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Abstract: MicroRNA-485-5p (miR-485-5p) has been reported to be involved in the development and progression of
human cancers; however, its role in glioma remains unclear. In the present study, we found that miR-485-5p was
significantly down-regulated in both glioma tissues and cell lines. Functional experiments indicated that enhanced
expression of miR-485-5p attenuated glioma cell proliferation in vitro and in vivo, and induced glioma cells cycle ar-
rest in G1. MiR-485-5p was found to directly bind to the 3’-UTR of paired box 3 (PAX3) and decrease its expression
of protein level, which further inhibits the proliferation of glioma. The decreasing of PAX3 was found to lead to the
accumulation of p-JNK. Mechanistic studies revealed that restoring the expression of PAX3 alleviated miR-485-5p-
induced inhibition of proliferation of glioma cells. Taken together, these findings suggest that PAX3 modulation by
miR-485-5p has an important role in regulating glioma proliferation, and miR-485-5p might be a novel therapeutic

target for glioma.
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Introduction

Glioma is the most common form of primary
brain tumors in adults, which accounts for over
70% of human brain tumours [1, 2]. Glioma
shows a high percentage of recurrence [3, 4].
The standardized treatment for glioma is surgi-
cal resection followed by chemotherapy and
radiation. Despite advances in therapy, the
median survival time is about 12-15 months [5,
6]. Therefore, studying the molecules mecha-
nisms of glioma development and progression
is critical for prolonging the survival time of
patients.

MicroRNAs (miRs) are small non-coding RNAs
with an length of 22 or so nucleotides, which
exist in many organisms [7, 8]. MiRs play impor-
tant roles in cancer development and progre-
ssion as promoters or suppressors, which are
usually downregulated in various cancers
[9-11]. Recently, studies have shown that the

aberrant expression of miR-485-5p in lots of
human cancer. Several evidence demonstrated
that miR-485-5p plays as an oncogene in gas-
tric cancer [12], breast cancer [13] and hepato-
cellular carcinoma [14]. However, the mecha-
nism of miR-485-5p in glioma is not clear.

PAX3 (paired box 3) is a developmental critical
transcription factor for neuronal, and displays a
regionalized expression pattern in the neural
crest and neural tube [15, 16]. Aberrant PAX3
expression is known to contribute to the prolif-
eration, metastasis, and invasion of various
types of cancer cells, such as rhabdomyosar-
coma [17] and melanoma [18]. However, molec-
ular mechanisms of PAX3 in glioma are not
known.

In this study, we demonstrated that decreased
expression of miR-485-5p in human gliomas is
related to tumor progression, and overexpres-
sion of miR-485-5p can inhibit glioma cells pro-
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Figure 1. MiR-485-5p is downregulated in glioma tissues and cell lines. A. CGGA database showing miR-485-5p
expression in LGG and HGG. B. gRT-PCR analysis of miR-485-5p expression in NBTs, LGG and HGG. C. qRT-PCR
analysis of miR-485-5p expression in NHAs and glioma cell lines (U87 and U251). Transcript levels were normalized

by U6 expression. *P < 0.05.

liferation in vitro and in vivo. Moreover, miR-
485-5p acts as a novel tumor suppressor by
directly targeting PAX3. Our results provide new
insights into the molecular function of miR-
485-5p as well as highlight new therapeutic
opportunities for the development of glioma
treatments.

Materials and methods
Database and human tissue samples

198 glioma cases for miRNA expression were
obtained from the CGGA data portal (http://
www.cgga.org.cn.portal.phpg). The 198 glioma
samples included 107 low-grade glioma sam-
ples (LGG) and 91 high-grade glioma samples
(HGG). Gene expression data for miRNA were
obtained from the Cancer Genome Atlas (TCGA)
database (http://tcga-data.nci.nih.gov) and
CGGA database. 29 glioma tissue specimens
were obtained from the Department of Ne-
urosurgery, First Affiliated Hospitals of Nanjing
Medical University, from 2015 to 2017. Of
these 29 samples, 6 were normal brain tissues
(NBTs), 8 were low-grade glioma samples (LGG)
(grades I and Il) and 15 were high-grade glioma
samples (HGG) (grades lll and IV). The histologi-
cal features of all specimens were confirmed by
pathologists according to the WHO criteria. All
the patients involved in this study gave written
informed consent.

Cell culture and transfection

Glioma cell lines (U251 and U87) were obtained
from Shanghai Cell Bank, Chinese Academy of
Sciences (Shanghai, China). Cells were cultured
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in DMEM with 10% FBS. All the cells were cul-
tured at 37°C in a humidified 5% CO, en-
vironment.

