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MicroRNA-28-5p inhibits the migration and invasion of
gastric cancer cells by suppressing AKT phosphorylation
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Abstract. Gastric cancer is a polygenic disease with a high
mortality rate worldwide. Although a number of dysregulated
genes have been confirmed to be involved in development
and progression of gastric cancer, the molecular mechanisms
by which this occurs remain unclear. The present study
identified that microRNA (miR-28-5p) was involved in the
migration and invasion of gastric cancer cells, and was able
to affect the prognosis of patients with gastric cancer. Reverse
transcription-quantitative polymerase chain reaction analysis
indicated that the expression of miR-28-5p was significantly
downregulated in gastric cancer tissues, and that patients with
higher expression had a good prognosis. miR-28-5p expression
was significantly associated with depth of invasion, lymph
node metastasis and pathological stage. Gastric cancer cells
overexpressing miR-28-5p exhibited a marked reduction
of migration and invasion by Transwell and wound scratch
assay. The phosphorylation of RAC serine/threonine-protein
kinase (AKT), which affected cellular invasion and metastasis,
was significantly inhibited by overexpression of miR-28-5p.
In conclusion, miR-28-5p is a tumor suppressor that inhibits
gastric cancer cell migration and invasion through repressing
AKT phosphorylation. miR-28-5p may therefore represent a
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potential biomarker for the prognosis of gastric cancer and a
novel therapeutic target in advanced gastric cancer.

Introduction

Gastric cancer is one of the malignant tumor with the highest
mortality rates worldwide (1). Although the incidence and
mortality rates of gastric cancer have declined globally, it
remains the second most common cause of cancer-associated
mortality (2). A total of >70% of cases occur in developing
countries and half of cases occur in Eastern Asia, primarily in
China (3,4). Invasion and metastasis are the primary reasons
that lead to gastric cancer-associated mortalities. Investigating
molecular mechanisms of invasion and metastasis is of great
value for the diagnosis, treatment and prevention of gastric
cancer. In the past several decades, a number of molecular
mechanisms have been investigated, but the role of microRNAs
(miRNAs/miRs) in gastric cancer remains to be elucidated.

miRNAs are non-coding RNA molecules containing
~20 nucleotides in length that are major post-transcriptional
regulators. miRNAs regulate numerous cellular processes,
including cellular proliferation, apoptosis, differentiation,
invasion and metastasis (5). miRNAs may undergo aberrant
regulation during carcinogenesis and serve as oncogenes or
tumor suppressors (6). Aberrant expression of miRNAs is
common in various human malignancies and may modulate
cancer-associated genomic regions or fragile sites (7). miR-28
is an important miRNA, including miR-28-5p and miR-28-3p.
A large body of evidence indicates that the abnormality of
miR-28 expression is associated with carcinogenesis of breast
cancer (8), colorectal cancer (9), B-cell lymphoma (10), glioma
and renal cell carcinoma (11). However, studies concerning
the role of miR-28-5p in human gastric cancer remain to be
performed.

The present study profiled the expression of miR-28-5p in
91 gastric cancer tissue and adjacent normal mucosal tissue
pairs by reverse transcription-quantitative polymerase chain
reaction (RT-qPCR). In addition, gastric cancer BGC823 and
SGC7901 cells were infected with miR-28-5p mimics to eval-
uate the role of mir-28-5p in gastric cancer. Low-expression of
miR-28-5p in gastric cancer tissues with poor prognosis was
identified, and miR-28-5p was demonstrated to serve a role in
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inhibiting gastric cancer migration and invasion. These results
indicate that miR-28-5p may be a potential biomarker and
therapeutic target against gastric cancer.

Materials and methods

Clinical samples. Fresh samples of 91 pairs of gastric cancer
and adjacent normal mucosal tissues farthest from the tumor
(>5 cm) were obtained from patients who underwent surgical
resection for gastric cancer diagnosed based on the 7th edition of
American Joint Committee on Cancer Tumor Node Metastasis
(TNM) staging system (12) in the First Affiliated Hospital of
China Medical University (Shenyang, China) between March
2007 and November 2008. The aforementioned samples were
frozen in liquid nitrogen and kept at -80°C instantly until they
were experimentally utilized. The present study was approved
by the Medical Ethics and Human Clinical Trial Committee
at the First Hospital of China Medical University and each
patient provided written informed consent for their inclusion
in the present study.

