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Abstract. miR‑124‑3p has been implicated in a variety of
cancers. The purpose of the present study was to investigate
the expression, prognostic roles and functions of miR‑124‑3p in
gastric cancer. Functional studies indicated that ectopic overexpression of miR‑124‑3p in gastric cancer cells suppressed
cell viability and plate colony formation in vitro and tumor
growth in vivo. In situ hybridization analysis demonstrated
that decreased expression of miR‑124‑3p was associated with
clinical stage and lymph node metastasis, as well as shorter
overall survival and disease‑free survival rates. Furthermore,
it was observed that miR‑124‑3p repressed the carcinogenesis
of gastric cancer by targeting Ras‑related C3 botulinum toxin
substrate 1 (Rac1) and specificity protein 1 (SP1). Collectively,
these results indicate a potential underlying mechanism for the
regulation of gastric cancer by miR‑124‑3p involving targeting
of Rac1 and SP1. Thus, miR‑124‑3p may be an independent
indicator of survival and treatment strategy for patients with
gastric cancer.
Introduction
microRNAs (miRNA/miRs) are endogenously expressed,
single‑stranded RNAs of approximately 22 nucleotides in
length that serve pivotal roles in regulating the expression of
target genes post‑transcriptionally. miRNAs are involved in
critical cellular processes including cell development, proliferation, differentiation and apoptosis (1). Previous results
have demonstrated that miRNAs are frequently abnormally
expressed in various cancers, and function as oncogenes
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or tumor suppressors in tumorigenesis and tumor progression (2,3). For instance, the oncogenic miR‑21 is commonly
overexpressed in gastric cancer and inhibits the tumor
suppressors phosphatase and tensin homolog and programmed
cell death protein 4 to promote gastric cancer growth and invasion (4).
More recently, studies have demonstrated that miR‑124
was downregulated in various cancers, including breast (5),
colon (6), prostate (7), stomach (8), liver (9), ovarian (10) and
brain (11) cancers. For instance, miR‑124 was decreased in
breast cancer cell lines and patient specimens; additionally,
it was indicated to attenuate cell growth and migration by
targeting flotillin‑1 (5). miR‑124 has also been reported to
regulate invasion and metastasis in hepatocellular carcinoma
through regulation of rho associated coiled‑coil containing
protein kinase 2 and enhancer of zeste homolog 2 (EZH2) (9).
Furthermore, Kang et al (7), documented that miR‑124
may suppress growth and cell invasion in prostate cancer
through the proprotein convertase subtilisin/kexin type 6
(also known as PACE4) pathway. These data suggest that
miR‑124 may act as a tumor suppressor. Our group previously demonstrated that miR‑124 suppressed gastric cancer
cell proliferation and induced apoptosis by directly targeting
EZH2 (8). Xia et al (12) reported that miR‑124 inhibited
cell proliferation through downregulation of sphingosine
kinase 1 in gastric cancer. To date, however, the biological
impacts of miR‑124 on gastric cancer cell metastasis and
the corresponding molecular mechanisms have seldom been
investigated.
In the present study, the expression of miR‑124 in gastric
cancer and its association with clinical parameters were investigated. Furthermore, the association of miR‑124 with overall
survival (OS) and disease‑free survival (DFS) in patients with
gastric cancer was evaluated. Functional studies were also
performed to investigate the function of miR‑124 in gastric
cancer cells in vitro and in vivo. Additionally, the potential
targeting action of miR‑124‑3p against Ras‑related C3
botulinum toxin substrate 1 (Rac1) and specificity protein 1
(SP1) was assessed. These experiments aimed to indicate the
underlying mechanism for the regulation of gastric cancer by
miR‑124‑3p via targeting of Rac1 and SP1.
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Materials and methods
Cell culture. The gastric cancer cell lines SGC‑7901 and
MKN‑28 were obtained from the American Type Culture
Collection (Manassas, VA, USA). The MKN‑28 cell line is
a derivative of the MKN‑74 gastric tubular adenocarcinoma
cell line (13). The cell lines used in the present experiments
were reauthenticated by Beijing Microread Genetics Co., Ltd.
(Beijing, China) via short tandem repeat profiles analysis every
6 months following resuscitation. The cells were maintained
at 37˚C in an atmosphere of 5% CO2 in RPMI‑1640 medium
supplemented with 10% fetal bovine serum, 10,00 U/ml penicillin and 10,000 µg/ml streptomycin (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA).
Clinical samples. All tissue samples used in the present study
were collected from the Hunan Provincial Tumor Hospital
(Changsha, China). Written informed consent was obtained
from all study participants, and all procedures involving human
participants were approved by the Ethics Committee of the
University of South China Health Authority (Hengyang, China).
The collection and use of tissues followed procedures in accordance with the ethical standards in the Declaration of Helsinki.
The tissue microarrays (TMAs) consisted of 121 cases of
gastric carcinoma tissues diagnosed by histopathological diagnosis. Specimens were obtained during surgery, fixed in 10%
formalin for 24 h at room temperature, embedded in paraffin
and cut into sections (4‑µm thickness), and stored in the Hunan
Provincial Tumor Hospital. The TMAs were used for immunohistochemistry (IHC) and in situ hybridization (ISH) analyses.
The sample data, including age, sex, histological grade, tumor
size, invasion depth (T stage) and lymph node metastasis, were
obtained from clinical and pathological records. Furthermore,
following reverse transcription‑quantitative polymerase chain
reaction (RT‑qPCR), the clinical samples were divided into low
expression and high expression groups based on miR‑124‑3p
expression scores greater or less than 2 (14).
RNA isolation and RT‑qPCR. Total RNA from the gastric cancer
cell lines was extracted using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA), and
1 µg of total RNA was reverse transcribed using a Reverse
Transcription System kit (Promega Corporation, Madison, WI,
USA). RT‑qPCR was performed using a Power SYBR-Green
PCR Master Mix (Thermo Fisher Scientific, Inc.), with human
β‑actin amplified as an internal control. For miRNA analysis,
reverse transcription and RT‑qPCR were performed using an
all‑in‑one miRNA qRT‑PCR Detection kit (GeneCopoeia,
Inc., Rockville, MD, USA) and U6 small nuclear RNA was
used as an endogenous control. For the miRNA and mRNA
amplifications, the PCR cycling conditions were as follows:
One cycle at 95˚C for 3 min, followed by 40 cycles at 95˚C for
12 sec and 62˚C for 35 sec, and finally 1 cycle at 62‑95˚C for 15
sec. The relative fold‑changes in expression with respect to the
endogenous controls were calculated by the 2‑ΔΔCq method (15).
The primers for SP1, Rac1, U6 and β‑actin, synthesized by
Invitrogen (Thermo Fisher Scientific, Inc.), were as follows:
For SP1, forward, 5'‑TGCCTCCACTTCCTCGATTT‑3'
and reverse, 5'‑TCTGGTGGGCAGTATGTTGT‑3'; for U6,
forward, 5'‑UUCUCCGAACGUGUCACGUTT‑3' and reverse,

