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Circular RNAs in osteoporosis: expression, functions and roles
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Osteoporosis, which is caused by an imbalance in osteoblasts and osteoclasts, is a global age-related metabolic disease. Osteoblasts
induce osteocyte and bone matrix formation, while osteoclasts play an important role in bone resorption. Maintaining a balance
between osteoblast formation and osteoclastic absorption is crucial for bone remodeling. Circular RNAs (circRNAs), which are
characterized by closed-loop structures, are a class of novel endogenous transcripts with limited protein-coding abilities.
Accumulating evidence indicates that circRNAs play important roles in various bone diseases, such as osteosarcoma, osteoarthritis,
osteonecrosis, and osteoporosis. Recent studies have shown that circRNAs regulate osteoblast and osteoclast differentiation and
may be potential biomarkers for osteoporosis. In the current review, we summarize the expression, function, and working
mechanisms of circRNAs involved in osteoblasts, osteoclast differentiation, and osteoporosis.
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FACTS

CircRNAs, a great type of ncRNAs which participated in
adjusting genetic transcription and translation, are verified to
play vital roles in the regulation of bone diseases, such as
osteosarcoma and osteoporosis.
The imbalance in osteoblast and osteoclast gives rise to
osteoporosis, which is characterized by decreased bone mass,
microarchitectural deterioration, and fragility fractures.
Accumulative evidences are revealing circRNAs could be
regulatory factors in osteoporotic homeostasis.

OPEN QUESTIONS

What is the role of regulatory circRNAs in osteoblast, osteoclast,
and osteoporosis?
What are the regulative mechanisms circRNAs leading in
osteoblast and osteoclast?
How can we aggregate circRNAs’ preclinical achievement into
the clinical application?

INTRODUCTION
Osteoporosis is a common disease that occurs in ~35% of women
older than 65 years of age. When the dynamic balance in
osteoblastic bone formation and osteoclastic bone resorption is
broken, endocrine metabolism emerges with, combined with
osteoporosis [1, 2]. Osteoporosis is characterized by decreased
bone mass, microarchitectural deterioration, and fragility fractures
[3]. The reduced contribution of osteoblasts to bone mass can
explain why bone thickness is reduced, which characterizes

osteoporosis [4]. It found that osteoporosis was caused by
disturbing various target sites along the pathway of osteoblast
proliferation, differentiation, and activation [5]. Knowing the
molecular mechanisms that mediate osteoblast and osteoclast
differentiation will provide a comprehensive understanding of
osteoporosis.
CircRNAs, a novel group of noncoding transcripts, do not

possess 3’ and 5’ ends but instead form a closed loop that is
dissimilar to linear RNAs. CircRNAs were first detected in a virus by
Sanger in 1976 and were deemed irrelevant byproducts without
any significant biological functions for a period of time. Later, as
emerging studies on noncoding RNAs were performed and new
technologies were developed, thousands of circRNAs were
discovered. Currently, the biogenesis of different circRNAs has
been discovered. CircRNAs have been described with universal
characteristics such as stability and conservation, and a majority of
circRNAs could be biomarkers in clinical practice and research [6].
CircRNAs regulate the processes of various disease pathologies,
including osteosarcoma, osteoarthritis, lumbar intervertebral disc
degeneration, and osteoporosis [2, 7–9]. In osteoporosis, circRNAs
participate in proliferation, differentiation, and apoptosis. Several
reviews have described the classic expression and functions of
circRNAs and linear RNAs, and the mechanisms and new
expression are summarized in the present review.

BIOGENESIS AND CHARACTERISTIC OF CIRCRNAS
CircRNAs, which are covalently closed circular RNAs produced
from exons and introns of genes in eukaryotes, are often
generated by backsplicing of the corresponding precursor mRNA
[10]. CircRNAs are often expressed at low levels and are generally
cell-specific and tissue-specific.
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According to diverse biogenesis characteristics from genomic
regions, circRNAs are often divided into four types: intron
circRNAs, exon circRNAs, intergenic circRNAs, and exon–intron
circRNAs (EIciRNAs) [11]. The majority of circRNAs contain 3’ → 5′-
linked exon sequences [12], which are called exon circRNAs. Intron
circRNAs include circular intron RNAs and excised group I/II/tRNA
introns [13]. EIciRNAs are often nuclear circRNAs, which are formed
by exons and introns [10]. Intergenic circRNAs are nonexon
circRNAs [11] (Fig. 1).
CircRNAs are a type of transcript with high conservation and

stability, enabling circRNAs to be meaningful biomarkers in the
clinic. The biogenesis of circRNAs in the nucleus and cytoplasm
involves up to three main mechanisms, including core spliceoso-
mal machinery, cis elements, and RNA-binding proteins (RBPs)
[10]. By depleting core spliceosomal components, such as the
SF3a and SF3b complexes, the expression of circRNA was
preserved [14]. The upstream 3’ ss is reversely ligated with the
downstream 5’ ss, and the core spliceosomal machinery induces a
low-efficiency process. Backsplicing, which is the only method of
circRNA formation, requires regulatory parts within introns
flanking circularized exons.
Due to the high level of stability of circRNAs, it is easy to detect

circRNAs noninvasively in body fluids [15]; thus, the majority of
studies have focused on the expression of circRNAs in solid
tumors. To date, different functions of circRNAs have been
examined in various tissues and cells.

