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Abstract: Objective: To investigate the biological significance of abundant miR-23a expression in gastric cancer (GC)
and its correlation with PTEN in the pathogenesis of GC migration and invasion. Methods: The human gastric cancer
cell lines SGC-7901, AGS, the immortalized cell line GES-1 derived from normal gastric mucosa. Cell transfection
and selection of stable cell lines and the gene and protein levels of miR-23a and PTEN were examined to determine
the molecular relationship between them in the pathogenesis of gastric cancer. Results: Inhibition of miR-23a ef-
fectively reduced migration and invasion of GC cell lines. Bioinformatics and luciferase reporter assay revealed that
miR-23a specifically targeted the 3’-UTR of PTEN and regulated its expression. Down-regulation of PTEN enhanced
migration and invasion of GC cell lines. Furthermore, in tumor tissues obtained from gastric cancer patients, the
expression of miR-23a was negatively correlated with PTEN and the high expression of miR-23a combined with low
expression of PTEN might serve as a risk factor for cancer patients. Besides, miR-23a-mediated suppression of
PTEN led to activation of AKT/ERK pathways and epithelial-mesenchymal transition (EMT) in GC cells, and finally
enhances the activity of GC cell proliferation and movement and promotes GC xenograft tumor growth in mouse
models. Conclusion: Our study showed that miR-23a, by down-regulation PTEN, enhances migration and invasion
in GC cells.
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Introduction

Gastric cancer (GC) is the fifth most frequently
diagnosed cancer worldwide but the second
most common cause of cancer death [1, 2].
Rapid malignant progression, dismal survival
rate and high frequency of recurrence and
metastasis remain the crux of GC treatment.
Investigation of mechanisms involved in GC
recurrence and metastasis might lead to devel-
opment of novel therapeutic strategies.

miRNAs are a family of small highly conserved
endogenous non-coding RNAs which inhibit
translation of target genes by base pairing to
the 3’-UTR of mRNAs. Recently, a series of miR-
NAs have been shown to play critical roles in
the processes of EMT of cancer cells to pro-
mote the progression and metastasis of human
malignancies, in which miR-23a is an important
component involved in the cellular signaling

pathways that regulates EMT processes [3, 4]
and is always up-expressed in many kinds of
malignancies. Recent studies showed that sev-
eral tumor suppressors including PTEN, TPM1,
PDCD4, maspin, and TIMP3 were targets of
miR-23a [5-7], suggesting that miR-23a is an
important oncogenic miRNA which is closely
related to tumor growth and metastasis [8].

AGS is a GC cell line established from primary
tumor and recurrent tumor respectively of the
same patient [9]. They possess significantly dif-
ferent proliferative and invasive ability. There-
fore, we analyzed the differential expression of
mMiRNAs in AGS using microRNA microarray [10]
and discovered extraordinarily high expression
levels of miR-23a in AGS. Interestingly, qRT-PCR
showed that expression levels of miR-23a were
even higher than the internal reference gene
U6. What is the biological significance of such
abundant miR-23a expression in GC? Here, we
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showed that microRNA-23a enhances migra-
tion and invasion through PTEN.

Materials and methods
Cell culture

The human gastric cancer cell lines AGS, SGC-
7901 and the normal gastric epithelium cell
line GES-1 were grown in RPMI 1640 medium
supplemented with 10% FBS (Hyclone). The cell
cultures were incubated in room air at 37°C in
a humidified atmosphere of 5% CO.,,.

Reverse transcription and real-time poly-
merase chain reaction to quantify mature
miR-23a

Total RNA was extracted with TRIzol (Invitrogen).
For mature miRNA expression analysis, cDNA
was synthesized with the Tagman MiRNA
Reverse Transcription kit (Applied Biosystems)
and 100 ng of total RNA (100 ng/uL), along with
1 uL of miR-23a (Applied Biosystems) specific
primers that were supplied with the miRNA
Tagman MicroRNA Assay, according to the
manufacturer’s instructions. Quantitative real-
time polymerase chain reaction (PCR) analyses
were performed in triplicate on a 7900HT Real-
Time PCR System (Applied Biosystems), and
the data was normalized to RNUGB (Applied
Biosystems) for each reaction. The thermal
cycling profile used was as follows: 95°C for 10
min, followed by 40 cycles of 95°C for 15 s and
60°C for 60 s. Quantification was performed
according to the standard AACT method.

Transfection of the miR-23a precursor

Cells were seeded 24 h prior to transfection
into 24-well or 6-well plates or 6 cm dishes.
Hsa-miR-23a (Applied Biosystems) or a miRNA
mimic control (Applied Biosystems) was trans-
fected with Lipofectamine 2000 (Invitrogen) at
a final concentration of 50 nmol/L. The
sequences of the mature miR-23a used in this
study were GGUGCAGUGCUGCAUCUCUGGU
and UGAGAUGAAGCACUGUAGCUC. The cells
were harvested at 24 h (for RNA extraction), 48
h (for protein extraction) or 72 h (for apoptosis
assays).