5'‑ACGUGACACGUUCGGAGAATT‑3'; and for β‑actin,
forward, 5'‑AGCGAGCATCCCCCAAAGTT‑3'; and reverse,
5'‑GGGCACGAAGGCTCATCATT‑3'.
Cell viability assay. SGC‑7901 and MKN‑28 cells were transfected with 50 nM of miR‑124 mimics (miR‑124: 5'‑UAAGGCA
C G C G GUGA AUG C CA A‑3' ), m i R‑12 4 i n h ibit o r s
(miR‑124‑LNA: 5'‑UUGGCAUUCACCGCGUGCCUUA‑3') or
their scrambled oligonucleotide controls (miR‑ctr: 5'‑UUCUCC
GAACGUGUCACGUTT‑3'; and miR‑LNA: 5'‑CAGUAC
UUUUGUGUAGUACAA‑3', respectively; Shanghai Jima
Industrial Co., Ltd., Shanghai, China) using Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc.). After 6 h, the transfected cells were seeded in 96‑well plates at a density of 1,000
cells/well. An MTS assay (Promega Corporation) was performed
according to the manufacturer's instructions after 0 and 2 days of
incubation at 37˚C. Absorbance values were examined at 490 nm
using a Spectra Max 250 spectrophotometer (Molecular Devices,
LLC, Sunnyvale, CA, USA).
IHC and ISH analysis. For baseline staining, the sections were
washed with distilled water, and the cell nuclei were stained
with hematoxylin. The sections were then rinsed in running
tap water, differentiated with 0.3% acid alcohol, and rinsed
again in running tap water. After rinsing in Scott's tap water
substitute followed by tap water, the sections were stained with
eosin for 2 min. Finally, the sections were dehydrated, cleared
and mounted.
IHC and ISH were performed according to standard
procedures (14). For IHC, randomly selected human gastric
cancer TMA sections from all patients were incubated with
anti‑Rac1 (sc‑95; 1:500) and anti‑SP1 (sc‑17824; 1:500;
Santa Cruz Biotechnology, Inc., Dallas, TX, USA) antibodies at 4˚C overnight, then with horseradish peroxidase
(HRP)‑conjugated rabbit anti‑mouse (BA1058; 1:5,000) and
HRP‑goat anti‑rabbit (BA1058; 1:5,000; Boster Biological
Technology, Pleasanton, CA, USA) antibodies at room
temperature for 1 h. miR‑124‑3p miRCURY LNA™ custom
detection probes (Exiqon A/S, Vedbaek, Denmark) were
used for ISH; the 5'‑3' sequences (enhanced with LNA) were
UAAGGCACGCGGUGAAUGCC, with a digoxigenin label
at both the 5' and 3' ends. Hybridization, washing and scanning
was performed according to the manufacturer's instructions.
The slides were analyzed under a light microscope (Nikon
Eclipse 80i; Nikon Corporation, Tokyo, Japan) at x400 magnification by two independent pathologists.
Western blot analysis. Western blot analysis was performed
using standard procedures. Briefly, total protein from the gastric
cancer cell lines was extracted using radioimmunoprecipitation assay lysis buffer with a proteinase inhibitor (P0013B;
Beyotime Institute of Biotechnology, Haimen, China). The
protein concentrations in the lysates were measured with a
Protein BCA Assay kit (Bio‑Rad Laboratories, Inc., Hercules,
CA, USA). Subsequently, 30 µg protein per lane was separated by 10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis and transferred to PVDF (polyvinylidene
difluoride) membranes. To block nonspecific binding, the
membranes were incubated with 5% skimmed milk powder
in phosphate‑buffered saline at room temperature for 1 h.

