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Malignant glioma is the most common and lethal type of primary tumor of the central nervous system.
The incidence of glioma is increasing year by year. In recent years, a variety of new treatment methods
have emerged, among which gene therapy has become a hotspot. MicroRNAs (miRNAs) are a class of
small non-coding single-strand RNAs that negatively regulate gene expression at the post-
transcriptional and/or translational level by binding loosely complimentary sequences in the 30 untrans-
lated regions (UTRs) of target mRNAs. Several miRNAs have been reported to modulate glioma progres-
sion. This study aimed to determine the function of miR-30b-5p in glioma and its underlying molecular
mechanism. miR-30b-5p expression was significantly lower in gliomas than the normal brain tissues.
Overexpression of miR-30b-5p was found to significantly inhibit glioma cell proliferation in vitro.
Further, MTDH expression was significantly higher in the gliomas compared with the normal brain tis-
sues. In addition, MTDH was validated as direct target of miR-30b-5p. Moreover, cellular proliferation
was increased after MTDH overexpression in the glioma cells, which reversed the effects of miR-30b-
5p. Taken together, these results reveal miR-30b-5p impacts glioma cell proliferation via direct targeting
MTDH and could be a potential novel therapeutic target for the treatment of glioma.
� 2018 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Malignant glioma (MG; World Health Organization [WHO]
grade III or IV) is a devastating neuro-oncologic disease with
almost invariably poor prognosis, which is leading to progressive
functional decline, cognitive impairment, and almost invariably
death (Diamond et al., 2017). Gliomas are characterized by high
proliferation, migration, and invasion abilities (Peng et al., 2014).
Because of its invasive growth, difficulty to completely remove
and susceptibility to relapse, it has a poor prognosis and a high
mortality. The median survival period of patients is approximately
one year with the most malignant histological subtype of glioma
(Lacroix et al., 2001; Zhou et al., 2011; Wang et al., 2012). Compre-
hensive therapies such as surgical resection, radiation and
chemotherapy are effective therapies for gliomas. Despite these
treatments, the prognosis of glioma remains extremely bad (Wen
and Kesari (2008)). Multiple factors affect the effectiveness of
glioma therapies including rapid tumor growth. Therefore, thera-
pies targeting rapid tumor growth would be a novel therapeutic
strategy.

MicroRNAs (miRNAs) are endogenous small noncoding RNAs.
They regulate gene expression through antisense completely or
incompletely binding to the 30 UTR (untranslated regions) of speci-
fic mRNAs. Mounting evidence has confirmed that miRNAs play
pivotal roles in cell proliferation, migration, invasion, apoptosis,
and so on (Hwang and Mendell, 2006; Kloosterman and Plasterk,
2006; Gabriely et al., 2008; Yang et al., 2012; Bhardwaj et al.,
2017; Masood and Yasmin, 2017; Wang, et al., 2017). Many miR-
NAs have been shown as significantly attractive diagnostic
biomarkers in glioma development, such miR-320c, miR-124,
137, 10b and 218 (Godlewski et al., 2008; Silber et al., 2008; Lin
et al., 2012; Tu et al., 2013; Lv et al., 2018). Recently, the expression
level of miR-30b-5p has been reported to be reduced in multiple
types of cancers, such as hepatocellular carcinoma, gastric cancer
and renal cell carcinoma (Qiao et al., 2014; Liu et al., 2017; Qin
et al., 2017). However, the molecular mechanism of miR-30b-5p
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regulatory network in the glioma development remains elusive. In
this study, miR-30b-5p was found to dramatically downregulated
in the gliomas. The cellular proliferation of glioma cells was signif-
icantly inhibited after miR-30b-5p overexpression.