Cell viability assays

An Alamar blue assay was used to measure cell
proliferation. This assay is based on the quanti-

878

tative metabolic conversion of blue, non-fluo-
rescent resazurin to pink, fluorescent resorufin
by living cells. After 72 h of incubation, an
Alamar blue (Invitrogen) stock solution was
aseptically added to the wells to equal to 10%
of the total incubation volume. The resazurin
reduction in the cultures was determined after
a 2-6 h incubation with Alamar blue by measur-
ing the absorbances at 530-nm and 590-nm
wavelengths on a Synergy HT Multi-Mode
Microplate Reader (Bio-tek Instruments).

Western blot

Cells were harvested, washed twice in PBS,
and lysed in lysis buffer (protease inhibitors
were added immediately before use) for 30 min
on ice. Lysate was centrifuged at 10000 rmp
and the supernatants were collected and
stored at -70 in aliquots. All procedures were
carried out on ice. Protein concentration was
determined using BCA assay kit (Tianlai
Biotech).

miRNA real-time PCR

1x102--1x107 cells were harvested, washed in
PBS once, and stored on ice; complete cell
lysate was prepared by addition of 600 pl lysis
binding buffer and vertex; 60 pl miRNA aomo-
genete addictive was added to the cell lysate
and mixed thoroughly by inverting several
times; sample was stored on ice for 10 min, fol-
lowed by addition of equal volume (600 ul) of
phenol: chloroform (1:1) solution; sample was
mixed by inverting for 30-60 sec, and then cen-
trifuged at 12000 g for 5 min; the supernatant
was transferred to a new tube and the volume
was estimated; 1/3 volume of 100% ethanol
was added and mixed; the mixture was loaded
to the column at room temperature and centri-
fuged at 10000 g for 15 sec; The flow-though
was collected and the volume was then esti-
mated; 2/3 volume of 00% ethanol was added
and mixed; The mixture was loaded to column
at room temperature and centrifuged at 10000
g for 15 sec; The flow-through was discarded;
700 pl miRNA wash solution was added to the
column, followed by centrifugation at 10000
for 10 sec; the flow-through was discarded;
500 pl miRNA wash solution was added to the
column, followed by centrifugation at 10000
for 10 sec; the flow-through was discarded; the
column was transferred to a new tube and 100
ul preheated elution solution (95 degree) was
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added at room temperature; RNA was collected
by centrifugation at 12000 g for 30 sec.

Luciferase assay

Forty-eight hours after transfection, the cells
were rinsed in PBS. Experiments for each treat-
ment were performed in triplicate. Luciferase
activity was assessed using the dual-luciferase
reporter assay system (Promega, USA) with a
luminometer (Promega, USA). The luciferase
activity after cell lysis was measured and then
normalized to the activity of renilla luciferase
driven by the constitutional promoter in the
phRL vector. Basal promoter activity was mea-
sured relative to the activity observed with the
pGL3 vector alone.

Invasion assays

After adjusting the cell density to 1x10° cells/
ml in 0.1% BSA-RPMI, 100,000 cells in 100 pl
were added to the top chamber of a 24-tran-
swell apparatus (6.5-mm diameter, 8-um pore
size; Costar 3422, Corning Inc., Corning, NY) in
the absence or presence of fibronectin (25 ug)
in the lower chamber. After overnight incuba-
tion at 37°C in an atmosphere containing 5%
CO2, living cells (with diameters ranging from 7
to 14 um) that passed through the membrane
were collected from the lower well and counted
in a cell Coulter Counter channelizer 256.
Results from triplicate wells were expressed as
mean * S.D.

Wound healing assay

The gastric cells transiently transfected with
miR-23a precursor or negative control miRNA
precursor were seeded in a 100-mm Petri dish.
A wound was made by scratching on the Petri
dish bottom, followed by another 48 hours
growth.

Immunoblotting

For immunoblotting, the human gastric cancer
cells were collected 72 hours after transfection
with miR-23a precursor or negative control
mMiRNA precursor. Cells were lysed using 1xRIPA
buffer (Upstate Biotechnology, Lake Placid,
NY) containing a protease inhibitor cocktail
(Sigma, St. Louis, MO). After cell lysis, 45 mg
of protein was loaded on a 10% SDS gel fol-
lowed by transfer to PVDF membrane.
Antibodies against SGPP2 (Abcam, Cambridge,
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MA), Smad4 (Cell Signaling Technologies,
Danvers, MA), and Actin (Sigma, St. Louis, MO)
were used. Secondary antibody was purchased
from Santa Cruz Biotechnology (Santa Cruz,
CA). The detected signals were visualized by an
enhanced chemiluminescence kit (Beyotime
Institute of Biotechnology, Haimen, Jiangsu,
China), as recommended by the manufacturer.

