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Abstract: MiR-381 has been reported to be deregulated in many different types of human cancers. However, the 
clinical significance and function of miR-381 in gastric cancer (GC) remains unclear. Based on real-time quantita-
tive PCR (RTq-PCR) analysis, we found that miR-381 was frequently lost or downregulated in GC tissues and cell 
lines, and decreased miR-381 was correlated with GC tumor size (P=0.012), TNM stage (P=0.007), invasion depth 
(P=0.008) and lymphatic metastasis (P=0.019). Cellular function assays revealed that miR-381 restoration inhib-
ited cell proliferation, migration and invasion of GC cells. In addition, we validated that ROCK2 was as a direct target 
of miR-381, and knockdown of ROCK2 had similar with effects of miR-381 restoration in GC cells, while overexpres-
sion of ROCK2 attenuated the inhibitory effects of miR-381 on GC cells. These data suggest that miR-381 serves as 
a tumor suppressor by targeting ROCK2, which may provide a potential therapeutic tool for GC therapy.
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Introduction

Gastric cancer (GC) is one of the most common 
cancers and cause of cancer-related deaths 
worldwide, with a 5-year survival rate of 25% or 
less, which is mainly due to the non-specific 
symptoms during the early stages of GC [1-4]. 
Although extensive studies have investigated 
the etiology of gastric cancer, the molecular 
mechanisms underlying the pathogenesis and 
progression of GC remain undefined. 

MicroRNAs (miRNAs) are a class of endogenous 
small non-coding RNAs and act as important 
regulators of more than half of genes by bind- 
ing to specific target mRNAs and leading to 
direct mRNA degradation or translational re- 
pression [5-7]. Numerous studies have reveal- 
ed that miRNAs play crucial roles in various  
biological processes and diseases including 
human cancers [8-10]. Emerging evidence de- 
monstrates that miRNA alteration is highly as- 
sociated with the initiation and progression of 
all types of human cancers, which may provide 
new therapeutic targets to deal with human 
cancers [11]. MiR-381 has been reported to be 

deregulated in several human cancers, such as 
colorectal [12, 13], ovarian [14], breast [15], 
glioma [16-18], lung [19], hepatocellular [20] 
and prostate cancer [21]. These reports also 
revealed that aberrant regulation of miR-381 is 
involved in many processes of tumor progres-
sion including cell proliferation, invasion and 
metastasis. However, the clinical significance 
and function of miR-381 in GC progression and 
the underlying mechanism remain unknown. 

In the present study, we aimed to elucidate the 
involvement of miR-381 in GC. Our study indi-
cated that miR-381 was frequently downregu-
lated in primary GC and correlated with GC pro-
gression. In vitro functional study revealed that 
enhanced expression of miR-381 in GC cell line 
BGC823 inhibited cell proliferation, migration 
and invasion. Furthermore, we found that miR-
381 directly targeted and inhibited ROCK2, and 
ROCK2 overexpression significantly attenuated 
the inhibitory effects of miR-381 on BGC823 
cells. In conclusion, we demonstrated that miR-
381 might function as a tumor suppressor by 
directly targeting ROCK2 in GC cells.
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Materials and methods

Clinical samples and cell lines

Primary GC tissue samples were collected  
from Xiangya Hospital between Apr, 2013 to 
Oct, 2015, and the clinicopathologic informa-
tion of the GC patients was summarized in 
Table 1. Written informed consent was ob- 
tained from all participants, and the use of 
these samples was approved by the ethical 
review committees of the Xiangya Hospital 
Ethic Committee of Central South University. 
Five GC cell lines (SGC7901, MGC803, BGC- 
823, AGS and MKN45) and the gastric epithe-
lial cell line GES-1 were purchased from the 
Type Culture Collection of the Chinese Acade- 
my of Sciences (Shanghai, People’s Republic  
of China) and maintained in 90% RPMI-1640 
(BioTeke Corporation, Beijing, China) supple-
mented with 10% fetal bovine serum (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA).

Real-time quantitative PCR (RTq-PCR)

Total RNA was isolated from GC tissues and  
cell lines by Trizol reagent (Life Technologies, 

cules, CA, USA). The membrane was blocked 
with 5% nonfat milk and incubated with indi-
cated antibodies, followed by the HRP-conju- 
gated secondary antibody. Antibodies of RO- 
CK2, MMP2, MMP9 and β-actin were obtained 
from Abcam (Abcam, MA, USA). The Signals 
were detected with enhanced chemilumines-
cence reagents (Pierce, Rockford, IL, USA).

