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miR-22 promotes apoptosis of osteosarcoma
cells via inducing cell cycle arrest
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Abstract. To study the effects of miR-22 on the proliferation
and the apoptosis of osteosarcoma MG-63 cell line and to
explore the potential molecular mechanism that miR-22 regu-
lates this biological process. Quantitive real-time polymerase
chain reaction (RT-gPCR) was performed to explore the
miRNA level of miR-22. The MG-63 cell line was infected
with miR-22 mimics for establishment of miR-22 overexpres-
sion. Non-infected cells were in blank group and cells infected
with empty vector were served as negative control (NC group).
MTT assay was conducted to measure cell viability. The
cell cycle and apoptosis were explored using flow cytometry
and the apoptosis-related markers were detected by western
blotting. RT-qPCR results revealed that the miR-22 miRNA
level in the MG-63 cells was significantly lower than that in
osteoblasts (P<0.05). MTT assay showed that the MG-63
cells infected with miR-22 mimics exhibited markedly
decreased proliferation ability compared with blank and empty
vector (NC) groups. Next, we found that overexpression of
miR-22 remarkably increased the apoptosis of the MG-63 cells,
evidenced from the flow cytometry results and elevated Bax and
reduced Bcl-2. Furthermore, results revealed that percentage of
the cells at GO/GI1 phase in miR-22 mimic group (66.75+3.67%)
was significantly higher than blank (52.9+2.58%) and NC
(50.5+2.45%) groups. miR-22 attenuated the proliferation and
induced the apoptosis of the MG-63 cells via promoting GO/G1
cell cycle arrest. Thus, miR-22 may have the potential to be a
novel therapeutic in treatment of osteosarcoma.

Introduction

As a primary tumor of bone, osteosarcoma (OS) is believed to
be derived from the malignant mesenchymal stem cells (1,2).
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The tumor usually develops in the metaphyses of the long
bones, such as the proximal humerus, the distal femur, and
the proximal tibia (3). Although in the past decades, the
neoadjuvant chemotherapy combined with the local control
have been applied to ameliorate the outcomes of patients with
OS, the rate of 5-year survival rises to approximately 65%, and
after metastasis or recurrence the rate is significantly lowered
to approximately 30% (4-6). In addition, patients with OS
metastasis to some other tissues such as lung mostly decease
in about 6-12 months (7).

miRNAs, approximately 22-25 nt in length, are a kind
of non-coding small RNAs and are crucial mediators on
post-transcriptional gene expression (8,9). Mature miRNAs
regulate the gene expression through binding 3'-UTR of their
target genes, resulting in either decreased protein translation or
miRNA degradation (10,11). Abnormal level of miRNAs was
found to contribute to various malignant tumors, including
OS (12-14).

Zhu et al found that miR-29b can exert its tumor-suppres-
sive function in OS via targeting CDKG6 (15). In another study,
miR-140 was showed to be associated with the chemoresis-
tance by reducing cell proliferation through G1/G2 phase
arrest mediated partly through the suppression of HDAC4 (16).

Recent studies have demonstrated the important role of
miR-22 in the occurrence and development of OS. Xin et al
suggested that miR-22 could significantly attenuate tumor
growth and metastasis by targeting ATP citrate lyase (17).
However, how miR-22 exerts its antitumor effects remains
unclear.

The aim of our present study was to explore the miR-22
effects on the proliferation and the apoptosis in the osteo-
sarcoma MG-63 cell line, and to investigate its potential
underlying mechanism.

Materials and methods

Cell culture. The human MG-63 cell line was purchased from
Shanghai Institute of Cell Biology (Shanghai, China). Cells
were cultivated in the DMEM coupled with 10% fetal bovine
serum (FBS), 100 U/ml penicillin, 100 itg/ml streptomycin,
and 2 mM glutamine (BioSharp, Hefei, China).

Cell transfection. miR-22 mimic and the negative control
were supplied by GenePharma (Shanghai, China). For
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transfection, the MG-63 cell line was planted in a 12-well
plate at a 5x10*/ml density and were transfected with 100 nM
of miR-22 mimic or NC using Lipofectamine 3000 (Life
Technologies, Gaithersburg, MD, USA) and then incubated
for 6 h. Following transfection, medium were changed to
2% FBS-DMEM without antibiotics.

Real-time gPCR. Isolation of the total cellular RNA was
performed following the manufacturer's instructions of
miRNeasy Mini kit (Qiagen, Hilden, Germany) and the levels
of miRNA were quantified using the miRNA assay (TaqgMan;
Applied Biosystems). The RT-qPCR experiment was carried
on a real-time quantified PCR system (ABI StepOne and
StepOnePlus; Applied Biosystems) with LightCycler 480
(Roche). The miRNA levels were detected from the relative
threshold cycle, which were determined using the method
of arithmetic formulas 244’ normalizated to level of the
U6 small nuclear RNA.

