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Circular RNAs (circRNAs) are novel endogenous non-coding RNAs that are generated by reverse-splicing of
precursor mRNA derived from various genes in mammals. Despite low expression, recent studies have shown
that circRNA plays an important role in skeletal muscle myogenesis with competing endogenous RNA (ceRNA)
functions. However, the potential regulatory role of circRNAs and interactions with miRNAs remain largely

unexplored, and the function of circRNAs as miRNA sponges is not yet generally accepted. In this review, we
outline the biogenesis and ceRNA mechanisms of circRNAs as well as their involvement in skeletal muscle
myogenesis and discuss the conflicting conclusions of recent circRNA-ceRNA studies.

Introduction

In recent years, increasing evidence suggests a significant impact of
non-coding RNAs on several molecular mechanisms. Unlike other linear
products (microRNAs, small nucleolar RNAs, PIWI-interacting RNAs,
and long non-coding RNAs), circRNAs are covalently closed RNA mo-
lecules and thus lack a 5 cap and 3’ tail, which typically confer specific
properties such as higher stability, RNaseR resistance, and longer half-
lives (Chen and Yang, 2015). These circRNAs act in a tissue and de-
velopmental stage-specific manner, and numerous studies have verified
gene regulatory functions of circRNAs in skeletal muscle development
(Lietal., 2018a, Wei et al., 2017a, Li et al., 2018b, Legnini et al., 2017).

Vertebrates’ skeletal muscle is an important and complex organ with
a variety of functions, which are mostly derived from paraxial meso-
dermal somites and undergo hyperplasia and hypertrophy processes
successively Buckingham et al., 2010; Guo et al., 2015. In general,
myoblasts proliferate to increase cell numbers and fuse to form multi-
nucleated myotubes, which then undergo further differentiation during
embryogenesis, postnatal growth, and regeneration (CHARGE and
RUDNICKI, 2004). Myogenesis has been widely studied during em-
bryogenesis, in which a transcriptional hierarchy including MRFs
(myogenic regulatory factors) and members of the MEF2 (myocyte
enhancer factor 2) family precisely coordinate the activities of a set of
muscle genes (Buckingham, 2006; Pownall, 2002). In addition, several
non-coding RNAs have been identified in skeletal muscle and shown to
be essential for skeletal muscle myogenesis at the epigenetic level Zhu
et al., 2017a, Yu et al., 2017, Chen et al., 2006, Butchart et al., 2016.
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Recent studies have shown that several abundant circRNAs can function
as miRNA sponges to alter effects on target mRNAs. There may or may
not be ceRNA function of circRNAs, as most circRNAs expressed at low
level rarely contain multiple binding sites for the same miRNAs (Guo
et al,, 2014). The precise molecular mechanisms of skeletal muscle
myogenesis remain incompletely understood and the possible con-
tributions of ceRNA function have not been fully described. Conse-
quently, the goal of this review was to describe the state of knowledge
about circRNA biogenesis and ceRNA function in relation to skeletal
muscle myogenesis.

1. Biogenesis of CircRNAs

As a form of alternative splicing, back-splicing circularization is
required for the formation of circRNAs, and requires splicing signals
and spliceosomal machinery (AshwalFluss et al., 2014; Starke et al.,
2015a). Based on their origin, circRNAs mainly fall into four categories:
exonic circRNAs (ecircRNAs), exon-intron circRNAs (EIciRNAs), cir-
cular intronic RNAs (ciRNAs), and intergenic circRNAs (IcircRNAs),
which are all produced from different circularizing mechanisms (Meng
et al., 2016). The biogenesis of circRNAs is generally regulated by exon-
containing lariats, cis-elements, and trans-factors that can bring the
downstream 5’ splice donor and upstream 3’ splice acceptor site into
close proximity (Salzman, 2016). However, the efficiency of back-
splicing is lower than that of canonical splicing due to the steric chal-
lenge, and circularization and splicing of linear forms are competing
processes (Zhang et al., 2016a). Recently, nascent circRNA were
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Fig. 1. Biogenesis of CircRNAs and the role of ceRNA in skeletal muscle myogenesis.

(a) Biogenesis of CircRNAs. The biogenesis of circRNAs is generally regulated by exon-containing lariats, cis-elements (RNA pairing across introns), and trans-factors
(dsRBPs and ssRBPs) that bring the downstream 5’ splice donor and upstream 3’ splice acceptor site into close proximity. Accordingly, circRNAs are mainly classified
into four categories: exonic circRNAs (ecircRNAs, including alternative splicing circRNA), exon-intron circRNAs (EIciRNAs), circular intronic RNAs (ciRNAs), and
intergenic circRNAs (IcircRNAs). (b) Schematic representation of the ceRNA function of circRNAs in skeletal muscle myogenesis.

simultaneously detected with Pol II transcription, suggesting the po-
tential that back-splicing to form circRNA can occur co-tran-
scriptionally (Liang et al., 2017). Generally speaking, circRNA biogen-
esis is tightly regulated by factors that are specific for back-splicing and
highly dependent on the biological environment (Fig. 1).

1.1. lariat-driven circularization

In canonical (linear) splicing, most eukaryotic introns are generally
spliced out via the spliceosomal machinery, which consists of a series of
specific proteins and five, small nuclear RNAs (Liang et al., 2017).
During splicing, the 2’ hydroxyl of the branch point nucleotide ade-
nosine attacks the 5" splice donor site to form a lariat, and 3’ hydroxyl of
the neighbouring exon then attacks the phosphodiester bond at the 3’
splice acceptor site to finally release the lariat intron. Remarkably,
exons in an exon-containing lariat may undergo back-splicing and cir-
cularization to generate ecircRNA or EIciRNA molecules. Additionally
lariat introns with GU-rich sequences near the 5’ splice site and C-rich

sequences near the branch point can escape debranching and form
ciRNAs (Barrett et al.,, 2015; Holdt et al., 2018). Recently, stable in-
tronic sequence RNAs (sisRNAs), another kind of ciRNAs that originate
from lariat introns and undergo 3’ -end trimming, have been suggested
to regulate host gene expression (Pek et al., 2015). In addition, previous
sequence analyses revealed the presence of IcircRNAs which exhibit a
significant enrichment of conserved nucleotides, although the overall
characteristics and biogenesis processes of these molecules are still
unclear (Zhao et al., 2019).

