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ABSTRACT

Objective: To explore the relationship between the expression of neurotensin receptor 1 (NTR1) in breast cancer and its 
clinicopathological characteristics and prognosis.

Methods: The 132 cases of breast cancer tissues and 30 cases of normal paracancer tissues that were used in this study originated 
from the surgical resection samples of our hospital between January 2013 to May 2014. The expression of NTR1 in cancer tissues 
and paracancerous tissues was detected by the immunohistochemistry method, and the correlation between the expression of NTR1 in 
breast cancer and clinicopathological parameters and prognosis was revealed.

Results: The positive expression rate of NTR1 in breast cancer tissues was 70.45% (93/132), and the positive expression rate 
in the normal adjacent tissues was 0% (0/30), with the difference between the two groups being statistically significant (P<0.05). The 
expression level of NTR1 correlated with tumour diameter, lymph node metastasis, and tumour grade in patients with breast cancer, 
but not with the TNM stage, menopausal status, estrogen receptor, progesterone receptor, and human epidermal growth factor receptor 
2 (P>0.05). The 5-year survival rate of patients with a positive expression of NTR1 was 68.82% (64/93), and patients with a negative 
expression of NTR1 had a survival rate of 89.74% (35/39). As such, the difference was statistically significant (P<0.05). The expression 
of NTR1 and lymph node metastasis can also independently affect the prognosis of breast cancer patients.

Conclusion: The expression of NTR1 in breast cancer is significantly increased, suggesting that it plays a significant role in 
the progression of breast cancer. At the same time, the positive expression of NTR1 is closely related to tumour diameter, lymph node 
metastasis, and tumour grades in patients with breast cancer, In addition, its expression can independently affect the prognosis of 
breast cancer patients, which is an important index for clinical evaluation and the future treatment methods of breast cancer.
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Introduction

The epidemiological report shows that the in-
cidence rate of breast cancer in China is increasing 
gradually, and in a similar fashion, the onset of the 
disease appears to start younger. As such, breast can-
cer has become one of the diseases that seriously en-
danger the lives and health of women(1, 2).

Surgical resection is the main method for the 
treatment of breast cancer, and while radiotherapy 
and chemotherapy can kill most of the proliferating 
tumour cells, this method cannot fundamentally cure 

the patients. Indeed, mortality still occurs due to the 
recurrence and distant metastasis, and the 5-year sur-
vival rate cannot be improved(3, 4). At the same time, 
the emergence of tumours that are drug-resistant can 
also lead to poor therapeutic effect, and ultimately, 
lead to a failure in the treatment.

Therefore, the focus of the current research 
looks at the ways in which they can effectively 
screen and use the antitumor drugs and evaluate the 
relationship between tumour cells and drug sensitiv-
ity to guide clinical treatment. Under normal circum-
stances, neurotensin is spread all over the brain and 
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gastrointestinal tract, and it can bind the neuroten-
sin receptor (NTR) to play a role in multiple cen-
tres and peripheral areas(5). NTR is currently known 
to have three subtypes: NTR1, NTR2 and NTR3. 
Among them, NTR1, NTR2 are members of the su-
perfamily of G protein-coupled receptor (GPCRs), 
and NTR3 is structurally different from NTR1 and 
NTR2(6). At present, NRT1, as a high-affinity recep-
tor of neurotensin, is the most studied NTR, and is 
not sensitive to the H1 receptor antagonist(7). Indeed, 
neurotensin can excite NTR1 and combine with it, 
activating and mediating downstream signals, and 
transmit the information down through different sig-
nal pathways(8). 

It has been reported that NTR1 is closely re-
lated to the onset, progress, and prognosis of most 
cancers, but there are relatively few reports on its 
role in breast cancer(9). Therefore, the purpose of this 
study was to investigate the relationship between the 
expression of NTR1 and the clinicopathological pa-
rameters and prognosis of breast cancer by detecting 
the content of NTR1 in breast cancer tissue. 

  
Data and methods

General information  
The 132 cases of breast cancer tissues and 30 

cases of normal paracancer tissues which were used 
in this study were all from the surgical resection 
samples originating from our hospital and derived 
from a date range of January 2013 to May 2014. 

Inclusion criteria: 
• The patients had to be over 18 years old; 
• All of them met the diagnostic criteria of breast 

cancer in the WHO classification of breast tumours, 
and the clinicopathological data were complete; 

• All patients enrolled were informed of the 
process and signed the consent form; 

• An application was also submitted to the eth-
ics committee, and this was passed. 