Circular RNAs regulate splicing and transcription
In Zea mays, centromeric retrotransposons transcribe backspli-
cing; as a result, circRNAs bind to centromeres and increase the
level of chromatin looping with an R-loop structure [16]. This is a
novel angle from which to study how this mechanism develops in
the nucleus.

Circular RNAs can act as microRNA sponges
CircRNAs can work as ceRNAs to bind miRNAs and prevent them
from inhibiting their target mRNAs. As a classic circRNA, CDR1as,
which contains 70 binding sites for miR-7, is richly expressed in
the brain [17].

Circular RNAs work as protein scaffolds
By interacting with U1 small nuclear ribonucleoproteins,
exon–intron-containing circRNAs promote parent genes at the

transcript level [12]. CircFoxo3 is associated with cell cycle
progression. Cyclin-dependent kinase 2 (CDK2) and cyclin-
dependent kinase inhibitor 1 (p21) can bind to circFoxo3 and
repress CDK2 functions [18].

CircRNAs can be translated
Internal ribosome entry sites (IRESs) promote circRNA translation
by promoting the binding of initiation factors or ribosomes to
circRNAs [19]. It has been shown that some endogenous circRNAs
can be translated, and circFBXW7 can be translated into the
21-kDa protein FBXW7 [20]. Based on new evidence, the
translation of circRNAs is reduced by m6A demethylase fat mass
and obesity-associated protein but increased by METTL3/14 [21],
elucidating a new mechanism of circRNA translation.
Large numbers of circRNAs have been shown to play crucial

roles in osteoporosis. For example, by studying 40 women with
PMO (postmenopausal osteoporosis), Liu et al. discovered
that circZNF720 (circbase ID: circ_0007059) could attenuate
osteoclast differentiation through the microRNA-378/BMP2 axis,
which in turn repressed osteoporosis [22]. circPRIM2 (circbase ID:
hsa_circ_0076906) binds to miR-1305 to regulate the expression
of OGN (osteoglycin) and alleviate osteoporosis [23]. During this
process, osteogenic differentiation was a main regulatory factor of
circPRIM2 via the miR-1305/OGN pathway. In conclusion, circRNAs
play important roles in the regulation of osteoporosis and the
processes of osteoblastic differentiation and osteoclastic differ-
entiation. However, the detailed mechanisms of these processes
remain to be elucidated. In the present review, we summarize the
expression, function, and working mechanisms of relevant
circRNAs in osteoporosis, osteogenesis, and osteoclastogenesis.

ABERRANT EXPRESSION OF CIRCRNAS IN OSTEOPOROSIS
Similar to other diseases, a large number of circRNAs are
differentially expressed in osteoporosis. The upregulation and
downregulation of circRNAs were shown to participate in the
pathological processes of osteoporosis, accelerating or repressing
osteoporosis (Table 1). Three samples with different levels were
collected, and the laboratory results are described.
Through clinical research, Yu and Liu collected six serum or

plasma samples from patients with osteoporosis and paired serum
or plasma samples from healthy patients. A total of 387 circRNAs
were differentially expressed in osteoporosis (filtration criteria:

Fig. 1 Schematic diagram of classifications of circRNAs. According to the biogenesis characteristics from genomic regions, circRNAs are
often divided into four types, ecircRNA, EIcircRNA, intergenic circRNAs, and ciRNA. ecircRNA exon circRNAs, EIcircRNA exon–intron circRNAs,
ciRNA circular intronic RNA.
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|foldchange | > 2, P value <0.01) compared with healthy controls.
Among them, 211 circRNAs were upregulated (screened out as
expressing the top 1 circRNAs (circ_0016624) from all expressed
profiles), while 176 circRNAs were downregulated. The researchers
showed that circDNAH14 (circBase ID hsa_circ_0016624) pre-
vented osteoporosis through the regulation of BMP2 via miR-98
sponging [24].
Among 40 women with PMO (postmenopausal osteoporosis)

and paired normal controls, Liu et al. selected five samples for RNA
sequencing, which showed that 250 differentially expressed
circRNAs were present in osteoporosis, 64 circRNAs showed a
decreasing expression trend, and 186 other circRNAs were
increased (filtration criteria: |fold alternation | > 2 and P < 0.01).
Among the six top circRNAs with different expression levels
(circ_0043813, circ_0001649, and circ_0005654 were upregulated,
circ_0007059, circ_0001204, and circ_0001795 were downregu-
lated), Liu et al. chose to examine circ_0007059 in osteoporotic
samples and discovered that circ_0007059 expression was
reduced in osteoporotic samples [22].
In the Zhang and Jia [25] study, almost 3938 upregulated

