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Abstract. Circular RNAs (circRNAs) are a class of
non-coding RNAs that may have important regulatory
potency in various biological processes. However, the role
of circRNAs and their potential functions in bone marrow
mesenchymal stem cells of mice (BMSCs) are still ambig-
uous. The current study aims to examine the expression of
circRNAs and to investigate their effects on FOS like 2 AP-1
transcription factor subunit (FOSL2) expression following
stimulation of BMSCs with calcitonin gene-related peptide
(CGRP). RNA generated from BMSCs stimulated with or
without CGRP was used in a microarray to detect expres-
sion of circRNAs. There were 58 significantly differentially
expressed circRNAs following CGRP treatment, with 44
circRNAs downregulated and 14 upregulated. Bioinformatics
analysis and regulatory networks were used to identify the
potential interactions between circRNAs and microRNAs
(miRs). mmu_circRNA_003795 was significantly increased
in the CGRP-stimulated BMSCs compared with the blank
control. Silencing of mmu_circRNA_003795, significantly
increased the expression of mmu_miR-504-3p, whereas
FOSL2 expression and cell proliferation were decreased.
Furthermore, silencing of mmu_mir-504-3p using an miR
inhibitor led to increased FOSL2 expression. Additionally,
silencing of mmu_circRNA_003795 using small interfering
RNA induced marked alterations in the cell cycle of BMSCs.
The results demonstrated that mmu_circRNA_003795
can indirectly regulate FOSL2 expression via sponging of
miR-504-3p, resulting in alterations in BMSC proliferation.
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Introduction

Circular RNAs (circRNAs) are an important type of
non-coding endogenous RNA molecules involved in regulating
gene expression (1). These molecules were first identified in
the 1970s in the RNA virus (2). In 1979, Hsu and Coca-Prados
used electron microscopy to observe, for the first time, that
RNA could be present in the cytoplasm of eukaryotic cells
in a cyclic form (3). Due to the restriction of the technical
capabilities at that time, circRNA was only considered to be
a type of low-abundance RNA molecule formed by the incor-
rect splicing of exon transcripts. However, with the continuous
improvement of science and technology, especially widely
used in bioinformatics and RNA sequencing techniques, it
hasbeen established that transcripts of a number of exons can
be used to form circRNA through non-linear reverse splicing
or gene rearrangement (4).

In contrast to traditional linear RNA, circRNAs are a type
of non-coding RNA existing with 1-5 exons forming a closed
loop structure. With the rapid development of science and tech-
nology circRNAs are now known to be extensively expressed
in mammals, have conserved sequences and exhibit structural
stability (5-8). More and more studies have demonstrated that
circRNAs have important roles in the expression of various
regulatory genes (9-11). For example, circRNA-forkhead box
protein O3 has been demonstrated to form ternary complexes
with P21 and cyclin dependent kinase 2 to regulate cell cycle
changes (12). Additionally, hsa_circ-0067934 can promote
the proliferation of esophageal squamous cell carcinoma (13).
However, the majority of previous studies have indicated that
the main function of circRNAs is to act as an microRNA
(miRNA/miR) sponge, achieving the effect of controlling genes
by inhibiting the activity of miRNAs (14,15). Bone defects and
bone shortening caused by trauma, inflammation and surgical
treatment of tumors remains a medical problem threatening
human health. Notably, in dental clinics, bone defects tend to
affect the efficiency of dental implant restoration, which can
reduce patients' quality of life; the quality and quantity of
bone is a key consideration following implant restoration (16).
Gene expression and cellular ultrastructures indicate that bone
marrow mesenchymal stem cells (BMSCs) have the potential
for self-renewal and multi-directional differentiation (17)
into cells of various tissues, including fat, bone and muscle,
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depending on specific internal and external conditions. In
addition, BMSCs are crucial for normal bone development and
maintenance of bone metabolism (18). Therefore, increasing
the proliferation ability of BMSCs may be of great importance
for the repair of bone defects.

