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Abstract. Osteosarcoma has become one of the most common
primary malignant tumors affecting children and adolescents.
Although increasing evidence has indicated that microRNAs
(miRNAs or miRs) play important roles in the development
of osteosarcoma, the expression of miR‑27a‑3p and its effects
on osteosarcoma are not yet fully understood. In the present
study, our data demonstrated that the expression of miR‑27a‑3p
in osteosarcoma cell lines was significantly higher than that
in the normal human osteoblastic cell line, hFOB 1.19 cell
(P<0.01). In order to explore the role of miR‑27a‑3p in the
development and progression of osteosarcoma, the expression
of miR‑27a‑3p was inhibited by transfection of the MG-63
cells with miR‑27a‑3p inhibitor. The results revealed that the
cell proliferative ability significantly decreased (P<0.01), the
number of apoptotic cells significantly increased (P<0.01) and
the number of cells passing through the Transwell membrane
was significantly reduced in the group transfected with the
miR‑27a‑3p inhibitor (P<0.01). At the same time, the expression of E-cadherin and α-catenin was significantly upregulated
(P<0.01), while the expression of vimentin was significantly
downregulated in the group transfected with the miR‑27a‑3p
inhibitor (P<0.01). Our results also revealed that the mRNA
expression of ten-eleven translocation 1 (TET1) in the osteosarcoma cells was significantly downregulated compared
with that in the hFOB 1.19 cells (P<0.01). Luciferase reporter
system analysis indicated that miR‑27a‑3p recognized the
TET1 3'-UTR. The protein expression of TET1 significantly
increased in the group transfected with the miR‑27a‑3p inhibitor. The results from CCK-8 assay, flow cytometric assay and
Transwell invasion analysis revealed that TET1 knockdown
inhibited the biological effects induced by the downregula-
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tion of miR‑27a‑3p. Taken together, the findings of this study
indicate that miR‑27a‑3p is upregulated, while TET1 is downregulated in human osteosarcoma cells. miR‑27a‑3p inhibition
suppresses the proliferation and invasion of osteosarcoma
cells, and promotes cell apoptosis via the negative regulation
of TET1. miR‑27a‑3p/TET1 may thus be a potential target for
the treatment of osteosarcoma.
Introduction
Osteosarcoma is the most common primary malignant bone
tumor, which originates from mesenchymal tissue. It is characterized by spindle-shaped stromal cells that produce bone-like
tissue (1,2). It usually occurs in adolescents with metaphysis,
mainly around the knee joint (3). According to statistical
data, the incidence of osteosarcoma is ranked first among all
primary malignant bone tumors (4). The malignant degree of
osteosarcoma is extremely high. The prognosis is poor, and
pulmonary metastasis can occur within several months, with
the survival rate being only approximately 60% following
amputation (5-7).
At present, radical surgery is still the first choice of treatment for osteosarcoma, and is accompanied by adjuvant
chemotherapy at high doses (8-10). With the promotion of
radical surgery and high-dose chemotherapy, the 5-year
survival rate of patients with osteosarcoma has increased to
approximately 70% (11). However, there a considerable number
of patients with this disease still suffer from tumor recurrence
and distant metastasis following complex treatment (12).
Distant metastasis is one of the most important reasons for
the failure of treatment in the majority of patients with osteosarcoma (13-15). The main reason for the distant metastasis of
osteosarcoma is the abnormal expression of tumor metastasisrelated genes and metastasis suppressor genes (16,17).
In recent years, some progress has been made in the
etiology, development, diagnosis and treatment of osteosarcoma; however, this progress has been very gradual, and the
specific pathogenesis of the disease is not yet clear (17,18). In
addition, the lack of an effective target for the diagnosis and
treatment of osteosarcoma has made prognosis and treatment
difficult. Therefore, the identification of biological targets for
osteosarcoma may have important theoretical and clinical
implications (19).
MicroRNAs (miRNAs or miRs) are single-stranded noncoding RNAs of 21-23 nucleotides in length (20-22). miRNAs
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regulate gene expression via the specific binding to target
genes (23). Over the past decades, a large number of miRNAs
have been identified and are believed to play an important role
in the occurrence, differentiation, proliferation and apoptosis
of cells (24,25). Recent studies have indicated that alterations
in miRNA expression are associated with the occurrence,
development, diagnosis and prognosis of cancers (26-28).
It has been previously demonstrated that miR‑27 can
regulate the expression of genes involved in cell metabolism,
differentiation, apoptosis, migration and immunity (29,30); On
the other hand, an abnormal expression of miR‑27 has been
found in a variety of tumors and diseases (31-33). miR‑27
regulates cell apoptosis, cell cycle progression and cell
proliferation, as well as processes via the post-transcriptional
regulation of different molecules, which indicates that miR‑27
is a key molecule in the development of tumors (30,34).
Pan et al demonsrated that miR‑27a promoted osteosarcoma
cell proliferation, migration and invasion (33). However, the
molecular mechanisms underlying the role of miR‑27a in the
development and progression of osteosarcoma remain largely
unexplored. In this study, revere transcription-quantitative PCR
(RT-qPCR) was used to detect the expression of miR‑27a‑3p
in human osteosarcoma cell lines, and Cell Counting kit-8
(CCK-8) assay, flow cytometry and Transwell assay were used
to examine the effects of miR‑27a‑3p on the proliferation,
apoptosis and invasion of osteosarcoma cells.
It has been previously demonstrated that epigenetic
modification plays a very important role in the occurrence
and development of tumors. The degree of DNA methylation
in prostate cancer and breast cancer is closely related to the
progression of the tumor (35). The expression of ten-eleven
translocation 1 (TET1) in prostate cancer and breast cancer
tissues is downregulated, and it has been found that the deletion of TET1 promotes the invasion and growth of tumor cells,
and promotes the metastasis of tumor cells in a xenograft
tumor model; TET1 overexpression can reduce cell invasion
and inhibit the formation of xenograft tumors (36,37). Online
software (http://www.targetscan.org) analysis was used to
predict the possible miR‑27a‑3p target genes, whereby TET1
was identified as a miR‑27a‑3p target gene. In addition, the
luciferase reporter gene system was used to determine whether
TET1 is a regulatory target gene of miR‑27a‑3p. Western blot
analysis was used to examine the effects of miR‑27a‑3p on
the expression of TET1, and the mRNA expression of TET1
in osteosarcoma cell lines as detected by RT-qPCR. Further
validation of the cell biological functions of miR‑27a‑3p in
MG-63 cells through the regulation of TET1 was achieved by
assessing the cell biological functions of miR‑27a‑3p in MG-63
cells through the regulation of TET1 via the overexpression of
TET1.
Therefore, the findings of this study may provide the
experimental basis for the application of miR‑27a‑3p and
TET1 in the treatment of osteosarcoma.
Materials and methods
Cell lines and cell culture. Normal human osteoblasts
(hFOB 1.19 cells), were cultured in mixed medium containing
0.5 mM sodium pyruvate, 2.5 mM L-glutamine (Gln), 15 mM
HEPES and 10% fetal bovine serum (FBS) (DMEM and

