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Abstract
MicroRNAs and cancer stem cells have emerged as critical players in glioblastoma, one of the
deadliest human cancers. In this study, we investigated the expression and function of
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microRNA-10b in glioblastoma cells and stem cells. An analysis of The Cancer Genome Atlas
data revealed a correlation between high miR-10b levels and poor prognosis in glioblastoma
patients. We measured the levels of miR-10b and found that it is upregulated in human
glioblastoma tissues, glioblastoma cell and stem cell lines as compared to normal human tissues or
astrocytes. Inhibition of miR-10b with a specific antagomir inhibited the proliferation of
glioblastoma established and stem cell lines. Inhibition of miR-10b strongly reduced cell invasion
and migration in glioblastoma cell and stem cell lines while overexpression of miR-10b induced
cell migration and invasion. We also investigated several predicted targets of miR-10b but could
not verify any of them experimentally. Additionally, miR-10b inhibition significantly decreased
the in vivo growth of stem cell-derived orthotopic GBM xenografts. Altogether, our findings
confirm the oncogenic effects of miR-10b in GBM cells and show for the first time a role of this
microRNA in GBM stem cells. Targeting miR-10b might therefore inhibit glioblastoma stem
cells, which are thought to be at the origin of glioblastoma and to contribute its recurrence and
resistance to therapy.
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Introduction
Gliomas are extremely aggressive brain tumors that account for the majority of deaths due to
primary brain neoplasms. Grade IV glioma, glioblastoma (GBM) is the most frequently
diagnosed glioma and one of the least successfully treated human tumors [1]. Despite recent
therapeutic advances, GBM treatment combining surgical resection, chemotherapy and
radiotherapy remains ineffective and is associated with an average life expectancy of 12-15
months [2]. The origin of GBM is largely unknown but there is an increasing speculation
that they arise from a subset of cells, called GBM stem cells, that putatively consist of
transformed neural stem cells [3–5]. Accumulating evidence suggests that these stem cells
are responsible for GBM initiation, growth, and resistance to therapy [6]. Migration and
invasion are hallmarks of cancer progression including in GBM. GBMs rarely metastasize
beyond the central nervous system, but these highly infiltrative cancers often invade into
normal adjacent brain tissues limiting surgical resection, a context where glioblastoma stem
cells display a very aggressive phenotype [7].

MicroRNAs (miRNAs) are small non-coding RNAs that are frequently deregulated in many
cancers, acting either as tumor suppressors by targeting oncogenes or as oncogenes by
targeting tumor suppressors [8, 9]. miRNAs modulate protein expression by binding to the
3′-untranslated region (3′-UTR) of mRNA and promoting its degradation or inhibiting its
transcription [10]. miRNAs play critical roles in multiple biological processes characteristic
of glioblastoma including cell growth, migration, invasion, angiogenesis and stem cell
behavior [11–14]. A few studies have identified miR-10b as a tumor promoter that is
positively associated with malignancy and grade of various cancers [15]. Indeed, miR-10b is
the most significantly upregulated miRNA in metastatic breast cancer cell lines, breast
cancer samples [16], human pancreatic adenocarcinomas [17] and GBM [18]. In human
GBM, miR-10b levels correlate with tumor grade, invasiveness, and the tumor invasive
factors urokinase plasminogen activator receptor uPAR and RhoC [19, 20]. However a role
for miR-10b in GBM stem cells has not been described before. Targeting oncogenic miR-
NAs might represent a novel therapeutic approach for cancer treatment. Various types of
antisense-based miRNAs inhibitors, including antagomirs, locked nucleic acid
oligonucleotides, 2′-O-modified oligonucleotides, anti-miR poly(L-Lysine)-based
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nanoparticles have been successfully used for oncogenic miRNAs inhibition both in vitro
and in vivo [19, 21–24], but to our knowledge, no such study has been carried out in GSCs.

