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MicroRNA-509-3p inhibits cell proliferation and invasion via
downregulation of X-linked inhibitor of apoptosis in glioma
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Abstract. Malignant glioma is an aggressive type of cancer.
Increasing evidence has suggested that microRNAs (miRs)
regulate gene expression post-transcriptionally to affect
cancer development and progression. Aberrant expression of
miR-509-3p has been reported in cancer studies. However, the
expression and mechanism of its function in glioma remains
unclear. The present study demonstrated that miR-509-3p was
downregulated in glioma tissue samples relative to non-tumor
tissues, and that low miR-509-3p expression was associated
with a reduced overall survival time. Functional studies
revealed that the overexpression of miR-509-3p inhibited cell
proliferation, induced apoptosis and suppressed cell migra-
tion and invasion via negatively regulating the expression of
X-linked inhibitor of apoptosis. The data therefore suggested
that miR-509-3p serves an important role in the development
and progression of glioma, implicating its possible applica-
tion in clinical practice as a biomarker and a potential novel
therapeutic target.

Introduction

Malignant glioma, the most frequent type of malignant brain
tumor in adults, is associated with an extremely poor prognosis
due to the rapid growth and highly invasive nature that favor
its infiltration into surrounding normal brain parenchyma
and facilitates recurrence following therapy (1,2). Glioma is a
major therapeutic challenge due to numerous factors, including
the tendency to adapt resistance against antiangiogenic agents,
and intratumoural cellular heterogeneity that varies over the
course of the disease and its treatment (3). To improve the poor
prognosis for patients with glioma, it is important to understand
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the molecular mechanisms underlying and supporting tumor
cell survival and invasion.

Mounting evidence has demonstrated that microRNAs
(miRs), small non-coding RNAs of ~18-24 nucleotides in
length, regulate various biological processes, including cancer
progression and metastasis, by mediating the posttranscrip-
tional silencing of specific target mRNAs. A total of >1,500
miRs have been identified in the human genome, which collec-
tively control an estimated 30% of human genes (4). Each
miRNA appears to modulate tens to hundreds of target genes
to coordinate cellular signaling pathways. It has been demon-
strated that miRs may regulate the proliferation and apoptosis
of tumor cells and act as oncogenes or tumor suppressor
genes. Previously, it was reported that miR-509-3p functions
as a tumor suppressor, potentially serving prominent roles in
the development of various types of cancer, including renal
cell carcinoma, breast cancer, acute lymphoblastic leukemia,
lung cancer and hepatoma (5-9). However, although there is a
large body of research regarding the molecular mechanisms of
malignant glioma, the functions of miR-509-3p and its target
genes in regulating malignant glioma progression require
further investigation.

Materials and methods

Cell culture and transfection. The U251 human glioma cell
line purchased from the Cell Bank of Type Culture Collection
of Chinese Academy of Sciences (Shanghai, China) was main-
tained in RPMI-1640 medium supplemented with 10% fetal
bovine serum (FBS; both Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) at 37°C in 5% CO,. A miR-509-3p
mimic and a mimic control were purchased from Shanghai
GenePharma Co., Ltd. (Shanghai, China). Human X-linked
inhibitor of apoptosis (XIAP) short interfering (si) RNA and
scramble siRNA were purchased from Shanghai GenePharma
Co., Ltd. The oligonucleotide sequences were as follows:
miR-509-3p mimic forward, 5'-UGAUUGGUACGUCUG
UGGGUAGTT-3' and reverse, 5'-CUACCCACAGACGUA
CCAAUCATT-3"; mimic control forward, 5-UUGUCCGAA
CGUGUCACGUTT-3" and reverse, 5~ ACGUGACACGUU
CGGAGAATT-3" si-XIAP forward, 5'-GUGGUAGUCCUG
UUUCAGCTT-3" and reverse, 5'-GCUGAAACAGGACUA
CCACTT-3"; scramble siRNA forward, 5'-UUCUCCGAA


https://www.spandidos-publications.com/10.3892/ol.2017.7390
https://www.spandidos-publications.com/10.3892/ol.2017.7390
https://www.spandidos-publications.com/10.3892/ol.2017.7390

1308

CGUGUCACGUTT-3" and reverse, 5~ ACGUGACACGUU
CGGAGAATT-3". The U251 cells were transfected using
Lipofectamine 3000 (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. At 48 h, the
cells were harvested for further analysis.

