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Abstract. Human gliomas are associated with high rates of 
morbidity and mortality. In the brain, increased mRNA levels 
of transforming growth factor β (TGF-β) correlate with the 
degree of malignancy of human gliomas. miR10a/10b expres-
sion has been demonstrated to be associated with TGF-β 
expression in brain tumors, and it is reported that TGF-β 
induces miR10 expression. Therefore, miR10a/10b expression 
may be induced by TGF-β expression and may be involved in 
the TGF-β-induced migration of brain tumor cells. The present 
study examined the expression of TGF-β and miR10a/10b in 
the tissues of 10 patients with brain tumors using quantitative 
PCR (qPCR), and the correlation between TGF-β and miR10a 
or miR10b expression was analyzed. Additionally, U251 and 
SHG-44 cells were treated with TGF-β and the expression 
of miR10a/10b was examined. Further, cell migration was 
analyzed following transfection of U251 cells with miR10a/10b 
and the association between miR10a/10b and phosphatase 
and tensin homolog deleted on chromosome 10 (PTEN) was 
investigated. U251 cells were transfected with miR10a/10b 
inhibitors and a PTEN expression plasmid prior to TGF-β 
treatment and then cell migration was assessed. A significant 
correlation was identified between TGF‑β and miR10a expres-
sion (r2=0.6936, P=0.007) and between TGF-β and miR10b 
expression (r2=0.5876, P=0.02) in the tissues of patients with 
brain tumors. The results also showed that TGF-β induces 
miR10a/10b expression and that TGF-β-induced miR10a/10b 
expression promotes cell migration through the suppression of 
PTEN. In conclusion, TGF-β-induced miR10a/10b promotes 
brain tumor migration. This study may provide a number of 
suggestions for the clinical treatment of brain tumors.

Introduction

Human gliomas are one of the main types of malignancy in 
the central nervous system. Gliomas are the most aggressive 
form of brain tumor and are associated with high rates of 
morbidity and mortality (1). Despite the recent advances in 
surgery, radiotherapy and chemotherapy, the survival chances 
of patients with glioma remain poor. The median overall 
survival of patients with malignant glioma is <1 year and local 
recurrence occurs in >90% of patients (2). As the survival rates 
of cancer patients improve, the incidence of brain metastases 
is rising (3). Transforming growth factor β (TGF-β) promotes 
cancer metastases (4).

TGF-β is a multifunctional cytokine involved in the regu-
lation of cell proliferation, differentiation and survival or 
apoptosis of numerous types of cell. It induces epithelial 
mesenchymal transition (EMT) through the activation 
of downstream signaling pathways, including Smad and 
non-Smad signaling pathways. TGF-β induces Akt activation 
through PI3K during EMT in various cell types. Once acti-
vated, Akt initiates the mTOR signaling pathway which is 
involved in cell survival, growth, migration and invasion (5). 
In the brain, TGF-β is normally expressed at a very low 
level, which increases markedly following injury. Increased 
mRNA levels of the three TGF-β isoforms (5) correlate with 
the degree of malignancy of human gliomas (6). Blocking 
the action of TGF-β inhibits tumor viability, migration and 
metastases in mammary cancer, melanoma and prostate 
cancer models. 

MicroRNAs (miRNAs), a class of small noncoding 
RNAs, are a novel type of gene expression regulator as 
they target mRNAs for translational repression or cleavage. 
Deregulation of miRNAs has been demonstrated in a variety 
of tumors, including breast cancer, leukemia, lung cancer 
and colon cancer, which indicates a significant correla-
tion between miRNAs and human tumor malignancy (7). 
miRNAs are targets for anticancer therapies as their activity 
is efficiently blocked by sequence‑specific oligonucleotides 
or other antisense approaches (8). miR10a and miR10b have 
been demonstrated to be upregulated in glioblastomas and 
anaplastic astrocytomas, reaching >100-fold overexpression 
in certain cases (9,10). The miRNAs miR10a and miR10b are 
close homologs, differing by a single central nucleotide. In 
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the mouse embryo, miR10a is mainly expressed in a region 
of the posterior trunk (11), whereas miR10a in adult mice is 
broadly expressed, with the highest levels identified in the 
kidney, muscle, lung and liver. The miR10a homolog miR10b 
is highly overexpressed in several tumor types and is report-
edly involved in the progression of cancer (12). 

miR10a regulates the metastatic properties of hepatocel-
lular cancer (HCC) by directly targeting EphA4 (13) and is 
involved in the metastatic behavior of pancreatic cancer (14). 
The homolog of miR10a, miR10b, has been suggested to 
enhance the migration and invasion of metastatic breast cancer 
cells by repressing the translation of HoxD10 (15-17). In addi-
tion, it is reported that miR-10b is expressed in glioma tumors 
but not in normal brain cells, neural progenitor cells or mature 
glia or neurons (18-20). Therefore, miR10a/10b is considered a 
target for anti-glioma therapy (21). 

