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Abstract: Glioma is a common type of primary brain tumor. The survival rate in people with malignant gliomas is 
extremely low associated with the lack of effective treatment. Here, we firstly observed that miR-544 expression is 
downregulated in glioma tissues and its overexpression in glioma cell line dramatically reduces cell proliferation, 
migration and invasion. In addition, we found that the tumor growth in nude mouse was as well inhibited by miR-544 
overexpressed in glioma cell. Our further investigation showed that the inhibitor role of miR-544 in tumor develop-
ment was related to the downregulated expression of Park7 gene which has been demonstrated as a functional 
downstream target of miR-544. Thus, our discovery suggested that miR-544 might used as a therapeutic reagent 
for the treatment of glioma in the future.

Keywords: microRNA, glioma, cell growth, invasion, migration, PARK7 

Introduction

Gliomas have been defined as the tumors start-
ing in brain or spine [1]. They comprise 30% of 
all brain and central nervous system tumors 
and 80% of all malignant brain tumors [2]. 
Brain tumors are relatively rare events but the 
survival rates of the majority of malignant glio-
mas are very low. The difficulties in treating the 
tumors are attributed to their features including 
unobvious clinical, radiologic or morphologic 
forewarning and their infiltrating natures [3, 4]. 
Furthermore, the obstacles including multidrug 
resistance, radioresistance, an impermeable 
blood-brain barrier, a lack of preclinical models, 
and a rudimentary understanding of neuroon-
cogenetics prevent patients from effective 
treatments and improved survivals [5]. A more 
efficient treatment strategy for glioma is urgent-
ly required.

A microRNA consisting of 20~22 nucleotides 
belongs to a class of non-coding RNA molecular 
which is involving the regulation of gene expres-
sion in a posttranscriptional manner [6, 7]. 
MicroRNAs have been reported to regulate dif-
ferent biological processes such as cell mig- 

ration, invasion, proliferation, and apoptosis 
[8-11]. The roles of miRNAs in the regulation of 
glioma development have been described since 
their dysregulation were observed in glioblasto-
ma using microarray analysis in 2005 [12]. MiR-
21 has been revealed to work as an antiapop-
totic factor by targeting a network of p53; MiR-
10b regulated cell cycle and programmed cell 
death via regulation of Bim, TFAP2C, p16, and 
p21 [13, 14]; The increased level of miR-218 
led to the reduction of cell migration, invasion, 
proliferation and stem-like qualities by inhibit-
ing the oncogene Bmi1 expressing [15]; MiR-
195 plays an important role in inhibiting the 
proliferation of glioma cells by downregulating 
expression of cyclin D1 and cyclin E1 [16]; miR-
137 inhibits the growth of glimas cells by direct-
ly targeting Rac1 [17]; miR-16 functions as a 
tumor suppressor gene in glioma growth and 
invasiveness through inhibition of BCL2 and the 
NF-KB1/MMP-9 signaling pathway [18]. In this 
study, we discovered that the overexpression of 
miR-544 which is expressed at a low level in 
glioma cells inhibits the cell proliferation, migra-
tion and invasion through downregulating the 
PARK7 expression by targeting its 3’UTR. 

http://www.ajtr.org
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Methods and materials

Glioma tissues

24 pairs of cervical cancer tissue and the adja-
cent normal tissue were obtained from De- 
partment of Pathology, Norman Bethune 
School of Medicine, Jilin University. All of the 
samples were obtained with the patients’ 
informed consent and approved by the Ethics 
Committee of Department of Pathology, Nor- 
man Bethune School of Medicine, Jilin Univer- 
sity.

Cell culture

Glioma cell lines U87-2M1, SW1088, U87, 
T98G, U251 and U138 were grown in DMEM 
medium supplemented with 10% fetal bovine 
serum (FBS). Cells were maintained in a humid-
ified atmosphere at 37°C with 5% CO2. 