F12 medium were mixed 1:1). The human osteosarcoma
MG-63 and MNNG/HOS Cl #5 cells were cultured in EMEM
containing 2.0 mM L-glutamine (Gln), 1.0 mM sodium
pyruvate, 0.1 mM non-essential amino acid, 1.5 g/ml sodium
bicarbonate and 10% FBS Eagle's BSS. Saos-2 cells were
cultured in McCoy's 5A medium with 1.5 g/ml sodium bicarbonate, 1.5 mM L-glutamine (Gln) 15% FBS. The U-2OS cells
were cultured in McCoy's 5A medium containing 1.5 g/ml
sodium bicarbonate, 1.5 mM L-glutamine (Gln) and 10% FBS.
All cell lines are purchased from the Cell Bank of the
Chinese Academy of Sciences (Shanghai, China). FBS,
sodium pyruvate, L-glutamine, non-essential amino acid and
basic culture medium for cell culture were all purchased from
Invitrogen (Carlsbad, CA, USA). The above-mentioned cells
were cultured under conditions of 37˚C, 5% CO2 and saturated
humidity. The growth state of the cells was observed under
an inverted microscope (Leica DM IL LED; Leica, Wetzlar,
Germany). When the cells reached a 70-80% fusion state, they
were digested with 0.25% trypsin (Invitrogen). Cells at the
logarithmic growth phase were collected for use in the experiments.
RT-qPCR. RT-qPCR was used to detect the expression of
miR‑27a‑3p in normal human osteoblasts (hFOB 1.19) and
osteosarcoma cell lines (MG-63, MNNG/HOS Cl #5, Saos-2
and U-2OS). All cell lines were collected in vitro and the
TaqMan miRNA isolation kit was used to extract the RNA.
TaqMan microRNA Assay and TaqMan Universal PCR
Master Mix (Applied Biosystems, Foster city, CA, USA) were
used to detect the expression of mature miR‑27a‑3p, using U6
as an internal reference. The primers used were as follows:
miR‑27a‑3p forward, 5'-ACA CTC CAG CTG GGT TCA
CAG TGG CTA AG-3' and reverse, 5'-TGG TGT CGT GGA
GTC G-3'; and U6 forward, 5'-CTC GCT TCG GCA GCA
CA-3' and reverse, 5'-AAC GCT TCA CGA ATT TGC GT-3'.
The thermocycling conditions used for PCR were as follows:
Firstly pre-heating at 95˚C for 10 min, followed by 40 cycles of
denaturation at 95˚C for 10 sec, annealing at 60˚C for 60 sec,
and extension at 72˚C 90 sec. All experiments were conducted
in triplicate. The RT-qPCR experimental results were analyzed
by using the relative quantification method (38).
Following transfection of the MG-63 cells with miR‑27a‑3p
inhibitor and inhibitor negative control for 48 h, the TaqMan
miRNA isolation kit was used to respectively extract the RNA
from the cells in each group, and miR‑27a‑3p expression in
the MG-63 cells of each group was detected by RT-qPCR as
described above.
The mRNA expression of TET1 in the osteosarcoma cells
was also detected by RT-qPCR. Total RNA was extracted
from the osteosarcoma cells using TRIzol reagent (Invitrogen),
and the first strand cDNA was synthesized using the First
Strand cDNA Synthesis kit (Qiagen, Hilden, Germany).
GAPDH was used as an internal reference gene to detect the
mRNA expression of mRNA TET1. The primers used were as
follows: TET1 forward, 5'-GCCAGCAGAAGACCAACT-3'
and reverse, 5'-TCCAGAGGCACAACAACA-3'; GAPDH
forward, 5'-GACCTGACCTGCCGTCTA-3' and reverse,
5'-AGGAGTGGGTGTCGCTGT-3'.
The thermocycling conditions were as follows: Firstly
pre-heating at 95˚C for 10 min, followed by 40 cycles of
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denaturation at 95˚C for 10 sec, annealing at 60˚C for 60 sec,
and extension at 72˚C 90 sec. All experiments were conducted
in triplicate. The RT-qPCR experimental results are analyzed
using the relative quantification method (38).
Cell treatment. Normal cultured MG-63 cells were inoculated
into 6-well plates at a density of 3x105 cells/well. After cell
adherence, according to the instructions of the provider of
Lipofectamine 2000 transfection reagent (Invitrogen), transfection with miR‑27a‑3p inhibitor, inhibitor negative control
(provided by GenePharma, Shanghai, China), TET1 siRNA or
siRNA control (scramble) (provided by Guangzhou RiboBio
Co., Ltd., Guangzhou, China) was carried out. At the same
time, the normal control group consisted of untransfected
cells. MEM culture medium without serum was used to
dilute the miR‑27a‑3p inhibitor, inhibitor negative control,
TET1 siRNA and siRNA control, respectively. The diluted
Lipofectamine 2000 was mixed with miR‑27a‑3p inhibitor or
inhibitor negative control or TET1 siRNA or siRNA control.
After gentle mixing, incubation was carried out at room
temperature for 20 min to form the complex. The compound
was added to the culture plate of MG63 cells, which was
placed in an incubator at 37˚C and a 5% CO2 volume fraction. After 5 h, the culture medium was replaced with MEM
medium containing 10% fetal bovine serum and culture was
continued for 48 h.
CCK-8 assay. The normal cultured MG-63 cells were inoculated into 96-well plates with 1x106/ml, and the volume of
each well was 100 µl. Following cell adherence, and following
the instructions of the provider of Lipofectamine 2000
(Invitrogen), transfection with miR‑27a‑3p inhibitor, or inhibitor negative control was carried out, and the normal control
group consisted of untransfected cells. Following transfection
