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circ_0029463 promotes osteoclast e
differentiation by mediating miR-134-5p/

Rab27a axis
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Abstract

to induce Rab27a expression.

thereby promoting osteoclast differentiation.

Objective Osteoporosis is the imbalance in bone homeostasis between osteoblasts and osteoclasts. In this study, we
investigated the effects of the circ_0029463/miR-134-5p/Rab27a axis on RANKL-induced osteoclast differentiation.

Methods RT-gPCR and western blotting were used to detect the expression of circ_0029463, miR-134-5p,

and Rab27a in tissues from patients with osteoporosis and in RANKL-induced osteoclasts. Osteoclast differentiation
was verified by TRAP staining. Osteoclast biomarkers, including NFATc1, TRAP, and CTSK, were measured. The target
and regulatory relationships between circ_0029463, miR-134-5p, and the Rab27a axis were verified using RIP, dual-
luciferase reporter gene, and RNA pull-down assays.

Results Elevated expression of circ_0029463 and Rab27a and decreased miR-134-5p expression were observed

in the tissues of patients with osteoporosis, and a similar expression pattern was observed in RANKL-induced osteo-
clasts. Suppression of circ_0029463 expression or miR-134-5p overexpression curbed RANKL-induced osteoclast
differentiation, whereas such an effect was abolished by Rab27 overexpression. circ_0029463 sponges miR-134-5p

Conclusion circ_0029463 sponges miR-134-5p to abolish its suppressive effect of miR-134-5p on Rab27a expression,
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Introduction

Osteoporosis is a well-known systemic skeletal disorder
characterized by decreased bone strength due to dete-
riorated bone microarchitecture, resulting in increased
vulnerability to fractures and increased bone fragility
[1]. During bone remodeling, multiple molecules are
involved in the coordination of bone cells such as osteo-
blasts and osteoclasts; knowledge of the underlying bone
cell function contributes to understanding the biology of
osteoporosis and seeking therapeutics by targeting key
molecules [2]. Osteoclasts are key regulators of skeletal
disorders such as osteoporosis and may mediate osteo-
blast differentiation, hematopoietic stem cell niche, T
cell activation, and skewing [3]. Osteoclasts are primary
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bone-resorptive cells that contribute to bone remod-
eling. Defects in osteoclasts cause an imbalance in bone
remodeling, leading to pathological disorders, including
osseous metastasis, osteoporosis, and inflammatory bone
erosion [4]. Hence, identifying molecules such as non-
coding RNAs that regulate the activities of osteoclasts
will aid in the understanding of bone pathophysiology.

Non-coding RNAs (ncRNAs), including microRNAs
(miRNAs), long non-coding RNAs, and circular RNAs
(circRNAs), are small RNA molecules that are not trans-
lated into proteins but have the ability to modulate the
translation of target mRNA [5, 6]. The role of ncRNAs
in musculoskeletal conditions has been previously [7—
11]. CircRNAs were found to mediate the expression of
genes related to osteoclast and osteoblast differentiation
[12], showing potential as biomarkers for osteoporo-
sis [13]. Furthermore, high-throughput RNA sequenc-
ing and circRNA microarray analyses have documented
dysregulation of circRNAs in osteoporosis [14]. Another
study using microarray analysis identified 237 differ-
entially expressed circRNAs (162 upregulated and 95
downregulated circRNAs) between osteoporosis and
control groups [15]. The circular RNA circ_0029463 is
encoded by EP400. Ep400 is composed of 1370 bp, and
the spliced mature circRNA is also composed of 1370 bp
[16]. CircRNA-Ep400 is localized in the cytoplasm and
is derived from the circulating exons of the Ep400 gene,
which is located on chr5:111184415-111185785 [16]. In
the GEO dataset GSE161361, circ_0029463 is upregu-
lated in patients with osteoporosis. However, based on
current understanding, less is known regarding how
circ_0029463 regulates osteoporosis progression.

Data proved that CircRNAs may participate in the
regulation of physiological or pathological processes by
mediating transcription and protein and miRNA func-
tions via different mechanisms in specific tissues [17].
Recent studies have revealed vital roles of circRNA-
miRNA-mRNA networks in the progression of osteo-
porosis [18, 19]. Targeting these circRNAs or miRNAs
may be a promising anti-osteoporotic approach. Our
bioinformatics analysis further revealed a binding rela-
tionship between circ_0029463 and miR-134-5p, as well
as between miR-134-5p and Rab27a, indicating a poten-
tial circ_0029463-miR-134-5p-Rab27a network. A recent
study reported that miR-134-5p suppresses osteoclas-
togenesis and osteoclast differentiation in bone marrow-
derived macrophages (BMMs) [20]. Rab27a has also been
suggested as a promoter of osteogenesis [21]. The binding
relationship between miR-134-5p and Rab27a has been
reported on ovarian cancer cells [22]; however, whether
miR-134-5p can mediate Rab27a expression in osteoclasts
remains to be determined. Therefore, it was necessary to
validate whether the circ_0029463-miR-134-5p-Rab27a
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network could be implicated in osteoclast formation
and differentiation. In this study, we aimed to ascertain
the regulatory role of this network in osteoclast differ-
entiation to gain a new mechanistic understanding of
osteoclastogenesis and provide a theoretical basis for the
development of molecular targets.

