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Editorial on the Research Topic
Mitochondrial dysfunction affects mechano-energetic coupling in
heart failure

Heart failure (HF) is a continuously growing public health problem, affecting 1%–3% of
the population (van Riet et al., 2016). Common causes of HF are hypertension, diabetes and
obesity. HF is associated with metabolic dysfunction involving alterations in the choice of
the preferred substrate, changes in the intermediary metabolism and defective energy and
redox homeostasis. Increasing data indicate a direct link between cardiac metabolism and
heart function. Mechanistically, metabolic changes affect cardiac function by causing
epigenetic alterations, dysregulated signaling pathways and altered post-translational
regulation (Bertero and Maack, 2018b; Lopaschuk et al., 2021; Ritterhoff and Tian,
2023). Conversely, increased pathological cardiac workload in HF can exceed energy
supply-and-demand-matching and induce severe metabolic alterations (Bertero and
Maack, 2018a). The goal of this Research Topic is to shed light on how cardiac
metabolism and mitochondrial dysfunction affects the mechano-energetic coupling and
ultimately, cardiac function.

Due to their central role in metabolism, mitochondrial are essential for cardiac function.
Central mitochondrial functions including energy provision and redox homeostasis are
regulated by Ca2+ signaling. In their review, Popoiu et al. summarize the detailed molecular
mechanism, how mitochondrial function and myofilament contraction are linked. In the
mitochondria, oxidative phosphorylation by the respiratory chain oxidizes NADH to NAD+

to convert ADP to ATP. ADP resulting from increases in workload is the substrate for the
energy conversion at the respiratory chain and thereby accelerates mitochondrial
respiration. Increased workload is controlled by elevated cytosolic Ca2+ levels, which are
also transmitted into mitochondria via the mitochondrial calcium uniporter (MCU).
Importantly, Ca2+ transmission into mitochondria stimulates Krebs cycle
dehydrogenases in order to replenish NADH (Bertero and Maack, 2018a). This
coupling of energy consumption and mitochondrial metabolism by Ca2+ not only
regulates energy provision, but also maintains redox homeostasis under these
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conditions. Defects in redox homeostasis may provoke oxidative
stress, which triggers maladaptive cardiac remodeling and HF
progression (Nickel et al., 2015). Studies on an inherited
cardiomyopathy called Barth Syndrome (BTHS) helped to reveal
this concept. In BTHS, defects in the biogenesis of the mitochondrial
phospholipid cardiolipin affect the mitochondrial membrane and
integrated protein complexes, such as the respiratory chain,
endangering energy metabolism. Other affected membrane
protein complexes include MCU, which results in a lack of Ca2+

transmission into mitochondria. Decreased mitochondrial Ca2+

results in a deficient NADH replenishment and a redox
mismatch. Redox induced arrhythmias and a lack of inotropic
reserve in BTHS have been ascribed to MCU deficiency in BTHS
(Bertero et al., 2021).

BTHS provides an interesting case, where structural alterations
of the membrane and embedded protein complexes directly affect
cardiac energy metabolism and redox homeostasis. To
comprehensively study the membrane alterations in BTHS,
Hachmann et al. analyzed lipid species in a mouse model of
BTHS at 10 and 50 weeks of age, using electrospray ionization
tandem mass spectrometry. Interestingly, alterations of lipid species
were not constrained to mitochondrial lipids, but also involved
phosphatidylcholine (PC), phosphatidylethanolamine (PE) and
plasmalogen species. As membrane lipids are involved in
multiple cellular processes, including signaling, this study lays
groundwork for further studies, on how mitochondrial and
cardiac function interconnect.

The development of increasingly complex cellular models of
mitochondrial cardiomyopathies enables researchers to study the
link of metabolism and cardiac function in detail. In their review,
Rebs and Streckfuss-Bomeke discuss the use of stem cell-derived
cardiomyocytes as disease models. A great challenge in this field is
that iPSC-CM resemble an immature, neonatal status of cardiac cells
in terms of their cellular and functional parameters, when compared
to primary cardiomyocytes. Interestingly, recent advances in the
maturation protocols use metabolic interventions to drive the
maturation process.

The central role of nicotinamide adenine dinucleotide (NAD) in
cardiac metabolism and redox regulation attracts increasing
attention (Walker and Tian, 2018). In its reduced form NADH
shuttles electrons from the oxidative metabolism for energy
conversion at the respiratory chain. At the same time its oxidized
form NAD+ is required as electron acceptor for dehydrogenases in
the metabolism. Moreover NAD+ is a substrate for key metabolic
signaling pathways, such as Sirtuin (SIRT) deacetylases and the poly
(ADPribose) polymerase PARP1 (Luo and Kraus, 2012).
Importantly, total myocardial NAD(P)H levels and the redox
state are perturbed in HF and that NAD+ supplementation
improves cardiac function in preclinical models of HFrEF and
HFpEF (Lee et al., 2016). Dierickx et al. support this idea in a
paper on cardiomyocyte specific knock-out of the REV-ERB nuclear
receptors, which are components of the circadian clock. Loss of
REV-ERBs in the mouse heart causes dilated cardiomyopathy and

premature lethality. In this study, the authors report on
supplementation with the NAD+ precursor NR to improve heart
function to extend the lifespan of mice lacking cardiac REV-ERBs.

