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Abstract. Certain microRNAs (miRs) regulate the progression 
and metastasis of various cancer types. In the present study, the 
role of miR-370 in the progression and proliferation of human 
astrocytoma and glioblastoma cells was assessed and the under-
lying molecular mechanism was investigated. miR-370 levels 
in clinical specimens of human glioma and peritumoral tissues 
were determined by reverse-transcription quantitative PCR. 
Oligonucleotide mimics and inhibitors were transfected into the 
U-251MG human astrocytoma cell line and the and U-87MG 
glioblastoma cell line and the cell viability of was determined 
by an MTT assay. The expression of β-catenin and forkhead 
box protein (FOX)O3a was determined by western blot analysis. 
The results revealed that the expression of miR-370 in human 
glioma tissues was significantly decreased compared with that 
in peritumoral tissues. The miR-370 levels in patients with 
grade III/IV gliomas were significantly decreased compared 
with those in grade I/II. Transfection with miR-370 mimics 
inhibited the proliferation of U-251MG and U-87MG cells. 
Furthermore, the miR-370 levels were negatively correlated with 
β-catenin and positively correlated with nuclear FOXO3a. In 
conclusion, miR-370 inhibited the proliferation of human glioma 
cells by regulating the levels of β-catenin and the activation of 
FOXO3a, suggesting that miR-370 was a tumor suppressor in 
the progression of human astrocytoma and glioblastoma cells.

Introduction

Human glioma is derived from the neural ectoderm and is the 
most common type of primary malignant tumor in human 

brains (1). Also in China, human gliomas are the most common 
type of intracranial tumor, accounting for 40-50% (2). In recent 
years, the risk for gliomas has been gradually increasing in 
young adults (3). On the World Health Organization tumor 
grading scale, primary gliomas are normally divided into 
low‑grade glioma, such as fibrillary astrocytomas and pilocytic 
astrocytomas, and high-grade glioma, including glioblastoma 
and anaplastic astrocytoma (4,5).

Clinical therapy of glioma depends on the size, type, grade 
and location of the tumor, as well as the age and overall health of 
the patient, and mainly consists of surgical resection followed 
by radiotherapy, chemotherapy, Chinese medicine treat-
ment, gene therapy, immunotherapy and psychotherapy (6,7). 
However, the overall mortality rate remains high in glioma 
patients (8,9). It is therefore important and urgent to clarify 
the mechanisms of the genesis of human gliomas, which may 
be helpful for providing approaches for the therapy of human 
gliomas.

MicroRNAs (miRNAs/miRs) are a class of small 
non-coding RNA molecules of approximately 21-25 nucleotides 
in length, which are conserved in plants, animals and certain 
types of virus (10). miRNAs are involved in the regulation of 
gene expression through RNA silencing and post-transcrip-
tional gene silencing via binding to the 3'-untranslated region 
(3'‑UTR) of specific mRNAs (11,12). miRNAs regulate diverse 
aspects of development and physiology, such as metabolic 
diseases (13), cardiovascular disease (14,15), immune dysfunc-
tion (16,17) and cancer (18,19). A large number of studies 
have reported that miRNAs are key factors in regulating cell 
differentiation and growth, migration, apoptosis and necrosis. 
miR-370 is one of the endogenous non-coding RNAs that has a 
critical role in carcinogenesis. However, contradictory effects of 
miR‑370 on malignancies have been identified among various 
human cancer types. miR-370 was reported to function as a 
tumor suppressor by targeting forkhead box protein (FOX)M1 
to inhibit the development and progression of acute myeloid 
leukemia (20). By contrast, Mollainezhad et al (21) identified 
miR-370 as an onco-miR and observed six-fold up-regulation 
of miR-370 in breast cancer tissue compared with that in 
normal adjacent tissue. Considering that β-catenin was previ-
ously reported to be a target of miR-370 (22), and miR-370a 
is a key oncogene in the progression of numerous human 
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cancers, it was thus assessed in the present study whether there 
was a regulatory mechanism between miR-370 and FOXO3a 
in human gliomas. Thus, the present study explored the role 
of miR-370 in the progression and proliferation of human 
gliomas and investigated the underlying mechanisms.

