
Am J Transl Res 2021;13(9):10178-10192
www.ajtr.org /ISSN:1943-8141/AJTR0133284

Original Article
The exosomal transfer of human bone  
marrow mesenchymal stem cell-derived miR-1913  
inhibits osteosarcoma progression by targeting NRSN2

Jihui Zhou1, Lili Xu2, Peng Yang3, Yao Lu3, Shibang Lin1, Guanghai Yuan3

1Department of Traumatic Orthopedics, Maoming People’s Hospital, Maoming, Guangdong Province, China; 2De-
partment of Center Vaccination Clinic, Fuchunjiang Community Health Service Center of Changjiang Road, West 
Coast New District of Qingdao, Qingdao, Shandong Province, China; 3Department of Hand and Foot Surgery, The 
Eighth People’s Hospital of Qingdao, Qingdao, Shandong Province, China

Received March 19, 2021; Accepted July 23, 2021; Epub September 15, 2021; Published September 30, 2021

Abstract: Objective: Osteosarcoma is a malignant bone tumor consisting of mesenchymal cells. This study aimed 
to investigate the inhibitory effects of human bone marrow mesenchymal stem cell (hBMSC)-derived miR-1913 on 
osteosarcoma. Methods: Cell viability was determined using CCK8 and colony formation assays. The cell migra-
tion and invasion abilities were assessed using wound healing and transwell assays. RT-qPCR and western blot 
were used to measure the miR-1913, Neurensin-2 (NRSN2), N-cadherin, and E-cadherin expression levels. Dual 
luciferase reporter assays were conducted to identify the target relationship between miR-1913 and NRSN2. The 
exosomes were extracted and identified using TEM and NTA assays. Results: In the osteosarcoma tumor tissues 
and cell lines, the NRSN2 expressions were up-regulated, which correlated with a poor osteosarcoma prognosis. 
MiR-1913 inhibited the cell viability, proliferation, migration, and invasion by negatively targeting NRSN2. Further-
more, the hBMSC-derived exosomes delivered miR-1913 to inhibit the NRSN2 expression in the osteosarcoma cells. 
Conclusion: The inhibitory role of hBMSC-derived miR-1913 on osteosarcoma progression was achieved by targeting 
NRSN2, indicating the potential therapeutic value of hBMSC-derived miR-1913.
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Introduction

Osteosarcoma is a subtype of bone cancer 
which most commonly occurs in children and 
adolescents. The current treatment for osteo-
sarcoma involves the surgical removal of the 
tumors, combined with systemic chemotherapy 
to control the micrometastases. The 5-year 
event-free survival (EFS) rate is about 70% in 
patients with localized osteosarcoma, but the 
overall survival rate is lower than 20% in pro-
gressed patients with metastatic or recurrent 
disease [1]. Therefore, metastasis is the main 
challenge in osteosarcoma treatment, espe-
cially pulmonary osteosarcoma metastasis [2]. 
Neurensin-2 (NRSN2), a 24 kDa protein, pro-
motes tumor cell proliferation, invasion and 
migration and plays an oncogenic role in osteo-
sarcoma. However, the detailed mechanisms of 
NRSN2 responsible for the progression and 

metastasis of osteosarcoma need to be further 
explored.

Bone marrow mesenchymal stem cells (BMSCs) 
are pluripotent progenitors found in bone mar-
row. At present, the pivotal regulatory roles of 
BMSCs in the tumor microenvironment rely on 
various mechanisms, including secreting extra-
cellular vesicles. Many studies have found that 
BMSC-derived exosomes, one of the external 
vesicles released by the cells, can regulate cell 
proliferation, migration, survival, and drug 
resistance [4]. However, it is not clear whether 
BMSC-derived exosomes are involved in osteo-
sarcoma metastasis.

