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Abstract: miR-183, a member of an evolutionarily conserved miRNA cluster (miR-96, miR-182, and miR-183), has 
been demonstrated to act as both a tumor suppressor and oncogene in various type of human cancer. However, the 
biological role of miR-183 in gastric cancer (GC) still remains unclear. In the present study, miR-183 expression was 
significantly decreased in gastric cancer tissues compared with its’ adjacent normal tissues, and down-regulation 
of miR-183 was significantly associated with lymph node metastasis and pathological TNM stage. Furthermore, 
Erzin, which was reported to be up-regulated in gastric cancer, was identified as an efficient target of miR-183. 
Overexpression of miR-183 markedly suppressed cells invasion by downregulation of Ezrin expression. However, 
miR-183 expression didn’t affect cells proliferation and cell cycle distribution of GC. In conclusion, our study demon-
strated that miR-183 acts as a tumor suppressor in GC, partially at least via regulation of Ezrin. Therefore, miR-183 
may be a potential target for the treatment of gastric cancer.
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Introduction 

After lung cancer, gastric cancer (GC) is the sec-
ond most frequent cause of cancer-related 
deaths, leading to approximately 738,000 
(10%) deaths worldwide [1]. Although the inci-
dence of GC has substantially declined due to 
the increased availability of fresh fruits and 
vegetables and reductions in chronic H. pylori 
infection, some 400,000 new cases are diag-
nosed every year in China, accounting for 42% 
of the total cases reported worldwide [2]. 
Clinical data have shown that most GC patients 
eventually suffer metastasis after the curative 
resection (R0) of the cancer [3]. During metas-
tasis, the invasion of GC into the surrounding 
tissue is a crucial early step [4]. However, the 
mechanisms of invasion are not yet fully 
understood.

miRNAs are a class of short, non-coding RNA 
molecules that negatively regulate gene expres-
sion and play important roles in various biologi-
cal processes. In most mammals, mature miR-

NAs, typically comprise 21-24 nucleotides, gen-
erated from pri-miRNAs and pre-miRNAs 
through a series of enzymatic reactions. A large 
number of mature miRNAs have been recently 
implicated in cancer metastasis, including miR-
99a, miR-107, miR-200a, miR-375, miR-484, 
miR-520c, and miR-205 in breast cancer [5-9]; 
miR-21, miR-31, miR-126, miR-141, and miR-
145 in colorectal cancer [10-12]; miR-132, miR-
138, and miR-182 in lung cancer [13-15]; miR-
200b and miR-361 in prostate cancer [16, 17]; 
and miR-7, miR-10a, miR-133a, miR-133b and 
miR-145 in gastric cancer [18-20]. Emerging 
evidence has revealed that miR-183 plays an 
oncogenic role in the development and metas-
tasis of tumors. miR-183 is up-regulated in 
human hepatocellular carcinoma and inhibit 
apoptosis in HCC cells through the suppression 
of programmed cell death 4 (PDCD4) expres-
sion [21]. It has also been reported that miR-
183 is significantly overexpressed and pro-
motes cell migration though the negative regu-
lation of two tumor suppressor genes (EGR1 
and PTEN) [22]. In addition, increasing evidence 
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has demonstrated that miR-183 could act as a 
tumor suppressor gene in the metastasis of 
several types of tumors. The over-expression of 
miR-183 inhibited cell migration and invasion 
through the targeting of Ezrin both in lung and 
breast cancers [23, 24]. In osteosarcoma, the 
dysregulation of miR-183 significantly impacts 
tumor metastasis via Ezrin targeting [25, 26]. 
These studies indicate the important roles of 
miR-183 in tumorigenesis and metastasis. 
However, there are few studies concerning miR-
183 in GC, and the biological role of miR-183 in 
GC pathogenesis remains unknown.

In the present study, we investigated the poten-
tial role of miR-183 in the development and pro-
gression of GC. Using quantitative RT-PCR, we 
observed that miR-183 was remarkably down-
regulated in GC tissues compared with adja-
cent normal tissues, and the down-regulation 
of miR-183 was significantly associated with 
lymph node metastasis and the pathological 
stage of TNM. In addition, functional assays 
showed that miR-183 over-expression in highly 
metastatic cells could inhibit cell invasion, but 
does not affect cell proliferation and cell cycle 
distribution, through increased Ezrin expres-
sion. Furthermore, using the luciferase reporter 
system, we demonstrated that Ezrin is a direct 
target of miR-183. Altogether, these results 
suggest that miR-183 plays an efficient regula-
tory role in gastric cancer metastasis, suggest-
ing that miR-183 might be a novel diagnostic 
and prognostic marker of GC.