Materials and methods

Patients. A total of 16 clinical specimens were obtained by 
surgical resection of the glioma tissues and collected from 
Shandong Cancer Hospital affiliated to Shandong University 
(Jinan, China) between February 2014 and October 2015. 
The patients were diagnosed by pathological identification. 
The glioma and peritumoral tissues 2 cm adjacent from the 
tumors were collected by surgical resection. The tissues 
were immediately frozen in liquid nitrogen. In compliance 
with the Helsinki Declaration, the subjects or their families 
were well informed of the details and signed relevant consent 
forms prior to the study. The experiment was approved by the 
Ethics Committee of Shandong Cancer Hospital affiliated to 
Shandong University (Jinan, China).

Cell lines and agents. Human astrocytes isolated from a 
human brain (cerebral cortex) were purchased from ScienCell 
Research Laboratories (cat. no. 1800; San Diego, CA, USA) 
and cultured in astrocyte medium (cat. no. 1801; ScienCell 
Research Laboratories). The U-251MG human astrocytoma 
(grade III glioma) cell line was purchased from Jining Shiye 
Corp. (cat. no. JN-B1757; Shanghai, China) and the U-87MG 
glioblastoma cell line was from the American Type Culture 
Collection (ATCC; Manassas, VA, USA; ATCC® HTB-14™). 
Recently, the U-87MG ATCC cell line was reported to be 
misidentified; it is not the original glioblastoma cell line 
established in 1968 at the University of Uppsala, but is 
most probably also a glioblastoma cell line whose origin is 
unknown. Although it is a contaminated cell line, the contami-
nation is unlikely to affect the interpretation of the results or 
conclusions of the present study (23). The cells were cultured 
in Dulbecco's modified Eagle's medium (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) containing 10% fetal 
calf serum (Thermo Fisher Scientific, Inc.) with penicillin and 
streptomycin in a humidified atmosphere containing 5% CO2 
at 37˚C. MTT agent was obtained from Sigma‑Aldrich (Merck 
KGaA). Lipofectamine 2000 was from Invitrogen (Thermo 
Fisher Scientific, Inc.). micrON™ Homo sapiens (hsa)-miR-370 
mimics (cat. no. miR10000722-1-5) and micrON™ agomir 
Negative Control #24 (cat. no. miR04201-1-2) were obtained 
from Ribobio Corp. (Guangzhou, China).

Reverse‑transcription quantitative polymerase chain reac‑
tion (RT‑qPCR) analysis. Total RNA was extracted with 
an RNApure kit (cat. no. RP1201; Bioteke, Beijing, China) 
according to the manufacturer's protocols for human glioma, 
peritumoral tissues, as well as the glioblastoma and astrocytoma 
cell lines and human normal astrocytes. RT was performed 
using the PrimeScript-RT reagent kit (cat. no. RR037A; Takara 
Co., Lt d., Tokyo, Japan) in a 20-ml final reaction volume 
according to the protocols provided by the manufacturer. The 
miR-370 levels were determined by a qPCR assay performed 
using SYBR Premix ExTaq™ II (Takara Co., Ltd.) on ABI 

7500 system (Applied Biosystems; Thermo Fisher Scientific, 
Inc.). Thermal cycling conditions were 30 cycles of 10 sec at 
94˚C and 1 min at 56˚C Each sample was tested in triplicate. 
Templates and RT were omitted for the negative controls. U6 
small nuclear RNA was used for normalization. The sequences 
of the primers were as follows: hsa-mir-370 forward, 5'-GCC 
UGC UGG GGU GGA ACC UGG U-3' and reverse, 5'-CAG 
GUU CCA CCC CAG CAG GCU U-3'; U6 forward, 5'-CTC GCT 
TCG GCA GCA CA-3' and reverse, 5'-AAC GCT TCA CGA ATT 
TGC GT‑3'. Expression levels were quantified using the 2‑∆∆Cq 
method (24).

MTT assay. The cell viability was determined by an MTT 
assay. The U-251MG and U-87MG cell lines were seeded in 
48-well plates and following 8 h of incubation, they were trans-
fected with micrON™ hsa-miR-370 mimics and micrON™ 
agomir Negative Control #24 for 1-5 days. Each sample was 
set up as two replicates. At the end of the incubation, 5 mg/ml 
MTT agent was added to each well, followed by culture for 
4 h. The purple crystals were dissolved in 100 µl dimethyl 
sulfoxide. The optical density was determined at a wavelength 
of 490 nm.

