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Abstract. Gastric cancer (GC) poses a serious public health 
threat and the 5-year survival rate of patients with GC is low. 
MicroRNAs (miRNAs/miRs) may serve oncogenic or tumor 
suppressor functions during tumorigenesis by regulating cell 
proliferation, apoptosis, migration and invasion and it has 
been demonstrated that they may be dysregulated in various 
types of cancer. The present study demonstrated that miR-144 
and GATA4 were downregulated in GC tissues and cell lines 
and suggested that this may be due to hypermethylation. 
Additionally, miR-144 and GATA4 had synergistic effects 
on GC cells by repressing cell proliferation and inducing cell 
cycle arrest and apoptosis. The results of bioinformatics and 
a luciferase reporter assay indicated that cyclooxygenase-2 
(COX-2) is a direct target of miR-144 and that miR-144 nega-
tively regulated the expression of COX-2, which inhibits the 
viability of GC cells. GATA4 also induced a similar effect 
on COX-2. Taken together, the results of the present study 
may improve understanding of the underlying mechanism of 
miR-144 and GATA4 in GC.

Introduction

Gastric cancer (GC), one of the leading causes of cancer-asso-
ciated mortality, is a malignant epithelial cancer that poses 
a serious threat to public health, particularly in China (1,2). 
Current treatments for GC depend on the tumor-node-metastasis 
stage, the type of cancer tissue (intestinal or diffuse) and the 
patient's physical condition (3,4). It has been demonstrated that 
patients with early-stage GC have a longer survival time, due 
to them receiving prompt improved gastrectomy and radical 
therapy (4,5). However, the overall prognosis for the disease 
remains poor, the 5-year survival rate is ~30% for patients not 

with early-stage GC at the time of their initial diagnosis (6-8). 
Therefore, developing a predictive biomarker for the diagnosis 
and prognosis of GC may improve the targeted therapeutic 
options available to treat GC.

The dysregulation of microRNAs (miRNAs/miRs) may 
serve oncogenic or tumor suppressor functions in tumori-
genesis, as miRNAs regulate cell proliferation, apoptosis, 
migration and invasion (9). Previous studies have suggested 
that miRNAs may be used as molecular biomarkers in the 
diagnosis and prognosis of GC (10-12). Oncogenic miRNAs, 
which are generally upregulated in GC, exert their function by 
silencing the expression of genes that inhibit the cell cycle and/or 
genes associated with apoptotic pathways (13-15). By contrast, 
miRNAs that are downregulated act as tumor suppressors 
during GC progression. These miRNAs generally exert their 
function via anti-proliferative and pro-apoptotic associated 
genes (14-16). Additionally, decreased levels of miR-144 in GC 
tissue may be associated with poor patient prognosis and it was 
demonstrated that the reintroduction of miR-144 increased the 
susceptibility of cancer cells to chemotherapy (17,18). It has 
been reported that GATA4, a key regulator of cardiogenesis 
via cell autonomous or non-autonomous mechanisms, may be 
involved in the activation of miR-144 (19,20). Furthermore, the 
ability of miR-144 to inhibit the proliferation and metastasis 
of tumor cells is dependent on the target genes involved (21). 
Thus, the present study aimed to determine the role of miR-144 
in GC tissues.

COX-2 is a rate-limiting enzyme, which converts arachi-
donic acid into prostaglandin. It has been demonstrated in vivo 
and in vitro that the expression of COX-2 is associated with 
the proliferation and metastasis of tumor cells (22). In addi-
tion, COX-2 has been proposed as a potential pharmacologic 
target to decrease the growth of certain human tumors (23). 
Previous studies identified that the expression of COX‑2 was 
upregulated in GC and may be targeted by miR-143 (24,25), 
which suggests that targeted COX-2 by miRNA may serve as a 
novel approach for the treatment of GC.