The predication of miRNA targeting gene

The miR-544 targets were predicted on the  
calculations of mirSVR scores by the compu- 
ter-aided algorithms of PicTar and TargetScan 
Release 5.1 

Quantitative RT-PCR

Total RNA in glioma cells was extracted using 
Trizol reagent and precipitated with buffer con-
taining 2.5 volumes of ethanol. The RNA was 
dissolved in TE solution (10 mM Tris-Hcl 7.5, 
0.1 mM EDTA) and further treated with RNase-
free DNase I (Takara, Japan). The RNA was 
recovered using phenol/chloroform extraction 
followed by ethanol precipitation. The RNA con-
centration was estimated by measuring the 
absorbance at 260 nm using a NanoDrop 
2000c (Thermo Scientific). The cDNA was syn-
thesized using RT primer and SuperScript III 
reverse transcriptase following the manufac-
turer’s instructions (Takara, Japan). Quantitative 
RT-PCR was performed using iQTM5 Multicolor 
Real-Time PCR Detection system (BioRad) with 
Realtime PCR Master Mix (SYBR Green, Toyobo, 
Osaka, Japan). GAPDH was chosen as the e- 
dogenous control in the assay.

3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetra-
zolium bromide (MTT) assays

U87-2M1 and SW1088 cells with the concen-
tration of 104 per well were seeded in a 96-well 

plate. According to the manufacture’s protocol, 
miRNA mimic, negative control RNA or eukary-
otic expression plasmids were transfected into 
the cell using Lipofectamine 2000 at the next 
day. The cells were cultured at 37°C in transfec-
tion media for 6 hours. And then the media was 
replaced by complete medium containing MTT 
(final concentration, 250 μg/mL) for the follow-
ing assays. Plates were incubated for an addi-
tional 12 hours, 24 hours and 48 hours respec-
tively. The trapped MTT crystals in cells were 
solubilized in 200 μL DMSO at 37°C for 15 min. 
Absorbance was determined in a microtiter 
plate reader (Molecular Devices, Menlo Park, 
CA) at 570 m, with 650 nm as the reference 
wavelength. All experiments were performed in 
triplicate.

Colony formation assay

For colony formation assays, the cells were har-
vested and seeded at a density of 200 cells per 
well in 12-well plates and incubated at 37°C 
and 5% CO2 in a humidified incubator for 2 
weeks. During colony growth, the culture medi-
um was replaced every 3 days. The colony num-
ber in each well was counted and calculated. 

Fluorescent reporter assay

Glioma cells were cotransfected using 0.2 μg of 
Luciferase reporter vector with a wild-type or 
mutant PARK7 3’UTR in 48-well plates and 
miR-544 mimics or miR-controls. The assay 
was normalized with 0.05 μg of the red fluores-
cent protein expression vector pDsRed2-N1 
(Clontech, Mountain View, CA, USA). The cells 
were lysed with RIPA lysis buffer (0.15 M NaCl, 
0.05 M Tris/HCl pH 7.2, 1% Triton X-100, 0.1% 
SDS) 48 hours later. The fluorescence intensi-
ties of Luciferase and red fluorescent protein 
were detected with an F-4500 Fluorescence 
Spectrophotometer (Hitachi, Tokyo, Japan).

Flow cytometry analysis

Glioma cells were harvested using trypsiniza-
tion, washed in ice-cold PBS, and then fixed in 
80% ice-cold ethanol in PBS. Before staining, 
cells were sedimented in a chilled centrifuge 
and resuspended in cold PBS to the concentra-
tion of ~104 cells. Bovine pancreatic RNase 
(Sigma-Aldrich, USA) was added to a final con-
centration of 2 mg/ml, and cells were incubat-
ed at 37°C for 30 min. For the detection of cell 
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cycle distribution, the cells were staining with 
20 mg/ml of propidiumiodide (Sigma-Aldrich, 
USA) for 20 min at room temperature. In cell 
apoptosis assays, the cells were labeled using 
the Annexin V-FITC apoptosis detection kit 
(Invitrogen Corporation, California, USA) as 
described by the manufacturer’s instructions. 
The cell cycle profiles and the cell apoptotic 
rates of the cells were quantified using a Flow 
cytometry (Beckman Coulter Corp., CA, USA).

