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Abstract. MicroRNA‑373 (miR‑373) has been reported to be 
an oncogene in a number of solid human tumors. However, 
the role of miR‑373 in gastric cancer has not been completely 
elucidated and the mechanisms remain unclear. In the present 
study, we compared miR‑373 expression between clinical 
gastric cancer tissues and paired non‑tumorous tissues by 
reverse transcription‑quantitative polymerase chain reac-
tion. The impact of miR‑373 on proliferation, migration and 
invasion in gastric cancer cells was additionally investigated. 
Hsa‑miR‑373 mimics were applied to mimic the function 
of endogenous miR‑373. A colony formation assay and flow 
cytometry were performed to analyze the proliferation of 
gastric cancer cells. Wound healing and Transwell invasion 
assays were employed to detect the migratory and invasive 
abilities of gastric cancer cells. Western blotting was used 
to test the expression of epithelial‑mesenchymal transi-
tion‑associated proteins. The results demonstrated that the 
level of miR‑373 in gastric cancer was upregulated compared 
with paired non‑tumorous tissues. It was confirmed that 
miR‑373 inhibited the migration and invasion of the gastric 
cancer cell lines SGC‑7901 and HGC‑27 by downregulating 
vimentin expression. The results of the present study demon-
strated an oncogenic role of miR‑373 in the metastasis of 
human gastric cancer, and may provide a novel therapeutic 
strategy for gastric cancer.

Introduction

Gastric cancer is the fourth most common cancer and the 
second most common cause of cancer‑associated mortality 
in the world (1‑3). Gastric cancer remains difficult to cure, 
primarily since the majority patients present with advanced 
disease or even suffer from gastric cancer metastasis. 
Therefore, the mechanisms of gastric cancer invasion and 
migration remain to be elucidated.

MicroRNAs (miRNAs/miRs) are small non‑coding 
RNAs, which are approximately 20 nucleotides (nt) long and 
are involved in vast range of cellular processes (4‑6). miRNAs 
negatively regulate gene expression by repressing translation 
or inducing target mRNA degradation (5,6), processes which 
are notably involved in cell proliferation, differentiation 
and apoptosis  (7). miRNAs have been observed to serve 
roles in numerous types of cancer. Increasing evidence 
has indicated that miRNAs may function as oncogenes or 
tumor suppressor genes, which are crucial in the initiation 
and progression of human malignancies (8). miR‑21 is an 
extensively‑researched oncogenic miRNA in a number 
of solid human tumors, including non‑muscle‑invasive 
bladder cancer  (9), colorectal cancer  (10), non‑small cell 
lung cancer (11) and gastric cancer (12). miR‑21 promoted 
cell growth and invasion by repressing phosphatidylinositol 
3,4,5‑trisphosphate 3‑phosphatase and dual‑specificity 
protein phosphatase PTEN in colorectal cancer (13), similar 
to the impact of miR‑21 on gastric cancer  (14). Recently, 
miR‑373 was demonstrated to be an important gene in 
numerous human malignant tumors (15‑17), which provoked 
widespread attention.

Hsa‑miR‑373 belongs to the miR‑371‑3 gene cluster, which 
is transcribed into the primary transcript pri‑miR‑3771‑373. 
The pri‑miR‑371‑3 is processed into three pre‑miRNAs 
(pre‑miR371, pre‑miR372 and pre‑miR‑373), giving rise 
to four mature miRNAs (miR‑371, miR‑372, miR‑373 and 
miR‑373*) (18). Hsa‑miR‑373, which was first reported to be 
a human embryonic stem cell (ESC)‑specific miRNA (18). 
Subsequently, miR‑373, consistent with miR‑372, was identi-
fied to be an oncogene in the tumorigenesis of human testicular 
germ cell tumors, through the direct inhibition of large tumor 
suppressor 1/2 expression  (18). In 2011, Zhang  et  al  (19) 
reported that the downregulation of hsa‑miR‑373 had the 
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potential to predict recurrence risk in patients with gastric 
cancer following surgical resection. The following year, it was 
discovered that PR domain zinc finger protein 4, a recurrence 
risk biomarker in patients with gastric cancer, was regulated 
by miR‑373 (20). An additional study revealed that miR‑373 
is upregulated in gastric adenocarcinoma tissue and gastric 
carcinoma cell lines, and it induces cell proliferation in 
gastric adenocarcinoma cells in vitro via the downregulation 
of broad‑complex, tramtrack and Bric a brac/Poxvirus and 
zinc finger domain‑containing adapter for cullin3‑mediated 
RhoA degradation protein 2 (21). Although oncogenic roles 
of miR‑373 have been demonstrated, the molecular mecha-
nisms of miR‑373 in gastric cancer metastasis remain unclear. 
Mmu‑miR‑294 is one member of the miR‑290 family, which 
has been demonstrated to be the homologous gene family 
of the hsa‑miR‑371‑3 gene family (22). Therefore, the role 
of mmu‑miR‑294 in mouse gastric cancer remains to be 
elucidated.