In the present work, we screened human GBM specimens, GBM cell and stem cell lines
(GSCs) for miR-10b levels by quantitative RT-PCR. We found a high expression of
miR-10b in GBM tissues as compared to normal brain and higher miR-10b expression in
GSCs as compared to established GBM cell lines and normal human astrocytes. We then
investigated the effects of miR-10b inhibition on GBM malignancy, in vitro and in vivo. Our
data showed that miR-10b inhibition significantly reduced cell proliferation, migration and
invasion in GSCs as compared to GBM cells, or normal astrocytes. We also found that
targeting of miR-10b in GSCs significantly decreased in vivo tumor growth. We therefore
propose miR-10b as an attractive therapeutic target in GBM cells in general and GSCs in
particular.

Materials and methods
Cells, reagents and tissue culture

Human GBM tissues, GBM cell lines, primary GBM cells and GBM stem cell lines (GSCs)
were used for this study. GBM and normal brain tissues were obtained from consenting
patients undergoing surgery at the University of Virginia Health System. All specimens
were handled in compliance with the policies of the UVA Health System Institutional
Review Board. GSCs 0308, 0822 and 1228 were a kind gift from Dr. H. Fine (NIH,
Bethesda, MA). GSCs were grown in neurobasal media with N2 and B27 supplements (0.5×
each), and supplemented with human recombinant EGF, bFGF (50 ng/mL each). Primary
GBM cells (GBM8 and GBM10) were isolated from surgical specimens of patients who
underwent surgical treatment at the Mayo Clinic and who consented to the use of the tissue
for research. The primary cells were propagated in animals via heterotopic implantation in
the flanks of immunodeficient mice and subsequently were grown in α-MEM with 2.5 %
FBS. U1242 cells were a kind gift from Dr. I. Hussaini (University of Virginia,
Charlottesville, VA), and were grown in α-MEM supplemented with L-Glutamine.
Astrocytes and GBM cell lines A172, U87, U373, SNB19, T98G, SF767 cells were obtained
from American Type Culture Collection (Manassas, VA). Astrocytes and A172 cells were
grown in DMEM supplemented with 10 % FBS. U87 cells were grown in Eagle's MEM
supplemented with 1 mmol/L sodium pyruvate, 0.15 % sodium bicarbonate, 0.1 mol/L
nonessential aminoacids and 10 % FBS. U373 cells were grown in DMEM (1 mg/L glucose
with L-glutamine) supplemented with HEPES buffer, and 10 % FBS. T98G cells were grown
in MEM supplemented with 1 mmol/L sodium pyruvate, 0.1 mol/L nonessential amino acids
and 10 % FBS. SNB19 cells were grown in DMEMF12 and supplemented with 0.1 mol/L
nonessential amino acids and 10 % FBS. SF767 cells were grown in MEM supplemented
with Earl's salts and L-Glutamine. All cells were grown at 37 °C in 5 % CO2 in the presence
of penicillin and streptomycin.

Except for stem cell media and supplements, all cell culture media, sodium bicarbonate,
sodium pyruvate, nonessential amino acids and HEPES buffer used in this study were
purchased from Cellgro Mediatech (Manassas, VA). Neurobasal media, N2, B27, penicillin–
streptomycin, Oligofectamine, were purchased from Invitrogen (Carlsbad, CA). Human
recombinant bFGF and EGF were purchased from R&D systems (Minneapolis, MN). Fetal
bovine serum (FBS) was purchased from Gemini Bio-Products (West Sacramento, CA).
Human type IV collagen was purchase from Sigma-Aldrich (St Louis, MO). Crystal Violet
was purchased from Promega Corp (Madison, WI). All microRNAs were obtained from
Ambion-Biosystems (Huston, TX). The miRNeasy kit, miScript reverse transcription kit and
human U6B probe, miR-10b and universal primers were purchased from Qiagen (Valencia,
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CA). The different antibodies for immunoblotting were purchased from Cell Signaling
(Carlsbad, CA), Santa-Cruz Biotechnology (Santa Cruz, CA) and Abcam (Cambridge, MA).

