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 Background: Gastric cancer (GC) is the most common cancer in the world. Despite the advancement of the treatment of GC, 
the 5-year overall survival rate is still very low. MicroRNAs (miRNAs) play important roles in the pathogenesis 
of GC. A recent study suggested that miR-363-3p plays a role in the development of GC. However, the function 
of miR-363-3p in GC is not fully understood.

 Material/Methods: The network of NOTCH1 and the involved molecules was constructed by use of Cytoscape software. MiR-363-3p 
levels in GC tissues and cells were tested by qRT-PCR. Cells were miR-363-3p mimics or anti-miR-363-3p trans-
fected by Lipofectamine. Bioinformatics algorithms from TargetScanHuman were used to predict the target 
genes of miR-363-3p. The NOTCH1 protein level was tested by Western blot. The interaction between miR-363-
3p and NOTCH1 was confirmed by dual luciferase assays.

 Results: MiR-363-3p showed low levels in GC tissues and cells. Enforced expression of miR-363-3p inhibited cell growth 
and migration of GC cells and vice versa. NOTCH1 is the targeted gene of miR-363-3p.

 Conclusions: MiR-363-3p plays a tumor suppressor role in GC.

 MeSH Keywords: Cell Proliferation • MicroRNAs • Receptor, Notch1 • Stomach Neoplasms

 Full-text PDF: http://www.medscimonit.com/abstract/index/idArt/896556

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

Division of Intestinal Surgery, Department of Abdominal Surgery, Sichuan Cancer 
Hospital, Chengdu, Sichuan, P.R. China

e-ISSN 1643-3750
© Med Sci Monit, 2015; 21: 4074-4080

DOI: 10.12659/MSM.896556

4074
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

LAB/IN VITRO RESEARCH



Background

GC is the most common cancer in the world. Almost two-
thirds of the cases occur in developing countries and 42% in 
China alone. In 2014 there were 221,478 GC-related deaths in 
China, accounting for nearly half of all the GC deaths world-
wide [1,2]. Importantly, Chinese GC patients have a worse out-
come than GC patients in the USA. Despite advancements in 
the treatment of GC, the 5-year overall survival rate is still very 
low [3,4]. Thus, development of novel therapeutic methods is 
urgently required. However, the molecular mechanism of the 
pathogenesis of GC remains unclear.

MiRNAs are evolutionarily conserved small non-coding RNAs in-
volved in the regulation of gene expression and protein trans-
lation [5]. It has been shown that many miRNAs are involved 
in tumor progression and development in GC. For example, 
miR-421 is up-regulated in GC tissues and the overexpression 
of miR-421 is an early diagnostic marker [6]. A recent study 
showed a prognostic signature for GC that consists of 4-risk 
miRNAs profile: miR-10b, miR-21, miR-223, and miR-338. The 
4-miRNAs profile was associated with clinical outcomes [7].

The roles of miR-363-3p have not been fully investigated in 
GC. A recent study suggested that miR-363-3p plays a role in 
the development of GC. MiR-363-3p is down-regulated in GC 
tissue and the level of miR-363-3p is significantly associat-
ed with the degree of tumor differentiation [8]. However, the 
function of miR-363-3p in GC is not fully understood, and the 
underlying mechanism remains unclear.

In this study, we initially tested the level of miR-363-3p in GC, 
and studied the function of miR-363-3p and the involved patho-
genesis. We hope our data will prove useful in future research.

Material and Methods

Integrative network analysis

The network of NOTCH1 and the involved molecular factors 
was constructed by use of Cytoscape software. The network 
deciphered the complex interplay of miR-363-3p and NOTCH1 
and suggested possible roles in the pathogenesis of GC [9].

Cell culture

The human gastric epithelial mucosa cell line GES-1 and the 
human gastric cancer cell lines SGC-7901 and AGS were pur-
chased from Sichuan University (Chengdu, China). The GES-1, 
SGC-7901, and AGS cells were cultured in Dulbecco’s Modified 
Eagle Medium (DMEM) with 10% fetal bovine serum (FBS) 
(Invitrogen Corp, Grand Island, NY, USA).

