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miR-203a suppresses cell proliferation by targeting E2F
transcription factor 3 in human gastric cancer
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Abstract. MicroRNAs (miRs) are a class of short non-coding
RNAs that serve an essential role in the tumorigenesis of
gastric cancer (GC). MiR-203a has been reported as a tumor
repressor in various types of human cancer. In the present
study, the function of miR-203a on the proliferation of GC
cells was investigated. Bioinformatics analyses revealed
that miR-203a targets the 3'-untranslated region of E2F
transcription factor 3 (E2F3) messenger RNA. A luciferase
reporter assay and western blot analysis were performed to
confirm whether E2F3 was a target of miR-203a. The rela-
tive luciferase activity was decreased when overexpressing
miR-203a with E2F3-wild type pmirGLO-3'"-untranslated
region vector, compared with the control group in HEK293
cells. Overexpression of miR-203a suppressed cell prolifera-
tion and colony formation of SGC-7901 and AGS GC cells.
Inhibition of miR-203a promoted the proliferation of GC cells.
Collectively, the results indicated that miR-203a may function
as a tumor suppressor in GC by targeting E2F3.

Introduction

Gastric cancer (GC) is one of the most frequently occurring
malignant tumors worldwide (1). A high proportion of patients
with GC are diagnosed at a late stage, when extensive invasion
and lymphatic metastasis may have already occurred (2,3).
Even following surgical resection, mortality due to recur-
rent disease as a result of metastasis and drug resistance is
frequent (4,5). To investigate useful diagnostic biomarkers for
early GC diagnosis, understanding the underlying mechanisms
of GC is critical.
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MicroRNAs (miRNAs or miRs) are a class of small,
non-coding RNAs (~22 nucleotides in length) that serve
key roles in various biological processes, including cell
proliferation, metabolism, differentiation and apoptosis, at
the post-transcriptional level (6,7). MiRNAs interact with a
messenger RNA (mRNA) target to interfere with its transla-
tion into protein or to promote mRNA degradation, typically
at the 3'-untranslated region (UTR) (8,9). MiRNAs may be
used as molecular biomarkers for the diagnosis of cancer; it
has been reported that numerous miRNAs are associated with
the carcinogenesis of various types of cancer (10).

MiR-203a has been reported to be associated with
various types of tumor, including esophageal squamous cell
carcinoma (11), hepatocellular carcinoma (12), non-small cell
lung cancer (13) and colorectal carcinoma (14). However, the
function of miR-203a in GC remains unclear. The aim of
the present study was to explore the function of miR-203a
in GC carcinogenesis. The present study demonstrated that
overexpression of miR-203a could suppress the proliferation
of GC cells. In addition, E2F transcription factor 3 (E2F3) was
identified as a direct target of miR-203a by luciferase activity
assay.

Materials and methods

Cell culture. SGC-7901, AGS and HEK?293 cells were
obtained from the Cell Bank of Type Culture Collection of the
Chinese Academy of Sciences (Shanghai, China). Cells were
grown in Dulbecco's modified Eagle's medium (HyClone; GE
Healthcare Life Sciences, Logan, UT, USA) supplemented
with 10% fetal bovine serum (HyClone; GE Healthcare
Life Sciences). Cells were incubated at 37°C in a humidified
atmosphere of 5% CO, in air.

Plasmid vector constructs. Synthetic oligonucleotides
containing the 3'-UTR sequences of wild-type (Wt) and mutant
(Mut) E2F3 were cloned into pmirGLO Dual-Luciferase
miRNA Target Expression Vector (Promega Corporation,
Madison, WI, USA). The miR-203a inhibitor (5'-CTAGTG
GTCCTAAACATTTCAC-3"); and inhibitor-control (5'-TGA
CTGTACTGACTCGACTG-3") were synthesized by Sangon
Biotech Co., Ltd., Shanghai, China; the miR-203a mimic
(sense, 5'-GUGAAAUGUUUAGGACCACUAG-3"; and
antisense, 5'-AGUGGUCCUAAACAUUUCACUU-3"),
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miR-control (sense, 5'-UUCUCCGAACGUGUCACGUTT-3";
and antisense, 5'-~ACGUGACACGUUCGGAGAATT-3").
Small interfering (si) RNA targeting E2F3 (si-E2F3) and a
si-control (15) were purchased from Shanghai GenePharma
Co., Ltd., Shanghai, China).

