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Abstract: MicroRNAs play important roles in the process of cancer, which microRNA-520b (miR-520b) has been
reported to play critical roles in tumor progression in many types of cancers. However, its role in glioma remains
unknown. In this study, we found that miR-520b could inhibit growth and progression in glioma by targeting methyl-
CpG-binding domain 2 (MBD2). First, we analyzed the expression of miR-520b in different glioma grades and dif-
ferent cell lines (U87, U251 and astrocyte). Then we assessed the effect of miR-520b on glucose metabolism, inva-
sion, angiogenesis and chemosensitivity in U7 and U251 cells. By using an online database, miR-520b was found
to directly bind to the 3’-untranslated regions (3’-UTR) of MBD2 and reduce its expression at the protein level, which
further inhibits the development of glioma. MBD2 was also found to be over-expressed in human glioma tissues
and in U87 and U251 cells and its level was inversely correlated with that of miR-520b. Furthermore, restoration of
MBD2 partially rescued the miR-520b-induced inhibitory effect on glucose metabolism, invasion, angiogenesis and
chemosensitivity in glioma cells. In summary, to date, this is the first study to demonstrate that miR-520b functions
as a tumor suppressor in glioma by directly targeting MBD2, suggesting that MBD2 may be a potential therapeutic

target for glioma.
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Introduction

Glioma is the most common primary tumor of
the brain and is divided into four clinical grades
on the basis of histology and prognosis [1, 2].
Several gene expression changes and chromo-
somal abnormalities are regularity found in glio-
mas and great progress in standard therapies,
including surgical resection, chemotherapy and
radiotherapy have been made [3]. However, the
prognosis of glioma remains poor. Thus, there
is an urgent need to develop new treatment
strategies for this disease.

MicroRNAs are a family of endogenous non-
coding RNA molecules approximately 20 nucle-
otides [2]. They regulate gene expression at the
transcriptional and posttranscriptional level by
completely or incompletely binding to the 3'-
UTR of their target messenger RNA (mRNA),
and then repress translation or promote de-
gradation of the mRNA to exert biological func-
tions [4]. By modulating different target genes,

miRNAs have been found to play vital roles
in a variety of cellular behaviors in cancer, such
as apoptosis, proliferation, invasion, migration
and glucose uptake [5-7]. Moreover, miRNAs
have been shown to be useful as diagnostic
and prognostic indicators of disease type and
severity [1]. Aberrant expression of miR-520b
has been reported in several types of cancer.
For example, miR-520b acts as a tumor sup-
pressor by regulating epidermal growth factor
receptor in gastric cancer and provides a novel
marker and insights into potential therapy for
gastric cancer [8]. Zhang reported that Hepatitis
B virus X protein accelerates hepatocarcino-
genesis by partnering with survivin through the
modulation of tumor suppressor miR-520b and
hepatitis B X-interacting protein [9]. Another
study has shown that miR-520b is involved in
regulating the migration of breast cancer cells
by targeting HBXIP to stimulate NF-kB-mediated
IL-8 expression [10]. However, the underlying
role and mechanism of miR-520b in develop-
ment of glioma remain unclear.
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The methylation status of DNA influences many
biological processes during development, and
methylation of cytosine residues of promoter-
proximal regulatory sequences in human is
usually considered to silence gene expression
[11]. One of the most commonly studied fami-
lies of effectors of cytosine methylation the
methyl-CpG-binding domain family of proteins,
most of which specifically bind methylated CpG
dinucleotides and play crucial roles in deter-
mining the transcriptional state of the human
epigenome [12]. The MBD has the ability to
bind single symmetrically methylated CpG dinu-
cleotides, and the functions of MBD1-4 family
members are well-studied [13, 14]. Apart from
MBD3, these proteins preferentially bind 5-me-
thylcytosine over unmethylated cytosine [15].
MBD2 is a subunit of the Mi2-NuRD complex
and has been shown to mediate gene silencing
via recruitment of the complex to methylated
promoters [16]. In particular, there is emerging
evidence linking the function of MBD2 and the
abnormal hypermethylation of CpG islands and
shores in cancer.