The present study demonstrated that the expression of 
miR-144 and GATA4 were downregulated in GC tissues 
and cell lines. Treatment with 5-aza-2'-dexoxycytidine 
(5-aza) upregulated the expression of miR-144 and GATA4 
in MGC-803 cells. Overexpression of miR-144 and GATA4 
was able to increase MGC-803 cell viability and colony 
formation, and miR-144 directly targeted and suppressed 
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cyclooxygenase-2 (COX-2) expression. These results may 
improve understanding of the molecular mechanism of 
anti-oncogenic miRNAs in the initiation and progression of 
GC and provide evidence supporting the use of miRNAs to 
treat patients with GC.

Materials and methods

Cell lines and human cancer tissue samples. The human 
GC cell lines AGS, BGC-823, SGC-7901, MGC-803 and the 
normal gastric epithelium cell line GES-1 were obtained from 
the Institute of Biochemistry and Cell Biology at the Chinese 
Academy of Sciences (Shanghai, China). Cells were maintained 
in RPMI 1640 medium (Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) supplemented with 10% fetal bovine serum 
(Hyclone; GE Healthcare Life Sciences, Logan, UT, USA) and 
1% penicillin/streptomycin, and cultured at 37˚C in a humidi-
fied chamber supplemented with 5% CO2. A total of 21 human 
GC tissue samples were obtained from patients undergoing 
surgical resection at Harbin Medical University Cancer Hospital 
(Harbin, China) between January 2014 and July 2015. There 
were 11 males and 10 females and the mean age of the patients 
was 46. Matched normal tissue samples were obtained from a 
segment of resected specimens that were >5 cm from the edge 
of the tumor. Informed consents were obtained from all patients 
and the Research Ethics Committee of the Affiliated Tumor 
Hospital of Harbin Medical University approved the study.

Vector construction and transfection. A wild-type 
3'-untranslated region (UTR) fragment of human COX-2 
mRNA was amplified and cloned downstream of the 
pMIR‑REPORT vector (Ambion; Thermo Fisher Scientific, 
Inc.) using HindIII and SpeI restriction sites to generate the 
pMIR-COX-2-3'-UTR luciferase vector (COX-2 3'-UTR). 
The mutation of the 3'-UTR fragment of human COX-2 
mRNA was performed using the QuikChange mutagenesis 
kit (Stratagene; Agilent Technologies, Inc., Santa Clara, CA, 
USA) and cloned into the pMIR-REPORT vector to form the 
pMIR-COX-2-3'UTR-mut (COX-2-3'UTR-mut). To construct 
pcDNA3-GATA4, the fragment of GATA4 mRNA was ampli-
fied and cloned downstream of the pcDNA3.1 (Invitrogen; 
Thermo Fisher Scientific, Inc.). The miR‑144 mimics (5'‑UAC 
AGU AUA GAU GAU GUA CU-3'), miR-144 antisense oligo-
nucleotides (ASO; 5'-AGU ACA UCA UCU AUA CUG UA-3'), 
COX-2 small interfering (si)RNA and their corresponding 
controls [miRNA-negative control (NC), ASO NC and siRNA 
NC] were synthesized by Shanghai GenePharma Co., Ltd. 
(Shanghai, China). Transfections of miRNA mimics, ASO, 
siRNA and corresponding controls into MGC-803 cells were 
conducted using Lipofectamine® 2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.) according to the manufacturer's instruc-
tions using a final concentration of 50 nM for RNA mimics, 
100 nM for ASO, 100 nM for siRNA and their respective NCs. 
The COX-2 siRNA target sequence was 5'-GCT GGG AAG 
CCT TCT CTAA-3'; the siRNA sense strand was 5'-GCU GGG 
AAG CCU UCU CUA AdTdT-3' and the antisense strand was 
5'-dTd TCG ACC CUU CGG AAG AGA UU-3'.

Luciferase reporter assay. For the luciferase assay, MGC-803 
cells (1x105 cells/well) were cultured in triplicate in 48-well plates 

and then co-transfected with COX-2 3'UTR/COX-2-3'UTR-mut 
and miR-144 mimics/miRNA NC at the indicated concentra-
tions using Lipofectamine 2000. After 48 h, a dual-luciferase 
reporter assay kit (Promega Corporation, Madison, WI, USA) 
was used to determine luciferase intensity. The pRL-TK and 
pMIR-vectors were used as internal controls and the results 
were expressed as the relative luciferase activity normalized 
to the Renilla luciferase acitivity.

