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1 | INTRODUCTION

Regeneration and repair of bone tissue are pluripotent stem cells
through a series of complex process completed. It mainly includes
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Abstract

Objectives: It is of profound significance for clinical bone regeneration to clarify the
specific molecular mechanism from which we found that osteogenic differentiation
of adipose-derived stem cells (ADSCs) will be probably promoted by exosomes.
Materials and Methods: By means of lentiviral transfection, miR-130a-3p overex-
pression and knockdown ADSCs were constructed. Alizarin Red S was used to detect
the calcium deposits, and qPCR was used to detect osteogenesis-related genes, to
verify the effect of miR-130a-3p on the osteogenic differentiation of ADSCs. CCK-8
was used to detect the effect of miR-130a-3p on the proliferation of ADSCs. The
target binding between miR-130a-3p and SIRT7 was verified by dual-luciferase re-
porter gene assay. Furthermore, the role of Wnt signalling pathway in the regulation
of ADSCs osteogenesis and differentiation by miR-130a-3p was further verified by
detecting osteogenic-related genes and proteins and alkaline phosphatase activity.
Results: (a) Overexpression of miR-130a-3p can enhance the osteogenic differ-
entiation of ADSCs while reducing protein and mRNA levels of SIRT7, a target of
miR-130a-3p. (b) Our study further found that overexpression of miR-130a-3p leads
to down-regulation of SIRT7 expression with up-regulation of Wnt signalling path-
way-associated protein. (c) Overexpression of miR-130a-3p inhibited proliferation of
ADSCs, while knockdown promoted it.

Conclusions: The obtained findings indicate that exosomal miR-130a-3p can promote
osteogenic differentiation of ADSCs partly by mediating SIRT7/Wnt/p-catenin axis,
which will hence promote the application of exosomal microRNA in the field of bone

regeneration.

proliferation and differentiation, recognition of extracellular matrix and
signal molecules, expression of related factors and targeting. Adipose-
derived stem cells (ADSCs) are a population of non-hematopoietic adult
stem cells with self-renewal ability and multi-lineage potential isolated
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from adipose tissue.2 Compared with other adult stem cells, ADSCs

can not only differentiate into adipocytes, chondrocytes and osteo-
blast, but also have the advantages of abundant storage in vivo, easy
acquisition and expansion.3 In recent years, the application of ADSCs in
the field of bone regeneration has received extensive attention.

Achieving directional osteogenic differentiation of stem cells is
the key to bone regeneration, and 'inducing factors' play a critical
role in this process. Our previous studies have confirmed that the
exosomes derived from osteogenically differentiated ADSCs can
be used as an effective 'inducing factor' to promote osteogenic
differentiation of ADSCs.* However, the molecular mechanism
of exosomes in the osteogenic differentiation of ADSCs remains
elusive. MicroRNAs (miRNAs) are endogenous non-protein-cod-
ing RNA with a length of about 22 nt, which is a quintessential
post-transcriptional regulator and it can regulate the expression of
target genes mainly through specific binding with 3'UTR of target
genes.5 As an important 'cargo' of exosomes, miRNAs have been
demonstrated to regulate bone regeneration.“"8 In our previous
studies, we intended to figure out how miRNAs regulate bone re-
generation, so we used microarray assays to analyse the different
expression of exosomal miRNAs, and found that miR-130a-3p has
the highest fold change, which means that miR-130a-3p may be
the main influence.* So how does miR-130a-3p play a part as a
regulator? Xiao F et al found that miR-130a-3p can significantly
alleviate fatty liver, which mainly regulates liver lipid metabolism
by regulating FAS expression.” In addition, it was also noted that
the treatment of 3T3-L1 cells with miR-130a-3p could reduce lipid
production.® Up to this date, other researches on miR-130a-3p
are more focused on the field of cancer.'>2 However, the role of
miR-130a-3p in osteogenic differentiation of mesenchymal stem
cells (MSCs) is rarely known.

