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Abstract. Osteosarcoma (OS), the most common malignant 
bone tumor, occurs mainly in adolescents and young adults, 
with a morbidity of ~5  cases per million. The expression 
levels of microRNAs (miRNAs) as tumor suppressors were 
recently found to be downregulated in OS. Certain alterations 
of miRNAs and the possible mechanisms through which 
miRNAs affect cell proliferation and migration in OS were 
recently found to be correlated with methylation epigenetic 
mechanisms. In this study, it was demonstrated that, due 
to hypermethylation, the expression level of miRNA‑142 
(miR‑142) was significantly downregulated in OS tissues and 
cells compared with that in control samples. The present study 
demonstrated an increased expression of miR‑142 in Saos‑2 
and MG63 cells treated with demethylation agents, suggesting 
that the effect of such agents on cell growth, inhibition of inva-
sion and cell cycle retardation may be mediated by miR‑142 
in OS.

Introduction

Osteosarcoma (OS), the most common malignant bone 
tumor, occurs mainly in adolescents and young adults, with 
a morbidity of ~5 cases per million (1). OS develops from 
a common mesenchymal stem cell progenitor exhibiting a 
disruption of normal osteoblast differentiation (2). Although 
the 5‑year survival rate has increased to 60‑70%, a significant 
proportion of patients respond poorly to chemotherapy and 
are at high risk of relapse or metastasis, even following cura-
tive resection (3). The majority of OSs exhibit numerous and 
highly variable genomic aberrations. DNA methylation is an 
important mechanism for the downregulation of gene expres-
sion, more specifically at CpG islands in the promoter region 
of genes. It was previously reported that epigenetic modifica-

tions may be more prevalent than mutations in certain types 
of childhood cancer, such as retinoblastoma (4). A number of 
study groups have reported comparisons of alterations in DNA 
methylation/deacetylation and microRNA (miRNA) expres-
sion for other types of cancer  (5), although only a limited 
number of studies have investigated the association of these 
types of mechanisms with OS. The identification of molecular 
markers and pathways contributing to OS development and 
progression may facilitate earlier diagnosis and the develop-
ment of novel treatment strategies.

miRNAs are short endogenous non‑coding RNAs that 
post‑transcriptionally regulate the expression of target genes 
(oncogenes or tumor suppressor genes) involved in several 
types of cancer, including OS (6). A single miRNA may silence 
a large number of genes, allowing these molecules extensive 
control over numerous cellular functions  (7). Evidence of 
individual miRNAs affecting developmental biology, cellular 
differentiation and oncogenesis is continuously emerging (8). 
Of note, it was recently reported that miRNAs may be able 
to cause heritable changes in gene expression by epigenetic 
mechanisms, such as altering DNA methyltransferase levels, 
whereas miRNAs themselves may be regulated by epigen-
etic mechanisms (9). Certain alterations in miRNAs and the 
possible mechanisms through which miRNAs affect cell 
proliferation and migration in OS were recently found to be 
correlated with methylation epigenetic mechanisms (10,11). 
The majority of the downregulated miRNAs were found to be 
silenced through epigenetic mechanisms in solid malignancies, 
including breast cancer (12) and neuroblastoma (13). In OS, 
the expression levels of tumor suppressor miRNAs, including 
miRNA‑34 (miR‑34) and miR‑143, were recently found to be 
downregulated. The miR‑34 gene was hypermethylated in 
OS, which was found to be associated with cancer cell metas-
tasis (14). However, there is currently no sufficient evidence 
supporting the correlation of miRNA overexpression in OS 
with epigenetic events. It was suggested that miR‑142 may play 
an important role in maintaining the self‑renewal capacity 
of bronchioalveolar stem cells (15). It was also reported that 
patients with esophageal squamous cell carcinoma (ESCC) 
displaying a high expression of miR‑142 had poorer survival 
rates compared with those with low expression of miR‑142, 
suggesting that miR‑142 may act as a tumor suppressor (16).

