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Abstract. – OBJECTIVE: The functions of ln-
cRNAs have been verified to be important bio-
markers and regulators for diagnosis and treat-
ment of human diseases. In osteosarcoma (OS), 
emerging evidence determined that lncRNA was 
associated with cell progression. However, due 
to the high incidence and recurrence rate of os-
teosarcoma, it is important to find an effective 
treatment for osteosarcoma.

PATIENTS AND METHODS: QRT-PCR was 
used to detect the expression of ADPGK-AS1 
and miR-542-3p in tissues and cells. Western 
blot was applied to measure the protein expres-
sion of CDK4, Cyclin D1, Bcl-2, Bax, Cleaved 
caspase-3, MMP-2, and MMP-9. MTT assay and 
flow cytometry were used to measure cell prolif-
eration and apoptosis. Cell invasion and migra-
tion were determined using the transwell assay. 
Moreover, luciferase reporter assay was used 
to ensure the relation between ADPGK-AS1 and 
miR-542-3p.

RESULTS: LncRNA ADPGK-AS1 expression 
was induced while miR-542-3p expression was 
reduced in OS tissues and cells. Functional ex-
periments showed that inhibition of ADPGK-AS1 
could decrease cell proliferation, migration, and 
invasion, as well as promoted cell apoptosis in 
OS cells. Also, miR-542-3p has been verified to 
be a target miRNA of ADPGK-AS1 and miR-542-
3p could reverse the effects of ADPGK-AS1 on 
cell proliferation, apoptosis, migration, and in-
vasion in OS cells.

CONCLUSIONS: ADPGK-AS1 affected cell 
proliferation, invasion, migration, and apoptosis 
via targeting miR-542-3p in OS, providing a the-
oretical basis and a new therapeutic target for 
the diagnosis and treatment of OS.

Key Words:
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coma.

Introduction

Osteosarcoma (OS) is the most common 
primary malignant tumor occurring in ado-
lescents and children. Osteosarcoma is highly 
malignant, with a high recurrence rate and poor 
prognosis1,2. The diagnosis and treatment of 
osteosarcoma have been significantly improved 
in recent years, mainly with surgery and che-
motherapy. At present, several studies3-6 have 
shown that lncRNA can be used as a biomarker 
and therapeutic target for the treatment of var-
ious diseases. Therefore, we are trying to find 
new ways to treat and diagnose osteosarcoma 
from lncRNAs.

LncRNA is a non-coding RNA with a length 
greater than 200 nt. Also, it is an important reg-
ulator of cancer development and cellular metab-
olism7-9. Currently, lncRNA has been shown to 
play an essential role in cell metabolism and cell 
cycle. In many diseases, lncRNA affects cell pro-
liferation, apoptosis, and metabolism by binding 
downstream miRNAs to regulate downstream 
mRNA and protein10-12. In addition, lncRNA is 
used as a biomarker for the early diagnosis and 
treatment of cancer6,13,14.

MiRNAs are non-coding RNAs of ~22 nt in 
length, which together with the upstream ln-
cRNA and downstream target mRNA, constitute 
a regulatory network that regulates cell growth 
and tumor formation15,16. Moreover, the function 
of miRNAs has been shown to play a role as a 
suppressor or promoter in the biological behavior 
of tumor cells, including proliferation, invasion, 
metastasis, and apoptosis, and even inflammatory 
responses, immune responses, as well as drug 
resistance17-19. 
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Some of the functions of lncRNA ADPGK-AS1 
are mentioned in other diseases, including pan-
creatic cancer and breast cancer20,21. However, in 
OS, the regulation mechanism of ADPGK-AS1 
remains unclear. Therefore, in this paper, we fur-
ther explored its potential regulatory mechanisms 
by validating the function of ADPGK-AS1 in OS.

Patients and Methods

Patients and Samples
53 pairs of OS tissues and adjacent normal 

tissues were obtained from 53 patients who un-
dergone resection and did not receive any che-
motherapy or radiotherapy in the First Affiliated 
Hospital of Zhengzhou University. All tissues 
were collected and stored at −80°C for the fol-
lowing experiments. This research has been ap-
proved by the Institutional Ethics Review Board 
of the First Affiliated Hospital of Zhengzhou Uni-
versity (Zhengzhou, Henan Province, China) and 
informed consent was obtained from patients.

