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MicroRNA-4316 inhibits gastric cancer 
proliferation and migration via directly targeting 
VEGF-A
Haithm Mousa1†, Menglang Yuan2†, Xinsheng Zhang2†, Xiaomeng Li1, Abdullah Shopit3, Marwan Almoiliqy3, 
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Abstract 

Background and aims: microRNAs (miRNAs) have been reported to regulate proliferation and migration by down‑
regulating the expression of target genes. The aims of this study were to investigate whether miR‑4316 inhibited pro‑
liferation and migration by downregulating vascular endothelial growth factor A (VEGF‑A) and its clinical significance 
in gastric cancer (GC).

Methods: The clinical tissues of the GC patients for miR‑4316 and VEGF‑A were detected by qRT‑PCR. The protein lev‑
els of VEGF‑A and c‑Met were determined by western blotting. Cell Proliferation, migration, and colony forming assays 
were conducted to show whether miR‑4316 affects proliferation by CCK‑8, migration by transwell, wound healing and 
colony formation assays. The bioinformatic methods and luciferase reporter assay were applied to detect the relation‑
ship between miRNA and VEGF‑A on its targeting 3‑untranslated regions (3‑UTRs). CCK‑8, colony formation, wound 
healing, and transwell assay were performed to explore the function of miR‑4316.

Results: The results of qRT‑PCR indicated that miR‑4316 expression level was significantly downregulated in human 
GC tissues and GC cell lines compared with their control. miR‑4316 inhibited proliferation, migration and colony 
formation in GC cell lines by reducing VEGF‑A. And western blot results indicated that miR‑4316 significantly inhibited 
GC through repressing VEGF‑A and c‑Met. The investigation of Luciferase assay indicated that VEGF‑A is a direct target 
gene of miR‑4316.

Conclusions: miR‑4316 suppressed proliferation and migration of GC through the VEGF‑A gene. MiR‑4316 acts as a 
tumor suppressor by targeting VEGF‑A and this indicated that MiR‑4316 might be a potential therapeutic target for 
GC.
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Background
Gastric cancer is still one of the most common and 
deadly tumors in the world. Nevertheless, the incidence 
rate has steadily declined [1]. Gastric cancer is also one 
of the major cancers that are most affected by behavior 
and might be preventable [2]. Previously, it was reported 
that about 90% of cancer deaths are caused by developed 
primary metastatic tumors such as gastric adenocarci-
noma [3]. Recently, In one large cancer statistics study, 
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about 26,240 cases and 10,800 deaths of gastric cancer 
were estimated in 2018 [4]. Thus, The widespread tumor 
migration and invasion contribute to a high rate of death. 
There are numerous stimulatory and inhibitory factors 
which play a role important in cancer angiogenesis for 
growth and metastasis of gastric cancers [5]. Despite the 
progress in the treatment of GC, the effects of conven-
tional therapies for GC, including chemotherapy and 
radiation, on prolonged survival are limited. Therefore, 
we need to revealing novel molecules to understand 
the mechanism of the metastasis. In recent years, along 
with studies of the tumor cell signal pathways, targeted 
medicine has become a promising strategy for the treat-
ment of GC. Hence, studies on the novel pathways of GC 
tumorigenesis provide potential candidates to improve 
the prognosis of GC. Because of low survival rates and 
decrease treatment options, particularly in developing 
countries, lead to reducing incidence might be the key to 
reducing mortality [6]. Additionally, Gastric cancers and 
other cancers have been reported with risk factors involv-
ing smoking, H. pylori infection and male gender [7]. 
Angiogenesis is crucial for tumor growth and progres-
sion because contains a lot of network of blood vessels 
supplying the tumor’s oxygen and nutrients and discard 
the metabolic waste from the tumor. Therefore, the angi-
ogenesis process plays a critical role in the growth and 
metastasis of the tumors [8].

MIRNA is endogenous, small single-strand noncod-
ing RNA that has an ability to promote or suppress the 
expression of many mRNAs genes. It involved in cell 
signaling pathways essential for malignant occurrence 
and progression, such as cell proliferation, motility, 
apoptosis, and angiogenesis [9, 10]. It has been reported 
that miRNAs regulate more than 60% of the proteins 
translation. Many biological processes were regulated 
by miRNAs and play an important role in modulating 
phenotype, cell migration, differentiation, and cell cycle 
[11–13]. Moreover, Emerging evidence suggests that 
abnormal expression of miRNA is closely related to can-
cer development through regulating oncogene and tumor 
suppressors [14]. Therefore, miRNAs might have great 
potential as prognostic indicators and therapeutic tar-
gets in many types of malignancies [15]. Initially, It was 
known that both of miR-221 and miR-222 regulate the 
angiogenic properties of human umbilical vein endothe-
lial cells, overexpression of miR-221 and miR-222 effect 
p27(Kip1), p57(kip2) and c-kit expression and inhibit 
endothelial cell-promoted tube formation [16]. Recently, 
it has been indicated that miR-4316 acts as a tumor sup-
pressor or oncogene in two different cancers [17–20].

VEGF-A is the most potent pro-angiogenic factor 
that acts directly on endothelial cells to induce endothe-
lial cell proliferation, migration, survival, and ultimately 

angiogenesis that promotes tumor growth. VEGF-A 
expression can be mediated through the PI3K/Akt/
HIF-1α signaling pathway. It has been reported that 
miR-15a, miR-16, and miR-503 inhibit tumor angiogen-
esis by targeting VEGF-A [21–23]. PIK3C2α belongs to 
class II PI3Ks and can recruit Akt by phosphorylating 
PIP2, which plays an important role in angiogenesis. 
PIK3C2α was also found to be essential for S1P1-induced 
S1P1 internalization, endosomal Rac1 activation, and 
cell migration in endothelial cells [24, 25]. However, it 
is unclear whether the PIK3C2α/Akt/VEGF-A signaling 
pathway is regulated by miRNA.