Although miR‑142 has been found to be downregulated 
in OS cell lines (17), the role and epigenetic mechanisms of 
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miR‑142 in OS remain unknown. The aim of the present study 
was to compare the expression of miR‑142 between OS and 
pericancerous tissues and investigate the role of epigenetic 
regulation in the decreased expression of miR‑142 in OS.

Materials and methods

Tissue samples. All the patients signed an informed consent, 
approved by the Independent Ethics Committee of Central 
South University (Changsha, China). The OS and matched 
adjacent normal tissues used in this study were collected from 
6 patients who were treated between 2011 and 2014 in Xiangya 
Hospital (Changsha, China). All the samples were stored at 
‑80˚C until tissue analysis.

Cell culture. hFOB1.19, Saos‑2, MG63, U2OS and HOS cells 
were obtained from American Type Culture Collection 
(Manassas, VA, USA). All the cells were cultured in RPMI‑1640 
basic medium (Gibco Life Technologies, Carlsbad, CA, USA) 
supplemented with 10% fetal bovine serum (FBS; Invitrogen 
Life Technologies, Carlsbad, CA, USA). All the cells were 
cultured under conditions of 95% air and 5% CO2 at 37˚C.

Epigenetic drug treatment of cells. The Saos‑2 and MG63 cells 
were divided in four groups as follows: i)  Control cells; 
ii)  cells treated with 15.55 nM of the demethylation drug 
5‑Aza‑2'‑deoxycytidine (Aza; Sigma‑Aldrich, St. Louis, MO, 
USA); iii) cells treated with 1.5 nM of the histone deacety-
lase inhibitor 4‑phenylbutyric acid (PBA; Sigma‑Aldrich); 
and iv) cells co‑treated with 15.55 nM Aza and 1.5 nM PBA 
(Aza + PBA).

Quantitative polymerase chain reaction (qPCR) analysis. 
Total RNA was extracted from the indicated cells using 
TRIzol® reagent (Invitrogen Life Technologies) following 
the manufacturer's instructions. The specific primers for 
miRNA‑142 and U6 were purchased from GeneCopoeia 
(Rockville, MD, USA). The relative expression of miR‑142 
was measured using the miScript SYBR® Green PCR Kit 
(Qiagen, Venlo, The Netherlands). The expression of U6 was 
used as an endogenous control. Data were processed using the 
2‑ΔΔCt method.

Cell counting kit‑8 (CCK‑8) cell proliferation assay. CCK‑8 
was used to evaluate cell proliferation. A total of 5x103 cells 
were seeded in each 96‑well plate for 24 h, treated with the 
indicated drugs and further incubated for 0, 24, 48 and 72 h. 
One hour prior to the completion of the incubation, 10 µl 
CCK‑8 reagent was added to each well. The optical density 
(OD) 450 nm value in each well was determined by an enzyme 
immunoassay analyzer (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA).

Transwell™ assay. Following treatment with the indicated 
drugs for 72 h, the cells were starved in serum‑free medium 
(Invitrogen Life Technologies) for 24  h and resuspended 
in serum‑free medium. The cells were added to the upper 
chamber, while the lower chamber was filled with basic 
medium containing 10% FBS. Following incubation for 24 h, 
the cells attached to the bottom were fixed and stained with 

crystal violet (Amresco, LLC, Solon, OH, USA) for 20 min. 
The redundant crystal violet was washed by 0.1 M phos-
phate‑buffered saline (PBS; Amresco, LLC), and dried in 
air. The OD of crystal violet dissolved in 10% acetic acid at 
570 nm was detected by an enzyme immunoassay analyzer.

