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Abstract

Osteoporosis is one bone disease characterized with skeletal impairment, bone
strength reduced and fracture risk enhanced. The regulation processes of bone me-
tabolism are associated with several factors such as mechanical stimulation, epige-
netic regulation and hormones. However, the mechanism of osteoporosis remains
unsatisfactory. Increasing high-throughput RNA sequencing and circular RNAs (cir-
cRNAs) microarray studies indicated that circRNAs are differentially expressed in
osteoporosis. Growing functional studies further pinpointed specific deregulated
expressed circRNAs (e.g., circ_28313, circ_0016624, circ_0006393, circ_0076906
and circ_0048211) for their functions involved in bone metabolism, including bone
marrow stromal cells (BMSCs) differentiation, proliferation and apoptosis. Moreover,
CircRNAs (circ_0002060, Circ_0001275 and Circ_0001445) may be acted as diag-
nostic biomarkers for osteoporosis. This review discussed recent progresses in the
circRNAs expression profiling analyses and their potential functions in regulating
BMSCs differentiation, proliferation and apoptosis.
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1 | INTRODUCTION

Osteoporosis is one bone disease characterized with skeletal im-
pairment, bone strength reduced and fracture risk enhanced.* It is
accompanied or asymptomatic by mild or serious symptoms, which
is one cause of pathological fracture and also the high-risk factor
influencing human health.’” The incidence of osteoporosis is 70%
in people over 80 years and 15% in people over 50 years old.®’
The osteoporosis patient's number exceeds 200 million worldwide
at present, while the number may increase to 300 million as ageing
population by 2023.1° The modulation processes of bone metabo-
lism are associated with several factors such as mechanical stimula-
tion, epigenetic regulation and hormones.**™*> The major therapies
of osteoporosis are drug therapy and surgery, while the curative
effect remains unsatisfactory.“"18 Thus, it is crucial to find new bio-

markers for the indention and therapy of osteoporosis.

ceRNA, circRNAs, microRNA, osteoporosis

Circular RNAs (circRNAs) are formed by reverse splicing of splice

AY22 cjr-

accepter at 5’ end splice donor at the 3’ end in the pre-mRN
cRNAs are one group of noncoding RNA and temporal, disease specific
and spatial are expressed in several tissues and cells and can be acted as
therapeutic targets and biomarkers.?3-2 Although circRNAs are mostly
located in cytoplasm, some circRNAs containing introns are originated
from nucleus.?” CircRNAs have several functions including regulating
gene transcription, regulating translation, modulating alternative splic-
ing, functioning as miRNA sponges and interacting with RBPs (RNA-
binding proteins).?®~32 Growing evidence suggested that circRNAs play
crucial roles in cell functions such as cell metabolism, differentiation,
proliferation, apoptosis and invasion.'”33-%¢ Increasing studies showed
that circRNAs involved in the development of many diseases including
cancers, neurological diseases, congenital diseases, intervertebral disc
degeneration and endocrine diseases.®’~*3 Recently, studies indicated

that circRNASs also play important roles in osteoporosis.**
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In the manuscript, we reviewed expression profiling of circRNA
studies in osteoporosis to offer the datasets for choosing specific
osteoporosis-associated circRNAs for next studies in the future. The
potential diagnostic and therapeutic roles of circRNAs in the clinical
application for osteoporosis are also discussed.

2 | CIRCRNA EXPRESSION PROFILING
AND INTEGRATIVE ANALYSIS IN SCI

Huang et al.** used circRNA chip analysis to study circRNA expres-
sion profiling in the plasma or serum from 40 osteoporosis patients
and 40 control adults. A total of 237 circRNAs were found to be
differently expressed and 95 circRNAs were downregulated and
162 circRNAs were upregulated. Moreover, they performed gRT-
PCR analysis to prove that four circRNAs such as circ_0081047,
circ_0068459, circ_0006873 and circ_0002060 were upregulated
and circ_0017736 and circ_0062582 were downregulated in osteo-
porosis patients compared to control adults.

Zhao et al.* performed circRNA microarray to analysis circRNA
expression profiling in PBMCs (peripheral blood mononuclear cells)
from three postmenopausal osteoporosis patients and three con-
trols. There were 381 circRNAs were differently expressed in post-
menopausal osteoporosis compared to control. Among these, 203
circRNAs were overexpressed and 178 circRNAs were downregu-
lated. They performed gRT-PCR assay to confirm that circ_0028882,
circ_0001275, circ_0006766, circ_0007788 and circ_0003391 was
upregulated and circ_0006801 was downregulated.

Jinetal

used RNA sequencing to study circRNA expression profil-
ingin three cases with postmenopausal osteoporosis and three healthy
controls. A total of 260 circRNAs were differentially regulated in post-
menopausal osteoporosis group. Among these, 154 circRNAs were
downregulated and 106 circRNAs were overexpressed in osteoporo-
sis group. The top five downregulated circRNAs were circ_0021739,
circ _0011269, circ_0019693, circ_0005245 and circ_0010349, and
the top five upregulated circRNAs were circ_0010452, circ_0022348,
circ_0015566, circ_0003323 and circ_0013121.

Chen et al.*® performed microarray profiling analyses to de-
tect the cirRNA expression pattern in the bone marrow monocyte/
macrophage-derived osteoclasts and undifferentiated BMM cells. A
total of 6259 circRNAs were decreased, and 5449 circRNAs were
overexpressed after BMM cells induction. Moreover, a total of 81
circRNAs were remarkably different by hierarchical clustering and
52 circRNAs were downregulated and 29 circRNAs were upregu-
lated. They confirmed that the expression of circ_012460, circ_8313,
circ_28312, circ_28309, circ_40206 and circ_28236 were overex-
pressed in induction group.

Yuetal®

used RNA sequencing and bioinformatics assay to screen
for circRNAs expression profiling in six postmenopausal osteoporosis
patients and healthy controls. A total of 387 circRNAs were found to
be differentially expressed in the osteoporosis compared to control
including 176 decreased circRNAs and 211 overexpressed circRNAs.

Moreover, they showed that circ_0057340 and circ_0134944 were

overexpressed and circ_0005692, circ_0088422 and circ_0076906
were decreased in osteoporosis group by gRT-PCR analysis.

Lin et al.”® have studied the circRNAs expression profiling in the
osteoclast differentiation without and with alendronate treatment.
There were 1394 circRNAs were upregulated and 214 circRNAs
were downregulated in the osteoclast (OC) precursors (OPCSs)
groups compared to OC group. GO assay showed that differentially
expressed circRNAs were distributed into three groups: molecular
function, biological process and cellular component. In addition, a
total of 110 circRNAs were deregulated expressed among OC +alen-
dronate, OC and OPCS groups and 15 circRNAs were downregulated
and 95 circRNAs were overexpressed after alendronate treatment.
The expression of circ_0000284, circ_0000638, circ_0000994,
circ_0001776, circ_0002922, circ_0007710 and circ_0113954 was
upregulated in the OC group compared to OPCS group.

Wang et al.>! used RNA sequencing to analyse aberrantly ex-
pressed circRNAs in BMSCs from ovariectomy mice and controls.
There are 45 circRNAs were found to be differentially expressed and
21 circRNAs were decreased and 24 circRNAs were overexpressed in
the ovariectomy mice compared to controls. Moreover, they confirmed
that circ-0020 expression was overexpressed and circ-3832 level was
downregulated in ovariectomy mice compared to controls.