circRNAs and 1505 downregulated circRNAs were shown to be
involved in osteoblast differentiation. To verify the function of
circRNA_0048211 in osteoporosis, Qiao et al. collected 60 bone
marrow samples from PMOP patients and healthy patients, and
these samples were cultured in osteogenic induction medium. The
researchers found that circRNA_0048211 protected against PMOP
by sponging miRNA-93-5p to regulate BMP2 [26].
Using postmenopausal mouse models, Wang et al. concen-

trated on the differentially expressed circRNAs in osteoporotic
mice. The researchers used ten ovariectomized mouse models,
total RNA was isolated from the mouse models, and the
differentially expressed circRNAs were analyzed. In total, 387
differentially expressed circRNAs (211 upregulated circRNAs
and 176 downregulated circRNAs) were found in osteoporotic
mice [27].

CIRCRNAS REGULATE OSTEOGENESIS
Osteoporosis could be attributed to dysregulated bone remodel-
ing. Osteoblasts and osteoclasts share a balance between bone
regeneration and bone resorption (Fig. 2). Osteogenesis, which is
induced by osteoblastic differentiation, is a basic bone formation
and bone remodeling process. Bone-inductive extracts of demi-
neralized bone known as BMPs (bone morphogenetic proteins)
originate from the TGF-β superfamily and play an important role in
osteogenesis. BMP2 induces the formation of bone in vivo. Liu
et al. showed that osteogenesis could be accelerated and relieve
osteoporosis by targeting BMP2 [28].
Osteogenesis is closely connected to osteoporosis, and many

studies have proven this relationship. Cai et al. discovered
that silencing lncRNA-ANCR could promote osteogenesis in

osteoporosis [29], and Wang et al. also showed that circRNAs
could promote osteogenesis in osteoporosis by upregulating
FOXO1 [7].
Accumulating evidence has indicated that circRNAs, including

CDR1as, CDK8, and SIPA1L1 (as listed in Table 1), are extensively
implicated in the pathological process of osteogenesis (Fig. 3).

Circular RNA CDR1as
Circular CDR1as arises from upstream LINC00632 and sponges
miR-7 [30]. CDR1as is a common circRNA in many conditions, such
as hepatocellular carcinoma, muscle development, and bladder
cancer [31–33]. In a study by Li et al. [34], CDR1as was found to be
upregulated during osteogenic differentiation compared with
miR-7, which was downregulated in periodontal ligament stem
cells. In human umbilical cord-derived mesenchymal stem cells
(hucMSCs), CDR1as participates in maintaining the proliferation
and differentiation of these cells [35]. However, in steroid-induced
osteonecrosis of the femoral head, CDR1as plays an adverse role.
Knocking down CDR1as could promote osteogenesis and
decrease adipogenic differentiation in BMSCs via the CDR1as-
miR-7-5p-WNT5B axis [36].

Circular RNA CDK8
Cyclin‐dependent kinase 8 (CDK8) is a negative regulator of RNA
polymerase II‐dependent transcription. A recent study identified
the novel circular RNA hsa_circ_0003489, which is located at the
gene region of CDK8 and is named circCDK8. This circular RNA
decreases osteogenic differentiation in periodontal ligament stem
cells (PDLSCs) by inducing autophagy activation via mTOR
signaling [37] (Fig. 3).

Circular RNA SIPA1L1
Signal-induced proliferation-associated 1 like 1 (SIPA1L1) is a
GTPase-activating protein that is expressed downstream to
regulate Rap1 activation, thus inducing gastrulation [38]. Another
study focused on the circular RNA SIPA1L1, and a detailed site in
the gene was not found, perhaps because it is situated on a part of
the SIPA1L1 gene. In this study, circular RNA SIPA1L1 promoted
osteogenic differentiation through the miR-204-5p/ALPL pathway
[39]. A similar study also showed that the circular RNA SIPA1L1
could regulate osteogenic differentiation by regulating the miR-
617/Smad3 axis [40] (Fig. 3).

