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Abstract: MicroRNAs (miRNAs) are small non-coding RNA molecules that regulate gene expression at the post-
transcriptional level. Compelling evidence shows that there are causative links between miRNAs abnormal regu-
lation and the development of cancer. miR-505 has been reported to be aberrant expression and functions as 
a tumor suppressor in many human cancers, but its roles and potential molecular mechanism in glioma remain 
unclear. Here, we found that the expression levels of miR-505 were down-regulated in glioma tissues and cell lines. 
Exogenous over-expression of miR-505 resulted in inhibited cell proliferation and invasion in glioma in vitro. Further-
more, dual luciferase reporter assay and western blot analysis confirmed that IGF1R (Insulin like growth factor 1 
receptor) was a direct target gene of miR-505 in glioma. More importantly, over-expression of IGF1R rescued miR-
505-mediated inhibition of cell proliferation and invasion in glioma in vitro. Taken together, our results suggest that 
miR-505 acts as a tumor suppressor in glioma via direct negative regulation of IGF1R, which may provide a novel 
therapeutic strategy.
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Introduction

Glioma is the most common malignant primary 
brain tumor in the central nervous system, 
which exhibits a spectrum of aggressive phe- 
notypes with high morbidity and mortality [1]. 
Despiteadvances in therapeutic treatment, 
such as surgery, chemotherapy, and radiother-
apy, the overall survival of patients with glioma 
is still unsatisfactory [2, 3]. Therefore, it is nec-
essary to identify the potential molecular 
mechanism involved in the development of glio-
ma and find novel therapeutic targets.

MicroRNAs (miRNAs) are small non-coding 
RNAs that control gene expression by antisense 
complementarity to the 3’-untranslated regi- 
ons (3’-UTRs) of mRNA, leading to either mRNA  
degradation or translational inhibition [4-6]. 
Accumulating evidence has been reported that 
miRNAs are aberrantly expressed and play 
oncogenic or tumor suppressor gene roles in 
various types of human tumors [7, 8]. Studies 

also find that miRNAs are involved in various 
biologic processes of cancer, including cell 
growth, migration, invasion, and apoptosis [9, 
10].

miR-505 is derived from the pre-miR-505, 
which has been reported deregulated in differ-
ent types of human tumors. For example, miR-
505 acts as a tumor suppressor gene in endo-
metrial cancer by targeting TGF-α [11]. MiR-505 
has been identified to function as a tumor sup-
pressor in breast cancer [12]. A recent study 
shows that miR-505 inhibits cell metastasis 
and epithelial mesenchymal transition (EMT) in 
nasopharyngeal carcinoma [13]. However, little 
is known about the biological function and 
potential molecular mechanism of miR-505 in 
glioma.

Here, we found that miR-505 was significantly 
down-regulated in glioma tissues and cell lines. 
Further experiments revealed that miR-505 
acts as a tumor suppressor in glioma cell lines 

http://www.ijcep.com


miR-505 acts as a tumor suppressor in glioma

4406 Int J Clin Exp Pathol 2018;11(9):4405-4413

and exogenous over-expression of miR-505 
resulted in inhibited cell proliferation and inva-
sion in glioma in vitro. The IGF1R (Insulin like 
growth factor 1 receptor) was predicted by bio-
informatics analysis as a target gene of miR-
505, which was validated by dual luciferase 
reporter assay and western blot analysis. In 
addition, we also found overexpression of 
IGF1R partly reversed miR-505-mediated inhi-
bition of cell proliferation and invasion in glio-
ma in vitro. These data indicated that miR-505 
acts as a tumor suppressor in glioma by target-
ing IGF1R and its restoration might be a possi-
ble therapeutic strategy against this disease.

Material and methods

Clinical specimen collection and total RNA 
isolation

Forty tissue specimens of glioma were obtained 
from the Department of Neurosurgery, People’s 
Hospital Affiliated of Guizhou Medical University 
(Guiyang, China) between January 2011 and 
December 2014. The matched normal brain 
tissues were taken from the distal end of the 
operative excisions (far from the tumor). All 
specimens were confirmed by pathological 
diagnosis and classified with 2007 World 
Health Organization (WHO) criteria [14]. Twelve 
of the 40 tissue specimens were classified as 
low-grade (3 in I, 9 in II), and 28 tissue speci-
mens were classified as high-grade (16 in III,  
12 in IV). This study was approved by Tissue 
Committee and Research Ethics Board of 
People’s Hospital Affiliated of Guizhou Medi- 
cal University. All patients provided written in- 
formed consent in compliance with ethics of 
the World Medical Association (Declaration of 
Helsinki). All samples were snap-frozen in liquid 
nitrogen immediately, and then stored at -80°C 
until use. Total RNA was isolated from tissues 
and cells by TRIzol (Invitrogen, Carlsbad, CA, 
USA), according to the manufacturer’s proto-
cols. The RNA was immediately frozen stored at 
-80°C until further experiments.

