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Abstract. Musashi‑1, an evolutionally conserved RNA‑binding 
protein, has been implicated in the promotion of pathological 
stem cell proliferation, including tumorigenesis. The objec-
tive of the present study was to evaluate the expression of 
Musashi‑1 protein and its implications in the progression and 
prognosis of gastric cancer. The expression level of Musashi‑1 
protein in gastric cancer was determined by western blotting 
and immunohistochemistry, and compared with the clinico-
pathological parameters. The present study revealed that the 
expression level of Musashi‑1 protein in gastric cancer was 
significantly upregulated and correlated with the tumor size, 
tumor‑node‑metastasis (TNM) stage, Lauren classification, 
depth of invasion, vessel invasion, lymph node metastasis 
and distant metastasis. The mean survival time for patients 
with low expression levels of Musashi‑1 was significantly 
longer compared with patients with high expression levels of 
Musashi‑1. For each TNM stage, the mean survival time for 
patients with a low Musashi‑1 expression levels was also signif-
icantly longer compared with patients with a high Musashi‑1 
expression level. Notably, TNM stage II patients with a low 
Musashi‑1 expression level demonstrated a longer mean 
survival time compared with TNM stage I patients with high 
Musashi‑1 expression level (56.8 vs. 42.3 months; P=0.001), 
and TNM stage III patients with low Musashi‑1 expression 
level exhibited a longer mean survival time compared with 
TNM stage II patients with a high Musashi‑1 expression level 
(44.0 vs. 33.8 months; P=0.034). Multivariate Cox's regression 

test demonstrated that Musashi‑1 protein expression level was 
an independent prognostic indicator for the survival rate of the 
patients with gastric cancer. The results of the present study 
highlighted an important role for Musashi‑1 protein in the 
progression of gastric cancer. The detection of the Musashi‑1 
protein expression level alone or in combination with TNM 
staging may aid the prediction of the prognosis of patients with 
gastric cancer.

Introduction

Gastric cancer is the fifth most common malignancy and 
the third leading cause of cancer‑associated mortality  (1), 
and still poses a considerable global health burden, despite a 
substantial decrease in the incidence of cancer for the majority 
of the world (2). In China, gastric cancer is the third most 
frequently occurring type of cancer and cause of cancer‑asso-
ciated mortality (3). Approximately 405,000 novel cases are 
diagnosed every year in China, accounting for 42.5% of the 
worldwide total (4). Gastric cancer is often asymptomatic or 
induces only nonspecific symptoms in its early stages (5). 
Consequently, it is often diagnosed at the advanced stages 
and is associated with a poor prognosis (5). According to a 
statistical study, ~70% of patients with gastric cancer have 
lymph node metastasis at the time of diagnosis, leading to a 
median overall survival time of 16.7 months (6). Complete 
resection of the primary tumor with D2 lymphadenectomy is 
the only method of curing the disease in the early stages (6). 
Early detection as well as the availability and reliability of 
appropriate biomarkers may contribute towards the effective 
treatment of gastric cancer (7).

At present, the molecular mechanisms underlying gastric 
cancer have not been well elucidated, owing to the currently 
limited knowledge of germline susceptibility traits for risk 
and somatic drivers of progression (8). The presence of cancer 
stem cells has been demonstrated to be associated with the 
initiation, metastasis, chemoresistance and rapid recurrence 
of various types of tumor (9). Musashi‑1, a highly conserved 
RNA‑binding protein, has been characterized as a putative stem 
or progenitor cell marker (10). It serves important roles in cell 
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fate decision, including the maintenance of the stem cell state, 
differentiation and tumorigenesis (10). Musashi‑1‑mediated 
translational control has been implicated to promote patho-
logical and physiological stem cell proliferation (11). Loss of 
Musashi‑1 function disrupts the balance between germ‑line 
stem cell differentiation and renewal, leading to premature 
germ‑line stem cell differentiation  (12). The Musashi‑1 
signaling pathway has previously been reported to be upregu-
lated in numerous types of tumor, including glioma  (13), 
esophageal adenocarcinoma (14), colorectal cancer (15,16), 
gallbladder adenocarcinoma (17), endometrial carcinoma (18) 
and small intestinal adenocarcinoma  (19). Furthermore, 
Musashi‑1 has been identified as a biomarker associated with 
cancer progression and poor prognosis in patients with breast 
cancer (20), ovarian adenocarcinoma (21) and oral squamous 
cell carcinoma (22).

Musashi‑1 is a candidate stem cell marker in the human 
stomach and mouse intestine, and a marker for progenitor cells 
in the human stomach (23). Musashi‑1‑positive cells may serve 
a key role in the early events occurring during carcinogenesis, 
and may be involved in the progression of gastric cancer (24). 
It was previously revealed that the expression levels of 
Musashi‑1 were significantly elevated in gastric cancer and 
precancerous lesions, including intestinal metaplasia and 
dysplasia  (24,25). By contrast, an immunohistochemistry 
study demonstrated that Musashi‑1 expression in the gastric 
glands with intestinal metaplasia was lower compared with 
that in glands without intestinal metaplasia (26). Currently, 
the expression pattern of Musashi‑1 protein and its impact on 
the progression and prognosis of gastric cancer has not yet 
been elucidated.