Materials and methods

Primary reagents

Ezrin antibodies were purchased from Abcam 
(ab4069, Abcam, Cambridge, MA). GAPDH anti-
bodies were purchased from Cell Signaling 
Technology. Horseradish peroxidase-conjugat-
ed goat anti-rabbit IgG and goat anti-mouse IgG 
were obtained from Sigma. The hsa-miR-183 
pre-miR miRNA (Ambion cat. no. AM17100) and 
the Pre-miR™ miRNA precursor molecule, as a 
negative control (Ambion, cat. no. AM17110), 
were obtained from Ambion. The mirVanaTM 
miRNA Isolation Kit (Ambion, cat. no. 1560, UK) 
and the RecoverAllTM Total Nucleic Acid Isolation 
Kit (Ambion, cat. no. 1975, UK) were obtained 
from Ambion. The miRCURY LNATM Universal 
cDNA Synthesis Kit II (Exiqon, cat. no. 203301, 
Vedbaek, Denmark) and ExiLENT SYBR® Green 

master mix were purchased from Exiqon (cata-
log no. 203402, Vedbaek, Denmark). Primers 
for miR-183 (catalog no. 204652) and U6 
snRNA (catalog no. 203907) were designed 
and synthetized at Exiqon. 

Clinical tumor tissues

Samples of GC and adjacent normal tissues 
were obtained from 55 patients at FuJian Me- 
dical University Union Hospital and the detailed 
Clinicopathological parameters were assessed. 
All gastric cancer patients were diagnosed and 
gastrectomized with lymph node dissection in 
the Department of Gastric Surgery of the Union 
Hospital from 2006 to 2014. A total of 5 tissue 
samples from 3 patients (gastrectomized dur-
ing 2014) were collected to detect mature miR-
183 expression using quantitative RT-PCR, and 
Ezrin protein expression was analyzed through 
western blotting. A total of 104 specimens from 
52 patients (gastrectomized from 2006 to 
2008) were obtained to determine mature miR-
183 and Ezrin protein expression through 
quantitative RT-PCR and immunohistochemis-
try, respectively. All patients had a well-docu-
mented clinical history and detailed follow-up 
information. None of the patients underwent 
preoperative chemotherapy and radiation ther-
apy. The ethics committee of Fujian Medical 
University Union Hospital approved this study, 
and written consent was obtained from all 
patients involved.

Immunohistochemistry analysis

Immunohistochemical staining for Ezrin was 
performed on formalin-fixed, paraffin-embed-
ded gastric tissue sections (3 μm thick, tumor 
or normal). The Ezrin protein expression was 
immunohistochemically demonstrated as yel-
lowish to brown staining in the cytoplasm and 
membrane of gastric glandular cells. By Two 
pathologists, blinded to the clinical data, revi- 
ewed the immunoreactivity for Ezrin protein 
under a light microscope, and the protein expr- 
ession was scored independently according to 
the intensity of cellular staining and the propor-
tion of stained tumor cells. The staining inten-
sity was scored as 0 (no staining), 1 (weak 
staining, light yellow), 2 (moderate staining, yel-
low brown), and 3 (strong staining, brown), and 
the proportion of stained tumor cells was clas-
sified as 0 (≤5% positive cells), 1 (6% to 25% 
positive cells), 2 (26% to 50% positive cells), 
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and 3 (≥51% positive cells). The product of the 
scores for intensity and proportion was used to 
signify the level of protein expression. A score 
of 3 or less was considered low Ezrin expres-
sion, and a score of 4 or more was considered 
high Ezrin expression.

Western blot analysis

Fresh tissues and cells were homogenized in 
100~200 µl of radioimmunoprecipitation assay 
lysis buffer (RIPA), containing protease inhibi-
tors, at 4°C for 30 minutes, followed by centrif-
ugation at 16,000 g for 15 minutes at 4°C. The 
supernatants, containing whole-cell lysates, 
were prepared for use in subsequent experi-
ments. The protein concentration was mea-
sured using the BCA Protein Assay Kit (Thermo). 
A total of 40 mg of protein from each sample 
was denatured and loaded onto each well, sep-
arated through SDS-PAGE, and transferred to a 
polyvinylidene difluoride membrane (Millipore, 
Billerica, MA). Subsequently, the membrane 
was blocked with 5% nonfat milk at room tem-
perature for 1 hour. The membrane was incu-
bated with mouse anti-Ezrin (1:500; ab4069, 
Abcam, Cambridge, MA) or rabbit anti-GAPDH 
(Cell Signaling Technology) primary antibodies 
overnight at 4°C. After washing with wash buf-
fer (10 mmol/L Tris-HCl, 150 mmol/L NaCl, and 
0.1% Tween 20), the membrane was further 
incubated with horseradish peroxidase-conju-
gated goat anti-rabbit or anti-mouse IgG (Sig- 
ma, St. Louis, MO) at a 1:3000 dilution for 1 
hour at room temperature. Subsequently, the 
membrane was washed for 30 minutes with 
wash buffer and detected using enhanced che-
miluminescence (Amersham Corporation, Arlin- 
gton Heights, IL, USA). 

