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Editorial on the Research Topic
Role of mitochondria-associated non-coding RNAs in intracellular
communication

Once considered solely as the powerhouse of eukaryotic cells, the mitochondrion is
now known to be a hub for several other important cellular processes such as apoptosis,
calcium homeostasis, regulation of innate immunity, amino acid metabolism, stem cell
regulation and the cellular regulome, among others (Murphy and Steenbergen, 2011).
Some of these functions are accounted for by the minimal circular 16,569-bp genome of
human mitochondria (mtDNA), which contains the genes for 2 rRNAs, 22 tRNAs and
13 polypeptides (Chen et al., 2009). However, most mitochondrial proteins are nuclear-
encoded and imported from the cytosol (Neupert and Herrmann, 2007). Lately, there is
increasing evidence of bidirectional communication between mitochondria and the
nucleus, coordinating multiple cellular functions (Soledad et al., 2019). This
connection, nonetheless, is not limited to mitochondrial import of nuclear-encoded
proteins and export of metabolites, but has also been shown to involve noncoding RNAs
(ncRNAs) connecting both cellular compartments (Baradan et al., 2017; Macgregor-Das
and Das, 2018; Soledad et al., 2019). Long noncoding RNAs (IncRNAs), as well as
microRNAs (miRNAs) have been found inside mitochondria, both originating from the
mtDNA (Mach et al., 2016; Fitzpatrick et al., 2019) and from the nucleus (Bandiera et al.,
2011; Barrey et al., 2011). These mitochondria-associated ncRNAs have been shown to
participate in intracellular communication, not only with the nucleus, but also with other
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cellular compartments (Srinivasan and Das, 2015; Baradan et al.,
2017). Elucidation of the communication between mitochondria
and the rest of the cell will constitute a very important piece in the
grand puzzle of cellular homeostasis and pathogenesis.

Since the identification of miRNAs in the mitochondrial
compartment in early 2011 (Barrey et al., 2011; Das et al,,
2012), a myriad of publications on this Research Topic were
produced in many cellular models and several mammalian
species including human, mouse, rat and horse. Most of these
reports provide novel information about how these ncRNAs
within mitochondria modulate cellular function. Recent
advancements in RNA-sequencing technology have enticed
new researchers to begin investigating mitochondrial
ncRNAs. Therefore, there is a great need for basic
and such as

information standardized guidelines,

normalization controls and mitochondrial isolation
procedures, to conduct rigorous research in this field.
Here, we have gathered a great Research Topic of studies
and review articles for the broader community, including
areas that require further research and validation.

For this Research Topic, Liu and Shan presented a
comprehensive review on mtDNA-encoded ncRNAs where
they discussed the roles that ncRNAs play in cellular
pathophysiology and the bi-directional communication
between mitochondria and the nucleus. In another review,
Giordani et al. have focused on small ncRNAs (mainly
microRNAs) that the

compartment. These microRNAs are called “mitomiRs.”

are present in mitochondrial
The authors discussed the emerging roles of mitomiRs in
the bi-directional communication between mitochondria and
the nucleus. In this article, the authors mainly focused on the
role of mitomiRs in cellular metabolism, dynamics, and
bioenergetics and how this could lead to the production of
considerable amounts of reactive oxygen species (ROS) and
increased mitochondrial permeability, which are among the
hallmarks of cellular senescence. Huang et al. authored
another review article where they discussed the cross-talk
between mitochondria and other cellular organelles using
ncRNAs as mediators. These authors summarized the
implications of mitochondria-centric ncRNA trafficking
with respects to cellular function.

