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Abstract: Glioma accounts for the majority of primary malignant brain tumors in adults and is highly aggressive. 
Although various therapeutic approaches have been applied, outcomes of glioma treatment remain poor. Acquiring 
a better understanding of the pathogenic mecha nisms is essential to the design of effective therapeutic strategies. 
Previous studies have found that miR-520d-5p was negatively correlated with glioma grade, but its role and mecha-
nism in glioma progression remain largely unknown. In the present study, we reported that miR-520d-5p directly 
targeted the Pituitary Tumor Transforming Gene 1 (PTTG1) and functioned as a tumor-suppressor in glioma. The 
expression of miR-520d-5p in glioma cells and specimens were detected by Quantitative reverse transcription-PCR 
and Fluorescence in situ hybridization (FISH). The effects of miR-520d-5p on glioma progression was examined by 
cell-counting kit 8, colony formation, 5-ethynyl-2-deoxyuridine (EDU) and flow cytometry assays. Using bioinformat-
ics and luciferase reporter assays, we identified PTTG1 as a novel and direct target of miR-520d-3p. A xenograft 
model was used to study the effect of miR-520d-5p on tumor growth and angiogenesis. We found that miR-520d-5p 
expression was significantly decreased in glioma cell lines and tissues. Overexpression of miR-520d-5p showed a 
significant inhibitory effect on cell proliferation and accompanied cell cycle G0/G1 arrest in U87-MG and LN229 
glioma cells. PTTG1 was a novel and direct target of miR-520d-5p, and the protein expression of PTTG1 was mark-
edly reduced after overexpression of miR-520d-5p in U87-MG and LN229 cells. Overexpression of PTTG1 reversed 
the inhibitory effect of miR-520d-5p on glioma cell proliferation. In vivo studies confirmed that miR-520d-5p over-
expression retarded the growth of U87 xenograft tumors, which was accompanied by reduced expression of PTTG1. 
In conclusion, these results provide compelling evidence that miR-520d-5p functions as an anti-onco-miRNA, which 
is important in inhibiting cell proliferation in GBM, and its anti-oncogenic effects are medi ated chiefly through direct 
suppression of PTTG1 expression. Therefore, we suggest that miR-520d-5p is a potential candidate for the preven-
tion of glioblastoma.
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Introduction

Glioma is the most common cancer in central 
nervous system, accounting for about 80% of 
malignant tumors in brain [1]. According to 
World Health Organization (WHO) classification, 
Glioma is histologically graded as I-IV [2]. Glio- 
blastoma (GBM), a grade IV glioma, is the most 
aggressive type with median survival of 12-15 
months [3]. Despite the advances in treatment 
strategies, such as surgical resection, radiation 
therapy and chemotherapy, the prognosis of 

glioblastoma remains poor [3, 4]. Recent stud-
ies have made a number of important achieve-
ments in molecular targeted therapy [5, 6], 
however, the underlying molecular mechanisms 
of glioma malignancy remain largely unknown. 
Therefore, it is essential to reveal the molecular 
mechanisms of glioma tumorigenesis and to 
develop effective treatment methods.

MicroRNAs (miRNAs) are a family of small endo- 
genous, non-coding, single RNA molecules that 
play important roles in gene expression by bind-
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ing to the 3’ untranslated region (3’-UTRs) of 
the target gene mRNA, resulting in mRNA cleav-
age or translation repression [7]. Approximately 
one third of the human genes might be regu-
lated by miRNAs and each miRNAs could target 
tens to hundreds of mRNAs [8]. As their target 
genes include many oncogenes and tumor sup-
pressors, most scientists speculate that miR-
NAs play vital roles in human cancers [9]. In 
recent years, an expanding body of evidences 
has documented that the dysregulation of miR-
NAs is indeed involved in various physiological 
and pathological processes, such as cell prolif-
eration, cell cycle progression, migration, meta- 
bolism, apoptosis, differentiation, autophagy 
etc [10, 11]. In glioma, numerous of tumor-pro-
moting [12, 13] and tumor-suppressing miR-
NAs [14, 15] have been identified. Our prelimi-
nary experiments showed that miR-520d-5p 
was decreased in glioma and its expression 
was negatively correlated with the pathological 
grade. However, the role and mechanism of 
miR-520d-5p in glioma has not been reported 
so far.

Pituitary tumor-transforming gene (PTTG), was 
originally identified using a messenger (m) RNA 
differential display polymerase chain reaction 
(PCR) technique in mouse pituitary tumor GH4 
cell lines [16], Subsequent studies demonstrat-
ed its function as a securin, mediating sister 
chromatid separation during mitosis [17]. The 
human PTTG family has been found to contain 
at least three homologous proteins PTTG1, 
PTTG2 and PTTG3, of which PTTG1 has been 
studied in detail [18]. Human PTTG1 is located 
on chromosome 5q33 [19] and its cDNA 
encodes a protein of 203 amino acids, which is 
mainly located in the cytoplasm with partial 
nuclear localization [20]. PTTG1 is a multifunc-
tional protein with roles in the control of mitosis 
[21], cell transformation [22], DNA repair [23] 
and fetal development [24]. Most importantly, 
the expression of PTTG1 in most normal tis-
sues is restricted. Conversely, it is abundantly 
expressed in a variety of endocrine-related tu- 
mors, for instance pituitary [25], breast tumors 
[26] and thyroid [27], and as well as non-endo-
crine-related cancers including the digestive 
[28], respiratory [29] and nervous systems 
[30]. With respect to patients with glioma, 
NOBUYUKI GENKAI et al has reported that 
PTTG1 protein is overexpressed in high-grade 
astrocytomas compared to low-grade astrocy-
tomas [30], and our experiments also showed 

that PTTG1 was indeed highly expressed in gli-
oma cells. Thus highlighting the need for fur-
ther investigation of PTTG expression and func-
tion in glioma.