With an aim to evaluate the clinicopathological implica-
tions of Musashi‑1 in the progression and prognosis of gastric 
cancer, the present study detected the expression of Musashi‑1 
protein in gastric cancer tissues by western blotting and immu-
nohistochemistry, and compared Musashi‑1 expression levels 
with the clinicopathological parameters and survival rates of 
436 patients with gastric cancer. The present study revealed 
that Musashi‑1 protein was significantly upregulated in gastric 
cancer tissues and was associated with the progression and 
poor prognosis of gastric cancer.

Materials and methods

Patients and tissue specimens. The present study was approved 
by the Institutional Review Board of Zhejiang Provincial 
People's Hospital (Hangzhou, China). Written informed 
consent was obtained from all patients prior to enrollment in 
the present study. All specimens were anonymously handled 
in accordance with the Declaration of Helsinki and legal 
standards.

For western blotting, 36 patients who underwent gastrec-
tomy for gastric cancer at Zhejiang Provincial People's Hospital 
were recruited between July 2013 and February 2014. All 
cases were diagnosed clinically at the Department of Gastro-
intestinal Surgery and histopathologically at the Department 
of Pathology (Zhejiang Provincial People's Hospital). These 
patients consisted of 19 males and 17 females, with a mean 
age of 66.7 years (range, 47‑78 years) at the time of surgery. 
According to the Lauren classification (27), there were 18 

diffuse‑type and 20 intestinal‑type gastric cancer tissues. 
Following gastric resection, fresh specimens of cancerous 
and matched non‑cancerous tissues (adjacent gastric cancer 
margins ≥5  cm) were obtained immediately, dissected, 
snap‑frozen in liquid nitrogen in separate vials and stored at 
‑80˚C for further analysis.

For immunohistochemistry, 436 patients who underwent 
gastrectomy for gastric cancer at Zhejiang Provincial People's 
Hospital between January 1998 and January 2004 were 
included in the current study. All cases were diagnosed clini-
cally and histopathologically. The patient cohort consisted of 
311 males and 125 females, with a median age of 64 years 
(range, 30‑91 years). All patients had follow‑up records for 
≥5 years. The follow‑up deadline was December 2008. The 
survival time was determined from the date of surgery to 
the follow‑up deadline or date of mortality. Among the 436 
gastric cancer tissues, 55 were from the cardia, 163 from the 
body and 218 from the gastric antrum. According to the World 
Health Organization histological classification (28) of gastric 
carcinoma, 16 cases were identified as papillary, 326 tubular, 
29 mucinous and 65 signet‑ring cell adenocarcinomas; 13 
were highly differentiated, 128 well or moderately differenti-
ated, 293 poorly differentiated and 2 were undifferentiated 
adenocarcinomas. On the basis of the Lauren classification of 
gastric cancer, 223 cases were intestinal‑type and 213 were 
diffuse‑type. There were 61 cases with distant metastasis 
and 270 cases with lymph node metastasis. In terms of the 
7th edition of the Union for International Cancer Control 
Tumor‑Node‑Metastasis (TNM) classification system for 
gastric cancer  (29); 90  cases were categorized as stage  I, 
104 as stage II, 173 as stage III and 69 as stage IV. A total 
of 436 gastric cancer tissues and 92 adjacent non‑cancerous 
gastric mucosae were collected following gastrectomy and 
formalin‑fixed and paraffin‑embedded (FFPE) for further 
study. Following surgery, routine chemotherapy was admin-
istered to patients with advanced disease, and no radiation 
treatment was administered to any of the patients.

Evaluation of Musashi‑1 protein expression level by western 
blotting. The Musashi‑1 protein expression level was deter-
mined by western blotting in extracts of 36 gastric cancer tissues 
and matched non‑cancerous gastric mucosae. Total protein 
was extracted using the KC™ Cell and Tissue Total Protein 
Extraction kit (KC‑415; KangChen Bio‑tech Inc., Shanghai, 
China) containing protease inhibitors (1 ml/250 mg specimen, 
1  ml extraction reagent suppleented with 10  µl protease 
inhibitor mixture, 10 µl PMSF and 10 µl phosphatase mixture). 
The protein concentration was determined using the KC™ 
bicinchoninic acid assay protein quantification kit (KC‑430; 
KangChen Bio‑tech Inc.). A total of 50 µg total protein was 
separated on 10% polyacrylamide (acrylamide: bisacrylamide, 
30:0.8%, w/v) SDS gel. The protein was then transferred onto a 
polyvinylidine fluoride membrane. The membrane was blocked 
at room temperature for 1 h with 5% bovine serum albumin 
(Amresco, LLC, Solon, OH, USA), followed by incubation at 
4˚C overnight with primary antibody (rabbit monoclonal anti-
body to human Musashi‑1; cat. no. 1877‑1; dilution, 1:2,000; 
Epitomics, Burlingame, CA, USA). Following washing in 
TBST (Tween‑20 0.05%, v/v; TBS 10 mM, pH=7.5) for 5 min 
three times, the membrane was incubated with secondary 
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antibody (horseradish peroxidase‑conjugated anti‑rabbit 
immunoglobulin; catalog no. ab205718; dilution, 1:5,000; 
Epitomics) at room temperature for 1 h. Following three addi-
tional rinses with TBST, immunocomplexes were revealed 
using the KC™ chemiluminescence kit (KC‑420, KangChen 
Bio‑tech Inc.). Protein bands were scanned (Tanon 5,200 
Multi; Tanon Science and Technology Co., Ltd., Shanghai, 
China) and quantified using ImageJ software (version 2.0; 
National Institutes of Health, Bethesda, MD, USA). Analysis of 
glyceraldehyde‑3‑phosphate dehydrogenase (GAPDH) expres-
sion levels was carried out as the control for western blotting 
using mouse monoclonal anti‑GAPDH antibody (catalog no. 
KC‑5G4; dilution, 1:10,000; KangChen Bio‑tech Inc.).