for 24, 48 and 72 h, 10 µl CCK-8 solution (Sigma‑Aldrich,
St. Louis, MO, USA) were added to each well of a 96-well
plate and the plates were then placed in a CO2 incubator for
continuous cultivation for 48 h. A microplate reader (BioTek
Instruments, Inc., Winooski, VT, USA) is used to detect the
OD value at the 450-nm position.
Analysis of cell apoptosis. The normal cultured MG-63 cells
were inoculated into 96-well plates. Following transfection, the
MG-63 cells were digested by trypsin, and washed with PBS.
Annexin Ⅴ-FITC and PI staining solution (Beyotime Institute
of Biotechnology, Haimen, China) were then added. The
96-well plates were placed at room temperature for 15 min.
After screen filtering, flow cytometric analysis was performed
(flow cytometer; BD Biosciences, Palo Alto, CA, USA) and
FCM cellQuest software (BD Biosciences) was used for cell
counting. FACsuite software (BD Biosciences) was adopted to
analyze the data.
Transwell invasion assay. The cell invasive ability was examined by Transwell invasion assay. The MG-63 cells transfected
miR‑27a‑3p inhibitor and inhibitor negative control were
added to the upper section of a Transwell chamber (Corning
Inc., Corning, NY, USA). The bottom of the Transwell
chamber was filled with 500 µl of medium containing 10%
FBS. Following 48 h of incubation, the MG-63 cells on the
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top surface of the chamber were removed using a cotton swab.
The MG-63 cells which had passed through the Transwell
chamber were fixed with 4% paraformaldehyde for 15 min at
room temperature and stained with a crystal violet solution
(Beyotime Institute of Biotechnology) for 10 min. A total of
8 visual fields were observed at random using a Leica microscope (Leica Microsystems, Bensheim, Germany). Image
pro plus 6.0 software (Media Cybernetics Inc., Silver Spring,
MD, USA) was used to count the cells passing through the
Transwell polycarbonate film. The cells passing through the
Transwell polycarbonate film were the invading cells.
Luciferase reporter gene system assay. TargetScan (http://
www.targetscan.org/) was used to predict the gene targeted by
miR‑27a‑3p, and TET1 was predicted as a potential target. The
luciferase reporter plasmid was constructed, which included
the miR‑27a‑3p complementary binding site wild-type 3'-UTR
sequence segments of TET1 (TET1 3'-UTR WT) and mutations
of 3'-UTR sequence segments of TET1 (TET1 3'-UTR MUT).
The normal cultured 293 cells (the Cell Bank of the Chinese
Academy of Sciences, Shanghai, China) was inoculated into the
wells of a 6-well plate at a density of 3x105/ml cells/well, and
the volume of each pore was 1,000 µl. The luciferase plasmid
containing TET1 3'-UTR WT or TET1 3'-UTR MUT and
miR‑27a‑3p mimic or mimic negative‑control (GenePharma)
were co-transfected into the 293 cells. Following transfection for 48 h, the 293 cells were collected and the luciferase
activity was determined using a microplate reader (BioTek
Instruments, Inc.).
Western blot analysis. Total protein was extracted from the
osteosarcoma cells using RIPA buffer (Beyotime Institute of
Biotechnology) and the quantitative analysis of the protein
concentration was performed using a BCA assay kit (Beyotime
Institute of Biotechnology). A total of 50 µg of total protein was
separated for each lane, and then was transferred onto PVDF
membranes (Bio-Rad, Hercules, CA, USA). Subsequently,
the PVDF membranes were blocked with blocking buffer
containing 5% skim milk powder, 10 mM Tris-HCl, 150 mM
NaCl and 0.1% Tween-20, pH 7.5, at room temperature for 1 h.
This was followed by the addition of the primary antibodies
[mouse anti-human vimentin monoclonal antibody (1:2,000
dilution; ab8979), rabbit anti-human E-cadherin polyclonal
antibody (1:1,000 dilution; ab15148), rabbit anti human TET1
(ab105475) and α-catenin monoclonal (ab51032) antibodies
(1:2,000 dilution) (all from Abcam, Cambridge, MA, USA)
and rabbit anti-human β-actin monoclonal antibody (1:1,000
dilution; A5441; Sigma‑Aldrich)] and incubation of the PVDF
membranes at 4˚C overnight, followed by continuous incubation with secondary antibodies [HRP-labeled goat anti-rabbit
IgG (A6154) or goat anti-mouse IgG (A4416); Sigma‑Aldrich;
1:2,000 dilution] at 37˚C for 1 h. Finally, the PVDF membranes
were treated with enhanced chemiluminescence reagent
(Pierce, Rockford, IL, USA), and exposed to medical X-ray
film. The relative content of vimentin, E-cadherin, α-catenin
and TET1 was determined using PDQuest software (Bio-Rad).
Statistical analysis. SPSS17.0 statistical analysis software
was used for the statistical analysis of the experimental
data. The t-test was used for comparisons between 2 groups.
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Figure 1. Relative expression of miR‑27a‑3p in osteosarcoma cell lines.
The expression of miR‑27a‑3p was analyzed by RT-qPCR in normal human
osteoblasts cells (hFOB 1.19) or osteosarcoma cell lines (MNNG/HOS Cl #5,
MG-63, U-2OS and Saos-2). **P<0.01 vs. hFOB 1.19 cells. All experiments
were run in triplicate. Data are expressed as the means ± SEM.