In the present study, we investigated miR-520d- 
5p expression in both Clinical specimens and 
from commonly used glioma databases. The 
result demonstrated that miR-520d-5p was low 
expressed in glioma, and miR-520d-5p expres-
sion correlated negatively with PTTG1 protein 
levels. Up-regulation of miR-520d-5p leaded to 
decrease expression of PTTG1. Moreover, we 
demonstrated that PTTG1 is a direct target of 
miR-520d-5p. We then sought to understand: 
(i) what are the roles of miR-520d-5p in tumor 
growth; (ii) the potential direct target of miR-
520d-5p that may be involved in glioma devel-
opment; (iii) Whether miR-520d-5p overexpres-
sion causes cell proliferation inhibition and cell 
cycle arrest via its direct target; (iv) the role 
miR-520d-5p has in glioma cell growth in nude 
mice. Generally speaking, the answers of these 
questions will provide new insights into the 
molecular mechanism of glioma development 
and will help develop a unique miRNA-based 
therapy for GBM management.

Materials and methods

Ethics statement 

The study has been conducted in accordance 
with the ethical standards and according to the 
Declaration of Helsinki and national and inter-
national guidelines. This study was approved by 
The Research Ethics Committee of Nanjing 
Medical University (Nanjing, Jiangsu, China). 
Written informed consent was obtained from all 
patients, and the hospital ethics committee 
approved the experiments.

Public datasets 

Microarray miRNA expression data for 158 glio-
mas were downloaded from the Chinese Glioma 
Genome Atlas (CGGA) data portal (http://www.
cgga.org.cn.portal.phpg). Whole genome mRNA 
expression microarray data and clinical infor-
mation of 158 glioma samples were obtained 
from Chinese Glioma Genome Atlas (CGGA) 
database (http://www.cgga.org.cn) and used 
as discovery set [31]. Three validation sets are 
The Cancer Genome Atlas database (TCGA, 
http://tcga-data.nci.nih.gov/), Repository of 
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Molecular Brain Neoplasia Data (REMBRANDT, 
http://caintegrator.nci.nih.gov/rembrandt/) 
and GSE4290 data (https://www.ncbi.nlm.nih.
gov/geo/query/acc.cgi?acc=GSE4290).

Tissue samples and cell lines 

Human GBM cell lines U87-MG, LN229, U118, 
A172, U251 and H4 were obtained from the 
Chinese Academy of Sciences Cell Bank (Shang- 
hai, China), and were cultured in Dulbecco’s mo- 
dified Eagle’s medium (DMEM, SH30022.01B, 
Hyclone, UT, USA) supplemented with 10% fetal 
bovine serum (10082147, Gibco, MD, USA), 
100 units of penicillin/mL, and 100 ng of strep-
tomycin/mL. Normal human astrocytes (NHAs) 
were obtained from Lonza (Basel, Switzerland) 
and cultured in the provided astrocyte growth 
media supplemented with rhEGF, insulin, ascor-
bic acid, GA-1000, L-glutamine and, 5% FBS. All 
the cells were incubated at 37°C in a humidi-
fied atmosphere with 5% CO2. Eight normal 
brain tissues were collected from patients 
undergoing internal decompression surgery fol-
lowing severe traumatic brain injury. Thirty one 
human glioma tissues, including twelve low-
grade glioma tissues (grade-I and grade-II) and 
nineteen high-grade glioma tissues (grade-III 
and grade-IV) were obtained from the Depart- 
ment of Neurosurgery, The First Affiliated Hospi- 
tal of Nanjing Medical University. Glioma speci-
mens were verified and classified by two experi-
enced clinical pathologists according to the 
WHO standard classification of tumors.

Western blot analysis 

Western blot analysis was performed as de- 
scribed previously [32]. Briefly, Cells or tissues 
were lysed on ice for 30 min in radio immuno-
precipitation assay buffer (150 mM NaCl, 100 
mM Tris, pH 8.0, 0.1% sodium dodecyl sulfate 
[SDS], 1% Triton X-100, 1% sodium deoxycho-
late, 5 mM EDTA, and 10 mM NaF) supplement-
ed with 1 mM sodium vanadate, 2 mM leu-
peptin, 2 mM aprotinin, 1 mM phenylmethylsul-
fonyl fluoride, 1 mM dithiothreitol, and 2 mM 
pepstatin A. The lysates were centrifuged at 
12000 rpm at 4°C for 15 min, the superna-
tants were collected, and protein concentra-
tions were determined using the bicinchoninic 
acid assay (KenGEN, Jiangsu, China). Protein 
extracts were separated by SDS-polyacrylamide 
gel electrophoresis and transferred to polyvi-
nylidene difluoride membranes (Thermo Fisher 

Scientific, MA, USA) in transfer buffer (20 mM 
Tris, 150 mM glycine, 20% [volume/volume] 
methanol). Membranes were blocked with 5% 
nonfat dried milk for 2 h and incubated with pri-
mary antibodies. An electrochemiluminescence 
detection system (Thermo Fisher Scientific) 
was used for signal detection. Immun- 
oblot analysis used the following primary anti-
bodies: PTTG1 (ab79546), CD31 (ab28364), 
Ki67 (ab15580) and Actin (ab8226) were 
obtained from Abcam (Cambridge, UK). Cyclin 
E1 (#4129), CDK2 (#2546) and CDC2 (#9116) 
were purchased from Cell Signaling Technology 
(Massachusetts, USA).

