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Editorial on the Research Topic
 Mitochondrial dysfunction as a target in neurodegenerative diseases




The factors underlying the onset and progression of neurodegeneration are not yet fully elucidated, resulting in difficulties for the development of therapeutic strategies aimed to prevent, slow down and cure neurodegenerative diseases (Blagov et al., 2023). It is emerging a key role of mitochondrial dysfunction in the pathogenesis of several neurodegenerative diseases (Alqahtani et al., 2023). Due to their long life and high energy demand, neurons are very sensitive to energy imbalance and oxidative stress, which are modulated by mitochondria. In addition, neurons are characterized by a highly polarized structure, which underlines the presence of specific subcellular domains that play specific function. Thus, neurons need to deliver mitochondria through long axons and terminal branches that are characterized by specific energy demands (Yang et al., 2023). Although it is well accepted the role of mitochondria dysfunction in promoting neurodegeneration, it is difficult to define disease-specific mitochondria alterations, due to the multitude of function regulated by mitochondria.

In this special issue, we present article shedding new insight on specific functions played by mitochondria and that are implicated in neurodegeneration.

Mitochondrial proteins regulate a large number of mitochondrial functions, including mitochondria bioenergetics, mitochondrial DNA maintenance, import machinery, ion channels as well as mitochondrial morphogenesis and dynamics (Pfanner et al., 2019). In humans mitochondria contain at least 1500 proteins (Lefort et al., 2009). Mitochondria contain their own DNA encoding and synthetizing 13 specific proteins that are all subunits of the respiratory chain. The other mitochondrial proteins, about 99%, are encoded by the nuclear DNA, synthetized in the cytoplasm and imported into mitochondria. Notably, the function of about 20% of mitochondrial proteins is still unknown. Considering the high relevance of mitochondria protein in modulating the mitochondrial function, the first article of this Research Topic “Mitochondrial protein dysfunction in the pathogenesis of neurological diseases” (Wang et al.) summarizes the discoveries about the mitochondrial proteomes, underlying the effect of aberrant expression of mitochondrial proteins in promoting neurodegeneration and providing a clear review correlating specific mitochondrial protein alterations and their role in defined pathways that affect neuronal function.

Altered mitochondrial dynamics and enhanced mitochondrial fragmentation are also involved in neurodegeneration (Bhatti et al., 2023). Recent studies demonstrate the role of dynamin-related protein 1 (Drp1), a protein involved in mitochondria fission, in promoting neurodegeneration, especially in Alzheimer's disease (AD) (Bhatti et al., 2023). Altered Drp1 affects mitochondrial morphology, dynamics and bioenergetics in neuronal cells (Bhatti et al., 2023). However, recent data demonstrate that Drp1 may affects other cell types other that neurons, still promoting neurodegeneration by promoting the activation of the NLRP3 inflammasome (Zhang et al., 2020; Sbai et al., 2022), suggesting that mitochondrial dysfunction-induced inflammation is implicated in neurodegeneration. The second article of this Research Topic “Is Drp1 a link between mitochondrial dysfunction and inflammation in AD?” (Sbai et al.) summarizes the recent findings demonstrating the key role of Drp1-induced mitochondrial dysfunction in promoting the activation of the NLRP3 inflammasome, leading to inflammation and contributing to neurodegeneration in AD. These data underline the role of mitochondria in promoting inflammation, showing that inflammation plays a key role in promoting neurodegeneration in AD.

Mitochondria quality control is essential for the maintenance of mitochondrial health. Mitophagy plays a key role in this maintenance, by delivering damaged mitochondria to lysosomes for degradation. Thus, impaired mitophagy leads to the accumulation of damaged mitochondria, promoting neurodegeneration (Li et al., 2023). PINK/Parkin regulates the mitophagy process, which in turn modulates the initiation of autophagy (Li et al., 2023). Alterations in the mitophagy process play a key role in prion diseases (Li et al., 2023). Prion diseases are a class of severe and lethal neurodegenerative diseases due to the infection of the pathogenic form of the prion protein (PrP), which is misfolded and produces pathologic aggregates (Maddox et al., 2020). The third article of this Research Topic “Cardiolipin externalization mediates prion protein (PrP) peptide 106-126-associated mitophagy and mitochondrial dysfunction” (Yang et al.) is a research articles shading new insights on the role of PrP in affecting mitophagy. This work unveils the relevance of a new pathway. The authors demonstrate that PrP106 − 126 peptide induces the externalization of cardiolipin (CL), a mitochondria-specific phospholipid in neuronal cells. CL externalization in turn plays a role in mitophagy, by interacting with LC3II at the outer membrane of mitochondria. Notably, CL inhibition decreases PrP106 − 126 -induced mitophagy, decreases PINK1 and Drp1 recruitment to mitochondria, affects the oxidative phosphorylation and promotes oxidative stress, leading to mitochondrial dysfunction. These data shed new lights on the role of PrP106 − 126 in non-ubiquitination-mediated mitophagy, opening the way for the discovery of new small molecules as modulators of mitophagy.

