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Abstract. It has been reported that microRNA‑142 (miR‑142) 
is a tumor suppressor gene. The present study primarily 
investigated whether the overexpression of miR‑142 was 
able to inhibit the proliferation, apoptosis and expression 
of apoptosis‑associated proteins in osteosarcoma (OS) 
cells. Different concentrations of miR‑142 were transfected 
into the OS MG‑63 cell line using Lipofectamine 2000. 
The cell lines were divided into three groups: Normal 
group (non‑transfected group), miR‑142 transfected group, 
and negative group, which were transfected with random 
miR‑142 fragment. The proliferation of cells was detected 
by MTT assay. The expression of miR‑142 was detected by 
reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). DAPI staining was performed to investigate the 
influence of miR‑142 on the morphology of MG‑63c ells. The 
apoptotic cell percentages were determined by flow cytometry 
with Annexin V‑fluorescein isothiocyanate/propidium iodide 
double staining. Expression of tumor suppressors, phosphatase 
and tensin homolog (PTEN) and Retinoblastoma‑associated 
protein (Rb), and apoptosis‑associated proteins were evaluated 
by western blotting. RT‑qPCR indicated a higher expression 
of miR‑142 in the transfected group (miR‑142 was transfected 
into the MG‑63 cell line) compared with that in the normal 
(non‑transfected group) and negative control groups. The 

proliferation of miR‑142 transfected cells was significantly 
lower compared with that in the normal and negative groups. 
Furthermore, an increased apoptosis rate accompanied by a 
statistically significant upregulation of PTEN, Rb phosphory-
lation, cleaved caspase‑3 and cytochrome c protein levels 
were detected in the transfected group, indicating an internal 
apoptosis pathway was involved in this process. Furthermore, 
no significant changes were identified between the normal and 
negative groups (P>0.05). The present study demonstrated that 
miR‑142 overexpression by liposomal transfection resulted in 
an inhibitory effect on MG‑63 cell proliferation. The under-
lying mechanisms may relate to the upregulation of tumor 
suppressor and activation of caspase signaling pathway, which 
may provide a novel horizon in short nucleotide drugs on the 
management of OS.

Introduction

Osteosarcoma is a bone cancer, which means it can easily 
spread to other organs or tissues in the body. Osteosarcoma 
is the most common malignant bone tumor among children, 
adolescents and young adults and occurs most frequently in 
children and young adults between the ages of 10 and 20 years 
and often during adolescence. With a higher prevalence in 
boys compared with girls  (1). The incidence rate and 95% 
confidence intervals for osteosarcoma is 4.0 (3.5‑4.6) from 
0‑14 years of age, and 5.0 (4.6‑5.6) for 0‑19 years of age per 
year per million persons  (1). The surgical procedures for 
OS primarily involve extensive resection or amputation, and 
rendering patients disabled, thus having a major impact on the 
quality of life of patients. Therefore, early detection, diagnosis 
and treatment are important (2). MicroRNAs (miRNAs), which 
are a class of 21~25 nucleotides of non‑coding single‑stranded 
small RNAs, have been demonstrated to serve as oncogenes 
or tumor suppressors in a variety of tumor types, particularly 
OS (3).

Previous studies have demonstrated that miR‑142 is down-
regulated as a tumor suppressor gene in a variety of cancer 
tissues and cell lines. Overexpression of miR‑142‑3p may 
cause cell cycle arrest and exert its effect by targeting cell divi-
sion cycle 25C (CDC25C) (4). In non‑small cell lung cancer, 
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miRNA‑142 exerts tumor suppressor effects and induces apop-
tosis by targeting high mobility group box 1 (5,6). In addition, 
miR‑142 targets a number of different genes and inhibits cancer 
cell proliferation, including targeting ASH1 like histone lysine 
methyltransferase (ASH1L) and mixed‑lineage leukemia 1 
(MLL1), and inhibiting cell proliferation in thyroid follicular 
carcinoma (7), and in colorectal cancer (8), breast cancer (9,10). 
Similar findings have been reported in previous studies on OS. 
miR‑142 has been demonstrated to inhibit the proliferation of 
OS cells by targeting high mobility group AT‑hook 1 (11), and 
subsequent studies have revealed that miR‑142 expression is 
reduced in OS tissues and cell lines (12). miR‑142 inhibits cell 
proliferation and cell invasion by upregulating E‑cadherin, 
inhibiting matrix metalloproteinase‑2 and ‑9, and affecting 
Ras‑related C3 botulinum toxin substrate 1 (Rac1) expression, 
and arrests the cell cycle in the S phase (13). These results 
demonstrate that overexpression of miR‑142 in OS cell lines 
inhibits cell proliferation.