BIOMEDICAL REPORTS 9: 147-155, 2018

149

Figure 1. miR‑124‑3p expression in gastric cancer cells affects proliferation and plate colony formation in vitro and tumor growth in vivo. (A) SGC‑7901 and
MKN‑28 cells were transfected with miR‑124 mimics, miR‑124 inhibitors or their scrambled oligonucleotides controls. An MTS assay was used to analyze
the viability of the SGC‑7901 and MKN‑28 cells. **P<0.01. (B) SGC‑7901 and MKN‑28 cells were transfected with miR‑124 mimics, miR‑124 inhibitors or
their controls, and plate colony formation abilities of the cell lines were analyzed. (C) Tumor growth in mouse xenograft models. SGC‑7901 and MKN‑28 cells
transfected with miR‑124, miR‑124 inhibitor or their controls were injected subcutaneously into BALC/c mice (n=3 per group). Tumor size was measured every
4 days. All data (A‑C) are presented as means ± standard error of the mean. (D) After 28 days, all mice were sacrificed and dissected, and the tumors were
weighed; data are presented as the median and range. **P<0.01 as indicated. miR, microRNA; ‑LNA, inhibitor; ‑ctr, control.

The membranes were then incubated with primary antibodies
overnight at 4˚C, followed by horseradish peroxidase‑labeled
secondary antibodies at room temperature for 1 h, and protein
bands were detected by electrochemiluminescence (ECL)
with ECL western blotting detection reagents (New England
BioLabs, Inc., Ipswich, MA, USA). The antibodies and their
dilutions were the same as those used for the IHC analysis.
β‑actin (4967S; 1:500; Cell Signaling Technology, Inc.,
Danvers, MA, USA) was used as a protein‑loading control.