Detection of miR-363-3p level in GC tissues or cells

Trizol reagent (Invitrogen Corp, Grand Island, NY, USA) was 
used to extract the total RNAs of GC tissues or cell lines ac-
cording the manufacturer’s instructions. The mir-VanaTM iso-
lation kit (Ambion, Shanghai, China) was used to isolate total 
RNA, including microRNA, from GC tissues and SGC-7901 and 
AGS. The total RNAs were reverse-transcribed to cDNA by us-
ing the All-in-oneTM miRNA First-Strand cDNA Synthesis Kit 
(Invitrogen Corp, Grand Island, NY, USA). The primers were 
designed and synthesized by Shengong Company (Shengong, 
Shanghai, China). Real-time PCR assay was performed as de-
scribed previously [10,11].

miRNA transfection

miR-363-3p mimics and anti-miR-363-3p (antisense oligonu-
cleotides) and the miRNA mimics negative control were pur-
chased from Ambion (Ambion Life Technologies, Austin, TX). 
SGC-7901 and AGS cells were seeded into 24-well plates and 
then transfected with miR-363-3p mimics or anti-miR-363-3p 
using Lipofectamine (Invitrogen, Shanghai, China), according 
to the manufacturer’s instructions [11].

Cell proliferation and migration assay

After 24 h of transfection of miR-363-3p mimics and anti-miR-
363-3p, SGC-7901 and AGS cells (5×103/well) were seeded into 
96-well plates. Then MTT experiments were performed as pre-
viously described [12,13]. Absorbance in each well was mea-
sured by using a microplate reader set at 570 nm. To mea-
sure cell migration, 8-mm pore size culture inserts (Transwell; 
Falcon, BD Biosciences) were placed into wells of 24-well cul-
ture plates, separating the upper and lower chambers. In the 
lower chamber, 600 µL DMEM containing 10% FBS was add-
ed, then 1×105/well cells were added to the upper chamber. 
After 24-h incubation, migrated cells were counted by use of 
a counting chamber [14].

Target prediction

Bioinformatics methods were used for the prediction of the 
targeted genes of miR-363-3p using the bioinformatics algo-
rithms from TargetScanHuman [15–20].

Patients

Ten GC specimens were collected from the Division of Intestinal 
Surgery, Department of Abdominal Surgery, Sichuan Cancer 
Hospital, Chengdu. Tissue samples were immediately frozen 
in liquid nitrogen after isolation. Informed consent was ob-
tained from each patient. The Ethics Committee of Sichuan 
Provincial Cancer Hospital and the Ethics Committee of Sichuan 
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University approved this study. The senior pathologists of 
Sichuan Provincial Cancer Hospital evaluated the histological 
features of the specimens [21]. The clinical data from these 10 
GC patients are provided in Supplementary Table 1.

Dual luciferase assays

To confirm whether NOTCH1 have the direct binding of miR-
363-3p, a dual luciferase assay was performed [22,23]. The 
3’UTR of NOTCH1 was amplified by using PCR from genom-
ic DNA. The production was inserted into the downstream 
of NOTCH1 3’UTR reporter plasmids (pRL-NOTCH1) (Biotech, 
Chengdu, China), Mutants of NOTCH1 3’UTR were generat-
ed by use of the Site-Directed Mutagenesis kit (Shanghai, 
China), then the whole plasmid was confirmed by sequenc-
ing. Mutations in the miR-363-3p binding site of the NOTCH1 
3’UTR were constructed by Shengong Company (Shengong, 
Chengdu, China). The luciferase reporter-containing mutant 
was constructed. For luciferase assays, SGC-7901 was trans-
fected with luciferase reporter plasmid along with miR-363-
3p mimics or negative control by using Lipofectamine 2000 
(Invitrogen, Shanghai, China). At 24 h after transfection, these 
cells were analyzed by using a luciferase assay kit (Promega, 
Madison, WI, USA) [24].

