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Abstract. – OBJECTIVE: MicroRNAs (miRNAs) 
act as critical regulators of genes expression in-
volved in tumor biological processes. The study 
aimed to investigate the clinical significance and 
biological role of miR-124 in gastric cancer (GC). 

PATIENTS AND METHODS: MiR-124 expres-
sion was analyzed from 88 GC tissues and adja-
cent normal tissues by quantitative Real-time PCR 
(qRT-PCR). Kaplan-Meier curves and log-rank test 
was used to evaluate the association between 
miR-124 and the over survival (OS) time of GC pa-
tients. MTT assays and transwell invasion assays 
were performed to assess cell proliferation and 
invasion. The relationship between miR-124 and 
Snail2 expression was analyzed by dual luciferase 
reporter assay. Western blot analyses were per-
formed to detect the relative protein expression. 

RESULTS: We found that miR-124 expression was 
significantly reduced in GC tissue samples when 
compared to the adjacent normal tissues (p<0.05). 
Lower miR-124 was found to be associated with tu-
mor size (p=0.001), lymphatic metastasis (p=0.008) 
and TNM stage (p=0.015). Furthermore, patients who 
have lower miR-124 predicted poor OS time (p<0.05). 
Function studies suggested that cell proliferation 
and invasion ability of GC cells were inhibited by 
up-regulation of miR-124 expression. Moreover, we 
demonstrated that Snail2 was a direct target of miR-
124. Meanwhile, miR-124 inhibited Epithelial-Mesen-
chymal Transition (EMT) process by repressing the 
Snail2 expression in GC cells. 

CONCLUSIONS: MiR-124 acted as a tumor 
suppressor in GC and may be a useful target 
for GC treatment.
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Introduction

Gastric cancer (GC) is the second most com-
mon malignancy and one of the most frequent 
cancers-related mortality worldwide1. Globally, 

gastric cancer presents a therapeutic challenge, 
although the overall 5 years survival rate for 
patients has prolonged, as a result of advanced 
detection of early tumor and therapy of radical 
surgery2,3. Patients with advanced gastric cancer 
had a poor prognosis, due to tumor invasion and 
metastasis4. Thus, there is an urgent need for 
investigating new therapeutic methods for gastric 
cancer. MicroRNAs (miRNAs) are endogenous 
21-23 nucleotide (nt) non-coding RNAs. Accu-
mulating findings demonstrated that miRNAs 
play crucial roles in a variety of biological func-
tion. The deregulation of miRNAs was found 
to be involved in many diseases including tu-
mors5-7. MiRNA-124 (miR-124) was identified 
in some tumors and participated in tumor devel-
opment and progression. For example, miR-124 
down-regulation led to breast cancer progression 
via regulating MALAT1 and CDK4/E2F1 signal-
ing pathway8.

Hypermethylation-mediated inhibition of 
miR-124 could be involved in the tumor initi-
ation and metastasis through suppressing the 
mesenchymal features of Ewing sarcoma9. A 
recent finding showed miR-124 exerted tumor 
suppressive functions on the cell proliferation, 
motility and angiogenesis of bladder cancer by 
fine-tuning UHRF110. MicroRNA-124 inhibited 
cancer cell growth through PTB1/PKM1/PKM2 
feedback cascade in colorectal cancer11. In GC, 
miR-124 was identified to inhibit cell growth and 
invasion of gastric cancer by targeting ROCK112. 
MiR-124 interacted with the Notch1 signaling 
pathway and has therapeutic potential against 
gastric cancer 13. However, the functional role of 
miR-124 still needed to be further investigated in 
gastric cancer. In this study, we found that miR-
124 expression was significantly reduced in GC 
tissue, and lower miR-124 was found to suppress 
cell proliferation and invasion. Furthermore, we 
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demonstrated that miR-124 inhibited the EMT 
process by targeting Snail2. Therefore, miR-124 
showed tumor-suppressive activity for GC and 
may be a target for gastric cancer treatment.

Patients and Methods

Patients and Clinical Tissues Specimens
The 88 fresh primary GC tissues and adja-

cent normal adjacent tissues were obtained from 
patients who underwent radical surgery between 
January 2011 and July 2014 at the Department 
of Gastrointestinal Surgery, The Second Peo-
ple’s Hospital of Liao Cheng, Shandong, China. 
This study was approved by the Research Ethics 
Committee of the Second People’s Hospital of 
Liao Cheng. All samples were histopathological-
ly confirmed as gastric adenocarcinoma by two 
professional pathologists. All specimens were 
frozen immediately in liquid nitrogen and stored 
at -80°C until further analysis. None of the pa-
tients had received preoperative radiotherapy or 
chemotherapy.