Whether miR‑142 may be useful in OS gene therapy 
remains to be elucidated. The present study aimed to investi-
gate the effect of miR‑142 on the apoptosis of OS cell lines and 
explore the specific pathways underlying miR‑142‑induced OS 
cell apoptosis. The findings in this study may lay the founda-
tion for subsequent studies into the therapeutic significance of 
miR‑142 in OS.

Materials and methods

Materials. Human OS cell lines hFOB1.19, MG‑63, U‑2OS and 
Saos‑2 cells were purchased from the Cell Resource Center 
of Shanghai Institutes for Biological Sciences (Shanghai, 
China). MTT, DMSO, apoptosis detection kits and DAPI were 
purchased from Sigma‑Aldrich (Merck KGaA, Darmstadt, 
Germany), the miRNA‑142 analogue was purchased from 
Shanghai GenePharma Co., Ltd., Shanghai, China with the 
following sequence: Fluorescein (FAM)‑5'‑CAU​AAA​GUA​
GAA​AGC​ACU​ACU‑3'. Negative control (NC) miRNA was 
synthesized and the sequence was FAM‑5'‑UUC​UCC​GAA​
CGU​GUC​ACG​U‑3'. diethyl pyrocarbonate was dissolved in 
water and diluted into 10 µM stock for cell transfection, which 
was added to the complete culture medium when required. 
RPMI‑1640 medium was obtained from Gibco (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA), fetal bovine serum (FBS) 
was purchased from (Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA). The Cytoplasmic and Mitochondrial 
Protein Extraction kit was obtained from Sangon Biotech 
Co., Ltd. (Shanghai, China). The remaining reagents were of 
analytical grade or molecular reagent grade. All primary and 
secondary antibodies are listed in Table I.

Cell culture. Immortalized human fetal osteoblastic cell line 
hFOB1.19 or OS cells (MG‑63, U‑2OS and Saos‑2) were 
routinely passaged. All cells were separately cultured in 
RPMI‑1640 medium with 10% FBS at 37˚C in a humidified 
atmosphere with 5% CO2.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) assay for the expression of miR‑142 and phospha‑
tase and tensin homolog (PTEN) gene. Cells in the logarithmic 
growth phase were collected to detect the expression levels 

of miR‑142 in hFOB1.19 cells or OS cells. Cells in the loga-
rithmic growth phase were digested with 0.25% trypsin and 
washed three times with PBS (pH 7.2). The final concentra-
tion of the cells was adjusted to 8x104 cells/ml in RPMI‑1640 
medium containing 10% FBS and inoculated into 6‑well plates 
(2x105 cells/well).

Transfection. Cells were transfected with 20 nM miR‑142 
20 nM, miR‑NC and control (adding the completed medium 
without mircoRNA) using Lipofectamine™ 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA). Following 
transfection, the cells were incubated for 48  h and then 
collected to determine the expression of miR‑142. Additionally, 
for quantitate the expression of PTEN gene, cells in the loga-
rithmic growth phase were obtained, re‑suspended and then 
seeded in 24‑well plates at a density of 5x104 cells/well. Cells 
were randomly divided into 5 groups: Control group, treated 
with complete RPMI‑1640 medium, miR‑NC group and 3 
miRNA‑142 treatment groups, with final concentrations of 
20, 40 and 80 nM.

