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Abstract. The aim of the present study was to investigate 
the effect of microRNA (miR)‑539 on the proliferation and 
migration of gastric cancer cells, and explore the underlying 
mechanism. Gastric cancer cell lines with high or low miR‑539 
and SRY‑box 5 (SOX5) expression levels were constructed 
by transfection. The proliferation of gastric cancer cells was 
then detected by Cell Counting Kit‑8 assay and cell migra-
tion was tested by transwell assay. The results revealed low 
expression of miR‑539 and high expression of SOX5 in gastric 
cancer tissues and cells as compared with the levels in normal 
tissues and cells, suggesting that there was a negative corre-
lation between miR‑539 and SOX5. Dual‑luciferase reporter 
experiments demonstrated that miR‑539 directly targeted 
SOX5. The proliferation and migration of gastric cancer cells 
were negatively regulated by the overexpression of miR‑539, 
while positively regulated by the overexpression of SOX5. 
Notably, SOX5 overexpression attenuated the inhibitory effect 
of miR‑539 on gastric cancer cells. The results suggested that 
SOX5 is a target gene of miR‑539, and that miR‑539 inhibits 
the proliferation and migration of gastric cancer cells by 
targeting SOX5.

Introduction

Gastric cancer is one of the most common malignant tumors 
in humans. Despite its morbidity and mortality exhibiting a 
steady downward trend worldwide, gastric cancer remains a 
great burden to human health as the third leading cause of 
cancer‑associated mortality (1,2). A report revealed that the 
region with the highest incidence of gastric cancer is East Asia, 
particularly China, with an annual incidence of approximately 
4‑6 cases per 10,000 individuals (3). In addition, the National 
Cancer Institute data indicated that the incidence and diagnosis 

of this disease is mainly between the ages of 60‑70 years, and 
the majority of patients have a poor prognosis due to diagnosis 
in the late stages of the disease (4). Approximately 90% of 
stomach tumors are adenocarcinomas, which are classified 
into two main histologic types: High differentiated or intes-
tinal‑type gastric cancer; and undifferentiated or diffuse‑type 
gastric cancer. Intestinal‑type gastric cancer is pertinent to 
atrophy of the gastric mucosa and intestinal metaplasia, while 
diffuse‑type tumors usually arise in tissue without atrophic 
total gastritis (5).

MicroRNA (miR), as a type of non‑encoding RNA with 
a length of approximately 22 bp, regulates gene expression at 
the post‑transcriptional level. The known miRNAs regulate 
approximately 30% of the genes in the human genome, which 
participate in human development, cell proliferation and 
differentiation, hematopoiesis and cell apoptosis (6). Nearly 
50% of the miRNAs are positioned on the tumor‑associated 
genomic regions, including fragile sites, chromosomal ampli-
fication and loss of heterozygosity chromosome region (7,8). 
Thus, miRNAs can significantly affect the entire process from 
tumor occurrence to tumor metastasis. Abnormal miRNA 
expression is also associated with the occurrence and devel-
opment of gastric cancer, and can regulate the expression of 
multiple oncogenes or anti‑oncogene, thereby influencing 
tumor cell proliferation, migration, invasion, apoptosis and 
other biological characteristics (9).

