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Analysis of the miRNA and mRNA involved in osteogenesis
of adipose-derived mesenchymal stem cells
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Abstract. Mesenchymal stem cells (MSCs) are bone marrow
stromal cells capable of differentiating into different tissue
types. Osteoblastic differentiation is a complex process
that is critical for bone formation. An increasing number
of studies have suggested that microRNAs (miRNAs)
may serve important roles in various biological processes,
including osteogenesis of MSCs. However, less is known
about the participation of particular miRNAs in the osteo-
genic differentiation of adipose-derived stem cells (ADSCs).
In order to identify functional miRNAs and the key genes
involved in the osteogenesis of MSCs, the present study
reconstructed a global network using data from the National
Center for Biotechnology Information Gene Expression
Omnibus. Meanwhile, gene ontology and pathway analysis
were performed using the Cytoscape plug-in BinGO and
the Database for Annotation, Visualization, and Integration
Discovery, respectively. An miRNA-mRNA network
composed of 72 mRNA and nine miRNA nodes advised by
bioinformatics analysis was constructed. These mRNAs and
miRNAs were predicted to be involved in the regulation of
osteogenic differentiation of ADSCs according to the gene
microarray. In the present study, six miRNAs (miR-143-3p,
miR-135a-5p, miR-31-5p, miR-22-3p, miR-193b-3p and
let-7i-5p) were observed to be highly associated with the
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osteogenesis of ADSCs, and dihydropyrimidinase like
3 was identified as a novel regulator in this process. These
results provide support for further investigations into the
management of bone regeneration-associated diseases.

Introduction

Bone is an organ that has the potential for persistent regen-
eration into adult life and is the only tissue that undergoes
constant remodeling throughout life (1). Efficacious bone
regeneration could influence the management of bone and
musculoskeletal-associated disorders (2,3). While most
fractures recover spontaneously, problems in this regenerative
process may result in a variety of diseases.

Mesenchymal stem cells (MSCs) are non-hematopoietic
stem cells, which have the ability to differentiate into tissues
of mesenchymal, as well as non-mesenchymal origin. For
example, MSCs are able to differentiate into osteoblastic,
chondrogenic and adipogenic lineages (4-6). In the last few
years, MSCs have attracted increasing attention for their
potential use in identifying the differentiation signaling
pathways, facilitating tissue engineering and in their roles
as gene vectors and immunomodulators in autoimmune
diseases (7-9). In addition to bone marrow, MSCs have
been successfully isolated from other tissues, such as
adipose-derived mesenchymal stem cells (ADSCs) (10,11).
The osteogenesis of ADSCs is a complex process, which
is controlled by a series of endogenous and environmental
factors and signaling pathways (12,13). However, its effect
and the underlying mechanisms involved in the process of
bone regeneration remains unclear.

Although thousands of microRNAs (miRNAs) and
mRNAs have been identified and deposited in several public
databases, such as GENCODE (https://www.gencodegenes.
org/), NONCODE (http:/www.noncode.org/) and LNCipedia
(https://Incipedia.org/), the functional characterization of these
is still in its initial stages. So far, only a number of miRNAs
and mRNAs have been functionally well explored. It is hypoth-
esized that functionally associated miRNAs and mRNAs may
often be involved in several physiological processes; however,
their involvement in the osteogenesis of ADSCs has not yet
been completely investigated.
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Since miRNAs regulate gene expression via
post-transcriptional inhibition or degradation of mRNAs,
the potential interaction between differentially expressed
miRNAs and mRNAs in the ADSC-derived osteoblasts was
analyzed. In the current study, a global network using data
from the National Center for Biotechnology Information Gene
Expression Omnibus (NCBI GEO, https://www.ncbi.nlm.nih.
gov/geo/) identified numerous miRNAs and potential mRNA
targets, which were predicted to participate in the osteogenic
differentiation of ADSCs. Furthermore, dihydropyrimidinase
like 3 (DPYSL3), a novel key regulator of osteogenic differenti-
ation, was identified, which may present a potential therapeutic
target in the management of bone regeneration-associated
diseases.