Exclusion criteria: 
• The patient has prior radiotherapy and chemo-

therapy; 
• The patient had primary cancer, with the ex-

ception of breast cancer; 
• The patient had heart disease, such as myocar-

dial infarction; 
• The clinicopathological data of the patients 

were incomplete. 
Among them, 17 cases were younger than 40 

years old, 115 cases were equal to or greater than 40 
years old; 64 cases had a tumour diameter equal to or 

less than 2cm, 68 cases had a tumour diameter great-
er than 2cm; There were 101 cases with a tumour of 
grade I~II and 31 cases of grade III; 25 cases were 
in TNM stage I, 68 cases in stage II, and 39 cases in 
stage III; 71 cases had lymph node metastasis and 
61 cases had no lymph node metastasis; the estro-
gen receptor was negative in 73 cases and positive 
in 59 cases; 72 cases were negative for progesterone 
receptors while 60 cases were positive; 96 cases were 
negative and 36 cases were positive for human epi-
dermal growth factor receptor 2; There were 61 post-
menopausal patients and 71 premenopausal patients; 
There also were 29 cases with a family history of the 
illness and 103 cases without family history.

 
Main reagents and instruments
Reagent 
Rabbit anti-human NTR1 monoclonal antibody 

was purchased from Wuhan Pujian Biology Tech-
nology Co., Ltd. Biotin labelled rabbit anti-mouse 
monoclonal antibody IgG was purchased from the 
Shanghai Youyu Biotechnology Co., Ltd. Horserad-
ish labelled streptomycin was purchased from Wu-
han Chundu Biotechnology Co., Ltd. 3% H2O2 was 
purchased from Shanghai’s Hepeng Biotechnology 
Co., Ltd. Goat serum blocking buffer was purchased 
from Anhui Jingke Biotechnology Co., Ltd. Gastric 
protease was purchased in Shenzhen Kangchuyu-
an Co., Ltd. Hematoxylin dye was purchased from 
Shanghai Yubo Biotechnology Co., Ltd. PBS buff-
er was purchased from Shanghai QianTu Biotech-
nology Co., Ltd. Citrate buffer was purchased from 
Jiangxi Jianglanchun Biological Reagent Co., Ltd. 
Neutral gum was purchased from Beijing Jinkelong 
Biotechnology Co., Ltd.

Instruments 
Optical microscope was purchased from the 

Beijing Oubotong Optical Technology Co., Ltd. 
The drawing system was purchased from Olimpus 
Company (Japan). An automatic tissue processor 
was purchased in Hubei Oumeilai Medical Tech-
nology Co., Ltd. The slicing machine was purchased 
in Shandong Yinying Cooking Machinery Co., Ltd. 
The embedding machine was purchased from Hubei 
Xiaogan Kuohai Medical Science and Technology 
Co., Ltd. The electric constant temperature incubator 
was purchased in Hangzhou Huier instrument and 
equipment Co., Ltd.

 
Methods 
Breast cancer and paracancerous tissues were 
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collected for immunohistochemical treatment, and 
the tissues were sliced with a thickness of approxi-
mately 5 μm. After slicing, the slices were baked in 
the oven and then placed in the incubator with the 
temperature set at 65 ℃ overnight. 

The slices were removed for xylene dewax-
ing, gradient alcohol debenzol treatment, and then 
the backwater treatment was carried out. The slices 
were rinsed with distilled water, then citrate buffer 
was placed in a pressure cooker and the slices were 
immersed in liquid for antigen repair for 3 minutes. 

After cooling, the slice was put in H2O2 for 30 
min and rinsed with a PBS buffer. The serum block-
ing buffer was added and placed at room temperature 
for 30 min, then the blocking buffer was dumped and 
rinsed with distilled water. The primary antibody was 
added and incubated for 20 min and rinsed with PBS 
buffer. Next, the second antibody was added and in-
cubated for 20 min and rinsed with PBS buffer. The 
colour reaction was then performed, and the slices 
were rinsed with distilled water after the reaction 
was terminated. The slices were re-dyed with he-
matoxylin, differentiated and returned blue, washed 
with distilled water, then dewaxed with xylene and 
treated with gradient alcohol debenzolization, be-
fore the slices were finally sealed and observed. All 
enrolled patients will be followed up with for up to 
5 years, and this will be done mainly through tele-
phone and out-of-patient review.