In our study, we discovered that miR-520b is
down-regulated in glioma tissues, and that its
expression serves as a protective factor for
the prognosis of glioma patients. We suggest-
ed that the exogenous expression of miR-520b
in glioma cells inhibits proliferation, decreases
invasion, and promotes apoptosis. In addition,
we demonstrated that miR-520b directly tar-
gets the 3'-UTR of MBD2 to regulate its expres-
sion and downstream signaling proteins. Our
study provided the first evidence of the role
for miR-520b as a tumor suppressor in glioma
via MBD2. According to these findings, miR-
520b could be a new therapeutic target and
predictor of survival in glioma patients.

Materials and methods
Human tissue samples

Human normal brain tissues and glioma sam-
ples were obtained from the Department of
Neurosurgery at Nanjing First Hospital, Nanjing
Medical University. This study was approved by
the hospital’s Institutional Review Board, and
written informed consent was obtained from
each patient. Tissue samples were collected
during surgery and immediately frozen in liquid
nitrogen and stored until total RNAs or proteins
were extracted.
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Cell culture

The human glioma cell lines U887 and U251
were purchased from the Chinese Academy of
Sciences Cell Bank. All of the cell lines were
maintained in Dulbecco’s modified Eagle’s me-
dium (DMEM) (Gibco, USA) with high glucose
supplemented with 10% fetal bovine serum
(ScienCell, USA). Human umbilical vein endo-
thelial cells (HUVECs; purchased from Gene-
Chem, China) were cultured in endothelial cell
basal medium (Medium 200, Gibco, USA) sup-
plemented with Low Serum Growth Supplement
(Gibco, USA).

Plasmid constructs, oligonucleotides and cell
transfection

Oligonucleotides were purchased from Gene-
Pharma (Shanghai, China). The sequences
were as follows: MBD2-small interfering RNA
(si-MBD2): 5'-GAT GAT GCC TAG TAA ATT A-3
(865-894 bp) and scrambled control: (5-GTG
AAT ACA GGC TTT AAA TAG-3’). The hsa-miR-
520b mimic and hsa-miR-520b inhibitor were
also purchased from GenePharma.

Real-time quantitative PCR

RNA was isolated from harvested cells and
tissues with TRIzol (Invitrogen, USA) following
the manufacturer’'s protocols. To detect the
expression of MBD2. RT-qPCR was perform-
ed using Fermentas reverse transcription rea-
gents and SYBR Green PCR Master Mix (Ap-
plied Biosystems, USA) according to the manu-
facturer’s protocols. To detect the expression
of miR-520b, RT-gPCR was performed using
TagMan miRNA assays (Applied Biosystems,
USA). U6 was used for normalization. In addi-
tion, analyses were performed using the 24°t
or 224t method. Each experiment was per-
formed in triplicate.

Western blot analysis

Total proteins were isolated from the indicated
cells using RIPA lysis buffer (KeyGEN, Nanjing,
Jiangsu, China) and quantified using a BCA
Protein Assay Kit (Beyotime, Nanjing, Jiangsu,
China). The obtained proteins were then sepa-
rated by SDS-PAGE and transferred onto a
0.45-uym cellulose acetate membrane (Immo-
bilon, USA). After blocking with 5% nonfat milk
(BrightDairy, Shanghai, China), the membrane
was incubated with primary antibodies recog-
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nizing MBD2 (1:1000, Sigma, M7318) or GAP-
DH (1:1,000, YIFEIXUE BIO TECH. lJiangsu,
China), followed by an incubation with a horse-
radish peroxidase (HRP)-conjugated secondary
antibody (YIFEIXUE BIO TECH lJiangsu, China).
Finally, the bands were visualized with Image
Quant LAS 4000 mini imager (GE, USA).

Glucose uptake assay

Glucose uptake was measured using a 2-De-
oxyglucose Glucose Uptake Assay Kit (Fluoro-
metric, Abcam, USA) based on the protocol pro-
vided by the manufacturer. U7 and U251 cells
were seeded in 96-well plates (1000 cells/well)
and incubated overnight. After 24 h, the cells
were incubated in the dark with 2-deoxyglucose
(10 mM) for 20 min at 37°C in CO, containing
humidified atmosphere and the uptake of 2-
deoxyglucose was measured using a fluores-
cence microplate reader at Ex/Em=535/587
nm.