RT‑qPCR. Then, these cells were obtained to measure the 
expression of PTEN gene following miR‑142 transfection. Total 
RNA was extracted using TRIzol reagent (Life Technologies; 
Thermo Fisher Scientific, Inc.), and then was used as the 
template for reverse transcription. cDNA was extracted from 
mRNA by TaKaRa PrimeScript™ II 1st strand cDNA Synthesis 
kit (Clontech Laboratories, Inc., Mountainview, CA, USA). 
The TaqMan real‑time PCR kit (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) and the Eco real‑time PCR system 
(Illumina, Inc., San Diego, CA, USA) were used. GAPDH 
was used as an internal reference. The following primers 
were used: Human miR‑142‑3p sequence: FAM‑5'‑UUU​CUA​
CUU​UAU​G‑3'. (PN4427975, assay ID: 000434) and U18 
(PN4427975, assay ID: 001204; both from Life Technologies; 
Thermo Fisher Scientific, Inc.); PTEN forward, 5'‑AAA​GCT​
GGA​AAG​GGA​CGA​AC‑3' and reverse, 5'‑CAG​GTA​ACG​
GCT​GAG​GGA​AC‑3'; GAPDH forward, 5'‑GAA​GGT​GAA​
GGT​CGG​AGT​C‑3' and reverse, 5'‑GAA​GAT​GGT​GAT​GGG​
ATT​TC‑3'. After the amplification reaction, The thermocy-
cling conditions were as follows: 35 cycles, 30 sec at 95˚C, 
30 sec at 56˚C and extension for 10 min at 72˚C. The 2‑ΔΔCq 
method was used for data analysis (14).

MTT analysis for the inhibitory effect of miR‑142 on prolif‑
eration. Following transfection with different concentrations 
of miR‑142 (0, 20, 40, 80 nM) and control, MG‑63, U‑2OS and 
Saos‑2 cell lines were trypsinized, re‑suspended and seeded 
in 96‑well plates at a density of 1x104 cells/well. Cells were 
incubated at 37˚C for 48 h, and then 10 µl 5 mg/ml MTT 
reagent was added to each well, the cells were incubated for 
another 4 h at 37˚C. Then, the supernatant was discarded and 
200 µl of DMSO was added to each well. Finally, samples were 
measured on a multi‑well spectrophotometer, to measure the 
absorbance at 570 nm (OD value) using a microplate reader. 
Cell inhibition rate (%)=(1‑ODtest/ODcontrol) x100.

Fluorescence microscopy assay for morphological obser‑
vation of apoptotic cells. When MG‑63 cells reached the 
logarithmic growth phase, cells were treated with miR‑NC and 
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different concentrations of miR‑142 (20, 40 or 80 nM) for 48 h 
at 37˚C, and then fixed with cold 100% methanol and were 
incubated for 5 min at room temperature, washed three times 
with PBS. Stained with DAPI for 5 min at room temperature, 
washed once with PBS. One side of the cells was inverted onto 
a slide glass pre‑incubated with a fluorescent anti‑quencher 
(Guangzhou RiboBio Co., Ltd., Guangzhou, China) and 
observed under an inverted fluorescence microscope.

Flow cytometric analysis of the cell cycle and apoptosis rate. 
The OS cell lines treated with control anddifferent concentra-
tions of miR‑142 for 48 h at 37˚C were collected and treated 
according to the Annexin V/propidium iodide (PI) apoptosis 
detection kit (BD Biosciences, Franklin Lakes, NJ, USA). 
Cells were washed twice with PBS and then re‑suspended with 
1X binding buffer to adjust the cell density to 1x108 cells/ml. 
Following the addition of Annexin V and PI, the mixture was 
incubated at room temperature for 15 min, and then trans-
ferred to a flow cytometer tube. To avoid blockage of the flow 
cytometer channel by cell masses, cells were passed through 
a 200‑nm screen mesh filter prior to analysis using the flow 
cytometer. The blank control and single‑stained cells were 
used to set gate and color compensation in flow cytometry. A 
total of 1x104 cells were analyzed each time. The experiment 
was repeated for three times, and presented as the mean ± SD.

