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 Background: Osteosarcoma (OS) is the most prevalent malignant primary bone tumor, resulting from severe transformation 
of primitive mesenchymal cells, which induces osteogenesis. Long non-coding RNA (lncRNA) MSC-AS1 triggers 
osteogenic differentiation by sponging microRNA (miR)-140-5p. The present study assessed the mechanism of 
lncRNA MSC-AS1 in OS biological features and sensitivity to cisplatin (DDP) by binding to miR-142.

 Material/Methods: Firstly, lncRNA MSC-AS1 expression in OS tissues and cells was analyzed. OS cells were transfected with silenced 
MSC-AS1 to determine its role in OS biological behaviors, and we also assessed the effect of MSC-AS1 on OS 
sensitivity to DDP. Then, website prediction and dual-luciferase reporter gene assay were utilized for verifica-
tion of the binding site between MSC-AS1 and miR-142. Reverse transcription-quantitative polymerase chain 
reaction (RT-qPCR) and Western blot analysis were performed to determine the effect of MSC-AS1 on expres-
sion of miR-142, cyclin-dependent kinase 6 (CDK6), and the PI3K/AKT signaling pathway. Xenograft transplan-
tation was also applied to confirm the in vitro experiments.

 Results: Overexpressed MSC-AS1 was associated with poor prognosis of OS patients. OS cell proliferation, invasion, 
and migration were reduced after silencing MSC-AS1, while cell apoptosis was enhanced. Moreover, silencing 
MSC-AS1 made OS cells more sensitive to DDP. Interestingly, MSC-AS1 knockdown induced miR-142 expres-
sion and reduced CDK6 levels, thereby decreasing the protein expression of p-PI3K/t-PI3K and p-AKT/t-AKT. 
Silencing MSC-AS1 repressed OS progression in vivo.

 Conclusions: Our study demonstrated that silencing MSC-AS1 inhibited OS biological behaviors by enhancing miR-142 to 
decrease CDK6 and inactivating the PI3K/AKT axis. Our results may provide new insights for OS treatment.
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Background

Osteosarcoma (OS) is the most common primary bone cancer, 
with multiple genomic aberrations and mesenchymal cells, gen-
erating malignant osteoid or immature bones [1,2]. OS, which 
is mostly found in long bones, is most common in children, and 
is also common in the elderly [3]. The exact cause of OS is un-
known, but risk factors for OS are both environmental and in-
herently, including radiation damage and genetic disorders [4]. 
Amputation, limb-sparing operations, palliative radiation, and 
bone resorption inhibition therapies are currently used treat-
ments for OS [5]. However, although the adjusted strategic 
management has stabilized the 10-year survival rates to 50% 
in the past few decades, there has been little improvement in 
OS survival rates [6]. Cisplatin (DDP) has emerged as an im-
portant and effective OS treatment [7], but novel therapeutic 
strategies for OS are urgently needed. Therefore, the present 
study focused on use of long non-coding RNA (lncRNA) to un-
derstand the underlying mechanism in OS development in or-
der to develop novel intervention strategies.

lncRNAs are important in disease occurrence and development, 
and their associations with these diseases suggest new perspec-
tives on the pathogenesis, diagnosis, and treatment of diseas-
es [8]. Many upregulated lncRNAs have been found to be onco-
genic factors in OS malignancy [9]. In addition, a recent study 
found that lncRNA MSC-AS1 is overexpressed in pancreatic duc-
tal adenocarcinoma (PDAC), which leads to poor prognosis [10]. 
Our research found that MSC-AS1 binds to microRNA (miR)-142; 
miRs are major participants in a wide range of cancer cell bio-
logical behaviors, including OS [11]. As a tumor inhibitor gene, 
miR-142 overexpression greatly hinders OS cell proliferation [12]. 
We previously reported there is a binding site between miR-142 
and cyclin-dependent kinase 6 (CDK6), which has important roles 
in tumor cell transcription and hematopoietic stem cells [13]. 
Zhu et al. found that miR-29b can target CDK6 to curb OS pro-
cesses [14]. In addition, the activated phosphatidylinositol 3-ki-
nase (PI3K)/protein kinase B (AKT) signaling pathway serves as 
an oncogene in many cancers by expediting cell proliferation [15]. 
In a previous study, inhibition of the PI3K/AKT signaling pathway 
was shown to repress OS processes [16]. Taken together, the ev-
idence presented above suggests there may be interactions be-
tween lncRNA MSC-AS1 and miR-142 in OS biological behaviors 
and cell sensitivity to cisplatin (DDP). Thus, we conducted the 
present series of experiments to test this hypothesis.

