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Glioma is the most common malignant brain tumors with poor prognosis. The molecular events involved in the
development and progression of glioma remain unclear. In this study, the expression levels of miR-302c-3p were
examined in glioma tissues by qRT-PCR. The in vitro and in vivo functional effects of miR-302c-3p were examined
further. Luciferase reporter assays were conducted to confirm the targeting associations. Results showed that the
expression level of miR-302c-3p in glioma tissues was significantly lower than those in normal brain tissues (P < 0.001).
The decreased expression of mi-302c-3p in glioma was positively associated with WHO grade (P < 0.001). Up-regulation
of MTDH was also detected in glioma tumors compared with normal brain tissues (P D 0.0027) and is inversely
correlated with miR-302c-3p expression (P D 0.003, R2 D 0.4065). MTDH mRNA is a direct target of miR-302c-3p, whose
ectopic expression decreases MTDH expression through binding to its 30-untranslated region. Overexpression of miR-
302c-3p results in a dramatic inhibition of glioma cells proliferation and invasion in vitro and in vivo. These data suggest
that miR-302c-3p play a pivotal role in the progression of glioma by targeting MTDH and is a potential inhibitor in
glioma treatment.

Introduction

Human glioma, originating from glia or their precursors
within the central nervous system, is the most common form of
primary brain tumor in adults, and for highly malignant gliomas
(WHO III and IV) there is no successful treatment; patients have
an average survival time of approximately 12–15 months after
diagnosis.1 Glioma are highly invasive and infiltrate normal brain
tissue, and as a result, surgical resection is always incomplete.
Treatment for glioma consist of surgical resection combined with
radiotherapy plus chemotherapy or target therapy, which has
been found to significantly increase survival.2 As yet, the mecha-
nisms that underlie the correlation between high grade and poor
prognosis are still unknown, because all grades of glioma are
characterized by inappropriate proliferation, invasion of normal
brain tissue, and disruption of normal brain functions. So only
the molecular mechanism is well-defined can we find out novel
therapeutic approaches.

miRNAs are 21 to 23 nucleotides, endogenous small non-
coding RNA sequences that negatively regulate gene expres-
sions at a post-translational level by binding to regions of
sequence complementarity to 30 UTR of target mRNAs,
resulting in either the degradation or translational inhibition
of the mRNA. Many miRNAs have been proved to be proto-
oncogenes or tumor suppressors in various human cancers,
including in glioma.3-5 Recent studies have revealed that
miRNAs, such as miR-7,6,7 miR-124,8-10 miR-128,11 miR-
107,12 and miR-181b,13-15 are globally dysregulated in gli-
oma. However, the particular molecular mechanisms through
which miRNAs mediate glioma carcinogenesis and metastasis
are still largely unknown. So the identification and characteri-
zation of the role of novel miRNAs in glioma may provide
new insight into understanding the molecular mechanisms of
glioma development. Based on Leivonen’s study, miR-302c
was reduced expressed in their experimental models and
others found that it may be involved in hepatocellular
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carcinoma metastasis, which suggested that miR-302c might
play an important role in glioma progression.16-19

In this study, we first detected the expressions of miR-302c-3p
in glioma patients’ tissues, and a series of in vitro and in vivo
studies were then conducted to investigate the mechanisms and
impact of miR-302c-3p in glioma. By bioinformatics analysis
(RNA22) and experimentally validation, we found metadherin
(MTDH) was a direct target of miR-302c-3p. Upregulation of
MTDH was also detected in glioma tumors compared with nor-
mal brain tissues and is inversely correlated with miR-302c-3p
expression. Finally, we find that overexpression miR-302c-3p
could dramatically inhibit glioma cells proliferation and invasion
both in vitro and in vivo.

Results

miR-302c-3p was down-regulated in human glioma tissues
The expression of miR-302c-3p were examined in both gli-

oma tissues and normal brain tissues by qRT-PCR. As shown in
Figure 1A, the expression level of miR-302c-3p was significantly
decreased in tumor tissues compared with normal brain tissues
(0.39 § 0.04 vs. 1.06 § 0.03, P < 0.001). Furthermore, the
expression levels of miR-302c-3p in tumors with high grades
(WHO III and WHO IV) were significantly lower than those in
those with low grades (WHO I and WHO II) (0.27 § 0.03 vs.
0.66 § 0.05, P < 0.001), see Figure 1B.

