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ted mortality around the world1. Surgical resection, 
chemotherapy, and radiotherapy are the standard 
treatment options for GC. Despite great advance has 
been made in the diagnosis and therapy, the inciden-
ce and mortality of GC remain high2. Tumor-no-
de-metastasis (TNM) staging system is the most 
widely used indicator for predicating the prognosis 
of GC3. However, it is not sufficiently sensitive and 
specific. Therefore, it is important to explore novel 
prognostic biomarker for GC.

MicroRNAs  (miRNAs) are a family of short 
non-protein-coding RNAs which negatively re-
gulate gene expression at the posttranscriptional 
level4. Various bioinformatic analyses have de-
monstrated that there are hundreds of downstre-
am targets for each miRNA, indicating miRNAs 
affects almost, if not all, genetic pathways5. Aber-
rant expression of miRNAs has been implicated 
in the pathogenesis of a number of human dise-
ases such as cancer, cardiovascular diseases, and 
diabetes mellitus6-9. Upregulation of miR-186 sup-
pressed the proliferation, migration, and invasion 
of gastric cancer cells, and contrary findings were 
observed when miR-186 was downregulated. In 
addition, reduced miR-186 expression was possi-
bly associated with larger tumor size and advan-
ced clinical stage. Moreover, Twist1 was identified 
as a direct downstream target of miR-186, indica-
ting miR-186 played a tumor suppressive role in 
GC10. Yanaka et al11 reported that miR-544a could 
promote the epithelial-mesenchymal transition of 
gastric cancer cells by activating the Wnt signa-
ling pathways, suggesting that miR-544a acted as 
an oncogene in GC.

Abstract. – OBJECTIVE: Helicobacter pylo-
ri (HP) infection has been demonstrated to be a 
risk factor accounting for the initiation and de-
velopment of gastric cancer (GC). The aim of the 
present study was to investigate the clinical sig-
nificance of miR-490-3p in HP associated GC. 

PATIENTS AND METHODS: We measured the 
expression level of miR-490-3p in human GC 
tissues by quantitative Real-time PCR (qPCR). 
Then the association between miR-490-3p and 
clinical features of GC was further investigated. 

RESULTS: Our results showed that miR-490-3p 
levels exhibited a progressive downregulation in 
gastritis, intestinal metaplasia, HP negative GC 
and HP positive GC. In addition, miR-490-3p ex-
pression was significantly correlated with various 
clinicopathological parameters such as lymph 
node metastasis and clinical stage in HP-positive 
GC. Moreover, GC patients with lower miR-490-
3p had a shorter 5 years overall/disease free sur-
vival time in the HP positive cohort. Finally, multi-
variate analysis showed that low miR-490-3p was 
an independent risk factor for HP associated GC. 

CONCLUSIONS: miR-490-3p is downregulat-
ed in HP-positive GC and associated with poor 
clinical outcome, indicating that miR-490-3p is 
a promising prognostic biomarker for HP posi-
tive GC.
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Introduction

Gastric cancer (GC) is one of the most common ma-
lignant diseases and the second cause of cancer-rela-
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Helicobacter pylori (HP) infection plays a cen-
tral role in the initiation and progression of GC. 
It can effectively promote the carcinogenesis by 
either activating onco-miRNAs or epigenetic si-
lencing of tumor suppressor miRNAs12,13. Dere-
gulated miR-490-3p expression has been reported 
in many types of cancer14-16. However, its role in 
GC is poorly understood. Thus, the goal of the 
current study was to determine the potential cli-
nical significance of miR-490-3p in GC.

Patients and Methods

Study Population
Patients with gastritis, intestinal metaplasia, 

GC were prospectively recruited from  General 
Hospital of Daqing Oil Field.  The study design 
was approved by the Ethics Committee of the 
General Hospital of Daqing Oil Field and written 
informed consent was obtained from all indivi-
dual participants. All the patients with intestinal 
metaplasia or GC were pathologically confir-
med. GC  cases were classified according to  the 
7th edition American Joint Committee on  Can-
cer (AJCC) staging system. Follow-up data for all 
GC patients were acquired. Overall survival was 
defined as the time from initial diagnosis to the 
date of the last follow-up or death. Disease-free 
survival (DFS) was calculated from the date of 
diagnosis to the first evidence of recurrence or 
metastasis. A summary of the baseline characte-
ristics of GC cases was presented in Table I.