Eagle’s medium (DMEM; Invitrogen, Carlsbad, 
CA, USA) supplemented with 10% fetal bovine 
serum (FBS; Invitrogen, Carlsbad, CA, USA), 
100 μg/ml streptomycin and 100 U/ml penicil-
lin, and cultured in a humidified atmosphere of 
5% CO2 at 37°C.

miR-505 mimics (mimics) and corresponding 
negative control (NC), the human IGF1R over-
expressed plasmid (pCDNA3.1+ IGF1R) and 
empty vector (pCDNA3.1+) were brought form 
GenePharma Co., Ltd (Shanghai, China). These 
molecular products were transfected into U87 
and U251 cells by Lipofectamine 3000 (Invi- 
trogen, Carlsbad, CA, USA) when cells were 
grown to 70-75% confluence, according to the 
supplier’s protocols.

Quantitative real-time PCR

For detect miR-505 expression, reverse tran-
scription was performed by TaqMan MicroRNA 
Reverse Transcription kit (Applied Biosystems, 
Foster City, CA, USA) according to the manufac-
turer’s protocols. To detect IGF1R mRNA ex- 
pression, the complementary DNA (cDNA) was 
synthesized by using a Reverse Transcriptase 
M-MLV (Takara, Dalian, China). Quantitative 
real-time PCR was performed by using a 
Taqman MicroRNA Assay Kit (Applied Bio- 
systems, Foster City, CA, USA) on ABI PRISM 
7900 Sequence Detection System (Applied 
Biosystems, Foster City, CA, USA). U6 and 
GAPDH were used as internal controls. The 
primer sequences are shown in Table 1. The 
miR-505 and IGF1R mRNA expression levels 
were normalized to those of U6 and GAPDH, 
respectively, by using the 2-ΔΔCt method [15].

Target gene prediction and dual luciferase 
reporter assay

Based on bioinformatics analysis (http://www.
microrna.org), IGF1R was selected as candi-
date target gene of miR-505. The 3’-UTR se- 

Table 1. The information of primers for quantitative real-
time PCR
Gene Forward (5’-3’) Reverse (5’-3’)
miR-505 GGGAGCCAGGAAGTATTGAUGT Universal primer
U6 CTCGCTTCGGCAGCAC ACGCTTCACGAATTTGC
IGF1R GCCTTGGTCTCCTTGTCC TCCCAGTCCCACAGTTGC
GAPDH CAAGGTCATCCATGACAA GTCCACCACCCTGTTGCTG

Cell culture and cell transfection

Human U87 and U251 glioma cell 
lines and a normal neuronal cell line 
primary human fetal glial cell (PHFG) 
were purchased from Shanghai In- 
stitutes for Biological Sciences, 
Chinese Academy of Sciences (Sh- 
anghai, China). These cells were 
incubated in Dulbecco’s modified 
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quences of IGF1R containing putative binding 
sites of miR-505 was amplified and cloned into 
the dual-luciferase reporter vector pGL4.15 
(Promega, Madison, WI, USA) termed as: wild-
type (WT)-IGF1R. A mutant plasmid in miR-505 
binding sites of IGF1R 3’UTR region was ge- 
nerated by Quick Change Site-Directed Muta- 
genesis Kit (Takara, Dalian, China), and also 
cloned into pGL4.15 vector termed as: mutant 
(MUT)-IGF1R. The WT and MUT recombinant 
reporter vectors were confirmed by Sanger  
DNA sequencing. For dual luciferase reporter 
assay, U87 and U251 cells were co-transfected 
with the mimics or NC by Lipofectamine 3000 
in a 24-well plate followed by the WT and  
MUT recombinant reporter vectors. Twenty-four 
hours later, luciferase activity was measured by 
using a Dual-Luciferase Reporter Assay Kit 
(Promega, Madison, WI, USA) according to the 
protocols provided by manufacturer. The Firefly 
luciferase activity was used to normalize the 
Renilla luciferase activity for each individual 
analysis.