Tissue microarray (TMA) construction. For diagnostic confir-
mation and establishing the representative area, 4 µm sections 
were cut from each FFPE tissue specimen and stained with 
hematoxylin and eosin (H&E) prior to TMA construction. 
Subsequently, TMA blocks containing gastric cancer tissues 
and non‑cancerous gastric mucosae were prepared using the 
method, as described previously (30). Briefly, tissue cylinders 
2 mm in diameter were punched from the targeted area of each 
donor block and precisely arrayed into a recipient block using 
a TMA instrument (no. HM315R; GMI, Inc., Ramsey, MN, 
USA). Each TMA block contained six non‑cancerous gastric 
mucosae as the controls. Consecutive 4 µm thick sections were 
cut from each of the resulting TMA blocks, and one section 
from each block was H&E stained for histological verification 
of the adequacy of the arrayed tumor tissues. Eligible sections 
were those in which the tumor tissue occupied >10% of the 
core area. Sections were then placed on microscope slides for 
further analysis.

Immunohistochemistry. Immunohistochemical staining was 
performed on the TMA slides, as described previously (30). 
Briefly, the TMA slides were heated to 60˚C for 2 h, de‑waxed 
with xylene and rehydrated in graded ethanol sequentially 
(100, 95 and 80%, v/v). Following antigen retrieval [0.01 M 
citrate buffer (Beijing Solarbio Science and Technology Co., 
Ltd., Beijing, China; pH, 6.0), 5 min, pressure cooker] and 
endogenous peroxidase blockade [3% (w/v) H2O2 in pure 
methanol], the slides were incubated with 10% normal goat 
serum (Beijing Solarbio Science & Technology Co., Ltd.,) at 
room temperature for 10 min to reduce nonspecific reactions. 
Incubation with the primary antibody (rabbit monoclonal 
antibody to human Musashi‑1; cat. no. 1877‑1; dilution, 1:100; 
Epitomics) was performed in a moist chamber at 4˚C over-
night. Following washing three times with 0.01 M phosphate 
buffer (Beijing Solarbio Science & Technology Co., Ltd.; 
pH, 7.2), the slides were incubated with secondary antibody 
(horseradish peroxidase‑conjugated mouse monoclonal 
anti‑rabbit immunoglobulin; cat. no. M0737; dilution, 1:1; 
Dako; Agilent Technologies Inc., Santa Clara, CA, USA) for 
20 min at room temperature and stained with diaminoben-
zidine‑H2O2. Finally, the TMA slides were counterstained 
with hematoxylin (0.5%, w/v), dehydrated and mounted on 
a coverslip using neutral balsam (Shanghai Specimen and 
Model Factory, Shanghai, China) and subsequently viewed 
under an optical microscope. Omission of primary antibody 
served as the negative control.

Evaluation of immunoreactivity. The Musashi‑1 protein was 
immunohistochemically stained and independently examined 
under a light microscope by two pathologists who were blinded 
to the clinical data. The immunoreactivity was evaluated by 
applying a scoring system combining the intensity of immu-
nostaining with the proportion of immunoreactive cells (30). 
In brief, the intensity of immunostaining was scored as 0 (no 
staining), 1 (weak staining, light yellow), 2 (moderate staining, 
yellow brown) and 3 (intense staining, brown), and the propor-
tion of immunoreactive cells was scored as 0 (≤5% positive 
cells), 1 (6‑25% positive cells), 2 (26‑50% positive cells) and 3 
(≥51% positive cells). In the case of a discrepancy, a consensus 
score was selected. The product of the scores for intensity and 
proportion was used to signify the level of protein expression. 
The expression level of Musashi‑1 was considered low if the 
product was ≤3 and high if the product was ≥4.

Statistical analysis. Quantitative data are presented as the 
mean ± standard deviation. Data were analyzed using the 
Student's t‑test, whereas categorical data were assessed using 
the χ2 test or Fisher's exact test. The correlation coefficients 
between protein expression and clinicopathological param-
eters were estimated using the Spearman correlation method. 
The Kaplan‑Meier method was used to plot the survival curve 
and extract the cumulative survival rate and mean survival 
time. The difference between groups was compared with 
the log‑rank test. Multivariate survival analysis was carried 
out using the Cox proportional hazards model, and variables 
that were significant in the univariate analysis were included 
in the model with the Enter method. All statistical analyses 
were performed using SPSS 16.0 for Windows (SPSS, Inc., 
Chicago, IL, USA). All P‑values were two‑sided, and P<0.05 
was considered to indicate a statistically significant difference.