Xu et al.>?

used circRNAs microarray to study circRNAs expres-
sion profiling in the plasma or serum from osteoporosis and controls.
A total of 69 circRNAs were differentially expressed in osteoporosis
group compared to control groups, and among these, 35 circRNAs
were decreased and 34 circRNAs were overexpressed. They per-
formed gRT-PCR assay to prove that circ_0019693, circ_0011269,
circ_0028958, circ_0005245, circ_0006487 and circ_0010452 ex-
pression was consistent with the microarray data.

Shen et al.>® used circRNA microarray assay to study circRNAs
expression profiling in bone tissues from osteoporosis group and no-
osteoporosis group. A total of 4972 circRNAs were differentially ex-
pressed in osteoporosis group compared to no-osteoporosis group,
and among these, 2645 circRNAs were overexpressed and 2327 cir-
cRNAs were decreased.

Yao et al.>* performed RNA sequencing to identify circRNAs ex-
pression profiling in peripheral blood from three patients from se-
nile osteoporotic vertebral compression fracture (OVCF) and three
healthy controls. They discovered that there are 884 circRNAs were
differentially expressed and 330 circRNAs were downregulated and
554 circRNAs were overexpressed in OVCF groups compared to
healthy controls.

Liu et al.>®

performed RNA sequencing to investigate circRNAs
expression profiling in five postmenopausal osteoporosis patients
with five normal controls. There were 250 circRNAs were deregu-
lated in osteoporosis compared to normal controls. Among these, 186
circRNAs were upregulated and 64 circRNAs were downregulated.

Wang et al.>®

explored circRNAs expression profiling in the
BMSCs after treated with melatonin or not by using RNA se-
quencing. They found that there were 209 circRNAs were differ-
entially expressed in human BMSCs after treated with melatonin.

Among these, there were 36 circRNAs were downregulated and
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173 circRNAs were upregulated. They confirmed that the expres-
sion of circ_0002770, circ_0073244, circ_0003126, circ_0002867,
circ_0008210, circ_0037026, circ_0005015, circ_0003865 and
circ_0006935 was downregulated.

Zhi et al.’” performed the circRNA microarray to detect the dif-
ferentially expressed circRNAs in serum of three controls and three
osteoporosis patients. There were 589 circRNAs were differentially
expressed in the serum in osteoporosis patients compared to con-
trols. Among these, 213 circRNAs were decreased and 376 circRNAs
were overexpressed in the osteoporosis patients.

Zhang et al.>8 used the circRNA microarray to determine circRNA
expression profiles in peripheral blood from osteoporosis patients
and healthy controls. A total of 398 circRNAs were differentially ex-
pressed in peripheral blood from osteoporosis patients compared to
healthy controls. Among these, 203 circRNAs were decreased while
195 circRNAs were overexpressed. Top ten upregulated circRNAs
were circ_0004276, circ_0003060, circ_0005657, circ_0020485,
circ_0017615, circ_0004846, circ_0000968, circ_0003426,
circ_0006132 and circ_0042409 and ten downregulated circRNAs
were circ_0035291, circ_0048949, circ_0015289, circ_0006342,
circ_0000378, circ_0038918, circ_0039344, circ_0046964,
circ_0007976 and circ_0003990 (Tables 1 and 2, Figures 1 and 2).

3 | MECHANISMS OF ACTION OF
FUNCTIONALLY IMPORTANT CIRCRNAS IN
SCI

3.1 | circ_0002060 and circ_0006873

Huang et al.** performed circRNA chip method to study circRNA
expression profiling in the plasma or serum from 40 osteoporo-

sis patients and 40 control adults, and their data indicated that

TABLE 1 circRNAs expression profiles in osteoporosis

circ_0006873 and circ_0002060 were upregulated in osteoporosis
patients compared to control adults. The level of circ_0002060 and
circ_0006873 was correlated with bone mineral density (BMD) and
T-score. The circ_0002060 levels have diagnostic values for osteo-
porosis patients (AUC = 0.746, p < 0.05), and the specificity and sen-
sitivity for circ_0002060 were 69% and 78%.

3.2 | Circ_0001275

Zhao et al.*” performed circRNA microarray to analysis circRNA ex-
pression profiling in PBMCs from three postmenopausal osteoporo-
sis patients and three controls and identified the circ_0001275 was
upregulated in osteoporosis group. The level of circ_0001275 was
associated with T-score, and circ_0001275 level was not correlated
with weight, height, WBC, age, monocyte count, p-CROSSL, BMD,
lymphocyte, OSTEOC and TP1NP. Moreover, circ_0001275 level in
the PBMCs can distinguish people with postmenopausal osteoporo-
sis from controls (AUC: 0.759, p < 0.01). These data suggested that
circ_0001275 may be one diagnostic biomarker for postmenopausal

osteoporosis.

3.3 | «circ_28313

Chen et al.*® showed that circ_28313 was overexpressed in the
BMM cells after induction with CSF1 and RANKL. Knock-down of
circ_28313 suppressed CSF1 + RANKL-induced osteoclasts differen-
tiation within the BMM cells in vitro, while inhibited ovariectomized-
influenced (OVX) bone resorption in vivo in mice model. By
bioinformatics analysis, it is showed that miR-195a may bind to
CSF1 and circ_28313 and form one miRNA-circRNA-mRNA net-
work. circ_28313 relieves miR-195a-regulated inhibition on the CSF1

Num Method Sample

1 Microarray RT-PCR Plasma

2 Microarray RT-PCR PBMCs

3 RNA-sequencing RT-PCR Plasma

4 Microarray RT-PCR Bone marrow monocyte
5 RNA-sequencing RT-PCR Plasma

6 Microarray RT-PCR OPCSs

7 RNA-sequencing RT-PCR BMSCs

8 Microarray RT-PCR Plasma

9 Microarray RT-PCR Bone tissues

10 Microarray RT-PCR Plasma

11 RNA-sequencing RT-PCR Plasma

12 RNA-sequencing RT-PCR BMSCs

13 Microarray RT-PCR Serum

14 Microarray RT-PCR Peripheral blood

Abbreviations: OC, osteoclast; OPCSs, precursors.

Upregulated Downregulated Reference
162 circRNAs 95 circRNAs 45
203 circRNAs 178 circRNAs 46
106 circRNAs 154 circRNAs 47
29 circRNAs 52 circRNAs 48
211 circRNAs 176 circRNAs 49
95 circRNAs 15 circRNAs 50
24 circRNAs 21 circRNAs 51
34 circRNAs 35 circRNAs 52
2645 circRNAs 2327 circRNAs 53
554 circRNAs 330 circRNAs 54
186 circRNAs 64 circRNAs 55
173 circRNAs 36 circRNAs 56
376 circRNAs 213 circRNAs 57
195 circRNAs 203 circRNAs 58
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through sponging as one ceRNA, then regulating the osteoclast dif-
ferentiation in the BMM cells. In summary, circ_28313, CSF1 and miR-
195a act as a ceRNA network in CSF1+ RANKL-induced osteoclast

differentiation, therefore influencing OVX-induced bone absorption.

3.4 | circ_0016624

Yu et al.?® demonstrated that circ_0016624 was downregulated
in the osteoporotic patient samples compared to healthy controls.
They indicated that miR-98 may be one target of circ_0016624 and
miR-98 was upregulated in osteoporosis group compared to con-
trols. Moreover, they found that BMP2 was decreased in osteo-
porosis group compared to controls. The expression of BMP2 and
circ_0016624 was overexpressed while miR-98 level was down-
regulated during osteogenic differentiation. Ectopic expression of
circ_0016624 can suppress miR-98 expression and enhance BMP2
expression. Furthermore, circ_0016624 overexpression induced
osteogenesis differentiation but decreased through miR-98 mim-
ics. These data suggested that circ_0016624 inhibited osteoporosis
through sponging miR-98 and promoting BMP2 expression.

