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Abstract. Gastric cancer (GC), the second most common 
malignant cancer worldwide, gives rise to a number of 
cancer-associated fatalities annually. Accumulating evidence 
has shown that microRNAs (miRs) may serve as oncogenes or 
tumor suppressors in GC development. The aim of this study 
was to discover the expression, function and mechanism of 
miR‑761 in GC progression. First, the findings revealed that 
the expression level of miR‑761 was significantly decreased in 
GC cell lines and tissues. The functional studies showed that 
miR-761 in GC cells inhibited tumor proliferation and metas-
tasis. In the mechanistic study, through an online database 
search and luciferase assay, Ras and Rab interactor 1 (RIN1), 
which has been demonstrated as an oncogene in various 
types of cancer, including GC, was identified as a target of 
miR-761. Notably, miR-761 expression was demonstrated to be 
negatively correlated with RIN1 mRNA levels in GC tissues. 
Simultaneously, overexpression of RIN1 partially rescued 
the inhibitory effect of miR-761 mimic in the GC cells. The 
present study provided new insights into the role of miR-761 in 
the progression of GC, and implicated the potential application 
of miR-761 in GC cell therapy.

Introduction

Gastric cancer (GC), the second most common malignant 
cancer worldwide, gives rise to a number of cancer-associated 
fatalities annually (1). Despite improvements in the diagnosis 
and treatment of the disease, however, the prognosis and the 
five‑year survival rate of GC remains poor (2). Most patients 
with GC are diagnosed at an advanced stage, at which point 
GC treatment becomes difficult due to extensive tumor 

invasion and lymphatic metastasis (3,4). Consequently, to 
provide improved GC interventions, a greater understanding 
of the mechanism of GC and accurate identification of novel 
therapeutic targets are necessary.

MicroRNAs (miRs/miRNAs) are a class of short 
non-coding RNAs of ~22 nucleotides in length, with the 
ability to regulate gene expression by directing target 
mRNAs for degradation (5,6). Several studies have shown 
that miRNAs are involved in regulating several cellular 
functions, including cell proliferation, apoptosis, motility 
and differentiation (6). In recent years, a great number 
of miRNAs have been identified and characterized as 
tumor suppressors or oncogenes in GC, and many of these 
molecules have been associated with GC metastasis, inva-
sion and drug resistance (7,8). miR-761 was recently reported 
to play important roles in human cancer, including breast 
cancer, hepatocellular carcinoma, non-small cell lung cancer, 
glioma and colorectal cancer (9-14). miR-761 serves as an 
oncogene or tumor suppressor in different types of cancer, 
depending on the tissue in which it is expressed. However, 
the expression, biological function and molecular mechanism 
of miR-761 in the progression of GC have not been well 
elucidated. Therefore, the determination of the function and 
mechanism of miR-761 in GC is essential.

In the present study, the expression level of miR-761 
was decreased in GC tissues and cell lines compared with 
that in normal cells. Overexpression of miR-761 decreased, 
whereas knockdown of miR-761 promoted, the proliferation 
and migration of GC cells. The molecular mechanism study 
also demonstrated that RIN1 is a direct downstream target of 
miR-761 in GC cells, and that overexpression of RIN1 could 
rescue the inhibitory effect of the miR-761 mimic on the 
biological function of GC cells.

Materials and methods

Cell culture. Human GC cell lines MGC‑803 (well differenti-
ated adenocarcinoma), SGC-7901 (moderately differentiated 
adenocarcinoma), AGS (poorly differentiated adenocarci-
noma) and BGC-823 (poorly differentiated adenocarcinoma), 
immortal human gastric epithelial GES-1 cells and 293T cells 
were obtained from the Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China). All cells were grown in DMEM 
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(Thermo Fisher Scientific, Inc.) containing 10% fetal bovine 
serum (FBS; Thermo Fisher Scientific, Inc.) at 37˚C under a 
humidified atmosphere containing 5% CO2.