This unique Research Topic of articles focusing on
mitochondria-associated ncRNAs also includes original
research articles which show the therapeutic potential of RNA
transcripts that alter mitochondrial function as a means to
provide protection against disease. For example, Rodrigues
et al, demonstrate that intramuscular delivery of miR-1
It has
into the

mitochondrion and alter mitochondrial gene expression.

reduces insulin resistance during obesity. been

previously shown that miR-1 can translocate
Furthermore, depending on the level of stress in skeletal
myocytes, miR-1 can translocate into the mitochondrion from
the cytoplasm and target mitochondrial mRNA (Zhang et al.,
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2014). These data could provide insight into the therapeutic
potential of ncRNAs for obesity-induced skeletal muscle
dysfunction (Rodrigues et al). In another original study,
Duroux-Richard et al. show that mitomiR therapeutics can be
beneficial for macrophage differentiation, polarization, and
The
pathways is governed specifically by mitomiRs and the

function. regulation of macrophage inflammatory
implications in immune-mediated inflammatory disorders
remain poorly understood. This study also suggests that this
mitomiR-dependent control could be further enhanced through
the transfer of mitochondria from donor to target cells, as a new
strategy for mitomiR delivery. Mathuram et al. report that
synthetic overexpression of a small ncRNA, mito-ncR-805,
can increase Krebs cycle activity and mitochondrial OXPHOS,
stabilize mitochondrial potential, accelerate cell division, and
reduce the levels of the pro-apoptotic pseudokinase TRIB3.
Previously, the same group identified mito-ncR-805 as being
conserved in mammalian mitochondrial genomes, however there
are shorter versions of mouse and human transcripts (mmu-
CR805 and hsa-LDLI, respectively). Mito-ncR-805 acts as a
retrograde signal between mitochondria to the nucleus
2020).
Mathuram et al. altered a functional sequence of the D-loop

(Blumental-Perry et al, In the present study,
transcript, mito-ncR-805, and demonstrated that this could have
a significant effect on cellular function. Nandi et al., using a rat
model, both in vitro (H9¢2 cell line) and in vivo, demonstrated
that enhanced sympatho-excitation to the heart elicits cardiac
miR-18a-5p/HIF-1a signaling that leads to mitochondrial
abnormalities and  consequential pathological cardiac
remodeling. The goal of this study was to find a therapeutic
option against hypertension-induced heart failure, as the
hallmark of hypertensive heart disease are sympatho-
excitation and cardiac mitochondrial abnormality. In this
study, the authors identified the mechanism whereby miR-
18a-5p can regulate ROS-induced mitochondrial transition
pore opening via activation of pro-hypertrophy/fibrosis/
that

hypertrophy and fibrosis commonly observed in neurogenic

inflammatory factors induce pathological cardiac
hypertension (Nandi et al.).

Another interesting subject covered in this Research Topic is
mitochondria-derived tRNA fragments (tRFs). This family of
molecules was observed many years ago and were first thought to
be degradation products of transcripts. However, with the
advancement in sequencing technologies and meta-analysis of
data, several groups have confirmed both the existence of tRFs in
the cytoplasm and mitochondria, and more importantly, that
they carry out biological functions. The review paper by Shaukat
et al. provides general information on the types of tRF and their
biological functions, with special focus on mitochondrial tRNA-
derived fragments (mt-tRFs). The recent data on biogenesis of
mt-tRFs and their putative functions are discussed in detail,
taking into account the possible role of mt-tRNA modification
patterns. Correlation of some mt-tRFs with specific human
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FIGURE 1

The role of mitochondria-associated ncRNAs. This schematic diagram integrates results obtained from the Research Topic of articles in this
special edition. It highlights the potential role of mitochondria-associated ncRNAs in intracellular communication. The diagram also outlines several

therapeutic strategies using ncRNAs

disorders raises their potential as biomarkers for several types of
cancer, some infections and neurodegenerative diseases caused
by mtDNA mutations. To further validate the importance of
point mutations on mt-tRFs, Meseguer and Rubio published an
original research article, where they demonstrated that MELAS
(mitochondrial encephalomyopathy, lactic acidosis, and stroke-
like episodes) disease, caused by the m.3243A>G mutation in the
mitochondrial tRNALeu (UUR) gene, is associated with changes
in the expression levels of several mt-tRFs. Importantly, mt-tRF
Leu (UUR) mimic partially restored mitochondrial respiration in
MELAS cybrid cells, which indicates the therapeutic and
diagnostic potential of mt-tRFs. The authors also identified
that Dicer and Ago2, two essential proteins in miRNA
maturation and function, play an important role in mt-tRF
biogenesis.

