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Abstract. Although it is well known that exaggerated prolifer-
ation, metastasis and the mesenchymal subtype is related with 
worst prognoses in glioblastoma (GBM) and that transforming 
growth factor-β1 (TGF-β1) is a potent factor in regulating the 
proliferation, migration and epithelial-mesenchymal transition 
(EMT) phenotype of GBM, the detailed mechanisms are still 
far from elucidated. MicroRNAs (miRNAs) are small non-
coding RNAs which play critical roles in various diseases by 
regulating target gene expression. We report that miR-10b, 
a molecule downstream of TGF-β1, is involved in TGF-β1-
regulated GBM cell proliferation, migration and EMT. We 
found that exposure of GBM cells to TGF-β1 significantly 
upregulated miR-10b expression. Overexpression of miR-10b 
promotes GBM cell proliferation, migration and EMT, 
whereas depletion of miR-10b obtained reverse effects. Further 
studies uncovered that some tumor-associated genes including 
epithelial cadherin (E-cadherin), apoptotic protease activating 
factor 1 (Apaf-1) and phosphatase and tensin homolog (PTEN) 
are target genes of miR-10b. In human GBM xenografts, 
antagomiR directed against miR-10b markedly suppressed 
tumor growth, and the tumor volume shrunk from 1252.5±285 
to 873.4±205 mm3 after antagomiR-10b treatment for 3 weeks 
compared with the control group (P<0.01). Taken together, our 
data collectively demonstrate that the proliferation, migration 
and EMT features of GBM cells can be regulated by TGF-β1 

stimulation through controlling miR-10b. Thus, our findings 
provide a rationale for targeting TGF-β1 or miR-10b for the 
treatment of GBM.

Introduction

Glioblastoma multiforme (GBM), a highly malignant grade 4 
glioma, is the most common primary cancer of the brain. 
Surgery combined with radiotherapy and chemotherapy is 
still the standard treatment for GBM patients (1). However, the 
high mobility and strong invasive properties of GBM result in 
a high inevitable recurrence rate and a poor median survival of 
14.6 months for patients (2). Thus, there is a pressing need to 
reveal the molecular mechanisms of GBM invasion for novel 
therapeutic avenue development.

Epithelial-mesenchymal transition (EMT) is a process in 
which epithelial cells lose their polarity and adhesion ability 
and become mesenchymal stem cells gaining migratory and 
invasive properties (3). Accumulating evidence has showed 
that EMT also occurs and plays a critical role in the initia-
tion of metastasis for tumor progression. It is well known that 
transforming growth factor-β1 (TGF-β1) signaling pathway 
plays a principle role in accelerating epithelial plasticity that 
may progress to EMT (4). However, TGF-β1-induced EMT 
does not happen in some non-invasive tumor cells in vitro (5). 
On top of that, TGF-β1 has a dual role and it can act as either 
a tumor suppressor or promoter depending on the stages and 
types of the tumor (3,4). Thus, the detailed mechanism that 
TGF-β1 regulates GBM has not been fully explored to date. 

MicroRNAs (miRNAs) are small non-coding RNAs 
that post-transcriptionally repress target gene expression by 
inhibiting translation or promoting mRNA degradation (6). 
Approximately 35828 miRNAs have been found to be 
expressed in 223 species (http://microrna.sanger.ac.uk), which 
facilitates the possibility of reciprocal interactions between 
miRNAs and finely regulating gene expression by miRNAs. 
The most compelling evidence is that the aberrant production 
of miRNAs has been widely recognized as a main character 
of various human diseases, including developmental abnor-
malities, autoimmune diseases and cancer (7-9). Mounting 
evidence indicated that miRNAs play pivotal roles in 
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GBM (10,11). For example, miR-146b-5p is downregulated and 
triggers the miR-146b-5p/Hu antigen R (HuR)/lincRNA-p21/
β-catenin signaling pathway in glioma stem cells (GSCs) and 
miR-146b-5p overexpression attenuates stemness and radiore-
sistance of GSCs (12).

miR-10b has been reported to be an oncogenic miRNA 
which can regulate growth and metastasis of various types 
of cancer (13-15). By using pleiotropic mechanisms, miR-10b 
widely participated in the regulating of cancer cell proliferation, 
migration, invasion and EMT. Although several target genes 
of miR-10b have been designated in GBM and other tumors, 
their regulation looks cell- and context-specific (13,16,17). 
Thus, further studies are still needed to uncover the detailed 
mechanisms underlying miR-10b functions in regulating GBM 
progression.

