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Abstract. Osteosarcoma (OS) is a common malignant bone 
cancer and commonly occurs in adolescents and children. 
Long non‑coding RNAs (lncRNAs) play major roles in 
cancer cell proliferation and metastasis. The present study 
aimed to investigate the potential molecular mechanism of 
lncRNA MALAT1 in OS. The levels of lncRNA MALAT1 
and microRNA‑590‑3p were detected by reverse transcrip‑
tion‑quantitative PCR in OS tissues and cells. Cell Counting 
Kit‑8 and flow cytometry assays were conducted to assess 
cell proliferation and apoptosis. Cell migration and invasion 
were examined by Transwell assay. The levels of E‑cadherin, 
N‑Cadherin, Vimentin and Snail were measured by western 
blotting. The target of MALAT1 was predicted using online 
software and confirmed by luciferase reporter, RNA immu‑
noprecipitation and RNA pull‑down assays. The results 
indicated that MALAT1 was highly expressed in OS tissues 
and cell lines. MALAT1 knockdown promoted apoptosis and 
suppressed proliferation, migration, invasion and epithelial‑ 
mesenchymal transition (EMT) of OS cells. Overexpression 
of miR‑590‑3p increased cell apoptosis and hampered cell 
proliferation, migration, invasion and EMT in OS cells. In 
addition, MALAT1 knockdown upregulated the expression of 
miR‑590‑3p in OS cells. In conclusion, MALAT1 was demon‑
strated to suppress cell apoptosis and induce cell proliferation, 
migration, invasion and EMT by inhibiting miR‑590‑3p in 
OS, which indicated that MALAT1 has potential value in the 
diagnosis and treatment of OS.

Introduction

Osteosarcoma (OS) is a common malignant bone cancer with 
high aggressiveness and rapid systemic metastasis  (1). OS 
is usually formed in the bones of children and adolescents, 

with more male than female patients (2). Furthermore, the 
incidence of OS is high between the ages of 10 and 19 years, 
with an annual incidence of ~10 patients with OS per million 
worldwide (3). With the development of surgery and chemo‑
therapy, the 5‑year survival rate of patients with OS has 
reached 60‑70% (4). Thus, identifying novel therapies for OS 
is essential.

Long non‑coding RNAs (lncRNAs) are a class of 
non‑coding RNAs of ~200 nucleotides in length that play a 
critical role in various physiological and pathological processes, 
including growth, development and oncogenesis  (5,6). 
lncRNAs have been involved in the progression of multiple 
cancers, including OS (7). A large number of lncRNAs, such 
as HCG9, MELTF‑AS1 and ZEB2‑AS1  (8‑10), have been 
found to exert a regulatory effect on cell proliferation, inva‑
sion, migration and apoptosis in OS (11). LncRNA MALAT1 
is a novel lncRNA that contributes to the occurrence and 
development of various tumors, including OS (12). Recently, 
it has been reported that MALAT1 expression is aberrantly 
regulated in various cancers  (13). For instance, previous 
studies have shown that MALAT1 is upregulated in OS tissues 
and cells, and promotes OS cell growth and metastasis by 
binding to microRNA (miRNA/miR)‑140‑5p or regulating the 
miR‑34a/cyclin D1 axis in OS (14,15).

miRNAs consist of 18‑25 nucleotides and are highly 
conserved short non‑coding RNAs. miRNAs have been 
identified as post‑transcriptional regulators in biological 
and pathological processes (16), including cell proliferation, 
apoptosis, migration and invasion (17). In addition, a large 
number of miRNAs have been identified to be associated 
with cancer. miRNAs act as oncogenes or tumor suppres‑
sors by modulating different target mRNAs (18). Previous 
studies have shown that miR‑590‑3p plays a role in a variety 
of tumors. For example, miR‑590‑3p is a tumor suppressor 
that inhibits epithelial‑mesenchymal transition (EMT) and 
metastasis of glioblastoma multiforme cells by targeting zinc 
finger E‑box‑binding homeobox (ZEB)1 and ZEB2 (19). In 
breast cancer cells, miR‑590‑3p suppresses tumor progres‑
sion by targeting sirtuin 1 (20). Non‑coding RNAs including 
MALAT1, miR‑590‑3p and TUG1 have been proven to be 
key regulators of OS (21). The expression level of miR‑590‑3p 
in OS tissues and cells is significantly downregulated, and 
miR‑590‑3p inhibits the progression of OS by targeting 
SOX9 (22). However, the relationship between MALAT1 and 
miR‑590‑3p in OS progression remains unknown.
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The present study discovered that MALAT1 contained 
some complementary pairing with the seed region of 
miR‑590‑3p in 143B and MG‑63 cells using bioinformatics 
analysis. Hence, the study aimed to illuminate whether the 
involvement of MALAT1 in OS function was mediated by 
miR‑590‑3p.