Real-time PCR
GBM tissues (n = 20), normal brain tissues (n = 5), GBM cell lines and GSCs were lysed
using Qiazol, transferred to QIAshredder columns, centrifuged at 13,000 × g for 3 min, and
then RNA was isolated using the miRNeasy kit according to the manufacturer's instructions
(Qiagen). RT–PCR on 500 ng of RNA using the miScript reverse transcription kit was used
to generate cDNA. From 16 ng of cDNA template, quantitative real-time PCR analyses for
miR-10b and U6B were performed using miR-10b and U6B-specific forward primers and a
universal reverse primer according to the manufacture's protocol (Qiagen). U6B was used as
a control to normalize the levels of miR-10b. Applied Biosystems (StepOnePlus) real-time
PCR system was used to carry out the quantitative PCR, using hot start, with annealing at 55
°C (30 s), extension 70 °C (30 s) for 40 cycles, followed by a melt curve analysis. Data
analysis was carried out using StepOne software V2.1 (Applied Biosystems).

miR-10b inhibition
An antisense (anti-miR-10b) was used to inhibit miR-10b expression in astrocytes, A172,
T98G, SF767 cells and GSCs 0380, 0822 and 1228. For GSC transfection, the plates were
coated with polyornithine for 24 h and washed with PBS prior to transfection procedure.
Cells were plated at 50–70 % confluence and transfected with anti-miR-10b using
oligofectamine as a transfection reagent. Anti-miR-control (Anti-miR-Cont) was used as a
control. Inhibition of miR-10b was verified by quantitative RT-PCR.

Immunoblotting
Immunoblotting was performed using antibodies specific for TIAM1, SDC-1, STAT3,
NF-1, PTEN and β-Actin as a loading control. To assess the effect of anti-miR-10b on the
expression of different proteins promoting migration and/or invasion in GBM, different
GBM cell lines expressing high levels of miR-10b were treated as follows: 50–60 %
confluent cells were treated with anti-miR-10b and anti-miR-Con, or miR-10b and miR-
Cont for 48 h and subsequently immunoblotted for different predicted targets/proteins of
miR-10b that were selected based on target prediction software (TargetScan). The cells were
subsequently lysed with RIPA buffer (1 % Igepal, 0.5 % sodium deoxycholate and 0.1 %
SDS in PBS), and equal amounts of protein were electrophoretically separated in a
polyacrylamide gradient gel (Invitrogen, Carlsbad, CA), trans-blotted to a nitrocellulose
membrane, and then incubated overnight with primary antibodies at 4 °C. The primary
antibody-bound membranes were washed three times with tween-PBS before incubation
with the corresponding horseradish-conjugated secondary antibodies. After the final wash,
the immunoreactive signals were detected by enhanced chemiluminescence.

Proliferation assay
To assess the effect of miR-10b inhibition on cell growth, 30,000 GBM and GSC cells were
seeded in triplicates in medium containing 10 % FBS, and transfected either with anti-
miR-10b or anti-miR-Cont (20 nM). 48 h later, the cells were trypsinized and harvested
every day for 4 days and counted with a hemocytometer and growth curves were
established.

Migration assay
A172, SF767, T98G GBM cells, and 0308, 0822, 1228 GSCs were seeded at 60 %
confluence and transfected with anti-miR-10b or anti-miR-Cont (20 nM) for 24 h, or with
miR-10b or miR-Cont (20 nM) before a scratch was made in each well using a sterile pipette
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tip. Cells that migrated into the scratch 48 h post-treatment were photographed at 40×
magnification.

Invasion assay
GBM cells and GSCs were treated with 20 nM anti-miR-10b or anti-miR-control for 24 h.
The following day, the cells (2 × 105) were seeded in serum-free or growth factor-free media
in collagen IV-coated inserts. 600 μL of complete medium was placed in the lower chamber
as a chemoattractant. After 12 h of incubation at 37 °C in 5 % CO2, invaded cells were
stained with 0.1 % crystal violet solution and photographed at 40×. The cells were then
counted under the microscope in five randomly chosen fields and the number of invaded
cells was used for subsequent comparative analyses by one-way ANOVA with the least
significant different correction. Each experiment was performed three times.