In this study, we identified a novel tumor-suppressive 
miRNA, miR-4316, and investigated its functional role in 
gastric cancer compared with non-gastric cancer. More-
over, we identified VEGF-A as a direct target for miR-
4316. Our results not only revealed that overexpressed 
VEGF-A in gastric cancer cell lines could be the result 
of down-regulation of miR-4316 but also suggested an 
important role for the loss of miR-4316 in the angiogen-
esis and migration of gastric cancer cells and its potential 
for a future therapeutic application.

Methods and materials
Human tissues, cell lines, and cell culture
A total of 12 pairs of gastric cancer tissues of patients and 
their matched adjacents normal tissues were obtained 
from patients under underwent surgical resections at 
the second hospital affiliated to Dalian Medical Univer-
sity. Use of patient samples was approved by the ethics 
committee of our Institute. GES-1 is a normal gastric epi-
thelium cell line (GES-1, SGC-7901, BGC-823 and MGC-
803) were purchased from the Institute of Biochemistry 
and Cell Biology of the Chinese Academy of Sciences 
(Beijing, China). The gastric cancer cell lines (SGC-7901, 
BGC-823 and MGC-803) were cultured in RPMI1640 
and GES-1 was cultured in Dulbecco’s modified Eagle’s 
medium DMEM (Hyclone) both of media were supple-
mented with 10% FBS, penicillin (100 U/ml) and strepto-
mycin (100 μg/ml), in a  CO2 incubator (Forma Scientific).

Construction and transfection
The siRNA oligos for VEGF-A were constructed accord-
ing to the previous report. Target sequences were aligned 
to the human genome database in a BLAST search to 
ensure that the choosing sequences were not highly 
homologous with other genes. And miR-4316-mimic 
and miR-4316-inhibitor with Negative control were con-
structed by (Genepharma, China). SGC-7901 and BGC-
823 cells were plated in six-well plates and cultured in 
drug-free medium. At 60% confluence, both cells were 
washed twice with PBS, grew in 2 ml of RPMI1640 with-
out antibiotics. Using Lipofectamine™ 2000 reagent and 



Page 3 of 12Mousa et al. Cancer Cell Int           (2020) 20:62  

100  pmol of siRNA plasmids; VEGF-A sense: 5′-UCC 
GCA GAC GUG UAA AUG UTT3′; VEGF-A-antisense: 
5′-ACA UUU ACA CGU CUG CGG ATT-3′; N.C-VEGF-
Asense: 5′-UUC UCC GAA CGU GUC ACG UTT-3′; 
anti-sense: 5′ ACG UGA CAC GUU CGG AGA ATT-3′, 
miR-4316 (mimic, inhibitor and NC), miRBase Accession 
number named as MIMAT0016867.

miR-4316-mimic-sense: 5′-GGU GAG GCU AGC 
UGGUG-3′; anti-sense: 5′-CCA GCU AGC CUC ACC 
UUU -3′; miR-4316-inhibitor, sense: 5′ CAC CAG CCU 
AGC CUC ACC -3′; N.C: sense: 5′CAG UAC UUU UGU 
GAG UAC AA-3′, were transfected into the cells according 
to the manufacturer’s instructions. The cells transfected 
with vector alone were served as a negative control. 
Forty-eight hours later, cells were plated in RPMI1640 
growth medium for 48 h. The expression levels of VEGF-
A and miR-4316 were analyzed by western blot analysis 
and qRT-PCR respectively for further experiments.

RNA extraction and (qRT‑PCR)
Cells were transfected with (si-VEGF-A, miR-4316-
mimic and miR-4316-inhibitor), or their negative con-
trol. After 48 h, the total RNA was extracted using 
TRIzol (RNAiso Plus, Takara, China) Reagent according 
to the manufacturer’s instruction. Reverse transcription 
reactions were performed by using mi-RNA qRT-PCR 
Detection Kit Briefly, the extracted RNA was reverse-
transcribed in the presence of a poly-A polymerase 
with an oligo-dT adaptor. QRT-PCR was then carried 
out using SYBR Green Mix. The cells and total RNA in 
each transfection group were extracted using RNA rea-
gent kit (Invitrogen Inc., Carlsbad, CA, USA). The prim-
ers of miR-4316, VEGF-A and GAPDH were designed 
and synthesized by company. The reactions were as fol-
lows, VEGF-A-forward: 5′-GCA GAA GGA GGG CAG 
AAT C-3′; VEGF-A-reverse: 5′-ACA CTC CAG GCC CTC 
GTC ATT-3′; GAPDH-forward: 5′-GTC AAG GCT GAG 
AAC GGG AA-3′; GAPDH-reverse: 5′-AAA TGA GCC 
CCA GCC TTC TC-3′; miR-4316: 5′-GGT GGG CTG CTG 
GG-3′; U6: 5′-CTC GCT TCG GCA GCACA-3′. The total 
RNA was reversely converted into cDNA through the 
specific stem-loop reverse transcription primer by using 
miRcute plus miRNA First-strand cDNA Synthesis Kit 
(TIANGEN, China). The reverse transcription system 
was conducted in 10 μl, and the reaction conditions were 
as follows: 42  °C for 60 min, 95  °C for 3 min and 85  °C 
for 10  min. The miRcute-SYBR MicroRNA Assays was 
applied in the qRT-PCR, and the reaction conditions 
were as follows: 42 cycles of pre-denaturation for 2 min 
at 94 °C, denaturation for 20 s at 94 °C, annealing for 34 s 
at 60 °C, and extension for 30 s at 72 °C. However, after 
extracted total RNA, for mRNA, cDNA synthesis was 
transcribed using kit according to the manufacturer’s 

(Tiangen, Takara, China). The reaction system included 
0.6 μl PCR upstream primer, 0.6 μl PCR downstream 
primer, 2 μl cDNA template, 6.8 μl SYBR Premix and 10 
μl RNase free  H2O. The relative expressions were calcu-
lated according to  2−ΔΔCt, normalized U6 and GAPDH as 
the internal control, with Hsa-miR-4316 and VEGF-A as 
the target gene.

