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Introduction: Osteosarcoma is a malignant primary bone tumor. Bone marrow-derived 
mesenchymal stem cells-derived extracellular vesicles (BMSC-EVs) bear repair function for 
bone and cartilage. This study investigated the mechanism of BMSC-EVs in osteosarcoma 
cell proliferation, migration and invasion.
Methods: BMSC-EVs were isolated and identified. The effects of different concentrations 
of EVs on osteosarcoma cell proliferation, migration and invasion were evaluated. LncRNA 
MALAT1 expression in osteosarcoma cells was detected. BMSCs were transfected with si- 
MALAT1 or si-NC. The binding relationships between MALAT1 and miR-143, and miR-143 
and NRSN2 were verified. Levels of NRSN2 and Wnt/β-catenin pathway key proteins were 
detected. miR-143 mimic was transfected into EVs-treated osteosarcoma cells. Nude mice 
were injected with MG63 cells to verify the effect of EVs on osteosarcoma growth in vivo.
Results: BMSC-EVs facilitated proliferation, invasion and migration of osteosarcoma cells. 
BMSC-EVs carried MALAT1 into osteosarcoma cells. BMSC-EVs-treated osteosarcoma 
cells showed increased MALAT1 and NRSN2 expressions, decreased miR-143 expression, 
and activated Wnt/β-catenin pathway. miR-143 mimic or si-MALAT1 reversed the effects of 
BMSC-EVs on osteosarcoma cells. In vivo experiment confirmed that BMSC-EVs promoted 
tumor growth in nude mice.
Discussion: BMSC-EVs promoted proliferation, invasion and migration of osteosarcoma 
cells via the MALAT1/miR-143/NRSN2/Wnt/β-catenin axis. This study might offer new 
insights into osteosarcoma management.
Keywords: osteosarcoma, bone marrow-derived mesenchymal stem cells, extracellular 
vesicles, lncRNA MALAT1, miR-143, NRSN2, Wnt/β-catenin pathway

Introduction
Osteosarcoma remains a common malignant bone tumor, which consists of 
mesenchymal cells generating osteoid or immature bone.1 Multiple risk factors 
are implicated in osteosarcoma progression, such as history of Paget’s disease 
and other benign bone disease, history of chemotherapy or radiotherapy, as well 
as genetic factors.2 Osteosarcoma is typically featured by osteogenic differentiation 
and malignant osteoid with the nonspecific early symptoms.3 With the aid of 
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complete surgical resection and multi-drug chemotherapy, 
the long-term survival rate of 70% patients with high- 
grade osteosarcoma or localized extremity tumors has 
been notably improved. However, the prognosis of con-
siderable patients with unresectable, recurrent or primary 
metastatic osteosarcoma is still poor.4,5 Hence, further 
elucidating the molecular mechanism of osteosarcoma 
and developing novel therapy targets remain the urgent 
issues to be solved in oncology.

As a critical part of tumor microenvironment, bone mar-
row-derived mesenchymal stem cells (BMSCs) have been 
proven to modulate cancer cell proliferation, metastasis and 
drug resistance in human malignancies, including 
osteosarcoma.6 A previous study has demonstrated that 
BMSCs can be absorbed by osteosarcoma sites and cause 
cytokine-induced ameboid transformation, which conse-
quently exerts effects on the malignant transformation of 
osteosarcoma.7 Extracellular vesicles (EVs) are cell-derived 
microparticles that exist in body fluids, including microbub-
bles, exosomes and apoptotic bodies.8 Baglio et al have 
indicated that tumor EVs-cultured MSCs can accelerate the 
course of osteosarcoma.9 Qi et al have also confirmed that 
exosomes derived from human BMSCs can induce the growth 
of osteosarcoma cells.10 More importantly, EVs occupy 
a crucial part in intercellular communication via transferring 
microRNAs (miRs) and long non-coding RNAs (lncRNAs).11

LncRNAs are a class of non-coding RNA transcripts 
with more than 200 nucleotides, taking part in tumor 
initiation and progression widely.12 Unlike most members 
of the lncRNA family, MALAT1 is extensively expressed 
and evolutionarily conserved in mammalian species.13 It 
has been reported that elevated MALAT1 expression is 
positively concerned with the progression and metastasis 
of human tumors.14 Intriguingly, Yang et al have suggested 
that BMSC-EVs carry MALAT1 to increase the osteoblast 
activity in osteoporotic mice via the miR-34c/SATB2 
axis.15 However, whether BMSC-EVs regulate osteosar-
coma progression by carrying MALAT1 remains unclear. 
This study herein investigated the role of BMSCs-EVs in 
the malignant development of osteosarcoma, along with its 
underlying mechanism, which shall shed light on the tar-
geted gene therapy for osteosarcoma.

Materials and Methods
Isolation and Identification of BMSCs
BALB/c mice aged 4 weeks were obtained from Beijing 
Vital River Laboratory Animal Technology Co., Ltd. 