Materials and methods

Raw data. GEO is a public functional genomics data reposi-
tory supporting minimum information about a microarray
experiment (MIAME)-compliant data submissions. Tools
are designed to query and download gene expression profiles
for further research. In the present study, human miRNA
expression data based on the Agilent-031181 Unrestricted_
Human_miRNA_V16.0_Microarray was downloaded from
NCBIGEO (GSE72429) and alterations in the miRNA expres-
sion profile during osteogenic differentiation were analyzed
in human ADSCs using a microarray-based approach. In
addition, human mRNA data based on the [HuGene-1_1-st]
Affymetrix Human Gene 1.1 ST Array was downloaded
from NCBI GEO (GSE37329) with the purpose of screening
for the genes involved in the osteogenic differentiation of
ADSCs.

Screening of differentially expressed miRNAs (DEMis)
and mRNAs (DEMs). Two sets of microarrays were used to
identify DEMis and DEMs following the osteogenesis of
ADSCs. The Benjamini and Hochberg (using the R package
‘limma’) (14) method was used to adjust the P-value for the
correction of false positive outputs, while logFC was used to
represent the fold change of down- or upregulated genes in
ADSC:s prior to and following the induction of osteogenic
differentiation. The DEMis and DEMs were selected when
P<0.05 and llogFCI>1.5.

Prediction of target mRNAs of DEMis. The target genes of
the DEMis from GSE72429 were predicted using TargetScan
(http://www.targetscan.org), an online database for predicting
miRNA targets (15). The predicted target genes were
aligned with the DEMs to obtain an intersection for further
analysis.

Functional and pathway enrichment analysis. To assess func-
tional enrichment, gene ontology (GO) Biological Processes
term and Kyoto Encyclopedia of Genes and Genomes (KEGG,
http://www.genome.jp/kegg/) pathway analyses of mRNAs
in the miRNA-mRNA network were performed using the
Database for Annotation, Visualization, and Integration
Discovery (DAVID, https://david.ncifcrf.gov/). GO and KEGG
pathway enrichment analysis for DEMis was performed using
the Functional Enrichment analysis tool (FunRich, http:/www.
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funrich.org/), a stand-alone software tool used primarily for
functional enrichment and interaction network analysis of
genes and proteins. These analyses provide a comprehensive set
of functional annotation tools for investigators to understand
the biological meaning behind large lists of genes (16).

Protein-protein interaction (PPI) network and module
selection. The STRING database (http:/string-db.org/) was
used for the analysis of PPIs, including direct and indirect
associations (17), and Cytoscape (http://www.cytoscape.org/)
was used for the visual exploration of biomolecule interaction
networks (18) The DEMs were mapped in STRING to evaluate
the PPI information and visualized using Cytoscape.

Cell culture, induction of differentiation and transfection.
Human ADSCs were purchased from ScienCell Research
Laboratories, Inc. (San Diego, CA, USA) and routinely
maintained in Dulbecco's modified Eagle's medium with
high glucose (Thermo Fisher Scientific, Inc., Waltham,
MA, USA) supplemented with 10% fetal bovine serum
(GE Healthcare Life Sciences, Logan, UT, USA) at 37°C in
a humidified atmosphere of 5% CO,. The culture medium
was refreshed every other day. For differentiation, the cells
were cultured in osteogenic medium consisting of standard
growth medium supplemented with 10 mM dexamethasone,
0.2 mM L-ascorbic acid, 10 mM p-glycerophosphate and
10 mM 1,25-dihydroxyvitamin D3 (Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany). Cells cultured in a normal
medium were used as a control. Cells were then seeded in
6-well plates at a density of 2x10° cells/ml per well and trans-
fection was subsequently performed using Lipofectamine
3000 (Thermo Fisher Scientific, Inc.) according to the manu-
facturer's instructions. After 48 h of transfection, the cells
were collected and used for further experimentation. The short
hair RNA plasmids (pGPU6/sh-GFP, pGPU6/sh-DPYSL3-1
and pGPU6/sh-DPYSL3-2) and overexpression lentivruses
(LV/GFP and LV/DPYSL) were chemically synthesized by
Shanghai GenechemCo., Ltd., (Shanghai, China).