Western blotting
The cells (SGC-7901 and BGC-823) in each trans-
fected group were cracked after transfected 48  h 
(miR-4316-mimic, miR-4316-inhibitor and N.C) or (si-
VEGF-A, miR-4316-mimic  +  si-VEGF-A, miR-4316-in-
hibitor  +  si-VEGF-A, and N.C) the total protein was 
extracted from the cells and lysed by using kits (KeyGen, 
Nanjing, China). Followed assessing of total protein con-
centration with BCA assay protein kit (Beyotime Biotech-
nology, Shanghai, China) according to the manufacturer’s 
instruction. After lysates of equal cell protein concen-
tration were mixed with loading buffer, sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 
was performed to isolate it. Proteins that separated by 
electrophoresis were transferred to a nitrocellulose filter 
membrane 0.22 μm, and the membranes were blocked in 
non-fat dry 5% powdered milk mixture of Tris-buffered 
saline (TBS-T-20) and Polysorbate 20 (also known as 
Tween-20) solution was added for 1 h at room tempera-
ture. The membranes were incubated for overnight at 
4 °C with monoclonal anti-rabbit VEGF-A primary anti-
bodies (dilution 1:500; BOSTER BIOTECH), monoclonal 
anti-mouse c-Met primary antibodies (dilution 1:200; 
Santa Cruz Biotechnology) and anti-mouse polyclonal 
β-actin primary antibodies (dilution 1:1000; Elabsci-
ence). The filter membrane was washed with the TBS-
T-20 buffer 3 times, then followed with incubated with 
goat-anti-rabbit (dilution 1:800) and goat-anti-mouse 
(dilution 1:2000) labeled with a secondary antibody for 
1  h at room temperature. Then the secondary antibod-
ies were washed by TBS-T-20-Tween six times each 
time 5  min. The membranes were exposed by chemilu-
minescence instrument according to the manufacturer’s 
instructions and followed exposure to ImageQuant LAS 
500 (GE Healthcare Life Sciences, Shanghai, China) for 2 
to 12 min.

Cell count cell‑8 (CCK‑8)
Cell proliferation was monitored by ELISA with CCK-8 
kit (dojindo chemical technology, Shanghai company), 
according to the manufacturer’s instruction. Briefly, 
100 μl of cell suspension from each subgroup at density 
(3 × 103 cells/well) were seeded in a 96-well plates after 
transfected the cells (SGC-7901 and BGC-823) for 24 h 
with (miR-4316-mimic, miR-4316-inhibitor and N.C) 
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or (si-VEGF-A, miR-4316-mimic  +  si-VEGF-A,  miR-
4316-inhibitor  +  si-VEGF-A, and N.C) then incubated 
for 24  h, 48  h, and 72  h. Subsequently, 10  μl of CCK-8 
kit solution was added to per well and incubated for 3 h. 
After adding a kit solution for 3  h, the absorbance was 
measured by (BIO-RAD) instrument at 450  nm using a 
Microplate spectrophotometer (xMark, BIO-RAD, CA, 
USA). The experiments were repeated three times.

Wound healing assay
A wound-healing assay was performed to assess cell 
migration. Briefly, 2 × 105 transfected cells by (miR-4316-
mimic, miR-4316-inhibitor and N.C,) or (si-VEGF-A, 
miR-4316-mimic + si-VEGF-A, miR-4316-inhibitor + si-
VEGF-A, and N.C) were seeded in a six-well plate and 
cultured in RPMI1640 for 24 h. A linear wound was cre-
ated by scraping the confluent cell mono-layer by 10 μl 
tips size. Cells were washed twice with PBS and cultured 
in RPMI1640 serum-free for additional 24 h. Wound clo-
sure was measured by a microscope (Olympus, Japan) 
photographing five randomly selected fields at the time of 
wounding at 0 and 48 h after wounding.

Transwell assays
For the transwell migration assay, the Gastric cancer cells 
lines (40 × 104 of SGC-7901 and 20 × 104 of BGC-823) 
were trypsinized and seeded into the upper chamber of 
each insert (8 mm pore size; Corning, Cambridge, USA), 
containing 200 μl of medium free fetal bovine serum after 
48  h transfection (miR-4316-mimic, miR-4316-inhibitor 
and N.C) or (si-VEGF-A, miR-4316-mimic + si-VEGF-
A, miR-4316-inhibitor + si-VEGF-A and N.C). Lower 
chambers were supplemented with 1% fetal bovine serum 
(600 μl). The non-migrated cells in the membrane of the 
upper surface were removed with a cotton tip after 24 h 
incubation at 37 °C, while the cells on the lower surface 
which migrated through the pores were stained with 0.1% 
crystal violet (Biosharp, Hefei, China) for 30  min. The 
numbers of migrated cells were observed from digital 
images captured on an Olympus microscope (Olympus 
Inc.) and calculated using ImageJ software.

Colony formation assay
Five-hundred cells were seeded into six-well plates 
after transfected the cells BGC823 and SGC7901 by 
(miR-4316-mimic, miR-4316-inhibitor, and N.C) or (si-
VEGFA, miR-4316-mimic + si-VEGF-A, miR-4316-in-
hibitor + si-VEGF-A, and N.C). After incubation for 
2  weeks, colonies were fixed by ethanol for 15  min, 

followed by staining with crystal violet for 20  min then 
formative colonies were counted.