Western blot assay for the detection of apoptosis‑ or cell 
cycle‑associated protein expression. After washing twice 
by cold PBS, MG‑63 cells treated with control, miR‑NC and 
different concentrations of miR‑142 (20, 40 or 80 nM) for 48 h 
were collected. The cytosol and mitochondrial protein was 
obtained using the Cytoplasmic and Mitochondrial Protein 
Extraction kit. Protein concentration was determined by BCA 
assay. Each sample (40 µg/lane) was then electrophoresed 
on 10% SDS‑PAGE and transferred to a polyvinylidene 
fluoride membrane. The membrane was blocked with 5% 
skim milk for 1 h at room temperature, then incubated with 
apoptosis‑associated and cycle‑specific antibodies at 4˚C over-
night. Subsequently, the membrane was incubated in milk with 
HRP‑conjugated secondary antibodies at room temperature 
for 1 h and washed three times with Tris buffered saline with 
Tween‑20. All antibodies used are listed in Table I. Membranes 
were developed in a dark chamber following the addition 

of enhanced chemiluminescence reagent (Beijing Leagene 
Biotechnology Co., Ltd.; cat. no., PW0111). Densitometric 
analysis of blotting bands was performed using ImageJ soft-
ware (version 1.41; National Institutes of Health, Bethesda, 
MD, USA) and normalized to β‑actin levels.

Statistical analysis. All statistical analysis was performed 
using IBM SPSS software version 20 (IBM Corp., Armonk, 
NY, USA). Data are expressed as the mean  ±  standard 
deviation. Statistical analysis was performed using one‑way 
analysis of variance followed by the Dunnett's test for multiple 
group comparisons. P<0.05 was considered to indicate a 
statistically significant difference.

Results

miR‑142 suppresses the proliferation of OS cells. miR‑142 
has been demonstrated to be downregulated in a variety of 
cancer tissues and cell lines, including OS cell lines (14). The 
present study detected the expression levels of miR‑142 in 
hFOB1.19 cells or OS cells (MG‑63, U‑2OS and Saos‑2 cells) 
using RT‑qPCR, and observed that miR‑142 expression was 
significantly reduced in the three OS cell lines, particularly 
in the MG‑63 cell line, compared with that in hFOB1.19 cells 
(Fig. 1A). This suggests that the overexpression of miR‑142‑3p 
serves a tumor suppressor effect.

miR‑142 or random miR‑142 fragment was transfected into 
MG‑63, U‑2OS and Saos‑2 cells using Lipofectamine 2000 
to investigate the inhibitory effect of miR‑142‑3 on OS cell 
proliferation. As indicated in Fig. 1B, a significantly higher 
expression of miR‑142 was detected in transfected groups 
compared with the miR‑NC groups, particularly in MG‑63 
cells. Wang and Youle (15) reported that miR‑142 serves a 
vital role in suppressing the proliferation of colon cancer cells. 
In the MTT assay of the present study, miR‑142 significantly 
inhibited the growth of all three OS cell lines post 48 h trans-
fection. At 80 nM, the inhibitory effect of miR‑142 on MG‑63 
cells was 50±6% (Fig. 1C). The inhibitory rate was observed 
to be concentration‑dependent in all three cell lines. In addi-
tion, the NC group exhibited a certain degree of inhibition, 
indicating that the transfection caused toxicity to the cells. Of 
the three OS cell lines; MG‑63 was most sensitive to miR‑142 
(Fig. 1C). In the present study, compared with all other OS 
cell lines, the MG‑63 cell line exhibited the lowest and highest 
expression of miR‑142 prior to, and following transfection 
with miR‑142, respectively. Thus, MG‑63 cells were selected 
for apoptosis and western analysis. The fluorescence intensity 
of Cy3 in MG‑63 cells was detected by fluorescence micros-
copy following miR‑142 transfection. As presented in Fig. 1D, 
with increasing miR‑142 concentrations, the distribution and 
intensity of red fluorescence also increased. The fluorescence 
intensity of the control group was similar to that of the 20 nM 
group.

miR‑142 promotes the apoptosis of MG‑63 cells. Post 48 h 
transfection with different concentrations of miR‑142, the 
nuclei of MG‑63 cells was stained with DAPI, as shown 
in Fig.  2A. As the miR‑142 concentration increased, the 
percentage of apoptotic cells increased gradually (Fig. 2B), 
which is similar to a previous study whereby miR‑142 was 

Table I. The antibodies used for western blot analysis.