Transwell assay

To measure cell invasion, 8 mm pore 24-well
Matrigel invasion chambers (Corning, NY, USA)
were used according to the protocol provided
by manufacturer. 20000 cells were seeded into
each well. Two hundred microliters of DMEM
supplemented with 0.1% was added to upper
chambers, while 400 yl DMEM supplemented
with 10% FBS was added to the lower cham-
bers. After incubation at 37°C in 5% CO, for
48 hours, the non-invading cells were removed
from the upper chamber. Then, the migrating
cells were stained with 0.1% crystal violet (YIF-
EIXUE BIO TECH, Jiangsu, China). The migrated
cells were counting the number of cells in 3
independent visual fields under a microscope.

Angiogenesis assay

Matrigel (BD, USA) was thawed at 4°C over-
night, and each well of pre-chilled u-Slide An-
giogenesis plate (lbidi, Germany) was coated
with 10 pl of Matrigel. The plates were then in-
cubated at 37°C for 2 hours to form a layer of
Matrigel. Cells were cultured to 90-100% con-
fluence. The old medium was discarded and
replaced with serum-reduced medium (1% FBS)
for 24 h. The conditioned medium was collect-
ed and stored at -80°C. HUVECs were switched
to basic medium containing 0.2% FBS. After 24
h, the starved HUVECs were trypsinized, col-
lected, counted, and resuspended in endothe-
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lial cell growth medium (Gibco, USA) supple-
mented with Gibco LSGS (Low Serum Growth
Supplement, Gibco, USA). Then, the cells were
mixed with equal volumes of the conditioned
medium and seeded in the Matrigel-coatedu-
Slide Angiogenesis plates at 3x10* cells/well.
After 12 h, tube formation was examined under
a light microscope. The length of the tubes was
measured using the Soft Imaging System (Soft
Imaging System GmbH, Germany).

In vitro chemosensitivity assay

Cancer cells were seeded at a density of 4000
cells per well in a 96-well plate and incub-
ated overnight. Freshly prepared temozolomide
(TMZ) was added at final concentrations rang-
ing from 25 to 400 mM. Forty-eight hours later,
cell viability was assayed using a CCK8 kit.

Xenograft tumor assay

Ten immunodeficient female nude mice (Beijing
Laboratory Animal Center, Beijing, China) were
used to test the effect of miR-520b on glioma
in vivo. These nude mice were randomly divided
into two groups (5 mice per group). Approxi-
mately 2x10° logarithmically growing U87 cells
stably expressing negative control or miR-520b
mimics-transfected cells were subcutaneously
injected into the nude mice. After 21 days, the
subcutaneous tumors were dissected and
weighed. Tumor volume was calculated accord-
ing to the formula: V (mm?3)=0.5 * a * b2 (a rep-
resents the longest axis, and b represent the
shortest axis).

Statistical analysis

All experiments except the animal experiments
were conducted at least three times. All values
in this study are shown as the means £ SD. The
difference between the groups was considered
significant and very significant at P < 0.05 (* or
#)and P < 0.01 (** or ##), respectively.

Results

MiR-520b is down-regulated in glioma tissues
and cell lines

To reveal the expression of miR-520b in glioma,
we examined the expression patterns of miR-
520b in the Chinese Glioma Genome Atlas
(CGGA) database and found that miR-520b ex-
pression was significantly lower in high-grade
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Figure 1. MiR-520b is down-regulated in glioma tis-
sues and cell lines. A. Expressions of miR-520b in
CGGA public database. B. Relative expressions of
miR-520b in glioma tissues and normal brain tis-
sues. C. Relative expressions of miR-520b in astro-
cyte and glioma cell lines U87, U251 (*P < 0.05, **P
<0.01).

glioma tissues than in low-grade glioma tis-
sues, indicating that miR-520b expression cor-
related with malignancy (Figure 1A). Next, RT-
gPCR was performed to examine the expres-
sion levels of miR-520b in 5 normal brain tis-
sues and tumor samples of 20 patients with
glioma (Figure 1B). As shown in Figure 1B, miR-
520b was down-regulated in glioma tissues
compared with the non-tumor tissues. The
expression levels of miR-520b in glioma cell
lines (U87, U251) were also investigated and
the human astrocytic cell line was used as the
control (Figure 1C). The results revealed that
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miR-520b was significantly down-regulated in
glioma cell lines compared with the astrocytic
cells. These findings demonstrated that low ex-
pression of miR-520b might be a prognostic
marker for glioma patients.