5‑Aza‑CdR (5‑Aza) treatment of GC cell line MGC‑803. 
MGC-803 cells were treated with 3 µM 5-Aza (cat. 
no. A3656; Sigma-Aldrich, Merck KGaA, Darmstadt, 
Germany) in RPMI 1640 medium (Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10% fetal bovine 
serum (Hyclone; GE Healthcare Life Sciences) and 1% 
penicillin/streptomycin for 48 h at 37˚C in a humidified 
chamber supplemented with 5% CO2. And the RT-qPCR was 
performed as follows.

RNA preparation and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). RNA was extracted 
from tissues and cells using the mirVana miRNA isolation kit 
(Ambion; Thermo Fisher Scientific, Inc.) following the manu-
facturer's protocol. The separated and purified RNAs were 
detected by 1.5% agarose gel electrophoresis. Subsequently, 
5 µg RNA was reversely transcribed into cDNA using 
Moloney Murine Leukemia Virus Reverse Transcriptase 
(Invitrogen; Thermo Fisher Scientific, Inc.). 5x First‑Strand 
Buffer and dNTPs were purchased from Invitrogen (Thermo 
Fisher Scientific, Inc.). The reverse transcription temperature 
protocol was 16˚C for 30 min; 42˚C for 30 min; 85˚C for 
5 min, then hold at 4˚C. qPCR analysis was performed using 
the SYBR Premix Ex Taq™ kit (Takara Biotechnology Co., 
Ltd., Dalian, China) following the manufacturer's protocol. 
The PCR thermocycling conditions were as follows: 
30 cycles of denaturation at 94˚C for 30 sec, annealing at 
58˚C for 30 sec and extension at 72˚C for 30 sec. U6 (for 
miR-144) and GAPDH (for GATA4 and COX-2) were used 
an as internal control and the 2-ΔΔCq method (26) was used for 
quantification. The experiments were performed three times. 
The primers used are as follows: miR-144 forward, 5'-ATC 
CAG TGC GTG TCG TG-3' and reverse, 5'-TGC TTA TAC AGT 
ATA GATG-3'. U6 forward, 5'-CTC GCT TCG GCA GCA CA-3' 
and reverse 5'-AAC GCT TCA CGA ATT TGC GT-3'. GATA4 
forward, 5'-CTG GCC TGT CAT CTC ACT ACG-3' and reverse 
5'-GGT CCG TGC AGG AAT TTG AGG-3'. COX-2 forward, 
5'-CCT GTG CCT GAT GAT TGC-3' and reverse 5'-CTG ATG 
CGT GAA GTG CTG-3'. GAPDH forward, 5'-AAT CCC ATC 
ACC ATC TTC CAGG-3' and reverse 5'-GAG TGG GTG TCG 
CTG TTG AAGT-3'.

Cell viability assay. An MTT assay was used to investigate 
the effect of GATA4 and miR-144 overexpression on cell 
viability. Briefly, cells were seeded at 1,000 cells/well and 
incubated at 37˚C for 24 h. Cells were then co‑transfected with 
miR-144 mimics or pcDNA3-GATA4. Cells were harvested at 
following 2 h incubation with MTT (0.5 mg/ml) and dimethyl 
sulfoxide. The optical density was determined at 570 nm on 
a Tecan SpectraFluor microplate reader (Tecan Group Ltd., 
Männedorf, Switzerland).
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Colony formation assay. For the colony formation assay, cells 
transfected with miR-144 mimics or pcDNA3-GATA4 were 
seeded at 1,000 cells/well in a 6-well plate and incubated 
for 2 weeks at 37˚C in a humidified chamber supplemented 
with 5% CO2. The culture medium was replenished every 
3 days and experiments were performed three times. The 
media was subsequently removed and fixed with 75% 
ethanol for 30 min at room temperature, 0.2% crystal violet 
stain (Beyotime Institute of Biotechnology, Haimen, China) 
was added to the wells for 20 min at room temperature, the 
plate was washed with running water and air dried. Then the 
colonies in each well were counted under a light microscope 
(magnification, x400; Olympus Corporation, Tokyo, Japan) 
following.

