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Abstract: MircroRNA-217 (miR-217) has been showed to involve in the initiation and development of human can-
cers, and is recognize as a tumor suppressor miRNA in several tumors. However, the clinical significance and its 
underlying role in human glioma remain unclear. Herein, we found that the expression of miR-217 was significantly 
down-regulated in glioma tissues as compared with adjacent normal brain tissues. Clinical association analysis 
disclosed that low-expression of miR-217 was evidently negative associated with advanced tumor stage (grade III 
+ IV) in glioma. Further function assays showed that miR-217 inhibited proliferation, colony formation, invasion and 
migration of glioma cells. Notably, runt-related transcription factors 2 (Runx2) was identified as a functional target 
of miR-217 in glioma. Furthermore, an inverse correlation between miR-217 and Runx2 expression was observed 
in glioma tissues. Downregulation of Runx2 has similar with inhibition effect of overexpression of miR-217, and 
upregulation of Runx2 reversed the effects of overexpressing of miR-217. Taken together, these results suggest a 
critical role of miR-217 in suppressing proliferation, migration, and invasion of glioma by targeting Runx2.
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Introduction

Glioma represents the most common tumors  
in the central nervous system with high morbid-
ity and mortality, and accounts for about 80 % 
of malignant brain tumors [1]. Despite the 
advances in therapeutic intervention, such as 
glioma surgery, radiotherapy, chemotherapy, 
gene therapy, immunotherapy and other novel 
biological therapies,the median survival dura-
tion of patients with glioblastoma multiforme 
(GBM) have not been significantly improved 
because of their invasiveness and the low sen-
sitivity to radio-/chemo- therapeutic agents [2]. 
Thus, it is quite urgent to understand the 
molecular mechanisms by which glioma initi-
ates, progresses, invades, and recurs to devel-
op novel and effective therapeutic strategies 
for glioma.

MicroRNAs (miRNAs) are an 18 to 25 nucleo-
tide-long, single-stranded, noncoding RNA mol-
ecules that negatively regulate gene expres-
sion at a post-translational level by binding to 

regions of sequence complementarity to the 3’ 
untranslated region (3’UTR) of mRNAs, leading 
to either the degradation or translational inhibi-
tion of the mRNA [3]. It was found that miRNAs 
involve in various cellular processes, including 
cell proliferation, apoptosis, cell cycle, migra-
tion and invasion, and stem cell renewal [4, 5]. 
Accumulating evidence has been showed that 
miRNAs were aberrantly expressed in human 
various cancers, including glioma and it played 
oncogenic or tumor suppressive roles in various 
human cancers, including in glioma [6-8]. 

As a member of the miRNAs family, mircroR-
NA-217 (miR-217) has been showed to involve 
in the initiation and development of human can-
cers, and function as tumor suppressor in 
majority cancers, such as ovarian cancer [9], 
osteosarcoma [10], esophageal squamous cell 
carcinoma cells [11], hepatocellular carcinoma 
[12], pancreatic ductal adenocarcinoma [13], 
lung cancer [14] and colorectal cancer [15]. 
However, the clinical significance of miR-217 in 
glioma and its underlying molecular pathways 
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involved in the initiation and development of 
glioma have not been investigated. Therefore, 
the primary aim of this study was to investi- 
gate miR-217 clinical diagnosis significance in 
patients with glioma and its role and underlying 
molecular mechanism in glioma procession.

Materials and methods

Clinical samples and cell lines

36 samples of glioma tissues were obtained 
from the Department of Neurosurgery, the first 
of Hospital of Jilin University during July 2012 
to December 2014. Twenty normal brain tissue 
samples used as controls were obtained from 
internal decompression of patients who under-
went surgical operation for cerebral injury and 
cerebral hemorrhage in the First of Hospital of 
Jilin University. All specimens were confirmed 
by pathological diagnosis and classified. Ten of 
the 36 gliomas were classified as low-grade (4 
WHO I, 6 WHO II), and 26 gliomas were classi-
fied as high-grade (12 WHO III, 14 WHO IV)  
gliomas according to the WHO criteria. The glio-
ma tissues and normal tissues were snap-fro-
zen in liquid nitrogen immediately after resec-
tion and stored at -80°C until use. All samples 
were used after obtaining informed consent. 
The study was approved by the Medical Ethics 
Committee of Jilin University (Changchun, 
China).

