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1 |  INTRODUCTION

Gastric cancer is a common high-incidence malignant gastroin-
testinal form of cancer that poses serious threat to human life. At 
present, there are about 980 000 new cases and 730 000 deaths 
worldwide each year, and both morbidity and mortality are the 
third highest among malignant tumours.1 In China, the inci-
dence and mortality of gastric cancer rank it first in malignant 
tumours of digestive system and second in malignant tumours, 
and the mortality from gastric cancer accounts for 23.18% of 

all malignant tumours.2 Currently, endoscopy, X-ray, B-mode 
ultrasonography, CT, MRI and exfoliative cytology are the 
main methods for clinic diagnosis of gastric cancer, but these 
diagnostic methods have some deficiencies when trying to 
make an early diagnosis of gastric cancer.3 This lack of specific 
and sensitive screening indicators is the most important factor 
in hampering early diagnosis of gastric cancer, and this leads 
to the fact that the majority of patients with gastric cancer are 
in the middle and late stages at the time of clinical diagnosis, 
ultimately resulting in poor clinical efficacy of treatment and 
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Summary
Gastric cancer is a common and high-incidence malignant gastro-intestinal cancer 
that seriously threatens human life. Evidence suggests that microRNAs (miRNAs) 
play an essential role in regulating the occurrence and development of gastric cancer, 
but the possible mechanisms and effects remain to be further explored. In the present 
study, a new tumour suppresser function of miR-484 was identified in gastric cancer. 
The expression of miR-484 was obviously decreased, and the expression of CCL-18 
was obviously increased in gastric cancer tissues and cell lines. In addition, upregula-
tion of miR-484 suppressed cell proliferation, migration and invasion, and induced 
cell cycle arrest in G1 phase and cell apoptosis in gastric cancer cells. Besides, miR-
484 mimics could block the PI3K/AKT signalling pathway. Moreover, CCL-18 was 
confirmed as a direct target of miR-484 by binding its 3′-UTR, and over-expression 
of CCL-18 could restore the effects of miR-484 on the growth and metastasis of 
gastric cancer. Finally, in vivo experiments showed that over-expression of miR-484 
inhibited the subcutaneous tumorigenicity of gastric cancer cells, and the inhibition 
was blocked after over-expression of CCL-18. To conclude, miR-484 expression was 
downregulated in gastric cancer tissues and cells and played an anti-cancer role in the 
occurrence and development of gastric cancer, which may be achieved by inhibiting 
the expression of transcription factor CCL-18 and blocking the PI3K/AKT pathway.
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thus of poor prognosis.4 Therefore, it is of both theoretical sig-
nificance and direct clinical guidance significance to study the 
molecular mechanisms of the occurrence, development, inva-
sion and metastasis of gastric cancer. Early diagnosis, molecular 
typing, and treatment strategy selection are essential in order to 
develop more accurate prognostic prediction of gastric cancer.

In recent years, the functional study of microRNAs 
(miRNA) has provided a promising direction for exploring 
the occurrence of gastric cancer and finding new diagnostic 
markers and therapeutic targets.5,6 miRNAs belong to endog-
enous small single stranded non-coding RNA molecules with 
a length of 18-22 nucleotides and can regulate gene expression 
by directly degrading mRNAs or inhibiting post-transcriptional 
protein translation via binding to the 3′ untranslated region (3′-
UTR) of target mRNAs.7,8 Since the discovery of miRNAs in 
1993, there has been evidence that changes in the expression of 
miRNAs were closely related to tumours including gastric can-
cer.9 Many miRNAs, acting as either anti-oncogenes or onco-
genes have been shown to exert essential effects on occurrence, 
development, spread and metastasis of different cancers. At 
present, there are abnormal regulated miRNAs in gastric can-
cer, which not only participate in the proliferation, apoptosis, 
migration and migration of gastric cancer cells, but also change 
the sensitivity to radiotherapy and chemotherapy by regulating 
different tumour-related target genes.10-12 Therefore, in-depth 
study on the function of miRNAs and their target genes is help-
ful to elucidate the mechanisms of gastric cancer development 
and provide potential therapeutic targets.