Antibody	 Catalog
name	 number	 Dilutions	 Supplier

β‑actin	 ab5694	 1:1,000	 Abcam
Caspase‑3	 ab13847	 1:500	 Abcam
Cleaved Caspase‑3	 ab136812	 1:500	 Abcam
Anti‑cytochrome c	 ab13575	 1:5,000	 Abcam
p‑Rb	 ab184796	 1:10,000	 Abcam
P‑TEN	 ab32199	 1:10,000	 Abcam
Rb	 ab181616	 1:10,000	 Abcam
Goat anti‑rabbit IgG	 ab6721	 1:1,000	 Abcam
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observed to regulate apoptosis in cancer cells (16). This indi-
cates that miR‑142 exhibited strong apoptosis‑inducing effects 
on MG‑63 cells.

MG‑63 cells were harvested post 48  h transfection 
and the percentage of apoptotic cells was detected by 
Annexin V/PI double staining. The results in Table  II 
revealed that the population of normal cells significantly 
decreased in miR‑142‑treated groups compared with the 
NC group (P<0.05). Furthermore, the population of early 
apoptotic cells was significantly increased in miR‑142‑trans-
fected groups (P<0.05), particularly in the 40 nM group. 
The percentage of apoptotic cells overall, including early 
apoptosis and late apoptosis, was significantly increased 
post miR‑142 transfection (80 nM) when compared with the 
NC group (3.28±0.72 vs. 52.91±8.79%; P<0.05). In addition, 
miR‑142 treatment induced the formation of necrotic cells, 
particularly in the 80 nM group, which exhibited a significant 
increase when compared with the NC group (1.28±0.01 vs. 
10.02±5.25%; P<0.05). These results confirmed that miR‑142 
induced MG‑63 cell apoptosis in a dose‑dependent manner. 
Compared with the blank control group, the proportion 
of early apoptotic cells in the NC group was 3.24±0.51%, 
which difference was significant (P<0.05), indicating that 
Lipofectamine 2000 was mildly toxic to cells.

miR‑142 upregulates the expression of apoptotic‑associated 
proteins. It has reported that miR‑142 aids in mediating apop-
tosis signaling in OS (13,17‑19). In order to further explore 
the specific mechanism underlying miR‑142‑induced OS cell 
apoptosis, caspase‑3 and cytochrome c (Cyto c) expression 
was detected. At 48 h post transfection with different concen-
trations of miR‑142‑3p (20, 40 and 80 nM), the MG‑63 cells 
were lysed and apoptosis‑associated protein expression was 
detected. The results indicated that caspase‑3, a key molecule 
that represents activation of apoptosis, was significantly acti-
vated with increasing miR‑142 concentrations (40 and 80 nM), 
as indicated by a significant increase in cleaved caspase‑3 
expression (Fig.  3A). It has been proposed that activated 
caspases are involved in a feedback mechanism, which disrupts 
mitochondrial function, thereby amplifying the release of 
Cyto c (15). To further differentiate whether apoptosis was an 
endogenous or exogenous pathway, and to determine the effect 
of miR‑142 on caspase activation and Cyto c release, Cyto c 
expression was detected by western blot analysis. As shown 
in Fig. 3A, the expression of cytosol Cyto c was significantly 
increased following miR‑142 transfection (40 and 80 nM) 
when compared with the NC group (P<0.05). It demonstrated 
that Cyto c, which represents the endogenous pathway, was 
released from the mitochondria into the cytoplasm under the 

Figure 1. miR‑142 suppressed the proliferation of OS cells. (A) The expression levels of miR‑142 in hFOB1.19 cells or OS cells (MG‑63, U‑2OS and Saos‑2 
cells) using RT‑qRCR. *P<0.05, compared with hFOB group. (B) The expression levels of miR‑142 in three OS cells after miR‑142 or random miR‑142 fragment 
was transfected. *P<0.05, compared with miR‑NC group. (C) MTT detection of the proliferation inhibitory effect of miR‑142 analogue on three kinds of OS 
cell lines (n=3) post 48 h transfection. *P<0.05, compared with control group. (D) The red fluorescence signal intensity of MG‑63 cells in different concentra-
tions of miR‑142 groups or the NC group post 24 h transfection; Original magnification, 200x. miR, microRNA; NC, negative control.
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action of miR‑142, indicating the primary pathway underlying 
miR‑142‑induced OS cell apoptosis may be the endogenous 
mitochondrial pathway.