Results

Expression levels of Musashi‑1 protein in gastric cancer 
and non‑cancerous gastric mucosae. The expression levels 
of Musashi‑1 protein in 36 frozen gastric cancer tissues and 
the corresponding adjacent non‑cancerous gastric mucosae 
were determined by western blotting. The relative expression 
levels of Musashi‑1 protein in gastric cancer tissues were 
significantly higher compared with those in non‑cancerous 
gastric mucosae (0.317±0.045 vs. 0.203±0.030; P<0.05), there 
were no significant differences identified in Musashi‑1 protein 

Figure 1. Representative western blots of Musashi‑1 protein expression 
levels in cancerous and non‑cancerous gastric tissues. (A) Gastric cancer 
tissues; (B) adjacent non‑cancerous gastric mucosae. GAPDH, glyceralde-
hyde‑3‑phosphate dehydrogenase.
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expression between intestinal‑type and diffuse‑type gastric 
cancer (0.322±0.075 vs. 0.312±0.051, P>0.05), as presented 
in Fig. 1.

The expression of Musashi‑1 protein in archived specimens 
of 436 gastric cancer tissues and 92 non‑cancerous gastric 
mucosae was assessed by immunohistochemistry. Musashi‑1 
protein was predominantly expressed in the cytoplasm and on 
the membrane of epithelial cells (Fig. 2). Musashi‑1 protein 
expression was detected in 215/436 (49.3%) patients with 
gastric cancer, including high expression levels in 154 (35.3%) 
cases, and low expression levels in 61 (14.0%) patients, whereas 
Musashi‑1 protein was weakly (12/92 cases) or not expressed 
in non‑cancerous gastric mucosae tissues. The percentage of 
tissues with high Musashi‑1 protein expression level was signif-
icantly higher (P<0.0001) in gastric cancer tissues compared 
with adjacent non‑cancerous gastric mucosae tissues.

Correlation of Musashi‑1 protein expression with clinico‑
pathological parameters. The correlation was evaluated 
between Musashi‑1 protein expression and clinicopathological 
parameters of patients with gastric cancer. The expression 
level of Musashi‑1 protein in gastric cancer was associated 
with age, location, size, TNM stage, depth of invasion, vessel 
invasion, Lauren classification, lymph node metastasis and 
distant metastasis of the tumor, whereas it was not associated 
with gender, differentiation and the histological type of the 
tumor. Gastric cancer tissues from patients with with deep 
tumor invasion (T3 and T4), high TNM stage (stage III and 
IV), vessel invasion, lymph node metastasis and distant metas-
tasis had significantly higher expression levels of Musashi‑1 
compared with those with superficial tumor invasion (T1 
and T2), low TNM stage (stage I and II) and without vessel 
invasion or lymph node and distant metastasis (Table I). The 

Figure 2. Representative immunohistochemical staining for Musashi‑1 protein in cancerous and non‑cancerous gastric tissues (EnVisionTM method). 
(A1‑A3) No staining in adjacent non‑cancerous gastric mucosa; (B1‑B3) intense staining in papillary adenocarcinoma; (C1‑C3) intense staining in tubular 
adenocarcinoma; (D1‑D3) intense staining in poorly differentiated adenocarcinoma; (E1‑E3) intense staining in mucinous adenocarcinoma. Magnification: 
(A1, B1, C1, D1 and E1) x40; (A2, B2, C2, D2 and E2) x100; (A3, B3, C3, D3 and E3) x400.
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Table I. Association of Musashi‑1 protein expression with clinicopathological parameters of patients with gastric cancer.

	 Musashi‑1
	 protein expression level
Clinicopathological	 Total no.	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
parameters	 patients	 Low (n, %)	 High (n, %)	 χ2	 P‑value	 r