Calcitonin gene-related peptide (CGRP) is a biologically
active polypeptide consisting of 37 amino acids expressed
in the nervous system, respiratory system, digestive system,
cardiovascular system and skeleton (19). CGRP is currently
the most potent endogenous vasodilator peptide that has
been identified (20). CGRP is also a type of neuropeptide,
with its highest expression level being in peripheral nerves.
Studies have revealed that the expression of CGRP in bone
marrow cells, osteoblasts and other cells in bone tissue has
an important role in bone repair and reconstruction. CGRP
can promote the differentiation and proliferation of osteo-
blasts, enhance the proliferation of BMSCs, promote BMSC
differentiation into osteoblasts and inhibit the formation of
osteoclasts (21-23). Previous studies have reported that CGRP
effectively promotes BMSC proliferation and osteogenic
differentiation (24,25). However, whether CGRP regulates
cell proliferation and differentiation via circRNAs has not
been previously investigated. In the present study, the role of
circRNAs in the CGRP-induced proliferation of BMSCs was
investigated to determine whether circRNAs are part of the
regulatory mechanism involved, aiming to provide a basis for
the further improvement of the osteogenic ability of BMSCs.

Materials and methods

Cell culture and verification of optimum concentration and
time point for CGRP treatment of BMSCs. BMSCs were
purchased from Cyagen Biosciences Inc., Guangzhou, China
(cat. no. MUBMX-01001) and cultured at 37°C with 5% CO, in
Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) supplemented with
10% FBS (Gibco; Thermo Fisher Scientific, Inc.). BMSCs
were seeded on 6-well plates culture dishes at density of
1x10° cells per well. In the concentration experiments, BMSCs
were stimulated with different concentrations (107, 108, 107,
10°, 10" or 0 M) of CGRP (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) for 1, 3 or 7 days. The cells were then
treated with Cell Counting Kit-8 (CCKS; Dojindo, Molecular
Technologies, Inc., Kumamoto, Japan) reagent for 2 h in the
dark to assess the BMSCs proliferation rate. The absorbance
of the culture media was measured with a microplate reader
(Thermo Fisher Scientific, Inc.) at 450 nm.

Microarray hybridization. The BMSCs were divided into
2 groups: The control group and the subject group. In the
subject group, the cells (1x10°) were treated with 10° M CGRP
for 3 days. In the control, the cells were untreated. The total
and circular RNAs of the 2 groups was isolated using TRIpure
(Aidalb Biotechnologies Co., Ltd., Beijing, China). Total RNA
and RNA in each group were quantified using NanoDrop
2000 (Thermo Fisher Scientific, Inc., Wilmington, DE, USA).
Sample labeling and array hybridization were performed
according to the protocol of the manufacturer (Arraystar,
Inc., Rockville, MD, USA). Briefly, circRNA was treated with
RNase R (Epicentre; Illumina, Inc., San Diego, CA, USA)
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to remove linear RNA. Each sample was then amplified and
transcribed into fluorescent cRNA using the random priming
method (Arraystar Super RNA Labeling kit; Arraystar, Inc.).
The labeled cRNA was purified using an RNeasy Mini kit
(Qiagen, Inc., Valencia, CA, USA). The concentration and
specific activity of the labeled cRNA (pmol Cy3/ug cRNA)
were measured using a NanoDrop ND-1000. Each labeled
cRNA (1 pug) was fragmented by the addition of 5 ul 10X
blocking agent and 1 ul 25X fragmented buffer solution. Then,
the mixture was heated at 60°C for 30 min. Finally, 25 ul 2X
hybridization buffer was added to dilute the labeled cRNA.
Hybridization solution (50 pl) was dispensed into the gasket
slides and assembled onto the circRNA expression micro-
array slides which were then incubated in an Agilent hybrid
box at 65°C for 17 h, with the hybrid array washed, scanned
by the G2505C Agilent scanner (version 11.0.1.1; Agilent
Technologies, Inc., Santa Clara, CA, USA).

Microarray data analysis. Quantile normalization of the
original data and subsequent data processing was performed
using the R software package (version 3.1.2) (25). Following
quantile normalization of the original data was performed,
low-intensity filtering was carried out and the circRNAs
with P or M (‘all target values’) tagged in at least one or two
samples were retained for further analysis. When comparing
the two sets of contours, the ‘fold-change’ (namely, the ratio
of the group mean) between groups of circRNAs was calcu-
lated. The statistical significance of the differences between
groups was determined using a t-test. CircRNAs exhibiting
a significant difference in expression exhibited a fold-change
>2 and a P-value <0.05. The sorting and filtering function of
Microsoft Excel was used to filter data, analyze output and
sort the circRNAs with differential expression according to
the fold-changes and P-values. In addition, the interaction
between circRNAs and miRNAs was predicted using The
relationship between circRNAs and miRNAs was predicted
by miRNA target prediction software based on TargetScan
(http://www.targetscan.org/), miRanda (http:/www.microrna.
org/), miRDB (http:/www.mirdb.org/). All differentially
expressed circRNAs were annotated in detail with informa-
tion on the interaction between the circRNAs and miRNAs.
Cytoscape (version 3.6.0; https://cytoscape.org) software was
used to generate a network map, of upregulated circRNAs and
their corresponding miRNAs.