Finally, this Research Topic also incorporates a study related
to the current ongoing SARS-CoV-2 pandemic. Pozzi performed
(Pozzi)
mitochondrial ncRNAs that could play an important role in

an in silico analysis and identified potential
the pathogenesis of SARS-CoV-2 replication and propagation,
which could potentially underlie the basis for long COVID
syndrome. More research is needed to better understand
whether mitochondrial ncRNA(s) may lead to potential
therapeutics for SARS-CoV-2 infection but this study serves
as a basis for understanding the pathological mechanisms of
SARS-CoV-2.

We hope the reader finds this editorial and the articles it

references to be useful in understanding the current state of the
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field regarding mitochondria-associated ncRNAs and their roles
in intracellular communication, undoubtedly mediated by a
myriad of long and small ncRNAs (Figure 1). Further studies
into these processes will shed light on which pathways are
the
pathological involvement of ncRNAs in the communication

involved in mechanisms underlying normal and
between mitochondria and other organelles, particularly the
nucleus. Ultimately, the expansion of our knowledge on these
cellular events will lay the groundwork for the development of

potential therapeutic strategies for different human pathologies.

Author contributions

All authors listed have made a substantial, direct, and
intellectual contribution to the work and approved it for
publication.

Funding

This work was supported by NIH grants U54AG062333 and
U18TR003780 (SD), HL128485 (JH) as well as the Community
Foundation for the Ohio Valley Whipkey Trust (JH). Funding
was also provided by ANID, Chile (Fondecyt 1140345 and
BASAL/FB210008) and Universidad Andrés Bello, Chile (DI-
05-20/REG) (VB). NE was supported by the IdEx Unistra (ANR-
10-IDEX-0002) and EUR IMCBio (ANR17-EURE-0023).

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphys.2022.800171/full
https://www.frontiersin.org/articles/10.3389/fphys.2021.805005/full
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.980674

Burzio et al.
Acknowledgments
We would like to acknowledge Andrew Taylor

who contributed the artwork for the figure in the
manuscript.

Conflict of interest

The authors declare that the research was conducted
the of

in absence any commercial or financial

References

Bandiera, S., Ruberg, S., Girard, M., Cagnard, N., Hanein, S., Chretien, D., et al.
(2011). Nuclear outsourcing of RNA interference components to human
mitochondria. PLoS One 6, €20746. doi:10.1371/journal.pone.0020746

Baradan, R., Hollander, J. M., and Das, S. (2017). Mitochondrial miRNAs in
diabetes: Just the tip of the iceberg. Can. J. Physiol. Pharmacol. 95, 1156-1162.
doi:10.1139/cjpp-2016-0580

Barrey, E., Saint-Auret, G., Bonnamy, B., Damas, D., Boyer, O., and Gidrol, X.
(2011). Pre-microRNA and mature microRNA in human mitochondria. PLoS One
6, €20220. doi:10.1371/journal.pone.0020220

Blumental-Perry, A., Jobava, R, Bederman, L, Degar, A. J., Kenche, H., Guan, B.
J., et al. (2020). Retrograde signaling by a mtDNA-encoded non-coding RNA
preserves mitochondrial bioenergetics. Commun. Biol. 3, 626. doi:10.1038/s42003-
020-01322-4

Chen, J. Q., Cammarata, P. R,, Baines, C. P., and Yager, J. D. (2009). Regulation of
mitochondrial respiratory chain biogenesis by estrogens/estrogen receptors and
physiological, pathological and pharmacological implications. Biochim. Biophys.
Acta 1793, 1540-1570. doi:10.1016/j.bbamcr.2009.06.001