Material and Methods

Ethics statement

This study was supervised and approved by the Ethics 
Committee of Yidu Central Hospital in Weifang. All the subjects 

provided signed informed consent. All procedures in this study 
were approved by our institution’s Laboratory Animal Ethics 
Committee.

Clinical samples

From March 2014 to June 2018, 45 OS patients who under-
went surgery at Yidu Central Hospital in Weifang were en-
rolled in this study and we obtained samples of OS tissues 
and adjacent normal bone tissues. These patients were fol-
lowed up for 5 years.

Cell cultivation

Human normal osteoblast hFOB1.19 cells and OS cell lines 
MG63, SOSP-9607, HOS, U2OS, and SaOS2 were purchased from 
Shanghai Institute of Biochemistry and Cell Biology, Chinese 
Academy of Sciences (Shanghai, China) and were cultivated 
in Dulbecco’s modified Eagle’s medium (DMEM) consisting 
of 10% fetal bovine serum (FBS) in a 37°C incubator with 5% 
CO2. DMEM was changed every 2 to 3 days. The cells were de-
tached and subcultured when cell confluence reached 80%.

U2OS cells (1×105 cells/mL) in logarithmic growth phase were 
inoculated on 6-well plates and cultured with high-glucose 
DMEM consisting of 10% FBS and 100 U/mL penicillin-strep-
tomycin for 24 h. After cell adherence, 0.01 μg/mL inductive 
DDP was added. After 15 to 20 days, cells were successively 
cultured with 0.04, 0.10, 0.40, 1.00, and 4.00 μg/mL DDP 
for 15 to 20 days each. Then, the stable drug-resistant cells 
U2OS/DDP were obtained. To sustain the drug resistance, cell 
lines were cultured with 4.00 μg/mL concentration for the du-
ration of the study.

Experimental groups and cell transfection

MG63 cells were assigned into a control group, a negative con-
trol group (NC) (cells were transfected with NC plasmid of si-
lenced lncRNA MSC-AS1), and a small interference (si)-MSC-AS1 
group (cells were transfected with siRNA plasmid of lncRNA 
MSC-AS1). U2OS cells were assigned into a control group, 
a NC group (cells were transfected with NC plasmid of overex-
pressed lncRNA MSC-AS1), and an MSC-AS1 group (cells were 
transfected with overexpressed plasmid of lncRNA MSC-AS1).

U2OS/DDP cells were assigned into a control group, a NC 
group (cells were transfected with NC plasmid of silenced 
lncRNA MSC-AS1), a si-MSC-AS1-1 group (cells were transfect-
ed with siRNA-1 plasmid of lncRNA MSC-AS1), and a si-MSC-
AS1-2 group (cells were transfected with siRNA-2 plasmid of 
lncRNA MSC-AS1).
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Transfection was conducted using Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA) strictly following the man-
ufacturer’s instructions. Reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR) was performed to veri-
fy transfection results 48 h later. The successfully transfected 
cells were saved for further experiments.

3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 
bromide (MTT) assay

OS cells in logarithmic growth phase from each group di-
luted to 1×104 cells/mL were cultured in 96-well plates, with 
20 μL prepared MTT solution added in each well. After 4 h, 
150 μL dimethyl sulfoxide (DMSO) was also added. The absor-
bance value was measured after 12, 24, 48, and 72 h, respec-
tively, at 570 nm wavelength. Cell viability (%) was calculated 
by the equation (ODdrug treated group–ODcontrol group)/(ODcontrol group–
ODvehicle group) [17].

Colony formation assay

OS cells in exponential phase from each group were used to 
prepare a single-cell suspension. Then, 150 μL cell suspen-
sion was inoculated into 6-well plates. When the colony for-
mation was visible, 3 mL methanol was added in each well 
for a 15-min fixation, and Giemsa staining solution was add-
ed for 20 min to count colonies.