Matadherin (MTDH), also known as astrocyte elevated gene-1
(AEG-1) and LYRIC, is an important regulatory gene in the initiation
and progression of most malignant tumors (Sarkar and Fisher,
2013; Mizrak Kaya et al., 2017). MTDH was also found to highly
expressed in glioma and could interact with NF-jB component
P65 to promote straphyococcal nuclease domain containing 1
(SND1) (Tong et al., 2016). MTDH serves as an important regula-
tory molecule in many oncogenic signaling pathways. However,
the roles of MTDH involved in the miRNA regulatory network is
still poorly understood in glioma. In this report, we found MTDH
was dramatically upregulated in gliomas. Furthermore, MTDH
was verified as the direct target of miR-30b-5p. Overexpression
of MTDH reversed the effects of miR-30b-5p on glioma cells. Col-
lectively, our data indicates that miR-30b-5p inhibits glioma cell
proliferation by modulating MTDH.

Collectively, we made a deep learning of the affection and
molecular mechanism of miR-30b-5p in the cell proliferation of
glioma. MiR-30b-5p expression is significantly lower in glioma
compared with the noncancerous tissues. Also, miR-30b-5p over-
expression dramatically inhibits glioma cell proliferation in vitro.
In addition, we found MTDH expression is significantly higher in
glioma than the noncancerous tissues. Further investigation
revealed that MTDH was directly targeted by miR-30b-5p and
MTDH overexpression reversed the effects of miR-30b-5p on the
cell proliferation. Our present findings suggest a novel therapeutic
strategy for treatment of glioma.
2. Material and methods

2.1. Cell culture

The human glioma cell line, SHG44, was commercially available
at the Chinese Academy of Sciences (Shanghai, China). SHG44 cells
were cultured in DMEM (Gibco) supplemented with 10% fetal
bovine serum (FBS) (Invitrogen, Carlsbad, CA) and 1% penicillin-
streptomycin (Invitrogen). The cells were maintained in the
humidified chamber with 5% CO2 at 37 �C.

2.2. MiR-30b-5p overexpression

We overexpressed miR-30b-5p in the SHG44 cells by tran-
siently transfecting with has-miR-30b-5p mimic (life technologies,
Carlsbad, CA) with RANiMAX reagent (life technologies). The
miRNA vector control (miR-NC) was also purchased from life tech-
nologies. Briefly, SHG44 cells were seeded into a 6 well plate
(20,000 cells/well). After 24 h culture, SHG44 cells were trans-
fected with 10 nM miR-30b-5p mimic or miR-NC using with RANi-
MAX reagent in antibiotic-free Opti-MEN medium (Gibco). DMEM
complete medium replace the medium after 6 h transfection.

2.3. MTDH overexpression

To overexpress MTDH in SHG44 cells, we used the lentiviral sys-
tem (Applied Biological Materials, Canada) to stably overexpress
MTDH (Lenti-MTDH). The overexpression was following the man-
ufacturer’s instructions. The lentiviral system for negative control
vector (Lenti-VC) overexpression was also commercially available
from Applied Biological Materials. Briefly, SHG44 cells were seeded
into a 6 well plate (10,000 cells/well). After cell confluency reached
75%, lentiviruses were added to cells in the growth media with
2 lg/ml polybrene (Sigma-Aldrich, St Louis, MO). The SHG44 cells
were infected with the lentiviruses Lenti-MTDH or Lenti-VC at a
multiplicity of infection of 10. After 48 h, fresh growth media
replaced the media containing lentiviruses.

2.4. RNA isolation and qRT-PCR

The total RNA of the tissue samples and cells were extracted by
the mirVanaTM isolation kit (Ambion, Austin, TX) according to the
manufacturer’s instruction. For the detection of gene expression,
RNA was transcribed to cDNA by RNA-to-cDNA kit (Thermo Fisher
Scientific, Waltham, MA) after removal of residual DNA by DNAase
I (Invitrogen). The Taqman quantitative real-time (qRT-PCR) was
employed to determine MTDHmRNA expression. GAPDH was used
as an internal reference. The MTDH and GAPDH Taqman primers
are commercially available at Applied Biosystem.

For the determination of the mature miR-30b-5p, total RNA was
reverse-transcribed by the Taqman advanced miRNA cDNA synthe-
sis kit following the manufacturer’s protocols (Applied Biosys-
tems). The small nuclear RNA (U6) was used as the internal
control. U6 was reverse-transcribed by the TaqmanTM microRNA
reverse transcription kit (Applied Biosystem). MiR-30b-5p qRT-
PCR primer was purchased from Applied Biosystem.