RNA interference assay. SP1 short hairpin (sh)RNA
(HSH054522‑CH1), Rac1 shRNA (HSH016063‑CH1;
GeneCopoeia, Inc.) and control shRNA (sc‑108080; Santa
Cruz Biotechnology, Inc.) lentiviral particles were used for
knockdown experiments. SGC‑7901 cells were incubated
with the lentiviral vectors (40 µg/l) and 5 mg/ml polybrene
(Shanghai Yi Sheng Biotechnology Co., Ltd., Shanghai, China)
with Lipofectamine 2000 overnight. After 48 h, the cells were
harvested for use in cell viability and expression assays.
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SP1 and Rac1 vector construction. SP1 and Rac1‑expressing
vectors were constructed. Full‑length SP1 and Rac1 cDNAs
were purchased from GeneCopeia, Inc. and were individually
subcloned into the eukaryotic expression vector pcDNA3.1(+)
(V79020; Invitrogen; Thermo Fisher Scientific, Inc.).
pcDNA3.1 (+) was used as a negative control. These vectors
(40 nM) were transfected into cells using Lipofectamine 2000
for overexpression experiments. At 24 h after transfection, the
cells were harvested and analyzed for cell viability.
Luciferase assays. The sequence of the 3' untranslated region
(UTRs) of the SP1 gene was obtained from the TargetScan
database version 7.1 (http://www.targetscan.org/vert_71/).
The 3'UTR was amplified by PCR (14) from the genomic
DNA of the SGC‑7901 cell line and inserted into a pGL3
control vector (Promega Corporation) using the XBA1 site
immediately downstream from the stop codon of luciferase. The SP1 primer sets used for PCR were as follows:
Forward 5'‑CCTTCAGGGATTTCCAACTG‑3' and reverse,
5'‑GTCCAAAAGGCATCAGGGTA‑3'. A mutant insert
was also generated in which the first four nucleotides of the
miR‑124 binding site the SP1 gene (AUGT‑GCAC; predicted
by TargetScan) were mutated using a QIAGEN XL‑site
directed Mutagenesis kit (Qiagen, Inc. Valencia, CA, USA).
SGC‑7901 and MKN‑28 cells were cotransfected by nucleoporation (Amaxa Nucleofector™; Lonza Group, Ltd., Basel,
Switzerland) (16) with 5 µg firefly luciferase reporter vector
(Promega Corporation) and 0.5 μg control vector containing
Renilla luciferase (pRL‑TK; Promega Corporation). For
each nucleoporation, 50 nM of the miR‑124‑3p mimic,
miR‑124‑LNA (inhibitor), miR‑ctr or miR‑LNA was used.
Firefly and Renilla luciferase activities were measured consecutively using a dual luciferase assay (Promega Corporation) at
48 h after transfection.
Mouse xenograft model. A gastric cancer model in male
BALC/c mice (Beijing Vital River Laboratory Animal
Technology Co., Ltd., Beijing, China) was established. A total
of 12 mice (6 weeks old; 20‑22 g) were used, which were
housed under controlled conditions at 25˚C, 60% humidity
and a 12‑h light/dark cycle, with food and water available
ad libitum. A total of 5x105 SGC‑7901 cells were inoculated
subcutaneously into the dorsal flanks of the mice. After
10 days of tumor growth, the tumors were infected with the
miR‑124 mimic, miR‑124‑LNA or their controls (n=3 mice
per group). Tumor size was measured every 4 days. The
maximum tumor size permitted was 1.2 cm3. The mice were
sacrificed and necropsies were performed after 28 days, and
the tumors were isolated and weighed. Additionally, the tumor
volumes were calculated according to the formula: AxB2/2
(A: the largest diameter, B: the diameter perpendicular to A).
All of the animal procedures were performed in accordance
with the Animal Research: Reporting of In Vivo Experiments
guidelines and National Institutes of Health (NIH) Guide for
the Care and Use of Laboratory Animals (NIH Publications
No. 8023, revised 1978). Ethical approval was obtained for
the animal experiments from the Ethics Committee of the
University of South China Health Authority. All possible
steps were taken to avoid animal suffering at each stage of
the experiment.

Table I. Analysis of the association between miR‑124 expression
and clinicopathological parameters in primary gastric cancer.
miR‑124 expression

Variable
Age, years
<60
≥60
Gender
Male
Female
Histological grade
(differentiation)
Well and moderate
Poor and other
T stage
T1‑T2
T3‑T4
TNM stage
I‑II
III‑IV
Lymph node metastasis
Present
Absent

Cases,
n

-----------------------------------------------------

Low

High

P‑value

69
52

40
30

29
22

1.000

65
56

41
29

24
27

0.268

31
90

23
47

8
43

0.037

66
55

34
36

32
19

0.142

46
75

19
51

27
24

0.005

88
33

59
11

29
22

0.002

Clinicopathological features were analyzed by χ2 test.