In the present study, the effect of hsa‑miR‑373/
mmu‑miR‑294 on gastric cancer cellular metastasis was 
investigated. The results demonstrated that hsa‑miR‑373 
and mmu‑miR‑294 were able to suppress the metastasis of 
gastric cancer cells by negatively regulating the expression 
of vimentin. Furthermore, it was observed that hsa‑miR‑373 
and mmu‑miR‑294 were able to promote gastric cancer cell 
proliferation. These results may provide a novel therapeutic 
strategy for gastric cancer with metastasis.

Materials and methods

Clinical gastric cancer tissues. The primary malignant 
gastric cancer tissues and their matching and adjacent 
non‑tumorous tissues (located >5‑10  cm away from the 
primary site) were collected from 28 patients with gastric 
cancer undergoing surgery at the Affiliated Hospital of 
Jiangsu University from March 2016 to May 2017. (Zhenjiang, 
China). Informed consent was given by all patients examined. 
All samples were confirmed by pathological examination. 
Histological grade was defined according to the World 
Health Organization classification system. The tissues 
obtained were immediately stored at ‑80˚C. The present 
study was approved by the Medical Ethics Committee of 
Jiangsu University.

Cell culture. Human gastric cancer cell lines SGC‑7901 
and HGC‑27, and mouse gastric cancer cell line MFC, were 
obtained from the Institute of Biochemistry and Cell Biology 
at the Chinese Academy of Sciences (Shanghai, China). These 
cell lines were cultured in RPMI‑1640 medium (Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA). All medium was 
supplemented with 10% fetal bovine serum (FBS; Gibco; 
Thermo Fisher Scientific, Inc.). Cells were incubated at 37˚C 
in humidified air with 5% CO2.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR) for mRNA expression. Total RNA from 
human gastric tissues and gastric cancer cells was extracted 
using TRIzol reagent (Life Technologies; Thermo Fisher 
Scientific, Inc.). RT was performed using a HiScript 1st Strand 
cDNA Synthesis kit (Vazyme, Piscataway, NJ, USA) and the 

signal‑stranded cDNA was obtained. RT was performed at 
25˚C for 5 min, 50˚C for 15 min and 85˚C for 5 min. The qPCR 
reactions were performed using the QuantiTect SYBR Green 
PCR kit (Toyobo Co., Ltd., Osaka, Japan). Thermal cycling 
parameters were as follows: 94˚C for 5 min; 40 cycles at 94˚C 
for 30 sec, 55˚C for 30 sec and 72˚C for 30 sec; and 65‑95˚C for 
drawing the dissociation curve. The expression level of mRNA 
was normalized to the expression of β‑actin (23). The primer 
sequences were as follows: Vimentin sense, 5'‑ATA​CTG​CTG​
GCG​CAC​ATC​AC‑3', and vimentin antisense, 5'‑CCC​TTT​
CCC​CAG​TTT​TTA​ATA​GG‑3'; β‑actin sense, 5'‑GAC​CTG​
TAC​GCC​AAC​ACA​GT‑3', and β‑actin antisense, 5'‑CTC​AGG​
AGG​AGC​AAT​GAT​CT‑3'.