Cell culture. Human gastric cancer BGC823 and SGC7901
cell lines obtained from the Department of Cell Biology, China
Medical University were incubated in a humidified incubator
at 37°C with 5% CO,, and cultured in Dulbecco's modified
Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA). DMEM was supplemented with
10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.),
100 U/ml penicillin and 100 U/ml streptomycin according to
the supplier's protocol.

Construction of stable cell lines. To construct a stable
miR-28-5p-overexpressing cell line, BGC823 and SGC7901
cells in the logarithmic growth phase in 6-well plates were
infected with 50 ul (1x10® TU/ml) commercial lentiviral
packaged pre-miR-28 and the control lentivirus (Shanghai
GeneChem Co., Ltd., Shanghai, China). The negative control
short hairpin RNA sequence was 5-TTCTCCGAACGT
GUCACGT-3". After 24 h, DMEM containing puromycin
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was
used to culture and select stable cell lines for two weeks prior
to subsequent phenotypic and functional analyses.

RNA extraction and RT-gPCR. Total RNA was extracted
from frozen tissue samples with TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.). Next, miRNA was purified
with the mirVana miRNA Isolation kit (Ambion; Thermo
Fisher Scientific, Inc.) according to the manufacturer's manual.
cDNA was synthesized using the PrimeScript™ RT Reagent
kit (Takara Biotechnology Co., Ltd., Dalian, China). qPCR
was performed as previously described (13) to detect the
expression level of miR-28-5p in the 91 pairs of human gastric
and adjacent normal mucosal tissue samples. The expression
of miRNAs was calculated relative to U6 small nuclear RNA.
All the quantitation of PCR data was presented as fold-change
and calculated using the 2224 method (14). Primers used were
as follows: miR-28-5p reverse transcription primer, 5'-CTC
AACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCTC

AATAG-3'"; miR-28-5p forward primer, 5'-GCGGAAGGA
GCTCACAGTCT-3"; miR-28-5p reverse primer, 5-TGGTGT
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CGTGGAGTCG-3'; U6 forward primer, 5'-CTCGCTTCG
GCAGCACA-3'; U6 reverse primer, 5~AACGCTTCACGA
ATTTGCGT-3.

MTT assay. The proliferative rates were assessed by MTT
assay. The stable infected cells and control cells were inocu-
lated in 96-well plates at a density of 2x10° cells/well and
cultured for 1-6 days. At 24,48, 72,96, 120 and 144 h, 20 ul
MTT (10 mg/ml) was added to cells and they were incubated
for 4 h at 37°C. Next, dimethyl sulfoxide was added to solu-
bilize the formazan product for 20 min at room temperature.
The absorbance was determined at 490 nm with a spectro-
photometer. All experiments were performed three times in
triplicate.

Cell cycle analysis. BGC823 and SGC7901 cells (5x10°%)
were cultured for 48 h in 6-well plates, and then digested,
washed with cold PBS and fixed in 100% precooled methanol
overnight at 4°C. Cells were washed with cold PBS again,
re-suspended in PBS solution containing 100 ug/ml propidium
iodide and 20 pg/ml RNase A (Omega Bio-Tek, Inc., Norcross,
GA, USA), and incubated at 37°C for 30 min. Next, the cells
were measured using a flow cytometer and analyzed with
FACSCalibur™ (BD Biosciences, Franklin Lakes, NJ, USA)
and FlowlJo software (version 7.6.1; Tree Star, Inc., Ashland,
OR, USA).

Adhesion assay. BGC823 and SGC7901 cells were seeded on
24-well plates at equal numbers (~2x10%), incubated for 20 min
and washed three times with PBS to remove the non-adherent
cells. Next, cells were fixed by 4% paraformaldehyde for
30 min, and stained with 0.4% Trypan Blue for 20 min at room
temperature. Cells were then counted under a light microscope
in 20 independent symmetrical visual fields at a magnification
of x400.

Wound scratch assay. Equal numbers (~2x10°) of stably
infected cells and control cells were incubated in 6-well
plates equal numbers for 24 h until they reached 90-100%
confluence. The capacity of movement on cells was detected
by wound-healing assay. Briefly, a scratch was made across
the center of the cell monolayer in each well using sterile
200-u1 pipette tip and the medium was replaced with fresh
medium. The scratch distance between the two linear regions
was imaged and measured at different time points using an
inverted microscope.

