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Introduction

Gastric cancer is one of the most common 
malignant tumors of the digestive system [1]. 
Due to its genomic instability and the resultant 
altered gene expression, gastric cancers are of 
aggressive growth and metastasis ability, and 
thus remains the leading cause of cancer death 
all over the world. Although the cytogenetic and 
molecular aspects of gastric cancer have been 
investigated intensively, the molecular mecha-
nisms controlling carcinogenesis and progres-
sion of gastric cancer remain to be elucidated.

Recently, the classical categories of oncogenes 
and tumor suppressor genes have been 
expanded to include a new family of RNAs 
known as microRNAs (miRNAs), which are small 
21-25 nucleotides of RNA that participate in 
the regulation of cell differentiation, cell cycle 

progression, apoptosis, and tumorigenesis 
[2-7]. The study of microRNA has been extend-
ed to many types of cancers. miRNAs target 
protein-coding mRNAs at the post-transcription-
al level by direct cleavage of the mRNA or by 
inhibition of protein synthesis [8, 9]. Accu- 
mulating evidence shows that miR-183 is one 
of the oncogenic RNAs, as a member of an evo-
lutionarily conserved miRNA cluster (miR-183, 
miR-96, and miR-182). miR-183 is located in 
human chromosome 7 and has been implicat-
ed in key cellular functions such as apoptosis, 
proliferation, and tumorigenesis [10-12]. Like- 
wise, miR-183 expression was revealed to be 
deregulated in several types of human malig-
nant solid tumors, including breast cancer, 
osteosarcoma, hepatocellular carcinoma, and 
colorectal cancer [13-16]. However, the associ-
ation between the miR-183 expression, clinico-
pathological characteristics and the function 
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and molecular mechanism of miR-183 in gas-
tric cancer has not yet been reported.

miRNAs exert their biological effects by target-
ing specific mRNAs. Programmed cell death4 
(PDCD4) is a novel tumor suppressor gene 
whose protein product plays a role in the sup-
pression of tumorigenesis, tumor progression, 
and invasion [17-19]. Lost expression of PDCD4 
mRNA and protein has been identified in a 
number of different human cancers including 
lung, breast, colon, prostate, brain, and liver 
cancer [20-22]. Reduced expression of miR-
183 is associated with higher grades of pathol-
ogy and worse prognosis [23]. In gastric cancer, 
PDCD4 plays a significant tumor suppressor 
role. It is suggested that PDCD4 expression in 
gastric cancer can be employed to indicate a 
favorable prognosis for the disease outcome 
[24]. Previous studies show that PDCD4 is one 
of the target genes of miR-183 and miR-183 
can inhibit apoptosis in human hepatocellular 
carcinoma cells by repressing the PDCD4 
expression [25]. To our knowledge, there are no 
reports on a possible correlation between 
PDCD4 and miR-183 in gastric cancer.

In the present study, we found that miR-183 
was significantly increased in gastric cancer tis-
sues and high expression of miR-183 correlat-
ed with advanced clinical stage (TNM stage), 
deep stromal invasion and positive lymph node 
and distant metastasis. Ectopic expression of 
miR-183 increased cell proliferation, migration, 
invasion, and inhibited apoptosis of gastric 
cells in vitro. We also found that PDCD4 was a 
target gene of miR-183 in gastric cancer and 
miR-183 is capable of repressing the expres-
sion of PDCD4. These results suggest that miR-
183 might play an important role in the devel-
opment of gastric cancer by modulating cell 
proliferation and apoptosis by targeting PDCD4 
expression.

Material and methods

Patient and tissue samples

Eighty fresh frozen surgical specimens of gas-
tric cancer were collected at Ruijin Hospital, 
Luwan Branch, Shanghai Jiaotong University, 
School of Medicine, in China from 2011 to 
2013. Non-tumor gastric tissues were random-
ly selected from 20 of these patients and used 
as controls (5 cm away from the tumor border). 