Exosomes can deliver a variety of nucleic acids, 
including microRNAs (miRNAs) [5]. MiRNAs are 
small non-coding RNAs that regulate gene 
expression at the post-transcriptional level  
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by inhibiting mRNA translation or promoting  
mRNA degradation [6]. It has been shown that 
exosomes regulate cellular communication by 
transferring miRNAs [7]. An understanding of 
the rapid intercellular formation and the func-
tional changes of miRNAs delivered by exo-
somes can lead to possible therapeutic appli-
cations [5, 8, 9]. MiR-1913 has been shown to 
be positively related to prostate cancer pro-
gression [10]. And our preliminary results de- 
termined that miR-1913 targets NRSN2. Since 
NRSN2 and hBMSC-derived exosomes are 
associated with tumor cell proliferation, inva-
sion and migration, we innovatively speculated 
that there were regulatory effects of miR-1913 
derived from hBMSCs exosomes in osteosar-
coma metastasis, which is involved with 
NRSN2.

Materials and methods

Cell lines and clinical tissues

Human normal osteoblastic cells (hFOB1.19), 
as well as osteosarcoma cell lines, including 
143B, U2OS, Saos-2, and HOS, were obtained 
from the American Type Culture Collection 
(ATCC) and incubated with DMEM medium 
(Gibco, Grand Island, USA) containing 12% fetal 
bovine serum (FBS) (Gibco). The cells were cul-
tured under conditions of 37°C with 5% CO2. 
The clinical osteosarcoma tissue and adjacent 
normal tissue specimens, which were patient-
matched, were collected from untreated, new-
ly-diagnosed patients (n=58). This study was 
approved by the Ethics Committee of our  
hospital (Approval No. PJ2019MI-GS056-01). 
Written informed consent documents were 
obtained from the patients prior to their 
participation.

Microarray analysis

Five miRNA-mRNA predictors (miRDB, Target- 
scan, Starbase, and miRwalk) were used to  
predict the miRNAs regulating NRSN2. The 
osteosarcoma patients’ gene expression pro-
files and clinical data were obtained from  
the Cancer Genome Atlas (TCGA) database 
(https://cancergenome.nih.gov/). The Gene Ex- 
pression Profiling Interactive Analysis (GEPIA) 
database (http://gepia.cancer-pku.cn/) was 
used to analyze the prognostic correlations 
between the patients with osteosarcoma and 
the related factors.

Cell transfection

For the NRSN2 knockdown, NRSN2 small inter-
fering RNA (siRNA) was used. siRNA and miR-
1913 miRNA mimics and miR-1913 inhibitor 
were synthesized by GenephPharma (Shanghai, 
China). The cells were cultured in 24 well dishes 
with a serum-free medium. Then, the transfec-
tion solution was diluted using a serum-free 
medium and mixed with Lipofectamine 2000 
reagent (Invitrogen, Carlsbad, CA, USA) careful-
ly. After 48 h of incubation, the cells were used 
for the following experiments.

Dual-luciferase reporter assay

To examine whether miR-1913 targeted NRSN2 
directly, NRSN2-WT and NRSN2-MUT reporter 
vectors were purchased from Promega (Mad- 
ison, WI, USA). The assays were described pre-
viously [11]. The cells were cultured in 96-well 
plates until the cell confluence was 50-70%. 
Using Lipofectamine 2000 (Invitrogen), the 
cells were co-transfected with reporter vectors 
and an miR-1913-NC or an miR-1913 mimic. At 
48 h post-transfection, the luciferase activity 
was estimated using the Dual-Luciferase Re- 
porter Assay System (Promega).

Exosome extraction

The hBMSCs were cultured under 10% exo-
some-free FBS for 72 h. The cells, dead cells, 
and cell debris were removed using several  
low-speed centrifugations. Next, the exosomes 
were collected using high speed centrifuga- 
tion.

Transmission electron microscope (TEM) 
detection and nanoparticle tracking analysis 
(NTA)

15 μL of the exosome solution was dropped 
onto a copper mesh and incubated at room 
temperature for 10 min, and then the copper 
net was washed with sterile distilled water. The 
excess liquid was absorbed with absorbent 
paper. Then, the copper mesh was negatively 
stained with 2% uranyl acetate for 1 min. After 
removing the excess liquid and drying the mesh 
for 2 min under an incandescent lamp, the  
copper mesh was observed under 80 kV TEM. 
As for NTA, the exosome solution was diluted to 
5×107/mL~5×108/mL with PBS, and the sizes 
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and trajectories of the particles were analyzed 
using NTA.

