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Abstract. Neuroglioma is the most common primary malig-
nant tumor in neurosurgery. Due to its short survival period
and high patient mortality rate, neuroglioma is a major chal-
lenge in clinics. Elucidating the pathogenic mechanisms and
associated molecular targets of neuroglioma can therefore
benefit diagnosis and treatment of glioma. Previous studies
have established the role of microRNA (miR)-26b in various
tumors, including breast cancer, lymphoma and glioma. Its
function and mechanism in neuroglioma, however, remains
to be elucidated. In the present study, in vitro cultured U87
glioma cells were randomly divided into miR-26b mimic,
miR-26b inhibitor and respective control (NC) groups. MTT
assay was performed to detect the effect of miR-26b on cell
proliferation, while a cell invasion assay detected its effects
on cell invasion. Caspase-3 activity was also quantified to test
cell apoptosis, followed by reverse transcription-quantitative
polymerase chain reaction and western blotting to detect the
variation of Bcl-2 expression under the effect of miR-26b.
miR-26b mimics transfection upregulated its expression
in U87 cells, which had significantly reduced Bcl-2 mRNA
and protein expression levels and higher casapse3 activity,
and inhibited cell proliferation and invasion compared with
the control group. The transfection of miR-26b inhibitor,
in contrast, facilitated U87 cell proliferation and invasion,
inhibited caspase-3 activity and elevated Bcl-2 mRNA /protein
expression. In conclusion, miR-26 could facilitate apoptosis
and inhibit proliferation/invasion of neuroglioma cells via
downregulating Bcl-2 expression and potentiating caspase-3
activity.
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Introduction

As the most common malignant tumor in neurosurgery, neuro-
glioma has high invasiveness and unfavorable prognosis among
all primary intracranial tumors of central nervous system
(CNS) (1,2). Predominantly originated from neural epithelial
ectoderm, neuroglioma frequently occurrs in the cerebral
hemisphere. Major pathological sub-types include medulloblas-
toma, oligodendroglioma, ependymoma and astrocytoma, with
multifocal glioma as the most frequent type (3,4). Neuroglioma
has a high incidence among all intracranial tumors, and has
gradually increased over the years (5). In China, neuroglioma is
also the primary malignant tumor of CNS, with the age of onset
becoming younger (6). Current treatment plans for neuroglioma
include surgery, and radio- or chemo-therapy. However, due to
its complicated pathogenesis, surgical options are limited (7,8).
Residual tumor of glioma may further proliferate, accompanied
with invasive growth, leading to unsatisfactory treatment effi-
cacy, thus severely affecting patient survival quality, and causing
shortened survival time and higher mortality, all of which forms
a major challenge for tumor treatment (9,10). Therefore, eluci-
dation of the pathogenic mechanisms and potential molecular
targets of neuroglioma may benefit the diagnosis and treatment.
MicroRNAs (miRs) are small molecule RNAs with 19-25
nucleic acids, with common biological properties involved in
body functions. Having multiple functions, miRs regulate body
growth and potentiate the body's acclimation to the environ-
ment. Due to its variable existing forms, miRs may be regulated
by physiological and developmental signals (11,12). Each miR
could regulate >200 target genes, suggesting that at least one
third of human functional protein coding genes are regulated by
miRs (13). A previous study demonstrated the role of miR as
oncogene or tumor suppressor genes in tumor pathogenesis and
progression (14). Another study revealedabnormal expression
of miR-26b in breast cancer or lymphoma (15,16). Its role and
mechanism in glioma, however, remains to be fully illustrated.
Therefore, the present study investigated the function and mech-
anism of miR-26b on proliferation and invasion of glioma cells.