Cell transfection was performed using Lipo-
fectamine 2000 (Thermo Fisher Scientific,
Waltham, USA) according to manufacturer’s
protocols. miR-485-5p mimic and its negative
control were synthesized by Shanghai Gene-
Pharma (Shanghai, China). Small interfering
RNA (siRNA) against PAX3 and its negative con-
trol siRNA were also purchased from Gene-
Pharma (Shanghai, China).

RNA isolation and gRT-PCR (quantitative real-
time PCR)

RNA extraction and qRT-PCR were performed
as our previously described. To detect the
expression of miR-485-5p and U6 RNA, gRT-
PCR was performed using TagMan miRNA
assays. To detect the expression of PAX3, qRT-
PCR was performed using Fermentas reverse
transcription reagents and SYBR Green PCR
Master Mix (Applied Biosystems, USA). Each
experiments was performed in triplicate.

Western blot analysis

The expression patterns of CDK2, CDK4, CDKG6,
CCND1, PAX3, JNK, p-JNK were all detected
using specific antibodies and Actin was used as
the loading control. Each experiment was car-
ried out thrice biological replicates.

Cell viability assay

Cell Counting Kit-8 (CCK8) assay assessed Cell
proliferation. The glioma cells (1 x 10%) were
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trypsinized and seeded into 96-well culture
plates 24 h after transfection. Ten microliters
of CCK8 was added to each well. After 2 h incu-
bation, the absorbance was measured at 450
nm using a spectrophotometer 20.

EdU assay

The U87 and U251 cells after transfection were
seeded into 96-well plates at 1 x 10* cells.
After 48 h incubation, Cell-Light TM EdU DNA
cell proliferation kit (Ruibo Biotech, Guangzhou,
China) was used according to the manufactur-
er's instructions. Finally, the cells were exam-
ined with fluorescence microscopy and photo-
graphed (Leica, Wetzlar, Germany).

Colony formation assay

The transfected glioma cells about 400 seeded
in 6-well culture plates. After a 14-day incuba-
tion, cells were fixed with methanol for 30 min
and stained with 0.1% crystal violet for 30 min.
Colonies (> 50 cells/colony) were counted.
Colony formation assay was used to evaluate
the possible differences in long-term effects.

Cell cycle assays

After 2 days transfection, U87 and U251 cells
were trypsinized and fixed in 70% ethanol at
-20°C. Afterwards, U887 and U251 cells were
washed in PBS for twice and incubated with PI
solution that contained 50 pg/mL Pl and 25
pg/mL Rnase in the dark for 20 min. Sub-
sequently, the cells were assayed on flow cy-
tometry (BD Bioscience, Franklin Lakes, NJ,
USA).

Dual luciferase reporter assay

The 3’-UTR of PAX3 containing a binding site for
miR-485-5p was amplified from a human cDNA
library and cloned into the downstream region
of the luciferase gene. For reporter assay, cells
were co-transfected with miR-485-5p mimics
and wild-type or mutant 3° UTR of PAX3
by Lipofectamine 2000. Data were normalized
against the activity of the Renilla luciferase
gene.

Tumor xenograft

Male BALB/c-A nude mice (4-5 weeks old) were
purchased from Beijing Vital River Laboratory
Animal Technology Co., Ltd. (Beijing, China).
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Tumors were generated by injection of 1 x 107
U87 cells for in vivo tumor growth assay. Each
group (n = 5) was treated with miR-NC or miR-
485-5p mimic in 15 yL Lipofectamine 2000
through local injection of the tumor at multiple
sites. After 28 days of injection, mice were sac-
rificed and the tumors were photographed.
Tumor volume was calculated using the formu-
la: V= 0.5 x Length x Width2.

Immunohistochemistry

Immunohistochemical (IHC) analysis was con-
ducted to study Ki-67 protein expression in
xenografts. Firstly, glioma xenografts were fixed
in 4% paraformaldehyde, embedded in paraf-
fin, and cut into 5-um-sections. Then, the sec-
tions were immunohistochemically stained
using Ki-67 antibody (1:100, Cell Signaling Te-
chnologies). Lastly, Slides were imaged under a
light microscope (Leica).

Statistical analysis

All statistical analyses are performed using
Prism GraphPad version 6.0 (GraphPad Soft-
ware Inc., San Diego, USA) and are presented
as the means + SEM of three to five indepen-
dent experiments. Comparisons between miR-
485-5p mimic or its negative control were cal-
culated using Student’s t test. P values < 0.05
were considered statistically significant.