Low expression of miR‑539 has been reported in osteo-
sarcoma tissues, and this was negatively correlated with the 
clinical stage, recurrence and metastasis of the disease; thus, 
low expression of miR‑539 may be an independent prognostic 
indicator of overall survival in patients with osteosarcoma (10). 
In hepatocellular carcinoma (HCC), miR‑539 was reported 
to function as a tumor suppressor, and its expression was 
downregulated in HCC tissues and cell lines (11). However, 
forced expression of miR‑539 was able to induce the apoptosis 
of HepG2 cells and enhance the sensitivity of HCC cells to 
arsenic trioxide (11). In nasopharyngeal carcinoma (NPC), 
miR‑539 targeted cyclin‑dependent kinase 4 to induce cell 
cycle arrest, resulting in the inhibition of NPC cell growth (12). 
In non‑small cell lung cancer (13) and thyroid cancer, miR‑539 
inhibited the proliferation, migration and invasion of cancer 
cells by targeting CARMA1 (14). Although an increasing 
number of studies have reported that the role of miR‑539 in 
cancer is mainly as a tumor suppressor, the specific role of 
miR‑539 in gastric cancer remains unknown.
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Therefore, the present study focused on the role of miR‑539 
in the process of gastric cancer. Initially, it was demonstrated 
that miR‑539 was poorly expressed in gastric cancer tissues and 
cell lines. Subsequently, it was observed that miR‑539 inhibited 
the proliferation and migration of gastric cancer cells, and this 
effect may be achieved partly by targeting SRY‑box 5 (SOX5). 
Overall, the study reveals that miR‑539 serves an important 
role in the process of gastric cancer, indicating its potential 
application in the treatment of gastric cancer.

Materials and methods

Collection of clinical tissue samples. Between August 2015 
and July 2016, 30 gastric cancer patients receiving surgical 
treatment were recruited into the present study from The First 
People's Hospital of Changde City (Changde, China). The inclu-
sion criteria were as follows: Gastric cancer was confirmed with 
pathologic diagnosis (15); and the patients had not undergone 
any radiotherapy and chemotherapy prior to surgical treat-
ment. Tumor and adjacent tissue samples were collected from 
the patients and stored at ‑80˚C. The proportion of malignant 
cells in the cancer tissue samples was >80%, while the adjacent 
tissue samples included <10% of malignant cells. The study 
was approved by the Ethics Committee of Changde Vocational 
Technical College Research (Changde, China). Patients provided 
signed informed consent prior to participation in the study.

Cell lines and cell culture. Gastric cancer cell lines SGC7901, 
MGC803 and HGC‑27, as well as the normal gastric mucosa 
cell line GES‑1, were purchased from American Type Culture 
Collection (Manassas, VA, USA) and preserved until cell 
recovery. The cells were cultured in 5% CO2 at 37˚C with 
Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) containing 10% fetal 
bovine serum (FBS), penicillin (100 U/ml) and streptomycin 
(100 µg/ml).

Cell transfection. At 1 day before cell transfection, cells in 
the logarithmic growth phase were selected and seeded into a 
96‑well plate (5x103). miR‑539 mimic, miR‑539 inhibitor and 
scramble mimic negative control (miR‑NC) were synthesized 
by GenePharma Co., Ltd., (Shanghai, China). The cells were 
transfected with 20 nmol/l miR‑539 mimic or miR‑NC, and 
the miR‑539 inhibitor (high concentration solution, 20 µm; 
diluted in ddH2O) using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
protocol. For the rescue experiments, miR‑539 mimics and 
SOX5 overexpression with miR‑539 mimics were transfected 
into SGC7901 and MGC803 cells.

RNA extraction and quantitative polymerase chain reaction 
(qPCR). Total RNA was extracted from the tissues or 
cultured cells using TRIzol reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) and a miRNeasy Mini kit (Qiagen 
GmbH, Hilden, Germany) according to the manufacturers' 
protocol. TaqMan MicroRNA Assay (Invitrogen; Thermo 
Fisher Scientific, Inc.) was used to perform qPCR in order to 
qualify miRNA expression. RNA was converted into comple-
mentary DNA by reverse transcription using mRNA/miRNA 
reverse transcription kits (for mRNA, RevertAid RT Reverse 