5-ethynyl-2’-deoxyuridine (EdU) assay

We inoculated 5×103 differentially treated OS cells in loga-
rithmic growth phase in a 96-well plate with EdU dye (Wuhan 
RiboBio Biotech Co., Wuhan, China) for 2 h. The 4% parafor-
maldehyde-fixed cells were cultured for 30 h. Then, 100 μL 
penetrant (phosphate-buffered saline [PBS] containing 0.5% 
TritonX-100) was added to perform incubation for 10 min. 
Cells stained by 1×Apollo® staining solution were incubated in 
the dark for 30 min. Finally, cells were stained with 25 μg/mL 
Hoechst 3334 dye for 30 min without light exposure. After the 
staining, cell images were observed and captured under an in-
verted fluorescence microscope (OLYMPUS, Tokyo, Japan). EdU-
positive cell rates were calculated and statistically analyzed.

Transwell assay

Matrigel diluted by 80 μL DMEM at the ratio of 1: 6 was add-
ed to the chamber membrane and placed in a 37°C incubator 
for 2 h. OS cells in exponential phase were prepared for sin-
gle-cell suspension. Differentially treated cells with the ad-
justed 2×105 cells/mL concentration were inoculated into a 
96-well plate, with 500 μL medium consisting of 10% serum, 
for 24 h. Chambers were fixed by 800 μL methanol for 30 min 
and then stained by 800 μL Giemsa staining solution for 15 

to 30 min at room temperature. After soaking in clean water, 
the chamber was taken out, dried, and sealed for observation 
under the microscope.

Scratch test

Cells from each group were inoculated onto 6-well plates. After 
that, a pipette tip was used to draw a straight line perpendic-
ular to the center on the cell surface after cells reached 100% 
confluence. The scratch was observed and photographed un-
der the microscope after 0 h and 24 h. The rate of relative cell 
mobility was calculated as (0 h scratch width–24 h scratch 
width)/0 h scratch width×100%. Image analysis software was 
used to measure the scratch width 3 times to get the aver-
age value.

Flow cytometry

Differentially treated cells in exponential phase were prepared 
for single-cell suspension and centrifuged at 111 g for 5 min. 
Cells were incubated with Annexin V-FITC and propidium io-
dine (PI) in buffer solution for 15 min in the dark. Then, cells 
were centrifuged at 111 g for 5 min again to precipitate. After 
that, cells were cultured with fluorescence solution at 4°C for 
20 min in the dark. Cell apoptosis rates were determined by 
flow cytometry.

RT-qPCR

Cells from each group were inoculated in an incubator at 1×104 
cells/cm2 and collected when cells reached 90% confluence. 
Trizol (Invitrogen) was applied to extract the total RNA from 
cells in exponential phase, and the concentration and purity 
of RNA was detected. Complementary DNA (cDNA) was syn-
thesized using the RT kit and extended by a PCR apparatus. 
The primer sequences in Table 1 were determined using a 
SYBR PCR Master Mix kit. U6 served as the internal reference 
of miR-142, and b-actin served as the internal reference of 
lncRNA MSC-AS1 and CDK6. All the primers in the experiment 
were designed by the Primer 3Plus website, and synthesized by 
Genewiz, Inc. (Suzhou, Jiangsu, China). The experiments were 
performed 3 times to get the average value. Finally, RNA ex-
pression in cells and tissues were verified by the concentra-
tion of every sample according to the 2–DDCT method.

Western blot analysis

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) served 
as an internal reference. According to the varied cell concen-
tration in each group, cells were mixed with heated sodium 
dodecyl sulfonate (SDS) loading buffer for 5 min. After the 
electrophoresis separation conducted by sodium dodecyl sul-
fate polyacrylamide gel electrophoresis, 10 μg proteins were 
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transferred into the polyvinylidene fluoride (PVDF) membranes. 
Membranes were cultivated with primary antibodies (Table 2) 
overnight and then were rinsed. Next, cells were cultured with 
secondary antibody (1/2000, ab67154) labeled by horserad-
ish peroxidase (HRP) for 1 h. After full rinsing, cells were visu-
alized by a fluorescent kit and recorded after X-ray exposure. 
The gray value in every stripe was scanned.

Nucleoplasmic separation and RNA extraction

After detachment, OS cells were centrifuged at low speed, mixed 
with 500 µL precooling fraction buffer, and centrifuged again 
after full pyrolysis in an ice-water bath for 5 to 10 min. The cy-
toplasmic component was extracted by supernatant and the 
nuclear component was extracted by precipitate. With 500 µL 
disruption buffer added, the precipitate was placed in the ice-
water bath to reach complete dissolution. Cytoplasmic and nu-
clear component were mixed with 500 µL lysis buffer solution 
and 500 µL absolute ethyl alcohol, respectively, and recovered 
with a recovery column and stored at –80°C. The experiment 
was performed according to the instructions of the nucleo-
plasmic separation kit (Life Technologies, Rockford, IL, USA).