Immunofluorescence stain assay
SGC7901 and BGC823 cell lines were transfected by 
(miR-4316-mimic, miR-4316-inhibitor and N.C) or (si-
VEGF-A, miR-4316-mimic + si-VEGF-A, miR-4316-in-
hibitor + si-VEGF-A and N.C) for 48 h, the media were 
removed then followed with 3 washes of 1× PBS. The 
cells fixed by using paraformaldehyde 4% at room tem-
perature for 15 min. Subsequently, washed by 1× PBS 
to removed residual para-formaldehyde. Then, per-
meabilized cells with 0.1% Triton X-100 made in PBS 
solution for 15 min at room temperature. Then washed 
three times by 1× PBS 5 min per time. Block solution 
BSA 5% incubated at 37 °C for 1 h. Incubated in 37 °C 
for 1  h in primary antibody anti-rabbit diluted in 1× 
PBS v/v (1:50), then incubated in 4  °C for overnight. 
And Alexa-Fluor 594-conjugated Goat Anti-Rabbit IgG 
(H + L) (protein-tech-USA) was added after washed 
primary antibody three times 5 min per time stored in 
the dark for 1  h, washed by 1× PBS 3 times one time 
5  min. Finally added DAPI (Sigma) for 7  min then 
washed three times 5 min per time and observed under 
the fluorescence microscope (Olympus Inc.).

Luciferase reporter assay
To confirm the regulation of VEGF-A by miR-4316. The 
dual-luciferase reporter plasmid fused with the wild-
type or mutant 3′-UTR segment of human VEGF-A 
was obtained from Gene-Pharma (Shanghai, China). 
SGC7901 and BGC823 cells were both seeded into 
24-well plates for 24  h before transfection. miR-4316-
mimic or N.C, and the target gene 3′-UTR reporter 
gene plasmid were cotransfected into the cells with, 
20 nM miR-4316-mimic or N.C and 0.1 ng of the VEGF-
A Wild-type or Mutant 3′-UTR reporter plasmids with 
Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, 
USA). After 48 h, the cells were harvested with passive 
lysis buffer and the luciferase activity was calculated by 
the Dual-Luciferase Reporter Assay System (Promega, 
Madison, WI, USA) according to the manufacturer’s 
instructions. The Rinella luciferase signals were nor-
malized to firefly luciferase signal for every individual 
analysis.

Statistical analysis
All statistical Data analyses were performed to analyze 
in vitro and human samples by using Graph Pad Prism 
7.0 software. The statistical significant was analyzed 
by t-test to comparisons between the groups. The data 
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are shown as the mean ± SE; P < 0.05 was considered to 
indicate a significant difference.

Results
The expression of miR‑4316 is downregulated in clinical 
specimens and GC cell lines
The expression level of miR-4316 in gastric cancer tissues 
and their adjacent normal tissues were determined by 
qRT-PCR. Our results suggested that the expression level 
of miR-4316 was significantly downregulated in gastric 
cancer tissues than their adjacent normal tissues. Thus, 
the expression level of miR-4316 in three human gastric 
cell lines SGC-7901, MGC-803 and BGC-823 were signif-
icantly downregulated compared with normal epithelial 
cell line GES-1as shown in Fig. 1a, b.

The role of miR‑4316 in inhibition of gastric cancer cells 
proliferation, migration and colony formation
The efficiency of the transfection was investigated using 
qRT-PCR. After 48 h transfection with miR-4316-mimic, 
miR-4316-inhibitor or N.C, the expression of miR-4316 
in SGC-7901 and BGC-823 was higher using its mimic. 
Whereas, the expression of miR-4316 was decreased in 
(SGC-7901 and BGC-823) using its miR-inhibitor. This 
confirmed that miR-4316-mimic and miR-4316-inhibitor 
can effectively regulate the expression in gastric cancer 
cells as shown respectively (Fig. 2a, b).

CCK-8 assay results indicated that the proliferation of 
(SGC-7901 and BGC-823) cell lines were significantly 
suppressed after transfected with of miR-4316-mimic 
as shown in Fig.  2c; furthermore, the results of wound 
healing showed wound healing distances were bigger 
than N.C as shown in Fig.  2d. Furthermore, the effect 
of miR-4316 was examined by transwell, our results 

demonstrated that miR-4316-mimic markedly decreased 
numbers of migrated cells as shown in Fig.  2e and in 
addition, colony formation was significantly weakened as 
shown in Fig. 2f. These results suggested that miR-4316 
acts as an onco-suppressive miRNA in GC progression.

To more clarify the role and function of miR-4316 in 
GC cell lines we evaluated the biological properties by 
transfected the cells SGC-7901 and BGC-823 with miR-
4316-inhibitor and N.C. The results showed that miR-
4316-inhibitor was markedly promoting proliferation, 
migration and colony formation in GC cell lines as shown 
in Fig. 2c–f. Briefly, these findings suggested that inhibi-
tion of miR-4316 in GC cell lines promotes proliferation, 
migration and colony formation.

VEGF‑A is a novel target gene of miR‑4316 and suppressed 
progression of GC cells through regulating VEGF‑A
To find the underlying mechanism of miR-4316 in gas-
tric cancer, we investigated potential targets of miR-4316 
using three databases prediction softwares (TargetS-
can7.2, mirDIP, and miRWalk) to validate that VEGF-A 
is a direct target of miR-4316 (Fig.  3a). The target gene 
of miR-4316 was verified by luciferase reporter gene 
assay. First, miR-4316 regulation of VEGF-A transcrip-
tion was demonstrated in SGC-7901 and BGC-823 cells. 
Then, to further verify the regulatory effect of miR-4316 
on VEGF-A, SGC-7901 and BGC-823 cells were chosen 
and the results shown in Fig. 3a, this result suggested that 
VEGF-A gene is a target of miR-4316. The expression 
level of VEGF-A was significantly upregulated in gastric 
cancer tissues than adjacent normal tissues. In addition, 
at the cellular level, the obtained results were similar. 
Whereas, the expression level of VEGF-A was signifi-
cantly upregulated in gastric cancer cell lines SGC-7901, 

Fig. 1 The expression of miR‑4316 in clinical specimens and GC cell lines. a qRT‑PCR analysis showed that miR‑4316 expression was significantly 
downregulated in gastric cancer tissues compared with adjacent non‑tumor tissues n = (12). b Lower level of miR‑4316 was observed in GC cell 
lines, including GES‑1as normal cell line as well as SGC‑7901, MGC‑803 and BGC‑823 as GC cell lines. ***P < 0.001 and ****P < 0.0001
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MGC-823 and BGC-823 compared with normal gastric 
epithelial cell lines GES-1 (Fig.  3b). The two cell lines 
(SGC-7901 and BGC-823) have used during this study 

because of both of two cell lines with low expression of 
miR-4316.