Materials and methods

Ethical statement

The clinical and animal experimental designs were
approved by the Ethics Committee of our hospital
(Approval no. 20221028-017). The clinical experiments
were conducted in accordance with the Declaration of
Helsinki and the written informed consent from all the
included patients was collected from tissue collection.
Animal experiments were performed in accordance with
the experimental guidelines of our hospital.

Collection of clinical tissues

Postmenopausal patients (n=40) admitted to our hos-
pital between January 2021 and June 2022, who were
scheduled to undergo total hip arthroplasty due to hip
osteoarthritis, were recruited based on the following
inclusion criteria: (1) 50-70 years old; (2) natural men-
opause, menopause for more than 1 year. Patients who
met the following criteria were excluded: (1) serious car-
dio- or cerebrovascular diseases, diabetes mellitus, and
liver or renal dysfunction; (2) combined with hyperthy-
roidism, rheumatoid arthritis, or other diseases that can
cause secondary osteoporosis; (3) having a glucocorti-
coid hormone application record; and (4) taking medi-
cines that may affect bone metabolism within the past
6 months. The femoral neck bone mineral density (BMD)
on the operated side was preoperatively measured using
a dual-energy X-ray scanner (Medilink, France) and
was accordingly classified into the osteoporosis group
(T-value<—2.5, 20 cases) and normal bone mass group
(T-value>—1.0, 20 cases). The patients in the osteopo-
rosis group were ranged from 55 to 72 years old with
median age of 60.9 years old, body mass index (BMI) of
23.45 +2.45, femoral neck BMD of (0.72+0.05) g/cm?,
while patients in the normal BMD group was ranged
from 52 to 67 years old with the median age of 58.8 years
old, BMI of 24.25+2.95 and femoral neck BMD of
(1.04+0.08) g/cm? The cancellous bone of the femur
was collected using aseptic bone cutting forceps during
the total hip arthroplasty and transferred using in liquid
nitrogen for storage in an — 80 °C fridge.

RT-qPCR

Total RNA was extracted from cancellous bones and
osteoclasts using TRIZOL (Invitrogen, Carlsbad, CA,
USA). An RT kit (TaKaRa, Tokyo, Japan) or miRNA First
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Strand ¢cDNA Synthesis (Tailing Reaction) kit (B532451-
0020, Sangon, China) was used to obtain cDNA strictly
based on the instructions for mRNA and miRNA, respec-
tively. PCR was performed on a 7300 real-time PCR sys-
tem (ABI, Foster City, CA, USA) using a SYBR Green
Mix kit (Takara). Data were calculated based on 2742¢t
method [23] with GAPDH as the internal gene. The
sequences used for PCR are listed in Table 1.

Western blot

Osteoclasts were lysed using RIPA lysis buffer (Beyotime)
to obtain proteins, which were further quantified using
a bicinchoninic acid (BCA) kit (Beyotime). The mixed
protein and loading buffer were heated in a boiling water
bath for 3 min and subjected to electrophoresis at 80 and
120 V for 30 and 90 min, respectively. The membrane
transferred was performed with current at 250 mA for
100 min, after that the membranes were washed in wash-
ing buffer for 1-2 min and treated with blocking buffer
at 4 °C for overnight. The proteins were incubated with
primary antibodies against Rab27a (ab55667, 1:1000,

Table 1 Primer sequences

Name of primer Sequences (5'-3")

circ_0029463-F TGGACCTGATGAAGCTGTACG

circ_0029463-R ATCTCTGAGAGCCCTGCGAC
miR-134-5p-F TATGTGACTGGTTGACCAGAGGGG
EP400-F CCGACCCCTTTAAGAGGCAA
EP400-R ACCCCTGGATGCTGGAAAAC
miR-134-5p-R GTGCAGGGTCCGAGGT
Rab27a-F CGGAATCCCCTATTTTGAAACC
Rab27a-R CTTCTCCTTCTCCTCACTTAGC
NFATc1-F GGTGCCTTTTGCGAGCAGTATC
NFATc1-R CGTATGGACCAGAATGTGACGG
TRAP-F CCGTGTTCCTACCCCCAATG
TRAP-R GGTCTCCTGGAACCTCTTGT
CTSK-F CTTCCAATACGTGCAGCAGA
CTSK-R TTGCATCGATGGACACAGAG
U6-F CTCGCTTCGGCAGCACA

U6-R AACGCTTCACGAATTTGCGT
GAPDH-F AGCCCAAGATGCCCTTCAGT
GAPDH-R CCGTGTTCCTACCCCCAATG
miR-134-5p-F (Human) GCAGTGTGACTGGTTGAC
miR-134-5p-R (Human) GCAGTGTGACTGGTTGAC
U6-F (Human) CTCGCTTCGGCAGCACA

U6-R (Human) AACGCTTCACGAATTTGCGT

Rab27a-F (Human
Rab27a-R (Human
GAPDH-F (Human
GAPDH-R (Human

ACAGCGTTCTTCAGAGATGCTATGG
TCTGCGAGTGCTATGGCTTCCT
TCAAGAAGGTGGTGAAGCAGG

)
)
)
) TCAAAGGTGGAGGAGTGGGT

F forward, R reverse
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Abcam), CTSK (ab187647, 1:1000, Abcam), TRAP
(ab52750, 1:1000, Abcam), NFATc1 (#4389, 1:1000, Cell
Signaling Technology), and GAPDH (ab8226, 1:5000,
Abcam) at room temperature for 1 h and then washed
for 310 min. Secondary antibodies used were goat anti-
rabbit IgG (ab6702, 1:5000; Abcam) and goat anti-rat IgG
(ab6708, 1:5000; Abcam). After color development, the
trips in the membranes were detected using a chemilumi-
nescence imaging system (Bio-Rad, Hercules, CA, USA).