Transwell assay. For the cell migration assay, ~1x10° cells
were harvested, re-suspended in serum-free DMEM, and
added to the top chamber of 24-well Transwell chambers
(Corning Incorporated, Corning, NY, USA) with a pore size
of 8.0 um; the lower chamber was filled with 500 ul DMEM
with 10% fetal bovine serum. Cells were fixed with 100%
precooled methanol for 10 min and stained with 0.4% Trypan
Blue following incubation at 37°C for 24 h. Cells on the top
chambers were removed by a cotton swab. The number of cells
that invaded to the bottom surface was counted using a light
microscope. The invasion assay was performed as migration
assay, with the exception that the cells were seeded onto the
filters of the Transwell chambers with coated Matrigel.
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Figure 1. miR-28-5p is downregulated in gastrointestinal cancer, which is associated with poorer patient prognosis. miR-28-5p expression reduced in gastric
cancer tissues. (A) miR-28-5p expression in 91 pair gastric cancer tissues and corresponding non-tumor adjacent tissues was assessed using reverse transcrip-
tion-quantitative polymerase chain reaction analysis (normal vs. tumor, P<0.01). (B) Downregulation of miR-28-5p expression is associated with poor patient
prognosis. Kaplan-Meier survival analysis of 91 gastric cancer patients was performed on miR-28-5p high- and low-expression groups of gastric cancer
tissues. (C) miR-28-5p expression was also reduced in colorectal cancer tissues (P<0.001). Heat map displaying the expression levels of miR-28-5p in 3 paired
colorectal cancer tissues and adjacent non-tumor tissues. The data was obtained from published expression dataset GSE39845 of the National Center for
Biotechnology Information Gene Expression Omnibus database. miR-28-5p, microRNA-28-5p.

Protein extraction and western blot analysis. Total protein
was extracted from cells using ice-cold radioimmunoprecipi-
tation assay buffer supplemented with phenylmethylsulfonyl
fluoride and protease inhibitor cocktail (Sigma-Aldrich;
Merck KGaA). ABCA kit with Varioskan multimode
microplates spectrophotometer from Thermo Fisher
Scientific Inc. (Waltham, MA, USA) was used to detect the
concentration of protein in the supernatant. A total of 20 ug
protein/well was fractionated by 10% SDS-PAGE and trans-
ferred to a polyvinylidene fluoride membrane. Membranes
were blocked at room temperature for 2 h with 5% non-fat
dry milk in Tris-buffered saline containing 0.1% Tween-20
(TBST) and incubated with P-ERK (1:1,000; Cell Signaling
Technology; cat. no. 9101), P-Pak1 (1:1,000; Thermo Fisher
Scientific; cat. no. PA5-37677), P-Pak4 (1:1,000; Cell
Signaling Technology; cat. no. 3241) and P-AKT (1:1,000;
Cell Signaling Technology; cat. no. 4060) at 4°C overnight.
The membranes were washed in TBST and incubated with
a horseradish peroxidase (HRP)-conjugated secondary
antibody (Goat anti-rabbit, 1:5,000; ZSGQ-BIO; cat.
no. ZF-0311) for 2 h at room temperature. Bound antibody
complexes were detected and visualized by ECL western

bolting detection kit (Ambion; Thermo Fisher Scientific,
Inc.).

Independent verified data set from the NCBI-Gene
Expression Omnibus (GEO) database. The GSE39845
dataset was downloaded from the GEO database
(http://www.ncbi.nlm.nih.gov/geo/, accessed on December
10th 2015). The GSE39845 contained six colorectal cancer
samples (three normal vs. three cancer samples). The plat-
form was based on the GPL14613 (miRNA-2) Affymetrix
Multispecies miRNA-2 Array. Then, the preprocessing
of Microarray Data was conducted by Affy package in R
software (R software, version 3.2.1; Affy package, version
1.56.0; http://www.r-project.org/, accessed on December
5th 2015), and differentially expressed miRNA was identi-
fied by the limma package in R software (limma package,
version 3.34.6). Only the differentially expressed miRNA
with P<0.05 and llog2 (fold-change)l>1.5 were screened
out, as calculated by Student's t-test. To additionally visu-
alize differentially expressed miRNA, the heatmap was
constructed using the Pheatmap package in R (Pheatmap
package, version 1.0.8; http:/www.r-project.org/).
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Table I. Association between the expression of miR-28-5p with clinicopathological features in patients with gastric cancer.