CIRCRNAS PARTICIPATE IN OSTEOCLASTOGENESIS
Osteoclasts adhere to the bone matrix, originate from the
monocyte/macrophage hematopoietic lineage, and secrete acid
and lytic enzymes to dissolve the bone matrix. Keeping a
balance between bone absorption and bone formation is
necessary, and any disease may disturb this process, leading
to excess osteoclastic activity. These diseases include

Fig. 2 Molecular mechanism of the pathological process of osteoporosis. The pathological progress of osteoporosis is due to the imbalance
between bone regeneration and bone resorption mediated by osteoblasts and osteoclasts. OPG osteoprotegerin, BMP bone morphogenetic
protein, TGF-β transforming growth factor-β, RANK receptor activator of nuclear factor-κ B, IGF-II insulin-like growth factor II.
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osteoporosis, periodontal disease, and rheumatoid arthritis [41].
Bone loss is mainly induced by bone-resorbing osteoclasts, and
eIF2α signaling, which plays an important role in the formation
of osteoclasts, is regulated by inhibiting NFATc1 and Rac1
GTPase [42]. NFATc1, a crucial transcription factor that is a key
part of the RANKL-induced signaling pathway, is repressed by
cyanidin chloride. A therapeutic strategy for targeting osteoclast
development in osteoporosis by inhibiting NFATc1 has been
considered [43].
During osteoclastogenesis, the expression of circular RNA can

differ. Dou et al. [44] showed that in mature osteoclasts, 38
circRNAs and 78 miRNAs are upregulated, and 24 miRNAs and
135 circRNAs are downregulated, which indicates that different
circRNAs exhibit different trends in a given condition. Here, several
crucial circular RNAs are discussed (Table 1).

CircHmbox1
The homeobox-containing 1 (Hmbox1) gene was verified
to play an important role in BMSC differentiation into vascular
endothelial cells (VECs) [45]. In addition, Ma et al. [46]
performed a study to examine hmbox1 in VECs and found
that HMBOX1 inhibited apoptosis and promoted autophagy in
VECs by regulating intracellular free zinc levels and interacting
with MT2A. Lu et al. [47] also revealed that Hmbox1
participated in the differentiation of bone marrow stromal
cells, and CD163 was involved in the Hmbox1/CD163/FGF-
2 signaling pathway in BMSC differentiation into VECs. These
studies showed that Hmbox1 could be involved in bone
activities. Therefore, circHmbox1 was a novel focus in recent
studies. Tumor necrosis factor-alpha (TNF-α) enhances bone
resorption by promoting osteoclast differentiation and inhibit-
ing osteoblast differentiation. Liu et al. [48] showed that the
level of circHmbox1 was reduced during TNF-α-induced
osteoclast formation, and circHmbox1 could inhibit RANKL-
induced osteoclast differentiation, especially by binding to
microRNA-1247-5p, which targets B-cell lymphoma 6 (Bcl6).
This study revealed that circRNAs were implicated in TNF-α-
regulated osteoclast differentiation (Fig. 3).

Other circular RNAs in osteoclastogenesis
CircRNA_28313 knockdown greatly inhibited RANKL+ CSF1-
induced differentiation of osteoclasts among BMM cells in vitro
but inhibited bone resorption in ovariectomized (OVX) mice
in vivo [49]. circRNA_009934 (circBase ID: hsa_circ_TNFRSF8)

promotes osteoclastogenesis by acting as a ceRNA of miR-5107
and upregulates the expression of TRAF6 [50] (Fig. 3). Targeting
the circ_0007059/miR-378/BMP2 axis is a potential method of
osteoporosis treatment, and Liu et al. indicated that
circ_0007059 (circBase ID: hsa_circ_ZNF720)was upregulated
in patients with PMO and during osteoclastogenesis in hBMSCs,
bound to miR-378 and downregulated BMP2 expression [22]
(Fig. 3).

FUNCTIONAL MECHANISMS OF CIRCRNAS IN OSTEOPOROSIS
CircRNAs can function as miRNA sponges, interact with proteins,
be translated into proteins and regulate transcription [10]. The
main functional mechanisms of circRNAs in human osteoporosis
are divided into two groups (miRNA sponges and autophagy
activation), which could be involved in osteoblast and osteoclast
differentiation and proliferation

CircRNAs are implicated in osteoporosis by serving as miRNA
sponges
It has already been proven that miRNAs can be complementarily
paired with the UTR of mRNAs. circRNAs with MREs (miRNA
response elements) can competitively bind with miRNAs, which
have similar MREs [51]. Moreover, a circRNA has many miRNA-
binding sites. In osteoarthritis therapy, a study showed that circ-
33186 inhibits miR-127-5p, thus increasing MMP-13 expression,
and contributes to OA pathogenesis [8].

Other mechanisms of circRNAs in osteoporosis
Zheng et al. [37] demonstrated that circCDK8 represses the
osteogenic differentiation of PDLSCs by stimulating autophagy
activation through mTOR signaling in a hypoxic environment.
Apoptosis can be stimulated in osteoblasts via autophagy, thus
accelerating osteoporosis. Beclin‐1 could initiate or inhibit
apoptosis depending on which Bcl‐2 family member it interacts
with [52], while p53 could induce or inhibit autophagy depending
on its localization within the cell [53].

SEVERAL SIGNALING PATHWAYS REGULATED BY CIRCRNAS IN
OSTEOPOROSIS
Many signaling pathways participate in the regulation of circRNAs
in osteoporosis, and several pathways, including the Wnt/β‐
catenin signaling pathway, MAPK signaling pathway, and BMP

Fig. 3 A diagram briefly summarized the circRNAs that are implicated in the dynamic balance between osteogenesis and
osteoclastogenesis. PDGF platelet-derived growth factor, HGF hepatic growth factor.
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signaling pathway, play vital roles in osteoporosis regulation by
circRNAs (Fig. 4).