Materials and methods 

Tissue samples. A total of 45 pairs of OS tissues and matched 
adjacent healthy tissues were obtained from patients (30 male 
patients and 15 female patients; mean age, 22.7±6.18 years) 
who underwent surgery at First Hospital of Lanzhou 
University (Lanzhou, China) between June 2018 and March 
2021. The inclusion criteria were as follows: i)  No other 
distant metastatic lesions; ii) none of the patients received 
chemotherapy or radiotherapy prior to surgery; iii) no history 
of other tumors; iv) patients had complete clinical data. The 
exclusion criteria were as follows: i) Patients were pregnant or 
lactating; ii) multiple lesions were present at the first diagnosis; 
iii) patients had other diseases that would affect the progres‑
sion of treatment. Written informed consent was obtained 
from all patients, and the research method was approved by the 
Ethics Committee of the First Hospital of Lanzhou University 
(Lanzhou, China). All tissue samples were immediately 
treated with liquid nitrogen and then stored at ‑80˚C. A total of 
100 mg of each tissue sample was ground in liquid nitrogen for 
reverse transcription‑quantitative (RT‑q)PCR.

Cell culture. Human fetal osteoblastic cells (hFOB1.19) and 
OS cell lines (HOS, U2OS, 143B and MG‑63) were obtained 
from American Type Culture Collection. These cells were 
cultured in DMEM (Gibco; Thermo Fisher Scientific, Inc.) 
supplemented with 10% FBS (Gibco; Thermo Fisher Scientific, 
Inc.), 100  U/ml penicillin and 100  mg/ml streptomycin 
(Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in a humidified 
atmosphere with 5% CO2.

Plasmids and cell transfection. Small interfering RNA (siRNA) 
against MALAT1 (si‑MALAT1: sense strand: 5'‑AAG​AAA​
AAU​AAA​AGC​UUU​CCU‑3', antisense strand: 5'‑GAA​AGC​
UUU​UUA​UUU​UUC​UUC​C‑3') and corresponding negative 
control siRNA (Scramble: sense strand: 5'‑UUC​UCC​GAA​
CGU​GUC​ACG​UTT ‑3', antisense strand: 5'‑ACG​UGA​CAC​
GUU​CGG​AGA​ATT‑3'), miR‑590‑3p mimic (miR‑590‑3p: 
5'‑TAA​TTT​TAT​GTA​TAA​GCT​AGT‑3') and the negative 
control (NC: 5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3') mimic, 
miR‑590‑3p inhibitor (anti‑miR‑590‑3p: 5'‑ACT​AGC​TTA​TAC​
ATA​AAA​TTA‑3') and the NC inhibitor (anti‑NC: 5'‑CAG​
UAC​UUU​UGU​GUA​GUA​CAA‑3'), MALAT1 overexpression 
vector (MALAT1) and the empty pcDNA3.1 vector (Vector; 
Invitrogen; Thermo Fisher Scientific, Inc.) were purchased 
from Guangzhou RiboBio Co., Ltd. Cell transfection was 
performed using Lipofectamine® 2000 reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). When cell confluence reached 
~90%, a mixture of 0.8 µg plasmid or 20 nM oligonucleotides 
and 2 µl Lipofectamine was added to each well of the 96‑well 
plate and incubated in a CO2 incubator at 37˚C, followed by 
incubation for 48 h. Meanwhile, untreated cells acted as the 
Control group.