Cell Culture and Cell Transfection
A normal immortalized gastric epithelial 

GES-1 cell line and two human GC cell lines 
MKN-45 and BGC-823 cells were purchased 
from the Type Culture Collection of the Chinese 
Academy of Sciences (Shanghai, China). All cells 
were cultured in RPMI 1640 medium or Dulbec-
co’s modified eagle medium (DMEM) supple-
mented with 10% fetal bovine serum (FBS) and 
were cultured in a humidified incubator at 37°C 
with 5% CO2. MiR-124 mimic, miR-124 inhibitor 
or miR-negative control (RiboBio, Guangzhou, 
China) was transfected into cells using Lipofect-
amine 2000 transfection reagent (Thermo Fisher 
Scientific, Waltham, MA, USA) according to the 
manufacturer’s protocol.

Cell Proliferation Assays
The analysis of GC cell proliferation abili-

ty was performed using a 3-(4, 5-dimethylth-
iazol-2-yl)-2,5-dipheny ltetrazoliumbromide 
(MTT) assay Kit (Beyotime, Shanghai, China). 
5×103 cells/well were seeded into 96-well plates. 
Cells were transfected with miR-124 mimic or 
miR-NC and were detected at 0, 24 h, 48 h and 
72 h after incubation with 25 μl of MTT at 37°C 
for 4 h. The absorbance value (OD) of each well 
was measured at 490 nm and the experiment was 
performed in three times.

RNA Extraction and Quantitative 
Real-Time PCR (qRT-PCR) 

Total RNA was extracted from tissues or cells 
by using Trizol (Life Technologies, Carlsbad, CA, 
USA) according to the manufacturer’s instruc-
tions. The RNA concentrations were analyzed by 
A260 measurement using a ND-1000 NanoDrop 
spectrophotometer (Thermo Scientific, Waltham, 
MA, USA). RNA was reversely transcribed to 
cDNA using a Reverse Transcription Kit (Ta-
KaRa, Dalian, China). QRT-PCR analysis was 
performed with Power SYBR Green (TaKaRa, 
Dalian, China) according to the manufacturer’s 
instructions. The expression of U6 or GAPDH was 
used to normalize the expression of mRNA. Data 
were presented as fold differences based on cal-
culations of 2-ΔΔCT. The primer sequences were as 
follow: miR-124, Forward:5’-ATGGTTGGTTG-
GTAAGGCACGCGG-3’.Reverse:5’-GCAGG-
GTCCGAGGTATTC-3’.GAPDH,Forward:5’-TC-
CCATCACCATCTTCCAGG-3’,Reverse:5’-GAT-
GACCCTTTTGGCTCCC-3’.

Western Blot Assay 
Cells protein lysates were isolated by using Ra-

dio-Immunoprecipitation Assay (RIPA) (Beyotime, 
Shanghai, China). Cells protein concentrations were 
detected using the Bradford protein assay (Bio-Rad, 
Hercules, CA, USA). The concentration of proteins 
was monitored by bicinchoninic acid assay (BCA) 
protein assay kit (Pierce Biotechnology, Rockford, 
IL, USA). Proteins were separated by 10% sodium 
dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred to polyvinylidene flu-
oride (PVDF) membrane (Merck-Millipore, Darm-
stadt, Germany). The membrane was incubated with 
specific primary antibodies against Snail1 (1:2000 
dilution), Snail2 (1:1000 dilution), E-cadherin (1:1000 
dilution), N-cadherin (1:1000 dilution), GAPDH 
(1:3000 dilution), which were all purchased by Cell 
Signaling Technology (Danvers, MA, USA). Then, 
the membrane was incubated with secondary an-
tibodies labeled with HRP (1:2000 dilution, Cell 
Signaling Technology, Danvers, MA, USA) and de-
tected by Western blot detection agent (GE Health-
care Life Sciences, Marlborough, MA, USA). The 
protein bands were analyzed using an enhanced 
chemiluminescence system (GE Healthcare UK Ltd, 
Little Chalfont, UK). 

Dual Luciferase Reporter Assay
The MKN-45 and BGC-823 cells were 

co-transfected with miR-124 mimic and miR-NC. 
The luciferase activity was determined by the 
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Dual Luciferase Reporter Assay System (Prome-
ga Corporation, Madison, WI, USA). The lucif-
erase activity was measured by dual luciferase 
reporter assay and presented as relative LUC 
(firefly/renilla luciferase). Cells transfections 
were independently repeated at least three times.

Statistics Analysis
All the statistical analyses were performed 

using SPSS 17.0 (SPSS Inc., Chicago, IL, USA). 
Each examination was independently performed 
at least three times. Statistical significance of 
differences between groups was accessed by per-
forming the two-sided Student’s t-test. The values 
were presented as the mean ± standard deviation 
(SD). The p-value < 0.05 was considered to be 
statistically significant.