miR-484 is located on chr6 and has been shown to have 
low expression low-expressed in many cancers. Previous stud-
ies have demonstrated that miR-484 is involved many different 
functions. For example, miR-484 showed an anti-cancer role 
in cervical cancer cells via targeting ZEB1 and SMAD2.13 
Downregulation of miR-484 suppressed the apoptosis of non–
small-cell lung cancer (NSCLC) through targeting Apaf-1.14 
Further, the expression of miR-484 has been closely related 
to metastatic renal cell carcinoma treated with sunitinib.15 
However, until now, the role and mechanisms of miR-484 
in the development and progression of gastric cancer are not 
clear.

CCL-18 is a CC-type chemokine, also known as pulmo-
nary and activation-regulated chemokine (PARC) located 
at 17q11.2 and is a secretory protein, mainly produced by 
monocytes/macrophages and dendritic cells.16 In recent 
years, the further study of CCL-18 on tumours at home and 
abroad has confirmed its role in the occurrence of tumours 
and its long-term significances as a potential biomarker for 
assisting diagnosis. CCL-18 has been shown to have pro- 
cancer effects in breast cancer, ovarian cancer, bladder can-
cer, prostate cancer and pancreatic cancer, but the prognosis 
of patients with high expression of CCL-18 in gastric and 
colon cancer is improved.17,18 Nevertheless, it is unclear 

whether CCL-18 could be regulated by miR-484 in gastric 
cancer. Therefore, this study was designed to explore whether 
miR-484 exerted its functional role in the growth and metas-
tasis of gastric cancer through targeting CCL-18.

2 |  MATERIALS AND METHODS

2.1 | Gastric cancer tissue

Approximately 50  mm3 pieces of gastric carcinoma tissue 
and non-dysplastic background mucosa were removed from 
each patient’s operative specimen at the same time and be-
fore there had been any therapeutic intervention. All the op-
erations were performed in the Suqian First Hospital and the 
specimens handled according to a standard protocol. Fresh 
tissues were stored at −80°C for further experiments.

2.2 | Cell lines and cell culture

The gastric cancer cell lines MGC-803, BGC-823, SGC-
7901, MKN-45 and MKN-7 and gastric mucosal epithe-
lial cell GES-1 were obtained from American Type Tissue 
Culture Collection (Manassas, VA) and routinely cultured in 
Dulbecco's modified Eagle's medium (DMEM, Invitrogen) 
supplemented with 10% foetal bovine serum (FBS, 
Invitrogen) and 1% penicillin-streptomycin (Sigma-Aldrich) 
in a humidified condition with 5% CO2 at 37°C.

2.3 | Cell transfection

miR-484 mimics and control oligonucleotides, empty vec-
tor and pcDNA3.1 cloned with CCL-18 were synthesized 
in GenePharma Company. Lipofectamine 2000 (Invitrogen) 
was used for transfection based on the  manufacturer’s speci-
fication. After 24 hours, relative expressions of miR-484 and 
CCL-18 were determined by qRT-PCR assay.

2.4 | CCK-8 assay

Viability of gastric cancer cells after transfection was as-
sessed using CCK-8 assay. Cells at a density of 104/well 
were cultured in 96-well plates, and after incubation for 
0, 24, 48 and 72 hours respectively, cells were incubated 
with 10 μL of CCK-8 reagent for another 4 hours at 37°C. 
The absorbance was detected at the wavelength of 490 nm 
(Multiskan MK3, Thermo Scientific).
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2.5 | Cell cycle analysis

Cell cycle was analysed by propidium iodide (Nanjing, China) 
(PI) staining. Briefly, transfected gastric cancer cells were cul-
tured in a 6-well plate at a density of 105 cells/well and cultured 
for 24 hours. After fixation with 70% ethanol at 4°C for 2 hours 
and PI staining, cells were analysed by FACStar flow cytom-
etry (BD Biosciences).