As a member of the sirtuin family of NAD*-dependent
deacetylase,*® SIRT7 interacts with various substrate proteins
through its deacetylation activity and participates in the regula-
tion of cell proliferation, senescence, apoptosis, metabolism and
other processes.“’is Currently, an increasing number of studies
have indicated that sirtuin family is closely related to osteogenic
differentiation.?®*® According to previous studies, SIRT7 has been
shown to promote adipogenesis,’’ while inhibiting osteogenic dif-
ferentiation of bone marrow mesenchymal stem cells (BMSCs).2°
Moreover, as mentioned before, miRNAs are considered to be an
endogenous regulator of SIRT7, which binds to 3'UTR of SIRT7 to
down-regulate its expression.21

In the past few years, many members of the sirtuin family have
been confirmed to relate to Wnt signalling pathway closely.?%22:23
Wt signalling pathway has been widely confirmed to play an im-
portant role in the osteogenic differentiation of MSCs. Among them,
the canonical Wnt signalling pathway is characterized by stable ex-
pression of B-catenin and its transfer into the nucleus. When in the
absence of Wnt ligands, B-catenin interacts with Axin, adenomatous
polyposis coli (APC), casein kinase 1 (CK1) and glycogen synthase
kinase 3p (GSK-3p) to form 'APC-Axin-GSK-3p' complex. As a re-

sult, B-catenin is degraded and cannot enter the nucleus, forming

an 'off-state' pathway. When the expression of Wnt ligands is acti-
vated, Wnt interacts with lipoprotein receptor-related protein (LRP)
and Frizzled to form receptor complex, and loose protein (Dsh) in
the cytoplasm gathers under the cell membrane, leading to GSK-38
phosphorylation and preventing 'APC-Axin-GSK-3p' complex from
formation. Thus, the degradation process of p-catenin is blocked,
and a large amount of free p-catenin enters the nucleus, which is to
say, Wnt signalling pathway is now 'on-state'.?*

In this study, we confirmed the vital role of exosomal miR-
130a-3p in the osteogenic differentiation of ADSCs, as well as clar-
ified the targeting relationship between miR-130a-3p and SIRT7.
Furthermore, we explored the modulation of Wnt signalling path-
way in this process, so as to confirm the important significance of
miR-130a-3p/SIRT7/Wnt/p-catenin axis in regulating the osteogenic
differentiation process of ADSCs, providing a theoretical basis for

bone regeneration.

2 | MATERIALS AND METHODS

2.1 | lIsolation, culture and characterization of
ADSCs

According to methods previously reported,25'26 ADSCs were iso-
lated from human adipose tissue obtained from patients who were
undergoing liposuction at the Department of Plastic Surgery, the
First Hospital of China Medical University. Adherent cells were
cultured in a growth medium [DME F12 (HyClone, USA), 10% FBS,
1% Penicillin-Streptomycin Solution (Gibco, USA)] at 37°C/5% CO2
and saturated humidity. ADSCs were passaged after reaching 90%
confluence.

Multi-lineage potential assay and flow cytometry analysis were
performed to identify characteristics of ADSCs, as we have done in
the past.4 The antibodies including anti-CD34-FITC, anti-CD45-PE,
anti-CD44-FITC, anti-CD73-PE and anti-CD105-PE were purchased
from BD biosciences (USA).

2.2 | Extraction and Identification of ADSCs-
derived exosomes

ADSCs-derived exosomes used in this study were obtained by
Differential Ultracentrifugation, as described previously by Théry C
et al?’ In order to define the exosomes, transmission electron mi-
croscopy [TEM, (HITACHI, JAPAN)] was used to observe their struc-
tures. The characteristic markers including TSG101, calnexin and

CD9 were analysed by Western blot, as described in 2.8.

2.3 | Nanoparticle tracking analysis (NTA)

The exosomes sample pool was washed with deionized water.

ZetaView Particle Metrix (Particle Metrix, Germany) is calibrated
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TABLE 1 List of gene primers
Gene

Osterix

ALP

RUNX2
SIRT7
miR-130a-3p
GAPDH

ué

with polystyrene microspheres with a size of 110 nm. Then, the
sample pool was washed with 1 x PBS. Finally, the exosomes sam-
ple was diluted by 1 x PBS buffer (Biological Industries, Israel) to

for testing.

2.4 | Lentiviral transfection

The lentivirus particles used in this study were purchased from
GenePharma company (China). First, 1 x 10° ADSCs were plated in
a 6-well plate and incubated overnight in conventional growth me-
dium under the condition of 37°C/5% CO2 and saturated humidity.
Next, cells were incubated with lentiviral particles and 5 pg/mL po-
lybrene in conventional growth medium at a multiplicity of infec-
tion (MOI) of 50. After 24 hours, the results were observed under
a light microscope (OLYMPUS, Japan) and an inverted fluorescence
microscope (OLYMPUS, Japan). Two days later, the expression of
miR-130a-3p was measured by gPCR to see whether transfec-
tion is successful or not. It was illustrated more in Materials and
Methods 2.7.