2.5. Luciferase assay

SHG44 cells were seeded in a 6-well plate (BD Biosciences, Bed-
ford, MA) (0.25 M cells/well). After being in culture for 24hrs, the
cells were co-transfected with 1 lg of MTDH 30UTR luciferase
reporter construct (GeneCopoeia, Rockville, MD) with 20 nM
miR-30-5p or miR-NC by lipofectamine 2000 (Invitrogen) with
Opti-MEN (Gibco). After 48hrs, the cells were collected to perform
the dual-luciferase reporter assay using the dual-luciferase repor-
ter assay reagent from GeneCopeia. Data was normalized by the
normalization of firefly luciferase activity to Renilla luciferase
activity.

2.6. Proliferation assay

The effect of miR-30b-5p or MTDH on the growth of SHG44 cells
were monitored by Cyquant assay (Thermo Fisher Scientific). The
cell suspension was seeded in the 96-well plate at a density of
5000 cells per well. The plates were frozen at the indicated incuba-
tion time. Subsequently, plates were read at excitation at 497 nm
and emission at 520 nm. All studies were performed in 3 indepen-
dent cell preparations and the data were presented as mean ± SE.

2.7. 2D colony formation assay

SHG44 Cells were trypsinized and counted. The suspended cells
were seeded in the 6-well plate (1000 cells/well). After 10 days, the
cells were fixed with 80% ethanol after removal of growth media
and dyed with crystal violet solution (Millipore).

2.8. Western blotting

The protein was isolated from SHG44 cells using RIPA lysis buf-
fer (Millipore, Temecula, CA) and separated on the commercially
available 4–15% precast gels (Bio-Rad, Richmond, CA). After trans-
ferred to the nitrocellulose membranes, the membranes were incu-
bated with anti-MTDH antibody (Santa Cruz, Santa Cruz, CA)
overnight, followed by incubation with HRP conjugated secondary
antibodies. GAPDH (ZSGG-Bio, Beijing, China) was used as a load-
ing control. The proteins were visualized by ECL chemilumines-
cence and exposed to X-ray film. All the studies were performed
in triplicate.



Fig. 1. miR-30b-5p expression in the gliomas. Taqman qRT-PCR analysis of miR-
30b-5p expression in 13 cases of gliomas and paired normal brain tissues. U6 was
used as an internal reference. P < 0.05 vs. normal brain tissues.
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2.9. Statistical analysis

Statistical analyses were performed by the SPSS version 13 (SPSS
Inc, Chicago, IL). The data was presented as mean ± SE from differ-
Fig. 2. Effect of miR-30b-5p on cell proliferation and migration of glioma cells. (A) Gliom
level was detected by qRT-PCR. Data are expressed as fold change (mean ± SE). *P < 0.05
overexpressing miR-30b-5p or miR-NC was monitored by Cyquant assay after 5 days inc
(mean ± SE) compared with day 0. *P < 0.05, one-way ANOVA followed by Tukey’s multip
type SHG44 cells or cells overexpressing miR-30b-5p.
ent samples from 3 independent preparations. The expression dif-
ferences were analyzed with two-tailed unpaired student’s t-test.
A value of P < 0.05 was considered as the statistical significance.
3. Results

3.1. MiR-30b-5p is downregulated in gliomas

In this study, we determinedmiR-30b-5p expression levels in 13
pairs of normal brain tissues and gliomas. MiR-30b-5p expression
was found to be significantly downregulating in gliomas compared
with normal brain tissues (p < 0.05) with Taqman qRT-PCR (Fig. 1).