RT‑qPCR for miRNA expression. RT was performed using 
the miScript II RT kit (Qiagen China Co., Ltd., Shanghai, 
China) and the signal‑stranded cDNA was obtained. RT was 
performed at 42˚C for 60 min, followed by an inactivation 
reaction at 70˚C for 15 min. The CFX96 Real Time Instrument 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA) and miScript 
SYBR Green PCR kit (Qiagen China Co., Ltd.) were used for 
quantitative RNA detection. Thermal cycling parameters were 
as follows: 95˚C for 5 min; 40 cycles at 94˚C for 15 sec, 55˚C 
for 15 sec and 72˚C for 20 sec; and 65‑95˚C for drawing the 
dissociation curve. The relative expression levels of miRNA 
were normalized to the expression of small nuclear RNA 
U6 (23). PCR primers were as follows: miR‑373 sense, 5'‑CGC​
GCG​AAG​TGC​TTC​GAT​TT‑3', and miR‑373 antisense, 
5'‑GTG​CAG​GGT​CCG​AGG​T‑3'; U6 sense, 5'‑GCT​TCG​GCA​
GCA​CAT​ATA​CTA​AAA​T‑3', and U6 antisense, 5'‑CGC​TTC​
ACG​AAT​TTG​CGT​GTC​AT‑3'.

Transfection. miRNA mimics were purchased from 
Shanghai GenePharma Co., Ltd. (Shanghai, China), and 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) was used for transfection. The concentrations of 
hsa‑miR‑373 mimics or mmu‑miR‑294 mimics were 10, 12.5 
and 25 nM. The same concentrations of mimic controls (NC) 
were used. The sequences of the oligonucleotides were as 
follows: miR‑294 mimics NC sense, 5'‑UUC​UUC​GAA​CGU​
GUC​ACG​UTT‑3', miR‑294 mimics NC antisense, 5'‑ACG​
UGA​CAC​GUU​CGG​AGA​ATT‑3'; miR‑373 mimics NC sense, 
5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3'; miR‑373 mimics 
NC antisense, 5'‑ACG​UGA​CAC​GUU​CGG​AGA​ATT‑3'; 
miR‑373 mimics sense, 5'‑GAA​GUG​CUU​CGA​UUU​UGG​
GGU​GU‑3'; and miR‑373 mimics antisense, 5'‑ACC​CCA​AAA​
UCG​AAG​CAC​UUC​UU‑3'.

Cell cycle. A total of 1x105 SGC‑7901, 1x105 HGC‑27 or 
1.5x105 MFC cells were seeded in each well of a 6‑well plate 
1 day prior to transfection, and transfected with miRNA 
mimics. A total of 6  h subsequently, cells were washed 
twice with PBS and placed in fresh medium containing 
10% FBS for 48 h. Cells were collected and washed twice 
with PBS, and stained with 10  µg/ml propidium iodide 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) in 
500 µl PBS (containing 100 µg/ml RNase) for 30 min in the 
dark at room temperature. A filter screen was used to isolate 
suspended cells. The distribution of cells in the different 
phases of the cell cycle was detected using a flow cytometer 
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(FACS Calibur; BD Biosciences, Franklin Lakes, NJ, USA) 
and analyzed with a flow cytometry software (FlowJo v7.6.5; 
BD Biosciences).

Colony formation assay. A total of 1,000 SGC‑7901 or 
HGC‑27 cells were seeded in each well of a 6‑well plate 
in triplicate and incubated at 37˚C in a 5% CO2 humidified 
incubator for 8 days. The medium was changed at 3‑day 
intervals. At the end of the incubation period, the cultures 
were fixed with 4% paraformaldehyde for 30 min at room 
temperature and stained with crystal violet for 20 min at 
room temperature. Images were captured in five random 
fields (magnification, x40) using an inverted fluorescent 
microscope (Nikon Corporation, Tokyo, Japan).

Wound healing assay. SGC‑7901, HGC‑27 and MFC cells 
were seeded at a density of 2x105, 3x105 and 6x105 cells/well, 
respectively, in 6‑well plates and incubated at 37˚C in 5% 
CO2 for 24 h to create confluent monolayers. The monolayers 
were scratched with a sterile pipette tip. To measure the 
mobility of cells, images were captured in five random fields 

(magnification, x40) at 12 h post‑scratching using an inverted 
fluorescent microscope (Nikon Corporation).

Transwell invasion assay. The abilities of cell migration and 
invasion were detected by Transwell assay. All cells were 
seeded at 1x105 cells/well in each well of a 24‑well plate with 
FBS‑free RPMI‑1640 media in the upper chamber, and there 
was 500 µl fresh medium containing 10% FBS in the lower 
chamber. Prior to staining with crystal violet for 20 min at 
room temperature, cells were incubated at 37˚C in humidified 
air with 5% CO2 for 12 h. Images were captured in 5 random 
fields (magnification, x40) using an upright fluorescent micro-
scope (Nikon Corporation).