Transcription kit; Fermentas; Thermo Fisher Scientific, Inc.; 
and for miRNA, All‑in‑One™ qRT‑PCR Detection kit; 
Fumeng, Guangzhou, China), with the following temperature 
protocols: For mRNA, 42˚C for 1 h and 70˚C for 10 min; and 
for miRNA, 37˚C for 1 h and 85˚C for 5 min. Then qPCR was 
subsequently performed using SYBR Premix DimerEraser 
(Takara Biotechnology Co., Ltd., Dalian, China) on a 7900HT 
Fast Real‑Time PCR system (Thermo Fisher Scientific, Inc.). 
The qPCR thermal cycling conditions were as follows: 95˚C 
for 15 sec; 40 cycles at 95˚C for 5 sec; 55˚C for 34 sec; 72˚C 
for 30 sec; followed by melting curve analysis. The level of 
mature miR‑539 was normalized to that of the U6 endogenous 
control, while glyceraldehyde‑3‑phosphate dehydrogenase 
(GAPDH) was used as an internal control for the detection of 
SOX mRNA expression. Fold changes were calculated using 
the comparative threshold cycle value (2‑ΔΔCq) method (16). 
The experiments were performed in triplicate, and the primers 
used are listed in Table I.

Cell proliferation test. Cells were seeded into 96‑well plates at 
a density of 2,000 cells per well and cultured for 1, 2, 3, 4 and 
5 days after transfection. In order to determine cell prolifera-
tion, Cell Counting Kit‑8 (CCK‑8; Sangon Biotech Co., Ltd., 
Shanghai, China) assay was performed. Cells were incubated 
with 10% CCK‑8 reagent at 37˚C until visual color conver-
sion occurred. Subsequently, the absorbance at 450 nm was 
measured using a microplate reader (Thermo Fisher Scientific, 
Inc.). All experiments were conducted in triplicate.

Transwell assay. Transwell assay was performed to detect cell 
migration and invasion. A total of 1.0x105 cells were suspended 
in serum‑free medium and plated in the upper chambers of 
transwell inserts in a 6‑well plate (Corning Incorporated, 
Corning, NY, USA). Medium containing 10% FBS was added 
to the lower chamber, serving as a chemoattractant. Following 
incubation for 24 h at 37˚C in 5% CO2, cells in the lower 
chamber were fixed in methanol for 15 min and stained with 
0.05% crystal violet in PBS for 15 min before counting under 
a microscope (Olympus Corporation, Tokyo, Japan). Cells that 
had not migrated from the upper chamber were removed by 
wiping the surface with a cotton swab, and invasive cells were 
fixed with 4% formaldehyde in PBS and subsequently stained 
with 1% crystal violet in 2% ethanol. Images of the cells on the 
lower surface of the filter were obtained under a light micro-
scope (magnification, x200).

Table I. Primers used in quantitative polymerase chain reaction.

Gene	 Primer sequences (5'‑3')

miR‑539 sense	 GGAGAAATTATCCTTGGTGTG
U6 sense	A TTGGAACGATACAGAGAAGATT
SOX5 forward	A GCATGCTTACTGACCCTGATTTA
SOX5 reverse	 GGGAGTCCTATGGCCACAAGTCT
GAPDH forward	 TCATGGGTGTGAACCATGAGAA
GAPDH reverse	 GGCATGGACTGTGGTCATGAG

miR, microRNA; SOX5, SRY‑box 5.
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Dual‑luciferase reporter assay. TargetScan (www.targetscan.
org/) and miRanda (www.microrna.org/microrna/home.do) 
were initially used to predict the potential target gene of 
miR‑539, which was revealed to be SOX5; a luciferase assay 
was performed to confirm this. A fragment of the human 
SOX5 3'‑untranslated region (3'UTR) containing the miR‑539 
binding site was amplified by PCR and cloned downstream 
of the firefly luciferase gene in the pMIR‑REPORT vector 
(Ambion; Thermo Fisher Scientific, Inc.) to obtain the 
wild‑type (WT) SOX5 reporter vector. The mutation frag-
ment was cloned into the pMIR‑REPORT vector to produce 
the pMIR‑SOX5‑mut (Mut) 3'UTR vector. Cells (2x104) were 
seeded into 24‑well plates on the day before transfection, and 
then cotransfected with the constructs and miR‑539 mimic 
or miR‑NC. Luciferase activity was measured after 48 h 
using the Dual‑Luciferase Reporter Assay system (Promega 
Corporation, Madison, WI, USA).