Luciferase reporter assay

A fragment of the 3’UTR of ROCK2 containing 
predicted miR-381 target seed sequence was 
amplified and cloned into the psiCHECK-2 vec-
tor (Promega, Shanghai, China). The mutation 
of the predicted seed regions in the ROCK2 
3’UTR sequence was performed using the 
QuikChange™ Site-Directed Mutagenesis Kit 
(Stratagene, La Jolla, CA, USA). Relative lucifer-
ase activity (a ratio of firefly luciferase to renilla 
luciferase) after cotransfection of miR-381 
mimics or scramble mimics with wild type or 
mutant type of psiCHECK-2 vector into BGC- 
823 cells was measured by the Dual Lucifer- 
ase Reporter Assay system (Promega, Shang- 
hai, China).

Table 1. Correlation between miR-381 expression and clini-
copathological features in 134 gastric cancer patients

Parameters No. of 
cases

High miR-381 
expression

Low miR-381 
expression

P 
value

Gender 0.36
    Male 69 36 33
    Female 65 31 34
Age 0.431
    ≥60 74 38 36
    <60 60 29 31
Tumor size 0.012
    <5 cm 74 44 30
    ≥5 cm 60 23 37
Differentiation 0.191
    Well/Moderate 56 31 25
    Poor 78 36 42
TNM stage 0.007
    I+II 79 47 32
    III+IV 55 20 35
Invasion depth 0.008
    T1, T2 71 43 28
    T3, T4 63 24 39
Lymphatic metastasis 0.019
    Negative 69 41 28
    Positive 65 26 39

Gaithersburg, MD). First strand cDNA 
was synthesized according to the 
manufacturer’s instructions (Invitro- 
gen, Carlsbad, CA). Reverse tran-
scription and RTq-PCR were per-
formed by using a qSYBR-green  
PCR kit (Qiagen, Germantown, USA). 
U6 snRNA and β-actin were used  
as endogenous controls for miR- 
381 and ROCK2 relative express- 
ion, respectively. The primers used 
are as follow: ROCK2-F: 5’-CAGT- 
GGCATTGGGATAACATAA-3’, ROCK2- 
R: 5’-GGAATTGGGAAGGTTTCTACAT- 
3’; β-actin-F: 5’-AGGGGCCGGACTC- 
GTCATACT-3’, β-actin-R: 5’-GGCGGC- 
ACCACCATGTACCCT-3’. The specific 
primers for miR-381 and U6 snRNA 
were purchased from GeneCopoeia. 
The relative levels of miR-381 and 
ROCK2 of each sample were mea-
sured in triplicates using the 2-ΔΔCt 
method.

Western blot

Proteins were separated on 10% 
SDS-PAGE and then transferred to 
PVDF membranes (Bio-Rad, Her- 
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Plasmid construction, siRNA and cell transfec-
tion

ROCK2 coding region was amplified with the 
following primers (ROCK2-F, 5’-GAGCCTGGAT- 
GGACAAGAGGAA-3’; ROCK2-R, 5’-CTAGATTTT- 
CGAGCTAATCATC-3’) and cloned into pcDNA3.1 
vector to generate ROCK2 expressing vectors. 
The empty pCDNA3.1 vector was used as con-
trol. MiR-381 mimics, miR-381 inhibitor mimics 
and scramble mimics were purchased from 
RiboBio (Guangzhou, China). ROCK2 specific 
small interfering RNAs (siRNA-ROCK2, sense, 
5’-GGCACGACUAGCAGAUAAAUU-3’; antisense, 
5’-UUUAUCUGCUAGUCGUGCCUU-3’) and the 
negative control siRNA (siRNA-NC) were pur-
chased from GeneChem (Shanghai, China).  
Cell transfection was performed using Lipo- 
fectamine 2000 (Invitrogen) according to the 
manufacture’s instruction.

