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Abstract. Glioblastoma multiforme (GBM) is one of
the most deadly diseases affecting humans, and is often
characterized by poor survival and by high resistance to
chemotherapy and radiotherapy. Temozolomide (TMZ) is an
oral alkylating agent which is widely used in the treatment of
GBM following surgery. Although TMZ may restrain GBM
growth, TMZ resistance is also common and accounts for
numerous cases of treatment failure. Studies indicate that
aberrant miRNA expression is associated with hallmark
malignant properties of GBM. Thus, miRNA-based anti-
cancer therapeutic approaches have been exploited, either
alone or in combination with standard targeted therapies to
enhance the efficacy of chemotherapy agents. In the present
study, we demonstrated that the expression of miR-128 and
miR-149 was downregulated in glioblastoma, and their over-
expression inhibited the invasion of glioblastoma cells by
targeting Rap1B-mediated cytoskeletal and related molecular
alterations. Moreover, miR-128 and miR-149 enhanced the
chemosensitivity of glioblastoma cells to TMZ.

Introduction

microRNAs (miRNAs), small non-coding RNAs that are
20-22 nucleotides in length, play important roles in cancer
including proliferation, aggressiveness and development of
metastasis (1-3). miRNAs have the ability to modulate key
cellular processes that define the cell phenotype, making them
highly promising therapeutic targets. Glioblastoma multiforme
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(GBM) is the most common and aggressive primary brain
tumor in adults. Elucidation of the molecular pathogenesis of
GBM is crucial to improve the overall survival of patients (4).
The current standard therapy for GBM includes surgical resec-
tion or biopsy, followed by a combination of radiation (RT) and
chemotherapy with temozolomide (5). Temozolomide (TMZ),
an alkylating agent, is a cytotoxic antitumor prodrug against
malignant brain tumors. At physiological pH, TMZ undergoes
decomposition to the active compound MTIC (6,7). Although
TMZ may restrain GBM growth, TMZ resistance is common
and accounts for GBM treatment failure (8). Recent analyses
have revealed that several miRNAs are clinically implicated
in GBM, with some reports indicating the association of the
regulation of miRNA expression and the chemosensitivity to
TMZ (8-11). For example, expression levels of miR-181b and
miR-181c may serve as predictive markers of response to RT/
TMZ therapy in glioblastoma patients (12). Chronic TMZ
exposure was found to result in acquired TMZ resistance
and elevated miR-21 expression. Concomitant treatment with
miR-21 inhibitor and TMZ resulted in a significantly higher
apoptosis rather than TMZ treatment alone (8). miR-21 inhibitor
combined with TMZ significantly enhanced human glioblas-
toma stem cell apoptosis (8). miR-125b-2 is overexpressed in
glioblastoma multiforme tissues and the corresponding stem
cells (GBMSCs); downregulation of miR-125b-2 expression in
GBMSCs could allow TMZ to induce GBMSC apoptosis (13).
Our previous research found that miR-128, miR-149 and
miR-181a/b were significantly downregulated and may be
tumor suppressors in astrocytomas (14). Further research vali-
dated that miR-181a/b/c/d were significantly downregulated in
astrocytomas and glioblastoma of different grades, and their
overexpression inhibited the growth and invasion of glioblas-
toma cells and enhanced the chemosensitivity of TMZ by
RaplB-mediated cytoskeletal remodeling. RaplB is a member
of the Rapl family, and is a Ras-like GTPase that regulates
several basic cellular functions, such as growth, adhesion and
migration (15). Rap1B was also found to be a possible nega-
tive regulator of miR-128 and miR-149 by a docking study of
miRNA/mRNA omics in human grade I-III astrocytomas (14).
Recent studies suggest that miR-128 and miR-149 play an
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important role in various diseases, including the progression
of malignant tumors. miR-128 is a brain-enriched miRNA,
which has tissue-specific and developmental-specific expres-
sion patterns, mainly in neurons rather than in astrocytes (16).
Downregulation of miR-128 has been reported in several
cancer types, for example, neuroblastoma (17) glioblas-
toma (14,18,19) prostate (20), lung cancer (21) and MLL-AF4
acute lymphocytic leukemia (22). miR-128 exerted a pro-apop-
totic effect in a p53 transcription-dependent and -independent
manner via the PUMA-Bak axis in HEK293T cells (human
embryonic kidney), HCT116 cells (human colon carcinoma
cells) and MCF-7 cells (human breast adenocarcinoma), and
miR-128 regulated the chemotherapeutic sensitivity of breast
tumor-initiating cells via Bmi-1 and ABCCS5 (23). The over-
expression of miR-128 was found to suppress p70S6K1 and
expression of its downstream signaling molecules HIF-1 and
VEGF, and to attenuate cell proliferation, tumor growth and
angiogenesis (24).