One-way ANOVA followed by Tukey's post hoc test was used
for comparisons of 3 or more groups (groups or variables) to
determine statistical significance. The results were considered
to be statistically significant at a value of P<0.05.
Results
miR‑27a‑3p is upregulated in human osteosarcoma cells.
The results from RT-qPCR revealed that the expression of
miR‑27a‑3p in the osteosarcoma cell lines (MNNG/HOS
Cl #5, MG-63, U-2OS and Saos-2) was significantly higher
than that in the normal human osteoblasts (hFOB 1.19)
(P<0.01). The expression of miR‑27a‑3p in the osteosarcoma
cell lines was approximately 3.5-fold higher than that in the
hFOB 1.19 cells (Fig. 1), which indicated that the upregulation
of miR‑27a‑3p may play an important role in the development
of osteosarcoma. As the expression of miR‑27a‑3p was highest
in the MG-63 cells, these cells were selected for use in transfection experiments. In the future, we aim to perform further
studies using multiple cell lines.
miR‑27a‑3p inhibition suppresses cell proliferation and
induces cell apoptosis. In order to examine the effects of
miR‑27a‑3p on osteosarcoma cells, miR‑27a‑3p inhibitor
was transfected into the MG-63 cells, and the expression of
miR‑27a‑3p was detected by RT-qPCR. The results revealed
that the expression of miR‑27a‑3p was significantly lower in
the group transfected with the miR‑27a‑3p inhibitor than in
the normal control group (untransfected cells; P<0.01), and the
negative control group (P<0.01) (Fig. 2). These data indicated
that the use of miR‑27a‑3p inhibitor effectively inhibited its
expression.
The effect of miR‑27a‑3p on MG-63 cell viability was
determined by CCK-8 assay. The results revealed that the
OD450 value was significantly lower in the group transfected
with the miR‑27a‑3p inhibitor than in the normal control group