The availability of oxygen is a dominant regulator of energy
conversion at the respiratory chain. The large size of
cardiomyocytes, the densely packed cytosol and the large amount
of oxygen consuming mitochondria affects even oxygen
distribution, particularly in the center of the cell. In their review,
Szibor et al. elucidate possible consequences of uneven oxygen
distribution, which would result in local differences in energy
conversion. Differently energized regions and ATP gradients in
within the cell may create intracellular zones with different
contractility, which may cause cardiomyocyte dysfunction
affecting cardiac function. The authors discuss oxygen sensing
mechanisms adapting respiratory chain activity and the direction
and activity of the F1F0 ATPase. The authors propose that these
regulatory mechanisms are necessary to adapt mitochondrial
activity to local oxygen deprivation and prevent contractile
dysfunction.

In conclusion, this Research Topic highlight the tight link of
cardiac metabolism and function and how this regulatory network is
rewired in cardiac disease. Better understanding of the molecular
mechanisms opens the perspective of precise and personalized
metabolic interventions in heart failure.

Author contributions

JD: Conceptualization, Writing–original draft, Writing–review
and editing. JR: Conceptualization, Writing–original draft,
Writing–review and editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial 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.

Frontiers in Molecular Medicine frontiersin.org02

Dudek and Ritterhoff 10.3389/fmmed.2024.1433102

https://doi.org/10.3389/fmmed.2024.1389456
https://doi.org/10.3389/fmmed.2023.1222986
https://doi.org/10.3389/fmmed.2022.887733
https://doi.org/10.3389/fmmed.2023.1305960
https://www.frontiersin.org/journals/molecular-medicine
https://www.frontiersin.org
https://doi.org/10.3389/fmmed.2024.1433102


References

Bertero, E., and Maack, C. (2018a). Calcium signaling and reactive oxygen
species in mitochondria. Circ. Res. 122, 1460–1478. doi:10.1161/CIRCRESAHA.
118.310082

Bertero, E., and Maack, C. (2018b). Metabolic remodelling in heart failure. Nat. Rev.
Cardiol. 15, 457–470. doi:10.1038/s41569-018-0044-6

Bertero, E., Nickel, A., Kohlhaas, M., Hohl, M., Sequeira, V., Brune, C., et al. (2021).
Loss of mitochondrial Ca(2+) uniporter limits inotropic reserve and provides trigger
and substrate for arrhythmias in Barth Syndrome cardiomyopathy. Circulation 144,
1694–1713. doi:10.1161/CIRCULATIONAHA.121.053755

Lee, C. F., Chavez, J. D., Garcia-Menendez, L., Choi, Y., Roe, N. D., Chiao, Y. A., et al.
(2016). Normalization of NAD+ redox balance as a therapy for heart failure. Circulation
134, 883–894. doi:10.1161/CIRCULATIONAHA.116.022495

Lopaschuk, G. D., Karwi, Q. G., Tian, R., Wende, A. R., and Abel, E. D. (2021).
Cardiac energy metabolism in heart failure. Circ. Res. 128, 1487–1513. doi:10.1161/
CIRCRESAHA.121.318241

Luo, X., and Kraus, W. L. (2012). On PAR with PARP: cellular stress signaling
through poly(ADP-ribose) and PARP-1. Genes Dev. 26, 417–432. doi:10.1101/gad.
183509.111

Nickel, A. G., von Hardenberg, A., Hohl, M., Löffler, J. R., Kohlhaas, M., Becker, J.,
et al. (2015). Reversal of mitochondrial transhydrogenase causes oxidative stress in heart
failure. Cell Metab. 22, 472–484. doi:10.1016/j.cmet.2015.07.008

Ritterhoff, J., and Tian, R. (2023). Metabolic mechanisms in physiological and
pathological cardiac hypertrophy: new paradigms and challenges. Nat. Rev. Cardiol.
20, 812–829. doi:10.1038/s41569-023-00887-x

van Riet, E. E., Hoes, A. W., Wagenaar, K. P., Limburg, A., Landman, M. A., and
Rutten, F. H. (2016). Epidemiology of heart failure: the prevalence of heart failure and
ventricular dysfunction in older adults over time. A systematic review. Eur. J. Heart Fail
18, 242–252. doi:10.1002/ejhf.483

Walker, M. A., and Tian, R. (2018). Raising NAD in heart failure: time to translate?
Circulation 137, 2274–2277. doi:10.1161/CIRCULATIONAHA.117.032626

Frontiers in Molecular Medicine frontiersin.org03

Dudek and Ritterhoff 10.3389/fmmed.2024.1433102

https://doi.org/10.1161/CIRCRESAHA.118.310082
https://doi.org/10.1161/CIRCRESAHA.118.310082
https://doi.org/10.1038/s41569-018-0044-6
https://doi.org/10.1161/CIRCULATIONAHA.121.053755
https://doi.org/10.1161/CIRCULATIONAHA.116.022495
https://doi.org/10.1161/CIRCRESAHA.121.318241
https://doi.org/10.1161/CIRCRESAHA.121.318241
https://doi.org/10.1101/gad.183509.111
https://doi.org/10.1101/gad.183509.111
https://doi.org/10.1016/j.cmet.2015.07.008
https://doi.org/10.1038/s41569-023-00887-x
https://doi.org/10.1002/ejhf.483
https://doi.org/10.1161/CIRCULATIONAHA.117.032626
https://www.frontiersin.org/journals/molecular-medicine
https://www.frontiersin.org
https://doi.org/10.3389/fmmed.2024.1433102

	Editorial: Mitochondrial dysfunction affects mechano-energetic coupling in heart failure
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