Quantitative Real-Time PCR
Total RNA was extracted from tissue samples 

using Trizol (Invitrogen, Carlsbad, CA, USA) 
as per the manufacturer’s instructions. Rever-
se-transcription was carried out with the TaqMan 
MicroRNA Reverse Transcription Kit (Applied 
Biosystems, Foster City, CA, USA). Real-time 
PCR was performed in triplicate for each sample 
using SYBR Green (Applied Biosystems) and the 
7500 Real-Time PCR System (Applied Biosy-
stems) with the following conditions: 95°C for 10 
min; 40 cycles of 95°C for 15 s and 60°C for 60s. 
Relative miRNA levels were calculated using the 
comparative Ct and U6 was used as the internal 
control.

Statistical Analysis
Statistical analyses were performed using 

SPSS version 21.0 (SPSS Inc., Chicago, IL, 
USA) or GraphPad Prism version 5 for Windows 

(GraphPad Software, San Diego, CA, USA). 
p<0.05 was considered statistically significant. 
The expression level of miR-490-3p was evalua-
ted using nonparametric Kruskal-Wallis test for 
multiple groups. Associations between clinicopa-
thological parameters and miR-490-3p expression 
were evaluated using  a Chi-squared  test. Survi-
val curves were evaluated by the Kaplan-Meier 
method and analyzed using the log-rank test. The 
Cox proportional hazard regression analysis was 
used to identify the prognostic value of miR-490-
3p in GC. 

Results

miR-490-3p was Significantly 
Downregulated in HP Positive GC

We compared miR-490-3p levels in gastri-
tis, intestinal metaplasia, HP-negative GC and 
HP-positive GC. Our real-time PCR showed that 
miR-490-3p was progressively reduced from ga-
stritis, intestinal metaplasia, HP-negative GC and 
HP-positive GC (**p<0.01; ***p<0.001). However, 
no significant difference was found between in-

Table I. The correlation between miR-490-3p expression level 
and the clinicopathological parameters in HP positive GC.

		 miR-490-3p expression

Parameters	 Cases	 Low	 High	 p

Age               		    		  0.858
<60             	 37 	 18	 19	
≥60             	 45	 21	 24	
Gender				    0.492
Male	 58	 29	 29	
Female	 24	 10	 14	
Location				    0.991
Middle and 
proximal third	 40	 19	 21	
Distal third	 42	 20	 22	
Tumor size				    0.173
<5	 38	 15	 23	
≥5	 44	 24	 20	
TNM Stage				    <0.001
I/II 	 31	 7	 24  	
III/IV	 51	 32	 19   	
Lymph node metastasis			   0.038
No	 26	 8	 18	
Yes	 56	 31	 25	
Distant metastasis				    0.621
No	 69	 32	 37	
Yes	 13	 7 	  6	
Differentiation				    0.003
Well/moderate	 33	 9	 24	
Poor	 49	 30	 19	
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testinal metaplasia and HP-negative GC (p>0.05) 
(Figure 1).

The Association Between miR-490-3p 
Levels and Clinicopathological 
Parameters of GC

For HP positive GC, low miR-490-3p levels 
were positively associated with lymph node meta-
stasis (p=0.038), advanced TNM stage (p<0.001) 
and high histological grade (p=0.003). However, 
it was not associated with age, gender, location, 
tumor size and distant metastasis. For HP nega-
tive GC, low miR-490-3p levels were only po-
sitively correlated with advanced clinical stage 
(p=0.047) (Tables I-II).

The Prognostic Value of miR-490-3p in GC
For HP positive GC, the survival analysis 

demonstrated that GC patients in the low miR-
490-3p group had a significantly shorter overall 
(p<0.001) and disease free (p=0.004) survival 
time than the patients in the high miR-490-3p (Fi-
gure 2A). However, no significant difference was 
found about the overall and disease-free survival 
time between HP-negative GC patients in the high 
and low miR-490-3p group (Figure 2B).