Figure 2. Expression of miR‑27a‑3p in transfected MG-63 cells. miR‑27a‑3p
expression was determined in MG-63 cells transfected with miR‑27a‑3p
inhibitor, inhibitor negative control and empty vector (Normal). **P<0.01 vs.
Normal or inhibitor negative-control. All experiments were run in triplicate.
Data are expressed as the means ± EM.

and negative control group (P<0.01) (Fig. 3A), which demonstrated that the inhibition of miR‑27a‑3p expression reduced
the ability of the MG-63 cells to proliferate, suggesting that
miR‑27a‑3p promotes the proliferation of MG-63 cells.
The effect of miR‑27a‑3p on the apoptosis of the MG-63
cells was detected by flow cytometric analysis. The results
revealed that the proportion of apoptotic cells in the group
transfected with the miR‑27a‑3p inhibitor was significantly
higher than that in the normal control group and negative
control group (P<0.01) (Fig. 3B). These data demonstrated that
the inhibition of miR‑27a‑3p promoted MG-63 cell apoptosis.
Downregulation of miR‑27a‑3p suppresses the invasive ability
of the MG-63 cells. The effects of miR‑27a‑3p on the invasive ability of the MG-63 cells were examined by Transwell
invasion assay. The results indicated that the number of cells
that passed through the Transwell chamber was significantly
reduced in the group transfected with the miR‑27a‑3p inhibitor
compared with the normal control group and negative control
group (P<0.01) (Fig. 4). These data demonstrated that the
downregulation of miR‑27a‑3p suppressed the invasive ability
of the osteosarcoma cells.
In order to explore the mechanisms responsible for the
promoting effects of miR‑27a‑3p on the invasion of osteosarcoma cells, the expression levels of epithelial-mesenchymal
transition (EMT)-associated proteins (vimentin, E-cadherin
and α-catenin) were detected by western blot analysis. The
results revealed that, compared with the control group, the
expression of vimentin was significantly decreased (P<0.01),
while the expression of E-cadherin and α-catenin was significantly increased (P<0.01) in the group transfected with the
miR‑27a‑3p inhibitor (Fig. 5). These data indicated that the
downregulation of miR‑27a‑3p suppressed the expression
of vimentin and induced the expression of E-cadherin and
α-catenin, thus preventing EMT.
TET1 is the target gene of miR‑27a‑3p. The TargetScan tools
(http://www.targetscan.org/) were used to predict the potential
targets of miR‑27a‑3p. The results indicated that TET1 was
one of the potential targets of miR‑27a‑3p. Subsequently,
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Figure 3. Effect of miR‑27a‑3p on cell viability and apoptosis. (A) Effect of miR‑27a‑3p on cell viability detected by CCK-8 assay; (B) effect of miR‑27a‑3p on
cell apoptosis detected by flow cytometric analysis. **P<0.01 vs. Normal or inhibitor negative control. All experiments were run in triplicate. Data are expressed
as the means ± EM.