(Beijing, China) [SCXK (Beijing) 2016–0006]. Mice 
were euthanized by an intraperitoneal injection of pento-
barbital sodium (800 mg/kg). The femur and tibia of mice 
were isolated under aseptic conditions, and bone marrow 
washing fluid was collected in L-Dulbecco’s modified 
Eagle’s medium (DMEM) containing 10% fetal bovine 
serum (FBS; GIBCO, Grand Island, NY, USA) and 1% 
penicillin-streptomycin (Solarbio Science & Technology 
Co., Ltd, Beijing, China). The collected single cell suspen-
sion was centrifuged at 250 × g for 5 min and then the 
supernatant was discarded. The cells were resuspended in 
fresh medium and seeded (1 × 109 cell/L). The medium 
was replenished every 3 days. The cells were passaged 
until reaching 80–90% confluence. The cells at passage 3 
(P3) were collected and observed under the microscope. 
The osteogenic, adipogenic and chondrogenic differentia-
tion characteristics of BMSCs were identified using ali-
zarin red (G1450, Solarbio), oil red O (G1262, Solarbio) 
and alcian blue (G2542, Solarbio) staining, respectively. 
The expressions of BMSC surface markers CD44, CD90, 
CD34 and CD45 were detected on the flow cytometer (BD 
Biosciences, San Jose, CA, USA) using CD44-fluorescein 
isothiocyanate (FITC) (Cat#203,906, BioLegend, San 
Diego, CA, USA), CD90-PE (Cat#205,903, BioLegend), 
CD34-PE (Cat#202,812, BioLegend) and CD-45-FITC 
(Cat#202,205, BioLegend).

Isolation of BMSC-EVs
The BMSCs at P3-6 were washed with phosphate buffer 
saline (PBS) three times when reaching 80% confluence. 
The medium was replaced with serum-free medium 
(Shanghai Umibio Technology Co., Ltd., Shanghai, 
China) and the cell culture supernatant was harvested 
after 48 h of culture. The supernatant was centrifuged at 
300 × g and 4°C for 10 min to remove cells and cell 
debris, centrifuged at 2000 × g for 10 min to remove 
dead cells and large EVs, centrifuged at 10,000 × g for 
30 min to remove cell debris, and centrifuged at 100,000 × 
g for 70 min to remove the supernatant. The obtained 
precipitates were washed and resuspended in PBS, and 
centrifuged at 100,000 × g for 70 min to remove the 
supernatant. The obtained EVs’ precipitates were resus-
pended in 100 μL PBS, and then the EV protein was 
quantified using a bicinchoninic acid (BCA) assay kit 
(Solarbio). The characteristics of EVs were observed 
under the transmission electron microscopy (TEM; 
JEOL, Tokyo, Japan) and analyzed using a qNano system 
(Izon Science Ltd, New Zealand). The EV markers CD9, 
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HSP70 and Calnexin were detected using Western blot-
ting. Additionally, BMSCs were treated with 10 μM 
GW4689 (Sigma-Aldrich, Merck KGaA, Darmstadt, 
Germany) and the supernatant of BMSCs culture medium 
was extracted as the negative control (NC). The precipi-
tated EVs were eluted in a mixture containing PBS and 
RNase I (Invitrogen, Carlsbad, CA, USA) to remove any 
residual RNA, named as the RNase group.

The siRNA or siRNA-NC (GenePharma, Shanghai, 
China) of MALAT1 were transfected into BMSCs in line 
with the instructions of Lipofectamine™ 3000 
(Invitrogen). Then, EVs were extracted and named as 
EVs-si-NC and EVs-si-MALAT1, respectively.

Cell Culture and Grouping
MG63 cells and U2OS cells were obtained from Cell 
Resource Center, Shanghai Institutes for Biological 
Sciences, the Chinese Academy of Sciences (Shanghai, 
China), and then incubated in DMEM (GIBCO) containing 
10% FBS and 1% penicillin-streptomycin at 37°C and 5% 
CO2. The cells were assigned into blank group, NC group, 
EVs group, EVs-si-NC group, EVs-si-MALAT1 group, 
EVs + mimic-NC group and EVs + miR-143 mimic 
group. The EVs group was intervened with different con-
centrations of EVs (25 μg/mL, 50 μg/mL and 100 μg/mL). 
The blank group and NC group were cultured with PBS 
and the supernatant of GW4689-treated BMSCs culture 
medium, respectively. The EVs-si-NC group and EVs-si- 
MALAT1 group were treated with 100 μg/mL EVs-si-NC 
and EVs-si-MALAT1, respectively. The EVs + mimic-NC 
group and EVs + miR-143 mimic group were transfected 
with mimic-NC and miR-143 mimic (GenePharma), 
respectively, and then treated with 100 μg/mL EVs. The 
cell transfection was performed in line with the instruc-
tions of Lipofectamine™ 3000 (Invitrogen). The subse-
quent experiments were conducted after 48 h of 
transfection.