Statistical analysis. The quantitative data between groups 
were compared and analyzed by Student's t‑test (two tailed) 
or by one‑way analysis of variance followed by Tukey's test. 
Data are expressed as the mean ± standard deviation. P<0.05 
was considered to indicate a statistically significant difference.

Results

Expression of miR‑539 in gastric cancer. miR‑539 expression 
in gastric cancer cell lines, gastric mucosa cell line GES‑1, 
and tumor and adjacent tissue samples from 30 cases gastric 
cancer patients was determined by qPCR. The results demon-
strated that miR‑539 exhibited a significantly lower expression 
in the gastric tumor tissue samples compared with that in the 
adjacent tissue samples (P<0.001; Fig. 1A). Furthermore, in 
gastric cancer cell lines SGC7901, MGC803 and HGC‑27, the 
expression of miR‑539 was markedly reduced as compared 
with that in the gastric mucosa cell line GES‑1 (P<0.05; 
Fig. 1B).

Effect of miR‑539 on the proliferation and migration of gastric 
cancer cells. The results of CCK‑8 assay demonstrated that, 
compared with the cells in the scramble group, the cell prolif-
eration was significantly decreased from day 2 of transfection 
with miR‑539 mimic in the gastric cancer cell lines MGC803 
(Fig. 2A and B) and SGC7901 (Fig. 2C and D). By contrast, cell 
proliferation was significantly promoted after transfection with 
miR‑539 inhibitor. In the transwell assay, gastric cancer cell lines 
transfected with miR‑539 mimic had significantly decreased 
migration compared with the control group, which was contrary 
to the enhanced migration observed in cells transfected with 
miR‑539 inhibitor (P<0.05 and P<0.01; Fig. 2E and F).

Targeting association between miR‑539 and SOX5 gene. The 
association between miR‑539 and SOX5 gene was verified 
in gastric cancer cells using a luciferase assay. The results 
suggested that, compared with the SOX5 Mut group and the 
control group, the luciferase activity of SOX5 WT reporter 
vector was significantly reduced in MGC803 cells transfected 
with miR‑539 mimic, indicating that miR‑539 directly targets 
SOX5 gene (Fig. 3A). In addition, the results of qPCR revealed 
that SOX5 expression in gastric tumor tissues was markedly 
higher in comparison with that in adjacent tissues (Fig. 3B). 
Spearman's correlation analysis further demonstrated that 
there was a negative correlation between miR‑539 and SOX5 
gene expression levels in clinical tissue samples of gastric 
cancer (R=‑0.76; P<0.001; Fig. 3C).

SOX5 regulates the proliferation and metastasis of gastric 
cancer cells. CCK‑8 assay demonstrated that, compared with the 
cells transfected with empty vector, MGC803 cells with SOX5 
overexpression exhibited significantly increased proliferation 
(P<0.05); while MGC803 cells with SOX5 inhibition had notably 
decreased proliferation (P<0.05; Fig. 4A and B). The same results 
were confirmed in SGC7901 cells (Fig. 4C and D). In the tran-
swell experiment, compared with the control group, the migration 
of MGC803 cells was significantly higher following SOX5 

Figure 1. Expression of miR‑539 in tissues and cell lines of gastric cancer. (A) Expression of miR‑539 in tissues samples. The tumor and adjacent normal tissue 
samples were obtained from 30 gastric cancer patients receiving surgical treatment. ***P<0.001, as indicated. (B) Expression of miR‑539 in gastric cancer cell 
lines. *P<0.05 vs. normal GES‑1 cells. miR, microRNA.
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overexpression, while it was significant lower subsequent to 
SOX5 inhibition (Fig. 4E‑H). The same results were confirmed in 
SGC7901 cells (Fig. 4I and J). These results suggest that SOX5 is 
also involved in cell proliferation and migration in gastric cancer.