Dual-luciferase reporter gene assay

lncRNA MSC-AS1 and CDK6 3’UTR sequences consisting of 
miR-142 binding were synthesized to establish wild-type (WT) 
plasmids and mutant-type (MUT) plasmids of lncRNA MSC-AS1 
and CD6K 3’UTR. After treatment, the WT and MUT plasmids 
were mixed with plasmids of NC and miR-142 to co-transfect 
into 293T cells (ATCC, USA). The collected cells were lysed 48 h 
later. Luciferase activity was detected using a luciferase detec-
tion kit (BioVision, San Francisco, CA, USA) and a Glomax20/20 
luminometer (MPC12ison, Promega, WI, USA).

RNA pull-down assay

Bio-miR-142-WT, Bio-miR142-MUT, and NC substance formed 
in OS cells were treated as the requirements of pull-down as-
say as described previously [18].

Xenograft tumors in nude mice

Eighteen specific pathogen-free (SPF) male BALB/c nude mice 
(4 to 6 weeks old, weight 16 to 18 g) (Vital River Animal Co., 
Zhejiang, China) were divided into a control group, a NC group 
(with NC plasmid of silenced lncRNA MSC-AS1), and a MSC-AS1 
group (with siRNA plasmid of lncRNA MSC-AS1). The plasmids 
were injected subcutaneously into corresponding nude mice, 
and tumor volume (mm3) was determined using the formula 
V=L×W2×0.5 every 3 days, with a growth curve drawn. On the 
21st day, mice were sacrificed by cervical dislocation. After that, 
the skin was cut off to separate and weigh the tumors for the 
following procedures.

Immunocytochemistry staining

Ki67 (5 µg/mL, ab15580) expression was determined in accor-
dance with the instructions of the immunohistochemical strep-
tavidin-peroxidase (SP) kit (Zhongshan Golden Bridge Biotech 
Co., Beijing, China).

Statistical analysis

SPSS 21.0 (IBM Corp. Armonk, NY, USA) was used for data anal-
ysis. The Kolmogorov-Smirnov test results indicated whether 
the data were in normal distribution. The results were shown 
in mean±standard deviation. Kaplan-Meier assay was applied 
for analyzing survival rates. The t test was used for analysis of 

Primer Sequence (5’-3’)

LncRNA 
MSC-AS1

Forward primer TCAAGAAATGGTGGCTAT

Reverse primer GCTCTGAGACTGGCTGAA

miR-142
Forward primer TGTAGTGTTTCCTACTTTATCCA

Reverse primer CATAAAGTAGAAAGCACTACT

U6
Forward primer GCTTCGGCAGCACATATACTAAAAT

Reverse primer CGCTTCACGAATTTGCGTGTCAT

CDK6
Forward primer TGCACAGTGTCACGAACAG

Reverse primer ACCTCGGAGAAGCTGAAACA

b-actin
Forward primer GTCATTCCAAATATGAGAGATGCGT

Reverse primer GCTATCACCTCCCCTGTGTG

Table 1. Primers sequence.

lncRNA – long non-coding RNA; MSC – mesenchymal stem cell; 
miR – microRNA; CDK6 – cyclin-dependent linase 6.

Antibody Information Dilution rate

E-cadherin ab40772,ABcam 1/10000

Vimentin ab8978,ABcam 1/500

CDK6 ab151247,ABcam 1/500

p-PI3k ab151549,ABcam 1/1000

t-PI3k ab32089,ABcam 1/1000

p-AKT ab38449,ABcam 1/1000

t-AKT ab8805,ABcam 1/1000

GAPDH ab181602,ABcam 1/10000

Table 2. Antibodies used in experiment.

CDK6 – cyclin-dependent linase 6; PI3K – phosphatidylinositol 
3-kinase; GAPDH – glyceraldehyde-3-phosphate dehydrogenase.
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comparisons between 2 groups, one-way or two-way analysis 
of variance (ANOVA) was used for comparisons among multiple 
groups, and Tukey’s multiple comparisons test/Sidak’s multi-
ple comparisons test was used for pairwise comparisons af-
ter ANOVA. The p value was attained using a two-tailed test 
and p<0.05 regarded as indicating a significant difference.