Materials and methods

Equipment and reagents. The U87 human glioma cell line
was purchased from the American Type Culture Collection
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(Manassas, VA, USA). Dulbecco's modified Eagle's medium
(DMEM) fetal bovine serum (FBS) and streptomycin-peni-
cillin were purchased from Hyclone; GE Healthcare
(Chicago, IL, USA). Dimethyl sulfoxide (DMSO) and MTT
were purchased from Gibco; Thermo Fisher Scientific, Inc.
(Waltham, MA, USA). Trypsin-EDTA digestion buffer was
purchased from Sigma-Aldrich; Merck KGaA (Darmstadt,
Germany). A caspase-3 activity assay kit and polyvinylidene
difluoride (PVDF) membranes were purchased from Pall
Life Sciences (Port Washington, NY, USA). EDTA was
purchased from Hyclone; GE Healthcare. Chemical reagents
for western blotting were purchased from Beyotime Institute
of Biotechnology (Haimen, China). An enhanced chemilu-
minescence (ECL) reagent was purchased from Amersham;
GE Healthcare. Rabbit anti-human B-cell lymphoma 2 (Bcl-2)
monoclonal antibody (cat. no. 4223), goat anti-rabbit horse-
radish peroxidase (HRP)-conjugated IgG secondary antibody
(cat. no. 7074) and rabbit [3-actin antibody (cat. no. 4970) were
purchased from Cell Signaling Technology, Inc. (Danvers,
MA, USA). A Transwell chamber was purchased from Corning
Incorporated (Corning, NY, USA). A RNA extraction kit and
reverse transcription kit were purchased from Axygen, Inc.
(Union City, CA, USA). Other reagents were purchased from
Sangon Biotech Co., Ltd. (Shanghai, China).

Glioma US87 cell culture and grouping. Liquid-nitrogen stored
U87 cell line was incubated at 37°C until completely thawed.
Cells were centrifuged at 450 x g for 3 min at 37°C, and were
re-suspended in 1 ml fresh culture medium. Cells were trans-
ferred to a 5-ml culture flask containing 3 ml fresh culture
medium. Cells were kept in a humidified chamber with 5% CO,
at 37°C for 24-48 h. U87 cells were seeded into 6-well plates
at 1x10° cells/cm?. Culture medium contained 10% FBS and
90% high-glucose DMEM medium (with 100 U/ml penicillin
and 100 pg/ml streptomycin). Cells were cultured in a humidi-
fied chamber in 5% CO, at 37°C, with the medium changed
every other day and passaged every 2~3 days. U87 cells at
the log growth phase (2nd to 8th generation) were randomly
divided into four groups: miR-26b mimics negative control
(NC), miR-26b inhibitor NC, miR-26b mimics and miR-26b
inhibitor group.

Liposome transfection of miR-26b mimics and miR-26b
inhibitor. miR-26b mimics (5'-ACAAUGUUCAUCGGU
GUGGA-3') and miR-26b inhibitor (5-AUGACCGGUUUG
GUCAGA-3") were transfected into U87 cells, in parallel with
their respective NC oligonucleotides (miR-26b mimics NC,
5'-AUGCAUCCGGUAGGCAUGAUG-3'; miR-26b inhibitor
NC, 5-ACAAGGGUUCGCGUAUAGGUG-3"). Cells were
cultured in 6-well plates until 70-80% confluence. All plas-
mids were mixed in 200 ul serum-free medium for a 15-min
incubation at room temperature. Lipofectamine 2000 mixture
(Invitrogen; Thermo Fisher Scientific, Inc.) was then added
with plasmid dilutions, followed by a 30-min incubation at
room temperature. The serum was then removed, followed by
washing with PBS. Serum-free medium (1.6 ml) serum-free
medium was then added into the system. The mixture was
then incubated in a humidified chamber with 5% CO, at 37°C.
After 6 h, serum-containing medium was applied for a 48-h
continuous incubation.
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Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) for miR-26b and Bcl-2 expression. TR1zol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) was used to extract
RNA from U87 tumor cells. According to the manufacturer's
protocol, reverse transcription was performed to synthesize
cDNA. Primers were designed by Primer 6.0 software based
on target gene sequence, and were synthesized by Yingjun
Biotechnology Co., Ltd. (Guangzhou, China) as presented
in Table I. qPCR was performed on all target genes under the
following conditions: 56°C for 1 min, followed by 35 cycles
each containing 92°C for 30 sec, 58°C for 45 sec and 72°C for
35 sec. Data were collected and calculated for Cq values of
all standards and samples based on fluorescence quantification
and the GAPDH housekeeping gene. A standard curve was
plotted and relative gene expression was quantified according
to the comparative Cq method (17).