2.5 | Cell viability assay

ADSCs were seeded in a 96-well plate with 5000 cells/100uL in each
well. According to the manufacturer's instructions, after 24, 48 and
72 hours incubation, 10 pL Cell Counting Kit-8 [CCK8 (Beyotime,
China)] was added into each well. After three more hours of incu-
bation, the result of cell proliferation was detected by a Microplate
Reader (MD SpectraMax Plus384) at a rate of 450 nm.

2.6 | Osteogenic induction of ADSCs and Alizarin
Red S (ARS) assay

When the cells reached to 90% confluence, the conventional
growth medium was replaced with osteogenic differentiation me-
dium, which was prepared by 15 mL 15% foetal bovine serum [FBS
(Gibco, USA)], 10 pL 1078 mol/L dexamethasone sodium phosphate
(Beyotime, China), 1 mL 1.8 mmol/L KH,PO, (Beyotime, China),
1 mL 100 U/mL penicillin (Gibco), 1 mL 100 U/mL streptomycin
(Gibco), 1 mL 0.1 mmol/L L-ascorbic acid phosphate (Beyotime,

Forward sequence

TTCTGCGGCAAGAGGTTCACTC
CAACGAGGTCATCTCCGTGATG
CCCAGTATGAGAGTAGGTGTCC
CAGGGAGTACGTGCGGGTGT
CGATGCTCTCAGTGCAATGTTA
GTCTCCTCTGACTTCAACAGCG
CGCTTCGGCAGCACATATAC

Proliferation

Reverse sequence
GTGTTTGCTCAGGTGGTCGCTT
TACCAGTTGCGGTTCACCGTGT
GGGTAAGACTGGTCATAGGACC
TCGGTCGCCGCTTCCCAGTT

ACCACCCTGTTGCTGTAGCCAA
TTCACGAATTTGCGTGTCATC

China), 1 mL 2 mmol/L Glutamine (Beyotime, China) and Alpha
MEM (Hyclone, USA) to up 100 mL. The medium was renewed
every 3 days till Day 7 or Day 14. Mineral deposit was then de-
tected by ARS Staining (Cyagen, USA). According to the manufac-
turers’ instructions, the cells were fixed with 2 mL of 4% neutral
formaldehyde solution for 30 minutes. After removing formalde-
hyde and washing the plate with PBS, ARS solution was added for
5 minutes. The staining cells were observed by a light microscope
(OLYMPUS, Japan).

2.7 | Alkaline phosphatase (ALP) activity assay

The detected cells were lysed by Cell lysis buffer for Western and
IP without inhibitors (Beyotime Biotechnology, China), and the su-
pernatant was collected for semi-quantitative analysis of ALP using
an Alkaline Phosphatase Assay Kit (Beyotime Biotechnology, China)
according to the manufacturers’ instructions. Para-nitrophenol (p-
nitrophenol), as a common substrate for phosphatase activity, can
produce yellow products under alkaline conditions. Optical density
(OD) values were measured using a microplate reader (SpectraMax
Plus384, Molecular Devices, USA) at 405 nm. The expression level
of ALP was standardized to the total protein content of cells to ob-

tain the absorbance index.

2.8 | RNA isolation and Quantitative real-time PCR
(qPCR)

In accordance with the manufacturer's instructions, the exoso-
mal RNA was isolated using SeraMir Exosome RNA Purification kit
(System Biosciences, USA). TRIzol™ Reagent (Invitrogen, USA) and
PrimeScript” RT Master Mix (TAKARA, Japan) were used to extract
total RNA and synthesize cDNA from cells, respectively. The cycle
was as follows: pre-denaturation at 95°C for 30 seconds; denatura-
tion at 95°C for 5 seconds; and extension at 60°C for 30 seconds.
The cycle was done for 40 rounds. All primers were synthesized by
GenePharma (China). The primer sequences are given in Table 1.
Moreover, the details of primers are provided in Supplementary
file 1. GAPDH was used for mRNA normalization. U6 was used for
miRNA normalization. The relative expression levels of target genes

were calculated using the 2722 method.
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2.9 | Western blot analysis