Oligonucleotides, plasmid construction, and 
transfection

Hsa-miR-520-5p mimic and hsa-miR-ctrl were 
chemically synthesized by Ribobio (Guangzhou, 
China). Small interfering (Si) PTTG1 and control 
si-non-coding (siNC) oligonucleotides were pur-
chased from GenePharma (Shanghai, China). 
The PTTG1-targeting sequence of siRNA was 
5’-GCCUUACCUAAAGCUACUATT-3’ and 5’-UAG- 
UAGCUUUAGGUAAGGCTT-3’. The siRNA negati- 
ve control sequence was 5’-UUCUCCGAACGUG- 
UCACGUTT-3’ and 5’-ACGUGACACGUUCGGAGA- 
ATT-3’. The PTTG1-overexpression plasmid was 
generated by inserting the PTTG1-coding region 
into a pcDNA3.1 vector. The plasmid was se- 
quenced verified by Genepharma. All oligonu-
cleotides and plasmids were transfected into 
cells using Lipofectamine 2000 Transfection 
Reagent (Invitrogen) according to the manufac-
turer’s instructions.

Lentiviral packaging and establishment of sta-
bly transduced cell lines

A lentiviral packaging kit was purchased from 
Genechem (Shanghai, China). A lentivirus carry-
ing hsa-miR-520d-5p or hsa-miR-negative con-
trol (miR-ctrl) was packaged in the human 
embryonic kidney cell line, 293T, and the viri-
ons were collected according to the manufac-
turer’s instructions. Stable cell lines were 
established by infecting U87-MG cells and 
LN229 cells with lentiviruses, followed by puro-
mycin selection.

RNA isolation and quantitative real-time PCR 
(qPCR)

RNA was isolated from harvested cells or 
human tissues with Trizol reagent according to 
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the manufacturer’s instructions (Life Technolo- 
gies, CA, USA) following the manufacturer’s pro-
tocol. A stem-loop–specific primer method was 
used to measure the expression levels of miR-
520d-5p, as described previously [33, 34]. 
Expression of U6 was used as an endogenous 
control [35]. The cDNAs were amplified by qRT-
PCR using SYBR Premix Ex Taq (Takara) on a 
7900HT system, Primers were purchased from 
Ribobio. Data were analyzed using the 2-ΔΔCt 
method, and U6 RNA was used as endogenous 
control.

Cell proliferation assay

For the cell counting kit-8 (CCK-8) assay, sta-
bled transfected U87-MG and LN229 cells were 
seeded in 96-well plates, and then cells were 
cultured for 24, 48, 72 and 96 h before per-
forming the CCK-8 assay (Dojindo, Japan). After 
a 1 h incubation with CCK-8 at 37°C, absor-
bance (OD value) at a wave length of 450 nm 
was detected and used for calculating cell 
viability.

For the colony formation assay, cells were har-
vested 24 h after transfection and then seeded 
in a new six-well plate (300 cells/well) and cul-
tured for approximately 2 weeks until colony 
formation was observed. Colonies were fixed 
with methanol and stained with 1% crystal vio-
let (Sigma, USA). A colony was considered to be 
450 cells. Colony formation rate was used to 
calculate post-transfection cell survival rate.

For the 5-ethynyl-2-deoxyuridine (EDU) prolifer-
ation assay, the Cell-Light EDU imaging detec-
tion kit was purchased from Life Technologies 
(MA, USA). Cells which had been transfected 
48 h previously were incubated with 10 μM 
EDU for 24 h, fixed, permeabilized, and stained 
with both the Alexa-Fluor 594 reaction cocktail 
for EDU and Hoechst 33342 for cell nuclei, 
according to the manufacturer’s protocol. 
Finally, samples were imaged under a fluores-
cent microscope. 

Flow cytometric analysis of the cell cycle

The glioma cells from each group were cultured 
in six-well plates for 48 h after transfection of 
lentivirus and/or plasmids, then trypsinized 
and collected by centrifugation at 1500 r/min-
ute for five minutes. The cells were washed with 
phosphate buffered saline (PBS), collected by 

centrifugation and fixed in 70% ethanol over-
night. The supernatant was discarded after 
centrifuging. The cells were washed with PBS, 
stained using a Cell Cycle Staining Kit (Multi 
Sciences, Hangzhou, China), and incubated for 
30 minutes in the dark before being analyzed 
by flow cytometry. Ten thousand cells were  
harvested and analyzed by flow cytometry 
(Beckman Coulter Gallios, USA).

Dual luciferase reporter assay

Wild-type (WT) and mutated putative miR-
520d-5p-binding sites in the PTTG1 3’-untrans-
lated regions (UTRs) were amplified using PCR 
from human cDNA, inserted into the XbaI site  
of a pGL3 control vector (Invitrogen). For the 
reporter assay, cells were cultured in 96-well 
plates and co-transfected with WT or mutated 
3’-UTR luciferase reporters and miR-520d-5p 
mimics (RiboBio). After 48 h of incubation,  
luciferase activity was measured with a Dual 
Luciferase Reporter Assay Kit (Promega, Madi- 
son, USA) according to the manufacturer’s pro-
tocol. Renilla luciferase activity was used as an 
internal control.

