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Background: Dysregulation of a single miRNA can play an essential role in tumor develop-

ment and progression. Recent studies have shown that miR-382-5p can function as an

oncogene or as a tumor suppressor in different types of cancers. However, the role of miR-

382-5p in glioma growth and expansion has not been characterized.

Methods: Quantitative real time-PCR (qRT-PCR) was used to measure miR-382-5p levels

in glioma tissues. The miR-382-5p mimics and inhibitors were employed to upregulate and

downregulate miR-382-5p expression respectively in glioma cells. EdU assay was used to

assess cell proliferation. Wound healing and Transwell assays were employed to evaluate cell

migration and invasion. Western blot was used to measure the changes of epithelial-to-

mesenchymal transition (EMT) markers and the potential miR-382-5p target genes.

Results: We found that miR-382-5p levels were low in glioma tissues as determined by qRT-

PCR. EdU assay showed that upregulation of miR-382-5p significantly decreased cell prolifera-

tion in both U87 and U251 cells. Wound healing rate was significantly decreased in response to

miR-382-5p mimics and significantly increased in response to miR-382-5p inhibitors. Transwell

migration assays further confirmed the inhibitory effects of miR-382-5p on the migration in both

U251 and U87 cells. Transwell invasion assays showed that upregulation of miR-382-5p resulted

in a remarkable decrease in the number of invading cells, whereas downregulation of miR-382-

5p led to a significant increase in the numbers of invading U87 and U251 cells. In addition,

overexpression of miR-382-5p decreased the protein levels of N-cadherin, Snail and Slug, and

increased E-cadherin levels, in glioma cells. Furthermore, miR-382-5p levels negatively corre-

lated with Y box-binding protein 1 (YBX1) in lower grade glioma tissues, and negatively

regulated the expression of YBX1 in glioma cells.

Conclusion: In summary, miR-382-5p inhibited proliferation, migration, invasion, and the

EMT in glioma cells, possibly through targeting the oncogene YBX1.
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Introduction
Glioma is the most common malignant tumor in the central nervous system. It has a

poor prognosis and a high recurrence rate. Despite significant advances in surgery,

chemotherapy, and radiotherapy, the mean survival time of patients with malignant

gliomas has not significantly improved.1 The 5-year survival rate is below 10%, and the

average time from diagnosis to death is less than 18 months.2 Therefore, identification

of novel biomarkers and therapeutic targets for glioma is critical.

MicroRNAs (miRNAs) are a family of small non-coding RNAs with approximately

18–22 nucleotides in themature form. They post-transcriptionally control other RNAs by

binding to the 3ʹ untranslated regions (UTRs) of their targets.3 MiRNAs are thought to

regulate more than 70% of human genes, and a single miRNA can target hundreds of
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genes.4,5 Dysregulation of a single miRNA can play an essen-

tial role in tumor development and progression.4,5 MiRNAs

can function as either oncogenes or tumor suppressor genes,

depending on the target genes that they regulate.6,7

MiR-382, a microRNAs in the chromosome 14q32 locus,

has been shown to be involved in development, metastasis,

and therapeutic resistance in multiple types of cancers. It

functions as a tumor suppressor in colorectal cancer,8,9 ovar-

ian cancer,10 esophageal squamous cell carcinoma,11,12

osteosarcoma,13,14 prostate cancer,15 melanoma,16 and non-

small cell lung cancer.17MiR-382 exhibits oncogenic proper-

ties in gastric cancer,18 hepatocellular carcinoma,19 and

breast cancer.20 These differences indicate that miR-382

may exert its role in cell- and tissue-specific manners.

MiRNA dysregulation in glioma has been exten-

sively studied.21 Levels of miRNAs in cerebrospinal

fluid and brain tissue in patients with glioma are reliable

markers, and may have diagnostic value for glioma.22

The role of miR-382-5p in glioma cell growth and

progression has not been characterized. In the present

study, we transfected miR-382-5p mimics or inhibitors

into U251 and U87 glioma cells to determine the effects

of this miRNA on glioma cell proliferation, migration,

invasion, and epithelial to mesenchymal transition

(EMT). In addition, we found that Y box-binding pro-

tein 1 (YBX1) expression was negatively regulated by

miR-382-5p, which may be responsible for the role of

miR-382-5p in glioma cells.