Reverse transcription-quantitative polymerase chain reaction
(PCR) and nucleic acid electrophoresis. Primer premier 5.0
software was used for mmu_circRNA_003795 primer design.
The sequence of the designed primer and the sequence of
mmu_circRNA_003795 were compared with Blast database
(https://blast.ncbi.nlm.nih.gov/) sequences, and the forwards
and reverse primer were matched with the sequence of
mmu_circRNA_003795. The total RNA of BMSCs was
extracted using the TRIzol method (Thermo Fisher Scientific,
Inc.). The quantity and quality of RNA were determined using
a Nano Drop 2000 and by electrophoresis on a 10 g/l agarose
gel. Following RNA extraction, SuperScript III reverse tran-
scriptase (Invitrogen; Thermo Fisher Scientific, Inc.) was used
to synthesize cDNA according to the manufacturer's protocol.
Subsequently, PCR was performed using 12.5 #1 SYBR Premix
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EX Taq (Takara Bio, Inc., Otsu, Japan), 0.5 ul forward primer
(10 pmol/l), 0.5 ul reverse primer (10 pmol/l; Table I), 1 ul
c¢DNA and ddH,0O was added to a final volume of 25 ul. The
reaction conditions were as follows: 95°C for 30 sec; and 95°C
for 5 sec, 55°C for 30 sec and 72°C for 30 sec for 40 cycles. The
instrument automatically generated the cycle quantification
(Cq) value of mRNA and the internal reference gene, GAPDH.
Cq value difference (ACq) indicated the relative expression of
each mRNA investigate (26). DNA samples were separated by
electrophoresis at 110 V for 30 min and observed using a gel
imager.

CircRNA and miRNA interference. The small interfering
(si)RNAs targeting mmu_circRNA_003795 were designed
and synthesized by Guangzhou RiboBio Co., Ltd. (Guangzhou,
China). The sequences of siRNA were as follows: (Sense 5'-GCU
AGAACAGCAUGGUCCAJTAT-3' and anti-sense 3'-dTdTCG
AUCUUGUCGUACCAGGU-5'). The target sequence corre-
sponding to the sense and antisense siRNA oligonucleotides
was as follows: 5-GCTAGAACAGCATGGTCCA-3'. Negative
control siRNA was designed and synthesized by Guangzhou
RiboBio Co., Ltd. (Guangzhou, China; the sequence is confi-
dential). The mmu-miR-504-3p inhibitor was synthesized by
Invitrogen (Thermo Fisher Scientific, Inc.). The sequence was as
follows: 5"AGGGAGAGCAGGGCAGGGUUUC-3". BMSCs
(1x10°) were transfected with 20 nM siRNA or inhibitor using
GenMute™ siRNA Transfection kit and Transfection Buffer
(SignaGen Laboratories, Rockville, MD, USA) according to the
manufacturer's protocol. Then the cells were incubated for 72 h
at 37°C prior to the sequential tests.

Western blotting. Protein was extracted using radioimmuno-
precipitation assay buffer [SO mM Tris HCI (pH 7.4), 150 mM
NaCl, 1% Nonidet P40 and 0.1% sodium dodecyl sulfate] and
phenylmethanesulfonyl fluoride at 4°C. Bicinchoninic acid
protein assay kit (BestBio, Shanghai, China) was used to
determine the concentration. Total protein (10 ug per well)
was separated using 10% SDS PAGE and then transferred
to a polyvinylidene difluoride membrane. The membranes
were blocked using skimmed milk for 1 h at room tempera-
ture, then the blots were incubated with primary antibody
against FOS like 2 AP-1 transcription factor subunit (FOSL2;
1:1,000; ab124830; Abcam, Cambridge, UK) overnight at 4°C.
Following washing in 0.1% Tween PBS-T, the blots were incu-
bated in goat anti-mouse horseradish peroxidase-conjugated
secondary antibody (1:5,000; ab6789; Abcam, Cambridge,
UK) for 1 h at room temperature. Proteins were detected
using electrochemiluminescence (ECL kit; Beijing Dingguo
Changsheng Biotechnology Co., Ltd., Beijing, China). Image
J (version k1.45; National Institutes of Health, Bethesda, MD,
USA) was used to measure densitometry.