Result determination 
NTR1-positive staining was mainly in the cyto-

plasm, with diffuse or scattered brown-yellow stain-
ing. The staining intensity and the percentage of tu-
mour cells were two important scores in determining 
the results. Under the light microscope, if the slice 
showed colourlessness, it is regarded as 0 points; if 
it is light yellow, it is regarded as 1 point; if it is a 
brownish yellow, it is regarded as 2 points; if it is 
sepia, it is regarded as 3 points. 

The percentage of tumour cells below 10% 
was regarded as 0 points, 10% to 50% was regarded 
as 1 point, 50% to 70% was regarded as 2 points, 
and above 75% was regarded as 3 points. The scores 
of these two standard colours are multiplied, and if 
the score is greater than 3 points, it is considered as 
a positive expression, and if the score is equal to or 
less than 3 points, it is considered to be a negative 
expression.

Statistical method
The relationship between the expression of 

NTR1 and clinical parameters in patients with 
breast cancer was tested by χ2. The relationship 
between the expression of NTR1 and the clinico-
pathological parameters and prognosis of breast 
cancer patients was determined by the Spenman 
correlation coefficient. 

The survival curve of patients with breast 
cancer was drawn by the Kaplan-Meier method, 
and the data of patients with positive expression 
of NTR1 and patients with negative expression of 
NTR1 were compared by a log-rank method. 

The COX proportional hazards regression 
model was established to analyse the independent 
factors affecting breast cancer. SPSS23.0 software 
was used to process all the data, and P<0.05 
indicated that the difference was statistically 
significant.

Results

The expression of NTR1 in breast cancer and 
paracancer tissue

The positive expression rate of NTR1 in the 
breast cancer tissues was 70.45% (93/132), and the 
positive expression rate in the normal adjacent tis-
sues was 0% (0/30), with the difference between the 
two groups being statistically significant (P<0.05). 
The results are shown in Figure 1.

Relationship between NTR1 expression and 
clinicopathological parameters in patients with 
breast cancer

The expression level of NTR1 was correlated 
with tumour diameter, lymph node metastasis, and 
tumour grades in patients with breast cancer, but 
was not correlated with the TNM stage, menopausal 
status, estrogen receptor, progesterone receptor, and 
human epidermal growth factor receptor 2 (P>0.05). 
The results are shown in Table 1.

Figure 1: The expression of NTR1 in breast cancer and 
paracancer tissue.
A: The negative expression of NTR1 in the paracancer tissues. 
B: The positive expression of NTR1 in breast cancer.
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Relationship between NTR1 and prognosis of 
patients with breast cancer

The 5-year survival rate of patients with pos-
itive expression of NTR1 was 68.82% (64/93), and 
that of patients with a negative expression of NTR1 
was 89.74% (35/39). As such, the difference was 
statistically significant (P<0.05). The results were 
shown in figure 2.

Multivariate analysis of COX in patients with 
breast cancer

Through COX multivariate analysis, it was 
found that the expression of NTR1 and lymph node 
metastasis can independently affect the prognosis 
of breast cancer patients. The results are shown in 
Table 2.

Discussion

Breast cancer has seriously endangered the 
lives and health of female patients on the premise 
of various factors, such as changes in life and diet 
structure, increased pressure, and other factors. The 
prognosis for young women is worse, but specific 
reasons have yet to be fully clarified(10). 

In many countries globally, breast cancer classi-
fication and genetic classification have been used for 
clinical guidance and treatment. In the case of China, 
the prognosis of breast cancer is mainly evaluated 
by clinical and pathological prognostic factors. With 
the deepening of research on the molecular typing of 
breast cancer, NTR1 has become the focus of clinical 
workers(11). Therefore, the purpose of this study was 
to explore the correlation between NTR1, patholog-
ical parameters and the prognosis of breast cancer, 