Nude mouse model of intracranial glioma and 
hematoxylin-eosin staining

Animal experiments were approved by the 
Animal Management Rule of the Chinese 
Ministry of Health (documentation 55, 2001) 
and were in accordance with the approved 
guidelines and the experimental protocol of 
Nanjing Medical University. BALB/c-A nude 
mice at 4 weeks of age were purchased from 
the Shanghai Experimental Animal Center of 
the Chinese Academy of Sciences. Eighteen 
mice were randomly assigned into two groups 
and intracranially implanted with 5 × 105 U87-
MG cells (pretreated with lentivirus containing 
the miRNA-520d-5p or negative control sequ- 
ences) using a stereotactic instrument. The 
overall survival of the mice was monitored dur-
ing the experimental period. Paraffin-embedded 
sections (5 μm) of brain specimens were 
stained with hematoxylin and eosin (HE) and 
used for immunohistochemistry. For HE stain-
ing, brain tissue sections (5 μm) embedded in 
paraffin blocks were deparaffinized in xylene 
and hydrated in alcohol and distilled water. The 
samples were washed in PBS for 5 min three 
times each and stained with hematoxylin (USA, 
Sigma) for 5 min. To observe the clarity of nuclei 
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and cytoplasm under the microscope, sections 
were stained with eosin (USA, Sigma) for 2 min. 
After conventional dehydration and sealing, 
images were observed and collected under a 
microscope.

Immunohistochemistry (IHC)

The mouse brain was fixed in 4% paraformalde-
hyde, embedded in paraffin, and cut into 3.5- 
lm-thick sections. The sections were stained 
with Mayer’s hematoxylin and subsequently 
with eosin (Biogenex Laboratories) or an anti-
body against PTTG1, CD31 and Ki-67. Brown 
staining in cells was considered as positive 
signaling. 

Fluorescence in situ hybridization (FISH)

The expression of miR-520-5p in GBM samples 
and NBTs was detected by FISH. The mature 
human miR-520-5p sequence is: 3’-CUUUCC- 

CGAAGGGAAACAUC-5’. We used (LNA)-based 
probes directed against the full length mature 
miRNA sequence. The 5’-FAM-labelled miR-520- 
5p probe sequence is: 5’-GAAAGGGCTTCCCTT- 
TGTAG-3’, and was purchased from BioSense 
(Guangzhou, China). The FISH procedure fol-
lowed the BioSense instructions. Briefly, Fresh 
tissues were fixed in 4% formaldehyde for 1 h 
and then dehydrated in 15% sucrose for 8 h. 
The tissues were fixed in 4% formaldehyde for 
10 min, washed three times for 5 min each with 
PBS (pH 7.4), digest ed using proteinase K for 2 
min, washed again three times for 5 min each 
using PBS (pH 7.4). After eliminating auto-fluo-
rescence and blocking endogenous biotin, the 
sections were hy-bridized with the probes over-
night. The tissue sections were then washed 
with warmed in 2 × SSC at 37°C for 10 min, 1 × 
SSC at 37°C for 10 min, and 0.5 × SSC for 10 
min. After incubation in BSA for 30 min at room 
temperature, tissue sections were treated with 

Figure 1. MiR-520d-5p expression correlates negatively with malignant degrees of glioma. A. CGGA database show-
ing reduced miR-520d-5p expression in high-grade glioma tissues compared with that in low-grade glioma tissues. 
B. The expression of miR-520d-5p in 8 non-cancerous brain tissues, 12 low-grade glioma tissues and 19 high-grade 
glioma tissues was measured by real-time PCR, miR-520d-5p levels in normal brain tissues were indeed higher 
than in glioma specimens, and were significantly decreased with ascending pathological grade of tumor. C. The 
expression of miR-520d-5p in normal human astrocytes (NHAs) and six glioma cell lines (U118, LN229, H4, A172, 
U87-MG and U251). D. The expression of miR-520d-5p in NBT and GBM specimens was assessed by fluorescence 
in situ hybridization (scale bars, 50 μm).
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Alexa Fluor 488-avidin (1:400), incubated at 
room temperature for 50 min, washed three 
times for 5 min each with PBS. Tissue sections 
were incubated with the primary antibody over-
night and then with the species-specific sec-
ondary antibody for 50 min at 4°C. Finally, 
slides were counterstained with DAPI (Sigma) 
for 10 min and examined with a Zeiss LSM 700 
Meta confocal microscope (Oberkochen, Ger- 
many).

Statistical analysis

All experiments were performed three times, 
and all values are presented as the mean ± 
standard deviation (SD). One-way ANOVA was 
used to determine the difference among at 
least three groups using SPSS v19.0 for Win- 
dows. (SPSS, IL, USA). Pearson’s correlations 
analysis and heat map microarray analysis 
were implement ed using Multiple Array Viewer 
4.9 software (MEV). KEGG pathway and GO 
analysis were performed via DAVID (http://
david.abcc.ncifcrf.gov/). Kaplan-Meier analysis 
was used to assess the survival rate of patients 
and mice. P<0.05 indicates a significant differ- 
ence.

Results 

MiR-520d-5p is down-regulated in glioma tis-
sues and cell lines 

To investigate miRNA expression in human glio-
ma tissues, the transcription level of miR-520d-
5p in Chinese Glioma Genome Atlas (CGGA) 
databases was analyzed. We found that miR-
520d-5p levels in high-grade gliomas (HGG) 
were significantly decreased compared to low-
grade gliomas (LGG) (Figure 1A). QRT-PCR was 
then used to evaluate the expression level of 
miR-520d-5p in 31 different grades of glioma 
tissues and in 8 non-cancerous brain tissues, 
and we found that the expression level of miR-
520d-5p was significantly lower in glioma tis-
sues compared to non-cancerous brain tis-
sues, Moreover, the decrease was more pro-
nounced in high-grade gliomas (grade III and 
IV) compared to low-grade gliomas (grades I 
and II) (Figure 1B). In addition, a panel of glio-
blastoma cell lines were chosen to evaluate the 
expression levels of miR-520d-5p, and the 
results form qRT-PCR assay indicated that miR-
520d-5p was also up-regulated in glioblastoma 
cell lines compared with the normal human 
astrocyte (NHA) (Figure 1C). Then we chose a 

representative GBM specimen and non-cancer-
ous brain tissue for FISH analysis, and we 
obtained a consistent result (Figure 1D). These 
data suggested that miR-520d-5p was not only 
down-regulated in glioma tissues and cell lines, 
but also negatively correlated with glioma 
malignancy.