Wound healing assay

As previously described, the cells were cultured 
in 6-well plates [12]. A 10 μL pipette tip was 
used to scratch at the center of each well, and 
then the cells were incubated with serum-free 
DMEM and high glucose for 48 h. Images of 
each well in the 6-well plate were generated 
using an inverted microscope (Leica, Wetzlar, 
Germany), and the images were analyzed using 
ImageJ software (NIH, Bethesda, Maryland, 
USA) to calculate the relative distances accord-
ing to the equation (W0-Wt)/W0×100%.

Transwell assays

The cells were cultured in the upper chamber 
with Matrigel-coated membrane (BD Biosci- 
ences, Bedford, MA, USA) under a serum-free 
culture medium for 48 h incubation. Using a 
cotton swab, the non-invading cells on the 
upper chamber were eliminated. After fixing  
the cells with paraformaldehyde (4%, Sigma-
Aldrich, St Louis, MO, USA), the cells on the 
lower side of the chamber were incubated with 
crystal violet. The results were counted in five 
fields we randomly selected using a microscope 
(Leica, Wetzlar, Germany).

CCK8 assays

The cell viability was determined using CCK8 
assays. The cells (50,000/mL) were seeded 
and incubated in a 96 well plate for the indi-
cated time. 10 μL of CCK8 solution (Dojindo, 
Shanghai, China) were added and then reacted 
for 2 h. The optical density (OD) values were 
assessed using a microtitre plate reader 
(BioTek, Winooski, VT, USA) at 450 nm.

Colony formation

The cells were inoculated into a culture plate 
and incubated for 2 to 3 weeks. After the co- 

lony formation, paraformaldehyde (4%, Sigma-
Aldrich) was used for fixation for 15 min. A crys-
talline violet solution (0.1%, Abcam) was then 
applied for 10 to 30 min. After washing the 
extra dye solution and drying them, the petri 
dishes were inverted and covered with a trans-
parent grid. The results were visualized under 
general microscopy (Leica, Wetzlar, Germany).

Immunohistochemistry (IHC)

For the immunohistochemical staining, the 
tumor tissues were fixed with paraformalde-
hyde (10%, Sigma-Aldrich, St Louis, MS, USA). 
After being cut serially, slides (5 μm) were 
boiled in a citrate buffer solution (10 mM, pH 
6.0) for 20 min of antigen retrieval and then 
blocked with 0.3% hydrogen peroxide to elimi-
nate the endogenous peroxidase activity. After 
they were incubated with a primary antibody 
(anti-NRSN2, Abcam) at 4°C for 12 h, an HRP-
labeled secondary antibody (1:1200, Abcam) 
was applied to the slides for 30 min and a DAB 
detection kit (Abcam, Cambridge, MA, USA)  
was applied for 10 min. After they were dehy-
drated and cleared, the slides were analyzed 
under a microscopy (Leica, Wetzlar, Germany).

Quantitative reverse transcription PCR (RT-
qPCR)

The total RNA was extracted, reverse tran-
scribed into cDNA, and amplified. This approach 
has been elaborated in past studies [13]. In 
brief, the total RNA of the transfected cells and 
liver tissues were first digested using TRIzol 
reagent (Invitrogen). After that, the reverse 
transcriptions of RNA into cDNA were conduct-
ed through a reverse transcriptase kit from 
Invitrogen Company. The used primers are 
shown in Table 1. The PCR processes were con-
ducted on an ABI 7500 Real-Time PCR System. 
The relative expression levels of the RNA nor-
malized to GAPDH or U6 were calculated using 
the 2-ΔΔCt method.