MiR-520b suppresses glucose metabolism,
invasion and angiogenesis and enhances che-
mosensitivity glioma cells in vitro

The abnormal expression of miR-520b in glio-
mas and glioma cell lines led us to investigate
its biological roles. Chemically synthesized miR-
520b mimics were transfected into U87 and
U251 cells to alter the expression of miR-520b.
In both cells, the transfection efficiency was
confirmed by qPCR (Figure 2A). We treated the
cell lines with increasing concentrations of glu-
cose (0, 10 or 20 mM) for 12 h and examined
the levels of glucose uptake in these cells
(Figure 2B). Consistently, up-regulation of miR-
520b significantly inhibited glucose uptake by
the glioma cell lines. Next transwell assays we-
re adopted to assess the invasion of glioma
cells. Significant differences were observed in
cell invasion between the cells transfected with
miR-520b and the control (Figure 2C). The re-
sults of the angiogenesis assay showed that
the up-regulation of miR-520b decreased the
angiogenic capacity of the HUVECs (Figure 2D).
As expected, our results showed that the over-
expression of miR-520b in U87 and U251 cells
significantly increased their chemosensitivity to
treatment with TMZ (Figure 2E). Collectively,
these results suggested that miR-520b func-
tions as tumor suppressor in glioma.

MBD2 is a direct target of miR-520b in glioma
cell lines

It is accepted that miRNAs exert their func-
tions by regulating the expression of down-
stream target genes. Therefore, we searched
for miR-520b targets using TargetScan. Accor-
ding to the prediction, MBD2, which might be a
target of miR-520b, was found (Figure 3A). A
high level of MBD2 was observed in the CG-
GA (Figure 3B). Furthermore, the expression of
MBD2 was higher in the glioma tissues of high
grade than these in low grade and normal tis-
sues (Figure 3C). The expression levels of MB-
D2 protein in glioma cell lines were remarkably
higher than astrocyte cell line by using Western
Blot assay (Figure 3D). In addition, Western blot
assay showed that expression of MBD2 was
increased/decreased in glioma cells with down-
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Figure 2. MiR-520b suppresses glucose metabolism, invasion and angiogenesis and enhances chemosensitivity
glioma cells in vitro. A. The expression of miR-520b in U87 and U251 cells transfected with NC or miR-520b mimic.
B. Relative glucose uptake in U87 and U251 cells transfected with NC or mir-520b mimic and treated with the in-
dicated concentrations of glucose (0, 10, or 20 mM). *P < 0.05, **P < 0.01 compared to cells treated with 0 mM
glucose, #P < 0.05 compared to control miR-520b transfected cells treated with the same glucose concentration. C.
Transwell assay in U87 and U251 cells transfected with NC or miR-520b mimic. D. Tube formation assay in U87 and
U251 cells transfected with NC or miR-520b mimic. E. Cell proliferation was examined in U87 and U251 cells that
were expressing NC or miR-520b mimic following TMZ treatments at different doses. CCK8 assay was conducted
48 hours after TMZ treatment (*P < 0.05, **P < 0.01, #P < 0.05, ##P < 0.01).

regulation/up-regulation of miR-520b (Figure above, MBD2 was validated as a target of miR-
3E). After over-expressing miR-520b, the lucif- 520b via direct binding its 3’-UTR.

erase activity of the wild-type MBD2 reporter

containing miR-520b binding site was found to MIiR-520b inhibits glucose metabolism, inva-
be attenuated, which was not observed in the sion, angiogenesis and chemosensitivity by
mutant MBD2 reporter or the miR-520b nega- targeting MBD2 in vitro

tive control-transfected group of U87 and U251

cells (Figure 3F). As illustrated in Figure 3F, the To determine the role of MBD2 glucose metab-
level of MBD2 mRNA by RT-gPCR was signifi- olism, invasion, angiogenesis and chemosensi-
cantly reduced when the cells were transfected tivity in glioma cell lines, we first knocked down
with miR-520b mimics. According to the result the level of MBD2 using chemically synthesized
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Figure 3. MBD2 is a direct target of miR-520b in glioma cell lines. A. Schematic of the MBD2 3’-UTR including the
putative binding sites for miR-520b, as predicted by TargetScan 7.1. B. Expressions of MBD2 in CGGA public data-
base. C. Relative expressions of MBD2 in glioma tissues and normal brain tissues. D. Western blot assay showed
the expression of MBD2 in U87, U251 and astrocytic cells. E. Western blot assay showed the expression of MBD2 in
U87 and U251 cells transfected with NC, mir-520b mimic or AS-miR-520b. F. miR-520b down-regulated luciferase
activity of wild-type MBD 3’-UTR expression vector, but did not reduce expression of a mutant MBD2 3’-UTR (*P <
0.05, **P < 0.01).