RNA extraction and quantitative RT-PCR

MicroRNA was extracted from cells and frozen 
tissues using the mirVanaTM miRNA Isolation Kit 
(Ambion, cat. no. 1560, UK) and from FFPE cel- 
ls using the RecoverAllTM Total Nucleic Acid 
Isolation Kit (Ambion, cat. no. 1975, UK) accord-
ing to the manufacturer’s instructions. Total 
RNA was extracted from the cells and frozen 
tissues using TRIZOL Reagent (Invitrogen). The 
miRNA mRNA expression levels were detected 
through quantitative RT-PCR. For miRNA detec-
tion, reverse transcription was performed using 
the miRCURY LNATM Universal cDNA Synthesis 
Kit II, and quantitative RT-PCR was performed 
using ExiLENT SYBR® Green master mix. U6 

snRNA levels were used as an endogenous con-
trol. PCR reactions were performed using the 
ABI Prism 7900 Sequence Detection System 
(Applied Biosystems). The PCR amplification 
conditions included polymerase activation/
denaturation at 95°C for 10 min, followed by 
40 amplification cycles at 95°C for 10 s and 
60°C for 1 min. 

Cell lines and cell culture

Human GC cell lines MGC-803, SGC-7901, 
BGC-823, MKN-45, and MKN-28 and the nor-
mal gastric epithelial cell line, GES-1, were pur-
chased from The Institute of Biochemistry and 
Cell Biology at The Chinese Academy of Scie- 
nces (Shanghai, China). The cells were routinely 
cultured at 37°C in a humidified atmosphere of 
5% CO2 in RPMI 1640 medium containing 10% 
fetal bovine serum (Gibco).

Precursor microRNA transfection

For miR-183 overexpression, precursor mole-
cules (pre-miR miRNA precursor and the nega-
tive control) were transfected into gastric can-
cer cell lines using Lipofectamine 2000 
(Invitrogen) and OPTI-MEM I Reduced-Serum 
Medium (Invitrogen) according to manufactur-
er’s instructions. The culture medium was cha- 
nged after 24 h of transfection. The efficiency 
of transfection and overexpression of miR-183 
were evaluated at 72 hours post-transfection 
using quantitative RT-PCR. Each experiment 
was performed in triplicate.

Transwell invasion assay

A 24-well transwell plate (8 μm pore size, 
Corning, USA) was used to examine the inva-
sion of each cell line. Briefly, serum-free medi-
um was added into the upper chamber to rehy-
drate the Matrigel for 1 hour. Subsequently, the 
medium was removed and the lower chambers 
of the Transwell plate were filled with 500 µl of 
RPMI 1640 medium containing 20% FBS. The 
transfected cells were trypsinized, washed usi- 
ng serum-free RPMI 1640 medium and resus-
pended to a density of 5×105 cells/mL in ser- 
um-free medium. A total of 300 µl of the cell 
suspension was added to the upper chambers. 
After incubation at 37°C for 24 hours, the upper 
chambers were wiped with several cotton tips 
to completely remove non-invasive cells. The 
invading cells under the surface of the mem-
brane were fixed in 100% methanol for 10 min-
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utes, air-dried, and stained in 0.1% crystal vio-
let for 30 minutes. The cells in 3 random fields 
of view (100× magnification) were counted and 
represented the average number of cells. Each 
experiment was performed in triplicate. 

Cell viability assays

The cells were seeded onto 96-well plates and 
maintained in RPMI-1640 medium supple-
mented with 10% FBS. The cells were transient-
ly transfected with pre-miR-183 and miR-con-
trol. At 5 days post-transfection, the cell viabili-
ty was determined daily using a commercial 
Cell Counting Kit (CCK-8, Dojindo, Japan). A 
total of 10 ml of CCK-8 reagent was added to 
each well, and the cells were incubated at 37°C 
for 3 hours, until the media turned yellow. The 
absorbance was measured at 450 and 600 nm 
using a spectrophotometer. The cell viability 
was calculated using the following equation: 
cell viability = OD 450 nm - OD600 nm. Each 
experiment was performed in triplicate and 
repeated at least three times.