1.2. Cis-regulatory feature-driven circularization

In general, back-splicing is limited by steric hindrance, but cis-
regulatory elements located in introns flanking exons could relieve this
steric hindrance. In the cis-regulatory model, RNA pairing across in-
trons flanking exons can bring the distal splice site into close proximity
followed by back-splicing of pre-mRNAs and exon circularization. For
instance, although the exonic sequences in the GCN1L1 locus are highly
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Fig. 2. Factors affecting ceRNA activity. The activity of ceRNA is affected by a series of factors, including the abundances of ceRNAs and shared miRNAs, binding
affinity, RNA binding proteins (RBPs), RNA editing, and the subcellular localization of ceRNAs in physiological and pathological environments.

conserved between human and mouse, circGCN1L1 is detected in hu-
mans but rarely in mice, as RNA pairs are present in the human introns
flanking exons but not found in the corresponding mouse locus (Zhang
et al., 2014a). These RNA pairs are often derived from repetitive ele-
ments, such as Alus in primates, which belong to the short interspersed
nuclear element (SINE) family and are highly abundant in the human
genome (Prescott, 2011). Moreover, most mammalian pre-mRNAs
contain multiple intronic repeats, and competition between com-
plementary Alu elements may regulate alternative back-splicing (Tay
and Pek, 2017). Alu elements are specific to primates, and circular RNA
biogenesis in Drosophila is not driven by base-pairing interactions
(Westholm et al., 2014). Intriguingly, although the same cis-elements
are present, expression levels of circRNAs from the same loci are diverse
in different cell lines and tissues, suggesting there may be other layers
of regulation in circRNA expression.

1.3. Trans-acting factor-driven circularization

Accumulating studies suggested the involvement of trans factors in
circRNA regulation. RNA binding proteins (RBPs) including double-
stranded RBPs (dsRBPs) and single-stranded RBPs (ssRBPs) can regulate
circRNA production by binding to specific RNA motifs (Zhang et al.,
2016b, Starke et al., 2015b, Salzman et al., 2013). DsRBPs such as NF90
and/or NF110, DHX9, and ADAR1 directly bind to inverted repeat Alu
elements (IRAlus) to negatively or positively regulate circRNA pro-
duction (Salzman et al., 2013, Li et al., 2017a, Aktas et al., 2017). In
addition, ssRBPs like MBL and QKI bind to sequence motifs in the

introns flanking exons to bring circularized exons closer via dimeriza-
tion, resulting in circRNA formation (AshwalFluss et al., 2014; Conn
et al., 2015). There is evidence that cis-regulatory features can co-
operate with trans-acting factors to regulate back-splicing of the Dro-
sophila Laccase 2 RNA, in which both intronic repeats, multiple hnRNP
(heterogeneous nuclear ribonucleoprotein), and SR (serine-arginine)
proteins act together (Kramer et al., 2015). Recently, another intronic
circRNA, tRNA intronic circular (tricRNA), was discovered in archaea
and animals, and its formation requires a bulge-helix-bulge (BHB) motif
and many trans-acting factors including RtcB ligase and the tRNA
splicing endonuclease (TSEN) complex (Noto et al., 2017). The mole-
cular determinants of tricRNA biogenesis were elucidated using an
tRNA splicing model in Drosophila and in a human cellular context
(Schmidt et al., 2019).

1.4. CircRNA degradation

The mechanism of degradation of circular RNAs remains unclear,
but miRNAs may initiate circRNA degradation by Ago2-mediated
cleavage. For instance, the binding of miR-671 to CDR1 is fully com-
plementary and conserved among vertebrates, and this binding directs
miR-671-mediated CDRlas degradation by Ago2-Slicer-dependent
cleavage (Hansen et al., 2014). However, it remains unknown whether
other circRNAs are similarly vulnerable to miRNA-mediated cleavage.
In addition, extracellular vesicles, including exosomes, can carry
abundant cellular components such as lipids, proteins, and RNAs, and
the secretion of these factors may be one mechanism to alleviate
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circRNA accumulation (Lasda and Parker, 2016).
2. ceRNA hypothesis

Competing endogenous RNAs (ceRNAs) regulate other RNA tran-
scripts by competing for binding to shared microRNAs via partially
complementary sequences that are known as miRNA response elements
(MREs), and induce the degradation of mRNA targets or repress
translation at the post-transcriptional level (Salmena et al., 2011).
Various ceRNAs have been discovered, including pseudogenes, mRNAs,
IncRNAs, and circRNAs, which may interfere with the ability of miRNAs
to actively adjust expression of their targets (Ling et al., 2013, Liu et al.,
2014, Tay et al., 2011). As special endogenous non-coding RNAs, cir-
cRNAs typically have extremely abundant binding sites for microRNAs
and can act as endogenous sponges. However, the extent of ceRNA
networks and the molecular requirements for ceRNA cross-regulation
remain unclear.

2.1. Factors affecting ceRNA activity

In recent years, theoretical models, bioinformatics, and cell biology
approaches have been presented to describe the optimal conditions for
ceRNA activity, and existing results suggest the activity of ceRNA is
affected by a series of factors, including the abundances of ceRNAs and
shared miRNAs, binding affinity, RNA binding proteins (RBPs), RNA
editing, and the subcellular localization of ceRNAs in different phy-
siological and pathological environments (Tay et al., 2014) (Fig. 2).
Several mathematical models show that the balance between miRNAs
and ceRNAs is critical for ceRNA activity. According to the “target
threshold effect” hypothesis proposed by Mukherji, optimal ceRNA in-
teractions occur when the abundances of ceRNAs and miRNAs are
nearly equal, and levels of miRNAs that are too high or too low relative
to the levels of ceRNAs may reduce competition (Mukherji et al., 2011;
Figliuzzi et al., 2013).

