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Abstract: To verify whether miR-182 could inhibit proliferation and migration of gastric cancer by targeting KLF-4 in 
gastric cancer, the expression of miR-182, miR-34a, miRNA-29c, miRNA-365 and miRNA-375 expression were in 
gastric cancer and matched normal tissues were compared. Expression of growth related factors, including P21, 
PCNA, ki-67, COL1A1, COL1A5, MMP-2 and MMP-9 were also determined in gastric cancer tissues. The roles of 
miR-182 in cell proliferation and migration were analyzed with SGC-7901 transfected with miR-182 mimic and 
miR-NC. The expression of miR-182 was significantly lower in gastric cancer tissues (P=0.002). No difference was 
found in the expression of miR-34a, miRNA-29c, miRNA-365 and miRNA-375 between case and control groups. 
PCNA, ki-67, COL1A1, COL1A5, MMP-2, MMP-9 and KLF-4 was noted to be highly overexpressed in gastric cancer 
tissues (P<0.05), meanwhile the expression of P21 was significantly decreased. In vitro experiment, the expres-
sion of PCNA, ki-67, COL1A1, COL1A5, MMP-2, MMP-9 and KLF-4 was decreased in the miR-182 group (P<0.05), 
and the expression of P21 increased (P=0.02). The proliferation, migration and invasion activity of SGC-7901 was 
decreased in the miR-182 group (P=0.04, P=0.001). Moreover, KLF-4 was regulated negatively by miR-182 through 
a miR-182 binding site within the 3’-UTR of KLF-4 (P=0.002). In conclusion, our study revealed that the expression 
of miR-182 decreased in gastric cancer tissues and miR-182 inhibited SGC-7901 proliferation and migration by 
targeting KLF-4.
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Introduction

Gastric cancer is one of the most common 
digestive carcinoma, which accounts for half of 
digestive malignant tumor. Mortality rates for 
gastric cancer ranks highest among all sorts of 
cancers, but it still lacks efficacious means of 
prevention and treatment [1]. Identification of 
molecules that could inhibit the proliferation, 
invasion and metastasis of gastric cancer cell 
has important implications for improving the 
prognosis of patients with gastric cancer [2]. 

MicroRNAs (miRNAs) are a class of small non-
coding 18-25 nt in length single-stranded RNA 
molecules that are present in virtually all 
eukaryotic cells and are from endogenous tran-
script. MiRNAs are known to post-transcription-
ally regulate target mRNAs through the 3’UTR, 
which cause the degradation of target mRNA or 

the inhibition of translation, consequently regu-
late target gene expression [3]. Further 
researches have confirmed that miRNAs exert 
the same effect by binding the 5’ UTR or open 
reading frame (ORF) of target genes [4]. It has 
been shown by a great number of studies that 
miRNAs play important roles in the regulation of 
proliferation and invasion of in vitro gastric can-
cer cells [5], including miR-182, miR-34a, miR-
NA-29c, miRNA-365 and miRNA-375 [6-10]. 
The research of Can Liu found that miR-34a 
could directly inhibit the expression of CD44 to 
influence the metastasis of gastric cancer cells 
[6]; Tae-Su Han et al. found that miRNA-29c 
could inhibit proliferation of gastric cancer cells 
by combining ITGB1 [7]. On the contrary, miRNA-
365 and miRNA-375 could increase the inva-
sion ability of gastric cancer cells by inhibiting 
cyclin D1 and JAK2 respectively [8, 10]. MiR-
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182 has been proven to be one kind of tumor 
suppressor miRNAs and played a part in inhibit-
ing tumor progression by regulating many kinds 
of cancer-suppressor genes or proteins related 
with tumor growth, invasion and metastasis 
[11, 12]. So far, researches of these five kinds 
of miRNAs have been limited in cell experi-
ments in the field of gastric cancer and the 
expression and mechanism underlying their 
functions in human gastric cancer tissues is 
still unclear.