All samples were derived from patients who did 
not receive adjuvant treatment including radio-
therapy or chemotherapy prior to surgery in 
order to eliminate potential treatment-induced 
changes to gene expression profiles. Imme- 
diately following the surgical resection, tissues 
were frozen in liquid nitrogen and kept at -80°C 
until RNA extraction. Sections from each speci-
men were independently examined by two 
pathologists, and histological typing was per-
formed using Lauren’s classification. TNM clas-
sification of malignant tumors was assigned in 
accordance to The International Union Against 
Cancer. This study was approved by The 
Research Ethics Committee of Ruijin Hospital, 
Luwan Branch, Shanghai Jiaotong University 
School of medicine, China. Also, written 
informed consent was obtained from all 
patients. All specimens were handled and 
made anonymous in accordance with ethical 
and legal standards.

Cell lines and culture condition

The human gastric cancer cell line, SGC-7901, 
was obtained from the KeyGEN BioTECH 
(Nanjing, China) and cultured in Dulbecco’s 
Modified Eagle’s Medium (Sigma-Aldrich, St. 
Louis, MO, USA) containing 10% fetal bovine 
serum, at 37°C in a humidified 5% CO2 
incubator.

miRNA mimic and inhibitor transfection

Gastric cancer cells were transfected with miR-
183 mimic, miR-183 inhibitor (Applied 
Biosystems), or scrambled sequence (Gene- 
Pharma) by using Lipofectamine 2000 
(Invitrogen), according to the manufacturer’s 
instructions. A final concentration of 50 nM of 
RNA mimics or 150 nM of inhibitor and their 
respective negative controls were used for 
each transfection. At 48 hours after transfec-
tion, cells were harvested for Western blotting 
or qRT-PCR analyses.

RNA extraction and qRT-PCR analyses

Total RNA was extracted from tissues or cul-
tured cells with TRIzol reagent (Invitrogen). For 
Quantitative Real-time PCR (qRT-PCR), RNA 
was reverse transcribed to cDNA from 1 mg of 
total RNA by using a Reverse Transcription Kit 
(Takara). qRT-PCR analyses were conducted 
with Power SYBR Green (Takara). All protocols 
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were carried out according to the manufactur-
er’s instructions. Results were normalized to 
the expression of U6 or glyceraldehyde-3-phos-
phatedehydrogenase (GAPDH). The primer 
sequence: PDCD4-F 5’-AAA GGG AAG GTT GCT 
GGA TA-3’, PDCD4-R 5’-TCC ACC TCC TCC ACA 
TCA TA-3’, GAPDH-F 5’-CAT CTT CTT TTG CGT 
CGC CA-3’, GAPDH-R 5’-TTA AAA GCA GCC CTG 
GTG ACC-3’, hsa-miR-183-5p-RT primer: 5’-GTC 
GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA 
CTG GAT ACG ACA GTG AA-3’, has-U6 snRNA-RT 
primer: 5’-GTC GTA TCC AGT GCA GGG TCC GAG 
GTA TTC GCA CTG GAT ACG ACA AAA TA-3’, 
Common reverse primer: 5’-GTG CAG GGT CCG 
AGG T-3’.

Cell proliferation assays (MTT proliferation as-
say)

The capacity for cellular proliferation was mea-
sured with a 3-(4, 5-dimethylthiazol-2-yl)-2, 
5-diphenyltetrazolium bromide (MTT) assay. At 
24 h after RNA transfection, cells (approximate-
ly 5 × 104 cells/well) were seeded into 96-well 
culture plates for 24, 48, and 72 h. The cells 

were then incubated with 20 μL of MTT (5 mg/
ml) for 4h at 37°C and150 μL of DMSO was 
added to solubilize the crystals for 20 min at 
room temperature. The optical density was 
determined at a wavelength of 490 nm. Tests 
were performed in triplicate. The data was pre-
sented as the inhibition rate. Inhibition rate (%) 
= (Negative control group-Experimental group)/
Negative control group ×100%.