Western blot

At 48 h after treatment, cells were washed with cold PBS and 
subjected to a lysis buffer. Protein lysates were separated using 
8% SDS-polyacrylamide gel electrophoresis, then electro-trans-
ferred onto nitrocellulose filter membranes. The membranes 
were blocked with a buffer containing 5% non-fat milk in PBS 
with 0.05% Tween-20 for 2 h and incubated with primary an-
tibody (anti-NOTCH1) overnight. Then the membranes were 
incubated with peroxidase-conjugated secondary antibodies 

(Milli-pore, Darmstadt, Germany) and developed using an en-
hanced chemiluminescence detection kit (Pierce, Rockford, IL). 
b-actin was used as blank control.

Statistical analysis

The 2-tailed Student’s t test was used to analyze the difference 
between the 2 groups. ANOVA was used to analyze the differ-
ence among 3 groups. SPSS Version 19 was used to perform all 
statistical analysis. Values are expressed as the mean ±SD from 
the 3 tests. All values of P<0.05 are marked with an asterisk 
and were considered to be statistically significantly different.

Results

The miR-363-3p and its predicated target genes were 
shown in the protein network in GC

We initially predicted the target of miR-363-3p and the in-
tegrative network by bioinformatics methods. The target of 
miR-363-3p was predicted by TargetScanHuman and the in-
tegrative network analysis was performed by Cytoscape soft-
ware. The target prediction indicated that NOTCH1 could be 
targeted by miR-363-3p (Figure 1A). A previous study showed 
that miR-139-5p exerts a tumor suppressor function by tar-
geting NOTCH1 in colorectal cancer [14]; therefore, NOTCH1 
was chosen for further study. The GC protein-protein network 
was shown (Figure 1B)

The role of miR-363-3p in GC cells

Next, we tested the function of miR-363-3p in vitro. The miR-
363-3p levels in 2 GC cell lines, SGC-7901 and AGS, were test-
ed by qRT-PCR, and the miR-363-3p level in the immortalized 

No. Age (years) Gender Stage Differentiation

1 63 Male II Low

2 59 Female I Low

3 57 Female III Low

4 36 Male IV Moderate

5 68 Male III Moderate

6 49 Female III Low

7 57 Female IV Moderate

8 73 Male IV Moderate

9 65 Male II Moderate

10 75 Male II Low

Supplementary Table 1. The clinical data of 10 GC patients.
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human gastric epithelial mucosa cell line GES-1 was used as 
the negative control. We found that SGC-7901 and AGS showed 
lower miR-363-3p levels than GES-1 (Figure 2A). Next, SGC-
7901 and AGS cells were transfected with miR-363-3p mimics 
or anti-miR-363-3p. The miR-363-3p levels in these transfected 
cells were examined by qRT-PCR 48 h later. We found that miR-
363-3p mimics up-regulated the miR-363-3p levels in SGC-7901 
and AGS cells, and anti-miR-363-3p inhibited the expression of 
miR-363-3p (Figure 2B, 2C). After the transfection, we assayed 
the growth of SGC-7901 and AGS cells by MTT analysis and 
found that miR-363-3p mimics inhibited cell growth and anti-
miR-363-3p promoted cell growth (Figure 2D). Migration as-
say showed that miR-363-3p mimics inhibited the migration of 
SGC-7901 and AGS cells. In contrast, anti-miR-363-3p promot-
ed cell migration (Figure 2E). We then assayed the miR-363-3p 
levels in 10 GC specimens and the found that the GC tissues 
had lower levels than the normal gastric tissues (Figure 2F).

NOTCH1 is the targeted gene of miR-363-3p

We next mutated the binding site for miR-363-3p in NOTCH1, 
and the mutated version of NOTCH1 is listed in Figure 3A. The 

effect of miR-363-3p on the NOTCH1 translation was tested 
by luciferase reporter assay and the luciferase reporter plas-
mid with wild-type 3’UTR of NOTCH1 or mutant. We found 
that overexpression of miR-363-3p significantly reduced the 
luciferase activity of the reporter gene with wild-type 3’UTR 
of NOTCH1, but not with the mutant (Figure 3B). Furthermore, 
enforced expression of miR-363-3p decreased the protein lev-
els of NOTCH1 in SGC-7901 cells (Figure 3C).