Kruppel-like factor 4 (KLF4) have been proven 
to be involved in the progress of many types of 
cancers [13]. Suppresing the expression of 
KLF-4 could inhibit proliferation and invasion of 
prostate, breast and lung cancer cells [14]. In 
this study, we detected the expression levels of 
miR-182, miR-34a, miRNA-29c, miRNA-365 
and miRNA-375 in gastric cancer tissues and 
normal gastric tissues and found that the 
expression of miRNA-182 significantly decre- 
ased. Considering the important role of KLF-4 
in regulating the gastric cancer, we tested the 
expression levels of KLF-4 in gastric cancer tis-
sues and normal gastric tissues in an attempt 
to determine whether miRNA-182 could inhibit 
gastric cancer cell proliferation and invasion by 
targeting KLF-4.

Materials and methods

General information

Fourty-five samples of patients with gastric 
cancer resection and normal gastric tissue 
adjacent to carcinoma (24 males and 21 
females, aged 55~73, mean age 64±5.6 years) 
were collected from Hongqi Hospital of 
Mudanjiang Medical University. All of the sam-
ples were preserved in liquid nitrogen and con-
firmed by pathological diagnosis. All patients 
signed the informed consent documents in this 
study. The approval for this study had been 
obtained from the ethics committee of the 
hospital.

Experiment reagent

Human gastric cancer cell SGC-7901 (Shanghai 
Baili biology company); DMEM medium, trypsin 
(Sigma company); Fetal bovine serum (GIBCO 
company); Trisol (Invitrogen company); Takara 
reverse transcription kit (Dalianbao biology 
company); Restriction endonuclease BamH I, 
Xho I, T4 ligase; EndoFree Plasmid Mini Kit; 

SYBR Green Master 50 FastStart (Roche com-
pany); liposome 2000 (Invitrogen company); 
DAPI (Roche company); MTT (Emresco compa-
ny); rabbit or mouse anti-human P21, PCNA, 
ki-67, COL1A1, COL1A5, MMP-2, MMP-9, KLF-
4, β-actin, GAPDH polyclonal antibody (ABCAM 
company); goat anti-rabbit/mouse IgG-HRP, 
FITC, goat anti-rabbit IgG-FRITC (Jackson com-
pany); western blotting relative regents (Jiangsu 
Beyotime Biotechnology Research Institute). 

Real time quantitative PCR

Total RNA from tissue samples and cells were 
isolated and then reversed them into cDNA. 
The reaction system was 20 ul and reaction 
condition was 16°C (30 min), 45°C (30 min), 
85°C (5 min). The expression of miR-182, miR-
34a, miRNA-29c, miRNA-365 and miRNA-375 
was detected by SYBR Green method and reac-
tion condition was 94°C (30 min), 45°C (30 
min), 85°C (5 min), 40 cycles, 72°C extended 8 
min. Real time quantitative PCR was performed 
on ABI PRISM7500 PCR instrument according 
to the manufacturer’s instructions. The relative 
expression levels of interest gene were calcu-
lated by the 2-ΔΔCt method.

Western blotting

The total protein was extracted from tissue 
samples and cells. The protein concentration 
was determined with BCA protein assay kit. The 
samples were separated on denaturing 10% 
SDS-polyacrylamide gel and transferred to a 
nitrocellulose membrane. The membrane was 
blocked in TBST containing 5% BSA at room 
temperature for 0.5 h, followed by incubation 
with primary antibody (1:1000) overnight at 
4°C. Then secondary antibody (1:5000) conju-
gated with horseradish peroxidase was incu-
bated at room temperature for 1 h. Protein was 
visualized using enhanced chemiluminescence 
reagent. The expression levels of P21, PCNA, 
ki-67, COL1A1, COL1A5, MMP-2, MMP-9 and 
KLF-4 protein was analyzed using Quantity One 
analysis software and normalized to that of 
β-actin and GAPDH.

Cell transfection

MiR-182-mimic was designed by Shanghai 
GenePharma company. The sequence used 
were 5’-UUGGGCAAUGGUAGAACUCACACU-3’ 
(positive-sense strand); 5’- UUGGGGAAUGGAA- 
GAACACACACG -3’ (antisense strand). 100 ul 
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liposome 2000 with miR-182mimic or mimic-
control was transfected in 50%~70% SGC-7901 
cells. 24 hours later, the total RNA was extract-
ed from cells and PCR was used to identify the 
transfection efficiency.

