
© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2017;6(6):1170-1179 tcr.amegroups.com

Introduction

GC is the second most common cause of cancer-related 
death worldwide. It has been estimated that approximately 
1 million patients are newly diagnosed with gastric cancer 
worldwide each year, which accounts for nearly 10% of all 
cancer deaths (1,2). Patients with gastric cancer are diagnosed 
mostly at advanced clinical stages, typically accruing 
lymphatic tumor dissemination, with poor prognosis and 
a 5-year survival rate <30% (3). The tumorigenesis and 
development of GC is multifactorial and complicated which 

evolves in dysregulation of various genetic and epigenetic 
alterations (4). However, the detailed molecular mechanisms 
in GC have not been well elucidated at present. Therefore, it 
is of great significance to explore the molecular mechanisms 
underlying the initiation and progression of GC in order to 
develop novel and efficient therapeutic strategies for GC.

miRNAs are a class of small, endogenous non-coding 
RNAs that have been identified as post- transcriptional 
negative regulators of gene expression (5). miRNAs are 
predicted to regulate the expression of approximately one-
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third of all human genes (6,7). Accumulating evidences 
suggest that abnormally expressed miRNAs has been 
identified in various types of human malignant tumors, 
and their expression was significantly correlated with the 
initiation and progression of these cancer types (8).

In this study, we examined miRNA-451 expression at 
tissue and cell level. Meanwhile, we further evaluated the 
effects of miRNA-451 on the biological behavior of SGC-
7901 cells and then explored the molecular mechanisms 
underlying miRNA-451-inhibited growth and metastasis of 
SGC-7901 cells.

Methods 

Tissues specimens

A total of 38 pairs of matched gastric carcinoma tissues 
and the matched tumor-adjacent tissues (resected samples 
3–5 cm from the carcinoma tissues) were procured from 
the surgical resection specimens of department of general 
surgery, Renmin Hospital of Wuhan University from 2012 
to 2013. All patients received no treatment before surgery. 
The collected specimens were immediately stored at −80 ℃  
until use. All patients signed informed consent forms 
for sample collection. The use of patient samples, which 
comprised the tumor and the adjacent normal tissues, was 
approved by our institutional ethics committee. 

Cell culture 

Human gastric cell lines SGC-7901 and GES-1 epithelial 
cells were obtained from the center for Type Culture 
Collection and routinely maintained in Dulbecco’s 
modified Eagle’s medium (In-vitrogen Life Technologies, 
Gaithersburg, MD, USA) supplemented with 10% fetal 
bovine serum (FBS) and 1% penicillin/streptomycin (P/S) 
at 37 ℃ in humidified air containing 5% carbon dioxide air 
atmosphere.

Cell transfection 

miRNA-451 mimics and negative control miRNA 
mimics(miRNA-NC) bought from Ruibo company 
(Guangzhou, China) were transfected into the SGC-7901 
cells using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s instructions. After  
6 h, the medium was changed to complete medium, and 
cells were cultured at 37 ℃ in 5% CO2. The negative 

control mimics was labeled with the Silencer 6-carboxy-
fluo-rescine (FAM), Transfection efficiency was estimated 
according to the density of cell glowing red florescence at 
24 h after transfection.

Real time PCR analysis 

Total RNA from tissue and cells was extracted using Trizol 
(Invitrogen) according to the manufacturer’s instructions. 
RNA concentration and purity was detected with spectra-
photometer. Reverse-transcribed complementary DNA was 
synthesized with the Prime-Script RT reagent Kit (TaKa-
Ra Dalian, China). Real time polymerase chain reaction 
(PCR) was performed with SYBR Pre-mix ExTaq (TaKaRa, 
Dalian, China). The RT and PCR primers for miRNA-451 
and U6 were purchased from Ruibo company (Guangzhou, 
China).