Materials and methods
Patients and samples
All glioma andnontumor tissue specimenswere collected from

the First Affiliated Hospital of Soochow University, Suzhou,

China. All patients were naïve to immunotherapy, radiation,

and chemotherapy. Fresh sampleswere stored at −80 °C imme-

diately after surgical removal. Written informed consent was

obtained from each subject or legal guardian to use the speci-

mens for future investigations and research purposes. All data

were analyzed anonymously and all experiments were per-

formed in compliance with the Helsinki Declaration. This

study was approved by the Ethics Committee of Soochow

University.

Cell lines and cell culture
The HEK293T cell line and human glioma cell lines were

purchased from the Shanghai Cell Bank, Type Culture

Collection Committee, Chinese Academy of Sciences.

The cells were grown in DMEM supplemented with 10%

fetal bovine serum (Gibco). All cell lines were cultured in

a cell incubator with a 5% CO2 atmosphere under satu-

rated humidity at 37 °C.

MiRNA transfection
MiRNA-382-5p mimics, inhibitors, and the corresponding

negative controls (NC) were synthesized by Biomics Biotech

(Nantong, China). The cells were grown to 70–90% conflu-

ence in six-well plates, then transfected with the purchased

oligonucleotides using Lipofectamine 2000 (Invitrogen,

Carlsbad, CA, USA) according to the manufacturer’s

instructions.

RNA extraction and quantitative real

time-PCR (qRT-PCR)
Total RNA was extracted from tissues or cells with TRIzol

(Invitrogen, Waltham, MA, USA) according to the manu-

facturer’s protocol. To detect miR-382-5p, reverse transcrip-

tion was performed using a cDNA Reverse transcription kit

(Roche) and a miR-382-5p-specific reverse transcription

primer (Biomics Biotech), and qPCR was performed using

a SYBR Green PCR Master kit (Roche) and a miR-382-5p

qPCR Detection Primer Set (Biomics Biotech). To detect

U6 snRNA, an internal control, the extracted RNA was

reversely transcribed into cDNA with the cDNA Reverse

transcription kit (Roche), and U6 snRNA was amplified

with a SYBR Green PCR Master kit (Roche) and a mixture

of forward and reverse primers for U6 (Forward: 5ʹ-

AACGCTTCACGAATTTGCGT-3ʹ; Reverse: 5ʹ-CTCG

CTTCGGCAGCACA-3ʹ). qPCR temperature cycles were

performed as follows: 50 °C for 2 min and 95 °C for

10 min; 45 cycles at 95 °C for 15 s and 60 °C for 1 min.

Data were acquired and processed automatically by the

Applied Biosystems 7500 Real-Time PCR System. The

expression of miR-382-5p relative to U6 snRNA was cal-

culated according to a previous method for statistics.23

EdU assay
The 5-ethynyl-20-deoxyuridine (EdU) incorporation assay

was performed using an EdU assay kit (Ribobio, Guangzhou,

China) according to the manufacturer’s instructions. Briefly,

cells were exposed to 50 μM EdU for 2 h, then fixed with 4%

formaldehyde. The cells were then treated with 2 mg/mL

glycine to neutralize the formaldehyde, then permeabilized

with 0.5% Triton X-100. Finally, the cells were reacted with

100 μL of 1XApollo reaction cocktail for 30min, followed by
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incubation with 100 μL of Hoechst 33,342 (5 μg/mL). Images

were acquired using an Olympus IX-71 inverted microscope

(Tokyo, Japan). The percentage of EdU-positive cells was

calculated by dividing the number of EdU-positive cells by

the number of Hoechst-stained cells.

