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 Background: Gastric cancer is a malignant tumor with a high morbidity and mortality. MicroRNAs are important regulators 
of gene expression, influencing the progression of gastric cancer. This study aimed to reveal the role of microR-
NA-140 (miR-140) in gastric cancer cell proliferation and its potential mechanisms.

 Material/Methods: Gastric cancer tissues and cell lines BGC-823, SGC-7901, and HGC-27 were used to analyze miR-140 levels com-
pared to normal tissues and cell line GES-1. In HGC-27 cells transfected with miR-140 mimic, we performed 
MTT, colony formation assay, and cell cycle assay by flow cytometry. SOX4, a predicted target of miR-140, was 
mutated to verify its regulation by miR-140, and was overexpressed to analyze its function in cell proliferation. 
Doxorubicin treatment was performed to investigate the effect of miR-140 on drug resistance.

 Results: miR-140 was down-regulated in gastric cancer tissues and cell lines, with the lowest expression level in HGC-27. 
miR-140 overexpression inhibited HGC-27 cell viability and colony formation and resulted in G0/G1 arrest. miR-
140 suppressed SOX4 expression via binding to the 3’ untranslated region, while the mutant SOX4 could not be 
regulated. Overexpressing SOX4 led to promoted cell viability, colony formation, and cell cycle progress. miR-
140 overexpression also improved the anti-viability effects of doxorubicin, suggesting its potential in reducing 
the drug resistance of gastric cells.

 Conclusions: These findings suggest that miR-140 directly inhibits SOX4, which might be one of its mechanisms in suppress-
ing gastric cancer cell proliferation. This study provides a promising therapeutic strategy for treating gastric 
cancer and facilitates microRNA research in various diseases.
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Background

Gastric cancer is a malignant tumor originating from the glan-
dular epithelium of the gastric mucosa. It has high morbidi-
ty and mortality, especially in China, severely affecting the 
health of patients [1,2]. Risk factors include unhealthy eating 
habits, alcohol, smoking, bacteria, and viruses [3]. Gastric can-
cer cells are usually promoted in their proliferation and cell 
cycle progression, resulting in the spread and metastasis of 
gastric cancer. The accurate staging of tumor depth invasion 
(T), regional lymph mode invasion (N), and distant metasta-
ses (M) in gastric cancer is crucial for improving the outcome 
of treatment [4]. For gastric cancer patients, surgery remains 
the only effective therapy, with the assistance of chemother-
apy and chemoradiation [5]. Gastric cancer treatment is still a 
thorny issue, with multidrug resistance being one of the ma-
jor obstacles [6,7].

MicroRNAs are small non-coding RNA molecules that regu-
late gene expression through controlling mRNA stability or 
degradation, gene translation, and other processes. These bi-
ological features of microRNAs have provided possibilities for 
treating various diseases, including gastric cancer. A num-
ber of microRNAs are aberrantly expressed in gastric cancer 
tissues [8,9], and some of them are promising fingerprints 
for diagnosis [10], and others are potential therapeutic tar-
gets for treating gastric cancer [11]. For example, microRNA-7 
(miR-7) is an inhibitor of gastric cancer metastasis due to its 
regulation of insulin-like growth factor-1 receptor [12], while 
miR-223 promotes gastric cancer metastasis by targeting tu-
mor suppressor genes [13]. Thus, studies on microRNAs are 
of great significance not only for the improvement in gastric 
cancer treatment, but also for a more profound understand-
ing of their regulatory mechanism in diseases.

Previous studies indicated that miR-140 suppresses cancer cell 
formation, invasion, and metastasis in breast cancer, non-small 
cell lung cancer, and other cancers [14,15]. However, its role 
in gastric cancer remains elusive. This study investigated the 
impact of miR-140 on gastric cancer cell proliferation and its 
potential mechanism. We analyzed the expression pattern of 
miR-140 in gastric cancer tissues and different gastric cancer 
cell lines. Cell viability, colony formation, and cell cycle assays 
were performed to reveal the effects of miR-140 mimic trans-
fection on HGC-27 cell proliferation. Sex-determining region 
(SRY)-box 4 (SOX4) was predicted to be a target of miR-140, 
which was verified by mutation of the binding site in SOX4 
3’ untranslated region (3’UTR) and luciferase reporter assay. 
Moreover, the influence of miR-140 on drug resistance was 
analyzed. Our study shows the anti-proliferative role of miR-
140 in gastric cancer and provides possibilities for its use in 
treating gastric cancer.