miRNA-451: 
Sense, 5’-ACACTCTGGGAAA TACCATTACT-3’ 
Revere, 5’-CTGGTGTCGTGGAGTCGGCAA-3’
U6:
Sense, 5’-CTCGCTTCGGCAGCACA-3’
Reverse, 5’-AACGCTTCACGAATTTGCGT-3
For the reverse transcription (RT) reactions, RT 

reactions were performed at 42 ℃ for 60 min, 70 ℃ for 
10 min and then maintained at 4 ℃. After a sufficient 
amount of cDNA was obtained, PCR amplification was 
performed using a real-time PCR cycler (7500ABI, USA). 
The amplification reaction system (20 μL) included SYBY 
Green Mix (9 μL), RT product (2 μL), Bulge-LoopTM 

miRNA Forward Primer (2 μL), Bulge-LoopTM miRNA 
Reverse Primer (2 μL) and ddH2O (5 μL). The reaction 
conditions were as follows: Stage 1, 95 ℃ for 20 s (1 cycle); 
Stage 2, 95 ℃ for 10 s followed by 60 ℃ for 20 s, 70 ℃ 
for 5 s (40 cycles); the PCR primers for P21, P27, C-myc, 
CyclinD1, Bcl-2, Bax, MMP-2, MMP-9 and AKT were 
synthesized by Shanghai Sangon Company. The annealing 
temperatures for PCR reactions of those genes are 55–56 ℃.  
The results of real-time PCR were analyzed by the DDCt 
method: ΔCT = CTselected gene − CTreference gene, ΔΔCT = 
ΔCTexperimental group − ΔCTcontrol group, RQ experimental 
group = 2 − ΔΔCT, RQcontrol group =1. The results of 
real-time PCR were presented as the ratio between the 
selected genes and reference transcripts.

Cell counting Kit-8 assay

The effects of miRNA-451 on cell proliferation were 
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assessed with the Cell Counting Kit-8 (CCK-8, Dojindo, 
Japan). Briefly, the cells were seeded into 96-well plates 
(0.8×104 cells/well) and allowed to attach overnight. After 
transfection, CCK-8 was added to each well at various 
time points (0, 24, 48, 72 and 96 h) and incubated at 37 ℃ 
for 0.5 h. The absorbance at 450 nm was measured using 
microplate reader. Three independent experiments were 
performed in quadruplicate.

Colony formation assay

Approximately 1×103 SGC-7901 cells were placed in a 
fresh 6-well plate overnight. Then, the cell was transfected 
with miRNA mimics for 6 h and then was maintaining in 
DMEM containing 10% FBS for 2 weeks. Colonies were 
fixed with 20% methanol for 15 min and stained with 0.1% 
crystal violet. The visible colonies were manually counted.

Cell-cycle analysis

Flow cytometry was used for cell cycle analysis. Cells 
were washed with phosphate-buffered saline (PBS), 
trypsinized and resuspended in medium. The supernatant 
was removed after centrifugation and the cells were fixed 
and permeabilized by 75% ethanol overnight at −20 ℃ 
and then incubated with 100 g/mL RNAase at 37 ℃ for 
30 min. Nuclei of cells were then stained with 50 g/mL 
propidium iodide (PI) for 30 min. A total of 105 cell nuclei 
PI fluorescence were examined in a Flow Cytometer. The 
width and area of the PI fluorescence per cell were recorded 
for at least 104 cells per sample and DNA histograms 
were analyzed by Modifit software (Becton Dickinson). 
The percentage of cells in each phase of the cell cycle was 
analyzed by ModFit software.

Assessment of apoptosis

The annexin V-FITC Apoptosis Detection Kit I (Abcam, 
USA) was used to detect apoptosis. For flow cytometry 
assay, Cells were harvested by centrifugation for 5 min 
at 800 rpm/min. Cells were resuspended in 1× binding 
buffer, stained with FITC-labeled annexin V for 5 min and 
immediately analyzed by Flow Cytometer.

Cellular migration and invasion assays

Migration and invasion assays were carried out in a 24-well 
transwell plate with 8.0 μm pore inserts (Corning Costar, 

Lowell, MA, USA). Collagen type 1-coated inserts (0.5 mg/mL,  
BD Bioscience, San Jose, CA, USA) were used in the 
migration assay and matrigel-coated (1/15 dilution, BD 
Bioscience) inserts were used in the invasion assay. Two 
hundred μL conditioned medium with 10% FBS was used 
as chemoattractant and placed in bottom chamber. One 
hundred μL of serum free DMEM containing 1×105 cells 
were added to the upper chamber of the inserts and allowed 
to transmigrate or invade into the lower chamber. After 
incubation for 24 h at 37 ℃ in a CO2 incubator, Cells on 
the top surface of the insert were removed by wiping with a 
cotton swab, while cells migrating/invading to the bottom 
surface of the insert was washed with PBS, fixed with 
methanol, stained with 0.4% crystal violet solution and then 
subjected to a microscopic inspection at a 200× magnification. 
Then cells were counted within five randomly chosen fields. 