Cell Cultured and Transfection
OS cell lines (MG63, U2-OS, HOS, and LM7) 

and normal cell line (hFOB1.19) were purchased 
from the Institute of the Chinese Academy of Sci-
ences (Shanghai, China). Then, all cell lines were 
cultured in Roswell Park Memorial Institute-1640 
(RPMI-1640) medium (Thermo Fisher Scientific, 
Waltham, MA, USA) containing 10% fetal bovine 
serum (FBS) at 37°C with 5% CO2 in the humid 
atmosphere to colon cells. Si-ADPGK-AS1, pcD-
NA-ADPGK-AS1, miR-542-3p, anti-miR-542-3p, 
and their negative control (si-con, miR-con, an-
ti-miR-con, and pcDNA) were purchased from 
GeneCopoeia (Guangzhou, China). All vectors 
and oligos were transfected into MG63 and U2-
OS cells using Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA).

QRT-PCR
TRIzol reagent (Invitrogen, Carlsbad, CA, 

USA) was used to extract RNA from tissues and 
cells following the manufacturer’s instructions. 
TaqMan® MicroRNA real-time PCR Assay re-
agents (Applied Biosystems, Foster City, CA, 
USA) and SYBR® Premix Ex Taq™ reagent 
(TaKaRa, Otsu, Shiga, Japan) were carried out 
to analyze the expression of miR-542-3p. High 
Capacity cDNA Reverse Transcription Kit (Ap-
plied Biosystems, Foster City, CA, USA) and 
SYBR® Premix Ex Taq™ reagent (TaKaRa, Ot-

su, Shiga, Japan) were used to detect the ex-
pression of ADPGK-AS1. GAPDH and snRNA 
U6 were used as endogenous controls. Prim-
ers were as follows: ADPGK-AS1: F (5’-GC-
CGATGTCGACACAAGCG-3’), R (5’-AG-
CAAATGTGTTCCCATCCCT-3’); GAPDH: 
F (5’-GCACCGTCAAGGCTGAGAAC-3’), R 
(5’-TGGTGAAGACGCCAGTGGA-3’); miR-542-
3p: F (5’-GCCGCAAAGTGCTTACAGTG-3’), 
R (5’-TGCAGGGTCCGAGGTAT-3’); U6: F 
(5’-GCTTCGGCAGCACATATACTAAAAT-3’), 
R (5’-CGCTTCACGAATTTGCGTGTCAT-3’).

Western Blot
Protein was isolated from transfected cells us-

ing Radio Immunoprecipitation Assay (RIPA) 
buffer (Beyotime, Shanghai, China). Then, the 
equivalent protein was added to sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE) and electrophoretically transferred onto 
polyvinylidene difluoride (PVDF) membranes 
(Millipore, Billerica, MA, USA). Once blocked 
with 5% nonfat dry milk for 1 h, the mem-
branes were incubated with primary antibodies 
CDK4, Cyclin D1, Bcl-2, Bax, Cleaved caspase-3, 
MMP-2, MMP-9, and β-actin (1:2000; Proteintech, 
Rosemont, IL, USA). Next, the membranes were 
incubated with secondary antibodies horseradish 
peroxidase (HRP)-conjugated secondary antibody 
for 2 h at room temperature. The bolts were de-
tected and performed using enhanced chemilumi-
nescence (ECL) Western blotting kit (Amersham 
Biosciences, Little Chalfont, UK).

Luciferase Reporter Assay
ADPGK-AS1-WT and mutation sequences 

(ADPGK-AS1-MUT) were amplified and insert-
ed into the pGL3 luciferase plasmid (Promega, 
Madison, WI, USA). The MG63 and U2-OS cells 
were co-transfected with ADPGK-AS1-WT or 
ADPGK-AS1-MUT and miR-542-3p or miR-con 
with Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA), and the luciferase activities were 
detected using Dual-Luciferase Reporter Assay 
System (Promega, Madison, WI, USA).

Cell Invasion and Migration
The abilities of cell migration and invasion 

were detected using transwell chambers (Corn-
ing, Corning, NY, USA). Cells were added to the 
upper chamber, and the RPMI-1640 medium with 
10% fetal bovine serum (FBS) was added into the 
lower chamber. Cell invasion also needed Matri-
gel (BD Biosciences, Franklin Lakes, NJ, USA). 
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After 24 h, the migrated and invasive cells in the 
lower chamber were fixed with 75% methanol 
and stained with crystal violet at 37°C for 15 min. 
Then, the microscope was used to calculate cell 
numbers, and five random fields of view were 
analyzed for each chamber.

