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microRNA sponging by a new hearty circRNA
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The discovery of circular RNAs (circRINAs) as a widespread
and abundant class of endogenous RNA in Eukarya (1-3)
has sparked a previously unparalleled interest in this class of
RNA molecules. CircRNAs, characterized by a covalently
closed structure, are generated through back-splicing of one
or more exons from protein-coding and non-coding genes
and have been found in great number in diverse species
such as human (1-3) and Drosophila (4). Almost in parallel
with the realization of circRINAs as pervasive endogenous
molecules, came the first functional characterization of
circRNAs; two circRNAs, termed ciRS-7/CDR1as and
Sry circRNA were found to bind to miRNAs and prevent
these miRNAs from acting on their cognate targets (2,5).
Since then, interest in assigning function to the thousands
of other circRNAs that are expressed endogenously has
expanded greatly, as reflected by the increasing number
of publications on this subject. However, despite being
subject to intense scrutiny, only a relatively small number
of circRNAs has as of now been assigned a function and,
for those that have, functions have been diverse: miRINA
binding, transcriptional regulation, binding of RNA-binding
proteins to either facilitate their interaction or sequester
them as well as templates for translation (6-12). However,
the ability of a circRNA to interact with and regulate
miRNAs stand out as an especially intriguing function
seeing as the covalently closed structure provides these
circRNAs with a unique form of protection from miRNA-
mediated exonucleolytic decay (2,5,13). Hence, miRNA-
sponging is to date one of the only functions discovered
where the circular structure provides a unique advantage
compared to linear RNA. However, bioinformatics analysis
of circRNAs has disclosed that only a small fraction of
circRNAs possess a substantial number of binding sites for a
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specific miRNA (13,14). This finding seems to indicate that
miRNA sponging may not be a general function of this class
of RNA (14). However, despite this initial discouraging
analysis, the number of circRNAs proposed to function by
direct interaction with miRNAs continue to rise, as listed
elsewhere (15,16). In general, these newly characterized
miRNA “sponges” possess a relatively small number of
canonical miRNA sites, which appears to be enough to
mediate the regulation. The recent paper “Circular RNA
mediated cardiomyocyte death via miRNA-dependent
upregulation of M'TP18 expression” by Wang ez 4. adds yet
another voice to this ensemble of circRNAs proposed to act
as miRNA sponges.

In their paper (17), Wang et al. disclose that in
cardiomyocytes the circRNA termed MFACR interacts
with miR-652-3p. In turn, the interaction between MFACR
and miR-652-3p prevents this miRNA from acting on its
cognate target, MTP18, which it inhibits translation of.

To establish and validate this set of interactions
between MFACR - miR-652-3p and MTP18 - miR-652-
3p Wang and colleagues relied both on bioinformatics
predictions of miR-652-3p sites in MFACR and MTP18
as well as on experimental validation. With regard to
the bioinformatics analysis, the tool RNA-hybrid was
used to search for miRNA binding sites, which resulted
in the finding of one miR-652-3p binding site in the
3’UTR of MTP18 mRNA and fifteen binding sites in
MFACR. However, this analysis seems to have been
carried out with very relaxed parameters, as only two of
the fifteen miRNA target sites predicted in MFACR can
be described as conventional upon manual inspection,
illustrating that many of the fifteen predicted miRNA
target sites can be considered atypical. Although it is not
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impossible to imagine such sites being used, extra caution
should be taken and rigorous biochemical validation is
necessary before such predicted sites can be considered
relevant. In the case of miR-652-3p and its interaction
with MFACR, Wang and colleagues experimentally
confirmed the proposed interaction by showing that
they could capture MFACR both using a biotinylated
miR-652-3p and using AGO2 immunoprecipitation
in primary cardiomyocytes. Conversely, miR-652-3p
could be pulled down with a probe designed against
MFACR. Hence, this experimental validation suggests
that MFACR is able to interact with miR-62-3p, but
whether all of the fifteen predicted sites are used remains
unknown. With regard to the interaction between MTP18
mRNA and miR-652-3p, the sole target site identified
using RNA-hybrid is not captured by other tools such
as TargetScan when standard setting are used (18).
However, the interaction was validated by showing
decreased regulatory effect of miR-652-3p on MTP18
levels upon transfection of antagomirs or a target blocker
into primary cardiomyocytes. Furthermore, mutation of
the identified miR-652-3p binding site, rendered M'TP18
resistant towards a miR-652-3p mimic, as tested using
both luciferase assays and overexpression of MTP18
constructs with or without the mutation in primary
cardiomyocytes.