Tissue samples and patient data. Tumor and non-tumor tissue
samples from 120 patients (69 males and 51 females) with
glioma who underwent surgical resection were obtained from
the Second Affiliated Hospital of Xinjiang Medical University
(Uriimgi, China) between February 2010 and December 2014.
The mean age was 50.13 years (range, 31-67 years). The tissue
samples were immediately aliquoted into separate tubes,
frozen on dry ice and stored at -80°C until analysis. Follow-up
data were obtained from a review of the patients' medical
records. None of the patients had received radiotherapy or
chemotherapy prior to surgical resection. The present study
was approved by the Ethics Committee of Xinjiang Medical
University. The study was performed in accordance with the
regulations of the Institutional Review Board of Xinjiang
Medical University. Written informed consent was obtained
prior to surgery from all enrolled patients.

RNA extraction and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). Total RNA, including
miRNA, of cell lines and tissue samples was isolated using
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc., USA), according to the manufacturer's protocol. The
first-strand cDNA was synthesized from 1 pg of total RNA
using PrimeScript RT reagent kit with gDNA Eraser (Takara
Bio, Inc., Otsu, Japan). Quantitative PCR of XIAP and GAPDH
was performed using SYBR Premix Ex Taq II (Takara, Bio,
Inc.). The reaction protocol involved heating for 10 sec at 95°C,
followed by 40 cycles of amplification (5 sec at 95°C and 30 sec
at 60°C). Subsequent to reverse transcribing with TagMan™
MicroRNA Reverse Transcription Kit (Applied Biosystems;
Thermo Fisher Scientific, Inc.), a TagMan microRNA assay kit
(Applied Biosystems; Thermo Fisher Scientific, Inc.) was used
to determine the expression level of miR-509-3p and U6. U6
small nuclear RNA was used as an internal control. The reac-
tion protocol involved heating for 20 sec at 95°C, followed by
40 cycles of amplification (3 sec at 95°C and 30 sec at 60°C).
The relative expression level (as fold change) of the target gene
(2°44¢9) was normalized to the endogenous U6 or GAPDH
reference (ACq) (10). Primer sequences were as follows:
miR-509-3p forward, 5S"“TGATTGGTACGTCTGTGGGTA
G-3' with a universal reverse primer from the TagMan kit;
U6 forward, 5'-CTCGCTTCGGCAGCACA-3' and reverse,
5'-ACGCTTCACGAATTTGCGT-3'; XIAP forward, 5-ACC
GTGCGGTGCTTTAGTT-3' and reverse, 5"-TGCGTGGCA
CTATTTTCAAGATA-3'; GAPDH forward, 5-AGAAGG
CTGGGGCTCATTTG-3' and reverse, 5-AGGGGCCAT
CCACAGTCTTC-3'". Three independent experiments were
performed to analyze the relative gene expression and each
sample was analyzed in triplicate.

Cell proliferation and colony formation assays. A Cell
Counting Kit-8 (CCK-8; Beyotime Institute of Biotechnology,
Shanghai, China) was used according to the manufacturer's
protocol. Cells were seeded into 96-well plates at a density
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of 3,000 cells in 100 pl medium per well, in quadruplicate.
Absorbance at 450 nm was evaluated 1 h after the addition of
10 ul CCK-8 reagent per well, to determine the number of viable
cells. Cell viability was evaluated as the percentage of viable
cells relative to vehicle-treated cells. For the colony formation
assay, 1,000 cells were seeded in a six-well plate. Following
a 14-day incubation, surviving colonies were counted using
0.1% crystal violet staining for 20 min at room temperature.
Triplicate independent experiments were performed.

