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1  | INTRODUC TION

Neurokinin-1 receptor (NK-1 receptor), also known as tachykinin 
receptor 1 or substance P receptor, is a G protein-coupled re-
ceptor distributed in the central and peripheral nervous system. 

Substance P (SP), an undecapeptide, is a member of the tachy-
kinin neuropeptide family and has high affinity for the NK-1 
receptor (Datar, Srivastava, Coutinho, & Govil, 2004; Maggi, 
Patacchini, Rovero, & Giachetti, 1993). SP functions as a neu-
romodulator and neurotransmitter through the NK-1 receptor 
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Abstract
Canine mammary gland tumour (cMGT) is the most common tumour in intact female 
dogs. Surgery is the only effective treatment for cMGT, and dogs with metastasis at 
the time of diagnosis or those diagnosed at an advanced stage have poorer prognosis. 
Thus, novel diagnostic biomarkers and therapeutic targets are needed. Neurokinin-1 
receptor (NK-1 receptor) is involved in cancer progression and has been detected in 
various malignant tumours including breast cancer in humans. Furthermore, NK-1 
receptor antagonists inhibit cancer progression. We evaluated NK-1 receptor expres-
sion in malignant and benign cMGT compared with that in normal mammary gland 
tissues and analysed the relationship between the expression of NK-1 receptor and 
histopathological type or malignancy grade. Specimens from 34 malignant MGT and 
35 benign MGT cases were used for immunohistochemistry and scored according 
to intensity and percentage. Healthy margins from each tumour were used as inter-
nal controls. The scores for NK-1 receptor intensity, percentage of positive cells and 
overall immunohistochemistry were higher in malignant MGT than in benign MGT 
and normal tissue (p < .000). NK-1 receptor expression was not correlated with ei-
ther malignancy grade or histopathological type. Expression of the NK-1 receptor in 
malignant MGT was higher than that in benign MGT and normal tissues. Thus, NK-1 
receptor could be considered a novel therapeutic target for cMGT. Further studies 
using other quantitative tests such as western blotting or PCR and the evaluation of 
substance P in patient tumour tissue or serum are needed.
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(Datar et al., 2004). NK-1 receptor and SP have been reported 
to mediate physiologic processes such as pain transmission 
(Saria, 1987), the vomit reflex (Saito, Takano, & Kamiya, 2003), 
wound healing, tissue homeostasis, inflammation (Suvas, 2017), 
haematopoiesis (Nowicki, Ostalska-Nowicka, Kondraciuk, & 
Miskowiak, 2007) and cardiovascular functions (Mistrova, 
Kruzliak, & Dvorakova, 2016).

NK-1 receptor and SP have been reported to be involved 
in cancer progression, and numerous studies aimed to identify 
new targets for cancer diagnosis and therapy have focused on 
the NK-1 receptor (Munoz, Rosso, & Covenas, 2011). NK-1 re-
ceptor and SP are detected not only in tumour cells but also in 
intratumoral and peritumoral blood vessels and are therefore 
thought to be involved in tumour angiogenesis (Hennig, Laissue, 
Horisberger, & Reubi, 1995; Munoz et al., 2011). NK-1 receptor 
and SP were reported to inhibit tumour cell apoptosis and induce 
tumour cell proliferation by acting as mitogens, induce the mi-
gration of tumour cells and stimulate neoangiogenesis (Covenas 
& Munoz, 2014; Rosso, Munoz, & Berger, 2012). Moreover, NK-1 
receptor antagonists suppress the angiogenesis, proliferation 
and migration of tumour cells and decrease viability of tumour 
cells (Covenas & Munoz, 2014; Rosso et al., 2012). NK-1 recep-
tor and SP were previously detected in various cancers including 
lung cancer (Muñoz et al., 2012), colon cancer (Rosso, Robles-
Frías, Coveñas, Salinas-Martín, & Muñoz, 2008), pancreatic can-
cer (Friess et al., 2003), endometrial cancer (Gharaee, Pourali, 
Jafarian, & Hashemy, 2018) and melanoma (Muñoz et al., 2010). 
In human breast cancer (HBC), various studies have confirmed the 
increased serum levels of SP, as well as the overexpression of SP 
and NK-1 receptors, in tumour tissues compared with those in 
normal tissues through various methods (Davoodian et al., 2019; 
Huang, Wang, Chen, Wei, & Chen, 2010; Munoz et al., 2014; Zhou 
et al., 2013). Thus, the NK-1 receptor might be useful as a novel 
diagnostic biomarker or therapeutic target for HBC.