Cells were lysed by RIPA Lysis Buffer (Beyotime Biotechnology,
China). The proteins are electrophoretic separated with 11% SDS-
PAGE gel, transferred to PVDF membrane (Millipore, USA) and
stained with Ponceau S staining solution (Beyotime Biotechnology,
China) for 5-10 minutes. After blocking with 5% evaporated skimmed
milk, the membranes were incubated with each primary antibody,
including anti-TSG101, anti-Calnexin, anti-RUNX2, anti-Osterix,
anti-Wnt1, anti-p-catenin, anti-Axin2 (Abcam, 1:1000 dilution) for
16 hours and the respective secondary antibody (Cell Signaling
Technology, 1:5000 dilution). After the membranes were washed
with TBST three times, the target bands were detected by ECL kit
(Solarbio, China). The relative intensity was measured by normaliza-
tion using GAPDH.

2.10 | Target gene prediction and Dual-luciferase
reporter gene assay

TargetScan (http://www.targetscan.org) online tool was utilized
to predict which gave a prediction that miR-130a-3p can bind to
the 3’'UTR of SIRT7. SIRT7 wild-type vectors, SIRT7 mutant-type
vectors, miR-130a-3p vectors and blank vectors were purchased
from Genepharma (China). For dual-luciferase reporter gene assay,
HEK293T cells were transiently transfected with SIRT7 wild-type
or SIRT7 mutant-type plasmids, and miR-130a-3p plasmids using
Lipofectamine 2000 (Invitrogen). Report gene assay was performed
24 hours after transfection using Dual-Luciferase Reporter Assay
System (Promega, USA). Firefly Luciferase and Ranilla Luciferase
were detected by multi-mode microplate reader (PerkinElmer, USA).
Firefly/Ranilla Luciferase activity was used for internal control, and

all assays were repeated three times.

2.11 | Statistical analysis

In this study, SPSS 17.0 and GraphPad Prism 7.0 were used for sta-
tistical analysis. Besides, all experiments were repeated at least
three times. P value < .05 is considered as statistically significant

differences.

3 | RESULTS
3.1 | Identification of ADSCs

To identify characteristics of ADSCs, flow cytometry analysis
and multi-lineage potential assay were performed. As shown in
Figure 1(A), the expression of CD44, CD73 and CD105 was positive,
while the expression of CD34 and CD45 was negative. In addition,
we confirmed that ADSCs can differentiate into adipocytes, osteo-

blasts and chondrocytes [Figure 1(B-D)].

3.2 | Expression of miR-130a-3p in ADSCs-
derived exosomes

Exosomes derived from undifferentiated ADSCs (Exos_DO) and osteo-
genically differentiated ADSCs on 14th day (Exos_D14) were extracted
by differential ultracentrifugation. As shown in Figure 2(A), the vesicles
with a particle size between 40 nm and 150 nm exhibited spherical mor-
phology under TEM, indicating the existence of exosomes. Western
blot results showed that the TSG101 and CD9 were positive while cal-
nexin was almost not expressed [Figure 2(B)]. The results of nanopar-
ticle tracking analysis (NTA) revealed that the peak size of exosomes
was 119.0 nm, and the peak area per cent was 97.9%. The actual aver-
age particles size was 134.2 nm, which conforms to the identification
standard of exosomes with particles size of 40-150 nm [Figure 2(C)].
gPCR results indicated that, compared with Exos-DO, the expression
of miR-130a-3p in Exos_D14 was significantly increased[Figure 2(D)].

3.3 | Overexpression and knockdown of miR-130a-
3p in ADSCs

To further explore the roles of miR-130a-3p, which was highly ex-
pressed in Exos_D14, we transfected ADSCs with lentiviral over-
expression particles (overexpression group), lentiviral knockdown
particles (knockdown group) and lentiviral GFP particles (lenti-
control group), respectively. Most ADSCs in overexpression and
knockdown group expressed green fluorescent protein (GFP) whose
morphology were similar to that of ADSCs in control group (with-
out lentivirus) and lenti-control group [Figure 3(A)]. The expression
of miR-130a-3p was quantified by gPCR. As shown in Figure 3(B),
compared with control and lenti-control groups, miR-130a-3p was
significantly increased in overexpression group while decreased in

knockdown group.