Material and Methods

Human tissue samples and cell culture

Human gastric cancer tissue and the adjacent normal tissue 
samples were obtained during surgery from 20 gastric can-
cer patients (10 males and 10 females) aged from 42 to 81 
years (60.3±9.8). These patients were admitted to the hospi-
tal from April 2014 to March 2015, and their gastric cancer de-
grees fell into IA (4 cases), IB (7 cases), IIA (3 cases), IIB (2 cas-
es), and IIIA (4 cases) according to the 7th edition of the AJCC 
TNM staging system. No patients had received any adjuvant 
treatment before the surgery. The samples were frozen imme-
diately and stored at –80°C for RNA extraction. The sampling 
process was agreed to by the patients and was performed ac-
cording to the instructions of our institute under the supervi-
sion of the Ethics Committee.

Human gastric cancer cell lines HGC-27, BGC-823, and SGC-
7901 and normal gastric mucosa epithelial cell line GES-1 
(ATCC, Manassas, VA) were cultured in Roswell Park Memorial 
Institute (RPMI)-1640 medium supplemented with 10% fetal 
bovine serum (Gibco, Carlsbad, CA). The cells were incubated 
in a humidified atmosphere with 5% CO2 at 37°C.

Cell transfection

HGC-27 cells were seeded in 24-well plates at a density of 
30% and cultured for 24 h before the transfection. The cells 
were transfected with miR-140 mimic or mimic control (50 nM, 
Sangon Biotech, Shanghai, China) using Lipofectamine 2000 
(Invitrogen, Carlsbad, CA) according to the manufacturer’s in-
structions. For SOX4 overexpression, the coding sequence of hu-
man SOX4 was cloned into pcDNA3.1 vector (Thermo Scientific, 
Carlsbad, CA) and the correct product was screened by PCR 
and sequencing. Then the vector was transfected into HGC-27 
cells using Lipofectamine 2000, and cell samples were collect-
ed at 24, 48, and 72 h after transfection for further analysis.

Cell viability assay

HGC-27 cell viability was analyzed with 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) method us-
ing the Cell Proliferation Kit I (Roche, Basel, Switzerland) ac-
cording to the manufacturer’s instructions. The cell samples 
collected in logarithmic phase were seeded in 96-well plates 
(5×103 cells per well). For doxorubicin treatment, doxorubicin 
(Sigma-Aldrich, Shanghai, China) of various concentrations (0, 
0.05, 0.1, and 0.2 μg/mL) was added to the medium and cul-
tured for 12 h. MTT assay was then performed and the opti-
cal density (OD) was measured at 570 nm. The OD of the sam-
ples was compared to the control group (untransfected cells).
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Colony formation assay

HGC-27 cells in the logarithmic phase were digested into sin-
gle-cell suspension and added to the culture dishes (6 cm in 
diameter), with 1×103 cells in each dish. The dishes were in-
cubated at 37°C for 14 days. The supernatant was discarded. 
The colonies were washed twice with phosphate-buffered sa-
line and fixed in methanol for 15 min. Then the methanol was 
discarded and the colonies were stained with Giemsa (Sigma-
Aldrich) for 30 min. Colony numbers were counted under an 
optical microscope (Leica Microsystems, Wetzlar, Germany). 
The colony formation efficiency was calculated as (the colony 
formation number/the seeded cell number) × 100%.

Cell cycle analysis

Cell cycle distribution was analyzed using the Cell Cycle and 
Apoptosis Analysis Kit (Leagene, Beijing, China). The transfect-
ed HGC-27 cells in the logarithmic phase were collected and 
washed. Prodium iodide (PI) buffer prepared according to the 
instructions was added to the cells for incubation in the dark 
for 30 min at 37°C. Then the samples were analyzed immedi-
ately by cytometry (BD Biosciences, San Jose, CA).