Canine mammary gland tumour (cMGT) is the most com-
mon neoplasia in intact female dogs, and approximately 50% of 
these cases are malignant tumours. The main cause of death from 
this tumour is metastasis (Klopfleisch et al., 2011; Sleeckx, de 
Rooster, Veldhuis Kroeze, Van Ginneken, & Van Brantegem, 2011; 
Sorenmo, 2003). Surgery is the only effective treatment for cMGT, 
and few studies have evaluated the effect of anticancer therapy or 
radiotherapy on this disease (Cassali et al., 2011). cMGT has nu-
merous similarities with HBC including histology, tumour genetics, 
biological behaviour and response to therapy (Khanna & Hunter, 
2005; Khanna et al., 2006; Paoloni & Khanna, 2007, 2008; Pinho, 
Carvalho, Cabral, Reis, & Gärtner, 2012; Paoloni and Khanna, 
2008; Vail & Macewen, 2000). Many studies have also shown that 
the NK-1 receptor is highly expressed in HBC; however, in veteri-
nary medicine, its expression has only been evaluated in melanoma 
(Borrego et al., 2016). In this study, NK-1 receptor expression was 
evaluated in cMGT by immunohistochemistry, and the correlation 
between NK-1 receptor expression and malignancy grade or histo-
pathological type was analysed.

2  | MATERIAL S AND METHODS

2.1 | Cell line validation statement

No cell lines were used for this study.

2.2 | Mammary specimens

Thirty-four malignant and 35 benign MGT samples obtained from fe-
male dogs after surgery at various animal hospitals in 2018 and 2019, 
supplied by Pobanilab (Guri, Republic of Korea), were subjected to 
histopathological diagnosis at Pobanilab.

2.3 | Immunohistochemistry analysis of NK-1 
receptor expression

Paraffin-embedded cMGT sections (4-μm) were deparaffinized in 
xylene and rehydrated in a graded ethyl alcohol series. The sections 
were incubated with antigen retrieval solution (Sigma-Aldrich) in a 
water bath (95°C) under high pressure. To quench endogenous per-
oxidase, the sections were placed in 3% methanolic H2O2 for 30 min 
and treated with 0.5% triton X-100 for 30 min. To block nonspe-
cific binding sites, the sections were incubated in normal goat serum 
(Vector Laboratories) at room temperature for 2.5 hr. A primary an-
tibody specific for the NK-1 receptor (rabbit polyclonal, Advanced 
Targeting Systems) was diluted 1:300 with distilled phosphate-
buffered saline and added to the sections at 4 ℃ for overnight in-
cubation (at least 16 hr). This synthetic peptide corresponds to the 
C-terminus of the dog NK-1 receptor. The healthy margin of each 
tumour was used as a control sample to evaluate NK-1 receptor ex-
pression. Negative control sections were treated with distilled phos-
phate-buffered saline. After incubation at room temperature for 1 hr 
and washing, secondary antibody (goat anti-rabbit IgG, Ab Frontier, 
Seoul, South Korea) diluted 1:200 was added to the sections. The 
sections were incubated in AB complex (Vector Laboratories) at room 
temperature for 30 min and then treated with 3,3'-diaminobenzidine 
tetrahydrochloride (Vector Laboratories). Mayer's haematoxylin was 
used for counterstaining, which was followed by dehydration and 
decolourization using ethyl alcohol and xylene. After mounting with 
Canada balsam, the sections were incubated at room temperature 
overnight. Canine colon tissues, used as positive controls, were pre-
pared using the same method as previously (Borrego et al., 2016; 
Goode et al., 2000).