Results

Low Expression of miR-124 
is Found in GC Tissues and Cells

To evaluate the clinical significance of miR-
124 in GC, qRT-PCR assays were used to evalu-
ate the expression of miR-124 in GC tissues and 
paired adjacent normal tissues. The expression 
of miR-124 in GC tissues was significantly low-
er in GC tissues when compared with paired 
adjacent normal tissues (p<0.05) (Figure 1A). 
Next, we examined the association between 
miR-124 expression and clinicopathologic fac-
tors in patients by X2 test. The results found 
that a lower miR-124 showed a significant as-
sociation with tumor size (p=0.001), lymphatic 
metastasis (p=0.008), and TNM stage (p=0.015) 

Figure 1. MiR-124 was lower expression in GC tissues and cells. A, miR-124 was analyzed by qRT-PCR assays in GC tissues 
and adjacent normal tissues, miR-124 expression levels were normalized to U6 small nuclear RNA. B, Kaplan-Meier surviv-
al curves was examined to analyzed the association between lower miR-124 expression group or higher miR-124 expression 
group and over survival time (p < 0.05, log-rank test). C, MiR-124 was analyzed by qRT-PCR in GES-1, MKN-45 and BGC-
823 cells, miR-124 expression levels were normalized to U6 small nuclear RNA. The experiment was repeated at least three 
times, ** p<0.05.
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in GC patients (Table I). Furthermore, survival 
curve by Kaplan-Meier methods and log-rank 
test showed that lower miR-124 predicted a poor 
prognosis in GC patients when compared with 
the higher miR-124 expression group (Figure 
1B, log-rank=11.91, p<0.05). Furthermore, we 
detected the expression levels of miR-124 in two 
gastric cancer cell lines and found that miR-124 
expression levels were reduced in MKN-45 cells 
and BGC-823 cells when compared with GES-1 
cells (Figure 1C).

MiR-124 Inhibits GC Cell Proliferation 
and Invasion 

To evaluate the biological effects of miR-124 
on cell proliferation and invasion, we transfect-
ed miR-124 mimic into MKN-45 and BGC-
823 cells. As predicted, MTT assays showed 
that cell proliferation was suppressed in miR-
124 mimic group, compared with the miR-NC 
group in MKN-45 and BGC-823 cells (Figure 
2A-2B). Furthermore, the results from transwell 
cell invasion assays showed that cell number was 
significantly reduced in miR-124 mimic group, 
compared with the miR-NC group in MKN-45 
and BGC-823 cells (Figure 2C-2F). Thus, these 

results indicated that miR-124 inhibits GC cell 
proliferation and invasion capacities.

MiR-124 Inhibits GC Cell Epithelial-
Mesenchymal Transition (EMT)

MiR-124 had been found to be involved in 
cell Epithelial-Mesenchymal Transition (EMT) in 
some tumors. For example, microRNA-124 reg-
ulated TGF-α-induced epithelial-mesenchymal 
transition in human prostate cancer cells14. We 
further investigated whether miR-124 affected 
the GC cell EMT process. We transfected miR-
124 mimic or miR-124 NC into MKN-45 cells. 
The results showed that mRNA and protein ex-
pression of EMT related marker E-cadherin were 
upregulated, but the related transcription factor 
Snail1, Snail2 and EMT marker N-cadherin were 
down-regulated (Figure 3A and 3C). Compared 
with the miR-NC group, mRNA and protein ex-
pression of E-cadherin were downregulated, but 
mRNA and protein expression of Snail1, Snail2 
and N-cadherin were upregulated after transfect-
ing miR-124 inhibitor into BGC-823 cells (Figure 
3B and 3D). Thus, these results showed that MiR-
124 inhibited GC cell EMT in GC.

Table I. Correlation between miR-124 expression and clinicopathologic factors in 88 cases of GC patients. 

