Am J Transl Res 2016;8(9):3780-3790
www.ajtr.org /ISSN:1943-8141/AJTRO030258

Original Article
MicroRNA-218 modulates activities of glioma cells by
targeting HMGB1
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Abstract: To explore the effects of microRNA-218 (miR-218) on glioma cell lines and the related mechanism. U251
and U87 cells were transfected with negative control, miR-218 mimic or miR-218 inhibitor using lipofectamine
2000. The expressions of mMRNA and proteins were detected with gRT-PCR and Western blotting. The cell prolifera-
tion, apoptosis, migration and invasion were studied using MTT, flow cytometry, Transwell assay and scratch-wound
assay, respectively. The targeting effect of HMGB1 by miR-218 was measured with luciferase reporter assay. The re-
sults showed that miR-218 was significantly downregulated while HMGB1 was upregulated in both glioma cell lines.
Transfection of miR-218 significantly reduced the cell viability and colony formation, increased cell apoptosis and
arrested cell in GO/G1 phase. Transfection of miR-218 also decreased the invasion and migration of glioma cells.
The expressions of HMGB1, RAGE, cyclin D1 and MMP-9 were downregulated while the expression of caspase-9
was upregulated by miR-218. Silencing HMGB1 increased the expression of RAGE, cyclin D1, MMP-9 but decreased
the expression of caspase-9 in U251 and U87 cells. Co-transfection with pcHMGB1 and miR-218 significantly de-
creased the growth inhibition and increased the apoptosis of glioma cells while these effects were abolished in
glioma cells co-transfected with HMGB1 siRNA and miR-218 inhibitor. In addition, co-transfection with pcHMGB1
and miR-218 inhibitor increased the invasiveness of U251 and U87 cells. These findings suggested that miR-218
may negatively regulate HMGB-mediated suppression of RAGE to regulate cell proliferation, apoptosis and invasion,
and that intervention of miR-218-HMGB1-RAGE may be useful for developing potential clinical strategies.
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Introduction MicroRNAs (miRNAs) are a group of endoge-

nous small noncoding RNAs (22-25 nucleotides

Glioma is the most common type of malignant
tumors in brain and the median survival of
patients with glioma depends largely on the his-
tological grade of the tumor [1]. Despite of
improvements of surgical skills, radiotherapy
and chemotherapy, the treatment of patients
with gliomas remains one of the greatest chal-
lenges in oncology [2]. The reason of high mor-
tality of glioma is partially because of local inva-
sion of tumor into normal brain tissues, which
prevents complete surgical resection [3]. Thus,
understanding the potential mechanism
accounting for the invasion and blocking the
invasive process of glioma may be an effective
therapeutic strategy.

in length) and generally regulate the mRNA
expression at the post-transcriptional level by
negatively regulating their target mRNAs to
either degradation or translational repression.
Increasing studies have proved that miRNAs
are downregulated in various diseases, includ-
ing cardiovascular diseases, neurological dis-
eases and human cancers [4-6]. Among of
these miRNAs, miRNA-218 (miR-218) is found
to be greatly suppressed in several kinds of
solid tumors while the downregulation of miR-
218 can enhance invasion and proliferation of
tumor cells by altering the expression of target
genes [7-10]. However, if the miR-218 is involved
in the activities of glioma is not clear.
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As one member of the high mobility group box
(HMGB) of non-histone chromosomal proteins,
HMGB1 is indicated to be overexpressed in
various tumors including human glioma [11]
and is associated with pathological grade and
poor prognosis [12], acting as oncogene [13,
14]. In contrast, Zhang et al. [15] found that
knockdown of HMGB1 can increase the apop-
tosis and suppress the proliferation and inva-
sion of glioma cells, suggesting the involvement
of HMGB1 in glioma. Recent studies using
Targetscan software indicated that HMGB1 is a
target gene of miR-218, and that upregulation
of miR-218 can suppress the proliferation and
invasion, promote the apoptosis of pancreatic
cancer cells [16], and suppress the cell migra-
tion and invasion of non-small cell lung cancer
[17]. These effects of HMGB1 may be achieved
through the interaction with receptor for
advanced glycation end-products (RAGE) which
constitutes a signaling pathway with HMGB1
[6, 18]. However, whether miR-218 could regu-
late the expression of target gene HMGB1
through RAGE in glioma and the underlying
mechanisms are still unclear.