3.5 | circ_0006393

Wang et al.! demonstrated that circ_0006393 was decreased in
glucocorticoid-induced osteoporosis (GIOP) patients compared
to presenting traumatic fractures patients. Overexpression of
circ_0006393 induced osteogenic genes including BMP2, OPG,
Sp7 and RUN X2 expression involved in the bone remodelling.
Furthermore, circ_0006393 was found to be localized in the nu-
cleus and cytoplasm of BMSCs. In addition, they found that miR-
145-5p was a direct target of circ_0006393. Ectopic expression of
circ_0006393 induced osteogenic genes including BMP2, OPG, Sp7
and RUN X2 expression via sponging miR-145-5p and enhancing
FOXO1 expression.

== Yosteoblasts k \

Pre-osteoblasts,

BMP-SMAD
MAPK,TGF
Wnt/B-catenin
Notch, Hedgehog

3.6 | circ_0076906

Wen et al.%? found that circ_0076906 was downregulated in the
serum and bone tissue of osteoporosis patients. The level of
circ_0076906 was upregulated in MSCs after induced via osteogenic,
which indicated that circ_0076906 is one negative modulator of os-
teoporosis. Knock-down of circ_0076906 inhibited osteoblast dif-
ferentiation genes including OCN and RUNX2 as well as Alizarin red
staining and ALP activity. These data suggested that circ_0076906
inhibited MSCs differentiation to osteogenic. Moreover, miR-1305
was direct target of circ_0076906 and miR-1305 was upregulated
expression in osteoporosis cases compared to non-osteoporosis
controls. In addition, they showed that circ_0076906 sponged miR-
1305 and inhibited its function, and functioned as one sponge to
modulate MSCs differentiation through regulating miR-1305/0OGN
expression. In conclusion, they demonstrated that circ_0076906 re-
duced osteoporosis and induced osteogenic differentiation via regu-
lating miR-1305/0OGN axis.

3.7 | «circ_0048211

Qiao et al.%® demonstrated that BMP2 and circ_0048211 were de-
creased, while miR-93-5p was overexpressed in BMSCs isolated
from postmenopausal osteoporosis patients. The expression of miR-
93-5p, BMP2 and circ_0048211 was time-dependently changed va-
rieties in the BMSCs undergoing osteogenesis. Ectopic expression
of circ_0048211 induced OPN, RUNX2 and OCN expression, which
also induced mineralization ability and ALP activity. Moreover, they
found that circ_0048211 can sponge miR-93-5p expression and
BMP2 was one direct target gene of miR-93-5p. The expression of
circ_0048211 was positively associated with BMP2 and negatively
associated with miR-93-5p. Besides, circ_0048211/miR-93-5p/
BMP2 regulatory loop was responsible for modulating OPN, RUNX2
and OCN expression and mineralization ability and ALP activity
in BMSCs. In summary, their data suggested that circ_0048211
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upregulated

circ_0028958
circ_0005245
circ_0006487
circ_0010452
circ_0004276
circ_0003060
circ_0005657
circ_0020485
circ_0017615
circ_0004846
circ_0000968
circ_0003426
circ_0006132
circ_0042409

circ_0081047 circ_28312
circ_0068459 circ_28309
circ_0006873 circ_40206
circ_0002060 circ_28236
circ_0028882 circ_0057340
circ_0001275 circ_0134944

circ_0006766
circ_0007788
circ_0003391
circ_0010452
circ_0022348
circ_0015566
circ_0003323
circ_0013121
circ_012460
circ_8313

circ_0000284
circ_0000638
circ_0000994
circ_0001776
circ_0002922
circ_0007710
circ_0113954
circ-0020

circ_0019693
circ_0011269

FIGURE 2 Dysregulated circRNAs
in osteoporosis. Until now, there are
34 circRNAs were upregulated and
31 circRNAs were downregulated in
osteoporosis

downregulated

circ_0017736 circ-3832
circ_0062582 circ_0002770
circ_0006801 circ_0073244

circ_0021739
circ _0011269
circ_0019693
circ_0005245
circ_0010349
circ_0005692
circ_0088422
circ_0076906

circ_0003126
circ_0002867
circ_0008210
circ_0037026
circ_0005015
circ_0003865
circ_0006935

alleviating postmenopausal osteoporosis progression via regulating
miR-93-5p/BMP2 axis.

3.8 | circ-Rtn4

Cao et al.** showed that TNF-o dose-dependently promoted the ex-
pression of miR-146a, suppressed cell proliferation, and induced cell

circ_0035291
circ_0048949
circ_0015289
circ_0006342
circ_0000378
circ_0038918
circ_0039344
circ_0046964
circ_0007976
circ_0003990

apoptosis, as noted via increased Bax protein, cleaved caspase-3 and
caspase-3 and caspase-3 activity. Silencing of miR-146a co-culture
with the BMSCs-Exos attenuated these functions. Furthermore, co-
culture with the circ-Rtn4-treated BMSCs decreased TNF-a-induced
apoptosis and cytotoxicity in the MC3T3-E1 cell and it can suppress
cleaved caspase-3, Bax protein expression and caspase-3 expres-
sion and activity. Moreover, miR-146a was one target gene of circ-
Rtn4, and Rtn4-Exos displayed its function in the TNF-a-induced
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MC3T3-E1 cells through sponging miR-146a. Their data indicated
that Rtn4-Exos attenuated the TNF-a- influenced apoptosis and cy-
totoxicity in MC3T3-E1 cells via regulating miR-146a.

3.9 | circ_0011269

Xu et al.’? demonstrated that circ_0011269 expression was down-
regulated in the osteoporosis group compared to control group.
They found that miR-122 was one target gene of circ_0011269 and
RUNX2 was a target gene of miR-122. The level of miR-122 was
downregulated during the osteogenic differentiation, while RUNX2
and circ_0011269 level was upregulated. Ectopic expression of
circ_0011269 induced RUNX2 expression and suppressed osteo-
porosis. Above all, their data indicated that circ_0011269 regulated
miR-122/RUNX2 expression and induced osteoporosis progression.

3.10 | circ_0026827

Ji et al.>® showed that circ_0026827 was upregulated in the dental
pulp stem cells (DPSCs) during osteoblast differentiation and down-
regulation expression of circ_0026827 inhibited osteoblast differen-
tiation of DPSCs. Knock-down of circ_0026827 induced miR-188-3p
expression and downregulation of miR-188-3p restored osteogenic
differentiation in DPSCs after treated with circ_0026827 siRNA.
Furthermore, they showed that miR-188-3p was one target of
circ_0026827 and RUNX1 and Beclinl were target genes of miR-
188-3p. Overexpression of miR-188-3p inhibited osteogenic differen-
tiation of DPSCs through regulating RUNX1 and Beclinl. In addition,
they demonstrated that overexpression of circ_0026827 promoted
heterotopic bone formation in vivo. Their data suggested that
circ_0026827 induced DPSCs differentiation to osteoblast through
RUNX1 and Beclinl signalling pathways via sponging miR-188-3p.

3.11 | circ_0076690

Han etal.”® demonstrated that circ_0076690 level was downregulatedinthe
osteoporosis group compared to control group. The level of circ_0076690
was significantly associated with T-score and BMD, while circ_0076690
expression was not correlated with age and BMI. The AUC value for
circ_0076690 was 0.8299 with 85% specificity and 79% sensitivity. They
showed that circ_0076690 played one sponge for miR-152. The level of
miR-152 was downregulated, and circ_0076690 expression was upregu-
lated during osteogenic differentiation. Overexpression of circ_0076690
induced osteogenic differentiation through sponging miR-152.