Disscusion

The worldwide incidence of GC is declining, but Chinese inci-
dence remains very high. Thus, development of novel thera-
peutic methods is urgently required, especially in China. In this 
study, we explored the role of miR-363-3p in GC. We found that 
miR-363-3p showed low levels in GC tissues and cells. Enforced 
expression of miR-363-3p inhibited cell growth and migra-
tion of GC cells. NOTCH1 is the targeted gene of miR-363-3p.

The roles of NOTCH1 in GC have been investigated in sev-
eral studies [25–33]. A previous study showed that NOTCH1 

ECT2

Posiiton 1602–1608 of NOTCH1 3’ UTR 5’

3’

...UUUUGUUAACUGAUUUGCAAUAA...

AUGUCUACCUAUGGCACGUUAAhsa-miR-363-3p

GATS

RUVBL1
Mcm

Histone H4 Cyclin A Veg?

AURKA

MYBL2

C21ORF33

CEP192

miR-363-3p

LIN9

ACTL6A

TP60 MCM44

CENPF

NUP107

SMOC2

Histone H3

KIF20B

ERVK6

INO80D

TOP2A

E2F7

nfkb (complex)

S100P

UBE2C

APCRt

E21

KIF15

TPX2

ESM1

NOTCH1

RNF216

A

B

Figure 1.  Regulatory networks involved in GC. TargetScanHuman (www.targetscan.org) showed that NOTCH1 is a direct target of miR-
363-3p (A). The network of NOTCH1 and the involved molecular was performed by use of Cytoscape software (B).
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activation is an independent poor prognostic factor in GC pa-
tients [25]. Furthermore, NOTCH1 silencing inhibits the pro-
liferation of gastric SGC-7901 cells by decreasing the expres-
sion of cyclins D1 and A1, and reduces the invasive ability of 
SGC-7901 cells through the down-regulation of MMP-2 and 
COX-2 genes [27]. In the present study, NOTCH1 is the targeted 
gene of miR-363-3p. We hypothesized that miR-363-3p might 
also be a prognostic factor in GC patients. We will investigate 
this in future studies by collecting more GC tissues. Our data 
also showed that miR-363-3p inhibited the cells growth and 

migration of SGC-7901 and AGS cells. This data is consistent 
with previously reported results [27].

A recent study showed that, in adenocarcinoma of the uterine 
cervix, overexpression of miR-363-3p by more than 2.5-fold 
relative to the normal control was a strong predictor of favor-
able prognosis [34]. This is consistent with our data, and we 
will investigate the role of miR-363-3p in GC patients in fur-
ther investigations. Another study indicated that bezo(a)py-
rene initiates gastric cancer in a dose-dependent manner [35], 
and we will use this model for further study.
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Figure 2.  Overexpression of miR-363-3p inhibited cells growth and invasion and vice versa. The miR-363-3p levels in GES-1, SGC-
7901, and AGS cells were tested by qRT-PCR. The miR-363-3p level in GES-1 cells was deliberately treated as 100% (A). After 
transfection of miR-363-3p mimics, the miR-363-3p levels in SGC-7901 and AGS cells were examined. The miR-363-3p level 
in negative controls was deliberately treated as 100% (B). After anti-miR-363-3p transfection, the miR-363-3p levels in SGC-
7901 and AGS cells were examined. The miR-363-3p level in negative control transfected cells was deliberately treated as 
100% (C). After miR-363-3p mimics or anti-miR-363-3p transfection, the cellular proliferation of SGC-7901 and AGS were 
tested by MTT analysis (D). After miR-363-3p mimics or anti-miR-363-3p transfection, cells were collected for migration 
testing (E). Ten GC specimens were collected. The miR-363-3p levels in tumor tissues and adjacent normal gastric tissues 
were examined. Data are shown as log2 of fold change of GC tissues relative to adjacent normal tissues (F). The experiments 
were performed 3 times. Data are mean ±SD *P<0.05
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Conclusions

Our study identified miR-363-3p as a novel tumor suppressor 
that inhibits human GC cell proliferation and invasion. Our data 
indicate that miR-363-3p might be a potential molecular tar-
get for the development of novel treatments of GC.
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