In the present study, we investigated the role of miR-10b 
in TGF-β1-mediated GBM proliferation, migration and EMT. 
We found that miR-10b is apparently upregulated by TGF-β1 
in U251 and U87 cells. Further studies uncovered that TGF-β1 
remarkably promoted GBM cell proliferation, migration and 
EMT. All these effects were achieved through regulating 
miR-10b as miR-10b mimics promoted, whereas miR-10b 
inhibitor reversed, the effects of TGF-β1. In addition, several 
proliferation-, invasion- and EMT-associated genes including 
epithelial cadherin (E-cadherin), apoptotic protease acti-
vating factor 1 (Apaf-1) and phosphatase and tensin homolog 
(PTEN) are the targets of miR-10b. When xenograft models 
were used to investigate the miR-10b potency as therapeutic 
target in vivo, results showed that antagomiR-10b apparently 
suppressed tumor progression. In summary, our data collec-
tively demonstrated that miR-10b can be used as a potential 
therapeutic target for the treatment of GBM.

Materials and methods

Clinical specimens. Glioblastoma tissues (n=15) were obtained 
from the First Hospital of Jilin University (Changchun, China). 
All of the procedures involving specimens obtained from 
human subjects were performed under protocols approved 
by the Jilin University Ethic Committee. Written informed 
consent was also obtained from all subjects before the study. 
None of the patients received radiation therapy or chemo-
therapy before surgical resection. All tissue samples were 
snap-frozen in liquid nitrogen and stored at -70˚C until use.

Cell lines and cell culture. Human glioma cell lines U87 and 
U251 were purchased from the China Academia Sinica Cell 
Repository (Shanghai, China). The cells were cultured in 
Dulbecco's modified Eagle' medium (DMEM) supplemented 
with 10% fetal bovine serum (FBS), 50 U/ml penicillin/strep-
tomycin and 2 mM L-glutamine (Gibco, Carlsbad, CA, USA). 
All the cell lines were incubated at 37˚C in a CO2 incubator. 
For cell treatment, 5 ng/ml of TGF-β was added or 100 nM 
miR-10b mimics or inhibitor was transfected into the cells 
with Lipofectamine 3000 as indicated. All the reagents were 
purchased from Life Technologies (Grand Island, NY, USA). 

RNA isolation and real-time PCR. Total RNA of GBM cells 
was isolated with TRIzol, and cDNA was then generated using 
the reverse transcription kits (TaqMan® MicroRNA Reverse 

Transcription kit for miRNA, PrimeScript® First Strand cDNA 
synthesis kit for general genes) following the protocols of the 
manufacturer (all from Life Technologies, Grand Island, NY). 
Aliquots of the reaction products were then used for real-time 
PCR with an ABI PRISM 7500 Fast system using the following 
parameters: initial denaturation at 95˚C for 10 min, followed 
by 40 cycles of 95˚C for 15 sec, 60˚C for 1 min and 72˚C for 
45 sec. The expression of miR-10b was normalized to U6B 
miRNA and E-cadherin, Apaf-1 and PTEN were normalized 
to GAPDH mRNA. All PCR experiments were performed in 
triplicate. 

Western blot assay. U251 cells were thoroughly lysed in ice-cold 
RIPA buffer (P0013C; Beyotime Institute of Biotechnology, 
Haimen, China) for 45 min. Then, ~40 µg protein was 
subjected to SDS-PAGE and transferred to polyvinylidene 
difluoride (PVDF) membranes. After incubating in blocking 
buffer [phosphate-buffered saline (PBS) containing 3% BSA] 
for 1 h at room temperature, the membranes were subsequently 
incubated with E-cadherin (1:3,000; Abcam, Cambridge, 
MA, USA), vimentin (1:3,000; Abcam), Apaf-1 (1:3,000; BD 
Biosciences, San Diego, CA), PTEN (1:600; Abcam), Tubulin 
(1:1,000; CWBio, Beijing, China) or β-actin (1:4,000; CWBio) 
monoclonal antibodies and HRP-conjugated secondary 
antibodies, and the specific immunoreactive proteins were 
visualized through enhanced chemiluminescence.