3.12 | circ_0024097

Huang et al.®® showed that circRNA YAP1 level was upregulated
in MC3T3-E1 and BMSC during differentiation. Overexpression of

YAP1 promoted ALP activity and staining and Runx2 OPN and OCN
expression, and it indicated that YAP1 induced osteogenic differ-
entiation of MC3T3-E1 and BMSCs. circ_0024097 come of YAP1
regulated miR-376b-3p to induce YAP1 expressionin MC3T3-E1 and
BMSCs. Moreover, YAP1 regulated circ_0024097-induced osteo-
genic differentiation and circ_0024097 promoted osteogenic dif-
ferentiation through activating Wnt/f-catenin signal pathway. Their
data suggested that circ_0024097 suppressed osteoporosis via in-
ducing osteogenic differentiation through Wnt/p-catenin pathway
and miR-376b-3p/YAP1 axis.

3.13 | Circ-SLC8A1

Lin et al.®® demonstrated that circ-SLC8A1 level was upregulated in
the ovariectomy group compared to control group, and the expres-
sion of circ-SLC8A1 was overexpressed in the BMSCs derived from
ovariectomy group compared to control group, and circ-SLC8A1
was upregulated in BMSCs after treated with osteogenic induced
medium. Ectopic expression of circ-SLC8A1 promoted ALP, BGLAP,
SPP1 and BMP4 expression and silenced circ-SLC8A1 inhibited ALP,
BGLAP, SPP1 and BMP4 expression, and it suggested that circ-
SLC8A1 acted as promotive role in the development of osteoporosis.
They showed that circ-SLC8A1 sponged miR-516b-5p in BMSCs, and
the expression of miR-516b-5p was downregulated in the BMSCs
from ovariectomy group. Circ-SLC8A1 acted as a promotive role in
the development of osteoporosis through regulating miR-516b-5p/
AKAP2.

3.14 | CircFOXP1

Shenetal.**

showed that circFOXP1 was decreased in osteoporosis
bone tissues compared to control group and circFOXP1 acted as a
sponge to regulated miR-33a-5p expression and induced its target
gene FOXP1 expression. The level of FOXP1 and circFOXP1 was
upregulated in MSCs during osteogenic differentiation, whereas
the expression of miR-33a-5p was downregulated. Ectopic expres-
sion of circFOXP1 induced FOXP1 expression and inhibited miR-
33a-5p expression. Overexpression of circFOXP1 induced MSCs
differentiated to osteogenic through miR-33a-5p/FOXP1 axis in
vitro and in vivo. Thus, it suggested that circFOXP1 prevent osteo-
porosis development and can act as potential therapeutic target

for osteoporosis.

3.15 | Circ_0001445

Xiang et al.” demonstrated that the circ_0001445 level in plasma
was downregulated in postmenopausal osteoporosis patients com-
pared to healthy controls and osteopenia patients. The expression
of circ_0001445 was positively associated with T-score and was
negatively associated with -CTX. It also can distinguish osteopenia
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patients or/and postmenopausal osteoporosis patients from healthy
controls. Furthermore, the circ_0001445 expression was overex-
pressed in the plasma of postmenopausal osteoporosis patients
after treated with anti-osteoporotic. The level of circ_0001445
was overexpressed in the postmenopausal osteoporosis patients'
plasma after the anti-osteoporotic treatment. It suggested that
circ_0001445 in the plasma can act as one new diagnostic biomarker

for postmenopausal osteoporosis.

3.16 | circ_0007059

Liu et al.>® found that circ_0007059 was overexpressed in post-
menopausal osteoporosis patients and in BMSCs during os-
teoclastogenesis. Overexpression of circ_0007059 decreased
BMSC differentiation into the osteoclasts. Ectopic expression of
circ_0007059 promoted TRAP staining and osteoclast-specific
genes expression and suppressed BMP-2 expression. They also
demonstrated that circ_0007059 sponged miR-378 expression

and then targeted BMP-2 expression. Their data suggested that
circ_0007059 acted crucial roles in the osteoclastogenesis through
miR-378/BMP-2 axis.

3.17 | CircHmbox1

Liu et al.®® demonstrated that circHmbox1 level was decreased
in the TNF-a-treated osteoclast formation in vitro and in vivo.
CircHmbox1 suppressed RANKL-induced BMMs osteoblasts dif-
ferentiation partly via binding to miR-1247-5p. TNF-a inhibited
osteoblasts differentiation through exosome with the low expres-
sion of circHmbox1 from osteoclasts. Moreover, miR-1247-5p
modulated osteoblasts and osteoclasts differentiation via regulat-
ing Bclé, which was proved to act an opposite role in osteoclasts
differentiation and osteoblasts differentiation. Their data sug-
gested that circHmbox1-sponging miR-1247-5p was involved in
the modulation of bone metabolisms via TNF-a in postmenopausal

osteoporosis.

TABLE 3 Dysregulated circRNAs in osteoporosis

Name Dysregulation Sponge target Function Related gene Role Reference
circ_0002060 Upregulated Biomarker 45
Circ_0001275 Upregulated Biomarker 68
circ_28313 Upregulated miR-195a Osteoclast CSF1 Harmfulness 48
differentiation
circ_0016624 Downregulated miR-98 Osteogenesis BMP2 Protective 60
differentiation
circ_0006393 Downregulated miR-145-5p Osteogenesis FOXO1 Protective 61
differentiation
circ_0076906 Downregulated miR-1305 MSCs differentiation OGN Protective 62
circ_0048211 Downregulated miR-93-5p MSCs differentiation BMP2 Protective 63
circ-Rtn4 miR-146a Differentiation Protective 64
circ_0011269 Downregulated miR-122 Differentiation RUNX2 Protective 52
circ_0026827 Downregulated miR-188-3p Differentiation RUNX1 Beclinl Protective 56
circ_0076690 Downregulated miR-152 Differentiation Protectivebiomarker 53
circ_0024097 Downregulated miR-376b-3p Differentiation YAP1 Wnt/p- Protective 65
catenin
Circ-SLC8A1 Downregulated miR-516b-5p Differentiation AKAP2 Protective 66
CircFOXP1 Downregulated miR-33a-5p Differentiation FOXP1 Protective 44
Circ_0001445 Downregulated Biomarker 67
circ_0007059 Upregulated miR-378 Differentiation BMP-2 Harmfulness 55
CircHmbox1 Upregulated miR-1247-5p Differentiation Bclé Harmfulness 68
circ_0003865 Upregulated miR-3653-3p Differentiation GAS1 Harmfulness 69
circ_0006859 Upregulated miR-431-5p Differentiation ROCK1 Harmfulness 70
circ_0006215 Downregulated miR-942-5p Differentiation VEGF RUNX2 Protective 49
circ_0021739 Downregulated miR-502-5p Differentiation Protective biomarker 71
circ_0001052 Downregulated miR-124-3p Proliferation Wnt4/p-catenin Protective 72
Circ_0062582 Downregulated miR-145 Differentiation CBFB Protective 46
circ_0001275 miR-377 Proliferation CDKN1B Protective 57
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3.18 | circ_0003865

1. demonstrated that the circ_0003865 expression was

Wang et a
downregulated in the BMSCs after treated with melatonin. Knock-
down of circ_0003865 promoted the expression of OPN, ALP and

RUNX2 in BMSCs. Their data suggested that circ_0003865 played

as one negative modulator of BMSCs osteogenic differentiation.
Melatonin induced BMSC osteogenic differentiation through in-
hibiting circ_0003865 expression. Circ_0003865 sponges miR-
3653-3p to modulate GAS1 expression and BMSC osteogenic
differentiation. They demonstrated that melatonin promoted
BMSCs osteogenic differentiation an inhibited osteoporosis pro-

gression via suppressing circ_0003865 expression, which sponges
miR-3653-3p to promote GAS1 expression and inhibit osteogenic
marker genes expression.

