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MicroRNA-524 promotes cell proliferation
by down-regulating PTEN expression
in osteosarcoma
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Abstract

Background: Increasing numbers of studies have examined the correlation between specific miRNAs and tumours
to enable their diagnosis and treatment. However, there are few reports regarding the concrete role and mechanism
of miRNA in osteosarcoma.

Methods: The expression of miR-524 in osteosarcoma tissues and cell lines was examined by qRT-PCR. The cell prolif-
eration was examined using CCK-8 in vitro. A series of bioinformatics and molecular biology techniques were adopted
to investigate the regulatory relationship between miR-524 and target genes in osteosarcoma.

Results: The results showed that the miRNA with the most significant differential expression in osteosarcoma was
miR-524, which was significantly up-regulated in both osteosarcoma tissues and cell lines. MiR-524 knockdown
inhibited proliferation and promoted apoptosis of osteosarcoma cells, while overexpression of miR-524 induced their
proliferation. Bioinformatics analysis and luciferase assay confirmed that PTEN was a direct target gene of miR-524 and
that miR-524 induced proliferation of osteosarcoma cells through activation of the PI3K/AKT pathway via inhibition of

PTEN.

osteosarcoma.
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Conclusions: MiR-524 induces the proliferation of osteosarcoma cells through activation of the PI3K/AKT pathway
via inhibition of the target gene PTEN, which provides a theoretical basis for selecting a new therapeutic target for

Background

Osteosarcoma is a common primary malignant tumour
derived from mesenchymal tissues and can be found
in patients of all ages, but it most commonly occurs in
children and adolescents. Sixty percent of patients with
osteosarcoma are younger than 25 years old [1]. Osteo-
sarcoma can occur in any bone in the body, but it is most
often found in the distal femur, proximal tibia and proxi-
mal humerus and often involves the metaphysis. Osteo-
sarcoma is highly malignant, and pulmonary metastasis
often precedes resection of the primary tumour. Even
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though tumours can be locally controlled, most patients
have a poor prognosis and die from metastasis [2]. Since
the 1970s, the 5-year survival rate for osteosarcoma
patients has increased to approximately 70% due to com-
prehensive treatment from increased understanding of
osteosarcoma, especially with the application of adjuvant
therapies such as chemotherapy and biotherapy [3-5].
There are severe adverse effects of systemic chemother-
apy, including organ damage. Moreover, surgical treat-
ment has a serious impact on limb function, making
it difficult for patients to choose this option. Therefore,
identifying new and effective gene therapy targets with
fewer adverse effects is key.

MicroRNA (miRNA) is a type of non-coding small
RNA that is 22-28 nucleotides in length. MiRNA was
recently discovered, and it is common in eukaryotes.
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MiRNA induces degradation or inhibits translation of
target miRNAs through complete or incomplete comple-
mentary binding to the 3/-UTR of target mRNA, thereby
regulating expression of target genes and affecting cell
proliferation, differentiation and apoptosis. Distinct from
siRNA, miRNA has multiple target genes, which, as a
trigger of endogenous RNA interference, is closer to the
physiological level of regulation that occurs in cells than
that of a simple gene knockout [6]. MiRNA builds com-
plex regulatory networks in the body through upstream
and downstream genes and is involved in a series of
important vital processes, including the pathology in
human diseases. Thus, miRNA is attracting increasing
attention [7]. In particular, increasing numbers of stud-
ies have examined the correlation between specific miR-
NAs and tumours, as well as the mechanism of miRNAs
that may enable tumour diagnosis and treatment [8—11].
However, there are few reports concerning the concrete
role and mechanism of miRNA in osteosarcoma in either
China or foreign countries [12].

In this study, differentially expressed miRNA was
screened in osteosarcoma and para-carcinoma tissues
using the chip, and miRNA was subsequently screened
by quantitative real-time polymerase chain reaction
(qRT-PCR). These analyses pointed to miR-524, which
exhibited the most significant differential expression and
became the object of this study. A series of bioinformatics
analyses and molecular biology techniques were adopted
to investigate the regulatory relationship between miR-
524 and target genes in osteosarcoma. The molecular
mechanism of miR-524 in regulating the occurrence and
development of osteosarcoma was further clarified to
provide new interventional targets for the treatment of
osteosarcoma and a theoretical basis for optimization of
a treatment strategy.