Cell proliferation, invasion and migration as-
says

BGC823 cells were plated in 96-well plates 
(5,000 per well), and allowed to grow for 24,  
48 and 72 h, then cell proliferation ability was 
assessed by a colorimetric assay using MTT 
solution (5 mg/ml) at 570 nm. Cell invasion 
ability was assessed using transwell invasion 
chambers coated with mgatrigel (BD Bioscien- 
ces, Franklin Lakes, NJ, USA). Cells suspended 
in 200 µl of FBS-free medium were added into 
the upper chamber. 500 µl of medium with 10% 
FBS as the nutritional attractant was added 
into the lower chamber. After 24 h, the cells 

that had invaded through the membrane were 
fixed with 20% methanol, stained with 0.1% 
crystal violet, imaged and counted using an 
inverted microscope (Olympus, Tokyo, Japan). 
Cell migration ability was assessed by wound 
healing assays. An artificial “wound” was cre-
ated using a pipette tip on a confluent cell 
monolayer. Then, the cells were then cultured 
for 24 hours and the wound closure was as- 
sessed by Scion Image Software (Scion Cor- 
poration, Frederick, MD).

Statistical analysis

SPSS 19.0 software (IBM, NY, USA) was used 
for all statistical analysis. Student’s t-test was 
used to analyze the differences in the experi-
ments. Chi-squared test was used to analyze 
differences of miR-381 expression with clinico-
pathological features. P<0.05 was considered 
statistically significant. 

Results

MiR-381 is frequently downregulated in gastric 
cancer

To examine the expression signature of miR-
381 in GC progression, we performed RTq-PCR 
analysis in 134 cases of primary GC and 23 
cases of normal gastric mucosa. We found that 
miR-381 expression levels were significantly 
decreased in GC cases compared to normal 
gastric mucosa (Figure 1A). We then extended 
to GC cell lines, and found that the expression 
of miR-381 was significantly downregulated in 

Figure 1. MiR-381 is frequently downregulated in GC tissues and cell lines RTq-PCR were performed to examine 
the expression levels of miR-381 in 134 primary GC and 23 normal gastric mucosa (A) and six GC cell lines (GES-1, 
SGC7901, MKN45, BGC823, AGS and MGC803) (B). *P<0.05 versus normal tissues, data shown are means ± SD.
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GC cell lines (SGC7901, MKN45, BGC823, AGS 
and MGC803) than that of the gastric epithe- 
lial cell line GES-1 and normal gastric mucosa 
(Figure 1B). Using the median value of the rela-
tive expression levels of miR-381 in all 134 
samples as a cutoff, we classified 67 samples 
as the low expression group. Correlation analy-
sis between miR-381 expression levels and 
clinicopathologic parameters revealed that the 
downregulation of miR-381 was significantly 
correlated with tumor size (P=0.012), TNM 
stage (P=0.007), invasion depth (P=0.008)  
and lymphatic metastasis (P=0.019) (Table 1). 
Taken together, these data suggest that de- 
creased expression level of miR-381 may be 
associated with GC carcinogenesis.

MiR-381 inhibits the proliferation, invasion 
and migration of BGC823 cells

We then assessed the biological role of miR-
381 in GC cells. We restored miR-381 expres-
sion in BGC823 cells (Figure 2A). MTT assays 
revealed that restoration of miR-381 inhibited 
the proliferation of BGC823 cells (Figure 2B). 
Transwell assays with matrigel (Figure 2C) and 
wound healing assays (Figure 2D) also showed 
that miR-381 had inhibitory effect on cell inva-
sion and migration ability, respectively. In con-
trast, when endogenous miR-381 was silenced 
with anti-miR-381 mimics in BGC823 cells, the 
cell proliferation (Figure 2B), invasion (Figure 
2C) and migration (Figure 2D) were increased. 

Figure 2. MiR-381 inhibits the proliferation, invasion and migration of BGC823 cells. (A) BGC823 cells were trans-
fected with miR-381 mimic, miR-381 inhibitor mimic or scramble mimic as negative control (NC), then miR-381 
expression levels were determined by RTq-PCR. The effects of miR-381 on cell proliferation, invasion and migration 
were determined using MTT assays (B), transwell assays with matrigel (C) and wound healing assay (D), respectively. 
*P<0.05 versus the control, data shown are means ± S.D.
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These observations suggested that miR-381 
might act as a tumor suppressor miRNA in GC 
cells.