Table 1. The primer sequences
Forward Reverse

GAPDH 5’-TCCGTGGTCCACGAGAACT-3’ 5’-GAAGCATTTGCGGTGGACGAT-3’
NRSN2 5’-CGGAGACGCAGGTCCAGAGGGAT-3’ 5’-TATGCATCAACTGTTTATTGAAAGG-3’
miR-1913 5’-ACCGTCGTCGCCTCCCCGTC-3’ 5’-GACTGACATAAATGGGAGCAG-3’
U6 5’-CTCGCTTCGGCAGCACA-3’ 5’-AACGCTTCACGAATTTGCGT-3’
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Western blot

The protein extraction (RIPA buffer, Thermo- 
Fisher Scientific, Waltham, MA, USA), concen-
tration determination (BCA protein assay kit, 
ThermoFisher Scientific), separation and trans-
fer to nitrocellulose filter membrane (Millipore, 
Boston, USA), incubation with BSA and antibod-
ies were described previously [14]. The primary 
antibodies for NRSN2, E-cadherin, N-cadherin, 
CD63, calnexin, and Hsp70 (both of which were 
diluted to 1:1000; Cell Signaling Technology, 
USA) and GAPDH (Cell Signaling Technology, 
USA) were incubated at 4°C overnight. The  
secondary antibodies were obtained from Pro- 
teintech (USA). The protein expressions were 
measured using an ECL system (Amersham 
Pharmacia, Piscataway, NJ, USA).

Statistical analysis

SPSS 18.0 software was used for the statisti-
cal analyses. The data are presented as the 
means ± SD from at least three independent 
experiments. Spearman’s correlation was used 
to analyze the correlation of miR-1913 with 
NRNS2 in the clinical osteosarcoma tissues. 
The statistical analysis was performed using 
analyses of variance (ANOVA). The significance 
was determined using Newman-Keuls post hoc 
tests. Significant differences are indicated by 
P<0.05.

Results

NRSN2 was upregulated in the osteosarcoma 
tumor tissues and cell lines

According to the TCGA database, we found  
that the NRSN2 expression was significantly 
upregulated compared with its expression  
in normal tissues (P<0.001) (Figure 1A). A 
Kaplan-Meier curve was used to analyze the 
prognostic significance of NRSN2, and the 
results showed that the probability of patients 
with high expressions of NRSN2 was lower 
(P<0.05) (Figure 1B). Next, the NRSN2 expres-
sion in the clinical osteosarcoma samples was 
determined using IHC staining, western blot, 
and RT-qPCR. The IHC staining indicated that, 
compared with the adjacent normal tissues, 
the NRSN2 expression was upregulated in the 
osteosarcoma tissues (Figure 1C). The upregu-
lated NRSN2 expression was also proved by 
western blot (P<0.001) (Figure 1D). Further- 
more, the RT-qPCR results verified that the 

transcript level of NRSN2 was enhanced in  
the osteosarcoma tissues (P<0.001) (Figure 
1E). Consistent with the TCGA database, a neg-
ative correlation between OS and the NRSN2 
expression was observed (P<0.01). Figure 1F 
shows that the survival curves of the patients 
with high NRSN2 expressions (n=29) and low 
NRSN2 expressions, suggesting that the prog-
noses of the patients with high NRSN2 expres-
sion were poor. (Figure 1F). The NRSN2 expres-
sion was also determined in the different 
osteosarcoma cell lines. Compared with that of 
normal human osteoblast cells (hFOB 1.19), 
the NRSN2 expressions were upregulated in 
the osteosarcoma cell lines, including 143B, 
HOS, Saos-2, and U2OS (P<0.001) (Figure 1G), 
among which the 143B and U2OS cells had  
the highest NRSN2 expressions. These results 
indicate that NRSN2 is highly expressed in 
osteosarcoma and is associated with a poor 
prognosis.