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Tripure isolation reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) was used for the extraction of total RNA
from cell-monolayers, according to the manufacturer's instruc-
tions. The first cDNA strands were synthesized using oligodT
primers and Revoscript™ Reverse Transcription PreMix
(Intron Biotechnology, Inc., Seongnam, Korea). Analysis of
the expressed mRNA was performed using Brilliant IT SYBR®
Green QPCR Master Mix (Agilent Technologies, Inc., Santa
Clara, CA, USA) and a Light Cycler Nano Machine (Roche
Applied Science, Rotkreuz, Switzerland). A 35 cycle-thermal
program was conducted, consisting of denaturation at 95°C for
15 sec, annealing at 90°C for 15 sec and extension at 72°C
for 15 sec. The primer pairs used for PCR were as follows:
DPYSL3, forward, 5-CCTCGGCATAGATGGAACC-3', and
reverse, 5S-TCTGGGCAGTGCTGAAGGT-3"; runt-related
transcription factor 2 (RUNX2), forward, 5'-GCCGGGAAT
GATGAGAACTA-3', and reverse, 5'-GGACCGTCCACTGTC
ACTTT-3"; (Osterix), forward, 5-GGCGTCCTCCCTGCT
TGA-3', and reverse, 5"TGCTTTGCCCAGAGTTGTTG-3";
alkaline phosphatase (ALP), forward, 5'-GACAAGAAGCCC
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TTCACTGC-3', and reverse, 5'-AGACTGCGCCTGGTA
GTTGT-3'; GAPDH, forward, 5“TGAACGGGAAGCTCA
CTGG-3', and reverse, 5"TCCACCACCCTGTTGCTGTA-3".
The data were analyzed using the 2724 relative expression
method (19). Each experiment was performed in triplicate.

Western blot analysis. Western blot analysis was performed as
described previously (20). Protein extracts were prepared from
ADSCs cells using RIPA buffer (Invitrogen; Thermo Fisher
Scientific. Inc.) and protein concentration was determined using
the BCA Protein Assay kit (Thermo Fisher Scientific, Inc.).
Samples were combined with 2X SDS loading buffer, boiled for
10 min and protein (20 pg) was loaded onto a 10% or 4-20%
gradient SDS-PAGE gel. Proteins were transferred to a PVDF
membrane (EMD Millipore, Billerica, MA, USA) over 2 h at
350 mA, and membranes were incubated in Odyssey Blocking
Buffer (LI-COR Biosciences, Lincoln, NE, USA) for 2 h at room
temperature. Following incubation with primary antibodies
overnight at 4°C, the blots were washed three times in TBS
containing 0.1% Tween-20 for 15 min and then incubated with
peroxidase- or IRDye-conjugated secondary antibody (1:5,000;
cat. no. 4418; Cell Signaling Technology, Inc., Danvers, MA,
USA) for 1 h in TBS, 0.1% Tween-20 at room temperature.
Immunoreactivity was detected using an ECL reagent with a
LI-COR imaging system. Primary antibodies were as follows:
GAPDH (dilution, 1:1,000; cat. no. 8884; Cell Signaling
Technology, Inc.), DPYSL3 (1:100; cat. no. sc-100323; Santa
Cruz Biotechnology, Inc., Dallas, TX USA).