m i R ‑ 14 2  i n c r e a s e s  P T E N  e x p r e s s i o n  a n d 
Retinoblastoma‑associated protein (Rb) phosphorylation. 
Zheng et al indicated that miR‑142, acts as a tumor suppressor 
in the OS cell lines, arresting cell cycle progression in the 
S phase (13). Phosphorylation of Rb was originally considered 
to drive cell cycle progression, and influence cell proliferation 
and apoptosis (16). The present study investigated the influence 
of miR‑142 upregulation of the tumor suppressor PTEN and 
Rb phosphorylation on miR‑142‑regulated OS cell apoptosis. 
The results demonstrated that miR‑142‑3p upregulated PTEN 
gene and protein expression in a dose‑dependent manner, with 
a significant difference observed at a concentration of 80 nM 
(P<0.05 when compared with the blank control or the NC 
group; Fig. 3B and C). Furthermore, phosphorylation of Rb 
increased significantly with 80 nM miR‑142 compared with 
the control group, while the Rb expression also increased 
significantly, suggesting that the upregulation of Rb serves an 
important role in miR‑142‑induced apoptosis.

Discussion

miRNAs have been identified to serve as oncogenes or 
tumor supressors in a variety of tumors  (17‑19), also in 
OS  (20). miR‑142 expression is significantly dysregulated 
in numerous diseases, particularly in cancer (21). The target 
genes of miR‑142 in tumor research have been confirmed, 
including: CDC25C  (4), Rac1  (13), high mobility group 
protein A1 (HMGA1) (11), high mobility group box‑1 protein 
(HMGB1) (5), Wiskott‑Aldrich syndrome like, Integrin αV, 
and additional cytoskeletal elements (9), suppressor of cyto-
kine signaling 6 (SOCS6) (22), ASH1L and MLL1 (7), ATP 
binding cassette subfamily G member 2 (Junior blood group), 
and leucine rich repeat containing G protein‑coupled receptor 

5 (8), CD133 (23), interleukin 6 signal transducer (24) and 
glucocorticoid receptor α  (25). A previous study reported 
that miR‑142 expression is reduced in a variety of cancer 
cells, such as breast cancer stem cells  (10) and pancreatic 
cancer cells (26). Overexpression of miR‑142 exhibits a tumor 
suppressor effect  (11). Therefore, it is considered to be an 
anti‑oncomirs, despite other studies reporting that miR‑142 
may serve an oncomir role in certain tumors like human 
T‑cell acute lymphoblastic leukemia (T‑ALL)  (25). In the 
current study, the expression levels of miR‑142 were detected 
in hFOB1.19 cells or OS cells (MG‑63, U‑2OS and Saos‑2 
cells), whereby a lower expression of miR‑142 was observed in 
OS cells, particularly in the MG‑63 cell line. The subsequent 
experiments in the present study all suggested that miR‑142 
serves a tumor suppressor role in OS.

miR‑142, as a marker of prognosis in a variety of cancer 
types, including lung cancer  (27), colon cancer  (28) and 
leukemia (29), may affect cell proliferation, and induce apop-
tosis. Here, miR‑142‑overexpressed cells were obtained by 
liposomal transfection and miR‑142 was observed to inhibit the 
growth of three types of OS cell lines post 48 h transfection in 
a dose‑dependent manner. Previous studies have reported that 
the transfection of miR‑142‑3p for 48 h induces apoptosis in 
lung cancer cell lines NCI‑H23 (5) and glioma‑related murine 
M2 macrophage  (30). In the present study, to investigate 
whether miR‑142‑3p was able to induce MG‑63 cell apoptosis, 
fluorescence microscopy assays and flow cytometric analysis 
were performed. The results indicated that miR‑142 enhanced 
the population of early apoptotic cells, promoted MG‑63 
cell apoptosis in a dose‑dependent manner and induced the 
formation of necrotic cells.