Transwell assays

For transwell migration assays, 105 of cells 
were suspended in medium without serum  
and placed on the top side of polycarbonate 
Transwell the filters without Matrigel in the 
upper chamber of the QCM™ 24-Well Cell In- 
vasion Assay (Cell Biolabs, INC, USA & Canada) 
and the medium without serum was used in the 
lower chamber. For the invasion assays, the 
experimental procedures were the similar to 
that for migration assays except that the filters 
with Matrigel is instead of the one without 
Matrigel. The cells were incubated at 37°C for 8 
hours in migration assays or 48 hours in inva-
sion assays, respectively. The cells in the top 
chambers were removed with cotton swabs. 
The migrated and invaded cells on the lower 
membrane surface were washed with PBS buf-
fer twice and fixed in in 4% paraformaldehyde 
for 30 min. The well was stained with 0.1% crys-
tal violet for 20 min after another repeat wash-
ing using PBS buffer. Following washing in 
ddH2O more than three times, the membrane 

was dried, and observed under a light micro-
scope. The assays were performed in triplets 
and the data were presented as the means 
±standard error of mean (SEM).

Xenografted tumor model

7 pairs of the BALB/c nude mice were inoculat-
ed subcutaneously glioma cells of 3.0×106 
infected with miR-544 mimics or miR-controls 
in the right dorsal flank per mouse. Tumors 
were examined every 5 days; length, width, and 
thickness measurements were obtained with 
calipers and tumor volumes were calculated. 
Tumor volume was calculated using the equa-
tion (L*W2)/2. On day 25, then animals were 
killed, tumors were excised and weighed. All the 
animal assays were approved by the Ethics 
Committee of 1. The second xiangya hospital of 
central south university.

Statistical analysis

Data are presented as the mean ± standard 
deviation (SD). Student’s t-test was used to 
evaluate significant differences, with P<0.05 
considered statistically significant.

Results

The expression of miR-544 was downregulated 
in glioma tissues 

The levels of miR-544 expressed in 24 cases of 
glioma tissues and their matched adjacent tis-

Figure 1. MiR-554 was downregulated in glioma tissues and cell lines. A. The relative levels of miR-544 in 24 cases 
of glioma tissues and their matched adjacent normal tissues were determined using U6 as internal controls in 
real-time RT-PCR assays. Each bar represents the mean of three independent experiments. *** means P<0.001. 
B. The relative levels of miR-544 normalized to U6 were measured in normal human astrocytes and six glioma cell 
lines, U87-2M1, SW1088, U87, T98G, U251 and U138. NHA: normal human astrocytes. Error bars represent SEM. 
* means P<0.05 vs. Normal.
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sues were measured by real-time RT-PCR 
respectively. As Figure 1A shows, the median 
of the relative expression levels in normal tis-
sues was 3 but that in glioma one was 1 
(P<0.01). To further confirm the result above, 
the miR-544 expressions were examined in six 
glioma cell lines: U87-2M1, SW1088, U87, 
T98G, U251 and U138. As shown in Figure 1B, 
the decreased relative levels can be observed 
among all these cell lines. These data indicated 
that miR-544 expression was downregulated in 
glioma tissue.

High level of miR-544 inhibits glioma cell pro-
liferation but induce the cell apoptois 

Our previous results have shown that the miR-
544 expression is downregulated in both tumor 
tissue and cancer cell lines when compared 
with normal ones. So it is possible that miR-
544 would have a negative effect on the prolif-
eration of glioma cells. To test this hypothesis, 
two cell lines, U87-2M1 and SW1088, were 
transfected with miR-544 mimics which have 
the mature sequences of the microRNAs. The 
increased levels of miR-544 can be detected in 
the U87-2M1 and SW1088 cells after transfec-
tion (Figure 2A). We utilized MTT viability assays 
to examine the effect of miR-544 on cell prolif-
eration. As shown in Figure 2B and 2C, com-
pared with the cells with miR-control, the cells 
with high level of miR-544 performed lower 
viability. Quantification of the assays show- 
ed that the viability of miR-544-U87-2M1 cell 
decreased by 0.47 fold and that of miR-544-
SW1088 by 0.43 fold, compared with the cells 
transfected with miR-control. To uncover the 
effect of miR-544 on the long-term growth of 
glioma cells, a plate-based colony formation 