Parameter n miR-28-5p fold® P-value®

Age, years
<65 59 0.77 (0.29-1.57) 0.536
=65 32 0.65 (0.30-1.11)

Gender
Male 69 0.82 (0.34-1.52) 0.082
Female 22 0.40 (0.28-0.79)

Location
Upper third 4 0.23 (0.11-0.38) 0.131
Middle third 12 0.62 (0.26-1.01)
Lower third 63 0.74 (0.31-1.54)
Extensive 12 1.00 (0.42-2.47)

Gross type
Localized 11 0.37 (0.10-1.54) 0.247
Infiltrative 80 0.76 (0.31-1.47)

Size (max. diameter), cm
<5 42 0.76 (0.41-1.65) 0.324
=5 49 0.67 (0.23-1.40)

Histological type
Intestinal 48 0.64 (0.26-1.08) 0.120
Diffuse 43 0.84 (0.39-1.95)

Depth of invasion (pT)
T,,T,, T, 59 0.81 (0.39-1.95) 0.024
T, 32 0.50 (0.22-0.94)

Lymph node status (pN)
Ny, N, N, 62 0.79 (0.37-1.71) 0.035
N; 29 0.56 (0.19-0.99)

Lymph node metastasis
No 24 0.95 (0.43-2.06) 0.222
Yes 67 0.71 (0.27-1.12)

Lymphatic invasion
No 72 0.76 (0.31-1.47) 0.667
Yes 19 0.71 (0.20-1.88)

AJCCTNM stage
L, II, [1a, IIIb 79 0.79 (0.33-1.57) 0.030
I, IV 12 0.44 (0.18-0.80)

"Median of relative expression, with 25-75th percentile in parenthesis. "Mann-Whitney test (for two groups) or Kruskal Wallis test (for >2 groups).
miR-28-5p, microRNA-28-5p; AJCC, American Joint Committee on Cancer; TNM, tumor node metastasis.

Statistical analysis. Continuous variables for the summary
statistics of the study are presented as mean + standard
deviation, or as median value with interquartile ranges. The
experimental data were analyzed by SPSS 16.0 software
(SPSS, Inc., Chicago, IL, USA). Differences were considered
statistically significant when P<0.05. Mann-Whitney test
(for two groups) or Kruskal-Wallis test (for >2 groups) were
used to analyze the association between the expression of
miR-28-5p and clinicopathological features in patients with
gastric cancer. Survival curves were produced using the
Kaplan-Meier method. The log-rank test was used to analyze

survival difference. Student's t-test was used to analyze other
parameters of phenotypes of gastric cancer cells.

Results

Clinical significance of miR-28-5p in gastric cancer tissues.
Previous reports have identified that the expression of
miR-28-5p was abnormal in various tumors (9,15-19). The
present study used RT-qPCR to detect the expression level
of miR-28-5p in 91 gastric cancer tissues and corresponding
non-tumor adjacent tissues. As presented in Fig. 1A, the
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Figure 2. miR-28-5p has no effect on cell proliferation and cell cycle. (A) Reverse transcription-quantitative polymerase chain reaction analysis of the rela-
tive levels of miR-28-5p in BGC823 and SGC7901 cells infected with miR-28-5p lentivirus and selected by puromycin. "P<0.01 vs. control. (B) miR-28-5p
did not affect gastric cell proliferation. MTT assay was detected in BGC823 and SGC7901 cells overexpressing miR-28-5p and control cells on days 1-6.
(C and D) miR-28-5p did not affect the cell cycle of gastric cancer cells. The cell cycle was analyzed in BGC823 and SGC7901 cells overexpressing miR-28-5p

and control cells. miR-28-5p, microRNA-28-5p.

expression level of miR-28-5p was reduced significantly in
gastric cancer tissues compared with corresponding non-tumor
adjacent tissues (P<0.01). The association between the expres-
sion of miR-28-5p and the clinicopathological factors of
gastric cancer was further analyzed (Table I). No statistical
difference between miR-28-5p expression, and age, gender,
location, grosstype, size, histological type and lymphatic

invasion was identified. The expression level of mir-28-5p in
gastric cancer tissues from patients with TNM stage IIIC and
stage IV disease was significantly lower compared with that in
gastric cancer tissues from patients with TNM stage I, I, IITA,
and IIIB disease (P=0.030). The miR-28-5p level was signifi-
cantly reduced in the T4 group compared with that in T1, T2
and T3 groups (P=0.024). In addition, a significantly lower
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Figure 3. miR-28-5p inhibits migration and invasion potential of gastric cancer cells but not adhesion. (A) miR-28-5p did not affect cell adhesion. Cells
overexpressing miR-28-5p and control cells were assessed using a cell adhesion assay. Representative photomicrographs are shown (original magnification,
x100). The cell number was counted in 20 independent symmetrical visual fields at a magnification of x400. (B and C) miR-28-5p inhibited gastric cancer cell
migration and invasion ability. (B) Wound healing assay in BGC823 and SGC7901 cells overexpressing miR-28-5p and in control cells. (C) Transwell migra-
tion and invasion assays were performed in BGC823 and SGC7901 cells with overexpressing miR-28-5p and in control cells. Representative photomicrographs
are shown (original magnification, x100). The cell number was counted in 20 independent symmetrical visual fields at an original magnification of x400.