Animals

Six SPF C57BL mice (6—8 weeks) from Hunan Slac Labo-
ratory Animal Co., Ltd were kept in cages with tempera-
ture of 21-25 °C, humidity of 50-65% and a 12-h:12-h
light—dark cycle. Food and water were accessible to all
mice.

Extraction and culture of BMMs

The mice were anesthetized and decapitated with bilat-
eral ankles of the lower extremity, knee joint, and hip
joints. The tibia and femur were placed in Petri dishes
containing PBS and removed from the surface tissues.
The marrow cavity was exposed after the bone tissues at
the proximal end of the tibia and distal end of the femur
were removed. Then a 1 ml syringe with PBS was used
to wash the marrow cavity and the marrow collected was
resuspended in «-MEM culture medium (SH30265.01,
Hyclone, USA) at 1500 r/min for 4 min. After abandon
the supernatant, the marrow was resuspended in com-
plete culture medium containing 30 ng/ml M-CSF and
incubated overnight in a 10 cm culture disk. On the next
day, the culture medium was discarded, and the remain-
ing cells were washed in PBS three times and cultured in
complete culture medium for 2 days. Once the cells had
a short shuttle-shape and the cell concentration reached
80-90%, they were digested with trypsin. The cells were
counted and identified as BMMs.

BMM:s induced for osteoclast differentiation

BMMs at the concentration of 1x10° cells/well were
placed in a 24-well plate for overnight growth before
induced for osteoclast differentiation using a-MEM com-
plete culture medium+50 ng/ml RANKL+30 ng/ml
M-CSE. The culture medium was replaced every 2 days.
On day 4, cell fusion was observed and the cells presented
with more than three nuclei. On day 6, the BMMs were
round and pancake-like in shape with a clear boundary.

Cell transfection

The vectors used for cell transfection were obtained from
Hanbio (Shanghai, China) and included sh-circ_0029463
(circ_0029463 suppression), sh-NC, oe-WTAP (WTAP
overexpression), oe-NC, in-miR-134-5p (miR-134-5p
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inhibitor), in-NC (inhibitor NC), miR-134-5p mimic,
mimic NC, oe-Rab27a (Rab27a overexpression), and
oe-NC. After 48 h of cell transfection, the viral titer in the
transfected 293 T cells was measured using a p24 ELISA
kit (Cell Biolabs, Inc., San Diego, USA). BMMs were
transfected for 24 h and further cultured for 48 h before
the stably transfected cell lines were screened using puro-
mycin (P8230; Solarbio, Beijing, China). Transfection
efficiency was validated before cell biological functions
were assessed.

Detection of osteogenesis differentiation ability of BMMs
On day 6 of osteogenic differentiation, the culture
medium of the cells in the 24-well plate was removed,
and the cells were washed with PBS before fixation with
4% polyformaldehyde for 10 min and TRAP staining
using a TRAP staining kit (Sigma-Aldrich, St. Louis, MI,
USA). TRAP-positive cells with more than three nuclei
observed under a microscope (Olympus, Tokyo, Japan)
were considered as osteoclasts. The relative size of osteo-
clasts =osteoclast size in each group/mean size of osteo-
clasts in the solvent control group.

RNA immunoprecipitation (RIP) assay

Cells were treated with IP lysis buffer before incubated
with the mixture of Pierce” Protein A/G magnetic beads
(Thermo Fisher Scientific, USA) in EZ-MagnaRIP kit
(Millipore, MA, USA) with rabbit anti Ago2 (ab32381,
abcam) or normal rabbit anti IgG (ab18877, abcam) at
4 °C for 4 h. The complex was eluted and purified using
TRIzol reagent before quantification by RT-qPCR.

Dual-luciferase gene reporter assay

StarBase (http://starbase.sysu.edu.cn/) predicted the
binding sites of miR-134-5p with circ_0029463 and
TargetScan (http://www.targetscan.org/vert_72/) pre-
dicted the binding sites of miR-134a-5p with Rab27a.
The mutant and wild-type sequences (wt-circ_0029463,
mut-circ_0029463, wt-Rab27a, and mut-Rab27a) were
synthesized and inserted into PGL3-Promotor for co-
transfection with the miR-134a-5p mimic (30 nM) or
negative control into BMMs. The fluorescence intensity
was detected using a dual-luciferase gene reporter assay
kit (Promega, Madison, WI, USA) and a luminometer
(Turner BioSystems, USA).

RNA pull-down

Cell lysis isolated from BMMs was incubated with 100 ng
biotin labeled NC-probe or miR-134-5p probe at 25 °C
for 2 h. The complex was captured using streptavidin
marked immunomagnetic beads at 25 °C for 1 h before
digested with buffer which contains proteinase K at 25 °C
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for 1 h. The eluted complexes were further analyzed using
qRT-PCR.

Statistical analysis

Data were processed with GraphPad prism8 and
expressed as mean + standard deviation (¥ + SD). Com-
parisons between two groups were analyzed using the ¢
test, whereas comparisons among multiple groups were
determined using one-way analysis of variance (ANOVA)
and Tukey’s multiple comparison test. Statistical signifi-
cance was set at P<0.05.

Results

Elevated expression of circ_0029463 in both patients

with osteoporosis and RANKL-induced osteoclasts

Based on data obtained from the GEO database,
circ_0029463 expression was elevated in patients with
osteoporosis (Fig. 1A), which was consistent with the
findings of the current study (Fig. 1B, *P<0.05).