Alterations in mitochondrial respiration are observed in neurodegenerative diseases. As mentioned above, it is crucial to understand the cellular cell type involved in mitochondrial dysfunction-driven neurodegeneration. Although mitochondria play a key role in neuronal cells, they affect the function of other cell type, which in turn can promote neurodegeneration. Notably, gender-specific alterations have been suggested and this point is important for the diagnosis and cure of neurodegenerative diseases, with particular regard to AD (Castro-Aldrete et al., 2023). Thus, it is necessary to develop a model suitable for the understanding of cell-specific and gender-dependent mitochondrial alterations that play a specific role in neurodegeneration. Induced pluripotent stem cells (iPSCs) derived from human fibroblast may help in the study of cell-specific and gender-specific differences in mitochondrial function and contribution in the progression of neurodegenerative diseases, such as AD. The fourth article of this Research Topic “Cell type and sex specific mitochondrial phenotypes in iPSC derived models of Alzheimer‘s Disease” (Flannagan et al.) is an original research article demonstrating the relevance of cell-specific and sex-specific differences in mitochondrial dysfunction occurring in AD. This study underlined the differences between astrocytes and neurons in mitochondrial dysfunction. Notably, this study demonstrates the relevance of sex-specific alterations in mitochondrial dysfunction in AD, shedding new light for a better diagnosis of AD and the development of therapeutics.

In conclusion, all the articles of this Research Topic focus on emerging and innovative studies analyzing new mitochondrial-related pathways involved in neurodegeneration (Figure 1). Indeed, it sheds new light on the role of the mitochondrial proteome in neurodegeneration, as well as demonstrates the essential function of Drp1 in promoting both mitochondrial dysfunction in microglia and mitophagy. This Research Topic underlines that mitochondria dysfunction-induced neurodegeneration involves cell-specific pathways and mitochondrial alterations are also sex-specific.
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FIGURE 1
 Schematic representation of the molecular pathways involved by mitochondrial dysfunction, leading to neurodegeneration: (i) n proteomic analysis to unveil the mitochondrial alterations in neurodegeneration; (ii) Drp1 regulation in mitochondrial fission/fusion and its alterations leading to neurodegeneration; (iii) cell specific and sex specific mitochondrial function and their alterations in neurodegeneration.



Author contributions

LP: Writing – original draft, Writing – review and editing.




Conflict of interest

The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



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.



References

 Alqahtani, T., Deore, S. L., Kide, A. A., Shende, B. A., Sharma, R., Dadarao Chakole, R., et al. (2023). Mitochondrial dysfunction and oxidative stress in Alzheimer's disease, and Parkinson's disease, Huntington's disease and amyotrophic lateral sclerosis -an updated review. Mitochondrion 71, 83–92. doi: 10.1016/j.mito.2023.05.007

 Bhatti, J. S., Kaur, S., Mishra, J., Dibbanti, H., Singh, A., Reddy, A. P., et al. (2023). Targeting dynamin-related protein-1 as a potential therapeutic approach for mitochondrial dysfunction in Alzheimer's disease. Biochim. Biophys. Acta. Mol. Basis. Dis. 1869, 166798. doi: 10.1016/j.bbadis.2023.166798

 Blagov, A., Borisov, E., Grechko, A., Popov, M., Sukhorukov, V., Orekhov, A., et al. (2023). The role of impaired mitochondrial transport in the development of neurodegenerative diseases. J. Integr. Neurosci. 22, 86. doi: 10.31083/j.jin2204086

 Castro-Aldrete, L., Moser, M. V., Putignano, G., Ferretti, M. T., Schumacher Dimech, A., Santuccione Chadha, A., et al. (2023). Sex and gender considerations in Alzheimer's disease: the women's brain project contribution. Front. Aging. Neurosci. 15, 1105620. doi: 10.3389/fnagi.2023.1105620

 Lefort, N., Yi, Z., Bowen, B., Glancy, B., De Filippis, E. A., Mapes, R., et al. (2009). Proteome profile of functional mitochondria from human skeletal muscle using one-dimensional gel electrophoresis and HPLC-ESI-MS/MS. J. Proteomics. 72, 1046–1060. doi: 10.1016/j.jprot.2009.06.011

 Li, J., Yang, D., Li, Z., Zhao, M., Wang, D., Sun, Z., et al. (2023). PINK1/Parkin-mediated mitophagy in neurodegenerative diseases. Ageing. Res. Rev. 84, 101817. doi: 10.1016/j.arr.2022.101817

 Maddox, R. A., Person, M. K., Blevins, J. E., Abrams, J. Y., Appleby, B. S., Schonberger, L. B., et al. (2020). Prion disease incidence in the United States: 2003–2015. Neurology. 94, e153–e7. doi: 10.1212/WNL.0000000000008680

 Pfanner, N., Warscheid, B., and Wiedemann, N. (2019). Mitochondrial proteins: from biogenesis to functional networks. Nat. Rev. Mol. Cell. Biol. 20, 267–284. doi: 10.1038/s41580-018-0092-0

 Sbai, O., Djelloul, M., Auletta, A., Ieraci, A., Vascotto, C., and Perrone, L. R. (2022). Axis drives inflammation in Alzheimer's by targeting Aβ to mitochondria in microglia. Cell. Death. Disease. 13, 302. doi: 10.1038/s41419-022-04758-0

 Yang, S., Park, J. H., Lu, H., and Axonal, C. (2023). Energy metabolism, and the effects in aging and neurodegenerative diseases. Mol. Neurodegener. 18, 49. doi: 10.1186/s13024-023-00634-3

 Zhang, X., Wang, R., Hu, D., Sun, X., Fujioka, H., Lundberg, K., et al. (2020). Oligodendroglial glycolytic stress triggers inflammasome activation and neuropathology in Alzheimer's disease. Sci. Adv. 6, eabb8680. doi: 10.1126/sciadv.abb8680



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Editorial: Mitochondrial dysfunction as a target in neurodegenerative diseases



		Author contributions



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Molecular Neuroscience

Editorial: Mitochondrial
dysfunction as a target in
neurodegenerative diseases





OPS/images/fnmol-16-1271175-g001.gif
frrrrione for b e e
Errer Y EEEST
=
e e
B e T

ST
o
——









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Molecular Neuroscience