Primary normal human astrocytes (NHA) and 
four human glioma cell lines (U251, U87, U118 
and LN18) were obtained from the Type  
Culture Collection of the Chinese Academy of 
Sciences (Shanghai, China), and were routinely 
cultured in complete Dulbecco’s modified Eagle 
medium (DMEM, Gibco, Grand Island, NY, USA) 
supplemented with 10% fetal bovine serum 
(FBS, Gibco) with 100 units/mL penicillin and 
100 mg/mL streptomycin (Sigma, St- Louis, 
MO, USA) at 37°C in a humidified atmosphere 
containing 5% CO2. 

Quantitative real-time PCR

Cultured cells and frozen tumor specimens 
were subject to total RNA extraction using Trizol 
reagent (Invitrogen, California, USA). The con-
centration and purity of all RNA were detected 
by NanoDrop ND-2000 Spectrophotometer 
(NanoDrop Technologies, Houston, TX, USA). To 
detect miR-217 expression, complementary 

DNA(cDNA) were synthesized using TaqMan 
MicroRNA Reverse Transcription kit (Applied 
Biosystems, Foster City, CA, USA) according to 
the manufacturer’s instructions. Amplification 
and detection of miR-217 and U6 were per-
formed using a TaqMan Human MiRNA Assay 
Kit (Applied Biosystems) under ABI PRISM 
7900 Sequence Detection System (Applied 
Biosystems). The primes of miR-217 and U6 
were obtained from Applied Biosystems. For 
detect Runx2 mRNA expression, cDNA was  
synthesized using M-MLV reverse transcriptase 
(Takara, Dalian, China) according to the suppli-
er’s protocol. Quantitative real-time PCR (qRT-
PCR) was performed with the 7300 sequence 
detection system (Applied Biosystems/Roche) 
using SYBR Green Master Mix (Applied 
Biosystems). The primes of Runx2 and GAPDH 
were used in this study as described previously 
[16]. The mRNA and miRNA expression levels 
were normalized to those of GAPDH and U6, 
respectively, using the 2-∆∆Ct method.

Cell transfection 

miR-217 mimic (miR-217) and corresponding 
negative control (miR-NC), the siRNAs targeting 
human Runx2 (si-Runx2) and corresponding 
negative control (si-NC) were brought form 
GenePharma Co., Ltd (Shanghai, China). Runx2 
overexpressed plasmids were obtained from 
Ribobio Co. (Guangzhou, China). These molecu-
lar productions were transfected into U87 cells 
when cells were grown to 80-90% confluence, 
using the Lipofectamine 2000 (Invitrogen) 
according to the instructions provided by the 
manufacturer. 

Western blotting

Cells were harvested and lysed in ice-cold RIPA 
buffer (Beyotime, Jiangsu, China) according to 
the manufacturer’s instructions, then Cells 
were lysed using ice-cold RIPA buffer and cen-
trifuged at 14,000 × g 4°C for 5 min. Protein 
concentrations were determined using the BCA 
protein assay kit (Beyotime). Prepared protein 
samples (20 μg each lane) were separated by 
sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred 
onto nitrocellulose membranes (Millipore, 
Wisconsin, USA). The membrane was blocked 
with 5% skimmed milk in TBST and incubated 
with the antibody against Runx2 (1:1000 dilu-
tion; Santa Cruz Biotechnology, Santa Cruz, CA, 
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USA) and GAPDH (1:5000; Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) overnight 
4°C. The membrane was then incubated with 
horseradish peroxidase (HRP)-conjugated goat 
anti-mouse IgG (1:5000 dilution, Santa Cruz, 
USA) for 2 h at room temperature. Protein band 
were visualized using the enhanced chemilumi-
nescence Kit (PerkinElmer) on Bio-Rad Chemi- 
DocXRS (Bio-Rad Laboratories, Hercules, CA, 
USA).