Vector construction and luciferase reporter assays. The 
Dual-luciferase vectors were constructed by synthesizing the 
seed sequences in the 3'-UTRs of E-cadherin, Apaf-1 and 
PTEN, or the reverse complementary sequence of miR-10b 
(rcmiR-10b) and inserting the annealing products into the 
psiCHECK-2 vector. The corresponding mutant vectors were 
also constructed by introducing 3-bp mutations into the seed 
sequences. To verify the specific targeting of these genes 
by miR-10b, HEK293T cells were seeded in 24-well plates 
(1.5x106/well) and transfected with 0.8 µg of the endotoxin-
free recombinant vectors, either alone or in combination with 
50-nM miR-10b precursors or inhibitors. Luciferase activities 
were measured 24 h later using the Dual-luciferase reporter 
assay system. 

EdU proliferation assay. EdU (5-ethynyl-2'-deoxyuridine) 
proliferation assay was performed to measure cell proliferation. 
In brief, cells treated as indicated were seeded in 48-well plates 
(2x104 cells/well) and cultured for 24 h. Subsequently, the cells 
were incubated for 3 h in serum-free DMEM supplemented 
with 30 µM EdU (Guangzhou RiboBio, Co., Ltd., Guangzhou, 
China) after being washed in PBS thrice. Afterwards the 
cells were fixed with 4% polyformaldehyde in PBS at room 
temperature for 30 min. Finally, cells were incubated with 
Apollo staining solution and Hoechst 33342 for 30 min 
each. Proliferation index was presented as the percentage of 
EdU-positive cells relative to the total cell numbers. Images 
were acquired using a fluorescent microscope (Olympus IX73) 
and cells selected from five random fields were counted.

Wound closure assay. U251 and U87 cells were treated as indi-
cated and a wound closure assay was performed to evaluate the 
cell migration ability. The cells were plated at 1.5x106 cells/
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ml in 12-well dishes and stayed in the incubator at 37˚C until 
a confluent cell layer was established. A scratch in the cells 
was then made with a sterile pipette tip, and both the numbers 
and the average distance that cells moved from the edge of the 
scratch towards the center were measured 24 h later.

Nude mouse xenograft model. Animal experiments were 
careful performed following the guidelines of Jilin University 
Institutional Animal Care and Use Committee (IACUC) and 
were approved by the Institutional Animal Ethics Committee 
of Jilin University. U251 cells (1x106) transfected with antag-
miR-10b, agomiR-10b or miR-scramble were resuspended 
in HBSS and injected subcutaneously into the flank region 
of female athymic (nu/nu) mice aged at 4-6 weeks (Beijing, 
China). The tumors were allowed to grow to average volume 
of 200 mm3 prior to initiation of treatment. PBS and the 
miR-scramble were used as negative controls. The tumor 
volume (v) was measured every other day with a slide 
caliper and calculated by the formula: v = 4/3 x π [length/2 x 
(width/2)2]. All mice were sacrificed after 18 days of treatment. 
Finally, the mice were sacrificed, and the tumors were isolated 
and snap-frozen in liquid nitrogen for following experiments.

Statistical analysis. All statistical analyses were performed 
using GraphPad Prism software. All data from at least three 
independent experiments were analyzed with the Student's 
t-test; P<0.05 were considered statistically significant.

Results

miR-10b is upregulated in TGF-β1-stimulated GBM cells. 
Considering that TGF-β1 plays critical and paradoxical roles 
in GBM but the detailed mechanism is still far from eluci-
dated, we wondered whether miRNAs play critical roles in 
TGF-β1-treated GBM cells. U251 and U87 cells were treated 
with 5 ng/ml TGF-β1 for 24 h, and total RNAs were isolated 
from the cells and the miRNA expression profile was deter-
mined by miRNA microarray. Approximately 20 miRNAs 
were differentially expressed between the TGF-β1-treated and 
control cells, among which miR-10b was significantly upregu-
lated by TGF-β1 in U251 and U87 cells.