Apoptosis assay. A total of 5x10° cells were harvested and
stained with Annexin-V (allophycocyanin) and propidium
iodide (1 mg/ml) for 15 min at 4°C in the dark. Data were
acquired with a fluorescence-activated cell sorting Canto II
flow cytometer (BD Biosciences, San Jose, USA) and analyzed
with the Diva 6.1.3 software (BD Biosciences). Triplicate inde-
pendent experiments were performed.

Migration andinvasionassay. A total of 2x10* cells were seeded
into the upper chambers of Transwell chambers (Corning
Incorporated, Corning, NY, USA) in 200 I RPMI-1640
medium; 500 x1 RPMI-1640 supplemented with 10% FBS was
added into the lower wells as the chemo-attractant. For the
invasion assay, the chambers were also coated with Matrigel
(BD Biosciences). At 24 h, the filters were stained with crystal
violet. Cell migration and invasion were assessed by counting
the number of cells that had penetrated through the filter under
the light microscope (Leica Microsystems GmbH, Wetzlar,
Germany) at magnification, x200 in 10 random fields. The
experiments were repeated at least three times.

Western blot. Cells were lysed with RIPA lysis buffer (Beyotime
Institute of Biotechnology, Shanghai, China). The protein
concentration was determined by Enhanced BCA Protein Assay
Kit (Beyotime Institute of Biotechnology, Shanghai, China). The
protein samples were denatured by boiling for 10 min. Protein
samples (20 ug per lane) were loaded onto SDS-PAGE (10%)
gel for electrophoresis and transferred to a PVDF membrane
(Millipore, MD, USA). The membrane was incubated with
a primary rabbit monoclonal antibody against human XIAP
(1:1,000; Cell Signaling Technology, Massachusetts, USA) or
a rabbit monoclonal antibody against human f-actin (1:1,000;
Cell Signaling Technology, Massachusetts, USA) at 4°C over-
night and then incubated for 1 h with a goat anti-rabbit (1:5,000;
Cell Signaling Technology, Massachusetts, USA) secondary
antibody. Signals were detected by enhanced chemilumines-
cence detection reagents (Pierce, IL, USA). Three independent
experiments were performed for each analysis and the gels have
been run under the same experimental conditions.

Statistical analysis. All statistical analyses were performed
using SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA) soft-
ware. Data are presented as the mean + standard deviation
and were analyzed using the Student's t-test. The paired t-test
was used for paired samples. The Kaplan—Meier method in
combination with log-rank test was performed to evaluate the
overall survival between subgroups. Pearson's test was adapted
to determine the correlation between miR-509-3p and XIAP
expression. P<0.05 was considered to indicate a statistically
significant difference.
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Figure 1. miR-509-3p was significantly downregulated in glioma. (A) Expression levels of miR-509-3p in non-tumor (n=66) and glioma tissues (n=120)
were determined by quantitative polymerase chain reaction. (B) Expression level of miR-509-3p in 66 representative glioma tissues and their corresponding
non-tumorous tissues from the same patients were analyzed side by side for comparison. “P<0.01; ““P<0.001. miR, microRNA.

Results

miR-509-3p was frequently downregulated in glioma. To
determine the expression level of miR-509-3p in glioma
tissues, RT-qPCR was performed for all 120 tumor and 66
non-tumor tissue samples. The RT-qPCR analysis revealed
that miR-509-3p expression in tumor tissue was downregu-
lated compared with non-cancer tissue (P=0.0061; Fig. 1A).
Furthermore, 66 paired tumor tissues and corresponding
neighboring non-cancer tissues were compared, which
further demonstrated the downregulation of miR-509-3p in
tumor tissue (P=0.0004; Fig. 1B). These results suggested
that miR-509-3p may act as a tumor suppressor in human
glioma.

miR-509-3p expression is associated with disease progression.
In order to investigate the prognostic role of miR-509-3p
downregulation in malignant glioma, patients were divided
into high and low-miR-509-3p groups according to the median
value of miR-509-3p expression (median value of the 120
giloma specimens, 0.88) from all 120 cases. Kaplan-Meier
analysis revealed that the downregulation of miR-509-3p was
significantly associated with a poorer outcome for patients
with glioma (Fig. 2; P=0.0368). These results suggested that
miR-509-3p may serve a role in glioma progression.

