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Abstract. The aim of the present study was to investigate 
the expression of neuritin in gastric cancer tissues, in order 
to explore the association between the expression of neuritin 
and the occurrence and development of gastric cancer. Tissue 
specimens were collected from 58 patients with gastric cancer. 
Immunohistochemistry, western blot analysis and reverse 
transcription‑polymerase chain reaction (RT‑PCR) were used 
to determine the expression of neuritin in the gastric cancer and 
corresponding adjacent normal gastric tissues. The expression 
rate of neuritin in gastric cancer tissues was 96.55% (56/58), 
demonstrating no statistically significant difference from 
the expression rate in the adjacent normal tissues (94.83%) 
(P>0.05). However, the rate of strong neuritin expression in 
gastric cancer tissues (82.76%) was significantly increased 
compared with the rate in the adjacent normal tissues (15.52%) 
(P<0.05). Neuritin expression exhibited no correlation with 
the gender or age of patients, tumor‑node‑metastasis staging, 
tumor depth, presence of lymph node metastasis, histological 
or pathological type of the tumor or presence of distant metas-
tasis (P>0.05). As determined by RT‑PCR and western blot 
analysis, the mRNA expression of neuritin in gastric cancer 
tissues was markedly increased compared with the expression 
in the adjacent normal tissues. In conclusion, neuritin is highly 
expressed in gastric cancer tissues, suggesting that neuritin 
may act as a novel potential target for the treatment of gastric 
cancer.

Introduction

Neuritin, also termed CPG15, is one of the candidate 
plasticity‑associated genes that were first screened and identi-
fied from the rat hippocampus cDNA library by Nedivi et al 
in 1993 (1). This gene was found to promote the growth of 
neural processes, thus it was termed neuritin (1). Subsequent 
functional studies have verified the effects of neuritin on the 

growth of neural processes (2‑4). In previous years, numerous 
studies have also revealed that, in addition to the nervous 
system, neuritin is also expressed in the liver, heart, lungs, 
skeletal muscle and other normal organs (5‑7). Neuritin is also 
highly expressed in certain tumor tissues, including Kaposi's 
sarcoma (5‑9), which indicates that neuritin may be associated 
with the growth and development of a variety of tissues and 
cells, and even involved in the pathogenesis of tumors.

Gastric cancer demonstrates the highest incidence of 
all cancers worldwide, with ~900,000  novel patients and 
~700,000 associated mortalities each year (10). In 2005, the inci-
dence of gastric cancer in China was 37.1 cases per 100,000 males 
and 17.4 cases per 100,000 females (10). China is a region with a 
high incidence of gastric cancer, but the early detection rate for 
gastric cancer is only ~5% in China (10). The majority of patients 
admitted to hospital are in the advanced stage of gastric cancer 
and less than one‑half of these patients survive for >5 years (11). 
Therefore, the identification of a more effective method for 
detecting early‑stage gastric cancer is urgently required for the 
diagnosis and treatment of gastric cancer. To the best of our 
knowledge, the expression of neuritin in gastric cancer has not 
been reported at present. The current study was conducted to 
investigate the expression of neuritin in gastric cancer tissues 
using immunohistochemistry, western blotting and reverse 
transcription‑polymerase chain reaction (RT‑PCR).