MTT assay for cell proliferation. U87 cells at the log phase
were seeded into 96-well plates containing DMEM medium
supplemented with 10% FBS at a density of 5x10° cells/well.
After a 24-h incubation, the supernatant was removed. Cells
were then randomly divided into four groups: miR-26b mimics
NC, miR-26b inhibitor NC, miR-26b mimics and miR-26b
inhibitor, all of which were treated as aforementioned. After
48 h, 20 ul sterile MTT was added into each well in tripli-
cate for each group. After a 4-h incubation, the supernatant
was removed, 150 ul DMSO was added and the mixture
was vortexed for 10 min until violet crystals had completely
resolved. Absorbance (A) values at 570 nm were measured to
calculate proliferation rate of all groups using a microplate
reader. Each experiment was repeated at least three times.

Transwell chamber assay for cell invasion. Following the
manufacturer's protocol, serum-free medium was firstly
applied. After 24 h, a Transwell chamber was pre-coated
using 50 mg/l Matrigel dilutions with its bottom and upper
phase, followed by air drying at 4°C. DMEM supplemented
with 10% FBS (500 pl) and 100 gl tumor cell suspension
in serum-free medium were added into the inner and outer
space of the chamber, respectively. The chamber was placed
in a 24-well plate. In the control group, a Transwell chamber
without Matrigel coating was applied. After a 48-h incubation,
PBS was used to rinse the Transwell chambers, whose cells on
the membrane were removed and fixed in cold ethanol. With
crystal violet staining, cells in the lower layer of the membrane
were counted under a light microscope. Each experiment was
repeated three times.

Caspase-3 activity assay. Caspase-3 activity in all cells was
measured using a test kit following the manufacturer's protocol.
In brief, cells were digested by trypsin and centrifuged
at 600 x g at 4°C for 5 min. The supernatant was removed,
with the addition of cell lysis buffer for 15 min on ice. The
mixture was then centrifuged at 20,000 x g for 5 min at 4°C.
Ac-DECD-pNA (2 mM) was added to observe optical density
value changes at 405 nm using a microplate reader. Caspase-3
activity was then deduced.

Western blotting for Bcl-2 protein expression. U87 cell
proteins were extracted using radioimmunoprecipitation assay
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Table I. Primer sequences for reverse transcription-quantitative polymerase chain reaction.

Target gene Forward (5'-3") Reverse (5'-3")

GAPDH AGTACCAGTCTGTTGCTGG TAATAGACCCGGATGTCTGGT
miR-26b CTTAGTGGTCTCTACTTGTT TCACCCTCTCACAGCTTG
Bcl-2 CCCACCTCTTCTAGAATCT TATTGGACCTCGCGGTAATT

Bcl-2, B cell lymphoma 2; miR, microRNA.

lysis buffer (150 nM NaCl, 1% NP-40, 0.1% SDS, 2 pg/ml
aprotinin, 2 yg/ml leupeptin, | mM PMSF, 1.5 mM EDTA and
1 mM NaVanadate) containing proteinase inhibitor and were
incubated on ice for 15-30 min. Cells were ruptured for 5 sec
(4 times) and were centrifuged at 4°C at 10,000 x g for 15 min.
The supernatant was transferred to a new tube and stored
at -20°C after protein quantification using a bicinchoninic
acid protein assay kit (Thermo Fisher Scientific, Inc.). Equal
amounts of extracted protein samples (30 ug) were separated
by 1% SDS-PAGE, and were transferred to a PVDF membrane.
Non-specific binding was blocked using 5% non-fat milk
powder for 2 h. Membranes were then incubated with anti-Bcl-2
and anti-f3-actin primary antibodies (dilution, 1:1,000) at 4°C
overnight. The next day, PBS containing Tween-20 (PBST)
was used to wash the membrane, followed by incubation at
37°C in the dark for 30 min with a HRP-conjugated secondary
antibodies (dilution, 1:2,000). The membrane was then rinsed
with PBST and incubated with ECL reagents for 1 min. After
X-ray exposure, a protein imaging system and Quantity One
software version 4.6 (Bio-Rad Laboratories, Inc., Hercules,
CA, USA) were used to scan X-ray films and measure band
density. Each experiment was repeated 4 times.

Statistical analysis. All data were presented as the
mean + standard deviation. The statistical significance of the
differences between groups was assessed using Student's t-test
for pair-wise comparisons or one-way analysis of variance
followed by a post hoc Bonferroni test for multiple compari-
sons. SPSS software version 11.5 (SPSS, Inc., Chicago, IL,
USA) was used for statistical analysis. P<0.05 was considered
to indicate a statistically significant difference.