Our multivariate analysis demonstrated 
that miR-490-3p was an independent progno-
stic risk factor for both overall (HR=3.18, 95% 
CI=1.38-5.73,  p=0.015) and disease-free survival 

(HR=3.67, 95% CI=1.53-6.72, p=0.012) in GC pa-
tients with HP infection (Table III).

Discussion

In the present study, our data showed that miR-
490-3p was progressively reduced from normal 
controls, gastritis, intestinal metaplasia and GC. 
Also, miR-490-3p was significantly downregu-
lated in HP-positive GC when compared to HP 
negative GC. miR-490-3p levels were associated 
with various clinicopathological parameters in-
cluding TNM stage, lymph node metastasis, and 
differentiation. Moreover, patients with lower 
miR-490-3p expression suffered more unfavo-
rable overall and disease-free survival in the po-
sitive HP infection cohort. miR-490-3p was also 
an independent prognostic factor for HP positive 
GC, indicating miR-490-3p was significantly as-
sociated with HP infection and its downregula-
tion could promote the initiation and development 
of GC. We conjectured that HP was able to epi-
genetically silent the expression of miR-490-3p, 
leading to the carcinogenesis of GC. However, the 

Figure 1. The expression level of miR-490-3p in GC.

Table II. The correlation between miR-490-3p expression level 
and the clinicopathological parameters in HP negative GC.

	       	miR-490-3p expression

Parameters	 Cases	 Low	 High	 p

Age		    		  0.813
<60	 26	 13	 13	
≥60	 32	 17	 15
Gender				    0.649
Male	 43	 23	 20	
Female	 15	   7	   8	
Location				    0.301
Middle and 
  proximal third	 27	 12	 15	
Distal third	 31	 18	 13	
Tumor size				    0.293
<5	 29	 13	 16	
≥5	 29	 17	 12 	
TNM stage				    0.047
I/II 	 14	   4	 10	
III/IV	 44	 26	 18	
Lymph node 
  metastasis				    0.647
No	 17	 8	   9	
Yes	 41	 22	 19	
Distant metastasis				    0.699
No	 53	 27	 26	
Yes	   5	   3	   2	
Differentiation				    0.306
Well/moderate	 25	 11	 14	
Poor	 33	 19	 14
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concrete molecular mechanisms needed further 
investigation. Similar to our results, miR-490-3p 
was reported to be downregulated in GC tissues 
and its regulatory region was hypermethylated. 
In addition, SMARCD1 was proved to a down-
stream target of miR-490-3p17. This study further 
corroborated our findings and speculation. 

miR-490-3p acts as a tumor suppressor gene in 
many types of cancers. miR-490-3p expression was 
decreased in ovarian carcinoma and significantly 
associated with clinical stage and differentiation. 
In addition, ectopic expression of miR-490-3p re-
duced the proliferation, migration and invasion 
capacity of ovarian cancer cells, while promoted 
their apoptosis. CDK1 was demonstrated to be a 
downstream target of miR-490-3p18. Zheng et al19 

reported that miR-490-3p promoter was hyper-
methylated in colorectal cancer (CRC) tissues. 
Furthermore, overexpression of miR-490-3p sup-
pressed the oncogenic behaviors of CRC cells both 
in vitro and in vivo, and vice versa. Similarly, miR-
490-3p was also found to inhibit tumorigenesis and 
progression in breast cancer by targeting RhoA 
directly, indicating miR-490-3p functioned as a tu-
mor suppressor in breast cancer20.

However, miR-490-3p is also able to promo-
te cancer development. The expression level of 

miR-490-3p was significantly increased in he-
patocellular carcinoma (HCC) tissues and cell 
lines. Upregulation of miR-490-3p promoted the 
proliferation, migration and invasion capabili-
ty of HCC cells as well as induced EMT, while 
miR-490-3p downregulation led to opposite re-
sults. ERGIC3 was a direct downstream target 
of miR-490-3p21. miR-490-3p was also associa-
ted with drug resistance. Enhanced miR-490-3p 
could promote drug-resistance of human ova-
rian cancer cells, which was not consistent with 

Table III. Multivariate analysis of clinicopathological factors 
for overall/disease free survival of GC patients.

