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Gastric cancer (GC) is the fourth most common cancer globally. Recently, microRNAs (miRNAs) have been 
suggested to be closely associated with tumorigenesis. Aberrant expression of miR-509-3p has been reported in 
cancer studies. However, the expression and mechanism of its function in GC remain unclear. Here we showed 
that miR-509-3p was downregulated in GC specimens, which was associated with overall survival. Functional 
investigations demonstrated that the overexpression of miR-509-3p inhibited the migration and proliferation 
of the GC cells. Additionally, we identified X-linked inhibitor of apoptosis protein (XIAP) as a direct target of 
miR-509-3p. Knockdown of XIAP significantly attenuated the ability of proliferation, migration, and invasion 
of GC cells. The data therefore suggest that miR-509-3p plays an important role in the development and pro-
gression of GC, implicating possible applications in the clinic as a biomarker and a potential new target.
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INTRODUCTION

Gastric cancer (GC) is the fourth most common can-
cer globally1. Though the efficacy of routine chemo-
therapy for treating GC is not ideal, recently targeted 
therapies became a hot spot in GC including basic 
research and their clinical application. The results of the 
ToGA study, a clinical trial, established the efficacy of 
trastuzumab (anti-HER2 antibody) plus chemotherapy in 
patients with HER2/neu+ advanced GC2. Ramucirumab 
(a VEGFR-2 antibody) has revealed promising results 
in the treatment of patients with advanced or metastatic 
GC3,4. However, other trials are assessing the safety and 
efficacy of targeted therapies such as VEGFR inhibi-
tors (sorafenib and bevacizumab) and EGFR inhibitors 
(cetuximab and erlotinib) combined with chemother-
apy in patients with advanced gastric adenocarcinoma 
who have not ideally achieved a clinical benefit5–8. To 
improve the poor prognosis of GC patients, it is impor-
tant to understand the molecular mechanisms underly-
ing and supporting tumor cell survival and invasion. 
MicroRNAs (miRNAs) are evolutionally conserved, 

endogenous, noncoding, small (20–23 nucleotides) RNAs, 
which regulate gene expression at the posttranscrip-
tional level9. Each miRNA seems to modulate tens to 
hundreds of target genes to coordinate cellular signal-
ing pathways. miRNAs accelerate the degradation and/
or block the translation of their target miRNAs to induce 
posttranscriptional gene repression and regulate various 
cellular processes such as proliferation, differentiation, 
metabolism, and apoptosis10. Lost expression of miRNA 
genes was first observed in leukemia and demon-
strated the critical role of miRNAs in carcinogenesis11. 
Mounting evidence has shown that microRNAs (miRs; 
small noncoding RNAs of approximately 18–24 nucle-
otides in length) are key regulators of various biologi-
cal processes, including bone homeostasis and bone 
pathologies, cancer progression, and metastasis, through 
mediating the posttranscriptional silencing of specifi-
cally targeted miRNAs. Recently, it was reported that 
miR-509-3p functions as a tumor suppressor and plays 
a prominent role in the development of various types 
of cancer, including renal cell carcinoma, breast cancer, 
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acute lymphoblastic leukemia, lung cancer, and hepa-
toma. However, although there are a large number of 
mechanistic reports on the molecular mechanism of GC, 
the functions of miR-509-3p and its target gene in regu-
lating GC progression need further study.

MATERIALS AND METHODS

Cell Lines and Cell Culture

Human GC cell lines HGC27 and MKN45 were 
obtained from the American Type Culture Collection 
(Manassas, VA, USA). Cell lines were cultivated in 
RPMI-1640 medium (Gibco, Thermo Fisher Scientific, 
Waltham, MA, USA) supplied with 10% fetal bovine 
serum (FBS; Gibco) at 37°C in a humidified atmosphere 
containing 5% CO2. miR-509-3p mimics and miR-
509-3p inhibitor were from GenePharma (Shanghai, P.R. 
China). Human X-linked inhibitor of apoptosis protein 
(XIAP) siRNA and scramble siRNA were purchased 
from GenePharma. The GC cell line cells were trans-
fected using Lipofectamine 3000 (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer’s instruction. 
Scramble siRNA was used as the control. After 48 h, the 
cells were harvested for further analysis.