3.2. Overexpression of miR-30b-5p inhibits glioma cell proliferation

After SHG44 cells were transfected with the mature sequence of
miR-30b-5p, the cells produced high levels of miR-30b-5p (Fig. 2A).
First, we monitored the effect of miR-30b-5p on the glioma cells
proliferation by Cyquant assay. As shown in Fig. 2B, the miR-
30b-5p overexpressing cells showed considerably slower cell
growth compared with the miR-NC cells at day 3, 4 and 5 (p < 0.
05). Furthermore, the 2D colony formation assay also revealed that
miR-30b-5p overexpression dramatically suppressed glioma cell
growth (Fig. 2C). Our data indicated that miR-30b-5p could signif-
icantly inhibit the proliferation of glioma cells.

3.3. MTDH is upregulated in gliomas

Predicted miRNA targets by public computational algorithms
were retrieved from the respective public websites, such as
a cells were overexpressed miR-30b-5p or vector control (miR-NC). The expression
vs SHG44; **P < 0.05 vs miR-NC (n = 3); (B) the cellular proliferation of glioma cells
ubation compared with the non-treatment cells. Data are expressed as fold change
le comparison; (C) representative images of the colony formation potential of wild
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TargetScan 7.0 (Agarwal et al., 2015) and http://microrna.org.
MTDH was predicted as one of the direct targets of miR-30b-5p.
MTDH has been reported to play important roles in various cancers
Fig. 3. MTDH expression in the gliomas. Taqman qRT-PCR analysis of MTDH
expression in 13 pairs of gliomas and normal brain tissues. GAPDH was used as an
internal control. P < 0.05 vs. normal brain tissues.

Fig. 4. MTDH is a direct target of miR-30b-5p (A) 30 UTR luciferase reporter assay. SHG44
30b-5p for 48hrs. Firefly activity was normalized with Renilla luciferase activity. *p < 0.0
SHG44, **p < 0.05 vs miR-NC (n = 3); (C) MTDH protein expression after miR-30b-5p ove
(Shi and Wang, 2015). Therefore, MTDH was chosen for the further
analysis. We next determined MTDH mRNA expression in gliomas
and normal brain tissues. MTDHwas observed to be upregulated in
the gliomas compared to the normal brain tissues (Fig. 3).

3.4. MTDH is directly repressed by miR-30b-5p

To validate whether miR-30b-5p directly target MTDH, SHG44
cells were co-transfected with the MTDH 30 UTR and miR-30b-5p
or miR-NC. Because of the length of the MTDH 30 UTR, the binding
sites 1 and 2 were cloned into 2 different reporter vectors (MTDH-
30 UTR-1 and MTDH-30 UTR-2). The dual luciferase assay showed
that miR-30b-5p directly target MTDH (Fig. 4A). MTDH mRNA
and protein levels were also found to be significantly decreased
after miR-30b-5p overexpression (Fig. 4B, C).

3.5. MTDH reversed miR-30b-5p effect on glioma cells

To assess the role of MTDH involved in the miR-30b-5p modu-
lation of glioma cell proliferation, we overexpressed MTDH in the
SHG44 cells. As seen in Fig. 5A, B, the MTDH mRNA and protein
levels were significantly upregulated compared to the parental
cells. As shown in Fig. 6A, B, the cellular proliferation was signifi-
cantly increased in the SHG44 cells. These results indicate that
miR-30b-5p regulate the cell proliferation via MTDH.
4. Discussion

The complexity of transcription and posttranscriptional regula-
tion of gene expression is a highly-orchestrated process in the can-
cells were co-transfected with MTDH 30 UTR-1 or MTDH 30 UTR-2 or miR-NC or miR-
5 vs miR-NC (n = 3); (B) MTDH mRNA level was detected by qRT-PCR. *p < 0.05 vs
rexpression was determined by western blot.



Fig. 5. MTDH were overexpressed in SHG44 cells. (A) MTDH mRNA expression level was detected by qRT-PCR. Data are expressed as fold change (mean ± SE). *P < 0.05 vs
SHG44; **P < 0.05 vs Lenti-VC (n = 3); (B) MTDH protein expression was determined by western blot.