The present study investigated whether miR10a/10b 
expression is associated with TGF-β expression levels in brain 
tumor tissues. It has previously been reported that TGF-β 
induces miR10a expression in Treg cells (22). Furthermore, 
the present study evaluated the hypothesis that the 3' untrans-
lated region (3'UTR) of phosphatase and tensin homolog 
deleted on chromosome 10 (PTEN) contains binding 
sequences for miR10a and miR10b. Tumor suppressor PTEN 
is a dual‑specific phosphatase that is a negative regulator of 
the PI3K-AKT-mTOR signaling pathway, thus controlling a 
variety of processes associated with cell survival, prolifera-
tion and growth (23). Therefore, the theory that miR10a and 
miR10b are induced by TGF-β and involved in TGF-β-induced 
metastasis by suppressing PTEN expression in brain tumors 
was evaluated.

Materials and methods

Human tissue samples. Fresh, frozen human brain tumor 
samples were obtained from the Department of Neurosurgery 
at the Integrated Chinese and Western Medicine Hospital of 
Zhejiang Province (Hangzhou, China). The study protocol 
was approved by the institutional Ethics Committee of 
the Integrated Chinese and Western Medicine Hospital of 
Zhejiang Province and informed consent was obtained from 
all patients or patients' families.

Cell cultures and treatment. Human glioma U251 and 
SHG-44 cells were obtained from the Cell Bank of the 
Chinese Academy of Sciences (Shanghai, China). The 
U251 and SHG-44 cells were cultured in RPMI-1640 
medium (Gibco-BRL, Carlsbad, CA, USA) supplemented 
with 10% fetal calf serum (PAA Laboratories GmbH, Linz, 
Austria) at 37˚C under 5% humidified CO2 and 100 µg/ml 
each of streptomycin and penicillin G was added (Amresco, 
Solon, OH, USA). Cells were treated with TGF-β (5 ng/
ml) and were transfected with miR10a and/or 10b mimics, 
miR10a and/or 10b inhibitors (Guangzhou RiboBio Co., 
Ltd., Guangzhou, China) or the PTEN expression plasmid 
pCDNA3.1-PTEN. 

RNA isolation and quantitative PCR (qPCR). RNA was 
extracted using TRIzol (Invitrogen, Carlsbad, CA, USA). 
Total RNA (1µg) was reverse-transcribed using a RevertAid 

First Strand cDNA Synthesis kit (Fermentas, Waltham, MA, 
USA). miR10a/10b, U6, TGF-β, PTEN and β-actin expres-
sion levels were measured using SYBR-Green (Roche, 
Mannheim, Germany). The expression of each target gene 
was determined by triplicates from three to six separate 
experiments and normalized using β-actin and miR10a/10b 
normalized using U6. qPCR Assays-on-Demand were 
performed using the ABI PRISM 7300 Sequence Detection 
system 2.1 (PE Applied Biosystems, Foster City, CA, USA) 
using relative quantification. Analysis and fold differences 
were determined using the comparative cycle threshold (CT) 
method. Fold change was calculated from the ∆∆CT values 
with the formula 2-∆∆CT.

Western blot analysis. Anti-PTEN and anti-GAPDH rabbit 
monoclonal antibodies were obtained from Cell Signaling 
Technology, Inc. (Danvers, MA, USA). Protein (100 µg) was 
subjected to 12% SDS-PAGE and transferred onto polyvi-
nylidene difluoride membranes (Millipore, Billerica, MA, 
USA). The membranes were blocked for 1 h in PBST (10 mM 
Tris-HCl, pH 7.4, 150 mM NaCl, 0.05% Tween-20) containing 
2% nonfat dried milk. Subsequently, Anti PTEN (1:1,000) 
and anti GAPDH (1:1,000) rabbit monoclonal antibodies 
were incubated with the membranes. After 2 h, the primary 
antibodies were washed and the mouse anti-rabbit secondary 
antibodies (Cell Signaling Technology) were incubated with 
the membranes. Protein bands were detected by an enhanced 
chemiluminescence reaction (ECL Detection; Millipore).