Flow cytometry assay

To examine changes in the cell cycle, the cells 
were transfected with pre-miR-183 and miR-
control, trypsinized and collected in 2 ml micro-
centrifuge tubes, followed by centrifugation at 
500 g for 5 minutes at room temperature. After 
washing with 1X PBS, the cells were fixed in 
70% ethanol and stained with 50 mg/ml of 
propidium iodide (BD Pharmingen, San Jose, 
CA, USA). Cells at different cell cycle stages 
were subsequently analyzed using a Beckman 
coulter flow cytometer, and the cell cycle pro-
files were analyzed using ModFit 3.0 software 
(Verity Software House, Topsham, ME, USA). 

Luciferase activity assay

The 3’UTR segment of the Ezrin gene, contain-
ing the miR-183 binding site, was amplified 

through PCR and inserted into the pmirGLO 
Dual-Luciferase miRNA Target Expression Vec- 
tor (Promega, Madison, WI). A plasmid constru- 
ct carrying Ezrin gene with a mutation in the 
miR-183 binding site was generated using the 
Quick Change Site-Directed Mutagenesis Kit 
(Agilent). MKN-45 cells were cotransfected 
with Ezrin 3’UTR or mutEzrin 3’UTR and Pre-
miR-183 or miR-control using Lipofectamine 
2000 (Invitrogen). The luciferase activity was 
analyzed at 48 hours post-transfection using 
the Dual-Luciferase Reporter Assay System 
(Promega, Madison, WI). For each transfection, 
the luciferase activity was averaged from three 
replicates. 

Statistical analysis

All measurement data are presented as the 
means ± SE and analyzed using SPSS 17.0 for 
Windows (SPSS, Chicago, IL) and Prism 5.0 
software (GraphPad). The enumeration data 
were analyzed with the χ2 test using SPSS 17.0 
software. Student’s t-test or one-way analysis 
of variance was used to analyze various clinico-
pathological parameters. The Kaplan-Meier me- 
thod was used to analyze the survival curves. 
The relationships between miR-183 and Ezrin 
protein were compared through Spearman’s 
nonparametric analysis. P<0.05 was consid-
ered statistically significant, and all P values 
were 2-sided.

Results

Down-regulation of miR-183 in gastric cancer 
tissues and cells

The miR-183 level was detected in four gastric 
neoplasm tissue samples (indicated as T1, T2, 
T3 and T4) and one normal tissue sample (indi-
cated as N) from three different gastric cancer 
patients using quantitative RT-PCR. Among 

Figure 1. The miR-183 expression levels in gastric cancer tissues and cells. (A) The expression of miR-183 and Ezrin 
protein in five fresh tissue samples obtained from three patients. Top and middle: western blot analysis of Ezrin 
protein levels. Bottom: RT-qPCR analysis of miR-183 levels. T1: hepatic metastases; T2: peritoneal metastases; 
T3: primary tumor with lymph node metastases; T4: primary tumor without lymph node metastases; and N: normal 
gastric tissue. (B) The expression of miR-183 and Ezrin protein in gastric cell lines. Top and middle: western blot 
analysis of Ezrin protein levels. Bottom: quantitative RT-PCR analysis of miR-183 levels. (C) Quantitative RT-PCR 
analysis of miR-183 in 52 pairs of paraffin-embedded primary gastric tumor tissues and adjacent normal tissues 
and 10 peritoneal metastases. (D) The same primary gastric tumor tissue samples as used in (C) were divided 
into two groups according to the mean expression of miR-183. Cases with levels of miR-183 below the mean were 
considered as the low expression group (n=22), and those with levels above the mean were considered as the high 
expression group (n=30). (E) The results of the Kaplan-Meier survival curve and log-rank test between high and low 
miR-183 expression in gastric tumor patients.
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these samples, T2, T3 and N were derived from 
the same patient, while T1 and T4 were derived 
from two other patients. The miR-183 expres-
sion levels in the tumor tissues were signifi-
cantly lower than in the normal tissue (Figure 
1A). We also detected the miR-183 expression 
levels in five gastric cancer cell lines (BGC-823, 
SGC-7901, MGC-803, MKN-45 and MKN-28) 
and one gastric epithelium cell line (GES-1), 
and the result showed that miR-183 expression 
was lower in four of the five cancer cell lines 
than in the epithelium cell line (Figure 1B).