With a successful validation of the interactions between
MFACR and miR-652-3p as well as between miR-652-3p
and MTP18 mRNA, Wang et 4/. set out to determine the
function of this uncovered MFACR-miR-652-3p-MTP18
pathway. As MTP18 is a membrane protein found on
mitochondria that is required for mitochondrial fission (19)
and in light of the recent association between cardiac
diseases and abnormal mitochondrial fission and fusion
(20,21), Wang et al., investigated the role of the MFACR,
miR-652-3p-MTP18 axis in myocardial infarction. For
this purpose, Wang ez al. applied two model systems to
mimic myocardial infarction, a situation characterized by
oxygen deprivation followed by cardiomyocyte apoptosis.
The in vitro model system involved cultured primary
cardiomyocytes that were subjected to complete oxygen
deprivation followed by re-oxygenation. The iz vivo system
comprised mice with a snare surgically inserted around a
blood vessel. To mimic myocardial infarction, the snare
was tied for forty-five minutes, thereby inducing ischemia,
followed by three hours of reperfusion.

In both the in vitro and in vive mouse models, lack
of oxygen lead to an increase in MTP18, a decrease in
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miR-652-3p and an increase in MFACR level. Furthermore,
oxygen deprivation induced fragmentation of mitochondria
as well as cardiomyocyte apoptosis. Additionally, in the
in vivo model, removal of oxygen lead to an infarct as
well as cardiac dysfunctions. This phenotype could be
partially rescued by re-directing the expression of each
of the three components in the MFACR-miR-652-3p-
MTP18 pathway towards that of the non-oxygen deprived
condition using (I) siRNA-mediated depletion of MTP18
or (II) overexpression of miR-652-3p with a mimic or (III)
by siRNA-mediated depletion of MFACR. To substantiate
that the action of MFACR depends on miR-652-3p,
Wang and colleagues conducted a co-depletion assay,
where both MFACR and miR-652-3p was depleted, by a
siRNA and an antagomir respectively. This co-depletion
reversed the reduced MTPI18 protein level, mitochondrial
fragmentation and cellular apoptosis seen when only
MFACR was depleted, suggesting that the effect elicited
by MFACR during oxygen deprivation is in fact carried
out by miR-652-3p. In turn, that miR-652-3p is the agent
directly responsible for lowering the MTP18 levels and
thereby lowering mitochondrial fission and apoptosis, was
demonstrated using a target protector for MTP18. In the
presence of this target protector, miR-652-3p was unable to
inhibit mitochondrial fission and apoptosis, illustrating that
MTP18 is a direct target of miR-652-3p.

Hence, the study performed by Wang et al. provides
new interesting insights into the role of a circRNA in
pathophysiological conditions in the heart. Although
other papers have described the involvement of circRINAs
in physiological and pathophysiological functions in the
heart both through interaction with miRNAs or proteins
(8,22,23), the pathway uncovered by Wang ez #/. has not
been described before. However, as also acknowledged
by the authors, the mechanism by which the uncovered
MFACR-miR-652-3p—-MTP18 pathway is activated during
oxygen deprivation remains undetermined and further
investigations are required in order for this pathway to be
fully elucidated. Nonetheless, with this paper Wang ez al.
contributes to the characterization of the class of circRINA
by adding the label “miRNA regulator” to MFACR.
Although other functions have been accredited to circRNAs,
by far the most frequently dispensed one today is that of
the miRNA sponge. As the vast majority of circRNAs
still awaits functional characterization, the question is
whether this “miRNA regulator” label will be applied to
many more circRNAs or whether research so far has been
skewed towards identification of functions for which there
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is an established methodological approach, limiting our
characterization of circRNAs to a small subclass. Maybe the
most astonishing observation in this paper was that either
direct intravenous injections of naked miR-652-3p mimic
or delivery of adenovirus expressing a small interfering
RNA towards MTP18 or MFACR circRNA in all three
cases almost halved the number of apoptotic cells and the
myocardial infarction area after ischemia/reperfusion injury.
This result may path the way for new therapeutic strategies
for treatment and management of heart diseases.

Acknowledgments

Funding: This work was supported by The Danish Council
for Independent Research (DFF; 4181-00446B).

Footnote

Provenance and Peer Review: This article was commissioned
and reviewed by the Section Editor Jin Li (Cardiac
Regeneration and Ageing Lab, School of Life Sciences,
Shanghai University, Shanghai, China).

Conflicts of Interest: Both authors have completed the
ICMJE uniform disclosure form (available at http://dx.doi.
org/10.21037/ncri.2017.08.06). The authors have no
conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Salzman ], Gawad C, Wang PL, et al. Circular RNAs are
the predominant transcript isoform from hundreds of
human genes in diverse cell types. PloS one 2012;7:¢30733.