Flow cytometric analysis of the cell cycle. The cells were 
treated with the indicated drugs for 72 h. Following trypsin-
ization and washing with ice‑cold PBS, the cell suspensions 
were stained using BD Cycletest™ Plus (BD Biosciences, 
Franklin Lakes, NJ, USA) according to the manufacturer's 
instructions and the cell cycle was then analyzed by flow 
cytometry (Beckman Coulter, Brea, CA, USA). The experi-
ments were performed in triplicate.

Measurement of miR‑142 promoter CpG island methylation 
status by bisulfite genomic sequencing PCR (BSP) and meth‑
ylation‑specific PCR (MSP). Genomic DNA was extracted 
using the Takara Genomic DNA Extraction kit (Takara Co., 
Dalian, China). Genomic DNA (1 µg per sample) was modi-
fied with bisulfite using the Epitect Bisulfite kit (Qiagen) 
according to the manufacturer's instructions. The modified 
DNA was amplified using the following primers: miR‑142 
forward, TTTAGGGTATGAGAGAGGGTTTTTAG and 
reverse, AATTCCCTTCAAAAAAAACAAAACT. The 
PCR products were gel‑extracted (Qiagen) to confirm that a 
single band had been obtained and were then sequenced by 
Invitrogen Life Technologies.

MSP was performed on bisulfate‑treated DNA. The 
primers used were as follows: Unmethylated miR‑142 forward, 
TTAAGGTTTGTGTGGGTTTAAATG and reverse, 
AAATAAACAAAAAACAACATCAAC; methylated 
miR‑142 forward, TTTTAAGGTTTGTGTGGGTTTAAAC 
and reverse, AAAATAAACAAAAAACAACGTCGAC. The 
annealing temperature was 60˚C for methylated‑PCR and 
55˚C for unmethylated‑PCR, with 27 cycles used for each.

Statistical analysis. Student's t‑tests or one‑way analysis of 
variance were used to analyze data using GraphPad Prism 5 
software (GraphPad Software, Inc., La Jolla, CA, USA), 
depending on the experimental conditions. All the data are 
presented as mean ±  standard deviation. Compared with 
the respective controls, P<0.05 was considered to indicate a 
statistically significant difference.

Results

Methylation of CpG islands and expression of miR‑142 in 
OS tissues and cell lines. The average expression level of 
miR‑142 was found to be significantly lower (P<0.001) in 
the OS samples obtained from the 6 OS patients compared 
with the normal controls, as indicated by the reverse 
transcription‑qPCR (Fig. 1A). Similar results were observed 
in the OS cell lines, particularly in Saos‑2 and MG63 cells 
(Fig. 1B). In light of these findings, the role of epigenetic 
mechanisms that may be involved in the silencing of miR‑142 
was investigated. MSP was used to detect miR‑142 methyla-
tion in tissues obtained from the 6 patients with OS and the 
normal tissue samples (Fig. 1C). A significantly higher level 
of methylation was observed in OS compared with that in 
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normal tissues. There was no methylation detected in any of 
the normal tissue samples.

Upregulated expression of miR‑142 was induced by treatment 
with demethylation agents. An increase in the expression of 
miR‑142 was observed in Saos‑2 and MG63 cells treated with 
15.55 nM Aza, 1.5 nM PBA and 15.55 nM Aza + 1.5 nM 
PBA (Fig. 2A). The miR‑142 CpG island methylation status 
was examined using BSP following treatment with demeth-

ylation agents. The results indicated that methylation was 
decreased by all the treatments, particularly by the combined 
Aza + PBA treatment (Fig. 2B).

Effects of demethylation agents on cell proliferation and inva‑
sion. CCK‑8 was used to assess the effects of demethylation 
agents on Saos‑2 and MG63 cell proliferation. It was observed 
that inhibition of proliferation was induced by Aza or PBA 
treatment alone, whereas a significantly higher level of inhibi-

Figure 1. MicroRNA (miR)‑142 expression and CpG island methylation. (A) The miR‑142 expression levels were significantly lower in OS tissues com-
pared to those in normal tissues. (B) The miR‑142 expression levels were significantly lower in OS cell lines compared to those in hFOB1.19 controls. 
(C) Methylation‑specific polymerase chain reaction test results for the 6 OS patients and the 3 normal controls. Data are expressed as mean ± standard 
deviation. ***P<0.001 vs. control.