The ceRNAs may bind and sequester miRNAs with unequal effi-
ciency, and the potential effectiveness of a ceRNA is closely related to
the efficiency of miRNA targeting and repression. The most effective
canonical site is an 8 mer site that comprises the “seed region” flanked
by both the match at position 8 and the A at position 1, followed by
7mer sites (base pairing to “seed region” or nucleotides 2-7 with a Base
A at position 1) and then poor efficiency 6mer sites (base pairing to
only nucleotides 2-7 of the miRNA) (Lewis et al., 2005). These site
types with different efficiencies determine the effectiveness of miRNA
repression, which in turn also determine the overall effectiveness of the
respective ceRNA (Denzler et al., 2016). Recently, the binding affinity
between ceRNAs and miRNAs has been shown to be guided by the
number and location of these site types, preferential binding sites, and
even the presence of additional sub-seed sites, making the assessment of
ceRNA potential increasingly complex (Werfel et al., 2017, Grimson
et al., 2007, Salomon et al., 2015). In addition, miRNA binding sites
with extensive complementarity to the miRNA can trigger degradation
of the miRNA rather than just competing with other miRNA-binding
sites; these binding sites are the most effective site types but may be
rare in mammals (Ameres et al., 2010, Bartel, 2009). Thus, the ability of
transcripts to act as ceRNA depends on not merely the total number and
identity of all miRNA binding sites, but also the number of binding sites
present for a particular miRNA.

Binding affinity is not to be the only factor determining miRNA-
mediated target repression, and RBPs can directly occupy RNA target
sites or alter the secondary structure of RNA to affect the accessibility to
miRNAs. HuR, an RBP with affinity for AU-rich mRNAs, may promote
the targeting of let-7-loaded RISC to an adjacent region of the c-Myc
3’UTR that is AU-rich, in which HuR binding perhaps changes the local
RNA conformation to unmask the let-7 recognition site (Kim et al.,
2009). In contrast, the miR-122-mediated repression of CAT-1 could be
reversed by the binding of HuR to the 3’UTR of CAT-1 mRNA
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(Bhattacharyya et al., 2006). Furthermore, HuR can directly bind to
miR-16 to prevent its interaction with the COX-2 3'UTR (Young et al.,
2012). Recently, circAGO2 was discovered to physically interact with
HuR to promote its enrichment on the 3’-UTR of target genes, exerting
steric hindrance effects which limit the functions of AGO2-miRNA
complexes, resulting in repression of AGO2/miRNA-mediated gene si-
lencing (Chen et al., 2018). AGO2 phosphorylation may inhibit target
mRNA binding, and RBPs may regulate the Ago2 phosphorylation cycle,
but a RBP capable of this activity has not been found (Golden et al.,
2017).

As a form of post-transcriptional processing, the editing of miRNAs
and targets may both affect ceRNA activity. For instance, targeted by
ADARs, 16% of human pri-miRNAs may undergo adenosine to inosine
(A—I) RNA editing, which can interfere with both miRNAs processing
and the miRNA-mediated gene silencing (Takeuchi et al., 2008). In
addition, previous experimental and computational analysis suggested
that greater than 85% of pre-mRNAs are subject to A-to-I RNA editing,
with most target sites located in introns and UTRs (Athanasiadis et al.,
2004). These phenomena may visibly increase the complexity of ceRNA
interactions.

Most miRNA-target interactions occur in the cytoplasm, where pre-
miRNAs are processed into mature miRNAs, however, whether these
interactions normally occur throughout the cytoplasm or within specific
cytoplasmic regions is unclear. A previous model showed miRNA-
loaded AGO2 significantly co-located with rough endoplasmic re-
ticulum (rER) membranes, leading to the efficient repression of mRNA
that contain miRNA binding sites (Stalder et al., 2014). In addition,
miRNAs have been detected in other membrane-bound compartments,
such as secreted vesicles and mitochondria (Zhang et al., 2010; Zhang
et al., 2014b). The subcellular localization of RISC components likely
can affect the extent of miRNA-mediated repression and thus the po-
tential for ceRNA crosstalk.

2.2. CeRNA hypothesis controversy

The ceRNA hypothesis remains controversial because there is no
plausible explanation for how a change in expression of individual
miRNA targets could influence enough miRNA molecules to affect other
targets. A better understanding of the molecular specificity and dy-
namics of miRNA-mediated target repression is necessary to resolve this
ceRNA controversy. The expression of individual miRNA targets con-
stitutes only a tiny fraction of the cellular target-site abundance that
affect the activity of miRNAs, and recent mathematical models to in-
vestigate the stoichiometry between miRNAs and their target sites
concluded that ceRNA crosstalk is efficient when the ceRNA is equi-
molar to its mediating miRNA (Ala et al., 2013; Hausser and Zavolan,
2014). However, these mathematical models did not illuminate a con-
nection between the relative abundances of various RNAs and physio-
logical ceRNA crosstalk (Smillie et al., 2018). Even so, the stoichio-
metric relationships between miRNAs and their target sites were
investigated experimentally, and two models of miRNA targeting have
been proposed. In the ”hierarchical affinity model”, miRNAs pre-
ferentially bind 8mer sites rather than 7mer or 6mer sites. Accordingly,
within a physiological range, the ceRNA can provide sufficient miRNA
binding sites to cause the derepression of other miRNA-targets, but only
for miRNAs with a low or intermediate miRNA-target ratio (Bosson
et al.,, 2014). In the “mixed-affinity model”, sites of all different affi-
nities contribute to the overall effective target abundance, regardless of
the miRNA level, which suggests that an equivalent number of miRNA
binding sites must be provided by the ceRNA to alter the repression of
miRNA targets (Denzler et al., 2016). The key difference between the
two models is the effect that miRNA abundance has on the potential for
ceRNA crosstalk, and in consideration of the fact that changes in
ceRNAs must approach a miRNA's target abundance before they can
exert a detectable effect on gene regulation (Ludwig et al., 2016). Thus,
some researchers concluded that ceRNA crosstalk is not possible within
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a physiological range of transcript abundance (Denzler et al., 2016).
Despite the controversy surrounding the ceRNA hypothesis, the ex-
perimental evidence in general supports the notion that ceRNA cross-
talk can be physiologically relevant. As a plausible generic mechanism
to regulate gene expression, the ceRNA hypothesis has been widely
considered and has stimulated several new areas of research (Thomson
and Dinger, 2016).