&

circ_0002060

Circ_0001445 3.19 | circ_0006859

Zhi et al.”® demonstrated that circ_0006859 was overexpressed
in the exosomes from serum of osteoporosis patients compared
to healthy controls. circ_0006859 differentiated osteoporosis
or osteopenia cases with high specificity and sensitivity. Ectopic

Circ_0001275

expression of circ_0006859 induced audiogenic differentiation
and inhibited osteoblastic differentiation of BMSCs. Moreover,
circ_0006859 sponged miR-431-5p expression and ROCK1 was
one target gene of miR-431-5p. Furthermore, they found that
circ_0006859 induced adipogenesis and inhibited osteogenesis
through regulating miR-431-5p to induce ROCK1 expression. These
data suggested that circ_0006859 is one biomarker for the postmen-

circ_0076690 circ_0021739

FIGURE 3 circRNAs acts as biomarkers for osteoporosis opausal osteoporosis and modulated the balance between adipo-

circ_0002060, circ_0001275, circ_0076690, circ_0001445 and
circ_0021739 may be one potential biomarkers for osteoporosis

genesis and osteogenesis in BMSCs through regulating miR-431-5p/
ROCK1.
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3.20 | circ_0006215

Jietal®

demonstrated that circ_0006215 expression was downregu-
lated in the BMSCs from cases of senile osteoporosis compared to
controls. Ectopic expression of circ_0006215 induced the BMSCs dif-
ferentiation to osteogenic. RNA pull-down and Luciferase reporter as-
says demonstrated that circ_0006215 sponged miR-942-5p and then
regulated VEGF and RUNX2 expression in the BMSCs. Moreover,
they showed that circ_0006215 induced bone defect repair in vivo.
These data suggested that circ_0006215 act a critical role in the os-

teogenesis and may be one therapy target for senile osteoporosis.

3.21 | «circ_0021739

Guan et al.”! demonstrated that circ_0021739 was downregulated
in the postmenopausal osteoporosis patients compared to controls.
The expression of circ_0021739 was associated with femur, forearm
and vertebra T-scores. The AUC of ability of circ_0021739 expres-
sion was 0.849, with a specificity of 42.9% and sensitivity of 100%.
Ectopic expression of circ_0021739 suppressed miR-502-5p expres-
sion and suppressed the osteoclasts differentiation. In summary, they
demonstrated that circ_0021739 may be one potential biomarker for
postmenopausal osteoporosis and circ_0021739 modulated osteo-
clasts differentiation through regulating miR-502-5p.

3.22 | circ_0001052

Liu et al.”?> demonstrated that the level of circ_0001052 was down-
regulated in the BMSCs after treated with low-level laser irradia-
tion (LLLI). circ_0001052 played as one miR-124-3p sponge and
suppressed miR-124-3p expression. circ_0001052 can modulate
BMSCs proliferation through playing as one miR-124-3p sponge via
the Wnt4/p-catenin pathway.

3.23 | Circ_0062582

Li et al.*® showed that the expression of circ_0062582 was upregu-
lated in BMSCs during osteogenic differentiation. Overexpression of
circ_0062582induced osteogenic differentiationand promoted the ex-
pression of osteogenic differentiation-associated genes such as COL1,
OCN and OSX. Furthermore, they found that circ_0062582 sponged
the expression of miR-145 and CBFB was a direct target gene of the
miR-145. Ectopic expression of circ_0062582 regulated BMSCs os-
teogenic differentiation through modulating miR-145/CBFB axis.

3.24 | «circ_0001275

Xu et al.’” demonstrated that dexamethasone-induced the
hFOB1.19 cell proliferation inhibition was reversed through

silencing circ_0001275. Dexamethasone promoted the calcium
nodules and ALP activity in the hFOB1.19 cell, while this function
was also reversed by circ_0001275 siRNA. circ_0001275 sponged
miR-377 expression in the hFOB1.19 cells and CDKN1B was one di-
rect target gene of miR-377. Furthermore, they showed that knock-
down of circ_0001275 reverses dexamethasone-induced cell
proliferation inhibition through promoting miR-377/CDKN1B axis.
Their data suggested that inhibition expression of circ_0001275
can reverse dexamethasone-induced osteoblast proliferation in-
hibition through promoting miR-377/CDKN1B axis (Table 3 and
Figures 3 and 4).

4 | CONCLUSIONS AND FUTURE
PERSPECTIVES

Growing data of high-throughput RNA sequencing and circRNAs
microarray studies indicated that circRNAs are differentially ex-
pressed in osteoporosis. CircRNAs may be acted as diagnostic
biomarkers for osteoporosis. Increasing studies suggested that cir-
cRNAs played important roles in the BMSCs proliferation, differen-
tiation and apoptosis. However, the expression levels and function
roles of these differentially expressed circRNAs in osteoporosis
remain uncharacterized. Further studies may be required to con-
firm the expression level of these differentially expressed circRNAs
in more samples of human osteoporosis and controls. Moreover,
further functional works on these differentially expressed circR-
NAs are needed to build their potential therapeutic or pathogenic
significance.

CONFLICT OF INTEREST

The authors declare that they have no competing interests.

AUTHOR CONTRIBUTION

Weichun Chen: Data curation (equal); Investigation (equal);
Visualization (equal); Writing-original draft (equal); Writing-review
& editing (equal). Baozhong Zhang: Conceptualization (equal); Data
curation (equal); Investigation (equal); Software (equal); Writing-
original draft (equal); Writing-review & editing (equal). Xiao Chang:
Methodology (equal); Visualization (equal); Writing-original draft
(equal); Writing-review & editing (equal).

CONSENT TO PARTICIPATE
Not applicable.

CONSENT TO PUBLISH
Not applicable.

DATA AVAILABILITY STATEMENT

Research data are not shared.

ORCID

Baozhong Zhang " https://orcid.org/0000-0002-9728-6994


https://orcid.org/0000-0002-9728-6994
https://orcid.org/0000-0002-9728-6994

CHEN ET AL.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Mora-Raimundo P, Lozano D, Benito M, Mulero F, Manzano M,
Vallet-Regi M. Osteoporosis remission and new bone formation
with mesoporous silica nanoparticles. Adv Sci. 2021;8:e2101107.
10.1002/advs.202101107

Kim D, Bandara G, Cho Y, et al. Mastocytosis-derived extracellu-
lar vesicles deliver miR-23a and miR-30a into pre-osteoblasts and
prevent osteoblastogenesis and bone formation. Nat Commun.
2021;12(1):2527. 10.1038/s41467-021-22754-4

Zhu X, Bai W, Zheng H. Twelve years of GWAS discoveries for oste-
oporosis and related traits: advances, challenges and applications.
Bone Res. 2021;9(1):23. 10.1038/s41413-021-00143-3

Bellavia D, Caradonna F, Dimarco E, et al. Non-flavonoid polyphe-
nols in osteoporosis: preclinical evidence. Trends Endocrinol Metab.
2021;32(7):515-529. 10.1016/j.tem.2021.03.008

Yu X, Wei Y, Zeng P, Lei S. Birth weight is positively associated with
adult osteoporosis risk: observational and Mendelian randomiza-
tion studies. J Bone Miner Res. 2021;36(8):1469-1480. 10.1002/
jbmr.4316