BMMs extracted from mice were treated with M-CSF
and RANKL to induce osteoclast differentiation, and
circ_0029463 expression was detected. The circ_0029463
expression was higher in RANKL group than that in the
control group (Fig. 1C, *P<0.05). Moreover, the stabil-
ity of circ_0029463 expression was compared to that
of the mock treatment. RNase R treatment suppressed
EP400 expression instead of circ_0029463 expression
(Fig. 1D, *P<0.05), suggesting that the ring structure of
circ_0029463.

circ_0029463 knockdown suppresses osteoclast
differentiation

The sh-circ_0029463 vector was transfected into BMMs
to knock down circ_0029463. First, transfection effi-
ciency was verified by RT-qPCR, which showed that
sh-circ_0029463 successfully suppressed circ_0029463
expression in BMMs (Fig. 2A, “P<0.05). TRAP stain-
ing and assays demonstrated increased cell number and
size in the RANKL group compared with those in the
control group but were inhibited in the RANKL +sh-
circ_0029463 group when compared with the
RANKL +sh-NC group (Fig. 2B, “P<0.05). The detection
of osteoclast biomarkers by RT-qPCR and western blot-
ting revealed elevated mRNA and protein expression of
NFATcl1, TRAP, and CTSK in the RANKL group, com-
pared to the control group (Fig. 2C, D, *P<0.05), while
those expressions were reversed in the RANKL+sh-
circ_0029463 group (Fig. 2B, D, *P<0.05).

circ_0029463 negatively regulates miR-134-5p to mediate
osteoclast differentiation

The binding sites between circ_0029463 and miR-134-5p
in StarBase are shown in Fig. 3A. RT-qPCR identified
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Fig. 1 circ_0029463 is highly expressed in patients with osteoporosis and osteoclast. A circ_0029463 expression pattern in patients

with osteoporosis based on data obtained from GEO database; B, C RT-qPCR detected circ_0029463 expression in patients with osteoporosis

and osteoclasts; D RT-qPCR detected the stability of circ_0029463 after Rnase R treatment. Data are expressed as mean + standard deviation, clinical
experiments N=20, cell experiments were repeated 3 times. *P < 0.05, when compared with Control or Mock group

repressed miR-134-5p expression in the RANKL group
and patients with osteoporosis compared to that in the
control group (Fig. 3B, C, *P<0.05). To verify the regu-
lation of miR-134-5p in osteoclasts by circ_0029463, we
examined its relationship using RIP and dual-luciferase
reporter gene assays. RIP group showed substantially
increased circ_0029463 and miR-134-5p expressions
enriched by Ago2 were substantially boosted (Fig. 3D,
*P<0.05). Similar results were obtained by the dual-lucif-
erase reporter gene assay, which showed that the miR-
134-5p mimic could curb the fluorescence intensity of the
wt-circ_0029463 group, instead of the mut-circ_0029463
group (Fig. 3E, *P<0.05). These results suggested that
circ_0029463 binds to miR-134-5p.

To further prove the regulation of circ_0029463
and miR-134-5p, we co-transfected sh-circ_0029463
and in-miR-134-5p into osteoclasts and found sh-
circ_0029463 +in-NC group with elevated miR-134-5p

expression compared to sh-NC+in-NC group (*P<0.05),
whereas miR-134-5p expression was inhibited in the sh-
circ_0029463 +in-miR-134-5p group compared to that
in the sh-circ_0029463 +in-NC group (Fig. 4A, *P<0.05).
Further evaluation of osteoclasts showed that in-miR-
134-5p transfection abolished the suppressive effect of
sh-circ_0029463 on osteoclast formation and differentia-
tion (Fig. 4B-D, *P<0.05).

miR-134-5p negatively regulates Rab27a to mediate
osteoclast differentiation

The binding sites of miR-134-5p with Rab27a were also
identified by bioinformatic analysis (Fig. 5A); therefore,
we speculated that Rab27a may act as a downstream
target of miR-134-5p during osteoclast differentia-
tion. Elevated mRNA and protein expression of Rab27a
detected in patients with osteoporosis and in osteo-
clasts confirmed our hypothesis (Fig. 5B-E, *P<0.05).
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TRAP and CTSK were detected using RT-gPCR and western blot. Data are expressed as mean = standard deviation, cell experiments were repeated 3
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Dual-luciferase reporter gene and RNA pull-down assays
verified the target relationship between miR-134-5p and
Rab27a (Fig. 5F-G, *P<0.05).

The possible effects of miR-134-5p mimic alone and
miR-134-5p mimic+o0e-Rab27a on osteoclasts were

assessed, and the data demonstrated that miR-134-5p
mimic can suppress Rab27a expression and osteoclast
formation compared with mimic NC, while such sup-
pression could be reversed by further transfection with
oe-Rab27a (Fig. 6A-E, 7P<0.05). Collectively, these
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results suggest that miR-134-5p negatively regulates
Rab27a expression to mediate osteoclast differentiation.