Results

Upregulated lncRNA MSC-AS1 in OS leads to poor 
prognosis

lncRNA MSC-AS1 expression in the 45 OS tissues and ad-
jacent normal bone tissues were assessed. It was discov-
ered that lncRNA MSC-AS1 expression was evidently higher 
in OS tissues than in adjacent normal bone tissues (p<0.05). 
According to median of lncRNA MSC-AS1 expression, the 45 
patients were divided into a poorly-expressed group (n=23) 
and a highly-expressed group (n=22). We found that highly ex-
pressed lncRNA MSC-AS1 was related to poor prognosis of OS 
patients. Assessment of lncRNA MSC-AS1 expression in human 
normal osteoblast hFOB1.19 cells and OS cell lines showed that 
MG63, SOSP-9607, HOS, U2OS, and lncRNA MSC-AS1 expres-
sion in OS cell lines was significantly higher than in hFOB1.19 
cells (Figure 1A–1C).

Silenced lncRNA MSC-AS1 inhibits OS cell progression and 
epithelial-mesenchymal transition (EMT) and promotes OS 
cell apoptosis

lncRNA MSC-AS1 expression was upregulated in U2OS cells, pro-
viding insights into the mechanism of lncRNA MSC-AS1 in OS 
progression. The constructed overexpressed plasmids of lncRNA 
MSC-AS1 were transfected into U2OS cells, while the plasmids 
of lncRNA MSC-AS1 siRNAs were transfected into MG63 cells. 
The results from RT-qPCR showed successful transfections, and 
lncRNA MSC-AS1-1 was more completely transfected than lncRNA 
MSC-AS1-2; therefore, we selected lncRNA MSC-AS1-1 for fur-
ther experimentation (Figure 2A). Cell proliferation was detected 
using MTT, colony formation assay, and EdU assay. The results 
suggested that OS cell viability, the number of colonies, EdU-
positive cells, and cell invasion and migration were significantly 
decreased in cells with poorly expressed lncRNA MSC-AS1 (all 
p<0.05). On the contrary, all the indices mentioned above in U2OS 
cells with highly expressed lncRNA MSC-AS1 were quite opposite 
(Figure 2A–2F). Additionally, poorly expressed lncRNA MSC-AS1 
brought about a huge increase in E-cadherin expression and a 
great decrease in vimentin expression (both p<0.05). However, 
highly expressed lncRNA MSC-AS1 resulted in the opposite out-
comes (Figure 2G). We also found that cell apoptosis was pro-
moted as lncRNA MSC-AS1 expression was suppressed and was 
reduced in overexpressed lncRNA MSC-AS1 (p<0.05) (Figure 2H).

hFOB1.19
MG63

**

SOSP-9607

**

HOS

**

U2OS

**

SaOS260.0050.0040.0030.00
Month

20.0010.00.00Normal

**

**

10

8

6

4

2

0

Ln
cR

NA
 M

SC
-A

S1
 re

lat
ive

 ex
pr

es
sio

n l
ev

el

OS

10

8

6

4

2

0

Re
lat

ive
 M

SC
-A

S1
 le

ve
ls

1.0

0.8

0.6

0.4

0.2

0.0
Ov

er
all

 su
rv

iva
l

Low MSC-AS1
High MCS-AS1

A B C

Figure 1.  lncRNA MSC-AS1 is upregulated in OS and is associated with poor prognosis. (A) RT-qPCR results showed that lncRNA 
MSC-AS1 expression was significantly higher in OS tissues than in adjacent normal bone tissues, n=45. (B) Relationship 
between lncRNA MSC-AS1 expression and prognosis of OS patients was analyzed by Kaplan-Meier assay, n=45. 
(C) lncRNA MSC-AS1 expression in human normal osteoblast hFOB1.19 cells and OS cell lines were detected by RT-qPCR. 
The experiments were performed 3 times; compared with normal group/hFOB1.19 cells, ** p<0.05. The independent-samples 
t test was used for statistical analysis of comparisons in (A), Kaplan-Meier assay was utilized to analyze (B), and 
one-way ANOVA and Tukey’s multiple comparisons test were applied to determine (C). lncRNA – long non-coding 
RNA; OS – osteosarcoma; RT-qPCR – reverse transcription-quantitative polymerase chain reaction; ANOVA – analysis of 
variance.
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Silenced lncRNA MSC-AS1 makes OS cells more sensitive 
to DDP