Western blot analysis. The levels of β-catenin and FOXO3a 
in clinical specimens or astrocytoma and glioblastoma cell 
lines were determined by western blot analysis as previ-
ously described (25,26). The antibodies used in the present 
study were as follows: mouse anti-β-catenin monoclonal 
immunoglobulin (Ig)G1 (1:1,000 dilution; cat. no. sc-133239; 
Santa Cruz Biotechnology, Inc., Dallas, TX, USA), rabbit 
anti-phosphorylated (p)-FOXO3a (S253) monoclonal IgG 
(1:1,000 dilution; cat. no. ab154786; Abcam, Cambridge, MA, 
USA), rabbit FOXO3a monoclonal antibody (1:1,000 dilu-
tion; cat. no. 2497; Cell Signaling Technology, Inc., Danvers, 
MA, USA), mouse lamin B1 monoclonal IgG1 (1:1,000 dilu-
tion; cat. no. sc-374015; Santa Cruz Biotechnology, Inc.) and 
mouse anti-β-actin monoclonal antibody (1:1,000 dilution; cat. 
no. sc-47778; Santa Cruz Biotechnology, Inc.). The secondary 
antibodies included horseradish peroxidase (HRP)-conjugated 
goat anti-rabbit IgG (cat. no. sc-2004) and HRP-conjugated 
goat anti-mouse IgG (cat. no. sc-2005; both from Santa Cruz 
Biotechnology, Inc.).

Statistical analysis. All of the results were analyzed by SPSS 
software version 20.0 (SPSS, Inc., IBM Corp., Armonk, NY, 
USA). Two independent groups of samples were performed 
by t-test. The multiple comparisons were analyzed by analysis 
of variance and Dunnett's post hoc test. Values are expressed 
as the mean ± standard deviation. P<0.05 was considered to 
indicate a statistically significant difference.

Results

miR‑370 is downregulated in glioma tissues. miRs are 21-25 
nucleotides in length and are involved in post-transcriptional 
gene silencing. In order to clarify the role of miR-370 in human 
glioma, RT-qPCR was used to determine the levels of miR-370 
in human glioblastoma and paired peritumoral tissue samples. 
U6 small nuclear RNA was used as an internal control in the 
experiment. As presented in Fig. 1A, miR-370 levels were 
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significantly decreased in human glioma tissues compared 
with those in peritumoral control tissues (P<0.01), suggesting 
that miR-370 has a tumor suppressor function in gliomas.

miR‑370 expression is negatively associated with the glioma 
grade. Gliomas are classified into four grades (I‑IV); tumor 
growth is slow in low-grade gliomas (grades I and II) and 
progresses rapidly in high-grade gliomas (grades III and IV). 
In order to investigate whether the miR-370 levels were associ-
ated with the glioma grade, the miR-370 levels were detected 
by RT-qPCR in patients with low- and high-grade glioma. As 
presented in Fig. 1B, the expression of miR-370 in high-grade 
glioma was decreased compared with that in low-grade glioma 
tissues, suggesting that miR-370 expression was negatively 
associated with the glioma grade.

miR‑370 expression is decreased in human astrocytoma and 
glioblastoma cell lines. Next, miR-370 expression in astrocy-
toma and glioblastoma cell lines was determined by RT-qPCR. 
Normal human astrocytes were used as normal controls. As 
presented in Fig. 2, miR‑370 was significantly decreased in 
U-87MG cells and U-251MG cells, compared with that in 
normal human astrocytes (P<0.01). These results demon-
strated that decreased levels of miR-370 were associated with 
the malignant transformation of astrocytes into glioblastoma 
and astrocytoma (grade III glioma).

β‑catenin is upregulated in human glioma tissues. It has been 
reported that the canonical Wingless-type MMTV integration 
site family (Wnt)/beta-catenin signaling pathway is aber-
rantly activated in human gliomas. β-catenin was reported to 
be significantly associated with the histological malignancy 
grade and with an unfavorable prognosis for patients with 
glioma (27). The levels of β-catenin in the glioblastoma and 
peritumoral control tissue specimens were determined by 
western blot analysis. As presented in Fig. 3, the expression 
of β‑catenin was significantly upregulated in glioma tissues 
compared with that in peritumoral tissues (P<0.01).

FOXO3a expression is significantly decreased in human 
glioma specimens. The Akt/FOXO3a/Bim pathway was 
reported to be critical in cancer progression in terms of 

elevation of Akt activity and inactivation of FOXO3a through 
phosphorylation, which led to downregulation of Bim (28). 
Therefore, the present study assessed the levels of FOXO3a in 
glioma and paired peritumoral tissues. As presented in Fig. 3, 
the levels of FOXO3a in human glioma tissues were signifi-
cantly decreased compared with those in control specimens 
(P<0.01).