Recent studies have revealed the essential role of miR-149
in various types of diseases, including the progression of
various types of malignant tumors. However, the results are
controversial, and miR-149 has been shown to function as
both a tumor suppressor (25) and as an oncogene (26) in the
development of multiple types of solid tumors. p53 directly
upregulates miR-149 which in turn targets glycogen synthase
kinase-3a, resulting in increased expression of Mcl-1 and
resistance to apoptosis in melanoma cells (26). miR-149 was
found to be significantly downregulated in GC cell lines and
clinical samples in comparison to normal gastric epithelial
cells and adjacent non-tumor tissues, respectively (27).
miR-149 suppresses tumor cell motility, and the pre-miR-149
polymorphism may affect the processing of miR-149, resulting
in a change in the abundance of the mature form of miRNA,
which, in turn, modulates tumor progression and patient
survival (28). miR-149 was found to be downregulated and to
function as a tumor suppressor by inhibiting oncogene expres-
sion, and it inhibited the proliferation and invasion of glioma
cells by blocking AKT1 signaling in glioblastoma (29).

In the present study, we further confirmed changes in the
expression of miR-128 and miR-149 in astrocytomas of different
grades (WHO 1, II and III) and glioblastoma (WHO 1V),
and we investigated the effect of miR-128 and miR-149 on
cellular proliferation, invasion and its functional mechanism
by targeting Rap1B. We also demonstrated that miR-128 or
miR-149 enhanced the chemosensitivity of temozolomide by
RaplB-mediated cytoskeletal remodeling in glioblastoma.

Materials and methods

Samples. Human glioma-derived cell lines U251 and U87 were
obtained from the Cell Center of the Peking Union Medical
College in China. All human primary brain tumor samples
were obtained from randomly selected cancer patients at the
Second Affiliated Hospital of Xiangya, China, and all of the
diagnoses were pathologically confirmed. Written informed
consent was obtained from each patient who participated in
the study before surgery, and all of the protocols were reviewed
by the Joint Ethics Committee of the Central South University
Health Authority and performed in accordance with national
guidelines.
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Cell culture. The U251 and U87 cells were grown in Dulbecco's
modified Eagle's medium (DMEM) with 10% fetal calf serum
(FCS) and standard antibiotics. All cells were maintained at
37°C under an atmosphere of 5% CO, and 95% air.

RNA extraction andreal-time PCR.Real-time PCR was carried
out as previously described (30). Total RNA was extracted
using TRIzol® reagent (Invitrogen, Carlsbad, CA, USA) from
samples. Real-time PCR reactions were performed using a
gSYBR-Green-containing PCR kit (Invitrogen) and human
B-actin or U6 snRNA was used as an endogenous control for
mRNA or miRNA detection, respectively. Expression of each
gene was quantified by measuring Ct values and normalized
using the 222 method relative to U6 snRNA or B-actin.

Luciferase assay. The 3'-untranslated regions (UTRs) of the
RaplB gene were synthesized, annealed, and then inserted
into the pMIR-REPORT™ luciferase vector (Ambion) using
the HindIII (aagctt) and Spel (actagt) sites located downstream
from the stop codon of luciferase. There was one region of the
RaplB gene 3'-UTRs for miR-128 and miR-149 in TargetScan
5.2 software. The Luc-wt or Luc-mut plasmid was co-trans-
fected with miR-128 or miR-149 mimics into U251 cells, and
the pMIR-REPORT {-galactosidase control vector was trans-
fected as a control. Firefly luciferase activity was measured
consecutively using the luciferase assay system (Promega)
48 h after transfection. All the experiments were performed
at least three times.

Protein extraction and western blotting. Protein extraction
and western blot analysis were performed as previously
described (30). Rabbit polyclonal primary antibodies against
RaplB, Cdc42, RhoA and N-cadherin were purchased from
Cell Signaling Technology (Beverly, MA, USA), and mouse
monoclonal antibodies against GAPDH and a-tubulin were
purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA, USA).