Statistical analysis. Comparisons between groups were
performed with Student's t‑test and χ2 test. OS and DFS curves
were plotted for the patients according to the Kaplan‑Meier
method, with the log‑rank test used for comparison. Survival
was recorded from the day of the surgery in which specimens
were extracted. Differences were considered statistically
significant at P<0.05. The statistical analyses were performed
using SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA).
Results
miR‑124‑3p affects cell viability and plate colony formation
in vitro and tumor growth in vivo in gastric cancer cells.
Previous studies demonstrated that miR‑124‑3p was downregulated in gastric cancer tissues and cell lines, particularly
in SGC‑7901 cells, while it was relatively highly expressed
in MKN‑28 cells. Therefore, the present study transfected
SGC‑7901 cells with miR‑124‑3p mimics (miR‑124) and
MKN‑28 cells with miR‑124‑3p inhibitor (miR‑124‑LNA) to
investigate the changes in cell viability and colony formation
abilities in vitro and tumor growth abilities in nude mice.
Firstly, SGC‑7901 and MKN‑28 cells were respectively
transfected with miR‑124‑3p mimics, miR‑124‑3p inhibitor
and the corresponding controls, and the transfection was determined to be successful (Fig. 1A). The results of subsequent
assays indicated that miR‑124‑3p significantly suppressed
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Figure 2. miR‑124‑3p is downregulated and associated with advanced clinical stage, lymph node metastases and poor clinical outcomes in gastric cancer. Low
expression levels of miR‑124‑3p correlated with shorter survival; OS and DFS curves for 121 studied patients with high or low miR‑124‑3p expression are
shown. miR, microRNA; OS, overall survival; DFS, disease‑free survival.

SGC‑7901 cell viability (P<0.01; Fig. 1A), plate colony formation (P<0.01; Fig. 1B) and tumor growth in nude mice (P<0.01;
Fig. 1C and D). By contrast, miR‑124‑3p inhibitor promoted
MKN‑28 cell proliferation (P<0.01; Fig. 1A), plate colony
formation (P<0.01; Fig. 1B) and tumor growth in nude mice
(P<0.01; Fig. 1C and D).
miR‑124‑3p is downregulated and correlates with advanced
clinical stage, lymph node metastases and poor clinical
outcomes in gastric cancer. ISH was performed to evaluate
miR‑124‑3p levels in 121 gastric tumors with a TMA. The
clinical samples were divided into low expression and
high expression groups based on miR‑124‑3p expression
scores greater or less than 2 (14). The results indicated that
miR‑124‑3p was markedly downregulated in stomach tumors,
with low miR‑124‑3p expression determined in 57.9% (70/121)
of the specimens. Subsequently, the potential clinicopathological implications of altered miR‑124‑3p expression were
determined. It was observed that miR‑124‑3p expression
was inversely associated with histological grade, TNM stage
and lymph node metastasis (P=0.037, P=0.005 and P=0.002,
respectively). However, no significant associations between
miR‑124‑3p expression and age, gender or T stage were identified (Table I).
To analyze the significance of miR‑124‑3p in terms of clinical prognosis, Kaplan‑Meier survival analysis was performed
based on patient OS and DFS rates. The results demonstrated
that patients with low miR‑124‑3p expression had lower
mean OS and DFS rates compared with patients with high
miR‑124‑3p expression (P=0.002 for OS and P=0.009 for DFS;
Fig. 2). Collectively these results suggest that miR‑124‑3p may
serve critical roles in the carcinogenesis and progression of
gastric cancer.
SP1 and Rac1 are direct targets of miR‑124‑3p. To investigate
the molecular mechanism of miR‑124‑3p in gastric cancer, the
TargetScan algorithm (http://www.targetscan.org/vert_71/)
was used to search for putative protein‑coding gene targets of
miR‑124, which indicated that SP1 and Rac1 are putative targets
of miR‑124‑3p. Rac1 has previously been identified as a target
of miR‑124 (17). To ascertain whether SP1 is a direct target