In  silico target prediction of miRNA. TargetScan 7.1 
(www.targetscan.org) target prediction software was used 
to indicated the miRNAs that may potentially target the 
3'untranslated region of vimentin.

Western blotting. The total protein in gastric cancer cells 
was extracted using a lysis buffer containing 50 mM NaCl, 
1 mM ethylene glycol tetra‑acetic acid, 0.1% SDS, 1 mM NaF, 
1 mM Na3VO4, 1 mg/ml aprotinin and 1 mg/ml leupeptin 
in 10 mM Tris (pH 7.4) and proteinase inhibitors (1 mM 
phenylmethylsulfonyl fluoride). Protein concentrations were 
determined using spectrophotometry (Nanodrop; Thermo 
Fisher Scientific, Inc.). A total of 30 ug total protein were 
separated on 10% SDS‑PAGE gels and transferred to nitro-
cellulose membranes (EMD Millipore, Billerica, MA, USA). 
Membranes were blocked with 5% milk in PBS for 1 h at 37˚C 
and incubated with monoclonal antibodies against β‑actin 
(BS6007M), proliferating cell nuclear antigen (PCNA; 
BZ02108), vimentin (MB9006) and E‑cadherin (LM0206; all 
obtained from Bioworld Technology, Inc., St Louis Park, MN, 
USA) at 4˚C overnight, the dilutions of which were 1:2,000, 
1:4,000, 1:600 and 1:500, respectively. Following incubation 
with the secondary antibodies [1:2,000; goat anti‑mouse 

Figure 1. Relative level of miR‑373 in gastric cancer tissues. Reverse tran-
scription‑quantitative polymerase chain reaction assay for miR‑373 in tissues 
from 28 patients with gastric cancer. Data are presented as the fold change in 
miR levels relative to N, which was set as 1. ***P<0.001. N, adjacent normal 
tissue; T, gastric cancer tissue; miR, microRNA.

Table I. Correlation between clinical pathological factors and 
miR‑373 expression in patients with gastric cancer.

	 miR‑373
	 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 No. 	 Low	 High
Factor	 (n=28)	 group	 group	 P‑value

Age, years				    0.6270
  ≥60	 16	 8	 8	
  <60	 12	 4	 8	
Sex				    0.4725
  Male	 24	 12	 12	
  Female	 4	 0	 4	
Size, cm				    1.0000
  ≥5	 18	 8	 10	
  <5	 10	 4	 6	
Histological grade				    0.4589
  Poorly + signet	 12	 4	 8	
  Moderately + well	 16	 8	 8	
Stage				    0.4725
  I/II	 4	 0	 4	
  III/IV	 24	 12	 12	
T grade				    0.4725
  T1+ T2	 4	 0	 4	
  T3+ T4	 24	 12	 12	
Lymph node metastasis				  
(N factor)				    0.0882
  N0+N1	 8	 1	 7	
  N2+N3	 20	 11	 9	

Poorly, poorly differentiated gastric carcinoma of high malignant 
degree; Signet, signet‑ring cell carcinoma of high malignant degree.
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horseradish peroxidase immunoglobulin G (IgG; BS12478) 
and goat anti‑rabbit horseradish peroxidase conjugated IgG 
(BS10043); all obtained from Bioworld Technology, Inc.] for 
1 h at 37˚C, the signals were visualized using a chemilumi-
nescent and fluorescent imaging system (EMD Millipore). 
β‑actin was used as the loading control. The software 
used for analysis was ImageQuant LT 7.0 (GE Healthcare 
Bio‑Sciences, Pittsburgh, PA, USA).

Statistical analysis. Statistical analysis of the differences 
in the expression levels of miR‑373 in paired gastric cancer 
and adjacent non‑tumorous tissues were analyzed using a 
paired t‑test with Prism version 5. The correlation between 
miR‑373 expression and clinicopathological factors was 
estimated using Fisher's exact test. Potential differences 
between groups with different treatments were analyzed 
using one‑way analysis of variance, followed by a Dunnett 

t‑test. All experiments were performed at least in triplicate 
(n=3). Data are presented as the mean ± standard deviation. 
All statistical analysis was performed with GraphPad Prism 
5.0 software (GraphPad Software Inc., La Jolla, CA, USA). 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Hsa‑miR‑373 is upregulated in human gastric cancer. To 
investigate the clinical significance of miR‑373 in gastric 
cancer, miR‑373 expression in 28 paired primary malignant 
gastric cancer tissues and adjacent non‑tumorous tissues 
was compared. The results demonstrated that miR‑373 
was upregulated in gastric cancer tissues compared with 
normal gastric tissues (n=28, P<0.001; Fig. 1). The correla-
tion between miR‑373 expression and clinical pathological 