Colony formation assay. Synthesized RNA duplexes of scram-
bled miRNAs, miR-128 and miR-149 mimics were obtained
from GeneChem (Shanghai, China). Temozolomide (T-2706;
RD, USA) was obtained from Sigma. Cells were seeded at
1x10° cells/well in 6-well plates and transfected with miR-128
or miR-149 mimics followed by treatment with 100 yM
TMZ after transfection. Two weeks later, cells were fixed in
methanol for 30 min and stained with 1% crystal violet dye,
and the number of colonies was counted. Experiments were
repeated three times, and values are expressed as mean and
standard deviation.

Cell viability assay. Cell viability was determined by the MTT
assay as previously described (30). Briefly, 1,500 cells/well
were seeded into 96-well plates and were treated by miR-128
or miR-149 mimic transient transfection and/or TMZ adminis-
tration, and MTT (Sigma-Aldrich, St. Louis, MO, USA) assays
were performed daily at different times. In this assay, the
medium was replaced with fresh medium containing 0.5 mg/
ml MTT for 4 h and then carefully removed. Subsequently,
150 p of dimethyl sulfoxide (DMSO) was added to each well
and mixed for 10 min, and the optical density of each well was
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Figure 1. Expression of miR-128 and miR-149 in astrocytomas and normal brain tissues. (A) The expression of miR-128 was decreased in astrocytomas as
compared with that in the normal brain tissues, but did not gradually decrease with pathological progression in WHO grade astrocytomas. (B) The expression
of miR-149 gradually decreased with pathological progression in different WHO grade astrocytomas.

determined with a scanning multi-well spectrophotometer at
a wavelength of 490 nm. The experiment was repeated three
times; six parallel samples were measured each time.

Wound closure assay. The cells were transfected with the
synthetic miR-128 or miR-149 mimics and grown to 90%
confluency in a 6-well dish. A wound was created using a
sterile 10-ul pipette tip followed by a wash with 1X phosphate-
buffered saline (PBS) to remove detached cells. Then, the cells
were cultured in medium with 2% serum, and migration at
the corresponding wound site was documented using a micro-
scope (Nikon) at different time-points (0, 12, 24 and 48 h).

Transwell migration assay. The Transwell migration assay
was performed as previously described (18).

Immunofluorescence. U251 cells were transfected with
miR-128 or miR-149 mimics, Rap1B siRNA and NC or treat-
ment with TMZ, respectively. The cells were fixed with 4%
paraformaldehyde in PBS for 20 min, permeabilized in 0.25%
Triton X-100 and blocked with 5% BSA in PBS. Then, cells
with or without treatment were stained with FITC-labeled
phalloidin (P5282; Sigma, Seelze, Germany) and DAPI (C1002;
Beyotime Institute of Biotechnology, Shanghai, China). Images
were acquired by laser scanning confocal microscopy (TCS-
SP5; Leica Microsystems, Wetzlar, Germany).

Statistical analysis. Differences between the variables of
the groups were tested using the Student's t-test or one-way
ANOVA, using the SPSS 15.0 program. A P-value of <0.05
was considered to indicate a statistically significant result.

Results

miR-128 and miR-149 expression in the astrocytomas of
different grades. As shown in Fig. 1, compared to expres-
sion in normal brain tissues (n=8), the expression of miR-128
and miR-149 was decreased in most of the primary astrocy-
tomas (n=20), in which the expression of miR-149 gradually
decreased with pathological progression in the different WHO
grade astrocytomas. However, the expression of miR-128
did not gradually decrease with pathological progression in
the different WHO grade astrocytomas. The expression of

miR-128 was not statistically significantly different between
grades II, IIT and IV (P>0.05), but there was statistically
significant differences between grade I and grades II, III and
IV astrocytomas (P<0.05).