3.4 | Overexpression of miR-130a-3p
inhibits proliferation but promotes osteogenic
differentiation of ADSCs, while miR-130a-3p
knockdown promotes proliferation

To investigate whether miR-130a-3p can affect the proliferation
of ADSCs, we carried out cell viability assay using CCK8. As the
result shown in Figure 4(A), compared with control and lenti-con-
trol group, knockdown of miR-130a-3p enhanced proliferation of
ADSCs, while overexpression of miR-130a-3p inhibited prolifera-
tion. There was no significant difference between control and lenti-
control groups.

Furthermore, we performed osteogenic induction of cells in
each group to evaluate the roles of miR-130a-3p in the osteo-
genic differentiation of ADSCs. gPCR was performed 3 days after
induction [Figure 4(B-D)]. The expression of ALP, RUNX2 and
Osterix mRNA all showed a significant increase in overexpres-

sion group compared to control and lenti-control groups, while
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FIGURE 1 Characteristics of ADSCs. A, The expression of special surface markers detected by flow cytometry analysis. B, The ability of
ADSCs to differentiate into osteoblasts confirmed by ARS. C, The ability of ADSCs to differentiate into adipocytes identified by oil red O
staining. D, The ability of ADSCs to differentiate into chondrocytes identified by alcian blue. Notes: ARS:Alizarin Red S

the expression of RUNX2 mRNA in knockdown group was dra-
matically decreased. Surprisingly, the Osterix mRNA expression
level in knockdown group was much higher than that in the other
groups. After a 7-day and 14-day induction, ARS assay indicated
that there were more calcium deposits formed in overexpression
group [Figure 4(E)]. To sum up, the results confirmed that miR-
130a-3p can inhibit proliferation while promoting osteogenic
differentiation of ADSCs. MiR-130a-3p knockdown can promote
the proliferation of ADSCs, but the effect of inhibiting osteogenic
differentiation is not significant.

3.5 | MiR-130a-3p can target SIRT7 mRNA in the
3'UTR

In order to explore how miR-130a-3p regulates osteogenic differen-

tiation of ADSCs, we searched for its potential downstream target

genes through bioinformatics analysis. TargetScan tool predicted
that miR-130a-3p can bind to the 3'UTR of SIRT7 [Figure 5(A)]. As
shown in Figure 5(B,C), overexpression of miR-130a-3p in ADSCs
resulted in the dramatically decrease of SIRT7 protein expression,
while knockdown of miR-130a-3p in ADSCs resulted in the signifi-
cantly increase of SIRT7 protein expression according to Western
blot analysis. gPCR analysis showed similar results to Western blot
analysis [Figure 5(D)]. To further determine the negative regulatory
effect of miR-130a-3p on SIRT7, 3'UTR of wild-type SIRT7 mRNA
(WT) and 3'UTR of mutant-type SIRT7 mRNA (MUT) were cloned
into luciferase vectors for dual-luciferase reporter gene assay
[Figure 5(E)]. According to the result of dual-luciferase reporter, we
discovered that luciferase activity was significantly decreased due to
overexpression of miR-130a-3p in HEK293T cells with SIRT7 wild-
type vectors [Figure 5(F)]. In summary, our results confirmed that
miR-130a-3p negatively regulates expression of SIRT7 by targeting
its 3'UTR.
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Nanoparticle tracking analysis of exosomes. D, gPCR analyses expression of miR-130a-3p in Exos_DO and Exos_D14. *represents significant

differences between Exos_DO and Exos_D14. *P < .05

3.6 | Exosomal miR-130a-3p regulates osteogenic
differentiation of ADSCs by mediating Wnt
signalling pathway

To further clarify the specific mechanism by which miR-130a-3p
regulated osteogenic differentiation of ADSCs, the Wnt signalling
pathway knockdown groups were added based on the original ex-
perimental grouping, namely control + DKK1, lenti-control + DKK1,
overexpression + DKK1 and knockdown + DKK1. Western blots
were performed on Day 3 and Day 7 after treatment [Figure 6(A-B)].
In the comparison of first four groups, we found that the expres-
sion of osteogenic-related proteins RUNX2, Osterix and key pro-
teins of Wnt signalling pathway Wnt1, p-catenin and Axin2 in the
overexpression group were significantly increased. Compared with
the first four groups, the osteogenic-related proteins and proteins

of Wnt signalling pathway in the last four groups have a downward

trend. In the comparison between overexpression group and over-
expression + DKK1 group, we found that the expression of osteo-
genic-related protein (RUNX2, Osterix) of the latter decreased more
significantly.