Wound healing assay
Cell migration behavior was evaluated using the wound

healing assay as previously described.24 Briefly, monolayers

were wounded with a plastic pipette tip, the dead cells were

removed by rinsing, and serum-free media was added. At

the designated times (0 h, 12 h, and 24 h), images of three

randomly selected fields at the lesion border were acquired

using an Olympus IX-71 inverted microscope. The wound

healing rate was calculated based on the captured images.

Transwell migration and invasion assays
Cell migration and invasion assays were performed using a

transwell system with a polycarbonate filter membrane as

previously described.25 To assess invasion ability, the fil-

ters were precoated with 10 μg of Matrigel (BD, Franklin

Lakes, NJ, USA). Five fields of adherent cells in each well

were randomly photographed using an Olympus IX71

inverted microscope. The number of migrating or invading

cells was counted in the captured images.

Protein extraction and Western blot
Total protein was extracted from the cultured cells, and

protein concentrations were determined using a BCA

Protein Assay Kit (Beyotime, Haimen, China). Equal

amounts of total protein were used for Western blot analysis

similar to a previously described protocol.24 The following

primary antibodies were purchased from Abcam

(Cambridge, UK): N-cadherin (1:2000), E-cadherin

(1:1000), and Snail and Slug (1:2000). The KLF12 (1:800)

was purchased from Proteintech (Wuhan, China). The YBX1

(1:500) and β-Actin (1:1500) antibodies were purchased

from Santa Cruz Biotechnology (Dallas, TX, USA). Band

densities were analyzed using Image J software (National

Institute of Health, Bethesda, MD, USA). Relative protein

levels were determined by normalizing the densitometry

value of the proteins of interest to that of β-Actin.

Statistical analysis
The miR-382-5p levels in glioma tissues were presented as

scatter plots with the median as the measure of center.

Differences between the nontumor group and the glioma

subgroups were evaluated using the Kruskal–Wallis test

and the Mann–Whitney U test. In vitro experiments were

repeated at least three times, and the data are expressed as

the means ± S.E.M. Comparisons between two groups

were performed using Student’s t-test, and the differences

among three groups were determined using one-way ana-

lysis of variance (ANOVA) followed by Dunnett’s post

hoc test. Statistical analyses were performed using SPSS

version 13.0 (SPSS Inc., Chicago, IL, USA). Tests were 2-

tailed and P<0.05 was considered statistically significant.

Results
Changes in miR-382-5p levels in glioma

tissues and cell lines
WeusedmiR-382-5p specific primers for qRT-PCR analysis in

nontumor and glioma tissues. As shown in Figure 1A,
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Figure 1 Changes of miR-382-5p levels in glioma tissues and glioma cell lines. QRT-PCR was used to measure miR-382-5p levels in various grades of glioma tissues and

different glioma cell lines. MiR-382-5p levels were significantly downregulated in Grade II and Grade III glioma tissues compared to the nontumor group (A) MiR-382-5p

levels varied in different glioma cell lines, and they were relatively high in U87 and U251 cells (B) *P<0.05; ***P<0.001.
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Figure 2 The effects of up- or downregulation of miR-382-5p on glioma cell proliferation. EdU assay was used to evaluate proliferation of glioma cells. Representative images

of U87 and U251 cells are shown in (A) Quantitative graphs (B) showed that upregulation of miR-382-5p caused significant decreases in the percentage of EdU-positive U87

and U251 cells. The percentage of EdU-positive cells was not significantly different in the miR-382-5p inhibitors group in U87 or U251 cells compared with the miR-NC

groups. Scale bars: 200 μm; *P<0.05; **P<0.01.
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miR-382-5p levels were lower in Grade II (n=9, P=0.039),

Grade III (n=8, P=0.002), and Grade IV (n=7, P=0.142)

glioma tissues compared to those in nontumor brain tissues

(n=7). In addition, qRT-PCRwas performed inHEK293Tcells

and different glioma cell lines, and we found that miR-382-5p

levels was relative high in U87 and U251 cells (Figure 1B).