In vivo experiments
The effect of miR-10b inhibition on in vivo tumor growth was tested in an intracranial GBM
xenograft model. 1228 GSCs were transfected with anti-miR-10b or anti-miR-Control, at the
concentration of 20 nM, for 24 h. Transfected cells (3 × 105) were stereotactically implanted
into the striata of immunodeficient mice (n = 8). Tumor growth was monitored by MRI
every week. The animals were sacrificed 4 weeks post-tumor implantation. The brains were
removed, sectioned, and stained with hematoxylin and eosin (H&E). Maximal tumor cross-
sectional areas were measured by computer-assisted image analysis.

Statistics
All experiments were performed at least in triplicates. Numerical data were expressed as
mean ± standard deviation. Two group comparisons were analyzed by two-sided Student's t
test. Multiple group comparisons were analyzed with Bonferroni/Dunn multiple
comparisons tests. p values were determined for all analyses and p < 0.05 was considered
significant.

Results
TCGA data analysis reveals a correlation between miR-10b expression and poor patient
prognosis

We used the Cancer Molecular Analysis Portal of the NCI (https://cma.nci.nih.gov/cma-
tcga/geneView) to analyze The Cancer Genome Atlas (TCGA) data for potential
correlations between miR-10b expression levels and patient survival [25]. The analysis and
Kaplan–Meier survival curve showed that high levels of miR-10b are associated with poor
survival in GBM patients (Fig. 1a). These data suggest that miR-10b is an important
regulator of GBM malignancy. By the time this manuscript was submitted for publication,
the Cancer Molecular Analysis Portal was discontinued by the NCI. Therefore, the above
data are presented with the limitation and disclaimer that they cannot be reproduced using
the same analysis portal.

miR-10b is overexpressed in GBM tissues, GBM cell lines and GBM stem cell lines
We measured the expression of miR-10b in human GBM specimens and GBM cell and stem
cell lines using quantitative RT-PCR. miR-10b expression was significantly higher (up to
36-fold) in human GBM specimens as compared to normal brain, where miR-10b levels
were very low or barely detectable in some samples. miR-10b levels were on average
∼ninefold higher in GBM tissues than in normal brain (Fig. 1b). We also found that
miR-10b expression was higher (up to threefold) in some (U373, A172, SF767 and T98G)
but not all GBM cell lines in comparison with human astrocytes (Fig. 1c). Importantly,
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miR-10b level in GSCs 0308, 0822 and 1228 were significantly higher (up to 4.5-fold
increase) than in established GBM cells and in normal human astrocytes (Fig. 1d).

miR-10b regulates GBM cell and stem cell proliferation
The effects of miR-10b on GSC proliferation have not been investigated to date. We
assessed the effects of miR-10b inhibition on GBM cell and stem cell proliferation by cell
counting. Astrocytes, T98G, A172, SF767 GBM cells, and GSCs 0308, 0822, and 1228
were transfected with anti-miR-10b or anti-miR-control and the cells were counted for 4
days. miR-10b inhibition did not have any effect on the growth on human Astrocytes (Fig.
2a). However, miR-10b inhibition significantly inhibited the proliferation of SF767, T98G
GBM cells and 0308, 0822, 1228 GSCs (n = 3; p < 0.05). The effect of miR-10b inhibition
on cell growth was significantly stronger in GSCs when compared to established GBM cell
lines. In SF767 cells, inhibition of miR-10b reduced cell proliferation from 370 ± 22.76 in
control to 91.67 ± 11.67 (p < 0.05) (Fig. 2b). Similarly, in T98G cells, the rate of cell
proliferation significantly decreased from 755 ± 42.72 in control cells to 131.25 ± 22.42 in
anti-miR-10b treated cells (Fig. 2c). Inhibition of miR-10b in 0308 and 1228 GSCs revealed
a strong inhibitory effect on cell proliferation. Indeed, miR-10b inhibition decreased cell
numbers from 730 ± 61.67 in control to 52.50 ± 6.29 in 0308 treated cells (Fig. 2d) and from
1130 ± 55 to 28.33 ± 4.17 in 1228 cells treated with anti-miR-10b (Fig. 2e). Similar results
were observed when miR-10b was silenced in 0822 GSCs, with a decrease of cell growth
from 850 ± 54.78 in control cells to 70 ± 6.43 in anti-miR-10b treated cells (Fig. 2f).