Fig. 2 Over‑expression of miR‑4316 inhibited of gastric cells proliferation, migration and colony formation. a, b MiR‑4316 levels were increased and 
decreased in SGC‑7901 and BGC‑823 cells transfected with miR‑4316‑mimic and miR‑4316‑inhibitor. c SGC‑7901 and BGC‑823 cells were transfected 
with miR‑4316‑mimic, miR‑inhibitor, or N.C for 0, 24, 48, and 72 h. The cell proliferation was performed by CCK‑8. d SGC‑7901 and BGC‑823 cells 
were transfected with miR‑4316‑mimic, miR‑inhibitor, or N.C for 48 h. Then migrated area was shown in d. e SGC‑7901 and BGC‑823 cells were 
transfected with miR‑4316‑mimic, miR‑4316‑inhibitor, or N.C for 24 h. The cells migration was detected by transwell assay. The migrated cells 
were accounted per field ×20 for SGC‑7901 and ×40 for BGC‑823 as shown in e. f Colony formation assay of the changes in proliferation capacity 
of SGC‑7901 and BGC‑823 cells after transfection with miR‑4316‑mimic, miR‑inhibitor, or N.C for 14 days. *P < 0.05, **P < 0.01, ***P < 0.001 and 
****P < 0.0001
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Additionally, qPCR results showed that VEGF-
A expression was significantly decreased in miR-
4316-mimic transfected cells when compared with 
the NC group, while it was highly expressed in 

miR-4316-inhibitor as shown in Fig. 3c, d. Furthermore, 
we performed western blot to examine the VEGF-A level 
and c-Met protein level, the results showed that miR-
4316-mimic significantly reduced VEGF-A level and 

Fig. 3 VEGF‑A is a novel target gene of miR‑4316 and miR‑4316 inhibits VEGF‑A gene expression via targeting VEGF‑A 3′‑UTR. a Luciferase reporter 
assays demonstrated that miR‑4316‑mimic reduced WT‑VEGF‑A activity in SGC‑7901 and BGC‑823 cells compared to MUT‑VEGF‑A. b qRT‑PCR used 
to detect the expression of VEGF‑A in 12 gastric cancer tissues and their adjacent normal tissues and Relative expression of VEGF‑A in SGC‑7901 
and BGC‑823 gastric cancer cell lines was determined by qRT‑PCR compared with normal cells GES‑1. c, d The expression of VEGF‑A in GC cell lines 
SGC‑7901 and BGC‑823 cells was determined by qRT‑PCR after transfection with miR‑4316‑mimic, inhibitor, or N.C. e The protein level of VEGF‑A 
and c‑Met were detected after 48 h transfection by miR‑4316‑mimic, miR‑4316‑inhibitor, or N.C in SGC‑7901 and BGC‑823 cells by western blot. f 
After transfection with miR‑4316‑mimic, miR‑4316‑inhibitor, or N.C in SGC‑7901 and BGC‑823 cells for 48 h, the fluorescence signal of VEGF‑A was 
observed by fluorescence microscopy. Merged images were overlapped for nuclear staining by DAPI was blue color and for VEGF‑A was red color. 
*P < 0.05, **P < 0.01, ***P < 0.001 and ****P < 0.001
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c-Met protein level, In contrast, miR-4316-inhibitor sig-
nificantly elevated VEGF-A level and c-Met protein level 
as showed in Fig.  3e. By, immunofluorescence assay the 
results revealed that VEGF-A expression was markedly 
low after transfection with miR-4316-mimic in SGC-
7901 and BGC-823 cells. Moreover, in contrast, miR-
4316-inhibitor lead to enhanced the level of VEGF-A 
expression in the cells as shown in Fig. 3f.

The role of miR‑4316 and VEGF‑A in GC cells
MiR‑4316‑reduces VEGF‑A suppressing proliferation and cell 
growth in GC cells
To further verify the effect of the transfection with si-
VEGF-A we used qRT- PCR to detect the efficiency 
of si-VEGF-A. Then our results showed that VEGF-A 

expression was markedly reduced compared with N.C as 
showed in Fig.  4a. To more explore the functional rela-
tionship between miR-4316 and VEGF-A, we transfected 
and co-transfected SGC-7901 and BGC-823 cells with 
si-VEGF-A, miR-4316-mimic + si-VEGF-A, and miR-
4316-inhibitor + si-VEGF-A, the results showed that the 
protein expression of VEGF-A and c-Met was signifi-
cantly decreased in the cells transfected with si-VEGF-A, 
and co-transfected with miR-4316-mimic + si-VEGF-A 
groups compared with N.C groups. On contrary, the pro-
tein expression of VEGF-A and c-Met was no significance 
in co-transfected with miR-4316-inhibitor + si-VEGF-A 
compared with N.C groups, confirmed by Western blot 
as described in Fig. 4b. To more confirmation, the CCK-8 
results showed that the cell proliferation in si-VEGF-A, 