To determine the relationship between the clini-
copathological parameters and miR-183 expr- 
ession, we examined the expression of miR-

36 cases with stage III or IV TNM than in 16 
cases with stage I or II TNM. However, the 
expression of miR-183 was not correlated with 
age, sex, tumor location and size, grade of dif-
ferentiation, depth of invasion and distant me- 
tastasis in the present study. Furthermore, the 
miR-183 expression in T3 and T4 tissue sam-
ples was lower than that in T1 and T2 samples, 
although this difference was not statistically 
significant (P=0.081, t=1.779). To accurately 
evaluate the clinical prognostic role of miR-183 
in patients with GC, we examined the associa-
tion of miR-183 expression with survival time in 
these patients using the Kaplan-Meier survival 
analysis. miR-183 expression level was divided 
into low expression (n=22) and high expression 

Table 1. The relationship between clinicopathological parameters 
and miR-183 expression in primary gastric adenocarcinoma
Clinicopathological 
Parameters Patients (n) % Expression level of miR-183 T/F 

Test P
Gender 1.049 0.299
    Male 40 77% -3.428±0.215
    Female 12 23% -3.938±0.531
Age (Y) 0.143 0.887
    ≤60 25 48% -3.576±0.227
    >60 27 52% -3.517±0.339
Location of tumor 0.065 0.978
    Upper stomach 16 31% -3.447±0.415
    Middle stomach 7 13% -3.750±0.628
    Lower stomach 24 46% -3.554±0.279   
    Mixed 5 10% -3.537±0.715   
Tumor size 0.731 0.469
    ≤5 cm 13 25% -3.285±0.420
    >5 cm 39 75% -3.633±0.237
Grade of differentiation 0.286 0.776
    Well and moderate 31 60% -3.594±0.274
    Poor and not 21 40% -3.474±0.315 
Depth of invasion 1.779 0.081
    T1+T2 12 23% -2.893±0.235
    T3+T4 40 77% -3.741±0.250
Lymph node metastasis 2.945 0.005*
    Negative 12 23% -2.518±0.352
    Positive 40 77% -3.854±0.225
Distant metastasis 0.962 0.341
    Negative 49 94% -3.497±0.215
    Positive 3 6% -4.343±0.287
TNM stage 2.829 0.007*
    I+II 16 46 -2.730±0.283
    III+IV 36 33 -3.908±0.247
*P<0.05, statistical significance.

183 in paraffin-embedded se- 
ctions of gastric tumor tissues 
and adjacent normal tissues 
(among which 10 had paired 
peritoneal metastases) from 
52 patients using quantitative 
RT-PCR. The term ΔCt was 
used to describe the miR-183 
expression level. The miR-183 
expression level in tumor tis-
sues (-3.546±0.205, mean ± 
SE) was significantly lower than 
that in adjacent normal tissues 
(-2.626±0.193, mean ± SE) 
(P<0.001, t=4.949, paired t-te- 
st) and significantly higher than 
that in peritoneal metastases 
(-4.74±0.438, mean ± SE) 
(P<0.021, t=2.363, unpaired 
t-test) (Figure 1C). The associa-
tion of the miR-183 expression 
levels and clinicopathological 
parameters was evaluated th- 
rough a comparison of tumor ti- 
ssues with normal tissues. As 
shown in Table 1, the levels of 
miR-183 expression were ass- 
ociated with lymph node meta- 
stasis and pathological TNM st- 
age (P=0.005 and P=0.007, re- 
spectively). The median expres-
sion of miR-183 was -2.518± 
0.352 in 12 cases without lym- 
ph node metastasis, whereas 
the median expression was 
-3.854±0.225 in 40 cases wi- 
th lymph node metastasis. In ad- 
dition, the expression of miR-
183 was significantly lower in 
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(n=30) based on the median value (-ΔCt=-3.55, 
Figure 1D). Overall, the survival for patients 
with low miR-183 expression was significantly 
lower than that for patients with high expres-
sion (P=0.008, log-rank test), as shown in the 
Kaplan-Meier survival curves (Figure 1E).

Taken together, these results suggested that 
gastric tumor tissues showed a dramatic dec- 
rease in miR-183 expression compared with 
adjacent normal tissues. Moreover, GC patients 
with less miR-183 expression had more lym-
phatic metastasis, a higher TNM stage, and a 
shorter survival time.

miR-183 inhibited gastric cancer cell invasion 
in vitro

To further assess the functional role of miR-
183 in GC, we used two gastric cancer cell 
lines, MKN-45 and MKN-28. The gastric cancer 
cells were transfected with hsa-miR-183 pre-
miR miRNA precursor and pre-miR-negative 
control (Ambion catalog no. AM17100) using 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA). Notably, the miR-183 expression level 
was significantly higher in cells transfected with 
the miRNA precursor (Pre-miR-183 group) than 
in cells transfected with the pre-miR-negative 