Tumor-bearing (Xenografts) study

1.5x10% murine gastric adenocarcinoma cells
re-suspended in 150 ul PBS were injected sub-
cutaneously into the flank of the normal C57B/
I6 mice at age about 8 weeks (5 mice per
group). Both gastric cell line and the mice were
in C57BL/6 background and no rejection
occurred. The animals were maintained in a
pathogen-free barrier facility and closely moni-
tored by animal facility staff. The grown tumors
(xenografts) were measured every 3 days start-
ing 23 days post inoculation of cells using cali-
per as length x width x width/2 (mm?3). 6.26 ug
of miR-23a precursor or negative mMiRNA
(GenePharma, Shanghai, China) mixed with 1.6
pl transfection reagent Lipofectamine 2000
(Invitrogen) in 50 pl PBS was injected into the
tumors every 3 days, for total of 3 times. 32
days after inoculation, the animals were sacri-
ficed and the xenografts were isolated, the
weight (gram) and volume (cm?3) of the xeno-
grafts were determined. All procedures were
conducted according to the Animal Care and
Use guideline approved by Xinxiang Medical
University Animal Care Committee.

Results

miR-23a expression is up-regulated in highly
metastatic cancer cells

miR-23a is widely over-expressed in tumorigen-
esis including GC cell lines. Furthermore, miR-
23a was closely connected with motility, migra-
tion, and invasion of human cancers. To explore
the expression of miR-23a in cancer cell lines,
different cancer cell lines varied in their meta-
static potentials were selected and measured
the relative expression of miR-23a by real-time
quantitative reverse transcription-polymerase
chain reaction (QRT-PCR), compared with nor-
mal cell lines. The relative expression of miR-
23a was significantly up-regulated in AGS and
SGC-7901 cell lines (6.73 + 1.01in AGS, 4.35 +
0.53in SGC-7901; P < 0.01 versus normal cell
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Figure 1. Expression of miR-23a in GC cells and its relation to cellular metastatic ability. (A) miR-23a expression was
detected by real time qRT-PCR, the results were normalized to U6 expression; *P < 0.01, GES-1 or AGS cells versus
SGC7901 cell lines. (B) AGS and GES-1 were injected into the abdominal cavity of BALB/c (nu/nu) mice (n = 3 in
every group) at 2.5x10° cells per mouse. Two weeks later, mice were dissected under body vision microscope and
the number of cancer nodules and total weight or tumor volume of cancer nodules in every mouse were monitored
and counted; *P < 0.05. (C, D) Motility capacity of GES-1 cells transfected with miR-23a expression vector and AGS
treated with miR-23a inhibitor was assessed by wound healing assay (original magnification 100x%). Invasive proper-
ties of GES-1 cells transfected with miR-23a expression vector (E) and AGS treated with miR-23a inhibitor (F) were
tested by invasion assay in transwell plates (original magnification 100x).

lines), but not in GES-1 cells (1.10 £ 0.13; P = were injected into the abdominal cavity of
0.582 versus normal cell lines. Figure 1A). BALB/c (nu/nu) mice at 2.5x10° cells per

mouse. Two weeks later, mice were dissected
To confirm the metastatic potential of miR-23a under body vision microscope and the cancer
high expression cells (AGS) and miR-23a low nodules were monitored and counted. The
expression cells (GES-1), the harvested cells results showed that AGS cells formed more
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Figure 2. miR-23a induced EMT by down-expression of PTEN and activation of AKT and ERK signaling. A. GES-1
cells were transfected with the expression vector of GFP-tagged miR-23a, and miR-23 expression was detected by
real time qRT-PCR. The results were normalized to U6 expression; *P < 0.01 versus the parental cell group (Blank)
and the negative vector control group (Negative). B. Expression levels of EMT markers (E-cadherin, vimentin and
B-catenin) were measured by Western blotting, actin was used as loading control, and bands were semi-quantita-
tively analyzed by using Image software, normalized to Actin density. C. Expression levels of PTEN, p-AKT and AKT,
as well as p-ERK and ERK were semi-quantitatively analyzed by using Image software, normalized to Actin density.
D. AGS was transfected with miR-23a inhibitor to inhibit miR-23a expression; **P < 0.01 versus the parental cell
control group. E. EMT markers (E-cadherin, vimentin and B-catenin) were detected by Western blot analysis, Actin
was used as loading control, and bands were semi-quantitatively analyzed by using Image software, normalized to
Actin density. F. Protein levels of PTEN, p-AKT, AKT, p-ERK, ERK and hSulfl1 were detected by Western blot analysis,
and bands were semi-quantitatively analyzed by using Image software, normalized to Actin density.