Materials and methods

Tissue specimens

Twenty osteosarcoma specimens were collected from
patients receiving surgical resection and confirmed via
postoperative pathological examination at the Chang-
zhou First People’s Hospital from 2014 to 2016. Speci-
mens were soaked in liquid nitrogen and stored at
—80 °C. Collection of clinical specimens was approved
by the Ethics Committee of Changzhou First People’s
Hospital according to the Declaration of Helsinki. All
enrolled patients provided informed consent.

Differential expression of miRNA

MiRNA profiling GSE99671 was downloaded from the
GEO database, which was used to investigate miRNA and
mRNA expression in 18 matched pairs of osteosarcoma
and para-carcinoma tissues.
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Cell culture

The osteosarcoma cell lines MG-63, 143B, Saos-2 and
UMR-106 and the human normal osteoblast hFOB
1.19 line were purchased from the American Type Cul-
ture Collection (ATCC, Manassas, VA, USA). After
cells were thawed, they were cultured in RPMI-1640
medium containing 10% FBS in an incubator with 5%
CO, at 95% humidity and 37 °C.

Cell transfection

The PTEN overexpression plasmid and controls were
purchased from Sigma-Aldrich (Shanghai, China). MiR-
524 mimics, miR-524 inhibitors and negative controls
were purchased from RiboBio (Guangzhou, China). The
PI3K/AKT signalling pathway inhibitor LY294002 was
purchased from Calbiochem (Darmstadt, Germany).
Cells were cultured in RPMI-1640 medium containing
10% FBS with 5% CO, at 37 °C. Cells were transfected
using Lipofectamine 2000 according to manufactur-
er’s instructions. Transfection efficiency was assessed
by fluorescence microscopy after 24 h to determine
whether subsequent experiments could be performed.

qRT-PCR
RNA was extracted from tissues and cells using TRIzol
(Sigma, USA) and was subsequently reverse transcribed
into cDNA using the Roche reverse transcription kit
(Roche, Switzerland) followed by RT-PCR using SYBR
Green Realmaster Mix kit (Tiangen, China) and ABI
ViiA 7. MiRNA and mRNA expression levels were
determined using the 274%* method. GAPDH was
used as the internal reference mRNA, and U6 was used
as the internal reference for miRNA. All primers are
shown in Additional file 1: Table S1.

Western blotting

Forty-eight hours after transfection, total protein was
extracted, followed by sodium dodecyl sulfate-pol-
yacrylamide gel electrophoresis (SDS-PAGE). Then,
protein was transferred onto a polyvinylidene fluoride
(PVDF) membrane, blocked with 5% skim milk pow-
der at room temperature for 2 h, supplemented with
PTEN primary antibody diluted at 1:1000, and incu-
bated at 4 °C overnight. The following day, the mem-
brane was washed with PBST for 30 min, supplemented
with HRP-labelled IgG antibody diluted at 1:1000, and
incubated at room temperature for 2 h. The grey value
of each band was detected using the Chemi Genius gel
imaging system, with GAPDH as the internal reference,
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and the relative grey value was calculated (gray value of
target band/gray value of internal reference).

Luciferase reporter assay

Wild-type and mutant fluorescent plasmids psiCheck2-
PTEN 3’-UTR and psiCheck2-PTEN 3’-UTR-MUT-Luc
were constructed. MG-63 was co-transfected with miR-
524 mimic, psiCheck2-PTEN 3/-UTR-WT-Luc, and
psiCheck2-PTEN 3’-UTR-MUT-Luc vector, and lucif-
erase activity in experimental and control groups was
determined using the luciferase reporter assay.

Detection of cell proliferation activity via CCK-8 assay
After transfection for 6-12 h, cells were digested in a
6-well plate, washed, centrifuged, mixed and inoculated
into 96-well plates at a density of 2 x 10°. Six repeat wells
were used for each group of cells, and six blank controls
were used to remove background signals. After cul-
ture for 24, 48, 72 and 96 h, 10 uL. CCK-8 reagent was
added into each well and incubated for another hour. The
absorbance of each well was determined at 490 nm using
a microplate reader (Labsystem). After the background
was removed, the cell proliferation curve was plotted,
and the experiment was repeated in triplicate.