In the present study, we investigated the effects
of miR-218 on the activities of glioma cells and
related mechanisms, which would provide the-
oretic basis for target therapy strategies of
glioma.

Materials and methods
Cell lines and transfection

Normal human astrocytes (NHA) were pur-
chased from Sciencell Research Laboratories
(Carlsbad, CA, USA) as control. Glioma U118,
U251, U373, U87, SNB19 and LN229 cell lines
were obtained from the Institute of Biochemistry
and Cell Biology (Shanghai Institutes for
Biological Sciences, Chinese Academy of
Science, Shanghai, China). The cells at density
of 1x10° were seeded in 6-well plates in DMEM
supplemented with 10% fetal bovine serum
(FBS) and 1% penicillin/streptomycin, and incu-
bated in 5% CO, atmosphere at 37°C. The cells
were separately treated with negative control
(NC), miR-218 mimic, miR-218 inhibitor, HMGB1
and RAGE-targeted small interfering RNA
(HMGB1 siRNA and RAGE siRNA) and siRNA
negative control (GenePharma, Shanghai,
China), respectively, through transfection with
Lipofectamine 2000 (Invitrogen), according to
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the manufacturer’s instructions. After 24 h of
transfection, the medium was removed and the
cells were placed in the complete medium and
maintained at 37°C in 5% CO, incubator.

qRT-PCR

The total RNA of glioma cells was extracted
with TRIzol (Invitrogen) and the total miRNAs
were extracted using miRVana kits (Ambion,
Austin, TX, USA), according to the manufactur-
er's instructions. cDNA was generated with
the High-Capacity cDNA Reverse Transcripti-
on kit (Roche Diagnostics GmbH, Mannheim,
Germany). The expression level of mature miR-
218 in the glioma cells was confirmed with
TagMan microRNA assay (Applied Biosystems,
Foster City, CA, USA). The expression level of
miR-218 and HMGB1 was examined with qRT-
PCR with SYBR Green PCR Master Mix Kkit
(Applied Biosystems, USA) in conjunction with
ABI-Prism 7300 System. The following primers
were used: HMGB1, forward 5-GCTCCATAGA-
GACAGCGCCGGG-3’ and reverse 5-CCTCAGC-
GAGGCACAGAGTCGC-3’; GAPDH, forward 5-TC-
GGAGTCAACGGATTTGG-3’ and reverse 5-CAT-
GGGTGGAATC ATATTGGA-3'. The relative expre-
ssion levels of mature miR-218 and HMGB1
MRNA were calculated with the 222t method
and normalized to U6 snRNA and GAPDH mRNA
levels, respectively.

Western blot

The total cell lysates from different groups were
obtained by lysing the cells in RIPA buffer and
the protein concentration was determined
using the BCA protein assay (Pierce Biotech-
nology). Forty ug protein from each sample was
resolved by 10% SDS-PAGE gel and transferred
to PVDF membranes (Millipore) which was incu-
bated with primary antibodies and subsequent-
ly with secondary antibodies. The primary anti-
bodies included polyclonal rabbit of HMGB1
antibody (Abgent, San Diego, CA; 1:1,000 dilu-
tion) and RAGE antibody (R&D Systems; 1:200),
polyclonal mouse cyclin D1 antibody (Abcam,
1:500 dilution), polyclonal rabbit matrix metal-
lopeptidase 9 (MMP9 antibody (Abcam, Cam-
bridge, UK; 1:500 dilution), monoclonal mouse
caspase-9 antibody (Life Technologies, Carl-
sbad, CA; 1:500 dilution) and polyclonal rabbit
B-actin antibody (1:12000 dilution; Abcam, San
Francisco, USA). The secondary antibodies
were HRP-conjugated goat anti-rabbit/mouse
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Figure 1. Showing the expression of miR-218 (A), the expressions of HMGB1 mRNA (B) and protein (C) in glioma cell
lines, the sequence matching between HMGB1 and miR-218 (D), the luciferase activities in U85 cells (E) and U251