2.6 | Apoptosis

Apoptosis was evaluated using apoptosis and necrosis assay 
kit (Oncogene Research Products). Briefly, transfected gas-
tric cancer cells were cultured in a 6-well plate at a density 
of 105  cells/well and cultivated for 24  hours. Afterwards, 
cells were suspended in binding buffer and incubated at 
room temperature in the dark for 15  minutes. Annexin-V-
fluorescein isothiocyanate and propidium iodide were added 
to cell suspension for 15 minutes in the dark at room temper-
ature according to the protocol of the manufacturer. Stained 
cells were analysed on a flow cytometer (Beckman Coulter).

2.7 | Wound healing assay

Cell motility of gastric cancer cells after transfection was 
evaluated by wound healing assay. Cells at a density of 105/
mL were seeded in a 6-well plate and carefully wounded 
using a yellow pipette tip. The cellular debris was removed 
by washing with DMEM. The dimensions of the wound 
acorss width each well was photographed under an Olympus 
IX-71 microscope (Japan) at 0, 12 and 24 hours, respectively.

2.8 | Transwell invasion assays

Transwell chambers (Corning, New York, USA) were used to 
evaluate the invasion of gastric cancer cells after transfection. 
Briefly, the cells (1 × 105) cells per well were added to the 
upper chamber of the inserts with matrix gel, and 600 μL of 
medium with 50% FBS was added to the lower chamber. The 
invading cells were stained by crystal violet and imaged after 
30 hours of culture.

2.9 | RNA extraction and qRT-PCR analysis

Total RNA was extracted from human gastric cancer tis-
sues and gastric cancer cell lines according to the manufac-
turer's protocol. Then, total RNA was reverse transcribed 
into cDNA using RNeasy plus micro kit, which was used 

as starting materials for qRT-PCR on the Step One System 
(Life Technologies Corp). Primer sequences used were de-
signed as follows: miR-484 forward, 5′-AGCAGATAGT 
TCGACTGGACAGGC-3′, miR-484 reverse, 5′-CGCTCGAT 
GAGTGTAGTGGG CT-3′, U6 forward, 5′-CTCGCTTCGGC 
AGCACA-3′, U6 reverse, 5′-AACGCTTCACGAATTTGCG  
T-3′. PI3K forward, 5′-GTGTGCATGTCACCGAGGAG-3′,  
PI3K reverse, 5′-AGGAATTTGGTCAG CTCGCA-3′, AKT  
forward, 5′-TACGAGATGATGTGCGGTCG-3′, AKT reverse,  
5′-CGAGTAGGA GAACTGGGGGA-3′, MMP-2 forward,  
5′-GTGCTGAAGGACACACTAAAGAAGA-3′, MMP-2 re-
verse, 5′-TTGCCTACCTTCTCAAAGTTGTAGG-3′, MMP-9 
forward, 5′-TCCCTGGAGACCTGA GAACC-3′, MMP-9 re-
verse, 5′-ATGTCTGCGTCCCGGCTGT-3′, GAPDH forward, 
5′-AGAAGGC TGGGGCTCATTTG-3′, GAPDH reverse, 5′- 
AGGGGCCATCCACAGTCTTC-3′. Conditions for qRT-PCR 
were used as follows: 95°C for 10 minutes, 40 cycles of 95°C for 
15 seconds and 60°C for 1 minutes. All target gene transcripts 
were normalized to U6 or GAPDH using the 2−ΔΔCT method.

2.10 | Western blot analysis

The protein of transfected gastric cancer cells was lysed in RIPA 
lysis buffer. After 12 000 g centrifugation for 15 minutes at 4°C, 
the total protein concentrations were determined by BCA protein 
assay kit (Beyotime, Haimen, China). Equivalent samples were 
separated using 10% SDS-PAGE and then transferred onto a 
PVDF membrane for 2 hours, and then blocked with 5% non-fat 
skim milk in Tris-Buffered Saline and Tween-20 (TBS-T) buffer 
at room temperature for 1 hour and incubated with the follow-
ing primary antibodies at 4°C overnight: MMP-2 (ab97779), 
MMP-9 (ab38898), p-PI3K (ab139307), PI3K (ab70912), p-Akt 
(ab38449), Akt (ab179463), CCL-18 (ab104867), GAPDH 
(ab181602). After washing 3 times with TBS-T, the second anti-
body was added and incubated for 2 hours at room temperature. 
Enhanced Chemiluminescence Detection System was carried out 
to evaluate the protein expressions. GAPDH and U6 were used 
as the loading controls. Antibodies were purchased from Abcam.