Alizarin red staining (ARS). ARS was performed at 14 days
following osteogenic induction to detect the osteoblast
calcification following the indicted treatments according to
the manufacturer's instructions. Cells in 24-well plates were
washed with PBS, fixed in 95% ethanol for 10 min at room
temperature, washed with distilled water, and stained at room
temperature for 30 min using alizarin red solution 1 g Tris
and 0.1 g alizarin red (Bio Basic Inc., Markham, ON, Canada)
in 100 ml ultrapure water]. Following washing with distilled
water twice, the cells were photographed using an optical
microscope.

ALP activity. An ALP assay kit (Beyotime Institute of
Biotechnology, Hangzhou, China) was used to measure the
ALP activity, according to the manufacturer's instructions.
Total protein was extracted using radioimmunoprecipitation
assay lysis buffer (included in the ALP assay kit) and the
protein concentration was determined using a bicinchoninic
acid assay. The cell lysate and substrate (obtained from the
ALP assay kit) were added to a 96-well plate and incubated
for 10 min at 37°C. Following the addition of stop solution,
the absorbance was determined at 405 nm using an ELISA
microplate reader.

Statistical analysis. Quantitative data were reported as the
mean + standard deviation. Statistical analysis was performed
using one-way analysis of variance followed by a Bonferroni
test for multiple groups, or a Student's t-test for the analysis of
differences between two groups (using SPSS 13.0 software;
SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to
indicate a statistically significant difference.
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Results

DEMs and DEMis identification. Alterations in miRNA and
mRNA expression profile during osteogenic differentiation
were analyzed in human ADSCs using a microarray-based
approach (GSE72429 and GSE37329). A total of 16 DEMis
were observed to be important in this physiological process,
while 185 DEMs were identified The predicted target genes
were aligned with the DEMs and a number of DEMs were
potentially regulated by >1 DEMis, according to the prediction
result. These key genes are known to be involved in the osteo-
genic differentiation of ADSCs (Tables I and II). Among the
DEMis, six miRNAs (miR-143-3p, miR-135a-5p, miR-31-5p,
miR-22-3p, miR-193b-3p and let-7i-5p) were highly associated
with the osteogenesis of ADSCs.

miRNA-mRNA and PPI networks. To speculate on the function
of mRNAs targeted by miRNAs, a network among miRNAs
and mRNAs was constructed and visualized. As shown in
Fig. 1A, the miRNA-mRNA network consisted of 72 mRNA
and nine miRNA nodes. Bioinformatics analysis highlighted
six miRNAs among the network (miR-143-3p, miR-135a-5p,
miR-31-5p, miR-22-3p, miR-193b-3p and let-7i-5p; Fig. 1B)
that exhibited >15 predicted DEM targets. The PPI network
of DEMs was illustrated in order to select significant genes
(Fig. 1C).

Functional prediction of miRNAs based on the miRNA-mRNA
network. To further understand the function and mechanism
of identified DEMs and DEMis, functional and pathway
enrichment analyses, including GO and KEGG, were
performed using DAVID. For DEMs analysis, the results
of GO analysis revealed 105 enriched GO terms in the
‘Biological Process’ category, particularly in the regula-
tion of cytosolic calcium ion concentration, 16 enriched
terms in the ‘Molecular Function’ category and 14 enriched
terms in the in the ‘KEGG pathway’ category, according to
P<0.05 and Benjamini corrected P<0.05 (Fig. 2A). The top
significant terms in the Biological Processes, Molecular
Function and KEGG pathway categories of DEMis are
shown in Fig. 2B.