RT‑qPCR. Total RNA was extracted from tissues and cell lines 
(hFOB1.19, and OS cell lines HOS, U2OS, 143B and MG‑63) 
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.). RNA was reversely transcribed into cDNA using the 
High‑Capacity cDNA Reverse Transcription Kit (Thermo 
Fisher Scientific, Inc.) or MicroRNA Reverse Transcription 
Kit (Thermo Fisher Scientific, Inc.), according to the manu‑
facturer's protocols. The expression levels were detected using 
SYBR® Premix Ex Taq™ (Takara Biotechnology Co., Ltd.) 
and quantified using 2‑ΔΔCq method. GAPDH and U6 were 
used as internal references. Primer sequences were as follows: 
MALAT1‑forward (F), 5'‑AAA​GCA​AGG​TCT​CCC​CAC​
AAG‑3' and MALAT1‑reverse (R), 5'‑GGT​CTG​TGC​TAG​
ATC​AAA​AGG​CA‑3'; miR‑590‑3p‑F, 5'‑GCG​TAA​TTT​TAT​
GTA​TAA​GC‑3' and miR‑590‑3p‑R, 5'‑GTA​TCC​AGT​GCG​
TGT​CGT​GGA​GT‑3'; GAPDH‑F, 5'‑GAC​TCC​ACT​CAC​GGC​
AAA​TTC​A‑3' and GAPDH‑R, 5'‑TCG​CTC​CTG​GAA​GAT​
GGT​GAT‑3'); U6‑F, 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' and 
U6‑R, 5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'.

Cell Counting Kit‑8 (CCK‑8) assay. A total of 2x103 143B and 
MG‑63 cells were seeded into 96‑well plates (Corning, Inc.) 
after transfection. A final 10% concentration of the CCK‑8 
solution (Dojindo Laboratories, Inc.) was added to each well 
after incubation for 24, 48 and 72 h. After 2 h incubation 
at 37˚C, the absorbance was measured at 450 nm using a 
microplate reader (Bio‑Rad Laboratories, Inc.).

Cell apoptotic assay. Briefly, 143B and MG‑63 cells (1x106) 
were digested with trypsin and washed with PBS. After being 
resuspended with binding buffer, the cells were stained with an 
Annexin V‑FITC/PI kit (BD Pharmingen; BD Biosciences) for 
15 min at room temperature in the dark. Then, the apoptotic rate 
was determined by the FACScan flow cytometry (BD Biosciences) 
and analyzed using FlowJo v.10.1 (FlowJo, LLC).

Transwell assay. For cell migration assay, the transfected 
143B and MG‑63  cells (5x104  cell/well) were seeded in 
serum‑free DMEM and plated into the upper chamber of a 
24‑well Transwell with 8‑µm polycarbonate membrane filters 
(Corning, Inc.). DMEM containing 10% FBS was added to the 
lower chamber. Cells were incubated for 24 h in a humidified 
atmosphere of 5% CO2 at 37˚C. The cells adhering to the 
lower surface were fixed using 4% paraformaldehyde at 37˚C 
for 20 min, stained with 1% crystal violet at 37˚C for 10 min 
and counted under a light microscope (200x magnification; 
Olympus Corporation) in three random fields. For the inva‑
sion assay, the upper layer of the polycarbonate membrane was 
coated with 100 µl of diluted (1:1) Matrigel (BD Biosciences) 
and incubated at 37˚C for 4 h to dry into a gel. The invasive cells 
were analyzed using the same methods as aforementioned.

Western blot assay. Total protein was extracted from 
143B and MG‑63 cells using RIPA buffer (Thermo Fisher 
Scientific, Inc.). Proteins were quantified using BCA Protein 
Assay Kit (Pierce; Thermo Fisher Scientific, Inc.). A total 
of 50 µg protein was separated by SDS‑PAGE on 10% gels 
and transferred to PVDF membranes (MilliporeSigma). The 
membranes were blocked with 5% skim milk for 2 h at room 
temperature and then incubated overnight at 4˚C with primary 
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antibodies against E‑cadherin (cat. no. ab40772), Vimentin 
(cat. no. ab92547), N‑cadherin (cat. no. ab76011), Snail (cat. 
no. ab216347) and GAPDH (cat. no. ab9485) (all 1:2,000; all 
from Abcam). The membranes were washed twice in TBS‑1% 
Tween 20 and incubated with horseradish peroxidase‑conju‑
gated goat‑anti‑rabbit secondary antibody (cat. no. ab97051; 
1:100,000; Abcam) for 2 h at room temperature. Finally, the 
protein bands were detected using an ECL system (Pierce; 
Thermo Fisher Scientific, Inc.), and the intensity of the target 
protein was determined by ImageJ software v1.8.2 (National 
Institutes of Health). GAPDH was used as an internal reference.