Detection of apoptosis

A sample of cells in the logarithmic growth phase was
taken, and after transfection for 48 h, single-cell suspen-
sions at a concentration of 1 x 10°/L were prepared. After
washing with PBS twice, 100 pL cell resuspension was
combined with 5 pL Annexin V-FITC and 5 pL PI for a
reaction at room temperature in the dark for 15 min.
Then, 400 pL binding buffer was added to the mixture,
apoptosis was assessed using flow cytometry within 1 h
of reaction, and the results were averaged.

Statistics

All data were statistically analysed using GraphPad
Prism 5.0 statistical software. Data are presented as the
mean +standard deviation (x+sd), with a one-way
analysis of variance or paired t-test used to analyse dif-
ferences. The Kaplan—Meier method was adopted to
calculate overall survival of patients, and univariate log-
rank and multivariate Cox regression analysis were used
to evaluate the prognostic significance of miR-524. We
considered P<0.05 to indicated statistically significant
differences.

Results

High expression of miR-524 in osteosarcoma

To study differential expression of miRNAs in osteosar-
coma, sequencing data from 18 pairs of osteosarcoma
and para-carcinoma tissues in GSE99671 were analysed.
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A total of 959 miRNAs were detected in GSE99761, and
only nine miRNAs exhibited differential expression in
osteosarcoma (FC>2 and P<0.05), in which miR-2355,
miR-320c, let-7g, miR-125b, miR-524 and miR-7-1 were
highly expressed in osteosarcoma tissue, while miR-133b,
miR-520 and miR-4320 exhibited reduced expression in
osteosarcoma tissue (Fig. 1a). Next, we determined the
differential expression of these nine miRNAs in 20 pairs
of osteosarcoma and para-carcinoma tissues via qRT-
PCR. We found that miR-524 was highly expressed in
osteosarcoma tissues and that differential expression
was the most significant in the nine miRNAs (Fig. 1b, c).
Expression of miR-524 in osteosarcoma cell lines (MG-
63, 143B, Saos-2 and UMR-106) and normal osteoblasts
(hFOB 1.19) was measured, and we found that miR-524
was also highly expressed in osteosarcoma cells (Fig. 1d).

MiR-524 enhances proliferation of osteosarcoma cells

We found that miR-524 was highly expressed in MG-63
and 143B compared to that in two osteosarcoma cell
lines, so these two cell lines were selected for subsequent
studies. First, expression of miR-524 in MG-63 and 143B
cells transfected with miR-524 mimic or miR-524 inhibi-
tor was measured via qRT-PCR (Fig. 2a, b). Next, CCK8
proliferation assay revealed that overexpression of miR-
524 significantly promoted proliferation of MG-63 and
143B cells (Fig. 2¢, d), while knockdown of miR-524 sig-
nificantly inhibited proliferation in both cell lines (Fig. 2e,
f). In addition, apoptosis was significantly promoted in
MG-63 and 143B cells in response to down-regulation
of miR-524 expression compared to that in controls
(Fig. 2g).

Screening and validation of miR-524 target genes

To search for potential target genes of miR-524, target
genes (CETN3, EGFL6, KCNN4, TSNAX and PTEN)
were predicted via TargetScan (http://www.targetscan
.org/vert_72/), miRDB (http://www.mirdb.org/) and
RNA22 (https://cm.jefferson.edu/rna22/Precompute
d/) (Fig. 3a). We next down-regulated the expression
of miR-524 in MG-63 and 143B cell lines to determine
whether expression of candidate target genes was altered
in response. We found that after expression of miR-524
was down-regulated, PTEN mRNA expression was sig-
nificantly increased, while there were no changes in the
expression levels of other candidate target genes (Fig. 3b,
¢). Furthermore, we found that PTEN protein expres-
sion was significantly increased after down-regulation
of miR-524 in both MG-63 and 143B cells (Fig. 3d).
These results indicate that PTEN is a possible target
gene of miR-107. PTEN 3’-UTR wild-type and mutant
sequences were then cloned into the luciferase reporter
plasmid psiCheck2 and co-transfected into MG-63 cells
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with either the miR-524 mimic or inhibitor (Fig. 3e).
Our results revealed that co-transfection with wild-type
PTEN 3'UTR fluorescent plasmid and miR-524 signifi-
cantly altered the fluorescence intensity (Fig. 3f), and
co-transfection with mutant PTEN 3’UTR fluorescent
plasmid and miR-524 did not change the fluorescence
intensity (Fig. 3g), illustrating that PTEN is a direct tar-
get gene of miR-524. PTEN acts as a tumour-suppressor
gene in osteosarcoma, which has been confirmed in mul-
tiple studies. We detected expression of PTEN in both
osteosarcoma cell lines and tissues, finding that PTEN
expression was reduced in these samples (Fig. 4a, b) and
that cellular function was altered in response to up-regu-
lation of PTEN (Fig. 4c, d). The correlation between miR-
524 and PTEN was further analysed, and it was found
that PTEN levels were negatively correlated with expres-
sion of miR-524 in tissues (Fig. 4e).

