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Abstract: Recent studies have demonstrated that the dysregulation of miRNAs are frequently associated with can-
cer progression including gastric cancer (GC). MiR-211 was found to act as tumor suppressor in GC, however, the 
functional role of miR-211 involved in GC cell epithelial-mesenchymal transition (EMT) process still to be investi-
gated. In the study, we demonstrated that miR-211 was lower expression in gastric cancer tissues compared with 
adjacent normal tissues. Lower miR-211 expression was positively associated with distant metastasis and lymph 
node metastasis in GC patients. Survival curve by Kaplan-Meier method and log rank test revealed that lower 
miR-211 expression indicated a poor outcome in GC patients. Function assays showed that miR-211 inhibited cell 
invasion and cell epithelial-mesenchymal transition (EMT) process in GC by upregulating E-cadherin expression and 
down-regulating twist1 and N-cadherin expression. Furthermore, we demonstrated that miR-211 suppressed cell 
EMT by targeting MMP9 expression in GC. These results showed that miR-211 acted as a tumor suppressor in GC 
and may be a potential target of GC treatment.
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Introduction

Gastric cancer (GC) is the fourth most common 
cancer worldwide and the second leading 
cause of cancer-related deaths in China [1, 2]. 
The major therapeutic option for GC is surgical 
resection. However, patients with advanced GC 
often show poor survival over time rate due to 
tumor recurence and metastasis [3, 4]. 
Therefore, it is essential to explore novel thera-
peutic strategies to improve GC treatment.

MicroRNAs (MiRNAs) are some endogenous 
small non-coding RNA molecules that could 
bind to the target messenger RNAs (mRNAs) in 
the 3’-untranslated regions (3’-UTRs) and regu-
lated their expression [5]. MiRNAs play crucial 
roles in numerous biological processes includ-
ing cell differentiation, cell proliferation, cell 
apoptosis and tumor progression including GC 
[6, 7]. For example, miR-124 interacts with the 
Notch1 signaling pathway and has therapeutic 
potential against gastric cancer [8]. MiR-495 
and miR-551a inhibit the migration and inva-

sion of human gastric cancer cells by directly 
interacting with PRL-3 [9]. MicroRNA-339, an 
epigenetic modulating target is involved in 
human gastric carcinogenesis through target-
ing NOVA1 [10]. MicroRNA-218 inhibits the pro-
liferation, migration, and invasion and promotes 
apoptosis of gastric cancer cells by targeting 
LASP1 [11]. MiR-424-5p promotes proliferation 
of gastric cancer by targeting Smad3 through 
TGF-β signaling pathway [12]. Thus, these evi-
dences showed that miRNAs play important 
role in GC.

MiR-211 had been found to act as a tumor sup-
pressors or oncogenes in some tumors includ-
ing GC progression, such as, miR-211 promotes 
non-small cell lung cancer proliferation by tar-
geting SRCIN1 and regulating SRCIN1 expres-
sion [13]. MiR-211 suppresses cell proliferation 
by downregulating SATB2 expression in hepato-
cellular carcinoma [14]. MiR-211 modulates 
gemcitabine activity through downregulation of 
ribonucleotide reductase and inhibits the inva-
sive behavior of pancreatic cancer cells [15]. 
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Another study found that miR-211 inhibits cell 
proliferation and invasion of gastric cancer by 
down-regulating SOX4 expression [16]. How- 
ever, the role of miR-211 in GC EMT process is 
still needed to be explored.

In the study, we demonstrated that miR-211 
was lower expression in gastric cancer and 
associated with distant metastasis and lymph 
node metastasis in gastric cancer patients. 
Survival curve revealed that lower miR-211 
expression indicated a poor outcome in GC 
patients. Furthermore, we demonstrated that 
miR-211 suppressed cell EMT process by regu-
lating MMP9 expression. These results showed 
that miR-211 acted as a tumor suppressor in 
GC and may be a potential target of GC 
treatment.

Materials and methods

Patients and tissue sample 

A total of 72 cases of patient tissues and adja-
cent normal tissues who received GC radical 
resection at the Second Hospital of Jilin 
University were used in this study. All of patients 
were confirmed as gastric adenocarcinoma by 
two pathologists. No patient received preoper-
ative chemotherapy or radiotherapy. Tissues 
samples were immediately collected in liquid 
nitrogen and stored at -80°C for further analy-
sis. Tumor stage was evaluated according to 
the criteria of the WHO Classification of 
Tumours of the Digestive System, 2010 edition. 
This study was proved by the Ethics Review 
Board of The Second Hospital of Jilin University 
and written inform was obtained from all 
patients.

