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Objective: Glioma is the most common malignant brain tumor that has high aggressiveness.
The aim of this study was to investigate the potential therapeutic targets for gliomas.
Materials and Methods: Real-time quantitative polymerase chain reaction (RT-qPCR) was
employed to calculate the expression of miRNA and genes. The connection between the
expression of miR-483 and patients’ overall survival rate was evaluated using Kaplan—-Meier
analysis. In addition, the underlying mechanism was detected using luciferase assay.
Results: The expression level of miR-483 was significantly decreased in glioma tissue samples
and cell lines, compared to the adjacent tissues and normal cell lines. Downregulation of miR-
483 or upregulation of SOX3 was associated with overall survival of glioma patients.
Additionally, overexpression of miR-483 promotes cell invasion and migration and inhibits
apoptosis. In addition, miR-483 directly targeted to SOX3, and the expression of miR-483
has a negative correlation with SOX3 in glioma tissues. SOX3 reversed partial functions of
miR-483 on cell migration, invasion, and promoted cell apoptosis in glioma.

Conclusion: MiR-483 inhibited glioma cell migration, invasion, and promoted glioma cell
apoptosis by targeting SOX3. MiR-483 maybe acted as a potential target for the treatment of
glioma.
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Introduction

Glioma, the most prevalent and aggressive primary malignant brain tumor, accounts
for almost 28% of all central nervous system tumors according to the statistics of
the American Brain Tumor Registry (CBTRUS)."? Currently, clinical treatment of
glioma includes surgery, radiation therapy, chemotherapy; however, the prognosis
of glioma is still poor, and the recurrence rate is quite high after initial treatment.>*
Therefore, it is important to look for potential therapeutic targets for gliomas to
improve current diagnostic and therapeutic status.

MicroRNA (miRNA), a type of single-strand noncoding RNA approximately 22 nt
in length, regulates the expression of a number of genes in human and other organisms
by interacting with target mRNA 3-UTR and interrupting protein generating.™°
Increasing studies have indicated that miRNAs were involved in the process of glioma,
including proliferation, cell cycle and apoptosis.”® As a tumor suppressor gene, miR-483
can impact multiple tumors, which are generally downregulated in tumors and exerts
inhibiting tumor efficacy. For instance, miR-483 regulated oxaliplatin resistance through
targeting FAM171B in human colorectal cancer.’ Similarly, miR-483 decreases the
radiosensitivity of nasopharyngeal carcinoma cells by targeting DAPK1.'® Besides,
a research demonstrated that miR-483 suppressed cell proliferation via oncogene
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HDACS in human triple-negative breast cancer.'' In addition,
miR-483 inhibited cell proliferation, invasion in gastric cancer
via OGT.'? However, the roles of miR-483 in the recurrence
and metastasis of glioma remain unknown.

SRY-box transcription factor 3 (SOX3) encodes
a member of the SRY-related HMG-box (SOX) family of
transcription factors, which involved in the regulation of
embryonic development and in the determination of the
cell fate.'*'* In recent years, increasing evidence has been
provided to suggest the involvement of SOX3 in tumor-
igenesis. SOX3 acted as an oncogene by promoting cells
proliferation, migration, and invasion, while restrained
apoptosis and adhesion of ovarian cancer.'” Ectopic
expression of Sox3 causes oncogenic transformation of
chicken embryo fibroblasts.'® Overexpression of SOX3
in ESCC cells could significantly promote the prolifera-
tion, invasion, migration and tube formation of lymphatic
endothelial cells.'” In this study, we found that miR-483
was low expressed and SOX3 was overexpressed in
glioma. MiR-483 suppressed cell migration, invasion and
promoted cell apoptosis of LN229 cells via targeting
SOX3.

Materials and Methods

Patients and Samples

A collection of 40 glioma patients were selected from
Liaocheng Third People’s Hospital and obtained pairs of
glioma tissue samples and corresponding adjacent tissue
samples. No radiotherapy or chemotherapy was performed
before the surgery. The study was approved by the Ethics
Committee of Liaocheng Third People’s Hospital and
written informed consent was obtained from each patient.
All the experiments were performed in accordance with
the Declaration of Helsinki and subsequent updates.