2.4 | Semi-quantitative scoring of positive cells

Immunohistochemistry results were examined by an investigator and 
confirmed by a pathologist blinded to the identity of each specimen. 
Ten immunopositive areas in each section were evaluated at 400× 
magnification. Brown colours in the cytoplasm, plasma membrane 
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and nucleus were considered indicative of a positive reaction. The 
intensity of staining and percentage of positive cells were assessed 
semi-quantitatively by assigning scores of 1–3 and 1–4, respectively 
(Table 1). The immunohistochemical (IHC) score of the NK-1 receptor 
was obtained by multiplying the intensity and positivity scores (range 
1–12). IHC scores below 6 were considered to reflect low expression, 
whereas those over 6 were considered to reflect high expression of 
the NK-1 receptor at the tissue level (Pandey et al., 2018).

2.5 | Statistical analysis

Statistical analysis was performed using SPSS ver. 24 (SPSS, Inc.). All 
IHC results are presented as the mean ± SD, and statistical signifi-
cance was considered at a p-value < .05.

3  | RESULTS

Sixty-nine archived MGT specimens including 34 malignant and 35 
benign tumour specimens were investigated in this study. Details 
of the types of specimens and their histological grade are shown in 
Table 2.

3.1 | NK-1 receptor expression

3.1.1 | Immunolocalization

Immunoreactivity was detected in the cytoplasm of both cMGT cells 
and normal cells (Figure 1). Of the 69 specimens, 40 (57%) showed 
immunoreactivity in the plasma membrane, 20 (30%) showed immu-
noreactivity in the nucleus and 14 (20%) showed immunoreactivity 
in the cytoplasm, plasma membrane and nucleus.

3.1.2 | Staining intensity

All sections were evaluated based on a semi-quantified score ac-
cording to the scoring system shown in Table 1. The mean staining 
intensity scores in malignant MGTs, benign MGTs and healthy mar-
gins were 2.09 ± 0.668, 1.63 ± 0.770 and 1.30 ± 0.564, respectively. 
Scores were significantly different among the three groups, with the 

highest score observed in malignant MGTs and the lowest score ob-
served in healthy margins based on nonparametric Kruskal-Wallis 
tests (p = .008, p < .000, respectively) and the Jonckheere-Terpstra 
test (p < .000).

3.1.3 | Percentage of stained cells

The mean scores for the percentage of stained cells in malignant 
MGTs, benign MGTs and healthy margins were 3.44 ± 0.660, 
2.31 ± 0.758 and 2.03 ± 0.698, respectively. For malignant MGTs, 
this score was significantly different than that for benign MGTs and 
healthy margins. The highest score was observed for malignant MGTs 
and the lowest score was observed for healthy margins based on a 
nonparametric Kruskal-Wallis test (p < .000) and the Jonckheere-
Terpstra test (p < .000). There was no significant difference between 
benign tumours and healthy margin tissues (p = .095).

3.2 | IHC score of NK-1 receptor

Each score of intensity and percentage of positive cells was multi-
plied to obtain the final IHC scores for NK-1 receptor expression. 
The mean IHC scores in malignant MGTs, benign MGTs and healthy 
margins were 7.41 ± 3.201, 4.03 ± 2.833 and 2.80 ± 1.924, respec-
tively. Among the 40 MGT specimens with a healthy margin, 27 

TA B L E  1   Scoring system for immunohistochemistry in canine 
mammary gland tumours and healthy margins

Score Intensity of staining Score
Percentage of 
positive cells

1 Weak 1 ≤25%

2 Moderate 2 26%–50%

3 Strong 3 51%–75%

4 ≥76%

TA B L E  2   Histopathological types of canine mammary gland 
tumour specimens and grade of malignancy