Migration assay. The migration assay was performed using 
24-well transwell chambers (8 µm; Millipore). The U251 cells 
transfected with miR10a/10b mimics, miR10a/10b inhibitors 
or pCDNA3.1-PTEN were suspended in RPMI-1640 medium 
without serum and 2x104 cells were seeded onto Matrigel™ 
inserts in triplicate. They were then placed into a 24-well 
culture plate containing 500 µl RPMI-1640 medium with 
or without 5 ng/ml TGF-β. Following culture for a total 
of 48 h, cells on the upper side of the filters were removed 
with cotton-tipped swabs and the filters were washed with 
PBS. Cells on the underside of the filters were examined and 
counted under a microscope. Images were obtained with four 
randomly selected fields from each insert The number of cells 
in each field was counted and averaged. Migration is expressed 
as fold increase compared with the control.

Constructs for luciferase reporter assays. Primers were 
designed to the region of the PTEN 3'UTR believed to 
contain miR10a/b binding sequences using Primer Premier 5 
(Premier Biosoft, Palo Alto, CA, USA). The primers were 
as follows: forward, AATGGCAATAGGACATTGTG and 
reverse, TACATGACACAGCTACACAA. The PTEN 3'UTR 
fragment was cloned from human genomic DNA into the 
pGL3-control-luciferase vector (Promega, Madison, WI, 
USA). Constructed plasmids were confirmed by sequencing.

Luciferase assays. Cells were plated in 24-well plates at a 
density of 1.5x104 cells per well. Each well received 250 ng 
of a pGL3-pro-luciferase reporter and 5 ng of a Renilla lucif-
erase reporter (Promega). The cells were harvested using 
Passive Lysis buffer (Promega) following co-transfection 
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with PTEN 3'UTR constructs and miR10a/10b or their inhib-
itor for 24 h. Luciferase and Renilla luciferase activities were 
determined using a Dual-Luciferase Reporter assay system 
(Promega) in a Plate Chameleon luminometer (BioScan, Inc., 
Washington, DC, USA). Firefly luciferase was normalized by 
Renilla luciferase to correct for transfection efficiency. Fold 
induction was determined by dividing the averaged normal-
ized values from each treatment by the control value for 
each transfection condition within that experiment. Values 
were averaged from multiple experiments, as indicated in the 
figure legends.

Statistical analysis. Statistical analyses were performed using 
GraphPad Prism 5.01 software, version (GraphPad Software, 
San Diego, CA, USA). Two-tailed Student's t-tests were 
used for the pair-wise comparison of experimental groups. 
Statistical significance was defined at the ≥95% confidence 
interval or P≤0.05. In each figure, asterisks indicate significant 
differences from the controls (P<0.05). Bar graphs represent 

the mean ± standard error of the mean of the number of 
independent experiments indicated in each figure legend. In 
addition, the analysis of the correlations among miR10a/10b, 
TGF-β and PTEN expression in human glioma patients was 
conducted by bivariate analysis using Spearman's correlation 
coefficient.

Results

miR10a/10b expression is associated with TGF‑β expression 
levels in human glioma samples. The expression of TGF-β and 
miR10a/10b was measured in the tissues of 10 patients with 
brain tumors using qPCR. The correlation between TGF-β 
and miR10a or miR10b expression was analyzed according 
to the method described in Materials and methods. As shown 
in Fig. 1, there was a significant association between TGF‑β 
and miR10a expression (r2=0.6936, P=0.007) and between 
TGF-β and miR10b expression (r2=0.5876, P=0.02) in the 
tissues of the patients with brain tumors.

Figure 1. miR10a and 10b expression is associated with TGF-β expression levels in the tumor tissues of glioma patients. (A) Spearman's correlation coefficient 
[rs]=r2=0.6936, P=0.007 (miR10a). (B) r2=0.5876, P=0.02 (miR10b). TGF-β, transforming growth factor β.

  A   B

Figure 2. TGF-β induces the expression of miR10a and miR10b in U251 and SHG-44 cells. miR10a/10b expression was determined by qPCR as described 
in Materials and methods. (A) U251 cells and (B) SHG-44 cells were treated with 5 ng/ml TGF-β for the time indicated and as described in Materials and 
methods; (C) U251 cells and (D) SHG‑44 cells were treated with the different concentrations of TGF‑β as indicated. The results are shown as the mean ± SE. 
from three representative independent experiments. *P<0.05, **P<0.01 compared with the control. TGF-β, transforming growth factor beta.