MiR-381 directly inhibits ROCK2 by targeting 
its 3’UTR

To elucidate the molecular mechanism by which 
miR-381 exerts its inhibitory effects on GC 
cells, miRNA target analysis tools PicTar and 
TargetScan were used to explore potential tar-
get of miR-381. Among hundreds of potential 
targets, we focused on ROCK1 and ROCK2 in 
the study, considering the involvement of them 
in the pathogenesis of many human cancers 
including gastric cancer. To validate targeting of 
ROCK1 and ROCK2 by miR-381, we performed 
luciferase reporter assays. The wild type 3’UTR 
luciferase reporter plasmid (Wt-3’UTR) or the 
mutated (Mut-3’UTR) was cotransfected with 
miR-381 expressing plasmid or the control  
vector into BGC823 cells. The cotransfection  
of miR-381 expression plasmid with ROCK2 
Wt-3’UTR (but not ROCK1 Wt-3’UTR, data not 
shown) showed significant decreased lucifer-
ase activity compared with the control vector 
group, while ROCK2 Mut-3’UTR luciferase ac- 
tivity was not changed (Figure 3A, 3B). In addi-
tion, western blot analysis revealed that miR-
381 mimic significantly reduced the expression 

silencing ROCK2 inhibited cell proliferation, 
invasion and migration ability (Figure 4B-D). To 
further validate whether miR-381 exerts its 
inhibitory effect through downregulation of 
ROCK2 in GC cells, we overexpressed ROCK2 
in miR-381 mimic transfected BGC823 cells  
by transfecting ROCK2 expression plasmid. As 
expected, ROCK2 overexpression significantly 
attenuated the inhibitory effects of miR-381 
mimics on cellular proliferation, invasion and 
migration of BGC823 cells (Figure 4F-H). Col- 
lectively, our results revealed that ROCK2 par-
ticipates in cell growth and migration of GC 
cells. In addition, we examined the effect of 
ROCK2 on the expression levels of MMP2 and 
MMP9, which are well known important regula-
tors of cellular invasion and migration. Western 
blot analysis revealed that silencing of RO- 
CK2 significantly inhibited MMP2 and MMP9 
expression while ROCK2 overexpression sig- 
nificantly increased MMP2 and MMP9 in BGC- 
823 cells (Figure 5), suggesting that ROCK2 
might promote cell invasion and migration, at 
least partially by upregulating MMP2 and 
MMP9 in GC cells.

Discussion

Emerging evidence implied that miRNAs play 
crucial roles in the regulation of cellular func-

Figure 3. MiR-381 directly inhibits ROCK2 by targeting its 3’UTR. A. Predicted 
binding sequences of miR-381 in the 3’UTR of ROCK2. B. The ROCK2 3’UTR 
containing wild-type (WT) or mutant (Mut) 3’UTR of ROCK2 was subcloned 
into the luciferase reporter vector, then luciferase assay was performed in 
BGC823 cells cotransfected with miR-381 mimic and a luciferase reporter 
containing the wild-type (WT) or mutant (Mut) 3’UTR of ROCK2. Luciferase 
activity was determined 48 h after transfection. C. The expression levels of 
ROCK2 protein in BGC823 cells after 48 h transfection with miR-381 mim-
ic, miR-381 inhibitor or scramble mimic (NC) were measured western blot. 
*P<0.05 versus the negative control (NC), data shown are means ± S.D.

of ROCK2, while miR-381 in- 
hibitor increased ROCK2 ex- 
pression in BGC823 cells 
(Figure 3C). We did not found 
that ROCK1 protein expres-
sion was significantly chang- 
ed by miR-381 mimic or in- 
hibitor treatment (data not 
shown). These results reveal- 
ed that miR-381 directly in- 
hibited ROCK2 expression.

Silencing of ROCK2 inhibits 
the proliferation, invasion 
and migration of BGC823 
cells

To further validate that cell 
proliferation and migration is 
induced by ROCK2, siRNA 
knockdown of ROCK2 was 
performed and validated by 
western blot (Figure 4A). Si- 
milar to miR-381 restoration, 
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tions and altered miRNA levels have been found 
in the initiation or development process of 
human cancers [10]. MiR-381 has been report-
ed to be downregulated in several human can-

ported that miR-381 increased the in vitro and 
in vivo proliferation of glioma cells, and inhi- 
biting the endogenous expression of miR-381 
decreased cell proliferation and tumor growth, 