Western blot analysis

Fifty micrograms of protein extracted were separated in 
a 10% SDS-polyacrylamide gel and transferred onto a 
PDVF membrane (Millipore, Nether-lands). Membranes 
were blocked with 5% non-fat dried milk for 1 h at room 
temperature and incubated with primary antibodies at  
4 ℃ overnight. After washing with TBST, the blots were 
incubated for 1 h with horseradish peroxidase-conjugated 
secondary antibodies and visualized using the super ECL 
detection reagent (Applygen, Beijing, China).

Results

miRNA-451 is downregulated in human gastric cancerous 
tissues and SGC-7901 cells

miRNA-451 expression levels was detected by qRT-PCR. 
Results showed that the expression of miRNA-451 were 
significantly downregrulated in gastric cancer tissues 
compared with matched para-cancerous tissue (Figure 1A). 
Similarly, the expression of miRNA-451 in SGC-7901 
cells was dramatically lower compared with the expression 
levels in the normal gastric epithelium GES-1 cell line  
(Figure 1B). Collectively, these findings suggested that 
miRNA-451 was down- regulated in GC and might be 
associated with the carcinogenesis of GC. 

The expression of miRNA-451 in SGC-7901 cells after 
transfection

Transfection efficiency (>95%) was confirmed with the use 
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Figure 1 miRNA-451 is under expressed in gastric cancer tissues and SGC-7901 cell line. (A) Expression of miRNA-451 in 38 paired gastric 
carcinoma and corresponding noncancerous tissues was detected by qRT-PCR; (B) expression of miRNA-451 in SGC-7901 cells and human 
gastric mucosa cell line (GES-1) was detected by qRT-PCR. U6 was used as an internal control. **, P<0.01.

Figure 2 The transfection efficiency of miRNA mimics is examined generally by fluorescence microscope. (A) The SGC-7901 cells with 
transfection were observed under ordinary optical microscope; (B) the SGC-7901 cells in the same field were observed under fluorescence 
microscopy. The SGC-7901 cells emitted red fluorescence represents the successfully transfected cells (magnification, ×100).

Figure 3 The expression of miRNA-451 in SGC-7901 cells after 
transfection. qRT-PCR analysis of miRNA-451 expression in 
SGC-7901/miRNA-451, SGC-7901/miRNA-NC or mock SGC-
7901 cells. All experiments were performed in triplicate. **, P<0.01.

of the Silencer FAM-labeled miRNA-NC mimics which 
glowing red fluorescent in cells at 24 h after transfection 
(Figure 2). Its expression was also measured using qRT-
PCR assay. As shown in Figure 3, following transfection 
miRNA-451 was significantly upregulated in SGC-7901 cell 
lines. The above results indicated that miRNA mimics have 
been successfully transfected and expressed high-efficiently 
in SGC-7901 cells.

Upregulation of miRNA-451 inhibits gastric SGC-7901 
cell proliferation

Cell survival was analyzed by CCK8 assay cell counting Kit-
8 and colony formation assay. As presented in Figure 4A, 
overexpression of miRNA-451 inhibited the proliferation 
of SGC-7901 cells following transfection. Moreover, as 
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shown in Figure 4B, the number of colonies formed from 
SGC-7901/miRNA-451 cells was significantly lower than 
that formed from mock SGC-7901 or SGC-7901/miRNA-
NC cells. Thus, these findings suggested miRNA-451 could 
induce growth inhibition in SGC-7901 cell.

Upregulation of miRNA-451 induces SGC-7901 cell cycle 
arrest at the G0/G1 phase

We performed flow cytometry analysis to explore whether 
miRNA-451 affected the cell cycle of SGC-7901 cells. 
As shown in Figure 5, the cell cycle in SGC-7901 cell was 
arrested in the G0/G1 phase following transfection with 

miRNA-451mimics in comparison with NC and mock 
groups, thus delaying the progression of cell cycle. 

miRNA-451 suppressed GC cell migration and invasion

We used transwell assay to investigate whether miRNA-451 
influenced migration and invasion on SGC-7901 cells. Cell 
migration and invasion potential was determined on the 
number of cells moving through microscope. As shown 
in Figure 6, the number of SGC-7901/miRNA-451 cells 
invading through the matrigel was significantly decreased 
from those of the mock or the miRNA-NC treated cells. 
Similar results were observed in migration assay, where the 
SGC-7901/miRNA-451 cells showed a significant reduction 
in ability to migrate through membranes that were not 
coated with Matrigel.