2.11 | Dual-luciferase 3′-UTR reporter assay

The wild-type and mutant CCL-18 3′-UTR Dual-Luciferase 
reporter vectors were constructed by subcloning the human 
CCL-18 mRNA 3′-UTR and mutant 3′-UTR sequences into 
the pcDNA3.1 Dual-Luciferase Reporter Vectors (Promega). 
Cells were transfected with 80  ng luciferase reporter vec-
tors and miR-484 mimics using the Lipofectamine 2000 
(Invitrogen). After 24 hours, luciferase activities were meas-
ured using Dual-Luciferase Reporter System (Berthold) ac-
cording to the manufacturer's instructions.
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2.12 | Xenograft model

100  µL of 2  ×  106 MGC-803 cells stably expressing con-
trol, miR-NC, miR-484 mimics, miR-484 + Vector and miR-
484 + CCL-18 were injected into the axilla of the male Balb/c 
nude mice (6 weeks old, 18-22 g), which were obtained from. 
The experimental mice were monitored routinely and sacri-
ficed on day 30. The tumours were removed and their length 
and width were measured manually using a Vernier caliper.

2.13 | Data analysis

All experiments were carried out at least three times, and the 
data were presented as the mean  ±  standard deviation and 
analysed by GraphPad Prism 5.0 (La Jolla, CA, USA). The 
Student's t test or one-way ANOVA was used to measured 
statistical significance of differences between two groups or 
multiple groups, respectively. A P value < .05 was consid-
ered statistically significant.

3 |  RESULTS

3.1 | miR-484 and CCL-18 was 
downregulated in clinical gastric cancer tissues 
and cell lines

To investigate the effects and possible mechanisms of miR-
484 and CCL-18 on the development and progression of 

gastric cancer, firstly, qRT-PCR was adapted to evaluate the 
expression of miR-484 in gastric cancer tissues. As shown 
in Figure  1A,B, the miR-484 was expressed less in clinical 
gastric cancer tissues compared with that in nondysplastic 
background tissues. However, higher levels of CCL-18 were 
expressed in clinical gastric cancer tissues compared with that 
seen in nondysplastic background. Further, miR-484 expres-
sion in gastric cancer cells including MGC-803, BGC-823, 
SGC-7901, MKN-45 and MKN-7 was also assessed with qRT-
PCR assay, and - as expected - miR-484 expression in gastric 
cancer cell lines was significantly downregulated, and CCL-
18 expression in gastric cancer cell lines was significantly 
upregulated relative to that seen in gastric mucosal epithelial 
cell GES-1 shown in Figure 1C,D. These data suggested that 
miR-484 might act as a tumour suppressor in development and 
progression of gastric cancer, and CCL-18 might act as a tu-
mour promoter.

3.2 | CCL-18 was a direct target of miR-484

In order to study the possible target genes of miR-484 in-
volved in the occurrence and development of gastric cancer, 
TargetScan (http://www.targe tscan.org/vert_72/) was carried 
out to check that CCL-18 was a potential candidate of miR-
484 (Figure  2A). In addition, dual-luciferase reporter gene 
analysis was performed to verify whether miR-484 directly 
regulated CCL-18. The results of Figure  2B indicated that 
co-expression with miR-484 mimics significantly inhib-
ited the activity of a firefly luciferase reporter containing 