“P<0.01 vs. control. miR-28-5p, microRNA-28-5p.

expression level of miR-28-5p was observed in gastric cancer
tissues from patients with N5 lymph node status compared
with that in gastric cancer tissues from patients with N, N,
and N, lymph node status (P=0.035). Kaplan-Meier survival
curve analysis illustrated that the overall survival time was
significantly longer in patients with higher miR-28-5p expres-
sion, compared with patients with lower miR-28-5p expression
(P=0.041; Fig. 1B). The dividing standard was that if the
median value was >0.73-fold, the patients were in the higher

miR-28-5p expression group, whereas if the median value was
<0.73-fold, the patients were in the lower miR-28-5p expression
group. Based on the Limma package, the published expression
dataset GSE39845 of the National Center for Biotechnology
Information Gene Expression Omnibus database was analyzed
and the differentially expressed miRNAs between colorectal
cancer and paired normal tissues were obtained. The results
of the analysis indicated that miR-28-5p expression was
downregulated in colorectal cancer tissues (P<0.001), which
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Figure 4. miR-28-5p inhibits the phosphorylation of AKT in gastric cancer
cells. The phosphorylation levels of ERK, Pakl, Pak4 and AKT in BGC823
and SGC7901 cells overexpressing miR-28-5p and control cells were
detected by western blot analysis. GAPDH served as protein loading control.
AKT, RAC serine/threonine-protein kinase; P-ERK, phosphorylated extra-
cellular signal-regulated kinase; Pakl, p21-activated kinase 1; miR-28-5p,
microRNA-28-5p.

demonstrated that the expression of miR-28-5p was markedly
reduced in colorectal tumors, compared with corresponding
normal tissues (Fig. 1C).

miR-28-5p inhibits the migration and invasion of gastric
cancer cells. To investigate the functional significance of
miR-28-5p overexpression in gastric cancer, miR-28-5p-lenti-
virus infection was used to establish stable BGC823 and
SGC7901 cell lines overexpressing miR-28-5p. Fig. 2A
demonstrated that expression of miR-28-5p was significantly
increased in BGC823 and SGC7901 cell lines following
infection with miR-28-5p-lentivirus. To characterize the
functionofmiR-28-5pin gastric cancer progression, the effect
of miR-28-5p expression on the proliferation of gastric cancer
cells was detected using an MTT assay and flow cytometry
analysis. No statistically significant difference was identified
in the proliferative ability of cells overexpressing miR-28-5p
compared with the control cells (Fig. 2B). Similarly, cell cycle
analysis also revealed that there were no significant differences
between the cells overexpressing miR-28-5p and control cells
(Fig. 2C and D). A cell adhesion assay was performed to assess
whether miR-28-5p expression affected cell adhesion capa-
bility of gastric cancer cells, and revealed that upregulation
of miR-28-5p exhibited no effect on cell adhesion (Fig. 3A).
Wound-scratch and cell migration assays were performed to
evaluate whether miR-28-5p was able to affect the migration
of gastric cancer cells. Fig. 3B and C revealed that there was
a significant inhibition in migration in cells infected with
miR-28-5p mimics compared with cells infected with nega-
tive control. In Fig. 3C, an invasion assay revealed miR-28-5p
inhibited the invasion ability of gastric cancer cells.

Overexpressing miR-28-5p inhibits the phosphorylation of
RAC serine/threonine-protein kinase (AKT) in gastric cancer
cells. Previous studies have validated thatP21-activated
kinase-1 (Pakl) (20), P21-activated kinase-4 (Pak4) (21),
extracellular-signal regulated kinase (ERK) (22) and
AKT (23) are involved in invasion and metastasis of gastric
cancer. Western blotting detected the phosphorylation level of
Pakl, Pak4, ERK and AKT protein in BGC823, and SGC7901
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cells overexpressing miR-28-5p. Only the phosphorylation
level of AKT protein revealed a marked reduction in BGC823
and SGC7901 cells overexpressing miR-28-5p, compared with
cells that were infected with negative control (Fig. 4). These
results revealed that overexpression miR-28-5p inhibited the
phosphorylation of AKT protein in gastric cancer cells.