miR-10b significantly decreases migration and invasion in GBM cell lines and GBM stem
cells

The effects of miR-10b on the invasion and migration of GSCs has to our best knowledge
not been reported to date. We tested the effect of miR-10b inhibition on GBM cell and GSC
migration and invasion using the scratch assay and transwell assay, respectively. Inhibition
of miR-10b decreased the migration of A172, SF767 and T98G (Fig. 3a). A similar
inhibitory effect on cell migration upon miR-10b inhibition was found in the three tested
GSCs 0308, 0822 and 1228 (Fig. 3b). Conversely, overexpression of miR-10b in SF767 and
A172 significantly increased cell migration compared to control, confirming the role of
miR-10b in inducing the migration of GBM cells (Fig. 3c).

Inhibition of miR-10b reduced A172, SF767, 0308, 0822 and 1228 cell invasion (Fig. 4a, b).
Indeed, the number of invading cells per random field was quantified for each cell line, and
was significantly decreased from 362 ± 23 to 138.5 ± 3.5 in astrocytes, from 734.5 ± 130.5
to 165.5 ± 4.5 in A172 cells, and 159.5 ± 7.5 to 63.5 ± 6.5 in SF767 cells. Upon miR-10b
inhibition, cell invasiveness was also significantly reduced in 0308, 0822 and 1228 GSCs,
where the number of invading cells was reduced from 186 ± 71 to 13.5 ± 3.5 in 0308 cells,
from 166.5 ± 10.5 to 10.5 ± 1.5 in 0822 cells and 180.5 ± 23.5 to 27.5 ± 8.5 in 1228 cells
(Fig. 4c). Comparing the effect of miR-10b inhibition on invasion between different cells
also showed that the invasion inhibitory effect of miR-10b inhibition was higher in GSCs
than in established cell lines and astrocytes (Fig. 4c). Conversely, miR-10b overexpression
in SF767 led to a significant increase of cell invasion (Fig. 4d). The efficiency of miR-10b
inhibition or overexpression was verified by qRT-PCR. Altogether, these data show that
miR-10b might enhance GBM malignancy by inducing GBM cell and stem cell infiltrative
behavior.

Verification of miR-10b predicted targets
Analysis of miR-10b predicted targets using target prediction software (Targetscan) revealed
potential target proteins that are known to regulate proliferation, invasion and migration in
GBM. Predicted miR-10b targets included PTEN, STAT3, SDC1, TIAM1, NF1. However
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we were unable to experimentally verify the regulation of any of the above potential targets
upon miR-10b inhibition or miR-10b overexpression despite repeated attempts (Fig. 5a).

miR-10b inhibition inhibits the in vivo growth of human GSC-derived xenografts
We tested the effects of targeting miR-10b on the growth of GSC-derived xenografts. 1228
GSCs were transfected with anti-miR-10b or anti-miR-Control (20 nM) for 24 h and the
cells were then intracranially implanted in SCID/BALBc mice. Tumor growth was
monitored by MRI and the animals were euthanized after 4 weeks. Tumor size
quantification was carried out on H&E stained brain frozen sections. While control animals
developed very large tumors averaging 125.52 ± 35.82 mm2 cross-sectional area, the
inhibition of miR-10b led to inhibition of tumor growth and reduced tumor size to an
average of 39.16 ± 11.27 mm2 (n = 8, p < 0.01) (Fig. 5b). These data show for the first time
that inhibition of an oncogenic microRNA by its specific antagomiR in GSCs leads to
inhibition of in vivo GBM growth. These data suggest that the targeting of the oncogenic
miRNA miR-10b is a promising approach targeting glioblastoma stem cells and for future
GBM therapy.

Discussion
Our study suggests an important role of the oncogenic miR-10b in GBM stem cell
malignancy. We show that miR-10b is highly expressed in GBM tissues, established cell
lines and stem cell lines. We find that inhibiting the expression of miR-10b reduces GBM
cell growth and significantly decreases GSC proliferation, migration and invasion. We also
show for the first time that miR-10b inhibition in GSCs significantly decreases in vivo
tumor growth, thus supporting the potential usefulness of targeting oncogenic miR-10b for
GBM therapy.