To confirm this finding, miR-10b level was detected in the 
specimens collected from 15 GBM patients with real-time PCR. 
As shown in Fig. 1A, miR-10b was significantly overexpressed 
in GBM tissues relative to adjacent non-tumor tissues. Then, 
U251 and U87 cells were stimulated by TGF-β1 for 24 h and 
miR-10b levels were measured. Results showed that miR-10b 
expression was elevated ~2-3-fold in TGF-β1-treated GBM cells 
(Fig. 1B). To further determine whether miR-10b upregulation 
is TGF-β1 specific, we treated U251 cells with TGF-β1 in the 
presence of TGF-β receptor inhibitor (SB431452). As shown 
in Fig. 1C, blockade of TGF-β1 signaling notably reversed the 
induction of miR-10b. All these data suggested that miR-10b is 
induced in GBM in a TGF-β1-dependent manner.

miR-10b mediates TGF-β1-induced GBM cell proliferation. 
Although several studies found that miR-10b is predomi-
nantly expressed in GBM but absent in normal brain tissues 
(18-20), whether miR-10b participate in TGF-β1-mediated 
GBM cell proliferation, migration and EMT are not previ-
ously reported.

It is well known that the TGF-β1 exerts both tumor 
promoting and tumor suppressive functions during cancer 
progression, in a variety of cancers, depending on the stages 
and types of the tumors. To investigate the effects of TGF-β1 
on GBM cells, U87 cells were treated with TGF-β1 for 72 h 
and cells were stained with crystal violet. As shown in Fig. 2A, 
more plurinuclear cells were found in TGF-β1-treated cells 
than untreated ones, which indicated that TGF-β1-treated 
sample contains a reasonable number of proliferating cells 
under mitosis. Then, both U87 and U251 cells were treated 
with TGF-β1 and cells were counted 72 h later. Results 
showed that TGF-β1 exerted potent proliferation-stimulation 
effect on GBM cells (Fig. 2B and C, panel 2). As miR-10b was 
upregulated by TGF-β1, we speculated that miR-10b mediated 
the effects of TGF-β1 on U251 and U87 cells. To verify this 
hypothesis, U251 and U87 cells were treated with miR-10b 
mimics (miR-10b), miR-10b inhibitor (anti-miR-10b), either 
alone or in the combination with TGF-β1. Results showed that 
miR-10b mimics (Fig. 2B and C, panel 3) promoted, whereas 
miR-10b inhibitor suppressed (Fig. 2B and C, panel 4) GBM 
cell proliferation. When treated in combination with TGF-β1 

Figure 1. miR-10b is upregulated in GBM tissues or TGF-β1-stimulated GBM cell lines. (A) Total RNA was isolated from tumor and adjacent non-tumor 
tissues from 15 GBM patients and miR-10a levels were detected by real-time PCR. (B) U87 and U251 cells were treated with TGF-β1 for 24 h and miR-10b 
expression was measured by quantitative PCR. (C) U251 cells were treated with TGF-β1 alone or in the presence of TGF-β receptor inhibitor SB431452, and 
miR-10b was detected 24 h later. nsP>0.05, **P<0.01, ***P<0.001 compared with the control group. Data are representative of three experiments.
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and anti-miR-10b, TGF-β1-mediated cell proliferation was 
remarkably reversed (Fig. 2B and C, panel 5). This is a unique 
feature of the miR-10b inhibitor as the scramble inhibitor 
(Fig. 2B and C, panel 6) has no effect on TGF-β1. All the data 
suggested that TGF-β1 promotes GBM cell proliferation at 
least partially through regulating miR-10b.

