = 20 μm. (g) Tubular carcinoma Grade 3. Weak ETAR
immunostaining corresponding to red TRITC immunofluorescence is seen in very few epithelial cells with a cytoplasmic distribution (arrow). Scale bar = 20 μm. (h) Tubular
carcinoma Grade 3 ET1 immunostaining evident corresponding to green FITC immunofluorescence is evident in very few neoplastic epithelial cells (arrow) and in endo-
thelial and myoepithelial cells (big arrows). Scale bar = 20 μm. (i) Tubular carcinoma Grade 3. Co-expression of ET-1 and ETAR evident in yellow, shows the co-localization
of both proteins in very few neoplastic epithelial cells (arrow) while in endothelial and myoepithelial cells only ET-1 was evident (big arrows). Scale bar = 20 μm. (For in-
terpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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In addition, the interaction ET-1/ETAR increases the expression of
matrix metalloproteinases (MMPs), modulating the invasive capacity
of some tumour cells (Rosanò et al., 2001) and can phosphorylate
connexin 43, thus altering the gap junction intercellular connections

(GJIC) (Spinella et al., 2003). Destabilization of GJIC has been associ-
ated with decrease in intercellular communication and the acquisition
of a local invasive and metastatic phenotype in human (Carystinos et al.,
2002) and animal tumours (Torres et al., 2005).

An increased ET-1/ETAR expression is positively correlated with vas-
cular endothelial growth factor expression (VEGF) and with angiogenesis
in different malignancies including those of human (Wulfing et al., 2003)
and canine mammary gland tumours (Martano et al., 2008). In partic-
ular ET-1 can stimulate endothelial cell proliferation and can induce the
production of VEGF (Salani et al., 2000), which in turn stimulates an-
giogenesis and tumour growth, respectively, through paracrine and
autocrine mechanisms (Restucci et al., 2004).

In human ovarian neoplasia a correlation between the increase
of ET-1 and cyclooxygenase-2 (COX-2) was also shown (Spinella et al.,
2004). COX-2 induces the synthesis of PGE2 and VEGF, confirming
both, the link between ET-1 and VEGF, and the involvement of ET-1
in neoplastic angiogenesis.

Our results clearly show an increase in ET-1 and its receptor
expression, hand in hand with an increase in malignancy up to
the Grade 2 tumours; it was therefore surprising to observe a
decrease in these expressions in G3 neoplasms, in which strong

Fig. 3. Western blot for ET-1, ETAR. Actin protein levels were detected to ensure protein
loading and allow normalization. Line 1: Benign tumour; Line 2 and Line 3: Grade
1 malignant tumours; Line 4: Grade 2 malignant tumour; Lines 5 and 6: Grade 3
malignant tumours. A marked expression of ET-1 and ETAR is evident in line 4.

Fig. 4. Quantification of ET-1 and ETAR protein expression by the ET-1/Actin ratio or ETAR/Actin ratio. Results of densitometry demonstrate a strong expression in G2 car-
cinomas and a decreasing expression in G3 carcinomas.

Graph Line 1. Correlation between ET-1 and ETAR immunolabelled cells (expressed by median value) in normal and neoplastic canine mammary samples.
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immunohistochemical positivity was only found in epithelial
neoplastic cells adjacent to necrotic areas.

This feature was apparently in contrast to western blot results,
in which an increase of ET1 was evidenced in some G3 carcino-
mas, and could be explained by the strong ET1 expression of the
epithelial neoplastic cells located near to necrotic areas but also by
the same expression of endothelial cells and fibroblasts.

This relative lack of ET-1 expression in highly malignant epi-
thelial cells could be explained by marked cellular anaplasia and
cellular dysfunction; we also suggest that the high levels of VEGF,
which have been evidenced in highly malignant mammary tumours
(Restucci et al., 2002) may suppress ET-1 synthesis via a negative
feed-back mechanism.

In addition, enhanced ET-1 expressions by those neoplastic cells
which are located near to necrotic areas, in G2 and mostly in G3
carcinomas, strongly suggest a positive feedback between tissue
hypoxia and ET-1. Thus, this confirms that hypoxia is a potent
angiogenetic stimulator and that it can indirectly enhance neoplas-
tic growth and invasiveness through ET-1 release. This highlights
the link between hypoxia and the increased invasiveness in malig-
nant tumours through the synthesis of angiogenic cytokines (Shweiki
et al., 1992). It has been demonstrated in human breast cancer that
invasiveness may be reduced by selective ETAR antagonism, thereby
confirming the ET-1 involvement; this emphasizes the potential
therapeutic usefulness of ETAR antagonists (Smollich et al., 2008).

Therefore, elucidating further the cellular mechanisms trig-
gered by ET-1/ETAR interaction may open an new avenue to develop
chemotherapy protocols for canine mammary tumours; yet, not only,
we also believe that ET-1/ETAR expression in spontaneous canine
mammary tumour may add additional interest in this animal model
for improving human breast cancer therapy.
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