Luciferase reporter assay

TargetScanHuman 7.0 (www.targetscan.org) predicted that 
SOX4 was a potential target of miR-140. The wild-type and mu-
tant 3’UTR fragments of SOX4 synthesized using QuikChange 
Multi Site-Directed Mutagenesis Kit (Agilent Technologies, 

Santa Clara, CA) were separately cloned into the luciferase re-
porter vector using the Firefly and Renilla Luciferase Assay Kit 
(Biotium, Shanghai, China). These vectors were co-transfect-
ed with miR-140 mimic or mimic control using Lipofectamine 
2000. Transfected cells were collected after 48 h to detect 
the fluorescence intensity using cytometry (BD Biosciences).

Real-time quantitative PCR (qPCR)

Tissue or cell samples were lysed in RNAiso for Small RNA 
(TaKaRa, Dalian, China) for miRNA extraction, and cell sam-
ples were lysed in TRIzol (Invitrogen) for total RNA extraction 
according to the manufacturer’s instructions. Total RNAs and 
miRNAs were reverse-transcribed into complementary DNAs 
(cDNAs) using PrimeScript Reverse Transcriptase (TaKaRa). qPCR 
was performed on a LightCycler 480 (Roche) with 20 ng cD-
NAs and the specific primers for miR-140 and the other test-
ed genes (Table 1). U6 and GAPDH were used as the internal 
control. This experiment was repeated 3 times and data were 
analyzed with 2–DDCt method.

Western blot

Cells were lysed in the lysis buffer for protein extraction 
(Beyotime, Shanghai, China). Protein samples were separated 
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
and transferred to a polyvinylidene fluoride membrane (Roche). 
After being blocked in 5% skim milk for 2 h at room temperature, 
the membrane was incubated in the specific primary antibodies 
(ABcam, Cambridge, UK) overnight at 4°C. The membrane was 

Primer Sequence (5’ to 3’)

miR-140-RT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCTACCATA

miR-140-Fw ACACTCCAGCTGGGCAGTGGTTTTACCCTA

miR-140-Rv TGGTGTCGTGGAGTCG

U6-Fw CTCGCTTCGGCAGCACA

U6-Rv AACGCTTCACGAATTTGCGT

GAPDH-Fw GAAGGTGAAGGTCGGAGTC

GAPDH-Rv GAAGATGGTGATGGGATTG

SOX4-Fw GGCCTGTTTCGCTGTCGGGT

SOX4-Rv GCCTGCATGCAACAGACTGGC

CCND1-Fw CCTGTCCTACTACCGCCTCA

CCND1-Rv TCCTCCTCTTCCTCCTCCTC

CDK2-Fw CCTCCTGGGCTGCAAATA

CDK2-Rv CAGAATCTCCAGGGAATAGGG

Table 1. Primers used in qPCR.
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washed and then incubated in horseradish peroxidase-conjugated 
secondary antibodies for 1 h at room temperature. Signals were 
developed using ECL Plus Western Blotting Substrate (Thermo 
Scientific) and analyzed by ImageJ 1.49 (National Institute of 
Health, Bethesda, MD). GAPDH was used as the internal control.

Statistical analysis

All the experiments were repeated 5 times unless otherwise 
specified. Results are indicated as the mean ± standard devi-
ation. Data were analyzed by t test and one-way ANOVA using 

SPSS (IBM, New York, USA). Differences were considered sta-
tistically significant at P<0.05.

Results

miR-140 is down-regulated in gastric cancer and inhibits 
HGC-27 cell proliferation