MTDH is up-regulated in human glioma tissues and its
expression correlates with miR-302c-3p expression in glioma

To corroborate the potential importance of MTDH in glio-
mas, we compared the level of MTDH expression in 27 tumors
versus 6 normal brain tissues. The expression of the MTDH
accessed by qRT-PCR was significantly increased in gliomas by
compared with the normal brain tissues (P D 0.0027, see
Fig. 2A). MTDH is overexpressed in 85.2% (23/27) of tumors
compared with normal tissues (see Fig. 2A). To further evaluate
the correlation between MTDH and miR-302c-3p expression in
gliomas, we compared the expression of MTDH and miR-302c-
3p in 27 gliomas. Expression of MTDH and miR-302c-3p
exhibited a significant inverse correlation (P D 0.003, R2 D
0.4065; Fig. 2B), which significantly suggested that the miR-
302c-3p target status of MTDH.

MTDH was a direct target of miR-302c-3p which inhibited
its expression via binding to its 30UTR

On the basis of the prediction software, RNA22 (https://cm.
jefferson.edu/rna22v1.0-homo_sapiens/GetInputs.jsp), we find
that the 30UTR of MTDH contains a complementary site (posi-
tion 2271~2293) for the seed region of miR-302c-3p, and may be
a potential target of miR-302c-3p (Fig. 3A). To validate the
miRNA-target interaction and determine whether miR-302c-3p
inhibited the expression of MTDH through direct interaction
with 30UTR of MTDH mRNA in the intracellular environment
in glioma, Luciferase assay was established. Results showed that
miR-302c-3p mimics suppressed the luciferase activities about

69.6% in the wild-type group (P D 0.005, Fig. 3B), while no
obvious alteration was detected in the mutant group or the nega-
tive control group (Fig. 3B), which indicated that miR-302c-3p
could directly bind with MTDH 30-UTR at the seed sequence.

Overexpression of miR-302c-3p inhitibted U87MG
proliferation and invasion in vitro

The CCK-8 assays were performed to assess cell proliferation
of U87MG cells transfected with LV-302c-3p or LV-NC. A sig-
nificant reduction in the proliferation rate was observed on the
U87MG cells transfected with LV-302c-3p when compared to
negative control (Fig. 4A). To explore the effect of overexpres-
sion of miR-302c-3p on the invasive capacity of glioma cells,
transwell assays were performed. U87MG cells transfected with
LV-302c-3p or LV-NC were seeded into the chambers with
matrigel, and their invasive potential were determined after 24h
culture. The results showed that the invasive capacity of U87MG

Figure 1. Quantitative real-time polymerase chain reaction (qRT-PCR)
analysis of miR-302c-3p expression in glioma tissues and normal brain
tissues. (A) miR-302c-3p is downregulated in glioma tissues compared
with normal brain tissues (P < 0.001). (B) The decreased expression of
mi-302c-3p in glioma was positively associated with WHO grade
(P < 0.001). Low-grade glioma refers to World Health Organization
(WHO) grade I and WHO grade II, high-grade glioma refers to WHO grade
III and WHO grade IV.
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cells overexpressing miR-302c-3p was reduced by 82.4% com-
pared with the control groups (Fig. 4B, C, D).

miR-302c-3p inhibits glioma cell tumorigenesis in vivo
To further investigate the role of miR-302c-3p inhibition on

tumorigenesis in vivo, we constructed a lentivirus vector to medi-
ate the expression of miR-302c-3p and established 2 stable cell
lines, which were named U87MG-302c-3p and U87MG-NC.
Real-time PCR results showed that U87MG-302c-3p cells
expressed 15.4 fold miR-302c-3p than control cells U87MG-
NC, indicating the construction was successful (Fig. 5A). Then,
we implanted U87MG-302c-3p and U87MG-NC cells into
nude mice. As shown in Figure 5B, mice injected with U87MG-
NC cells formed larger tumors compared with the U87MG-
302c-3p cells (P D 0.004, Fig. 5B, C, D).

miR-302c-3p inhibits glioma cell tumorigenesis in the brain
To further investigate the role of miR-302c-3p inhibition on

tumorigenesis in the brain, C6 were transfected with LV-302c-
3p and then injected into the brain. Cells transfected with LV-
NC were used as a control. After 21th day post-injection, MR

image analysis and histopathological analysis were performed.
Results showed that the right brain injected with C6-NC cells
formed much larger tumors compared with the C6–302c-3p cells
(Fig. 6A, B, C, D).