Figure 4. Effect of miR‑27a‑3p on cell invasion examined by Transwell assay. (A) Normal group; (B) miRNA inhibitor negative control transfection group;
(C) miR‑27a‑3p inhibitor transfection group. (D) Quantitative analysis of the numbers of invading cells; **P<0.01 vs. Normal or inhibitor negative control. Data
are expressed as the means ± EM.

the dual-luciferase reporter gene system was used to verify
whether TET1 was the target of miR‑27a‑3p. The results
revealed that the luciferase activity was significantly decreased
in the 293 cells co-transfected with miR‑27a‑3p mimic and
TET1 3'-UTR (WT), compared to the cells co-transfected
with the negative control (mimic negative control) and

TET1 3'-UTR (WT) or miR‑27a‑3p mimic and TET1
3'-UTR (MUT) (P<0.01) (Fig. 6). These results indicated that
miR‑27a‑3p may directly interact with the target site of the
TET1 3'-UTR.
In order to explore the role of miR‑27a‑3p in regulating the
expression of TET1, western blot analysis was used to detect
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Figure 5. Effect of miR‑27a‑3p on the expression of EMT-related proteins in osteosarcoma cells detected by western blot analysis. **P<0.01 vs. Normal or
inhibitor negative control. Data are expressed as the means ± EM.

osteosarcoma cell lines (MNNG/HOS Cl #5, MG-63, U-2OS
and Saos-2) was significantly lower than that in the normal
human osteoblasts (hFOB 1.19) (P<0.01). Its expression in the
osteosarcoma cells was approximately 1/3 lower than that in
the hFOB1.19 cells (Fig. 7B). These data demonstrated that
TET1 was the target gene of miR‑27a‑3p in osteosarcoma cells.

Figure 6. TET1 is the target of miR‑27a‑3p validated by the luciferase
reporter gene system. **P<0.01 vs. the mimic negative control group. Data are
expressed as the means ± EM.

the protein expression of TET1 in the MG-63 cells transfected
with miR‑27a‑3p. The results revealed that the protein expression of TET1 was significantly lower in the group transfected
with the miR‑27a‑3p mimic (P<0.01) (Fig. 7A), which demonstrated that miR‑27a‑3p inhibited the protein expression of
TET1 in the MG-63 cells.
Since TET1 was found to be a target gene of miR‑27a‑3p,
and miR‑27a‑3p expression was upregulated in human osteosarcoma cells, we then wished to examine TET1 expression in
osteosarcoma cells. RT-qPCR was used to detect the mRNA
expression of TET1 in the human osteosarcoma cell lines. The
results revealed that the mRNA expression of TET1 in the