Gender				    0.168	 0.682	 0.020
  Male	 311	 203 (65.3)	 108 (34.7)			 
  Female	 125	 79 (63.2)	 46 (36.8)			 
Age range				    7.607	 0.006	 0.132
  ≤60 years	 237	 167 (70.5)	 70 (29.5)			 
  >60 years	 199	 115 (57.8)	 84 (42.2)			 
Location of tumor				    11.332	 0.003	‑ 0.137
  Cardia	 55	 25 (45.5)	 30 (54.5)			 
  Body	 163	 105 (64.4)	 58 (35.6)			 
  Antrum	 218	 152 (69.7)	 66 (30.3)			 
Tumor size				    22.721	 <0.0001	 0.228
  <5 cm	 256	 189 (73.8)	 67 (26.2)			 
  ≥5 cm	 180	 93 (51.7)	 87 (48.3)			 
Depth of invasion				    35.923	 <0.0001	 0.287
  T1	 57	 50 (87.7)	 7 (12.3)			 
  T2	 109	 85 (78.0)	 24 (22.0)			 
  T3	 244	 136 (55.7)	 108 (44.3)			 
  T4	 26	 11 (42.3)	 15 (57.7)			 
Vessel invasion				    49.455	 <0.0001	 0.337
  Negative	 183	 153 (83.6)	 30 (16.4)			 
  Positive	 253	 129 (51.0)	 124 (49.0)			 
TNM stage				    96.863	 <0.0001	 0.465
  I	 90	 83 (92.2)	 7 (7.8)			 
  II	 104	 86 (82.7)	 18 (17.3)			 
  III	 173	 95 (54.9)	 78 (45.1)			 
  IV	 69	 18 (26.1)	 51 (73.9)			 
Distant metastasis				    38.402	 <0.0001	 0.297
  Negative	 375	 264 (70.4)	 111 (29.6)			 
  Positive	 61	 18 (29.5)	 43 (70.5)			 
Lymph node metastasis				    63.553	 <0.0001	 0.382
  Negative	 166	 146 (88.0)	 20 (12.0)			 
  Positive	 270	 136 (50.4)	 134 (49.6)			 
Lauren classification				    148.400	 <0.0001	 0.583
  Intestinal	 223	 205 (91.9)	 18 (8.1)			 
  Diffuse	 213	 77 (36.2)	 136 (63.8)			 
Grade of differentiation				    0.120	 0.913	 0.005
  Well and moderate	 143	 93 (65.0)	 50 (35.0)			 
  Poor and not	 293	 189 (64.5)	 104 (35.5)			 
Histological type				    0.958	 0.811	 0.047
  Papillary	 16	 11 (68.8)	 5 (31.2)			 
  Tubular	 326	 214 (65.6)	 112 (34.4)			 
  Mucinous	 29	 18 (62.1)	 11 (37.9)			 
  Signet‑ring cell	 65	 39 (60.0)	 26 (40.0)			 

TNM, tumor‑node‑metastasis.
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Table II. Univariate analysis of the correlation between clinicopathological parameters and the survival rate of patients with 
gastric cancer.

	 Cumulative survival (%)
Clinicopathological	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	  Mean survival time		
parameters	 1‑year	 3‑year	 5‑year	 (months, 95% CI)	 Log‑rank	 P‑value

Age range					     14.745	 <0.001
  ≤60 years	 95.4	 69.6	 40.6	 45.8 (43.7‑48.0)	 	
  >60 years	 88.4	 57.3	 23.1	 39.6 (37.0‑42.2)	 	
Tumor location					     7.849	 0.020
  Cardia 	 89.1	 49.1	 21.3	 37.8 (33.3‑42.2)	 	
  Body 	 90.8	 62.0	 30.6	 43.2 (40.4‑46.0)	 	
  Antrum 	 94.0	 69.3	 36.2	 44.1 (41.8‑46.5)	 	
Tumor size					     49.579	 <0.0001
  <5 cm	 94.9	 74.2	 45.3	 47.5 (45.5‑49.5)	 	
  ≥5 cm	 88.3	 49.4	 15.1	 36.6 (33.9‑39.3)	 	
Histological type					     0.934	 0.817
  Papillary 	 93.8	 62.5	 23.4	 41.9 (34.7‑49.1)	 	
  Tubular 	 93.3	 63.8	 33.7	 43.3 (41.3‑45.2)	 	
  Mucinous 	 89.7	 72.4	 18.6	 44.3 (38.0‑50.7)	 	
  Signet‑ring cell 	 87.7	 61.5	 35.4	 41.5 (36.8‑46.3)	 	
Grade of differentiation					     0.617	 0.432
  Well and moderate	 93.0	 68.5	 34.8	 44.1 (41.2‑47.0)	 	
  Poor and not	 91.8	 61.8	 31.2	 42.4 (40.4‑44.5)	 	
TNM stage					     370.398	 <0.0001
  I	 100.0	 95.6	 92.4	 58.1 (56.2‑60.0)	 	
  II	 96.2	 83.7	 72.5	 53.0 (50.1‑55.8)	 	
  III	 91.3	 57.2	 1.2	 37.7 (35.4‑40.0)	 	
  IV	 78.3	 10.1	 0.0	 23.3 (20.4‑26.1)	 	
Depth of invasion					     135.118	 <0.0001
  T1	 100.0	 93.0	 90.9	 57.2 (54.7‑59.7)	 	
  T2	 93.6	 78.9	 53.9	 50.0 (46.9‑53.1)	 	
  T3	 90.6	 55.3	 14.6	 38.4 (36.2‑40.5)	 	
  T4	 84.6	 19.2	 0.0	 26.8 (21.0‑32.7)	 	
Lymph node metastasis 					     176.051	 <0.0001
  Negative	 97.6	 86.1	 78.4	 54.2 (52.1‑56.4)	 	
  Positive	 88.9	 50.4	 6.8	 36.3 (34.3‑38.3)	 	
Distant metastasis					     141.372	 <0.0001
  Negative	 95.2	 72.3	 37.5	 46.2 (44.6‑47.9)	 	
  Positive	 73.8	 13.1	 1.6	 23.2 (19.7‑26.6)	 	
Vessel invasion					     127.410	 <0.0001
  Negative	 97.8	 86.3	 67	 52.6 (50.5‑54.6)	 	
  Positive	 88.1	 47.8	 10.4	 36.2 (34.1‑38.4)	 	
Lauren classification					     239.586	 <0.0001
  Intestinal	 97.8	 92.8	 61.8	 54.1 (52.5‑55.7)	 	
  Diffuse	 86.4	 33.8	 4.4	 31.5 (29.4‑33.7)	 	
Musashi‑1 expression					     236.846	 <0.0001
  Low	 97.2	 86.9	 48.9	 51.1 (49.5‑52.8)		
  High	 83.1	 22.1	 3.1	 28.1 (25.8‑30.4)		

CI, confidence interval; TNM, tumor‑node‑metastasis.
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Spearman's correlation coefficients of Musashi‑1 expression 
level with depth of invasion, TNM stage, vessel invasion, 
lymph node metastasis and distant metastasis of tumor were 
0.287, 0.465, 0.337, 0.382 and 0.297, respectively.