Luciferase activity assay. RegRNA (regrna.mbc.nctu.edu.
tw/html/prediction.html) was used to predict the potential
target genes for miR-203a. To determine whether E2F3 was
a direct target of miR-203a, E2F3 Wt sense, 5'-CCTGTG
GCACCCATCACCATTTCAA-3' and antisense, 5-TTGAAA
TGGTGATGGGTGCCACAGG-3"; and E2F3 Mut sense,
5-CCTGTGGCACCCATCACCATAAGAA-3' and antisense,
S"TTCTTATGGTGATGGGTGCCACAGG-3". Wt or Mut
E2F3 3'-UTR were cloned into pmirGLO plasmids (Promega
Corporation) and Wt and Mut E2F3 3'-UTR pmirGLO
plasmids were co-transfected with miR-203a into HEK293
cells using Lipofectamine 2000 (Thermo Fisher Scientific,
Inc., Waltham, MA, USA). Another group of HEK?293 cells
were co-transfected with miR-203a and an empty pmirGLO
plasmid as a control. After 48 h, a luciferase activity assay
was performed using a Dual-Luciferase Reporter (DLR)
Assay System (Promega Corporation), according to the
manufacturer's protocol.

Cell proliferation assay. Cells were plated at a density of
5,000 cells/well in 96-well plates. miR-203a mimic, miR-control,
miR-203a inhibitor, inhibitor-control, si-E2F3 or si-control plas-
mids were transfected with Lipofectamine 2000 into SGC-7901
or AGS cells. An MTT assay with FLUOstar OPTIMA (BMG
Labtech GmbH, Ortenberg, Germany) was used to measure the
extent of cell proliferation. The optical density was measured at
492 nm at 24, 48 and 72 h post-transfection.

Colony formation assays. SGC-7901 cells were seeded into
12-well plates at a density of 1000 cells/ml, 2ml/well. AGS cells
were seeded into 6-well plates at adensity of 1000 cells/ml, 2ml/
well. The cells were transfected with miR-203a, miR-control,
miR-203a inhibitor, inhibitor-control, si-E2F3 or si-control. The
cells were incubated in the aforementioned conditions for 14 days
and washed with PBS, then stained with 0.1% crystal violet for
30 min at 37°C. Images of the colonies were captured by Quantity
One (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Western blot analysis. SGC-7901 cells were transfected with
miR-203a or miR-control. After 48 h, the cells were lysed
in radioimmunoprecipitation assay buffer (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) for 1 h at 4°C. Cell lysates
were then suspended by centrifugation at 12,000 x g at 4°C
for 20 min. The protein concentration was determined with a
BCA protein assay kit (Pierce; Thermo Fisher Scientific, Inc.).
Proteins were separated with 10% SDS-PAGE and transferred
to a nitrocellulose membrane. The membrane was blocked with
5% skimmed milk in TBS containing 0.05% Tween-20 for 2 h
at room temperature. The membrane was then incubated at
4°C overnight with primary antibodies against E2F3 (1:300;
bs-1722R; Beijing Biosynthesis Biotechnology Co., Ltd.,
Beijing, China) and B-actin (1:1,500; sc-47778; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA), followed by incubation
with goat anti-mouse IgG (cat. no. 115-035-003; 1:1,000;
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Figure 1. miR-203a induces inhibition of proliferation. To determine the rate
of proliferation of (A) SGC-7901 and (B) AGS gastric cancer cells trans-
fected with miR-203a mimic or miR-control, an MTT assay was performed.
In addition, a colony formation assay was performed to assess the growth of
(C) SGC-7901 and (D) AGS cells subsequent to transfection with miR-203a
mimic or miR-control (Student's t-test; “P<0.01 vs. miR control). miR,
microRNA; OD, optical density.