NRSN2 was the direct target of miR-1913

MiRDB, Targetscan, Starbase and miRwalk 
were used to predict the miRNA targets of 
NRSN2, and miR-1913 was enriched in all four 
of the databases (Figure 2A). Therefore, the 
miR-1913 expression was measured in the 
osteosarcoma tumor tissues and cell lines. The 
results showed reduced expressions of miR-
1913 in the osteosarcoma tissues compared 
to the adjacent normal tissues (P<0.001) (Fi- 
gure 2B). Spearman’s correlation analysis indi-
cated a negative correlation between miR-1913 
and NRNS2 in the clinical osteosarcoma tis-
sues (P<0.001) (Figure 2C). The miR-1913 
expressions were also measured in the differ-
ent osteosarcoma cell lines using RT-qPCR. 
Compared with the hFOB 1.19 cells, the miR-
1913 expression was decreased in the 143B, 
HOS, Saos-2, and U2OS cells (P<0.001), among 
which miR-1913 had the lowest expression in 
the 143B and U2OS cells (Figure 2D). Figure  
2E displays the predicted binding site between 
miR-1913 and NRSN2 directly as predicted 
(Figure 2E). The increased expression of miR-
1913 was first verified in the 143B and U2OS 
cells transfected with the miR-1913 mimic 
(P<0.001) (Figure 2F), and then the dual-lucif-
erase reporter gene assay demonstrated that 
the overexpression of miR-1913 inhibited the 
luciferase activity of NRSN2-WT, but the inhibi-
tory effect was blocked by the mutated NRSN2 
binding sites (P<0.001) (Figure 2G, 2H). The 



The inhibitory effects of hBMSC-derived exosomal miR-1913 on osteosarcoma

10182	 Am J Transl Res 2021;13(9):10178-10192

protein NRSN2 expression was decreased 
(P<0.001) in the 143B and U2OS cells overex-
pressing miR-1913 (Figure 2I). Therefore, miR-
1913 regulated the NRSN2 expression nega-
tively, and NRSN2 was the direct target of 
miR-1913.

MiR-1913 inhibited osteosarcoma cell viability, 
proliferation and metastasis

The role of miR-1913 in osteosarcoma was 
then investigated in the 143B and U2OS cells. 

As shown in Figure 3A, 3B, the overexpression 
of miR-1913 reduced the cell viability and the 
colony formation ability (P<0.001). In addition, 
the results showed that the cell invasion and 
migration were inhibited significantly after the 
overexpression of miR-1913 (P<0.001) (Figure 
3C, 3D). The western blot also showed that the 
overexpression of miR-1913 promoted the pro-
tein expression of E-cadherin, and it inhibited 
the N-cadherin expression (P<0.001) (Figure 
3E). Therefore, miR-1913 exerted antitumor 

Figure 1. NRSN2 is up-regulated in osteosarcoma tumor tissues and cell lines. A. The TCGA database represents 
the NRSN2 expression in osteosarcoma tissues. B. The Kaplan-Meier curve of probability in osteosarcoma patients. 
C. IHC staining was used to determine the NRSN2 expression in the clinical osteosarcoma tissue and adjacent nor-
mal tissue specimens (n=2). Scale bar: 50 µM, 100×. D. Western blot was used to determine the protein NRSN2 
expression in the clinical osteosarcoma tissue and adjacent normal tissue specimens (n=10). E. RT-qPCR was used 
to determine the NRSN2 expression in the clinical osteosarcoma tissue and adjacent normal tissue specimens 
(n=58). F. The Kaplan-Meier curve of OS in the clinical patients (n=58) with different NRSN2 expressions. G. The 
NRSN2 expressions in the different osteosarcoma cell lines (143B, HOS, Saos-2, and U2OS) and in the normal hu-
man osteoblast cells (hFOB 1.19) were determined using western blot. ***P<0.001.
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Figure 2. miR-1913 was down-regulated in the tumor tissues and cell lines of osteosarcoma and targeted NRSN2 directly. (A) A Venn diagram of the targeting miR-
NAs of NRSN2 after the prediction. (B) RT-qPCR was used to determine the miR-1913 expressions in the clinical osteosarcoma tissue and adjacent normal tissue 
specimens (n=58). (C) Spearman’s correlation was used to analyze the correlation between miR-1913 and NRNS2 in the clinical osteosarcoma tissues (n=58). (D) 
RT-qPCR was used to determine the miR-1913 expressions in the different osteosarcoma cell lines (143B, HOS, Saos-2, and U2OS) and in the hFOB 1.19 cells. (E) 
The predicted binding site between miR-1913 and NRSN2. (F) RT-qPCR was used to determine the miR-1913 expression in the 143B and U2OS cells transfected 
with the miR-1913 mimic. (G, H) A dual-luciferase reporter assay was used to verify the binding relationship between NRSN2 and miR-1913 in the 143B (G) and 
U2OS cells (H). (I) The protein NRSN2 expression was determined in the 143B and U2OS cells transfected with the miR-1913 mimic. ***P<0.001.
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Figure 3. The overexpression of miR-1913 inhibited cell proliferation and metastasis. A. The cell viability was determined using CCK8 assays in the 143B and U2OS 
cells transfected with the miR-1913 mimic at 24 h, 48 h, and 72 h. B. The cell proliferation was determined using colony formation assays with the 143B and U2OS 
cells transfected with the miR-1913 mimic. C, D. The cell migration and invasion were determined using wound healing and transwell assays in the 143B and U2OS 
cells transfected with the miR-1913 mimic. Scale bar: 100 µM, 200×. E. The protein N-cadherin and E-cadherin expressions were determined using western blot. 
***P<0.001.
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effects on osteosarcoma by inhibiting cell pro-
liferation and metastasis.