Ectopic expression of miR-520d-5p inhibits 
cell proliferation of glioma cells

To further investigate the role of miR-520d-5p 
in the devel opment of glioma, the U87-MG and 
LN229 GBM cancer cell lines were transfected 
with miR-ctrl or miR-520d-5p lentivirus. QRT-
PCR demonstrated that miR-520d-5p was sig-
nificantly increased compared to negative con-
trol groups (Figure 2A). Thereafter, EdU assay 
was performed to assess the cell proliferation 
after overexpression of miR-520d-5p. As is 
shown in Figure 2B and 2C, compared with the 
control group, EdU positive cells of the miR- 
520d-5p UP-regulation groups reduced 23% in 
U87-MG cells. Similarly, the number of EdU pos-
itive cells of miR-520d-5p UP-regulation group 
decreased approximately 26% in LN229 cells. 
To more objectively evaluate the effect of 
miR-520d-5p on proliferation, CCK-8 and colo-
ny formation assays were also performed for 
U87-MG and LN229 cells trans fected with 
miR-520d-5p or miR-ctrl. Consistent with the 
results of the EDU assay, CCK8 and colony for-
mation assays demonstrated that miR-520d-
5p significantly inhibited glioma cell prolifera-
tion (Figure 2D-F). As proliferation is directly 
connected to cell cycle distribution, we subse-
quently studied the cell cycle distribution of 
cells overexpressing miR-520d-5p. Flow cytom-
etry analysis showed that overexpression of 
miR-520d-5p increased the percentage of G0/
G1 phase cells and decreased the percentage 
of S and G2/M phase cells (Figure 2G and 2H). 
Whether miR-520d will affect the G1 phase-
related proteins? By Western blot we demon-
strated that CDK2, CDC2 and cyclin E1 were 
significantly decreased after miR-520d-5p 
overexpression (Figure 3F). Therefore, these 
data suggested that miR-520d-5p inhibited gli-
oma cell growth in vitro.

PTTG1 is a direct target of miR-520d-5p, and 
PTTG1 levels are inversely correlated with miR-
520d-5p levels in glioma tissues

To investigate the molecular mechanism under-
lying the miR-520d-5p-induced inhibitory effect 
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Figure 2. Overexpression of miR-520d-5p inhibits glioma cell proliferation in vitro. A. The relative expression level of miR-520d-5p in U87-MG and LN229 cells was 
analyzed by qRT-PCR after transfection. B, C. EdU assay showed that miR-520-5p up-regulation inhibited cell proliferation both in U87-MG and LN229 cells. Rep-
resentative images were shown (original magnification, 200 ×). (**P<0.01). D. Overexpression of miR-520-5p inhibited cell proliferation detected by CCK8 assay. 
Data are presented as the means of triplicate experiments. E, F. Long-term cell viability was evaluated using the colony formation assay. Data are presented as the 
means of triplicate experiments. G, H. The cell cycle phase of U87-MG and LN229 cells transfected with miR-520d-5p or negative control (miR-ctrl) lentivirus was 
analyzed by flow cytometry. (**P<0.01).
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on glioma cell proliferation and the cell cycle. 
We used the bioinformatics analytical tools 
miRNAWalk 2.0 and TargetScan to identify 
potential targets of miR-520d-5p. Among the 
putative targets of miR-520d-5p, PTTG1 cap-
tured our interest. The putative seed-matched 
or mutant sequences of miR-520d-5p within 

the 3’UTR of PTTG1 were shown in Figure 3A. 
Western blot analysis showed that expression 
of PTTG1 protein was downregulated in miR- 
520d-5p-transfected cells (Figure 3F). We then 
performed a luciferase reporter assay to deter-
mine whether miR-520d-5p could bind directly 
to the 3’-UTR of PTTG1. U87-MG and LN229 

Figure 3. MiR-520d-5p directly targets PTTG1 and negatively regulates cell cycle-related proteins. A. The miR-520d-
5p binding sites in the 3’UTR of PTTG1 with the wild type (Wt) and mutated (Mut) sequences highlighted. B. U87-
MG and LN229 cells were co-transfected with miR-520d-5p and luciferase reporter constructs containing either 
pGL3-PTTG1-3’-UTR-WT or pGL3-PTTG1-3’-UTR-Mut. The data shown are representative of three independent ex-
periments. Data shown are mean ± SD of three independent experiments. (**P﹤0.01). C, D. The expression levels 
of PTTG1 in NBTS and glioma specimens were determined by western blotting; the fold changes were normalized 
to β-Actin. The non-neoplastic brain tissues (n=8) were collected from brain trauma surgery. The low-grade (n=12) 
represents samples derived from grades I and II glioma tissues, whereas high-grade (n=19) represents grades III 
and IV glioma tissues. Data represent the means ± SD from three independent experiments. (***P﹤0.001). E. Pear-
son’s correlation analysis of the relative expression levels of miR-520d-5p and the relative protein levels of PTTG1. 
F. Western blot analysis of CDC2, CDK2 and cyclinE1 in U87-MG and LN229 cells 48 h after transfection. β-Actin 
served as the loading control.
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Figure 4. Down-regulation of PTTG1 inhibits glioma cell proliferation in vitro and positively-associated genes of 
PTTG1 were chiefly enriched in cell cycle related pathways. A. Downregulation of PTTG1 in U87-MG and LN229 
cells decreased the levels of CDC2, CDK2 as well as cyclinE1. B. Proliferation ability was determined using the 
CCK-8 assay following culture for 96 h. Data are presented as the means of triplicate experiments. C, D. Long-term 
cell viability was evaluated using the colony formation assay. Data are presented as the means of triplicate experi-
ments. (**P﹤0.01). E, F. Proliferating cells were examined using the EDU assay. Representative images are shown 
(original magnification, 200 ×). (**P<0.01). G, H. The cell cycle phase of U87-MG and LN229 cells transfected with 
si-PTTG1 or negative control (NC) lentivirus was analyzed by flow cytometry. I, J. PTTG1 positively-associated genes 
from Correlation analysis performed in the CGGA, Rembrandt, and GSE4290 glioblastoma samples were analyzed 
with gene ontology analysis and KEEG pathway analysis. Biological processes enrichment results from GO database 
and KEGG pathways analysis were shown. The orders of different biological processes were based on their enriched 
number. K. A heat map of relative expression of several PTTG1-associated cell cycle genes in Rembrandt glioblas-
toma tissues sorted by level of PTTG1 expression (r > 0.4).