Wnt/β‐catenin signaling pathway
The WNT signal transduction cascade mediates various diseases
[54]. The Wnt gene was first described in 1982 as an integrated
gene in mouse breast tumors [55]. The Wnt/β‐catenin signaling
pathway was identified by joint observation in Drosophila and
Xenopus and was named the canonical WNT cascade. The Wnt/β‐
catenin signaling pathway is a canonical pathway for circYAP1 [56]
(Fig. 4).
YAP1 expression is upregulated in MC3T3-E1 cells and promotes

osteoblast differentiation during osteoporosis. A TOP/FOP flash
assay revealed that circYAP1 elevates YAP1 expression [56] (Fig. 4),
and YAP1 was reported to activate the Wnt/β‐catenin signaling
pathway [57].

Mitogen-activated protein kinase (MAPK) signaling pathway
The mitogen‐activated protein kinase (MAPK) signaling pathway
has an important impact on osteoblast proliferation and the
osteogenic differentiation of mesenchymal stem cells (MSCs). For
example, it was found that CDR1as, which is highly expressed in
human umbilical cord-derived mesenchymal stem cells
(hucMSCs), could regulate the proliferation and differentiation
of these cells [35]. In addition, periodontal ligament stem cells
could be induced to differentiate into osteoblasts by the circRNA
CDR1as via the miR-7/GDF5/SMAD and p38 MAPK signaling
pathways [34] (Fig. 4).

BMP signaling pathway
BMPs belong to the TGF-β superfamily and often play roles
in Smad-related pathways. BMP receptors receive messages
from BMP ligands and induce the phosphorylation of
R‐Smad1/5/8, which facilitates binding with co‐Smad4 and
induces the transcription of target genes such as Runx2 and
Osterix [58].
BMP2‐induced osteogenesis was confirmed by examining the

expression of circRNA_33287, which was upregulated in maxillary
sinus membrane stem cells [59] (Fig. 4). In this study, the
downregulation of circRNA_33287 inhibited several crucial osteo-
genic biomarkers, such as Runx2, Osterix, and ALP, while the
upregulation of circRNA_33287 exerted the opposite, indicating
that circRNA_33287 could induce osteogenesis.

CONCLUSION
Focusing on promoting osteoblast formation and inhibiting
excessive osteoclastic absorption is the main treatment strategy
for osteoporosis. Therefore, it is critical when developing
treatments for osteoporosis to comprehend the mechanisms of
osteoblast differentiation and osteoclast differentiation. The main
signs of osteoblast and osteoclast differentiation have been
identified, including WNT signaling and the RANK/RANKL path-
way, but it is still necessary to uncover the molecular mechanisms
of osteoblast and osteoclast differentiation. Regulatory functions
of circRNAs have been identified in various biological processes.
These studies demonstrate that circRNAs are important regulators
of osteoblast and osteoclast differentiation.
Unlike other noncoding RNAs, the association between circRNAs

and osteoporosis is still unclear, and more in-depth research is
needed to solve key problems, such as identifying new protocols
for detecting circRNAs and clarifying the main regulatory mechan-
isms of circRNAs in osteoporosis. In addition, the lack of effective
therapeutic clinical application is an urgent problem.

DATA AVAILABILITY
All data generated or analyzed during this study are included in this published article.

REFERENCES
1. Eriksen EF. Cellular mechanisms of bone remodeling. Rev Endocr Metab Disord.

2010;11:219–27.
2. Li Z, Li X, Xu D, Chen X, Li S, Zhang L, et al. An update on the roles of circular RNAs

in osteosarcoma. Cell Prolif. 2021;54:e12936.
3. Melton LJ III. Epidemiology of spinal osteoporosis. Spine. 1997;22:2s–11s.
4. Mullender MG, van der Meer DD, Huiskes R, Lips P. Osteocyte density changes in

aging and osteoporosis. Bone. 1996;18:109–13.
5. Byers RJ, Denton J, Hoyland JA, Freemont AJ. Differential patterns of osteoblast

dysfunction in trabecular bone in patients with established osteoporosis. J Clin
Pathol. 1997;50:760–4.

6. Wu P, Mo Y, Peng M, Tang T, Zhong Y, Deng X, et al. Emerging role of tumor-
related functional peptides encoded by lncRNA and circRNA. Mol Cancer.
2020;19:22.

7. Wang XB, Li PB, Guo SF, Yang QS, Chen ZX, Wang D, et al. circRNA_0006393
promotes osteogenesis in glucocorticoid‑induced osteoporosis by sponging
miR‑145‑5p and upregulating FOXO1. Mol Med Rep. 2019;20:2851–8.