Fig. 4 MiR‑4316‑reduced VEGF‑A and suppressed proliferation of GC cells. a qRT‑PCR confirmed the VEGF‑A expression after knocked down with 
si‑VEGF‑A or N.C in SGC‑7901 and BGC‑823. b By Western blot, the quantitative level of VEGF‑A and c‑Met protein expression was decreased after 
transfection and co‑transfection in SGC‑7901 and BGC‑823 with si‑VEGF‑A, miR‑4316‑mimic + si‑VEGF‑A or miR‑4316‑inhibitor plus si‑VEGF‑A or 
N.C. c, d The proliferation in SGC‑7901 and BGC‑823 was detected by CCK‑8 and colony formation assay after transfection and co‑transfection with 
si‑VEGF‑A, miR‑4316‑mimic plus si‑VEGF‑A, miR‑4316‑inhibitor plus si‑VEGF‑A or N.C. *P < 0.05, **P < 0.001, ***P < 0.001 and ****P < 0.0001
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miR-4316-mimic + si-VEGF-A groups was significantly 
reduced  in both of SGC-7901 and BGC-823 cell lines 
compared with N.C groups for 48 and 72  h. Whereas, 
the cell proliferation in cells co-transfected with miR-
4316-inhibitor + si-VEGF-A was no significance com-
pared with N.C groups as shown in Fig.  4c. To further 
clarify, the results of colony formation assay showed that 
the numbers of colonies were significantly decreased 
in transfected and cotransfected SGC-7901 and BGC-
823 cells with si-VEGF-A, and miR-4316-mimic + si-
VEGF-A compared with N.C after 14 days and were no 
significance in co-transfected with miR-4316-inhibi-
tor + si-VEGF-A compared with N.C as showed (Fig. 4d).

miR‑4316 inhibits VEGF‑A reducing GC progression 
and migration
Furthermore, the results revealed that transfection of 
si-VEGF-A alone, and co-transfection of both miR-
4316-mimic + si-VEGF-A, indicated that the migration 
and transwell were significantly decreased compared 
with N.C. And co-transfection of both miR-4316-inhib-
itor + si-VEGF-A faild to decrease the wound healing 
and transwell compared with N.C as shown in Fig.  5a, 
b. Therefore, these findings indicated that VEGF-A is a 
functional target of miR-4316. In immunofluorescence 
assay VEGF-A protein expression was lower in trans-
fected si-VEGF-A SGC-7901 and BGC-823 cell lines, and 
co-transfection of both miR-4316-mimic and si-VEGF-A 
SGC-7901 and BGC-823 cell lines compared with N.C. 
Whereas, co-transfection of both miR-4316-inhibitor 
and si-VEGF-A could not changed the VEGF-A pro-
tein expression compared with N.C as shown in Fig. 5c. 
In addition, a brief diagram that outlines the above-
described regulatory interaction is shown in Fig. 6.

Discussion
The main function of miRNA’s in cancer is via regu-
lation of the gene at post-transcription as tumor cell 
development, metastatic, differentiate, and angiogenetic 
processes [26]. MIRNA acts as either oncogene or tumor 
suppressor could participate in regulating the expression 
of the genes related to migration and angiogenesis. In 
this study, we found that miR-4316 was low expressed in 
GC tissues and gastric cell lines. Additionally, miR-4316 

upregulation was able to suppress gastric cancer cells 
proliferation and migration in  vitro. MIR-4316 was 
reported to inhibit tumor progression in breast cancer, 
papillary thyroid cancer, bladder cancer, and hepato-
cellular carcinoma [17–20]. On the contrary, in early 
colon cancer, miR-4316 and miR-506 expression were 
elevated in peripheral blood of early colon cancer [27]. 
Other studies, were reported on others MiRNA’s which 
participate in cancer diseases. For instance, microRNA-
140-5p inhibits invasion and angiogenesis of breast can-
cer via targeting VEGF-A [28]. Additionally, miR-101 
suppresses angiogenesis and metastasis of nasopharyn-
geal carcinoma cell through directly inhibiting ITGA3 
[29], and miR-203 abolished cervical cancer angio-
genesis and growth of the tumor by targeting VEGF-A 
[30]. Therefore, miR-4316 might role in various types 
of tumor. In this study, we described the biological sig-
nificance and the effects of miR-4316 dysregulating on 
proliferation and migration in human gastric cancer cell 
lines. Our findings are consistent with previous studies 
which reported in breast cancer, hepatocellular carci-
noma bladder cancer and papillary thyroid glands [17–
20]. However, the role of miR-4316 in GC needs further 
investigation. Here, we found that miR-4316 interacts 
with VEGF-A in gastric cell lines SGC-7901 and BGC-
823. MiRNA modulates its target gene by binding on its 
complementary binding sites of mRNA 3′-UTR, and lead 
to inhibiting translating or degradation. In this study, the 
luciferase reporter gene assay verified that VEGF-A was a 
target gene of miR-4316.

Furthermore, we detected VEGF-A as a novel direct 
target gene of miR-4316 in gastric cancer cell lines. 
The VEGF gene is present on chromosome p21.3 and 
contains at least 8 exons and 7 introns. It has been 
found that VEGF-A expression was elevated in lymph 
node metastasis, liver metastasis, vascular distribu-
tion and poor prognosis in stomach cancer [31–33]. 
It has been reported that VEGF-A was enhanced pro-
liferation, migration and cell division in GC [34]. The 
most potential of the pro-angiogenic factor is VEGF. 
Clinical observation has confirmed that VEGF-A is 
often over-expressed in a variety of tumors, leading to 
increased poor prognosis and neovascularization [35]. 
A meta-analysis explored that VEGF-A expression is an 

Fig. 5 miR‑4316 inhibits VEGF‑A reducing GC progression and migration. a SGC‑7901 and BGC‑823 cells were transfected with with si‑VEGF‑A, 
miR‑4316‑mimic + si‑VEGF‑A or miR‑4316‑inhibitor plus si‑VEGF‑A or N.C for 48 h. Then migrated area was measured in a. b SGC‑7901 and BGC‑823 
cells were transfected with si‑VEGF‑A, miR‑4316‑mimic + si‑VEGF‑A or miR‑4316‑inhibitor + si‑VEGF‑A or N.C for for 24 h. The cells migration was 
detected by transwell assay. The migrated cells were accounted per field ×20 for SGC‑7901 and ×40 for BGC‑823 as shown in b. c After transfection 
with si‑VEGF‑A, miR‑4316‑mimic + si‑VEGF‑A or miR‑4316‑inhibitor + si‑VEGF‑A or N.C for 48 h, the fluorescence signals of VEGF‑A were observed by 
fluorescence microscopy. Merged images were overlapped for nuclear staining by DAPI was blue color and for VEGF‑A was red color. ***P < 0.001 
and ****P < 0.0001