Cell culture and cell transfection

Human GC cell lines AGS, BGC-823, MKN45, 
SGC7901 and a normal human gastric epithe-
lial cell line GES-1 was purchased from the 
Chinese Academy of Sciences (Shanghai, 
China). Cell lines were cultured in RPMI-1640 
medium (Thermo Fisher Scientific, Waltham, 
MA, USA) with 10% fetal bovine serum and anti-
biotics (1% penicillin/streptomycin; Thermo 
Fisher Scientific) in a humidified chamber with 
an atmosphere of 5% CO2 at 37°C. MiR-211 
mimic and miR-211 inhibitor and niR-211 nega-
tive control were collected from Ribobio 
(Guangzhou, China). Cell transfection was per-

formed using the Lipofectamine 2000 Reagent 
(Invitrogen, USA) following to manufacturer’s 
instruction.

Cell invasion assay

Cells invasive ability was measured by using 
Transwell invasion chambers coated with 
Matrigel (BD Biosciences, USA) according to 
the manufacturer’s instruction. The transfected 
SGC-7901 and BGC-823 cells were collected 
and 1 × 105 cells/per well were resuspended in 
100 μL serum-free medium and then added to 
the upper chambers. 500 μL medium supple-
mented with 10% FBS was added to the lower 
chamber. After incubation for 36 h, the mem-
branes were fixed with methanol for 20 min and 
stained with 2% crystal violet for 20 min, and 
then be counted under a light microscope.

Quantitative real-time polymerase chain reac-
tion (qRT-PCR)

Total RNA was isolated from tissues or cultured 
cells by using Trizol regent (Invitrogen) accord-
ing to the manufacturer’s instructions. The miS-
cript II RT Kit (TAKAKA) was used to reverse 
RNA to cDNA. The qRT-PCR assay was per-
formed using a miScript SYBR Green PCR Kit 
(TAKAKA) according to the manufacturer’s 
instructions. The qRT-PCR analysis was con-
ducted on ABI 7500 Real-Time PCR System 
(ABI, Foster City, CA, USA). The miRNA expres-
sion was calculated by normalization to the 
internal control U6 using the 2-ΔΔCt method. 
Primers were as follows: β-actin forward, 
5’-TGACGGGGTCACCCACACTGTGCCCATCTA-3’, 
reverse, 5’-CTAGAAGCATTTGCGGTGGACGATG- 
GAGGG-3’. miR-211 forward, 5’-TTCCCTTTGT- 
CATCCTTCGCCT-3’.

Western blot analysis

Cells were harvested after transfected with 
miR-211 mimic, miR-211 inhibitor, miR-NC at 
48 h and lysed in RIPA buffer (Sigma). Proteins 
were separated by a 10% or 12% polyacryl-
amide gel and transferred to a PVDF mem-
brane. The membranes were probed with pri-
mary antibodies including anti-Twist1 (1:2000; 
Abcam, Cambridge, MA, USA), MMP9 (1:2000; 
Abcam, Cambridge, MA, USA), E-cadherin (Pro- 
teintech, Chicago, IL, USA), N-cadherin (Pro- 
teintech, Chicago, IL, USA), and GAPDH (Pro- 
teintech, Chicago, IL, USA) overnight 4°C fol-
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lowed by incubation with horseradish pero- 
xidase-conjugated secondary antibodies. En- 
hanced chemiluminescence (ECL) solution was 
added onto the membranes and protein expres-
sion was measured using Image J software. 
GAPDH was used as a internal control.

Dual luciferase reporter assay

The fragment of wild-type MMP9 3’-UTR 
(3’-UTR-WT) containing predicted miR-211 tar-
get sites was amplified by PCR, and mutant 
MMP9 3’-UTR (3’-UTR-MUT) was generated by 
mutating the conserved binding sites for miR-
211 using overlap-extension PCR method. The 
3000 SGC-7901 cells/per well were seeded in 
96-well plates before cell were transfected. 
Cell were transfected with miR-211 mimic 
cotransfected with wild or mutated 3’-UTR 
MMP9 reporter vector, Luciferase activity was 
measured after transfected at 48 h using the 
Dual-Glo luciferase assay system (Promega, 
Fitchburg, WI, USA) according to the manufac-
ture’s protocol.

Statistical analysis

All statistical analyses were performed by using 
the SPSS 20.0 version (SPSS Inc., Chicago, IL, 
USA). Data were tested using two-tailed Stu- 
dent’s t-test and one-way ANOVA. P<0.05 was 
considered to be statistically significant. 

