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Editorial on the Research Topic
 Metabolic signaling dysregulation and cognitive impairments in aging and Alzheimer's disease, volume II




Alzheimer's disease (AD) is the most common dementia syndrome in the elderly and a devastating neurodegenerative disease without any cure available currently. AD patients usually present insidious onset and progressive cognitive impairments with unique post-mortem diagnostic brain pathology including accumulation of amyloid beta (Aβ) and hyper-phosphorylated tau proteins (Querfurth and LaFerla, 2010; Holtzman et al., 2011; Alzheimer's Association, 2022). Despite decades of research, the exact molecular/cellular mechanisms underlying AD pathogenesis remain elusive, which hampers development of effective therapeutic approaches and early diagnostic biomarkers for this devastating disease (Mullane and Williams, 2018; Alzheimer's Association, 2022; Miculas et al., 2022).

Regulation of energy metabolism homeostasis is an essential biological process that is critical for function and survival of all organisms. Metabolism involves numerous fuel sources and pathways that can be generally divided into two categories: the anabolic pathway which consumes energy and includes biosynthesis of molecules such proteins and lipids; and the catabolic pathway which releases energy and involves breakdown of complex molecules. The energy demands and metabolic rate of the brain are significant: with < 2% of the body weight, the brain consumes more than 20% of the body energy (Shulman et al., 2004; Hyder et al., 2013; Watts et al., 2018). Thus, the brain is uniquely susceptible to changes in energy availability and utilization, all of which put the brain at risk for damage or disease. Notably, dysregulation of energy metabolism and related signaling pathways in the nervous and other body systems are linked to synaptic failure and cognitive impairments in many aging-related CNS disorders including AD, Parkinson's disease, and mild cognitive impairment (MCI) (Lin and Beal, 2006; Arnold et al., 2018; Carroll and Macauley, 2019; Ryu et al., 2019; Wang et al., 2019; Wilkins and Swerdlow, 2021). Moreover, emerging evidence suggests that alterations in brain metabolism are not only related to neuronal injury but also changes in glial and vascular function associated with CNS disorders (Shippy and Ulland, 2020; Xiang et al., 2021; Ardanaz et al., 2022; Salvadó et al., 2022). Therefore, understanding the physiological and pathological roles of various metabolic processes and related signaling cascades in cognition may provide important insights into development of novel therapeutic targets and prognostic/diagnostic biomarkers for AD and related dementias (ADRDs).

The current Research Topic “Metabolic Signaling Dysregulation and Cognitive Impairments in Aging and Alzheimer's Disease, Volume II” serves as the 2nd part of the article collection series (under the same title) and highlights both basic and clinical studies in the relevant field. In total, seven original research articles from investigator groups across the world using multiple state-of-art scientific approaches reported AD- or ADRD-related metabolic signaling alterations in rodent models or human subjects.

The Qi Guo group (Zhao et al.) analyzed plasma metabolites profile in the MCI patients by using a high-resolution mass spectrometry metabolomics approach. The results indicate an association between dysregulated sphingolipid metabolism and behavioral performance in the MCI patients, providing insights into development of novel blood biomarker for MCI.

The Lior Greenbaum group (Manzali et al.) examined the relationship between AD polygenic risk score (PRS) and longitudinal decline of cognition function in older adults with type 2 diabetes (T2D). Interestingly and contrary to the authors' hypothesis, the analysis revealed no significant association between the AD PRS and multiple measurements in older adults with T2D such as cognitive decline, hippocampal volume, and Aβ burden. Their findings indicate a complex relationship between AD genetic susceptibility and cognitive impairments in T2D.

The laboratory of Tao Ma (Kasica et al.) reported that global knockout of the mRNA translation factor eukaryotic elongation factor 2 (eEF2) kinase (eEF2K) led to improvement of cognitive function in a mouse model of AD without affecting the brain Aβ pathology. The study provides further evidence to suggest that targeting eEF2K signaling dysregulation might be a feasible therapeutic approach for ADRDs.

Kotkowski et al. investigated, in a cohort of Mexican American adults, potential association of metabolic syndrome (MetS) biometric components and the gray matter volume (GMW) in different brain regions. They found that decreased GMV across all the examined brain regions in the MetS patients is correlated best with waist circumference. Surprisingly, posterior cerebellum is the brain region mostly correlated to the MetS biometric components.

Weise et al. analyzed the data of the MCI participants from the AD Neuroimaging Initiative (ADNI) study and reported a correlation of higher body mass index (BMI) with greater regional cerebral metabolic rate for glucose (rCMGgl) and slower cognitive decline in MCI. Such association is not related to leptin levels. Future studies are necessary to illustrate the mechanisms underlying such correlations between brain glucose utilization and body weight.

The laboratory of Jungsu Kim (Smith et al.) reported their unexpected findings revealing novel roles of the AD risk gent Abelson interactor family member 3 (Abi3) in metabolism. They found that the Abi3 knockout mice exhibited impaired energy expenditure, increased body weight and body fat, and impaired glucose tolerance and insulin sensitivity. The study may contribute to our understanding of the metabolic factors in AD development.

Kurano et al. examined postmortem human brains to understand potential association of the bioactive lipid regulation with the AD pathology. The study showed distinct pattern of bioactive lipid modulation correlated to AD pathogenesis.