Immunofluorescence Assay
EVs were labeled by PKH26 in line with the instructions 
of Red Fluorescent Cell Linker Mini Kits (MINI26, 
Sigma-Aldrich), and then centrifuged at 100,000 × g and 
4°C for 70 min to remove the unbound dyeing solution. 
The labeled EVs were washed with PBS, centrifuged 
again, and resuspended in 100 μL PBS. MG63 cells and 
U2OS cells were incubated in the 12-well plate until 
reaching 70% confluence. The medium was refreshed 
and then the PKH26-labeled EVs were added for 12 h of 

incubation. Then, the cells were cleared using PBS, fixed 
with 4% paraformaldehyde and stained with 4ʹ, 6-diami-
dino-2-phenylindole. The absorption of EVs in osteosar-
coma cells was observed under the laser confocal 
microscopy (LSM5, Zeiss, Germany).

Cell Counting Kit-8 (CCK-8) Assay
The cells in each group (2000 cells/100 μL) were supple-
mented to the 96-well plate and treated with EVs (100 μg/ 
mL) for 0 h, 24 h, 48 h and 72 h. Afterwards, the pro-
liferation of MG63 cells and U2OS cells was further tested 
using the CCK-8 assay kit (Dojindo, Kumamoto, Japan). 
The optical density (OD) was evaluated at a wavelength of 
450 nm using the microplate reader (ELx800, Bio-Tek, 
Norcross, GA, USA).

Transwell Invasion and Migration Assay
The invasion and migration of MG63 cells and U2OS 
cells were measured using Transwell cell culture cham-
bers. The Transwell chambers pre-coated with Matrigel 
matrix (BD Biosciences) were used for cell invasion eva-
luation, while the Transwell chambers used in cell migra-
tion evaluation did not need Matrigel. The cells were 
starved for 24 h in serum-free medium before the experi-
ment, and then resuspended in the medium containing 1% 
FBS. The cell suspension was seeded in the apical cham-
ber at 1 × 105 cells/well. Next, 600 μL complete medium 
containing 10% FBS was supplemented to each basolat-
eral chamber. The non-invasive cells in the apical cham-
ber were removed with cotton swabs after 24 h, and the 
invasive cells were fixed with 4% paraformaldehyde and 
stained with hematoxylin violet. The cells in randomly 
selected 5 fields of vision (200 ×) were observed and 
counted.

Dual-Luciferase Reporter Gene Assay
The binding sites of lncRNA MALAT1 and miR-143, and 
miR-143 and NRSN2 were predicted by StarBase (http:// 
starbase.sysu.edu.cn/index.php). The binding and mutant 
sequences of MALAT1 containing miR-143 and NRSN2 
were amplified and then cloned to the pmirGLO luciferase 
vector (Promega, Madison, WI, USA). Wild-type (WT) 
plasmids (MALAT1-WT/NRSN2-WT) and mutant-type 
plasmids (MALAT1-MUT/NRSN2-MUT) were con-
structed. Then the constructed vectors were transfected 
with mimic-NC or miR-143 mimic into HEK293T cells 
(Shanghai Institute of Cellular Biology of Chinese 
Academy of Sciences, Shanghai, China) using the 
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LipofectamineTM 3000. Luciferase activities were detected 
after 48 h of transfection.

RNA Pull-Down Assay
The potential binding relationship between lncRNA 
MALAT1 and miR-143 was detected using RNA pull- 
down assay. miR-143-biotin, miR-143-MUT-biotin and 
NC-biotin were transfected into MG63 cells. After 24 h, 
cells and streptavidin magnetic beads were incubated in 
the lysis buffer (Ambion, Austin, Texas, USA) for 2 h, 
followed by eluting the binding RNA. The abundance of 
lncRNA MALAT1 was measured using RT-qPCR.

Xenograft Tumor in Nude Mice
Nude mice aged 4 weeks were assigned into NC group, 
EVs group, EVs-si-NC group and EVs-si-MALAT1 group 
according to body weight, with 5 mice in each group. And 
5 × 106 MG63 cells were injected into the back scapula of 
mice. Then, the mice were treated with 20 μg EVs via tail 
vein twice a week for 1 week.16 Tumor volume was 
measured as [V = 0.5 × L (length) × W (width)2] on the 
7th, 14th, 21st and 28th day after the experiment. Four 
weeks later, the nude mice were euthanized by intraper-
itoneal injection of excessive pentobarbital sodium 
(800 mg/kg). Thereafter, the tumors were isolated and 
weighed.

Immunohistochemistry
The immunohistochemical staining was performed on par-
affin-embedded tumor sections according to the instructions 
of immunohistochemical kit (Boster Biological Technology 
Co., Ltd, Wuhan, Hubei, China). The expression of Ki67 
(ab16667, 1/200) protein was detected.