MTT assay. The cells viability was detected following the
introduction of the MTT assay. At various time-points after
transfection (6, 12, 24 and 48 h), cultivated medium of cells
was removed, washed cells twice with PBS and then incubated
with 0.5 mg/ml MTT at 37°C. After 4-h incubation, removing
the supernatant and the isopropanol was administrated to
cells to dissolve formazan. The formazan concentration was
detected by calculating the relative absorbance at wavelengh
of 570 nm with the SpectraMax 360 pc microplate reader
(Molecular Devices, LLC, Sunnyvale, CA, USA).

FACS analysis. After transfection for 24 h, cells were
first fixed in the ice-cold 70% ethanol and then stained by
PBS containing propidium iodide (50 pg/ml)/Annexin V
and RNase A (100 pg/ml) for DNA analysis using the flow
cytometry analysis on a BD FACSCalibur system (FACScan;
BD Biosciences, San Diego, CA, USA). Percentage of the
cells in the different phases of cellular cycle was measured
using the CellQuest software version 3.3 (Becton Dickinson
Immunocytometry Systems, San Jose, CA, USA).

Western blotting. Denatured cell lysates 40 ug were run on
10% gels and transferred to the polyphorylated difluoride
membranes. Then, membranes were incubated with 5% BSA
dissolved in TBST (Tris-buffered saline + 0.05% Tween)
for 60 min and then incubated with the primary antibodies
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) in
0.5% TBS-T overnight. Primary rabbit anti-Bcl-2 antibody
(dilution, 1/1,000; cat. no. ab32124), and primary rabbit
anti-Bax antibody (dilution, 1/1,000; cat. no. ab32503) were
all purchased from Abcam (Cambridge, MA, USA). After
washing for 3 times with TBST, secondary horseradish
peroxidase (HRP)-conjugated antibodies were incubated with
membranes for 1 h with TBST. The secondary antibodies were
detected using the ECL Plus (Amersham, Arlington Heights,
IL, USA) and imaged with the GelDoc XR System (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). The relative band
densities were normalized to -actin.

Statistical analysis. Statistical analysis was performed using
SPSS 20.0 software (IBM, Armonk, NY, USA). Group data
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Figure 1. miR-22 was low-expressed in osteosarcoma MG-63 cells.
Compared with osteoblast, the expression of miR-22 in MG-63 significantly
decreased. "P<0.05.

were expressed as mean + standard deviation. Comparison
between groups was done using one-way ANOVA test followed
by post hoc test (least significant difference). Percentage (%)
was used to express the enumeration data and Chi-square test
was used for data analysis. P values <0.05 were considered
statistically significant.

Results

miR-22 is low-expressed in the OS cells. First, we explored the
miR-22 level in the OS cells (MG-63) and osteoclasts. RT-PCR
results revealed that the miR-22 level in the MG-63 cells was
significantly lower than that in osteoclasts (Fig. 1) (P<0.05).

miR-22 inhibits proliferation of the MG-63 cells. To investigate
the miR-22 effects on proliferation of the MG-63 cells, miR-22
mimics were used to infect the cells. After infection for 24 h,
70% cells were successfully infected with mimics, evidenced
by detected fluorescence under the fluorescence microscope
(Nikon Eclipse E800; Nikon, Tokyo, Japan) (Fig. 2A). To
verify the efficiency of transfection, RT-qPCR was performed.
Results suggested that the level of miR-22 was nearly 8-fold of
that in NC group (Fig. 2B). Next MTT assay was performed
to explore cell proliferation. We found that cells infected with
miR-22 mimics exhibited significant decreased cell viability
at various time-points (12, 24, 48 and 72 h) (P<0.05) (Fig. 2C).
These findings showed that miR-22 has inhibitory effects on
MG-63 cell proliferation.

miR-22 promotes apoptosis of the MG-63 cells. To further
study the effects of miR-22 on the MG-63 cells apoptosis.
We conducted the flow cytometry experiment and found
that cells infected with miR-22 mimics exhibited mark-
edly increased apoptosis compared with blank and NC
group (P<0.05) (Fig. 3). To confirm these findings, we also
performed western blotting to detect levels of Bcl-2 and Bax,
which were classical apoptosis-related markers. As expected,
infection with miR-22 mimics remarkably elevated level of
Bax and downregulated Bcl-2 (Fig. 4). These results demon-
strated apoptosis-promoting effects of miR-22 in MG-63
cells.