Cell Proliferation and Apoptosis
Cell proliferations were measured using 

the MTT assay. Briefly, cells were seeded into 
96-well cell culture plates (Corning, Corning, 
NY, USA) at a density of 2×104. Then, the plate 
was incubated at 37°C overnight. After that, 20 
ul MTT and 150 µL dimethyl sulfoxide (DMSO; 
Sigma-Aldrich, St. Louis, MO, USA) were also 
added into each well to incubate, respectively. 
The spectrophotometric microplate reader (Bey-
otime Institute of Biotechnology, Haimen, China) 
was used to detect cell proliferation at a wave-
length of 490 nm.

Cell apoptosis was measured using flow cy-
tometry with Annexin V-FITC Apoptosis Detec-
tion Kit (BD Biosciences, Franklin Lakes, NJ, 
USA). First, transfected cells were collected and 
resuspended in 200 μ binding solution. Second, 
Annexin V-FITC (10 μl) was added into each 
well for incubation, and then propidium iodide 
(PI; 10 μl) was added to stain cells for 15 min at 
37°C. Flow cytometry (BD Biosciences, Franklin 
Lakes, NJ, USA) was applied to analyze the cell 
apoptosis rate. 

Statistical Analysis
GraphPad Prism 7.0 (GraphPad Software, San 

Diego, CA, USA) was applied to analyze and 
perform these data. All data were presented as 
mean ± SD (standard deviation). Student’s t-test 
and one-way analysis of variance (ANOVA) were 
employed for the comparison. Pearson’s correla-
tion analysis was used to determine the relation 
between ADPGK-AS1 and miR-542-3p. p-value 
(*p) <0.05 was considered statistically significant.

Results

LncRNA ADPGK-AS1 Expression Was 
Induced While MiR-542-3p Expression 
Was Reduced in OS Tissues and Cells

To investigate the role of ADPGK-AS1 in OS, 
ADPGK-AS1 expression was detected in tissues 
and cells. Also, we predicted that miR-542-3p 
was a potential miRNA of ADPGK-AS1 with 

bioinformatics analysis, thus the expression of 
miR-542-3p was measured. QRT-PCR analysis 
showed that compared with normal tissues and 
cells (hFOB1.19), the expression of ADPGK-AS1 
was significantly enhanced in OS tissues and 
cells (MG63, U2-OS, HOS, LM7; Figure 1A 
and 1D) while the expression of miR-542-3p was 
inhibited in OS tissues and cells (MG63, U2-OS, 
HOS, LM7; Figure 1B and 1D). Meanwhile, the 
results of Pearson’s correlation analysis displayed 
that ADPGK-AS1 expression was negatively re-
lated to miR-542-3p expression in OS tissues 
(Figure 1C). Thus, these results determined that 
ADPGK-AS1 and miR-542-3p play an important 
role in OS.

Knockdown of ADPGK-AS1 Inhibited 
Cell Proliferation in OS Cells

To further explore the effect of ADPGK-AS1 
on cell proliferation in OS, si-ADPGK-AS1 was 
transfected into MG63 and U2-OS cells, which 
expressed low expression of ADPGK-AS1 (Fig-
ure 2A and 2B). MTT assay results showed that 
cell proliferation of si-ADPGK-AS1 groups was 
markedly lower than that of si-con and NC groups 
in MG63, and U2-OS cells. As shown in Figure 
2E to 2G, we found that the protein expressions of 
CDK4 and Cyclin D1 were significantly reduced 
by si-ADPGK-AS1 transfection in MG63 and U2-
OS cells. Therefore, suppression of ADPGK-AS1 
inhibited cell proliferation of OS.

Knockdown of ADPGK-AS1 Induced 
Cell Apoptosis in OS Cells

Cell apoptosis was applied to ensure the 
cell apoptosis rate in NC, si-con, and si-ADP-
GK-AS1 groups. Results showed that compared 
with NC and si-con groups, cell apoptosis was 
sharply induced in si-ADPGK-AS1 groups in 
MG63 and U2-OS cells. In addition, Bcl-2 
protein expression was inhibited while Bax 
and Cleaved caspase-3 protein expression were 
enhanced by the knockdown of ADPGK-AS1 
in MG63 and U2-OS cells (Figure 3E to 3F). 
The knockdown of ADPGK-AS1 induced OS 
cell apoptosis.

Inhibition of ADPGK-AS1 Suppressed 
Cell Migration and Invasion in OS Cells

The analysis of transwell determined that cell 
migration and invasion in si-ADPGK-AS1 groups 
was significantly lower than that in NC and si-con 
groups in MG63 and U2-OS cells (Figure 4A to 
4D). Additionally, as shown in Figure 4E to 4G, 
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MMP-2 and MMP-9 were sharply decreased by 
si-ADPGK-AS1 transfection in MG63 and U2-OS 
cells. Thus, these results demonstrated that inhi-
bition of ADPGK-AS1 suppressed cell migration 
and invasion in OS cells.