Overexpression of Rab27a abolishes the effect

of circ_0029463 knockdown on osteoclast differentiation
Sh-circ_0029463 and oe-Rab27a were co-transfected
with M-CSF+RANKL treated BMMs to verify the pos-
sible role of the circ_0029463/miR-134-5p/Rab27a axis
in osteoclast formation. The detection of Rab27a expres-
sion showed that cells treated with sh-circ_0029463
showed suppressed Rab27a expression, whereas co-
treatment with sh-circ_0029463 + oe-Rab27a elevated
Rab27a expression compared to the negative control
(Fig. 7A, B, “P<0.05). Evaluation of osteoclast formation
revealed that the suppressive effect of sh-circ_0029463
on osteoclasts could be abolished by oe-Rab27a (Fig. 7C—
E, ’P<0.05), suggesting that Rab27a overexpression
enhances osteoclast differentiation in BMMs.

Discussion

Osteoblasts, which are essential for bone development,
can be activated by multiple molecules that suppress
or promote bone formation and/or bone resorption,
resulting in skeletal disorders, including osteoporo-
sis [24]. In this study, circ_0029463 was found to be
upregulated in patients with osteoporosis and during
osteoclastogenesis. circ_0029463 knockdown suppresses
osteoblast differentiation and bone resorption. Further-
more, a circ_0029463-miR-134-5p-Rab27a network was

& lad
Fig. 4 miR-134-5p suppression can reverse the effect of circ_0029463 on osteoclast differentiation. A miR-134-5 expression was detected using
RT-qPCR; B osteoclasts were observed after TRAP staining; C, D the biomarkers of osteoclasts, including NFATc1, TRAP and CTSK were detected using
RT-gPCR and western blot. Data are expressed as mean + standard deviation, cell experiments were repeated 3 times. *P <0.05, when compared
with sh-NC +in-NC group; *P < 0.05, when compared with sh-circ_0029463 +in-NC group

m sh-NC+in NC
@ sh-circ_0029463+in NC
sh-circ_0029463+in-miR-134-5p

#

RANKL

identified in the regulation of osteoblast differentiation,
contributing to an in-depth understanding of the molec-
ular mechanisms underlying osteoporosis.

Notably, accumulating evidence demonstrates that cir-
cRNAs are involved in the regulation of age-associated
pathologies such as cardio-cerebrovascular disorders,
neurodegenerative disorders, tumors, diabetes, and
osteoporosis [25]. As important epigenetic regulators,
circRNAs are strongly linked to bone metabolic pro-
cesses, including the differentiation of osteoblasts and
osteoclasts [26]. For instance, circRNA_28313 knock-
down attenuates osteoclast differentiation in BMMs [27].
Additionally, circ_0005564 silencing represses the differ-
entiation of osteoblasts within bone marrow mesenchy-
mal cells (BMSCs) [28] and circDOCK]1 has been found
to be a regulator of osteogenic sarcoma [29]. The first
important finding of this study was that circ_0029463
was highly expressed in patients with osteoporosis.
In vitro (BMMs) were stimulated with M-CSF and
RANKL to mimic in vitro osteoclast formation. Osteo-
clasts differentiate from monocyte/macrophage line-
age cells upon stimulation with M-CSF or RANKL. The
RANKL/RANK pathway contributes to the activation of
NFATc1, a major modulator of osteoclastogenesis, which
induces the expression of osteoclastogenic markers [30].
Subsequently, functional experiments suggested that sh-
circ_0029463 in BMMs led to a reduced number of newly
formed osteoclasts and significantly attenuated bone
resorption, corresponding to decreased expression of the



Tang et al. Journal of Orthopaedic Surgery and Research (2024) 19:128

A

Page 8 of 11

< A
wt-Rab27a 5°GGAUUCAGAAUUUUGCAGUCACA3 .,ZE: ¥
.
S a
miR-134-5p 3GGGGAGACCAGUUGGUCAGUGU 5 & E ’
2827
® s
] T
mut-Rab27a 5 GGAUUCAGAAUUUUGCAGUCACA3 z
Conltrol Osteo;l)orosis
= Control N
C 2.5— M Osteoporosis F 2 1.5+ = mimic NC
. '% = s m miR-134-5p mimic
Control Osteoporosis 3 204 i
S e P .
Rab27a] e s —— | c
g2 =
© 2 1.0 S .
GAPDH quumd esid emmmd @ | : 3 05
= =
% 0.5+ £
Q
m 0.0- x g.0-
wt-Rab27a mut-Rab27a
D i Control E mm Control G m NC probe
« 4- mm RANKL . 3= RANKL E 15— M miR-134-5p probe
. 'S x £ T
©5 Control RANKL 5-5 2-] 5?3_10'
S8 Rab27a S8 S £
bk —— 5%
L3 2 & 11 2R 57
- GAPDH| S S | £ g
4 S =
0~ o ¢ o

Fig. 5 miR-134-5p negatively regulates Rab27a expression. A Binding sites between miR-134-5p and Rab27a; B-E Rab27a mRNA and protein
expressions detected by RT-qPCR and western blot; F-G dual-luciferase reporter gene assay and RNA pull down verified the binding of miR-134-5p
with Rab27a. Data are expressed as mean + standard deviation, cell experiments were repeated 3 times. *P < 0.05, when compared with Control,

mimic NC or NC probe group

osteoclast biomarkers NFATc1, TRAP, and CTSK. These
results support the role of circ_0029463 in osteoclast dif-
ferentiation. However, the effect of circ_0029463 on oste-
oclast differentiation remained unclear.