Human tissues. GC tumor tissues and adjacent normal tissues 
were obtained for the current study from 20 patients (age 
range, 49‑71 years old; 12 males and 8 females) who under-
went surgery for stomach cancer at the Affiliated Hospital 
of Weifang Medical University (Weifang, China) between 
June 2015 and June 2016. Prior written informed consent 
was obtained from each patient. Patients who underwent 
chemotherapy or radiotherapy prior to surgery were excluded 
from the current study. The study methodologies and the 
experiments were approved by the ethics committee of the 
Affiliated Hospital of Weifang Medical University (approval 
no. WYFY20150109002). Following removal, all tissues were 
stored at ‑80˚C immediately, until use.

Cell transfection. The miR-761 mimic (5'-UCA GCA GGC 
AGG CUG GUG CAG CGG TAT TCG CAC TGG ATA CGA CGA 
ACT TT‑3'), miRNA negative control (miR‑NC; 5'‑ACU ACU 
GAG UGA CAG UAG A-3'), miR-761 inhibitor (5'-GCU CCU 
GGA GCG UGU UAA UCC UGA-3') and inhibitor negative 
control (anti‑NC; 5'‑UUC UCC GAA CGU GUC ACG UTT‑3') 
were obtained from Guangzhou RiboBio Co., Ltd. The open 
reading frame of RIN1 was inserted into pcDNA3.1 vector 
(Invitrogen; Thermo Fisher Scientific, Inc.) to generate the 
pcDNA3.1/RIN1 vector. The empty pcDNA3.1 vector (empty 
vector) was used as the control. A total of 5x105 SGC-7901 
cells were transfected with miR-NC (2.5 µg) or miR-761 
mimic (2.5 µg) and/or pcDNA3.1/RIN1 vector (100 nM) or 
empty vector (100 nM) using Lipofectamine® 2000 reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. A total of 5x105 BGC-823 cells 
were transfected with anti-NC (2.5 µg) or miR-761 inhibitor 
(2.5 µg) using Lipofectamine® 2000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. Reverse transcription‑quantitative PCR (RT‑qPCR) 
was carried out to analyze the transfection efficiency after 48 h. 
Western blot analysis was carried out 72 h after transfection.

Cell Counting Kit‑8 (CCK‑8) assay. A CCK-8 assay (Beyotime 
Institute of Biotechnology) was carried out to detect cell 
proliferation. GC cells (3,000 cells/well) were seeded into 
96-well plates. Then, 10 µl CCK-8 solution was added to the 
wells. The absorbance of each well at 0, 24, 48 and 72 h was 
detected at 450 nm.

Colony‑formation assay. Cells were transfected with miR-761 
mimic, miR-NC, miR-761 inhibitor or anti-NC, as described 
above. The transfected cells were trypsinized, counted, and 
re-plated in a 6-well plate at a density of 400 cells/well. After 
10 days, colonies resulting from the surviving cells were fixed 
with 4% paraformaldehyde for 10 min at room temperature, 
stained with 0.1% crystal violet for 5 min at room temperature 
and counted. Colonies containing ≥50 cells were scored. Each 
assay was performed in triplicate.

Transwell assay. The migration and invasion assay was carried 
out using Transwell chambers (Corning Inc.). GC cells (5x104) 

were plated on the top chamber in DMEM (Thermo Fisher 
Scientific, Inc.) without serum. Medium containing 10% FBS 
was added to the bottom chamber. Following incubation at 
37˚C in an atmosphere containing 5% CO2 for 24 h, cells on the 
lower filter were fixed with 4% paraformaldehyde (Beyotime 
Institute of Biotechnology) at room temperature for 20 min, 
and stained with 0.5% crystal violet at room temperature for 
10 min. Cells migrating through the membrane were counted 
using a light microscope. For detecting cell invasion potential, 
50 µl pre‑diluted Matrigel (BD Biosciences) was firstly added 
into the chambers and incubated at 37˚C for 2 h. The cells were 
later processed similar to that of cell migration assay.

Bioinformatics prediction. To investigate the possible target 
genes of miR-761, the online prediction system, TargetScan 7.1 
software (http://www.targetscan.org), was used.