MiR-524 enhances proliferation of osteosarcoma cells
through activation of PI3K/Akt signalling via targeting

of PTEN

To clarify whether PTEN is a functional target gene of
miR-524, we performed a rescue experiment. A PTEN

overexpression plasmid without 3'UTR was transfected
into osteosarcoma cell lines MG-63 and 143B with sta-
ble overexpression of miR-524 to investigate whether
PTEN could reverse the functional changes in osteosar-
coma cells caused by miR-524. Cell proliferation assays
revealed that after transfection of PTEN without 3'UTR
into osteosarcoma cells with overexpression of miR-524,
proliferation capacity was reduced compared with that
of the control group, indicating that PTEN effectively
reverses miR-524-induced enhancement of proliferation
(Fig. 5a, b).

Inhibiting expression of PTEN can up-regulate phos-
phorylation of AKT. Therefore, we examined whether
miR-524 enhances proliferation of osteosarcoma cells
through targeting PTEN and further activating the PI3K/
AKT signalling pathway. First, we examined the expres-
sion of PTEN and its downstream target genes (PI3K,
p-PI3K, AKT, p-AKT) in osteosarcoma cells transfected
with miR-524 or PTEN or both. Western blot analy-
sis indicated that overexpression of miR-524 can pro-
mote the up-regulation of PTEN and down-regulation
of p-PI3K and p-AKT in MG-63 and 143B (Fig. 5¢, d).
Overexpression of PTEN also down-regulated expression
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of p-PI3K and p-AKT in MG-63 and 143B (Fig. 5¢, d).
Second, we blocked this pathway using the PI3K/AKT
pathway inhibitor LY294002 to observe whether pro-
liferative capacity was changed. The PI3K/AKT inhibi-
tor LY294002 was added to the osteosarcoma cell lines
MG-63 and 143B with overexpression of miR-524, and
we found that in response to LY294002, cell proliferation
induced by miR-524 was completed reversed (Fig. 6a,
b). The above experiments prove that miR-524 induces
osteosarcoma cell proliferation through activation of the
PI3K/AKT pathway via inhibition of PTEN.

most significant differential expression in osteosarcoma
was miR-524, which was significantly up-regulated in
both osteosarcoma tissues and cell lines. Knockdown of
miR-524 inhibited proliferation and promoted apoptosis
of osteosarcoma cells, while overexpression of miR-524
promoted proliferation of osteosarcoma cells. The above
findings indicate that miR-524 plays an oncogenic role in
osteosarcoma. MiR-524 is a member of C19MC, one of
the largest miRNA gene clusters in the human genome,
and contains 46 highly homologous miRNAs within a
100-kb genomic region [17]. There are few studies on
miR-524 in tumours. However, Nguyen et al. found that
overexpression of miR-524 promotes the proliferative
capacity of embryonic stem cells [18], consistent with the
results in this study.

MiRNA is primarily involved in the formation of the
RNA silencing complex through incomplete base pair-
ing with the 3’-UTR of target genes, leading to degrada-
tion or inhibition of protein translation of target genes.
Therefore, the target genes of miRNA are key to the
function of miRNA in cells. In this study, bioinformat-
ics analysis and luciferase assay confirmed that PTEN is
a direct target gene of miR-524 and that miR-524 induces
proliferation of osteosarcoma cells through activation
of the PIBK/AKT pathway via inhibition of PTEN. The