To further confirm that TGF-β1 directly stimulated GBM 
cell proliferation, we treated U251 and U87 cells with TGF-β1 
and determined the cell growth by EdU proliferation assays. 
Results showed that growth of the cells was apparently accel-
erated in the presence of TGF-β1 (Fig. 3A and B). In addition, 
the effect of TGF-β1 was remarkably shielded in the presence 
of miR-10a inhibitors. All these data collectively indicated that 
miR-10b mediated TGF-β1-induced GBM cell proliferation.

miR-10b enhances GBM cell migration. The migration, inva-
sion and infiltration of tumor cells are one of the significant 
contributors to mortality in GBM patients. Although GBM 
cells can acquire enhanced invasive features following stimu-
lation with some secretory cytokines like TGF-β1 and which 
contributes to the heterogeneity of GBM (21,22), the detailed 
mechanism are still unclear. Several genes including ZEB1, 
Crk-like (CrkL) and HOXA13 have been reported to be associ-
ated with TGF-β1-induced migration of GBM cells (22-24). To 
measure the roles that miR-10b may play in TGF-β1-regulated 
GBM cell migration, the wound closure assay was performed 
and as expected, treatment with TGF-β1 or miR-10b mimics 
significantly promoted the sound healing ability of both U87 
(Fig. 4A and C) and U251 (Fig. 4B and D) cells, whereas the 

Figure 2. TGF-β1 promotes GBM cell proliferation via upregulating miR-10b. (A) U251 cells were stimulated with recombinant TGF-β1 (5 ng/ml) for 24 h 
and cells were stained with crystal violet according to standard protocols to observe cell growth. (B) Both U87 and U251 cells were treated as indicated for 
24 h, and cell numbers in 5 randomly selected fields were counted. (C) Statistical analysis data of (B). *P<0.05, **P<0.01, ***P<0.001 compared with the control 
group. #P<0.05, ##P<0.01 compared with TGF-β1-treated group. Data are representative of three experiments. Bar, 200 µm. miR-10b, miR-10b precursor; 
anti-miR-10b/Anti, miR-10b inhibitor; AS, inhibitor scramble. 
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miR-10b inhibitor effectively weakened the effects of TGF-β1. 
These data reveal that miR-10b is involved in the regulation of 
GBM cell migration.

miR-10b promotes EMT and lamellipodia formation in GBM 
cell lines. Considering EMT is a common feature of various 
tumors which may be closely associated with tumor invasion 
and metastasis and TGF-β1 is one of the most potent inducers 
of EMT (25,26). In addition, TGF-β1 is also an important cyto-
kine in the GBM microenvironment (27,28). We investigated 
whether miR-10b participates in the EMT of GBM cells. As 
shown in Fig. 5A, treatment with TGF-β1 (panel 2) or miR-10b 
mimics (panel 3) induced a remarkable morphological change 
of U87 and U251 cells from pebble shape to the long fusi-
form shape, reminiscent of EMT. However, miR-10b inhibitor 
makes the cells round and of cobblestone-appearance (panel 
4). To further confirm whether miR-10b induce EMT in GBM 
cells, we measured the expression level of EMT-associated 
markers in U251 cells by western blot analysis. We found that 
the expression of E-cadherin, a classical epithelial marker, 
was apparently suppressed after miR-10b treatment, whereas 
vimentin, a mesenchymal marker, was increased significantly 
(Fig. 5B). Consistently, miR-10b inhibitor-transfected cells 
showed reverse properties. These data indicated that miR-10b 
is involved in TGF-β1-induced EMT in GBM cells.

It is well known that both morphologic changes in EMT 
and migration and invasion of GBM cells require dynamic 
reorganization of the actin cytoskeleton including lamelli-
podial extensions, focal adhesions and stress fiber formation 
at the leading edge of GBM. We assessed whether miR-10b 
participates in the reorganization of the actin cytoskeleton. 
As shown in Fig. 5C, TGF-β1 and miR-10b mimics induced 
significant lamellipodia formation in U87 and U251 cells. 
This is consistent with the aforementioned data that miR-10b 
possesses the property to mediate TGF-β1-induced GBM cell 
migration and EMT.