Figure 2. Hsa‑miR‑373 represses the migration and invasion of the gastric cancer cell lines SGC‑7901 and HGC‑27. (A) Reverse transcription‑quantitative 
polymerase chain reaction analysis of miR‑373 levels 48 h post‑transfection with miRNA mimics. Data are presented as the fold change in miRNA levels 
relative to NC, which was set as 1. (Ba) Transwell invasion assay for cell invasion 48 h post‑transfection (magnification, x100). (Bb)The number of migrated 
cells per field was quantified. (Ca) Wound healing assay for cell migration 48 h post‑transfection (magnification, x40). (Cb) Ratios of migration were calculated. 
**P<0.01, ***P<0.001. NC, negative control; miRNA/miR, microRNA.
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characteristics was analyzed. Gastric cancer tissues with a 
more than two‑fold increase in miR‑373 (relative to adjacent 
non‑tumorous tissues) were defined as the high group, while 
those with a less than two‑fold increase or a decrease in 
miR‑373 (relative to adjacent non‑tumorous tissues) were 
defined as the low group. The results demonstrated that 
relative miR‑373 expression was increased in patients with 
N0/N1 stage lymph node metastasis (7/8), and a lower expres-
sion was observed in patients with N2/N3 stage lymph node 
metastasis (11/20). miRNA‑373 levels were negatively corre-
lated with lymph node metastasis (Table I). No correlation 
was observed between miR‑373 expression and age, gender, 
tumor size, histological grade or clinical stage (Table I). Thus, 
it was hypothesized that miR‑373 may be used to distinguish 
between cases of malignant primary gastric cancer with or 
without lymph node metastasis, and gastric cancer with a 
lower level of miR‑373 may be more invasive.

Hsa‑miR‑373 represses the migration and invasion of 
gastric cancer SGC‑7901 and HGC‑27 cells. To investigate 
the role of miR‑373 in gastric cancer cellular metastasis 
in vitro, SGC‑7901 and HGC‑27 cells were transfected with 
miR‑373 mimics in vitro. The effect of miR‑373 on invasion 
and migration were studied by Transwell invasion assay and 
wound healing assay, respectively. Following treatment with 
miR‑373 mimics, the level of miR‑373 in transfected cells 
increased (Fig. 2A). The results of the Transwell invasion 
assay demonstrated that SGC‑7901 and HGC‑27 invasion 
was decreased by miR‑373 mimics compared with control 
cells (Fig.  2B). The results of the wound healing assay 

revealed that the wound size in miR‑373‑treated SGC‑7901 
and HGC‑27 cells was larger compared with control cells 
(Fig. 2C). These findings suggested that miR‑373 was able to 
inhibit the migration and invasion of SGC‑7901 and HGC‑27 
cells.

Hsa‑miR‑373 downregulates vimentin expression in SGC‑790 
1 and HGC‑27 cells. Previously miR‑373 has been reported to 
be an oncogene, and to serve a role in tumor metastasis (24). 
However, the mechanism underlying the role of miR‑373 in 
tumor metastasis remains unclear. Epithelial‑mesenchymal 
transition has been demonstrated to serve an important role 
in promoting metastasis in gastric cancer (25). Vimentin is 
an important mesenchymal marker and E‑cadherin is an 
epithelial marker. The effect of miR‑373 on vimentin and 
E‑cadherin expression was detected by western blotting. 
The results demonstrated that vimentin was downregulated 
in miR‑373 mimics‑treated cells compared with the nega-
tive control, and E‑cadherin was increased (Fig. 3A). The 
mRNA expression of vimentin was additionally decreased 
in miR‑373‑treated cells compared with the negative control 
(Fig. 3B). These results revealed that miR‑373 was able to 
downregulate vimentin expression in SGC‑7901 and HGC‑27 
cells.