Discussion

Gliomas are the most frequent primary tumors of the brain,
which are highly invasive and infiltrate normal brain tissue, and
as a result, surgical resection is always incomplete treatment.20

Despite efforts in developing multimodal treatments that have
been tremendous, the clinical prognosis of glioma patients
remains unfavorable.21 It is of great significance to investigate the
underlining molecular mechanisms in human gliomas. Recently,
more and more evidences have showed that deregulated miRNAs
participate in glioma carcinogenesis. In our study, we found that
MTDH is a direct target of miR-302c-3p. Overexpression of
miR-302c-3p can reduce glioma cell growth through targeting
MTDH. Meanwhile, we found that exogenous miR-302c-3p
expression can significantly abrogate the invasion of glioma cells.
In addition, in vivo tumorigenesis experiments confirmed that
stable overexpression of miR-302c-3p inhibited the tumorigene-
sis ability of glioma cells.

miRNAs, a series of special regulators which could interact
with multiple target genes simultaneously, influenced different
downstream pathways.22 Recent studies have demonstrated the
aberrant expression of various miRNAs in gliomas, such as miR-
7, miR-124, miR-128, miR-107, and miR-181b. In this study,
we proved for the first time that the expression of miR-302c-3p
in glioma tissues was significantly lower than those in normal

Figure 2. qRT-PCR analysis of MTDH expression in glioma tissues and
normal brain tissues. (A) Level of MTDH mRNA is upregulated in glioma
tissues compared with normal brain tissues (P D 0.0027). (B) Correlation
between MTDH expression and miR-302c-3p expression in glioma tissues
(P D 0.003, R2 D 0.4065).

Figure 3. MTDH is a direct functional target of miR-302c-3p. (A) The pre-
dicted binding sites of miRNA-302c-3p in the 30UTR region of MTDH. (B)
miR-302c-3p mimics suppressed the luciferase activities in the wild-type
group compared with negative control (P D 0.005).
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brain tissues. Furthermore, the decreased expression of mi-302c-
3p in glioma was positively associated with high WHO grade.
Overexpression of miR-302c-3p can reduce glioma cell growth
and invasion both in vitro and in vivo.

The regulatory mechanism of miR-302c was a complex
framework and sometimes organ specific. For instance, Rosa
et al. revealed that the miR-302 family can influence the differen-
tiation of human embryonic stem cells; other studies have indi-
cated that miR-302c directly targets the estrogen receptor in
human breast cancer, and it has also been reported to be dysregu-
lated in biliary tract cancer and thyroid cancer. Zhu’s study
showed that miR-302c in endothelial cells (ECs) may suppress

EC-mediated tumor growth through inhibiting metadherin
expression.18 To identify the putative miR-302c-3p target genes,
we applied combined in prediction software analysis and lucifer-
ase reporter assays. We demonstrated that MTDH is a direct tar-
get of miR-302c-3p, with the evidence that overexpression of
miR-302c-3p led to reduced luciferase activity with MTDH
30UTR. In our study, we found that TWIST2 is a direct target of
miR-302c-3p.

Metadherin (MTDH), also known as astrocyte elevated gene-
1 (AEG-1) and lysine-rich CEACAM1 coisolated (LYRIC), is a
multifunctional oncogene that is overexpressed in a variety of
human cancers.23,24 As a target of Ras, MTDH activates multiple
oncogenic signaling pathways including phosphoinositide-3
kinase (PI3K)–Akt, mitogen-activated protein kinase (MAPK),
Wnt, and NF-kB involved in regulation of proliferation, inva-
sion, chemoresistance, angiogenesis, and metastasis.25-28 In par-
ticular, MTDH showed higher expression, compared with that

in normal brain tissues, in tumors of
the CNS, such as neuroblastoma, glio-
blastoma multiforme, and oligoden-
droglioma.29-31 Here, we found that
MTDH was overexpressed in glioma
tissues compared with normal brain tis-
sues. And the expression of MTDH
and miR-302c-3p in glioma tissues is
inversely correlated. These results
inferred that up-regulation of miR-
302c-3p abrogates the tumorigenesis
ability of glioma cells. And we speculate
that miR-302c-3p may function as a
tumor inhibitor through the inhibition
of glioma proliferation and invasion by
targeting MTDH.