Luciferase reporter assay. The binding sequences of MALAT1 
and miR‑590‑3p were predicted using online software star‑
Base v2.0 (https://starbase.sysu.edu.cn/). The sequences of 
wild‑type (wt) MALAT1 (MALAT1‑wt) and mutant (mut) 
MALAT1 (MALAT1‑mut1 and MALAT1‑mut2) containing 
miR‑590‑3p binding sites were cloned into pGL3 luciferase 
reporter vector (Promega Corporation). Then, pGL3 luciferase 
reporter vectors were co‑transfected with miR‑590‑3p or 
NC into 143B and MG‑63 cells using Lipofectamine 2000. 
Luciferase activity was examined using Dual‑Luciferase 
Reporter Assay System (Promega Corporation) at 48 h after 
transfection according to the manufacturer's instructions. The 
activity of Renilla luciferase was used for normalization.

RNA immunoprecipitation (RIP) assay. RIP was performed 
with EZ‑Magna RNA‑Binding Protein Immunoprecipitation 
Kit (car. no. 17‑701; MilliporeSigma) in accordance with the 
manufacturer's protocol. Briefly, 143B and MG‑63 cells were 
transfected as aforementioned with miR‑590‑3p or NC, lysed 
at 4˚C using RIP lysis buffer for 5 min, and then incubated 
overnight at 4˚C with magnetic beads conjugated with argo‑
naute 2 (AGO2; cat. no. ab186733; 1:50; Abcam) antibody. 
After purification from AGO2 immunoprecipitation complex, 
the relative MALAT1 expression was analyzed by RT‑qPCR.

RNA pull‑down assay. Biotin‑labeled miR‑590‑3p probe 
(Bio‑miR‑590‑3p) and the corresponding control probe 
(Bio‑NC) were purchased from Guangzhou RiboBio Co., 
Ltd. In brief, the biotinylated probe at a final concentration 
of 100 nM was incubated with 100 µl M‑280 Streptavidin 

Dynabeads (Invitrogen; Thermo Fisher Scientific, Inc.) at 
room temperature for 2 h to form probe‑coated beads. Then, 
143B and MG‑63 cells were transfected with Bio‑miR‑590‑3p 
or Bio‑NC, according to the aforementioned protocol. 
Subsequently, the cells were lysed with Pierce IP lysis buffer 
(Thermo Fisher Scientific, Inc.) at 4˚C for 5 min and incubated 
with probe‑coated beads at 4˚C for 3 h. After RNA isolation, 
the enrichment of MALAT1 was examined by RT‑qPCR.

Statistical analysis. All data are presented as the mean ± 
standard deviation of three independent experiments. Pearson 
correlation analysis was used to analyze the association 
between the expression levels of MALAT1 and miR‑590‑3p in 
OS tissues. Statistical analysis was performed using unpaired 
or paired Student's t‑test for two groups and one‑way ANOVA 
followed by Turkey's post hoc test for multiple groups. Notably, 
the paired Student's t‑test was used to compare tumor tissues 
and adjacent non‑tumor tissues of the same patients. Statistical 
analysis was implemented using GraphPad Prism 7 software 
(GraphPad Software, Inc.). P<0.05 was considered to indicate 
a statistically significant difference.

Results

MALAT1 is upregulated in OS tissues and cells. To investigate 
the expression of MALAT1 in OS tissues and cells, RT‑qPCR 
was performed in OS tissues and cell lines. The results demon‑
strated that MALAT1 was significantly increased in OS tissues 
compared with adjacent non‑tumor tissues (Fig. 1A). Next, the 
expression of MALAT1 was significantly upregulated in OS 
cells (HOS, U2OS, 143B and MG‑63) compared with human 
fetal osteoblastic cells (hFOB1.19) (Fig.  1B). These data 
suggested that dysregulation of MALAT1 may be associated 
with OS.