Expression of RaplB is negatively regulated by miR-128 and
miR-149. As shown in Fig. 2A and B, the miRNA target predic-
tion program TargetScan5.2 was used to identify miR-128 and
miR-149 interaction sites in the 3'-UTR of Rap1B. miR-128
and miR-149 mimics had their own binding sites for the
3'-UTR of RaplB. The luciferase reporter assays showed that
miR-128 and miR-149 combined with the sites of the 3-UTR
of RaplB, respectively. RaplB is a common bona fide target
of miR-128 and miR-149 (Fig. 2C and D). Transfection of the
miR-128 and miR-149 mimics resulted in a marked reduction
in RaplB at both the mRNA (Fig. 2E and F) and protein levels
(Fig. 2G and H) in U251 cells, as compared with negative
control (NC) transfection. We also previously evaluated the
expression of RaplB in the astrocytomas tissues and normal
brain tissues, and found that the expression of RaplB was
gradually increased with pathological progression in the
WHO grade astrocytomas (18). In the present study, we found
that the expression of miR-128 or miR-149 and RaplB was in
an inverse trend in the astrocytoma and normal brain tissues.
The above data indicate that miR-128 and miR-149 negatively
regulate the expression of Rap1B.

TMZ inhibits RaplB expression by upregulating miR-128
and miR-149. As shown in Fig. 3, we observed that TMZ
increased the expression of miR-128 and miR-149 by real-time
PCR when glioblastoma U251 and U87 cells were treated
with 100 uM TMZ. Our previous research demonstrated that
TMZ also decreased the expression of Rap1B at the mRNA
and protein levels by real-time PCR and western blotting (18).
Given RaplB is a common target of miR-128 and miR-149
(Fig. 2), we proposed that TMZ may inhibit Rap1B expression
by upregulating miR-128 and miR-149.

miR-128 and miR-149 suppress cell proliferation and
invasion, and alter cytoskeletal remodeling by affecting
RapiB-associated small GTPase. As shown in Fig. 4A,
compared with that of the negative control, miR-128 and
miR-149 mimics inhibited cell colony formation in U251 cells



960 SHE et al: miR-128, miR-149 AND RaplB ARE IMPORTANT THERAPEUTIC TARGETS IN GLIOBLASTOMA

Rapl1B 3’UTR B RaplB 3’UTR
__——-'f_ﬂ# \ / "“-——-.______1_____
— , "——~—__,_‘______H
RaplB 3’UTR ...GEAGCUGUAGAUUCUCACUGUGA... 3 Rap1B 3’UTR 5'.. UGCAWGUAGCUCU?’T?(I:%(I}G"' 3
hsa-miR-128 3' ,..UUUCUCUGGCCMGI.]J(ELIT]JH:JL,. 5 hsa-miR-149 3'...CCCUCACUUCUGUGCCUCGGUCU... §'
C D E F

—
—

—
-

wide type  mutant

=

—
=

Relative Iucif&rase activity
Relative luciferase activity

Relative Rap1B expression
(Normalized to B-actin)

=)
Relative RaplB expression
(Normalized to p-actin)

=

0. 0. 0. 0.0 g i)
b NC miR-149
é&
G H F
4 24
& > £
% h
< é"s. E 5 Rap1B " g g
Rap1B Wl S = 22
2 tubuli 2 . A-tubulin s e E .
-tubulin v s = ]
£ NC miR-128 E NC miR-149

Figure 2. RaplB is a common target gene of miR-128 and miR-149. (A and B) Schema of the interaction sites of miR-128 and miR-149 and the 3-UTRs of
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24 h. miR-128 and miR-149 downregulated the mRNA level of Rap1B; “P<0.01; ““P<0.001. (G and H) Western blot analysis showing the protein expression
of RaplB after miR-128 or miR-149 mimics were transfected into U251 cells for 48 h, respectively. miR-128 or miR-149 inhibited the protein expression of
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Figure 3. TMZ inhibits RaplB expression by upregulating miR-128 and miR-149. (A) Real-time PCR showing the expression of miR-128 and miR-149 after
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Figure 4. miR-128 and miR-149 inhibit the cellular proliferation and invasion by RaplB-mediated actin cytoskeletal change. (A) Colony formation assay
showing the reduced cellular colony formation after U251 cells were transfected with miR-128 or miR-149 mimics; ““P<0.001. (B) MTT assay showing the
reduced cellular proliferation after U251 cells were transfected with miR-128 or miR-149 mimics; ““P<0.001. (C) miR-128 or miR-149 inhibited tumor cell
invasion as determined by wound closure assay in vitro. (D) Matrigel chamber invasion assay showing the reduced cellular invasion after U251 cells were

o

transfected with miR-128 or miR-149 mimics;

P<0.001. (E) Western blot analysis showing the protein expression of Cdc42, RhoA and N-cadherin after U251

cells were transfected with miR-128 or miR-149 mimics. (F) Phalloidin staining showing the expression and distribution of F-actin-rich cytoskeleton elements
after U251 cells were transfected with miR-128 or miR-149 mimics or Si-RaplB.