miR-10b targets E-cadherin, caspase-9, Apaf-1 and PTEN. 
To investigate the pathological role of miR-10b in GBM, 
miR-10b target genes were predicted using microRNA 
online prediction software (http://www.microRNA.org). We 
focused on proliferation-, invasion- and EMT-related genes 
and E-cadherin, Apaf-1 and PTEN are screened as miR-10b 
candidate target genes for further validation. E-cadherin is 
encoded by the CDH1 gene which mediates cell-cell contact 
at the basolateral membrane and is a hallmark of epithelial 
cells. Loss of E-cadherin is a marker of EMT (29). Apaf-1 is a 
cofactor of caspase-9 and can regulate mitochondria-mediated 
apoptosis (30). PTEN is a specific tumor suppressor gene 
which can regulate GBM cell growth, apoptosis, adhesion, 

Figure 3. miR-10b mediates TGF-β1-induced GBM cell proliferation. (A) U87 and (B) U251 cells were cultured for 72 h in the presence of TGF-β1 (5 ng/ml) 
and subjected to EdU proliferation assays. Blue, Hoechst staining of nuclei in total cells. Red, Apollo staining of EdU in DNA of proliferating cells. The 
percentage of proliferating cells is given in the pictures, respectively. Bar, 100 µm. miR-10b, miR-10b precursor; anti-miR-10b/Anti, miR-10b inhibitor; AS, 
inhibitor scramble. 
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invasion and metastasis and has been used for GBM prognosis 
evaluation (31). All these genes are closely related with the 
proliferation, invasion and EMT of various tumor cells.

To determine whether these genes are real target genes 
of miR-10b in GBM cells, we constructed luciferase reporter 
vectors containing the theoretical seed sequences in the 
3'-UTR of E-cadherin, Apaf-1 and PTEN as well as the 
corresponding mutant vectors. All these endo-free vectors 
were transfected into HEK293T cells, either alone or in 
combination with miR-10b precursor or inhibitor. The lucif-
erase activities were then analyzed 24 h later. As shown in 
Fig. 6A, miR-10b precursor remarkably suppressed the activity 
of RLuc containing the seed sequences of E-cadherin, Apaf-1 
and PTEN compared with the empty vector group. In contrast, 
miR-10b inhibitor greatly upregulates RLuc activity. As 
expected, when the mutant vectors were transfected, neither 

miR-10b precursor nor inhibitor has apparent effects on the 
RLuc activity. All these data demonstrated that miR-10b 
specifically targets E-cadherin, Apaf-1 and PTEN.

To further confirm that miR-10b targets E-cadherin, 
Apaf-1 and PTEN, U251 cells were transfected with miR-10b 
precursor of inhibitor (Fig. 6B) and target gene mRNA and 
proteins levels were detected. Results showed that miR-10b 
precursor enforced expression of miR-10a markedly repressed, 
whereas miR-10b inhibitor significantly promoted E-cadherin, 
Apaf-1 and PTEN transcription (Fig. 6C). Finally, western 
blotting was used to detect the protein levels of these genes 
and the data were consistent with the mRNA levels (Fig. 6D). 
Collectively, these findings indicated that E-cadherin, Apaf-1 
and PTEN are specifically regulated by miR-10b in GBM 
cells and TGF-β1 regulates these molecules at least partly via 
repressing miR-10b.