F I G U R E  1  miR-484 was 
downregulated in human clinical gastric 
cancer tissues and cell lines. A, The 
expression of miR-484 in gastric cancer 
tissues and paracancerous tissues was 
evaluated by qRT-PCR assay. B, miR-484 
expression of miR-484 in gastric cancer 
cells and human gastric mucosal epithelial 
cell line was determined by qRT-PCR 
assay. *P < .05 compared with that of 
paracancerous tissues; *P < .05, **P < .01 
compared with that of control

http://www.targetscan.org/vert_72/
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wild-type CCL-18 3′-UTR, while this was not detected on a 
reporter with a mutated CCL-18 3′-UTR. The data suggested 
that CCL-18 was a direct target of miR-484. Our results in 
Western blot demonstrated that miR-484 mimics could de-
crease the expression of CCL-18 and upregulated of CCL-
18 could restore the effect of miR-484 mimics on CCL-18 
(Figure 2C).

3.3 | miR-484 
suppressed the proliferation of gastric cancer 
cells via targeting CCL-18

As shown in Figure  1B, miR-484 was least expressed in 
MGC-803 cells; thus, MGC-803 cells were selected for 

F I G U R E  2  CCL-18 was a direct target of miR-484. A, The prediction of the binding between miR-484 and CCL-18 by TargetScan. B, 
Luciferase reporter assays were performed to verify the binding of miR-484 in 3′-UTR of CCL-18. *P < .05 compared with that of miR-NC. C, 
Western blot was used to demonstrate weather miR-484 target to regulate CCL-18. *P < .05 compared with that of control; #P < .05 compared with 
that of miR-484 + vector [Colour figure can be viewed at wileyonlinelibrary.com]

F I G U R E  3  miR-484 suppressed 
the proliferation of gastric cancer cells 
via targeting CCL-18. A, Transfection 
efficiency was assessed by qRT-PCR. B, 
The proliferation of gastric cancer cells 
after transfection was assayed by CCK-
8 assay. *P < .05 compared with that of 
miR-NC; #P < .05 compared with that of 
vector; $P < .05 compared with that of 
control; &P < .05 compared with that of 
miR484 + vector

www.wileyonlinelibrary.com
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F I G U R E  4  miR-484 promoted apoptosis and induced G1 phase arrest of gastric cancer cells via targeting CCL-18. Gastric cancer cells after 
transfection were harvested for 24 h, and flow cytometry analysis was performed to evaluate the apoptosis and cell cycle distribution. *P < .05 
compared with that of control; #P < .05 compared with that of miR-484 + vectoir [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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F I G U R E  5  miR-484 inhibited migration and invasion of gastric cancer cells via targeting CCL-18. A, The non-directional migration abilities 
of gastric cancer cells with transfection for 24 h were examined by wound healing assay. B, The abilities of invasion in gastric cancer cells after 
transfection for 24 h were evaluated by transwell invasion assay. C, Expressions of the MMP-2 and MMP-9 proteins were determined in gastric 
cancer cells after transfection for 24 h. Then, the band intensity was quantified by ImageJ software. *P < .05 compared with that of control; 
#P < .05 compared with that of miR-484 + vector [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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F I G U R E  6  miR-484 suppressed the PI3K/AKT signalling pathway of gastric cancer cells via targeting CCL-18. The expression of PI3K/AKT 
signalling pathway was evaluated by qRT-PCR (A) and Western blot (B) assays. *P < .05 compared with that of control; #P < .05 compared with 
that of miR-484 + vector
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further investigation. Firstly, miR-484 mimics and CCL-18-
plasmid were transfected into MGC-803 cells to upregulate 
the expression levels of miR-484 and CCL-18, respectively. 
As indicated in Figure 3A,B, the data demonstrated that miR-
484 mimics could notably promote the expression of miR-
484 and CCL-18-plasmid could remarkably increase the 
expression of CCL-18.

Furthermore, the CCK-8 assay was conducted to assess 
the effects of miR-484 on the proliferation of MGC-803 
cells. As shown in Figure  3C, over-expression of miR-484 
significantly inhibited proliferation of MGC-803 cells, while 
CCL-18-plasmid could reverse the effects of miR-484 on the 
proliferation of MGC-803 cells. These data suggested that 
miR-484 could suppress the proliferation of MGC-803 cells 
via targeting CCL-18.