Mmu‑miR‑294 represses the metastasis of mouse gastric 
cancer MFC cells by inhibiting vimentin. Hsa‑miR‑373 belongs 
to the miR‑371‑3 gene cluster, which has been demonstrated 
to be the homologous gene family of the Mmu‑miR‑294 gene 
family (22). Mouse miR‑294, a homologous gene of miR‑373, 

Figure 3. Hsa‑miR‑373 inhibits metastasis in SGC‑7901 and HGC‑27 cells via negative regulation of vimentin. Western blot analysis of vimentin, E‑cadherin 
and β‑actin proteins 48 h post‑transfection with miRNA mimics, in (Aa) SGC‑7901 and (Ab) HGC‑27 cells. Reverse transcription‑quantitative polymerase 
chain reaction analysis of vimentin levels 48 h post‑transfection with miRNA mimics, in (Ba) SGC‑7901 and (Bb) HGC‑27 cells. Data are presented as the fold 
change in miRNA levels relative to NC, which was set as 1. *P<0.05, **P<0.01, ***P<0.001. NC, negative control; miRNA/miR, microRNA.
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was used to further investigate the function of miR‑373 in 
mouse gastric cancer metastasis (Fig. 4). Mmu‑miR‑294 was 
overexpressed in the mouse gastric cancer MFC cell line. The 
wound healing results demonstrated that the wound size in 
miR‑294 mimics‑treated cells was larger compared with nega-
tive control cells at 48 h post miRNA transfection (Fig. 4B).

To verify the factors mediating the effect of miR‑294 in 
gastric cancer, the target of miR‑294 was identified using an 
online database. The prediction revealed that vimentin mRNA 
contained a potential miR‑294 seed sequence within its 
3'‑untranslated region (Fig. 4A). Western blotting revealed that 
the alteration in vimentin expression was inversely associated 

with miR‑294 abundance (Fig. 4C). These results demonstrated 
that mmu‑miR‑294 was able to repress the migration of gastric 
cancer cells by downregulating vimentin expression in vitro.

Hsa‑miR‑373 promotes the proliferation of gastric cancer 
SGC‑7901 and HGC‑27 cells in vitro. miR‑373 is able to reduce 
the metastasis of gastric cancer cells, in addition to promoting 
tumor cell proliferation under certain conditions. For example, 
overexpression of miR‑373 inhibits proliferation and tumor 
growth in colon cancer (26) and pancreatic cancer (24), while 
it promotes proliferation in testicular germ cell cancer (18). It 
is not clear whether miR‑373 is able to promote proliferation 

Figure 5. Hsa‑miR‑373 promotes the proliferation of gastric cancer SGC‑7901 and HGC‑27 cells. (A) Cell cycle distribution analysis 48 h post‑transfection 
by flow cytometry. (B) Western blotting for PCNA protein 48 h post‑transfection with miRNA mimics. (C) Cell colony assay for cell proliferation 48 h 
post‑transfection (magnification, x40). miRNA/miR, microRNA; PCNA, proliferating cell nuclear antigen; NC, negative control.

Figure 4. Mmu‑miR‑294 represses the metastasis of mouse gastric cancer MFC cells by inhibiting vimentin. (A) TargetScan 7.0 online software was used to 
predict potential factors mediated by mmu‑miR‑294. Predicted consequential pairing of target region (top) and miRNA (bottom). (B) Wound healing assay 
for cell migration 48 h post‑transfection with miRNA mimics (magnification, x40). (C) Western blotting for vimentin, E‑cadherin and β‑actin proteins 48 h 
post‑transfection with miRNA mimics. miRNA/miR, microRNA; UTR, untranslated region; NC, negative control.
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of gastric cancer cell. The present study investigated the role of 
miR‑373 in gastric cancer cell proliferation. Cell cycle analysis 
demonstrated that the percentage of cells in the S phase was 
increased following treatment with mimics (Fig. 5A). The 
expression of PCNA in mimics‑treated cells, as detected by 
western blotting, was upregulated markedly (Fig. 5B). The 
results of the colony‑formation assay demonstrated that cells 
transfected with mimics formed more colonies compared 
with control cells, and the diameter of colony‑formation 
units in transfected cells was larger compared with control 
cells (Fig. 5C). The results of the present study demonstrated 
that miR‑373 was able to promote the proliferation of gastric 
cancer SGC‑7901 and HGC‑27 cells in vitro.