MALAT1 knockdown suppresses proliferation, migration, 
invasion and promotes apoptosis in OS cells. Loss‑of‑function 
experiments were performed to examine the function of 
MALAT1 in OS cell proliferation and apoptosis. Since 
the expression levels of MALAT1 were higher in the 143B 
and MG‑63 cell lines than those in the other OS cell lines 
(HOS and U2OS), 143B and MG‑63 cells were selected for 

Figure 1. MALAT1 is upregulated in OS tissues and cells. (A) Reverse transcription‑quantitative PCR assay was performed to measure the expression of 
MALAT1 in OS tissues and adjacent healthy tissues. (B) The level of MALAT1 was detected in OS cells (HOS, U2OS, 143B and MG‑63) and human fetal 
osteoblastic cells (hFOB1.19). *P<0.05 as indicated or vs. hFOB1.19. OS, osteosarcoma; lncRNA, long non‑coding RNA.
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subsequent experiments. Firstly, the expression of MALAT1 
was detected in 143B and MG‑63  cells transfected with 
Scramble or si‑MALAT1, and the results demonstrated 
that transfection with si‑MALAT1 significantly decreased 
MALAT1 expression compared with Scramble (Fig.  2A). 
CCK‑8 assay showed that MALAT1 knockdown significantly 
inhibited the proliferation of 143B and MG‑63 cells (Fig. 2B). 
Flow cytometry assay revealed that the decrease of MALAT1 
increased the apoptosis rate of 143B and MG‑63 cells (Fig. 2C). 
Furthermore, Transwell assay demonstrated that MALAT1 
knockdown markedly suppressed the migratory and invasive 
rate of 143B and MG‑63 cells compared with cells transfected 
with Scramble (Fig. 2D and E). These results indicated that 
MALAT1 knockdown inhibited cell proliferation, migration 
and invasion, and induced apoptosis in OS cells.

MALAT1 knockdown inhibits EMT in OS cells. The effects 
of MALAT1 on EMT‑related markers were determined using 
western blot assay. The results revealed that knockdown of 
MALAT1 increased the protein level of E‑cadherin, and 
decreased the protein levels of N‑cadherin, Vimentin and Snail in 
143B and MG‑63 cells transfected with si‑MALAT1 compared 
with the Scramble group (Fig. 3A and B), which suggested that 
low levels of MALAT1 may inhibit EMT of OS cells.

Overexpression of miR‑590‑3p inhibits cell proliferation, 
migration, invasion and induces apoptosis in OS cells. 
Firstly, it was demonstrated that the expression of miR‑590‑3p 
was decreased in OS tissues compared with adjacent healthy 
tissues (Fig.  4A), and miR‑590‑3p was downregulated 
in HOS, U2OS, 143B and MG‑63  cells compared with 
hFOB1.19  cells (Fig.  4B). After transfection of NC or 
miR‑590‑3p into 143B and MG‑63 cells, the overexpres‑
sion efficiency of miR‑590‑3p was determined by RT‑qPCR 
(Fig. 4C). CCK‑8 assay indicated that the proliferation of 
143B and MG‑63 cells was significantly inhibited in the 
miR‑590‑3p group compared with the NC group (Fig. 4D). 
Flow cytometry assay demonstrated that the apoptosis rate of 
both 143B and MG‑63 cells transfected with miR‑590‑3p was 
increased (Fig. 4E and S1A). Transwell assay revealed that 
miR‑590‑3p overexpression markedly suppressed the migra‑
tion and invasion of 143B and MG‑63 cells (Fig. 4F and G; 
Fig. S1C and E). In addition, the protein level of E‑cadherin 
was increased, and the protein levels of N‑cadherin, 
Vimentin and Snail were decreased in 143B and MG‑63 cells 
transfected with miR‑590‑3p compared with the NC group 
(Fig. 4H). These data suggested that miR‑590‑3p overexpres‑
sion inhibited cell proliferation, migration, invasion and 
EMT, and induced apoptosis in OS cells.