Materials and methods

Tissue specimens. Formalin‑fixed, paraffin‑embedded human 
specimens and fresh frozen tissues were obtained from the 
Department of Pathology at the First Affiliated Hospital 
of Shihezi University (Shihezi, Xinjiang, China). Gastric 
cancer and adjacent normal tissue specimens were obtained 
from patients with gastric cancer that had undergone cura-
tive surgery for gastric cancer at the First Affiliated Hospital 
of Shihezi University between 2010  and 2013. The total 
58 patients consisted of 40 males and 18 females, with a median 
age at the time of surgery of 60 years (range, 35‑80 years). 
No patients had received chemotherapy or radiotherapy prior 
to surgery. The diagnosis of all patients was histopatho-
logically confirmed as gastric cancer, consisting of 4 cases 
of protruding type (6.70%), 45 cases of ulcer type (77.59%) 
and 9 cases of invasive type (15.52%). The present study was 
conducted with approval from the Ethics Committee of Tongji 
Hospital (Wuhan, Hubei, China). Written informed consent 
was obtained from all participants.
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Immunohistochemistry. Formalin‑fixed paraffin‑embedded 
sections of the tumor tissues and each adjacent normal 
tissue were sliced to a thickness of 4  µm and placed on 
slides coated with poly‑L‑Lysine (Shenzhen Boshida Optical 
Instrument Co., Ltd., Shenzhen, China). Subsequent to 
routine deparaffinization in xylene and rehydration, tissue 
sections were microwaved in 10 mM citrate buffer (pH 6.0; 
Sigma‑Aldrich, St. Louis, MO, USA) at 95˚C for 15 min for 
antigen retrieval, and the sections were naturally cooled at room 
temperature for 30 min. The endogenous peroxidase activity 
was then blocked by incubation with 3% hydrogen peroxidase 
(Sigma‑Aldrich) for 10 min. Immunohistochemical staining 
for neuritin was performed using the Envision kit (ZSGB‑Bio, 
Beijing, China). Briefly, the sections were incubated at 4˚C 
overnight with primary antibody (rabbit anti‑human neuritin 
polyclonal antibody; catalog no. PRS4101; dilution 1:200; 
Sigma‑Aldrich) followed by washing with phosphate‑buffered 
saline (PBS; Sigma‑Aldrich) three times, for 5 min each time. 
The sections were incubated with the secondary antibody 
(biotinylated goat anti‑rabbit IgG; catalog no.  mx20311; 
dilution 1:500; Fuzhou Maixin Biotechnology Development 
Co., Ltd., Fuzhou, China) at 37˚C for 30 min, followed by 
washing with PBS three times, 5 min each time. Finally, 
color development was performed using the chromogen 
3,3'‑diaminobenzidine and 1% hydrogen, and the nuclei were 
counterstained with hematoxylin. PBS was used as a substi-
tute for the primary antibody in the negative control.

The AB product scoring method was used to determine the 
presence of neuritin. The staining and the strength of staining 
of the cells were scored as A, as follows: 0, no staining; 1, cells 
were stained to light yellow; 2, cells were stained to brown or 
dark yellow; and 3, cells were stained to tan. The proportion of 
the stained cells in the sections was scored as B, as follows: 1, 
<10% of cells stained; 2, ≥10% and <50% of cells stained; 3, 
≥50% and <75% of cells stained; and 4, ≥75% of cells stained. 
The score for each sample was the product of A and B. Tissues 
with scores ≤4 were considered to not express neuritin, tissues 
scoring 5‑8 were considered to express neuritin and tissues 
scoring 9‑12 were considered to strongly express neuritin.

Total RNA extraction and RT‑PCR. Total RNA extraction 
from gastric cancer tissues and adjacent normal tissues was 
performed using a miRNeasy Mini Kit , according to the 
manufacturer's instruction (Qiagen, Inc., Valencia, CA, USA). 
RNA was then utilized as a template for cDNA synthesis 
using a Omniscript RT Kit (Qiagen, Inc.) and subsequently 
subjected to PCR reactions. The PCR conditions were as 
follows: 1 cycle of 5 min at 94˚C; 30 cycles of 30 sec at 94˚C, 
30 sec at 58˚C and 60 sec at 72˚C; and 1 cycle of 5 min at 
72˚C. The PCR products were analyzed using 1.0% agarose 
gel electrophoresis and imaged by a gel documentation system 
(GelDoc XR; BioRad Laboratories, Inc., Hercules, CA, USA). 
The primers for neuritin were as follows: Upstream, 5'‑CCG 
GAATTCCAATGGGACTTAAGTTGAACGGCAGATAT‑3'; 
and downstream, 5'‑CGCGGATCCGAAGGAAAGCCAGGT 
CGCTAAAGCT‑3'.

The primers for the internal reference gene GAPDH were as 
follows: Upstream, 5'‑GACCCCTTCATTGACCTCAA‑3'; and 
downstream, 5'‑TGCTTCACCACCTTCTTGAT‑3'. The PCR 
amplification conditions for GAPDH, performed for 30 cycles, 

were as follows: 95˚C for 5 min; 95˚C for 30 sec; 55˚C for 45 sec; 
72˚C for 2 min; 72˚C for 10 min; and 16˚C for 1 min.