SGC-7901 cells MTT proliferation assay

SGC-7901 cells were divided into blank control 
group, miR-182 over-expression group and 
miRNA scrambled group. Each group had three 
duplication wells and two blank cells. Cell cul-
tured 24 h, 48 h and 72 h respectively. After 
the culture, 20 ul MTT was added to each cul-
ture well and incubated at 37°C for 4-6 hours. 
Then the supernatant was discarded. 150 ul of 
DMSO was added to each well, shaking 10 min. 
The optical density (OD) value was measured at 
492 nm wavelength by MTT enzyme-linked 
immunometric meter. The growth curve of SGC-
7901 cells was with time on the horizontal axis 
and absorbance value on the vertical axis. 

SGC-7901 cells wound healing migration as-
say

SGC-7901 cells were divided into blank control 
group, miR-182 over-expression group and 
miRNA scrambled group. Cells were treated 
with 1.8 mmol/L hydroxyurea for 12 hours to 
inhibit the cell proliferation. A scratch was 
made in the cell monolayer by drawing a sterile 
p-100 pipette tip across the surface of the cul-
ture dish. PBS was used to wash the plate three 
times. Cell migration into the scratched area 
was imaged after 0 h, 12 h, 24 h, 48 h and 72 
h. The areas of cells were measured by Image 
Pro Plus 6.0. The migration rate of the PASMs 
was calculated as the ratio of the migration 
area to the original scratch area. 

SGC-7901 cells transwell migration assay

After plasmid transfection, SGC-7901 cells 
were divided into blank control group, miR-182 
over-expression group and miRNA scrambled 
group. SGC-7901 cells were incubated for 12 
hours with 1.8 mmol/L hydroxyurea, which 
were digested by 0.25% trypsin, then suspend-
ed cells in DMEM medium with high glucose 
containing 1% FBS and counted (5×104/ml). 
Each Transwell-24 plate (0.8 μm) cultured 4 h, 
8 h, 12 h, 24 h and 48 h separately, which con-
tained an upper compartment with 200 ul cell 
suspension and a lower compartment with 500 
ul DMEM containing 10% FBS. The upper gas-
tric cancer cells which did not penetrate the 

membrane were wiped with the swab. The 
Transwell semipermeable membrane was 
washed three times with PBS and fixed with 
3.7% paraformaldehyde at room temperature 
for 5 minutes, followed by washing three times 
with PBS. Nuclear DNA was labelled with 2 ug/
ml DAPI, then washed three times with PBS. 
Five fields was randomly recorded by fluores-
cence microscope, then counted the number of 
cells penetrating the semipermeable mem- 
brane.

Luciferase analysis

KLF-4-3’-UTR and KLF-4-3’-UTR with mutation 
sequences plasmids were constructed. Cells 
were inoculated in a 24-well plate at the total 
cell density of 1×105 cells/well. 24 hours later, 
firefly luciferase reporter plasmids containing 
wild-type or mutant 3’UTR of putative target 
gene cotransfected with liposome 2000, 
Renilla luciferase reporter plasmid and miR-
182-mimic or control. The fluorescent intensity 
was detected after 48 hours.  

Statistical analysis

Statistical analysis was performed by SPSS 
20.0 software. All the measurement data were 
in the form of (

_
X±s). The statistical significance 

of differences between groups was evaluated 
by one-way analysis of variance (ANOVA), such 
as the comparison of relative miR-182 expres-
sion and OD value in control, cells transfected 
with scramble and those tranfected with miR-
182, and Fishers Least Significant Difference 
(LSD) P<0.05 indicated a statistically signifi-
cant difference. For comparison of expression 
of different miRNAs between normal gastric tis-
sue and gastric cancer tissue, and relative lucif-
erase activity of miR-182 mimic+WT-KLF-4-
3’UTR vs. miR-182 mimic+MUT-KLF-4-3’UTR, 
Student’s t-test was adopted.