Apoptosis analysis

The cells were seeded into 6-well plates and 
then transfected with miR-183 mimic or inhibi-
tor and their negative controls. After 48 h, the 
cells were harvested, and the ratio of apoptosis 
was determined using the Annexin V Apoptosis 
Detection Kit according to the manufacturer’s 
instructions. Apoptosis cells were examined 
and quantified by flow cytometry (FCM). Tests 
were performed in triplicate.

Scratch-wound assay

Cells were transfected and cultured to conflu-
ence or near (> 90%) confluence in 6-well dish-

Figure 1. miR-183 is up-regulated in gastric cancer and as a novel biomarker for metastasis. A. Comparison of levels 
of miR-183 in samples from gastric cancer patients without metastasis (n = 24), gastric cancer with metastasis 
(lymph node and distant metastasis) (n = 56) and normal controls (n = 20). Data are expressed as the mean ± 
standard error (SE). Expression of miR-183 in tumor tissues was significantly higher than that in normal tissues (p < 
0.001), especially higher in metastatic tissues (p < 0.001). The miR-183 expression levels were tested by qRT-PCR 
and normalized to U6. Statistical analysis was performed using the paired t-test. B. To test the ability of miR-183 
in gastric cancer as a biomarker for metastasis, ROC curves were established. We observed clear separations be-
tween the patients with and without lymph node and distant metastasis, with an AUC of 0.74, 95% CI, 0.63-0.85.
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es. A sterile 200 µl pipette tip was used to 
scratch a straight wound through the cells. 
Subsequently the medium was removed and 
replaced with fresh medium. Images were 
taken at 0 and 24 h after scratching, respec-
tively. Two parallel lines were drawn at the bor-
der of the wound, and the distance between 
the lines were measured. Tests were performed 
in triplicate.

Transwell assay

Transiently transfected cells were trypsinized 
and suspended without serum-free RPMI-1640 
culture medium. The suspended cells were 
seeded in the upper chamber of the Transwell® 
insert and RPMI-1640 medium containing 20% 
FBS (600 µl) was added to the lower chamber 
of the Transwell insert. Following culturing at 
37°C in a humidified 5% CO2 incubator for 24 h, 
the inserts were washed with PBS. A cotton 
swab was used to remove adherent cells on the 
inner side of the upper chamber membrane, 
then the chamber membranes were fixed in 
paraformaldehyde (4%) for 10 min. Coomassie 
Blue (600 µl) was added into each well and 
incubated at room temperature for 15 min. The 
inserts were washed again and the upper 
chamber was left to dry naturally. Visual fields 
(n = 15) of each insert were randomly counted 
under an upright light microscope (BX51, 
Olympus) and the average value was calculat-
ed. Tests were performed in triplicate.

Western blotting

Total protein was extracted from tumor tissue 
samples and corresponding normal tissues or 
GC cell lines. The concentration of proteins was 
measured by BCA protein assay kit (Pierce, IL, 
USA). Proteins were separated by 10% SDS-
PAGE gel and transferred to polyvinylidene fluo-
ride (PVDF) membrane (Millipore, MA, USA). 
The membrane was first incubated with specific 
primary antibodies, then with secondary anti-
bodies labeled with HRP and detected by ECL. 
The signal intensity was determined by Image J 
software.

Statistical analysis

The relationships between the miR-183 expres-
sion level and clinicopathological parameters 
were analyzed using the Pearson χ2 test. For 
comparisons between two different groups, 

statistical significance was determined using 
the Student’s t-test. All statistical analyses 
were performed using the SPSS 13.0 software 
package. A two-tailed value of p < 0.05 was 
considered statistically significant.

