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Alteration of somatostatin receptor 2 expression in canine mammary gland tumor
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ABSTRACT. Somatostatin receptor 2 (SSTR2) is a negative regulator of cell proliferation in human breast cancer. Since there is little informa-
tion about SSTR2 in canine mammary gland tumor (MGT), we clarified its distribution and expression level in normal mammary gland,
benign MGT and malignant MGT. SSTR2 expression determined by immunohistochemical staining was observed in the cytoplasm of
luminal epithelial cells. The intensity was negatively correlated with malignancy: normal tissues and some of the benign tumors had the
highest levels, while the malignant tumors had little or no SSTR2 expression. As for the Western blotting, SSTR2 protein level in benign
tumors was significantly lower than the normal mammary gland. On the other hand, SSTR2 protein levels in two of three malignant tumors
were higher than the other groups. These results suggest that SSTR2 expression alters according to the malignancy of canine MGT.
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Somatostatin (SST) is a peptide hormone produced in
the hypothalamus, pancreas and intestine; it regulates both
endocrine and exocrine gland function [17], and down-
regulates cell proliferation in various tissues of many species
including dogs [1, 3, 4, 10, 14]. Among the SST receptor
(SSTR) superfamily, SSTR2 is the most dominant receptor,
with the highest affinity to the ligand and the strongest anti-
proliferative effect [3]. In human breast cancer, tumor tissues
that express SSTRs are less aggressive and more differenti-
ated than tumors with little SSTRs expression, which are
massive and highly malignant [S]. These findings lead to the
speculation that SSTR signal transduction is closely related
to the malignancy of human breast cancer.

In dogs, all subtypes of SSTRs, except SSTR4, have been
already identified, and their expression was confirmed in
just several tissues, such as pituitary and pancreas [2, 16].
Although SSTRs are predicted to be a molecular target of
breast cancer therapy, there is little information about SSTRs
in dogs. Hence, in this study, we examined and compared
the distribution and expression of SSTR2 in normal canine
mammary tissues, benign mammary gland tumor (MGT)
and malignant MGT. Immunohistochemistry and Western
blotting methods were utilized.

All experiments were approved by the Committees on
the Ethics of Animal Experiments of Kitasato University
and the University of Tokyo. For immunohistochemistry, 48

*CORRESPONDENCE TO: YONEzAwA, T., Laboratory of Veterinary
Clinical Pathology, Graduate School of Agricultural and Life Sci-
ences, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo
113-8657, Japan. e-mail: ayone@mail.ecc.u-tokyo.ac.jp

©2015 The Japanese Society of Veterinary Science

This is an open-access article distributed under the terms of the Creative

Commons Attribution Non-Commercial No Derivatives (by-nc-nd)

License <http://creativecommons.org/licenses/by-nc-nd/3.0/>.

samples of canine mammary gland tissue embedded in par-
affin blocks were obtained from the histopathological files
in the Veterinary Pathology Laboratory, Kitasato University.
Although the classification method about simple carcinoma
is under controversy [ 18], the diagnosis of all specimens was
based on the WHO classification [11]. Immunohistochemical
staining was performed using the rabbit polyclonal antibod-
ies against human SSTR2 (1:300 dilution, bs-1138R, Bioss,
Boston, MA, U.S.A.). Peroxidase-conjugated anti-rabbit
immunoglobulin G (Histofine Simple Stain MAX-PO (R),
Nichirei, Tokyo, Japan) was used as the secondary antibody.
After immunoreaction, sections were colorized with diami-
nobenzidine and counterstained with hematoxylin. Canine
pancreas tissues were used as positive controls. Negative
controls were carried out by replacing the primary antibodies
with antibody diluents.

For Western blotting, 12 canine mammary gland tissues
(4 normal, 4 simple adenomas, one complex adenoma and
3 simple carcinomas), harvested and flash frozen in liquid
nitrogen, were obtained either from experimental animals or
from patients undergoing surgery for mammary gland tumors
at the Kitasato University Veterinary Teaching Hospital. We
performed Western blotting analysis according to a previ-
ously reported protocol [12]. Twelve micrograms of protein
were loaded in each well. The human SSTR2 antibody used
in immunohistochemistry analysis (1:300 dilution) was also
used in Western blotting. Samples were visualized using
horseradish peroxidase-conjugated secondary antibodies
and the EZ-ECL system (Biological Industries, Kibbutz
Beit Hesmek, Israel). The expression level of SSTR2 in
each sample was normalized to total actin (1:500 dilution,
MABI1501, Sigma-Aldrich, St. Louis, MO, U.S.A.) expres-
sion on the same membrane as an internal control.

A summary of immunohistochemical data is shown in Fig.
1 and Table 1. In all samples examined, immunoreactivity
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Fig. 1.