8. Zhou ZB, Huang GX, Fu Q, Han B, Lu JJ, Chen AM, et al. circRNA.33186 contributes
to the pathogenesis of osteoarthritis by sponging miR-127-5p. Mol Ther.
2019;27:531–41.

Fig. 4 Several signaling pathways regulated by circRNAs in osteoporosis. CircRNAs regulate osteoporosis through several classic signal
pathways like the Wnt/β‐catenin signaling pathway, MAPK signaling pathway, and BMP signaling pathway.

Y. Luo et al.

6

Cell Death Discovery           (2021) 7:231 



9. Zhu J, Zhang X, Gao W, Hu H, Wang X, Hao D. lncRNA/circRNA‑miRNA‑mRNA ceRNA
network in lumbar intervertebral disc degeneration. Mol Med Rep. 2019;20:3160–74.

10. Li X, Yang L, Chen LL. The biogenesis, functions, and challenges of circular RNAs.
Mol Cell. 2018;71:428–42.

11. Wang F, Nazarali AJ, Ji S. Circular RNAs as potential biomarkers for cancer
diagnosis and therapy. Am J Cancer Res. 2016;6:1167–76.

12. Li Z, Huang C, Bao C, Chen L, Lin M, Wang X, et al. Exon-intron circular RNAs
regulate transcription in the nucleus. Nat Struct Mol Biol. 2015;22:256–64.

13. Zhang Y, Zhang XO, Chen T, Xiang JF, Yin QF, Xing YH, et al. Circular intronic long
noncoding RNAs. Mol Cell. 2013;51:792–806.

14. Liang D, Tatomer DC, Luo Z, Wu H, Yang L, Chen LL, et al. The output of protein-
coding genes shifts to circular RNAs when the pre-mRNA processing machinery is
limiting. Mol Cell. 2017;68:940–54.e3.

15. Li Y, Zheng Q, Bao C, Li S, Guo W, Zhao J, et al. Circular RNA is enriched and stable in
exosomes: a promising biomarker for cancer diagnosis. Cell Res. 2015;25:981–4.

16. Liu Y, Su H, Zhang J, Liu Y, Feng C, Han F. Back-spliced RNA from retrotransposon
binds to centromere and regulates centromeric chromatin loops in maize. PLoS
Biol. 2020;18:e3000582.

17. Memczak S, Jens M, Elefsinioti A, Torti F, Krueger J, Rybak A, et al. Circular RNAs
are a large class of animal RNAs with regulatory potency. Nature. 2013;495:333–8.

18. Du WW, Yang W, Liu E, Yang Z, Dhaliwal P, Yang BB. Foxo3 circular RNA retards
cell cycle progression via forming ternary complexes with p21 and CDK2. Nucleic
Acids Res. 2016;44:2846–58.

19. Legnini I, Di Timoteo G, Rossi F, Morlando M, Briganti F, Sthandier O, et al. Circ-
ZNF609 is a circular RNA that can be translated and functions in myogenesis. Mol
Cell. 2017;66:22–37.e9.

20. Chen H, Liu Y, Li P, Zhu DRE. Novel role of FBXW7 circular RNA in repressing
glioma tumorigenesis. J Natl Cancer Inst. 2019;111:435–435.

21. Yang Y, Fan X, Mao M, Song X, Wu P, Zhang Y, et al. Extensive translation of
circular RNAs driven by N(6)-methyladenosine. Cell Res. 2017;27:626–41.

22. Liu S, Wang C, Bai J, Li X, Yuan J, Shi Z, Mao N. Involvement of circRNA_0007059
in the regulation of postmenopausal osteoporosis by promoting the microRNA-
378/BMP-2 axis. Cell Biol Int. 2020;45:447–55.

23. 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.

24. Yu L, Liu Y. circRNA_0016624 could sponge miR-98 to regulate BMP2 expression in
postmenopausal osteoporosis. Biochem Biophys Res Commun. 2019;516:546–50.

25. Zhang M, Jia L, Zheng Y. CircRNA expression profiles in human bone marrow stem
cells undergoing osteoblast differentiation. Stem Cell Rev Rep. 2019;15:126–38.

26. Qiao L, Li CG, Liu D. CircRNA_0048211 protects postmenopausal osteoporosis
through targeting miRNA-93-5p to regulate BMP2. Eur Rev Med Pharm Sci.
2020;24:3459–66.

27. Wang H, Zhou K, Xiao F, Huang Z, Xu J, Chen G, et al. Identification of circRNA-
associated ceRNA network in BMSCs of OVX models for postmenopausal
osteoporosis. Sci Rep. 2020;10:10896.

28. Liu K, Jing Y, Zhang W, Fu X, Zhao H, Zhou X, et al. Silencing miR-106b accelerates
osteogenesis of mesenchymal stem cells and rescues against glucocorticoid-
induced osteoporosis by targeting BMP2. Bone. 2017;97:130–8.