SOX5 restores the effect of miR‑539 on the proliferation and 
migration of gastric cancer cells. The aforementioned results 
suggested that the proliferation and migration of gastric cancer 
cells were inhibited by miR‑539 and promoted by SOX5 

Figure 2. Effect of miR‑539 on the proliferation and migration of MGC803 and SGC7901 cells. (A) miR‑539 mimic or (B) inhibitor effects on the growth of 
MGC803 cells, and (C) miR‑539 mimic or (D) inhibitor effects on the growth of SGC‑7901 cells were detected via Cell Counting Kit‑8 assay. *P<0.05 and 
**P<0.01 vs. control group. Effect of miR‑539 mimic or inhibitor on the migration of (E) MGC803 and (F) SGC7901 cells was examined by transwell assays 
(magnification, x200). *P<0.05 and **P<0.01, as indicated. miR, microRNA.
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gene overexpression. Therefore, it was hypothesized that the 
regulation of miR‑539 on gastric cancer cells may be achieved 
by SOX5. Therefore, rescue experiments were conducted to 
further identify the underlying mechanism. MGC803 and 
SGC7901 cells were transfected with miR‑NC, miR‑539 
mimic, or co‑transfected with miR‑539 and SOX5 overex-
pression vectors. The results of CCK‑8 assay revealed that, 
compared with the group transfected with miR‑539 mimic 
alone, MGC803 (Fig. 5A) and SGC7901 (Fig. 5B) cells trans-
fected with both miR‑539 and SOX5 overexpression vectors 
exhibited significantly increased proliferation. Furthermore, 
transwell assay results demonstrated that the migration of 
MGC803 (Fig. 5C) and SGC7901 (Fig. 5D) cells in miR539 + 
SOX5 group was also significantly improved. In combination 
with the previous experimental results, it is confirmed that the 
regulation of miR‑539 on gastric cancer cells was achieved by 
SOX5.

Discussion

Gastric cancer is a heterogeneous disease, whose occurrence 
and development are associated with multiple environmental 
factors and cancer pathways. The external factors include 
Helicobacter pylori and Epstein‑Barr virus infection, alcohol 
abuse, body mass index and physical activity (17), while the 
internal factors are manifested in genetic inheritance (18). 
In the treatment of early gastric cancer, surgical resection 

remains the main therapeutic strategy. During the postopera-
tive period, other comprehensive treatment measures, such as 
adjuvant chemotherapy, can be applied. However, the overall 
outcome of gastric cancer remains unfavorable. In recent years, 
molecular targeted therapy has gradually a research focus, and 
increasing molecular target drugs have been applied in clinical 
trials. Thus, exploration of new molecular markers or targets 
will be helpful for diagnosis in gastric cancer.

Accumulating studies have demonstrated that microRNAs 
can function as oncogenes or tumor suppressor genes by 
differential expression in a variety of tumor cells. Some 
microRNAs can promote the proliferation, invasion or metas-
tasis of tumor cells in malignant tumors through multiple 
pathways. For instance, miR‑539 is able to inhibit the invasion 
and migration of osteogenic sarcoma cells by targeting matrix 
metalloproteinase‑8 (18). In HCC, low expression of miR‑539 
was reported in cancer tissues and cells, and this miRNA was 
able to induce HCC cell apoptosis by mediating signal trans-
ducer and activator of transcription 3 pathway (11).

In the present study, miR‑539 was observed to be downreg-
ulated in gastric cancer tissues and cell lines. In combination 
with the findings of a previous study (13), it is hypothesized that 
miR‑539 functions as a tumor suppressor in gastric cancer. In 
the subsequent experiments, the proliferation of MGC803 and 
SGC7901 cells transfected with miR‑539 mimic was found to 
be significantly decreased. The results of transwell assay indi-
cated that miR‑539 promoted the migration of gastric cancer 