Das, S., Ferlito, M., Kent, O. A., Fox-Talbot, K., Wang, R,, Liu, D,, et al. (2012).
Nuclear miRNA regulates the mitochondrial genome in the heart. Circ. Res. 110,
1596-1603. doi:10.1161/CIRCRESAHA.112.267732

Fitzpatrick, C., Bendek, M. F., Briones, M., Farfan, N, Silva, V. A., Nardocci,
G., etal. (2019). Mitochondrial ncRNA targeting induces cell cycle arrest and
tumor growth inhibition of MDA-MB-231 breast cancer cells through

Frontiers in Physiology

04

10.3389/fphys.2022.980674

relationships that could be construed as a potential conflict
of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

reduction of key cell cycle progression factors. Cell Death Dis. 10, 423.
doi:10.1038/541419-019-1649-3

Macgregor-Das, A. M., and Das, S. (2018). A microRNA’s journey to the center of
the mitochondria. Am. J. Physiol. Heart Circ. Physiol. 315, H206-H215. doi:10.
1152/ajpheart.00714.2017

Mach, N, Plancade, S., Pacholewska, A., Lecardonnel, J., Riviere, J., Moroldo, M.,
et al. (2016). Integrated mRNA and miRNA expression profiling in blood reveals
candidate biomarkers associated with endurance exercise in the horse. Sci. Rep. 6,
22932. doi:10.1038/srep22932

Murphy, E., and Steenbergen, C. (2011). What makes the mitochondria a killer?
Can we condition them to be less destructive? Biochim. Biophys. Acta 1813,
1302-1308. doi:10.1016/j.bbamcr.2010.09.003

Neupert, W., and Herrmann, J. M. (2007). Translocation of proteins into mitochondria.
Annu. Rev. Biochem. 76, 723-749. doi:10.1146/annurev.biochem.76.052705.163409

Soledad, R. B., Charles, S., and Samarjit, D. (2019). The secret messages between
mitochondria and nucleus in muscle cell biology. Arch. Biochem. Biophys. 666,
52-62. doi:10.1016/j.abb.2019.03.019

Srinivasan, H., and Das, S. (2015). Mitochondrial miRNA (MitomiR): A new
player in cardiovascular health. Can. J. Physiol. Pharmacol. 93, 855-861. doi:10.
1139/cjpp-2014-0500

Zhang, X., Zuo, X,, Yang, B,, Li, Z., Xue, Y., Zhou, Y., et al. (2014). MicroRNA
directly enhances mitochondrial translation during muscle differentiation. Cell 158,
607-619. doi:10.1016/j.cell.2014.05.047

frontiersin.org


https://doi.org/10.1371/journal.pone.0020746
https://doi.org/10.1139/cjpp-2016-0580
https://doi.org/10.1371/journal.pone.0020220
https://doi.org/10.1038/s42003-020-01322-4
https://doi.org/10.1038/s42003-020-01322-4
https://doi.org/10.1016/j.bbamcr.2009.06.001
https://doi.org/10.1161/CIRCRESAHA.112.267732
https://doi.org/10.1038/s41419-019-1649-3
https://doi.org/10.1152/ajpheart.00714.2017
https://doi.org/10.1152/ajpheart.00714.2017
https://doi.org/10.1038/srep22932
https://doi.org/10.1016/j.bbamcr.2010.09.003
https://doi.org/10.1146/annurev.biochem.76.052705.163409
https://doi.org/10.1016/j.abb.2019.03.019
https://doi.org/10.1139/cjpp-2014-0500
https://doi.org/10.1139/cjpp-2014-0500
https://doi.org/10.1016/j.cell.2014.05.047
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.980674

	Editorial: Role of mitochondria-associated non-coding RNAs in intracellular communication
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