cells (F) under different treatments. *P<0.05 vs NHA.

IgG polyclonal antibodies (Zymed, San Diego,
CA; 1:1000 dilution). Autoradiography was con-
ducted using ECL chemiluminescent substrate.
The signal intensity was determined with gel
analysis software ImagelJ (National Institutes of
Health, Bethesda, MA, USA).

Luciferase reporter assay

The 3’-UTR sequence of HMGB1 which was pre-
dicted to interact with miR-218 or a mutated
sequence with the predicted target sites was
synthesized and inserted into the Xbal and Fsel
sites of pGL3 control vector (Promega Corpo-
ration, Madison, WI, USA). For reporter assay,
U251 and U87 cells were plated in 24-well
plates and transfected with pGL3-HMGB1-
3'UTR or pGL3-HMGB1-3'UTR-mut and miR-
218 mimic or NC vectors using FUGENE HD
transfection reagent (Promega Corporation).
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Renilla luciferase vector pRL-SV50 (Promega
Corporation) was co-transfected to normalize
the differences in transfection efficiency. After
24 h of transfection, the cells were collected
and assayed using the Dual-Luciferase Re-
porter Assay System (Promega Corporation)
according to the manufacturer’s instructions.
Transfection was repeated in three indepen-
dent experiments.

MTT assay

The U251 and U87 cells were inoculated in
96-well plates with density of 5x102 cells/well
in 200 yL DMEM and incubated for 24, 48, 72
and 96h after transfection and another 3 h
after addition of MTT (10 mg/ml), according to
the manufacturer’s protocol. The cell prolifera-
tion was documented every 24 h for 4 days
using a MTT assay. The absorbance at wave-
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Figure 2. Showing the effects of different treatments on the growth inhibition (A, B) and colony formation (C, D) of
U85 and U251 cells. *P<0.05 vs NC, #P<0.05 vs miR-218 mimic.

length of 570 nm (OD 570) was detected using
the microplate reader (Bio-Rad).

Colony formation assay

After stable transfection, the glioma cells were
seeded in 6-well plates at the density of 1x103/
well and cultured for 2 weeks to allow colony
formation. The culture medium was changed
every 3 days. The colonies were then fixed in
100% methanol and stained with crystal violet
solution. Subsequently, the number of macro-
scopically observable colonies was recorded.

Cell cycle and apoptosis assay

The effects of miR-218 on cell cycle and apop-
tosis of U251 and U87 glioma cells were exam-
ined with flow cytometry. In brief, U251 and
U87 cells after transfection for 48 h were col-
lected and rinsed twice with PBS, fixed in 70%
ethanol and re-suspended in staining solution
(50 lg/ml of propidium iodide, 1 mg/ml of
RNase A, 0.1% Triton X-100 in PBS) at -20°C for
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30 min and then stored at 4°C overnight. The
multiplication cycle and apoptotic rate were
measured with flow cytometry (BD Biosciences,
Mansfield, MA, USA) and the data were ana-
lyzed using CellQuest software (BD bioscienc-
es, San Jose, CA, USA).