Cell proliferation and colony formation assay 

Cell proliferation was measured by CCK8 assay. 
In briefly, the 1 × 103 transfected cells were 
seeded into 96-well plates. At indicated times 
(24 h, 48 h, 72 h, 96 h), 20 μl of Cell Counting 
Kit-8 (Beyotime) were added to each well and 
incubated for 2 hours at 37°C. Optical density 
(OD) was detected at the wavelength of 450 nm 
on a Synergy 2 microplate reader (Biotek, USA). 

For colony formation assay, the 1,000 trans-
fected cells were seeded in 6-well plates and 
cultured for 14 days at DMEM medium contain-
ing 10% FBS. Then the colonies were washed 
three times with PBS, and fixed with 75% etha-
nol for 10 min, dried and stained with 0.1% 
crystal violet solution (Sigma, USA) for 10 min. 
The colonies were taken pictures and counted 
under the light microscope (Olympus, Tokyo, 
Japan).

Cell migration and invasion

Wound healing assays were performed to 
detect cell migration. In briefly, the transfected 
cells were seeded in 6-well plates and cultured 
overnight, and an artificial wound was created 
using a 200 μl pipette tube. The wound closure 
was observed after 24 h and imaged under a 
light microscope (Olympus, Tokyo, Japan). To 
assess the migration rate, we measured the 
fraction of cell coverage across the line.

Cell invasion was evaluated using a transwell 
assay with Matrigel (8-μm pore; BD Biosciences). 
In briefly, transfected cells (5 × 104 cell/well) in 
free-serum DMEM medium were seeded into 
the upper well of the matrigel-coated invasion 
chamber. The lower chamber was filled with 
DMEM medium with 10% FBS as chemoattrac-
tant. After cells had been cultured for 48 h at 
37°C, non-invading cells were removed from 
the top well, while cells that had migrated to the 

lower surface of the membrane were fixed with 
70% ethanol for 30 min and stained with 0.1% 
crystal violet for 10 min. The invaded cells were 
photographed and counted in five randomly 
selected fields for each well using light micro-
scope (Olympus).

Luciferase reporter assay

The candidate target genes of miR-217 were 
predicted using miRTarBase (http://mirtarbase.
mbc.nctu.edu.tw/) and TargetScan (http://
www.Targetscan.org/). The wild-type 3’-UTR 
segment of the Runx2 mRNA (not the full  
length of Runx2 3’-UTR) containing miR-217 
binding sites was amplified and cloned into the 
dual-luciferase reporter vector pGL3 (Promega, 
Madison, WI, USA) termed as: Wt-Runx2-3’UTR. 
A mutant construct in miR-217 binding sites of 
Runx2 3’UTR region also was generated by 
Quick Change Site-Directed Mutagenesis Kit 
(Agilent, Roseville City, CA), and subcloned into 
pGL3-control vector (Ambion), and termed as 
Mut-Runx2-3’UTR. For dual-luciferase reporter 
assay, U87 cells were transfected with miR-217 
or miR-NC for 24 hours and then the cells were 
transfected with Wt/Mut-Runx2-3’UTR reporter 
plasmid using Lipofectamine 2000 (Invitrogen). 
Forty-eight hours later, Luciferase activity was 
measured using the Dual-Luciferase Reporter 
Assay Kit (Promega, Madison, USA) according 
to the instructions provided by manufacture. 
Renilla-luciferase was used for normalization. 

Statistical analysis 

All data are presented as the mean ± standard 
deviation (SD) from at least three times inde-
pendently experiment. The SPSS software 
package (version 16.0, SPSS Inc; Chicago, IL, 
USA) was used to perform the statistical analy-
sis. Student’s t-test or ANOVA was employed to 
determine statistical significance as appropri-
ate. P values less than 0.05 were considered to 
be statistically significant.