Figure 4. Silencing of ROCK2 inhibits the proliferation, invasion and migra-
tion of BGC823 cells. (A) BGC823 cells were transfected with ROCK2 specific 
siRNA (siRNA-ROCK2) or negative control siRNA (siRNA-NC). The knockdown 
of ROCK2 was validated by western blot. The effects of ROCK2 knockdown 
on cell proliferation, invasion and migration were determined using MTT as-
says (B), transwell assays with matrigel (C) and wound healing assay (D), 
respectively. (E) BGC823 cells were transfected with ROCK2 expression 
plasmids lacking its 3’UTR (pcDNA3.1-ROCK2) or empty pCDNA3.1 vector, 
and the expression of ROCK2 was examined by western blot. The effects 
of ROCK2 overexpression in miR-381 mimic transfected BGC823 cells on 
the proliferation, invasion and migration were assessed by MTT assays (F), 
transwell assays with matrigel (G) and wound healing assay (H), respectively. 
*P<0.05 versus the control, #P<0.05 versus the pcDNA3.1+miR-381 mimic 
group, data shown are means ± S.D.

cers [12, 14, 15, 19, 20],  
but increased in glioma [16-
18], suggesting that miR-381 
may act as a tumor suppres-
sor or oncogene in different 
types of cancers. In the pres-
ent study, based on RTq-PCR 
analysis in 134 cases of pri-
mary GC and 23 cases of  
normal gastric mucosa, we 
found that miR-381 was fre-
quently downregulated or lost 
in GC clinical samples. In 
addition, decreased miR-381 
was correlated with GC tu- 
mor size, TNM stage, invasion 
depth and lymphatic metas- 
tasis (Table 1), suggesting 
that miR-381 may act as a 
tumor suppressor in GC cells.

To validate our hypothesis, we 
restored and inhibited miR-
381 in BGC823 cells, respec-
tively. MTT, transwell and wo- 
und healing assays demon-
strated that miR-381 restora-
tion inhibited BGC823 cell 
proliferation, invasion and 
migration ability, respectively, 
and inhibiting the endoge-
nous expression of miR-381 
in BGC823 cells resulted in 
opposite effects. These ob- 
servations were consistent 
with previous findings that 
miR-381 has an inhibitory 
effect on cellular growth and 
migration in many types of 
cancers. For example, miR-
381 mimics significantly inhi- 
bited cell proliferation, inva-
sion and migration ability of 
HT29 and SW480 cells [12]. 
In hepatocellular carcinoma 
(HCC), miR-381 overexpres-
sion significantly inhibited 
HCC cell proliferation and  
colony formation and sup-
pressed cell invasion [20]. 
Inconsistently, Tang et al re- 
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suggesting that increased miR-381 is involved 
in the pathogenesis of glioma [16]. These data 
suggest that the roles of miR-381 might vary  
in different types of cancers. Here, we demon-
strated that miR-381 functions as a tumor  
suppressor by inhibiting the proliferation and 
migration and invasion of GC cells.

Generally, a specific microRNA exerts its func-
tion during a certain cancer development th- 
rough post-transcriptional regulating specific 
target genes [22, 23]. Thus, a specific miRNA 
may function as a tumor suppressor by nega-
tively regulating oncogenes, or an oncogene by 
downregulating tumor suppressor genes [11, 
24]. In the present study, we predicted and vali-
dated that ROCK2 was a novel direct target  
of miR-381 in GC cells. Luciferase reporter as- 
say and western blot analysis revealed that 
miR-381 directly targeted and inhibited ROCK2 
expression in BGC823 cells. ROCK2 plays a 
central role in the organization of the actin  
cytoskeleton [25-27] and is involved in a wide 
range of fundamental processes such as cell 
adhesion, proliferation, migration and apopto-
sis [28, 29]. Emerging evidence revealed that 
ROCK2 level is elevated and involved in the 
growth and metastasis of many kinds of can-
cers including GC [30, 31]. In the present  
study, we firstly conformed that targeting RO- 
CK2 by siRNA inhibited the proliferation, inva-
sion and migration ability of BGC823 cells. 
Matrix metalloproteinases (MMPs) are modu- 
lators of cancer invasion and metastasis in 
many kinds of cancers including GC [32, 33]. 
We found that silencing of ROCK2 significantly 
inhibited MMP2 and MMP9 expression while 
ROCK2 overexpression significantly increased 

BGC823 cells. Collectively, our data suggest a 
functional miR-381/ROCK2 interaction in GC 
cells.

In summary, our current results demonstrated 
that miR-381 might act as a tumor suppressor 
in GC cells via inhibiting ROCK2. Therefore, res-
toration of miR-381 might provide a therapeu-
tic strategy for GC treatment.
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