Our study explored the downstream mechanism of
circ_0029463 in osteoclast differentiation and found that
circ_0029463 binds to miR-134-5p. Moreover, inhibi-
tion of miR-134-5p reversed the inhibitory effects of sh-
circ_0029463 on osteoclast differentiation. miR-134 has
been shown to inhibit the chondrogenic differentiation
of BMSCs [31]. A more recent study demonstrated that
inhibition of miR-134-5p can expedite osteoclast forma-
tion and cell proliferation while suppressing cell apopto-
sis [20], which is consistent with our findings. A previous
study identified decreased miR-134-5p during osteoclast
formation in ovariectomized (OVX) mouse models, and
the same study also found that overexpression of miR-
134-5p enhanced the osteoclast formation [20]. Among
multiple regulatory factors, miRNAs have been identi-
fied as valid tools for their regulation on osteoclast for-
mation and bone resorption. In a previous study, several

transcripts were predicted to be targets of miR-134-5p,
including Rab27a and Itgbl; these transcripts were also
found to be involved in osteoclastic progression [20, 32].
More recently, the relationship between miR-134-3p and
Rab27a was validated in human ovarian cancer stem
cells [22]. Furthermore, RIP and dual-luciferase reporter
gene assays revealed a binding relationship between
miR-134-3p and Rab27a. Detection of cellular biological
functions identified that miR-134-5p could suppress the
osteoblast differentiation by targeting Rab27a. Rab27a
and Rab27b affect stimulation-dependent RANKL secre-
tion by secretory lysosomes in osteoblasts [33]. Moreo-
ver, Rab27a expression increases during osteoclast
differentiation and its deficiency leads to reduced osteo-
clast activation [34]. The involvement of Rab27a in osteo-
clast differentiation was also observed in OVX mouse
models, which showed Rab27a was restrained by miR-
124 to attenuate osteoclastogenesis [35, 36]. These results
clarified the role of Rab27a in osteoclast differentiation
and hinted at the complications of osteoclast differen-
tiation. Our experiments further showed that Rab27a
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Fig. 6 miR-134-5p negatively regulates Rab27a expression to mediate osteoclast differentiation. A, B Rab27a mRNA and protein expressions
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overexpression in the presence of miR-134-5p mimic or
sh-circ_0029463 upregulated the expression of NFATc1,
TRAP, and CTSK and enhanced osteoblast formation
and bone resorption, suggesting the involvement of the
circ_0029463-miR-134-5p-Rab27a network in osteoblast
formation.

This study has some limitations that should be men-
tioned when interpreting the results. First, osteoblast
differentiation may be the result of interactions and com-
munication between multiple cellular agents or path-
ways; however, this study only explored the involvement
of circ_0029463-miR-134-5p-Rab27a in osteoblast for-
mation. Further studies are required to establish a com-
prehensive understanding of osteoblast differentiation.
In addition to that, multiple evidences demonstrated
that circRNAs exerts their function through being trans-
ported by extracellular vesicles [37, 38]. Future studies are
required to validate whether circ_0029463 in extracellu-
lar vesicles can still promote osteoblast differentiation.

Collectively, the present study demonstrates that
circ_0029463 functions as a ceRNA of miR-134-5p to

suppress miR-134-5p expression, which can release
Rab27a, thereby promoting osteoblast differentiation.
This study highlights the role of the circ_0029463-
miR-134-5p-Rab27a network in osteoblast forma-
tion and contributes to a better understanding of the
pathology of osteoblast differentiation. The results of
this study may provide a theoretical basis for targeting
key molecules, such as circ_0029463, as a promising
approach for anti-osteoporosis interventions. How-
ever, further studies and multiple tests are required for
validation before clinical translation.



Tang et al. Journal of Orthopaedic Surgery and Research

(2024) 19:128

Page 10 of 11

A  sh-NC+oe-NC B RANKL  sh-NC+oe-NC
1.5— M sh-circ_0029463+0e-NC - - 1.5— M8 sh-circ_0029463+0e-NC
< m sh-circ_0029463+0e-Rab27a sh-NC  sh-circ_0029463 sh-circ_0029463 & = sh-circ_0029463+0e-Rab27a
o +oe-NC +0e-NC +oe-Rab27a ©
E S 1.0 # Eg 1.0 #
Rabz7a ——— ‘
5 . g8
[ %05- * . % s-05- 3+
g°®" GAPDH ) g
« - - &
0.0 0.0-
RANKL RANKL
Cc RANKL
sh-NC sh-circ_0029463 sh-circ_0029463
+0e- +oe-NC +0e- mm sh-NC+oe-NC
B L L e-Rab27a B sh-circ_0029463+0e-NC

1 sh-circ_0029463+0e-Rab27a
#

o RANKL
RANKL

D E

pm sh-NC+oe-NC
1.5— M sh-circ_0029463+0e-NC

sh-NC
+oe-NC

sh-circ_0029463 sh-circ_0029463
+oe-NC

i sh-NC+oe-NC

+0e-
coRibaia 1.5— M8 sh-circ_0029463+0e-NC

1 sh-circ_0029463+oe-Rab27a

CTSK

1 sh-circ_0029463+0e-Rab27a

TRAP

mRNA expr

-
(=]
1

NFATc1

o
o
1

o
[~
I

NFATc1 TRAP CTSK
RANKL

GAPDH

Relative protein expression

NFATc1 TRAP CTSK

RANKL

Fig. 7 Overexpression of Rab27a abolish the effect of circ_0029463 knockdown on osteoclast differentiation. A, B Rab27a mRNA

and protein expressions detected by RT-qPCR and western blot; C osteoclasts were observed after TRAP staining; D, E the biomarkers
of osteoclasts, including NFATc1, TRAP and CTSK were detected using RT-gPCR and western blot. Data are expressed as mean + standard
deviation, cell experiments were repeated 3 times. *P < 0.05, when compared with mimic NC +oe-NC group; “P < 0.05, when compared

with sh-circ_0029463 + oe-NC group

Acknowledgements
Thanks for all the contributors.