miR‑27a‑3p affects cellular biological functions by regulating
TET1. Our data indicated that TET1 was a target gene of
miR‑27a‑3p. In order to verify that miR‑27a‑3p plays a biological role in osteosarcoma cells by regulating TET1, miR‑27a‑3p
inhibitor and TET1 siRNA were co-transfected into the
MG-63 cells using Lipofectamine 2000. We further verified
that the expression of TET1 was regulated by miR‑27a‑3p in
the MG-63 cells. The results revealed that the mRNA expression of TET1 was significantly decreased (P<0.01) in the
group transfected with TET1 siRNA, and was upregulated in
the group co-transfected with miR‑27a‑3p inhibitor and TET1
siRNA compared to the group transfected with TET1 siRNA
(P<0.01). The mRNA expression of TET1 did not differ
significantly between the normal control group (Normal) and
the siRNA negative control group (siRNA scramble) (Fig. 8A).
CCK-8 assay, flow cytometry and Transwell assay were
used to further verify that miR‑27a‑3p plays a biological
role by regulating the expression of TET1. The results from
CCK-8 assay revealed that the OD450 value was significantly
increased in the group transfected with TET1 siRNA compared
to that in the group co-transfected with miR‑27a‑3p inhibitor
and TET1 siRNA (P<0.01), which indicated that the viability
of the MG-63 cells was enhanced in the group transfected with
TET1 siRNA compared to that in the group co-transfected
with miR‑27a‑3p inhibitor and TET1 siRNA. Thus, the inhibition of TET1 expression may promote the proliferation of
MG-63 osteosarcoma cells. The OD450 value of the MG-63
cells in the group co-transfected with miR‑27a‑3p inhibitor and
TET1 siRNA did not differ significantly compared with that in
the normal control group and siRNA negative control group
(siRNA scramble) (Fig. 8B). The results from flow cytometry
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Figure 7. Effect of miR‑27a‑3p on the mRNA and protein expression of TET1 in osteosarcoma cells. (A) Effect of miR‑27a‑3p on the protein expression of
TET1 detected by western blot analysis (**P<0.01 vs. mimic negative control and Normal group). Lane a, normal group; lane b, mimic negative control transfection group; and lane c, miR‑27a‑3p mimic transfection group. (B) The mRNA expression of TET1 in human osteosarcoma cell lines detected by RT-qPCR
(**P<0.01 vs. hFOB 1.19 normal osteoblasts). Data are expressed as the means ± EM.

Figure 8. miR‑27a‑3p affects cellular biological functions in osteosarcoma by targeting TET1. (A) mRNA expression of TET1 in MG-63 cells detected by
RT-qPCR; (B) CCK-8 assay was used to detect cell viability. Flow cytometry was used to detect cell apoptosis. Transwell invasion assay was used to detect
cell invasion. **P<0.01 vs. Normal and siRNA scramble groups; ##P<0.01.

demonstrated that the number of apoptotic cells in the group
co-transfected with miR‑27a‑3p inhibitor and TET1 siRNA
was significantly higher than that in the group transfected