Papageorgiou M, Biver E. Interactions of the microbiome with pharma-
cological and non-pharmacological approaches for the management
of ageing-related musculoskeletal diseases. Ther Adv Musculoskelet
Dis. 2021;13:1759720X2110090. 10.1177/1759720x211009018
Haarhaus M, Evenepoel P. Differentiating the causes of ady-
namic bone in advanced chronic kidney disease informs osteo-
porosis treatment. Kidney Int. 2021;100(3):546-558. 10.1016/j.
kint.2021.04.043

Yang T, ChenY, Chen Y, Chang C, Ng H. Osteoporosis: prevalence in
Taiwanese women. Osteoporos Int. 2004;15(4):345-347. 10.1007/
s00198-003-1509-x

Khatib J, Stote K, Gosmanov A. Utility of DXA screening for diagno-
sis of osteoporosis in US veterans aged 70 years and older. J Investig
Med. 2018;66(2):298-303. 10.1136/jim-2017-000557

Mithal A, Bansal B, Kyer C, Ebeling P. The Asia-Pacific Regional
Audit-epidemiology, costs, and burden of osteoporosis in India
2013: a report of International Osteoporosis Foundation. Indian
journal of endocrinology and metabolism. 2014;18(4):449-454.
10.4103/2230-8210.137485

Onji M, Werschler N, Penninger J. A critical relationship between
bone and fat: the role of bone marrow adipose-derived RANKL
in bone metabolism. EMBO Rep. 2021;22:€52986. 10.15252/
embr.202152986

Chu M, Sun Z, Fan Z, Yu D, Mao Y, Guo Y. viaBi-directional regula-
tion functions of lanthanum-substituted layered double hydroxide
nanohybrid scaffolds activating osteogenesis and inhibiting osteo-
clastogenesis for osteoporotic bone regeneration. Theranostics.
2021;11(14):6717-6734. 10.7150/thno.56607

Corsa C, Walsh C, Bagchi D, et al. Adipocyte-specific deletion of
lamin A/C largely models human familial partial lipodystrophy type
2. Diabetes. 2021;db201001. 10.2337/db20-1001

Yu H, Wang K, Liu P, et al. miR-4286 functions in osteogenesis and
angiogenesis via targeting histone deacetylase 3 and alleviates
alcohol-induced bone loss in mice. Cell Prolif. 2021;54(6):e13054.
10.1111/cpr.13054

Gasmi A, Bjgrklund G, Peana M, et al. Phosphocalcic metabo-
lism and the role of vitamin D, vitamin K2, and nattokinase sup-
plementation. Crit Rev Food Sci Nutr. 2021;1-17. 10.1080/10408
398.2021.1910481

Gosset A, Pouillés J, Trémollieres F. Menopausal hormone therapy
for the management of osteoporosis. Best Pract Res Clin Endocrinol
Metab. 2021;101551. 10.1016/j.beem.2021.101551

Jahn-Rickert K, Zimmermann E. Potential role of perilacunar re-
modeling in the progression of osteoporosis and implications on
age-related decline in fracture resistance of bone. Curr Osteoporos
Rep. 2021. 10.1007/s11914-021-00686-8

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Wi LEYm

Qin X, Shen Q, Guo Y, et al. Physicochemical properties, digestibil-
ity and anti-osteoporosis effect of yak bone powder with differ-
ent particle sizes. Food Res Int. 2021;145:110401. 10.1016/j.foodr
es.2021.110401

Guo F, Li S, Guo C, et al. Circular RNA circMAGI3 accelerates the
glycolysis of non-small cell lung cancer through miR-515-5p/HDGF.
Am J Trans| Res. 2020;12(7):3953-3963.

FI'T, Xq G, Hx W, et al. Circ-0001313/miRNA-510-5p/AKT2 axis
promotes the development and progression of colon cancer. Am J
Transl Res. 2020;12(1):281-291.

LiuJ,Song S, Lin S, et al. Circ-SERPINE2 promotes the development
of gastric carcinoma by sponging miR-375 and modulating YWHAZ.
Cell Prolif. 2019;52(4):e12648. 10.1111/cpr.12648

Liu P, Li X, Guo X, et al. Circular RNA DOCK1 promotes bladder car-
cinoma progression via modulating circDOCK1/hsa-miR-132-3p/
Sox5 signalling pathway. Cell Prolif. 2019;52(4):e12614. 10.1111/
cpr.12614

Liang M, Huang G, Liu Z, et al. Elevated levels of hsa_circ_006100
in gastric cancer promote cell growth and metastasis via miR-195/
GPRC5A signalling. Cell Prolif. 2019;52(5):e12661.10.1111/cpr.12661
Wang L, Li B, Yi X, Xiao X, Zheng Q, Ma L. Circ_SMAD4 promotes
gastric carcinogenesis by activating wnt/p-catenin pathway. Cell
Prolif. 2021;54(3):e12981. 10.1111/cpr.12981

LiuJ, Song S, Lin S, et al. Circ-SERPINE2 promotes the development
of gastric carcinoma by sponging miR-375 and modulating YWHAZ.
Cell Prolif. 2019;52(4):e12648. 10.1111/cpr.12648

Zhao Q, Lu Y, Wang X, Zhang X. Circ_USP36/miR-182-5p/KLF5
axis regulates the ox-LDL-induced injury in human umbilical vein
smooth muscle cells. Am J Transl Res. 2020;12(12):7855-7869.

Pan G, Mao A, Liu J, Lu J, Ding J, Liu W. Circular RNA hsa_
circ_0061825 (circ-TFF1) contributes to breast cancer pro-
gression through targeting miR-326/TFF1 signalling. Cell Prolif.
2020;53:€12720. 10.1111/cpr.12720

WeiY, Zhang Y, Meng Q, Cui L, Xu C. Hypoxia-induced circular RNA
has_circRNA_403658 promotes bladder cancer cell growth through
activation of LDHA. Am J Transl Res. 2019;11(11):6838-6849.

Tu F, Guo X, Wu H, et al. Circ-0001313/miRNA-510-5p/AKT2 axis
promotes the development and progression of colon cancer. Am J
Transl Res. 2020;12(1):281-291.

Shao F, Cai M, Fan F, et al. Overexpression of circRNA
chr7:154954255-154998784+ in cancer-associated pancreatic
stellate cells promotes the growth and metastasis of pancreatic
cancer by targeting the miR-4459/KIAA0513 axis. Am J Transl Res.
2020;12(9):5048-5063.

Ma D, Liu H, Qin Y, et al. Circ_0007142/miR-186/FOXK1 axis
promoted lung adenocarcinoma progression. Am J Trans| Res.
2020;12(8):4728-4738.

LiZ,ChenZ,FengY, HuG, Jiang Y. CircMMP11 acts as a ce-circRNA
in breast cancer progression by regulating miR-1204. Am J Transl
Res. 2020;12(6):2585-2599.

Liang M, Huang G, Liu Z, et al. Elevated levels of hsa_circ_006100
in gastric cancer promote cell growth and metastasis via miR-
195/GPRC5A signalling. Cell Prolif. 2019;52(5):e12661. 10.1111/
cpr.12661

Yu C, Tian F, Liu J, et al. Circular RNA cMras inhibits lung adeno-
carcinoma progression via modulating miR-567/PTPRG regulatory
pathway. Cell Prolif. 2019;52(3):€12610. 10.1111/cpr.12610

Li F, Ma K, Sun M, Shi S. Identification of the tumor-suppressive
function of circular RNA ITCH in glioma cells through sponging
miR-214 and promoting linear ITCH expression. Am J Transl Res.
2018;10(5):1373-1386.