The associations between miR‑142‑mediated prolifera-
tion and apoptosis signaling have been previously reported 
in OS. As previous study reported, miR‑142 can mediates 
cancer cell proliferation and apoptosis in OS (11,13,31,32). 
Ding et al (31) reported that the expression level of miR‑142 
was significantly lower in OS tissues and cells due to 

Figure 2. Effects of miR‑142 on apoptosis. (A) The results of nuclear DAPI staining. Magnification, x200. (B) Annexin V/PI double staining in MG‑63 cells 
following transfection with different concentrations of miR‑142 for 48 h. miR, microRNA; NC, negative control; PI, propidium iodide.
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hypermethylation, suggesting that miR‑142 served an 
important role in the inhibition of the proliferation, and inva-
siveness of OS cell lines induced by demethylation agents. 
Xu et al (11) has identified that overexpression of miR‑142‑3p 
in OS cells suppressed cell proliferation, migration and inva-
sion by directly targeting HMGA1. Zheng et al (13) reported 
that the expression of miR‑142 was significantly reduced, but 

Rac1 was increased in OS tissues and cell lines, as miR‑142 
directly targeted to the 3'‑untranslated region (UTR) of the 
Rac1 gene, which then regulates Rac1 expression at the tran-
scriptional and translational levels. Liu et al (32) confirmed 
that miR‑142‑3p inhibits OS cell growth and promotes 
apoptosis by directly binding to the HMGB1 3'‑UTR, nega-
tively regulating its expression, and thus decreasing HMGB1 

Figure 3. Effect of miR‑142 on apoptosis‑associated signaling molecules and tumor suppressors, Rb and PTEN. (A) The protein expression of cytosol Cyto c 
and caspase‑3 cleaved. (B) The expression of PTEN and Rb and the phosphorylation status of p‑Rb in MG‑63 cells post 48 h transfection with different 
concentrations of miR‑142. Left panel: Representative images; Right panel: Quantification of the gray scale of the bands in different groups using ImageJ 
software. (C) The gene expression of PTEN measured by reverse transcription‑quantitative polymerase chain reaction. (D) The potential binding pattern of 
mir‑142 to the rb gene. *P<0.05, **P<0.01, compared with Con and NC groups. miR, microRNA; NC, negative control; p‑, phosphorylated‑, PTEN, phosphatase 
and tensin homolog; Rb, Retinoblastoma‑associated protein; Cyto c, cytochrome c; Con, blank control.

Table II. The effect of miR‑142 on the percentage of apoptotic osteosarcoma cells at different stages (n=3).

	 Percentage of cells, (%)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 miR‑142
	 Blank	 Negative	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Groups	 control	 control	 20 NM	 40 nM	 80 nM

Normal cells	 97.01±9.32	 94.02±8.11	 56.92±4.11a	 44.36±8.21a	 36.45±7.91a

Early apoptosis	 1.24±0.01	 3.24±0.51b	 23.12±1.21a	 36.02±1.11a	 7.89±2.31a

Late apoptosis	 0.04±0.01	 0.04±0.21	 14.02±3.64a	 13.81±7.41a	 45.02±6.48a

Necrotic cells	 0.98±0.01	 1.28±0.01	 6.21±4.11	 9.52±6.33	 10.02±5.25a

aP<0.05, vs. the negative control group; bP<0.05, vs. the blank control group. miR, microRNA.
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expression. However, to the best of our knowledge, there 
are no reports on the interaction between miR‑142‑3p and 
the upregulation of tumor suppressors (Rb and PTEN) or 
activation of the caspase signaling pathway. Therefore, the 
roles of miR‑142 in proliferation and apoptosis of OS cells 
were further elucidated by investigating the expression of 
apoptosis‑associated proteins and PTEN, to decipher the 
molecular pathway underlying the effects of miR‑142‑3p on 
OS.

The present study determined the expression of PTEN 
and caspase‑3, and the phosphorylation levels of Rb following 
miR‑142 transfection. PTEN, a tumor suppressor gene 
with active phosphatase, promotes cell apoptosis through 
the PI3K/Akt signaling pathway (33). It was reported that 
miRNAs enhance tumor formation and metastasis by directly 
targeting the 3'‑UTR of the PTEN gene, and promote the 
proliferation of human cancer cells through direct suppres-
sion of PTEN expression (34). In the present study, miR‑142 
overexpression resulted in upregulation of PTEN gene and 
protein expression, thus suppressing cell proliferation. In the 
caspase family, caspase‑3 is the most critical downstream 
protease in the caspase cascade. Upregulating the expres-
sion of caspase‑3 promotes the apoptosis of tumor cells. In 
the current study, the detection of the apoptosis of tumor 
cells following the upregulation of caspase‑3 expression 
was not only verified by annexin V/PI double staining, but 
also demonstrated by the expression of apoptosis‑associated 
proteins at a molecular level. In the present study, miR‑142‑3p 
significantly upregulated the protein expression of cleaved 
caspase‑3, suggesting it activated the caspase signaling 
pathway and regulated caspase‑3‑induced apoptosis. 
Schwartzbauer and Robbins (35) reported that the activity 
of caspase‑3 and cell apoptosis rate were reduced following 
PTEN inhibition by PTEN cDNA in rat primary cardiomyo-
cytes, which indicates that PTEN is able to increase caspase‑3 
expression and further promotes the occurrence of apop-
tosis. Similarly, in the present study, miR‑142 transfection 
significantly upregulated PTEN gene and protein expression, 
leading to the activation of caspase‑3. These data suggest 
that PTEN may influence the level of apoptosis of OS cells 
through adjusting the expression of caspase‑3.