Results

Expression levels of miR-183 associated with 
advanced gastric cancer

We first measured the expression levels of miR-
183 in a total of 100 gastric tissue samples 
including 20 non-tumorous gastric mucosa 
samples and 80 primary gastric tumor tissue 
samples by qRT-PCR. We found that the expres-
sion levels of miR-183 are up-regulated in 
tumor tissues than in the normal gastric tis-
sues (Figure 1A). The mean (± SE) expression 
level of miR-183 in the tumor tissues (2.12 ± 
0.24) was significantly higher than that in the 
non-tumor tissues (1.04 ± 0.15) (p < 0.01). 
Furthermore, there is a significant increase of 
miR-183 expression levels in metastatic tumors 
(lymph node metastasis and liver metastasis) 
than in localized gastric tumors (Figure 1A).

To evaluate the correlation between miR-183 
expression levels and clinicpathological char-
acteristics, 80 patients with gastric cancer 
were divided into two groups (high or low) based 
on the expression levels of miR-183. The cut off 
levels for miR-183 were determined as mean 
levels (2.67) of relative quantity (2-ΔΔCt) accord-
ing to a previous publication [26]. As shown in 
Table 1, high level expression of miR-183 was 
significantly correlated with advanced clinical 
stage (TNM stage) positive lymph node, distant 
metastases, and depth of cancer cell invasion 
(p < 0.05).

To evaluate miR-183 expression in gastric can-
cer as a new biomarker for metastasis, ROC 
curves were established. We observed clear 
separations between the metastatic tumors 
and localized gastric tumors with an AUC of 
0.74 (Figure 1B, 95% CI, 0.63-0.85). 

miR-183 represses the expression of PDCD4

To determine the functions of miR-183 in gas-
tric cancer, we searched for putative target 
genes of miR-183 by using the Target Scan 
(http://www.targetscan.org/ and http://www.
microrna.org/) bioinformatics tools. A putative 
miR-183 binding site at 3’-UTR of the PDCD4 

http://www.targetscan.org
http://www.microrna.org
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gene was identified, which is conserved across 
various species. The seed for miR-183 to 
PDCD4 3’ UTR is shown in Figure 2A. Given the 
potential role of miR-183 being oncogenic in 
gastric cancer, we selected the programmed 
cell death 4 (PDCD4), a tumor suppressor, as 
the putative miR-183 effector in gastric cancer 
for further validation.

The relationship between miR-183 level and 
PDCD4 expression was analyzed in SGC-7901 
cells. qRT-PCR was performed to detect the 
mRNA levels of PDCD4 and showed that PDCD4 
expression was down-regulated in SGC-7901 
cells transfected with miR-183-mimics when 
compared with negative control and blank, 
whereas the expression levels of miR-183-in-
habitor was up-regulated (Figure 2B).

The level of PDCD4 protein was also detected 
by western blotting. As shown in Figure 2C, 

MTT assay was performed in SGC-7901 cells. 
The result demonstrated that SGC-7901 cells 
transfected with miR-183-mimic exhibited a 
significant increase of cellular viability when 
compared to cells treated by miR-183-mimicNC 
(p < 0.05) (Figure 3A). Furthermore, there was 
no significant difference between blank group 
and miR-183-mimicNC group. On the contrary, 
miR-183-inhabitor decreased cellular prolifera-
tion in SGC-7901 cells compared with miR-
183-inhabitorNC group (p < 0.05) (Figure 3B), 
suggesting that miR-183 promotes gastric cell 
proliferation.

miR-183 inhibited the apoptosis of gastric 
cancer

To confirm that the over-expression of miR-183 
was associated with apoptosis, we examined 
the apoptosis of the cells by flow cytometry 48 
h after transfection. The results obviously dem-

there was a significant 
inverse correlation betw- 
een miR-183 and PDCD4 
protein level in the miR-
183-mimic group versus 
miR-183-mimicNC group 
(p < 0.05), while there was 
no obvious difference be- 
tween blank group and 
miR-183NC group. In con-
trast, the miR-183-inhibi-
tor played the opposite 
effect of miR-183-mimic 
with an increasing level of 
PDCD4 protein expression 
versus either miR-183- 
mimic or miR-183-inhibi-
torNC group (p < 0.05). All 
of these results indicate 
that miR-183 post-tran-
scriptionally inhibits PD- 
CD4 expression and miR-
183 is negatively correlat-
ed with mRNA and protein 
level of PDCD4 in gastric 
cancer cells.