Variable	 HR	 95% CI	 p

Overall survival			 
Differentiation	 2.54	 1.22-3.81	 0.029
Lymph node metastasis	 1.89	 1.02-2.52	 0.048
TNM stage	 4.82	 1.63-8.26	 0.004
miR-490-3p	 3.18	 1.38-5.73	 0.015

Disease free survival			 
Differentiation	 2.42	 1.31-4.56	 0.035
Lymph node metastasis	 2.06	 1.24-3.92	 0.043
TNM stage	 5.51	 1.84-10.32	 0.001
miR-490-3p	 3.67	 1.53-6.72	 0.012

Figure 2. The association between overall/disease free survival and miR-490-3p levels.
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593: 41-47.
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and TGF-β in endometrial carcinoma tumorigenesis 
and progression. Oncotarget 2016; 7: 9236-9249.

16)	 Xu X, Chen R, Li Z, Huang N, Wu X, Li S, Li Y, Wu S. 
MicroRNA-490-3p inhibits colorectal  cancer  me-
tastasis by targeting TGFβR1. BMC Cancer 2015; 
15: 1023. 

17)	 Shen J, Xiao Z, Wu WK, Wang MH, To KF, Chen Y, 
Yang W, Li MS, Shin VY, Tong JH, Kang W, Zhang 
L, Li M, Wang L, Lu L, Chan RL, Wong SH, Yu J, 
Chan MT, Chan FK, Sung JJ, Cheng AS, Cho CH. Epi-
genetic silencing of miR-490-3p reactivates the 
chromatin remodeler SMARCD1 to promote He-
licobacter pylori-induced gastric carcinogenesis. 
Cancer Res 2015; 75: 754-765. 

18)	 Chen S, Chen X, Xiu YL, Sun KX, Zhao Y. MicroR-
NA-490-3P targets CDK1 and inhibits ovarian epi-
thelial carcinoma tumorigenesis and progression. 
Cancer  Lett 2015; 362: 122-130. 

19)	 Zheng K, Zhou X, Yu J, Li Q, Wang H, Li M, Shao Z, 
Zhang F, Luo Y, Shen Z, Chen F, Shi F, Cui C, Zhao D, 
Lin Z, Zheng W, Zou Z,Huang Z, Zhao L. Epigenetic 
silencing of miR-490-3p promotes development of 
an aggressive colorectal cancer phenotype throu-
gh activation of the Wnt/β-catenin signaling pa-
thway. Cancer  Lett 2016; 376: 178-187.

20)	 Zhao L, Zheng XY. MicroRNA-490 inhibits tumori-
genesis and progression in breast cancer. Onco 
Targets Ther 2016; 9: 4505-4516.

21)	 Zhang LY, Liu M, Li X, Tang H. miR-490-3p modu-
lates cell growth and epithelial to mesenchymal 
transition of hepatocellular carcinoma cells by tar-
geting endoplasmic reticulum-Golgi intermediate 
compartment protein 3 (ERGIC3). J Biol Chem 
2013; 288: 4035-4047. 

22)	 Chen S, Chen X, Xiu YL, Sun KX, Zong ZH, Zhao Y. 
microRNA 490-3P enhances the drug-resistance 
of human ovarian cancer cells. J Ovarian Res 
2014; 7: 84.

previous findings18,22. Further studies should 
carry out to elucidate the role of miR-490-3p in 
other types of cancers. We believed that the mo-
lecular functions of miR-490-3p are very diverse 
and its concrete activities are closely correlated 
with tumor microenvironment.

Conclusions

We showed that miR-490-3p levels were re-
markably downregulated in HP associated GC 
tissues. Low miR-490-3p was significantly cor-
related with unfavorable clinical outcome in GC 
patients with HP infection, indicating miR-490-
3p was a promising prognostic biomarker for this 
malignancy.
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