Results

Expression levels of gastric cancer-related 
miRNAs and protein in gastric cancer tissues 
and normal gastric tissues

We measured the expression of miR-182, miR-
34a, miRNA-29c, miRNA-365 and miRNA-375 
by real time quantitative PCR. Results showed 
that the expression levels of miR-182 were sig-
nificantly lower in gastric cancer tissues in com-
parison with normal gastric tissues (Figure 1A, 
P=0.002). In the meantime, there were no sig-
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nificant differences in the expression levels of 
miR-34a, miRNA-29c, miRNA-365 and miRNA-
375 between two groups. Western blot detec-
tion results showed that P21 expression 
decreased in gastric cancer tissues compared 
with normal gastric tissues (P=0.005) and the 
expression of PCNA, ki-67, COL1A1, COL1A5, 
MMP-2, MMP-9 and KLF-4 significantly incre- 
ased (P<0.05) (Figure 1B-E).

miR-182 inhibited gastric cancer cells prolif-
eration

After gastric cancer cells transfected with miR-
182 mimic, the quantitative RT-PCR detection 
results showed that the expression levels of 
miR-182 were significantly higher in miR-182 
over-expression group compared to blank con-

trol group and miRNA scrambled group (Figure 
2A, P=0.001). There was a significant reduc-
tion in miR-182 over-expression group than the 
other two groups (Figure 2B, P=0.04). Western 
blot results indicated that the expression of 
P21 in miR-182 over-expression group signifi-
cantly increased than blank control group and 
miRNA scrambled group (Figure 2C, P=0.02) 
and the expression of PCNA and ki-67 
decreased in comparison with the other two 
groups (Figure 2D, P<0.01).

miR-182 inhibited gastric cancer cells migra-
tion

After gastric cancer cells transfected with miR-
182 mimic, the number of cells migrating 
across the membrane in miR-182 over-expres-

Figure 1. Expression of gastric cancer related miRNAs and 
proteins in gastric cancer tissues and normal gastric tissues. 
A. Expression of miR-182, miR-34a, miR-29c, miR-365, miR-
375 in gastric cancer tissue; B-E. Comparison of KLF-4, ki-
67, PCNA, p21, COL1A1, COL1A5, MMP-2, and MMP-9 in 
gastric cancer. Mean ± SD, *P<0.01, vs normal gastric tis-
sue.  
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sion group was significantly less than blank 
control group and miRNA scrambled group 
(Figure 3A, 3B, P=0.001) and the cells in miR-
182 over-expression group had lower invasion 
ability than the other two groups (Figure 3C, 
P=0.003). In comparison with blank control 
group and miRNA scrambled group, the expres-
sion of COL1A1, COL1A5, MMP-2 and MMP-9 
in miR-182 over-expression group significantly 
decreased (Figure 3D, P<0.001).

miR-182 inhibited KLF-4 expression by target-
ing 3’-UTR

KLF-4-3’-UTR and KLF-4-3’-UTR with mutation 
sequences plasmids were constructed (Figure 
4A), then cotransfected with miR-182-mimic or 
control plasmids into gastric cancer cells. After 
24 hours, the fluorescent intensity was detect-
ed. The miR-182-mimic+WT-KLF-4-3’-UTR gro- 
up showed significantly higher luciferase activ-
ity than the miR-182-mimic+MUT-KLF-4-3’-UTR 
group (Figure 4B, P=0.002). Western blot 
results showed that the expression of KLF-4 in 
gastric cancer cells was obviously lower than 

blank control group and miRNA scrambled 
group (Figure 4C, P=0.003).

Discussion

Proliferation, invasion and metastasis are the 
basic biological charateristics of cancers, 
which are not only associated with the 
enhanced invasiveness and descending adhe-
siveability of tumor cells, but also closely relat-
ed to tumor angiogenesis, the degradation of 
extracellular matrix and matrix remodeling [14]. 
Therefore, inhibiting proliferation, invasion and 
metastasis of tumor cells is of clinical signifi-
cance to the treatment of tumors.  