Discussion

Gastric cancer is difficult to cure, since patients with gastric 
cancer frequently exhibit no obvious symptoms in the early 
stages. The majority of patients with gastric cancer are at the 
mid‑late stages when diagnosed. Over one‑half of patients with 
gastric cancer undergoing radical surgery suffer metastasis, 
and the long‑term survival of such patients is shortened (27). 
Thus, the exact molecular mechanisms in gastric cancer 
metastasis require further study.

miRNAs are a type of biomolecule involved in vast range 
of cellular processes, including proliferation, differentiation, 
senescence and apoptosis  (4‑6). The aberrant expression 
of miRNAs may lead to diseases, including cancer (28,29). 
miR‑373 was first identified to be an oncogene in the tumori-
genesis of human testicular germ cell tumors (18), and was 
upregulated in seminoma compared with normal testicular 
tissue. The expression of miR‑373 was additionally upregulated 
in breast cancer (30) and hepatocellular carcinoma (31). To 
elucidate the role of miR‑373 in gastric cancer, the expression 
of miR‑373 was analyzed in gastric cancer tissues and their 
paired non‑tumorous tissues by RT‑qPCR. The correlation 
between miR‑373 expression and clinical pathological char-
acteristics was subsequently assessed. The data showed that 
miR‑373 is up‑regulated in gastric cancer tissue than paired 
non‑tumorous tissues. Furthermore, the miRNA‑373 level was 
negatively correlated with lymph node metastasis.

Accumulating evidence has indicated that miR‑373 partici-
pates in tumor metastasis (32), and the role of human miR‑373 
in metastasis is dependent the tissue and organ type. miR‑373 
was first identified to be a metastasis‑promoting miRNA in 
breast cancer (30). Cluster of differentiation 44 was determined 
to be a functional target of miR‑373 and miR‑520c, which was 
responsible for the migration phenotype (30). In human fibro-
sarcoma HT1080 cells, miR‑373 and miR‑520c may promote 
migration. Serine/threonine‑protein kinase mechanistic 
target of rapamycin and NAD‑dependent protein deacetylase 
sirtuin‑1, which are negative regulators of matrix metallopro-
teinase 9 expression, have been demonstrated to be directly 
downregulated by miR‑373 and miR‑520 (33). These previous 
results illustrated the role of human miR‑373 in promoting 
breast cancer and fibrosarcoma metastasis.

However, miR‑373 was additionally demonstrated to 
function as a suppressor of cell migration and invasion. 
Wu et al (34) reported that the overexpression of miR‑373 
in lung cancer A549 cells decreased migration by targeting 

E‑cadherin. The hepatitis B antigen, which is involved in 
HBV‑associated hepatocellular carcinoma, was demonstrated 
to be able to downregulate the expression of miR‑373 which 
consequently reduces E‑cadherin expression, suggesting that 
hepatocellular carcinoma with low miR‑373 expression may 
be more invasive  (31). Although these data demonstrated 
that miR‑373 is involved in the metastasis of tumors from 
different tissues and organs, no clear explanation of the role 
of miR‑373 in gastric cancer metastasis was reported. To 
examine the impact of miR‑373 on the metastasis of gastric 
cancer, the present study used miRNA mimics to perform 
gain‑of‑function experiments. The results demonstrated that 
miR‑373 overexpression was able to inhibit the migration 
and invasion of gastric cancer SGC‑7901 and HGC‑27 cells 
in vitro by inhibiting vimentin expression.

Although it was observed that miR‑373 served an impor-
tant role in the metastasis of gastric cancer, that gastric cancer 
with a lower level of miR‑373 may be more invasive, and that 
miR‑373 overexpression inhibited the migration and invasion 
of gastric cancer cells by repressing vimentin, the question 
of whether vimentin is the direct target of miR‑373 was not 
examined in the present study. Therefore, further studies are 
required to clarify the direct target of miR‑373 in gastric 
cancer.

In conclusion, these findings suggested that miR‑373 may 
be associated with gastric cancer, and that gastric cancer with 
a lower level of miR‑373 may be more invasive. miR‑373 may 
inhibit the metastasis of gastric cancer cells by suppressing the 
expression level of vimentin. The results of the present study 
demonstrated an oncogenic role of miR‑373 in the metastasis 
of human gastric cancer, and may provide a novel therapeutic 
strategy for gastric cancer with lymph node metastasis.
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