3. ceRNA function of circRNAs in skeletal muscle myogenesis

Despite the controversy surrounding the ceRNA hypothesis, large
amounts of experiment results showed that ceRNA crosstalk can be
relevant to myogenesis, and IncRNAs have been identified as potent
regulators of myogenesis (Zhu et al., 2017b, Song et al., 2018, Liang
et al., 2018). However, the ceRNA functions of circRNAs in skeletal
muscle myogenesis remained elusive. Using high throughput sequen-
cing, our team reported the first analysis of circRNA landscape at dif-
ferent stages of bovine skeletal muscle myogenesis, and subsequent
functional research indicated that circRNAs play an important role on
skeletal muscle myogenesis by acting as ceRNAs to sequester specific
miRNAs. For instance, bovine circLMO7 appears to function as a ceRNA
for miR-378a-3p to promote proliferation and inhibit apoptosis and
differentiation of myoblasts (Wei et al., 2017b); circFUT10 reduces
proliferation and facilitates differentiation of bovine myoblasts by
sponging miR-133a (Li et al., 2017b); circFGFR4 promotes myoblast
differentiation by sponging miR-107 to maintain the expression of
WNT3A (Li et al., 2018b); and circSNX29 serves as a miRNA-744
sponge to attenuate its inhibition of WNT5A and CaMKII§, inhibiting
proliferation and facilitating differentiation of myoblasts (Peng et al.,
2019). In the mouse myoblast cell line (C2C12), circZfp609 was re-
ported to sponge miR-194-5p to relieve its inhibition of BCLAF1 and
repress myogenic differentiation (Wang et al., 2018). During the dif-
ferentiation of goat skeletal muscle satellite cells, increasing MyoD
activated CDRlas by binding to its promoter in nuclei, resulting in
accumulation of CDRlas in the cytoplasm. Moreover, CDRlas was
showed to partly relieve insulin like growth factor 1 receptor (IGF1R)
by competitively binding to miR-7, consequently activating muscle
differentiation (Li et al., 2019). In chicken, two circRNAs produced by
the RBFOX2 gene were found to promote the proliferation of myoblasts
by binding miR-1a-3p and miR-206, and chicken circSVIL could pro-
mote the proliferation and differentiation of myoblasts to sequester the
functions of miR-203 (Ouyang et al., 2018a; Ouyang et al., 2018b).
Despite these recent advances in our understanding of circRNA ceRNA
functions in skeletal muscle myogenesis, the post-transcriptional reg-
ulation of circRNA remains poorly understood. For instance, it is un-
clear whether circRNA back-splicing modes, spatiotemporal expression,
protein binding, transcription complex interaction, cellular localization,
or other factors affect its ceRNA function. The relatively few ncRNAs
studies in skeletal muscle myogenesis have been mainly performed
using tissue culture (in vitro). This approach is both convenient and
informative, however, this approach may not be able to reveal the
complex modulation of the extracellular matrix during skeletal muscle
development. Most in vivo studies of ncRNA have been conducted with
focus on the pathological state of mature muscles, such as atrophy and
muscular dystrophies, but in vivo, the requirement of circRNAs in
myogenesis in mammals has not been evaluated by careful, targeted
deletions. Intriguingly, despite the positive effect of muscle-specific
miRNAs such as miR-1, miR-133, and miR-206 in cultured skeletal
myotubes, genomic ablation in mouse models showed no apparent ef-
fect on normal muscle development Zhao et al., 2007, Liu et al., 2008,
Williams et al., 2009. Thus the role of circRNA in the ceRNA network
for skeletal muscle myogenesis requires more comprehensive elucida-
tion.
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Perspectives

Research interest in the physiological and pathological effects of
circRNA has grown in recent years, and the most reported circRNA
function is acting as ceRNA. Here, we present an overview of circRNA
biogenesis and its mechanisms of ceRNA functions in skeletal muscle
myogenesis. The ceRNA hypothesis remains controversial despite the
extensive relevance of ceRNAs network in both normal physiological
conditions and pathophysiological states. Thus, a more nuanced view of
ceRNA crosstalk should be considered. Models of ceRNA mechanism
should not only account for the abundances and binding affinity of
seed-matched target sites, but also consider effects of altered RISC ac-
tivity, RBP interactions, and subcellular molecular co-localization.
Studies of ceRNA functions of circRNA in skeletal muscle myogenesis
remain in the initial stage, and there is insufficient evidence to con-
clusively demonstrate a physiologically relevant ceRNA mechanism.
Hence, more methods to identify and characterize ceRNA function
should be performed. For instance, AGO2-CLIP-Seq of primary myoblast
cells may reveal direct binding of miRNA to circRNA; mutagenizing
miRNA binding sites on circRNA by CRISPR in myoblast cells could be
used to confirm miRNA-dependence of circRNA crosstalk, and creating
mouse models with knockouts of proposed circRNA or with mutagen-
ized miRNA binding sites could confirm ceRNA function of circRNA in
vivo. In conclusion, greater insight into interactions of non-coding
RNAs that regulate muscle growth and development may suggest
methods for livestock industries to improve meat quality and produc-
tion or treat clinical muscle disorders using molecular approaches.

Declaration of Competing Interest
The authors declare no conflict of interest
Acknowledgments

This study was supported by the National Natural Science
Foundation of China (No. 31772574), the Program of National Beef
Cattle and Yak Industrial Technology System (CARS-37), and the
Program of Yunling Scholar.

References

Aktas, T., Ik, IA., Maticzka, D., Bhardwaj, V., Rodrigues, C.P., Mittler, G., Manke, T.,
Backofen, R., Akhtar, A., 2017. DHX9 suppresses RNA processing defects originating
from the Alu invasion of the human genome. Nature 544, 115.