Results

miR-217 expression was downregulated in 
glioma tissues and cell lines 

To investigate the potential biological signifi-
cance of altered miR-217 expression in glioma 
progression, we evaluated miR-217 expression 
in 36 glioma tissues and 20 normal brain (NB) 
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tissues by quantitative RT-PCR (qRT-PCR). As 
shown in Figure 1A, the expression of miR-217 
was significantly decreased in glioma tissue 
compared with NB tissues. In addition, we 
found that miR-217 expression in high-grade (III 
+ IV) glioma was significantly lower than those 
of low-grade (I + II) glioma (Figure 1B), suggest-
ing low-expression of miR-217 was evidently 
negative associated with advanced tumor 
stage (grade III + IV) in glioma (Figure 1B). In 
addition, we also assessed the expression  
of miR-217 in four human glioma cell lines 
(U251, U87, U118 and LN18) and normal 
human astrocytes (NHA) by qRT-PCR. Our 
results showed that the expression level of 
miR-217 was decreased in four glioma cell lines 
compared with NHA (Figure 1C). The U87 cell 
line has lowest expression of miR-217, thus, it 
was selected for next study. 

miR‑217 inhibits cell proliferation, colony 
formation, migration and invasion in human 
glioma cells 

To examine the role of miR‑217 in the growth 
and metastasis of glioma cells, U87 cells were 
transfected with a miR‑217 mimic or miR-NC, 
then cell proliferation, colony formation, migra-
tion and invasion were determined at indicated 
time. Increased expression of miR‑217 in U87 
cells transfected with the miR‑217 mimic was 
confirmed using qRT‑PCR (Figure 2A). CCK8 
assay showed that overexpression of miR‑217 
significantly decreased the proliferation of 
cells, compared with negative control cells 
(Figure 2B). Consistent with this result, overex-

pression of miR-217 significantly inhibited colo-
ny formation in glioma cells (Figure 2C). In addi-
tion, wound healing and transwell invasion 
assays also showed that overexpression of 
miR-217 significantly inhibited migration (Figure 
2D) and invasion (Figure 2E) of glioma cells. 
These results indicate that miR‑217 exerts 
tumor suppressor role in glioma cells.

Runx2 is a target of miR-217 in glioma cells

Bioinformatics soft (miRTarBase and Target- 
Scan) was used to identify the target of miR-
217 in glioma cells. It was found that Runx2 
3’UTRs has a binding sequences for miR-217 at 
position (3386-3393) (Figure 3A). To verify 
Runx2 as a direct target of miR-217, luciferase 
activity assay was performed. Here, we found 
that miR-217 significantly inhibited the lucifer-
ase activity of 3’-UTR of Runx2 in U87 cells 
(Figure 3B). Moreover, overexpression of miR-
217 significantly suppressed levels of both 
Runx2 mRNA and protein these levels (Figure 
3C and 3D). These data suggested that Runx2 
is a direct target of miR-217.

Runx2 expression was upregulated and in-
versely correlated with miR-217 expression in 
glioma tissues

Further experiments were performed to investi-
gate the expression of Runx2 in glioma tissues 
and normal brain tissues. The result of qRT-
PCR showed that the mRNA expression of 
Runx2 in glioma tissues was upregulated com-
pared with normal brain tissues. In addition, 

Figure 1. miR-217 expression is down-regulated in CRC samples and cell lines. A. Quantitative real-time polymerase 
chain reaction (qRT-PCR) analysis of miR-217 expression in glioma tissues and normal brain tissues. **P<0.01 
versus Normal brain tissue. B. qRT-PCR analysis of miR-217 expression in low-grade glioma and high-grade glioma. 
Low-grade glioma refers to World Health Organization (WHO) grade I and WHO grade II, high-grade glioma refers 
to WHO grade III and WHO grade IV. **P<0.01 versus Low-grade. C. qRT-PCR analysis of miR-217 expression in 
four human glioma cell lines (U251, U87, U118 and LN18) and normal human astrocytes (NHA). *P<0.05, P<0.01 
versus NHA. 
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Figure 2. miR‑217 inhibits cell proliferation, colony formation, migration and invasion in human glioma cells. A. The expression level of miR-217 were detected in 
miR-217 mimics transfected cells by qRT-PCR. B-E. cell proliferation, colony formation, migration and invasion were determined in U87 cells transfected with miR-
217 mimics or miR-NC. *P<0.05, P<0.01 versus miR-NC.
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the relationship between miR-217 and Runx2 
expression in patients with brain glioma was 
also investigated. Spearman’s correlation anal-
ysis showed a reversed correlation between 
miR-217 expression levels and Runx2 mRNA 
levels in glioma tissues (r = -0.642, P<0.01) 
(Figure 4).