DPYSL3 downregulation in the process of the osteogenesis
of ADSCs. In order to explore the possible target genes
involved in the osteogenesis of ADSCs from the aforemen-
tioned miRNA-mRNA network, the mechanisms of miRNA
mediation of downstream target genes were analyzed. It was
identified that dihydropyrimidinase like 3 (DPYSL3) may be
modulated by four differential DEMis, and was in the top 10
downregulated genes. Therefore DPYSL3 was selected as the
target gene in the osteogenesis of ADSCs. Firstly, to verify
the osteogenesis model of ADSCs, the expression of RUNX2,
a marker of osteogenesis, was examined in ADSCs. It was
observed that the expression of this gene was increased in the
process of osteogenesis of ADSCs (Fig. 3A). RT-qPCR results
indicated that the expression of DPYSL3 was decreased in
the process of osteogenesis of ADSCs (Fig. 3B). Significant
differences were observed following 7 and 14 days but not
following 3 days of osteogenesis, when compared with the
control group.
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Table I. List of identified DEMis.
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Number of
miRNA P-value Log,FC Regulation targets DEMs
miR-210 0.03826 5.27376 Up 0
miR-143 0.00904 4.60661 Up 29
miR-7 0.00275 4.16496 Up 0
miR-100 0.00975 3.97587 Up 2
let-71 0.00945 3.86616 Up 17
miR-487a 0.00953 3.82785 Up 3
miR-502-3p 0.00977 3.66819 Up 6
miR-193b 0.00961 3.55430 Up 9
miR-22 0.00994 1.45696 Up 17
miR-31 0.04184 1.03064 Up 18
miR-642b 0.03651 -1.03150 Down 0
miR-1181 0.00443 -1.06189 Down 0
miR-1275 0.01455 -1.15712 Down 0
miR-762 0.00403 -1.39160 Down 0
miR-135a 0.02155 -1.87443 Down 21
miR-629 0.00609 -5.71026 Down 0

miRNA/miR, microRNA; DEMs, differentially expressed mRNAs; DEMis, differentially expressed miRNAs.

Table II. Expressed mRNAs targeted by miRNAs.

Gene Gene title P-value Log,FC Targeted by
PPARGCI1A PPARG coactivator 1 alpha 0.0036 2.35 let-7i-5p, miR-193b-3p, miR-31-5p, miR-22-3p,
miR-487a-3p
DPYSL3 Dihydropyrimidinase like 3 0.0173 -2.07 miR-143-3p, let-7i-5p, miR-22-3p, miR-31-5p,
ADAMTS6 ADAM metallopeptidase with 0.0015 -1.72 miR-143-3p, let-7i-5p,
thrombospondin type 1 motif 6 miR-135a-5p, miR-22-3p
CNRI1 Cannabinoid receptor 1 0.0067 1.69 miR-143-3p, miR-487a-3p, let-7i-5p
EDNI1 Endothelin 1 0.0002 2.40 miR-143-3p, let-7i-5p miR-135a-5p
FBN2 Fibrillin 2 0.0028 -1.68 miR-143-3p, miR-22-3p miR-502-3p
LGR4 Leucine rich repeat containing 0.0030 -2.62 let-7i-5p, miR-193b-3p miR-487a-3p
G protein-coupled receptor 4
NTNG1 Netrin G1 0.0128 -1.56 miR-22-3p, miR-502-3p miR-135a-5p
MMP16 Matrix metallopeptidase 16 0.0225 -2.90 miR-135a-5p, miR-31-5p miR-193b-3p

miRNA/miR, microRNA.

Identified effects for silencing or overexpression of DPYSL3.
To determine the functional role of DPYSL3 in the ADSC
osteogenesis process, knockdown of DPYSL3 expression
in CRC cells was achieved using two independent lenti-
viral-mediated short hairpin RNAs (shRNAs). Compared with
the sh-GFP control, DPYSL3 levels in the sh-DPYSL3-1 and
sh-DPYSL3-2 groups were significantly reduced (Fig. 3C).
Furthermore, ectopic expression of DPYSL3 could increase
DPYSL3 expression level. ADSCs were infected with lenti-
viral vectors containing DPYSL3. Overexpression of DPYSL3
was associated with increased DPYSL3 expression, both at the

mRNA and protein levels (Fig. 3D). These results indicate that
the silencing or overexpression of DPYSL3 may decrease or
increase the DPYSL3 levels, respectively.