Clinical parameter n
NTR1 expression

χ2 P
Negative 

expression
Positive 

expression

Age (years old) 0.621 0.748

<40 17 6 11

≥40 115 33 82

Tumour diameter(cm) 3.936 0.047

≤2 64 24 40

>2 68 15 53

Tumour grade 4.178 0.039

I~II 101 34 67

III 31 5 26

TNM stage 1.071 0.599

I 25 7 18

III 68 23 45

III 39 19 20

Lymphatic metastasis 5.621 0.021

Without 71 27 44

With 61 12 49

Estrogen receptor 3.095 0.091

Negative 73 26 47

Positive 59 13 46

Progesterone receptor 2.494 0.841

Negative 72 22 50

Positive 60 17 43

Human epidermal growth 
factor receptor 2 3.852 0.339

Negative 96 31 65

Positive 36 8 28

Menopausal state 0.181 0.691

post-menopause 61 17 44

Pre-menopause 71 22 49

Family history 1.808 0.191

Yes 29 6 23

No 103 33 70

Parameter Hazard value 95%CI P

NTR1 expression 3.065 1.083~8.711 0.039

Tumour grade 1.174 0.619~2.237 0.659

Lymphatic metastasis 2.633 1.302~5.33 0.009

TNM stage 0.815 0.507~1.313 0.385

Family history 1.273 0.608~2.681 0.553

Menopausal state 1.151 0.493~2.711 0.776

Age 1.205 0.620~2.314 0.608

Table 1: Relationship between NTR1 expression and cli-
nicopathological parameters in patients with breast cancer.

Table 2: Multivariate analysis of COX in patients with 
breast cancer.

Figure 2: Relationship between NTR1 and prognosis of 
patients with breast cancer
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allowing a provision of reference for the treatment 
of breast cancer in the future. NTR1 has 424 amino 
acids, and the human NTR1 is similar, to a certain ex-
tent, to the NTR1 found in mice. Indeed, NTR1 can 
mediate many biological effects of neurotensin(12). In 
the study of breast cancer, some scholars have found 
that NTR1 can bind to the neurotensin and then pro-
mote the activation of B-cell lymphoma factor 2 
(Bcl-2), before finally playing a role in promoting the 
growth of cancer cells(13). It has been shown that the 
activation of neurotensin and its receptor NTR1 can 
increase the expression of Interleukin-8 (IL-8), and 
then activate the PI3K/Akt signalling pathway, be-
fore eventually inducing the proliferation of tumour 
cells(14, 15). Clinical studies have shown that NTR1 
is not only closely related to tumours but is also in-
volved in the onset and progression of certain neuro-
logical diseases, such as strokes. The above studies 
have also indicated that NTR1 is closely related to 
the progression of breast cancer. However, the spe-
cific mechanics behind this are unclear.

The collected specimens were stained and 
it was found that the positive staining of NTR1 
was mainly in the cytoplasm. The positive expres-
sion rate of NTR1 in the breast cancer tissues was 
70.45% (93/132), the positive expression rate in 
the normal adjacent tissues was 0% (0/30), and the 
difference between the two groups was statistical-
ly significant (P<0.05). The results suggested that 
NTR1 was involved in the progress of breast can-
cer, and the effect was significant. The expression 
level of NTR1 was correlated with tumour diameter, 
lymph node metastasis, and tumour grade in patients 
with breast cancer. However, this was not with the 
TNM stage, menopausal status, estrogen receptor, 
progesterone receptor, and human epidermal growth 
factor receptor 2 (P>0.05). The 5-year survival rate 
of patients with a positive expression of NTR1 was 
68.82% (64/93), and that of patients with a negative 
expression of NTR1 was 89.74% (35/39), with the 
difference being statistically significant (P<0.05). 
The expression of NTR1 and lymph node metasta-
sis can independently affect the prognosis of breast 
cancer patients. The results showed that positive ex-
pression of NTR1 could predict the poor prognosis 
of patients with breast cancer and increase the risk of 
death amongst breast cancer patients. These results 
further suggest that NTR1 expression level can be 
detected and used to evaluate the malignant degree 
of breast cancer in patients to a certain extent, a pros-
pect which is of great significance to the targeted 
therapy of breast cancer. 

In conclusion, the expression of NTR1 in breast 
cancer tissue was significantly increased, indicating 
that it played an important role in the progress of 
breast cancer. At the same time, the positive expres-
sion of NTR1 was closely related to tumour diam-
eter, lymph node metastasis, and tumour grade in 
patients with breast cancer, and its expression can 
independently affect the prognosis of these patients. 
This is an important index for clinical evaluation 
and treatment of breast cancer in the future. How-
ever, this study does not further elucidate the role 
of NTR1 in the pathogenesis and development of 
breast cancer. In future studies, the function and mo-
lecular mechanism of NTR1 will be studied and will 
provide a marker reference for evaluating the prog-
nosis of breast cancer patients.

References

1)	 Mustafi D, Leinroth A, Fan XB, Markiewicz E, Zamo-
ra M, et al. Magnetic Resonance Angiography Shows 
Increased Arterial Blood Supply Associated with Mu-
rine Mammary Cancer. Int J Biomed Imaging 2019; 
2019: 1-6.