Figure 2. MALAT1 knockdown suppresses proliferation, migration, invasion and promotes apoptosis in osteosarcoma cells. 143B and MG‑63 cells were 
transfected with Scramble or si‑MALAT1. (A) MALAT1 expression was measured using reverse transcription‑quantitative PCR in transfected cells. (B) Cell 
proliferative capacity was evaluated by Cell Counting Kit‑8 assay at 24, 48 and 72 h after transfection. (C) Cell apoptotic rate was detected using flow 
cytometry at 48 h upon transfection. (D) Cell migration and (E) invasion were detected by Transwell assay. Scale bars, 100 µm. *P<0.05. si, small interfering; 
OD, optical density.
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Figure 4. Overexpression of miR‑590‑3p inhibits cell proliferation, migration, invasion and induces apoptosis in OS cells. (A) Expression of miR‑590‑3p in 
OS tissues and adjacent healthy tissues was measured by RT‑qPCR. (B) miR‑590‑3p expression was detected in OS cells (HOS, U2OS, 143B and MG‑63) and 
human fetal osteoblastic cells (hFOB1.19). (C) miR‑590‑3p level was measured by RT‑qPCR in 143B and MG‑63 cells transfected with NC or miR‑590‑3p. 
(D) Cell proliferation was evaluated by Cell Counting Kit‑8 assay at 24, 48 and 72 h after transfection. (E) Cell apoptotic rate was detected by flow cytometry. 
(F) Cell migration and (G) invasion were evaluated by Transwell assay. (H) Expression of epithelial‑mesenchymal transition‑related proteins (E‑cadherin, 
N‑Cadherin, Vimentin and Snail) was detected by western blotting. *P<0.05 as indicated or vs. hFOB1.19. RT‑qPCR, reverse transcription‑quantitative PCR; 
OD, optical density; miR, microRNA; NC, negative control; OS, osteosarcoma.

Figure 3. MALAT1 knockdown inhibits EMT in osteosarcoma cells. Levels of EMT‑related proteins (E‑cadherin, N‑Cadherin, Vimentin and Snail) were 
examined by western blotting in (A) 143B and (B) MG‑63 cells transfected with Scramble or si‑MALAT1. *P<0.05. si, small interfering; EMT, epithelial-
mesenchymal transition.
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MALAT1 directly interacts with miR‑590‑3p. Bioinformatics 
software starBase v2.0 predicted the binding sites between 
MALAT1 and miR‑590‑3p (Fig.  5A). Luciferase reporter 
assay showed that miR‑590‑3p overexpression decreased the 
luciferase activity of MALAT1‑wt in 143B and MG‑63 cells, 
but failed to inhibit the luciferase activity of MALAT1‑mut1+2 
(Fig.  5B). Luciferase activity was also reduced in the 
MALAT1‑mut1 and MALAT1‑mut 2 groups, because both 
binding sites are active. Therefore, a single mutation in one 
of the binding sites allows miRNAs to bind to the unmu‑
tated site. Then, the specific binding between MALAT1 and 
miR‑590‑3p was validated using RIP and pull‑down assays. 
RIP analysis showed that MALAT1 was notably enriched in 
the miR‑590‑3p group after precipitation with AGO2 antibody 
compared with the NC group (Fig. 5C). In addition, pull‑down 
analysis revealed that MALAT1 was significantly enriched by 
binding to Bio‑miR‑590‑3p, but not Bio‑NC (Fig. 5D). Taken 
together, these results demonstrated that MALAT1 directly 
bound to miR‑590‑3p.

Next, the overexpression efficiency of MALAT1 was deter‑
mined in 143B and MG‑63 cells transfected with Vector or 
MALAT1 (Fig. S2A). The results showed that knockdown of 
MALAT1 markedly increased the expression of miR‑590‑3p 

in 143B and MG‑63 cells compared with those in the Scramble 
group, whereas overexpression of MALAT1 notably reduced 
the expression of miR‑590‑3p in OS cells compared with in the 
control group (Vector) (Fig. 5E). Furthermore, the expression 
levels of MALAT1 and miR‑590‑3p were negatively correlated 
in OS tissues (Fig. 5F). These results indicated that MALAT1 
negatively regulated miR‑590‑3p.