Meanwhile, after transfected with miR-23a
expression vector, the relative migrated and
invaded cell number of GES-1 cells was signifi-
cantly more than that of the parental control
cells (Figure 1E), and the relative migrated
and invaded cell number was significantly
decreased in the miR-23a inhibitor-treated AGS
cells, as compared with the parental control

cancer nodules with larger size than GES-1
cells (Figure 1B).

To investigate the effect of miR-23a on cellular
motility, GC cells with different expression sta-
tus of miR-23a, including GES-1 and AGS cell
lines, were measured by wound healing, tran-
swell migration and invasion assays after trans-

fected miR-23a expression vector or treated
with miR-23a inhibitor. Transfection of miR-23a
expression vector significantly enhanced the
capacity of wound healing in GES-1 cells, as
compared with the parental control cells with-
out transfection (Figure 1C). However, the
capacity of wound healing in AGS cells was sig-
nificantly attenuated after treated with miR-
23a inhibitor, as compared to the parental con-
trol cells without treatment (Figure 1D).
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cells (Figure 1F), suggesting that miR-23a plays
an important role in the regulation of GC cellu-
lar motility, including the cancer cell invasive
and metastatic capacity.

Over-expression of miR-23a induced EMT by
regulating the activity of PTEN-mediated AKT
and ERK signaling in GC cells

To further confirm the role of miR-23a in regu-
lating cancer cell EMT, we constructed an

Int J Clin Exp Pathol 2016;9(2):877-887
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Figure 3. PTEN regulated gastric cancer cell invasion. A, B. Transwell invasion (n = 4) assays showed that GES-1
and AGS cells that were transfected with the PTEN siRNA (200 nM) had greater invasive potentials than the control
(siRNA control). Data represent the mean + SD of four independent experiments. *P < 0.01.

expression vector of GFP-tagged miR-23a and
transfected into GES-1 cells. Totally 5x10°
GES-1 cells were transfected with miR-23a vec-
tors at a concentration of 2 ug/well, the trans-
fection efficiency was (65.10 + 2.00)% 24 h
after transfection. Followed by G418 selec-
tion, the transfection efficiency was (92.32 +
15.22)%. In the miR-23a-transfected cells, miR-
23a expression was increased to more than
18-fold, as compared with the parental cells
without transfection (Figure 2A), indicating that
transfection of miR-23a expression vector
could increase the relative expression of miR-
23a. To examine whether the forced re-expres-
sion of miR-23a could induce EMT, the protein
expression of EMT biomarkers, the phosphory-
lation levels of EMT-associated AKT and ERK
signaling and the expression of their upstream
signal regulatory factors, PTEN was measured
by Western blotting assay. Compared with the
negative vector control group, over-expression
of miR-23a increased the expression levels of
B-catenin and vimentin, while decreased the
expression of E-cadherin (Figure 2B), suggest-
ing that over-expression of miR-23a could
induce EMT in GES-1 cells. Meanwhile, over-
expression of miR-23a decreased the expres-
sion of PTEN and increased the expression of
p-AKT and p-ERK in GES-1 cells (Figure 2C),
suggesting that over-expression of miR-23a
could activate AKT and ERK pathways. These
results supported that miR-23a could regulate
EMT by modifying the activity of PTEN- and
mediated AKT/ERK pathways.
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Inhibition of miR-23a could reverse EMT by in-
activating AKT and ERK signal activity through
up-regulation of PTEN

AGS is a high-metastatic GC cell line and has a
high expression level of miR-23a and low
expression of PTEN. To further investigate the
effect of miR-23a on EMT process of GC cells,
the inhibitor of miR-23a was transfected into
AGS cells and the expression of miR-23a was
measured by real time qRT-PCR. The expres-
sion of miR-23a was decreased to more than
6-fold after treated with miR-23a inhibitor, as
compared to the parental cell control (Figure
2D). The relative expression levels of EMT bio-
markers were measured by Western blotting
analysis. The results demonstrated that inhibi-
tion of miR-23a increased the protein expres-
sion of E-cadherin and decreased the expres-
sion of B-catenin and vimentin (Figure 2E).
Meanwhile, the relative expression of p-AKT
and p-ERK were decreased accompanied by an
increase of PTEN and hSulf-1 (Figure 2F), indi-
cating that inhibition of miR-23a could reverse
EMT by inactivating AKT and ERK pathways
through up-regulation of PTEN.