of miR‑124‑3p, luciferase reporter assays were conducted.
The full‑length SP1 3'‑UTR was cloned downstream of the
firefly luciferase gene and cotransfected with miR‑124‑3p
mimics, miR‑124 inhibitor or their negative controls, and
luciferase activity was measured at 48 h post‑transfection.
SGC‑7901 cells cotransfected with SP1 reporter constructs
and miR‑124‑3p exhibited an approximate 44% reduction in
luciferase activity with respect to those cotransfected with
the scrambled oligonucleotide control (P<0.05). Conversely,
miR‑124‑LNA increased luciferase responsiveness compared
with its control (P<0.05). In turn, mutation of the putative
miR‑124‑3p sites in the 3'‑UTR of SP1 reduced luciferase
responsiveness to miR‑124 (Fig. 3A).
To conﬁrm SP1 and Rac1 as targets of miR‑124, miR‑124‑3p
mimics, miR‑124 inhibitor or their scramble controls were
transfected into SGC‑7901 and MKN‑28 cells, and RT‑qPCR
and western blot analysis were performed to detect the expression of SP1 and Rac1. Following transfection with miR‑124
mimics, the results indicated a significant reduction in the
mRNA levels of SP1 in SGC‑7901 and MKN‑28 cells (P<0.05;
Fig. 3B), and a marked reduction in the protein levels of SP1 and
Rac1 in SGC‑7901 and MKN‑28 cells (Fig. 3C). By contrast,
following transfection with miR‑124 inhibitor, the results
indicated a significant increase in the mRNA levels of SP1 in
SGC‑7901 and MKN‑28 cells (P<0.05; Fig. 3B). Collectively
these results indicate that miR‑124‑3p downregulates SP1, and
likely Rac1, by targeting their mRNA 3'UTR. Additionally,
when investigating the clinical relevance of miR‑124‑3p and
its target genes SP1 and Rac1 in gastric cancer tissues by IHC,
it was observed that miR‑124‑3p expression was negatively
associated with SP1 and Rac1 expression in randomly selected
gastric cancer sections (Fig. 3D).
miR‑124‑3p represses carcinogenesis in gastric cancer by
targeting SP1 and Rac1. When investigating the functional
effect of miR‑124‑3p and SP1/Rac1 on gastric cancer
cells, the previous assays indicated that upregulation
of miR‑124‑3p inhibited the viability of SGC‑7901 and
MKN‑28 cells through functional downregulation of SP1
or/and Rac1 expression. Knockdown and rescue experiments were subsequently performed, in which SGC‑7901
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Figure 3. SP1 and Rac1 are direct targets of miR‑124‑3p. (A) Luciferase assay of SGC‑7901 and MKN‑28 cells cotransfected with miR‑124 mimics, miR‑124
inhibitor or corresponding controls and a luciferase reporter containing SP1 3'‑untranslated region (SP1‑wt) or mutant constructs in which the first four
nucleotides of the miR‑124 binding site were mutated (SP1‑mut). (B) SGC‑7901 and MKN‑28 cells were transfected with miR‑124 mimics, miR‑124 inhibitor
or controls; miR‑124 overexpression inhibited the mRNA expression of SP1. All data are presented as means ± SEM. *P<0.05. (C) SGC‑7901 and MKN‑28
cells were transfected with miR‑124 or scramble; miR‑124 overexpression inhibited the protein expression of SP1 and Rac1. (D) Gastric cancer specimens were
analyzed by immunohistochemistry and in situ hybridization staining. Representative images of miR‑124‑3p, SP1 and Rac1 expression and H&E staining are
shown (magnification, x100, x400). SP1, specificity protein 1; Rac1, Ras‑related C3 botulinum toxin substrate 1; miR, microRNA; ‑wt, wild type; ‑mut; mutant;
‑LNA, inhibitor; ‑ctr, control; H&E, hematoxylin and eosin.

and MKN‑28 cells were transfected with sh‑ctr, sh‑SP1,
sh‑Rac1, vector, SP1 vector or Rac1 vector, and the effects
on miR‑124 expression confirmed by RT‑qPCR (Fig. 4A). As
depicted in Fig. 4B, the rate of cell survival was considerably
lower in cells transfected with miR‑124‑3p mimics and SP1
and/or Rac1 vector compared with respective controls. By
contrast, downregulation of miR‑124‑3p by miR‑124‑LNA or
upregulation of SP1 and/or Rac1 by overexpression vectors
significantly increased cell survival rate compared with the
controls (Fig. 4B and C; P<0.05). These results indicated that
transfection of miR‑124‑3p and knockdown of SP1 and/or
Rac1 significantly suppressed the growth of gastric cancer
cells in vitro.