Invasion assay

Cell invasion was determined using Transwell
assays. Transfected cells at density of 3x10*
were transferred to the top of Matrigel-coated
invasion chambers (BD Biosciences, San Jose,
CA, USA) in serum-free DMEM. DMEM contain-
ing 10% FBS was added to the lower chamber.
After 24 h of incubation and removal of non-
invading cells with rinse, the invading cells were
fixed with 95% ethanol and stained with 0.1%
crystal violet. The number of invading cells was
manually counted in 5 randomly chosen fields
under a microscope and images were captured
under x100 magnification. Experiments were
repeated three times.
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Figure 3. Showing the effects of different treatments on the cell proliferation (A-D) and apoptosis (E, F) of U85 and
U251 cells. *P<0.05 vs NC, #P<0.05 vs miR-218 mimic.

Statistical analysis

All data were shown as mean + SD. Statistical
analysis was performed using SPSS 12.0 soft-
ware (SPSS Inc., Chicago, IL). Inter-group differ-
ences were analyzed with Student’s t-test and
multiple comparisons among several groups
were conducted by analysis of variance. P<0.05
was set as significant level.

Results

MiR-218 was downregulated and HMGB1 was
upregulated in human glioma cell lines

As shown in Figure 1A, qRT-PCR analysis indi-
cated that miR-218 was downregulated in all
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glioma cell lines (U118, U251, U373, U87,
SNB19 and LN229) when compared with that
in the NHA cells (P<0.05); on the contrary, the
expression levels of HMGB1 in 6 glioma cell
lines were higher than that in the NHA cells
(P<0.05) (Figure 1B). Moreover, western blot-
ting results showed that the expression of
HMGB1 protein also significantly increased in
all glioma cell lines compared with that in the
NHA cells (P<0.05; Figure 1C).

HMGB1 was the direct target of miR-218 in
glioma cells

Using the bioinformatic database TargetScan,
we identified HMGB1 as a potential target of
miR-218 and confirmed the direct interaction
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Figure 4. Showing the effects of different treatments on the cell invasion (A, B) and migration (C, D) of U85 and

U251 cells. *P<0.05 vs NC, #P<0.05 vs miR-218 mimic.

between miR-218 and the 3-UTR of HMGB1
mRNA. Figure 1D showed that the seed
sequence was located at nucleotides 276-282
of the 3-UTR region of the HMGB1 gene. We
constructed a luciferase plasmid containing
the wild-type 3’-UTR of HMGB1 and the mutat-
ed 3-UTR of HMGB1 to co-transfect the
HEK293 cells with miR-218 mimic or NC.
Compared to constructs containing mutated
3'-UTRs, the luciferase activity for the wild-type
3-UTR of HMGB1 was significantly inhibited by
co-transfection with miR-218 mimics (P<0.01)
(Figure 1E and 1F).

Aberrant expression of miR-218 regulated
proliferation and apoptosis of glioma cells

To confirm the effect of miR-218 on the prolif-
eration of glioma cells, we transfected U251
and U87 cells with NC, miR-218 mimic and miR-
218 inhibitor, respectively. MTT assay showed
that the viability of U251 and U87 cells was sig-
nificantly lower in the miR-218 mimic transfect-
ed group compared with NC group at 48, 72
and 96 hours after transfection (P<0.05). In
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contrast, the viability of glioma cells was signifi-
cantly increased following transfection with
miR-218 inhibitor when compared to miR-218
mimic (P<0.05; Figure 2A and 2B). Similarly,
compared to the NC, the results of the colony
formation assay suggested that miR-218 mimic
significantly inhibited while miR-218 inhibitor
enhanced colony formation in U251 and U87
ells (P<0.05; Figure 2C and 2D).

Flow cytometry analysis indicated that, com-
pared to NC group, U251 and U87 ells trans-
fected with the miR-218 mimic were arrested in
GO/G1 phase while miR-218 inhibitor signifi-
cantly decreased the percentage of cells in the
GO/G1 phase (Figure 3A-D). In addition, com-
pared with NC, the cell apoptosis rate in U251
and U8T7 cells was greatly increased by the miR-
218 mimic and decreased by transfection with
miR-218 inhibitor (P<0.05; Figure 3E and 3F).