PTEN regulated gastric cancer cell invasion

Transwell invasion (n = 4) assays showed that
GES-1 cells that were transfected with the
PTEN siRNA (200 nM) had greater invasive
potentials than the control (siRNA control).
Meanwhile, Transwell invasion (n = 4) assays
showed that AGS cells that were transfected
with the PTEN siRNA (200 nM) had greater inva-

Int J Clin Exp Pathol 2016;9(2):877-887
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Figure 4. PTEN was a direct target of miR-23a. A. Putative binding site for miR-23a in the 3’'UTR of PTEN was re-
vealed by TargetScan. B. The miR-23a binding site on PTEN 3'UTR was confirmed by luciferase assay in 293 T cells
after cotransfection with (i) a plasmid containing a fragment of PTEN 3'UTR that included either the wild type or
mutant predicted miR-23a binding site and (ii) the miR-23a mimic or the mimic control. Data represents the mean
+ SD of at least three independent experiments. *P < 0.05. C. Western blot assay showed increased PTEN expres-
sion in GES-1 cells after transfection with the miR-23a inhibitor (800 nM). D. Real time PCR showed that miR-23a

did not affect PTEN mRNA expression.

sive and migratory potentials than the control
(siRNA control). All these data suggested that
cell invasion ability was significantly enhanced
after PTEN downregulation compared with the
control (Figure 3A, 3B).

miR-23a directly inhibited PTEN expression via
its 3'UTR

To understand the mechanisms by which inhibi-
tion of miR-23a reduced migration and inva-
sion, we used bioinformatics analysis to identi-
fy miR-23a targets. There was a conserved
binding site of miR-23a in the PTEN 3'UTR
(Figure 4A). To test whether PTEN is a target of
miR-23a, we conducted a standard luciferase
reporter assay in 293 T cells. 293 T cells were
transfected with the luciferase construct PTEN-
WT or PTEN-MT, along with the internal control
vector pGL3 and either the miR-23a mimic or
the mimic control. The cells were harvested at
48 hours and analyzed for dual luciferase activ-
ity. The results showed that the renilla lucifer-
ase activity in PTEN-WT-transfected cells
decreased by more than 40% in miR-23a mim-
ic-co-transfected cells compared with that in
mimic control-co-transfected cells. In addition,
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site-directed mutation of the seed region offset
the inhibitory effect of miR-23a mimic (Figure
4B). To determine whether miR-23a could regu-
late the expression of PTEN in GC, we mea-
sured the RNA and protein levels of PTEN in
GES-1 cells that were transfected with the miR-
23a inhibitor or the inhibitor control. The results
showed that expression of PTEN remained
unchanged at the mRNA level (Figure 4D). The
regulatory effects of miR-23a on PTEN may
have reached the maximal extent due to the
relatively high expression of miR-23a even
before the transfection of miR-23a mimic.

MiR-23a promotes the growth of GC cell xeno-
grafts in nude mice

The parental, pGL3-miR21-EGFP-transfected
and pGL3-Ctrl-EGFP-transfected GES-1 cells
were used to establish GC xenograft models in
nude mice. Three weeks after cell transplanta-
tion, tumors in the miR21-transfected group
grew more quickly compared with the parental
and negative control groups, and the difference
was further intensified on day 35 (Figure 5A).
Tumor weight in the miR21-transfected group
was higher than that in the other two groups

Int J Clin Exp Pathol 2016;9(2):877-887
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Figure 5. Effects of miR-23a on GC xenograft tumor growth in nude mice and different factors on DFS of the patients.
A. The parental, pGL3-miR21-EGFP-transfected and pGL3-Ctrl-EGFP-transfected GES-1 cells were subcutaneously
injected into mouse right flank at 10° cells to establish GC xenograft models, n = 10 per group. Tumor volume was
measured regularly. B. Comparison of tumor weight on day 35 after cell transplantation. C. Expressions of PTEN, p-
AKT, p-ERK and Ki67 in xenograft tumors were quantified by immunohistochemistry in percentages of positive cells
within 5 medium-power fields under microscope and showed in histograms; **P < 0.05, ***P < 0.01 versus the
parental cell group. D. The influence of miR-23a expression on DFS of stage | patients (P = 0.143). E. the influence
of PTEN expression on DFS of stage | patients (P = 0.039).

(Figure 5B). In the miR-23a-transfected tumor
cells, the expression of miR-23a was positively
increased (Figure 5C), the expression of PTEN
was down-regulated, and the expression of
p-AKT, p-ERK and Ki67 were up-regulated,
compared with the other two groups.

Correlation between miR-23a and PTEN ex-
pression in clinical patients

From 2010 to 2011, 91 patients with gastric
cancer got surgery in Peking Union Medical
College hospital and among them only 38
(stage 1) had follow-up data for statistical analy-
sis. Patients with high miR-23a expression had
DFS of 32.53 m + 5.69 m (21.37 m-41.30 m)
while patients with low miR-23a expression had
DFSof 44.11 m +4.61 m (35.07 m-53.15 m) (P
= 0.143, Figure 5D). Patients who were PTEN
positive had DFS of 48.36 m + 4.42 m (39.69
m-57.02 m) while patients were PTEN negative
had DFS of 28.35 m + 3.76 m (20.97-35.72) (P
= 0.039, Figure 5E). Since miR-23a and PTEN
were correlated, we draw the conclusion that
higher miR-23a expression combined with low
PTEN expression could serve as a risk factor for
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stagel gastric cancer patients. We didn’t ana-
lyze patients in stages 2 and 3 due to the limit-
ed patient number.