miR-509-3p inhibited cell proliferation by inducing cell
apoptosis in vitro. To further assess the tumor suppressive
role of miR-509-3p in glioma cells, an miR-509-3p mimic was
used. The CCKS results indicated that miR-509-3p upregula-
tion may inhibit cell proliferation in U251 cells compared
with a mimic control (Fig. 3A; P=0.006). Furthermore,
it was revealed that the upregulation of miR-509-3p may
promote apoptosis compared with the control (Fig. 3B and
C; P=0.0252). These results suggested that miR-509-3p may
inhibit cell proliferation by promoting apoptosis in glioma
cells.

Upregulation of miR-509-3p suppressed cell motility and
invasiveness in vitro. To further elucidate the effect of
miR-509-3p on the metastatic potential of human glioma,
glioma cells were transfected with an miR-509-3p mimic
and then analyzed for their metastatic potential by Transwell
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Figure 2. The low expression level of miR-509-3p was associated with poor
prognosis. A Kaplan-Meier curve was used to analyze the overall survival
rate of patients with glioma according to expression level of miR-509-3p.
miR, microRNA.

assays. The results revealed that miR-509-3p overexpression
significantly reduced cell migration and invasion compared
with the transfection control (Fig. 4; P, i100,=0.0311,
Pinvasion=0.0422). These results demonstrated that the upregu-
lation of miR-509-3p may inhibit the metastatic potential of
human glioma.

XIAP is a functional target of miR-509-3p in human
glioma. The present study further investigated whether
XIAP may have been regulated by mir-509-3p in human
glioma cells. The results demonstrated that the XIAP mRNA
and protein expression were inhibited by the overexpres-
sion of miR-509-3p (Fig. 5A; P=0.0157). Further analysis
revealed that the expression of miR-509-3p was inversely
associated with XIAP mRNA expression level in human
glioma tissue samples (Fig. 5B; P=0.044). The present
study demonstrated that XIAP silencing may inhibit cell
proliferation (Fig. 5C; P=0.023), migration and invasiveness
(Fig. 5D; Pigraiion=0.0441, P,,6i0n=0.0497) in vitro. These
results revealed that XIAP has the opposite effect on cell
proliferation and migration in comparison with miR-509-3p,
indicating that it may be a functional target for miR-509-3p
in human glioma cells.
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Figure 3. miR-509-3p overexpression inhibited cell proliferation by inducing apoptosis. (A) Cell proliferation was detected using the Cell Counting Kit-8 assay at 0,
24,48 and 72 h after transfection with the NC or an miR-509-3p mimic in U251 cells. (B) Representative images of the apoptosis analysis of U251 cells in response
to the overexpression of miR-509-3p. (C) Quantification of apoptosis analysis. “P<0.05; “P<0.01. miR, microRNA; NC, negative control; PI, propidium iodide.
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Figure 4. miR-509-3p overexpression suppressed cell motility and invasiveness in vitro. (A) Migration and (B) invasion assays were performed using Transwell
chambers after transfection with the NC or miR-509-3p mimic in U251 cells. "P<0.05. miR, microRNA; NC, negative control.
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Figure 5. XIAP was a functional target of miR-509-3p in human glioma. (A) Transfection of an miR-509-3p mimic into glioma cells significantly inhibited
XIAP mRNA and protein expression levels, as analyzed by reverse transcription-quantitative polymerase chain reaction and western blot analysis. (B) The
association between the relative miR-509-3p expression level and the relative XIAP expression level in glioma tissue samples were analyzed. (C) Cell prolifera-
tion was detected using the Cell Counting Kit-8 assay at 0, 24,48 and 72 h after transfection with NC or XIAP siRNA in U251 cells. (D) Transwell chambers
were used to analyze the migration and invasion capability following transfection with NC or XIAP siRNA in U251 cells. ‘P<0.05. XIAP, X-linked inhibitor
of apoptosis; miR, microRNA; NC, negative control; siRNA, short interfering RNA.