with TET1 siRNA (P<0.01); no significant differences were
observed between the normal control group and the siRNA
negative control group (Fig. 8C). The results from Transwell
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assay revealed that the number of cells invading through
the Transwell chamber in the group co-transfected with the
miR‑27a‑3p inhibitor and TET1 siRNA was significantly lower
than that in the group transfected with TET1 siRNA (P<0.01);
no significant differences were found between the normal
control group and the siRNA negative control group (Fig. 8D).
These data demonstrated that TET1 inhibition attenuated the
biological effects induced by miR‑27a‑3p inhibition in the
MG-63 cells, also suggesting that miR‑27a‑3p affects cellular
biological functions by regulating TET1 in osteosarcoma.
Discussion
In different tumor types, miRNAs play two different roles:
As tumor suppressor genes and as oncogenes. Their main
mechanisms of action include the loss of loci, amplification,
mutations, alterations at the epigenetic level and the abnormal
expression of transcription factors (39,40). miR‑27a is an
evolutionarily conserved family, and has been found to have
an abnormal expression in certain types of tumors, such as in
breast cancer, gastric cancer and esophageal cancer (35,41,42).
However, the role of miR‑27a in osteosarcoma has not yet
been fully elucidated. Therefore, it is necessary to further
examine the role and mechanisms of action of miR‑27a in
osteosarcoma.
There are a number of studies available on miR‑27 and
tumors. Zhou et al reported that miR‑27a‑3p plays the role
of a proto-oncogene in gastric cancer via the BAK-SMAC/
DIABLO-XIAP axis (44). miR‑27a acts as a proto-oncogene
by regulating the expression of MHC class I in colorectal
cancer (43). In addition, a number of studies have confirmed
that miR‑27a‑3p is related to the sensitivity of cells to
chemotherapy and radiotherapy (44). Therefore, in this study,
RT-qPCR was used to detect the expression of miR‑27a‑3p in
human osteosarcoma cell lines. The results revealed that the
expression of miR‑27a‑3p was markedly upregulated in the
osteosarcoma cell lines compared with the normal osteoblasts,
hFOB 1.19 cells, which suggested that miR‑27a‑3p plays an
important role in the development of osteosarcoma.
In order to explore the role of miR‑27a‑3p in osteosarcoma, the effects of miR‑27a‑3p on the viability, apoptosis
and invasive ability of osteosarcoma cells were determined,
and the results revealed that miR‑27a‑3p inhibition decreased
the proliferative ability, contributed to cell apoptosis, and
reduced the invasive ability of the osteosarcoma cells. Based
on these findings, it can be speculated that miR‑27a‑3p
suppresses the apoptosis of osteosarcoma cells, and promotes
the growth and invasion of osteosarcoma cells. Metastasis
is the leading cause of mortality in patients with osteosarcoma (45).
The main reason for the distant metastasis of osteosarcoma
is the abnormal expression of tumor metastasis-related genes
and metastasis suppressor genes (16,17). Increasing evidence
has indicated that EMT is associated with the invasive and
metastatic behavior of cells during cancer progression (46,47).
In the process of EMT in tumors, the expression of epithelial
markers (E-cadherin and α-catenin) undergoes a downregulation and the expression of mesenchymal markers (vimentin)
undergoes an upregulation, which indicates that epitheliumderived tumor cells are losing cell polarity, the connections

between cells become loose and intracellular cytoskeletal
proteins undergo recombination (48). Therefore, in this study,
the expression of EMT-related proteins (E-cadherin, α-catenin
and vimentin) was detected in the MG-63 cells. The results
revealed that miR‑27a‑3p inhibition decreased the expression of vimentin, and induced the expression of E-cadherin
and α-catenin, which indicated that the downregulation of
miR‑27a‑3p suppressed EMT in osteosarcoma. On the other
hand, it also indicated that miR‑27a‑3p promoted the expression of vimentin, inhibited by the expression of E-cadherin
and α-catenin, so as to promote the invasion and migration of
osteosarcoma cells.
miRNAs are small (approximately 21 nucleotides in
length) non-coding RNAs that play pivotal roles in cellular
and developmental processes by regulating gene expression
at the post-transcriptional level (49). Our data demonstrated
that miR‑27a‑3p interacted with TET1, and that miR‑27a‑3p
inhibited the expression of TET1 protein in osteosarcoma
cells. TET1 inhibits the invasion of cancer cells by inhibiting the methylation of matrix metalloproteinase 2 and 3,
and maintaining the expression of tissue inhibitor of matrix
metalloproteinases to achieve the inhibition of cancer cell
invasion (50). In order to explore whether miR‑27a‑3p plays a
biological role by regulating TET1, miR‑27a‑3p inhibitor and
TET1 siRNA were co-transfected into the MG-63 cells. Our
data demonstrated that TET1 inhibition attenuated the biological effects induced by miR‑27a‑3p inhibition in osteosarcoma
cells, also suggesting that miR‑27a‑3p promoted the malignant
phenotypes of osteosarcoma by targeting TET1.
In conclusion, our data demonstrated that miR‑27a‑3p
is upregulated in human osteosarcoma cells. miR‑27a‑3p
inhibition suppressed the viability and invasive ability of
the osteosarcoma cells, and promoted cell apoptosis. At the
same time, miR‑27a‑3p inhibition increased the expression of
E-cadherin and α-catenin, and decreased the expression of
vimentin in osteosarcoma cells. Our data also demonstrated
that miR‑27a‑3p interacted with TET1, and TET1 knockdown
attenuated the biological effects induced by miR‑27a‑3p in
osteosarcoma cells. on the whole, this study demonstrates that
miR‑27a‑3p promotes the malignant phenotypes of osteosarcoma by targeting TET1; thus, miR‑27a‑3p may prove to be a
potential prognostic marker and therapeutic target for patients
with osteosarcoma.
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