Discussion

Tumor metastasis is a complex series of steps
that involve a number of influential factors.
Additionally, due to tumor heterogeneity, the
mechanisms underlying distal metastasis
could be totally different even though primary
tumors possess similar clinical manifestations
and histological types [11, 12]. Thus, the
advance of detecting biomarker indicative of
high-risk tumor metastasis may immensely
benefit the approach of personalized cancer
treatment. Lately, miRNA has been regarded as
an excellent biomarker owing to several unique
features: an average 22 nucleotides in length,
more stable expression compared with mRNA
and more likely to be detected in samples with
mMRNA and protein degraded. Furthermore, the
convenience of synthesizing an overexpressed
or an interfering sequence also made miRNA a
potential candidate for novel therapeutic strat-
egies [13, 14].

Int J Clin Exp Pathol 2016;9(2):877-887
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According to the prediction of biological data-
bases, PTEN might be a target gene of miR-
23a. PTEN is a well-defined tumor suppressor
gene that has been discovered recently. PTEN
gene encodes a 442-amino acid protein which
contains an extracellular domain, a transmem-
brane domain and a cytoplasmic domain.
Extracellular domain of PTEN of 373 amino
acids includes three Ig-like C2-type domain
connected by disulfide bonds [15-17].
Therefore, PTEN is considered to be involved in
cell-cell interactions. Expression of PTEN is lost
or reduced in a variety of cancers, including
non-small cell lung cancer (NSCLC) [18, 19],
breast cancer [20], cervix cancer [21, 22], and
GC [23, 24]. This reduction has been associat-
ed with enhanced metastasis potential and
poor prognosis.

Our study reports miR-23a could regulate inva-
sion of GC cell via targeting PTEN. We confirmed
that miR-23a could promote invasion through
PTEN in GC cell lines. Whether miR-23a and
PTEN expression are correlated in tumor tis-
sues is not investigated before. Here, using
clinical samples from 38 patients of GC, we
analyzed miR-23a and PTEN expression by
RT-PCR and immunohistochemisty, respective-
ly. In 38 patients who were classified as stage 1
according to TNM, those who were PTEN posi-
tive had long DFS while patients were PTEN
negative had short DFS and the difference was
statistically significant. Patients who had high
miR-23a expression had short DFS while those
with low miR-23a expression had long DFS,
although the difference was not statistically
significant.

During the invasion and metastasis of cancers,
itis important for tumor cells to acquire a move-
ment ability and anoikis-resistence behavior
[25, 26]. EMT is a multistage process that con-
tributes to cancer cells with dramatic changes
in cellular morphology, loss and remodeling of
cell-cell and cell-matrix adhesions, and gain of
migratory and invasive capabilities [27]. In the
past years, several signal pathways have been
identified that are critical for EMT in cancer pro-
gression and metastasis [28, 29]. Activations
of AKT and ERK signaling by growth factors
notably triggers EMT and endow cancer cells
with strong ability to survive or to initiate meta-
static tumors [30]. PTEN is a dual protein/lipid
phosphatase inside the cells, inactivation of
PTEN in cancer cells leads to activated down-
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stream signaling including AKT and/or ERK.
Therefore, it is not difficult to understand that
miR-23a-mediated decrease of PTEN expres-
sion can activate downstream AKT and ERK sig-
naling, and enhances cancer cell proliferation
and movement ability by inducing EMT in GC
cells. Moreover, this study also found that miR-
23a can suppress hSulf-1 and PTEN expression
in GC xenograft models in nude mice and
increase the phosphorylation of AKT and ERK.
The nuclear proliferation antigen Ki67 was up-
regulated in miR-23a-transfected GC xeno-
grafts, which demonstrated that miR-23a
increased the proliferation activity of GC cells,
and promote tumor growth. This new insight
into miR-23a regulatory function on GC cells
may help us to design strategies for cancer tar-
get biotherapy.

In conclusion, we showed that miR-23a is highly
expressed in more metastatic GC cells and inhi-
bition of miR-23a effectively reduced migration
and invasion of GC cells by down-regulation
PTEN. More importantly, we found high ex-
pression of miR-23a combined with low expres-
sion of PTEN might serve as a risk factor for
gastric cancer patients. Here, we provide new
insights into the metastasis enhancer fun-
ctions of miR-23a in gastric carcinoma. Iden-
tifying small molecules targeting miR-23a might
lead to vigorous therapeutic strategies for gas-
tric carcinoma.