Results

miR-485-5p is significantly downregulated in
glioma tissues and cell lines

To identify the roles of miR-485-5p in the devel-
opment and progression of glioma, we first ana-
lyzed the expression level of miR-485-5p in
database of CGGA. MiR-485-5p levels in high-
grade glioma samples (HGG) (grades Il and IV)
were significantly decreased compared with
those in low-grade glioma (LGG) (grade II)
(Figure 1A). Then, we investigated miR-485-5p
expression in 29 samples, including 6 normal
brain tissues (NBTs), 8 low-grade glioma cases
and 15 high-grade glioma cases by qRT-PCR.
miR-485-5p expression was decreased obser-
ved LGG and HGG compared with NBTs. In addi-
tion, HGG had lower miR-485-5p expression
than LGG (Figure 1B). Futhermore, we exam-
ined the expression levels of miR-485-5p in
U251 and U87 cells as well as normal human
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Figure 2. MiR-485-5p inhibits glioma cell proliferation and induces cell cycle arrest. A. qRT-PCR analysis of miR-485-
5p expression in U251 and U87 cells transfected with miR-485-5p mimic and miR-NC. *P < 0.05. B and C. Effect of
miR-485-5p and miR-NC on U251 and U87 proliferative ability as determined by colony formation assays. *P < 0.05.
D and E. The effect of miR-485-5p and miR-NC on the growth of U251 and U87 cells was examined by EdU assays
(original magnification 200 X). *P < 0.05. F. The effect of miR-485-5p and miR-NC on the growth of U251 and U87
cells was examined by CCK8 assays. *P < 0.05. G and H. Effect of miR-485-5p and miR-NC on cell cycle distribution
of U251 and U87 cells. *P < 0.05. I. Western blot analysis of CDK2, CDK4, CDK6, and CCND1 protein levels in U251
and U8T7 cells after transfection with miR-485-5p and miR-NC. Actin was used as control. Data were expressed as
the mean + SEM from three independent experiments.
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Figure 3. PAX3 is direct target of miR-485-5p in U251 and U87 cells. A. Predicted binding sites of wild-type (WT)
and mutated sequences of miR-485-5p in the 3’-UTR of PAX3 mRNA. B. Luciferase assays of U251 and U87 cells
transfected with pGL3-PAX3 3’-UTR WT or pGL3-PAX3 3’-UTR Mut reporter with miR-485-5p mimic. *P < 0.05. C.
Western blot analysis of PAX3, JNK and p-JNK protein levels in U251 and U87 cells after transfection with miR-485-
5p and miR-NC. D. TCGA database showing PAX3 expression in NBTs and GLIOMAs. E. CGGA database showing
PAX3 expression in LGG and HGG. F. Pearson’s correlation analysis of the relative expression levels of miR-485-5p
and the relative PAX3 mRNA levels in HGG.

astrocytes (NHA). Compared with NHA, miR-
485-5p was downregulated in U251 and U87
cells (Figure 1C).

inhibited by miR-485-5p relative to miR-NC
(Figure 2F).

Overexpression of miR-485-5p induces cell
Overexpression of miR-485-5p inhibits glioma cycle G1 arrest

cell proliferation
To determine cell cycle effected by overexpres-

To explore function of miR-485-5p in glioma,
U251 and U87 cells were transfected with miR-
485-5p mimics or its negative control. The
transfection efficiency was assessed by qRT-
PCR (Figure 2A). Ectopic miR-485-5p expres-
sion blocked proliferation of U251 and U87
cells proliferation in colony formation assays
(Figure 2B and 2C). EdU assays demonstrated
that the growth of miR-485-5p transfected
cells were significantly inhibited by miR-485-5p
relative to miR-NC (Figure 2D and 2E). CCK8
assays demonstrated that the growth of miR-
485-5p transfected cells were significantly
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sion of miR-485-5p, cell cycle analysis was car-
ried out in U87 and U251 were transfected with
miR-485-5p mimics and its negative control.
As shown in Figure 2G and 2H, the U251 and
U87 cells transfected with miR-485-5p were
arrested at G1 phase of the cell cycle. To inves-
tigate the molecules involved in this cell cycle
block, we measured the expression of cyclin-
dependent kinases (CDKs; CDK2, CDK4 and
CDK®6) and Cyclin D1 (CCND1) in miR-485-5p
transfected cells and miR-NC transfected cells
by western blot (Figure 2l). These Proteins all
have been previously reported as important

Am J Cancer Res 2018;8(12):2507-2517
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regulators of G1 phase. Collectively, these
results demonstrated that overexpression of
miR-485-5p induces G1 cell cycle arrest.