Western blot analysis 

Total protein of cells was isolated by ice-cold 
RIPA buffer (Invitrogen, Carlsbad, CA, USA), and 
quantitated by a BCA kit (Millipore, MA, USA) 
according to the manufacturer’s protocols. The 
protein samples were separated in 12% SDS-
PAGE and transferred onto a polyvinylidene  
fluoride membrane (PVDF; Millipore, Billerica, 
MA, USA). After that, the membrane was block- 
ed in 5% non-fat milk overnight and incubated 
with the mouse against human IGF1R monoclo-
nal antibody (ab16890; 1:1000; Abcam, Cam- 
bridge, MA, USA) and mouse against human 
GAPDH monoclonal antibody (sc-365062; 1: 
5000; Santa Cruz Biotechnology, Inc., Santa 
Cruz, CA, USA) at 37°C for 2 h. After washing 
with TBST buffer (Beyotime, Shanghai, China), 
the membrane was incubated with the HRP-
conjugated goat anti-mouse secondary anti-
body (sc-2005; 1:2000; Santa Cruz Biotech- 
nology, Inc. Santa Cruz, CA, USA) for 1 h at 
37°C. The protein band was detected by using 
an enhanced chemiluminescence (ECL)-based 
detection system (Millipore, MA, USA).

MTT assay

To determine miR-505 on cell proliferative 
capacity in glioma in vitro, U87 and U251  
cells were examined by using the 3-(4,5-di- 
methylthiazol-2-yl)-2,5-diphenyltetrazolium bro-

mide (MTT) assay. Human U87 and U251 cells 
were seeded in 96-well plates at a density of 
6000 cells per well and allowed to grow for 24 
h, and then transfected with mimics and NC or 
pCDNA3.1+ IGF1R or empty vector on the next 
day. After transfection, 30 µl MTT (5 mg/ml; 
Sigma, USA) was added in each well and incu-
bated at 37°C for 4 hours. The MTT assay was 
used to determine relative cell viability at 0, 24, 
48 and 72 h. After dissolving the formazine 
granular of each well with 200 µl DMSO (Sigma, 
USA), the optical density (OD) at 570 nm was 
measured by using a microplate reader (Model 
354; Thermo Fisher Scientific; Waltham, MA, 
USA).

Cell invasion assay

Cell invasion ability was evaluated by using 
trans-well assay. In briefly, transfected cells 
(about 6 × 104 cell/well) in DMEM medium were 
seeded into the upper well of the matrigel-coat-
ed invasion chamber (8-μm pore; BD Biosci- 
ences; Franklin Lakes, NJ, USA). The lower 
chamber was filled with DMEM medium with 
10% FBS as the nutritional attractant. After 
cells had been cultured at 37°C for 48 h, cells 
remaining on the upper side of the membrane 
were removed, while cells that had migrated to 
the lower surface of the membrane were fixed 
with 75% ethanol (Sigma, USA) for 30 min and 
stained with 0.1% crystal violet (Sigma, USA) for 
15 min. The invaded cells were photographed 
under × 200 magnification and counted in five 
randomly selected fields for each well using a 
light microscope (Olympus, Japan).

Statistical analysis 

The SPSS 18.0 software (SPSS Inc; Chicago, IL, 
USA) was used to perform statistical analysis. 
Data was shown as the mean ± standard devia-
tion (SD) from at least three times independent-
ly experiments. Student’s t-test or ANOVA was 
used to determine statistical significance. A 
value of P<0.05 was considered significant.

Results

Expression levels of miR-505 in glioma tissues 
and glioma cell lines

The expression of miR-505 in 40 pairs of 
patient specimens was determined by quantita-
tive real-time PCR. As shown in Figure 1A, the 
expression of miR-505 in glioma tissues was 
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significantly decreased compared with matched 
normal brain tissues (P<0.05).

In addition, quantitative real-time PCR was al- 
so applied to detect miR-505 expression in 
human U87 and U251 glioma cell lines and a 
primary human fetal glial cell (PHFG). Interes- 
tingly, the data showed that the expression lev-
els of miR-505 was lower in U87 and U251 cells 
than that in PHFG cell (Figure 1B, P<0.05).

Restoration of miR-505 inhibited cell growth in 
glioma in vitro

To illustrate the role of miR-505 in the growth of 
glioma cells, U87 and U251 cells were trans-
fected with mimics or NC, then cell proliferation 
ability was determined by MTT assay. Increased 
expression of miR-505 in both U87 and U251 
cells transfected with the mimics was con-
firmed by quantitative real-time PCR assay 
(Figure 2A, P<0.05). The data revealed that 
over-expression of miR-505 significantly de- 
creased the proliferation of U87 (Figure 2B) 
and U251 (Figure 2C) cells compared with cells 
treated with NC (P<0.05). 