Western blot analysis. Gastric cancer tissues and adjacent 
normal tissues were homogenized in lysis buffer and then 
transferred into Eppendorf PCR tubes (Eppendorf, Hamburg, 
Germany). Subsequent to agitation at 4˚C and 50 rpm for 1 h, 
the homogenates were centrifuged at 4˚C and 12,000 rpm for 
30 min prior to the supernatants being collected. The protein 
concentrations were quantified through spectrophotometric 
measurement (NanoDrop; Agilent Technologies, Santa Clara, 
CA, USA) and adjusted to the same level. The proteins 
were then separated by SDS‑PAGE gel electrophoresis and 
transferred to polyvinylidene difluoride membranes (EMD 
Millipore, Inc., Billerica, MA, USA). Subsequent to blocking 
with 5% (w/v) milk in PBS with 0.05% Tween 20 (PBS‑T) 
for 4 h at room temperature, the membranes were incubated 
overnight at 4˚C with primary antibody (rabbit anti‑human 
neuritin polyclonal antibody; catalog no.  PRS4101; dilu-
tion 1:200; Sigma‑Aldrich) and monoclonal anti‑β‑actin 
antibody (dilution 1:2,500; Sigma‑Aldrich), respectively. 
The membranes were then incubated with secondary anti-
body (horseradish peroxidase conjugated polyclonal goat 
anti‑rabbit IgG; catalog no. mx5546; dilution, 1:100; Fuzhou 
Maixin Biotechnology Development Co., Ltd., Fuzhou, 
China) for 2  h at room temperature, washed three times 
with PBS‑T and developed using Supersignal West Pico 
Chemiluminescent substrate kit (Pierce Biotechnology, Inc., 
Rockford, IL, USA).

Statistical analysis. Statistical analysis was performed using 
SPSS 17.0 for Windows (SPSS, Inc., Chicago, IL, USA). The 
data were presented as percentages and compared using the 
χ2 test. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Immunohistochemical staining. Immunoreactivity for 
neuritin was located in the cytoplasm and nuclei of the 
cells, in which the cytoplasm was strongly stained as tan or 
brownish yellow, but the nucleus was weakly stained as light 
yellow or tan. Among the 58 gastric cancer tissues, 2 tissues 
did not express neuritin, 8 tissues exhibited neuritin expres-
sion and 48  tissues exhibited strong expression  (Fig.  1). 
The expression rate of neuritin in the gastric cancer tissues 
was 96.55% and the strong expression rate was 82.76%. 
By contrast, there were only 9 tissues with strong expres-
sion of neuritin in the 58  specimens of adjacent normal 
tissues (Fig. 2), which was significantly decreased compared 
with the strong expression rate in the gastric cancer tissues 
(P<0.05; Table I). However, the overall expression rate of 
neuritin in the adjacent normal tissues (94.83%) was not 
significantly different from the expression rate in the gastric 
cancer tissues (P>0.05; Table II). Fig. 3 exhibits the staining 
of negative control tissue.

Neuritin mRNA expression. The mRNA expression of neuritin 
in gastric cancer tissues was also notably increased compared 
with the expression in the adjacent normal tissues, which was 
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consistent with the results for the expression of the neuritin 
protein (Fig. 4).

Western blot analysis. Total proteins extracted from the fresh 
frozen gastric cancer tissues and adjacent normal tissues were 
used to determine the expression of neuritin using western 
blot analysis. Gastric cancer tissues expressed an increased 
level of neuritin protein compared with adjacent normal 
tissues (Fig. 5).

Association between neuritin expression and the clinico‑
pathological parameters of the patients. The overexpression 
of neuritin demonstrated no significant correlation with the 
gender or age of patients, tumor‑node‑metastasis (TNM) stage 
of the tumor, tumor depth, presence of lymph node metastasis, 

Figure 1. Representative images of neuritin expression in gastric cancer tissues in (A) patient 1 and (B) patient 2 (magnification, x200).

Figure 2. Representative images of neuritin expression in adjacent normal tissues in (A) patient 1 and (B) patient 2 (magnification, x200).

  A   B

  A   B

Figure 3. Represent image of negative control staining for neuritin, with no 
neuritin expression (magnification, x200).

Figure 4. mRNA expression of neuritin in GC and adjacent NC tissues, as 
determined by reverse transcription‑polymerase chain reaction. GC, gastric 
cancer; NC, normal control.

Figure 5. Expression of neuritin and β‑actin in GC and adjacent NC tissues, 
as determined using western blot analysis. β‑actin acted as an internal con-
trol. GC, gastric cancer; NC, normal control.
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Table III. Association between neuritin expression and the clinicopathological features of patients with gastric cancer.
 