Histopathological type Grade n

Malignant tumour Mixed carcinoma 1 2

Ductal carcinoma 1 6

2 8

3 1

Simple carcinoma 1 2

2 1

Complex carcinoma 1 6

2 2

Malignant 
myoepithelioma

1 5

2 1

Total 34

Benign tumour Simple adenoma 3

Intraductal papillary 
adenoma

5

Complex adenoma 8

Mixed adenoma 8

Ductal adenoma 8

Cystadenoma 2

Myoepithelioma 1

Total 35
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(67.5%) showed higher scores, 11 (27.5%) showed similar scores and 
2 specimens (5%) showed lower scores in tumour tissues compared 
with those in the healthy margin of each tumour (Figure 2). High ex-
pression (IHC score ≥ 6) of the receptor was observed in 76%, 31.4% 
and 17.5% of malignant MGTs, benign MGTs and healthy margins, 
respectively. The IHC score significantly differed among the three 
groups, with the highest scores observed in malignant MGTs and the 
lowest scores observed in healthy margins, based on the nonpara-
metric Kruskal-Wallis Jonckheere-Terpstra test (p < .000).

3.3 | Relationships between NK-1 receptor 
expression and malignancy grade or 
histopathological type

Results indicated that 72% of grade Ⅰ malignant MGTs and 80% of 
grade Ⅱ MGTs showed high receptor expression (IHC score ≥ 6). 
One (1/1) grade Ⅲ malignant MGT showed high receptor expression. 
Furthermore, 86% of ductal carcinoma, 37.5% of complex carcinoma 
and 66.6% of malignant myoepithelioma cases showed high expres-
sion. All mixed carcinoma (2/2) and simple carcinoma (3/3) cases 
showed high expression. In addition, 33% of simple adenoma, 40% 
of intraductal papillary adenoma, 37.5% of complex adenoma, 25% 
of mixed adenoma and 12.5% of ductal adenoma showed high recep-
tor expression. All cystadenoma cases (2/2) showed high expression 

and myoepithelioma (1/1) showed low expression of the receptor. 
The relationships among the intensity score, positivity score or com-
bined IHC results and malignancy grade or histopathological type 
were evaluated by nonparametric Kruskal-Wallis, Mann-Whitney, 
Spearman and Jonckheere-Terpstra tests. No relationships showed 
significant results (p > .05).

4  | DISCUSSION

Metastasis is the most common cause of death related to malignant 
cMGT; the median survival time is 5 months for dogs with metastasis 
and 28 months for dogs without metastasis (Philibert et al., 2003). 

F I G U R E  1   Immunohistochemistry for NK-1 receptor in canine 
colon tissue, malignant MGT and benign MGT specimens at 400× 
magnification. (a) Positive staining of canine colon tissue. (b) 
Negative control staining for canine colon tissue. (c) Weak staining 
of healthy margin of MGT. (d) Weak staining (score 1) of malignant 
MGT. (e) Moderate staining (score 2) of malignant MGT. (f) Strong 
staining (score 3) of malignant MGT. (g) Weak staining (score 1) 
of benign MGT. (h) Moderate staining (score 2) of benign MGT. (i) 
Strong staining (score 3) of benign MGT. MGT, mammary gland 
tumour