cells were co-transfected with vectors carrying 
wild-type or mutant PTTG1 3’-UTR and miR-

520d-5p mimics. Overexpression of miR-520d-
5p inhibited Wt PTTG1 reporter activity but not 
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the activity of the mutated reporter construct in 
both U87-MG and LN229 cells (Figure 3B). To 
further investigate the correlation between 
miR-520d-3p and PTTG1 levels, we examined 
the expression of PTTG1 in 31 glioma speci-
mens and 8 adjacent non-cancerous tissues. 
We found that PTTG1 was highly expressed in 
glioma tissue and positively correlated with 
grade (Figure 3C and 3D). We further assessed 
the correlation of PTTG1 and miR-520d-5p lev-
els in the same GBM specimens. Pearson’s  
correlation analysis showed that PTTG1 levels 
in GBM samples were negatively correlated 
with miR-520d-5p (Pearson’s r=-0.57, P﹤ 
0.0001). These data suggested that miR-520d-
5p directly regulated PTTG1 expression through 
its binding to the 3’-UTR of PTTG1.

Down-regulation of PTTG1 exhibits a similar ef-
fect on the proliferation of glioma cells to that 
of miR-520d-5p overexpression.

We analyzed the expression level of PTTG1 us- 
ing the CGGA, TCGA, GSE4290 and Rembrandt 
databases, and the results showed that the 
expression of PTTG1 in HGG was significantly 
up-regulated compared with LGG (Supplemen-
tary Figure S1A-D). 

In addition, western blot analysis have verified 
that PTTG1 was up-regulated in HGG compared 
with LGG. Having verified that PTTG1 is a direct 
target of miR-520d-5p in human gliomas, we 
wondered whether PTTG1 is a downstream 
effecter of miR-520d-5p that mediates its func-
tion. To confirm this, endogenous expression of 
PTTG1 was knockdown in U87-MG and LN229 
cells with spe cific siRNA against PTTG1 (si-
PTTG1). Successful transfection was confirmed 
by Western blot (Figure 4A). The effects of 
PTTG1 knockdown on cell proliferation were 
evaluated in U87-MG and LN229 cells using 
CCK-8, colony formation and EDU assays. We 
found that knockdown of PTTG1 expression 
dramatically inhibited the proliferation of GBM 
cells (Figure 4B-F). Additionally, Flow cytometry 
was performed following transfection to assess 
cell cycle distribution. The results showed that 
the cell population in the G0/G1 phase was 
increased but the S and G2/M phase popula-
tion were decreased after PTTG1 gene silenc-
ing compared with the results observed for the 
si-NC cells (Figure 4G, 4H). These results were 
consistent with the effect of miR-520d-5p 
overexpression.

PTTG1-associated genes are mainly involved in 
the regulation of cell cycle

Pearson correlation analysis was implemented 
using MEV software to identify target genes 
that were positively associated with PTTG1 
expression in CGGA, Rembrandt and GSE4290 
databases (r > 0.4). In total 535 upregulated 
genes were identified (Figure 3I). To clarify the 
associations between these genes, DAVID Web 
tool (https://david.ncifcrf.gov/tools.jsp) were 
used for Gene Oncology enrichment analysis 
and KEGG pathway analysis. The up-regulated 
genes were mainly enriched in the terms posi-
tive regulation of cell cycle and others in the top 
5 GO and KEGG Pathway terms of PTTG1-
acossiated genes (Figure 3J). Further, when we 
conducted co-expression analysis of up-regu-
lated genes in the three databases, we found 
that the expression of 23 cell cycle-related 
genes positively correlated with that PTTG1 (r > 
0.4) (Figure 3K and Supplementary Figure S1E 
and S1F). The in silico prediction of PTTG1  
function was in line with tumor-associated 
phenotypes.