Parameters	 Total, n	 Expressed, n	 Strongly expressed, n	 χ2	 P‑value
 
Gender 
  Male	 39	 6	 33	 0.000	 1.000
  Female	 17	 2	 15		
Age, years					   
  <60	 22	 2	 20	 0.253	 0.615
  ≥60	 34	 6	 28		
Histological type 					   
  Well‑differentiated	   1	 0	   1	 0.669	 1
  Moderately‑differentiated	 21	 3	 18		
  Poorly‑differentiated	 34	 5	 29		
TNM stage					   
  0	   1	 0	   1	 2.147	 0.718
  I	 15	 1	 14		
  II	 13	 2	 11		
  III	 25	 5	 20		
  IV	   2	 0	   2		
Tumor depth					      
  Tis	   1	 0	   1	 4.456	 0.343
  T1	   5	 1	   4		
  T2	 20	 1	 19		
  T3	 10	 3	   7		
  T4	 20	 3	 17		
Lymph node metastasis					   
  N0, N1	 31	 2	 29	 2.195	 0.138
  N2, N3	 25	 6	 19		
Distant metastasis					   
  Positive 	   2	 0	   2	 0.000	 1
  Negative 	 54	 8	 46		
Pathological type					   
  Protruding	   4	 0	   4	 3.602	 0.162
  Ulcer	 44	 5	 39		
  Invasive	   8	 3	   5		

TNM, tumor‑node‑metastasis.

Table II. Expression of neuritin in gastric cancer and adjacent normal tissues (n=58).

Tissue type	 Expressed, n (%)	 Not expressed, n (%)	 χ2	 P‑value
 
Gastric cancer	 56 (96.55)	 2 (3.45)	 0	 >0.05
Adjacent normal	 55 (94.83)	 3 (5.17)

Table I. Strong expression of neuritin in gastric cancer and adjacent normal tissues (n=58).
 
	 Strongly	 Expressed and
Tissue type	 expressed, n (%)	 not expressed, n (%)	 χ2	 P‑value
 
Gastric cancer	 48 (82.76)	 10 (17.24)	 52.464	 <0.05
Adjacent normal	   9 (15.52)	 49 (84.48)
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histological type, pathological type or the presence of distant 
metastasis (P>0.05; Table III).

Discussion

Neuritin is a small molecular substance that belongs to the 
neurotrophic factor family. Previous studies investigating 
neuritin have been focused on the nervous system, but more 
recent studies have revealed that certain tissues other than the 
nervous system may also express neuritin (5‑21). Han et al (8) 
found that neuritin is expressed in human umbilical vein endo-
thelial, liver and other normal human cells. Kojima et al (5) 
found that the heart, lungs and ovaries also expressed neuritin 
to a certain degree. Raggo et al injected 3T3 cells transfected 
with neuritin into nude mice and found that tumors developed 
at the transplanted sites (14). Le Jan et al (9) found that neuritin 
is overexpressed in lung cancer tissues, which may be involved 
in the development of lung cancer. However, neuritin is not 
found in bladder cancer cells or bile duct endothelial cancer 
cells (8). Cao et al found the overexpression of neuritin in 
breast cancer tissues is associated with lymph node metastasis 
and TNM staging of breast cancer (16). However, neuritin 
expression in gastric cancer, a common digestive system 
malignant tumor, has not been reported at present.

In the current study, neuritin was found to be expressed 
either in gastric cancer tissues or in adjacent normal tissues. 
Microscopic observation revealed that the majority of the adja-
cent normal tissues were moderately or weakly immunoreactive 
for neuritin and the immunostained cells accounted for >50% 
of the cells in the sections, preliminarily indicating that the 
adjacent normal tissue to gastric cancer also expresses neuritin. 
However, the majority of gastric cancer cells were darkly stained 
as tan and these stained cells accounted for >75% of the cells. 
Statistical analysis revealed that neuritin expression in gastric 
cancer tissues was significantly increased compared with the 
expression in the adjacent normal tissues (P<0.05), preliminarily 
indicating that neuritin was overexpressed in gastric cancer 
tissues. It has been reported that the overexpression of neuritin 
may partially inhibit the endocytosis of JAG1, a ligand in Notch 
signaling pathway, and thereby inhibit the activation of Notch 
signaling pathway. Certain studies have even found that the 
activation of Notch1 signaling pathways may inhibit the prolif-
eration of gastric cancer cells (17). Therefore, to a certain extent, 
neuritin overexpression may promote the proliferation of gastric 
cancer cells by affecting the activation of the Notch signaling 
pathway, and thereby affecting the occurrence and development 
of gastric cancer, but this hypothesis remains to be confirmed. 
The present study suggested that the expression of neuritin was 
not correlated with the age of the patient, histological type or 
pathological type, which was consistent with the results found in 
breast cancer, reported by Cao et al (16). However, Cao et al also 
found that the expression of neuritin is associated with lymph 
node metastasis and TNM staging of breast cancer (16), which 
was not identified in the present study. This may result from 
the limited sample size. Thus, a larger sample size would be 
required in future studies.

In conclusion, neuritin expression demonstrates different 
expression between gastric cancer and adjacent normal tissues. 
The overexpression of neuritin provides a novel potential target 
for the prevention and treatment of gastric cancer.
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