Results

Expression of miR-211 was lower in GC tissues 

To investigate the expression of miR-211 in GC, 
we detected 72 paired tumor tissues and adja-
cent normal tissues in patients by performing 
qRT-PCR. As shown in Figure 1, the miR-211 
expression levels were lower in GC tissues com-
pared to adjacent normal tissues (50/72). We 
then determined whether miR-211 was as- 
sociated with clinicopathological factors. The 
results showed that miR-211 was closely asso-
ciation with distant metastasis and lymph node 
metastasis in gastric cancer patients (Table 1), 
but no significance between miR-211 and oth-
ers factors including age, gender, tumor size, 

Figure 1. Expression of miR-211 was lower in GC 
tissues and cells. A. Expression of miR-211 was 
detected in 72 cases of GC tissues and adjacent 
normal tissues by qRT-PCR assay. B. The survival 
curve by Kaplan-Meier method and log rank test 
revealed that lower miR-211 expression indicat-
ed a poor outcome in GC patients. C. The expres-
sion of miR-211 in four human GC cell lines AGS, 
BGC-823, MKN45, SGC7901 and normal human 
gastric epithelial cell line GES-1 were determined 
by qRT-PCR assay. Data were presented as mean 
± SD. **P<0.05.
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and so on (Table 1). Moreover, the survival 
curve by Kaplan-Meier method and log rank 
test revealed that lower miR-211 expression 
indicated a poor outcome in GC patients (log 
rank =7.738, P=0.005, Figure 1B). These 
results showed that miR-211 was lower in GC 
and lower miR-211 expression was associated 
with poor survival in GC patients, which indi-
cated that miR-211 may act as tumor suppres-
sor in GC.

MiR-211 suppressed cell invasion and epitheli-
al-mesenchymal transition (EMT) in GC

To uncover the function of miR-211 in the pro-
gression of GC cells, we analyzed the expres-
sion of miR-211 in four human GC cell lines 
AGS, BGC-823, MKN45, SGC7901 and normal 
human gastric epithelial cell line GES-1. The 
results showed that miR-211 was down-regu-

constructing wild-type MMP9 3’-UTR (3’-UTR-
WT) containing predicted miR-211 target sites 
that was amplified by PCR, and mutant MMP9 
3’-UTR (3’-UTR-MUT) that was generated by 
mutating the conserved binding sites for miR-
211 using overlap-extension PCR method 
(Figure 4A). The results showed that miR-211 
mimic significantly reduced the luciferase activ-
ity of the MMP9-3’-UTR-WT reporter, but did not 
affect the MMP9-3’-UTR-Mut reporter (Figure 
4B). Furthermore, the qRT-PCR analysis dem-
onstrated that the MMP9 mRNA expression lev-
els were down-regulated after transfected with 
miR-211 mimic into BGC-823 and SGC-7901 
cells, but up-regulated after transfected with 
miR-211 inhibitor into BGC-823 and SGC-7901 
cells (Figure 4C, 4D). Furthermore, the MMP9 
protein expression was also confirmed down-
regulated after transfected with miR-211 mimic 

Table 1. Correction between expression of miR-211 and 
clinical factors in 72 cases GC patients

miR-211 expression
Factors Patients 

number
Lower 
(n=37)

Higher 
(n=35)

p-value

Gender 0.159
    Female 37 22 15
    Male 35 15 20
Age 0.246
    ≤55 46 26 20
    >55 26 11 15
Tumor size 0.984
    <5 cm 39 20 19
    >5 cm 33 17 16
Histological grade 0.479
    Well and morderately 36 20 16
    Poorly 36 17 19
Depth of tumor 0.859
    T1-T2 26 13 13
    T3-T4 46 24 22
Distant metastasis 0.007a

    Positive 28 20 8
    Negative 44 17 27
Lymphatic metastasis 0.002a

    Positive 32 23 9
    Negative 40 14 26
TNM stage 0.584
    I-II 27 15 12
    III-IV 45 22 23
aP<0.05.

lated in GC cell compared with the 
expression in GES-1 cells (Figure 1C). 
Furthermore, we found that up-regula-
tion of miR-211 suppressed the cells 
invasion ability compared with miR-NC 
group in SGC-7901 and BGC-823 cells 
(Figure 2A-D). Moreover, we detected 
the association between miR-211 
expression and EMT in GC cells. The 
results showed that up-regulation of 
miR-211 in SGC-7901 and BGC-823 
cells led to relatively higher mRNA and 
protein levels of E-cadherin, but down-
regulated transcription factors Twist1 
and related markers N-cadherin in 
SGC-7901 and BGC-823 cells (Figure 
3A-D). Thus, these results showed th- 
at miR-211 suppressed cell invasion 
and epithelial-mesenchymal transition 
(EMT) in GC cells.