Effects of up- or downregulation ofmiR-382-

5p on glioma cell proliferation
Transfection with miR-382-5p mimics resulted in a signifi-

cant decrease in the percentage of EdU-positive cells in

both U87 (P=0.001) and U251 (P=0.034) cells compared

to transfection with miR-NC. In contrast, transfection with

miR-382-5p inhibitors did not significantly affect the per-

centage of EdU-positive U87 or U251 cells (Figure 2).

These results suggested that upregulation of miR-382-5p

played an inhibitory role in glioma cell proliferation.

Effects of up- or downregulation of miR-

382-5p on glioma cell migration
The wound healing rate was significantly decreased in the

miR-382-5p mimics group (P=0.013 at both 12 h and 24 h),

and was significantly increased in the miR-382-5p inhibitors

group (P=0.006 at 12 h and P=0.025 at 24 h) following wound

injury (Figure 3).Moreover, transwell migration assay showed

that transfection with miR-382-5p mimics significantly
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Figure 3 The effects of up- or downregulation of miR-382-5p on glioma cell migration by wound healing assay. Wound healing assay was performed on U251 cells.

Representative images for miR-NC, mimics, and inhibitors groups are shown in (A). Upregulation of miR-382-5p significantly decreased the wound healing rate, whereas

downregulation of miR-382-5p resulted in the opposite effect (B) Scale bars: 200 μm; **P<0.01.
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decreased the number of U87 (P<0.001) and U251 (P=0.036)

cells that migrated to the chamber. TransfectionwithmiR-382-

5p inhibitors resulted in significant increases in U87 and U251

cells (P<0.001 for U87 and P=0.023 for U251) (Figure 4).

These findings indicated that miR-382-5p played an inhibitory

role in glioma cell migration.

Effects of up- or downregulation of miR-

382-5p on glioma cell invasion
We used the transwell assay in the presence of Matrigel to

determine the effects of up- or downregulation of miR-382-

5p on glioma cell invasion. In U87 cells (Figure 5), upregula-

tion of miR-382-5p by its mimics resulted in a significant

decrease in the number of cells that passed through the

Matrigel (P=0.001), whereas downregulation of miR-382-

5p by its inhibitors led to a significant increase in the number

of invading cells (P<0.001). In U251 cells (Figure 5), the

number of invading cells showed a trend toward a decrease in

the miR-382-5p mimics group (P=0.146), and the number of

invading cells was significantly increased in the miR-382-5p

inhibitors group (P=0.002). These data suggested that miR-

382-5p played an inhibitory role in glioma cell invasion.

Effects of up- or downregulation of miR-

382-5p on the EMT in glioma cells
The epithelial-to-mesenchymal transition (EMT) has been

identified as a key regulator of the invasion of glioma cells.26

Western blot was used to detect important signaling molecules

that mediate the EMT process in glioma cells. Transfection

with miR-382-5p mimics decreased mesenchymal markers

such as N-cadherin, and Snail and Slug, whereas transfection

with miR-382-5p inhibitors increased the protein levels of

these mesenchymal markers in U87 cells (Figure 6A). No

differences in E-cadherin were observed between mimics and

miR-NC or between inhibitors and miR-NC in U87 cells

(Figure 6A). Transfection with miR-382-5p mimics resulted

in increased E-cadherin levels, and decreased N-cadherin, and

Snail and Slug levels, in U251 cells (Figure 6B). These results

indicated that miR-382-5p may regulate the EMT process in

glioma cells.
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Figure 4 The effects of up- or downregulation of miR-382-5p on glioma cell migration by transwell assay. Transwell migration assay was performed on glioma cells.

Representative images of U87 and U251 cells are shown in (A) Quantitative graphs showed that the number of migrating cells was significantly decreased in the miR-382-5p

mimics group, and was significantly increased in the miR-382-5p inhibitors group (B) Scale bars: 200 μm; *P<0.05; ***P<0.001.