Upregulation of miRNA-451 didn’t induce the apoptosis of 
SGC-7901 cell

To measure the effect of miRNA-451 on apoptosis of SGC-
7901 cell, we further conducted Flow Cytometric analysis 
assay. As shown in Figure 7, no significant difference in 
apoptosis rate was detected among those three groups 
(P>0.05).

miRNA-451 inactivates the Akt signaling pathway and 
alters both cell cycle and metastasis-associated gene in post 
transcription level

It has been reported that activation of the Akt signaling 
pathway can regulate many biological phenomena of 
gastric cancer cells such as cell proliferation and survival, 
motility and migration. To explore the mechanisms by 
which miRNA-451 exerts its biological effects, we analyzed 
the effects of miRNA-451 on the Akt signaling pathway 
in SGC-7901 cells. Results showed that upregulation of 
miRNA-451 significantly downregulate the expression 
of pAkt protein but had no effects on the expression of 
total Akt protein (Figure 8A). Additionally, the expression 
of cell cycle and metastasis-associated gene varied with 
the overexpression of miRNA-451 at post-transcriptional 
levels. As shown in Figure 8B, the expression levels of  
P27/P21 mRNA and protein were significantly upregulated. 
However, the levels of endogenous Bax and Bcl-2 were 
unaffected by the upregulation of miRNA-451 (Figure 8C). 
Meanwhile, we showed that increasing miRNA-451 had 
significant effect on the expression of MMP-2 and MMP-

Figure 4 The effects of over-expression miRNA-451 on growth 
of SGC-7901 cells. (A) CCK-8 analysis of cell viability in SGC-
7901/miRNA-451, SGC-7901/miRNA-NC or mock SGC-
7901 cells; (B) representative results of colony formation of mock 
SGC-7901, SGC-7901/miRNA-NC or SGC-7901/miRNA-451 
cells (magnification, ×40). The results were reproducible in three 
independent experiments. **, P<0.05.
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Figure 6 miRNA-451 impaired the migration and invasion of SGC-7901 cells. (A) The SGC-7901 cells migration and invasion was 
determined by the transwell invasion assay (magnification, ×200); (B) statistical plots of the migration and chemo invasion assay. Values 
represent the mean ± SD of three independent experiments. **, P<0.05.

Figure 5 Enhanced miRNA-451 expression induces G0/G1 arrest. Cell cycle analysis was performed by flow cytometry. Flow cytometry 
data represented as histograms, which shown the cells were arrested in G1 phase and reduced progression into S phase with the 
overexpression of miRNA-451. All experiments were performed in triplicate. *, P<0.05.
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Figure 7 Forced miRNA-451 expression didn’t induce apoptosis in SGC-7901 cells. (A) Flow cytometry analysis of apoptosis in mock 
SGC-7901, SGC-7901/miRNA-NC or SGC-7901/miRNA-451 cells; (B) apoptosis data determined by flow cytometry was represented as 
histograms. All experiments were performed in triplicate.

9 at both mRNA and protein levels (Figure 8D). These 
results showed that AKT-mediated signal pathway might be 
potentially involved in miRNA-451-regulated SGC-7901 
cells suppressing function. 

Discussion

Gastric cancer is a highly aggressive and lethal malignancy. 
Gastric cancer carcinogenesis is a multi-step and multistage 
process, a number of molecules and complex regulatory 
networks are involved in gastric carcinogenesis, including 
activation of oncogenes, inactivation of cancer suppressor 
genes and changes in epigenetic modification (9).