Cell cycle analysis. A total of 48 h after transfection, cells 
transfected with miR-144 mimics or pcDNA3-GATA4 were 
subjected to cell cycle analysis. Cells were obtained by tryp-
sinization followed by centrifugation at 300 x g for 5 min. 
The cells were fixed with 70% ethanol on ice for 2 h followed 
by centrifuging for 5 min at 300 x g at 4˚C. Subsequently, 
0.05 mg/ml propidium iodide (PI; Sigma-Aldrich; Merck 
KGaA) and 0.1 mg/ml RNAse A (Sigma-Aldrich; Merck 
KGaA) were added to the samples for 30 min. Cells were 
examined using a BD FACSCalibur flow cytometer (BD 
Biosciences, San Jose, CA, USA) and CellQuest software 
version 3.3 (BD Biosciences). The experiments were repeated 
three times.

Apoptosis assay. Annexin V-fluorescein isothiocyanate and PI 
staining were used to determine the effect of miR-144 mimics 
or pcDNA3-GATA4 on cell apoptosis. The adherent cells were 
harvested 48 h after transfection. Subsequently, cells were 
washed with PBS and stained with Annexin-V in combination 
with PI at room temperature in the dark for 15 min (Annexin 
V-PI kit; Nanjing KeyGen Biotech Co., Ltd., Nanjing, China). 
Cells were subsequently analyzed using a BD FACSCalibur 
flow cytometer (BD Biosciences) and CellQuest software 
version 3.3. A total of 10,000 events were counted for each 
sample.

Western blot analysis. Proteins from transfected cells were 
extracted using radioimmunoprecipitation assay lysis buffer 
(cat. no. R0278; 1:1,000; Sigma-Aldrich; Merck KGaA) and 
the protein concentration was determined using BCA assay 
kit (Thermo Fisher Scientific, Inc.). Equal amounts of protein 
(30 µg/lane) were separated by 12% SDS-PAGE followed by 
a transfer onto a nitrocellulose membrane. Then membranes 
were blocked in 5% non-fat milk in TBS with 0.05% 
Tween-20 (TBST) at room temperature for 1 h and incubated 
with diluted primary antibodies [anti-COX-2 (cat. no. 4842; 
1:1,000; Cell Signaling Technology, Inc., Danvers, MA, USA) 
and anti-GAPDH (cat. no. G9545; 1:1,000; Sigma-Aldrich; 
Merck KGaA)] overnight at 4˚C and were subsequently 
washed three times in TBST, followed by incubation with 
horseradish peroxidase conjugated secondary antibodies (cat. 
no. AC111P; 1:1,000; Sigma-Aldrich; Merck KGaA) for 1 h 
at room temperature. The protein bands were detected with 
the Western Blotting Luminol reagent (cat. no. sc-2048; Santa 
Cruz Biotechnology, Inc., Dallas, TX, USA) and quantified 

by densitometric analysis of digitized autoradiograms using 
Quantity One version 4.6.2 software (Bio-Rad Laboratories, 
Inc., Hercules, CA, USA).

Bioinformatics method, 3'‑UTR datasets and microRNA 
datasets. Mir-144 target sites were predicted by 
computer-aided algorithms obtained from Targetscan Release 
7.1 (targetscan.org/). The 3'-UTR sequences of COX-2 were 
retrieved using the Ensembl database (ensembl.org). Human 
miRNA sequences of the miR-144 registry were downloaded 
from the miRBase website (mirbase.org).

Statistical analysis. Statistical analysis was performed using 
a two-tailed Student's t-test on SPSS 17.0 software (SPSS 
Inc., Chicago, IL, USA). For comparison of multiple groups, 
one-way analysis of variance followed by a Tukey's post hoc 
multiple comparisons test was performed. All results are 
expressed as the mean ± standard error of the mean. P<0.05 
was considered to indicate a statistically significant difference.