(P<0.001). MTT results indicated that miR-128 and miR-149
mimics also inhibited the proliferation of U251 cells at 72 and
96 h (P<0.001) (Fig. 4B). The wound-healing assay showed
that miR-128 and miR-149 inhibited the migration and motility
of U251 cells. Overexpression of miR-128 and miR-149 using
mimics clearly inhibited wound gap closure in a time-depen-
dent manner (Fig. 4C). miR-128 and miR-149 mimics also

inhibited the invasion of U251 cells at 48 h (P<0.001) (Fig.4D).
It has been demonstrated that TMZ can inhibit the expression
of Cdc42, RhoA and N-cadherin, and attenuate the expression
of F-actin and its polarized distribution in U251 cells (18). In
the present study, our results also indicated that miR-128 and
miR-149 mimics inhibited the expression of Cdc42, RhoA and
N-cadherin (Fig. 4E), suggesting that miR-128 and miR-149



962 SHE et al: miR-128, miR-149 AND RaplB ARE IMPORTANT THERAPEUTIC TARGETS IN GLIOBLASTOMA
A B
U251 TMZ 1003M
50 20
- NC+TMZ
§ == .15 /‘——ix\ i = MiR128+TMZ
5 1ol '
> g
H ©os
8
miR-128 =
,{\é,’ ,ﬂ# * i & e
& &
ﬁ

a0 20 - NCATMZ
® 3 kS it = miR-149+TMZ
4 =
o
. i
§= 10 6 0.5
S

[ - 0.0 T T T T

& & & & &
-\‘Q. &

Figure 5. miR-128 and miR-149 enhance the chemosensitivity of conventional TMZ agent in glioblastoma cells. (A) Colony formation assay showing the
reduced cellular colony formation when U251 cells were administered miR-128 or miR-149 mimics for 6 h and followed by subsequent treatment with 100 xM
TMZ; “P<0.01; “"P<0.001. (B) MTT assay showing the reduced cellular proliferation when U251 cells were administered miR-128 or miR-149 mimics for 6 h

and followed by subsequent treatment with 100 uM TMZ; ““P<0.001.

may be involved in cytoskeletal remodeling. FITC-labeled
phalloidin staining showed that the expression of F-actin-rich
cytoskeleton elements was strong and polarized at the edge of
the U251 cells. However, the expression of F-actin was attenu-
ated, and its polarized distribution died away when U251 cells
were treated with miR-128 or miR-149 mimics and Si-RaplB
(Fig. 4F).

miR-128 and miR-149 increase the chemosensitivity of TMZ
in glioblastoma cells. miR-128 and miR-149 inhibit the
cellular proliferation, invasion and alter cytoskeletal remod-
eling by targeting inhibition of Rap1B. Therefore, we aimed to
ascertain whether miR-128 and miR-149 enhance the chemo-
sensitivity of temozolomide. The colony formation and MTT
assays indicated that miR-128 and miR-149 each enhanced the
killing effect of TMZ on U251 cells when cells were admin-
istered miR-128 and miR-149 for 6 h, followed by subsequent
treatment with 100 uM TMZ (Fig. 5).

Discussion

GBM is characterized by high genetic heterogeneity and infil-
trative brain invasion patterns, and aberrant miRNA expression
has been associated with the hallmark malignant properties
of GBM (31). microRNAs (miRNAs) are modulators of gene
expression and play critical roles in various cellular processes.
Several miRNAs have been characterized as tumor suppressors
or oncogenes in cancer, and recent studies suggest that certain
miRNAs are implicated in cytoskeletal remodeling and cell
motility (32,33). The cytoskeleton controls cell motility, inva-
sion and adhesion. miR-23b is able to directly inhibit a number
of genes implicated in cytoskeletal remodeling in breast
cancer cells. Inhibition of miR-23b, using a specific sponge
construct, was found to lead to an increase in cell migration