Figure 2. miR-183 inhibits MKN-45 cell invasion, but does not influence proliferation and cell cycle distribution. A. 
Quantitative RT-PCR analysis of miR-183 in MKN-45 cells transfected with Pre-miR-183 and miR-control. B, D. Rep-
resentative images of invasive cells on polycarbonate transwell membranes, and the average number of invasive 
cells from three independent experiments are shown in D (P<0.01). C. The proliferation rates of the cell lines were 
detected using a CCK-8 assay (P>0.05). E, F. Cell cycle distribution was detected through flow cytometry analysis 
(P>0.05).
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control (miR-control group) (P<0.001, Figure 
2A). Next, we examined the invasion of the gas-
tric cancer cell lines using transwell membrane 
inserts. We observed that gastric cancer cells 
transfected with Pre-miR-183 showed a two- to 
three-fold decrease in invasion compared with 
the negative control (Figure 2B and 2D, 
Supplemental Figure 1B and 1D). Invasive cells 
were quantified in five fields of view on each 
membrane, and each experiment was repeated 
in triplicate.

To explore the distinct mechanisms underlying 
the decrease in cell invasion after the over-
expression of mature miR-183, we applied 
CCK-8 and flow cytometry assays to detect the 
proliferation and cell cycle distribution of GC 
cells, respectively. The results show that the 
over-expression of miR-183 did not affect the 
proliferation and cell cycle distribution of MKN-
45 (Figure 2C, 2E and 2F) and MKN-28 
(Supplemental Figure 1C, 1E and 1F) cells. 

Taken together, these results suggest that miR-
183 inhibits metastasis without affecting cell 
proliferation and cell cycle distribution. These 
results are consistent with the results obtained 
in gastric tumor tissues.

Negative relationship of miR-183 and Ezrin 
expression in gastric cancer cells and tissues

To explore the mechanisms underlying the 
reduced invasion of gastric cancer cells through 
the over-expression of miR-183, we conducted 
a bioinformatics search for potential protein 
targets of miR-183 using four common data-
bases: miRanda, Pictar, TargetScan and micr- 
oRNA.org. At least three of these databases 
predicted the 3’UTR of Ezrin as a potential tar-
get of miR-183, suggesting that Ezrin might be 
associated with the inhibition of gastric cancer 
cell invasion through miR-183. To examine this 
hypothesis, the expression levels of miR-183 
and Ezrin protein were assessed in five gastric 

Figure 3. Inverse correlation of miR-183 with Ezrin protein expression levels in gastric tumor tissues and cell lines. 
A. Ezrin protein levels were decreased when miR-183 was up-regulated in MKN-45 (Top) and MKN-28 (Bottom) cells. 
B. Representative Ezrin immunostaining in normal gastric tissues, primary gastric tumors, and peritoneal metasta-
ses from the same patient. Ezrin protein was low or undetected in normal gastric tissues and high in primary gastric 
tumors, particularly in metastases. Picture magnification 100× (Top) and 400× (Bottom). C. Ezrin protein expression 
levels (low and high) in 52 pairs of normal gastric tissues and primary gastric tumors and 10 cases of peritoneal 
metastases. D. An inverse relationship between miR-183 and Ezrin protein expression is shown in the correlative 
analysis curve, r=-0.523, with a significant P<0.001.
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cancer cell lines and one gastric epithelium cell 
line. The results showed that there was an 
inverse correlation between miR-183 and Ezrin 
protein expression in these cell lines (Figure 
1B). Moreover, the transfection of Pre-miR-183 
into MKN-45 and MKN-28 cells resulted in the 
obvious increase in the levels of mature miR-
183 expression (Figure 2A, Supplemental 
Figure 1A). In contrast, Ezrin protein expression 
was significantly decreased (Figure 3A), further 
suggested that Ezrin was negatively regulated 
through miR-183 in GC cell lines. 

The inverse relationship of miR-183 and Ezrin 
expression levels was further demonstrated 
through quantitative RT-PCR and immunohisto-
chemistry. As previously demonstrated, the 
Ezrin protein expression in the tumor tissues, 
particularly in hepatic or peritoneal metasta-
ses, was significantly higher than that in normal 
tissue, whereas miR-183 showed a contrasting 
expression pattern (Figure 1A). Moreover, we 
previously examined miR-183 expression levels 
in 52 cases of gastric tumor tissues and adja-
cent normal tissues and 10 cases of peritoneal 
metastases using quantitative RT-PCR (Figure 
1C). We also detected the Ezrin protein expres-
sion in these paraffin-embedded sections 
through immunohistochemistry. The pathologi-
cal immunoreactivity scores were used to 
describe Ezrin protein expression. As expected, 
the expression of Ezrin in tumor tissues was 
significantly higher than that in adjacent normal 
tissues (P = 0.005, χ2 = 7.828, χ2 test) and obvi-
ously lower than that in peritoneal metastases 
(p=0.04, Fisher’s Exact test) (Figure 3B and 
3C). The inverse relationship between miR-183 
and Ezrin protein expression was also observed 
in the correlative analysis curve (Figure 3D). 
These data suggested that the down-regulation 
of miR-183 might account for the Ezrin upregu-
lation observed in gastric cancer. 