Cell proliferation assay. Cell proliferation was determined
using the Cell Counting Kit-8 (CCKS; Dojindo, Molecular
Technologies, Inc., Kumamoto, Japan), according to the manu-
facturer's protocol. Transfected cells were seeded in 96-well
plates (3,000 cells per well) with proliferation detected at 24 h
intervals. Briefly, 10 ul CCK-8 solution was added to each hole
and incubated at 37°C for 2 h. Absorbance was then measured
at 450 nm was measured using a spectrophotometer.
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Flow cytometry analysis. Cells were washed and resuspended
in cold PBS and incubated in ice-cold 70% ethanol for 3 h.
The cells were then centrifuged at 845 x g and 4°C for 10 min
and resuspended in PI/RNase Staining Buffer master mix
(BD Pharmingen, BD Biosciences, Franklin Lakes, NJ, USA;
40 mg/ml PI and 100 mg/ml RNase in PBS) at a density of
5x10° cells/ml and incubated at 37°C for 30 min prior to flow
cytometry analysis by flow cytometry (27). (BD FACSCanto
11, BD Biosciences; ModFit LT 3.2, Verity Software House,
Inc., Topsham, ME, USA).

Statistical analysis. All data were analyzed using the SPSS
11.5 software package (SPSS, Inc., Chicago, IL, USA). The
nominal data, including the genotype and allele frequency
were calculated by a direct gene counting method. Genotype
and allele frequencies of each group were analyzed using %>.
Additionally, the odds ratio and 95% of confidence interval
were used to indicate the relative risk. Continuous data was
expressed as the mean + standard deviation and the compar-
ison of the data between groups was performed using t-test or
analysis of variance according to the nature of the data. Each
experiment was repeated three times. The data of three groups
were evaluated using analysis of variance and least significant
difference post hoc tests when the variance was normal, other-
wise Dunnett's T3 test was used. P<0.05 was considered to
indicate a statistically significant difference.

Results

Verification of optimum concentration of CGRP on cell
proliferation of BMSCs. To determine the effect of CGRP on
proliferation of BMSCs, cells were stimulated with different
concentrations (107, 10, 10, 10'°, 10" or 0 M) of CGRP
for 1, 3 or 7 days. The CCK-8 assay demonstrated that CGRP
stimulated proliferation at 10° M (Fig. 1).

Microarray data analysis. High-throughput chip data analysis
identified a total of 58 differentially expressed circRNAs
when comparing the two treatment groups (the cells were
treated with 10°M CGRP for 3 days and the control cells were
untreated). The scatter diagram and hierarchical clustering
demonstrate that expression of circRNAs of the CGRP-treated
BMSCs was different compared with the blank control group
(Fig. 2A and B). The differentially expressed circRNAs
included 17 exonic, 16 intragenic and 10 intronic-derived
RNAs (Fig. 2C). More circRNAs were downregulated than
upregulated (44 and 14, respectively). The seed sequences of the
circRNA were compared with miRNA sequences to identify
the miRNAs that potentially bind with circRNAs (Fig. 2D).
Cytoscape software was used to generate a network map, of
upregulated circRNAs and their corresponding miRNAs and
target genes.

Microarray data analysis, identified the upregulated and
downregulated circRNAs, and those with more predicted
target area that could combine with miRNA were selected.
Therefore, the miRNAs that bind with the differentially
expressed circRNA were predicted. miRDB (http:/www.
mirdb.org/), TargetScan (http://www.targetscan.org/) and
mirbases (http://www.mirbase.org/) were used to determine
the corresponding target genes of these miRNAs. Target genes
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Table I. The primers of the detected genes.