miR-485-5p directly targets PAX3 3-UTR

After observing the inhibitive effect of miR-
485-5p on glioma cell proliferation, we next
investigated its potential specific targets.
TargetScan and miRanda algorithms were
applied to predict the potentital targets of miR-
485-5p. PAX3, frequently reported to be
involved in the tumorigenesis of malignancies
of multiple types of human cancers, was select-
ed as a candidate target of miR-485-5p (Figure
3A). To confirm whether miR-485-5p mediated
the expression of PAX3, a dual-luciferase re-
porter system was employed. The results dem-
onstrate that the pGL3 vector with 3'-UTR WT
of PAX3 resulted in a significant decrease in
luciferase activity after transfection with miR-
485-5p mimic, whereas the vector with mutat-
ed 3’-UTR of PAX3 had no change in luciferase
activity (Figure 3B). PAX3 plays an important
role in p-JNK degradation, we investigated JNK,
p-JNK protein levels in glioma cells transfected
with miR-485-5p mimics and its negative con-
trol. Overexpression of miR-485-5p suppress-
ed expression levels of PAX3, and promoted
expression levels of p-JNK as assessed by
Western blot (Figure 3C). We further examined
PAX3 mRNA expression pattern in TCGA and
CGGA database. As shown in Figure 3D, the
MRNA levels of PAX3 in glioma were significant-
ly upregulated compared with those in NBTs.
The mRNA levels of PAX3 in HGG were also sig-
nificantly upregulated compared with those in
LGG (Figure 3E). To determine whether the
expression of Pearson’s correlation analysis
revealed a significant negative correlation be-
tween miR-485-5p and PAX3 in HGG (Figure
3F).

PAX3 functions to promote glioma cell prolif-
eration and cell cycle progression

To determine whether the biological functions
of PAX3 and miR-485-5p were same or not,
PAX3 was knocked down using siRNA. Then,
the cell proliferation and cell cycle distribution
were detected. The expression of PAX3 protein
decreased more than 50% in cells transfected
with siRNA-PAX3 after 48 h (Figure 4A). Colony
formation was significantly reduced following
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PAX3 silencing (Figure 4B and 4C). Additionally,
EdU incorporation assays revealed that PAX3
knockdown significantly reduced the EdU posi-
tive rates compared with control groups (Figure
4D and 4E). Then, PAX3 knockdown induced
glioma cell cycle arrest at G1 phases (Figure 4F
and 4G). Collectively, these results demonstrat-
ed that PAX3 knockdown inhibits glioma cell
proliferation and induces G1 cell cycle arrest
the same as miR-485-5p overexpression.

Ectopic expression of PAX3 reverses miR-485-
5p suppression of glioma cell proliferation

To determine whether miR-485-5p targeting
PAX3 was responsible for inhibition of the pro-
liferation of glioma cells. We constructed an
expression vector that encode the entire PAX3
coding sequence but lacks the 3-UTR. Then,
we cotransfected this vector or its control with
miR-485-5p mimic or miR-NC into U251 and
U87 cells. Glioma Cell proliferation data showed
that concomitant overexpression of miR-485-
B5p and PAX3 abrogated the inhibitory effects
of miR-485-5p (Figure 5B-F). Meanwhile, the
expression levels of p-JNK also recovered after
exogenous introduction of PAX3 (Figure 5A).
These results indicate that PAX3 is a functional
target of miR-485-5p in glioma cells.

MiR-485-5p suppresses tumor growth in vivo

To assess the therapeutic potential of miR-
485-5p in vivo, nude mice were injection of 1 x
107 U87 cells for in vivo tumor growth assay.
Each group (n = 5) was treated with miR-NC or
miR-485-5p mimic in 15 pL Lipofectamine
2000 through local injection of the tumor at
multiple sites. Xenograft tumors from the miR-
485-5p-treated group exhibited a dramatic
reduction in tumor volume compared with the
miR-NC-treated group (Figure 6A and 6B).
Tumor weights were also significantly reduced
in the miR-485-5p group (Figure 6C). The
expression of miR-485-5p in xenograft tumors
was assessed by gRT-PCR (Figure 2D). The
expression levels of PAX3 and p-JNK in xeno-
graft tumors of two groups was assessed by
WB (Figure 2E). As shown in Figure 6F, Ki-67
staining showed that tumors of miR-485-5p-
treated group had fewer proliferative cells than
miR-NC-treated group. These results suggest
that miR-485-5p could suppress tumorigenesis
of glioma cells.