MBD2-targeting siRNA (si-MBD2). In both cells, centrations of glucose (0, 10 or 20 mM) for 12
the transfection efficiency was confirmed by h and found the levels of glucose uptake are
gPCR and Western blot assay (Figure 4A, 4B). dramatically lower in si-MBD2-transfected glio-
We treated both cell lines with increasing con- ma cells (Figure 4C). Western blotting assay
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Figure 4. MiR-520b inhibits glucose metabolism, invasion, angiogenesis and chemosensitivity by targeting MBD2
in vitro. A. The expression of MBD2 in U87 and U251 cells transfected with NC or si-MBD2. B. Western blot assay
showed the expression of MBD2 in U87 and U251 cells transfected with NC or si-MBD2. C. Relative glucose uptake
in U87 and U251 cells transfected with NC or si-MBD2 and treated with the indicated concentrations of glucose (O,
10, or 20 mM). *P < 0.05, **P < 0.01 compared to cells treated with O mM glucose, #P < 0.05 compared to control
si-MBD2 transfected cells treated with the same glucose concentration. D. Protein levels of MBD2 as determined by
Western blot analysis in U87 and u251 cells treated with the indicated concentrations of glucose (0, 10 or 20 mM).
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E, F. Transwell assay and tube formation assay in U87 and U251 cells also transfected with NC or si-MBD2. G. Cell
proliferation was examined in U87 and U251 cells that were expressing NC or si-MBD2 following TMZ treatments
at different doses. CCK8 assay was conducted 48 hours after TMZ treatment (*P < 0.05, **P < 0.01, #P < 0.05,

##P < 0.01).

indicated that the protein levels of MBD2 were
markedly up-regulated in response to glucose
treatment in a dose-dependent manner (Figure
4D). Consistently, knockdown of MBD2 expres-
sion significantly inhibited glucose uptake by
the glioma cell lines. The invasion of U87 and
U251 cells in the si-MBD2 group was decreased
compared with the control group (Figure 4E).
Additionally, we observed that the down-regula-
tion of MBD2 also decreased the angiogenic
capacity of the HUVECs (Figure 4F). As expect-
ed, our results showed si-MBD2-transfected
glioma cells were more sensitive to TMZ treat-
ment (Figure 4G). Overall, these results sug-
gested that MBD2 functions an onco-gene in
glioma.

To further confirm that miR-520b exerted its
function by directly targeting MBD2 in the glio-
ma cell lines, we transfected miR-520b togeth-
er with an MBD2-expression plasmid into the
two cell lines, followed by a series of functional
assays. First, we used RT-qPCR and western
blot assay to determine whether MBD2 was in-
volved in changes induced by miR-520b expres-
sion (Figure 5A, 5B). RT-gPCR and western blot
assay proved that compared with the two other
groups, MBD2 was significantly downregulated
in the miR-520b-transfected group. Afterwards,
we also confirmed that the restoration of MBD2
expression was capable of partially counteract-
ing the effects of miR-520b on glucose metab-
olism, invasion, angiogenesis and chemosensi-
tivity in U87 and U251 cell lines (Figure 5C-F).
These data suggested that miR-520b inhibit-
ed glucose metabolism, invasion, angiogenesis
and chemosensitivity in glioma cell lines, partly
by directly targeting MBD2.