The miR-140 level in tissue samples was detected by qPCR, and 
results indicated a significant down-regulation of miR-140 in 
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Figure 1.  miR-140 is down-regulated in gastric cancer and inhibits cell proliferation. (A) miR-140 is down-regulated in gastric cancer 
tissues compared to normal tissues. (B) miR-140 is down-regulated in gastric cancer cell lines, including HGC-27, BGC-823, 
and SGC-7901, compared to normal gastric cell line GES-1. (C) MTT results indicate that HGC-27 cells transfected with miR-
140 mimic possess lower viability than mimic control. Significant differences are found at 48 and 72 h after transfection. 
(D) Colony formation experiment shows the HGC-27 cells transfected with miR-140 mimic possess lower colony formation 
efficiency after 2 weeks of incubation. * P<0.05; *** P<0.001.
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gastric cancer tissues compared to normal tissues (P<0.001, 
Figure 1A), which led us to suspect the role of miR-140 in mod-
ulating gastric cancer cells. The miR-140 level was also detect-
ed in the normal gastric cells GES-1, as well as in gastric cancer 
cells, including HGC-27 (undifferentiated), BGC-823 (lightly dif-
ferentiated), and SGC-7901 (moderately differentiated), which 
differed in their degree of cellular differentiation (Figure 1B). 
We found that the miR-140 expression was down-regulated in 
all of the detected gastric cancer cells (P<0.05), and the HGC-
27 cells possessed the lowest miR-140 expression (P<0.001), 
in line with its undifferentiated feature. It was likely that the 
gastric cells with a lower differentiation degree exhibited more 
significant differences from normal cells, which would be more 
suitable to use in studying miR-140 functions. Therefore, the 
following experiments were performed in the HGC-27 cells.

The roles of miR-140 in gastric cancer cells were reflected by 
its influence on HGC-27 cell viability and proliferation, analyzed 
by MTT and colony formation, respectively. MTT results showed 
that the cells transfected with miR-140 mimic had significant 

lower viability than those transfected with mimic control at 48 
and 72 h after transfection (P<0.05, Figure 1C). No significant 
difference was found at 24 h after transfection (P>0.05). These 
data indicate that overexpression of miR-140 in HGC-27 cells 
was able to inhibit cell viability; in accordance with this, the 
cells transfected with miR-140 formed fewer colonies after 2 
weeks of incubation (P<0.05, Figure 1D), suggesting the miR-
140 overexpression can also inhibit HGC-27 cell proliferation.

miR-140 leads to G0/G1 arrest in HGC-27

Since miR-140 was able to suppress cell proliferation, it was 
possible that its anti-proliferative role was related to the hin-
dered cell cycle, which was to be investigated. Flow cytom-
etry results showed that the percentage of HGC-27 cells in 
the G0/G1 phase was increased when miR-140 was overex-
pressed (Figure 2A, 2B), while cells in the S and G2/M phas-
es were decreased, indicating that the HGC-27 cells overex-
pressing miR-140 were arrested in the G0/G1 phase compared 
to the mimic control.
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Figure 2.  miR-140 leads to G0/G1 arrest of HGC-27 cells. (A) Flow cytometry results show the cell percent in the G0/G1 phase is 
increased, while that in S and G2/M phases is decreased by miR-140 overexpression. (B) Histogram reflects the cell cycle 
distribution in (A). (C) CCND1 and CDK2 mRNA levels are inhibited by miR-140 overexpression. GAPDH is used as the internal 
control. * P<0.05. (D) CCND1 and CDK2 protein levels are inhibited by miR-140 overexpression. GAPDH is used as the internal 
control. CCND1 – cyclin D1. CDK2 – cyclin-dependent kinase 2.
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Both cyclin D1 (CCND1) and cyclin-dependent kinase 2 (CDK2) 
are vital controllers of the cell cycle. CDK2 can form complexes 
with cyclins and be activated in the late G1 phase, thus pro-
moting G1/S transition [16]. CCND1 is a regulator of CDKs, 
and its knockdown results in G1 arrest [17]. Therefore, these 
2 factors were used in this study to verify the G0/G1 cell ar-
rest. In accordance with the flow cytometry results, CCND1 
and CDK2 mRNAs were both inhibited in HGC-27 cells trans-
fected with miR-140 mimic (P<0.05, Figure 2C), and levels of 
their proteins were also down-regulated (Figure 2D), suggest-
ing these 2 cell cycle modulators were inhibited by miR-140. 
Together with the flow cytometry results, it could be speculat-
ed that miR-140 overexpression is capable of arresting HGC-
27 cells in the G0/G1 phase.