3.4 | miR-484 promoted apoptosis and 
induced G1 phase arrest of gastric cancer cells 
via targeting CCL-18

In addition, the effects of miR-484 on cell apoptosis were 
evaluated by flow cytometry analysis. The results shown in 
Figure 4A demonstrated that the number of apoptotic cells 
were increased statistically by miR-484 mimics, while over-
expression of CCL-18 dramatically decreased the effects of 
miR-484 on the apoptosis of MGC-803 cells.

Moreover, the effects of miR-484 on cell cycle distribu-
tion were determined by flow cytometry analysis, and the re-
sults shown in Figure 4B demonstrated that miR-484 mimics 

could obviously induce MGC-803 cell arrest in G1 phase, 
while over-expression of CCL-18 dramatically restore the 
effects of miR-484 on the cell cycle distribution of MGC-
803 cells. These data suggested that miR-484 could promote 
apoptosis and induce G1 phase arrest of MGC-803 cells via 
targeting CCL-18.

3.5 | miR-484 inhibited migration and 
invasion of gastric cancer cells via targeting 
CCL-18

The wound healing assay was carried out to explore the ef-
fects of miR-484 on the MGC-803 cell migration, and the 
results as shown in Figure 5A indicated that MGC-803 cells 
treated with miR-484 mimics suppressed the migration of 
MGC-803 cells at a slower rate, while over-expression of 
CCL-18 dramatically restore the effects of miR-484 on mi-
gration of MGC-803 cells. Moreover, an invasion assay was 
performed to measure the effects of miR-484 on MGC-803 
cell invasion, As indicated in Figure 5B, the number of inva-
sion cells was obviously reduced after transfection with miR-
484 mimics in MGC-803 cells; however, over-expression of 
CCL-18 rescue the effects of miR-484 on invasion of MGC-
803 cells. To further determine the effects of miR-484 on 
MGC-803 migration and invasion, Western blotting assays 
were adapted to determine the MMP-2 and MMP-9 levels. 
With the upregulation of miR-484, expression of MMP-2 
and MMP-9 was obviously downregulated in MGC-803 
cells, and over-expression of CCL-18 restores the effects of 

F I G U R E  7  miR-484 restrained 
the tumour growth in vivo via targeting 
CCL-18. Transfected gastric cancer cells 
were injected subcutaneously into the right 
axilla of the nude mice. The representative 
pictures of mice (A) and tumour tissues (B) 
were shown. (C) The weight and (D) the 
volumes of tumours from each group were 
determined at the end. *P < .05 compared 
with that of control; #P < .05 compared 
with that of miR-484 + vector [Colour 
figure can be viewed at wileyonlinelibrary.
com]

www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
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miR-484 on the expressions of MMP-2 and MMP-9 in MGC-
803 cells (Figure 5C). Overall, these findings indicated that 
miR-484 inhibited migration and invasion of gastric cancer 
cells via targeting CCL-18.

3.6 | miR-484 suppressed the PI3K/AKT 
signalling pathway of gastric cancer cells via 
targeting CCL-18

To further investigate the mechanisms of miR-484 in MGC-
803 cells, the expressions of PI3K/AKT signalling pathway 
were determined by qRT-PCR and Western blot assays. The 
results of qRT-PCR (Figure 6A) demonstrated that upregula-
tion of miR-484 significantly inhibited the mRNA expres-
sions of PI3K and AKT, and over-expression of CCL-18 
notably promoted the expression of PI3K and AKT, which 
reversed the effects of miR-484. In addition, the results of 
Western blot (Figure 6B) revealed that miR-484 mimics in-
hibited the phosphorylation of PI3K and AKT and over-ex-
pression of CCL-18 notably promoted the phosphorylation of 
PI3K and AKT. The data suggested that miR-484 suppressed 
the PI3K/AKT signalling pathway of gastric cancer cells via 
targeting CCL-18.