Dual‑luciferase reporter assay. The wild‑type (WT) or 
mutant (MUT) RIN1‑3'UTR which contained the miR‑761 
binding sites was inserted into the psiCHECK2 vector 
(Promega Corporation). 293T cells (2x104) were co-trans-
fected with 0.1 mg psiCHECK2‑WT RIN1‑3'‑UTR or 0.1 mg 
psiCHECK2‑MUT RIN1‑3'‑UTR and 10 nM miR‑761 mimic 
or 10 nM miR‑761 inhibitor using Lipofectamine® 2000 reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. Cells were cultured 37˚C for 24 h and 
luciferase activities were analyzed using the Dual-Luciferase 
Reporter Assay system (GeneCopoeia, Inc.) according to the 
manufacturer's protocol. The activity of firefly luciferase was 
normalized to the corresponding Renilla luciferase activity.

Western blot assay. Total proteins were extracted from cells 
using radioimmunoprecipitation lysis buffer (Thermo Fisher 
Scientific, Inc.) and the protein content was determined using 
the Bicinchoninic Acid Protein assay kit (Beyotime Institute 
of Biotechnology). Proteins (30 µg) were separated by 
SDS‑PAGE (10% gels) and transferred to polyvinylidene fluo-
ride membranes (EMD Millipore). Membranes were blocked at 
room temperature with 5% non‑fat milk for 1 h and incubated 
at 4˚C overnight with the following antibodies: GAPDH (cat. 
no. ab9485; 1:500; Abcam), RIN1 (cat. no. ab251835; 1:200; 
Abcam), and subsequently with goat anti-rabbit secondary 
antibodies (cat. no. ab150077; 1:1,000; Abcam) at room 
temperature for 2 h. The blots were detected by an enhanced 
chemiluminescence (ECL) system (Thermo Fisher Scientific, 
Inc.), and developed using X‑ray film.

RT‑qPCR. Total RNA was isolated from GC tumor tissues, 
adjacent normal tissues, GC cells and GES-1 cells using 
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) and 
cDNA was synthesized at 70˚C for 5 min using a Maxima First 
Strand cDNA Synthesis kit (Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol. The gene expression 
levels of RIN1 and miR-761 were determined using a SYBR 
Green qPCR kit (Thermo Fisher Scientific, Inc.), and calcu-
lated using the 2-ΔΔCq method (15). The PCR thermocycling 
conditions were: 94˚C for 2 min followed by 30 cycles of 94˚C 
for 30 sec, 61˚C for 30 sec, and 72˚C for 30 sec. To determine 
RIN1 mRNA expression levels, GAPDH served as an internal 
control. To examine the expression levels of miR-761, U6 acted 
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as the internal control. The primers used for amplification were 
as follows: miR‑761 forward, 5'‑ACA GCA GGC ACA GAC‑3'; 
miR‑761 reverse, 5'‑GAG CAG GCT GGA GAA‑3'; U6 forward, 
5'‑CTC GCT TCG GCA GCA CA‑3'; U6 reverse, 5'‑AAC GCT 
TCA CGA ATT TGC GT‑3'; RIN1 forward, 5'‑GCA CCT GGC 
GAG AGA AAA G‑3'; RIN1 reverse 5'‑TAG ATT TCC GCA CGA 
GGA ACG‑3'; GAPDH forward, 5'‑GGT GAT GCT GAG TA‑3'; 
reverse 5'-GGA TGC AGG GAT GAT GTT CT-3'.

Statistical analysis. Each experiment was repeated ≥three 
times. Statistical analysis was carried out using SPSS software 
(version 13.0; SPSS, Inc.). Unless otherwise indicated, the data 
were evaluated as the mean ± standard deviation. Pearson's 
correlation analysis was used to analyze the correlation 
between miR-761 and RIN1 mRNA expression. Data of >two 
groups were analyzed using one-way analysis of variance with 
Tukey's post hoc test. Student's t-test was used to analyze the 
results between two groups. P<0.05 was considered to indicate 
a statistically significant difference.