Reverse Transcription Quantitative 
Polymerase Chain Reaction (RT-qPCR)
Total RNA was extracted from EVs, cells or tumor tissues 
using the TRIzol reagent (Invitrogen). The RNA was 
reverse transcribed into cDNA using PrimeScript RT 
reagent kit (Takara, Dalian, China). The qPCR was per-
formed using SYBR® Premix Ex TaqTM II (Takara) on the 
ABI 7900 HT fast PCR real-time system (Applied 
Biosystems, Foster city, CA, USA). The data were ana-
lyzed by 2−ΔΔCt method, with GAPDH as the internal 
reference. Primer sequences are illustrated in Table 1.

Western Blotting
Total protein and nucleoprotein of the EVs, cells or tumor 
tissues were extracted using RIPA lysate (strong) 
(Beyotime, Nanjing, China) and Nuclear and 
Cytoplasmic Protein Extraction kit (Beyotime). The con-
centration of proteins was evaluated using the BCA assay 
kit (Beyotime). Then, 30 μg total protein of each well was 
separated on sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (12% separating gel) and transferred onto 
polyvinylidene difluoride membranes. The membranes 
were blocked with 5% bovine serum albumin (BSA) and 
cultured with the primary antibodies: rabbit anti-β-catenin 
(ab32572, 1/5000, 92KDa), rabbit anti-NRSN2 (ab237739, 
1/1000, 22KDa), rabbit anti-CD9 (ab92726, 1/2000, 
25KDa), mouse anti-HSP70 (ab2787, 1/1000, 70KDa), 
rabbit anti-Calnexin (ab22595, 1 µg/mL, 90KDa), rabbit 
anti-Lamin B1 (ab16048, 0.1 µg/mL, 68KDa) and rabbit 
anti-glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) (ab181602, 1/10,000, 36KDa). Afterwards, the 
membranes were cultured with the secondary antibodies 
goat anti-mouse immunoglobulin G (IgG; ZB5305) and 
goat anti-rabbit (ZB-5301, 1/5000, ZSGB-Bio Co., Ltd, 
Beijing, China). The gray value of the target band was 
analyzed by Image-Pro Plus 6.0 software (Media 
Cybernetics, Inc., Rockville, MD, USA).

Statistical Analysis
SPSS 21.0 (IBM Corp., Armonk, NY, USA) was utilized 
for data analysis. Kolmogorov–Smirnov test showed that 
the data were in normal distribution and expressed as 
mean ± standard deviation. The one-way or two-way ana-
lysis of variance (ANOVA) was employed for comparisons 

Table 1 Primer Sequence for RT-qPCR

Gene Sequence (5ʹ–3ʹ)

NRSN2 F: GATGGCAAGTGGTATGGGGTC
R: CGAGGACAGGCTGATCTTCC

MALAT1 F: AAAGCAAGGTCTCCCCACAAG
R: GGTCT GTGCTAGATCAAAAGGCA

miR-143 F: GGTGCAGTGCTGCATCTCTGGT

R: GCAAGGATGACACGCAAATTC

U6 F: TTCTTGGGTAGTTTGCAGTT

R: TTCTTGGGTAGTTTGCAGTT
GAPDH F: AGCCTCAAGATCATCAGCAATGCC

R: TGTGGTCATGAGTCCTTCCACGAT
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among multi-groups. Tukey’s multiple comparison test 
was applied for the post hoc test after ANOVA. The 
p value was obtained from a two-tailed test, and p < 0.05 
meant a statistical difference and p < 0.01 indicated a very 
significant difference.

Results
Identification of BMSCs and BMSC-EVs
BMSCs can accelerate proliferation and migration of 
osteosarcoma cells,17 but whether the EVs secreted by 
BMSCs can affect osteosarcoma cells needs further 
study. BMSCs were isolated from mice and passaged to 
P3 generation. BMSCs at P3 showed a uniformity of size 
and vortex-shape growth under the microscope (Figure 

1A). The osteogenic, adipogenic and chondrogenic differ-
entiation characteristics of BMSCs were identified by ali-
zarin red, oil red O and alcian blue staining, respectively. 
The calcium deposition, lipid droplets and acid mucopo-
lysaccharide accumulation could be observed (Figure 1B). 
The expression rates of positive markers of BMSCs (CD29 
and CD90) were above 95%, and those of negative mar-
kers (CD34 and CD45) were less than 2% (Figure 1C). 
These results above indicated that BMSCs were success-
fully cultured. Then, EVs were further isolated from 
BMSCs by ultracentrifugation. EVs showed saucer- 
shaped under TEM (Figure 1D), and qNano system 
demonstrated that the diameter of EVs was between 100 
nm and 200 nm (Figure 1E). EVs showed positive for 