Results

miR‑144/GATA4 is downregulated in human GC tissues and 
cell lines. RT-qPCR was performed to measure the expression 
of miR-144 and GATA4 in 21 pairs of GC and adjacent normal 
tissues taken from patients with GC. The results revealed that 
the expression of miR-144 and GATA4 were significantly 
decreased in GC tissues compared with the adjacent normal 
tissues (Fig. 1A). Subsequently, the expression of miR-144 
and GATA4 in the GC cell lines was determined. The results 
from RT-qPCR indicated that the expression of miR-144 and 
GATA4 were significantly downregulated in the GC cell 
lines (MGC-803, SGC-7901, BGC-823 and AGS) relative to 
the normal cell line, GES-1 (Fig. 1B). As the expression of 
miR-144 was expressed at lowest level in the MGC-803 cell 
line, it was selected for miR-144 overexpression and associated 
assays.

Synergistic effects of GATA4 and miR‑144 on cell viability 
and growth. Studies have indicated that GATA4 is able to 
transcriptionally activate miR-144; additionally GATA4 may 
potentially be involved in promoting the hypermethylation of 
tumor suppressor genes underlying tumorigenesis (19,27,28). 
The results of the present study implied that DNA demethyl-
ation following treatment with 5-aza induced the upregulation 
of GATA4 and miR-144 expression compared with the cells 
without 5-aza treatment (Fig. 2A). Subsequently, miR-144 
mimics/miRNA NC were transfected into cells and the 
expression of miR-144 was determined by RT-qPCR. The 
results confirmed that the overexpression of GATA4 upregu-
lated miR-144 expression (Fig. 2B). In order to test the effects 
of GATA4 and miR-144 on cell viability, pcDNA3-GATA4 
or miR-144 mimics were transfected into MGC-803 cells. 
It was revealed that overexpression of GATA4 and miR-144 
induced time-dependent inhibition of cell viability (Fig. 2C). 
Furthermore, the results of the cell colony assay exhibited a 
similar inhibition on cell proliferation (Fig. 2D and E). This 
evidence indicates that GATA4 and miR-144 are potentially 
hypermethylated in GC, and that GATA4 and miR-144 inhibit 
the viability of GC cells.
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GATA4 and miR‑144 induce GC cell cycle arrest and 
apoptosis. To investigate whether GATA4 and miR-144 affect 
the cell cycle and apoptosis of GC cells, fluorescence‑activated 
cell sorting and a cell apoptosis assay were performed. The 
results revealed that overexpression of GATA4 increased 
the proportion of cells in the G1 phase and concurrently 
decreased the proportion of cells in the S-phase compared 
with the control (Fig. 3A). Transfection with miR-144 mimic 
had a similar effect on the cell cycle. In accordance with this, 
elevated expression of GATA4/miR‑144 mimics significantly 
promoted apoptosis (Fig. 3B). Altogether, the results indicated 
that the elevated expression of GATA4/miR-144 may induce 
GC cell cycle arrest and apoptosis.

miR‑144 negatively regulates COX‑2, which inhibits GC cell 
viability and growth. Although it has been demonstrated 
that miR-144 targets COX-2 in esophageal squamous cell 
cancer (29), there have been few studies investigating 
whether miR-144 regulates COX-2 in GC. Bioinformatics 
prediction using Targetscan Release 7.1 (targetscan.org/) 
was performed and COX was confirmed to be a direct target 
of miR-144 (Fig. 4A). The luciferase intensity of MGC-803 
cells transfected with miR-144 mimics+COX-2-3'-UTR was 
significantly lower than the other three groups (miRNA 
NC+COX-2-3'-UTR, miRNA NC+COX-2-3'-UTR-mut and 
miR-144+COX-2-3'-UTR-mut), indicating that miR-144 may 
directly bind to COX-2 3'-UTR (Fig. 4B). The possibility 
that miR-144 serves a functional role in the regulation of 
endogenous COX-2 expression in GC cells was also assessed. 
The results of RT-qPCR revealed that cells transfected with 
miR‑144 mimic exhibited a significantly decreased expres-
sion of endogenous COX-2 compared with the miRNA NC 
group (Fig. 4C). The results of the western blot analysis also 
exhibited a similar inhibitory effect (Fig. 4D). To further 
explore the role of COX-2 in the proliferation of GC cells, 
the expression of COX-2 was inhibited following transfec-
tion of COX-2 siRNA or siRNA NC. The results obtained 
from the MTT assay revealed that the viability of MGC-803 
cells decreased in a time-dependent manner (Fig. 4E). The 
results of the colony formation assay further determined that 
inhibition of COX-2 reduced cell viability (Fig. 4F). These 
results indicate that miR-144 directly targets COX-2 3'UTR 