3.7 | miR-484 restrained the tumour growth 
in vivo via targeting CCL-18

To further test and verify the role of miR-484 in gastric can-
cer tumour growth in vivo, MGC-803 cells after transfection 
were injected into nude mice. Compared with control groups, 
over-expression of miR-484 decreased the tumour volume 
and tumour weight, while over-expression of CCL-18 dra-
matically restored the effects of miR-484 on tumour growth 
in vivo (Figure 7A-D). These results suggested that miR-484 
could significantly inhibit tumour growth in vivo via target-
ing CCL-18.

4 |  DISCUSSION

The correlation between microRNA and cancer originated 
from Calin's research on chronic lymphoblastic leukemia. 
They found that there were some genes encoding miR-15a 
and miR-16-1 in the HD region of chromosome 13q14, and 
more than 65% of chronic lymphoblastic leukemia patients 
had allele deletions in this region. Thereafter there was an 
upsurge in the research into the role of miRNAs in the field 
of cancer.19 More and more studies have found that the ex-
pression of miRNAs was closely related to the occurrence of 
tumours, including gastric cancer.20-22 Previous studies have 
shown that miR-484 played a key role in various malignant 

tumours and could be used as a marker for diagnosis of ma-
lignant tumours.13-15 However, there are few reports on the 
expression and function of miR-484 in gastric cancer. To fur-
ther understand the possible role of miR-484 in the develop-
ment of gastric cancer, qRT-PCR was performed to evaluate 
the expression of miR-484 in human gastric cancer tissues 
and human gastric cancer cell lines. The data showed that 
miR-484 was significantly decreased in gastric cancer tissues 
and cell lines. The data suggested that miR-484 might act as 
tumour suppressor in the development of gastric cancer.

Early diagnosis of gastric cancer has always been a difficult 
clinical problem. At present, some tumour markers, such as 
CEA, CA-724, CA-125 and AFP, can be used to assist in di-
agnosis. However, these tumour markers are not sensitive and 
specific enough to meet the needs of early diagnosis of gastric 
cancer. Some studies have found that some certain miRNAs can 
escape the digestive effects of ribonuclease and exist stably.23 
Moreover, the expression of miRNAs in the serum of some can-
cer patients was significantly different from that found in people 
with no known cancer, so they can be used as a specific tumour 
marker. For example, the expression of miR-155, miR-210 and 
miR-21 in the serum of patients with B-cell lymphoma was sig-
nificantly higher than that of normal controls.24 Chell et al found 
that serum miR-141 was highly expressed in 25 patients with 
prostate cancer compared with the control group. The sensitivity 
and specificity of miR-141 as a diagnostic marker were 60% and 
100%, respectively and was correlated with the expression of 
prostate-specific antigen (PSA). Therefore, it has been suggested 
that the application of miRNAs as tumour markers in disease 
diagnosis has great potential.25 It has been found that miRNAs 
play an important role in many different cellular mechanisms 
including differentiation, proliferation, apoptosis, invasion, and 
metastasis.26 In the normal physiological state miRNAs are 
mainly involved in the differentiation of hematopoietic cells, 
skeletal muscles, myocardium and nervous system. Malpeli 
et al found that eight miRNAs, including miR-323, miR-138, 
miR-9, miR-211, miR-149, were involved in the late differen-
tiation of B cells.27 With the further study of the relationship 
between miRNAs and tumours, more and more evidence has 
shown that abnormal expression of miRNAs in tumours can 
act the important molecules regulating the proliferation and 
apoptosis of cancer cells. Most of these miRNAs inhibited cell 
proliferation or induced cell apoptosis to play the role of anti-on-
cogenes, while a few promoted cell proliferation and suppressed 
cell apoptosis to play the role of oncogenes.28-30 Thus, miRNAs 
may influence the biological behaviour of cancer cells by regu-
lating the expression of related transcription factors and related 
proteins of cell biological behaviour, thus promoting or inhib-
iting the occurrence and development of cancer. So far, there 
are relatively few studies on the correlation between miR-484 
and tumours, so the functional study of miR-484 in tumours is 
still in its infancy. Therefore we conducted in vitro experiments 
on proliferation, apoptosis, cell cycle, migration and invasion of 
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gastric cancer cells, and found that over-expression of miR-484 
inhibited the proliferation, migration and invasion of gastric can-
cer cells and induced apoptosis and G1 phase arrest of gastric 
cancer cells. This further suggested that miR-484 may play an 
anti-oncogene role in the occurrence and development of gastric 
cancer.