Overexpression of PTTG1 partially attenuates 
miR-520d-5p inhibited cell growth 

As PTTG1 was proved to be not only a direct 
target of miR-520d-5p but also a carcinogenic 
effect in gliomas, we further investigated whe- 
ther the role of miR-520d-5p in glioma was 
through mediation of PTTG1. PcDNA3.1-PTTG1 
plasmid was transfected into miR-520d-5p-
overexpressing U87-MG and LN229 cells to 
reverse the reduced PTTG1 levels. After trans-
fection, western blot analysis was conducted. 
As indicated in Figure 5I, the protein level of 
PTTG1 was higher in the miR-520d-5p+PTTG1 
group, when compared with that in the miR-
520d-5p+vector group. To further confirm whe- 
ther PTTG1 is an important target of miR-520d-
5p in cell proliferation, CCK-8, colony formation 
and EDU assays were performed. The results 
revealed that restoration of PTTG1 partially res-
cued miR-520d-5p suppres sive functions in 
U87-MG and LN229 cell proliferation (Figure 
5B-F, P﹤0.01). Furthermore, cell cycle distribu-
tion analysis detected by flow cytometry revea- 
led that cell population increased in G0/G1 
phase after miR-210 expression was abolished 
by overexpression of PTTG1 (Figure 5G and 
5H). Interestingly, Cell cycle related proteins 
were altered in a similar way to the expression 
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Figure 5. PTTG1 reintroduction reverses the inhibitory effect of miR-520d-5p. A-C. The rescue experiment was performed by introducing pcDNA3.1-PTTG1 or 
pcDNA3.1 in the presence or absence of ectopic miR-520d-5p or miR-ctrl expression in U87-MG and LN229 cells. Cell viability of glioma cells transfected with 
pcDNA3.1-PTTG1 and miR-520d-5p separately or together was detected using the CCK-8 and colony formation assays. (**P﹤0.01). D-F. Cell proliferative potential 
was evaluated using the EDU assay 48 h after co-transfection. (**P<0.01). G, H. Cell cycle distribution of glioma cells was measured using flow cytometry. I. Western 
blot analysis of PTTG1, CDC2, CDK2 and cyclinE1 in the indicated cells. β-Actin was used as the loading control.
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level of PTTG1; that is, decreased levels of 
CDK2, CDC2 and cyclin E1 due to miR-520d-5p 
overexpression could be rescued by up-regula-
tion of PTTG1 (Figure 5I). Collectively, these fin-
dings suggested that PTTG1 acted as a down-
stream effector of miR-520d-5p in the regula-
tion of the proliferation of glioma cells in vitro.

MiR-520d-5p suppresses glioblastoma xeno-
graft growth in vivo

MiR-520d-5p overexpression inhibit the prolif-
eration of glioma cells in vitro. To assess wheth-
er miR-520d-5p overexpression reduces glio-
ma growth in vivo, the human U87-MG cells 
stably expressing miR-520d-5p or miR-ctrl we- 
re injected into nude brain to form the intracra-
nial xenograft. Hematoxylin and eosin staining 
showed that intracranial tumor volumes of the 
miR-520d-5p groups were significantly reduced 
compared with those of the miR-ctrl groups 
(Figure 6A). In order to analyze the survival of 
different treatment groups, we generated the 
Kaplan-Meier survival curve and found that the 
survival of mice injected with miR-520d-5p 
expressing U87-MG cells was significantly pro-

longed (Figure 6B). Further, immunohistochem-
istry (IHC) experiments were performed to ex- 
amine the levels of Ki67 and CD31, which were 
commonly used to reflect tumor proliferation 
and angiogenesis. We found a significant reduc-
tion of these two proteins in the miR-520d-5p 
group (Figure 6C). In addition, IHC also revealed 
decreased expression of PTTG1 in miR-520d-
5p group, which was consistent with the vitro 
results (Figure 6C). In conclusion, these data 
suggested that miR-520d-5p suppressed glio-
ma growth in vivo by repressing PTTG1.

Discussion 

Dysregulation of microRNAs (miRNAs) is a com-
mon feature in human cancers, including glio-
ma. Recently numbers of miRNAs have been 
identified to function as a tumor suppressor or 
an oncogene in glioma by regulating their target 
molecule [36, 37]. 

For example, miR-506 was reported to be 
downregulated in glioma tissue and cell lines, 
and functioned as a novel tumor suppressor to 
inhibit the proliferation of glioma cells in vitro 

Figure 6. MiR-520d-5p suppresses tumor growth in an intracranial xenograft model. A. U87-MG cells pretreated 
with a miR-ctrl or miR-520d-5p lentivirus were implanted in the brains of nude mice, and tumor volume in the LV-
miRNA-520d-5p group was significantly diminished based upon HE histology. B. Overall survival was determined by 
Kaplan–Meier survival curves, and a log-rank test was used to assess the statistical significance of the differences. 
C. After sacrifice, mouse brain tissues were harvested, embedded, and cut into paraffin sections for immunohis-
tochemistry analysis. The expression of PTTG1, CD31 and Ki67 in the LV-miRNA-520d-5p group was significantly 
reduced. 
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and in vivo by targeting STAT3 [38]. Chen et al 
found that overexpression of miR-19a promot-
ed glioma cell proliferation and invasion by tar-
geting the Ras homolog family member B 
(RhoB) [39]. MiR-217 was demonstrated to 
inhibit the proliferation, migration and invasion 
of glioma cells by repressing Runx2 [40]. The 
miR-520 family is located on chromosome 19, 
Keklikoglou I et al reported that microRNA-520 
family functions as a tumor suppressor in estro-
gen receptor negative breast cancer by target-
ing NF-κB and TGF-β signaling pathways [41]. A 
recent study showed that miR-520a-3p sup-
pressed breast cancer through CCND1 and 
CD44 [42]. Moreover, a further study revealed 
that miR-520b was down-regulated in hepato-
cellular carcinoma tissue and could inhibit 
growth of hepatoma cells by tar geting MEKK2 
and Cyclin D1 [43]. Simultaneously, miR-520c 
functioned as a tumor sup pressor in estrogen-
receptor-negative breast cancer by targeting 
RELA and TGFBRII (trans forming growth factor 
β type II receptor) [44]. However, the report on 
the role of miR-520d-5p in the development of 
cancer is indeed relatively few. In our study, we 
found that the expression of miR-520d-5p in 
glioma tissues was significantly lower than non-
cancerous brain tissue. In addition, the expres-
sion level was negatively correlated with glioma 
grade. The abnormal expression of miRNAs is 
closely related to malignant biological behav-
iors, CCK-8, colony formation and EDU mea-
surements showed that the short and long-term 
proliferative capacity was significantly reduced 
in miR-520d-5p stably transfected cells. Throu- 
gh flow cytometry assay, we found that overex-
pression of miR-520d-5p could arrest cells at 
G1/S phase. As is well known, regulation of the 
cell cycle is largely dependent on the protein 
kinase complex, which is composed of various 
cell cycle proteins (cyclins) and the correspond-
ing cyclin dependent kinases (cyclin-depen-
dent-kinase, CDK). Among them, Cyclin E-CDC2 
and Cyclin E-CDK2, the two key kinase com-
plexes, play vital roles in transition from the 
G0/G1 phase to the S phase [45, 46]. By west-
ern bolt, we found that the expression levels of 
CDK2, CDC2 and cyclin E1 were significantly 
decreased after overexpression of miR-520d-
5p. Therefore, we suggest that miR-520d-5p 
can arrest the cell cycle in the G0/G1 phase by 
inhibiting the expression of CDK2, CDC2 and 
cyclin E1.