Fig. 6. Effect of MTDH on cell proliferation and migration of glioma cells. (A) the cellular proliferation of glioma cells overexpressing MTDH or the vector control (Lent-VC) or
wild type was analyzed by Cyquant assay after 5 days incubation. Data are expressed as fold change (mean ± SE) compared with day 0. *P < 0.05, one-way ANOVA followed by
Tukey’s multiple comparison; (B) representative images of the colony formation potential of wild type SHG44 cells or cells overexpressing MTDH.
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cer development (Ying et al., 2013). MiRNAs have emerged as one
of the crucial regulators that plays important roles in cancer
(Zhang et al., 2012; Colden et al., 2017; Devi et al., 2017). A grow-
ing body of evidence suggests the importance of miRNAs in glioma
(Hummel et al., 2011; Palumbo et al., 2014). However, the precise
function of dysregulated miRNAs in glioma progression and devel-
opment is still poorly understood. In this study, miR-30b-5p was
shown to be significantly downregulated in the gliomas compared
with the normal brain tissues. Furthermore, miR-30b-5p overex-
pression was found to inhibit the glioma cells proliferation. We
also observed that MTDHwas dramatically upregulated in the glio-
mas. Thus, we next validated that MTDH is a direct functional tar-
get of miR-30b-5p. MTDH overexpression reversed the effect of
miR-30b-5p on the glioma cells. Therefore, our results suggest
miR-30b-5p inhibits cellular proliferation of glioma cells via
MTDH, which raises the possibility of a potential therapeutic target
for the glioma.

Recently, miRNAs are the most studied class of small non-
coding RNAs. The roles of miRNAs in carcinogenesis/cancer have
been discussed in many studies (Reddy, 2015; Colden et al.,
2017; Devi et al., 2017). However, little is known about the extent
of the involvement of miR-30b-5p and its underlying mechanism
in the regulation of glioma. miR-30b-5p has been proved to partic-
ipate in multiple biological behaviors of tumor. MiR-30b-5p
repressed cell proliferation and cell cycle in human hepatocellular
carcinoma (Qin et al., 2017). Moreover, miR-30b-5p expression
involved in the gastric cancer metastasis by the regulation of
DNMT1 methylation (Qiao et al., 2014). Those studies have sug-
gested miR-30b-5p could be an attractive biomarker for glioma
diagnosis and therapeutic. In this study, we observed that miR-
30b-5p was downregulated in the gliomas and miR-30b-5p inhibit
the cellular proliferation of glioma cells. However, larger number
of samples will be required to be proceeded in clinic so as to verify
the actual function of miR-30b-5p. This study provides a hint for
the profound learning of miR-30b-5p.

It has been shown that the alteration of MTDH expression inter-
acted with a variety of biological processes in tumors. In breast
cancer, overexpression of MTDH has been shown to be associated
with an aggressive phenotype and a poor prognosis (Tokunaga
et al., 2014). In the lung squamous cell carcinoma, miR-145 was
found to significantly contributed the pathogenesis by coordi-
nately regulating MTDH (Mataki et al., 2016). Moreover, MTDH
bases DNA vaccine suppressed metastasis and enhances the
chemosensitivity to paclitaxel in pelvic lymph node metastasis
(Agarwal et al., 2015). However, it is still unclear about how MTDH
could contribute to the glioma progression via the miR-30b-5p reg-
ulation network. In this study, we showed that MTDH is upregu-
lated in the gliomas and revealed that MTDH is the direct target
of miR-30b-5p. In addition, MTDH overexpression has opposite
the effect of miR-30b-5p on cell proliferation in the glioma cells.

Intriguingly, we revealed miR-30b-5p can inhibit glioma cell
proliferation via regulation of MTDH. So far, there is a report
revealed that miR-30a-5p inhibited liver cancer cell proliferation
and induces apoptosis by targeting MTDH (Li et al., 2016). To our
knowledge, this is the first study to investigate the role of miR-
30b-5p in inhibiting glioma cell proliferation via MTDH.

In summary, our results reveal a newmechanism bywhichmiR-
30b-5p regulates glioma proliferation through MTDH. Conse-
quently, this study provides the basis for a future research strategy
in glioma progression. Therefore, it broadens our understanding of
miR-30b-5p function in cancer research and further confirm that
miR-30b-5p is a promising target for cancer prevention and therapy.
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