F I G U R E  2   Immunohistochemical (IHC) scores for NK-1 receptor 
expression in malignant and benign MGTs and healthy margins. 
The mean IHC scores in malignant MGTs, benign MGTs and 
healthy margins were 7.41 ± 3.201, 4.03 ± 2.833 and 2.80 ± 1.924, 
respectively (p < .000). MGT, mammary gland tumour
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However, most dogs with MGT are clinically healthy without dis-
ease signs, particularly early in the course of the disease. Dogs with 
metastasis show only nonspecific signs unless they have a grossly 
detectable tumour (Sorenmo, 2003). Furthermore, malignant and 
benign cMGT show similar characteristics in early stages but differ 
in progression and prognosis. Thus, tools to differentiate malignant 
and benign cMGT are required. Furthermore, conventional therapy, 
particularly chemotherapy, is less effective when used alone, and 
few studies have examined its effectiveness for cMGT (Sorenmo, 
2003; Cassali et al., 2011); thus, novel therapeutic targets for adju-
vant therapy are required. Most HBCs express oestrogen receptor, 
human epidermal growth factor receptor type 2 (HER-2) (Yamauchi, 
Stearns, & Hayes, 2001) and NK-1 receptor (Munoz et al., 2014), 
and several studies have investigated the anticancer effect of hor-
monal therapy by targeting these receptors in HBC (Cole, Jones, & 
Todd, 1971; Munoz et al., 2014). Malignant cMGT, however, shows 
different oestrogen receptor (Toniti et al., 2009) and HER-2 receptor 
(Burrai et al., 2015) expression patterns from those of HBC, mak-
ing it difficult to apply these therapies to cMGT. The expression of 
NK-1 receptor in cMGT has not been investigated; thus, we studied 
the possibility of applying NK-1 receptor expression to differenti-
ate malignant and benign tumours and its use as a novel therapeutic 
target for cMGT.

Whereas several studies demonstrated the expression of NK-1 
receptor in HBC cell lines or tumour tissue by various methods 
(Davoodian et al., 2019; Huang et al., 2010; Munoz et al., 2014; 
Schulz, Stumm, Röcken, Mawrin, & Schulz, 2006), to our knowledge, 
this is the first study to evaluate NK-1 receptor expression in cMGT. 
In this study, NK-1 receptor expression was higher in malignant MGT 
than in benign and normal tissues, which is similar to the results of 
previous HBC studies and suggests that the NK-1 receptor is involved 
in cMGT development. The NK-1 receptor in cMGT was found to be 
immunoreactive in the cytoplasm, plasma membrane and nucleus 
(Huang et al., 2010; Munoz et al., 2014; Schulz et al., 2006). Similarly, 
in HBC, the NK-1 receptor was found to be immunoreactive in these 
three cellular locations (Davoodian et al., 2019; Huang et al., 2010; 
Munoz et al., 2014). Expression of the NK-1 receptor is very high 
in the cytoplasm in both HBC and cMGT (Davoodian et al., 2019). 
However, its specific function in each region of breast cancer cells is 
unknown and should be further examined with respect to the cyto-
plasm, plasma membrane and nucleus.

In human medicine, SP is also known to be overexpressed in ma-
lignant breast cancer tissues (Singh et al., 2000), and patients with 
HBC show higher serum concentrations of SP than normal subjects 
(Davoodian et al., 2019). This suggests that neuroendocrine mech-
anisms associated with NK-1 receptor and SP are involved in HBC 
development. In veterinary medicine, SP serum concentrations in 
patients with tumours or its expression in tumour tissues have not 
been evaluated. Further studies are needed to evaluate SP in canine 
tumour tissues.

The two subtypes of the NK-1 receptor, full-length receptor 
(NK1-Fl) and truncated receptor (NK1-Tr), have been reported in 
human medicine, and the truncated form of the NK-1 receptor lacks 

100 residues in the cytoplasmic tail (Fong, Anderson, Yu, Huang, & 
Strader, 1992). NK1-Fl expression is reduced in malignant tumours, 
and NK1-Tr is overexpressed in tumour cells and involved in tumour 
progression and distant metastasis (Zhou et al., 2013). However, sev-
eral studies have confirmed the expression of NK-1 receptor in ma-
lignant tumours with NK1-Fl (Huang et al., 2010; Schulz et al., 2006) 
and have shown increased NK-1 receptor expression in breast 
cancer cells compared with that in normal breast epithelial cells 
(Munoz et al., 2014; Patel, Ramkissoon, Patel, & Rameshwar, 2005). 
Furthermore, metastatic breast cancer cells show higher expression 
of NK1-Fl than nonmetastatic breast cancer cells, and the expression 
levels of NK1-Fl and NK1-Tr were found to be similar in metastatic 
breast cancer cells (Nizam & Erin, 2018). According to differences in 
the expression of NK1-Fl in malignant breast cancer cells, the rate 
of NK1-Fl expression has not been precisely determined in HBC and 
has not been studied in cMGT.