Discussion development and progression. For example, it was reported

that miR-515-5p overexpression inhibited cell migration
An increasing number of miRNAs have been implicated by downregulating microtubule affinity regulating kinase
in numerous critical biological processes, including tumor 4 mRNA expression levels in breast and lung cancer (11).



Kouhkan et al (12) demonstrated that miR-129-1, a potential
tumor suppressor, induced cell cycle arrest by negatively
regulating insulin like growth factor 2 mRNA binding protein
3 and mitogen-activated protein kinase 1 in glioblastoma
multiforme cells. Tan et al (13) demonstrated that miR-1229
overexpression promoted cell proliferation and tumorige-
nicity and activated Wnt/B-catenin signaling in breast cancer.
Edmonds et al (14) revealed that miR-31 expression initiated
lung tumorigenesis and promoted mutant KRAS-driven lung
cancer. Raffel and Trumpp (15) demonstrated that miR-126,
as a regulator of phosphatidylinositol 3-kinase-protein
kinase B-mechanistic target of rapamycin and cyclin-depen-
dent kinase (CDK) 3 signaling, was driving leukemic stem cell
self-renewal and chemotherapy resistance. In addition, >50%
of human microRNA genes are located in cancer-associated
genomic regions or fragile sites (16).

The present study revealed that miR-509-3p was signifi-
cantly downregulated in malignant glioma tissues samples
compared with in normal tissues samples. Furthermore, the
results demonstrated that the overexpression of miR-509-3p
inhibited the proliferation and motility of malignant glioma
cells. These data are in accord with the in vitro data reported
by Yoon et al (6), in which the overexpression of miR-509-3p
induced GlI cell-cycle arrest, and inhibited colony formation
and migration via the downregulation of CDK2, ras-related C3
botulinum toxin substrate 1 and phosphatidylinositol-4-phos-
phate 3-kinase catalytic subunit type 2 a. The present study
also demonstrated that relatively low levels of miR-509-3p
expression were significantly associated with poor outcomes
in glioma. These results suggest that glioma tumorigenesis
may be associated with the decreased expression level of
miR-509-3p.

XIAP is the most potent member in the family of inhibitors
of apoptosis; it is able to inhibit caspase-3 and -7 by binding
them to its XIAP baculovirus IAP repeat (BIR)2 domain,
and caspase-9 by binding it to its BIR3 domain (17). It has
been reported that XIAP expression is elevated in numerous
types of cancer (18-21). Thus, the downregulation of XIAP
is recognized as a potential anticancer approach (22-24).
In epithelial ovarian cancer, miR-509-3p, a downregulated
miRNA, can directly target the XIAP via its 3'-untranslated
region (UTR) (25).

In general, miRs function by binding to the 3'-UTRs of
target genes. The present study aimed to investigate whether
miR-509-3p targeted XIAP in glioma cells. The present study
revealed that miR-509-3P negatively regulated XIAP expres-
sion, and that miR-509-3p and XIAP were inversely correlated
in human glioma tissue samples. The results further confirmed
that the downregulation of XIAP may significantly attenuate
the proliferation, migration and invasion abilities of glioma
cells. However, in the present study, only one glioma cell line
was considered; this may represent a study limitation, and
further study is required.

In conclusion, the present study demonstrated that
miR-509-3p was downregulated in glioma tissue samples
compared with normal brain tissue, and that low expres-
sion levels of miR-509-3p were associated with poor glioma
outcomes. XIAP was previously identified as a potential
target for miR-509-3p, and miR-509-3p was demonstrated to
function as a negative regulator of XIAP in the present study.
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Collectively, miR-509-3p, considered as a tumor-suppressor
gene, inhibits cell proliferation and invasion by targeting XIAP
in glioma, which may provide a novel insight into tumorigen-
esis and the basis for the development of miRNA-targeting
therapies against glioma.
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