Aberrant expression of miR-218 regulated
invasion and migration of glioma cells

Invasion is not only one of the pathophysiologi-
cal features of human glioma, but also one of

Am J Transl Res 2016;8(9):3780-3790
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for 24 h, the invasion of U251 and U87 cells
transfected with miR-218 mimic was signifi-
cantly suppressed compared with NC group;
however, transfection with miR-218 inhibitor
significantly enhanced the invasion of U251
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sion (E, F) of U85 and U251 cells. *P<0.05 vs NC, #P<0.05 vs pcDNA-HMGB1+miR-218 inhibitor.

and U87 cells (P<0.05; Figure 4A and 4B).
Similarly, the results of migration showed that
miR-218 mimic decreased the migration while
miR-218 inhibitor increased the migration of
glioma cells the scratch assay (Figure 4C and
4D). These results suggested that the aberrant
expression of miR-218 may have ability to regu-
late glioma cells invasion in vitro.
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MiR-218 regulated expression of HMIGB1-
RAGE axisO

Several studies have shown that HMGB1-RAGE
interaction is involved in tumor growth, migra-
tion and metastases [19, 20] and HMGB1 can
regulate expression of some downstream
genes related to proliferation, apoptosis and

Am J Transl Res 2016;8(9):3780-3790
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invasion of tumor, such as cyclin D1, caspase-9
and MMP-9. So we transiently transfected
U251 and U87 cells NC, miR-218 mimic and
miR-218 inhibitor, respectively. After 48 hours
of transfection, total cellular proteins were ex-
tracted for detecting the expression of HMGB1-
RAGE axis. The results showed that, compared
to NC group, U251 and U87 cells transfected
with miR-218 mimic demonstrated downregula-
tion of HMGB1, RAGE, cyclin D1 and MMP-9;
however, caspase-9 was significantly upregula-
ted by miR-218 mimic. The expression of HM-
GB1, RAGE, cyclin D1, MMP-9 and caspase-9 in
miR-218 inhibitor group was significantly differ-
ent from miR-218 mimic (all P<0.05; Figure 5A
and 5B).

Aberrant expression of HMGB1 modulated the
effects of miR-218 on glioma cells

In order to determine whether aberrant expres-
sion of HMGB1 can influence the role of miR-
218 in glioma cells, we constructed pcDNA-
HMGB1 and HMGB1 siRNA co-transfected into
glioma cells with the miR-218 inhibitor. The
results showed that pcDNA-HMGB1 co-trans-
fected with miR-218 inhibitor in glioma cells
increased the expression of RAGE, cyclin D1,
MMP-9 but decreased the expression of cas-
pase-9 in U251 and U87 cells (Figure 5C and
5D). However, these changes were not signifi-
cantly different in cells co-transfected with
HMGB1 and siRNA-218 when compared to NC
or miR-218 inhibitor (Figure 5C and 5D). In
addition, glioma cells treated with RAGE siRNA
showed decrease of the expression of cyclin D1
and MMP-9 but increase of caspase-9 in U251
and U8TY cells (Figure 5E).

The flow cytometry showed that co-transfection
with  pcHMGB1 and miR-218 significantly
decreased the growth inhibition and increased
the apoptosis of U251 and U87 cells (P<0.05;
Figure 6A-D). And these effects were abolished
in U251 and U87 cells co-transfected with
HMGB1 siRNA and miR-218 inhibitor (P<0.05;
Figure 6A-D). In addition, Transwell assay
showed that co-transfection with pcHMGB1
and miR-218 inhibitor increased the invasion of
U251 and U87 cells (Figure 6E and 6F).