and metastatic spread in vivo, identifying it as a metastatic
suppressor microRNA. Clinically, low miR-23b expression
correlates with the development of metastases in breast cancer
patients (32). miR-30c was found to regulate invasion by
targeting the cytoskeleton network genes encoding Twinfilin 1
(TWF1) and vimentin (VIM) in breast cancer cells (34). In
the present study, we assessed the endogenous expression of
miR-128 and miR-149 in 20 primary astrocytomas (grade I, 4
cases; grade II, 6 cases; grade III, 5 cases; and glioblastoma,
5 cases) and 8 normal brain tissues by quantitative real-time
PCR. Our results indicated that the expression of miR-128
and miR-149 was downregulated in glioblastoma, and the
expression of miR-149 gradually decreased with pathological
progression in different grade astrocytomas. However, the
expression of miR-128 was not different in WHO 1, II, III
grade astrocytomas and grade I'V glioblastoma although there
was a significant different in normal brain tissues and astrocy-
toma. These data revealed that aberrant expression of miR-149
was involved in the initiation and the malignant progression of
astrocytomas, whereas, aberrant expression of miR-128 was
associated with the initiation of the astrocytomas.

Our previous research found that Rap1B may also be a nega-
tive regulator of miR-128 and miR-149 by a docking study of
miRNA/mRNA omics in human grade I-III astrocytomas (14).
In the present study, we further confirmed that miR-128 and
miR-149 have their own binding sites with Rap1B, and authen-
ticated that RaplB is a common target gene of miR-128 and
miR-149, which negatively regulate the expression of Rap1B.
RAPI is a Ras-like GTPase that regulates several basic cellular
functions, such as migration, adhesion and growth. RAP1A and
RAPIB are two closely related isoforms of RAP1 (15). RaplB,
a small GTPase, is associated with the cytoskeleton during cell
activation (35). Its downregulated expression is involved in the
lysophosphatidic acid-induce inhibitory migration in glioma
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cells (36). Rho family GTPases, including Racl, RhoA and cell
division cycle 42 (Cdc42), participate in the regulation of adhe-
sion, actin cytoskeletal reorganization and cell migration (37),
and have been described as key regulators of cell migration (38).
Several of the Rho GTPases shown to promote glioblastoma
(GB) cell invasion have also been correlated with poor patient
prognosis (39,40). We further elucidated the biological function
of miR-128 and miR-149. The results indicate that miR-128 and
miR-149 mimics inhibited the proliferation and the invasion of
U251 cells and also mediated inhibition of expression of Cdc42,
RhoA and N-cadherin except for Rap1B. The overexpression of
miR-128 and miR-149 or Rap1B siRNA could alter the F-actin
cytoskeletal reorganization and its expression level. These
functional studies suggest that miR-128 and miR-149 function
as tumor-suppressor genes by RaplB-mediated changes in the
actin cytoskeleton and inhibition of cell adhesion and invasion
and cell proliferation.

TMZ is the standard first-line agent for GBM. TMZ
is compromised by its dependence for activity on DNA
mismatch repair and the repair of the chemosensitive DNA
lesion, O%-methylguanine, by O°-methylguanine-DNA-
methyltransferase. The present study found that miR-128 and
miR-149 inhibit the cellular proliferation, invasion and alter
cytoskeletal remodeling by targeted inhibition of RaplB.
We then presumed that miR-128 and miR-149 enhance the
chemosensitivity of temozolomide. Our data confirmed that
miR-128 and miR-149 did increase the cellular inhibitory
proliferation effects of TMZ in glioblastoma U251 cells as
determined by colony formation and MTT assays, suggesting
that the overexpression of miR-128 and miR-149 may enhance
the chemosensitivity of TMZ.

In summary, the present study demonstrated that the
expression of miR-128 and miR-149 was downregulated in
glioblastoma; the lower expression of miR-128 and miR-149
contributed to astrocytoma tumorigenesis. Overexpression of
miR-128 and miR-149 inhibited the invasion and proliferation
of glioblastoma by targeting RaplB-mediated cytoskeletal
alteration and related molecules, such as Cdc42, RhoA and
N-cadherin. miR-128 and miR-149 enhanced the chemo-
sensitivity of human glioblastoma cells to TMZ. Therefore,
restoration of miR-128 and miR-149 expression might provide
a therapeutic strategy for GBM treatment. The combination of
miR-128 and miR-149 mimics and TMZ could be an effective
therapeutic strategy for suppressing the growth of GBM.
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