miR-140 directly inhibits SOX4

The potential regulatory mechanism of miR-140 was ana-
lyzed by investigating its target mRNA, SOX4, which was 
predicted to be a target of miR-140 by the online database 
TargetScanHuman 7.0, with the sequence AACCACU in SOX4 
3’UTR being the potential binding site (Figure 3A). To verify 

whether SOX4 mRNA was a direct target of miR-140, we mu-
tated 3 nucleotides in the binding site, and the generated mu-
tant type was not supposed to be targeted by miR-140. Indeed, 
luciferase activity assay showed that the luciferase activity of 
vector containing wild-type SOX4 3’UTR could be suppressed 
by miR-140 overexpression (P<0.05, Figure 3B), while miR-140 
failed to inhibit mutant type of SOX4 3’UTR (P>0.05), suggest-
ing that this binding site in SOX4 3’UTR was essential for the 
regulation by miR-140. Together with the prediction results 
that SOX4 was a potential target for miR-140, it could be de-
duced that miR-140 can directly regulate SOX4 mRNA.

The inhibitory effect of miR-140 on SOX4 mRNA was ana-
lyzed at mRNA and protein levels. qPCR results showed that 
SOX4 mRNA was down-regulated by miR-140 overexpression 
(P<0.05, Figure 3C), possibly due to the effects of miR-140 on 
SOX4 mRNA stability. SOX4 protein level was also down-reg-
ulated (P<0.05, Figure 3D), which was caused by the down-
regulated mRNA level or the inhibited translation process by 
miR-140. Taken together, these results indicate that miR-140 
can directly inhibit SOX4 by targeting the binding sequence 
in the 3’UTR of SOX4 mRNA.
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Figure 3.  SOX4 is directly inhibited by miR-140. (A) SOX4 mRNA is predicted to be a target for miR-140, with the binding sequence 
AACCACU in the 3’UTR (position 2132 to 2138). Multi-site mutation is performed to mutate 3 nucleotides (underlined) in the 
binding site. Mut-SOX4 3’UTR, mutant type of SOX4 3’UTR. (B) Luciferase activity assay indicates that the binding sequence 
in SOX4 3’UTR is necessary for regulation by miR-140. HGC-27 cells overexpressing miR-140 are co-transfected with the 
reporter vectors of wild-type or mutant-type of SOX4 3’UTR (SOX4 3’UTR or mut-SOX4 3’UTR). The activity of mutant-type 
cannot be regulated by miR-140. (C) SOX4 mRNA level is down-regulated by miR-140 overexpression. (D) SOX4 protein level 
is suppressed by miR-140 overexpression. * P<0.05. SOX4 – sex-determining region Y (SRY)-box 4.
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SOX4 promotes HGC-27 cell proliferation

Was the inhibition of SOX4 by miR-140 associated with HGC-
27 cell proliferation? To answer this question, we performed 
SOX4 overexpression by transfecting its overexpression vec-
tor to investigate the changes in cell viability, proliferation, 
and cell cycle. Cell viability was analyzed by MTT method and 
results showed that SOX4 overexpression could significantly 
promote HGC-27 cell viability at 24, 48, and 72 h after trans-
fection (P<0.05, Figure 4A). Similarly, overexpressing SOX4 
also increased the number of colonies formed after 2 weeks 
of incubation (P<0.05, Figure 4B), indicating the promotion of 
cell proliferation. Further, the percentage of cells in the G0/
G1 phase was decreased by SOX4 overexpression compared 
to the control group (Figure 4C), which was in accordance to 
the up-regulated CCND1 and CDK2 protein levels (Figure 4D), 
implying that SOX4 might help to promote the G1/S transi-
tion. Taken together, these data suggest the roles of SOX4 in 

promoting HGC-27 cell viability, proliferation, and cell cycle 
processes, which were consistent with the above results that 
the anti-proliferative miR-140 inhibited SOX4. Therefore, the 
inhibition of SOX4 might be a potential mechanism by which 
miR-140 suppresses cell proliferation.

miR-140 reduces the drug resistance of HGC-27 cells

The resistance of gastric cancer cells to drugs is a thorny prob-
lem in treating gastric cancer. Based on the above results, 
miR-140 was likely to be a protective factor against gastric 
cancer, reflected in its anti-proliferative roles in HGC-27 cells. 
Therefore, we analyzed its impact on the sensitivity of HGC-
27 to doxorubicin, a widely used drug in treating gastric can-
cer. During the MTT experiment, various doses of doxorubi-
cin were added to the medium for a 12-h treatment. Because 
we wanted the impact of miR-140 on cell viability to be min-
imal, the duration of treatment was shorter than 24 h, when 