Name Primer
FOSL2 F: 5~ AGCAGGGATGGACAAGAC-3'
R: 5-TGGGGTAGGTGAAGACAA-3'
ALP F: 5-GAGGCATACGCCATCACATG-3'
R: 5'-CCGATGGCACACCTGCTT-3'
OCN F:5-TCTGACAAAGCCTTCATGTCCA-3'
R: 5-"AACGGTGGTGCCATAGAT-3'
GAPDH F: 5~ AAGAAGGTGGTGAAGCAGG-3'
R: 5'-GAAGGTGGAAGAGTGGGAG-3'
OSX F: 5-GCAAATGACTACCCACCCTT-3'
R: 5'-ACGAGCCATAGGGATGAGTC-3'
Runx2 F: 5-ACTTGTGGCTGTTGTGATG-3'

R: 5-TTGCTGTTGCTGTTGTTG-3'
mmu_circRNA_ F: 5-CCTTAGCACCTGCCTTCTTG-3'
003795

R: 5-AGTTCACCCACTGTGCCTCC-3'
miR-504-3p  5-AGCAGGGCAGGGTTTCAAA-3'
U6 5-GCGCGTCGTGAAGCGTTC-3'
Inhibitor- 5-"AGGGAGAGCAGGGCAGGGUUUC-3'
miR-504-3p

miR, microRNA; circRNA, circular RNA; ALP, alkaline phospha-
tase, tissue nonspecific isozyme; OCN, osteocalcin; FOSL2, FOS like
2 AP-1 transcription factor subunit; Runx2, runt-related transcription
factor 2; OSX, Sp7 transcription factor.

with at least two interrelated predictions in the above data-
bases were selected for further investigation. According to the
analysis, mmu_circRNA_003795, miR-504-3p and FOSL?2
may have an influence on the proliferation and differentiation
of BMSCs.

Verification of the expression of mmu_circRNA_003795 in
BMSCs. As demonstrated in Fig. 3A, the potential binding sites
of mmu_circRNA_003795 and miR-504-3p were predicted
using bioinformatics tools. Furthermore, RT-qPCR was used to
analyze the expression of osteogenesis-associated genes in cells
treated with CGRP and the blank control group. Osteogenic
and proliferation associated genes were significantly upregu-
lated by CGRP, as demonstrated by the following: FOSL2,
3.6-fold (P=0.027); alkaline phosphatase, tissue nonspecific
isozyme (ALP), 4.3-fold times (P=0.044); osteocalcin (OCN),
3.7-fold (P=0.027); runt-related transcription factor 2 (Runx2),
3.6-fold (P=0.01) and Sp7 transcription factor (OSX), 2.3-fold
(Fig. 3B; P=0.017). Primer premier 5 software was used for
mmu_circRNA_003795 primer design. As part of the design,
it was required that the product should be able to cross the ring
formation node. The sequence of the designed primer and the
sequence of mmu_circRNA_003795 were compared with Blast
database sequences, and the forwards and reverse primer were
perfectly matched with the sequence of mmu_circRNA_003795.
RT-qPCR was used for validation of the primers. The expres-
sion of mmu_circRNA_003795 in the CGRP-stimulated cells
was significantly 2.9-fold higher compared with the control
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Figure 1. Bone mesenchymal stem cells stimulated with different concentra-
tions (107,108, 10, 10'°, 10! or 0 M) of calcitonin gene-related peptide for
1,3 and 7 days. Cell Counting Kit-8 was used to assess proliferation. "P<0.05
and “P<0.01. OD, optical density.

group; the results were in accordance with the microarray data
(P=0.004; Fig. 3C). Additionally, electrophoresis was used to
test the PCR product, confirming the upregulated expression
of mmu_circRNA_003795 (Fig. 3D). Electrophoresis clearly
demonstrated that the PCR product was the expected size and a
single band. Furthermore,compared with the blank control group,
the mmu_circRNA_003795 expression in the CGRP-stimulated
BMSC group was upregulated. The PCR product was sequenced
and matched the mmu_circRNA_003795 sequence, including
the ring formation node (Fig. 3D). It was demonstrated that the
sequence of the product was almost an exact match with the
mmu_circRNA_003795 sequence (positive 97% and negative
100%) and contained the ring formation node.

Alterations in the expression of miR504-3p and FOSL?2
following mmu_circRNA_003795 interference. The siRNA
sequences were designed to silence mmu_circRNA_003795.
At 72 h following transfection, the mmu_circRNA_003795
expression in the siRNA group and negative control group
were detected by RT-qPCR. The expression of mmu_
circRNA_003795 in the siRNA group was 0.46-fold decreased
compared with the negative control group (P=0.005), which
indicated that si-mmu_circRNA_003795 significantly inhib-
ited the expression of mmu_circRNA_003795 (Fig. 4A).
Following successful silencing of mmu_circRNA_003795,
the expression of miR-504-3P and FOSL2 was determined
by RT-qPCR. The results demonstrated that the expres-
sion of miR-504-3P was significantly increased by 6.6-fold
(P=0.004; Fig. 4B) and the expression of FOSL2 was signifi-
cantly decreased by 0.6-fold (P=0.024; Fig. 4C) following
mmu_circRNA_003795 silencing. The western blot analysis
demonstrated that silencing of mmu_circRNA_003795
reduced the expression of FOSL2 protein (Fig. 4D and E).