As shown by the gqPCR results after a 7-day treatment, we
found that compared with control and lenti-control groups, the
expression of ALP and RUNX2 mRNA in overexpression group
increased significantly without DKK1. While there were no sig-
nificant differences in knockdown group. Compared with no treat-
ment groups, the expression of ALP and RUNX2 mRNA in control,
lenti-control and overexpression groups treated with DKK1 de-
creased significantly. Additionally, the differences of ALP and
RUNX2 mRNA expression in knockdown group were not signifi-
cant. Among them, the expression of ALP and RUNX2 in the over-
expression group was most significantly decreased after DKK1
treatment [Figure 6(C,D)].
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of miR-130a-3p quantified by gPCR. Notes: *represents significant differences between the control group and other groups; #represents
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As the result shown in Figure 6(E,F), compared with control and
lenti-control groups, ALP activity on 3rd day and 7th day was signifi-
cantly increased in overexpression group without DKK1. Compare
with control group, ALP activity on 3rd day was significantly de-
creased. ALP activity on 7th day was significantly decreased, com-
pared with control and lenti-control groups. Compared with no
DKK1 treatment groups, ALP activity in groups with DKK1 treat-
ment was significantly decreased. ALP activity in the overexpression
group was most significantly decreased. The diagram of the mech-
anism that exosomal miR-130a-3p regulates osteogenic differentia-
tion of ADSCs by mediating Wnt signalling pathway was presented
in Figure 6(G).

In general, these results confirmed that blocking Wnt signalling
pathway inhibits osteogenesis and further proved that miR-130a-3p
promotes osteogenic differentiation of ADSCs by activating Wnt
signalling pathway.

4 | DISCUSSION

It is an urgent issue in the field of bone regeneration to find an ef-
ficient way to induce osteogenic differentiation of stem cells. Our
previous study has confirmed that only osteogenically differentiated
ADSC-derived exosomes can promote osteogenic differentiation of
ADSCs, which is expected to be an effective osteogenic induction
method.* To explore how exosomes worked, we selected miR-130a-
3p, which is highly expressed in exosomes derived from osteogeni-
cally differentiated ADSC, for subsequent study. Seenprachwwong
et al have proven that miR-130a and miR-27b can enhance hBMSCs
via specific down-regulation of PPAR-y (a major transcription factor
of adipogenesis).?® It suggested that the osteogenic differentiation
of MSCs is negatively correlated with adipogenesis. Hence, osteo-
genic potential of MSCs could be enhanced by inhibiting their adipo-

genesis. In the current study, we clarified the underlying mechanism
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of miR-130a-3p in regulating proliferation and osteogenic differen-
tiation of ADSCs by altering its expression. Importantly, exosomes
may modulate proliferation and osteogenic differentiation of ADSCs
by delivering miR-130a-3p.

The fact that exosomes carry miRNAs which serve as import-
ant mediators of intercellular communication, has been proven to
promote osteogenic differentiation of stem cells.*#?73% MiRNAs

play a crucial role in bone development and homoeostasis.®3!

Our findings revealed that overexpression of miR-130a-3p can
promoted osteogenic differentiation but inhibited proliferation
of ADSCs. Knockdown of miR-130a-3p can promoted prolifera-
tion without significantly inhibiting osteogenic differentiation
of ADSCs. Consistently, it has been reported that miR-130a-3p
inhibited cell proliferation in nasopharyngeal carcinoma.®?
Additionally, lipid production was decreased due to 3T3-L1 cells
being treated with miR-130a-3p.’° To our knowledge, this is
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FIGURE 5 Target binding between
miR-130a-3p and SIRT7. A, MiR-130a-
3p predicted to bind to 3'UTR of SIRT7
by bioinformatics analysis. B, The
expression of SIRT7 protein analysed
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the first demonstration of the important role of exosomal miR-
130a-3p in regulating osteogenic differentiation and proliferation
of ADSCs.