Acknowledgements

This work was supported by Wuhan Municipal
Science and Technology Bureau of applied ba-
sic research project (No. 2015061701011630),
and Education Department of Hubei Province
science and technology research project (No.
B2015230).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Changjiang Lei, De-
partment of General Surgery, The Fifth Hospital of
Wuhan, Wuhan, Hubei, China. Tel: +86-1827148-
3056; E-mail: panjinzhong15000@163.com

References
[1] Marquitz AR, Mathur A, Chugh PE, Dittmer DP

and Raab-Traub N. Expression profile of mi-
croRNAs in Epstein-Barr virus-infected AGS

Int J Clin Exp Pathol 2016;9(2):877-887



(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

(10]

(11]

[12]

886

mMiRNA-23a target PTEN in gastric cancer

gastric carcinoma cells. J Virol 2014; 88:
1389-1393.

Kim HP, Cho GA, Han SW, Shin JY, Jeong EG,
Song SH, Lee WC, Lee KH, Bang D, Seo JS, Kim
JI and Kim TY. Novel fusion transcripts in hu-
man gastric cancer revealed by transcriptome
analysis. Oncogene 2014; 33: 5434-5441.
Zhang X, Li X, Tan Z, Liu X, Yang C, Ding X, Hu X,
Zhou J, Xiang S, Zhou C and Zhang J. MicroR-
NA-373 is upregulated and targets TNFAIP1 in
human gastric cancer, contributing to tumori-
genesis. Oncol Lett 2013; 6: 1427-1434.

Lim JY, Yoon SO, Seol SY, Hong SW, Kim JW,
Choi SH, Lee JS and Cho JY. Overexpression of
miR-196b and HOXA10 characterize a poor-
prognosis gastric cancer subtype. World J Gas-
troenterol 2013; 19: 7078-7088.

Eto K, lwatsuki M, Watanabe M, Ida S, Ishimo-
to T, lIwagami S, Baba Y, Sakamoto Y, Miyamoto
Y, Yoshida N and Baba H. The microRNA-21/
PTEN pathway regulates the sensitivity of
HER2-positive gastric cancer cells to trastu-
zumab. Ann Surg Oncol 2014; 21: 343-350.
Kim O, Yoon JH, Choi WS, Ashktorab H, Smoot
DT, Nam SW, Lee JY and Park WS. GKN2 con-
tributes to the homeostasis of gastric mucosa
by inhibiting GKN1 activity. J Cell Physiol 2014;
229: 762-771.

Guo SL, Ye H, Teng Y, Wang YL, Yang G, Li XB,
Zhang C, Yang X, Yang ZZ and Yang X. Akt-p53-
miR-365-cyclin D1/cdc25A axis contributes to
gastric tumorigenesis induced by PTEN defi-
ciency. Nat Commun 2013; 4: 2544.

Fei B and Wu H. MiR-378 inhibits progression
of human gastric cancer MGC-803 cells by tar-
geting MAPK1 in vitro. Oncol Res 2012; 20:
557-564.

Xu X, Yang X, Xing C, Zhang S and Cao J. miR-
NA: The nemesis of gastric cancer (Review).
Oncol Lett 2013; 6: 631-641.

Noto JM, Piazuelo MB, Chaturvedi R, Bartel CA,
Thatcher EJ, Delgado A, Romero-Gallo J, Wil-
son KT, Correa P, Patton JG and Peek RM Jr.
Strain-specific suppression of microRNA-320
by carcinogenic Helicobacter pylori promotes
expression of the antiapoptotic protein Mcl-1.
Am J Physiol Gastrointest Liver Physiol 2013;
305: G786-796.

Gong J, Li J, Wang, Liu C, Jia H, Jiang C, Wang
Y, Luo M, Zhao H, Dong L, Song W, Wang F,
Wang W, Zhang J and Yu J. Characterization of
microRNA-29 family expression and investiga-
tion of their mechanistic roles in gastric can-
cer. Carcinogenesis 2014; 35: 497-506.

QiYJ, Cui S, Yang YZ, Han JQ, Cai BJ, Sheng CF,
Ma Y, Wuren T and Ge RL. Excision repair
cross-complementation group 1 codon 118
polymorphism, micro ribonucleic acid and pro-
tein expression, clinical outcome of the ad-

(13]

(16]

(17]

(18]

(19]

[20]

(23]

[24]

vanced gastric cancer response to first-line
FOLFOX-4 in Qinghai-Tibetan plateau popula-
tion. J Cancer Res Ther 2013; 9: 410-415.
Fangy, Shen H, Li H, Cao Y, Qin R, Long L, Zhu
X, Xie C and Xu W. miR-106a confers cisplatin
resistance by regulating PTEN/Akt pathway in
gastric cancer cells. Acta Biochim Biophys Sin
(Shanghai) 2013; 45: 963-972.