One main mechanism of GBM resistance to therapy is the ability of tumor cells to migrate
and invade the surrounding brain and the spinal cord, rendering total surgical removal of the
tumor practically impossible [1]. Furthermore, GSCs have been described by numerous
groups as strong contributors to therapeutic resistance, responsible for GBM tumor initiation
and recurrence [26, 27]. Tumor-initiating cells contribute to tumor progression and invasion
in human hepatocellular carcinoma and pancreatic cancer [28, 29]. Stem cell markers have
been shown to be predictors of oral cancer invasion as well as retinoblastoma invasion [30,
31]. Similarly, cancer stem cells were proven to mediate invasion/metastasis and poor
clinical outcome in inflammatory breast cancer [32]. Therefore, considering the infiltrative
phenotype of GBMs, targeting GSCs might be a promising approach to more successful
cancer therapies.

Our study shows a significant up-regulation of miR-10b expression in primary GBM tissues
compared to normal brain specimens where this miRNA was almost undetectable. These
data confirm previous reports showing that miR-10b is highly expressed in different grades
and types of gliomas [19, 20]. Importantly, in this study we show for the first time that
miR-10b is strongly up-regulated in three different and well-characterized GSCs (0308,
0822, 1228), thus suggesting the involvement of miR-10b in GSC biology. The above GSC
lines have been previously characterized and shown to have marked phenotypic and
genotypic differences with established glioma cell lines. Unlike the established lines, these
GSCs harbored extensive similarities to normal neural stem cells and recapitulated the
genotype, gene expression patterns, and in vivo biology of human glioblastomas [5]. We
found that miR-10b inhibition did not affect the growth of human astrocytes used as a
control, nor A172 GBM cells (data not shown). This effect was minimal on standard GBM
cell growth, confirming a recently reported finding in oral cancer [33]. However, the three
GSC lines 1228, 0822 and 0308, which express the highest miR-10b levels among all cell
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lines screened, consistently responded to miR-10b inhibition with a significant inhibition of
cell proliferation. miR-10b inhibition also reduced established GBM cell invasion and
strongly inhibited GSC invasion. These data support previous findings that miR-10b is
associated with cell migration, motility and invasiveness in human esophageal cancer cells
[34, 35], plays a critical role in breast cancer invasion [36] and metastasis [37] and promotes
cell invasion in gastric cancer [38]. However, our data showing a strong inhibition of
invasion in A172 and SF767 GMB cells upon miR-10b inhibition differ from Gabriely's
reports showing that miR-10b expression modulation in A172 and U251 GBM cell lines did
not affect cell invasion in vitro, a discrepancy that might be attributed to technical
differences in performing the inhibition experiments [19]. Altogether, our data confirm
previous reports on the oncogenic role of miR-10b in GBM cells and further show for the
first time a potential role for miR-10b in GBM stem cell malignancy.

miR-10b has been previously shown to target molecules that modulate several cellular
functions, including migration, invasion, and proliferation. Furthermore, studies have
reported that miR-10b targeting could also impact tumor growth and metastasis by targeting
several metastasis genes such as HOXD10 [16, 38], TIAM1 [39], uPAR and RhoC/Akt [20,
38], KLF4 [35] and NF-1 [34] in different cancers. However, a recent study reported that
miR-10b operates not by repressing HOXD10 which controls cell migration and invasion,
but by controlling cell cycle and apoptosis [19, 40]. Despite repeated attempts, we could not
confirm any of these targets in GBM stem cells. We also searched and investigated other
predicted miR-10b targets known to be associated with migration and/or invasion such as
TIAM and Syndecan1 (SDC1), but could not experimentally verify any of these targets.