Table 1.  Expression levels of SSTR 2 in canine mammary glands, as
determined by immunohistochemistry. Data represent the percent-
age of samples with that expression level

Diagnosis Expression level

(total number of samples) + + _
Normal (5) 3 (60%) 2 (40%) 0 (0%)
Hyperplasia (2) 1 (50%) 1 (50%) 0 (0%)
Simple adenoma (12) 2 (16.7%) 5 (41.7%) 5 (41.7%)
Complex adenoma (7) 1 (14.3%) 2 (28.6%) 4 (57.1%)
Benign mixed tumor (5) 1 (20%) 2 (40%) 2 (40%)
Simple carcinoma (10) 0 (0%) 5 (50%) 5 (50%)
Complex carcinoma (5) 0 (0%) 3 (60%) 2 (40%)
Malignant mixed tumor (2) 0 (0%) 1 (50%) 1 (50%)

+: Strongly positive; +: Weakly positive; —: Negative.

was restricted to the luminal epithelial cells, although myo-
epithelial and stromal cells were present in the specimens.
The samples are grouped into three groups in Table 1 based on
their diagnoses. The first group contains tissues from normal
or hyperplastic mammary glands. SSTR2 immunoreactivity
in this group was readily observed in the cytoplasm of the lu-
minal epithelial cells. The second group of tissues was from
animals diagnosed with benign tumors. These were simple
or complex mammary adenoma or mixed tumors. SSTR2

Representative images of immunoreactivity to human SSTR2 in canine mammary gland tissues. SSTR2 immunoreactivity in the cy-
toplasm of luminal epithelial cells in normal mammary gland tissue (A); Weakly positive signals for SSTR2 immunoreactivity in a simple
adenoma (B); Negative immunoresponse in a complex adenoma (C) and a simple carcinoma (D). Scale bars indicate 25 um in A, C and D; 20
umin B.

expression in approximately half of the tissues of this group
was similar to the first group, with a similar immunoreactive
pattern that was detected in the luminal epithelial cells; the
other half of this group had little to no immunoreactivity.
Samples from the third group were from animals diagnosed
with malignant tumors: simple or complex mammary carci-
noma or malignant mixed tumors. These tissues had negative
or weakly positive immunoreactivity.

To evaluate the quantitative expression levels of SSTR2,
we performed Western blotting (Fig. 2). In Western blotting,
a specific band corresponding to approximately 50-kDa mo-
lecular weight was detected. In the benign MGT, the SSTR2
protein level was lower than in normal tissues. The levels of
SSTR2 protein in two of three malignant MGTs were higher
than in the other groups, while the level in one of three was
around normal. In these malignant samples, there were also
no clear signals of SSTR2 in immunohistochemistry (see
the Supplementary Fig. 1), which is coincident with the
immunohistochemical results in our other samples (Fig. 1).
Further, there was no difference among tissue types: simple,
complex and mixed tumors (data not shown).

SSTR2 is expressed in the luminal epithelial cells of the
mammary tissues and breast cancers in humans [8]. In our
study, SSTR2 expression in canine tumors was also limited
to the luminal epithelial cells, specifically to the cytoplasm.
SSTR expression in humans has also been reported to be
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Fig. 2. Levels of SSTR2 proteins in canine mammary gland tis-

sues as determined by Western blotting. (A) Images of Western
blot analysis for SSTR2 and total actin. Samples from individuals
with normal tissue, benign MGTs or malignant MGTs were loaded
into each lane. (B) Levels of SSTR2 protein, normalized to actin.
The mean SSRT2 protein level in normal tissue was set at 100.
(Horizontal bars, mean = SD; *P<0.05.)

down-regulated in more aggressive and less differentiated
benign breast tumors [5]. The results of immunohistological
staining agree with these human studies [5, 8]. Protein levels
of the benign tumors were also less than the normal or hyper-
plastic tissue, as shown by Western blotting. These findings
suggest that SSTR2 deficiency in canines may contribute to
the development of benign tumors.

Alteration of SSTR2 expression in the MGT is not fully
understood. Some studies in human breast cancer report that
the SSTR2 immunohistochemical reaction was less in malig-
nant tumors than in normal tissue, but others report the op-
posite relationship for SSTR2 mRNA. For instance, Reubi et
al. detected SSTR2-positive immunoreactivity in only 3/39
(8%) of human malignant breast tumors [15], while Orlando
et al. performed g-PCR of 169 human breast cancers and
concluded that the SSTR2 mRNA level was tremendously
higher in human breast cancers than in unaffected tissues
[13]. Evans et al. found SSTR2 mRNA expression in almost
all breast carcinoma, but in only approximately half of be-
nign tumors or normal breast tissues [7]. In the present study,
all of SSTR2 immunohistochemical intensity in malignant
tumors was lower or negative compared to normal tissues,
whereas SSTR2 protein levels in two of three malignant tu-
mors were higher than the other groups in the Western blot-
ting analysis. Although mRNA levels were not determined in
these specimens, our standings tended to be compatible with

the previous results and this is the first report presenting the
paradoxical results within one study.

We had conflicting results between immunohistochemical
reactivity and protein level of SSTR2 in malignant tumors. In
this study, the same primary antibody to SSTR2 was used for
both immunohistochemistry and Western blotting. However,
very little reactivity was observed in immunohistochemistry,
while Western blotting detected a large amount of protein. In-
deed, it is not so rare that there is some discrepancy between
the results of immunohistochemistry and Western blotting
[6, 9]. Although further studies are needed to understand
the reasons for these results, there are several hypotheses
that could account for them. 1) In immunohistochemistry,
the tissue is fixed in 10% neutral buffered formalin, and the
epitope may be obscured or cross-linked due to experimental
conditions. 2) Because Western blotting was performed after
the reduction treatment, a conformational change in the pro-
tein may alter the intensity of immunoreactivity.

In conclusion, we examined the distribution and expres-
sion of SSTR2 in canine mammary gland tissues. SSTR2 was
mainly observed in the cytoplasm of luminal epithelial cells.
There was less expression of SSTR2 in benign MGTs than
in normal tissues. In malignant MGT, immunohistochemical
intensity of SSTR2 was low, although SSTR2 protein levels
were high. It is suggested that SSTR2 expression changes
with malignancy of canine MGT.
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