Cell Culture

The normal-immortalized gliocyte HEB and two glioma
cells LN18 and LN229 were obtained from the American
Type Culture Collection (ATCC, Rockville, USA). All the
cells were cultured in Roswell Park Memorial Institute
1640 (RPMI 1640) medium (Gibico, Carlsbad, CA,
USA) supplemented with 10% fetal bovine serum (FBS;
Thermo Fisher Scientific, Waltham, MA, USA), penicillin
(100 U/mL) and streptomycin (100 pg/mL), which were
maintained at 37°C in an incubator with a humidified
atmosphere with 5% CO?2.

Cell Transfection

LN229 cells were seeded in 6-well plates and cultured to
a density of 70%. The miR-483 mimic, miR-483 inhibitor
and negative control were purchased from GenePharma, while
pcDNA3.1-SOX3 and pcDNA3.1-NC were purchased from
RiboBio (Guangzhou, China). Their sequences were as fol-
lows: miR-483 mimic: sense 5-UCACUCCUCUCCUCCC
GUCUU-3, antisense 5-GACGGGAGGAGAGGAGUGAU
U-3’; NC mimic: sense 5-UUCUCCGAACGUGUCACGU
TT-3’, antisense 5-ACGUGACACGUUCGGAGAATT-3;
miR-483 inhibitor: 5-AAGACGGGAGGAGAGGAGUGA
-3’; NC inhibitor: 5-CAGUACUUUUGUGUAGUACAA
-3". Cells were transfected with Lipofectamine 3000
(Invitrogen; Thermo Fisher Scientific, Waltham, MA, USA)
according to the manufacturer’s protocol.

Luciferase Reporter Assays

To investigate that miR-483 directly targeting to the
mRNA 3'-untranslated region (3'-UTR) of SOX3, the
putative binding site on SOX3 mRNA was mutated using
Quick-change site-directed mutagenesis kit (Stratagene, La
Jolla, CA, USA), and both the wild type and the mutant
were amplified and cloned into the pGL3 vector (Promega,
Madison, WI, USA). The wild type or the mutant 3’-UTR
were co-transfected into LN229 cell with miR-483 mimic
or negative control. After co-transfection for 48 h, lucifer-
ase activity was detected using a Dual-Luciferase reporter
assay system (Promega, Madison, WI, USA).

RNA Extraction and Real-Time

Quantitative Polymerase Chain Reaction
(RT-gPCR)

Pursuant to the command of the manufacturer, TRIzol
reagent (Ambion, Thermo Fisher Scientific, Waltham,
MA, USA) was used to extract total RNA. The reverse
transcription system (Promega Corporation, Madison, WI,
USA) was conducted to perform the reverse transcription
of RNA to cDNA. According to the manufacturer’s proto-
col, RT-gPCR was then performed using SYBR Premix Ex
Taq TM (Takara, Tokyo, Japan) on an Mx3000P real-time
PCR system (Applied Biosystems; Thermo Fisher
Scientific, Waltham, MA, USA). The expression of miR-
483 and SOX3 mRNA were normalized using U6 and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH),
respectively. The primer sequences for the detection of
mRNA expression were as follows: miR-483 Forward:
5'- CTCTCGTAACTGGCTAGTCAAGAGAGTCATTTG
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ACTCGCA-3', Reverse: 5'-CTGTACTCATGAGGTGGT
TGACGCAGGAGG-3'; U6 Forward: 5-CTCGCTTCGG
CAGCACA-3', Reverse: 5-AACGCTTCACGAATTTGC
GT-3"; SOX3 Forward: 5'-GACCTGTTCGAGAGAACTC
ATCA-3', Reverse: 5'-CGGGAAGGGTAGGCTTATCAA
-3’; GAPDH Forward: 5'-GTCTCCTCTGACTTCAACAG
C-3' and Reverse: 5'-ACCACCCTGTTGCTGTAGCCA
A-3'.