Xu B, Wang Q, Li W, et al. Circular RNA circEIF4G2 aggravates
renal fibrosis in diabetic nephropathy by sponging miR-218. Journal
of Cellular and Molecular Medicine. 2020.http://dx.doi.org/10.1111/
jemm. 16129


https://doi.org/10.1002/advs.202101107
https://doi.org/10.1038/s41467-021-22754-4
https://doi.org/10.1038/s41413-021-00143-3
https://doi.org/10.1016/j.tem.2021.03.008
https://doi.org/10.1002/jbmr.4316
https://doi.org/10.1002/jbmr.4316
https://doi.org/10.1177/1759720x211009018
https://doi.org/10.1016/j.kint.2021.04.043
https://doi.org/10.1016/j.kint.2021.04.043
https://doi.org/10.1007/s00198-003-1509-x
https://doi.org/10.1007/s00198-003-1509-x
https://doi.org/10.1136/jim-2017-000557
https://doi.org/10.4103/2230-8210.137485
https://doi.org/10.15252/embr.202152986
https://doi.org/10.15252/embr.202152986
https://doi.org/10.7150/thno.56607
https://doi.org/10.2337/db20-1001
https://doi.org/10.1111/cpr.13054
https://doi.org/10.1080/10408398.2021.1910481
https://doi.org/10.1080/10408398.2021.1910481
https://doi.org/10.1016/j.beem.2021.101551
https://doi.org/10.1007/s11914-021-00686-8
https://doi.org/10.1016/j.foodres.2021.110401
https://doi.org/10.1016/j.foodres.2021.110401
https://doi.org/10.1111/cpr.12648
https://doi.org/10.1111/cpr.12614
https://doi.org/10.1111/cpr.12614
https://doi.org/10.1111/cpr.12661
https://doi.org/10.1111/cpr.12981
https://doi.org/10.1111/cpr.12648
https://doi.org/10.1111/cpr.12720
https://doi.org/10.1111/cpr.12661
https://doi.org/10.1111/cpr.12661
https://doi.org/10.1111/cpr.12610
http://dx.doi.org/10.1111/jcmm.16129
http://dx.doi.org/10.1111/jcmm.16129

9100
—I—WI LEY

37.

38.

39.
40.

41.

42.
43.
44,
45.
46.

47.

48.
49.

50.

51.
52.

53.

54.

CHEN ET AL.

Li Z, Li X, Xu D, et al. An update on the roles of circular RNAs in
osteosarcoma. Cell Prolif. 2021;54(1):€12936. 10.1111/cpr.12936
Li Z, Chen X, Xu D, Li S, Chan M, Wu W. Circular RNAs in nucleus
pulposus cell function and intervertebral disc degeneration. Cell
Prolif. 2019;52(6):e12704. 10.1111/cpr.12704

Liu Q, Wang C, Jiang Z, et al. circRNA 001306 enhances hepato-
cellular carcinoma growth by up-regulating CDK16 expression via
sponging miR-584-5p. J Cell Mol Med. 2020;24(24):14306-14315.
10.1111/jcmm.16047

Li SL, Pei Y, Wang W, Liu F, Zheng K, Zhang XJ. Extracellular
nanovesicles-transmitted circular RNA has_circ_0000190 sup-
presses osteosarcoma progression. J Cell Mol Med. 2020;24(3):2202-
2214.10.1111/jcmm.14877

Kong F, Lv Z, Wang L, et al. RNA-sequencing of peripheral blood cir-
cular RNAs in Parkinson disease. Medicine. 2021;100(23):e25888.
10.1097/md.0000000000025888

Wang D, Na Q, Song G, Wang Y. The role of circRNA-SETD2/
miR-519a/PTEN axis in fetal birth weight through regulating tro-
phoblast proliferation. Biomed Res Int. 2020;2020:9809632.
10.1155/2020/9809632

Chen H, Zhang S, Wu Y, et al. The role of circular RNA circ_0008285
in gestational diabetes mellitus by regulating the biological func-
tions of trophoblasts. Biol Res. 2021;54(1):14. 10.1186/s40659-
021-00337-3

Shen W, Sun B, Zhou C, Ming W, Zhang S, Wu X. CircFOXP1/
FOXP1 promotes osteogenic differentiation in adipose-derived
mesenchymal stem cells and bone regeneration in osteoporosis via
miR-33a-5p. J Cell Mol Med. 2020;24(21):12513-12524. 10.1111/
jemm.15792

Huang Y, Xie J, Li E. Comprehensive circular RNA profiling reveals
circ_0002060 as a potential diagnostic biomarkers for osteoporo-
sis. J Cell Biochem. 2019;120(9):15688-15694. 10.1002/jcb.28838
Zhao Kewei, Zhao Qing, Guo Zhaodi, et al. Hsa_Circ_0001275:
A Potential Novel Diagnostic Biomarker for Postmenopausal
Osteoporosis. Cellular Physiology and Biochemistry.
2018;46(6):2508-2516. http://dx.doi.org/10.1159/000489657

Jin D, Wu X, Yu H, et al. Systematic analysis of IncRNAs, mRNAs,
circRNAs and miRNAs in patients with postmenopausal osteoporo-
sis. Am J Transl Res. 2018;10(5):1498-1510.

Chen X, Ouyang Z, Shen Y, et al. CircRNA_28313/miR-195a/
CSF1 axis modulates osteoclast differentiation to affect OVX-
induced bone absorption in mice. RNA Biol. 2019;16(9):1249-1262.
10.1080/15476286.2019.1624470

Yu L, Liu Y. circRNA_0016624 could sponge miR-98 to regulate
BMP2 expression in postmenopausal osteoporosis. Biochemical and
Biophysical Research Communications. 2019;516(2):546-550. http://
dx.doi.org/10.1016/j.bbrc.2019.06.087

Lin J, Ma S, Zhu C, et al. Circular RNA atlas in osteoclast differen-
tiation with and without alendronate treatment. J Orthop Surg Res.
2020;15(1):240. 10.1186/s13018-020-01722-6

Wang H, Zhou K, Xiao F, et al. Identification of circRNA-associated
ceRNA network in BMSCs of OVX models for postmenopausal
osteoporosis. Sci Rep. 2020;10(1):10896. 10.1038/s41598-020-
67750-8

Xu X, Chen Y, Tan B, Wang D, Yuan Z, Wang F. Circular RNA
circ_0011269 sponges miR-122 to regulate RUNX2 expres-
sion and promotes osteoporosis progression. J Cell Biochem.
2020;121(12):4819-4826. 10.1002/jcb.29709

Shen W, Sun B, Zhou C,et al. CircFOXP1/FOXP1 promotes osteo-
genic differentiation in adipose-derived mesenchymal stem cells
and bone regeneration in osteoporosis via miR-33a-5p. Journal of
Cellular and Molecular Medicine. 2020;24(21):12513-12524. http://
dx.doi.org/10.1111/jcmm.15792

Yao X, Liu M, Jin F, Zhu Z. Comprehensive analysis of differen-
tially expressed circular RNAs in patients with senile osteoporotic

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

vertebralcompressionfracture.BiomedResInt.2020;2020:4951251.
10.1155/2020/4951251

Liu S, Wang C, Bai J, et al. Involvement of circRNA_0007059 in
the regulation of postmenopausal osteoporosis by promoting
the microRNA-378/BMP-2 axis. Cell Biol Int. 2021;45(2):447-455.
10.1002/cbin.11502