The potential clinical application of
miR-302c-3p in CRC has never been
reported before. In this study, we
extended our analyses by assaying miR-
302c-3p expression in specimens from
27 human glioma patients. We have
identified that miR-302c-3p is downre-
gulated in glioma. miR-302c-3p sup-
pressed glioma cells proliferation and
invasion, at least in part via inhibition
of oncogene MTDH. And miR-302c-

3p may be a candidate tumor suppressive miRNA of glioma and
might be a new prognostic biomarker for glioma patients.

Materials and Methods

Patients and tissue samples
Tissue samples were obtained after informed consent from the

Department of Neurosurgery, Yuquan Hospital, Tsinghua Uni-
versity (Beijing, China) and Department of Neurosurgery,
Shanxi Dayi hospital, Shanxi Medical University (Taiyuan,
China). Among them there were 6 normal brain tissue samples
collected from patients undergoing internal decompression sur-
gery following brain trauma (3 female, 3 male patients; median
age of 39.5, with a range of 29–62 y old). A total of 16 males
and 11 females (1.45:1) were enrolled in this research, and the
median age was 42.1 y (range, 4–75 years). Eight of the
27 gliomas were classified as low-grade (3 WHO I, 5 WHO II),
and 19 gliomas were classified as high-grade (7 WHO III, 12
WHO IV) gliomas. None of the patients had received chemo-
therapy or radiotherapy preoperatively. Resected tissue samples
were immediately divided into two parts: one part was used for
histopathological diagnosis by two pathologists according to the
2007 WHO classification, and the other part was stored in liquid
nitrogen until used for RNA extraction. All the protocols were
reviewed by the Joint Ethics Committee of the Central South
University Health Authority and performed following national
guidelines.

Figure 4. Overexpression of miR-302c-3p results in a dramatic inhibition of glioma cells proliferation
and invasion in vitro. (A) CCK-8 assay was used to determine growth rate of U87MG-302c-3p and
U87MG-NC cells. (B) Transwell assays were performed to determine invasion ability of U87MG-NC cells
(C) and U87MG-302c-3p (D).
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Cell culture
Human glioma cell line U87MG,

C6 and human embryonic kidney cell
line 293T were obtained from
Cell Library of China Infrastructure of
Cell Line Resources. U87MG and C6
was cultured in MEM medium
(12492–013, Gibco) supplemented
with 10% fetal bovine serum (FBS,
10099–141, Gibco). 293T was cul-
tured in DMEM medium (12430–
054, Gibco) supplemented with 10%
FBS. All the cells were maintained at
37�C in a humidified incubator con-
taining 5% carbon dioxide.

RNA isolation and quantitative
real-time RT-PCR (qRT-PCR)

Total RNA from cells and tissues
was isolated using TRIzol reagent
(15596–018, Invitrogen) and was
eluted in 50 mL nuclease free water.
The details for qRT-PCR were con-
ducted as previously described. Briefly
speaking, miRNAs and mRNAs were
converted to cDNAs using PrimeScript
miRNA cDNA Synthesis Kit (D350A,
Takara) and the SuperScript� III
First-Strand Synthesis System (18080–
051, Invitrogen) respectively. SYBR
green real-time PCR was performed to
compare the expressing levels of miR-
NAs or mRNAs using TransStart Top
Green qPCR SuperMix (AQ131–03,
TransGen) by Mx3000P PCR thermal
cycler. U6 snRNA and GAPDH were selected for normalization
to the expressing levels of miRNAs and mRNAs respectively. Rel-
ative quantitations (RQs) of miRNAs and mRNAs were calcu-
lated using the 2¡DDCt method. The sequences of RT-PCR
primers are listed in Table 1.