Results

miR-26b expression in U87 cells. RT-qPCR was used to
detect the expression of miR-26b in U87 cells transfected
with miR-26b mimics or inhibitors. As presented in Fig. 1,
transfection of miR-26b mimics significantly upregulated
the expression of miR-26b in U87 cells (P<0.05 vs. mimics
NC group). The transfection of miR-26b inhibitor, however,
effectively inhibited miR-26b expression in U87 cells (P<0.05
vs. inhibitor NC group).

US87 cell proliferation by miR-26b regulation. MTT assay was
used to detect the effect of miR-26b mimics or inhibitor on
U87 cell proliferation. The results demonstrated significant
inhibition of U87 cell proliferation by upregulating miR-26b
via transfecting mimics (P<0.05 vs. mimics NC group). In
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Figure 1. miR-26b expression in U87 cells. Data are expressed as the
mean + standard deviation. "P<0.05 vs. mimics NC group; “P<0.05 vs. inhib-

itor NC group. miR, microRNA; NC, negative control.
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Figure 2. U87 cell proliferation by microRNA-26b transfection. Data are
expressed as the mean + standard deviation. "P<0.05 vs. mimics NC group;
"P<0.05 vs. inhibitor NC group. NC, negative control.

contrast, transfection of the miR-26b inhibitor in U87 cells to
silence miR-26b expression facilitated U87 cell proliferation
(P<0.05 vs. inhibitor group, Fig. 2). These results suggested
that the overexpression of miR-26b in U87 cells benefited the
abnormal proliferation of glioma cells.

miR-26b regulation on US87 cell invasion. A Transwell
chamber was used to detect the effect of miR-26b
mimics/inhibitors on the invasion potency of U87 cells. The
results showed that the upregulation of miR-26b by trans-
fecting its mimics significantly inhibited cell invasion potency
(P<0.05 vs. mimics NC group). In contrast, the transfection
of miR-26b inhibitor on U87 cells facilitated U87 cell inva-
sion via silencing miR-26b expression but without statistical
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Figure 3. U87 cell invasion by miR-26b regulation. Magnification, x200. miR, microRNA; NC, negative control.

significance (P>0.05 vs. inhibitor NC group; Figs. 3 and 4).
These results collectively suggested that the dynamic change
of miR-26b in U87 cells affected the cell invasion potency of
tumor cells, as miR-26b overexpression benefited the inhibi-
tion of glioma cell invasion.

Caspase-3 activity of US7 cells. A caspase-3 activity assay
kit was used to analyze the effect of miR-26b on caspase-3
activity in U87 cells. The results showed that the upregula-
tion of miR-26b by miR-26b mimics significantly potentiated
caspase-3 activity (P<0.05 vs. mimics NC group). The trans-
fection of miR-26b inhibitor and resulting downregulation of
miR-26b inhibited caspase-3 activity (P<0.05; Fig. 5). These
data indicated that the overexpression of U87 cells could
facilitate neuroglioma cell apoptosis via enhancing caspase-3
activity.

Bcl-2 mRNA expression levels in US7 cells under miR-26b
regulation. RT-qPCR was used to detect the effect of miR-26b
on Bcl-2 mRNA expression levels in U87 cells. The results
demonstrated that after transfecting miR-26b mimics, upregu-
lation of miR-26b significantly downregulated Bcl-2 mRNA
expression levels (P<0.05 vs. mimics NC group). In contrast,
the transfection of miR-26b inhibitor to downregulate
miR-26b expression elevated Bcl-2 mRNA expression (P<0.05
vs. inhibitor NC group, Fig. 6).

Regulation of miR-26b on Bcl-2 protein by U87 cells. Western
blotting was used to detect the effect of miR-26b on Bcl-2
protein expression in U87 cells. The results demonstrated that
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Figure 4. Analysis of the effect of microRNA-26b on U87 cell invasion. Data
are expressed as the mean + standard deviation. 'P<0.05 vs. mimics NC
group; “P<0.05 vs. inhibitor NC group. NC, negative control.

the transfection of miR-26b mimics significantly downregu-
lated Bcl-2 protein expression (P<0.05 vs. mimics NC group).
In contrast, U87 cells transfected with an miR-26b inhibitor
increased Bcl-2 protein expression (P<0.05 vs. inhibitor NC
group, Figs. 7 and 8).