Wang X, Chen T, Deng Z, et al. Melatonin promotes bone marrow
mesenchymal stem cell osteogenic differentiation and prevents
osteoporosis development through modulating circ_0003865 that
sponges miR-3653-3p. Stem Cell Research & Therapy. 2021;12(1).
http://dx.doi.org/10.1186/s13287-021-02224-w

Zhi F, Ding Y, Wang R, et al. Exosomal hsa_circ_0006859 is a po-
tential biomarker for postmenopausal osteoporosis and enhances
adipogenic versus osteogenic differentiation in human bone mar-
row mesenchymal stem cells by sponging miR-431-5p. Stem Cell
Research & Therapy. 2021;12(1). http://dx.doi.org/10.1186/s1328
7-021-02214-y

Zhang H, Song X, Teng Z, et al. Key circular RNAs identified in male
osteoporosis patients by whole transcriptome sequencing. PeerJ.
2021;9:€11420. 10.7717/peerj.11420

Zhao K, Zhao Q, Guo Z, et al. Hsa_Circ_0001275: a potential
novel diagnostic biomarker for postmenopausal osteoporo-
sis. Cellular physiology and biochemistry. 2018;46(6):2508-2516.
10.1159/000489657

Yu L, Liu Y. circRNA_0016624 could sponge miR-98 to regulate
BMP2 expression in postmenopausal osteoporosis. Biochem
Biophys Res Comm. 2019;516(2):546-550. 10.1016/j.bbrc.2019.
06.087

Wang X, Li P, Guo S, et al. circRNA_0006393 promotes osteogene-
sis in glucocorticoid-induced osteoporosis by sponging miR-145-5p
and upregulating FOXO1. Mol Med Rep. 2019;20(3):2851-2858.
10.3892/mmr.2019.10497

Wen J, Guan Z, Yu B, Guo J, Shi Y, 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. 10.1016/j.biocel.2020.105719

Qiao L, Li C, Liu D. CircRNA_0048211 protects postmenopausal
osteoporosis through targeting miRNA-93-5p to regulate BMP2.
Eur Rev Med Pharmacol Sci. 2020;24(7):3459-3466. 10.26355/
eurrev_202004_20804

Cao G, Meng X, Han X, Li J. Exosomes derived from circRNA Rtn4-
modified BMSCs attenuate TNF-a-induced cytotoxicity and apop-
tosis in murine MC3T3-E1 cells by sponging miR-146a. Biosci Rep.
2020;40(5):BSR20193436. 10.1042/bsr20193436

Huang Y, Xiao D, Huang S, et al. Circular RNA YAP1 attenuates
osteoporosis through up-regulation of YAP1 and activation of
Wnt/p-catenin pathway. Biomed Pharmacother. 2020;129:110365.
10.1016/j.biopha.2020.110365

Lin C, Zhong W, Yan W, Yang J, Zheng W, Wu Q. Circ-SLC8A1 reg-
ulates osteoporosis through blocking the inhibitory effect of miR-
516b-5p on AKAP2 expression. J Gene Med. 2020;22(11):e3263.
10.1002/jgm.3263

Xiang S, Wu Y, Shi H, Xue L, Luo K, Ding Y. Circular RNA hsa_
circ_0001445 in plasma as a novel biomarker for osteoporosis in
postmenopausal women. Biomark Med. 2020;14(16):1599-1607.
10.2217/bmm-2020-0447

Liu Z, Li C, Huang P, et al. CircHmbox1 targeting miRNA-1247-5p
is involved in the regulation of bone metabolism by TNF-a in post-
menopausal osteoporosis. Front Cell Dev Biol. 2020;8:594785.
10.3389/fcell.2020.594785

Wang X, Chen T, Deng Z, et al. Melatonin promotes bone marrow
mesenchymal stem cell osteogenic differentiation and prevents
osteoporosis development through modulating circ_0003865 that
sponges miR-3653-3p. Stem Cell Res Ther. 2021;12(1):150. 10.1186/
s13287-021-02224-w


https://doi.org/10.1111/cpr.12936
https://doi.org/10.1111/cpr.12704
https://doi.org/10.1111/jcmm.16047
https://doi.org/10.1111/jcmm.14877
https://doi.org/10.1097/md.0000000000025888
https://doi.org/10.1155/2020/9809632
https://doi.org/10.1186/s40659-021-00337-3
https://doi.org/10.1186/s40659-021-00337-3
https://doi.org/10.1111/jcmm.15792
https://doi.org/10.1111/jcmm.15792
https://doi.org/10.1002/jcb.28838
http://dx.doi.org/10.1159/000489657
https://doi.org/10.1080/15476286.2019.1624470
http://dx.doi.org/10.1016/j.bbrc.2019.06.087
http://dx.doi.org/10.1016/j.bbrc.2019.06.087
https://doi.org/10.1186/s13018-020-01722-6
https://doi.org/10.1038/s41598-020-67750-8
https://doi.org/10.1038/s41598-020-67750-8
https://doi.org/10.1002/jcb.29709
http://dx.doi.org/10.1111/jcmm.15792
http://dx.doi.org/10.1111/jcmm.15792
https://doi.org/10.1155/2020/4951251
https://doi.org/10.1002/cbin.11502
http://dx.doi.org/10.1186/s13287-021-02224-w
http://dx.doi.org/10.1186/s13287-021-02214-y
http://dx.doi.org/10.1186/s13287-021-02214-y
https://doi.org/10.7717/peerj.11420
https://doi.org/10.1159/000489657
https://doi.org/10.1016/j.bbrc.2019.06.087
https://doi.org/10.1016/j.bbrc.2019.06.087
https://doi.org/10.3892/mmr.2019.10497
https://doi.org/10.1016/j.biocel.2020.105719
https://doi.org/10.26355/eurrev_202004_20804
https://doi.org/10.26355/eurrev_202004_20804
https://doi.org/10.1042/bsr20193436
https://doi.org/10.1016/j.biopha.2020.110365
https://doi.org/10.1002/jgm.3263
https://doi.org/10.2217/bmm-2020-0447
https://doi.org/10.3389/fcell.2020.594785
https://doi.org/10.1186/s13287-021-02224-w
https://doi.org/10.1186/s13287-021-02224-w

CHEN €T AL. 9101
WI LEYJ—

70. Zhi F, Ding Y, Wang R, Yang Y, Luo K, Hua F. Exosomal hsa_ 72. Liu N, Lu W, Qu X, Zhu C. LLLI promotes BMSC proliferation
circ_0006859 is a potential biomarker for postmenopausal osteo- through circRNA_0001052/miR-124-3p. Lasers Med Sci. 2021.
porosis and enhances adipogenic versus osteogenic differentiation 10.1007/s10103-021-03322-0

in human bone marrow mesenchymal stem cells by sponging miR-
431-5p. Stem Cell Res Ther. 2021;12(1):157. 10.1186/s13287-021-
02214-y

71. Guan J, Gan L, Jin D, et al. Overexpression of circ_0021739 in pe-
ripheral blood mononuclear cells in women with postmenopausal
osteoporosis is associated with reduced expression of microRNA- 2021;25:9089-9101. https://doi.org/10.1111/jcmm.16906
194-5p in osteoclasts. Med Sci Monit. 2021;27:€929170. 10.12659/
msm.929170

How to cite this article: Chen W, Zhang B, Chang X. Emerging
roles of circular RNAs in osteoporosis. J Cell Mol Med.



https://doi.org/10.1186/s13287-021-02214-y
https://doi.org/10.1186/s13287-021-02214-y
https://doi.org/10.12659/msm.929170
https://doi.org/10.12659/msm.929170
https://doi.org/10.1007/s10103-021-03322-0
https://doi.org/10.1111/jcmm.16906