ADPGK-AS1 Directly Targeted 
MiR-542-3p in OS Cells

To confirm the relation between ADPGK-AS1 
and mir-542-3p, we found that ADPGK-AS1 has 
binding sites of miR-542-3p. Then, we performed 
luciferase assay to ensure that. MG63 and U2-
OS cells were co-transfected with a luciferase 
plasmid containing the ADPGK-AS1 sequence 
(ADPGK-AS1-WT) or a luciferase plasmid con-
taining the ADPGK-AS1 mutate sequence (AD-
PGK-AS1-MUT) and miR-542-3p mimic (miR-
542-3p) or negative control (Figure 5A and 5B). 
The results showed that miR-542-3p inhibited 
the luciferase activity of ADPGK-AS1-WT, not 
ADPGK-AS1-MUT in MG63 and U2-OS cells 
(Figure 5C and 5D). Of note, miR-542-2p expres-
sion was induced by improving ADPGK-AS1 

expression while was inhibited by reducing AD-
PGK-AS1 expression in MG63 and U2-OS cells 
(Figure 5E and 5F). Thus, these data showed that 
ADPGK-AS1 directly targeted miR-542-3p in OS 
cells.

MiR-542-3p Reversed the Effects of 
ADPGK-AS1 on Cell Proliferation, 
Apoptosis, Migration, and 
Invasion in OS Cells

To verify the regulatory role between ADP-
GK-AS1 and miR-542-3p in OS cells, reversed 
experiments were tested. As shown in Figure 
6A and 6B, the expression of miR-542-3p was 
increased by knockdown of ADPGK-AS1, which 
inhibited by anti-miR-542-3p transfection. MTT 
assay showed that si-ADPGK-AS1 transfection 
induced cell proliferation, which impaired by 
inhibition of miR-542-3p in MG63 and U2-
OS cells (Figure 6C and 6D). Furthermore, 
MG63 and U2-OS cells transfected with si-AD-
PGK-AS1 could promote cell apoptosis, which 
were rescued by the downregulation of miR-542-

Figure 1. LncRNA ADPGK-AS1 expression was induced while miR-542-3p expression was reduced in OS tissues and 
cells. A-B, Expression of ADPGK-AS1 and miR-542-3p in OS tissues and adjacent tissues were measured with qRT-PCR. 
C, Association analysis of the expression between ADPGK-AS1 and miR-542-3p in 63 OS tissues with Pearson’s correlation 
analysis. D-E, Expression of ADPGK-AS1 and miR-542-3p in OS cell lines (MG63, U2-OS, HOS, and LM7) and normal cell 
line (hFOB1.19) was measured with qRT-PCR. *p<0.05.
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Figure 2. Knockdown of ADPGK-AS1 inhibited cell proliferation in OS cells. A-B, Expression of ADPGK-AS1 in NC, si-con, and si-ADPGK-AS1 groups of MG63 and U2-
OS cells was detected with qRT-PCR. C-D, Cell proliferation in NC, si-con and si-ADPGK-AS1 groups of MG63 and U2-OS cells was measured with MTT assay. E-G, Protein 
expression of CDK4 and Cyclin D1 in NC, si-con and si-ADPGK-AS1 groups of MG63 and U2-OS cells was detected with Western blot. *p<0.05.
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3p (Figure 6E and 6F). The inhibition in cell in-
vasion and migration ability caused by knocking 
down ADPGK-AS1 could be sharply reversed 
by the suppression of miR-542-3p in MG63 and 
U2-OS cells (Figure 6G and 6H). These results 
determined that ADPGK-AS1 regulated OS cell 
growth and apoptosis via the modulation of 
miR-542-3p.

Discussion

Based on the development of current research 
methods, the research mechanism of OS can 
be further revealed. Many lncRNAs have been 
identified to play an important role in many 
cancers. LncRNAs regulate the cycle and pro-

gression of tumor cells by forming a network 
with miRNAs11,22,23. For example, in cardiomy-
ocytes, lncRNA CARL suppressed anoxia-in-
duced mitochondrial fission and inhibited cell 
apoptosis by targeting miR-53924. In this work, 
we found that miR-542-3p is a target miR-
NA of ADPGK-AS1, and that ADPGK-AS1 is 
highly expressed in OS tissues and cells, while 
miR-542-3p is under-expressed. Therefore, we 
hypothesized that the regulation of lncRNAAD-
PGK-AS1 in OS may be through the binding of 
miR-542-3p.