Tissue Samples and Patient Data

Tumor specimens and nontumorous specimens from 100 
patients with GC were obtained from The First Affiliated 
Hospital of Zhengzhou University between 2010 and 
2014. Follow-up data were obtained from a review of 
the patients’ medical records. None of the patients had 
received radiotherapy or chemotherapy before surgical 
resection. This study was conducted under the regulations 
of the Institutional Review Board of Zhengzhou Medical 
University. Informed consent was obtained prior to sur-
gery from all enrolled patients.

RNA Extraction, Reverse Transcription (RT), 
and Quantitative Real-Time PCR

Total RNA, including the miRNA of cell lines and 
tissue specimens, was isolated using the TRIzol reagent 
(Invitrogen) following the manufacturer’s instructions. 
TaqMan microRNA assays (Applied Biosystems, Foster 
City, CA, USA) were used to determine the expres-
sion levels of miR-509-3p after reverse transcribing by 
sequence-specific primers (Applied Biosystems), and U6 
small nuclear RNA was used as an internal control. The 
relative expression level (defined as fold change) of tar-
get gene (2−DDCt) was normalized to the endogenous U6 
reference (DCt) and related to the amount of target gene 
in the control sample, which was defined as the calibrator 
at 1.0. Three independent experiments were carried out 
to analyze the relative gene expression, and each sample 
was tested in triplicate.

Cell Proliferation and Colony Formation Assay

Cells (2 ́  103 cells per well) were incubated in 96-well 
culture plates in 100 μl of medium. CCK-8 (Dojindo 
Laboratories, Japan) was used according to the manu-
facturer’s instructions. Absorbance was measured at 
450 nm 2 h after the addition of 10 μl of CCK-8 reagent 
per well to calculate the number of viable cells using a 
microplate. Cell viability was shown as the percentage 
of viable cells with vehicle-treated cells arbitrarily set as 
100% viability.

Apoptosis Assay

Cells were harvested and stained with annexin VI and 
suspended in 500 ml of annexin V-binding buffer. Then 
the cells were incubated with 5 ml of annexin V–APC for 
15 min in the dark and at room temperature. The samples 
were analyzed by PI flow cytometry utilizing a FACScan 
flow cytometer (BD FACSCanto II; BD Biosciences, 
San Jose, CA, USA). Triplicate independent experiments 
were carried out.

Migration and Invasion Assay

Cells were seeded into the upper chamber of the 
Transwell insert (Corning, Corning, NY, USA) in 200 μl 
of RMPI-1640 medium, and 500 μl of RMPI-1640 
medium containing 10% FBS was added into the lower 
wells as the chemoattractant. Twenty-four hours later, 
the filters were stained with crystal violet. For the inva-
sion assay, the chambers were coated with Matrigel (BD 
Biosciences). Cell migration and invasion were assessed 
by counting the number of cells that had penetrated 
through the filter. The experiments were repeated at least 
three times.

Polycarbonate filters (8-um pore size) were coated 
with Matrigel (BD Biosciences, Canada) at a concentra-
tion of 1 μg/ml and placed in a 24-well cell culture plate. 
Hereby 1 ́  105 cells per well in 100 μl of FBS-free media 
were seeded onto the upper part of the chamber, whereas 
its lower compartment was filled with media contain-
ing 10% FBS as a control. After 36 h at 37°C, cells that 
had invaded the Matrigel-coated membrane were fixed 
with 4% formaldehyde and stained using H&E reagent. 
Nonmigrated cells at the upper side of the filter were 
swiped off. A minimum of 10 fields per filter were 
counted.

Statistical Analysis

All statistical analyses were performed using the 
SPSS 17.0 (SPSS Statistics, Chicago, IL, USA) software. 
Data were expressed as mean ± SD and analyzed using 
the Student's t-test. Paired t-test was used for paired 
samples. A value of p < 0.05 was considered statistically 
significant.
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RESULTS

miR-509-3p Was Frequently Downregulated  
in Gastric Cancer

In order to investigate the role of miR-509-3p in GC, 
real-time PCR was done in 100 tumor tissues and 64 cor-
responding nontumorous tissues. Real-time PCR analysis 
revealed frequent downregulation of miR-509-3p expres-
sion in tumor tissues compared with neighboring noncan-
cerous tissues (p < 0.01) (Fig. 1A). In addition, 40 paired 
tumor tissues and corresponding neighboring noncancer-
ous tissues were analyzed, showing significant down-
regulation of miR-509-3p in tumor tissues (p < 0.001) 
(Fig. 1B). These data suggested that miR-509-3p might 
act as a tumor suppressor in human GC.