Figure 4. Promotion of GBM cell migration by overexpression of miR-10b. (A) U87 and (B) U251 cells were treated as indicated and then grew to confluence 
in 12-well dishes. The cultures were subjected to cell migration assay at 24 h after cell layer scratching. (C and D) The cell motility was evaluated by counting 
the numbers of the migrated cells along the margins of the scratch towards the denuded area. *P<0.05, **P<0.01, ***P<0.001 compared with the control group. 
#P<0.05, ##P<0.01, ###P<0.001 compared with TGF-β1-treated group. Data are representative of three independent experiments. Bar, 200 µm. miR-10b, miR-10b 
precursor; Anti-miR-10b/Anti, miR-10b inhibitor; AS, inhibitor scramble. 
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AntagomiR-10b enhances antitumor efficacy in glioblastoma 
xenografts. Our in vitro studies proved that TGF-β1 regulates 
GBM cell proliferation, migration and EMT at least partially 
through promoting miR-10b expression. Thus, miR-10b can 
be used as a therapeutic target in GBM treatment. To evaluate 
these effects in vivo, U87 cells were stably transfected with 
400 nM agomiR-10b (mimics), antagomiR-10b (inhibitor) or 
agomir-control (negative control) and subcutaneous xeno-
grafts were established by subcutaneously injecting 2x106 
wild-type or stably transfected U87 cells (n=10 mice/group). 
Tumor growth was under surveillance and tumor volumes 
were calculated with equation. As indicated in Fig. 7A, treat-
ment with TGF-β1 or miR-10b agomir significantly promoted 
GBM tumor growth, whereas the miR-10b antagomir remark-
ably inhibited tumor growth, even in the presence of TGF-β1. 
Consistent with in vitro results, the expression of miR-10b is 
increased in TGF-β1 or miR-10b agomir treated tumor tissues, 

and decreased in miR-10b antagomir treated tumor tissues 
regardless of TGF-β1 treatment. As expected, the expression 
of downstream target of miR-10b is also consistent with the 
expression of miR-10b (Fig. 7B and C). Collectively, these data 
positively support our in vitro data that miR-10b acts as a key 
factor downstream of TGF-β1, contributing to GBM tumor 
growth.

Discussion

GBM is the most common and aggressive cancer within 
the brain and it represents ~15% of brain tumors. Although 
surgery, chemotherapy and radiation have been used to treat 
GBM patients, the high mobility and strong invasive proper-
ties of GBM result in a high inevitable recurrence rate and a 
poor median survival for patients (2,32). The most common 
survival is 12-15 months with only <3-5% of patients surviving 

Figure 5. miR-10b promotes GBM cell EMT and lamellipodia formation. (A) U87 and U251 cells were treated as indicated and cell morphology was then 
observed and arrows indicate cells in fusiform shape. Bar, 100 µm. (B) Western blot analysis of E-cadherin and vimentin in U251 cells treated with TGF-β1 or 
miR-10b for 24 h. Tubulin was used as the internal loading control. (C) U87 and U251 cells were treated with TGF-β1 or miR-10b and cell lamellipodia forma-
tion was observed under a microscope and arrows indicate lamellipodia. Bar, 100 µm (U251) or 20 µm (U87). Data are representative of three independent 
experiments. miR-10b, miR-10b precursor; anti-miR-10b/Anti, miR-10b inhibitor; AS, inhibitor scramble.
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Figure 7. AntagomiR-10b reverses TGF-β1-induced tumor growth of GBM in vivo. (A) Six groups of nu/nu nude mice with U87 xenograft were treated as 
indicated. Each group included 10 mice. Tumor size was measured once every 2 days. (B) The expression of miR-10b in tumor tissues from various groups was 
detected by real-time PCR. *P<0.05 compared with the control group. (C) Protein expression levels of E-cadherin, PTEN and Apaf-1 in tumor tissues from 
various groups was detected by western blot analysis.

Figure 6. E-cadherin, Apaf-1 and PTEN are target genes of miR-10b. (A) Dual-luciferase reporter assays using vectors constructed with 3'-UTR of wild-type 
or mutant E-cadherin, Apaf-1 and PTEN /mmiR-10b-MUT alone, or in the presence of miR-10b precursor (Pre-miR-10b) or inhibitor (anti-miR-10b) were 
performed. vectors constructed with miR-10b-WT or miR-10b-MUT was used as the positive control. The Renilla luciferase (RLuc) was normalized to firefly 
luciferase (FLuc) activity and the recombinant vector was normalized to the empty psiCHECK-2 vector. (B) The miR-10b expression levels in miR-10b mimic 
(miR-10b)- and miR-10b inhibitor (anti-miR-10b)-transfected U251 cells were detected by real-time PCR. The mRNA and the protein expression levels of 
E-cadherin, PTEN and Apaf-1 in indicated cells were detected by (C) real-time PCR and (D) western blot analysis. *P<0.05, **P<0.01, ***P<0.001 compared 
with the control group.
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more than 5 years (32). Thus, there is a pressing need to reveal 
the molecular mechanisms of GBM proliferation and invasion 
for novel therapeutic avenue development.