Effects of lncRNA MSC-AS1 on OS cell susceptibility to DDP 
were further assessed. Our experiments showed that lncRNA 
MSC-AS1 expression was evidently higher in U2OS/DDP cells 
than in U2OS cells, while it was downregulated when U2OS/DDP 
cells were transfected with si-MSC-AS1 (Figure 3A). Various con-
centrations of DDP were subjected to transfected U2OS cells 
and U2OS/DDP cells, and it was found that cell viability was 
reduced when the DDP concentration increased. U2OS cell sur-
vival rates were around 50% in the 4 μg/mL DDP group, and 
U2OS/DDP cell survival rates were around 50% in the 8 μg/mL 
DDP group. Therefore, 4 μg/mL DDP was selected for U2OS 
cell treatment and 8 μg/mL DDP was selected for U2OS/DDP 
cell treatment in further experiments.
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Figure 2.  Silencing of lncRNA MSC-AS1 reduced OS cell proliferation, invasion, migration and EMT and increased OS cell apoptosis. 
(A) lncRNA MSC-AS1 expression in transfected OS cells MG63 and U2OS was assessed with RT-qPCR. (B) OS cell viability 
in all groups was detected by MTT assay. (C) Colony formation ability in OS cells from all groups was measured. (D) DNA 
replication in all groups was detected by EdU assay. (E) OS cell invasion in all groups was assessed with Transwell assay. 
(F) OS cell migration in all groups was verified by scratch test. (G) EMT-related protein expression in all groups was measured 
by Western blot analysis. (H) OS cell apoptosis in all groups was assessed with flow cytometry. Compared with control group, 
* p<0.05, ** p<0.01. The experiments were performed 3 times; one-way ANOVA and Tukey’s multiple comparisons test were 
applied to determine (A, C–F, H), and two-way ANOVA and Tukey’s multiple comparisons test were applied to determine 
(B, G). lncRNA – long non-coding RNA; EMT – epithelial-mesenchymal transition; OS – osteosarcoma; RT-qPCR – reverse 
transcription-quantitative polymerase chain reaction; MTT – 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide; 
EdU – 5-ethynyl-2’-deoxyuridine; ANOVA – analysis of variance.

Colony formation assay and flow cytometry showed that low 
lncRNA MSC-AS1 expression strengthened OS cell sensitivity 
to DDP, while overexpressed lncRNA MSC-AS1 resulted in the 
opposite effect (Figure 3B–3D).

lncRNA MSC-AS1 competitively binds to miR-142, thereby 
elevating	CDK6	and	activating	the	PI3K/AKT	signaling	
pathway

Because of the important role molecule location plays in 
biological function, we used a bioinformatics website 
(http://lncatlas.crg.eu/) and found that lncRNA MSC-AS1 was 
mainly localized in the cytoplasm (Figure 4A). Nucleoplasmic 
separation further confirmed that lncRNA MSC-AS1 was mainly 
found in cytoplasm (Figure 4B). A previous study discov-
ered that, acting as a tumor suppressor in OS, miR-142 in-
hibited cell proliferation and invasion at S phase to delay 
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the cell cycle. Moreover, miR-142 inhibited OS cell invasion 
by inducing E-cadherin expression and reducing expres-
sion of matrix metalloproteinase 2 (MMP2) and MMP9 [19]. 
It was reported that downregulation of miR-142 was ob-
served in OS cells, and miR-494 restrained OS cell progres-
sion by targeting CDK6 [20]. Using the bioinformatics web-
site (http://starbase.sysu.edu.cn/index.php), we found that 
both lncRNA MSC-AS1 and CDK6 were combined to miR-142 
at some sites. The findings of dual-luciferase reporter gene as-
say showed decreased luciferase activity of WT lncRNA MSC-
AS1 and miR-142, and that of WT CDK6 and miR-142 also sig-
nificantly declined (both p<0.05) (Figure 4C). RNA pull-down 
assay provided another confirmation that there was a bind-
ing site between lncRNA MSC-AS1 and miR-142 (Figure 4D). 
With lncRNA MSC-AS1 knockdown, miR-142 was significantly 
elevated, while mRNA and protein expression in CDK6 was 
greatly decreased, and protein expression in p-PI3K/t-PI3K and 
p-AKT/t-AKT also steeply declined (all p<0.05), but all these 
results were the opposite with overexpressed lncRNA MSC-
AS1 (Figure 4E, 4F).