2)	 Hughes K, Watson CJ. The Mammary Microenviron-
ment in Mastitis in Humans, Dairy Ruminants, Rabbits 
and Rodents: A One Health Focus. J Mammary Gland 
Biol Neoplasia 2018; 23: 27-41.

3)	 Li XB, Ma M, Zhang GJ, Ma Y, Liao R, et al. External 
use of Ruyanneixiao cream efficiently blocks precan-
cerous mammary lesions by interfering with glycolysis 
induced by inhibition of hypoxia inducible factor-1α, 
hexokinase 2, phosphofructokinase, and pyruvate kinase 
M2 expression. J Tradit Chin Med 2017; 37: 236-243.

4)	 Pénzváltó Z, Chen JQ, Tepper CG, Davis RR, Silvestrini 
MT, et al. A Syngeneic ErbB2 Mammary Cancer Mod-
el for Preclinical Immunotherapy Trials. J Mammary 
Gland Biol Neoplasia 2019; 24: 149-162.

5)	 Dong Z, Lei Q, Yang R, Zhu S, Ke XX, et al. Inhibition 
of neurotensin receptor 1 induces intrinsic apoptosis via 
let-7a-3p/Bcl-w axis in glioblastoma. Br J Cancer 2017; 
116: 1572-1584.

6)	 Martha-Paz AM, Eide D, Mendoza-Cózatl D, Cas-
tro-Guerrero NA, Aréchiga-Carvajal ET. Zinc uptake in 
the Basidiomycota: Characterization of zinc transporters 
in Ustilago maydis. Mol Membr Biol 2019; 35: 39-50.

7)	 Akter H, Yoon JH, Yoo YS, Kang MJ. Validation of 
Neurotensin Receptor 1 as a Therapeutic Target for Gas-
tric Cancer. Mol Cells 2018; 41: 591-602.

8)	 Yin X, Wang M, Wang H, Deng H, He T, et al. Evalua-
tion of neurotensin receptor 1 as a potential imaging tar-
get in pancreatic ductal adenocarcinoma. Amino Acids 
2017; 49: 1325-1335.



2364			   Baoqi Zhang, Jun Liu et Al

9)	 Woodworth HL, Batchelor HM, Beekly BG, Bugescu R, 
Brown JA, et al. Neurotensin Receptor-1 Identifies a Sub-
set of Ventral Tegmental Dopamine Neurons that Coordi-
nates Energy Balance. Cell Rep 2017; 20: 1881-1892.

10)	 Pachikian BD, Druart C, Catry E, Bindels LB, Neyrinck 
AM, et al. Implication of trans-11, trans-13 conjugat-
ed linoleic acid in the development of hepatic steatosis. 
Plos One 2018; 13: 192447.

11)	 Callero MA, Rodriguez CE, Sã³Limo A, Bal de Kier 
Joffé E, Loaiza Perez AI. The Immune System As a 
New Possible Cell Target for AFP 464 in a Spontaneous 
Mammary Cancer Mouse Model. J Cell Biochem 2017; 
118: 2841-2849.

12)	 Nagarajan S, Alkayed NJ, Kaul S, Barnes AP. Effect of 
Thermostable Mutations on the Neurotensin Receptor 1 
(NTSR1) Activation State. J Biomol Struct Dyn 2019; 
1: 1-14.

13)	 Ferreira MF, Castanheira L, Sebastião AM, Telles-Cor-
reia D. Depression Assessment in Clinical Trials and 
Pre-clinical Tests: A Critical Review. Curr Top Med 
Chem 2018; 18: 1677-1703.

14)	 Li H, Hua T, Wang W, Wu X, Miao C, et al. The Effects 
of Pharmacological Hypothermia Induced by Neuroten-
sin Receptor Agonist ABS 201 on Outcomes of CPR. 
Shock 2019; 51: 667-673.

15)	 Qiu S, Pellino G, Fiorentino F, Rasheed S, Darzi A, et 
al. A Review of the Role of Neurotensin and Its Recep-
tors in Colorectal Cancer. Gastroenterol Res Pract 2017; 
2017: 6456257.

Acknowledgement:
This paper was supported by Beijing Excellent Talents Training 
Assistance (Young Core Individuals) (No. 2016000021469G211).

–––––––––
Corresponding Author: 
Feng Wang 
Email: fjc8hs@163.com
(China)