Vector construction and dual-luciferase reporter assay
For luciferase assays, the potential miR-302c-3p binding site

in the MTDH 30UTR was predicted at position 2271–2293 by
RNA22 (https://cm.jefferson.edu/rna22v1.0-homo_sapiens/
GetInputs.jsp). The wild-type and mutant 30UTR of MTDH
containing the seed sequence were synthesized and cloned into
the pMIR-Report vector (AM5795, Invitrogen). The wild-type
30UTR of MTDH was mutated following the principle of com-
plementary base pairing to disrupt the miR-302c-3p binding
sites. U87MG cells were transfected with miR-302c-3p mimics
(40 nmol) for 24 hours and then the cells were co-transfected
with wild-type or mutated 30UTR of MTDH using Lipofect-
amine 2000 (11668–500, Invitrogen). Forty-eight hours later,
cell lysates were incubated with dual-luciferase reagents (E1483,
Promega) and the luciferase activities were determined by the

luciferase assay kit (E2810, Promega). Pre-miRTM miRNA Pre-
cursor Negative Control (AM17110, Ambion�) was used as a
negative control.

Lentivirus packaging and stable cell line establishment
The stem-loop sequence miR-302c (MI0000773) was synthe-

sized from Human Genome DNA with primer pair hsa-mir-
302c-sence (50-CCTTTGCTTTAACATGGGGGTACCTGCT
GTGTGAAACAAAAGTAAGTGCTTCCATGTTTCAGTGG
AGGTTTTTTGT-30) and hsa-mir-302c-antisence (50-CTAGA-
CAAAAAACCTCCACTGAAACATGGAAGCACTTACTTT
TGTTTCACACAGCAGGTACCCCCATGTTAAAGCAAAG
G-30). The generated sequence was then cloned into cloned into
the XbaI and SmaI site of the lentiviral vector H1 (provided by
Professor Qin Shen) to generate a miR-302c-3p stable expressing
vector (pH1-miR-302c-3p). Lentivirus expressing vector with
miR-302c-3p gene (LV-302c-3p) was produced by co-transfect-
ing with 3 plasmids (pH1-miR-302c-3p, pSVS and pCMV) into
293 T cells. 293 T cells were cultured in DMEM with 5% FBS
in a 37�C incubator with 5% CO2. Forty-eight hours after trans-
fection, the supernatant was harvested, filtered and cleared by

Figure 5. Exogenetic expression of miR-302c-3p suppresses glioma cell tumorigenesis in vivo. (A) Estab-
lishment of the stable cell lines overexpressing miR-302c-3p. (B) Quantification of the tumor
volume of U87MG-NC group (C) and U87MG-302c-3p group (D).
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centrifugation at 500 £ g for 10 min. The lentivirus expressing
vector without interest gene was selected as negative control (LV-
NC). The final obtained virus was re-suspended in phosphate-
buffered saline (PBS) and then titrated. The final concentration
of the virus suspension was adjusted to 5 £ 108 TU/ml. LV-
302c-3p or LV-NC was transfected into U87MG, named
U87MG-302c-3p and U87MG-NC respectively, and the cells
would express EGFP stably 72 h after transfection. LV-302c-3p
or LV-NC transfected into C6 were named C6–302c-3p and
C6-NC, respectively.

Cell proliferation and invasion
assays

To assess the proliferation of
U87MG transduced by LV-302c-3p or
LV-NC, cells were determined by
using CCK-8 (CK04–3000T,
DOJINDO). Briefly, 100 mL 1 £ 104

cell/ml cell suspensions were initially
seeded onto each well in the 96-well
plate. After 1, 3, 5, 7 days, 10 mL
CCK-8 was added to each well and
incubated at 37�C for 4 h. Then,
100 mL of solution was aspirated from
each well and poured in a 96-well
plate. The absorbance in each well at
450 nm was measured with an ELISA
reader.

For cell invasion assay, a specialized
Chamber with BD BioCoat Matrigel
(354480, BD Biosciences) was used
according to the manufacturer’s
instructions. Briefly, cells (5 £ 104

cells/mL) were loaded into chamber
inserts containing an 8-mm pore size
membrane with a thin layer matrigel
matrix. Cells migrating to the lower
surface of the membrane during 24 or
48 h were fixed with 100% methanol
and non-invading cells on the upper
surface of the membrane were
removed. The membranes, with
migrated cells, were then stained with
DAPI (D9564, Sigma), scanned, and

digital images were obtained with a microscope. The number of
invasive cells was then determined for 5 independent fields under
a microscope. The mean of triplicate assays for each experimental
condition was used for analysis.