29. Cai N, Li C, Wang F. Silencing of LncRNA-ANCR promotes the osteogenesis of
osteoblast cells in postmenopausal osteoporosis via targeting EZH2 and RUNX2.
Yonsei Med J. 2019;60:751–9.

30. Hanniford D, Ulloa-Morales A, Karz A, Berzoti-Coelho MG, Moubarak RS, Sánchez-
Sendra B, et al. Epigenetic silencing of CDR1as drives IGF2BP3-mediated mela-
noma invasion and metastasis. Cancer Cell. 2020;37:55–70.e15.

31. Su Y, Lv X, Yin W, Zhou L, Hu Y, Zhou A, et al. CircRNA Cdr1as functions as a
competitive endogenous RNA to promote hepatocellular carcinoma progression.
Aging. 2019;11:8182–203.

32. Kyei B, Li L, Yang L, Zhan S, Zhang H. CDR1as/miRNAs-related regulatory
mechanisms in muscle development and diseases. Gene. 2020;730:144315.

33. Yuan W, Zhou R, Wang J, Han J, Yang X, Yu H, et al. Circular RNA Cdr1as sensitizes
bladder cancer to cisplatin by upregulating APAF1 expression through miR-1270
inhibition. Mol Oncol. 2019;13:1559–76.

34. Li X, Zheng Y, Zheng Y, Huang Y, Zhang Y, Jia L, et al. Circular RNA CDR1as regulates
osteoblastic differentiation of periodontal ligament stem cells via the miR-7/GDF5/
SMAD and p38 MAPK signaling pathway. Stem Cell Res Ther. 2018;9:232.

35. Yangang L, Bin Z, Hui S, Rong L, You B, Wu P, et al. The role of CDR1as in
proliferation and differentiation of human umbilical cord-derived mesenchymal
stem cells. Stem Cells Int. 2019;2019:2316834–11.

36. Chen G, Wang Q, Li Z, Yang Q, Liu Y, Du Z, et al. Circular RNA CDR1as promotes
adipogenic and suppresses osteogenic differentiation of BMSCs in steroid-
induced osteonecrosis of the femoral head. Bone. 2020;133:115258.

37. Zheng J, Zhu X, He Y, Hou S, Liu T, Zhi K, Hou T, Gao L. CircCDK8 regulates
osteogenic differentiation and apoptosis of PDLSCs by inducing ER stress/
autophagy during hypoxia. Ann N Y Acad Sci. 2020;1485:56–70.

38. Tsai IC, Amack JD, Gao ZH, Band V, Yost HJ, Virshup DM. A Wnt-CKIvarepsilon-
Rap1 pathway regulates gastrulation by modulating SIPA1L1, a Rap GTPase
activating protein. Dev Cell. 2007;12:335–47.

39. Li Y, Bian M, Zhou Z, Wu X, Ge X, Xiao T, et al. Circular RNA SIPA1L1 regulates
osteoblastic differentiation of stem cells from apical papilla via miR-204-5p/ALPL
pathway. Stem Cell Res Ther. 2020;11:461.

40. Ge X, Li Z, Zhou Z, Xia Y, Bian M, Yu J. Circular RNA SIPA1L1 promotes osteo-
genesis via regulating the miR-617/Smad3 axis in dental pulp stem cells. Stem
Cell Res Ther. 2020;11:364.

41. Boyle WJ, Simonet WS, Lacey DL. Osteoclast differentiation and activation. Nat-
ure. 2003;423:337–42.

42. Li J, Li X, Liu D, Hamamura K, Wan Q, Na S, et al. eIF2α signaling regulates
autophagy of osteoblasts and the development of osteoclasts in OVX mice. Cell
Death Dis. 2019;10:921.

43. Cheng J, Zhou L, Liu Q, Tickner J, Tan Z, Li X, et al. Cyanidin chloride inhibits
ovariectomy-induced osteoporosis by suppressing RANKL-mediated osteoclas-
togenesis and associated signaling pathways. J Cell Physiol. 2018;233:2502–12.

44. Dou C, Cao Z, Yang B, Ding N, Hou T, Luo F, et al. Changing expression profiles of
lncRNAs, mRNAs, circRNAs and miRNAs during osteoclastogenesis. Sci Rep.
2016;6:21499.

45. Su L, Zhao H, Sun C, Zhao B, Zhao J, Zhang S, et al. Role of Hmbox1 in endothelial
differentiation of bone-marrow stromal cells by a small molecule. ACS Chem Biol.
2010;5:1035–43.

46. Ma H, Su L, Yue H, Yin X, Zhao J, Zhang S, et al. HMBOX1 interacts with MT2A to
regulate autophagy and apoptosis in vascular endothelial cells. Sci Rep.
2015;5:15121.

47. Lu W, Su L, Yu Z, Zhang S, Miao J. The new role of CD163 in the differentiation of
bone marrow stromal cells into vascular endothelial-like cells. Stem Cells Int.
2016;2016:2539781–10.