Transfection with miR‑370 mimics suppresses the prolif‑
eration of human astrocytoma and glioblastoma cells 
in vitro. U-251MG and U-87MG cells were used as cell 
models of astrocytoma and glioblastoma, respectively. The 
miR-370 mimics and negative controls were transfected into 
the cells for 1-5 days and the cell viability was determined 
by an MTT assay. As presented in Fig. 4, the cell viability 
of miR-370-transfected cells was significantly decreased 
compared with that of negative control-transfected cells 
(P<0.01 or P<0.05). Overexpression of miR-370 led to an 
obvious inhibition of the proliferation of human astrocytoma 
and glioblastoma cells.

Transfection of miR‑370 mimics inhibits β‑catenin expression 
in U251 cells. In order to clarify whether miR-370 regulates 

Figure 1. (A) miR-370 levels in 8 clinical specimens of glioma and paired peritumoral tissues as determined by reverse-transcription quantitative polymerase 
chain reaction. miR-370 levels in glioma tissues were downregulated compared with those in peritumoral tissues. **P<0.01. (B) miR-370 expression in grade I/II 
and grade III/IV gliomas as well as paired peritumoral tissue was negatively associated with the glioma grade. Values are expressed as the mean ± standard 
deviation (n=8 per group). **P<0.01 and ***P<0.001, compared with peritumoral tissues.#P<0.05, compared with grade I/II. miR, microRNA; Ctrl., control 
(peritumoral tissue).

Figure 2. miR-370 expression is decreased in U-87MG human glioblas-
toma and U-251MG astrocytoma cell lines as well as in astrocytes (normal 
controls). The levels of miR-370 were detected by reverse-transcription 
quantitative polymerase chain reaction. **P<0.01, compared with astrocytes. 
miR, microRNA.
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the Wnt/β-catenin signaling pathway in human astrocytoma 
cells, the U-251MG cell line was transfected with miR-370 
mimics or negative controls for 48 h. As presented in Fig. 5, 
overexpression of miR-370 mimics led to a downregulation of 
the levels of β-catenin in human astrocytoma cells, as well as 
c-myc, the downstream target gene of β-catenin. The results 
revealed that overexpression of miR-370 obviously inhibited 
the activity of the Wnt/β-catenin signaling pathway in human 
astrocytoma cells.

Transfection of miR‑370 mimics leads to a decrease of 
p‑FOXO3a and accumulation of FOXO3a in the nuclei 
of U251 cells. In order to investigate whether miR-370 was 
involved in the Akt/FOXO3a signaling pathway, western blot 
analysis was performed to detect the levels of p-FOXO3a, total 

FOXO3a and nuclear FOXO3a in human astrocytoma cells. 
As presented in Fig. 6, the p-FOXO3a levels were obviously 
decreased in miR-370 mimics-transfected cells; however, 
overexpression of miR‑370 significantly promoted the accu-
mulation of nuclear FOXO3a in U251 cells. These results may 
suggest that miR-370 inhibited the proliferation of human 
astrocytoma cells partly by regulating the phosphorylation and 
cellular localization of FOXO3a.

Discussion

Human glioma is one of the most malignant primary tumor type 
in the central nervous system (29). The present study assessed 
the levels of miR-370 in human glioma and peritumoral tissue. 
First, clinical specimens from the brains of 16 patients were 

Figure 3. Aberrant expression of β-catenin and FOXO3a in human glioma and peritumoral tissues as determined by western blot analysis. (A) Western blot 
images of three pairs of glioma (grade I/II) and peritumoral tissues are presented. (B) Quantified expression levels of β-catenin and FOXO3a. **P<0.01 
compared with paired peritumoral tissues. Ctrl., control; FOX, forkhead box protein.

Figure 4. Transfection with miR-370 mimics suppresses the proliferation of (A) the U-251MG astrocytoma cell line and (B) the U-87MG human glioblastoma 
cell line. The viability of negative control or miR-370 mimics-transfected cells was determined by an MTT assay at 1, 2, 3, 4 and 5 days. *P<0.05, **P<0.01, 
compared with negative control group. miR, microRNA; Ctrl., control; d, days.
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obtained to detect the levels of miR-370 by RT-qPCR. The 
results obviously demonstrated that the miR-370 levels in 
human glioma tissues were significantly decreased compared 
with those in paired peritumoral tissues. In addition, the levels 
of miR-370 in clinical specimens of low-grade and high-grade 
gliomas were detected. Of note, miR-370 levels in grade III/IV 
glioma tissues were lower than those in in grade I/II specimens. 
All of these results obviously demonstrated that miR-370 has 
an important role as a tumor suppressor gene that is associated 
with the genesis and progression of human gliomas.