Discussion
miR‑124‑3p commonly serves integral roles in cell growth,
apoptosis, invasion and metastasis, and serves as a tumor
suppressor in various cancers (5,8,9). In the present study, the
downregulation of miR‑124‑3p was indicated to be a frequent
event in gastric cancer. Furthermore, low‑level expression of
miR‑124‑3p was significantly associated with clinical stage and
lymph node metastases. Accordingly, Kaplan‑Meier survival
analysis indicated that patients whose primary tumors exhibited low‑level expression of miR‑124‑3p had shorter OS and
RFS rates. In previous studies by our group, it was observed
that miRs‑200b, ‑200c and ‑26a may be prognostic indicators
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Figure 4. miR‑124‑3p represses carcinogenesis in gastric cancer by targeting SP1 and Rac1. (A) SGC‑7901 and MKN‑28 cells were respectively transfected
with sh‑ctr, sh‑SP1, sh‑Rac1, vector, SP1 vector or Rac1 vector; all the transfections were successful. (B) SGC‑7901 and MKN‑28 cells were respectively transfected with vector, SP1, Rac1, Sp1+Rac1, vector+miR‑ctr, miR‑124+SP1, miR‑124+Rac1 or miR‑124+SP1+Rac1, and the viability of the cells was analyzed.
(C) SGC‑7901 and MKN‑28 cells were respectively transfected with sh‑ctr, sh‑SP1, sh‑Rac1, sh‑Sp1+sh‑Rac1, sh‑ctr+miR‑LNA, miR‑124‑LNA+sh‑SP1,
miR‑124‑LNA+sh‑Rac1 or miR‑124‑LNA+sh‑SP1+sh‑Rac1, and the viability of the cells was analyzed. All data are presented as means ± SEM. **P<0.01,
*
P<0.05. SP1, specificity protein 1; Rac1, Ras‑related C3 botulinum toxin substrate 1; miR, microRNA; sh‑, short hairpin; ‑LNA, inhibitor; ‑ctr, control.

in gastric cancer (14,18). Here, miR‑124‑3p was indicated as a
useful prognostic marker for predicting survival and relapse in
patients with gastric cancer.
While the initial results indicated that miR‑124‑3p acted as
a tumor suppressor in gastric cancer, the underlying molecular
mechanisms were unknown. Therefore, Rac1 and SP1 were
assessed are potential downstream target genes of miR‑124.
miR‑124‑3p was determined to bind to complementary sites
in the 3'‑UTRs of Rac1 and SP1, and induce a significant
reduction in the expression levels of Rac1 and SP1. Rac1 is
an established GTPase that belongs to the RAS superfamily
of small GTP‑binding proteins (19). Previous studies have

reported that Rac1 expression was frequently increased in
colon, breast and gastric cancers, medulloblastoma and lung
cancer (20‑24). Results also support that Rac1 is implicated in
cytoskeletal rearrangements and in the regulation of multiple
cancer‑associated cellular phenotypes, including cell growth,
invasion and metastasis, as well as angiogenesis (25‑27).
Vader et al (28) demonstrated that silencing of Rac1 in
vascular endothelial cells inhibited vascular endothelial
growth factor‑mediated tube formation as well as endothelial
cell migration, invasion and proliferation in vitro. In addition,
Yoshida et al (25) observed that selective inhibition of Rac1
activity by the inhibitor NSC23766 suppressed cell growth and
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induced apoptosis in different breast cancer cell lines without
being toxic to normal mammary epithelial cells. SP1, a zinc
finger transcription factor, has been reported as upregulated in
cervical, lung, gastric, oral squamous and colon cancers, and
has been implicated in cell proliferation, migration, apoptosis
and angiogenesis through regulation of a variety of cancer‑associated genes (29‑33). In the present study, Rac1 and SP1 were
upregulated and negatively associated with miR‑124‑3p levels in
gastric cancer tissues. Furthermore, Rac1 and SP1 overexpression rescued the inhibitory effect of miR‑124 on cell survival.
Collectively these results demonstrated that miR‑124‑3p may
inhibit gastric cancer growth by targeting Rac1 and SP1.
Overall, the present study identified the potential role of
miR‑124‑3p in gastric cancer progression and as an independent predictor of OS and RFS. The data further indicated that
miR‑124‑3p suppressed gastric cancer growth by regulating Rac1
and SP1. These findings suggest miR‑124‑3p may be employed
as a novel prognostic biomarker, as an indicator of treatment
strategy and/or as a potential therapeutic target in gastric cancer.
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