Correlation between Musashi‑1 protein expression level and 
prognosis of patients with gastric cancer. Univariate survival 
analysis indicated that high expression levels of Musashi‑1 
protein were associated with poor prognosis of patients with 
gastric cancer (log‑rank=236.846; P<0.0001). The 1‑, 3‑ and 
5‑year cumulative survival rates were 97.2, 86.9 and 48.9%, 
for patients with low Musashi‑1 expression level, and 83.1, 22.1 
and 3.1% for patients with high Musashi‑1 expression levels, 
respectively. The mean survival time for patients with low 
expression levels of Musashi‑1 was 51.1 months, which was 
significantly higher (P<0.0001) compared with 28.1 months 
for patients with high expression levels of Musashi‑1. It was 
also revealed that age, tumor location, size, depth of invasion, 
TNM stage, Lauren classification, vessel invasion, lymph node 

metastasis and distant metastasis were significantly associated 
with the survival of patients with gastric cancer, whereas histo-
logical type and grade of differentiation were not significantly 
associated with survival (Table II).

Upon stratification by TNM stage, the mean survival 
time of patients with low Musashi‑1 expression level was 
significantly longer compared with that of patients with 
high Musashi‑1 expression level in TNM stage  I (59.4 vs. 
42.3  months; P<0.0001), stage  II (56.8 vs. 33.8 months; 
P<0.0001), stage  III (44.0 vs. 30.0 months; P<0.0001) and 
stage IV (29.3 vs. 21.1 months; P=0.018). Notably, patients 
with TNM II gastric cancer and low expression levels of 
Musashi‑1 had a longer mean survival time compared with 
TNM stage I patients with high Musashi‑1 expression levels 
(56.8 vs. 42.3 months; P<0.001), and TNM stage III patients 
with low expression levels of Musashi‑1 had a longer mean 
survival time compared with TNM stage II patients with high 
Musashi‑1 expression levels (44.0 vs. 33.8 months, P=0.034), 
as presented in Table III and Fig. 3.

Table III. Correlation between Musashi‑1 protein expression level and mean survival time of 436 patients with gastric cancer as 
stratified by TNM stage.

	 Mean survival time (month, 95% CI)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
TNM stage	 Musashi‑1 low expression level	 Musashi‑1 high expression level	 Log‑rank	 P‑value

I	 59.4 (57.9‑61.0)	 42.3 (30.4‑54.2)	 34.501	 <0.0001
II	 56.8a (54.4‑59.2)	 33.8 (26.6‑41.0)	 56.560	 <0.0001
III	 44.0b (41.2‑46.7)	 30.0 (26.9‑33.2)	 32.321	 <0.0001
IV	 29.3 (24.0‑34.5)	 21.1 (17.9‑24.4)	 5.557	 0.018

aTNM stage II tumors with low Musashi‑1 expression level vs. TNM stage I tumors with high Musashi‑1 expression level (log‑rank=11.014; 
P=0.001). bTNM stage III tumors with low Musashi‑1 expression level vs. TNM stage II tumors with high Musashi‑1 expression level 
(log‑rank=4.503; P=0.034). CI, confidence interval; TNM, tumor‑node‑metastasis.

Figure 3. Kaplan‑Meier survival curves of patients with gastric cancer with high and low levels of Musashi‑1 protein expression as stratified by the 
tumor‑node‑metastasis stage of the tumor. TNM, tumor‑node‑metastasis.
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Clinicopathological factors that were associated with 
the survival of patients with gastric cancer in the univariate 
survival analysis were included as covariates in the Cox regres-
sion analysis. It was revealed that Musashi‑1 protein expression 
level, Lauren classification, distant metastasis, TNM stage and 
depth of invasion were independent prognostic indicators for 
the survival of patients with gastric cancer, whereas age, tumor 
location, size, lymph node metastasis and vessel invasion were 
not (Table IV).

Discussion

Musashi‑1 expression has been identified to be restricted to 
the isthmus neck region (the putative position of stem cells) 
of normal gastric glands (26). Upregulation of Musashi‑1 has 
previously been revealed to occur in rat gastric corpus mucosa, 
following ethanol‑induced mucosal injury (31), leading to the 
suggestion that a subpopulation of parietal cells are a source 
of Musashi‑1, which contributes to rapid re‑epithelization 
by restoration of stem cells and regulation of cell differen-
tiation  (31). The Musashi‑1 expression level has also been 
demonstrated to be associated with Helicobacter pylori infec-
tion (32). Increased expression levels of Musashi‑1 in gastric 
precancerous lesions, including intestinal metaplasia and 
dysplasia, suggested that Musashi‑1 may serve a crucial role in 
the carcinogenesis of gastric cancer (25).