Results

miR‑761 expression is downregulated in GC tissues and cell 
lines. RT‑qPCR was carried out to analyze the expression level 
of miR-761 in GC tissues and cell lines. As demonstrated in 
Fig. 1A, the expression of miR‑761 was significantly decreased 
in GC tissues compared with that in the corresponding normal 
adjacent tissues. In addition, miR-761 expression in GC cells 
and normal gastric epithelium GES-1 cells was analyzed. The 
results illustrated that miR‑761 was significantly decreased in 
GC cell lines compared with that in the GES‑1 cells (P<0.05; 
Fig. 1B). These data indicate that miR-761 may play a critical 
role in the progression of GC.

miR‑761 inhibits the proliferation of GC cells. To study 
the functional role of miR-761 in the progression of GC, 
SGC-7901 and BGC-823 cells were selected for biological 
function experiments, based on the miR-761 expression 
results in the GC cells analyzed via RT‑qPCR (relatively lower 
in the SGC-7901 cells and relatively higher in BGC-823). 
miR-761 mimic oligonucleotides were transfected into 
SGC-7901 cells and mir-761 inhibitor into BGC-823 cells, 

and its expression was detected via RT‑qPCR. The results 
confirmed the transfection efficiency (P<0.05; Fig. 2A). 
The results of the CCK-8 assay showed that miR-761 over-
expression decreased the proliferation of SGC-7901 cells 
transfected with miR-761 mimic compared with that of the 
cells transfected with miR‑NC (P<0.05; Fig. 2B), and the 
opposite effect was observed in BGC-823 cells subjected 
to miR‑761 silencing (P<0.05; Fig. 2C). A colony‑formation 
assay was performed to further examine the proliferation 
effects of miR-761. Consistent with the CCK-8 assay, the 
results of the colony-formation assay showed that miR-761 
overexpression significantly decreased the colony‑formation 
ability of SGC-7901 cells, whereas miR-761 inhibition 
exhibited the opposite effects in the BGC‑823 cells (P<0.05; 
Fig. 2D). These data suggest that miR-761 may act as a tumor 
suppressor in GC.

miR‑761 inhibits the migration and invasion of GC cells. To 
further illustrate the function of miR-761 in the progression 
of GC, a Transwell migration and invasion assay was carried 
out. The results showed that the number of migrating and 
invading cells was significantly decreased in the SGC‑7901 
cells transfected with miR-761 mimic, and the opposite results 
were observed when miR-761 was silenced in the BGC-823 
cells (P<0.05; Fig. 3). These data further indicate that miR‑761 
may serve as tumor suppressor in GC.

RIN1 is a direct downstream target of miR‑761 in GC cells. 
The molecular mechanisms underlying the aforementioned 
functions were further explored. Among the potential candi-
dates, detected via bioinformatic analysis (data not shown), 
RIN1 was selected as the focus of this study. The TargetScan 
target gene prediction analysis identified position 44‑51 at 
the 3'untranslated region (3'-UTR) of RIN1 mRNA as a 
possible site of action of miR-761 (Fig. 4A). A luciferase 
reporter assay was performed to evaluate whether RIN1 is 
a direct target gene of miR-761. The results demonstrated 
that miR-761 markedly decreased the luciferase activity 
in the WT group compared with the miR‑NC (Fig. 4B), 
whereas no significant differences were observed among 
the groups of cells with the Mut expression (Fig. 4B). Next, 
the results of the RT‑qPCR and western blot assays showed 

Figure 1. miR-761 is downregulated in GC tissues and cell lines. The expression level of miR-761 in (A) GC tissues and adjacent normal tissues, and (B) GC 
cell lines and GES‑1 cells was analyzed using reverse transcription‑quantitative PCR. U6 acted as the internal control. *P<0.05. miR, microRNA; GC, gastric 
cancer.
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Figure 3. miR-761 decreases the migration and invasion of GC cells. The cell migration ability was assessed using a Transwell assay. (A) The ectopic expres-
sion of miR-761 in SGC-7901 cells decreased the migration and invasion capability. (B) The silencing of miR-761 in BGC-823 cells increased the migration 
and invasion capability. Scale bar, 100 µm. *P<0.05. miR, microRNA; miR‑NC, microRNA negative control; anti‑NC, inhibitor negative control.