Jackson ImmunoResearch Laboratories, Inc., West Grove, PA,
USA) or goat anti-rabbit antibody IgG (cat. no. 111-035-144;
1:1,000; Jackson ImmunoResearch Laboratories, Inc.) for 1 h
at room temperature. Immobilon Western Chemiluminescent
horseradish-peroxidase substrate (EMD Millipore, Billerica,
MA, USA) were used to visualize the protein bands.

Statistical analysis. Data are expressed as the mean + stan-
dard error from three independent experiments. Student's
t-tests with SPSS 13.0 software (SPSS Inc., Chicago, IL, USA)
were utilized for statistical analysis. P<0.05 was considered to
indicate a statistically significant difference.

Results

miR-203a suppresses the proliferation of GC cells. SGC-7901
and AGS cells were transfected with a miR-203a mimic or
miR-control plasmid and an MTT assay was used to examine
the proliferation of these cells. The MTT assay revealed that the
proliferation of SGC-7901 cells was significantly inhibited by
miR-203a overexpression (Fig. 1A; P<0.01), whereas the prolif-
eration of AGS cells was not significantly affected (Fig. 1B).
Similarly, colony formation ability was assessed for SGC-7901
and AGS cells transfected as described above. Fewer colonies
were observed in miR-203a mimic-transfected SGC-7901
(Fig. 1C; P<0.01) and AGS (Fig. 1D; P<0.01) cells, compared
with miR-control-transfected cells. This result demonstrates
that miR-203a inhibits the proliferation of GC cells.

Inhibition of miR-203a increases the proliferation of GC
cells. miR-203a inhibitor oligonucleotides were used to silence
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Figure 2.Inhibition of miR-203a enhances gastric cancer cell proliferation. An
MTT assay was used to determine the rate of proliferation of (A) SGC-7901
and (B) AGS gastric cancer cells transfected with a miR-203a-inhibitor or
a control small interfering RNA. A colony formation assay was performed
to detect the proliferation of (C) SGC-7901 and (D) AGS cells subsequent
to transfection with the inhibitor or the control Student's t-test; ("P<0.05,
“P<0.01 vs. inhibitor-control). miR, microRNA; OD, optical density.
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Figure 3. E2F3 is a direct target of miR-203a. (A) Sequences of E2F3-Wt
and E2F3-Mut 3'-UTRs, including miR-203a-binding sites. (B) A
miR-203a mimic was co-transfected with pmirGLO-E2F3-Wt-3'-UTR,
pmirGLO-E2F3-Mut-3'-UTR or empty pmirGLO plasmid vectors into
HEK?293 cells. Relative luciferase activity was quantified 48 h post-transfec-
tion. (C) Cells were transfected with miR-203a or miR-control. After 48 h,
the level of expression of E2F3 was determined by a western blot analysis.
B-actin was used as a control. Student's t-test; ‘P<0.05 vs. control). E2F3,
E2F transcription factor 3; miR, micro; Wt, wild-type; Mut, mutant; UTR,
untranslated region; Hsa, Homo sapiens.

endogenous miR-203a expression in SGC-7901 and AGS cells.
The effect of this inhibitor on SGC-7901 and AGS prolif-
eration was determined by an MTT assay at 24,48 and 72 h
post-transfection. The miR-203a inhibitor increased the prolif-
eration of SGC-7901 (Fig. 2A; P<0.01) and AGS cells (Fig. 2B;
P>0.05), as determined by the MTT assays. The formation of
colonies was upregulated by transfection with the inhibitor in
SGC-7901 (Fig. 2C; P<0.01) and AGS (Fig. 2D; P<0.01) cells.
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Figure 4. Silencing the expression of E2F3 inhibited proliferation in
gastric cancer cells. To determine the rate of proliferation of gastric cancer
(A) SGC-7901 and (B) AGS cells transfected with si-E2F3 or si-control, an
MTT assay was performed. A colony formation assay was performed to
detect the growth capabilities of (C) SGC-7901 and (D) AGS cells subsequent
to transfection with si-E2F3 or si-control (Student's t-test; "P<0.05, “P<0.01).
E2F3, E2F transcription factor 3; si, small interfering; OD, optical density.