DPYSL3 is the target gene in the process of osteogenesis of
ADSCs. Further investigation into the functional role of DPYSL3
in the process of osteogenesis of ADSCs was performed.
Following treatment with osteogenic medium for 14 days, it was
observed that the silencing of DPYSL3 expression significantly
promoted the increased expression of osteoblast differentia-
tion-associated genes, RUNX2, OSX and ALP (Fig. 4A). By
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Figure 1. miRNA-mRNA network, PPI network and hub genes. (A) Core miRNA-mRNA network. Red diamonds represent miRNAs. Light green circles
represent upregulated and dark green circles represent downregulated genes; the size of the circles reflects the fold change in mRNA expression following
osteoblastic induction; the larger the size, the greater the fold change. (B) Six miRNAs (miR-143-3p, miR-135a-5p, miR-31-5p, let-7i-5p, miR-22-3p and
miR-193b-3) and their potential target DEMs. Red diamonds represent miRNAs. Light green circles represent upregulated and dark green circles represent
downregulated genes. (C) PPI network of DEMs. Red circles represent upregulated and green circles represent downregulated genes, the lighter the color, the
greater the fold change. miRNA, microRNA; PPI, protein-protein interaction; DEMs, differentially expressed mRNAs.
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expressed mRNAs; DEMis, differentially expressed microRNAs.

contrast, overexpression of DPYSL3 significantly reduced the
expression levels of these genes (Fig. 4B). Western blot analysis
demonstrated that overexpression or silencing of DPYSL3
could decrease or increase the protein levels of RUNX2
following induction of differentiation using osteogenic medium
for 14 days, respectively (Fig. 4C). Furthermore, ALP activity
demonstrated a significant increase or decrease following
silencing or overexpression of the DPYSL3 gene, respectively
(Fig. 4D). These findings were supported by the ARS results at
14 days indicating the same tendency (Fig. 4E).

Discussion

MSCs are bone marrow stromal cells that are capable of
differentiating into osteogenic, chondrogenic, adipogenic or
myogenic cell lineages (21-23). Osteoblastic differentiation is
a complex, closely regulated process that is critical for proper
bone formation and is influenced by a variety of endogenous and
environmental factors, including bone morphogenetic proteins,

peroxisome proliferator-activated receptor y, RUNX2 and
Wnt/B-Catenin (24,25). However, its effect and the underlying
mechanisms involved in the progression of bone regeneration
remain unclear.

Developments in high-throughput technology have
provided a large amount of osteogenesis profiles, which provide
information that enables the investigation of osteoblastic differ-
entiation. Bioinformatics analysis of the data has indicated that
specific genes with aberrant expression may be important for
osteoblastic differentiation or function as potential biomarkers
for osteogenesis diagnosis and prognosis (26-29). In particular,
miRNAs have been reported to be involved in the regulation
of cellular behavior, including differentiation and develop-
ment, metabolism, proliferation, apoptosis, viral infection and
tumorigenesis (30-32). Dysregulation of miRNA expression
may result in various pathological states (33). Recently, certain
miRNAs were identified as regulators of post-transcriptional
gene expression and were therefore considered important for
osteogenesis (34,35).
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(E) Alizarin red staining of differentiated ADSCs. "P<0.05 and “P<0.01 vs. the control group. DPYSL3, dihydropyrimidinase like 3; ADSCs, LV-DPYSL3,
overexpressed dihydropyrimidinase like 3; adipose-derived stem cells; ShRNA, short hairpin RNA; RUNX2, runt-related transcription factor 2; OSX, Osterix;
RT-qPCR, reverse transcription-quantitative polymerase chain reaction; ALP, alkaline phosphatase; sh-, small hairpin.
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In previous studies, GO and pathway analyses were useful
tools for analyzing biological functions, which were enriched
among differentially expressed coding-genes (36,37). GO analysis
is used to probe the roles of differentially expressed genes, and
annotate described genes and gene products distributed among
all organisms. KEGG is a database resource that integrates
genomic, chemical and systemic functional information; KEGG
pathway analysis can provide promising and more biologically
meaningful results, including information regarding molecular
interactions and cellular processes (38). Gene catalogs from fully
sequenced genomes are linked to higher-level systemic functions
of the cell, the organism and the ecosystem (39,40). In the GO
analysis, the term of regulation of cytosolic calcium ion concen-
tration ranks greatly statistics significance, proving the reliability
of this study. In addition, the molecular function analysis of the
Wht-activated receptor and the Wnt-protein binding indicated
significant involvement in the osteoblastic differentiation (P<0.05,
Benjamini corrected P<0.05). Pathway analysis further demon-
strated that 14 pathways were enriched. The transforming growth
factor beta and the ras-proximate-1 signaling pathway, as well
as the signaling pathways regulating pluripotency of stem cells,
have been observed to serve important roles in the osteogenesis
of ADSCs (41,42).