Alterations in the expression of FOSL2 following miR504-3p
interference. An miRNA inhibitor sequence was used to block
the function of miR-504-3p. At 72 h following transfection,
miR-504-3p expression was detected by RT-qPCR. As demon-
strated in Fig. 5A, the miRNA inhibitor significantly decreased
the expression of miR-504-3p by 0.363-fold (P=0.005).
Following the use of an inhibitor to silence miR-504-3p expres-
sion, the expression of the FOSL2 mRNA was also detected.
The expression of FOSL2 was significantly increased by
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Figure 2. Microarray data analysis. (A) Scatter diagram and (B) hierarchical clustering comparing the expression of circRNAs in the bone mesenchymal
stem cell experimental group (stimulated with CGRP) and the blank control group. In (A), red indicates a large change fold, blue indicates a small change
fold, and the gradient from blue to red indicates a change in the expression fold of different circRNAs. (C) CircRNAs with differential expression included
17 exonic, 16 intragenic and 10 intronic. Certain circRNAs were from other sources. More circRNAs were downregulated (43) than were upregulated (14) in
CGRP-stimulated cells compared with the controls. (D) Cytoscape software created a network map of circRNAs with upregulated expression and their target
miRNAs and genes. CGRP, calcitonin gene-related peptide; circRNA, circular RNA; miR, microRNA.

3.3-fold (P=0.044; Fig. 5B) when the inhibitor of miR-504-3p
was used compared with the negative control. Additionally,
BMSCs were co-transfected with si-mmu_circRNA_003795
and miR-504-3p inhibitor for 72 h. Compared with the control
group, the mRNA expression of FOSL2 was significantly
increased by 2.24-fold (P=0.022; Fig. 5B). Western blot
analysis demonstrated that inhibition of miR-504-3p increased

the expression of FOSL2 protein and expression was also
increased in the si-mmu_circRNA_003795 and miR-504-3p
inhibitor-g groups (Fig. 5C and D).

mmu_circRNA_003795 promotes cell proliferation and
cell cycle changes. The CCK-8 assay was used to detect cell
proliferation. The proliferation of BMSCs in the negative
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Figure 3. mmu_circRNA_003795 expression in bone mesenchymal stem cells. (A) Potential binding sites of mmu_circRNA_003795 and miR-504-3p were
predicted using bioinformatics tools. (B) RT-qPCR analysis of osteogenic genes in CGRP-stimulated cells and the blank control group. (C) RT-qPCR validation
of mmu_circRNA_003795 in the CGRP-stimulated group and control group. (D) Agarose electrophoresis of the PCR product demonstrates the expected size
and a single band. Sequencing of the product matched mmu_circRNA_003795. "P<0.05 and “P<0.01 vs. the control. RT-qPCR, reverse transcriptase-quantita-
tive polymerase chain reaction; CGRP, calcitonin gene-related peptide; circRNA, circular RNA; FOSL2, FOS like 2 AP-1 transcription factor subunit; OSX,

Sp7 transcription factor; ALP, alkaline phosphatase; OCN, osteocalcin.

control group was significantly increased compared with
the si-mmu_circRNA_003795 group (24 h, P=0.001;
48 h, P=0.014; 72 h, P=0.042), which indicated that mmu_
circRNA_003795 promotes the proliferation of BMSCs
(Fig. 6A). Additionally, flow cytometry was used to analyze
the cell cycle in cells with silenced mmu_circRNA_003795.
The si-mmu_circRNA_003795 group exhibited more cells in
G,-G, phase and less cells in the G,-M and S phase compared
with the negative control group (G,, P=0.016; G,, P=0.018; S,
P=0.039; Fig. 6B), indicating that mmu_circRNA_003795
may regulate the proliferation of BMSCs cells by altering the
cells cycles.