At present, the most frequently reported action of miR-
NAs is to promote the degradation of mRNA or inhibit its 
translation through the combination of miRISC and 3′-UTR 
sequence of target genes, so as to suppress the expression of 
target genes.31 In tumours, the expression of some miRNAs 
was inhibited, and the binding of miRISC to the 3′-UTR of 
target genes was reduced, resulting in the release of translation 
inhibition of downstream target genes. It has been reported that 
miR-484 can target the expression of Apaf-1, ZEB1, SMAD2 
and TUSC5,13-15,32 thus affecting the occurrence and devel-
opment of tumours. Bioinformatics software is an important 
tool for predicting target genes of miRNAs. In order to further 
explore the molecular mechanism of the growth and metasta-
sis of miR-484 in gastric cancer, Targetscan was selected to 
predict the target gene of miR-484, and CCL-18 was selected 
as our research objective. To explore this we used the dual-lu-
ciferase reporter gene assay to confirm that CCL-18 was a di-
rect target gene of miR-484. CCL-18, as a chemokine, plays 
an important role in proliferation, differentiation and develop-
ment in the process of immunity. Further, CCL-18 was closely 
associated with the proliferation, differentiation, metastasis 
and angiogenesis properties of cancer cells, such as breast can-
cer, non–small-cell lung cancer, and prostate cancer33-35 which 
suggested that CCL-18 may play an oncogene role in human 
tumours. The data from the present study confirmed the effects 
of CCL-18 on the growth and metastasis of gastric cancer cells 
and revealed that CCL-18 could reverse the role of miR-484 in 
growth and metastasis by gastric cancer cells.

Previous studies have shown that miRNAs can inhibit 
the growth and metastasis of cancer cells through the PI3K/
AKT pathway. For example, Yu et al showed that miR-345 
suppressed the invasion and metastasis of hepatocellular car-
cinoma by inhibiting the PI3K/AKT pathway related to IRF-
1.36 In addition, miR-193a-3p and -5p can inhibit the invasion 
and metastasis of non–small-cell lung cancer through PI3K/
AKT pathway.37 To further explore the effects of miR-484 
on PI3K/AKT pathway, we detected the expression of PI3K/
AKT pathway-related mRNAs and proteins after upregula-
tion of miR-484 by qRT-PCR and Western blot analysis. The 
results showed miR-484 mimics could significantly suppress 
the PI3K/AKT signalling pathway. CCL-18, as the upstream 
gene of PI3K/AKT,38-40 could obviously reverse the effects of 
miR-484 on the expression of PI3K/AKT signalling pathway. 
Therefore, we speculated that miR-484 may suppress the 
growth and metastasis and induce apoptosis of gastric cancer 
cells through regulation of CCL-18/PI3K/AKT pathway.

Finally, we used animal models to observe the effects of 
miR-484 targeting CCL-18 on tumorigenicity in nude mice. 
Our results showed that over-expression of miR-484 inhibited 
the subcutaneous tumorigenicity of gastric cancer cells, and 
the inhibition was blocked after over-expression of CCL-18, 
suggesting that miR-484 could suppress the proliferation of 
gastric cancer via targeting CCL-18 and thus inhibiting the 
proliferation of gastric cancer in vivo.

In conclusion, miR-484 was downregulated in gastric 
cancer tissues and cells and played an anti-cancer role in the 
occurrence and development of gastric cancer, which may be 
achieved by inhibiting the expression of transcription factor 
CCL-18 and blocking the PI3K/AKT pathway.
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