Wang et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
OncoTargets and Therapy 2019:124998

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Analysis of the relationship of miR-382-5p

with its target genes in glioma
Previous studies have identified several target genes of miR-

382-5p. We performed co-expression analyses between these

genes and miR-382-5p in tissues of patients with LGG from

the TCGA consortium (Table 1). Patient data and gene expres-

sion datasets were obtained from StarBase (http://starbase.

sysu.edu.cn/).27 We found that miR-382-5p negatively corre-

lated with KLF12 and YBX1 (Figure 7A–B). Furthermore,

transfection with miR-382-5p mimics led to a significant

decrease in YBX1 protein levels (P<0.05), whereas transfec-

tionwithmiR-382-5p inhibitors increasedYBX1 levels inU87

cells (P=0.003, Figure 7C-E). However, KLF12 protein levels

were not significantly altered by transfection with miR-382-5p

mimics or miR-382-5p inhibitors (Figure 7C–E). Thus, miR-

382-5p may function through YBX1 to inhibit glioma cell

proliferation, migration, and invasion.

Discussion
In this study, we demonstrated that overexpression of miR-

382-5p inhibited glioma cell proliferation, migration, and

invasion of glioma cells, whereas inhibition of miR-382-5p

resulted in opposite effects. These findings were consistent

with those in previous studies of colorectal cancer,8,9 ovarian

cancer,10 esophageal squamous cell carcinoma (ESCC),11,12
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Figure 5 The effects of up- or downregulation of miR-382-5p on glioma cell invasion. Transwell invasion assay was performed on glioma cells. Representative images of U87 and

U251 cells are shown in (A)Transfection withmiR-382-5pmimics resulted in a significant decrease in U87 cell invasion and a trend toward a decrease in U251 cell invasion, whereas

transfection with miR-382-5p inhibitors significantly increased the number of the invading U87 and U251 cells (B) Scale bars: 200 μm, **P<0.01; ***P<0.001.
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Figure 6 Effects of up- or downregulation of miR-382-5p on the EMT in glioma

cells. Western blot was used to measure the protein levels of the mesenchymal

markers N-cadherin, snail and slug, and the epithelial marker E-cadherin in glioma

cells. Upregulation of miR-382-5p decreased the expression of N-cadherin, and snail

and slug in U87 and U251 cells, while it increased E-cadherin protein levels in U251

cells.
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osteosarcoma,13,14 prostate cancer,15 melanoma,16 and non-

small cell lung cancer (NSCLC).17 However, other reports

have shown an oncogenic function of miR-382-5p in cancer

cell progression. For example, inhibition of miR-382

expression reduced xenograft tumor growth and microvessel

density in gastric cancer,18 and promoted breast cancer cell

proliferation, survival, migration, invasion, and in vivo tumor-

igenesis/metastasis.20 MiR-382-5p inhibitors neutralized the

Table 1 Correlation analyses of miR-382-5p with its target genes in lower grade glioma tissues

Gene abbreviation Gene full name Coefficient r P-value

DLC1 Deleted in liver cancer 1 protein 0.369 2.39e-18

HIPK3 Homeodomain-interacting protein kinase 3 −0.015 0.737

KLF12 Krueppel-like factor 12 −0.122 5.15e-03

NR2F2 Nuclear receptor subfamily 2 group F member 2 0.166 1.39e-04

PTEN Phosphatase and tensin homolog 0.211 1.09e-06

RERG Ras-related and estrogen-regulated growth inhibitor 0.311 3.32e-13

ROR1 Receptor tyrosine kinase like orphan receptor 1 0.102 0.02

YBX1 Y box-binding protein 1 −0.354 5.61e-17

Notes: Patient data and gene expression datasets were obtained from the StarBase, Pearson correlation analysis was performed online, and the coefficient r and P-values
were downloaded.
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Figure 7 The relationship of miR-382-5p with KLF12 and YBX1 in glioma. Co-expression analyses were performed in StarBase, and all figures and parameters were

downloaded. Pearson correlation analysis showed that miR-382-5p was significantly negatively associated with KLF12 (A) and YBX1 (B) in 525 patients with LGG. The

correlation coefficient (r) and p-values are indicated in the figure. Western blot was used to detect the effects of up- or downregulation of miR-382-5p on the expression of

KLF12 and YBX1 in U87 cells. Representative blots are shown in C. Quantitative graphs showed that miR-382-5p mimics decreased YBX1 protein levels and miR-382-5p

inhibitors showed the opposite effect. KLF12 expression was not significantly affected by miR-382-5p mimics or inhibitors (D, E). *P<0.05; **P<0.01.
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effects of hepatitis B virus core protein on the migration and

invasion ability of liver cancer cells.19 These studies indicated

that the role of miR-382-5p in tumor growth and metastasis is

heterogeneous and is cell- and tissue-dependent.