Downregulation of Runx2 exhibited similar 
effect with miR-217 overexpression in glioma 
cells

To investigate the biological functions of Runx2 
in glioma cells, endogenous expression of 
Runx2 was knockdown in U87 cells with spe-
cific siRNA against Runx2 (si-Runx2). We found 
that the expression Runx2 on mRNA level 

(Figure 5A) and protein level (Figure 5B) was 
significantly inhibited in U87 cells by si-XIAP. 
Downregulation of Runx2 in U87 cells signifi-
cantly inhibited cell proliferation (Figure 5C), 
colony formation (Figure 5D), migration (Figure 
5E), and invasion (Figure 5F). These results 
suggested that the inhibition of Runx2 had sim-
ilar effect with miR-217 overexpression in glio-
ma cells. 

Overexpression of Runx2 rescues the effects 
of miR-217 in glioma cells

To investigate the functional relevance of 
Runx2 targeting by miR-217, we assessed 
whether Runx2 overexpression could rescue 

Figure 3. Runx2 is a target of miR-217 in glioma cells. A. Runx2 have binding sequences for miR-217 at position 
(3386-3393). B. The luciferase activity of U87 cells was determined after co-transfection with the miR-217 mim-
ics or miR-NC and wide-type or mutant-type report plasmid. C. qRT-PCR was performed to detect the expression of 
Runx2 in U87 cells transfected with miR-217 mimics or miR-NC. The GAPDH was used as an internal control. D. 
Western blotting analyzed the protein level of Runx2 in U87 cells transfected with miR-217 mimics or miR-NC. The 
GAPDH was used as an internal control. *P<0.05, P<0.01 versus miR-NC.
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the inhibitory effects of miR-217 on glioma cell 
proliferation, colony formation, migration and 
invasion. U87 cells were co-transfected with 
miR-217 or miR-NC and overexpression Runx2 
plasmid. qRT-PCR and Western blot analysis 
was used to validate the Runx2 expression in 

the rescue experiment (Figure 6A and 6B). In 
addition, our results also showed that the 
forced expression of Runx2 rescued the inhibi-
tion effect of miR-217 on cell proliferation, col-
ony formation, migration and invasion (Figure 
6C-F). These data indicated that miR-217 

Figure 4. Runx2 expression was upregulated and inversely correlated with miR-217 expression in glioma tissues. 
A. Runx2 mRNA expression were determined in glioma tissues and normal brain tissues by qRT-PCR. The GAPDH 
was used as an internal control. **P<0.01 versus Normal brain tissue. B. Reverse relationship between Runx2 and 
miR-217 expression was explored by Spearman’s correlation in glioma tissues.

Figure 5. Downregulation of Runx2 exhibited similar effect with miR-217 overexpression in glioma cells. A and B. 
Runx22 expression on mRNA level and protein level were measured in U87 cells transfected with si-Runx2 or si-NC 
by qRT-PCR and western blot, respectively. GAPDH was used as an internal control. C-F. Cell proliferation, colony 
formation, migration and invasion were determined in U87 cells after transfected with si-Runx2 or si-NC. *P<0.05, 
**P<0.01 versus si-NC.
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exerts inhibition effect on glioma growth and 
metastasis partially by repressing Runx2.