Discussion

The heterogeneity, aggressive nature and
angiogenic behaviors of glioma make it have
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the features of high morbidity, high recurrence
rate, high mortality and low cure rate [1-3],
which has severe threat to the life and health of
patients. Current studies focus on the role of
activation of oncogenes and loss of tumor sup-
pressor genes in the development and progres-
sion of glioma [21, 22]. Although there are
some progress, the therapy of glioma is still an
intractable problem; the median survival value
of patients with glioma has not changed much
over the past several years and is about only
14.6 months [23]. Therefore, it is urgent for us
to investigate deeper mechanism involved in
the development and progression of glioma.

As a member of the non-coding miRNAs, miR-
218 is found to be involved in cancer pathogen-
esis such as cell differentiation, growth, and
death and tumor development [7-10]. Recent
studies indicated that miR-218 is down-regulat-
ed and has been regarded as a tumor supp-
ressor in glioma and a potential valuable bio-
marker for glioma patients [24]. While miR-218
over-expression can inhibit the invasion, migra-
tion, proliferation and tumorigenicity, and indu-
ce apoptosis of glioma cells through its target
genes including cyclin D1 [10, 25-27]. Consi-
stently, the present study indicate that the
expressions of miR-218 in glioma cell lines is
significantly decreased while over-expression
of miR-218 decreases the viability, suppresses
the proliferation and invasion, and promotes
the apoptosis of glioma cells. However, down-
regulation of miR-218 in glioma cells produces
the opposite results. Therefore, the study sup-
ports the proposal that miR-218 is a tumor sup-
pressor of glioma cells.

HMGB1 gene, through combining with the
minor groove of double-stranded DNA and
prompting the local deformation of double-
stranded DNA, can cause DNA bending and
promote nuclear transcription of a variety of
genes [28]. Once secreted outside of the cells,
HMGB1 can function as extracellular signal
molecule involved in the inflammation, the dif-
ferentiation, proliferation and migration of
cells, and tumor metastasis [29]. Previous
studies suggested HMGBL1 is involved in the
pathology of glioma [11, 15] as oncogene [13,
14] and is associated with the pathological
grades and poor prognosis of tumors [12].
Recent studies using Targetscan software indi-
cated that HMGBL1 is a target gene of miR-218

Am J Transl Res 2016;8(9):3780-3790
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[16, 17]. In the present study, we found that
miRNA mimic significantly inhibits the expres-
sion of HMGBL1 in glioma cells, confirming that
HMGB1 is target gene of miR-218 in glioma
cells.

The targeting effects of miR-218 on HMGBL1 in
glioma cells may be achieved through multiple
pathways, such as RAGE [18]. Recurrent stud-
ies found that extracellular HMGB1 mainly
functions through RAGE and related signaling
pathways to play its biological effects [30].
HMGB1 modulates the RAGE-mediated multi-
ple signaling pathways and activates a variety
of downstream signaling molecules including
MMP-9, caspase-9 and cyclin D1 to mediate
inflammation, apoptosis and tumor behaviors
[31, 32]. The present study indicated that the
expression of MMP-9, RAGE and cyclin D1 in
glioma cells is decreased while caspase-9 is
increased by miR-218 mimic; the miR-218
inhibitor displays opposite effects on the
expression of these proteins. Furthermore, we
found that HMGB1-siRNA blocks the change of
these proteins, increases the apoptosis of glio-
ma cells and decreases the invasion/migration
of glioma cells. These results confirm the
involvement of these molecules in the modula-
tion of glioma cells by miR-218 and HMGBL1.
However, the detailed mechanism remains to
be further studied.

In conclusion, the present study demonstrates
that miR-218 plays an important role in regulat-
ing the proliferation, apoptosis and invasion of
glioma cells and confirms that HMGB1 is the
target gene of miR-218 in glioma cells. These
results present a novel mechanism of miRNA-
mediated direct suppression of HMGB1-RAGE
pathway in glioma and blocking this pathway
may be used as an important strategy for the
treatment of glioma.
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