Taken together, these results demonstrate that inhibition of
miR-203a contributes to the proliferation of GC cells.

E2F3 is a direct target of miR-203a. RegRNA (regrna.mbc.
nctu.edu.tw/html/prediction.html) was used to identify poten-
tial target genes of miR-203a. A binding site for miR-203a
in the E2F3 3'-UTR was identified (Fig. 3A). A luciferase
reporter assay demonstrated that the addition of miR-203a
decreased the luciferase activity of E2F3-Wt significantly
when compared with that of the control group, whereas the
change in the luciferase activity of E2F3-Mut was not signifi-
cant (Fig. 3B). To further investigate the association between
miR-203a and E2F3, a western blot analysis was performed.
The result demonstrated that the protein expression of
E2F3 was decreased in the miR-203a-overexpressing group
compared with that in the control group (Fig. 3C). Collectively,
these data indicate that E2F3 is a direct target of miR-203a.

Silencing the expression of E2F3 inhibits the proliferation of
GC cells. To examine the effects of E2F3 on the prolifera-
tion of SGC-7901 and AGS cells, the cells were transfected
with si-E2F3 or a si-control. An MTT assay was performed
to examine the proliferation of SGC-7901 and AGS cells. The
MTT assay revealed that cell proliferation was inhibited in
si-E2F3-transfected SGC-7901 (Fig. 4A; P<0.01 at 48 h) and
AGS (Fig.4B; P<0.05 at 72 h) cells. Similarly, the colony forma-
tion assay was employed in si-E2F3- and si-control-transfected
SGC-7901 and AGS cells. The results revealed that fewer colo-
nies were formed by si-E2F3-transfected SGC-7901 (Fig. 4C;
P<0.01) and AGS cells (Fig. 4D; P<0.01), compared with
si-control-transfected cells. The data suggest that miR-203a
suppresses GC cell proliferation by downregulating E2F3.
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Discussion

E2F3 is a member of the E2F family, which serves a key
function in the control of cell cycle progression (16). It has
been reported that E2F3 regulates cell cycle-dependent gene
expression during the G1/S transition (17). E2F3 may function
as an oncogene in GC (18). Previous studies have reported
that overexpression of E2F3 is a frequent oncogenic event
in human tumorigenesis and that this may be regulated by
miRNA (19,20). In the present study, E2F3 was confirmed
to be a direct target of miR-203a with luciferase activity and
western blot assays. In previous studies, a number of miRNAs
have been categorized as oncogenes or tumor-suppressor
genes; and may contribute to cancer progression by interfering
with mRNA stability or protein translation to regulate the gene
expression of oncogenic or tumor-suppressive proteins (21).

miR-203 has been reported to be involved in several types
of cancer (22,23) and may function as a tumor suppressor
involved in proliferation, apoptosis, invasion and migra-
tion (24). For example, miR-203a suppresses the development
of hepatocellular carcinoma cells by targeting homeobox
D3 (25). Additionally, miR-203 inhibits proliferation and
migration of lung cancer cells by targeting PKCa (26).
Therefore, miR-203a may serve a critical function in the
development of cancer. The present study suggested that
miR-203a may serve an important role in suppressing GC
proliferation and may regulate the expression of E2F3. The
results of the present study provide an improved under-
standing of the tumor suppressive role of miR-203a during
GC progression.

In summary, the present study demonstrated that the over-
expression of miR-203a suppresses GC cell proliferation by
targeting and reducing the relative expression level of the cell
cycle-regulatory protein E2F3. The effect on GC cell prolif-
eration following transfection with si-E2F3 was comparable
to the effect of miR-203a overexpression. Furthermore, a
miR-203a inhibitor upregulated the proliferation of GC cells.
The tumor-suppressive function of miR-203a may provide
new insight for potential therapies for GC. In the future,
investigation of the E2F3-associated signaling pathway is to
be performed by our group in order to explore more deeply the
mechanism by which miR-203a suppresses the proliferation
of GC cells.
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