miR-183 promoted cellu-
lar proliferation of gastric 
cancer

Given the up-regulation of 
miR-183 in gastric cancer, 
we speculate that miR-
183 may influence gastric 
cancer cell proliferation, 

Table 1. Correlation between the clinicopathologic characteristics and 
expression of miR-183 in gastric cancer
Variable miR-183

All case
(n = 80)

Low expression
(n = 45)

High expression
(n = 35) p value*

Age (years)
    ≤ 60 37 23 14 0.323
    > 60 43 22 21
Gender
    Male 45 25 20 0.887
    Female 35 20 15
Tumor size (cm)
    < 5 46 29 17 0.154
    ≥ 5 34 16 28
Histological type
    Well-differentiated 28 19 9 0.125
    Poorly-differentiated 52 26 26
Depth of invasion
    T1, T2 21 16 5 0.032*

    T3, T4 59 29 30
Lymph node metastasis
    Absent 24 18 6 0.027*

    Present 56 27 29
Distant metastasis
    Absent 73 44 29 0.039*

    Present 7 1 6
TNM stage
    I, II 36 27 9 0.002**

    III, IV 44 18 26
*p < 0.05, **p < 0.01.
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onstrated that there was a significant decrease 
of apoptosis in gastric cancer cells transfected 
with miR-183-mimic compared with the cells 
transfected with miR-183-mimicNC (p < 0.05). 
In contrast, the gastric cells transected with 
miR-183-inhabitor showed an increase of apop-
tosis compared with miR-183-inhabitorNC and 
miR-183-mimic groups (p < 0.05) (Figure 3C), 

suggesting that miR-183 plays a pro-apoptotic 
role in gastric cells.

miR-183 increased gastric cancer cell migra-
tion and invasion

Since the expression level of miR-183 corre-
lates with advanced gastric cancer, we further 

Figure 2. miR-183 inhibits the mRNA and protein expression of PDCD4. A. PDCD4 was predicted to be a potential 
target of miR-183. B. The mRNA levels of PDCD4 in the SGC-7901 cells of miR-183 mimic group and miR-183 in-
hibitor group. C. The protein levels of PDCD4 in the SGC-7901 cells of miR-183 mimic group and miR-183 inhibitor 
group. GAPDH was used as an internal loading control. Statistical analysis was performed using the student’s t-test. 
*p < 0.05.
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assessed the effects of miR-183 on cell migra-
tion and invasion, a key determinant of malig-
nant progression and metastasis. The scratch-
wound assay was performed to measure and 
compare the scratch breadth at 24 hours fol-
lowing transfection. As shown in Figure 4A, 
miR-183-mimic group scratch wound-healing 
motility was faster compared to the control 
group; miR-183-inhibitor led to significantly 
decreased migration of SGC-7901 cells. 
Furthermore, the Transwell assay was used to 
detect the cell invasion ability. As shown in 
Figure 4B, the numbers of cells that had tra-

versed the membrane were counted following 
transfection of miR-183 for 48 hours. When 
evaluated against the control group, the miR-
183-mimic group significantly increased the 
invasion ability of GC cells. By contrast, the 
miR-183-inhibitor group significantly reduced 
the invasion ability (p < 0.05).

These results propose a functional role for miR-
183 in mediating cell migration and invasion in 
gastric cancer and suggest a mechanism by 
which up-regulation of miR-183 potentially con-
tributes to tumor metastasis in gastric cancer.