Figure 2. miR-761 inhibits the proliferation of gastric cancer cells. (A) The expression level of miR-761 in SGC-7901 (transfected with miR-761 mimic or 
miR‑NC) and BGC‑823 cells (transfected with miR‑761 inhibitor and anti‑NC), determined by reverse transcription‑quantitative PCR. U6 acted as the internal 
control. The Cell Counting Kit-8 assay was used to detect the cell proliferation of (B) SGC-7901 and (C) BGC-823 cells. (D) A colony-formation assay was 
used to analyze the cell proliferation capability of SGC-7901 and BGC-823 cells. *P<0.05. miR, microRNA; miR‑NC, microRNA negative control; anti‑NC, 
inhibitor negative control.
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decreased RIN1 expression in miR-761-overexpression cells, 
and enhanced RIN1 expression in miR-761-silenced cells 
(P<0.05; Fig. 4C, D). In addition, the mRNA expression of 
RIN1 in tumor tissues was significantly elevated compared 
with that in normal tissues (P<0.05; Fig. 4E), and a negative 
correlation between RIN1 mRNA and miR-761 expression 
was revealed in GC tissues (P<0.05; Fig. 4F). These data 
suggest that miR-761 directly targets and regulates RIN1 
expression in GC.

RIN1 is a functional downstream target of miR‑761 in GC 
cells. This study investigated whether RIN1 overexpression 
was able to rescue the antitumor activity of miR-761 mimic 
in GC cells. SGC-7901 cells were transfected with miR-761 
mimic and RIN1 overexpression plasmid. The western blotting 
results illustrated that the expression of RIN1 was enhanced 
in the RIN1 + miR-761 mimic group compared with that 
in the empty vector + miR-761 mimic group (Fig. 5A). The 
results of the CCK-8 and Transwell assays showed that RIN1 

overexpression reversed the suppressive effects induced by the 
miR‑761 mimic on GC cell proliferation (P<0.05; Fig. 5B), 
migration and invasion (P<0.05; Fig. 5C and D). These data 
indicate that miR-761 may inhibit GC progression partially 
through the downregulation of RIN1.

Discussion

Although metastasis is the predominant cause of cancer-asso-
ciated mortality, a comprehensive review of the modular 
and cellular determinants governing the related processes 
has not been conducted. Accumulating evidence has shown 
that miRNAs are aberrant in various types of cancer, and 
closely associated with progression and metastasis. Recent 
studies revealed that miR-761 presents important functions 
in human cancer types: It functions as an oncogene in breast 
cancer, hepatocellular carcinoma and non-small cell lung 
cancer (11,12,14), and serves as a tumor suppressor in glioma, 
colorectal cancer and ovarian cancer (9,10,13). However, the 

Figure 4. RIN1 is a direct downstream target of miR-761 in GC cells. (A) TargetScan prediction of miR-761 binding site on the 3'-UTR region of RIN1. 
(B) A dual‑luciferase assay was performed on 293T cells co‑transfected with the RIN1‑3'‑UTR‑WT reporter plasmids and either miR‑761 mimic or inhibitor. 
(C) A reverse transcription‑quantitative PCR assay was used to analyze the RIN1 mRNA levels in response to miR‑761 expression changes in GC cells. 
GAPDH acted as the internal control. (D) Western blot analysis was used to detect the RIN1 protein expression in response to miR‑761 expression changes in 
GC cells. GAPDH acted as the loading control. (E) The mRNA expression level of RIN1 was analyzed in GC and adjacent normal gastric tissues. GAPDH 
acted as the normalization control. (F) Pearson's correlation analysis revealed the correlation between the expression levels of miR‑761 and RIN1 mRNA in GC 
tissues. *P<0.05. miR, microRNA; 3'‑UTR, 3'untranslated region; RIN1, Ras and Rab interactor 1; WT, wild‑type; MUT, mutant; GC, gastric cancer; miR‑NC, 
microRNA negative control; anti‑NC, inhibitor negative control.
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expression, function and underlying molecular mechanism of 
miR-761 in GC have not been evaluated.