*
*

*

100

80

60

40

20

0

Control
SOX4

Ce
ll v

iab
ilit

y (
%

 of
 co

nt
ro

l)

24 h 48 h
After transfection

72 h

60

40

20

0

Control
SOX4

Ce
ll v

iab
ilit

y (
%

 of
 co

nt
ro

l)

G0/G1 S G2/M

CCND1

CDK2

GAPDH

*

Control SOX4

Control SOX4

100

80

60

40

20

0

Co
lo

ny
 fo

rm
at

io
n e

ffi
cie

nc
y (

%
)

A

C

B

D

Figure 4.  SOX4 promotes HGC-27 cell viability, proliferation, and cell cycle process. (A) MTT data show that cell viability is promoted 
by SOX4 overexpression when detected at 24, 48, and 72 h after transfection. (B) Colony formation assay shows the colony 
is increased by SOX4 overexpression after 2 weeks of incubation. (C) Histogram reflecting the flow cytometry result indicates 
that the cell percent in the G0/G1 phase is decreased by SOX4 overexpression. (D) Western blot shows CCND1 and CDK2 
protein levels are up-regulated by SOX4 overexpression. GAPDH is used as the internal control. * P<0.05. SOX4 – sex-
determining region Y (SRY)-box 4. CCND1 – cyclin D1. CDK2 – cyclin-dependent kinase 2.
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no significant viability change could be detected based on the 
above results (Figure 1C).

Results showed that doxorubicin treatments at 0.05, 0.1, or 
0.2 μg/mL all resulted in the inhibition of cell viability com-
pared to cells without treatment (P<0.05, Figure 5A). No signif-
icant viability change was detected between cells overexpress-
ing miR-140 and the mimic control when no doxorubicin was 
used. Importantly, in cells treated by the same dose of doxo-
rubicin, cells overexpressing miR-140 had lower viability than 
the mimic control (P<0.05), suggesting that their sensitivity to 
doxorubicin was increased by miR-140 overexpression, which 
indicates a lower drug resistance. To verify this result, we fur-
ther tested the expression changes in resistance-associated 
factors – ATP-binding cassette sub-family C member 1 (ABCC1, 
alias MRP1) and sub-family G member 2 (ABCG2) – both of 
which are multidrug resistance-associated proteins broadly 
applied in studies on drug resistance and playing vital roles 
in resistance to doxorubicin in cancers [18,19]. Western blot 
analysis showed that both ABCC1 and ABCG2 were inhibited 
by miR-140 overexpression (treated by 0.05 μg/mL doxorubi-
cin, Figure 5B), suggesting that miR-140 can suppress the ex-
pression of resistance-associated factors, which indicated the 
inhibited drug resistance of the transfected cells.

Discussion

MicroRNAs are small but powerful molecules regulating genes 
involved in developmental and pathological processes. In the 
present study, miR-140 was found to be down-regulated in 

gastric cancer tissues and cell lines BGC-823, SGC-7901, and 
HGC-27. Its overexpression can inhibit HGC-27 proliferation 
via targeting SOX4, an important transcription factor that pro-
motes HGC-27 proliferation. miR-140 may also help to reduce 
the drug resistance of HGC-27 cells to doxorubicin.

The most significant finding of this study was the anti-prolif-
erative role of miR-140 in gastric cancer cell line HGC-27. The 
inhibition of cell proliferation by miR-140 was shown by the 
suppressed cell viability, the decreased cell colony formation, 
and the hindered cell cycle by miR-140 mimic. miR-140 has 
been reported to regulate cell activities, such as in undiffer-
entiated human mesenchymal stem cells, where it suppress-
es osteogenic differentiation [20], and in esophageal cancer, 
where it inhibits epithelial-mesenchymal transition (EMT) and 
cell invasion [21]. Some of these studies also discussed the 
cell cycle change leading to suppressed proliferation and indi-
cating that miR-140 overexpression can result in cell cycle ar-
rest in the G0/G1 phase, as was observed in HGC-27 cells of 
this study. Cell cycle mediators CCND1 and CDK2, 2 inducers 
of G1/S transition, were suppressed by miR-140, further ver-
ifying that miR-140 can lead to G0/G1 arrest and thus inhibit 
gastric cancer cell proliferation.