Western Blot Analysis

Radioimmunoprecipitation assay (RIPA) Lysis Buffer (Sigma,
St. Louis, MO, USA) containing 10% phenylmethylsulfonyl
fluoride (PMSF) (Sigma, St. Louis, MO, USA) was conducted
to lyse total proteins. All the protein separation was using
SDS-PAGE and then the blots were electro-transferred to
polyvinylidene fluoride (PVDF) membranes (Millipore,
Billerica, MA, USA). After being blocked by 5% fat-free
milk at ream temperature for 1 h, the membranes were incu-
bated with primary antibodies. The primary antibodies were
against SOX3 (1:1000; Abcam, Cambridge, MA, USA),
BCL-2 (1:1000, Abcam), Bax (1:1000, Abcam), Caspase-3
(1:1000, Abcam). Subsequently, the blots were incubated by
HRP-conjugated antibody (Cell
Signaling, Danvers, MA, USA). Enhanced chemilumines-

secondary  anti-rabbit

cence detection Kit (ECL, Pharmacia Biotech, Arlington,
USA) was applied to capture the protein signals.

Transwell Assay

The cell invasion ability was calculated by the transwell
insert (8 um membrane, Corning, Cambridge, MA, USA),
which were placed in 24-well plate and formed up and low
two chambers. The upper chamber was added 200 L LN229
cells suspension that were suspended by serum-free medium,
whereas the lower chamber was filled with 500 pL. medium
containing 15% FBS. After the cells were incubated 24 h at
37°C, the non-invaded cells were removed by cotton swabs,
while the invaded cells were fixed using 4% paraformalde-
hyde and then stained by 10% crystal violet. Finally,
a microscope (Olympus Corporation, Tokyo, Japan) was
utilized to count the cells number.

Statistical Analysis

All data are presented as the mean + standard deviation (SD)
of at least three experimental repeats. SPSS software package
v.9.05 (SPSS Inc. Chicago, IL, USA) and GraphPad Prism
software (version 6.0; GraphPad Prism Software, San Diego,
CA, USA) were used to carry out statistical analysis. Analyses
were performed using Student’s #-test with GraphPad prism 7

software. Differences between two groups were analyzed by
using the Student’s t-test. Comparison between multiple
groups was done using one-way ANOVA test followed by
Post Hoc Test (Least Significant Difference). P<0.05 was
considered to indicate a statistically significant difference.

Results
MiR-483 Expression Level in Glioma

Tissues and Cell Lines

Previous studies have demonstrated the role of miR-483 in
other cancers; thus, we first measured the expression of miR-
483 by using RT-qPCR in 40 pairs of glioma and paracancer-
ous tissues. As expected, miR-483 expression was
significantly lower in tumor tissue samples than that of para-
cancerous tissues (P<0.05) (Figure 1A). Next, Kaplan—-Meier
analysis was used to calculate the overall survival, and we
discovered that glioma patients with lower miR-483
level had a worse overall survival (P<0.05) (Figure 1B).
Meanwhile, the expression of miR-483 was evaluated in
two glioma cell lines LN18 and LN229 and a normal-
immortalized gliocyte HEB by RT-qPCR. Not unfortunately,
miR-483 was generally up-regulated in HEB cells compared
with LN18 (P<0.05) and LN229 (P<0.01) (Figure 1C).
LN229 cells had the lowest level of miR-483; therefore,
LN229 was chosen as the experimental cell.

MiR-483 Inhibited LN229 Cell Migration,

Invasion

To study the effects of miR-483 on glioma cells, miR-483
mimic or miR-483 inhibitor was transfected into LN229
cells, and the transfection efficiency was measured by RT-
gPCR. The results showed a remarkable increased in miR-
483 mimic-treated LN229 cells (P<0.05) (Figure 2A), while
miR-483 was downregulated by treating miR-483 inhibitor
(P<0.05) (Figure 2C). Transwell assay was used to detect
cell migration and invasion after transfecting miR-483
mimic or miR-483 inhibitor. We found that overexpression
of miR-483 could remarkably suppressed LN229 cell migra-
tion (P<0.05) and invasion (P<0.05) compared with the
control groups (Figure 2B). In contrast, cell migration
(P<0.05) and invasion (P<0.05) were enhanced by miR-
483 inhibitor compared to the negative control (Figure 2D).