Figure 2. MicroRNA (miR)‑142 expression and CpG island methylation following treatment with demethylation agents. (A) The miR‑142 expression levels 
were significantly increased by demethylation agents in Saos‑2 and MG63 cells. (B) The bisulfite genomic sequencing polymerase chain reaction detection 
results demonstrated that methylation was decreased following treatment. Data are expressed as mean ± standard deviation. **P<0.01 and ***P<0.001 vs. control 
(Con). Aza, 5‑Aza‑2'‑deoxycytidine; PBA, 4-phenylbutyric acid.
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tion was observed in cells treated with Aza + PBA (Fig. 3A and 
B). The Transwell™ assay was used to measure the invasive 
ability of Saos‑2 and MG63 cells following treatment with 
demethylation agents. The results indicated that their inva-
sive ability was significantly decreased by all the treatments, 
particularly by the combined Aza + PBA treatment (Fig. 3C‑F).

Demethylation agents induce the retardation of the S phase in 
Saos‑2 and MG63 cells. Flow cytometric analysis was used to 
analyze cell cycle alterations following treatment with demeth-

ylation agents. In the cell cycle analysis, the ratio of cells in 
different phases of the cell cycle was as shown in Fig. 4A 
and B. The results revealed that demethylation agents induced 
cell cycle arrest, thus inducing an increase in G2 phase cells, 
with a concomitant decrease in S phase cells (Fig. 4C).

Discussion

The survival rates of patients with OS have improved consider-
ably following multiagent chemotherapy, with a 5‑year survival 

Figure 3. Effects of demethylation agents on cell proliferation and invasion. Cell proliferation was inhibited by demethylation agents in (A) Saos-2 and 
(B) MG63 cells. Cell invasive ability was reduced by demethylation agents in (C) Saos-2 and (E) MG63 cells. Quantification of the Transwell™ assay in 
(D) Saos-2 and (F) MG63 cells. Data are expressed as mean ± standard deviation. *P<0.05 and **P<0.01 vs. control (Con). Aza, 5‑Aza‑2'‑deoxycytidine; PBA, 
4-phenylbutyric acid.
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rate of ~60% for patients without metastases (18). However, the 
survival rates have reached a plateau and novel biology‑based 
therapies are imperative to achieve further improvement. 
At the molecular level, the majority of OSs exhibit complex 
genomic aberrations and highly variable patterns of gene 
expression. Emerging evidence has demonstrated that several 
miRNAs were altered in OS, some of which play a critical 
role in carcinogenesis (6,10,19,20). Detailed understanding of 
miRNAs and their regulation mechanisms may aid the devel-
opment of novel strategies to improve OS treatment.

The function of miR‑142 has been primarily described in 
the hematopoietic and immune systems. Increased expres-
sion of miR‑142 was observed in bronchioalveolar stem cells 
(BASCs), suggesting that miR‑142 may play an important role 

in maintaining the self‑renewal capacity of BASCs (15). In 
addition, ESCC patients with high expression levels of miR‑142 
exhibited poorer survival rates compared with those with low 
expression levels of miR‑142 (16), whereas upregulated levels 
of miR‑142 were involved in aggressive non‑small‑cell lung 
carcinoma (NSCLC)  (21,22). However, a recent study has 
suggested that miR‑142 may be associated with the suppression 
of NSCLC cells (23). Wang et al (24) reported that miR‑142 
was upregulated by the NGX6 metastasis suppressor gene in 
colon cancer cells. Furthermore, their findings indicated that 
miR‑142 plays a vital role in suppressing the proliferation 
of colon cancer cells and increasing the sensitivity of these 
cells to chemotherapeutic agents by targeting CD133, ABCG2 
and Lgr5. It was also found that miR‑142‑3p acts as a tumor 