The EMT is the process by which epithelial cells trans-

form into mesenchymal cells, which is a vital step in

invasion of glioma.26 The EMT process is characterized

by loss of epithelial markers and gain of mesenchymal

markers. Western blot analysis of the expression of the

epithelial marker E-cadherin and the mesenchymal mar-

kers N-cadherin, and Snail and Slug in glioma cells

showed that miR-382-5p inhibited the EMT process.

Thus, our findings and those from previous studies of

cancer cells in osteosarcoma, ovarian cancer, and esopha-

geal squamous cell carcinoma consistently showed the

suppressive effects of miR-382-5p on the EMT,10,11,14

which might be responsible for its inhibitory effects on

tumor cell migration and invasion.

MiRNAs play different roles by targeting different genes.

Therefore, investigation of the target genes of miRNAs is

critical to understanding the molecular mechanisms by which

a miRNA promotes or suppresses oncogenesis. MiR-382-5p

has been shown to directly target several genes including Y

box-binding protein 1 (YBX1),14 receptor tyrosine kinase

like orphan receptor 1 (ROR1),10 krueppel-like factor 12

(KLF12),8 homeodomain-interacting protein kinase 3

(HIPK3),8 nuclear receptor subfamily 2 group F member 2

(NR2F2, also known as COUP-TFII),9,15 and histone-lysine

N-methyltransferase (KMT5A, also known as SETD8).17,28

Analysis of co-expression of these genes and miR-382-5p

showed that KLF12 and YBX1 significantly negatively cor-

related with miR382-5p in patients with LGG. Moreover, we

found that transfection with miR-382-5p mimics resulted in

downregulation of the expression of YBX1 in glioma cells,

but did not significantly affect KLF12 protein levels. A

previous study showed that overexpression of YBX1 pro-

moted drug resistance to temozolomide and increased the

growth viability of glioma cells.29 Therefore, miR-382-5p

may target YBX1, resulting in glioma growth suppression.

We found that miR-382-5p levels were decreased in

various grades of glioma tissues, which was consistent

with downregulation of miR-382-5p in other types of can-

cers including osteosarcoma,13 ovarian cancer,10 colorectal

cancer,8,9 prostate cancer,15 and NSCLC.17 Downregulation

of miR-382-5p was an indicator of poor outcome, relapse,

or metastasis in osteosarcoma and ESCC.12,14 In contrast,

higher miR-382-5p levels were significantly associated with

worse overall survival and disease-free survival of patients

with breast cancer, which was consistent with the oncogenic

function of miR-382-5p in breast cancer cells.20 These

connections indicated the potential diagnostic and prognos-

tic value of miR-382-5p for these cancers. Further studies

are needed to characterize the relationship between miR-

382-5p levels and survival of patients with glioma.

Our study suffered from the following limitations. We

demonstrated an inhibitory role for miR-382-5p in glioma

cell progression in immortalized cell lines such U251 and

U87. These studies should be repeated using patient-

derived cells in the future. In addition, glioma orthotopic

xenograft experiments would help to confirm the suppres-

sive effects of miR-382-5p on glioma cell growth in vivo.

Conclusions
In the present study, we found that miR-382-5p levels

were low in glioma tissues, and that upregulation of

miR-382-5p inhibited cell proliferation, migration, inva-

sion, and the EMT process in glioma cells. MiR-382-5p

may function as a tumor suppressor in glioma progression

by negatively regulating the oncogene YBX1.
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