assays were carried out. The colony numbers of 
the two cell lines treated with miR-544 de- 
creased to 48% of that of the cells with miR-
control for miR-544-U87-2M1 cells and 50% for 
miR-544-SW1088 approximately (Figure 2D). 
Flow cytometry was used to evaluate the differ-
ence of the cell cycle distributions between the 
cells transfected with miR-control and that with 
miR-544. The G0/G1 phase fractions of miR-
544-U87-2M1 and miR-544-SW1088 cells in- 
creased by 1.25 and 1.1 fold when compared 
with that of the transfected cells with miR-con-
trol, respectively. However, the G2/M phase 
fraction of the miR-544-U87-2M1 and miR-
544-SW1088 cells decreased by 0.5 and 0.55 
fold, respectively. The percentages of cells in S 
phase in transfected cells with miR-544 were 
lower than that in cells with miR-control (Figure 
2E) as well. To test if the miR-544 has a posi-
tive effect on the cell apoptosis in glioma cell 
lines, we measured and compared the apopto-
sis ratios of miR-544-U87-2M1 cells with that 
of miR-control-U87-2M1 cells in one group, and 
determined and checked the apoptosis rate of 
miR-544-SW1088 cells against that of miR-
control-SW1088 cells in the other one using 
flow cytometry. We discovered that the miR-
544 mimic treatment on U87-2M1 cells made 
labeled apoptotic cells with the Annexin V or 
7AAD increased by 1.45 fold and that on 
SW1088 cells by 1.95 fold, respectively (Figure 
2F-H).

High level of miR-544 inhibits glioma cell mi-
gration and invasion 

Transwell migration assays were exploited to 
examine the effect of miR-544 on cell migra-
tion and invasion. The migration level of the 

Figure 2. Overexpression of miR-544 inhibits the proliferation but induces the apoptosis of the glioma cells in vitro. 
A. The relative levels of miR-544 normalized to U6 in two glioma cell lines, U87-2M1 and SW1088 were detected 
after the cells transfected with miR-544 mimics or miR-control using real-time RT-PCR. B. The relative cell viability 
in U87-2M1 cells was detected after the cells transfected with miR-544 mimics or miR-control using MTT assays. 
C. The relative cell viability in SW1088 cells was detected after the cells transfected with miR-544 mimics or miR-
control using MTT assays. D. The colony formation of miR-544-U87-2M1 cells and that of miR-544-SW1088 cells 
were quantified and compared with that of the glioma cells transfected with miR-control in their respective groups 
(Left). The corresponding representative micrographs located on the right. E. The cell cycle distributions of the 
U87-2M1 cells transfected with miR-544 mimics or miR-control were detected and compared with each other (Left) 
and that of the SW1088 cells with miR-544 mimics or miR-control were detected and compared with each other 
in the other group (Right). F. The apoptotic rate of the two glioma cell lines transfected with miR-544 mimics were 
measured and compared with that of the cells involving miR-controls. G. Effect of miR-544 on apoptosis in U87-2M1 
cells was described using flow cytometry. H. Effect of miR-544 on apoptosis in SW1088 cells was described using 
flow cytometry. The square points present the relative viability in cells transfected with miR-544 mimics and the 
circle ones present that in the cells with miR-control. Each bar or point represents the mean of three independent 
experiments. Error bars represent SEM. * means P<0.05.
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miR-544-U87-2M1 cells reached only about 
40% of that of miR-control-cells. And the migra-
tion ability of the miR-544-SW1088 cells was 
approximately 50% of that of the cells trans-
fected with miR-control (Figure 3A and 3B). 
Similarly, the transfection using miR544 made 
the invasive potential of the U87-2M1 cells 
decrease by 0.61 fold and that of the miR-544-
SW1088 cells by 0.5 fold, compared with the 

control group, respectively (Figure 3C and 3D). 
Furthermore, quantification of wound closure 
showed that miR-544-U87-2M1 cells closed 
35.1% of the wound after 12 hours and 53.1% 
after 24 hours. However, miR-control- U87-2M1 
cells closed 40.7% of the wound after 12 hours 
and 93.2% after 24 hours (Figure 3E). In the 
other group, miR-544-SW1088 cells closed 
43.6% of the wound after 12 hours and 57.1% 