Discussion

Gastric cancer is the second-leading cause of cancer-associated
mortality in the world (24). A large proportion of gastric cancer
patients, particularly in China, are diagnosed at advanced stage
with metastasis, and therefore are unable to undergo curative
resection (25,26). It has been documented that patients with
advanced stage gastric cancer have a poor prognosis, with a
reduced 5-year survival rate (27). Therefore, metastasis is a
key event in determining the prognosis of gastric cancer.
miRNAs possess essential roles in angiogenesis and cancer
metastasis (28). The Snail-regulated miR-375 inhibited the
migration and invasion of gastric cancer cells partially by
targeting Janus kinase 2 (JAK2) (29). Liu et al (30) reported
that miR-10b promoted the invasion of gastric cells by acti-
vating RhoC-AKT signaling, through targeting homeobox
protein Hox-D10. Mir-28-5p has been reported to be associ-
ated with development and progression of a number of
tumors, including hepatocellular carcinoma, colorectal cancer
and renal cell carcinoma (9,17,31,32). However, the role of
miR-28-5p in gastric cancer remains unknown. The present
study revealed the significant downregulation of miR-28-5p in
gastric cancer tissues. The overall survival time was signifi-
cantly longer in patients with higher miR-28-5p expression
compared with those with low expression. Detailed analysis of
miR-28-5p expression and the clinicopathological characteris-
tics of gastric cancer revealed significant association between
the expression level of miR-28-5p, and depth of invasion,
lymph node status and TNM stage. The data indicated that the
expression of miR-28-5pwas clinically relevant and maybe a
potent biomarker for the prognosis of gastric cancer.

The present study investigated the biological function of
miR-28-5p in gastric cancer in vitro. MTT assay and flow
cytometry analysis revealed that overexpression of miR-28-5p
in human gastric cell line BGC823 and SGC7901 did not affect
cellular proliferation, and cell cycle progression. To further
characterize the role of miR-28-5p in invasion and metastasis
of gastric cancer, cell adhesion, wound healing, migration, and
invasion assays were performed. Overexpression of miR-28-5p
inhibited the migratory and invasive ability of gastric cancer
cells, but not the adhesion ability (Fig. 3). These data suggested
that miR-28-5p might be a tumor suppressor gene, which
inhibited the invasion and metastasis of gastric cancer.

ERK, Pakl, Pak4 and AKT have been reported to be
involved in the invasion and metastasis of gastric cancer. ERK
signaling pathway can be activated by transforming growth
factor-p to regulate the invasion and metastasis of gastric
cancer (33). Pakl activates ERK and c-Jun N-terminal kinase
(JNK) to induce the metastasis of gastric cancer (34). Pak4
kinase mediates the phosphorylation of stathmin 2 to promote
the invasive potential of gastric cancer cells (21). AKT has three
isoforms, AKT1, AKT2 and AKT3, and serves an essential role
in the regulation of diverse cellular functions, including cell
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growth, proliferation, glucose metabolism, survival, genome
stability, transcription and neovascularization (35). AKT
signaling regulates the epithelial-mesenchymal transition,
affecting the migration and invasion of circulating gastric
cancer cells (36). Western blot analysis was used to profile
the phosphorylation level of ERK, Pakl, Pak4 and AKT in
BGC823, and SGC7901 cells overexpressing miR-28-5p. The
results revealed that overexpression of miR-28-5p markedly
inhibited the phosphorylation level of AKT, but not ERK, Pak1
and Pak4, in gastric cancer cells. Overexpression of miR-28-5p
reduced the migratory and invasive capacity of gastric cancer
cells, and the possible mechanism may involve the inhibition
of the activation of the AKT signaling pathway via miR-28-5p.

In summary, to the best of our knowledge, the present study
demonstrated that miR-28-5p expression was significantly
downregulated in gastric cancer and associated with poor
gastric cancer patient prognosis for the first time. miR-28-5p,
as a tumor suppressor, inhibited gastric cancer cell invasion
and metastasis by repressing the phosphorylation level of
AKT. miR-28-5p may be a potential biomarker for prognosis
of gastric cancer and a therapeutic target for the treatment of
advanced gastric cancer.
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