Ala, U., Karreth, F.A., Bosia, C., Pagnani, A., Taulli, R., Léopold, V., Tay, Y., Provero, P.,
Zecchina, R., Pandolfi, P.P., 2013. Integrated transcriptional and competitive en-
dogenous RNA networks are cross-regulated in permissive molecular environments.
Pnas 110, 7154-7159.

Ameres, S.L., Horwich, M.D., Hung, J.H., Xu, J., Ghildiyal, M., Weng, Z., Zamore, P.D.,
2010. Target RNA-directed trimming and tailing of small silencing RNAs. Science
328, 1534-1539.

AshwalFluss, Reut, Meyer, Markus, Pamudurti, Nbsp N., Reddy, Ivanov, Andranik,
Bartok, 2014. circRNA biogenesis competes with Pre-mRNA splicing. Mol. Cell 56,
55-66.

Athanasiadis, A., Rich, A., Maas, S., 2004. Widespread A-to-I RNA editing of alu-con-
taining mRNAs in the human transcriptome. PLoS Biol. 2, e391.

Barrett, S.P., Wang, P.L., Salzman, J., 2015. Circular RNA biogenesis can proceed through
an exon-containing lariat precursor. ELIFE.

Bartel, D.P., 2009. MicroRNAs: target recognition and regulatory functions. Cell 136,
215-233.

Bhattacharyya, S.N., Habermacher, R., Martine, U., Closs, E.I., Filipowicz, W., 2006.
Relief of microRNA-mediated translational repression in human cells subjected to
stress. Cell 125, 1111-1124.

Bosson, A.D., Zamudio, J.R., Sharp, P.A., 2014. Endogenous miRNA and target con-
centrations determine susceptibility to potential ceRNA competition. Mol. Cell 56,
347-359.

Buckingham, M., 2006. Myogenic progenitor cells and skeletal myogenesis in vertebrates.
Curr. Opin. Genet. Dev. 16, 525-532.

Buckingham, M., Bajard, L., Chang, T., Daubas, P., Hadchouel, J., Meilhac, S., Montarras,
D., Rocancourt, D., Relaix, F., 2010. The formation of skeletal muscle: from somite to
limb. J. Anat. 202, 59-68.

Butchart, L.C., Fox, A., Shavlakadze, T., Grounds, M.D., 2016. The long and short of non-
coding RNAs during post-natal growth and differentiation of skeletal muscles: focus


http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0005
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0005
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0005
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0010
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0010
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0010
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0010
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0015
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0015
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0015
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0020
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0020
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0020
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0025
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0025
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0030
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0030
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0035
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0035
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0040
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0040
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0040
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0045
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0045
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0045
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0050
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0050
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0055
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0055
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0055
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0060
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0060

B. Yue, et al.

on IncRNA and miRNAs. Differentiation 92, 237.

CHARGE, S.B.P., RUDNICKI, M.A., 2004. Cellular and molecular regulation of muscle
regeneration. Physiol. Rev. 84, 209-238.

Chen, L.L., Yang, L., 2015. Regulation of circRNA biogenesis. RNA Biol. 12, 381-388.

Chen, J.F., Mandel, E.M., Thomson, J.M., Wu, Q., Callis, T.E., Hammond, S.M., Conlon,
F.L., Wang, D.Z., 2006. The role of microRNA-1 and microRNA-133 in skeletal muscle
proliferation and differentiation. Nat. Genet. 38, 228-233.

Chen, Y., Yang, F., Fang, E., Xiao, W., Mei, H,, Li, H., Li, D., Song, H., Wang, J., Hong, M.,
Wang, X., Huang, K., Zheng, L., Tong, Q., 2018. Circular RNA circAGO2 drives cancer
progression through facilitating HuR-repressed functions of AGO2-miRNA com-
plexes. Cell Death Differ.

Conn, Nbsp S., Pillman, Nbsp K., Toubia, John, Conn, Nbsp V., 2015. The RNA binding
protein quaking regulates formation of circRNAs. Cell 160, 1125-1134.

Denzler, R., Mcgeary, S.E., Title, A.C., Agarwal, V., Bartel, D.P., Stoffel, M., 2016. Impact
of MicroRNA levels, target-site complementarity, and cooperativity on competing
endogenous RNA-Regulated gene expression. Mol. Cell 64, 565-579.

Figliuzzi, M., Marinari, E., De, M.A., 2013. MicroRNAs as a selective channel of com-
munication between competing RNAs: a steady-state theory. Biophys. J. 104, 1203.

Golden, R.J., Chen, B., Li, T., Braun, J., Manjunath, H., Chen, X., Wu, J., Schmid, V.,
Chang, T.C., Kopp, F., Ramirez-Martinez, A., Tagliabracci, V.S., Chen, Z.J., Xie, Y.,
Mendell, J.T., 2017. An Argonaute phosphorylation cycle promotes microRNA-
mediated silencing. Nature 542, 197-202.

Grimson, A., Farh, K.H., Johnston, W.K., Garrettengele, P., Lim, L.P., Bartel, D.P., 2007.
MicroRNA targeting specificity in mammals: determinants beyond seed pairing. Mol.
Cell 27, 91-105.

Guo, B., Greenwood, P.L., Cafe, L.M., Zhou, G., Zhang, W., Dalrymple, B.P., 2015.
Transcriptome analysis of cattle muscle identifies potential markers for skeletal
muscle growth rate and major cell types. BMC Genomics 16 (2015-03-13), 16 177.

Guo, J.U., Agarwal, V., Guo, H., Bartel, D.P., 2014. Expanded identification and char-
acterization of mammalian circular RNAs. Genome Biol. 15, 409.

Hansen, T.B., Wiklund, E.D., Bramsen, J.B., Villadsen, S.B., Statham, A.L., Clark, S.J.,
2014. Kjems J. miRNA-dependent gene silencing involving Ago2-mediated cleavage
of a circular antisense RNA. EMBO J. 30, 4414-4422.