In the present study, miR-761 was found to be down-
regulated in GC tissues and cell lines, consistent with 
data from cancer types in which miR-761 acts as a tumor 
suppressor (9,10,13). However, the association between 
miR-761 and the differentiation of GC cells was not inves-
tigated in this study. The functional assays demonstrated 
that miR-761 suppressed cell proliferation, migration and 
invasion. These data suggest that miR-761 serves as a tumor 
suppressor in GC.

Each miRNA targets certain genes, and the identifica-
tion of these targets may help illustrate the pathogenesis 
of cancer (7). In the present study, the potential target of 
miR-761 was predicted using bioinformatics analysis, and 
RIN1 (a Ras effector protein) was identified as a molecule 
of interest. Previous studies have shown that RIN1 promotes 
tumor progression in non-small cell lung cancer, bladder 
urothelial carcinoma, renal cell carcinoma, melanoma, gastric 
adenocarcinoma and hepatocellular cancer (16-22). However, 
the mechanism of RIN1 in promoting tumor progression had 
not been determined. In this study, the relative expression of 
RIN1 in GC tissues was revealed, and RIN1 was significantly 
overexpressed in GC samples compared with normal tissues. 
It was also demonstrated that RIN1 is a direct target gene of 
miR‑761, using a luciferase assay, RT‑qPCR and western blot-
ting. Furthermore, a negative correlation was revealed between 
RIN1 mRNA and miR-761 expression in GC tissues. Finally, 

the restoration of RIN1 was found to rescue the inhibition of 
proliferation, migration and invasion induced by the miR-761 
mimic. These data therefore suggest that miR-761 suppresses 
GC progression by directly targeting RIN1. However, the 
signaling pathway regulated by the miR‑761/RIN1 axis has 
not been explored.

A previous study reported that RIN1 regulated the 
epidermal growth factor receptor (EGFR) signaling pathway 
and promoted renal cell carcinoma malignancy in renal 
carcinogenesis (15). The association between miR-761 and the 
EGFR signaling pathway has not been illustrated, and this 
topic may be a novel research direction. In addition, the present 
study described the function and mechanism of miR-761 
only in vitro. In future studies, in vivo experiments will be 
performed to support the present results. Thirdly, it is worth 
mentioning that each miRNA can regulate numerous genes, 
and multiple miRNAs may regulate the same gene. Therefore, 
the possibility of other target genes that may also be involved 
in the suppressive effects of miR-761 cannot be excluded, 
highlighting a further novel research direction.

In summary, this study revealed for the first time that 
miR‑761 was significantly decreased in GC tissues and cell 
lines compared with normal tissues. miR-761 may serve as 
a tumor suppressor and decrease cell proliferation, migra-
tion and invasion by repressing RIN1 in GC cells. Therefore, 
miR-761 may be a potential biomarker for the prognosis of GC 
and a novel therapeutic target for treating advanced stages of 
this disease.

Figure 5. RIN1 is a functional target gene of miR-761 in gastric cancer cells. (A) The protein expression of RIN1 in SGC-7901 cells transfected with 
miR-761 mimic alone or miR-761 mimic + RIN1 overexpression plasmid. (B) The proliferation of SGC-7901 cells was analyzed using the Cell Counting 
Kit-8 assay. *P<0.05 vs. miR‑761 mimic + RIN1 overexpression plasmid. (C and D) The migration and invasion of SGC‑7901 cells was detected using 
a Transwell assay. Scale bar, 100 µm. *P<0.05 empty vector + mimic group vs. miR‑761 mimic + RIN1 overexpression plasmid. RIN1, Ras and Rab 
interactor 1; miR, microRNA.
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