Figure 1 Isolation of BMSC-EVs. (A) Morphology of BMSCs was observed under the microscope (100 ×); (B) Osteogenic, adipogenic and chondrogenic differentiation 
characteristics of BMSCs were identified by alizarin red, oil red O and alcian blue; (C) Expressions of BMSC surface markers (CD90, CD29, CD34 and CD45) were detected 
using flow cytometry; (D) Morphology of EVs was observed under TEM; (E) Size distribution of EVs was measured using qNano system; (F) Expressions of positive markers 
(HSP70 and CD9) and negative marker (Calnexln) of EVs were detected using Western blotting, with the supernatant of BMSCs culture medium after GW4869 intervention 
acting as negative control.
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HSP70 and CD9, and Calnexin was not detected; no 
obvious expressions of HSP70 and CD9 could be observed 
in the supernatant of BMSCs after GW4869 intervention 
(Figure 1F). It was indicated that BMSC-EVs were suc-
cessfully isolated from mice.

BMSC-EVs Promoted Proliferation, 
Invasion and Migration of Osteosarcoma 
Cells
PKH26-labeled EVs were co-cultured with osteosarcoma 
cells. Red fluorescence could be found in the co-cultured 
MG63 and U2OS cells, indicating that BMSC-EVs could 

be phagocytized by osteosarcoma cells (Figure 2A). Then, 
osteosarcoma cells were treated with different concentra-
tions of BMSC-EVs, and the cell proliferation at different 
time points was detected using CCK-8 assay. The prolif-
eration ability of MG63 and U2OS cells in the EVs group 
was increased compared with that in the blank group, and 
100 μg/mL EVs exhibited a stronger promoting effect on 
proliferation of osteosarcoma cells (Figure 2B; all p < 
0.01). The invasion and migration of MG63 and U2OS 
cells in the EVs group were notably higher than that in the 
blank group, and 100 μg/mL EVs had a stronger promot-
ing effect on MG63 and U2OS cells (Figure 2C and D; all 
p < 0.01).

Figure 2 BMSC-EVs promoted proliferation, invasion and migration of osteosarcoma cells. (A) PKH26-labeled EVs that could be phagocytized by osteosarcoma cells were 
detected using immunofluorescence assay; (B) Effects of different concentrations of EVs on the proliferation of MG63 and U2OS cells were detected using CCK-8 assay; (C) 
Invasion of MG63 and U2OS cells in the blank group, NC group and EVs group was detected using Transwell assay; (D) Migration of MG63 and U2OS cells in the blank 
group, NC group and EVs group was detected using Transwell assay. Each experiment was repeated three times. Data are expressed as mean ± standard deviation. Two-way 
ANOVA was employed for the comparisons among multiple groups, followed by Tukey’s multiple comparison test for the post hoc test. EVs (100 μg/mL) group vs blank 
group, **p < 0.01; EVs (50 μg/mL) group vs blank group, ##p < 0.01.
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BMSC-EVs Carried lncRNA MALAT1 to 
Promote Proliferation, Invasion and 
Migration of Osteosarcoma Cells
LncRNA MALAT1 carried by BMSC-EVs can reduce 
osteoporosis and lncRNA MALAT1 is enhanced in osteo-
sarcoma tissues and cells.15,18 Whether BMSC-EVs could 
carry MALAT1 to promote proliferation and migration of 
osteosarcoma cells remained unknown. We detected 
MALAT1 expression in osteosarcoma cells after BMSC- 
EVs intervention, and the results exhibited that MALAT1 
expression in the EVs (100 μg/mL) group was dramatically 
upregulated compared with that in the blank group (Figure 
3A; p < 0.01). Additionally, MALAT1 was highly expressed 

in EVs, and MALAT1 expression in osteosarcoma cells was 
lower than that in BMSCs and EVs (Figure 3B; p < 0.01). It 
was indicated that BMSC-EVs carried MALAT1 into osteo-
sarcoma cells. To further confirm that BMSC-EVs modu-
lated osteosarcoma cells by carrying lncRNA MALAT1, we 
transfected si-MALAT1 and si-NC into BMSCs, extracted 
the EVs and tested MALAT1 expression in BMSCs and re- 
extracted BMSC-EVs using RT-qPCR. MALAT1 expression 
in BMSCs transfected with si-MALAT1 and BMSC-EVs 
(EVs-si-NC and EVs-si-MALAT1) were significantly 
reduced (Figure 3C; all p < 0.01). Thereafter, osteosarcoma 
cells were treated with EVs-si-NC and EVs-si-MALAT1 
(100 μg/mL). MALAT1 expression in osteosarcoma cells 
in the EVs-si-MALAT1 group was notably decreased 