Author contributions

LZ and TL conceived the ideas and designed the experiments. TL, YL, YYJ and
GJH performed the experiments. TL, YL and LZ analyzed the data. TL, GJH and
LZ provided critical materials. YL and LZ wrote the manuscript. LZ super-
vised the study. All the authors have read and approved the final version for
publication.

Funding

This work was financially supported by Sichuan Science and Technology
Program (Grant No. 2022YFS0628) to Jiyuan Yan, and 2023 Pengzhou People’s
Hospital-Southwest Medical University Science and Technology Strategic
Cooperation Project (Grant No. 2023PZXNYDO1) to Lian Tang.

Availability of data and materials
The datasets used or analyzed during the current study are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The clinical and animal experimental designs were approved by the Ethics
Committee of our hospital (Approval no. 20221028-017). The clinical experi-
ments were conducted in accordance with the Declaration of Helsinki and the
written informed consent from all the included patients was collected from
tissue collection. Animal experiments were performed in accordance with the
experimental guidelines of our hospital.

Consent for publication
Not applicable.

Competing interests

The authors declare there is no conflict of interests.

Received: 10 November 2023 Accepted: 1 February 2024
Published online: 07 February 2024



Tang et al. Journal of Orthopaedic Surgery and Research

References

1.
2.

3.

20.

21

22.

23.

24.

25.

26.

27.

Correction: In the Clinic-Osteoporosis. Ann Intern Med. 2017;167:528.
RachnerTD, Khosla S, Hofbauer LC. Osteoporosis: now and the future.
Lancet. 2011,377:1276-87.

Charles JF, Aliprantis AO. Osteoclasts: more than ‘bone eaters. Trends Mol
Med. 2014;20:449-59.

GaoY, Patil S, Jia J. The development of molecular biology of osteoporo-
sis. Int J Mol Sci. 2021,22:8182.

Masoudi-Khoram N, Abdolmaleki P. Role of non-coding RNAs in response
of breast cancer to radiation therapy. Mol Biol Rep. 2022;49:5199-208.
Guo X, Gao C, Yang DH, Li S. Exosomal circular RNAs: a chief culprit in
cancer chemotherapy resistance. Drug Resist Updat. 2023;67: 100937.
Gargano G, Asparago G, Spiezia F, Oliva F, Maffulli N. Small interfer-

ing RNAs in the management of human osteoporosis. Br Med Bull.
2023;148:58-69.

Gargano G, Oliva F, Oliviero A, Maffulli N. Small interfering RNAs

in the management of human rheumatoid arthritis. Br Med Bull.
2022;142:34-43.

Gargano G, Oliviero A, Oliva F, Maffulli N. Small interfering RNAs in tendon
homeostasis. Br Med Bull. 2021;138:58-67.

Giordano L, Porta GD, Peretti GM, Maffulli N. Therapeutic potential of
microRNA in tendon injuries. Br Med Bull. 2020;133:79-94.

. Oliviero A, Della Porta G, Peretti GM, Maffulli N. MicroRNA in osteoarthri-

tis: physiopathology, diagnosis and therapeutic challenge. Br Med Bull.
2019;130:137-47.

Wang T, Zhang C, Xu L, Li X. Roles of circular RNAs in osteogenic/osteo-
clastogenic differentiation. Biofactors. 2023.

LuoY, Qiu G, LiuY, Li S, Xu, Zhang Y, Cao Y, Wang Y. Circular RNAs in oste-
oporosis: expression, functions and roles. Cell Death Discov. 2021;7:231.
Chen W, Zhang B, Chang X. Emerging roles of circular RNAs in osteoporo-
sis. J Cell Mol Med. 2021;25:9089-101.

HuangY, Xie J, Li E. Comprehensive circular RNA profiling reveals
circ_0002060 as a potential diagnostic biomarkers for osteoporosis. J Cell
Biochem. 2019;120:15688-94.

YuY, Sun B, Wang Z, Yang M, Cui Z, Lin S, Jin M, Yi C. Exosomes from M2
macrophage promote peritendinous fibrosis posterior tendon injury via
the MiR-15b-5p/FGF-1/7/9 pathway by delivery of circRNA-Ep400. Front
Cell Dev Biol. 2021;9: 595911.

Huang W, Wu'Y, Qiao M, Xie Z, Cen X, Huang X, Zhao Z. CircRNA-miRNA
networks in regulating bone disease. J Cell Physiol. 2022;237:1225-44.
Gao M, Zhang Z, Sun J, Li B, Li Y. The roles of circRNA-miRNA-mRNA
networks in the development and treatment of osteoporosis. Front
Endocrinol (Lausanne). 2022;13: 945310.

Wen J, Guan Z,Yu B, Guo J, ShiY, Hu L. Circular RNA hsa_circ_0076906
competes with OGN for miR-1305 biding site to alleviate the progression
of osteoporosis. Int J Biochem Cell Biol. 2020;122: 105719.

Huang M, Wang Y, Wang Z, Qin Q, Zhang H, Liu S, Cui J, Zhang Y, Jiang

X, Xu L. miR-134-5p inhibits osteoclastogenesis through a novel miR-
134-5p/Itgb1/MAPK pathway. J Biol Chem. 2022;298: 102116.