Hausser, J., Zavolan, M., 2014. Identification and consequences of miRNA-target inter-
actions-beyond repression of gene expression. Nat. Rev. Genet. 15, 599.

Holdt, L.M., Kohlmaier, A., Teupser, D., 2018. Molecular roles and function of circular
RNAs in eukaryotic cells. Cell. Mol. Life Sci.: CMLS.

Kim, H.H., Kuwano, Y., Srikantan, S., Lee, E.K., Martindale, J.L., Gorospe, M., 2009. HuR
recruits let-7/RISC to repress c-Myc expression. Genes Dev. 23, 1743-1748.

Kramer, M.C., Liang, D., Tatomer, D.C., Gold, B., March, Z.M., Cherry, S., Wilusz, J.E.,
2015. Combinatorial control of Drosophila circular RNA expression by intronic re-
peats, hnRNPs, and SR proteins. Gene Dev. 29, 2168.

Lasda, E., Parker, R., 2016. Circular RNAs Co-precipitate with extracellular vesicles: a
possible mechanism for circRNA clearance. PLoS One 11, e148407.

Legnini, I., Di Timoteo, G., Rossi, F., Morlando, M., Briganti, F., Sthandier, O., Fatica, A.,
Santini, T., Andronache, A., Wade, M., Laneve, P., Rajewsky, N., Bozzoni, ., 2017.
Circ-ZNF609 is a circular RNA that can Be translated and functions in myogenesis.
Mol. Cell 66, 22-37.

Lewis, B.P., Burge, C.B., Bartel, D.P., 2005. Conserved seed pairing, often flanked by
adenosines, indicates that thousands of human genes are microRNA targets. Cell
120, 15.

Li, L., Chen, Y., Nie, L., Ding, X., Zhang, X., W Zhao, X.X.u, Kyei, B., Dai, D., Zhan, S., Guo,
J., Zhong, T., Wang, L., Zhang, H., 2019. MyoD-induced circular RNA CDR1as pro-
motes myogenic differentiation of skeletal muscle satellite cells. Biochimica et bio-
physica acta. Gene Regul. Mech.

Li, X., Yang, L., Chen, L.L., 2018a. The biogenesis, functions, and challenges of circular
RNAs. Mol. Cell 71, 428-442.

Li, X., Liu, C.X., Xue, W., Zhang, Y., Jiang, S., Yin, Q.F., Wei, J., Yao, R.W., Yang, L., Chen,
L.L., 2017a. Coordinated circRNA biogenesis and function with NF90/NF110 in viral
infection. Mol. Cell 67, 214.

Li, H., Wei, X., Yang, J., Dong, D., Hao, D., Huang, Y., Lan, X., Plath, M., Lei, C., Ma, Y.,
Lin, F., Bai, Y., Chen, H., 2018b. circFGFR4 promotes differentiation of myoblasts via
binding miR-107 to relieve its inhibition of Wnt3a. Mol. Ther. Nucleic. Acids 11,
272-283.

Li, H., Yang, J., Wei, X., Song, C., Dong, D., Huang, Y., Lan, X., Plath, M., Lei, C., Ma, Y.,
2017b. CircFUT10 reduces proliferation and facilitates differentiation of myoblasts
by sponging miR-133a. J. Cell. Physiol. 233.

Liang, D., Tatomer, D.C., Luo, Z., Wu, H., Yang, L., Chen, L.L., Cherry, S., Wilusz, J.E.,
2017. The output of protein-coding genes shifts to circular RNAs when the Pre-mRNA
processing machinery is limiting. Mol. Cell 68, 940.

Liang, T., Zhou, B., Shi, L., Wang, H., Chu, Q., Xu, F., Li, Y., Chen, R., Shen, C., 2018.
Schinckel AP. IncRNA AK017368 promotes proliferation and suppresses differentia-
tion of myoblasts in skeletal muscle development by attenuating the function of miR-
30c. FASEB J. 32, 377-389.

Ling, H., Fabbri, M., Calin, G.A., 2013. MicroRNAs and other non-coding RNAs as targets
for anticancer drug development. Nat. Rev. Drug Discov. 12, 847-865.

Liu, X.H., Sun, M., Nie, F.Q., Ge, Y.B., Zhang, E.B., Yin, D.D., Kong, R., Xia, R., Lu, K.H.,
Li, J.H., 2014. Lnc RNA HOTAIR functions as a competing endogenous RNA to reg-
ulate HER2 expression by sponging miR-331-3p in gastric cancer. Mol. Cancer 13
(2014-04-28), 13 92.

Liu, N., Bezprozvannaya, S., Williams, A.H., Qi, X., Richardson, J.A., Bassel-Duby, R.,
Olson, E.N., 2008. MicroRNA-133a regulates cardiomyocyte proliferation and sup-
presses smooth muscle gene expression in the heart. Genes Dev. 22, 3242-3254.

Ludwig, N., Leidinger, P., Becker, K., Backes, C., Fehlmann, T., Pallasch, C., Rheinheimer,
S., Meder, B., Stdhler, C., Meese, E., 2016. Distribution of miRNA expression across
human tissues. Nucleic Acids Res. 44, 3865-3877.

International Journal of Biochemistry and Cell Biology 117 (2019) 105621

Meng, X., Li, X., Zhang, P., Wang, J., Zhou, Y., Chen, M., 2016. Circular RNA: an emerging
key player in RNA world. Brief Bioinform. 18, 547.

Mukherji, S., Ebert, M.S., Zheng, G.X., Tsang, J.S., Sharp, P.A., Van, O.A., 2011.
MicroRNAs can generate thresholds in target gene expression. Nat. Genet. 43,
854-859.

Noto, J.J., Schmidt, C.A., Matera, A.G., 2017. Engineering and expressing circular RNAs
via tRNA splicing. RNA Biol.

Ouyang, H., Chen, X., Wang, Z., Yu, J., Jia, X., Li, Z., Luo, W., Abdalla, B.A., Jebessa, E.,
Nie, Q., 2018a. Circular RNAs are abundant and dynamically expressed during em-
bryonic muscle development in chickens. Dna Res. Int. J. Rapid Publ. Rep. Genes
Genomes 25, 71-86.