(See figure on next page.)
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unfavorable prognostic factor in NSCLC [36]. In recent 
years, bevacizumab VEGF-A antagonists have been 
safely used in human alone or with chemotherapy com-
bined [37]. Another previous study was found the inter-
action between VEGF-A and c-Met signaling in human 
Schwann cells and vestibular schwannomas [38], which 
consistent our study. Therefore, we hypothesized that 
VEGF-A is one of the miR-4316 target genes. Accord-
ing to the results of a luciferase reporter assay, qRT-
PCR and western blot analysis, in our present study, 
VEGF-A was identified as a target gene of miR-4316. 
Meanwhile, our results demonstrated that the knock-
down of VEGF-A inhibits c-Met and suppressed SGC-
7901 and BGC-823 cell growth, migration, and colony 
formation in vitro. Based on these findings, we recom-
mend a comprehensive analysis The expression status 
of miR-4316 and VEGF-A may improve our accuracy in 
identifying patients at high risk of poor prognosis, thus 
providing useful information for clinical management. 
MiR-4316 expression can be used as a prognostic index 
to predict the survival and recurrence of GC patients.

Conclusions
In summary, the present study demonstrated that miR-
4316 can significantly suppress GC cells proliferation 
and migration by directly targeting and down-regulating 
VEGF-A. These findings indicate that miR-4316 could 

serve as a tumor gene in GC. The newly identified miR-
4316/VEGF-A help to further clarify this molecular 
mechanism which regulates metastasis and progression 
in gastric cancer and represents a novel strategy for prog-
nosis and therapy against gastric cancer.

Abbreviations
GC: Gastric cancer; miR‑4316: MicroRNA‑4316; VEGF‑A: Vascular endothelial 
growth factor‑ A; qRT‑PCR: Quantitative reverse transcription PCR.

Acknowledgements
The authors thank all members in our lab for the excellent technical help.

Authors’ contributions
HM, MAA, AS, MY, XZ, and XL carried out the study. MOA, YX and AA per‑
formed the statistical analysis. HM wrote the manuscript. YZ designed this 
study. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
All data generated or analyzed during this study are included in this article.

Ethics approval and consent to participate
This work was approved by the Ethical Board of Dalian Medical University.

Consent of publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Clinical Biochemistry, College of Laboratory Diagnostic 
Medicine, Dalian Medical University, Dalian 116044, China. 2 Department 
of General Surgery, The Second Affiliated Hospital of Dalian Medical University, 
Zhongshan Road No. 467, Shahekou District, Dalian 116023, Liaoning, China. 
3 Pharmacology Department, Dalian Medical University, Dalian 116044, 
China. 4 Clinical Laboratory, The First Hospital of Dalian Medical University, 
Dalian 116011, China. 5 Center of Genome and Personalized Medicine, Insti‑
tute of Cancer Stem Cell, Dalian Medical University, Dalian 116011, China. 

Received: 3 September 2019   Accepted: 4 February 2020

References
 1. Bray F, et al. Global cancer statistics 2018: GLOBOCAN estimates of 

incidence and mortality worldwide for 36 cancers in 185 countries. CA 
Cancer J Clin. 2018;68(6):394–424.

 2. Kim M, et al. Risky lifestyle behaviors among gastric cancer survivors com‑
pared with matched non‑cancer controls: results from baseline result of 
community based cohort study. Cancer Res Treat. 2018;50(3):738–47.

 3. Miao RL, Wu AW. Towards personalized perioperative treatment for 
advanced gastric cancer. World J Gastroenterol. 2014;20(33):11586–94.

 4. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin. 
2019;69(1):7–34.

 5. Folkman J. Angiogenesis in cancer, vascular, rheumatoid and other 
disease. Nat Med. 1995;1(1):27–31.

 6. Balakrishnan M, et al. Changing trends in stomach cancer throughout the 
world. Curr Gastroenterol Rep. 2017;19(8):36.

 7. Fitzgerald RC, et al. Hereditary diffuse gastric cancer: updated consensus 
guidelines for clinical management and directions for future research. J 
Med Genet. 2010;47(7):436–44.

 8. Viallard C, Larrivee B. Tumor angiogenesis and vascular normalization: 
alternative therapeutic targets. Angiogenesis. 2017;20(4):409–26.

Fig. 6 A schematic representation of the molecular mechanism 
of miR‑4316 inhibits GC proliferation and migration through 
VEGF‑A And c‑Met (the relation between VEGF‑A And c‑Met have 
demonstrated previously)



Page 12 of 12Mousa et al. Cancer Cell Int           (2020) 20:62 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

 9. Lim LP, et al. Microarray analysis shows that some microRNAs downregu‑
late large numbers of target mRNAs. Nature. 2005;433(7027):769–73.

 10. Vasudevan S, Tong Y, Steitz JA. Switching from repression to activation: 
microRNAs can up‑regulate translation. Science. 2007;318(5858):1931–4.

 11. Venkatadri R, et al. Role of apoptosis‑related miRNAs in resveratrol‑
induced breast cancer cell death. Cell Death Dis. 2016;7:e2104.

 12. Peng F, et al. Identification of differentially expressed miRNAs in individual 
breast cancer patient and application in personalized medicine. Onco‑
genesis. 2016;5:e194.

 13. Qu F, et al. MicroRNA‑26a induces osteosarcoma cell growth and metas‑
tasis via the Wnt/beta‑catenin pathway. Oncol Lett. 2016;11(2):1592–6.

 14. Kent OA, Mendell JT. A small piece in the cancer puzzle: microRNAs as 
tumor suppressors and oncogenes. Oncogene. 2006;25(46):6188–96.