miR-509-3p Expression Related to Disease Progression

To investigate the prognostic role of miR-509-3p 
downregulation in GC, patients were divided into high 
and low miR-509-3p groups according to the median 
value of miR-509-3p expression in all 100 cases. Kaplan–
Meier analysis revealed that the downregulation of miR-
509-3p was significantly correlated with poorer outcome 
of GC (Fig. 2). These results suggested that miR-509-3p 
might play an important role in GC progression.

miR-509-3p Inhibited Cell Proliferation 
Through Inducing Cell Apoptosis In Vitro

To further assess the tumor-suppressive role of miR-
509-3p in GC, miR-509-3p mimics and miR-509-3p 
inhibitor were used. CCK-8 results indicated that miR-
509-3p overexpression could inhibit HGC27 and MKN45 
cell proliferation (Fig. 3A and B). Moreover, we found 
that upregulation of miR-509-3p could promote cell 
apoptosis compared with control cells (Fig. 3C and D). 

These data suggested that miR-509-3p might inhibit cell 
proliferation by promoting apoptosis in GC cells.

Overexpression of miR-509-3p Inhibited Cell 
Motility and Invasiveness In Vitro

Invasion assay was utilized to evaluate the effect of 
miR-509-3p on the metastatic potential of human GC. 
HGC27 and MKN45 were transfected with miR-509-3p 
mimics and then analyzed for their metastatic poten-
tial using Transwell assays. Our results showed that the 
migration and invasion abilities of the miR-509-3p over-
expression group were significantly reduced compared 
with those of the control group (Fig. 4A and B). These 

Figure 1. miR-509-3p was significantly downregulated in gastric cancer. (A) The expression of miR-509-3p in nontumorous tissues 
(Normal, n = 64) and gastric cancer tissues (Cancer, n = 100) was determined by real-time PCR. (B) Expression of miR-509-3p in 64 
representative gastric cancer tissues and their corresponding nontumorous tissues from the same patients were analyzed side by side 
for comparison.

Figure 2. The low expression of miR-509-3p was correlated 
with poor prognosis. The Kaplan–Meier curve for overall sur-
vival rate of gastric cancer patients according to expression of 
miR-509-3p.
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results demonstrated that upregulation of miR-509-3p 
could inhibit the metastatic potential of human GC.

XIAP Was a Functional Target of miR-509-3p  
in Human Gastric Cancer

We further confirmed whether the XIAP could have 
been regulated by mir-509-3p in human GC cells. The 
results showed that miRNA expression of XIAP was 

significantly inhibited by the overexpression of miR-
509-3p (Fig. 5A). Further analysis revealed that expres-
sion of miR-509-3p is inversely correlated with the XIAP 
miRNA level in human GC (Fig. 5B). We found that XIAP 
silencing could inhibit cell proliferation, cell motility, and 
invasiveness in vitro (Fig. 5C–F). These results showed 
that XIAP has an opposite effect on cell proliferation and 
migration, in comparison with miR-509-3p, indicating 

Figure 3. miR-509-3p overexpression inhibited cell proliferation by inducing cell apoptosis. Cell proliferation was detected by the 
CCK-8 assay at 24, 48, 72, and 96 h after transfection with NC or miR-509-3p mimics in HGC27 (A) and MKN45 (B) cells. Apoptosis 
analysis of HGC27 (C) and MKN45 (D) in response to overexpression of miR-509-3p was performed.

Figure 4. miR-509-3p overexpression suppressed cell motility and invasiveness in vitro. Migration and invasion assays were per-
formed using Transwell chambers after transfection with NC or miR-509-3p mimics in HGC27 (A) and MKN45 (B) cells.
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that it may be a functional target of miR-509-3p in human 
GC cells.