Figure 1. Expression levels of miR-505 in glioma tissues and glioma cell lines. A. Quantitative real-time PCR analy-
sis of miR-505 expression in glioma tissues and matched normal brain tissues. B. Expression levels of miR-505 in 
human glioma cell lines (U87 and U251) and a primary human fetal glial cell (PHFG). U6 was used as an internal 
control. *P<0.05.

Figure 2. Restoration of miR-505 inhibited cell 
growth in glioma in vitro. (A) The expression levels of 
miR-505 were detected in mimics or NC transfected 
cells by quantitative real-time PCR. Mimics: miR-505 
mimics; NC: corresponding negative control. The 
U87 (B) and U251 (C) cells were transfected with 
the mimics or NC, and MTT assay was used to deter-
mine cell growth ability at 0, 24, 48 h and 72 h. MTT: 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide. *P<0.05.
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Over-expression of miR-505 suppressed cell 
invasion in glioma in vitro

In parallel, we analyzed trans-well assay to 
evaluate the effect of miR-505 on the invasion 
capacity of glioma cells. The results showed 
that restoration of miR-505 markedly inhibited 
invasion in U87 and U251 cells compared with 
cells treated with NC (Figure 3, P<0.05). These 
results indicated that miR-505 served as a 
tumor suppressor in glioma.

miR-505 targeted the 3’-UTR of IGF1R tran-
script and negatively regulated its expression

To explore the potential molecular mechanism 
of miR-505 in glioma cells, bioinformatics anal-
ysis was used to identify the target gene of 
miR-505. Considering the associated genes 
that accounted for cell growth and invasion, 
insulin like growth factor 1 receptor (IGF1R), 
was chosen for further experiments.

Base-pairing complementation revealed that 
the 3’-UTRs of IGF1R mRNA contained a puta-
tive binding site of miR-505 (Figure 4A). To 
determine whether IGF1R was a directly target 
gene of miR-505, dual luciferase reporter assay 
was performed. The mimics or NC was then  
co-transfected with the WT and MUT recombi-
nant reporter vectors into U87 and U251 cells. 
Interestingly, we found that co-transfection of 
mimics and the WT recombinant reporter vec-
tor caused a significant decrease in luciferase 
activity in U87 cell compared with the controls. 

However, cotransfection of the MUT recombi-
nant reporter vector and mimics failed to alter 
the luciferase activity (Figure 4B, P<0.05). 
Similar findings were observed in U251 cell 
(Figure 4B, P<0.05).

Quantitative real-time PCR and western blot 
analysis were used to determine whether miR-
505 retarded endogenous IGF1R expression in 
glioma cells. Over-expression of miR-505 dra-
matically suppressed the endogenous mRNA 
and protein levels of IGF1R in U87 and U251 
cells (Figure 4C, P<0.05). These data strongly 
support IGF1R as a target gene of miR-505 in 
glioma.

Up-regulation of IGF1R rescued the inhibitory 
effect effects of miR-505 on glioma cells

To confirm the functional relevance of IGF1R 
targeting by miR-505, we evaluated whether 
IGF1R over-expression could rescue the inhibi-
tory effects of miR-505 on glioma cells. U87 
and U251 cells were co-transfected with mim-
ics and pCDNA3.1+ IGF1R over-expression 
plasmid or pCDNA3.1+ empty vector. Quanti- 
tative real-time PCR and western blotwere also 
applied to validate IGF1R expression. Increased 
expression of IGF1R in U87 and U251 cells 
transfected with the pCDNA3.1+ IGF1R over-
expression plasmid was confirmed (Figure 5A, 
P<0.05). In addition, our results revealed that 
the enforced expression of IGF1R rescued the 
inhibitory effects of miR-505 on cell prolifera-
tion and invasion in glioma in vitro (Figure 5B 

Figure 3. Over-expression of miR-505 suppressed cell invasion in glioma in vitro. Invasion of U87 and U251 cells 
following mimics or NC transfection was analyzed by transwell assay. Representative photographs were shown 
(magnification, 200 ×). *P<0.05.
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Figure 4. MiR-505 targeted IGF1R and negatively regulated its expression. A. The predicted miR-505 binding site 
on the IGF1R mRNA 3’-UTR are shown. B. U87 and U251 cells were transfected with the WT and MUT recombinant 
reporter vectors as well as the mimics or NC. C. Measurement of IGF1R mRNA and protein expression levels by 
quantitative real-time PCR and Western blot analysis. The endogenous expression levels of GAPDH was used an 
internal control. WT: wild-type; mutant: MUT; 3’-untranslated regions: 3’-UTR. *P<0.05.

and 5C, P<0.05). These results suggested that 
miR-505 inhibited cell growth and invasion in 
glioma by suppressing IGF1R expression.