 15. Kong YW, et al. microRNAs in cancer management. Lancet Oncol. 
2012;13(6):e249–58.

 16. Liu X, et al. Cell‑specific effects of miR‑221/222 in vessels: molecu‑
lar mechanism and therapeutic application. J Mol Cell Cardiol. 
2012;52(1):245–55.

 17. Wang N, et al. Circular RNA circMYO9B facilitates breast cancer cell prolif‑
eration and invasiveness via upregulating FOXP4 expression by sponging 
miR‑4316. Arch Biochem Biophys. 2018;653:63–70.

 18. Wu X, et al. DNA copy number gain‑mediated lncRNA LINC01061 upreg‑
ulation predicts poor prognosis and promotes papillary thyroid cancer 
progression. Biochem Biophys Res Commun. 2018;503(3):1247–53.

 19. Wang F, et al. LncRNA CALML3‑AS1 promotes tumorigenesis of bladder 
cancer via regulating ZBTB2 by suppression of microRNA‑4316. Biochem 
Biophys Res Commun. 2018;504(1):171–6.

 20. Changyong E, et al. LncRNA LOC105372579 promotes proliferation and 
epithelial‑mesenchymal transition in hepatocellular carcinoma via acti‑
vating miR‑4316/FOXP4 signaling. Cancer Manag Res. 2019;11:2871–9.

 21. Hong L, et al. Mechanisms of growth arrest by zinc ribbon domain‑con‑
taining 1 in gastric cancer cells. Carcinogenesis. 2007;28(8):1622–8.

 22. Sun CY, et al. miR‑15a and miR‑16 affect the angiogenesis of multiple 
myeloma by targeting VEGF. Carcinogenesis. 2013;34(2):426–35.

 23. Zhou B, et al. MicroRNA‑503 targets FGF2 and VEGFA and inhibits tumor 
angiogenesis and growth. Cancer Lett. 2013;333(2):159–69.

 24. Vivanco I, Sawyers CL. The phosphatidylinositol 3‑kinase AKT pathway in 
human cancer. Nat Rev Cancer. 2002;2(7):489–501.

 25. Biswas K, et al. Essential role of class II phosphatidylinositol‑3‑kinase‑
C2alpha in sphingosine 1‑phosphate receptor‑1‑mediated signaling and 
migration in endothelial cells. J Biol Chem. 2013;288(4):2325–39.

 26. Sun X, et al. miR‑181a targets RGS16 to promote chondrosar‑
coma growth, angiogenesis, and metastasis. Mol Cancer Res. 
2015;13(9):1347–57.

 27. Krawczyk P, et al. Evaluation of miR‑506 and miR‑4316 expression in early 
and non‑invasive diagnosis of colorectal cancer. Int J Colorectal Dis. 
2017;32(7):1057–60.

 28. Lu Y, et al. MicroRNA‑140‑5p inhibits invasion and angiogenesis through 
targeting VEGF‑A in breast cancer. Cancer Gene Ther. 2017;24(9):386–92.

 29. Tang XR, et al. MicroRNA‑101 inhibits invasion and angiogenesis through 
targeting ITGA3 and its systemic delivery inhibits lung metastasis in 
nasopharyngeal carcinoma. Cell Death Dis. 2017;8(1):e2566.

 30. Zhu X, et al. miR‑203 suppresses tumor growth and angiogenesis by tar‑
geting VEGFA in cervical cancer. Cell Physiol Biochem. 2013;32(1):64–73.

 31. Goel HL, Mercurio AM. VEGF targets the tumour cell. Nat Rev Cancer. 
2013;13(12):871–82.

 32. Bando H, et al. Immunodetection and quantification of vascular endothe‑
lial growth factor receptor‑3 in human malignant tumor tissues. Int J 
Cancer. 2004;111(2):184–91.

 33. Ohta M, et al. The significance of circulating vascular endothelial growth 
factor (VEGF) protein in gastric cancer. Cancer Lett. 2003;192(2):215–25.

 34. Zhao R, et al. Vascular endothelial growth factor (VEGF) enhances 
gastric carcinoma invasiveness via integrin alpha(v)beta6. Cancer Lett. 
2010;287(2):150–6.

 35. Toi M, Matsumoto T, Bando H. Vascular endothelial growth factor: its 
prognostic, predictive, and therapeutic implications. Lancet Oncol. 
2001;2(11):667–73.

 36. Delmotte P, et al. VEGF and survival of patients with lung cancer: a sys‑
tematic literature review and meta‑analysis. Rev Mal Respir. 2002;19(5 Pt 
1):577–84.

 37. Carmeliet P, Jain RK. Molecular mechanisms and clinical applications of 
angiogenesis. Nature. 2011;473(7347):298–307.

 38. Dilwali S, Roberts D, Stankovic KM. Interplay between VEGF‑A and cMET 
signaling in human vestibular schwannomas and schwann cells. Cancer 
Biol Ther. 2015;16(1):170–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	MicroRNA-4316 inhibits gastric cancer proliferation and migration via directly targeting VEGF-A
	Abstract 
	Background and aims: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods and materials
	Human tissues, cell lines, and cell culture
	Construction and transfection
	RNA extraction and (qRT-PCR)
	Western blotting
	Cell count cell-8 (CCK-8)
	Wound healing assay
	Transwell assays
	Colony formation assay
	Immunofluorescence stain assay
	Luciferase reporter assay
	Statistical analysis

	Results
	The expression of miR-4316 is downregulated in clinical specimens and GC cell lines
	The role of miR-4316 in inhibition of gastric cancer cells proliferation, migration and colony formation
	VEGF-A is a novel target gene of miR-4316 and suppressed progression of GC cells through regulating VEGF-A
	The role of miR-4316 and VEGF-A in GC cells
	MiR-4316-reduces VEGF-A suppressing proliferation and cell growth in GC cells
	miR-4316 inhibits VEGF-A reducing GC progression and migration


	Discussion
	Conclusions
	Acknowledgements
	References