Discussion

Among all malignant tumors in the nervous system, glioma
has a high incidence and unfavorable prognosis, causing diffi-
culty in clinical treatment, and heavy economic and mental
burdens for patients and families. Although various treatment
plans have been developed for glioma, its 5-year survival rate
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Figure 5. Effect of microRNA-26b on caspase-3 activity of U87 cells. Data

are expressed as the mean + standard deviation. "P<0.05 vs. mimics NC
group; “P<0.05 vs. inhibitor NC group. NC, negative control; RLU, relative
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Figure 6. Regulation of Bcl-2 mRNA by microRNA-26b in U87 cells. Data
are expressed as the mean + standard deviation. "P<0.05 vs. mimics NC
group; “P<0.05 vs. inhibitor NC group. Bcl-2, B-cell lymphoma 2; NC, nega-
tive control.

remains low, and combined with the high recurrence after
surgical resection, glioma has now become a refractory tumor
of primary concern in modern medicine (18,19). Such tumor
recurrence and refractory properties are closely associated
with the invasion/migration features. As the migration and
invasion of glioma involve tumor cell adhesion, cell apoptosis
and other factors, it is a complicated pathological process (20).

Since its discovery in the 1990s, miRs have research
hotspots due to their functions in post-transcriptional regula-
tion and multiple biological processes. miRs can regulate
various target genes including cell growth factors, transcrip-
tion factors, cell death genes and other signaling molecules,
further facilitating or inhibiting cell proliferation, differentia-
tion, apoptosis and death (21). miRs can regulate metabolism
and development/growth at the post-transcriptional level (22).
miR-26b is widely distributed in various tissues/organs, and is
closely associated with normal functions and development of
the eye or liver (23). The present study confirmed the inhibi-
tion of glioma cell proliferation or invasion by overexpressing
miR-26b in glioma cells via transfecting miR-26b mimic oligo-
nucleotides. The transfection of miR-26 inhibitor, however,
could significantly suppress its expression in glioma cells,
whose proliferation and invasion were all potentiated. These
results were consistent with a previous report demonstrating
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Figure 7. Bcl-2 protein expression in U87 cells by miR-26b expression.
Representative western blot images are presented. Bcl-2, B-cell lymphoma 2;

NC, negative control.
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Figure 8. Quantitative analysis of Bcl-2 protein expression in U87 cells.
Data are expressed as the mean + standard deviation. "P<0.05 vs. mimics
NC group; “P<0.05 vs. inhibitor NC group. Bcl-2, B-cell lymphoma 2; NC,
negative control.

the participation of miR-26b in glioma cell proliferation and
invasion across different U87 cell lines (24). Therefore, further
study regarding the mechanism of miR-26b in glioma cells is
required. Cell apoptosis is the regulation of body homeostasis
and has pivotal roles in tumor pathogenesis. The depressed
apoptosis level and over-proliferation of tumors cells all
elevate the probability of tumor progression and invasion or
metastasis (25). The over-expression of the anti-apoptotic
gene Bcl-2 leads to abnormal proliferation of tumor cells and
diminished apoptosis of necrotic cells, all of which are impor-
tant factors causing tumor formation and progression, making
the progression of tumor uncontrollable (26). The initiation of
the cell apoptotic program can inhibit tumor growth and facili-
tate activation of the apoptosis family of proteins, in which
caspase-3 is one of the most important members. The elevated
activity of caspase-3 could induce tumor cell apoptosis (27).
The present study confirmed that the transfection of miR-26b
mimics and consequent overexpression of miR-26b remark-
ably downregulates the mRNA and protein expression levels
of Bcl-2, whilst upregulating caspase-3 activity. In contrast, the
transfection of an inhibitor significantly suppressed miR-26b
expression, upregulated Bcl-2 mRNA/protein expression and
decreased caspase-3 activity. These results demonstrated the
role of miR-26b on glioma cell proliferation/invasion and
further occurrence and progression of tumors via affecting
Bcl-2 expression and caspase-3 activity for exerting effects on
cell apoptosis.

In conclusion, miR-26b may facilitate glioma cell apoptosis
and inhibit its proliferation or invasion, via downregulating
Bcl-2 expression and enhancing caspase-3 activity. The present
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study provided theoretical evidence and a basis for selecting
novel molecular targets of glioma in clinics.
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