In vivo assays
Twenty female athymic BABL/c nude mice (4–6 weeks old)

were obtained from Beijing Vital River Laboratories (Beijing,
China), and randomly divided into 2 groups: U87MG-302c-3p
injected group and U87MG-NC injected group. 200 mL cells
were injected into the subcutaneous tissue at a density of 1 £ 107

cells/ml. Tumor diameters were measured and tumor volume D
(length £ width2)/2. All the mice were sacrificed on the 28th day
post-injection. All animal experiments were carried out in accor-
dance with the US National Institutes of Health Guide for the
Care and Use of Laboratory Animals (NIH Publications No.
80–23) and approved by the Beijing Administration Committee
of Experimental Animals.

Stereotactic surgeries
Ten rats were used in this experiment. Animals anesthetized

by intraperitoneal injection of 5% chloral hydrate (350 mg/kg)
and placed in the stereotaxic instrument. C6–302c-3p

Table 1. Primers for qRT-PCR

Gene name Primer sequence (50 to 30)

miR-302c-3p RT primer GTCGTATCCAGTGCAGGGTCCGAG
GTATTCGCACTGGATACGACCCACTG

Forward GCGTGCTTCCATGTTTCAGTGG
Reverse CAGTGCAGGGTCCGAGGTAT

MTDH Forward TGCAGCCGAGGAATAAAGGA
Reverse CTGTGCATAAGATCCAAGGAATTG

U6 Forward CTCGCTTCGGCAGCACA
Reverse AACGCTTCACGAATTTGCGT

GAPDH Forward TGCACCACCAACTGCTTAGC
Reverse GGCATGGACTGTGGTCATGAG

Figure 6. Exogenetic expression of miR-302c-3p suppresses glioma cell tumorigenesis in rat brain. (A)
T2 weight image. The left side is C6–302c-3p cells. The right side is C6-NC cells. Red arrows indicated
the tumors. (B) Enhanced T2 weighted images. The left side is C6–302c-3p cells. The right side is C6-NC
cells. Red arrows indicated the tumors. (C) C6–302c-3p group (C) and C6-NC group (D). Dashed box
indicated tumors (original magnification 40£).
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suspensions 5 ml (1 £ 107 cells/ml) was delivered at 0.4 ml/min
at the following stereotaxic coordinates: 0 mm posterior and
3.5 mm left-lateral to the bregma and 5.5 mm ventral to the
skull surface. The needle was withdrawn to 1.3 mm after injec-
tion of 1.5 ml and then injection was continued. The needle was
left in situ for an additional 5 min after completing the injection,
and then withdrawn slowly. C6-NC suspensions, as a negative
control, was injected into the contralateral position of the same
rats.

MR image analysis
All rats experienced high resolution MR scanning preopera-

tively on the 21th day post-injection. The MR images were
acquired using a 3.0 tesla clinical unit (Philips Achieva 3.0T
TX). The rats were anesthetized with intraperitoneal injection of
5% chloral hydrate (350 mg/kg). After coronal T2 weighted
images had been obtained, enhanced T2 weighted images were
acquired by an intravenous injection of dimeglumine gadopente-
tate (Magnevist, Bayer Schering Parma, Germany) at a dose of
500 ml/250 g body weight via caudal vein.

Histopathological analysis
Rats were sacrificed for histopathological examination follow-

ing MR image analysis. After anesthetization with intraperitoneal
injection of 5% chloral hydrate solution, each rat’s thorax was

rapidly opened and the right atrium was incised. Normal saline
followed by 4% paraformaldehyde was pumped into the rat’s cir-
culation through a cannula inserted into the left ventricle. When
the perfusate flowing from the right atrium was clear, brain tis-
sues were dissected and placed in 10% methanal. After two-day
fixation, the brain was sectioned in 5-mm slices for haematoxy-
lin-eosin staining. The images were examined with light micros-
copy and digitally recorded.

Statistical analysis
All computations were carried out using the software of

GraphPad Prism 5 (GraphPad Software Inc., CA, USA). Data
were expressed as mean § SD. The differential expression of
miR-302c-3p and MTDH between glioma tissues and normal
brain tissues was evaluated by independent sample t test.
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