48. Liu Z, Li C, Huang P, Hu F, Jiang M, Xu X, et al. CircHmbox1 targeting miRNA-1247-
5p is involved in the regulation of bone metabolism by TNF-α in postmenopausal
osteoporosis. Front Cell Dev Biol. 2020;8:594785.

49. Chen X, Ouyang Z, Shen Y, Liu B, Zhang Q, Wan L, et al. CircRNA_28313/miR-
195a/CSF1 axis modulates osteoclast differentiation to affect OVX-induced bone
absorption in mice. RNA Biol. 2019;16:1249–62.

50. Miao F, Yin BH, Zhang X, Xue DD, Ma C. CircRNA_009934 induces osteoclast bone
resorption via silencing miR-5107. Eur Rev Med Pharm Sci. 2020;24:7580–8.

51. Qi X, Zhang DH, Wu N, Xiao JH, Wang X, Ma W. ceRNA in cancer: possible
functions and clinical implications. J Med Genet. 2015;52:710–8.

52. Marquez RT, Xu L. Bcl-2:Beclin 1 complex: multiple, mechanisms regulating
autophagy/apoptosis toggle switch. Am J Cancer Res. 2012;2:214–21.

53. Wang DB, Kinoshita C, Kinoshita Y, Morrison RS. p53 and mitochondrial function
in neurons. Biochim Biophys Acta. 2014;1842:1186–97.

54. Clevers H, Nusse R. Wnt/β-catenin signaling and disease. Cell. 2012;149:1192–205.
55. Nusse R, Varmus HE. Many tumors induced by the mouse mammary tumor virus

contain a provirus integrated in the same region of the host genome. Cell.
1982;31:99–109.

56. Huang Y, Xiao D, Huang S, Zhuang J, Zheng X, Chang Y, et al. Circular RNA YAP1
attenuates osteoporosis through up-regulation of YAP1 and activation of Wnt/
β-catenin pathway. Biomed Pharmacother. 2020;129:110365.

57. Deng F, Peng L, Li Z, Tan G, Liang E, Chen S, et al. YAP triggers the Wnt/β-catenin
signalling pathway and promotes enterocyte self-renewal, regeneration and
tumorigenesis after DSS-induced injury. Cell Death Dis. 2018;9:153.

58. Zhang X, Guo J, Zhou Y, Wu G. The roles of bone morphogenetic proteins and
their signaling in the osteogenesis of adipose-derived stem cells. Tissue Eng Part
B Rev. 2014;20:84–92.

59. Peng W, Zhu S, Chen J, Wang J, Rong Q, Chen S. Hsa_circRNA_33287 promotes
the osteogenic differentiation of maxillary sinus membrane stem cells via miR-
214-3p/Runx3. Biomed Pharmacother. 2019;109:1709–17.

AUTHOR CONTRIBUTIONS
YW contributed to the conception and design of the paper. GQ, YL, SL, and YC made
efforts to draw figures and design Table 1. YZ and YX participant in the
summarization of the paper. YL performed development of writing and revision of
the paper. All authors read and approved the final paper.

FUNDING INFORMATION
This study was supported by grants from the National Natural Science Foundation of
China (grant no. 81972522), the Youth Talent Support Program of Liaoning Province
(grant no. XLYC1907011), the Key R&D Program of Liaoning Province (grant no.
2018225014), and the Technological Innovation Fund of Shenyang Technology
Division (grant nos. RC190008 and 19-112-4-023).

Y. Luo et al.

7

Cell Death Discovery           (2021) 7:231 



COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to Yong Wang.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2021

Y. Luo et al.

8

Cell Death Discovery           (2021) 7:231 

http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Circular RNAs in osteoporosis: expression, functions and roles
	Facts
	Open questions
	Introduction
	Biogenesis and characteristic of circRNAs
	Circular RNAs regulate splicing and transcription
	Circular RNAs can act as microRNA sponges
	Circular RNAs work as protein scaffolds
	CircRNAs can be translated

	Aberrant expression of circRNAs in osteoporosis
	CircRNAs regulate osteogenesis
	Circular RNA CDR1as
	Circular RNA CDK8
	Circular RNA SIPA1L1

	CircRNAs participate in osteoclastogenesis
	CircHmbox1
	Other circular RNAs in osteoclastogenesis

	Functional mechanisms of circRNAs in osteoporosis
	CircRNAs are implicated in osteoporosis by serving as miRNA sponges
	Other mechanisms of circRNAs in osteoporosis

	Several signaling pathways regulated by circRNAs in osteoporosis
	Wnt/&#x003B2;&#x02010;catenin signaling pathway
	Mitogen-activated protein kinase (MAPK) signaling pathway
	BMP signaling pathway

	Conclusion
	References
	Author contributions
	Funding information
	Competing interests
	ADDITIONAL INFORMATION




