N
N

N

HAL

open science

Transfer of mitochondria after stroke: a new hope for
cardioprotection coming from the brain?

J. Fauconnier

» To cite this version:

J. Fauconnier. Transfer of mitochondria after stroke: a new hope for cardioprotection coming from
the brain?. Cardiovascular Research, 2017, 113 (6), pp.e10-e11. 10.1093/cvr/cvx057 . hal-01831218

HAL Id: hal-01831218
https://hal.umontpellier.fr /hal-01831218

Submitted on 4 Apr 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.umontpellier.fr/hal-01831218
https://hal.archives-ouvertes.fr

Transfer of mitochondria after stroke: a new hope
for cardioprotection coming from the brain?

' Fauconnier®*

After his PhD, obtained in 2003 at the medical school of Montpellier
University, Dr Jérémy Fauconnier joined the Muscle Physiology group
of Prof. H. Westerblad at the Karolinska Institute (Stockholm,
Sweden). After 2 years of postdoctoral research and following 3
years as a fellow of the National Institute for Medical and Health
Research (France), Dr Jérémy Fauconnier was recruited as a perma-
nent researcher by the French national center for scientific research
(CNRS) at Montpellier University. Dr Jérémy Fauconnier, as a spe-
cialist in cellular electrophysiology and calcium imaging has published
numbers of originals and review articles focusing on Calcium signal-
ling, excitation—contraction coupling and mitochondrial function.

His contribution to the scientific community goes far beyond his
research activities. He built up the national Young Investigator Group
for Basic Cardiovascular Research with the aim to support scientific,
educational, and advocacy activities of the French Society of
Cardiology (GRRC/SFC). He is also a founding nucleus member of
the Scientist of Tomorrow of the European Society of Cardiology
and he belongs to several national and international scientific councils
where he organizes workshop and scientific events dedicated to the
Young Research community

UMR CNRS 9214, INSERM U1046, Université de Montpellier, CHU Montpellier, 371 Avenue du Doyen Gaston Giraud, 34295 Montpellier Cedex, France

Commentary on ‘Transfer of mitochondria from astrocytes to
neurons after stroke’ by Hayakawa K et al., Nature 2016."

Mitochondria are dynamic organelles, interconnected and organized as a
complex network within the cell. Intracellular fusion and fission are equi-
librating processes that control mitochondrial turnover and allow the
mitochondrial network to dynamically adapt to changes in metabolic
demand. During the last decade, intercellular mitochondrial transfer has
emerged as an additional mechanism for the replacement of damaged
mitochondria. This new field of investigation in the mitochondrial com-
munity was marked by the initial observation that human mesenchymal
stem cells (MSCs) could transfer healthy mitochondria to mitochondria-
depleted cells (A549 p° cells) and rescue their aerobic respiration.” The
in vitro transfer of mitochondria from MSCs to cell lines or primary cells,
such as cardiomyocytes, endothelial cells, cancer cell, or pulmonary
alveolar epithelial cells, has since been extensively documented.® All of
these studies provide, voluntarily or not, a potential pathophysiological
perspective of the endosymbiotic theory of the origin of mitochondria
and the eukaryotic cell.

Despite the accumulation of studies demonstrating evidence of mito-
chondrial transfer, the mechanisms and signals allowing mitochondrial
trafficking, transport and entry into the host cell are still unclear. One
recurrent hypothesis proposed for mitochondrial transfer is by tunnelling
nanotubes from the donor cell to the host cell. In this theory, the mito-
chondrial Rho-GTPase, Miro1, has been implicated in the movement of
the mitochondria along the actin cytoskeleton of the nanotube to the
host cell* However, Hayakawa et al. recently demonstrated evidence
supporting mitochondrial transfer by the release of extracellular vesicles
containing mitochondria from the donor cell that may occur independ-
ently of an intercellular physical contact per se." In this study, the authors
demonstrated that cyclic ADP ribose-induced CD38 activation in astro-
cytes promotes mitochondrial vesicular formation and release. Transfer
of these astrocytes-derived mitochondrial vesicles was shown in vitro to
damaged cortical neurons after serum/glucose starvation. Similarly to
other studies, Hayakawa et al showed that mitochondrial transfer
increased neurons viability and ATP synthesis in vitro. Mitochondrial
vesicles were detected in neuroglia in vivo and mitochondria transfer was
detected in peri-infarct neurons after stroke in a CD38 dependent
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manner. This latter result supports a promising consequence: under
ischemic injury in vivo, a native, donor cell can transfer healthy mitochon-
dria to a damaged cell, possibly as a rescue mechanism. Whether reduc-
tion of mitochondrial transfer by CD38 knockdown is indeed responsible
for a decreased post-ischemic neuroplasticity requires further
investigation.