In the present study, the results from western blotting and 
immunohistochemistry revealed that the expression levels of 
Musashi‑1 protein in gastric cancer tissues were significantly 
higher compared with those in adjacent non‑cancerous gastric 
mucosae. In discordance with a study by Choi et al (33), which 
demonstrated that Musashi‑1 protein was more frequently 
overexpressed in young patients (≤30 years) compared with 

in patients >60 years, the immunohistochemical assay of the 
present study demonstrated that Musashi‑1 protein expression 
levels were significantly upregulated in patients aged >60 years 
compared with those aged ≤60 years. There was a difference in 
age categorization between the current study and this previous 
study, and the cohort of the present study recruited only one 
patient aged ≤30 years (17 years), making further analysis and 
comparison unattainable. The present study also indicated that 
the expression level of Musashi‑1 in gastric cancer tissues was 
significantly associated with location, size, depth of invasion, 
vessel invasion, TNM stage, Lauren classification and lymph 
node and distant metastasis of the tumors. High Musashi‑1 
expression level was more frequently observed in tumors 
at high TNM stages (stages III and IV), with deep invasion 
(T3 and T4), presence of vessel invasion, lymph node metas-
tasis and distant metastasis, compared with tumors at low 
TNM stages (stages I and II), with superficial invasion (T1 and 
T2), absence of vessel invasion, lymph node metastasis and 
distant metastasis. The results indicate that Musashi‑1 may 
be involved in the invasion and metastasis of gastric cancer. 
Finally, it is of note that the immunohistochemistry assay 
demonstrated an association between high Musashi‑1 protein 
expression levels and diffuse‑type tumors, which was similar 
to the results of a previous study by Choi et al (33); however, 
the western blot analysis of the present study did not identify a 
difference in Musashi‑1 expression level between diffuse‑type 
and intestinal‑type gastric cancer.

As a well‑established stem/progenitor cell marker in both 
normal and cancer cells, Musashi‑1 protein has been docu-
mented to be overexpressed in numerous types of cancer (34). 
The molecular mechanisms underlying the functions and 
regulation of Musashi‑1 are not currently well known. 
Musashi‑1 serves roles in the maintenance of the stem‑cell 

Table IV. Multivariate analysis of the correlation between clinicopathological parameters and the survival rate of 436 patients 
with gastric cancer.

Covariates	 Coefficient	 SE	 HR (95% CI)	 P‑value

Age range (>60 vs. ≤60)	 0.194	 0.130	 1.215 (0.942‑1.567)	 0.135
Tumor location (cardia vs. other locations)	‑ 0.168	 0.180	 0.846 (0.595‑1.202)	 0.350
Tumor size (≥5 cm vs. <5 cm)	 0.061	 0.131	 1.062 (0.822‑1.373)	 0.644
Lauren classification (diffuse vs. intestinal)	 0.673	 0.170	 1.960 (1.404‑2.737)	 <0.0001
Lymph node metastasis (positive vs. negative)	 0.203	 0.335	 1.225 (0.635‑2.365)	 0.545
Vessel invasion (positive vs. negative)	 ‑0.098	 0.189	 0.907 (0.626‑1.314)	 0.606
Distant metastasis (positive vs. negative)	 0.707	 0.272	 2.028 (1.189‑3.458)	 0.009
Musashi‑1 protein expression (high vs. low)	 0.789	 0.140	 2.201 (1.673‑2.896)	 <0.0001
Depth of invasion	 			   0.007
  T2 vs. T1	 0.482	 0.531	 1.620 (0.572‑4.584)	 0.364
  T3 vs. T1	 0.989	 0.535	 2.687 (0.942‑7.666)	 0.065
  T4 vs. T1	 0.411	 0.573	 1.508 (0.490‑4.639)	 0.474
TNM stage				    <0.001
  Stage II vs. stage I	 0.810	 0.520	 2.247 (0.811‑6.224)	 0.119
  Stage III vs. stage I	 2.088	 0.604	 8.069 (2.472‑26.341)	 <0.001
  Stage IV vs. stage I	 2.594	 0.654	 13.380 (3.715‑48.187)	 <0.0001