Furthermore, our results also indicated that miR-130a-3p can
target SIRT7 by dual-luciferase reporter gene assay. Knockdown of
SIRT7 using lentiviral transfection is now confirmed to promote os-
teogenic differentiation of bone marrow mesenchymal stem cells.?°
However, there are safety risks in the clinical application of lentivi-
ral modified cells. In this study, we explored the possibility of miR-
130a-3p enriched in safer exosomes as SIRT7 targeting suppressor,
to achieve the similar effect of promoting osteogenic differentiation
of ADSCs, which is more significant for clinical application of promot-
ing bone regeneration.

In this study, we found that miR-130a-3p overexpression can dra-
matically increase the expression of ALP, RUNX2 and Osterix mRNA,
Osterix and RUNX2 protein. Interestingly, although miR-130a-3p
overexpression increased the expression of Osterix mRNA, in com-
parison, miR-130a-3p knockdown can more significantly increase it.
According to previous study, SIRT7 increased the transcriptional ac-
tivity of Osterix without altering protein expression,® which further
confirmed the role of SIRT7 in miR-130a-3p regulating osteogenic

differentiation. Moreover, there may be other pathways affecting

N\
N
S

the expression of Osterix mMRNA and protein which may explain why
its expression increases with the decrease of SIRT7 (miR-130a-3p
overexpression group) during osteogenic differentiation. ARS clearly
showed that miR-130a-3p overexpression increased calcium depos-
its. These results indicated that miR-130a-3p overexpression can
promote osteogenic differentiation of ADSCs.

The canonical Wnt signalling pathway plays an important role in
osteogenic differentiation of stem cells.3* It is reported that several
members of the sirtuin family are closely related to Wnt signalling
pathway.?%3%3¢ |n this study, we found that overexpression of miR-
130a-3p can decrease SIRT7 expression while increasing p-cat-
enin and Axin2 expression during osteogenic differentiation. After
adding DKK1 (wnt signalling pathway inhibitor), we found that the
expression of osteogenesis-related genes and proteins in the miR-
130a-3p overexpression group was most significant in decrease,
whereas being not significant in decrease in miR-130a-3p knock-
down group. All in all, the effect of miR-130a-3p overexpression on
osteogenic differentiation of ADSCs was partially reversed by DKK1
(an inhibitor of Wnt signalling pathway). These results suggested
that miR-130a-3p overexpression positively regulated osteogenic
differentiation of ADSCs partly through modulating Wnt/p-catenin
signalling pathway.
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(A) FIGURE 6 The mechanism of
miR-130a-3p promoting osteogenic
differentiation of ADSCs through Wnt
signalling pathway. A-B, The expression
of osteogenic-related protein and key
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More and more studies have confirmed that exosome plays an
important role in osteogenesis.>”*® In our present study, for the first
time, we confirmed the effect of exosomal miR-130a-3p on prolif-
eration and osteogenic differentiation of ADSCs. These findings in-
dicated that exosomal miR-130a-3p may be a new target for bone
regeneration. Other potential targets of miR-130a-3p and signalling
pathways involved in regulating osteogenic differentiation by exo-
somal miR-130a-3p should be explored in the future. Additionally,
the function of more miRNAs delivered through exosomes which is
related to osteogenesis remains to be elucidated.

Long-term vision, the real achieve clinical application of the
method by exosomal miRNAs to treat bone defects, there is still a
long way to go. The development of bone tissue engineering pro-
vides a shortcut. Bone tissue engineering is mainly composed of
three elements: seed cells, inducible factors and scaffold materials.
In research experiments, we confirmed that exosomal miR-130a-3p
can be used as a highly effective osteogenic induction factor in the
construction of tissue engineering bone. At the same time, we need
a scaffold material can provide 'matrix' support to solve the prob-
lem that it cannot act alone on local bone defects. Therefore, the
preparation of scaffold materials with good structure, strength and
other properties that can be used in vivo is an urgent problem to be
solved at present. It will be the focus of future research, which will
also greatly promote the development of clinical treatment of bone
defects.

5 | CONCLUSIONS

In conclusion, our results showed that exosomal miR-130a-3p can
regulate proliferation and osteogenic differentiation of ADSCs.
The overexpression of miR-130a-3p promoted osteogenic differen-
tiation but inhibited proliferation, while knockdown only promoted
proliferation of ADSCs. Thus, exosomes rich in miR-130a-3p may be-
come a novel 'inducible factor' to promote regeneration and repair

in the future.
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