MiR-520b suppressed tumor growth in nude
mice by inhibiting MBD2

Considering the remarkable glioblastoma-inhi-
biting effects of miR-520b in vitro, we extend-
ed our investigation to examine if miR-520b
could impede glioma growth in vivo using nude
mice. To investigate the role of miR-520b on
the tumor growth in vivo, we implanted U87
cells stably expressing miR-520b in the subcu-
taneous tissue of nude mice. The tumor growth
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was evaluated every 7 days for 21 days (Figure
6A). The tumor growth kinetics showed that the
tumors derived from the U87 cells transfected
with miR-520b mimics exhibited slower growth
than the tumors derived from the control cells.
The mice were sacrificed after 21 days. Subse-
quently, the tumors were dissected and wei-
ghed (Figure 6B, 6C). The average tumor weight
of miR-520b mimics-treated group was signifi-
cantly lower than that of the control. In addi-
tion, we also measured MBD2 expression in
tumor tissues (Figure 6D). Therefore, these re-
sults demonstrated that increased levels of
miR-520b could inhibit the development of glio-
ma in vivo.

Discussion

MiRNAs act as posttranscriptional gene re-
gulators in the etiology of various pathological
events. Abnormal expression of miRNAs has
been considered to participate in cancer pro-
gression. Several studies have shown that miR-
520b functions as a biomarker and has signifi-
cant roles in many types of cancers [17, 18].
However, there has not been any study that on
the role of miR-520b in glioma so far. In our
study, we discovered that miR-520b is down-
regulated in gliomas and that it acts as a novel
tumor suppressor in glioma. Meanwhile, up-re-
gulation of miR-520b significantly suppressed
glucose metabolism, invasion and angiogene-
sis and enhanced the chemosensitivity of glio-
ma cell lines. Lastly, we demonstrated that miR-
520b acts as a tumor suppresser by suppress-
ing its target MBD2.

The MBD family members MBD1, MBD2, MBD4
and MeCP2 bind to methylated DNA via methyl-
binding domain [14]. Therefore, MBD proteins
are often described as ‘readers’ of DNA meth-
ylation [19]. Moreover, MBD proteins also have
a role in gene repression. The MBD family pro-
teins are vital players in determining the tran-
scriptional state of the epigenome [19]. In re-
cent years, the associations of MBD2 with hu-
man cancers have been reported. Current stud-
ies have emphasized the tumorigenic role of
MBD2 in prostate cancer, breast cancer and
human oral squamous cell carcinoma [11, 20,
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Figure 5. MiR-520b inhibits glucose metabolism, invasion, angiogenesis and chemosensitivity by targeting MBD2
in vitro. A, B. The expression of MBD2 in U87 and U251 cells transfected with NC, miR-520b or miR-520b+MBD2.
C. Relative glucose uptake in U87 and U251 cells transfected with NC, miR-520b or miR-520b+MBD2 and treated
with the indicated concentrations of glucose (0, 5, or 20 mM). *P < 0.05, **P < 0.01 compared to cells treated with
miR-520b+MBD2. D. Transwell assay in U87 and U251 cells transfected with NC, miR-520b or miR-520b+MBD2. E.
Tube formation assay in U87 and U251 cells transfected with NC, miR-520b or miR-520b+MBD2. F. Cell prolifera-
tion was examined in U87 and U251 cells that were expressing NC, miR-520b or miR-520b+MBD2 following TMZ
treatments at different doses. CCK8 assay was conducted 48 hours after TMZ treatment (*P < 0.05, **P < 0.01).

21]. However, the effect of MBD2 on glioma is Moreover, miR-520b rendered glioma cells
still poorly understood. In the present study, we more sensitive to TMZ treatment and promo-
showed that compared with that in Low Grade ted TMZ-induced apoptosis in glioma cells via
Glioma, the expression of MBD2 in High Grade suppression of its target gene, MBD2. Thus,
Glioma was significantly higher. The down-regu- the induction of miR-520b in combination with
lation MBD2 markedly repressed glucose me- TMZ treatment could be a useful therapeutic
tabolism, invasion and angiogenesis and en- strategy for suppressing glioma growth. Never-
hanced the chemosensitivity of glioma cell theless, further studies are needed to deter-
lines. The results above showed that MBD2 mine the exact mechanism of decreased miR-
contributed to glioma progression in both 520b expression during the progression of glio-
U87 and U251 cells. Moreover, our findings ma and to further explore other possible tar-
also provide the first evidence that MBD2 is gets of miR-520b in glioma. Additionally, a large
a predominant mediator of miR-520b-induced cohort study, incorporating MBD2 expression
tumor-suppressive function. and function should also be further investiga-
ted.

In conclusion, our present study showed that
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