Figure 3 BMSC-EVs carried MALAT1 to promote proliferation, invasion and migration of osteosarcoma cells. (A) MALAT1 expression of osteosarcoma cells in the blank 
group, NC group and EVs group was detected using RT-qPCR; (B and C) MALAT1 expression was detected using RT-qPCR; (D) MALAT1 expression in BMSCs and EVs was 
detected using RT-qPCR; (C) MALAT1 expression in osteosarcoma cells in the EVs group, EVs-si-NC group and EVs-si-MALAT1 group was detected using RT-qPCR; (E) 
Proliferation ability of MG63 and U2OS cells at different time points was detected using CCK-8 assay; (F) Invasion ability of MG63 and U2OS cells was detected using 
Transwell assay; (G) Migration ability of MG63 and U2OS cells was detected using Transwell assay. Each experiment was repeated three times. Data are expressed as mean ± 
standard deviation. Data in panels A-D were analyzed using one-way ANOVA and data in panels E-G were analyzed using two-way ANOVA, followed by Tukey’s multiple 
comparison test for the post hoc test, *p < 0.05, ***p<0.001.
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compared with that in the EVs-si-NC group (Figure 3D; p < 
0.01). The proliferation ability of MG63 and U2OS cells in 
the EVs-si-MALAT1 group was inhibited compared with 
that in the EVs group (Figure 3E; all p < 0.01). The invasion 
and migration of MG63 and U2OS cells in the EVs-si- 
MALAT1 group were reduced compared with those in the 
EVs group (Figure 3F and G; all p < 0.01). It was suggested 
that inhibition of MALAT1 attenuated the promoting effect 
of BMSC-EVs on osteosarcoma cells, which confirmed that 
BMSC-EVs had an influence on osteosarcoma cells via 
carrying MALAT1.

LncRNA MALAT1 Carried by BMSC-EVs 
Promoted NRSN2 Expression via 
Sponging miR-143
A previous literature has revealed that MALAT1 participates 
in the ceRNA mechanism to regulate proliferation and 
migration of osteosarcoma cells.19 Starbase database showed 
that MALAT1 had ceRNA binding sites with multiple miRs 
and mRNAs. miR-143 and NRSN2 are implicated in the 
osteosarcoma cell evolution.20,21 We deemed that BMSC- 

EVs regulated osteosarcoma cells via the MALAT1/miR- 
143/NRSN2 axis. The binding relationships between 
MALAT1 and miR-143, and miR-143 and NRSN2 were 
confirmed using dual-luciferase reporter gene assay (Figure 
4A; p < 0.01). The binding relationship between MALAT1 
and miR-143 was further verified using RNA pull-down 
assay (Figure 4B; p < 0.01). The mRNA expressions of 
miR-143 and NRSN2 in osteosarcoma cells were detected 
using RT-qPCR. The osteosarcoma cells in the EVs group 
showed upregulated MALAT1 and NRSN2 mRNA expres-
sion and downregulated miR-143 expression compared with 
those in the blank group; the osteosarcoma cells in the EVs- 
si-MALAT1 group showed upregulated miR-143 expression 
and downregulated MALAT1 and NRSN2 mRNA expres-
sion compared with those in the EVs group (Figure 4C; p < 
0.01). The effect of EVs on the protein level of NRSN2 in 
MG63 and U2OS cells was analyzed by Western blotting. 
The protein level of NRSN2 in cells in the EVs group was 
dramatically increased compared with that in the blank 
group; the protein level of NRSN2 in cells in the EVs-si- 
MALAT1 group was declined compared with that in the 

Figure 4 MALAT1 carried by BMSC-EVs promoted NRSN2 expression in osteosarcoma cells via sponging miR-143. (A) Binding relationships between MALAT1 and miR- 
143, and miR-143 and NRSN2 were confirmed using dual-luciferase reporter gene assay; (B) Binding relationship between MALAT1 and miR-143 was further verified 
using RNA pull-down assay; (C) mRNA expressions of miR-143 and NRSN2 in osteosarcoma cells in each group were detected using RT-qPCR; (D) NRSN2 protein in 
osteosarcoma cells was detected using Western blotting. Each experiment was repeated three times. Data are expressed as mean ± standard deviation. Data in panel 
B were analyzed using one-way ANOVA and data in panels A/C/D were analyzed using two-way ANOVA, followed by Tukey’s multiple comparison test for the post hoc 
test, **p < 0.01.
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EVs group (Figure 4D; all p < 0.01). LncRNA MALAT1 
carried by BMSC-EVs promoted proliferation and migration 
of osteosarcoma cells via the miR-143/NRSN2 axis.

BMSC-EVs Promoted Proliferation and 
Migration of Osteosarcoma Cells via the 
lncRNA MALAT1/miR-143/NRSN2 Axis
We further verified the mechanism of BMSC-EVs in osteo-
sarcoma cells through joint experiments. Osteosarcoma cells 
in the EVs + miR-143 mimic group exhibited elevated miR- 
143 expression and declined NRSN2 mRNA expression 
compared with those in the EVs + mimic-NC (Figure 5A; 
all p < 0.01). It was indicated that the MALAT1/miR-143/ 
NRSN2 ceRNA mechanism existed in osteosarcoma cells. 
Meanwhile, the proliferation and migration MG63 and 
U2OS cells in the EVs + miR-143 mimic group were nota-
bly reduced compared with those in the EVs + mimic NC 
group (Figure 5B and C; all p < 0.01). Overexpressing miR- 
143 reversed the effects of EVs on osteosarcoma cells.