MiR-211 inhibits cell EMT by target 
MMP9 in GC

Furthermore, we used the bioinformat-
ics algorithms TargetScan and miR  
and a to search for potential targets of 
miR-211. The results showed that the 
3’-UTR region of MMP9 mRNA con-
tained a highly conserved binding site 
with a miR-211 seed sequence (Fig- 
ure 4A). To demonstrated that MMP9  
was a direct target of miR-211 in GC, 
we performed the luciferase activity 
reporter assays in SGC-7901 cells by 
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into BGC-823 and SGC-7901 cells, but up-regu-
lated after transfected with miR-211 inhibitor 
into BGC-823 and SGC-7901 cells (Figure 4E, 
4F). Thus, these results showed that miR-211 
inhibits cell EMT by target MMP9 in GC.

sion and cell epithelial-mesenchymal transition 
(EMT) process. EMT is a crucial process for GC 
invasion and metastasis. MiR-211 has been 
reported to be associated with EMT process in 
some tumors. Such as, the expression of miR-

Figure 2. MiR-211 suppressed GC cell invasion. A, B. Cell invasion was evaluated by transfecting miR-211 mimic or 
miR-211 NC into SGC-7901 cell by transwell cell invasive assay. C, D. Cell invasion was evaluated by transfecting 
miR-211 mimic or miR-211 NC into BGC-823 cell by transwell cell invasive assay. Data were presented as mean ± 
SD. **P<0.05.

Figure 3. MiR-211 suppressed cell epithelial-mesenchymal transition (EMT) 
in GC. A, B. The mRNA and protein expression of Twist 1, E-cadherin and N-
cadherin were detected by qRT-PCR and western-blot assays in SGC-7901 
cells. C, D. The mRNA and protein expression of Twist 1, E-cadherin and N-
cadherin were detected by qRT-PCR and western-blot assays in BGC-823 
cells. Data were presented as mean ±SD. **P<0.05.

Discussion

In GC, genetic and epigene- 
tic alterations are involved in 
the pathogenesis of cancer-
ous lesions. Abundant miR-
NAs regulate a wide range of 
biological processes in GC 
progression [17]. In the study, 
we demonstrated that miR-
211 was lower expression in 
gastric cancer and negatively 
associated with distant me- 
tastasis and lymph node 
metastasis in gastric cancer 
patients. Survival curve re- 
vealed that lower miR-211 
expression indicated a poor 
outcome in GC patients. 
These results showed that 
miR-211 function as a poten-
tially prognostic maker for GC.

Function assays showed that 
miR-211 inhibited cell inva-
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Figure 4. MiR-211 inhibits cell EMT by target MMP9 in GC. A. 3’-UTR region of MMP9 mRNA contained a highly conserved binding site with a miR-211 seed se-
quence. B. MiR-211 mimic significantly reduced the luciferase activity of the MMP9-3’-UTR-WT reporter, but did not affect the MMP9-3’-UTR-Mut reporter. C, D. The 
mRNA expression of MMP9 were detected by qRT-PCR assays by transfecting miR-211 inhibitor, miR-211 mimic or miR-211 NC into SGC-7901 and BGC-823 cells. 
E, F. The protein expression of MMP9 were detected by western-blot assays by transfecting miR-211 inhibitor, miR-211 mimic or miR-211 NC into SGC-7901 and 
BGC-823 cells. Data were presented as mean ± SD. **P<0.05.
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211 in melanoma cell lines was down-regulated 
and modulates epithelial mesenchymal transi-
tion (EMT) of melanoma cells via downregulat-
ing RAB22A [18]. MiR-211 inhibits invasion and 
epithelial-to-mesenchymal transition (EMT) of 
cervical cancer cells via targeting MUC4 [19]. 
Consistent with these findings, in the study, we 
demonstrated that knockdown of miR-211 led 
to relatively higher expresion level of E-cadherin, 
but down-regulated transcription factors twist1 
and related markers N-cadherin expresson lev-
els in GC cells.

Matrix metalloproteinases (MMPs) are secreted 
during the growth, invasion, metastases, and 
angiogenesis of tumors [20]. MMP9 had been 
reported to promote cell EMT process, miR-
520c and miR-373 upregulate MMP9 expres-
sion by targeting mTOR and SIRT1, and activate 
the Ras/Raf/MEK/Erk signaling pathway and 
NF-κB factor in human fibrosarcoma cells [21]. 
MiR-34a inhibits migration and invasion of 
tongue squamous cell carcinoma via targeting 
MMP9 and MMP14 [22]. Furthermore, lucifer-
ase activity reporter assays showed that MMP9 
was a direct target of miR-211 and miR-211 
suppressed cell EMT process by regulating 
MMP9 expression. 

In conclusion, our results showed that miR-211 
was lower in GC, and lower miR-211 predicted a 
poor prognosis of GC patients, Furthermore, 
cell invasion and EMT process was suppressed 
by up-regulation of miR-211. Meanwhile, we 
demonstrated that miR-211 inhibited cell inva-
sion by regulated in GC cells. Thus, these 
results showed that miR-211 acted as a tumor 
suppressor in GC and may be a potential target 
of GC treatment.
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