Silenced lncRNA MSC-AS1 inhibits OS cell in vivo

To determine the effects of lncRNA MSC-AS1 on OS cell onco-
genesis in vivo, MG63 cells were subcutaneously injected into 
nude mice, and the tumors were weighed every 3 days. It was 
found that tumor volume in differentially treated mice increased 
over time. Tumor volume and weight declined in mice with poor-
ly expressed lncRNA MSC-AS1 (p<0.05) (Figure 5A, 5B). Finally, 
results from immunocytochemistry showed that the Ki67-
positive expression rate was significantly suppressed in mice 
with poorly expressed lncRNA MSC-AS1 (p<0.05) (Figure 5C).

Discussion

Consisting of osteoid-generating spindle cells, highly aggres-
sive and malignant OS is a common primary bone tumor oc-
curring in in the skeletal system [21]. As a key oncogene or 
suppressor found in tumor growth, lncRNAs are indepen-
dent markers and targets in cancer detection, treatment, and 
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Figure 3.  Silencing of lncRNA MSC-AS1 makes OS cells more sensitive to cisplatin. (A) lncRNA MSC-AS1 expression in transfected U2OS 
cells and U2OS/DDP cells was detected by RT-qPCR. (B) U2OS and U2OS/DDP cell viabilities in different DDP concentrations 
(0, 2, 4, 8, 16, 32, 64 ug/mL) were measured by MTT assay. (C) U2OS cell colony formation ability treated by 4 μg/mL DDP 
and U2OS/DDP cell colony formation ability treated by 8 μg/mL DDP were assessed by colony formation assay. (D) U2OS 
cell apoptosis treated with 4 μg/mL DDP and U2OS/DDP cell apoptosis treated with 8 μg/mL DDP was detected by flow 
cytometry. Compared with control group, * p<0.05, ** p<0.01, the experiments were performed 3 times, one-way ANOVA and 
the t test were applied to determine (A, C, D), and two-way ANOVA and Tukey’s multiple comparisons test were applied to 
determine (B). lncRNA – long non-coding RNA; OS – osteosarcoma; RT-qPCR – reverse transcription-quantitative polymerase 
chain reaction; MTT – 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide; ANOVA – analysis of variance.
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Figure 4.  lncRNA MSC-AS1 binds to miR-142, thereby reducing miR-142-targeted inhibition of CDK6 and modulating PI3K/AKT 
signaling pathway activation. (A) A bioinformatics website was used to determine that lncRNA MSC-AS1 was mainly localized 
in the cytoplasm. (B) Nucleoplasmic separation assay indicated that lncRNA MSC-AS1 was mainly found in cytoplasm. 
(C) The bioinformatics website and dual-luciferase reporter gene assay helped to discover that both lncRNA MSC-AS1 and 
CDK6 were combined to miR-142 at some sites. (D) RNA pull-down assay showed the adsorptive effect of lncRNA MSC-AS1 
on miR-142. (E) miR-142 expression in U2OS cells and U2OS/DDP cells, as well as mRNA expression of CDK6, were measured 
by RT-qPCR. (F) CDK6, p-PI3K, t-PI3K, p-AKT, and t-AKT expression in U2OS cells and U2OS/DDP cells were verified with 
Western blot analysis. Compared with the control group, ** p<0.01, the experiments were performed 3 times, one-way ANOVA 
and Tukey’s multiple comparisons test were applied to determine (D, E); two-way ANOVA and Tukey’s multiple comparisons 
test were applied to determine (B, F), two-way ANOVA and Sidak’s multiple comparisons test were applied to determine (C). 
lncRNA – long non-coding RNA; miR – microRNA; CDK6 – cyclin-dependent kinase 6; PI3K – phosphatidylinositol 3-kinase; 
RT-qPCR – reverse transcription-quantitative polymerase chain reaction; ANOVA – analysis of variance.

prognosis by deregulating OS cell pathogenesis [22]. A pre-
vious study suggested that overexpressed MSC-AS1 is highly 
associated with PDAC cells with distant metastasis and ad-
vanced tumor lymph node metastasis [10]. miRs are already 
regarded as a standard in assessment in cancer clinics by af-
fecting different oncogenes and tumor suppressor genes ex-
pression [23]. Gain-of-function assays indicated that miR-142 
overexpression reduced OS cell development by suppressing 
cell proliferation and invasion and arrested the cell cycle in 
the S phase [19]. In the present study, we assessed the mech-
anism of lncRNA MSC-AS1 in OS biological behaviors and cell 
sensitivity to DDP via binding to miR-142. Consequently, our 
data showed that downregulated MSC-AS1 could promote ex-
pression of miR-142 to decrease CDK6 expression and inhibit 
the activation of the PI3K/AKT signaling pathway to slow OS 
progression and make it more sensitive to DDP.