Figure 3. Overexpression of miR-544 inhibits the migration and invasion of the glioma cells in vitro. A, B. The abilities 
of migration of miR-544-U87-2M1 cells and that of miR-544-SW1088 cells were quantified and compared with that 
of the glioma cells transfected with miR-control in their respective groups (Left). The corresponding representative 
micrographs located on the right. C, D. The abilities of invasion of miR-544-U87-2M1 cells and that of miR-544-
SW1088 cells were quantified and compared with that of the glioma cells transfected with miR-control in their 
respective groups (Left). The corresponding representative micrographs located on the right. E. The wound healing 
assay showed different cell migration in miR-544-U87-2M1 cells compared with the cells with miR-control at differ-
ent time points. F. The wound healing assay showed different cell migration in miR-544-SW1088 cells compared 
with the cells with miR-control at different time points. The amount of motility was expressed as a percent of migra-
tion at the zero time point. Each bar represents the mean of three independent experiments. Error bars represent 
SEM. * means P<0.05.
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after 24 hours. Meanwhile, miR-control-SW10- 
88 cells closed 53.1% of the wound after 12 
hours and 94.4% after 24 hours (Figure 3F). All 
these data above suggested the points that the 
increased levels of miR-544 in glioma cells sig-
nificantly restrained both cell migration and 
invasion.  

High level of miR-544 inhibits glioma cell 
growth in vivo 

To know the role of miR-544 in glioma carcino-
genesis, we further assessed the effects of 
increased level of miR-544 in cells on tumor 
growth in vivo. 3.0×106 of miR-544-U87-2M1 
cells or miR-control-U87-2M1 cells were im- 

planted into the right flanks of nude mice by 
subcutaneous injection respectively. The mean 
volumes of xenograft tumors were measured 
every 5 days. It was obviously that the tumors 
derived from miR-544-U87-2M1 cells were 
smaller than those originated from miR-con- 
trol-U87-2M1 cells (n=7 animals per group, 
P=3.18×10-3) (Figure 4A and 4B). At 25 days 
post-injection, the mean weight of the miR-
544-U87-2M1 tumors was about 50% of that of 
miR-control-U87MG tumors (Figure 4C). Thus, 
we suggested that the transfection of miR-544 
into glioma cells can inhibit the cell prolifera-
tion in vivo.

The expression of PARK7 protein is inhibited 
by miR-544 directly 

In our study, we found that there was a negative 
relationship between the level of miR-544 and 
that of PARK7 mRNA in glioma tissues (Figure 
5A). And a conserved binding site for miR-544 
in the 3’UTR region of the PARK7 gene was 
identified using bioinformatical analysis (Figure 
5B). As a result, we speculated that the expres-
sion of PARK7 in glioma cells might be nega-
tively regulated by miR-544. To test this possi-
bility, we firstly detected the level of PARK7 
mRNA in miR-544-U87-2M1 cells and miR-544-
SW1088 cells. We found that the mRNA level in 
these two kinds of transfected cells decreased 
by 0.51 fold and by 0.62, when compared with 
the level in their respective control group cells 
with miR-control (Figure 5C and 5D). Further- 
more, we found the increased level of PARK7 
mRNA in U138 cells transfected with anti-
miR-544 compared with that in the U138 cells 
with anti-miR-control (Figure 5E). Similar to the 
alternation of mRNA levels, the relative protein 
level of PARK7 in miR-544-U87-2M1 cells and 
miR-544-SW1088 cells were significantly lower 
than that in respective control group cells. 
Meanwhile, the amount of PARK7 protein in 
anti-miR-544-U138 cell was obviously larger 
than that in its control group cell (Figure 5F). To 
offer a more solid evidence to support our 
speculation, we further conducted a luciferase 
reporter assay. As is shown in Figure 5G, 
U872M1 or SW1088 cells cotransfected with 
miR-544 mimics and wild type 3’-UTR of PARK7 
showed a notable decrease in luciferase activi-
ty compared to the control group. However, 
U872M1 or SW1088 cells co-transfected with 
miR-544 and mutant type 3’-UTR of PARK7 

Figure 4. Overexpression of miR-544 inhibits glioma 
cell proliferation in vivo. A. The U87-2M1 glioma 
tumor growth in vivo was determined using tumor 
volume calculated every 5 days after injection. B. 
The representative image for tumor growth in vivo is 
shown. C. The weights of the tumors generated from 
the glioma cells transfected with miR-544 mimic in 7 
cases of nude mices were measured and compared 
with the control groups. Error bars represent SEM. * 
means P<0.05.
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showed no difference in luciferase activity com-
pared to control groups (Figure 5G). 