Pituitary Tumor Transforming Gene-1 (PTTG1) 
was originally isolated from a rat pituitary tumor 
cell line by mRNA differential PCR display [16]. 
Subsequently, the human homologue of PTTG1 
was successfully cloned and proved to be over-
expressed in Jurkat cells (human T lymphoma 
cell lines) as well as from patients with myelo-
dysplastic syndromes [47]. Recent studies 
have shown that PTTG1 acts as a proto-onco-
gene and plays a crucial role in promoting cell 
cycle progression, sustaining chromosomal 
stability and modulating transformation in vitro 
and tumorigenesis in vivo [48]. Many studies 
have reported the role of PTTG1 in cell prolifer-
ation, but in a limited number of cases contras- 
ting results have been reported. For instance, 
over-expression of PTTG1 was found to pro-
mote proliferation in HeLa S3, HEK 293 and 
NIH3T3 cells [48, 49]. On the other hand, exog-
enous overexpression of PTTG1 was shown to 
impair proliferation of the cervix carcinoma cell 
line HeLa, the lung cancer cell line A549 and 
the choriocarcinoma cell line JEG-3 [48, 49]. 
Meanwhile, PTTG1 acted as microRNAs func-
tion target to regulate tumor apoptosis, cell  
proliferation, cell cycle, metastasis [50-55]. 
Recently it has been published that PTTG1 pro-
tein is overexpressed in high-grade astrocyto-
mas compared to low-grade astrocytomas. 
However the relationships between PTTG1 and 
the clinical features of glioma have not previ-
ously been described. In this study, we showed 
that PTTG1 protein was overexpressed in glio-
ma tissues and cell lines and its expression 
was negatively correlated with the WHO grade. 
Three datasets were overlapped to mine 
PTTG1-associated biological pathways. Both 
KEGG and GO analyses indicated that genes 
that were positively correlated to PTTG1 were 
strongly associated with the cell cycle pathway. 
Next, we observed that decreased PTTG1 pro-
tein levels inhibited glioma cells proliferation. 
Then, we verified that knockdown of PTTG1 
arrested cell cycle in the G0/G1 phase. By west-
ern blot we confirmed that CDK2, CDC2 and 
cyclin E were indeed reduced after down regu-
lation of PTTG1, which was consistent with the 
expectation. Moreover, we demonstrated that 
the PTTG1 oncogene was a functional target of 
miR-520d-5p in vitro and in vivo. Firstly, the 
expression of PTTG1 was significantly decreas- 
ed in glioma cells stably expressing miR-520d-
5p. Secondly, the expression of PTTG1 protein 
was negatively correlated with miR-520d-5p in 
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clini cal specimens. Thirdly, lucif erase reporter 
assays confirmed that miR-520d-5p can spe-
cifically bind to the 3’-UTR region of the PTTG1 
transcript. Finally, Reversal experiments con-
firmed that PTTG1 can reverse the effect of 
miR-520d-5P on glioma proliferation and cell 
cycle. Taken together, our results provide the 
first evidence that miR-520d-5p is significant in 
suppressing glioma cell growth and cell cycle 
through inhibition of PTTG1.

In summary, this study investigated the sup-
pressive role of miR-520d-5p in the growth and 
metastasis of glioma cells, and suggests that 
miR-520d-5p acts as a novel tumor suppressor 
miRNA in glioma. MiR-520d-5p has suppres-
sive effects on the proliferation, and cell cycle 
of glioma cells, partly at least, via targeting 
PTTG1. Further PTTG1 negatively regulated the 
cell cycle by effectively inhibiting CDK2, CDC2 
and cyclin E1 expression. This newly identified 
miR-520d-5p/PTTG1 axis provides a new insig- 
ht into the mechanisms underlying glioma de- 
velopment, and targeting miR-520d-5p/PTTG1 
may represent a promising therapeutic strategy 
for glioma. Nevertheless, we need further stud-
ies to determine the exact mechanism of decr- 
eased miR-520d-5p expression during the pro-
gression of glioma and to further explore other 
possible targets for miR-520d-5p in glioma. 
Additionally, a large cohort study, incorporating 
PTTG1 expression and function should also be 
investigated.
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Supplementary Figure 1. A-D. Levels of PTTG1 were analyzed in NBTs and gliomas of CGGA, TCGA, GSE4290 and 
Rembrandt databases. E, F. Heat maps of relative expression of several PTTG1-associated cell cycle genes in CGGA 
and GSE4290 glioblastoma tissues sorted by level of PTTG1 expression (r > 0.4).