Ouyang, H., Chen, X., Li, W, Li, Z., Nie, Q., Zhang, X., 2018b. Circular RNA circSVIL
promotes myoblast proliferation and differentiation by sponging miR-203 in chicken.
Front. Genet. 9.

Pek, J.W., Osman, L., Tay, M.L., Zheng, R.T., 2015. Stable intronic sequence RNAs have
possible regulatory roles in Drosophila melanogaster. J. Cell Biol.

Peng, S., Song, C., Hui, L., Cao, X., Ma, Y., Wang, X., Huang, Y., Lan, X., Lei, C., Chaogetu,
B., Chen, H., 2019. Circular RNA SNX29 sponges miR-744 to regulate proliferation
and differentiation of myoblasts by activating the Wnt5a/Ca signaling pathway. Mol.
Ther. Nucleic Acids.

Pownall, M.E., 2002. Gustafsson MKEmerson CP. Myogenic regulatory factors and the
specification of muscle progenitors in vertebrate embryos [Review]. Annu. Rev. Cell
Dev. Biol. 18, 747-783.

Prescott, D., 2011. Aluelements: know the SINEs. Genome Biol. 12, 236.

Salmena, L., Poliseno, L., Tay, Y., Kats, L., Pandolfi, P.P., 2011. A ceRNA Hypothesis: the
Rosetta stone of a hidden RNA Language? Cell 146, 353-358.

Salomon, W.E., Jolly, S.M., Moore, M.J., Zamore, P.D., Serebrov, V., 2015. Single-mole-
cule imaging reveals that argonaute reshapes the binding properties of its nucleic acid
guides. Cell 162, 84-95.

Salzman, J., 2016. Circular RNA expression: its potential regulation and function. Trends
Genet. 32, 309-316.

Salzman, J., Chen, R.E., Olsen, M.N., Wang, P.L., Brown, P.O., 2013. Cell-type specific
features of circular RNA expression. PLoS Genet. 9, €e1003777.

Schmidt, C.A., Giusto, J.D., Matera, A.G., 2019. Molecular determinants of metazoan
tricRNA biogenesis. Nucleic Acids Res.

Smillie, C.L., Sirey, T., Ponting, C.P., 2018. Complexities of post-transcriptional regula-
tion and the modeling of ceRNA crosstalk. Crit. Rev. Biochem. Mol. Biol. 53,
231-245.

Song, C., Wang, J., Ma, Y., Yang, Z., Dong, D., Li, H., Yang, J., Huang, Y., Plath, M., Ma,
Y., Chen, H., 2018. Linc-smad7 promotes myoblast differentiation and muscle re-
generation via sponging miR-125b. Epigeneticsus 13, 591-604.

Stalder, L., Heusermann, W., Sokol, L., Trojer, D., Wirz, J., Hean, J., Fritzsche, A.,
Aeschimann, F., Pfanzagl, V., Basselet, P., 2014. The rough endoplasmatic reticulum
is a central nucleation site of siRNA-mediated RNA silencing. EMBO J. 32,
1115-1127.

Starke, Stefan, Jost, Isabelle, Rossbach, Oliver, Schneider, Tim, Schreiner, Silke, 2015a.
Exon circularization requires canonical splice signals. Cell Rep. 10, 103-111.

Starke, Stefan, Jost, Isabelle, Rossbach, Oliver, Schneider, Tim, Schreiner, Silke, 2015b.
Exon circularization requires canonical splice signals. Cell Rep. 10, 103-111.

Takeuchi, M., Kimata, Y., Kohno, K., 2008. Frequency and fate of microRNA editing in
human brain. Nucleic Acids Res. 36, 5270-5280.

Tay, M.L., Pek, J.W., 2017. Maternally inherited stable intronic sequence RNA triggers a
self-reinforcing feedback loop during development. Current Biology Cb 27, 1062.

Tay, Y., Kats, L., Salmena, L., Weiss, D., Shen, M.T., Ala, U., Karreth, F., Poliseno, L.,
Provero, P., Cunto, F.D., 2011. Coding-independent regulation of the tumor sup-
pressor PTEN by competing endogenous mRNAs. Cell 147, 344-357.

Tay, Y., Rinn, J., Pandolfi, P.P., 2014. The multilayered complexity of ceRNA crosstalk
and competition. Nature 505, 344-352.

Thomson, D.W., Dinger, M.E., 2016. Endogenous microRNA sponges: evidence and
controversy. Nat. Rev. Genet. 17, 272.

Wang, Y., Li, M., Wang, Y., Liu, J., Zhang, M., Fang, X., Chen, H., Zhang, C., 2018. A
Zfp609 circular RNA regulates myoblast differentiation by sponging miR-194-5p. Int.
J. Biol. Macromol.

Wei, X., Li, H., Yang, J., Hao, D., Dong, D., Huang, Y., Lan, X., Plath, M., Lei, C., Lin, F.,
Bai, Y., Chen, H., 2017a. Circular RNA Profiling Reveals an Abundant circLMO7 That
Regulates Myoblasts Differentiation and Survival by Sponging miR-378a-3p. 8.

Wei, X., Li, H., Yang, J., Hao, D., Dong, D., Huang, Y., Lan, X., Plath, M., Lei, C., Lin, F.,
2017b. Circular RNA profiling reveals an abundant circLMO7 that regulates myo-
blasts differentiation and survival by sponging miR-378a-3p. Cell Death Dis. 8,
e3153.

Werfel, S., Leierseder, S., Ruprecht, B., Kuster, B., Engelhardt, S., 2017. Preferential
microRNA targeting revealed by in vivo competitive binding and differential
Argonaute immunoprecipitation. Nucleic Acids Res. 45, 10218-10228.

Westholm, J., Miura, P., Olson, S., Shenker, S., Joseph, B., Sanfilippo, P., Celniker, S.,
Graveley, B., Lai, E., 2014. Genome-wide analysis of Drosophila Circular RNAs re-
veals their structural and sequence properties and age-dependent neural accumula-
tion. Cell Rep. 9, 1966-1980.