Figure 3. miR-183 promoted gastric cancer cell lines proliferation. A and B. MTT assay showed growth promotion 
in SGC-7901 cells transfected with miR-183 mimic, inhibitor, or negative controls at different time points. C. Cell 
apoptosis was analyzed by FCM in SGC-7901 cells 48 h after transfection of miR-183 mimic, inhibitor, or negative 
controls. *p < 0.05.
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Discussion

Overexpression of miR-183 has been reported 
in a variety of human cancer types including 
bladder, breast, liver, and colorectal cancers 
[27-30]. It confers invasive potential to liver, 
lung, and prostate cancer cells [25, 31, 32]; 
however, the role of miR-183 in gastric cancer 
is yet to be elucidated. In the present study, we 
observed significant up-regulation of miR-183 

in gastric tumors. The expression level of miR-
183 increased about one-fold in metastatic 
gastric tumors compared to localized gastric 
tumors (Figure 1). Detailed analysis of the 
expression levels of miR-183 and the clinico-
pathological characteristics of the gastric 
tumors showed statistical significant correla-
tion between high level expression of miR-183 
and metastatic phenotypes of gastric cancers. 
Our data provides evidence that high level 

Figure 4. miR-183 promoted the migration and invasion of gastric cancer. A. Analysis the effect of miR-183 on the 
migration of SGC-7901 cells after transfection with mimic, inhibitor, or negative controls by scratch-wound assay. B. 
Analysis the effect of miR-183 on the invasion of SGC-7901 cells after transfection with mimic, inhibitor, or negative 
controls by transwell assay. *p < 0.05.
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expression of miR-183 is clinically relevant and 
suggest that miR-183 may be a potent bio-
marker for advanced gastric cancer. 

In this study, we further demonstrated the bio-
logical significance of miR-183 expression in 
gastric cancer in vitro. We showed that overex-
pression of miR-183 in human gastric cell line 
SGC-790 promotes cell proliferation and inhib-
its apoptosis whereas inhibition of miR-183 
causes reverse effects. Since increased cell 
migration and invasion are required for tumor 
metastasis, we examined the effect of miR-183 
on gastric cancer cell migration and invasion. 
We also demonstrated that miR-183 enhances 
migration and invasion activities of gastric can-
cer cells, which was verified by the evidence 
that miR-183 accelerates wound healing of cul-
tured cells and promotes invasion of cells to 
pass through the simulated extra cellular 
matrix. Contrarily, inhibition of miR-183 reduced 
cancer cell migration and invasion. These data 
suggest that miR-183 has an oncogenic and 
prometastatic function in gastric cancer cells 
through inhibition of apoptosis and promotion 
of cancer proliferation.

To date, several miR-183 direct targets have 
been reported including Ezrin in lung cancer, 
FOXO1 in endometrial cancer, and EGR1in 
synovial sarcoma [31, 33, 34]. The direct target 
of miR-183 in gastric cancer is unknown. We 
identified programmed cell death 4 (PDCD4) as 
a candidate direct target gene of miR-183 in 
gastric cancer using the bioinformatic algo-
rithms. PDCD4 is a tumor suppressor gene to 
suppress transformation [35, 36], tumorigene-
sis and progression [17], invasion and metallo-
proteinase activation [19], and to induce apop-
tosis [37, 38]. It was also reported that PDCD4 
mRNA/protein expression is lower in primary 
gastric tumor tissues compared to correspond-
ing normal tissues and in cell culture models 
[39]. Given that miR-183 binding to the 3’ UTR 
of PDCD4 and over expression of miR-183 
down-regulates PDCD4 at both the mRNA and 
protein level, our data reported here support 
the notion that down-regulation of PDCD4 
observed in gastric cancer is very likely due to 
the up-regulation of miR-183. miR-183 may 
attenuate PDCD4 in gastric cancer for progres-
sion and metastasis.

In summary, we demonstrated for the first time 
that miR-183 promotes gastric cancer cell pro-

liferation and invasion through repression of 
PDCD4, a tumor suppressor critical for inhibi-
tion of cancer cell proliferation and invasion. 
Given that miR-183 is significantly up-regulated 
in gastric cancer and associates with metastat-
ic phenotype of gastric cancer, miR-183 may be 
a potent biomarker for advanced gastric cancer 
and a potential therapeutic target for treatment 
of gastric cancer in future.
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