MiR-544 perform its role in glioma cell devel-
opment by downregulating PARK7 expression 

PARK7(DJ1) protein is involved in the invasion 
and metastasis of the tumor cells [19, 20]. And 
the recent search shows that DJ-1 and β-catenin 
may contribute to the development and recur-
rence of glioma [21]. In the present research, 
short hairpin RNA targeting PARK7 mRNA (si-
PARK7) was exploited to specifically inhibit the 
expression of PARK7 in miR-544-U87-2M1 cell. 
As is shown in Figure 6A, the protein level of 
PARK7 in the cells transfected with si-PARK7 
decreased significantly compared with that in 

the cells with si-control by western blotting 
analysis. The relative level of the PARK7 prote- 
in in the U87-2M1 cells with both miR-544 
mimic and the vector overexpressing the PARK7 
increased by 8 fold compared with that in the 
cells co-tranfected with miR-544 mimic and the 
control vector. However, the relative amount of 
the protein in the U87-2M1 cells co-transfected 
with miR-control and the PARK7 overexpress-
ing vector increased by only 3 fold compared 
with that in the group cells with miR-control and 
the control vector. The results above support 
the points that miR-544 play the same role as 
si-PARK7 in glioma cells and served as a nega-
tive regulator for the PARK7 expression. As 
shown in Figure 6B, inhibition of PARK7 expres-
sion by transfection with si-PARK7 or miR-544 

Figure 5. miR-544 targeted PARK7 by binding to its 3’-UTR. A. The correlation between miR-544 level and PARK7 
mRNA level in 24 cases of glioma tissues was detected using real-time PCR. B. The sequence targeted by miR-544 
in 3’-UTR of PARK7 protein (PARK7-3’UTR wt) and its corresponding mutant containing 4 mutated nucleotides 
(PARK7-3’UTR mut) were identified using bioinformatic analysis. C. The relative level of PARK7 mRNA was measured 
in U87-2M1 glioma cells transfected with miR-544 mimics or miR-control. D. The relative level of PARK7 mRNA was 
detected in SW1088 glioma cells transfected with miR-544 mimics or miR-control. E. The relative level of PARK7 
mRNA was measured in U138 glioma cells transfected with anti-miR-544 or anti-control. F. The protein expression 
levels of PARK7 were detected in the cells transfected with the indicated RNA or DNA moleculars. G. U87-2M1 cells 
were co-transfected with miR-544 mimics and luciferase reporters containing either the predicted miRNA target site 
in PARK7 mRNA 3’-UTR or its corresponding mutant form. The cells co-transfected with miR-control and luciferase 
reporters was exploited as the control group. Error bars represent SEM. *, P < 0.05.
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Figure 6. A. The levels of PARK7 expression in U87-2M1 cells after the transfection of si-PARK7 or the co-transfection of miR-544 and the vector overexpressing 
the PARK7 protein were measured and compared with the control group indicated in Figures. B. The effect of the si-PARK7 or miR-544 mimics transfection on the 
viability of glioma cells that related to the PARK7 expression was detected using MTT assays. C. The effect of the si-PARK7 or miR-544 mimics transfection on the 
cell cycle of glioma cells that related to the PARK7 expression was detected using flow cytometry. D. The effect of the si-PARK7 or miR-544 mimics transfection on 
the apoptosis of glioma cells that related to the PARK7 expression was detected using flow cytometry. E. The effect of the si-PARK7 or miR-544 mimics transfection 
on the migration of glioma cells that related to the PARK7 expression was detected using transwell assays. Each bar represents the mean of three independent 
experiments. Error bars represent SEM. * means P<0.05, ** means P<0.01. 
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decreased U87-2M1 cell viability, while the 
overexpression of PARK7 reversed the sup-
pressive effect of miR-544 on U87-2M1 cell 
viability partially. The G0/G1 phase fractions 
increased but the S and G2/M phase fractions 
decreased as the PARK7 expression was inhib-
ited by the si-PARK7 or miR-544 transfected 
into the cells. And the overexpression of PARK7 
in miR-544-U87-2M1 cells made phase frac-
tions return to the similar level as that in control 
group cells with miR-control and the control 
vector by counteracting the effect of miR-544 
on the glioma cell cycle in part (Figure 6C). In a 
similar manner, si-PARK7 or miR-544 increased 
the apoptotic rate of U87-2M1 cells and inhib-
ited the cell migration by suppressing the 
expression of PARK7. Meanwhile, the overex-
pression of PARK7 canceled the effect of miR-
544 on cell apoptosis and cell migration out 
(Figure 6D and 6E). These findings suggest that 
miR-544 promotes glioma cell proliferation and 
inhibits its apoptosis, partially through target-
ing PARK7.