Discussion

circRNAs are circular RNA molecules usually composed of
more than one exon. These RNAs are present in eukaryotic cells,

with time and disease specificity (6). circRNAs are an increas-
ingly important research area with huge development potential,
in addition to the vast amount of studies that have investigated
miRNA. Through interaction with miRNAs associated with
growth, development and diseases, circRNAs can have impor-
tant regulatory roles with the potential to be used a novel type of
clinical diagnostic marker and as a tool to regulate cell growth
and development (28,29). CGRP was the first active polypeptide
extracted using molecular genetics and is widely distributed in
bone tissue (30,31). The effect of CGRP on the function of bone
tissue and bone cells has been widely investigated in previous
years. According to the studies of Wang er al (31) CGRP
promotes the expression of osteogenic genes and downregulates
tumor necrosis factor ligand superfamily member 11 to inhibit
the formation of osteoclasts, resulting in increased bone density.
In previous studies, 10°M CGRP was able to promote cell prolif-
eration (32,33). Wang et al (31) used different concentrations of
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CGRP (10°%, 10" and 10> M) on BMSCs and the proliferation
activity was tested at day 4 post-seeding. Their results indicated
that 107° M was able to promote cell proliferation. In the current
study, stimulation of BMSCs with 10° M CGRP exerted the
greatest effect on cell proliferation.

The authors' previous study also demonstrated that CGRP
increases BMSC proliferation and upregulates the expression
of osteogenic genes. ALP, OCN, Runx2 and OSX are essential
genes required for osteogenic differentiation of BMSCs, and
FOSL2 is known to have significant influence on prolifera-
tion and osteogenic differentiation of BMSCs (17). Therefore,

the expression of the five genes, namely ALP, OCN, Runx2,
OSX and FOSL2, in BMSCs were detected with CGRP
stimulation and a blank control group. In the CGRP-treated
group, FOSL2 was upregulated by 3.6-fold; ALP was upregu-
lated by 4.3-fold, Runx2 was upregulated by 3.6-fold, OSX
was upregulated by 2.3-fold and OCN was upregulated by
3.7-fold. The results clearly demonstrated that CGRP has an
important role in BMSC proliferation and differentiation. The
results are similar to the previous findings (31). According to
the study of Qu et al (34), circRNA microarrays are a reli-
able and convenient method to research circRNAs and their
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target miRNAs and genes. Subsequently, high-throughput
microarray detection of circRNAs was performed in BMSCs
stimulated with CGRP. There was a total of 58 circRNAs with
differential expression, of which 14 were upregulated and 44
were downregulated. Furthermore, several bioinformatics
tools were used to identify miRNAs that potentially bind to
the conserved seed sequence in the circRNAs and analyzed
the possible target genes of these miRNAs. Subsequently,
Cytoscape software was used to create a network map of the

interactions between circRNAs and miRNAs. The results of
the microarray analysis and the corresponding alterations in
gene expression and proliferation and differentiation indicated
that mmu_circRNA_003795 may have a role as an miR504-3p
absorber, which results in upregulation of FOSL2 expression
to ultimately promote the proliferation of BMSCs.
mmu_circRNA_003795 was differentially expressed in
CGRP-treated BMSCs and the control group. The expres-
sion of mmu_circRNA_003795 in the CGRP-treated group
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was 2.9-fold compared with the blank control group, which
indicated that mmu_circRNA_003795 may be associated with
the proliferation of BMSCs. Electrophoresis was then used
to examine the PCR product and verify the upregulation of
mmu_circRNA_003795. Visualization of the DNA on the
agarose gel clearly demonstrated that the size of the PCR
product was the same as the expected product size and was
a single band. The PCR product was sequenced and a Blast
search was performed to compare the sequencing data and to
establish the sequence of mmu_circRNA_003795. This also
demonstrated that a circular RNA was detected, rather than
a linear RNA molecule. Notably, although the expression of
mmu_circRNA_003795, which was validated by RT-qPCR,
exhibited the same trend in the microarray and RT-qPCR
assays, the alteration in expression detected by PCR was much
higher compared with the microarray. This may be due to the
small sample number used for the microarray. According to the
studies of Deng et al (35), the results obtained by the circRNA
microarray can only be a reference method and should be
confirmed by further experiments. Subsequently, an si-RNA
targeting mmu_circRNA_003795 was designed to further
verify its role in the proliferation of BMSCs. According to the
RT-qPCR results, the expression of mmu_circRNA_003795
was inhibited by si-mmu_circRNA_003795, reduced to
0.5-fold of the level of the negative control. This indicated that
si-mmu_circRNA_003795 effectively inhibited the expres-
sion of mmu_circRNA_003795. In cells transfected with
si-mmu_circRNA_003795, the expression of miR-504-3p was
increased by 6.6-fold compared with the control group, which
indicated that the downregulation of mmu_circRNA_003795
upregulated miR504-3p levels.