Am J Cancer Res 2018;8(12):2507-2517
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Figure 4. PAX3 knockdown suppresses glioma cells proliferation and cell cycle progression. A. Western blot analysis
of PAX3 protein levels in U251 and U87 cells after knockdown PAX3. B and C. Effect of PAX3 knockdown on U87
and U251 proliferative ability as determined by colony formation assays. *P < 0.05. D and E. The effect of PAX3
knockdown on the growth of U251 and U87 cells was examined by EdU incorporation assays (original magnification
200 x). *P < 0.05. F and G. Effect of PAX3 knockdown on cell cycle distribution of U251 and U87 cells. *P < 0.05.

Discussion

MiRNAs serve as major regulators during devel-
opment and progression of glioma [19, 20].
Gliomas are known to display aberrant miRNA

2513

expression [21-23], and the biological functions
of the miRNAs have been studied extensively.
Understanding of the biological functions of
miRNAs may be useful for seaching therapeutic

strategies and ident

ifying diagnosis markers
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for glioma patients. In this study, the biological
roles of miR-485-5p and its target gene PAX3
in glioma proliferation was explored.

A lot of evidence has showed that dysregulated
mMiRNAs are usually correlated with malignant
biological behaviors including proliferation, cell
cycle progression, chemoresistance, angiogen-
esis, apoptosis, migration and invasion [24-26].
In the present study, we initially found that miR-
485-5p was decreased in miRNA expression of
CGGA datasets, glioma tissue samples and gli-
oma cell lines (especially U87 and U251). To
explore the biological function of miR-485-5p
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in glioma, we overexpressed miR-485-5p in
U251 and U8T cells transfecting with miR-485-
5p mimics. The results showed that overex-
pression of miR-485-5p inhibited glioma cell
proliferation in vitro, induce cell cycle arrest at
G1 phases and inhibit CDK2, CDK4, CDK6 and
Cyclin D1 expression. Then, in vivo studies
revealed a marked decrease in xenograft tumor
growth by overexpression of miR-485-5p,
which indicating its therapeutic potential for
glioma patients. Moreover, the tumor-suppress-
ing effects of miR-485-5p in glioma were abol-
ished by miR-485-5p inhibitor treatment. These
data suggested that miR-485-5p may serve as
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Figure 6. MiR-485-5p overexpression suppresses glioma growth in vivo. (A) Tumor growth curves after subcutane-
ous injection of nude mice with U87 cells. MiR-NC or miR-485-5p was injected intratumorally into each subcutane-
ous tumor every 3 d. Tumor volumes were measured every 3 d from days 7 to 28. (B-F) Analysis of miR-NC group and
miR-485-5p group tumors on day 28 after injection: tumor images (B); tumor weights (C); miR-485-5p expression
(D); PAX3 and p-JNK expression (E); immunohistochemical staining of Ki-67 (F). Data were expressed as the mean
+ SEM from three independent experiments. *P < 0.05.

a potential diagnostic biomarker and therapeu-
tic target for glioma patients.

To explore the potential molecular mechanisms
of miR-485-5p in glioma, we performed bioin-
formatics analysis by TargetScan and miRanda
algo-rithms and predicted that PAX3 was a tar-
get of miR-485-5p. Subsequently, luciferase
reporter assays identified PAX3 as a direct tar-
get of miR-485-5p in glioma. PAX3 has been
shown to play a vital role in cancer develop-
ment. PAX3 is a critical transcription factor for
neuronal development, as its expression is
required for the migration and differentiation of
neural crest cells [27, 28]. PAX3 has also been
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found to play an important role in oncogenesis
[29].

In this study, PAX3 expression level was notably
decreased in U87 and U251 cells transfected
with miR-485-5p mimics compared with miR-
NC treatment. To further determine the link
between miR-485-5p expression and PAX3
expression, we measured the expression of
PAX3 and miR-485-5p in glioma to further
determine the link between miR-485-5p and
PAX3. PAX3 was found to be upregulated in gli-
oma tissues and inversely correlated with miR-
485-5p expression. We also observed that
slience of PAX3 significantly suppressed glioma
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cell proliferation, similar to the miR-485-5p
overexpression. More importantly, reintroduc-
ing PAX3 into miR-485-5p overexpressing cells
blocked the effect of miR-485-5p on glioma
cell proliferation.

In summary, our results showed that the expres-
sion of miR-485-5p is significantly downregu-
lated in glioma tissues and cell lines and is
negatively associated with PAX3 expression
levels. Overexpression of miR-485-5p can in-
hibit glioma cells proliferation and induce cell
cycle arrest by directly targeting PAX3. Thus,
miR-485-5p/PAX3 axis may serve as a promis-
ing therapeutic target for glioma treatment.
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