3’UTR region of Ezrin mRNA is a direct target 
of miR-183

Three prediction programs, including TargetS- 
can, miRBase, and PicTar, have predicted Ezrin 
3’UTR as a potential target of miR-183 (Figure 
4A). To confirm whether the 3’UTR region of 
Ezrin is a direct target of miR-183, we used the 
luciferase reporter system. The 3’UTR region of 
Ezrin mRNA, containing the miR-183 binding 
site, was inserted into a luciferase reporter 
gene. MKN-45 cells were used for this assay. 

The results showed that the luciferase activity 
in the pre-miR-183 group was significantly 
decreased compared with that in the miR-con-
trol and mock group (Figure 4B). However, the 
luciferase activity was not significantly different 
among the three groups cotransfected with 
mutant reporter genes (Figure 4C). Thus, these 
results showed that the Ezrin expression level 
was affected, at least in part, through the direct 
binding of miR-183 to the 3’UTR region of Ezrin 
mRNA and Ezrin is a direct target of miR-183.

Discussion

Human gastric cancer is the second most com-
mon cause of cancer death, making this dis-
ease a major public health issue. Gastric can-
cer invasion and metastasis are the primary 
factors that affect patient survival time [27]. 
Many studies have shown that the estimated 
overall survival rate of patients with gastric 
cancer was 57.6% or less [28, 29]. Gastric can-
cer metastasis is a multistep and multifactorial 
process, associated with various genetic and 
molecular alterations, including the activation 
of various oncogenes, inactivation of tumor su- 
ppressor genes, dysregulation of the cell cycle, 
etc. [30, 31]. However, the detailed molecular 
mechanisms of gastric cancer metastasis re- 
main unclear. With the identification and char-
acterization of genes, molecules and associat-
ed pathways, an increasing number of studies 
have provided evidence to increase our under-
standing of gastric cancer metastasis. Recently, 
microRNAs have emerged as an important 
mechanism of gastric cancer metastasis.

miRNAs have been demonstrated to promote 
[21, 22] or suppress [23, 24] cancer develop-
ment, metastasis and cell cycle progression, 
providing a new perspective on tumorigenesis. 
Nonetheless, the role of miR-183 in GC metas-
tasis remains unclear. Preliminary studies have 
shown that miR-183 expression in stage II GC 
tissues is lower than that in adjacent normal 
tissues, and patients with lower miR-183 exp- 
ression have more lymph node metastasis and 
a shorter survival time [32]. In the present 
study, we focused on the effect of miR-183 on 
GC metastasis and confirmed that miR-183 
acts as a tumor suppressor in GC metastasis. 
We observed that miR-183 expression is dra-
matically decreased in gastric tumor tissues 
and cells compared with paired adjacent nor-
mal tissues and gastric epithelium cells. Stati- 
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stical analyses revealed that the level of miR-
183 expression is associated with lymph node 
metastasis and pathological TNM stage, and 
patients with less miR-183 expression have a 
shorter survival time, consistent with the res- 
ults of a previous study. Moreover, we observed 
that the restoration of miR-183 expression in 
gastric cancer cells reduced cell invasion in 
vitro. Furthermore, we demonstrated that the 
miR-183-mediated suppression of GC cell inva-
sion reflects the silencing of Ezrin expression. 
Thus, the results of the present study suggest-
ed that miR-183 could be a promising diagnos-
tic and therapeutic target for the treatment of 
metastatic gastric cancer.