Conclusion
Our study showed for the first time that inhibition of miR-10b can lead to the inhibition of
glioblastoma stem cell-derived xenografts. Considering the potential importance of cancer
stem cells in tumor initiation, recurrence and resistance to therapy, our data suggest that
targeting miR-10b is a promising approach for a more efficient future GBM therapy. In
conclusion, our study provides evidence for a role of miR-10b in GBM malignancy in
general, and cancer stem cells in particular, and suggests miR-10b as a potential target for
GBM therapy.
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Fig. 1.
miR-10b is upregulated in GBM specimens, tumor cell lines and cancer stem cell lines
(GSC), and expression levels correlate with patient survival. a Gene expression-based
Kaplan–Meier plot shows an inverse correlation between miR-10b levels and patient
survival. b miR-10b levels were measured by quantitative RT-PCR in GBM tissues (T),
normal brain (N), normal human astrocytes, GBM cell lines (A172, U87, U373, SNB19,
T98G, SF767, U1242), primary GBM cells (GBM8 and GBM10) and GSCs (0308,
0822,1228). The results show that average levels of miR-10b in GBM tissues were
significantly higher than normal brain tissues (p < 0.01). c miR-10b levels in U373, SF767,
A172, and T98G GBM cell lines were significantly higher than in astrocytes (p < 0.05). d
miR-10b levels in GSCs were significantly higher than in astrocytes (p < 0.05)
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Fig. 2.
miR-10b regulates GBM cell and stem cell proliferation. miR-10b expression was inhibited
in astrocytes, T98G, SF-767 GBM cells and 0308, 0822, 1288 GSCs by transfection with
anti-miR-10b (20 nM). Control cells were transfected with anti-miR-Control (anti-miR-
Cont) (20 nM) for 48 h and then cells were counted every day for 4 days. a The results show
that inhibition of miR-10b did not affect cell growth in astrocytes, b but significantly
decreased cell growth in SF767 cells and c T98G cells. A significantly stronger anti-
proliferative effect was obtained upon anti-miR-10b treatment in d 0308 GSCs, e 0822
GSCs and f 1228 GSCs
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Fig. 3.
miR-10b regulates GBM cell and stem cell migration. GBM cells A172, SF767 and T98G
and GSCs 0308, 0822 and 1228 were transfected with anti-miR-10b or anti-miR-Cont (20
nM) for 24 h. GBM cells SF767 and A172 were treated with miR-10b or miR-Cont (20 nM)
for 24 h. The cells were assessed for migration using the scratch/wound assay. a The results
show that miR-10b inhibition reduces cell migration in A172, AF767 and T98G cell lines, b
as well as in 0308, 0822 and 1228 GSCs. c The results also show that miR-10b
overexpression significantly increases cell migration
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Fig. 4.
miR-10b regulates GBM cell and stem cell invasion. GBM cells (SF767 and T98G), GSCs
(0308, 0822 and 1228), and astrocytes were transfected with anti-miR-10b or anti-miR-
Contol (20 nM) for 24 h. GBM SF767 cells were transfected with miR-10b or miR-cont (20
nM) for 24 h. Cell invasion was assessed using a transwell assay. a The results show that
mir-10b inhibition inhibits the invasion of astrocytes, SF767 and T98G cells, b as well as
0308, 0822 and 1228 GSCs. c The invasion inhibition is significantly higher in GSCs than
GBM cells. d The results also show that miR-10b overexpression significantly increases the
invasion in GBM cells
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Fig. 5.
miR-10b does not affect the levels of predicted target proteins and miR-10b inhibition
significantly inhibits the in vivo growth of human glioblastoma stem cell line-derived
xenografts. a Immunoblots showing the absence of changes in miR-10b predicted target
proteins' expression upon miR-10b inhibition or miR-10b overexpression in glioblastoma
cells and GSCs as well as astrocytes used as a control. The blots were stripped and
hybridized for β-Actin as a loading control. b GSCs (1228) were transfected in vitro with 20
nM anti-miR-10b or anti-miR-control for 24 h. 3 × 105 of transfected cells were
intracranially implanted into the brains of SCID/BALBc immunodeficient mice (n = 8).
Tumor growth was monitored by MRI for 4 weeks. Animals were sacrificed and tumor size
was assessed by measuring tumor cross-sectional area on H&E stained slides, with
computer-assisted image analysis. The results show that anti-miR-10b treatment
significantly inhibits in vivo GSC xenograft growth (** p < 0.01)
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