As a member of the activator factor protein 1 transcription
factor family, FOSL2 is expressed in a variety of tissues. These
transcription factors are associated with regulation of cell
proliferation, differentiation, transformation and cell apoptosis,
and with the regulation of the immune system in vivo (36,37).
Further study has demonstrated that FOS proteins have impor-
tant roles in cell proliferation, differentiation and metabolism,
growth traits, immune system responses and other physiological
activities (38). FOSL2 is involved in fat metabolism, bone
development and the occurrence and development of cancer,
and is considered to be very important in the transcription of
genes involved in osteogenic differentiation (39-42). Certain
research indicates that FOSL2 exhibited an important effect on
the treatment of bone loss (42,43). FOSL?2 is a target gene of
miR-504-3p. Therefore, the expression quantity of FOSL2 in the
cells transfected with si-mmu_circRNA_003795 and a negative
control was detected. The results demonstrated that the expres-
sion of FOSL2 in si-mmu_circRNA_003795 group was 0.6-fold
of that of the control group. A similar result was produced by
western blot analysis, indicating that mmu_circRNA_003795
indirectly regulates the expression of FOSL2.

To further verify whether miR504-3p is capable of acting
on FOSL2 mRNA, an miR504-3p inhibitor was designed.
The experimental results demonstrated that the expression
of miR504-3p was 0.4-fold of the negative control group.
Subsequently, the expression quantity of FOSL2 in the
BMSCs transfected with the miR-504-3p inhibitor and the
control groups were detected. The expression of FOSL2 in the
experimental group was 3.3-fold of that of the control group

MOLECULAR MEDICINE REPORTS 19: 3732-3742, 2019

suggesting that miR-504-3p affects the expression of FOSL2.
In conjunction with the previous conclusions, it was hypothe-
sized that mmu_circRNA_003795 may indirectly regulate the
expression of FOSL2 by acting as a sponge for miR-504-3p. In
order to validate this, BMSCs were simultaneously transfected
with the si-mmu_circRNA_003795 and miR-504-3p inhibitor
for 72 h, and the results demonstrated that the expression of
FOSL2 was increased by 2.2-fold. In addition, the western blot
analysis demonstrated that compared with the control group,
the expression of FOSL2 was increased slightly by co-trans-
fection with si-mmu_circRNA_003795 and miR-504-3p; this
was because the miR-504-3p inhibitor is more effective at
inhibiting its target than si-mmu_circRNA_003795.

The effect of mmu_circRNA_003795 on the proliferation
of BMSCs was also analyzed. The results demonstrated that
the cell proliferation rate of BMSCs was significantly reduced
by si-mmu_circRNA_003795 compared with the negative
control group; the change was most significant at 72 h following
transfection. However, the rate of change reached its peak at
48 h, which may indicate the interference effect of the siRNA
gradually weakened following 2 days in culture. Additionally,
flow cytometry analysis of the cell cycle demonstrated that
si-mmu_circRNA_003795 increased the proportion of cells
in the GO-G1 phase and reduced the proportion of cells in the
G2-M and S phase compared with the negative control group.
This indicated that mmu_circRNA_003795 may affect cell
proliferation by influencing the cell cycle. Notably, previous
studies on FOSL2 have reported that FOSL2 mainly affects
osteogenic differentiation of cells and there are few reports
arguing that FOSL2 is involved in cell proliferation (43,44).
Therefore, it was hypothesized that FOSL2 may promote cell
osteogenesis by influencing cell proliferation; this will be
investigated further in additional experiments. Furthermore,
CGRP function on bone generation in vivo also should be
detected and the tomography of bone following the CGRP
treating will be conducted in vivo in future studies.

In conclusion, the preliminary observations of the study
demonstrated that CGRP regulates miR504-3p via mmu_
circRNA_003795, which results in increased expression of
FOSL2 and enhanced proliferation of BMSCs. However, the
role of proliferation promotion during differentiation still
requires further investigation.
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