BMSC-EVs Activated the Wnt/β-Catenin 
Pathway via the lncRNA MALAT1/miR- 
143/NRSN2 Axis
Blocking the Wnt/β-catenin pathway inhibits osteosarcoma 
cell growth22 and NRSN2 can regulate the Wnt/β-catenin 

pathway.20 The level of nuclear protein-β-Catenin (nu-β- 
catenin) in osteosarcoma cells in the EVs group was drama-
tically elevated compared with that in the blank group, and 
the level of nu-β-Catenin in osteosarcoma cells in the EVs-si 
-MALAT1 group was notably downregulated compared 
with that in the EVs group; miR-143 mimic could reverse 
the promoting effect of EVs on the level of nu-β-Catenin 
(Figure 6; all p < 0.01). It was confirmed that BMSC-EVs 
promoted the Wnt/β-Catenin pathway activation in osteosar-
coma cells via the MALAT1/miR-143/NRSN2 axis.

BMSC-EVs Carried MALAT1 to Promote 
the Tumor Growth in Nude Mice
We further verified the effect of BMSCs-EVs on osteosar-
coma cells in vivo by subcutaneous injection of MG63 
cells into the dorsal scapula of nude mice. The growth rate 
and weight of tumors of nude mice in the EVs group were 
enhanced compared with those in the NC group, and the 
tumor growth rate and tumor weight of nude mice in the 
EVs-si-MALAT1 group were notably declined compared 
with those in the EVs group (Figure 7A; all p < 0.01). 
Immunohistochemical results revealed that Ki67-positive 
expression in nude mice in the EVs-si-MALAT1 group 
was notably lower than that in the EVs group (Figure 
7B). Compared with those in the NC group, the 

Figure 5 BMSC-EVs promoted the proliferation and migration of osteosarcoma cells via the lncRNA MALAT1/miR-143/NRSN2 axis. (A) mRNA expressions of miR-143 
and NRSN2 in osteosarcoma cells in the EVs + miR-143 mimic group and EVs + mimic-NC group were detected using RT-qPCR; (B) Proliferation ability of MG63 and U2OS 
cells in each group was detected using CCK-8 assay; (C) Migration ability of MG63 and U2OS cells in each group was detected using Transwell assay. Each experiment was 
repeated three times. Data are expressed as mean ± standard deviation. Two-way ANOVA was employed for the comparisons among multiple groups, followed by Tukey’s 
multiple comparison test for the post hoc test, **p < 0.01.
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expressions of MALAT1 and NRSN2 were increased and 
miR143 expression was decreased in the EVs group; com-
pared with those in the EVs group, the expressions of 

MALAT1 and NRSN2 were decreased and miR143 
expression was increased in the EVs-si-MALAT1 group 
(Figure 7C; all p < 0.01). In vivo experiments showed that 

Figure 6 BMSC-EVs activated Wnt/β-catenin pathway via the lncRNA MALAT1/miR-143/NRSN2 axis. Level of nu-β-catenin in osteosarcoma cells in was detected using RT- 
qPCR. Each experiment was repeated three times. Data are expressed as mean ± standard deviation. Two-way ANOVA was employed for the comparisons among multiple 
groups, followed by Tukey’s multiple comparison test for the post hoc test, **p < 0.01.

Figure 7 BMSCs-EVs carried MALAT1 to promote the tumor growth in nude mice. (A) Volume and weight of nude mice in each group were measured; (B) Ki67-positive 
expression in nude mice was detected using immunohistochemistry; (C) Expressions of MALAT1, miR143 and NRSN2 mRNA in nude mice was detected using RT-qPCR. 
N = 5. Data are expressed as mean ± standard deviation. Tumor weight changes in panel A were analyzed using one-way ANOVA, tumor volume changes in panel A and data 
in panel B were analyzed using two-way ANOVA, followed by Tukey’s multiple comparison test for the post hoc test. ##NC group vs EVs group, **EVs-si-NC group vs EVs-si 
-MALAT1 group. **p < 0.01.
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MALAT1 carried by BMSC-EVs competitively bound to 
miR-143 and upregulated NRSN2 expression, thereby pro-
moting the growth of tumors in nude mice.

Discussion
The survival rate of osteosarcoma in children is relatively 
low due to the high tendency of lung metastasis and 
chemotherapy resistance.23 Hence, exploring more potent 
therapeutic targets for patients with osteosarcoma remains 
a hot issue worldwide. EVs are extensively involved in the 
modulation of pathological and physiological tumor 
progression.24–26 In view of this, we attempted to explore 
the mechanism of BMSC-EVs in osteosarcoma cell pro-
liferation, migration and invasion.