Discussion

Glioma is one of the most devastating tumors 
because it often exhibits locally aggressive 
behaviors [1]. Development of glioma as a re- 
sult of genetic alteration that accumulates 
throughout tumor cell progression. Therefore, 
elucidation of a molecular mechanism, in par-
ticular the one associated with cell growth and 
metastasis, is critical to understand glioma 
prognosis and response to its treatment.

In recent years, accumulated evidence has 
shown that miRNAs play fundamental roles in 

the growth and metastasis of glioma cells, act-
ing as either tumor suppressor or oncogene. 
miR-10b [16], miR-17 [17], miR-19a [17], miR-
23a [18] and miR-92b [19, 20] have been 
shown to promote the development and pro-
gression of glioma. In contrast, miR-145 [21], 
miR-204 [22], miR-214 [23], miR-217 [24] and 
miR-495 [25] have been implicated as tumor 
suppressors in glioma. However, the role and 
potential mechanism of miR-505 in glioma has 
not been identified.

The suppressive miR-505 has been reported to 
be down-regulated in various types of tumors 
[11-13]. In present study, we showed that miR-
505 was significantly down-regulated in glioma 
tissues and cell lines. Restoration expression 
of miR-505 inhibited cell growth and invasion 



miR-505 acts as a tumor suppressor in glioma

4411 Int J Clin Exp Pathol 2018;11(9):4405-4413

in glioma in vitro. Our results supported that 
miR-505 act as a tumor suppressor in glioma. 
To further investigate the molecular mecha-
nism of miR-505 in glioma, bioinformatic analy-
sis was used to identify the potential target 
gene of miR-505. 3’-UTR of IGF1R was found to 
exist a binding site for miR-505. Dual luciferase 

reporter assay, quantitative real-time PCR and 
western blot confirmed that IGF1R was a target 
gene of miR-505. 

IGF1R is a member of the insulin receptor fam-
ily of receptor tyrosine kinases, which is up-
regulated and acts as an oncogene in many 

Figure 5. Over-expression of IGF1R rescued the inhibitory effects of miR-505 on glioma cells. A. IGF1R expression 
on mRNA and protein levels in U87 and U251 cells transfected with pCDNA3.1+ IGF1R over-expression plasmid or 
pCDNA3.1+ empty vector was detected by quantitative real-time PCR and Western blot, respectively. B. Cell prolif-
eration was determined in U87 and U251 cells transfected with mimics with pCDNA3.1+ IGF1R over-expression 
plasmid or pCDNA3.1+ empty vector. C. The invasion of U87 and U251 cells was detected by transwell assay after 
treated with mimics with pCDNA3.1+ IGF1R over-expression plasmid or pCDNA3.1+ empty vector. Representative 
photographs were shown (magnification, 200 ×). *P<0.05.
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cancers [26]. Recently, evidence has support-
ed a tumor promoter role of IGF1R in carcino-
genesis [27]. Additionally, some studies have 
noted the role of miRNAs in the regulation of 
IGF1R expression in cancers. For example, Yen 
et al., [28] reports that miR-99a functions as a 
tumor suppressor gene by targeting IGF1R in 
oral squamous cell carcinoma. Qian et al. 
showed [29] that miR-143 inhibited tumor cell 
growth and angiogenesis by suppressing IGF1R 
in colorectal cancer. Gong et al. [27] illustrates 
that tumor suppressor role of miR-133a in gas-
tric cancer by regulating IGF1R. In this study, 
we observed that restoration of miR-505 dra-
matically suppressed the endogenous mRNA 
and protein levels of IGF1R in glioma cells. 
Furthermore, over-expression of IGF1R rescu- 
ed the inhibitory effects of miR-505 on glioma 
cells. These results suggested that miR-505 
exerted tumor suppressor role in glioma, at 
least in part, by suppressing IGF1R expres- 
sion.

In summary, the present study is, to the best  
of our knowledge, the first to report that miR-
505 inhibited cell proliferation and invasion in 
glioma and exerted inhibitory roles by directly 
targeting IGF1R expression. Our data provided 
a novel insight into the molecular mechanism 
of the pathogenesis of glioma. Targetingthe 
miR-505/IGF1R axis may be a promising the- 
rapeutic strategy to treat patients with glioma 
in the future.
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