Knockdown of miR‑590‑3p reverses the effects of MALAT1 
knockdown on the proliferation, apoptosis, migration, invasion 
and EMT of OS cells. To further explore the relationship between 
MALAT1 and miR‑590‑3p in OS, 143B and MG‑63 cells were 
transfected with Scramble, si‑MALAT1, si‑MALAT1 + anti‑NC 
and si‑MALAT1 + anti‑miR‑590‑3p, respectively. Firstly, the 
knockdown efficiency of anti‑miR‑590‑3p was detected by 
RT‑qPCR in 143B and MG‑63 cells transfected with anti‑NC 
or anti‑miR‑590‑3p (Fig. S2B). Then, the results indicated that 
miR‑590‑3p was upregulated after knockdown of MALAT1, 
whereas miR‑590‑3p was markedly reduced after transfection 
with si‑MALAT1 and anti‑miR‑590‑3p (Fig. 6A). Knockdown 
of MALAT1 significantly suppressed cell proliferation 
(Fig. 6B), promoted apoptosis (Fig. 6C and S1B), and inhib‑
ited migration and invasion (Fig. 6D and E; Fig. S1D and F) 

Figure 5. MALAT1 directly interacts with miR‑590‑3p. (A) Bioinformatics software predicted the putative binding sites between MALAT1 and miR‑590‑3p. 
(B) 143B and MG‑63 cells were co‑transfected with MALAT1‑wt, MALAT1‑mut1, MALAT1‑mut2 or MALAT1‑mut1+2 and miR‑590‑3p or NC, and the 
luciferase activity was examined at 48 h after transfection. (C) 143B and MG‑63 cells were transfected with miR‑590‑3p or NC. RNA immunoprecipitation 
and RT‑qPCR assays were performed to determine MALAT1 enrichment in AGO2 immunoprecipitation complex. (D) 143B and MG‑63 cells were transfected 
with Bio‑miR‑590‑3p or Bio‑NC. RNA pull‑down assay was carried out to detect MALAT1 enrichment. (E) 143B and MG‑63 cells were transfected with 
Scramble, si‑MALAT1, Vector or MALAT1. The levels of miR‑590‑3p were detected by RT‑qPCR. (F) The correlation between MALAT1 and miR‑590‑3p 
in OS tissues was examined. *P<0.05. RT‑qPCR, reverse transcription‑quantitative PCR; miR, microRNA; NC, negative control; wt, wild‑type; mut, mutant; 
si, small interfering; Bio, biotinylated; lncRNA, long non‑coding RNA.
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in 143B and MG‑63 cells. In addition, 143B and MG‑63 cells 
transfected with si‑MALAT1 had higher E‑cadherin protein 
level and lower N‑cadherin, Vimentin and Snail protein levels 
compared with the Scramble group (Fig. 6F). However, these 
results caused by MALAT1 knockdown could be reversed by 
inhibiting miR‑590‑3p.

Discussion

It has been shown that numerous lncRNAs function 
as competitive endogenous RNAs (ceRNAs) in human 
tumors (23), including OS. For example, Wang et al confirmed 

that lncRNA HCG9 could contribute to OS growth through 
RAD51 by acting as a ceRNA of miR‑34b‑3p (8). In addition, 
Ding et al reported that lncRNA MELETF‑AS1 may serve as 
a ceRNA of miR‑485 to promote OS cell migration and inva‑
sion in vitro (10). Non‑coding RNAs, including lncRNAs and 
miRNAs, could serve as potential tumor markers or thera‑
peutic targets in OS (1). lncRNA MALAT1 has been reported 
to be an oncogenic factor in OS. For example, Ren et al (24) 
showed that MALAT1 knockdown suppressed cell prolif‑
eration by regulating CDK9 and competitively binding to 
miR‑206 in OS. MALAT1 positively regulated cell prolif‑
eration, migration and invasion by sponging miR‑34a/c‑5p 