Discussion

Gliomas have been categorized according to 
their grade. Low-grade gliomas are well differ-
entiated and grow slowly but show a consistent 
tendency to diffusely infiltrate the surrounding 
brain tissue. And the median survival time of 
patients with anaplastic astrocytomas is less 
than 3 years, while for glioblastoma this is less 
than one year [22, 23]. It has been described 
that the expression levels of miR-544 decrea- 
sed significantly in anaplastic gliomas or glio-
blastoma compared with low-grade gliomas 
[24]. Consistent with the previous result report-
ed, we found that miR-544 were significantly 
downregulated in glioma tissues when com-
pared with adjacent normal tissue. The prolif-
eration and the ability of migration and invasion 
of the glioma cells become abated as the level 
of miR-544 was increased (Figure 3A-D). 
However, the apoptosis rate of glioma cells with 
high level of miR-544 decreased. On the basis 
of these results, we considered that miR-544 
may serve as a negative regulator in the tumori-
genesis and development of gliomas. The fur-
ther research showed that miR-544 dramati-
cally decreased the level of PARK7 mRNA and 
inhibited the protein expression in glioma cells 
by binding to the complementary sites within 
the 3’-UTR of PARK7 directly (Figure 5B-G). 

The gene encoding Parkinson Protein 7 which 
is also known as DJ1 was originally identified as 
an oncogene that transforms NIH3T3 cells in 
cooperation with the activated Ras gene [25]. 
Recent studies have demonstrated that the 
gene is expressed at a high level in breast can-
cer, lung cancer, prostate cancer and ovarian 
cancer [26, 27]. PARK7 regulates cell cycle pro-
gression or inhibits the cell apoptosis by bind-
ing to p53BP3, p53 [28], DAXX (death domain-
associated protein), ASK1 (Apoptosis signal-
regulating kinase 1) [29, 30] and PTEN 
(Phosphatase with tensin homology) [31]. It has 
been recently recorded that the protein acts as 
an EMT-positive regulator in breast cancer cells 
via regulation of the KLF17/ID-1 pathway [32] 
and the protein underexpression significantly 
inhibited invasion and migration of gastric can-
cer cells [33]. In accordance with the previous 
results described in other cell lines, we found 
that the knockdown of PARK7 protein using the 
transfection of si-PARK7 into U87-2M1 glioma 
cells inhibits the cell proliferation through in- 
creasing the percentage of G1/G0 phase cells 
but decreasing that of S or G2/M phase cells, 
and promotes the cell apoptosis to play a ne- 
gative role in the development of tumor cells 
(Figure 6B-E).

The majority of microRNAs are known to regu-
late target mRNAs by binding to the 3’-UTR of 
target gene in a post-transcriptional manner 
[6]. A target sequence of miR-544 on the 3’UTR 
of PARK7 mRNA was identified using Targetscan 
5.0 and demonstrated according to the decrea- 
sed level of PARK7 mRNA and protein in glioma 
cells after the transfection of miR-544 mimics. 
The direct targeting was further supported 
through luciferase reporter assay. The effect of 
miR-544 on the glioma cell proliferation, migra-
tion and invasion and cell apoptosis were simi-
lar to that of si-PARK7 and significantly attenu-
ated by the overexpression of PARK7 (Figure 
6B-E). As a result, it is reasonable that miR-544 
inhibit glioma cell proliferation and migration 
but induce cell apoptosis by suppressing the 
PARK7 expression. The negative role of miR-
544 in tumor growth may provide a possibility 
to treat gliomas using a new strategy in the 
future.
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