LuY, Zhao L, Mao J, Liu W, Ma W, Zhao B. Rab27a-mediated extracellular
vesicle secretion contributes to osteogenesis in periodontal ligament-
bone niche communication. Sci Rep. 2023;13:8479.

Chang C, LiuT, Huang Y, Qin W, Yang H, Chen J. MicroRNA-134-3p is a
novel potential inhibitor of human ovarian cancer stem cells by targeting
RAB27A. Gene. 2017,605:99-107.

Soejima M, Koda Y. TagMan-based real-time PCR for genotyping
common polymorphisms of haptoglobin (HP1 and HP2). Clin Chem.
2008;54:1908-13.

Lee WC, Guntur AR, Long F, Rosen CJ. Energy metabolism of the osteo-
blast: implications for osteoporosis. Endocr Rev. 2017;38:255-66.

Pan YH, Wu WP, Xiong XD. Circular RNAs: promising biomarkers for age-
related diseases. Aging Dis. 2020;11:1585-93.

Xu F, LiW,Yang X, Na L, Chen L, Liu G. The roles of epigenetics regula-
tion in bone metabolism and osteoporosis. Front Cell Dev Biol. 2020;8:
619301.

Chen X, Ouyang Z, Shen Y, Liu B, Zhang Q Wan L, Yin Z, Zhu W, Li S,

Peng D. CircRNA_28313/miR-195a/CSF1 axis modulates osteoclast dif-
ferentiation to affect OVX-induced bone absorption in mice. RNA Biol.
2019;16:1249-62.

(2024) 19:128

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

Page 11 of 11

Liu Z, Liu Q Chen S, Su H, Jiang T. Circular RNA Circ_0005564 promotes
osteogenic differentiation of bone marrow mesenchymal cells in osteo-
porosis. Bioengineered. 2021;12:4911-23.

Li'S, Liu F, Zheng K, Wang W, Qiu E, Pei Y, Wang S, Zhang J, Zhang X.
CircDOCK1 promotes the tumorigenesis and cisplatin resistance of osteo-
genic sarcoma via the miR-339-3p/IGF 1R axis. Mol Cancer. 2021;20:161.
Ono T, NakashimaT. Recent advances in osteoclast biology. Histochem
Cell Biol. 2018;149:325-41.

Xu 'S, Wu X. miR-134 inhibits chondrogenic differentiation of bone
marrow mesenchymal stem cells by targetting SMADS. Biosci Rep.
2019;39:BSR20180921.

Ngalame NN, Tokar EJ, Person RJ, Xu Y, Waalkes MP. Aberrant microRNA
expression likely controls RAS oncogene activation during malignant
transformation of human prostate epithelial and stem cells by arsenic.
Toxicol Sci. 2014;138:268-77.

Kariya Y, Honma M, Hanamura A, Aoki S, Ninomiya T, Nakamichi Y,
Udagawa N, Suzuki H. Rab27a and Rab27b are involved in stimulation-
dependent RANKL release from secretory lysosomes in osteoblastic cells.
J Bone Miner Res. 2011;26:689-703.

Shimada-Sugawara M, Sakai E, Okamoto K, Fukuda M, Izumi T, Yoshida N,
Tsukuba T. Rab27A regulates transport of cell surface receptors modulat-
ing multinucleation and lysosome-related organelles in osteoclasts. Sci
Rep. 2015;5:9620.

SunW, Zhao C, LiY, Wang L, Nie G, Peng J, Wang A, Zhang P, Tian W, Li Q,
Song J, Wang C, Xu X, Tian Y, Zhao D, Xu Z, Zhong G, Han B, Ling S, Chang
YZ, LiY. Osteoclast-derived microRNA-containing exosomes selectively
inhibit osteoblast activity. Cell Discov. 2016;2:16015.

Tang L, YinY, Liu J, Li Z, Lu X. MiR-124 attenuates osteoclastogenic differ-
entiation of bone marrow monocytes via targeting Rab27a. Cell Physiol
Biochem. 2017;43:1663-72.

Wang W, Qiao SC, Wu XB, Sun B, Yang JG, Li X, Zhang X, Qian SJ, Gu YX, Lai
HC. Circ_0008542 in osteoblast exosomes promotes osteoclast-induced
bone resorption through m6A methylation. Cell Death Dis. 2021;12:628.
Li S. The basic characteristics of extracellular vesicles and their potential
application in bone sarcomas. J Nanobiotechnol. 2021;19:277.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	circ_0029463 promotes osteoclast differentiation by mediating miR-134-5pRab27a axis
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Ethical statement
	Collection of clinical tissues
	RT-qPCR
	Western blot
	Animals
	Extraction and culture of BMMs
	BMMs induced for osteoclast differentiation
	Cell transfection
	Detection of osteogenesis differentiation ability of BMMs
	RNA immunoprecipitation (RIP) assay
	Dual-luciferase gene reporter assay
	RNA pull-down
	Statistical analysis

	Results
	Elevated expression of circ_0029463 in both patients with osteoporosis and RANKL-induced osteoclasts
	circ_0029463 knockdown suppresses osteoclast differentiation
	circ_0029463 negatively regulates miR-134-5p to mediate osteoclast differentiation
	miR-134-5p negatively regulates Rab27a to mediate osteoclast differentiation
	Overexpression of Rab27a abolishes the effect of circ_0029463 knockdown on osteoclast differentiation

	Discussion
	Acknowledgements
	References