Next, the biological role of miR-370 in human astrocytoma 
and glioblastoma cell line was explored and the molecular 
mechanism was investigated. RT-qPCR analysis revealed 
that the levels of miR-370 were obviously decreased in the 
U-251MG human astrocytoma and the U-87MG glioblastoma 
cell line cell line compared with that in normal control astro-
cytes. This was consistent with the results obtained for the 
clinical specimens, suggesting that miR-370 was decreased 
in human astrocytoma and glioblastoma cells. Furthermore, 
oligonucleotide mimics of miR-370 were transfected into 
U-251MG and U-87MG cells, which inhibited the cell 
proliferation as demonstrated by an MTT assay. This was 
consistent with the results of a study by Peng et al (22), which 
reported that miR-370-3p inhibited human astrocytoma and 
glioblastoma cell proliferation and induced cell cycle arrest by 
directly targeting β-catenin. While this abovementioned and 
the present study were on miR-370 in human astrocytoma and 
glioblastoma cell proliferation, the present study also detected 
the expression of β-catenin and FOXO3a, which were two key 

factors in the progression of gliomas, apart from detecting 
miR-370 levels in clinical specimens. However, Peng et al (22) 
used a luciferase reporter assay to test the direct binding 
of miR-370-3p to a sequence from the 3'-UTR of β-catenin 
mRNA and also focused on cell cycle analysis, revealing 
that miR-370-3p induced cell cycle arrest at G0/G1 phase. 
The present study revealed that miR-370 mimics inhibited 
β-catenin/c-myc signaling. Furthermore, the phosphorylated 
and total FOXO3a levels as well as the nuclear localization of 
FOXO3a were assessed in miR-370 mimics-transfected cells, 
revealing that miR-370 mimics decreased the phosphorylation 
of FOXO3a promoted the accumulation of nuclear FOXO3a in 
U-251MG cells.

The Wnt/β-catenin and the Akt/FOXO3a signaling pathway 
are two important regulating pathways in human astrocytoma 
and glioblastoma cells. Aberrant expression of β-catenin and 
FOXO3a was found in astrocytoma and glioblastoma cells 
by western blot analysis. A reciprocal association between 
miR-370 and β-catenin and a positive association between 
miR-370 and FOXO3a were detected by western blot analysis. 
Of note, transfection of miR-370 mimics inhibited β-catenin 
expression in U-251MG cells. However, transfection of 
miR-370 mimics contributed to a decrease of p-FOXO3a and 
nuclear accumulation of FOXO3a in U251 cells. Thus, it was 
speculated that miR-370 inhibited the proliferation of human 
astrocytoma and glioblastoma cells by regulating β-catenin 
as well as FOXO3a-associated signaling pathways. All of the 
results of the present study demonstrated that miR-370 may 

Figure 5. Transfection of miR-370 mimics inhibits β-catenin and c-myc 
expression in U-251MG cells. (A) Cells were transfected with miR-370 
mimics or negative controls for 48 h. The levels of β-catenin and c-myc were 
determined by western blot analysis. (B) The ratios of β-catenin and c-myc 
were presented in a bar graph. **P<0.01, compared with the negative control 
group. miR, microRNA; Ctrl., control.

Figure 6. Transfection of miR-370 mimics leads to a decrease of phosphory-
lated FOXO3a and accumulation of FOXO3a in the nuclei of U-251MG cells. 
Cells were transfected with miR-370 mimics or negative controls for 48 h. 
(A) The levels of phosphorylated FOXO3a and total FOXO3a were detected 
by western blot analysis. β-actin was used as internal reference. (B) Nuclear 
FOXO3a was determined by western blot analysis in miR-370 mimics- and 
negative control-transfected cells. Lamin B1 was used as internal reference 
gene in the experiment. Ctrl., control; FOX, forkhead box protein; miR, 
microRNA.



LU et al:  miRNA-370 SUPPRESSES THE PROGRESSION OF HUMAN GLIOMA1098

be a tumor suppressor whose downregulation has a role in the 
genesis and progression of human astrocytoma and glioblas-
toma. miR-370 may represent a novel target for the molecular 
therapy of human astrocytoma and glioblastoma.
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