Tong F, Cao P, Yin Y, Xia S, Lai R and Liu S. Mi-
croRNAs in gastric cancer: from benchtop to
bedside. Dig Dis Sci 2014; 59: 24-30.

Yoon JH, Choi YJ, Choi WS, Nam SW, Lee JY and
Park WS. Functional analysis of the NH2-termi-
nal hydrophobic region and BRICHOS domain
of GKN1. Biochem Biophys Res Commun
2013; 440: 689-695.

Shiotani A, Murao T, Kimura Y, Matsumoto H,
Kamada T, Kusunoki H, Inoue K, Uedo N, lishi
H and Haruma K. Identification of serum miR-
NAs as novel non-invasive biomarkers for de-
tection of high risk for early gastric cancer. BrJ
Cancer 2013; 109: 2323-2330.

Wu XJ, Mi YY, Yang H, Hu AK, Li C, Li XD and
Zhang QG. Association of the hsa-mir-499
(rs3746444) polymorphisms with gastric can-
cer risk in the Chinese population. Onkologie
2013; 36: 573-576.

Iwaya T, Fukagawa T, Suzuki Y, Takahashi Y,
Sawada G, Ishibashi M, Kurashige J, Sudo T,
Tanaka F, Shibata K, Endo F, Katagiri H, Ishida
K, Kume K, Nishizuka S, linuma H, Wakabayas-
hi G, Mori M, Sasako M and Mimori K. Con-
trasting expression patterns of histone mRNA
and microRNA 760 in patients with gastric can-
cer. Clin Cancer Res 2013; 19: 6438-6449.
Zhao H, Wang Y, Yang L, Jiang R and Li W. MiR-
25 promotes gastric cancer cells growth and
motility by targeting RECK. Mol Cell Biochem
2014; 385: 207-213.

Cao W, Yang W, Fan R, Li H, Jiang J, Geng M, Jin
Y and Wu Y. miR-34a regulates cisplatin-in-
duce gastric cancer cell death by modulating
PIBK/AKT/survivin  pathway. Tumour Biol
2014; 35: 1287-1295.

McLean MH and EI-Omar EM. Genetics of gas-
tric cancer. Nat Rev Gastroenterol Hepatol
2014; 11: 664-674.

Shen J, Niu W, Zhou M, Zhang H, Ma J, Wang L
and Zhang H. MicroRNA-410 suppresses mi-
gration and invasion by targeting MDM2 in
gastric cancer. PLoS One 2014; 9: e104510.
Fu Z, Qian F, Yang X, Jiang H, Chen Y and Liu S.
Circulating miR-222 in plasma and its poten-
tial diagnostic and prognostic value in gastric
cancer. Med Oncol 2014; 31: 164.

Shin VY and Chu KM. MiRNA as potential bio-
markers and therapeutic targets for gastric
cancer. World J Gastroenterol 2014; 20:
10432-10439.

Int J Clin Exp Pathol 2016;9(2):877-887



[25]

[26]

[27]

[28]

887

miRNA-23a target PTEN in gastric cancer

Toiyama Y, Okugawa Y and Goel A. DNA meth-
ylation and microRNA biomarkers for noninva-
sive detection of gastric and colorectal cancer.
Biochem Biophys Res Commun 2014; 455:
43-57.

Xia T, Liao Q, Jiang X, Shao Y, Xiao B, Xi Y and
Guo J. Long noncoding RNA associated-com-
peting endogenous RNAs in gastric cancer. Sci
Rep 2014; 4: 6088.

Zhai R, Kan X, Wang B, Du H, Long Y, Wu H, Tao
K, Wang G, Bao L, Li F and Zhang W. miR-152
suppresses gastric cancer cell proliferation
and motility by targeting CD151. Tumour Biol
2014; 35: 11367-11373.

Du Y, Wang D, Luo L and Guo J. miR-129-1-3p
promote BGC-823 cell proliferation by target-
ing PDCD2. Anat Rec (Hoboken) 2014; 297:
2273-2279.

[29]

[30]

Zhu M, Zhang N and He S. Similarly up-regulat-
ed microRNA-106a in matched formalin-fixed
paraffin-embedded and fresh frozen samples
and the dynamic changes during gastric carci-
nogenesis and development. Pathol Res Pract
2014; 210: 909-915.

Shang H, Wang T, Shang F, Huang KM and Li
YQ. A germline mutation in the miR125a cod-
ing region reduces miR125a expression and is
associated with human gastric cancer. Mol
Med Rep 2014; 10: 1839-1844.

Int J Clin Exp Pathol 2016;9(2):877-887