MiR-1913 exerted antitumor effects on osteo-
sarcoma via targeting NRSN2

In order to further determine whether the anti-
tumor effects of miR-191 were achieved by tar-
geting NRSN2, 143B, and U2OS cells were 
transfected with NRSN2 siRNA and the miR-
1913 inhibitor. After the NRSN2 siRNA trans-
fection, the NRSN2 expression was decreased, 
and the single treatment of the miR-1913 inhib-
itor increased the NRSN2 expression. Without 
doubt, after co-transfecting with NRSN2 siRNA 
and the miR-1913 inhibitor, the effect of the 
NRSN2 siRNA was reversed by the miR-1913 
inhibitor (P<0.001) (Figure 4A). The cell viability 
and proliferation were determined using CCK8 
and colony formation assays. NRSN2 siRNA 
inhibited the cell viability and proliferation, 
which could be reversed by the miR-1913 in- 
hibitor (P<0.01) (Figure 4B, 4C). Similarly, the 
cell migration and invasion abilities were inhib-
ited by the NRSN2 siRNA and were increased 
significantly by the miR-1913 inhibitor alone. 
However, after co-transfecting with the NRSN2 
siRNA transfection and the miR-1913 inhibitor, 
the inhibition of the cell migration and invasion 
induced by the NRSN2 siRNA could be rescued 
(P<0.01) (Figure 4D, 4E). The N-cadherin and 
E-cadherin expression levels also showed the 
same trend (P<0.001) (Figure 4F). All the 
results suggested that miR-1913 plays an  
antitumor role in osteosarcoma by targeting 
NRSN2.

hBMSC-derived exosomal miR-1913 reduced 
the NRSN2 expression

Exosomes derived from the hBMSCs were sub-
jected to TEM and NTA assays to identify their 
morphology (Figure 5A, 5B). In addition, the 
expressions of the marker proteins including 
CD63 and Hsp70 were confirmed by western 
blot. The CD63 and Hsp70 expressions were 
significant in the isolated exosomes, which was 
barely detected in the hBMSCs (Figure 5C). To 
further investigated the role of exosomal miR-
1913, the hBMSCs were transfected with an 
miR-1913 mimic, and the miR-1913 expression 
was enhanced both in the hBMSCs and in the 
hBMSC-derived exosomes (P<0.001) (Figure 
5D). Then, 143B and U2OS cells were incubat-
ed with hBMSC-derived exosomes transfected 