In OS, the function of some lncRNA has been 
verified, such as UCA1, HULC, MEG3, and HN-
F1A-AS125-28. For example, inhibition of lncRNA 
MEG3 inhibited cell progression and induced 
cell apoptosis27. Zhao et al28 determined that cell 

Figure 3. Knockdown of ADPGK-AS1 induced cell apoptosis in OS cells. A-D, Cell apoptosis in NC, si-con, and si-
ADPGK-AS1 groups of MG63, and U2-OS cells was measured with flow cytometry. E-G, Protein expression of Bcl-2, 
Bax, and Cleaved caspase-3 in NC, si-con, and si-ADPGK-AS1 groups of MG63, and U2-OS cells was measured with 
Western blot. *p<0.05.
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Figure 4. Inhibition of ADPGK-AS1 suppressed cell migration and invasion in OS cells. A-D, Cell migration and invasion in NC, 
si-con, and si-ADPGK-AS1 groups of MG63 and U2-OS cells was measured with transwell assay (100×). E-G, Protein expression of 
MMP-2 and MMP-9 in NC, si-con, and si-ADPGK-AS1 groups of MG63, and U2-OS cells was measured with Western blot. *p<0.05.

Figure 5. ADPGK-AS1 directly targeted miR-542-3p in OS cells. A-B, Schematic representation of the predicted target 
site for miR-542-3p in ADPGK-AS1. C-D, MG63 and U2-OS cells were co-transfected with ADPGK-AS1-WT or ADPGK-
AS1-MUT and miR-542-3p or miR-con, and the luciferase activities were detected. E-F, Expression of miR-542-3p in si-con, 
si-ADPGK-AS1, pcDNA, and pcDNA-ADPGK-AS1groups of MG63, and U2-OS cells was detected with qRT-PCR. *p<0.05.
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Figure 6. MiR-542-3p reversed the effects of ADPGK-AS1 on cell proliferation, apoptosis, migration and invasion in OS cells. A-B, Expression of miR-542-3p in si-con, si-
ADPGK-AS1, si-ADPGK-AS1 + anti-miR-con, and si-ADPGK-AS1 + anti-miR-542-3p groups of MG63, and U2-OS cells was detected with qRT-PCR. C-D, Cell proliferation 
in si-con, si-ADPGK-AS1, si-ADPGK-AS1 + anti-miR-con, and si-ADPGK-AS1 + anti-miR-542-3p groups of MG63, and U2-OS cells was measured with MTT assay. E-F, 
Cell apoptosis in si-con, si-ADPGK-AS1, si-ADPGK-AS1 + anti-miR-con, and si-ADPGK-AS1 + anti-miR-542-3p groups of MG63, and U2-OS cells was measured with flow 
cytometry. G-H, Cell migration and invasion in si-con, si-ADPGK-AS1, si-ADPGK-AS1 + anti-miR-con, and si-ADPGK-AS1 + anti-miR-542-3p groups of MG63 and U2-OS 
cells was measured with transwell assay. *p<0.05.
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proliferation and metastasis was enhanced by up-
regulating lncRNA HNF1A-AS1 via activation of 
the Wnt/β-catenin signaling pathway. However, 
studies on the regulatory mechanisms of ADP-
GK-AS1 in OS are still lacking. The function of 
ADPGK-AS1 has been shown in some cancers. 
For example, ADPGK-AS1 was up-regulated in 
pancreatic cancer and breast cancer tissues and 
cells, and regulated cell progression and EMT20,21. 
In this study, low expression of ADPGK-AS1 in-
hibits cell proliferation, migration and metastasis, 
and promotes apoptosis of OS cells. Therefore, 
ADPGK-AS1 played an important role in the pro-
gression of OS cells.

Increasing evidence indicated that the expres-
sion of miR-542-3p is closely related to the for-
mation of cancer and cell progression in ma-
ny cancers, including hepatocellular carcinoma, 
bladder cancer, gastric cancer, and OS29-33. Wu et 
al34 reported that miR-542-3p could inhibit cell 
proliferation in OS. To verify the above hypoth-
esis, rescue experiments further confirmed that 
inhibition of ADPGK-AS1 expression reduced 
cell proliferation, invasion, and metastasis, and 
promoted apoptosis by suppression of miR-542-
3p in OS.

Conclusions

LncRNA ADPGK-AS1 regulated cell growth 
by targeting miR-542-3p in OS. This study pro-
vided a new target for the treatment and diagnosis 
of OS, revealing the regulatory mechanism of 
ADPGK-AS1 in OS.
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