MiR-483 Promoted LN229 Cell
Apoptosis in vitro

The effect of miR-483 on cell apoptosis was also examined.
The apoptosis-related proteins such as Bcl-2, Bax and
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Figure | MiR-483 expression level in glioma tissues and cell lines (A) MiR-483 expression was significantly lower in tumor tissue samples than that of paracancerous tissues.
(B) Kaplan—Meier analysis indicated that glioma patients with lower miR-483 level had a worse overall survival. (C) MiR-483 was generally up-regulated in HEB cells
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Figure 2 MiR-483 inhibited LN229 cell migration, invasion. (A) MiR-483 mimic significantly increased miR-483 expression in LN229 cells. (B) The migration and invasion
were calculated after transfecting miR-483 mimic in LN229 cells. (C) The expression of miR-483 was downregulated after transfected miR-483 inhibitor. (D) Cell migration
and invasion were enhanced by miR-483 inhibitor compared to the negative control (*P<0.05, **P<0.01).

cleaved caspase-3 were assessed by RT-qPCR and Western
blotting. And we found that upregulation of miR-483
enhanced the expression of Bcl-2, and reduced Bax and
caspase-3 expression (Figure 3A-D). On the contrary, miR-
483 inhibitor reduced Bcl-2 expression while promoted Bax
and caspase-3 expression in LN229 cells (Figure 3E-H). All
the results demonstrated that the apoptosis of LN229 cells
was significantly repressed by miR-483.

SOX3 Was a Predicted Target of miR-483
in LN229 Cells

To investigate the mechanism underlying miR-483 in glioma,
TargetScan was applied to predict the target genes of miR-
483, and we discovered SOX3 as a potential target gene
(Figure 4A). In order to verify that miR-483 directly binding
to the 3'untranslated region (3'UTR), the presumptive bind-
ing site was mutated and followed calculated the luciferase
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Figure 3 MiR-483 promoted LN229 cell apoptosis in vitro. (A—C) The expression of Bcl-2, Bax and caspase-3 of was evaluated after transfected miR-483 mimic.
(D) Western blot was used to measure the protein level of Bcl-2, Bax and caspase-3. (E-G) The alteration of Bcl-2, Bax and caspase-3 was assessed after
transfected miR-483 inhibitor. (H) Protein level of Bcl-2, Bax and caspase-3 expression in LN229 cells was evaluated by miR-483 inhibitor (*P<0.05).

activity. The Luciferase assay indicated that the luciferase
activity of cells co-transfected with wild type SOX3 and
miR-483 mimic was reduced, while no changes were
observed in mutant SOX3 cells (Figure 4B). Furthermore,
RT-gPCR and Western blotting were employed to measure
the expression of SOX3 after altering miR-483 in LN229
cells. As we speculation, both the mRNA and protein levels
of SOX3 was significantly decreased in miR-483 mimic
group, whereas it was increased by miR-483 inhibitor
(Figure 4C and D).

The Expression of SOX3 in Glioma

Tissues and Cell Lines

The expression of SOX3 was evaluated in glioma tissues
and normal tissues by RT-qPCR. RT-qPCR result showed
that the expression level of SOX3 in glioma was signifi-
cantly higher compared with the normal tissues (P<0.05)
(Figure 5A). The association between the expression of
SOX3 and the overall survival of the glioma patients were
calculated, and we found that upregulation of SOX3 pre-
dicted poor outcome (P<0.05) (Figure 5B). The mRNA
level of SOX3 in cell lines was also detected, and we
discovered that SOX3 expression was higher in glioma
cell lines LN18 (P<0.05) and LN229 (P<0.05) than nor-
mal cell line HEB (Figure 5C). Subsequently, correlation
analysis was performed to analyze the relationship
between the expression of miR-483 and SOX3 in glioma

tissues. Not unfortunately, the expression of miR-483 had
a negative correlation with SOX3 expression (P<0.05)
(Figure 5D).

Elevated Expression of SOX3 Reversed
the Inhibitory Effect of Migration, Invasion
and Cell Apoptosis of LN229 Cells by
miR-483 Mimic

To validate that miR-483 works through SOX3, the changes
in cell migration and invasion were evaluated under the co-
transfection of miR-483 mimic and pcDNA3.1-SOX3
(Figure 6A). The results shown that upregulation of SOX3
significantly partially recovered the impaired effects of miR-
483 mimic on the migratory and invasive ability in LN229
cells (P<0.01) (Figure 6B). Meanwhile, compared with only
transfected with miR-483 mimic, the cell apoptosis ability
was also inhibited after co-transfection with miR-483 and
SOX3 by reducing BCL-2 expression, and enhanced Bax and
Caspase-3 expression (P<0.05) (Figure 6C). Collectively,
overexpression of SOX3 partially suppressed the suppressive
roles of miR-483 on LN229 cell migration, invasion and
inhibited cell apoptosis.