Next, we investigated the underlying mechanism by verifying 
the predicted target of miR-140. SOX4 is a member of the SRY-
related HMG box (SOX) transcription factor family, with ear-
lier studies focusing on its significance in lymphocytes [22]. 
It is up-regulated in various cancer cells [23], where it func-
tions as a facilitator of EMT, tumorigenesis, and metastasis, 
thus being defined as an oncogenic target [24–26]. In HGC-27 
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Figure 5.  miR-140 reduces the drug resistance of HGC-27 cells. (A) MTT shows that the effects of doxorubicin (0.05, 0.1, or 0.2 μg/mL) 
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cells, SOX4 was also shown to promote cell viability, colony 
formation, and cell cycle progression, which suggests its roles 
in promoting cell proliferation, in contrast with the function 
of miR-140 in HGC-27 cells. Whether miR-140 could directly 
modulate and suppress SOX4 was also analyzed by the mu-
tation in the binding site and luciferase reporter assay. Taken 
together, it could be deduced that inhibition of SOX4 by miR-
140 might be one of the regulatory mechanisms of miR-140 
in suppressing gastric cancer cell proliferation.

miR-140 is capable of regulating many target mRNAs, some 
of which are validated by luciferase reporter assay and qPCR. 
Besides SOX4, histone deacetylase 4 (HDAC4) is one of the val-
id targets of miR-140 in osteosarcoma and colon cancer cell 
lines, whose protein expression was inhibited by miR-140, but 
the mRNA level remains almost unchanged [27], implying that 
miR-140 may affect HDAC4 expression through controlling the 
translation process. In the present study, SOX4 was inhibited 
by miR-140 at mRNA and protein levels, possibly due to the 
alteration of its mRNA stability. In addition, other mRNAs, in-
cluding the SOX family members SOX2 and SOX9, which are 
involved in cancer cell survival and invasion, are also valid tar-
gets of miR-140 [21,28]. These findings show that the regulation 
of cancer cell activities by miR-140 is likely to involve multiple 
factors. A thorough understanding of this network is essen-
tial for future application of miR-140 in treating gastric cancer.

Knowledge of the histological type of gastric cancer is useful 
for estimating the disease progression and outcomes. Studies 
indicate that the 5-year survival rate for patients with well-
differentiated gastric cancer is higher than that for patients 
with poorly differentiated gastric cancer [29]. Cancer stem cell 
markers like ABCB1, ABCG2, and CD133 are expressed at high-
er levels in more malignant gastric cancer cells [30]. Consistent 
with these findings, the miR-140 expression revealed in this 

study was decreased with the increase of gastric cancer cell 
malignancy, with the undifferentiated gastric cancer cell line 
HGC-27 possessing the lowest miR-140 level. It is necessary 
to perform these tests in other gastric cancer cells in future 
studies to determine whether miR-140 can indicate gastric 
cancer malignancy.

We also investigated the effect of miR-140 on drug resistance 
in gastric cancer cells. The resistance of cancer cells to drugs 
is a common problem, severely impacting the therapeutic out-
comes [7]. In gastric cancer, microRNAs like miR-497 and miR-
508-5p can modulate drug resistance via targeting related fac-
tors, including B-cell CLL/lymphoma 2, ATP-binding cassette 
sub-family B member 1, and zinc ribbon domain containing 
1 [31,32]. In this study, results showed that with the overex-
pression of miR-140, the effects of doxorubicin on inhibiting 
HGC-27 cell viability were more evident, suggesting that miR-
140 has promise in decreasing drug resistance of gastric can-
cer cells. We also found the down-regulation of related factors 
ABCC1 and ABCG2 by miR-140, but the regulatory relationship 
needs further investigation.

Conclusions

In summary, miR-140 is capable of suppressing gastric cancer 
cell proliferation via inhibiting its target, SOX4, and shows the 
potential for reducing drug resistance of gastric cancer cells, 
which is a promising therapeutic strategy for gastric cancer 
treatment. Further research is needed to provide a deeper un-
derstanding of the role of microRNAs in gastric cancer.
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