We showed that upregulated MSC-AS1 predicted a poor prog-
nosis of OS patients. A prior study has suggested that MSC-
AS1 is highly expressed in PDAC cells and tissues [10]. Another 
study has demonstrated that MSC-AS1 is closely associated 
with recurrence-free survival in hepatocellular carcinoma [24]. 
Our study also suggests that OS cell progression and EMT were 
slowed and cell apoptosis was enhanced after silencing MSC-
AS1. As a vascular endothelial cell transition induced by tran-
scription factors that adjust gene expression to reduce cell-
cell adhesion, EMT is actively involved in progression of many 
cancer [25]. Our functional assays found that the EMT-related 
protein E-cadherin was noticeably enhanced and vimentin was 
steeply decreased after silencing MSC-AS1. High expression 
of E-cadherin brought about a loss of function in cancer cells 
and is associated with improved survival rates and progno-
sis in many kinds of cancers [26]. Vimentin is associated with 
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actively aggressive tumor phenotypes and metastasis pro-
gression in canine bone tumors [27]. Cell apoptosis is an im-
portant part of OS treatment and it can effectively eliminate 
some OS cells [28]. In the present study, we performed a se-
ries of experiments to assess OS cell sensitivity to DDP with 
downregulated MSC-AS1. DDP, an effective chemotherapeu-
tic drug used to treat many human cancers, accelerates cell 
apoptosis by limiting the DNA repair function and damaging 
DNA [29]. Evidence has shown that the growing problem of 
DDP resistance greatly limits the effectiveness of OS treat-
ment [30]. Silenced MSC-AS1 provides a positive and effec-
tive response in OS treatment.

Additionally, website prediction confirmed the adsorptive link 
between MSC-AS1 and miR-142, and miR-142-targeted inhi-
bition of CDK6 was reduced and PI3K/AKT signaling pathway 
activation was downregulated by silencing MSC-AS1. It was 
previously reported that decreased miR-142 expression in OS 
growth led to aberrant exchanges of target genes of miR-142, 
suggesting that miR-142 plays a role in OS [31]. Inhibitors of 
CDK6 show promise in cancer treatment [32]. Yuan et al. con-
ducted a series of assays to determine the targeted links be-
tween miR-494 and CKD6, finding that overexpressed miR-494 
significantly reduced CDK6 expression [20]. The active molec-
ular changes and activities of the PI3K/AKT signaling pathway 

in various cancers make it a key factor affecting cell biologi-
cal behaviors [33]. A previous study has revealed that upreg-
ulation of the PI3K/AKT signaling pathway increased OS pro-
gression by improving cell cycle processes and reducing cell 
apoptosis [34]. Finally, results from xenograft tumors in nude 
mice show that silencing of MSC-AS1 reduced OS cell growth 
in vivo. Likewise, highly expressed lncRNA EWSAT1, a wide-
ly recognized tumor promoter in many human cancers, was 
found to be significantly associated with poor prognosis [35]. 
The evidence presented above suggest that downregulation 
of MSC-AS1 can slow OS progression.

Conclusions

Our study shows that silencing of lncRNA MSC-AS1 inhibits 
OS development by binding to miR-142, decreasing CDK6, and 
downregulating the PI3K/AKT signaling pathway. These results 
suggest a feasible approach for OS therapy and may be help-
ful in finding reliable therapeutic targets for OS. Although the 
results of the present study have therapeutic implications re-
garding OS development, it is preclinical research, and the ex-
perimental results and effective application in clinical practice 
need validation in further research.
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Figure 5.  Silenced lncRNA MSC-AS1 inhibits OS cell in vivo. (A) Tumor volumes in all groups were calculated every 3 days using the 
formula V=L×W2×0.5. (B) On the 21st day, the tumors were taken out and weighed. (C) Ki67-positive expression of tumors 
in each group was detected by immunohistochemistry. N=6 in each group, compared with the control group, * p<0.05, 
** p<0.01. Two-way ANOVA and Tukey’s multiple comparisons test were applied to determine (A), and one-way ANOVA and 
Tukey’s multiple comparisons test were applied to determine (B, C). lncRNA – long non-coding RNA; OS – osteosarcoma; 
ANOVA – analysis of variance.
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