with miR-1913 mimics or control mimics, 
respectively. The RT-qPCR results showed that 
miR-1913 was upregulated in the 143B and 
U2OS cells incubated with the hBMSC-derived 
exosomes (P<0.001) (Figure 5E), and the in- 
creased expression of miR-1913 was more 
prominent in the 143B and U2OS cells incubat-
ed with hBMSC-derived exosomes transfected 
with the miR-1913 mimics (P<0.001) (Figure 
5E). Moreover, the NRSN2 expression was 
reduced in the 143B and U2OS cells incubated 
with hBMSC-derived exosomes, and it was  
further enhanced in the 143B and U2OS  
cells incubated with hBMSC-derived exosomes 
transfected the miR-1913 mimics (P<0.01) 
(Figure 5F).

hBMSC-derived exosomal miR-1913 inhibited 
cell viability, proliferation, and metastasis

In order to determine the effects of hBMSC-
derived exosomal miR-1913 on osteosarcoma, 
143B and U2OS cells were incubated with 
hBMSC-derived exosomes transfected with 
miR-1913 mimics or control mimics, respec-
tively. Compared with the NC group, the cell 
viability (Figure 6A), proliferation (Figure 6B), 
and metastasis (Figure 6C, 6D) were inhibited 
by the hBMSC-derived exosomes (P<0.01), and 
they were further inhibited by incubating the 
cells with hBMSC-derived exosomes transfect-
ed with miR-1913 mimics (P<0.001). The inhibi-
tory effects of the hBMSC-derived exosomes 
were also proved by western blot. The phenom-
enon displaying the decreased expression of 
N-cadherin and the increased expression of 
E-cadherin in the exo-miR-NC group was more 
notable in the exo-miR-1913 group (P<0.01) 
(Figure 6E). In summary, hBMSC-derived exo-
somal miR-1913 inhibits cell viability, prolifera-
tion, and metastasis in osteosarcoma. The 
schematic diagram of our research summa-
rized in Figure 7 shows that miR-1913 can  
negatively target NRSN2 to inhibit the progres-
sion of osteosarcoma by influencing the cell 
viability, proliferation, and migration and inva-
sion, which is more significant if the miR-1913 
is derived from hBMSC exosomes.

Discussion

Osteosarcoma is a common bone cancer that 
tends to occur in teenagers and young adults 
[15]. In the present work, we demonstrated 
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Figure 4. miR-1913 inhibited the cell viability, proliferation, and cell metastasis via targeting NRSN2. A. The NRSN2 expression was determined using western blot. 
B. The cell viability was determined using CCK8 assays in the 143B and U2OS cells at 24 h, 48 h and 72 h. C. The cell proliferation was determined using colony 
formation assays with the 143B and U2OS cells co-transfected with NRSN2 siRNA and the miR-1913 inhibitor. D, E. The cell migration and invasion were determined 
using wound healing and transwell assays in the 143B and U2OS cells co-transfected with NRSN2 siRNA and the miR-1913 inhibitor. Scale bar: 100 µM, 200×. 
F. The protein N-cadherin and E-cadherin expressions were measured using western blot in the 143B and U2OS cells co-transfected with NRSN2 siRNA and the 
miR-1913 inhibitor. **P<0.01, ***P<0.001.
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that hBMSC-derived exosomal miR-1913 allevi-
ated cell viability, proliferation, and migration 
and invasion by targeting NRSN2, which thus 
blocks the progression of osteosarcoma.

The overall survival of osteosarcoma patients 
is influenced by the presence of pulmonary 
metastasis and by adherence to the treatment 
[16]. An increasing number of studies have 
shown the effects of exosomal miRNAs on 
tumor progression and metastasis. For exam-
ple, hypoxic BMSC-derived exosomal miRNAs 
promote the metastasis of lung cancer cells  
via STAT3-induced EMT [17]. BMSC-derived 
exosomes are involved in the miRNA-depen-
dent survival of retinal ganglion cells [18]. In 
terms of osteosarcoma, studies have also 

shown that BMSC-derived miR-208a and miR-
122-5p are associated with osteosarcoma cell 
proliferation, migration, and invasion [19, 20]. 
Herein, we showed that hBMSC-derived exo-
somal miR-1913 exerted an antitumor role in 
osteosarcoma by targeting NRSN2 negatively. 
Also, miR-1913 can effectively inhibit cell prolif-
eration, migration and invasion, which is con-
sistent with previous studies about the effects 
of BMSC-derived exosomal miRNAs.