Emerging evidence has demonstrated that miRNAs have
displayed superior potential as diagnostic and prognostic
biomarkers due to their close association between mRNA
expression and function (43,44). Recently, previous studies have
identified several miRNA-focused signatures that may advance
the diagnoses of diseases, including ankylosing spondylitis,
oral squamous cell carcinoma and multiple myeloma (45-47).
However, the diagnostic role of miRNAs in the osteogenesis of
ADSC:s has not been fully investigated. In order to identify the
key miRNAs involved, which may be used as potential novel
biomarkers for the clinical diagnosis and treatment of the
osteogenesis of ADSCs, the hub nodes and the number of rela-
tionship pairs were used in the present study. Previous studies
have demonstrated that hub nodes, which are characterized by
their high degree of connectivity to other nodes, may be impor-
tant genes that could prove valuable to future study (48,49).
Generally, miRNAs with multiple relationship pairs take part
in more mRNA interactions, thus identifying the miRNA as
a hub. Hence, miRNAs are important in network organiza-
tion (50). In the current study, six miRNAs (miR-143-3p,
miR-135a-5p, miR-31-5p, miR-22-3p, miR-193b-3p and
let-7i-5p) were identified as topological key nodes, where the
node degrees and the number of miRNA-mRNA pairs were
significantly higher compared with other miRNAs. This
indicates that these miRNAs have profound implications for
the osteogenesis of ADSCs and may be considered as key
miRNAs.

Further analyses indicated that one of these identi-
fied genes, DPYSL3, was predicted to be modulated by the
majority of miRNAs and exhibited a greater fold change.
These findings indicate that DPYSL3 may be a critical
gene involved in osteogenesis. However, the contribution of
DPYSL3 to osteogenesis of ADSCs was not evaluated in the
present study. By analyzing its expression in the process of
osteogenesis of ADSCs, it was demonstrated that DPYSL3
expression was gradually decreased, which indicates that this
gene might be involved in the osteogenesis of ADSCs. The
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selective knockdown or overexpression of this gene demon-
strated that silencing of DPYSL3 promoted the expression
of osteoblast differentiation-associated genes, while overex-
pression of DPYSL3 inhibited the expression of these genes
following the induction by osteogenic medium for 14 days.
Simultaneously, ALP activity exhibited a significant increase
or decrease following silencing or overexpression of DPYSL3,
respectively. The results were confirmed by ARS at 14 days,
which demonstrated the same trend. These results indicated
that DPYSL3 may be a target gene involved in the process of
osteogenesis of ADSCs.

In conclusion, the miRNA-mRNA network
constructed in the present study may enable the analysis
of miRNA-mRNA-mediated genes in the development of
osteogenesis of ADSCs at a system-wide level. These results
identified DPYSL3 as a novel regulator in osteogenesis of
ADSCs, and may provide novel insight into the potential of
DPYSL3 as a therapeutic target in the management of bone
regeneration-associated diseases.
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