Discussion

Glioma is the most frequent primary intracranial tumor in
the central nervous system. Due to the high invasiveness,
the prognosis for patients remains poor.'® Thus, a better
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understanding of the molecular mechanisms of cancer
development and progression, it is urgent to explore new
markers for the diagnosis and treatment of glioma.
Increasing evidences have been demonstrated that
miRNAs are abnormally expressed in many diseases, espe-
cially in cancer.'”?° In fact, it has been reported that a variety
of miRNAs can function as biomarkers for the diagnosis and
prognosis of human gliomas.?' In recent years, miR-483 has
been demonstrated to be downregulated in colon cancer, hepa-

9,12,22

tocellular carcinoma and gastric cancer, while it was

upregulated in anaplastic thyroid cancer and Wilms’

2324
Tumor, 3,

suggesting that the expression of miR-483 is dis-
tinct in different types of cancers. In this study, we found that
miR-483 was low expressed in glioma tissues compared to the
paracancerous normal tissues. Kaplan—Meier analysis demon-
strated that downregulation of miR-483 has a negative con-
nection with poor prognosis, which was opposite of the results
in esophageal squamous cell carcinoma.> A previous study

has demonstrated that miR-483 inhibited cell proliferation and

migration in colon cancer.® Wang et al have indicated that
miR-483 suppressed the proliferation of glioma cells.”’
However, the effect of miR-483 in glioma was still unknown.
Thus, to explore the functions of miR-483 in glioma, miR-483
mimic and miR-483 inhibitor were conducted to up- or down-
regulate the expression of miR-483 in LN229 cells. In this
study, we found that upregulation of miR-483-inhibited cell
migration and invasion in LN229 cells, while downregulation
of miR-483 promoted cell migration and invasion. Apoptosis
is the orderly death of cells controlled by genes in order to
maintain internal environment stability. BCL, Bax and
Caspase-3 were cell apoptosis-related genes. In this study,
we found that miR-483 overexpression suppressed cell apop-
tosis by upregulating BCL-2 expression and reducing the
expression of Bax and Caspase-3, while low expression of
miR-483 presents opposite results.

To explore the molecular mechanism, we used
TargetScan to predict the target gene of miR-483, and

we selected SOX3 as a candidate target gene. Luciferase
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of miR-483 had a negative correlation with SOX3 expression (*P<0.05, **P<0.01).

assay revealed that miR-483 mimic reduced the luciferase
activity of wild type SOX3. In addition, miR-483 mimic
decreased the expression of SOX3, whereas miR-483
inhibitor enhanced it. MiR-483 had a negative connection
with SOX3 in glioma tissues. All the results indicated
that miR-483 directly targeted to the 3'UTR of SOX3,
which was consistent with that in breast cancer.”® SOX3
was upregulated and played as an oncogene in several
cancers, such as osteosarcoma and esophageal squamous
cell carcinoma.'”* We also discovered that SOX3 was
overexpressed in glioma tissues and cell lines in compar-
ison with normal tissues and normal-immortalized glio-

cyte HEB. Overexpression of SOX3 was associated with

poor glioma overall survival, which was consistent with
that in esophageal squamous cell carcinoma.’® Based on
previous studies, SOX3 promoted the proliferation, via-
bility, migration and invasion of glioblastoma cells.>' In
this study, we found that overexpression of SOX3
reversed miR-483 mimic-induced cell migration, invasion
and apoptosis. Therefore, miR-483 targeted SOX3 to
inhibit glioma invasion and migration, and promote apop-
tosis in glioma.

Conclusions
Our study found that miR-483 directly regulated the
expression of SOX3, inhibited invasion, migration and
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promotes apoptosis of glioma cells, suggesting that miR-

483 can be a potential target for glioma treatment.
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