NRSN2 is a 24 kDa protein located in the mem-
brane. Evidence indicates that NRSN2 may 
regulate tumor progression. For example, 
NRSN2 promotes tumor cell proliferation, inva-
sion and migration in colorectal cancer [21] 
and accelerates cell metastasis in breast can-

Figure 5. hBMSC-derived exosomal miR-1913 reduced the NRSN2 expression. A. Representative picture of the 
exosomes under TEM. Scale bar: 200 nM, 30000×. B. NTA was used to measure the size distribution of the exo-
somes. C. The marker proteins of the exosomes including Hsp70 and CD63 were measured using western blot. D. 
The miR-1913 expression was measured in the hBMSCs and in the hBMSC-derived exosomes both transfected with 
the miR-1913 mimic. E. The miR-1913 expressions were detected in the 143B and U2OS cells incubated with the 
hBMSC-derived exosomes transfected with the miR-1913 mimic. F. The NRSN2 expression was measured in the 
143B and U2OS cells incubated with the hBMSC-derived exosomes transfected with the miR-1913 mimic. **P<0.01, 
***P<0.001.
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Figure 6. The hBMSC-derived exosomal miR-1913 inhibits cell viability, proliferation, and metastasis. 143B and U2OS cells were incubated with hBMSC-derived 
exosomes transfected with miR-1913 mimics or control mimics, respectively. A. The cell viability was determined using CCK8 assays at 24 h, 48 h, and 72 h. B. The 
cell proliferation was determined using colony formation assays. C, D. The cell migration and invasion were determined using wound healing and transwell assays. 
Scale bar: 100 µM, 200×. E. The protein N-cadherin and E-cadherin expressions were determined using western blot. **P<0.01, ***P<0.001.
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cer [22]. In ovarian cancer, its expression is 
associated with a malignant phenotype [23]. 
The NRSN2 mechanism on tumor progression 
uses the PI3K/AKT/mTOR pathway in non-small 
cell lung cancer [23] and the Wnt/β-catenin 
pathway in osteosarcoma [4]. NRSN2 also 
plays an oncogenic role by enhancing tumor 
progression via the PI3K/AKT/mTOR and Wnt/
β-catenin pathways [3]. Similarly, our results 
show an aberrant increased NRSN2 expression 
in osteosarcoma tumor tissues and cell lines, 
and its expression is related to poor prognosis, 
indicating its oncogenic role in osteosarcoma. 
However, it is worth noting that NRSN2 also 
plays an antitumor role in hepatocellular carci-
noma (HCC). Decreased NRSN2 expression 
correlates with poor HCC prognosis, and pro-
motes tumor progression [24, 25]. Unfortun- 
ately, we only proved the osteosarcoma-pro-
moted effects of NRSN2 in vitro. Further in vivo 
studies should be performed to verify the role 
of NRSN2 in osteosarcoma.

In our study, four tools were used to predict the 
miRNAs targeting NRSN2, and miR-1913 was 
identified as an intersecting gene. Likewise, 
miR-1913 was predicted to be related to both 
acute lymphoblastic leukemia [26] and cere-
bral cavernous malformations [27]. And a previ-
ous study showed that miR-1913 is associated 
with poor overall survival in cervical cancer 
[28]. However, our research reported the anti-
tumor role of miR-1913 in osteosarcoma. We 
found that miR-1913 is down-regulated in clini-
cal osteosarcoma tissues and cell lines, and 
the overexpression of miR-1913 significantly 
inhibits cell viability, proliferation, and metasta-
sis. The limitation of our study was the absence 

but it also provides a new therapeutic direction 
for osteosarcoma.
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