Figure 3. Targeting association between miR‑539 and SOX5 gene. (A) Luciferase activity of SOX5 WT and Mut reporter vectors. (B) Expression of SOX5 in 
tumor and adjacent normal tissues samples (n=30). (C) Spearman's correlation analysis between miR‑539 and SOX5 expression in clinical tissue samples of 
gastric cancer. **P<0.01, as indicated. miR, microRNA; SOX5, SRY‑box 5; WT, wild type; Mut, mutant; T/N, tumor/normal.
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Figure 4. Effect of SOX5 on the proliferation and migration of MGC803 and SGC7901. Effects of (A) overexpression and (B) silencing of SOX5 on the growth 
of MGC803 cells, and effects of (C) overexpression and (D) silencing of SOX5 on the growth of SGC7901 cells were detected via Cell Counting Kit‑8 assay. 
*P<0.05 vs. control group. (E) Cell images and (F) migration rate examined by transwell assay to determine the effect of SOX5 overexpression in MGC803 
cells. (G) Cell images and (H) migration rate examined by transwell assay to determine the effect of SOX5 downregulation in SGC7901 cells. (I) SOX5 
overexpression and (J) SOX5 silencing effect on the migration of MGC803 via transwell assays. Scale bar, 500 µM. **P<0.01 and ***P<0.001, as indicated. 
SOX5, SRY‑box 5.
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cells. Next, the potential target gene of miR‑539 was predicted 
by TargetScan and miRanda, and it was observed that SOX5 
was a potential target of miR‑539, which was then verified by 
luciferase assay. Compared with Mut SOX5 reporter vector, 
miR‑539 mimic significantly reduced the luciferase activity of 
WT SOX5 reporter vector.

Previous studies have demonstrated that SOX5 partici-
pates in the process of tumor epithelial‑mesenchymal 
transition (EMT). EMT is accompanied by marked changes 
in cell morphology and behavior, such as in cell prolifera-
tion, differentiation, adhesion and migration. In addition, 
EMT can enhance the migration and invasion properties 

of cancer cells, and induce stem cell properties in tumor 
cells  (19,20). Research has also revealed that SOX5 in 
breast cancer can directly bind to the Twist1 promoter 
to activate the gene expression, while it also controls the 
ETM process, suggesting that SOX5 participates in the 
progression of breast cancer by activating the Twist1/ETM 
axis (21). However, in osteogenic sarcoma, SOX5 promotes 
cell migration and invasion, which may be achieved by regu-
lating the expression of Snail, so as to promote EMT (22). 
Consistent with the observations of previous studies inves-
tigating SOX5 in other tumors, the present study suggested 
that SOX5 was highly expressed in clinical cases of gastric 

Figure 5. SOX5 restored the effect of miR‑539 on the proliferation and migration of gastric cancer cells. Cells were transfected with miR‑NC, miR‑539 mimic, 
or co‑transfected with both miR‑539 and SOX5 overexpression vectors. (A) MGC803 and (B) SGC7901 cell growth was examined following miR‑539 and 
SOX5 vector transfection. Compared with the group transfected with miR‑539 mimic alone, cells cotransfected with miR‑539 mimic and SOX5 overexpression 
vector exhibited significantly increased proliferation. *P<0.05 vs. Vector (control) group. (C) MGC803 and (D) SGC7901 cell migration was examined by 
transwell assay following miR‑539 mimic and SOX5 vector transfection (scale bars, 500 µm). Compared with the group transfected with miR‑539 mimic alone, 
cells co‑transfected with miR‑539 mimic and SOX5 overexpression vectors exhibited significantly increased migration. *P<0.05 and **P<0.01, as indicated. 
miR, microRNA; SOX5, SRY‑box 5; NC, negative control.
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cancer, and that SOX5 overexpression repressed cell 
proliferation and migration, which was in contrast to the 
effect of SOX5 silencing. The results of rescue experiments 
demonstrated that cell proliferation and migration was 
significantly increased following transfection with miR‑539 
and SOX5 overexpression vector, implying that miR‑539 
inhibited the proliferation and migration of gastric cancer 
cells by targeting SOX5. Based on the research results, it 
is speculated that the inhibitory effect of miR‑539 on the 
proliferation and migration of gastric cancer cells may be 
achieved by indirectly regulating EMT through mediating 
SOX5 expression.

In conclusion, miR‑539 was observed to inhibit the prolifera-
tion and migration of gastric cancer cells by targeting SOX5. 
miR‑539 may function as a tumor suppressor and provide a 
potential target for therapeutic strategies of gastric carcinoma.
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