to suppress its expression and inhibit GC cell viability and 
growth.

Synergistic effects of GATA4 and miR‑144 on COX‑2 
expression in GC cells. RT-qPCR and western blotting were 
performed to further investigate whether GATA4 and miR-144 
are able to regulate COX-2 expression. The results revealed 
that the overexpression of GATA4 (pcDNA3-GATA4+ASO 
NC) significantly reduced the expression of COX‑2 mRNA 
and protein, whereas miR-144 ASO (pcDNA3+miR-144 
ASO) promoted the expression of COX-2 mRNA and 
protein (Fig. 5). Additionally, the reduction induced by 
pcDNA3-GATA4 can be partially rescued by miR-144 
ASO (pcDNA3-GATA4+miR-144 ASO) compared with the 
pcDNA3+ASO NC group (Fig. 5). These results indicate that 
GATA4 and miR-144 exhibit a synergistic effect on the inhibi-
tion of COX-2 expression in GC cells.

Discussion

The mortality rate of patients with GC is increasing in devel-
oping countries, particularly in East Asian countries (30). The 
overall 5-year survival rate remains low; ranging between 
20-30% for patients past the early stage of the disease at the 
time of their initial diagnosis (31). Furthermore, the dysregula-
tion of miRNAs is reported to be involved in the pathogenic 
processes of GC tumorigenesis by regulating the expression 
of the miRNA's target genes. It has been revealed that the 
regulation of miRNAs participating in GC tumorigenesis 
is associated with cell proliferation and apoptosis-related 
genes (32). Therefore, numerous studies have suggested that 
miRNAs, including miR-10b, miR-106a and miR-107, may be 
used as biomarkers in GC (14,33,34). In addition, it has been 
demonstrated that gene silencing is tightly associated with 
epigenetic mechanisms, particularly promoter hypermethyl-
ation of tumor suppressor genes, which may serve a critical 
role in the mechanisms underlying tumorigenesis (27,28).

In the present study, it was revealed that the expression of 
GATA4 and miR-144 was repressed in GC tissues and cell 
lines compared with relative controls. It was hypothesized 
that the downregulation of GATA4 and miR-144 that occurs 
in GC is induced by hypermethylation. Consistent with this, 

Figure 1. Expression of miR-144 and GATA4 in tissues and cell lines. (A) Relative levels of miR-144 and GATA4 in 21 patients with GC. *P<0.05 (B) Relative 
levels of miR-144 and GATA4 in the GC cell lines MGC-803, SGC-7901, BGC-823 and AGS and the normal cell line GES-1; *P<0.05 vs. GES-1 cell line. 
miR-144, microRNA-144; GC, gastric cancer.
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the results of the present study indicated that cells treated with 
5-aza exhibited increased expression of GATA4 and miR-144. 
It has been demonstrated that dysregulated cell proliferation 
and the induction of cell cycle arrest are key mechanisms 

involved in tumor progression (35). Furthermore, miR-144 and 
GATA4 may function by modulating the expression of genes 
that suppress tumor growth (36-38). The results of the MTT 
and colony formation assays validated this and revealed that 

Figure 3. Effect of GATA4 and miR-144 on the cell cycle and apoptosis. (A) Fluorescence-activated cell sorting analysis of cells transfected with pcDNA-GATA4, 
miR-144 mimics and corresponding controls. (B) Analysis of apoptosis in cells transfected with pcDNA-GATA4, miR-144 mimics and corresponding controls; 
*P<0.05 vs. corresponding control. miR-144, microRNA-144.