EVs are crucial factors implicated in a series of phy-
siological processes such as intercellular protein and RNA 
exchange, angiogenesis induction and immune 
modulation.27 It is reported that EVs are implicated in 
tumor growth and metastasis.28 EVs are responsible for 
the intercellular communication during the physiological 
and pathological progress, which have a vital part in 
osteosarcoma metastasis.29 In this study, BMSC-EVs 
were successfully isolated and identified, and then osteo-
sarcoma cells were intervened with BMSC-EVs. 
Consistently, we found that BMSC-EVs promoted prolif-
eration, invasion and migration of osteosarcoma cells.

A previous research has suggested that EVs carry RNA 
species (such as lncRNAs, miRs and mRNAs) from donor 
cells to receptor cells, thus causing deep phenotypic altera-
tions in tumor microenvironment.26 Accumulating evi-
dences have indicated the regulatory role of lncRNAs in 
the course of osteosarcoma.30–32 Generally, MALAT1 
works as a tumor-promoting lncRNA and also an indepen-
dent prognostic factor for osteosarcomas.33 However, 
whether BMSC-EVs have influences on osteosarcoma 
cells via carrying MALAT1 needs to be clarified. We 
exhibited that MALAT1 expression was increased in 
osteosarcoma cells under BMSCs-EVs intervention. 
MALAT1 expression is enhanced in osteosarcoma cells 
and knockdown of MALAT1 contributes to inhibiting 
osteosarcoma cell proliferation.18 After suppressing 
MALAT1 expression in BMSCs, the promoting effect of 
BMSC-EVs on osteosarcoma cells was weakened. It was 
confirmed that BMSCs-EVs exerted effects on osteosar-
coma cells by carrying lncRNA MALAT1.

Thereafter, we explored the downstream mechanism of 
lncRNA MALAT1 carried by BMSC-EVs in osteosarcoma 
cells. Mechanically, lncRNAs function as ceRNAs to 

connect miRs and post-transcriptional networks in tumor 
pathogenesis.34 miRs produce critical effects on the diagno-
sis, management and prognosis of osteosarcoma.35 

According to Starbase prediction, we found that MALAT1 
has binding relationships with multiple miRs, including miR- 
143. Dong et al have demonstrated that miR-143 expression 
is notably downregulated in osteosarcoma cells and 
enhanced miR-143 expression can restrain osteosarcoma 
cell migration.36 Overexpressing NRSN2 is concerned with 
malignant phenotype of cancers, such as ovarian cancer37 

and breast cancer.38 In this study, the binding relationships 
between MALAT1 and miR-143, and miR-143 and NRSN2 
were confirmed using dual-luciferase reporter gene assay. 
miR-143 expression was downregulated and NRSN2 expres-
sion was upregulated in EVs-treated osteosarcoma cells. 
LncRNA MALAT1 carried by BMSC-EVs promoted 
NRSN2 expression via sponging miR-143. Additionally, 
miR-143 mimic reversed the promoting effect of BMSC- 
EVs on osteosarcoma cells. Consistently, Hou et al have 
exhibited that miR-143-3p can restrain osteosarcoma cell 
migration.39 Shimbo et al have also showed that exosomes 
can transfer synthetic miR-143, which effectively suppresses 
osteosarcoma cell migration.40

Subsequently, we focused on the downstream signaling 
pathway modulated by the lncRNA MALAT1/miR-143/ 
NRSN2 axis. Wnt/β-catenin pathway is implicated in osteo-
sarcoma pathogenesis, and Wnt inhibitor enjoys a therapeutic 
potential in osteosarcoma management.41 Keremu et al have 
also suggested that NRSN2 may promote osteosarcoma cell 
proliferation through the PI3K/Akt/mTOR and Wnt/β- 
catenin pathway.20 The level of nu-β-catenin in osteosarcoma 
cells treated with EVs was significantly upregulated. BMSC- 
EVs could activate the Wnt/β-Catenin pathway via the 
MALAT1/miR-143/NRSN2 axis, thereby promoting prolif-
eration, migration and invasion of osteosarcoma cells. The 
results of xenograft tumor experiment were consistent with 
the results in vitro. BMSC-EVs carried MALAT1 to promote 
tumor progression in mice.

To sum up, we are the first to elucidate that BMSC-EVs 
promote proliferation, invasion and migration of osteosar-
coma cells via the MALAT1/miR-143/NRSN2/Wnt/β- 
catenin axis. This fundamental information might suggest 
new insights and potential therapy target for osteosarcoma 
in the clinical trial. In the future, we shall carry out more 
prospective trials on the feasibility and safety of BMSC-EVs 
carried MALAT1 in the treatment of osteosarcoma, so as to 
refine our clinical guidance. We will also take other lncRNAs 
that are highly expressed in osteosarcoma tissues and cells as 
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our next research objectives, so as to better improve the 
regulatory mechanism of BMSC-EVs in osteosarcoma.
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