This novel aspect in intercellular mitochondrial transfer reinforces the
concept of a trans-cellular organelle relocalization in response to tissue
injury. This concept emerged from a report showing the in vivo transfer
of mitochondria from bone marrow MSCs to alveolar epithelial cells fol-
lowing acute lung injury.> The mitochondrial transfer increased alveolar
ATP synthesis and promoted protective adaptations. The establishment
of connexin-43-containing gap junction channels between MSC and
alveolar epithelium was a prerequisite to promote mitochondrial trans-
fer and MSC mitochondria containing microvesicle formation. It is
unknown if mitochondrial transfer from astrocytes to neurons utilize
similar transfer mechanisms or other endocytic processes. Clarification
of these mechanisms could provide protective approaches to optimize
mitochondria transfer to damaged tissue.

From a cardiovascular point of view, the astrocytes-derived mito-
chondrial vesicles may also have some major functional implications. In
the central nervous system, astrocytes are cellular components of the
neurovascular units and cover the abluminal surface of the cerebral ves-
sel wall. Anincrease in luminal blood pressure through mechanosensitive
signalling is thought to increase intracellular calcium in astrocytes and the
release of vasoactive molecules.® Accordingly, one could imagine that
blood flow, and thus energy supply, could affect mitochondrial released
in the central nervous system as reported in Hayakawa study1 and also
potentially in peripheral tissue. However, it is currently not know if such
a mechanism occurs in the heart. One report demonstrated that intrave-
nous injection of autologous mitochondria after a cardiac ischemia-
reperfusion injury can improve mitochondrial respiration and post-
ischemic myocardial function.” Interestingly, adult ventricular cardiomyo-
cytes contain two populations of mitochondria based on their localiza-
tion, sub-sarcolemmal and intra-myofibrillar mitochondria. Among the
differences between these two populations, connexin-43 is present
solely in sub-sarcolemmal mitochondria and its expression level has
been associated with a cardioprotective effect against ischemia.® A possi-
ble link between the specific presence of connexin-43 sub-sarcolemmal
mitochondria and connexin-43 associated transcellular mitochondrial
transfer requires examination.

In parallel, the possibility of mitochondrial transfer in vivo
between native cells in the context of cardiac ischemic injury raises

several important questions: can resident non-cardiomyocytes cells
release mitochondrial vesicles within the heart under ischemic injury?
Could a paracrine mitochondrial transfer constitute an adaptive mecha-
nism for ischemic injury and participate in pre- or post-conditioning?
May mitochondrial transfer also affect sympathetic neurons plasticity
within the heart? Could mitochondrial vesicular release provide a future
biomarker of myocardial infarction? The biological implications of cardiac
mitochondrial transfer are clearly and potentially broad.

To some extent, targeted transcellular mitochondrial transfer to res-
cue ischemic organs may sound somehow esoteric but mitochondrial
dysfunction is associated with a broad range of pathophysiological condi-
tions, and strategies to improve mitochondrial function, especially in car-
diovascular diseases, are very few. An improved understanding of the
mechanisms that orchestrate mitochondrial transfer from a donor cell
to a host cell, from the trigger signals to the molecular processes allow-
ing mitochondrial entry and integration, will open new opportunities to
boost and stabilize mitochondria against tissue injuries.
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