Williams, A.H., Valdez, G., Moresi, V., Qi, X., McAnally, J., Elliott, J.L., Bassel-Duby, R.,
Sanes, J.R., Olson, E.N., 2009. MicroRNA-206 delays ALS progression and promotes
regeneration of neuromuscular synapses in mice. Science 326, 1549-1554.

Young, L.E., Moore, A.E., Sokol, L., Meisnerkober, N., Dixon, D.A., 2012. The mRNA
stability factor HuR inhibits microRNA-16 targeting of COX-2. Mol. Cancer Res. 10,
167-180.

Yu, X., Zhang, Y., Li, T., Ma, Z., Jia, H., Chen, Q., Zhao, Y., Zhai, L., Zhong, R., Li, C.,
2017. Long non-coding RNA Linc-RAM enhances myogenic differentiation by inter-
acting with MyoD. Nat. Commun. 8, 14016.


http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0060
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0065
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0065
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0070
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0075
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0075
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0075
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0080
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0080
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0080
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0080
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0085
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0085
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0090
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0090
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0090
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0095
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0095
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0100
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0100
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0100
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0100
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0105
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0105
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0105
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0110
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0110
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0110
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0115
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0115
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0120
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0120
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0120
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0125
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0125
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0130
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0130
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0135
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0135
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0140
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0140
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0140
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0145
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0145
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0150
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0150
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0150
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0150
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0155
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0155
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0155
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0160
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0160
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0160
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0160
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0165
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0165
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0170
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0170
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0170
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0175
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0175
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0175
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0175
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0180
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0180
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0180
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0185
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0185
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0185
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0190
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0190
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0190
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0190
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0195
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0195
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0200
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0200
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0200
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0200
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0205
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0205
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0205
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0210
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0210
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0210
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0215
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0215
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0220
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0220
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0220
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0225
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0225
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0230
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0230
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0230
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0230
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0235
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0235
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0235
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0240
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0240
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0245
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0245
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0245
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0245
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0250
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0250
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0250
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0255
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0260
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0260
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0265
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0265
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0265
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0270
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0270
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0275
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0275
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0280
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0280
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0285
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0285
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0285
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0290
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0290
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0290
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0295
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0295
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0295
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0295
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0300
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0300
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0305
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0305
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0310
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0310
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0315
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0315
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0320
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0320
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0320
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0325
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0325
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0330
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0330
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0335
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0335
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0335
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0340
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0340
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0340
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0345
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0345
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0345
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0345
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0350
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0350
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0350
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0355
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0355
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0355
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0355
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0360
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0360
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0360
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0365
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0365
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0365
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0370
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0370
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0370

B. Yue, et al.

Zhang, Y., Liu, D., Chen, X., Li, J., Li, L., Bian, Z., Sun, F., Lu, J., Yin, Y., Cai, X., 2010.
Secreted monocytic miR-150 enhances targeted endothelial cell migration. Mol. Cell
39, 133-144.

Zhang, Y., Xue, W., Li, X., Zhang, J., Chen, S., Zhang, J.L., Yang, L., Chen, L.L., 2016a. The
biogenesis of nascent circular RNAs. Cell Rep. 15, 611-624.

Zhang, X.0., Wang, H.B., Zhang, Y., Lu, X., Chen, L.L., Yang, L., 2014a. Complementary
sequence-mediated exon circularization. Cell 159, 134-147.

Zhang, X.0., Dong, R., Zhang, Y., Zhang, J.L., Luo, Z., Zhang, J., Chen, L.L,, Yang, L.,
2016b. Diverse alternative back-splicing and alternative splicing landscape of circular
RNAs. Genome Res. 26, 1277-1287.

Zhang, Xiaorong, Zuo, Xinxin, Yang, Bo, Li, Zongran, Xue, Yuanchao, 2014b. MicroRNA
directly enhances mitochondrial translation during muscle differentiation. Cell 158,
607-619.

International Journal of Biochemistry and Cell Biology 117 (2019) 105621

Zhao, X., X Duan, Fu, J., Shao, Y., Zhang, W., Guo, M., Li, C., 2019. Genome-wide
identification of circular RNAs revealed the dominant intergenic region circulariza-
tion model in. Front. Genet.

Zhao, Y., Ransom, J.F., Li, A., Vedantham, V., von Drehle, M., Muth, A.N., Tsuchihashi,
T., McManus, M.T., Schwartz, R.J., Srivastava, D., 2007. Dysregulation of cardio-
genesis, cardiac conduction, and cell cycle in mice lacking miRNA-1-2. Cell 129,
303-317.

Zhu, M., Liu, J., Xiao, J., Yang, L., Cai, M., Shen, H., Chen, X., Ma, Y., Hu, S., Wang, Z.,
2017a. Lnc-mg is a long non-coding RNA that promotes myogenesis. Nat. Commun. 8,
14718.

Zhu, M., Liu, J., Xiao, J., Yang, L., Cai, M., Shen, H., Chen, X., Ma, Y., Hu, S., Wang, Z.,
Hong, A., Li, Y., Sun, Y., Wang, X., 2017b. Lnc-mg is a long non-coding RNA that
promotes myogenesis. Nat. Commun. 8, 14718.


http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0375
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0375
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0375
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0380
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0380
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0385
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0385
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0390
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0390
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0390
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0395
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0395
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0395
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0400
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0400
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0400
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0405
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0405
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0405
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0405
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0410
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0410
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0410
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0415
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0415
http://refhub.elsevier.com/S1357-2725(19)30198-0/sbref0415

	Biogenesis and ceRNA role of circular RNAs in skeletal muscle myogenesis
	Introduction
	Biogenesis of CircRNAs
	lariat-driven circularization
	Cis-regulatory feature-driven circularization
	Trans-acting factor-driven circularization
	CircRNA degradation

	ceRNA hypothesis
	Factors affecting ceRNA activity
	CeRNA hypothesis controversy

	ceRNA function of circRNAs in skeletal muscle myogenesis
	Perspectives

	mk:H1_12
	Acknowledgments
	References