  A   B

  C   D
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TGF‑β promotes migration and miR10a/10b expression in 
glioma cells. TGF-β is believed to promote cell EMT and 
migration. As miR10a/10b expression is associated with 
the expression levels of TGF-β in brain tumor patients and 
it is reported that miR10a/b also promotes cell migration, 
further investigations were carried out to determine whether 
miR10a/10b is the direct target gene of TGF-β. U251 and 
SHG-44 cells were treated with TGF-β, and the levels of 
miR10a/10b expression were measured by qPCR (Fig. 2). 
The miR10a and miR10b expression levels were signifi-
cantly upregulated by TGF-β in the two cell lines (Fig. 2A 
and B). Concentration-response experiments demonstrated a 
maximal miR10a/10b induction with 10 ng/ml TGF-β after 
12 h of treatment in U251 and SHG-44 cells, which was 
~5-8 fold above that in the control groups (Fig. 2C and D). 

Since 5 ng/ml TGF-β is close to the physiological concen-
tration (24), this concentration was used in the following 
experiments.

TGF‑β‑induced miR10a/10b expression strengthens 
glioma cell migration. To define the functional impact of 
TGF-β-induced miR10a/10b expression, a migration assay 
was conducted as described in Materials and methods. 
miR10a and miR10b mimics were transfected into U251 
cells and after 24 h, miR10a and miR10b expression was 
evaluated by qPCR. As shown in Fig. 3A, the miR10a and 
miR10b mimics significantly increased the expression levels 
of miR10a/10b and their inhibitors significantly decreased 
the expression levels of miR10a/10b compared with the 
control levels. Following transfection with miR10a/10b 

Figure 3. miR10a and miR10b promote human glioma cell migration. (A) miR10a/10b mimics and inhibitors were transfected into U251 cells for 24 h, then 
miR10a and miR10b expression was confirmed by qPCR for transfection efficiency analysis. (B) miR10a and miR10b mimics and (C) miR10a and miR10b 
inhibitors were transfected or co-transfected into U251 cells for 48 h. Cell migration was then assessed using a transwell assay. The results are shown as the 
mean ± SE. from three representative independent experiments. *P<0.05, **P<0.01 compared with the control.

  A   B   C

Figure 4. miR10a and 10b target PTEN. (A) The PTEN 3'UTR has binding sequences for miR10a and miR10b. (B) U251 cells were transfected with the 
indicated miRNAs for a total of 24 h. PTEN expression was evaluated by qPCR. (B) U251 cells were transfected with the indicated miRNAs for a total of 48 h. 
(C) Representative western blots of PTEN and GAPDH are shown. (D) The luciferase activity of U251 cells was measured following co-transfection with the 
indicated PTEN 3'UTR constructs and miR10a/10b or their inhibitor for 24 h. The results are shown as the mean ± SE. from three representative independent 
experiments. **P<0.01 vs control. PTEN, phosphatase and tensin homolog deleted on chromosome 10; 3'UTR, 3' untranslated region.

  A   B

  C   D
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mimics or inhibitors, U251 cell migration was assessed. As 
shown in Fig. 3B, treatment of U251 cells with miR10a/10b 
mimics resulted in brain tumor cell migration. However, in 
cells pretreated with miR10a/10b inhibitor, cell migration 
was inhibited (Fig. 3C).

TGF‑β‑induced miR10a/10b expression promotes glioma 
cell migration through targeting PTEN. PTEN as a tumor 
suppressor inhibits cell proliferation and migration by blocking 
PI3K-AKT signaling. Through online software [miRanda 
(http://diana.cslab.ece.ntua.gr/microT/), TargetScan (http://
www.targetscan.org/) and PicTar (http://pictar.mdc-berlin.
de/)], it was identified that the PTEN 3'UTR contains binding 
sequences for miR10a and miR10b (Fig. 4A). To further establish 
that miR10a/10b targets PTEN, miR10a and miR10b mimics 
and inhibitors were transfected into U251 cells. The results 
demonstrated that miR10a and miR10b mimics downregulated 
PTEN expression levels and their inhibitors upregulated PTEN 
expression levels (Fig. 4B and C). Furthermore, the luciferase 
reporter analysis results identified that miR10a and miR10b 
mimics significantly suppressed the expression of a luciferase 
reporter gene fused to the 3'UTR region of PTEN, which 
was reversed by the further introduction of a miR10a/10b 
inhibitor in U251 cells (Fig. 4D). These results confirmed that 
miR10a/10b suppresses PTEN expression through binding 
to its 3'UTR. To further investigate whether TGF-β-induced 
cell migration occurs through miR10a/10b targeting PTEN, 
U251 cells were transfected with miR10a/10b inhibitors or the 
pCDNA3.1-PTEN plasmid prior to TGF-β treatment. After 
48 h, the migrated cells were analyzed and the results demon-
strated that the miR10a/10b inhibitor inhibits TGF-β-induced 
cell migration and that the PTEN overexpression plasmid has 
a similar effect to the inhibitor (Fig. 5A). These results indicate 
that TGF-β-induced miR10a/10b expression inhibits PTEN 
expression, which results in brain tumor cell migration.

