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Editorial on the Research Topic
 Role of Senescence in Neurodegenerative Diseases



Cellular senescence is permanent cell cycle arrest resulting from persistent DNA damage signaling caused by excessive cell divisions, oxidative or other DNA-damaging stress, excessive growth signaling by oncogenes, or other stresses (Di Micco et al., 2006; Campisi and Robert, 2014). The senescent cells gain a pro-inflammatory secretory phenotype comprising cytokines, chemokines and matrix metalloproteinases, and upregulate anti-apoptotic mechanisms (Coppe et al., 2010; Sah et al., 2021). Thus, while senescence ensures that cells with possibly oncogenic DNA mutations will cease proliferation, these cells will persist and can be detrimental in the long term. The involvement of cellular senescence in neurodegenerative diseases has been shown in many research articles over the past decade. For example, the analysis of human Alzheimer's disease (AD) and Parkinson's disease (PD) brain tissues demonstrated the increased presence of senescent astrocytes increases in both diseases (Bhat et al., 2012; Chinta et al., 2018). Other studies have shown the possible mechanisms by which senescent astrocytes can induce neuronal dysfunction via loss of neurotrophic factors, increased release of pro-inflammatory cytokines, or loss of transporters that maintain the synaptic homeostasis (Crowe et al., 2016; Limbad et al., 2020). Removal of senescent cells (glia or neurons) in genetic mouse models or by senolytic drugs that inhibit the Bcl-2/Bcl-xl pro-survival pathways that senescent cells depend on has prevented the onset of disease pathology in AD mouse models (Bussian et al., 2018; Musi et al., 2018; Zhang et al., 2019). This Research Topic brings together new findings on the contribution of senescent cell types in neurodegenerative diseases (ND). It contains two reviews, one summarizing the knowledge on the aging of microglia and advancements in culturing these cells, and another on the presence of multiple senescent cell types and their possible contributions to pathology after traumatic brain injury. In addition, there are two research articles. One demonstrates that astrocyte cellular senescence, which increases with age (Bhat et al., 2012), is toxic to neuronal health. The other investigates the prevalence of functional cognitive disorder, which has almost exclusively been studied in high-education settings. This article focuses on populations with low education levels, with possible implications for low cognitive reserve and increased senescence in the brain.

Yoo et al., present a comprehensive review on the history of isolation and cellular origins of microglia, their functions, and how this is altered with age and ND. First, they discuss previously held notions about age-associated microglia changes and why these changes may not be accurate due to differences in species (animal and human cells). They also discuss a possible mix-up with immune cells that infiltrate as a result of blood-brain barrier dysfunction in neurological conditions, due to a lack of microglia-specific markers in older studies. Then they also discuss recent methodologies of isolating and culturing microglia and their advantages and disadvantages. This information is a valuable resource for researchers willing to explore the aging field or interested in researching age-associated changes in microglia in the context of disease.

Schwab et al., summarize the latest literature on the pathophysiology of mild traumatic brain injury (mTBI) and overlaps with the consequences of cellular senescence. First, the review focuses on the evidence for DNA damage following mTBI and how it may be detrimental. It then goes over how this ties into the induction of senescence and findings of senescence and inflammation in mTBI models and human studies. Finally, it summarizes how multiple molecular manifestations of mTBI, such as increased reactive oxygen species, inflammation, and even protein aggregates such as tau and amyloid-β, can be exacerbated by senescence.

Borelli et al., show that the prevalence of functional cognitive disorder, characterized as mood or cognitive disorder that is not explained by medical or clinical criteria, in a low education setting is similar to that in high education settings. This study is the first to examine this disorder and comorbidities in a low education setting, in which patients may lack the cognitive reserve afforded by education. As the cognitive reserve is protective against the development of cognitive disorders, patients in a low education setting may lack such protective mechanisms and may have higher pathology, such as senescence. This study is an important pioneer for research of cognitive disorders in low education settings.

Morales-Rosales et al. investigate the consequences of astrocyte senescence on neuronal mitochondrial function. Complementing previous findings in the field (Turnquist et al., 2016; Limbad et al., 2020), they show that senescent astrocytes decrease neuronal survival in co-cultured neurons compared to control astrocytes. They further demonstrate the detrimental effects of senescent astrocytes on neurons, such as loss of mitochondrial membrane potential, fusion, mass, and reductive balance in the cell. They also confirm that these changes are relevant in an organismal setting by analyzing young and old rats' brains and showing that old brains have increased senescence and lower oxidative phosphorylation (OXPHOS) protein levels and reductive potential. This study suggests a mechanism by which senescent cells may cause pathology in ND.

Overall, these articles cover senescence in a disease setting (mTBI) and aging and senescence of two different cell types, microglia and astrocytes and contribute to understanding cell senescence involvement in brain aging and ND.
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