In this study, an antibody corresponding to the C-terminus of the 
canine NK-1 receptor was used to screen NK-1 receptor expression 
in cMGT, as this antibody had been previously used for immunoflu-
orescence analysis of dog spinal cord neurons (Wiese et al., 2013). 
This study showed that NK1-Fl is increased in malignant cMGT com-
pared with that in healthy tissues. Total NK-1 receptor expression in 
malignant cMGT is thought to be significantly different from that in 
normal tissues but was not evaluated in this study. No studies have 
examined the involvement or function of NK1R-Fl and NK1R-Tr in 
cancer progression in dogs. After further clarifying the function and 
expression of the two types of NK-1 receptor in canine tumour pro-
gression, screening each type and total NK-1 receptors in cMGT will 
be required.

In this study, a comparison of NK-1 receptor expression based on 
malignancy grade or histopathologic types revealed no significant 
association. In one study on HBC, cytoplasmic expression of NK-1 
receptor was found to be significantly correlated with most tumour 
features, such as grade, size, HER-2 expression, and primary tumour, 
lymph node and metastasis (TNM) stage (Davoodian et al., 2019). 
Large numbers of invasive ductal carcinoma cases (n = 39) and vari-
ous tumour grades were evaluated in HBC; however, the number of 
samples from each histopathological type (n = 1–8) and grade was 
low in our study. Thus, further studies comprising larger populations 
are needed.

NK-1 receptor antagonists such as aprepitant and maropitant 
show anticancer effects by inhibiting tumour cell growth, angio-
genesis and metastasis at the tumour cell level (Munoz, Covenas, 
Esteban, & Redondo, 2015). In one study, NK-1 receptor antago-
nists including L-732,138, L-733,060 and aprepitant were shown 
to dose dependently inhibit the growth of an HBC cell line (Munoz 
et al., 2014). Another study showed that breast cancer cell growth 
is inhibited by NK-1 receptor antagonists, with higher sensitivity 
observed in a metastatic breast cancer cell line than in a nonmet-
astatic breast cancer cell line (Nizam & Erin, 2018). In veterinary 
oncology, maropitant treatment inhibits the growth of canine mel-
anoma cells in a concentration-dependent manner (Borrego et al., 
2016). Our study demonstrates the potential of NK-1 receptor 
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antagonists as a novel drug treatment for various cancers. Further 
studies of the anticancer effects of NK-1 receptor antagonists on 
cMGT are needed.

Two limitations of this study are as follows. First, we evaluated 
NK-1 receptor expression only by IHC; other quantitative tests of 
NK-1 receptor protein or mRNA expression such as western blot-
ting or RT-PCR were not carried out. Furthermore, as the specimens 
were collected for diagnosis based on the histopathology of tumours 
and data for each specimen were not collected, the correlation be-
tween TNM stage and expression of the NK-1 receptor was not an-
alysed in this study.

We evaluated NK-1 receptor expression by IHC analysis in cMGT. 
We observed higher NK-1 receptor expression in malignant MGT than 
in benign MGT and normal mammary gland tissues, indicating that the 
NK-1 receptor is involved in cancer progression. However, there was no 
correlation between NK-1 receptor expression and malignancy grade 
or histopathologic type. Further studies employing other quantitative 
tests such as western blotting or PCR and those evaluating SP in tu-
mour tissues or serum samples from patients are needed. In addition, 
the anticancer effect of NK-1 receptor antagonists on MGT requires 
further analysis. In summary, NK-1 receptor is highly expressed in 
cMGT and thus may be a novel therapeutic target for cMGT.
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