miR-22 induces GO/GI cell cycle arrest. To investigate the
mechanism that miR-22 increased the MG-63 cells apoptosis,
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Figure 2. miR-22 inhibits proliferation of MG-63 cells. (A) Transfection efficiency was detected by fluorescent microscopy; (B) miR-22 mimic infection
induced a significant elevation of miR-22; (C) miR-22 inhibits proliferation of MG-63 cells (‘compared with NC group, P<0.05). NC group, negative control
group.
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Figure 3. Flow cytometry was performed to detect apoptosis of MG-63 cells. Cells infected with miR-22 mimics exhibited markedly increased apoptosis
compared with blank and NC group (P<0.05). NC group, negative control group.
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Figure 4. Western blot analysis was performed to detect levels of Bcl-2 and Bax. Infection with miR-22 mimics remarkably elevated level of Bax and down-
regulated Bel-2 (‘compared with NC group, P<0.05; “compared with blank group, P<0.05). NC group, negative control group.
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Figure 5. miR-22 induced GO/G1 cell cycle arrest. The number of cells at GO/G1 phase in mimic group was significantly bigger than that in other groups.
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we further detected the cellular cycle of the MG-63 cells
using the flow cytometry experiment among 3 groups.
Results showed that percentage of cells at phase of GO/G1 in
miR-22 mimic group (66.75+3.67%) were significantly higher
than that in blank (52.9+2.58%) or NC group (50.5+2.45%)
(P<0.05) (Fig. 5). All above results indicated that miR-22
promotes MG-63 cells apoptosis via inducing GO/G1 cell cycle
arrest.

Discussion

OS is a kind of primary bone cancer and is most common
among children and adolescents, however its pathogenesis
remains unclear and elusive due to its well-known heteroge-
neous character (18). Despite of the technological progresses
in OS diagnosis and therapy, the mortality rate of the disease
remains at a high level (5).

Accumulating studies demonstrate that miRNAs play
a more and more important role in regulating the apoptosis
and proliferation of tumor cells (12-14). Recent researches
have elucidated the miRNAs contribution in the occurrence
and progression development of OS (15-17). For example,
miR-27a was found to overexpress in serum of OS patients,
indicating its potential to be a diagnostic marker for OS (19).
Another study found that the elevated miR-130b in OS tissues
was related to the aggressive progression of OS patients, thus
affecting the rate of survival (20). There were also downregu-
lated miRNAs detected in OS tumor cells, such as miR-29b,
miR-181b, miR-142-5p and miR-16 (21-23) which may play a
significant role in osteosarcomagenesis.

miR-22 was demonstrated to be an important regulator
in various tumors by much evidence. Li et al showed that
miR-22 has negative effects on cell migration and invasion and
was identified as a potential metastasis-inhibitor in ovarian
cancer (24). Ling et al found that miR-22 exhibited dramati-
cally the activity of anti-lung cancer in vivo and in vitro via
targeting the ErbB3 (25).

To our knowledge, this was the first attempt to figure
out the potential mechanism that miR-22 regulates the OS
cellular proliferation and apoptosis. Our present study firstly
explored the miR-22 level in OS cells. Results revealed
that miR-22 in MG-63 cells was significantly lower than
that in osteoblasts, which was consistent with previous
studies (17,26,27). Next, we found that cell proliferation
was significantly inhibited by the overexpression of miR-22,
indicating that miR-22 has inhibitory effects on MG-63 cells
proliferation. Additionally, our results also suggested that
the overexpression of miR-22 can remarkably promote cell
apoptosis, suggesting that miR-22 has promotive effects on
MG-63 cells apoptosis. Apoptosis-related proteins Bax also
increased after infecting with miR-22 mimics. Further, we
explored the potential mechanism by which miR-22 regu-
lated the process of MG-63 cells apoptosis. As we know, cell
cycle participates in cellular proliferation and apoptosis. Cell
cycle arrest can induce cell apoptosis (28-30). Given this, we
employed flow cytometry to explore the percentage of cells
at different phases after transfected with miR-22 mimics.
Results showed that overexpression of miR-22 induced a
significant GO/G1 cell cycle arrest. These findings suggested
that the GO/GI cellular cycle arrest may be the potential
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biological mechanism of which miR-22 promotes apoptosis
of MG-63 cells.

There are still some limitations in our study. Our findings
have not been confirmed by in vivo experiments. In addition,
we did not predict the target gene for miR-22 to delineate the
molecular mechanism underlying this process. In our further
study, we plan to employ miR-22 lentivirus to construct stable
overexpression model of miR-22 in animals for verification of
our findings and also to find its target.

In conclusion, our study showed that miR-22 induced
GO/Gl1 cellular cycle arrest, thus leading to apoptosis of OS
cells. These findings identified the novel tumor suppressive
role of miR-22 in the development of OS. Our present study
provides a new, potential therapeutic target to OS.
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