Figure 2. Synergistic effects of GATA4 and miR-144 on cell viability and growth (A) Treatment with 5-aza increased the expression of GATA4 and miR-144. 
(B) The expression of miR-144 was promoted in cells transfected with pcDNA3-GATA4. (C) GATA4 and miR-144 inhibited cell viability in a time-dependent 
manner. (D and E) GATA4 and miR-144 inhibited cell growth, as demonstrated by the results of a cell colony assay. *P<0.05 vs. corresponding control. 5-aza, 
5-aza-2'-dexoxycytidine; miR-144, microRNA-144.
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Figure 4. miR-144 targets COX-2, which inhibits the viability and growth of GC cells. (A) A schematic of the bioinformatics prediction in the 3'-UTR of 
COX-2 as well as mutant 3'-UTR used in the present study. (B) The results of the luciferase reporter assay demonstrated that COX-2 is a direct target of 
miR-144. **P<0.01. The expression of COX-2 was reduced in cells transfected with miR-144 mimics, as determined by (C) reverse transcription-quantitative 
polymerase chain reaction and (D) western blot analysis. (E) Knockdown of COX-2 reduced cell viability in a time-dependent manner, as determined by the 
results of an MTT assay. (F) Knockdown of COX-2 inhibited cell growth, as determined by the results of a cell colony formation assay. Differences were 
assessed by one-way analysis of variance followed by Tukey's multiple comparison test. *P<0.05 vs. corresponding control. miR-144, microRNA-144; COX-2, 
cyclooxygenase-2; UTR, untranslated region; mut, mutant; NC, negative control; siRNA, small interfering RNA; OD, optical density.

Figure 5. Synergistic effects of GATA4 and miR-144 on COX-2 expression in gastric cancer cells. (A) Expression of COX-2 in cells transfected with 
pcDNA3+ASO NC, pcDNA3-GATA4+ASO NC, pcDNA3+miR-144 ASO, pcDNA3-GATA4+miR-144 ASO, as determined by reverse transcription-quantitative 
polymerase chain reaction. (B) Expression of COX-2 in cells transfected with pcDNA3+ASO NC, pcDNA3-GATA4+ASO NC, pcDNA3+miR-144 ASO, 
pcDNA3-GATA4+miR-144 ASO, as determined by western blot analysis. Differences were assessed using one-way analysis of variance followed by Tukey's 
multiple comparison test. **P<0.01. miR-144, microRNA-144; COX-2, cyclooxygenase-2; ASO, antisense oligonucleotides; NC, negative control.
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miR-144 and GATA4 have a synergistic effect on cell prolif-
eration, apoptosis and the cell cycle.

To further identify the molecular mechanism of miR-144 
in the regulation of cancer progression, a bioinformatics 
analysis was performed, which indicated that COX-2 is a 
potential target of miR-144. COX-2 is the rate-limiting enzyme 
involved in the biosynthesis of prostaglandins and it has been 
suggested that COX-2 is involved in the development and 
progression of tumors (39,40). In the present study, knockdown 
of COX-2 expression by siRNA in MGC-803 cells decreased 
cell viability and colony formation. Furthermore, the results of 
the luciferase reporter assay validated that miR-144 targets the 
3'UTR of COX-2 and GATA4 and that miR-144 has a syner-
gistic effect on the regulation of COX-2 in GC cells.

In conclusion, the results of the present study revealed that 
GATA4 and miR-144 are downregulated in GC and that this 
may be attributed to hypermethylation. Furthermore, GATA4 
and miR-144 had a synergistic effect on cell proliferation and 
apoptosis, potentially by targeting COX-2. These results indi-
cate that GATA4 and miR-144 inhibit the proliferation of GC 
cells and that they may be used as a potential therapeutic target 
in the treatment of GC.
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