Extensive studies over the past decade have 
revealed that microRNAs play critical roles in 
regulating multiple aspects of biological pro-
cesses, including cell proliferation, differentia-
tion, metabolism and cell cycle progression. 
miR-142-3p acts as a regulator of the balance 
between proliferation and differentiation in 
lung mesenchymal cells. The downregulation of 
miR-142-3p expression inhibited the prolifera-
tion of parabronchial smooth muscle cells, 
resulting in an imbalance in lung development 
[33]. It has been reported that various miRNAs, 
including miR-19b, miR-33, and miR-27b, play 
key roles in liver cell development and metabo-

lism [34-36]. These studies suggest that miR-
NAs acts as an effective regulator in normal 
cell proliferation, and the dysregulation of 
these miRNAs might lead to cell hyperplasia 
and eventual tumorigenesis. The data obtained 
in the present study showed that miR-183 
expression is obviously decreased in GC tis-
sues compared with paired adjacent normal 
tissues, suggesting that miR-183 might func-
tion as a tumor suppressor to inhibit gastric 
tumorigenesis. To test this hypothesis, we over-
expressed miR-183 in GC cells and examined 
cell viability using a CCK-8 assay and detect 
cell cycle distribution through flow cytometry. 
The results suggested that miR-183 does not 
regulate gastric cancer proliferation and cell 
cycle progression. The results of a recent study 
demonstrated that miR-183 suppressed can-
cer cell proliferation in various types of cancer, 
including retinoblastoma [37], prostate cancer 
[38], etc. The different roles of miR-183 sug-
gest that the same microRNAs might have dif-
ferent function in different tumor types.

Ezrin, forming the ERM protein family with 
radixin and moesin, acts as a molecular cross-
linker between actin filaments and proteins 
anchored in the cell membrane. Studies have 
shown that Ezrin expression is organ specific 
and expressed at high levels in the small intes-

Figure 4. The 3’UTR region of Ezrin mRNA is a direct target of miR-183. A. The results from three prediction programs 
(TargetScan, miRBase, and PicTar) suggested that Ezrin 3’UTR is a potential target of miR-183. B. Luciferase activi-
ties of wild-type 3’UTR-Ezrin-luc constructs among three groups (Pre-miR-183, miR-control, and mock) of MKN-45 
cells. C. Luciferase activities of mutant 3’UTR-Ezrin-luc constructs among three groups of MKN-45 cells. *P<0.05.
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tine, lung, pancreas and stomach [39]. Incre- 
asing evidence has shown that Ezrin is associ-
ated with the metastasis of various human can-
cers [40-42]. The in silico analysis of Ezrin and 
microRNAs, using at least three prediction pro-
grams, including TargetScan, miRBase, and 
PicTar, revealed that Ezrin is a target of miR-
183. Lowery et al. demonstrated that miR-183 
overexpression inhibited breast cancer cell 
migration, and this effect might reflect the 
downregulation of Ezrin [24]. Wang et al. pro-
vided evidence that miR-183 down-regulated 
Ezrin expression and repressed lung cancer 
metastasis [23]. Zhu et al. recently reported 
that miR-183 expression was down-regulated 
in osteosarcoma tissues and cells, and the 
down-regulation of miR-183 promoted metas-
tasis of osteosarcoma through Ezrin targeting 
[25]. In the study, we showed the overexpres-
sion of Ezrin in primary gastric tumor tissues, 
particularly peritoneal metastases, whereas 
miR-183 showed an inverse expression pat-
tern. The transfection of miR-183 into MKN-45 
and MKN-28 cells showed opposing expression 
patterns between miR-183 and Ezrin. This 
result was further confirmed using luciferase 
activity assays. It is likely that the tumor sup-
pression function of miR-183 reflects the down-
regulation of Ezrin through miR-183 in gastric 
cancer. It has been reported that miR-183 
could indirectly regulate MAPK/ERK signaling 
through Ezrin in osteosarcomas cell lines [25]. 
Thus, it would be interesting to determine 
whether there are signaling pathways down-
stream of miR-183 and Ezrin cross talk in gas-
tric tumorigenesis. Taken together, the results 
of the present study suggest that miR-183 
inhibits the invasion of gastric cancer primarily 
through the down-regulation of Ezrin.

Thus, these findings indicated that miR-183 
plays a critical role in the aggressiveness of 
gastric cancer and functions as a new tumor 
suppressor in gastric cancer metastasis. These 
results might provide important information 
concerning new diagnostic and therapeutic tar-
gets for the treatment of metastatic gastric 
cancer.
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Supplemental Figure 1. miR-183 inhibits MKN-28 cell invasion, but does not influence cell proliferation and cell 
cycle distribution. A. RT-qPCR analysis of miR-183 expression in MKN-28 cells transfected with Pre-miR-183 and 
miR-control. B, D. Representative images of invasive cells on polycarbonate transwell membranes. The average 
number of invasive cells from three independent experiments are shown in D (P<0.01). C. The cell proliferation 
rates were detected using a CCK-8 assay (P>0.05). E, F. Cell cycle distribution was detected through flow cytometry 
analysis (P>0.05).