Discussion

More than 2500 mature miRNAs have been identified
in the human body thus far. A large number of studies
have confirmed that miRNAs are involved in regulating
a variety of biological processes, including embryogen-
esis, organ development, cell proliferation, differentia-
tion, migration and invasion. Dysregulation of miRNA
expression can cause a variety of human diseases, includ-
ing tumours. Recent studies have found that abnormal
miRNA expression is closely associated with progres-
sion of various malignant tumours, such as gastric cancer
[13], liver cancer [14], lung cancer [15] and osteosarcoma
[16]. In this study, we found that the miRNA with the
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PTEN gene is located on human chromosome 10g23.3
and is the only tumour-suppressor gene discovered with
phosphatase activity in vivo. Moreover, the PTEN gene
is widely expressed in normal human tissue cells. As a
new tumour suppressor gene, PTEN has been valued by
researchers since its emergence in 1997 and is regarded
as the most important tumour-suppressor gene after p53.
The most important substrate of PTEN is PIP3, which
is the product of PI3K and mediates activation of AKT.
PTEN dephosphorylates PIP3 to maintain low levels of
PIP3, thereby down-regulating the PI3K/AKT pathway.
Inactivation of PTEN inevitably leads to the activation
of PI3K/AKT. Activated AKT has a variety of biologi-
cal functions that promote growth and proliferation of
tumour cells, inhibit apoptosis, promote invasion and
metastasis, and regulate endothelial growth and angio-
genesis via catalysing a series of protein phosphorylation
reactions [19]. Deletion of the PTEN gene and result-
ing phosphorylation of AKT are important mechanisms
involved in the occurrence of haematologic malignancies.
After drug-resistant L cell lines were transfected with
PTEN, the sensitivity of these cells to arsenious acid [20]
and doxorubicin [21] increased. Moreover, PTEN plays
an important role in multi-drug resistance mediated by

PI3K/AKT-related signal transduction pathways. Selec-
tive PI3K/AKT/NEF-kB inhibition or high expression of
PTEN can reverse drug resistance in leukaemia. Abnor-
mal expression of PTEN leads to activation of the PI3K/
AKT pathway, which up-regulates expression of mTOR,
promotes proliferation of tumour cells, inhibits cell apop-
tosis and mediates multi-drug resistance of cells through
PTEN/PI3K/AKT/mTOR [22]. The PI3K/AKT signalling
pathway also plays an important role in the migration of
cancer cells. The PI3K/AKT signalling pathway promotes
cancer cell invasion through up-regulation of MMP2 via
multiple pathways [23]. Previous studies have demon-
strated that the activation of the PI3K/AKT pathway due
to the deletion of PTEN enhances migration and invasion
of tumour cells, while the overexpression of PTEN inhib-
its cell migration. In addition, PTEN not only inhibits cell
migration and invasion through inhibition of the PI3K/
AKT pathway but also negatively regulates transduction
of FAK/P13CAS, as well as integrin-associated kinase
signalling through protein phosphatase activity, which
plays an inhibitory role in integrin-mediated cell adhe-
sion, migration and invasion. Currently, several studies
have proven that PTEN expression is reduced in osteo-
sarcoma and plays a role as a tumour-suppressor gene
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Fig. 5 MG-63 (a) and 143 (b) cells are transfected with Control 4+ miR-NC, miR-524 mimic + Control, PTEN 4+ miR-NC or miR-524 mimic + PTEN, and
cell proliferation in each group is detected by CCK-8.The protein expression of PTEN, PI3K, p-PI3K, AKT and p-AKT in MG-63 (c) and 143B (d) with
different treatments: Control + miR-NC, miR-524 mimic 4+ Control, PTEN 4+ miR-NC or miR-524 mimic + PTEN (***P <0.001, **P<0.01, *P< 0.05)
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Fig. 6 MG-63 (a) and 143B (b) cells are transfected with Control + miR-NC, miR-524 mimic + Control, LY294002 4+ miR-NC or miR-524
mimic +LY294002, and cell proliferation in each group is detected by CCK-8

in osteosarcoma [24-28]. In this study, PTEN inhibits
proliferation of osteosarcoma cells, and the mechanism
whereby this occurs includes inhibition of the PI3K/AKT
pathway.

Conclusion

The value of miR-524 in osteosarcoma was confirmed in
this study for the first time, and we demonstrated that
miR-524 induces proliferation of osteosarcoma cells
through activation of the PI3K/AKT pathway via inhibi-
tion of the target gene PTEN. These findings provide a
theoretical basis for selecting a new therapeutic target for
osteosarcoma.
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