miR10a/10b expression positively correlates with PTEN expres‑
sion in clinical human glioma patients. As TGF-β-induced 
miR10a and miR10b expression promotes cell migration via 
targeting PTEN, it was further investigated whether PTEN 
expression was associated with the miR10a/10b expression 

detected in the cells of human clinical glioma specimens. As 
shown in Fig. 5B and C, PTEN and miR10a/10b expression is 
correlated in brain tumor patients.

Discussion

Metastatic brain tumors are malignant neoplasms that spread 
to the brain from elsewhere in the body and represent the most 
common neurologic manifestation of cancer, occurring in 
up to 15% of cancer patients. Brain metastases are the most 
common type of intracranial tumor in adults, accounting for 
~40% of intracranial neoplasms (25). With the improving 
survival rates of cancer patients, the incidence of brain metas-
tases has been rising (2).

TGF-β elicits tumor-promoting effects through its ability to 
induce EMT, which enhances invasiveness and metastasis (26). 
TGF-β induces EMT through the activation of downstream 
signaling pathways, including Smad and non-Smad signaling 
pathways. TGF-β induces Akt activation through PI3K during 
EMT in various cell types. Once activated, Akt initiates the 
mTOR signaling pathway which is involved in cell survival, 
growth, migration and invasion (5).

It has been reported that TGF-β promotes the expres-
sion of miR181b, miR192 and miR21 (27-29). In addition, 
Takahashi et al reported that TGF-β induced the expression 
of miR10a in Treg cells (22). The present study demonstrated 
that TGF-β promotes the expression of miR10a and miR10b.

The microRNAs miR10a and mi10b enhance cell migra-
tion. The homolog of miR10a, miR10b, has been suggested to 
enhance tumor cell migration and the invasion of metastatic 
breast cancer cells by repressing the translation of HoxD10 (16). 
In addition, miR10a is believed to regulate the metastatic 
properties of HCC by directly targeting EphA4 (13). miR-10b 
inhibits translation of the mRNA of HOXD10, a transcrip-
tion factor known for its roles in cell motility, resulting in the 
increased expression of a pro-metastatic gene, RHOC. It also 
promotes the cell migration and invasion of human esopha-
geal squamous cell carcinoma cells by the direct regulation 
of KLF4 (30). In addition, miR‑10b targets neurofibromin 1 
mRNA, leading to the activation of RAS signaling in neuro-
fibromatosis type I (31). The overexpression of miR10b in 

Figure 5. TGF-β-induced miR10a/10b promotes glioma cell migration through targeting PTEN. (A) Prior to TGF-β treatment, U251 cells were transfected with 
miR10a/10b inhibitors or a PTEN expression plasmid for a total of 48 h. Subsequently, cell migration was analyzed. The results are shown as the mean ± SE. 
from three representative independent experiments. Correlations of the expression levels of (B) miR10a and (C) miR10b with that of PTEN in brain tumor 
patients *P<0.05, **P<0.01 vs control. TGF-β, transforming growth factor beta; PTEN, phosphatase and tensin homolog deleted on chromosome 10.

  A   B   C
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non-metastatic cell lines has been demonstrated to promote 
tumor invasion and metastasis in a xenograft mouse model (21). 

TGF-β-induced miR10a/10b targets PTEN. It has been 
reported that PTEN, an important tumor suppressor, is regu-
lated by multiple miRNAs (32). It has also been demonstrated 
that miR21 increases tumor cell proliferation, migration and 
invasion through targeting PTEN (33). The present study indi-
cated that miR10a and miR10b target PTEN.

In conclusion, the present study demonstrated that 
miR10a/10b expression is associated with TGF-β expression 
in human glioma tissues and it further affirmed that TGF‑β 
induces the expression of miR10a/10b in human glioma 
cells. Furthermore, it demonstrated that TGF-β-induced 
miR10a/10b expression promotes the migration of human 
glioma cells through targeting the tumor suppressor, PTEN. 
This study may provide a number of suggestions for human 
glioma clinical treatment.
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