In summary, accumulating evidence indicates a link between metabolic signaling dysregulation and cognitive impairments associated with aging and Alzheimer's disease. An important goal of this Research Topic in Frontiers in Aging Neuroscience is to increase overall interest in this under- investigated area of research and bring investigators from both basic science and clinical research fields. We are encouraged and excited by the findings reported in these articles and look forward to future in-depth studies on the topic to facilitate our underlying of the mechanisms underlying aging and ADRDs.


Author contributions

TM wrote the manuscript. RC and SM edited the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by National Institutes of Health grants R01 AG055581, R01 AG056622, and R01 AG073823 (TM).



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.



References

 Alzheimer's Association. (2022). Alzheimer's disease facts and figures. Alzheimers. Dement. 18, 700–789. doi: 10.1002/alz.12638

 Ardanaz, C. G., Ramírez, M. J., and Solas, M. (2022). Brain metabolic alterations in Alzheimer's disease. Int. J. Mol. Sci. 23, 7. doi: 10.3390/ijms23073785

 Arnold, S. E., Arvanitakis, Z., Macauley-Rambach, S. L., Koenig, A. M., Wang, H. Y., Ahima, R. S., et al. (2018). Brain insulin resistance in type 2 diabetes and Alzheimer disease: concepts and conundrums. Nat. Rev. Neurol. 14, 168–181. doi: 10.1038/nrneurol.2017.185

 Carroll, C. M., and Macauley, S. L. (2019). The interaction between sleep and metabolism in alzheimer's disease: cause or consequence of disease? Front. Aging Neurosci. 11, 258. doi: 10.3389/fnagi.2019.00258

 Holtzman, D. M., Goate, A., Kelly, J., and Sperling, R. (2011). Mapping the road forward in Alzheimer's disease. Sci. Transl. Med. 3, 114ps148. doi: 10.1126/scitranslmed.3003529

 Hyder, F., Rothman, D. L., and Bennett, M. R. (2013). Cortical energy demands of signaling and nonsignaling components in brain are conserved across mammalian species and activity levels. Proc. Natl. Acad. Sci. USA. 110, 3549–3554. doi: 10.1073/pnas.1214912110

 Lin, M. T., and Beal, M. F. (2006). Mitochondrial dysfunction and oxidative stress in neurodegenerative diseases. Nature. 443, 787–795. doi: 10.1038/nature05292

 Miculas, D. C., Negru, P. A., Bungau, S. G., Behl, T., Hassan, S. S. U., and Tit, D. M. (2022). Pharmacotherapy evolution in Alzheimer's disease: current framework and relevant directions. Cells 12(1). doi: 10.3390/cells12010131

 Mullane, K., and Williams, M. (2018). Alzheimer's disease (AD) therapeutics−1: repeated clinical failures continue to question the amyloid hypothesis of AD and the current understanding of AD causality. Biochem. Pharmacol. 158, 359–375. doi: 10.1016/j.bcp.2018.09.026

 Querfurth, H. W., and LaFerla, F. M. (2010). Alzheimer's disease. N. Engl. J. Med. 362, 329–344. doi: 10.1056/NEJMra0909142

 Ryu, J. C., Zimmer, E. R., Rosa-Neto, P., and Yoon, S. O. (2019). Consequences of metabolic disruption in alzheimer's disease pathology. Neurotherapeutics. 16, 600–610. doi: 10.1007/s13311-019-00755-y

 Salvadó, G., Milà-Alom,à, M., Shekari, M., Ashton, N. J., Operto, G., Falcon, C., et al. (2022). Reactive astrogliosis is associated with higher cerebral glucose consumption in the early Alzheimer's continuum. Eur. J. Nucl. Med. Mol. Imaging 49, 4567–4579. doi: 10.1007/s00259-022-05897-4

 Shippy, D. C., and Ulland, T. K. (2020). Microglial immunometabolism in Alzheimer's disease. Front. Cell. Neurosci. 14, 563446. doi: 10.3389/fncel.2020.563446

 Shulman, R. G., Rothman, D. L., Behar, K. L., and Hyder, F. (2004). Energetic basis of brain activity: implications for neuroimaging. Trends Neurosci. 27, 489–495. doi: 10.1016/j.tins.2004.06.005

 Wang, X., Zimmermann, H. R., and Ma, T. (2019). Therapeutic potential of AMP-activated protein kinase in Alzheimer's disease. J. Alzheimers. Dis. 68, 33–38. doi: 10.3233/JAD-181043

 Watts, M. E., Pocock, R., and Claudianos, C. (2018). Brain energy and oxygen metabolism: emerging role in normal function and disease. Front. Mol. Neurosci. 11, 216. doi: 10.3389/fnmol.2018.00216

 Wilkins, H. M., and Swerdlow, R. H. (2021). Mitochondrial links between brain aging and Alzheimer's disease. Transl. Neurodegener. 10, 33. doi: 10.1186/s40035-021-00261-2

 Xiang, X., Wind, K., Wiedemann, T., Blume, T., Shi, Y., Briel, N., et al. (2021). Microglial activation states drive glucose uptake and FDG-PET alterations in neurodegenerative diseases. Sci. Transl. Med. 13, eabe5640. doi: 10.1126/scitranslmed.abe5640





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Editorial: Metabolic signaling dysregulation and cognitive impairments in aging and Alzheimer's disease, volume II



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References

















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

Editorial: Metabolic signaling
dysregulation and cognitive
impairments in aging and
Alzheimer’s disease, volume II





OPS/images/fnagi-15-1150101-i001.gif









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





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