DISCUSSION

While cancer treatment and survival have improved 
worldwide, the need for further understanding of the 
underlying tumor biology remains. In recent years, there 
has been a significant shift in scientific focus toward 
the role of miRNAs on the development, growth, and 
metastatic spread of malignancies. miRNAs are a class 
of evolutionally conserved, small (18–25 nucleotides), 
noncoding RNAs that have an important function in 

posttranscriptional gene regulation12. More recent identi-
fications reveal that hundreds of miRNAs are aberrantly 
expressed in cancerous tissues through high-throughput 
biochemical screens13,14. For example, miR-320a has been  
reported to be deregulated in multiple types of cancers, 
including intrahepatic cholangiocarcinoma15. Ning et al. 
demonstrated that miR-7-5p suppresses the growth and 
metastasis of several tumor types, including hepatocel-
lular carcinoma, breast cancer, glioma, and GC, by inhib-
iting the expression of specific target genes, including 
EGFR and its signaling pathways16. Raffel et al. dem-
onstrated miR-126 as a regulator of PI3K–AKT–mTOR 

Figure 5. XIAP was a functional target of miR-509-3p in human gastric cancer. (A) Transfection of miR-509-3p mimics in gastric 
cancer cells significantly inhibited XIAP miRNA expression levels, as assessed by qRT-PCR analysis. (B) The correlation between 
the relative miR-509-3p expression and the relative XIAP expression in gastric cancer specimens was analyzed. Cell proliferation was 
detected by the CCK-8 assay at 0, 24, 48, 72, and 96 h after transfection with NC or XIAP siRNA in HGC27 (C) and MKN45 (D) cells. 
Transwell chambers were used to analyze the migration (F) and invasion (E) capabilities after transfection with NC or XIAP siRNA 
in HGC27 and MKN45 cells.
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and CDK3 signaling driving leukemic stem cells to self-
renewal and chemotherapy resistance17. In addition, >50% 
of human miRNA genes are located in cancer-associated 
genomic regions or at fragile sites.

The current study revealed that miR-509-3p was sig-
nificantly downregulated in GC tissue specimens when 
compared with normal tissues. Moreover, our results 
showed that overexpression of miR-509-3p inhibited 
the cell proliferation and cell motility of GC cells. These 
functional effects correlate with the in vitro data reported 
by Yoon et al.18, where they showed that overexpression 
of miR-509-3p induced G1 cell cycle arrest and inhibited 
colony formation and migration through downregulation 
of CDK2, Rac1, and PIK3C2A. We also found that low 
levels of miR-509-3p expression significantly correlated 
with poor GC outcomes. This evidence suggested that the 
decreased expression of miR-509-3p might be associated 
with GC tumorigenesis. XIAP is the most potent inhibi-
tor of apoptosis-919. XIAP binds and inactivates effector 
caspases 3 and 7 and initiator caspase 920. XIAP also func-
tions as an E3 ligase, inducing the degradation of caspases 
via the proteasome system. It has been reported that XIAP 
expression is elevated in many cancers21. Thus, downreg-
ulation of XIAP is recognized as an efficient anticancer 
approach22. Recently, it was reported that miR-509-3p 
may function as a tumor suppressor in renal cancer23. The 
expression level of miR-509-3p is lower in renal cancer 
than in the adjacent normal tissues, and ectopic expression 
of miR-509-3p inhibits renal cell growth and migration. In 
epithelial ovarian cancer, miR-509-3p (a downregulated 
miRNA) can directly target the XIAP via its 3¢-UTR24.

Generally, miRNAs are believed to function by bind-
ing to the 3¢-UTRs of target genes. We found that miR-
509-3p negatively regulated XIAP expression. We further 
showed that miR-509-3p and XIAP were inversely cor-
related in human GC specimens. These results further 
confirmed that XIAP was a target gene of miR-509-3p 
in GC cells. Downregulation of XIAP could significantly 
attenuate the ability for the proliferation, migration, and 
invasion of GC cells.

In conclusion, our study demonstrated that miR-
509-3p was frequently downregulated in GC compared 
with normal tissues and that low levels of miR-509-3p 
expression correlated with poor GC outcomes. XIAP was 
a target of miR-509-3p, and miR-509-3p functioned as 
a negative regulator of XIAP. Together, miR-509-3p, 
considered as a tumor-suppressor gene, inhibits cell pro-
liferation and invasion by targeting XIAP in GC, provid-
ing new insights and the basis for the development of 
 miRNA-targeted therapies for GC.
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