CI, confidence interval; HR, hazard ratio; SE, standard error; TNM, tumor‑node‑metastasis.
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state, differentiation and tumorigenesis as a translational 
repressor of target mRNAs (35). Musashi‑1 protein upregulates 
the Notch signaling pathway by translationally suppressing 
Numb mRNA, a Notch pathway repressor (36). The Notch 
signaling pathway is established to control cell fate decisions 
and the stem cell phenotype (37), and is associated with the 
growth (38,39) and progression (40,41) of a wide spectrum of 
tumor types. Currently, the Musashi/Numb/Notch signaling 
pathway cascade is considered to be associated with numerous 
adult malignancies (42). The cyclin‑dependent kinase inhibitor 
p21WAF‑1 is another Musashi‑1 target (43). It was revealed 
that Musashi‑1 modulates endometrial carcinoma cell cycle 
progression and apoptosis via the stemness‑associated factors 
Notch‑1, Hes‑1 and p21WAF‑1 (44), thereby inducing crosstalk 
between a number of signal systems involved in the self‑renewal 
of stem cells (10). Musashi‑1 modulates cancer cell growth 
by the post‑transcriptional regulation of phosphoinositide 
3‑kinase/protein kinase B signaling pathways  (45). By 
contrast, within the context of a primary mammalian neural 
stem/progenitor cell, Musashi‑1 may be converted from a 
repressor to an activator of mRNA translation in response to 
extracellular stimuli (11). Musashi‑1 protein was also identified 
to serve an oncogenic role in hepatocellular carcinoma by acti-
vating the Wnt signaling pathway via direct downregulation 
of the tumor suppressor protein, Dickkopf‑1 (46). In addi-
tion, tumor suppressor microRNAs (miRNAs) are known to 
target genes with oncogenic properties, including Musashi‑1, 
and for being downregulated or deleted in tumor tissue (34). 
The long 3' untranslated region of Musashi‑1 is potentially 
targeted by tumor suppressor miRNAs, thereby affecting its 
expression pattern during tumorigenesis of malignancies (34). 
miR‑34a, ‑101, ‑128, ‑137 and ‑138 were revealed to func-
tion as tumor‑suppressive miRNAs and negatively regulated 
Musashi‑1 (47). Finally, Musashi‑1 is also regulated by human 
antigen R via mRNA translation and stability in glioblastoma 
cells, which resulted in a positive regulation of Musashi‑1 
expression level (48).

As a result of its involvement in the invasion and metastasis 
of tumors, Musashi‑1 had been proposed to be a biomarker 
associated with poor prognosis for a number of cancer 
subtypes (20‑22). The present study demonstrated that the 
cumulative survival rates and mean survival time for patients 
with low Musashi‑1 expression levels were significantly higher 
compared with those for patients with high Musashi‑1 expres-
sion levels. Furthermore, it was revealed that a high expression 
level of Musashi‑1 was an independent prognostic factor for 
patients with gastric cancer. Other factors correlated with the 
survival rate of patients included age, tumor location, size, 
depth of invasion, TNM stage, Lauren classification, vessel 
invasion, lymph node metastasis and distant metastasis. In 
addition, Lauren classification, distant metastasis, TNM stage 
and depth of invasion are independent prognostic indicators 
for the survival rate of patients with gastric cancer. As strati-
fied by TNM stage, the mean survival time for patients with 
low Musashi‑1 expression levels were significantly longer 
compared with that for patients with high Musashi‑1 expres-
sion level in each TNM stage. Of note, patients with TNM 
stage II gastric cancer and low expression levels of Musashi‑1 
demonstrated a longer mean survival time compared with 
patients with TNM stage I and high Musashi‑1 expression 

levels, and patients with TNM stage III gastric cancer and low 
expression levels of Musashi‑1 revealed a longer mean survival 
time compared with patients with TNM stage  II and high 
Musashi‑1 expression levels. The results of the present study 
from univariate and multivariate survival analysis highlighted 
the prognostic relevance of Musashi‑1 protein in patients with 
gastric cancer. Therefore, it was suggested that the expression 
level of Musashi‑1 protein may be used on the basis of TNM 
stage to redefine the prognosis of patients with gastric cancer, 
contributing to developing a chemotherapeutic strategy for the 
effective treatment of gastric cancer.

In addition to being a putative prognostic factor for 
numerous malignancies, Musashi‑1 has also received consid-
erable attention as a potential target for cancer therapy (16,49). 
Musashi‑1‑overexpressing cells exhibit tumorigenic proper-
ties in tumor graft experiments  (50), whereas knockdown 
of Musashi‑1 resulted in mitotic catastrophe, reduced cell 
proliferation and survival rate (45,49), increased apoptosis in 
tumor cells and tumor growth arrest in grafts (51). A natural 
product (‑)‑gossypol was identified to inhibit colon cancer cell 
growth by targeting Musashi‑1 protein (52). Further investiga-
tion revealed that Musashi‑1 silencing significantly inhibited 
proliferative ability and attenuated the migration and inva-
sion activity of colon cancer cells (16). The aforementioned 
observations suggested that the inhibition of Musashi‑1's RNA 
binding activity may be an effective anticancer strategy and 
that Musashi‑1 represents a promising target for anticancer 
agent discovery.

The limitation of the present study is the small size of 
tissue samples used in western blotting, which may partially 
account for the discordance in results regarding the association 
between Musashi‑1 protein expression level and Lauren clas-
sification from immunohistochemistry and western blotting. 
Further studies are required to dissect the association between 
Musashi‑1 protein expression level and Lauren classification 
for gastric cancer.

In conclusion, Musashi‑1 protein serves an important role 
in the progression of gastric cancer. The detection of Musashi‑1 
protein expression level alone or in combination with TNM 
staging is useful for predicting the prognosis of patients with 
gastric cancer, therefore contributing to a personalized chemo-
therapy regimen. It is also possible that Musashi‑1 may be used 
as a molecular target for gastric cancer treatment.
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