MicroRNAs (miRNAs) are a class of evolutionary 
highly conserved, small non-coding single-
stranded RNA molecules that involve in cell pro-
liferation, migration and regulating cell pheno-
type [15]. MiR-182 is one kind of tumor sup-
pressor miRNAs, which participate in regulating 
tumor suppressor genes or proteins related 
with tumor growth, invasion and metastasis 
[11, 12]. Meng et al. screened the expression 

Figure 2. miR-182 inhibited cells proliferation of SGC-7901. A. Expression of miR-182 in gastric cancer line SGC-
7901 transfected with miR-182 mimics; B. Cell viability of SGC-7901 cells transfected with miR-182; C, D. Western 
blot of p21, ki-67, and PCNA in SGC-7901 cells transfected with miR-182 mimics. *P<0.01, vs Scramble.
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levels of several miRNAs in serum from 180 
ovarian cancer patients and 60 healthy con-
trols and found that miRNA-182 expression 
decreased in ovarian cancer patients [16]. 
Recent studies proved that miR-182 could reg-
ulate proliferation and invasion of prostate can-
cer and osteosarcoma cells and closely corre-
lated with the prognosis [17, 18]. In the mean-
time, Tang et al. found that miRNA-182 inhibit-
ed proliferation of gastric cancer cells by target-
ing ANUBL1 [11]. Consistent with results of 
previous studies, we detected the expression 
levels of several miRNAs from 45 samples of 

patients with gastric cancer resection and nor-
mal gastric tissue adjacent to carcinoma and 
found that the expression of miRNA-182 signifi-
cantly decreased in gastric cancer tissues. In 
the vitro experiment, we further proved that 
miR-132 could inhibit the expression of PCNA, 
ki67, COL1A11, COL1A5, MMP-2 and MMP-9, 
thereby inhibiting proliferation, migration and 
metastasis of gastric cancer cells.

KLF-4 is a transcription factor with 3 zinc finger 
structures, which participated in different cell 
signaling networks in cellular microenviron-

Figure 3. miR-182 inhibited cells migration of SGC-
7901. A, B. Scratch wound healing test for SGC-7901 
cells overexpressing miR-182; C. Immunofluores-
cence staining of miR-182 of cells intruding through 
the permeable membrane in transwell invasion test; 
D. Expression of COL1A1, COL1A5, MMP-2, and 
MMP-9 in SGC-7901 cells overexpressing miR-182; 
D. Migration of SGC-7901 cells overexpressing miR-
182. *P<0.01, vs Scramble. Note: A and B showed 
cells were allowed to migrate after 48 hours in each 
group; C showed cells penetrated Transwell chamber 
after 24 hours in each group.
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ment and regulate transcription activation or 
inhibition of target genes. In addition, KLF-4 is 
related to cell proliferation and differentiation 
and generation of induced pluripotent stem 
cells and it has double directional adjusting 
function as oncogene or anti-oncogene, proin-
flammatory or anti-inflammatory. The expres-
sion of KLF4 is associated with tumor progno-
sis and it can act as a target of targeted cancer 
therapy. Past studies have shown that the 
expression of KLF-4 increased in epithelial car-
cinoma including lung carcinoma, prostate car-
cinoma, colon carcinoma and stomach carci-
noma, which indicated that KLF-4 was closely 
associated with the occurrence of various 
tumors [13, 14, 19, 20]. Recently, the research 
of Chang showed that miRNA-7 inhibited prolif-
eration of prostate cancer cells by repressing 
KLF-4/PI3K/AKT/P21 pathway [20]. Meanwhile, 
Ma et al. found that miRNA-10 also could inhibit 
gastric cancer cells invasion by targeting KLF-4 
[19]. Our results were consistent with previous 
experiment results. Furthermore, we found that 
miR-182 bound to the 3’UTR of KLF-4, conse-
quently reduced the expression of KLF-4 and 
played a role in inhibiting proliferation, invasion 
and metastasis of gastric cancer cells.

In summary, we detected the expression levels 
of miR-182, miR-34a, miRNA-29c, miRNA-365 
and miRNA-375 in gastric cancer and normal 

gastric tissues by real time quantitative PCR 
and found that miR-182 expression decreased 
and KLF-4 expression increased in gastric can-
cer cells. In vitro experiments, we proved that 
miR-182 could inhibit proliferation and invasion 
of gastric cancer cells by repressing its target 
gene KLF-4. Our findings offer a new via of the 
diagnosis and therapy of gastric cancer.
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