Figure 6. Inhibition of miR‑590‑3p reverses the effects of MALAT1 knockdown on the proliferation, apoptosis, migration, invasion and EMT of osteosarcoma 
cells. 143B and MG‑63 cells were transfected with Scramble, si‑MALAT1, si‑MALAT1 + anti‑NC and si‑MALAT1 + anti‑miR‑590‑3p. (A) miR‑590‑3p 
expression was measured by reverse transcription‑quantitative PCR. (B) Cell proliferative capacity was evaluated by Cell Counting Kit‑8 assay at 24, 48 
and 72 h after transfection. (C) Cell apoptotic rate was detected by flow cytometry. (D) Cell migration and (E) invasion were evaluated by Transwell assay. 
(F) EMT‑related protein (E‑cadherin, N‑Cadherin, Vimentin and Snail) expression was detected by western blotting. *P<0.05. EMT; epithelial‑mesenchymal 
transition; miR, microRNA; NC, negative control; wt, wild‑type; mut, mutant; si, small interfering; OD, optical density.
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and miR‑449a/b in OS (25). Zhang et al (26) demonstrated 
that MALAT1 induced OS cell growth and metastasis, and 
inhibited cell apoptosis by modulating miR‑509 to activate 
the Rac1/JNK pathway. Chen et al (27) found that MALAT1 
increased stem cell‑like properties and activated the PI3K/Akt 
signaling pathway by regulating Ret proto‑oncogene and 
competitively binding to miR‑129‑5p. However, the molecular 
mechanisms of MALAT1 in OS cell proliferation, migration 
and invasion require further elucidation. Consistent with 
previous reports (24‑27), in the present study MALAT1 was 
highly expressed in OS tissues and cell lines, and MALAT1 
knockdown inhibited cell proliferation and triggered cell 
apoptosis in OS.

Accumulating evidence has demonstrated that ectopic 
expression of miRNAs plays an important role in metas‑
tasis, invasion and chemoresistance of human OS cells (28). 
miR‑590‑3p has been widely reported as a tumor suppressor 
in multiple malignant tumors, such as breast cancer (29), 
gastric cancer  (30) and glioblastoma  (31). However, 
miR‑590‑3p has been indicated to promote ovarian cancer 
cell proliferation, invasion and spheroid formation by 
targeting cyclin  G2  and  FOXO3  (32). In colon cancer 
cells, miR‑590‑3p positively regulated cell proliferation, 
spheroid formation and cell cycle by binding to Wnt inhibi‑
tory factor 1 and Dickkopf‑related protein 1 (DKK1) (33). 
Wang et al  (22) demonstrated that miR‑590‑3p may be a 
potential therapeutic target for OS by inhibiting SOX9 
expression. Hu et al (34) found that RNA binding protein 
pumilio homolog 2 could inhibit OS cell progression by 
competitively binding to STARD13 with miR‑590‑3p 
and miR‑9. The present study further demonstrated that 
miR‑590‑3p expression was significantly downregulated 
in OS tissues and cells compared with in adjacent healthy 
tissues and hFOB1.19 cells. Furthermore, it was demon‑
strated that MALAT1 negatively regulated miR‑590‑3p in 
OS tissues, and knockdown of miR‑590‑3p attenuated the 
inhibitory effect of MALAT1 on proliferation, migration 
and invasion and its promotive effect on apoptosis in OS 
cells. In addition, the current study revealed that MALAT1 
directly bound to miR‑590‑3p. Bioinformatics analysis 
indicated that miR‑590‑3p and MALAT1 have two comple‑
mentary sites. Moreover, the interaction between MALAT1 
and miR‑590‑3p was verified by luciferase reporter, RIP and 
RNA pull‑down assays.

In conclusion, the results of the present study indicated that 
MALAT1 promoted cell proliferation, migration, invasion and 
EMT and inhibited cell apoptosis by suppressing miR‑590‑3p 
in OS, which provided a promising therapeutic target or 
diagnostic marker for OS therapy. Due to the lack of in‑depth 
analysis on tissue samples, the present study has certain limi‑
tations. Therefore, the effects of MALAT1 and miR‑590‑3p on 
OS progression require further investigation.
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