Rb is a tumor suppressor in OS cell lines (36). Notably, 
phosphorylation of Rb, which is an important gene in cell 
cycle regulation, is considered to drive cell cycle progression, 
and influence cell proliferation and apoptosis (16). Therefore, 
the influence of miR‑142 on Rb activation was detected in the 
present study, and the western blotting results revealed that 
miR‑142 significantly promoted the phosphorylation of Rb in 
MG‑63 cells, which may be associated with miR‑142‑induced 
OS cell apoptosis. In patients with OS, the mutation of the Rb 
gene inhibits Rb from activating its downstream signaling 
molecules, thus causing a dysregulation of the cell cycle, and 
subsequently, uncontrolled proliferation. The Saos‑2 cell line 
is resistant to methotrexate, a therapeutic drug for OS, due to 
lack of an active Rb gene (37), compared with Saos‑2 cells, the 
activity of RB1 in MG‑63 cells is unaffected. This may be the 
reason why the proliferation‑inhibitory activity against MG‑63 
was superior to that of SaOS‑2 following miR‑142 transfection. 
In the present study, miR‑142 was suggested to induce MG‑63 
cell apoptosis by regulating Rb activity.

Apoptosis pathways may be divided into endogenous and 
exogenous pathways. The former is also known as the mito-
chondrial pathway, primarily because it involves the release 
of mitochondrial‑associated proteins, including Cyto c and a 
change in the mitochondrial membrane potential. The present 
study reported that miR‑142 significantly activated caspase‑3. 
The activated caspase may feedback, disrupting mitochon-
drial function, and amplifying further Cyto c release (38). 
To further differentiate whether apoptosis was an endog-
enous or exogenous pathway, the cytosol and mitochondrial 
proteins were obtained using Cytoplasmic and Mitochondrial 
Protein Extraction kits, respectively. As the results indicated, 
significantly increased protein expression of cytosol Cyto c 
in the miR‑142‑treated groups (40 and 80 nM) was observed, 
suggesting that miR‑142 induces apoptosis through the mito-
chondrial pathway, due to miR‑142 enhancing the release of 
Cyto c from mitochondria to the cytosol. Furthermore, Rb and 
PTEN expression was significantly activated, as well as Cyto c, 
indicating that multiple signaling pathways were involved with 
crosstalk occurring between themselves. miR‑142 has been 
revealed to be aberrantly expressed in AML, and may be 
used as a novel diagnostic marker (29). Furthermore, expres-
sion of miR‑142 could be considered a prognostic indicator in 
ESCC (39). Therefore, further in vivo studies on the targets 
and effects of miRNAs should be performed to provide a basis 
for early diagnosis or prognosis of OS using the abnormal 
expression of miRNAs as biomarkers. In our future studies, 
the influence of PTEN upregulation, Rb phosphorylation and 
caspase signaling pathway activation on miR‑142‑regulated 
cell apoptosis requires further investigation, with comparisons 
using multiple OS cell lines, including Saos‑2 and U‑2OS cells.

In summary, it was confirmed that the overexpression 
miR‑142 significantly inhibited the proliferation and induced 
the apoptosis of MG‑63 cells, thus suppressing OS. These 
observations may be associated with the upregulation of tumor 
suppressors, Rb and PTEN, and activation of the caspase 
signaling pathway. These results have laid a foundation for the 
application of miR‑142 in the prevention and treatment of OS.
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