miRNAs are a class of noncoding RNAs that function as 
negative regulators of gene expression . It was reported that 
the dysregulation of miRNAs might contribute to cancer 
progression by regulating multiple types of target genes 
expression (10-12). A number of miRNAs have shown to be 

involved in the progression of gastric cancer, For example, 
miRNA-203 is aberrantly down- regulated in gastric cancer, 
and suppresses the proliferation and invasiveness of gastric 
cancer cells by targeting Slug (13). While, miRNA-25 
inhibits cell apoptosis of human gastric adenocarcinoma 
cell line AGS via regulating CCNE1 and MYC (14). As 
we known, the AKT signal pathway plays a critical role 
in controlling a range of diverse cellular functions (15,16) 
and the dysregulated PI3K/AKT pathway induced by 
some miRNA is involved in the onset and progression of  
cancer (17). Nan and his colleagues revealed that 
miRNA-451 impacts glioblastoma cell proliferation, 
invasion and apoptosis, perhaps via regulation of the 
PI3K/AKT signaling pathway (18). Wang et al. (19) also 
found that miRNA-451 could induce caspase-3-dependent 
apoptosis in NSCLC cells, which might be associated with 
inactivation of the Akt survival pathway. Bian et al. (20) also 
found that upregulation of miRNA-451 could significantly 
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Figure 8 miRNA-451 inactivated AKT-mediated signal pathway. (A) miRNA-451 down regulated the expression of pAkt [473]; (B) 
miRNA-451 upregulated the expression of cell cycle regulatory inhibitor factor P27 and P21; (C) the expression of apoptosis-associated 
genes bcl-2 and Bax were not affected by miRNA-451; (D) miRNA-451 suppressed the expression of metastasis-related regulator MMP9 
and MMP2. β-actin was used as an internal control. **, P<0.05.
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inhibit growth and enhance caspase-3 dependent apoptosis 
of A549 cells by inactivating the Akt signaling pathway. 
These results show that miRNA-451 may affect cancer-
related biological processes via AKT signaling pathway.

In the present study, we first performed qPCR to detect 
the expression levels of miRNA-451 in 38 paired gastric 
carcinoma tissues and matched tumor adjacent tissues. 
It was demonstrated that miRNA-451 was significantly 
downregulated in GS tissues. Same results were observed 
in cell lines. The result implied that miRNA-451 might 
acted as an potential functional gene in the pathogenesis of 

gastric cancer. Thereafter, using a series of in vitro assays, 
we uncovered the biological functions of miRNA-451. 
The results of colony formation assay and CCK-8 assays 
showed overexpression of miRNA-451 in SGC-7901 
cells resulted in suppression of cellular proliferation, the 
flow cytometry analysis further confirmed this effect. 
Moreover, transwell migration and Matrigel invasion 
assays were performed to explore whether miRNA-451 
affected the migration and invasion capacity of SGC-
7901 cells. As expected, transwell results showed that 
upregulation of miRNA-451 suppressed cell migration 
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and invasion remarkably. However the apoptosis of SGC-
7901 cells was not influenced. These results indicated 
that miRNA-451 might act as tumour suppressors in 
GC. In order to elucidate whether miRNA-451 could 
regulate the AKT signaling pathway and then perform 
above mentioned biological functions in gastric cancer, 
we detected the certain markers including total AKT, 
p-AKT, P21, CyclinD1, P27, C-myc, MMP2/9, Bcl-2  
and Bax, all of which belong to the components of or 
correlated with the AKT signaling pathway. Intriguingly, 
western blot analysis and qPCR assays confirmed 
that upregulating miRNA-451 could inhibited AKT 
phosphorylation and subsequently reduced C-myc, MMP2, 
MMP9 mRNA and protein expression and increased P21, 
P27 mRNA and protein expression, although the total 
AKT, CyclinD1, Bcl-2 and Bax were not been changed. 
These results may explain why miRNA-451 could inhibit 
proliferation and motility of SGC-7901 cells.

In conclusion, the present study identified that 
miRNA-451 was downregulated in GC tissues and cells. 
Overexpression of miRNA-451 effectively inhibited 
the proliferation, migration and invasion of SGC-7901 
cells. Furthermore, the AKT signaling pathway was 
demonstrated as a functional effect target of miRNA-451 
in GC. In other words, miRNA-451 act as a tumor 
suppressor in the GC, and its effects are at least, in part, 
mediated through regulating Akt pathway. Objectively 
speaking, it is only a limited understanding of the complex 
relationship between the tumor cells and miRNA-451 
and far from reaching a total understanding of the whole 
molecular picture of miRNA-451. The exact mechanisms 
of miRNA-451 need to be elucidated further in the 
future.
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