Figure 4. Cell cycle alterations following treatment with different demethylation agents in (A and C) Saos‑2 and (B and D) MG63 cells. Data are expressed as 
mean ± standard deviation. *P<0.05 and **P<0.01 vs. control (Con). Aza, 5‑Aza‑2'‑deoxycytidine; PBA, 4-phenylbutyric acid.
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suppressor by targeting CD133, ABCG2 and Lgr5 in colon 
cancer cells (25).

In the present study, we confirmed that miR‑142 was 
significantly decreased in OS tissues and cell lines. Although 
previous data demonstrated that miR‑142 was downregulated 
in OS cell lines, as detected by global microarray analyses (17), 
the role of miR‑142 in OS remains unknown.

Mature miRNAs are generated from primary miRNA 
transcripts  (26), through an intermediate precursor  (27). 
Increasing evidence indicates that, similar to protein‑coding 
genes, epigenetic mechanisms, such as DNA methylation and 
histone acetylation, may be associated with the regulation of 
miRNA expression (28). DNA methylation at the dinucleotide 
CpG is one of the most common epigenetic modifications in 
eukaryotic genomes and plays a significant role in various 
biological processes  (29). The majority of human miRNA 
genes have been found to be associated with CpG islands (30). 
However, the epigenetic mechanisms underlying the tissue‑ 
and cell type‑specific regulation of miR‑142 have not been 
clearly determined in the majority of cases.

The present study revealed that a significantly higher level 
of miR‑142 methylation was observed in OS compared with 
normal tissues. There was no methylation detected in any of 
the normal tissue samples. The findings suggested that the 
methylation mechanism of miR‑142 may be involved in OS 
development. To investigate the involvement of epigenetic 
silencing, Saos‑2 and MG63 cells were initially treated with 
the demethylating agent Aza or/and PBA, which resulted in 
a concomitant increase of miR‑142 transcripts, particularly 
in the group co‑treated with Aza + PBA. To provide further 
evidence, BSP was used to demonstrate that the methylated 
CpG islands of miR‑142 were significantly decreased by Aza 
and PBA treatment in Saos‑2 and MG63 cells. Furthermore, 
a significant inhibition of proliferation in Saos‑2 and MG63 
cells by expression of miR‑142 was induced by demethylation 
agents. It was also observed that increased miR‑142 expression 
by Aza or PBA repressed cell migration. The overexpression 
of miR‑142 has been shown to inhibit the proliferation and 
colony‑forming ability of primitive hematopoietic cells (31). 
Some of these functions appear to depend on the cellular 
type and context, since it was reported that miR‑142 acts as 
an anti‑migratory factor in hepatocellular carcinoma cells (32) 
and has also been reported to be deregulated in mesenchymal 
tumors (33). In the present study, demethylation agents induced 
Saos‑2 and MG63 cell cycle arrest, thus inducing an increase 
in G2 phase cells with a concomitant decrease in S phase cells. 
The exact mechanisms through which miR‑142 inhibits cell 
proliferation and decreases S phase arrest remain unknown. 
One possible explanation is that multiple genes associated with 
the cell cycle are targeted by the miRNA signal. Therefore, 
other genes regulated by miR‑142 that affect cell growth, the 
cell cycle and invasion should be further investigated.

In conclusion, the present study revealed that the expression 
level of miR‑142 was significantly lower in OS tissues and cells 
due to hypermethylation. These findings suggested that miR‑142 
played an important role in the inhibition of cell proliferation 
and invasiveness of OS cell lines induced by demethylation 
agents. Of note, this study investigated the role of miR‑142 
only in vitro and the tumor‑suppressive role of miR‑142 in OS 
requires further confirmation by studies performed in vivo.
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