TGF-β1 is a multifaceted cytokine that can regulate prolif-
eration, differentiation and other functions of various cell 
types including T cell (33), B cell (34,35), myeloid cell and 
tumor cells via both Smad-dependent and Smad-independent 
signaling pathways (36,37). TGF-β1 plays vital roles in 
controlling tumor progression. On one hand, TGF-β1 can 
indirectly promote tumor cell proliferation and metastasis 
through promoting regulatory T cell (Treg) differentiation. 
The CD4+Foxp3+Treg cells can hinder effective host immune 
responses against cancer cells and abundant Treg cell infil-
tration into tumors is usually associated with poor clinical 
outcomes (38,39). On the other hand, TGF-β1 can directly 
regulate tumor progression with different activities at different 
developmental stages (40,41). However, the broad spectrum 
expression and functional diversity of TGF-β1, and some-
times even coexisting with complicated tumor circumstances 
or other cytokines, make it difficult to clarify the roles that 
TGF-β1 played in tumor development. As a result, the data on 
TGF-β1 in various tumors are controversial and it has a dual 
role as either a tumor suppressor or promoter depending on 
the stages and types of the tumor (3,4). Thus, further studies 
are still needed to elucidate the detailed mechanisms and to 
clarify the universal rule and essence of TGF-β1 in GBM and 
other tumors.

As an oncogenic miRNA, miR-10b can regulate growth and 
metastasis of various types of cancer (13-15). miR-10b widely 
participated in the regulating of breast cancer proliferation 
and metastasis (42,43). However, miR-10b may play diverse 
roles in different tumors. Accumulating evidence showed that 
miR-10b is increased in breast cancers (43), but only reduced 
expression of miR-10b was found in cervical cancer (44). 
The expression level of miR-10b in colorectal cancer is para-
doxical as reported by different groups (45,46). All these data 
collectively indicated that the activity of miR-10b is accurately 
tuned in different tumors or the same tumor at different 
stages. Although several target genes of miR-10b have been 
designated in GBM and other tumors, their regulation appears 
cell- and context-specific (13,16,17). Thus, further studies are 
still needed to uncover the detailed mechanisms underlying 
miR-10b functions in regulating GBM progression. 

Here, we investigated the role of miR-10b in TGF-β1-
mediated GBM proliferation, migration and EMT. We found 
that miR-10b is apparently upregulated by TGF-β1 in U251 
and U87 cells. Further studies uncovered that TGF-β1 signifi-
cantly promoted GBM cell proliferation, migration and EMT. 
All these effects were achieved through regulating miR-10b 
as miR-10b mimics promoted, whereas miR-10b inhibitor 
reversed, the effects of TGF-β1 on U251 and U87 cell prolif-
eration, migration and EMT. In addition, several proliferation-, 
migration- and EMT-associated genes including epithelial 
cadherin (E-cadherin), apoptotic protease activating factor 1 
(Apaf-1) and phosphatase and tensin homolog (PTEN) are 
the targets of miR-10b. When xenograft models were used to 
investigate the miR-10b potency as therapeutic target in vivo, 
results showed that antagomiR directed against miR-10b 
remarkably suppressed tumor progression. In summary, our 
data collectively demonstrated that TGF-β1 functions in GBM 

at least partially trough regulating miR-10b expression and our 
findings provide a rationale for targeting TGF-β1 or miR-10b 
for the treatment of GBM.

Taken together, our data demonstrated the mechanism of 
TGF-β1 and miR-10b in regulating GBM cell proliferation, 
migration and EMT. TGF-β1 promotes miR-10b expression 
and the latter molecule then regulates GBM cell proliferation, 
migration and EMT through suppressing its downstream target 
genes E-cadherin, Apaf-1 and PTEN. Modulation of TGF-β1 
and miR-10b may effectively regulate these tumor-associated 
genes and both TGF-β1 and miR-10b can be candidate targets 
for GBM treatment.
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