Discussion

Accumulating evidence showed that miRNAs 
involved in tumorigenesis and metastasis of 
various human cancers, including glioma [6-8]. 
Here, we found that miR-217 was down-regulat-
ed in glioma tissues and cell lines, compared 
with that in normal brain tissues and primary 
normal human astrocytes (NHA). Moreover, we 
demonstrated that restoration of miR-217 
inhibited proliferation, colony formation, migra-
tion and invasion of glioma cancer cells. These 
results suggested that miR-217 might play a 
key role in glioma procession and likely would 
be applied as novel therapeutic agents.

Aberrant expression of miR-217 has been 
found in various human cancers. For ovarian 
cancer [9], osteosarcoma [10], esophageal 
squamous cell carcinoma cells [11], hepatocel-
lular carcinoma [12], pancreatic ductal adeno-
carcinoma [13], lung cancer [14] and colorectal 
cancer [15], miR-217 expression is frequent 
downregulated and act as a tumor suppressor, 
while it overexpressed and function as an onco-

gene in breast cancer [17], B-cell lymphomas 
[18]. However, the function and relevant mech-
anisms of miR-217 in glioma have not been 
identified. In this study, we found that the 
expression of miR-217 was significantly down-
regulated in glioma tissues and cell lines, and 
its expression was evidently negative associat-
ed with advanced tumor stage (grade III + IV) in 
glioma. We also demonstrated that restoration 
of miR-217 in glioma cells inhibited prolifera-
tion, colony formation, invasion and migration. 
These results suggested that miR-217 func-
tioned as a tumor suppressor in glioma.

To investigate the molecular mechanism of  
the tumor suppressor role of miR-217 in glio-
ma, we used two bioinformatics soft ( miRTar-
Base and TargetScan) to identify the target of 
miR-217 in glioma cells. Runx2 3’UTRs were 
found to have a binding sequences for miR-217 
at position (3386-3393). luciferase activity 
assay, qRT-PCR and western blot assay further 
confirmed that RUNX2 is a target gene of miR-
217. Runx2 is an important member of runt-
related transcription factor (RUNX) family, 
which form the core binding factor (CBF) com-
plex and bind DNA to either activate or repress 

Figure 6. Overexpression of Runx2 rescues the effects of miR-217 in glioma cells. A and B. Runx2 expression on 
mRNA level and protein level in U87 cells co-transfected with Runx2 overexpression plasmid and miR-217 mimic or 
miR-NC by qRT-PCR and western blot, respectively. GAPDH was used as an internal control. C-F. Cell proliferation, 
colony formation, migration and invasion were determined in U87 cells transfected with miR-217 mimic with/with-
out Runx2 overexpression plasmid. *P<0.05, **P<0.01 versus miR-217.
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gene transcription [19]. Growing evidence has 
been demonstrated that Runx2 expression was 
upregulated in various cancer, including gloima 
[20]. Runx2 over-expression was closely relat-
ed to the poor prognosis of patients [21], and 
could induce epithelial-mesenchymal transition 
[22], promote cancer cell motility and invasion 
in vitro [23], tumor growth in vivo [24], while 
silencing or inhibiting RUXN2 activity was able 
to suppress tumor growth and metastasis [25, 
26], suggesting that Runx2 function as once-
gene in various cancers. In the present study, 
we found that Runx2 expression was upregu-
lated and inversely correlated with miR-217 
expression in glioma tissues. In addition, we 
also found that downregulation of Runx2 had 
similar effect with miR-217 overexpression in 
glioma cells, and overexpression of Runx2 res-
cued the effects of miR-217 in glioma cells. 
These results suggested that miR-217 exerted 
tumor suppressor role in glioma, at least in 
part, by repressing Runx2 expression.

In summary, the present study first demonstrat-
ed that miR-217 expression are down-regulated 
in glioma cell lines and tissues, its expression 
was negative associated with advanced tumor 
stage (grade III + IV), and that miR-217 inhibit-
ed proliferation, colony formation, migration 
and invasion of glioma cells by repressing 
Runx2. Therefore, targeting to the miR-217/
Runx2 axis may be a new therapeutic applica-
tion to treat patients with glioma in the future.
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