Factors  MiR-124 expression    p-value 

 GC patients  Lower Higher
 number  (n=48) (n=40)

Age (years)    0.517
    ≤60 56 32 24 
    >60 32 16 16 
Sex    0.924
Male 50 28 22 
Female 38 20 18 
Tumor size     0.001**
    <5 cm 49 19 30 
    >5 cm 39 29 10 
Lymphatic metastasis     0.008**
    Negative  27   9 18 
    Positive  61 39 22 
Histological differentiation     0.087
    Well-moderate 59 39 20 
    Poor 39 19 20 
Local invasion    0.874
    T1, T2 36 20 16 
    T3, T4 52 28 24 
TNM stage       0.015**
     I/II 32 12 20 
     III 56 36 20 
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MiR-124 Inhibits GC Cell EMT 
by Targeting Snail 2

By online predicted software miRanda (www.
mircrorna.org), we found that Snail2 was a po-
tential target of miR-124. Furthermore, to verify 
whether miR-124 could directly target Snail2, 
the WT 3’UTR or the MUT 3’UTR (the putative 
miR-124 binding site was mutated) of Snail2 
was subcloned into the pMIR-REPORT lucif-
erase reporter vector (Figure 4A). Our results 
showed that reduced luciferase reporter activity 
of 3’UTR-Snail2-WT was observed after trans-
fecting miR-124 mimic into MKN-45 or BGC-
823 cells, whereas no inhibitory effect was found 
on the reporters with 3’UTR-Snail2-MUT (Fig-
ure 4B-4C). Thus, these results demonstrated that 
miR-124 inhibited cell EMT by targeting Snail2 
in GC.

Discussion

Increasing evidence has demonstrated that 
downregulated miR-124 expression was found 

in many types of human cancers. For exam-
ple, microRNA-124 suppressed tumor cell pro-
liferation and invasion by targeting CD164 sig-
naling pathway in non-small cell lung cancer15.
MicroRNA-124 (MiR-124) reduced the cell pro-
liferation, metastasis and invasion in colorec-
tal cancer by inhibiting Rho-Associated Protein 
Kinase 1 (ROCK1) expression level16. MicroR-
NA-124 inhibited the migration and invasion of 
osteosarcoma cells via targeting ROR2-mediated 
non-canonical WNT signaling17. In the present 
research, we found that miR-124 expression was 
significantly lower in GC tissue samples when 
compared to the adjacent normal tissues. Low-
er miR-124 was found to be association with 
shorter over survival time in GC patients. Func-
tion studies suggested that cell proliferation and 
invasion ability in GC cell were inhibited by 
upregulation of miR-124 in GC. In the previous 
study, miR-124 had been found to be involved 
in the EMT process. Such as, miR-124 control 
transforming growth factor β1-induced Epitheli-
al-Mesenchymal Transition(EMT) process in the 
retinal pigment epithelium by targeting RHOG 

Figure 2. MiR-124 inhibited the cell proliferation and invasion in GC cells. A-B, MTT assay at different time points, 0, 24, 
48 and 72 h was used to detect the cell proliferation by transfecting miR-NC or miR-124 mimic into MKN-45 or BGC-823 
cells, **p<0.05.  C-F,  Cell invasion was showed and cell number was calculated by transwell cell invasion assays by transfect-
ing miR-NC or miR-124 mimic into MKN-45 or BGC-823 cells. The experiment was repeated at least three times, **p<0.05.
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and regulating its expression18. MicroRNA-124 
functioned as a tumor suppressor by regulating 
CDH2 and epithelial-mesenchymal transition in 
non-small cell lung cancer and inhibited the cell 
invasion19. Reactivation of silenced miR-124 re-
versed epithelial-to-mesenchymal transition and 
inhibited invasion in endometrial cancer cells 
via the direct repression of IQGAP1 expression20. 
MicroRNA-124 suppresses slug-mediated lung 
cancer metastasis21. In the study, we demonstrat-
ed that Snail2 was a direct target of miR-124 in 
GC cells. Moreover, miR-124 inhibited the EMT 
process by targeting Snail2 and regulating its 
expression. Therefore, miR-124 acted as a tumor 
suppressor and may be a target for GC treatment.

Conclusions

We found that miR-124 was lower in GC tis-
sues and predicted a poor prognosis in GC patients. 
Furthermore, miR-124 inhibited the cell invasion 
and EMT by targeting Snail2. Thus, miR-124 may 
be a potential therapeutic target for GC patients.

Acknowledgments:
We thank the help of staff at Department of Gastrointestinal 
surgery, the Second People’s Hospital of Liao Cheng.

Conflict of Interests:
The authors declare no conflict of interest.

Figure 3. MiR-124 inhibited the cell EMT in GC. A-B, QRT-PCR assays were performed to analyze the mRNA expression 
of Snail1, Snail2, E-cadherin and N-cadherin by transfecting miR-NC or miR-124 mimic into MKN-45 or transfecting miR-
NC or miR-124 inhibitor into BGC-823 cells. C-D, Western-blot assays were performed to analyze the protein expression of 
Snail1, Snail2, E-cadherin and N-cadherin by transfecting miR-NC or miR-124 mimic into MKN-45 or transfecting miR-NC 
or miR-124 inhibitor into BGC-823 cells. The experiment was repeated at least three times, **p<0.05.
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