© Non-coding RNA Investigation. All rights reserved.

10.

11.

12.

13.

15.

16.

17.

neri. amegroups.com

Page 3 of 4

Memczak S, Jens M, Elefsinioti A, et al. Circular RNAs
are a large class of animal RNAs with regulatory potency.
Nature 2013;495:333-8.

Jeck WR, Sorrentino JA, Wang K, et al. Circular RNAs
are abundant, conserved, and associated with ALU repeats.
RNA 2013;19:141-57.

Westholm JO, Miura P, Olson S, et al. Genome-wide
analysis of drosophila circular RNAs reveals their
structural and sequence properties and age-dependent
neural accumulation. Cell Rep 2014;9:1966-80.

Hansen TB, Jensen TT, Clausen BH, et al. Natural RNA
circles function as efficient microRINA sponges. Nature
2013;495:384-8.

Li Z, Huang C, Bao C, et al. Exon-intron circular RNAs
regulate transcription in the nucleus. Nat Struct Mol Biol
2015;22:256-64.

Ashwal-Fluss R, Meyer M, Pamudurti NR, et al. circRNA
Biogenesis Competes with Pre-mRNA Splicing. Mol Cell
2014;56:55-66.

Du WW, Yang W, Chen Y, et al. Foxo3 circular RNA
promotes cardiac senescence by modulating multiple
factors associated with stress and senescence responses.
Fur Heart ] 2017;38:1402-12.

Du WW, Yang W, Liu E, et al. Foxo3 circular RNA retards
cell cycle progression via forming ternary complexes with
p21 and CDK2. Nucleic Acids Res 2016;44:2846-58.
Pamudurti NR, Bartok O, Jens M, et al. Translation of
CircRNAs. Mol Cell 2017;66:9-21.€7.

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

Legnini I, Di Timoteo G, Rossi F, et al. Circ-ZNF609 Is
a Circular RNA that Can Be Translated and Functions in
Myogenesis. Mol Cell 2017;66:22-37.€9.

Guo JU, Agarwal V, Guo H, et al. Expanded identification
and characterization of mammalian circular RNAs.
Genome Biol 2014;15:409.

. Jeck WR, Sharpless NE. Detecting and characterizing

circular RNAs. Nat Biotechnol 2014;32:453-61.

Kulcheski FR, Christoff AP, Margis R. Circular RNAs

are miRNA sponges and can be used as a new class of
biomarker. J Biotechnol 2016;238:42-51.

Hou LD, Zhang J. Circular RNAs: An emerging type

of RNA in cancer. Int J] Immunopathol Pharmacol
2017;30:1-6.

Wang K, Gan TY, Li N, et al. Circular RNA mediates
cardiomyocyte death via miRINA-dependent upregulation
of MTP18 expression. Cell Death Differ 2017;24:1111-20.

Non-coding RNA Investig 2017;1:6


http://dx.doi.org/10.21037/ncri.2017.08.06
http://dx.doi.org/10.21037/ncri.2017.08.06
https://creativecommons.org/licenses/by-nc-nd/4.0/

Page 4 of 4

18. Lewis BP, Burge CB, Bartel DP. Conserved seed pairing,
often flanked by adenosines, indicates that thousands of

human genes are microRNA targets. Cell 2005;120:15-20.

19. Tondera D, Czauderna F, Paulick K, et al. The
mitochondrial protein MTP18 contributes to
mitochondrial fission in mammalian cells. J Cell Sci
2005;118:3049-59.

20. Dorn GW. Mitochondrial dynamics in heart disease.
Biochim Biophys Acta 2013;1833:233-41.

21. Knowlton AA, Chen L, Malik ZA. Heart failure and

doi: 10.21037/ncri.2017.08.06
Cite this article as: Ebbesen K, Kjems J. microRNA sponging
by a new hearty circRNA. Non-coding RNA Investig 2017;1:6.

© Non-coding RNA Investigation. All rights reserved.

22.

Non-coding RNA Investigation, 2017

mitochondrial dysfunction: the role of mitochondrial
fission/fusion abnormalities and new therapeutic strategies.
J Cardiovasc Pharmacol 2014;63:196-206.

Geng HH, Li R, Su YM, et al. The Circular RNA

Cdrlas Promotes Myocardial Infarction by Mediating the
Regulation of miR-7a on Its Target Genes Expression.
PLoS One 2016;11:¢0151753.

23. Wang K, Long B, Liu F, et al. A circular RNA protects the
heart from pathological hypertrophy and heart failure by
targeting miR-223. Eur Heart ] 2016;37:2602-11.

ncri.amegroups.com Non-coding RNA Investig 2017;1:6



