Alzheimer’s Disease and Related Dementias: From Risk Factors to Disease Pathogenesis  
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It is an exciting time to be a dementia researcher.  While the accelerated approval of Aducanumab by the Food and Drug Administration in the US was controversial in the scientific community (Rabinovici, 2021), there has been more optimism around the September 2022 announcement from Eisai and Biogen that their amyloid beta lowering antibody lecanemab slows cognitive decline in a phase 3 clinical trial (https://eisai.mediaroom.com/2022-09-27-LECANEMAB-CONFIRMATORY-PHASE-3-CLARITY-AD-STUDY-MET-PRIMARY-ENDPOINT,-SHOWING-HIGHLY-STATISTICALLY-SIGNIFICANT-REDUCTION-OF-CLINICAL-DECLINE-IN-LARGE-GLOBAL-CLINICAL-STUDY-OF-1,795-PARTICIPANTS-WITH-EARLY-ALZHEIMERS-DISEASE). While we will have to wait to see the data for confirmation, scientists have greeted this announcement with cautious excitement as the companies report slowing of cognitive and functional decline by almost 30%.  Despite these potentially large successes giving hope for disease-modifying treatments for Alzheimer’s disease (AD), we still have a long way to go. Amyloid-directed therapeutics will be most effective at very early disease stages, before symptom onset, making the need for biomarkers of early disease even more pressing.  Thus, a deeper understanding of disease mechanisms beyond amyloid, as well as how risk factors change the brain to cause disease, is needed to develop effective disease-modifying therapeutics or preventative strategies.  In this special issue of the European Journal of Neuroscience, we present a collection of original research papers and reviews addressing these knowledge gaps.  These range from fundamental studies of disease mechanisms in animal and cell model systems, to studies on human cognition and biomarkers associated with age and disease.  

RISK FACTORS FOR DEMENTIA AND ALZHEIMER’S DISEASE
[bookmark: _Hlk116461305]It is estimated that over 1/3 of dementia cases could be prevented by modifying lifestyle risk factors, but the underlying biology of the reported risk factors remains poorly understood (Livingston et al., 2020).  Traumatic brain injury is strongly associated with increased risk of dementia and is associated with tau pathology in chronic traumatic encephalopathy.  In one of our special issue papers, Juan, Daglas and Adlard also observe increases in amyloid related proteins in mice exposed to repeated mild head injury – providing a potential link between head injury and initiation of AD. Juan et al. found that repetitive subacute head injury (which does not induce deficits with a single exposure) in mice causes motor deficits, behavioral deficits and anxiety.  In the brains of these mice, they observed increases in amyloid precursor protein and some changes in tau kinase/phosphatase proteins, but interestingly, not a significant increase in tau pathology.  There was region-specific neuronal loss with repeated injuries (Juan et al., 2022). In another study exploring risk factors in humans, Samson et al. observed that age, being male, inheriting the APOE4 gene and having fewer years of education are all important risk factors for mild cognitive impairment (MCI). In contrast with previous studies, poor cardiovascular health and being female were not associated with MCI (Samson et al., 2022), highlighting the importance or repeating risk factor studies in multiple populations.   Fernandes et al. looked at epilepsy, another important risk factor for dementias and cognitive impairment. In people with late-onset epilepsy with unknown aetiology, they observed cognitive impairments and AD-related biomarker changes including decreased Aand increased phospho-tau in cerebrospinal fluid and decreased cerebral glucose metabolism measured by 18F-fluoro-2-deoxy-D-glucose positron emission tomography (Fernandes et al., 2022).  Social isolation has been identified as a modifiable risk factor of dementia. Drinkwater et al. review the epidemiologic associations between social isolation and risk of AD, discuss several potential neurobiological mechanisms that could cause this association including stress and neuroinflammation, and provide a framework for future preclinical and clinical research to better understand causal relationships between social isolation and AD risk (Drinkwater et al., 2021).

MECHANISMS IMPLICATED IN ALZHEIMER’S DISEASE
This special edition of EJN contains a number of comprehensive review articles of current relevance, each focused on distinct molecular and cellular mechanisms of AD. In order to develop novel, more effective treatments for dementias, we need to understand the fundamental mechanisms of neurodegeneration including why cells are dying.  In this issue, Ramos et al. present a review of the literature around the role of the immune system in driving neurodegeneration.  They present compelling evidence that immune cells in the brain play an important role in ageing and neurodegeneration and highlight potential therapeutic avenues to harness these molecular changes in immune cells to prevent neurodegeneration (Peralta Ramos et al., 2022).  Jayaraman and Reynolds review the topic of neuronal necroptosis, a programmed, non-apoptotic form of cell death that arises from multiple signaling pathways described in Alzheimer’s disease models and detected in AD tissue samples. Some of these pathways include inflammatory processes, potentially linking inflammation to neuronal cell death (Jayaraman & Reynolds, 2022).  Impairment of mitochondrial function and energy homeostasis in the brain has also gained significant attention in the AD field. Kumar et al. provide a comprehensive review on regulator of mitochondrial fission, dynamin-related protein 1 (Drp1), and discuss potential links between Drp1 function and AD pathogenesis via mitochondrial dysfunction, amyloid beta, neurofibrillary tangle pathology and synaptic dysfunction (Kumar et al., 2021). Anwar and colleagues review mechanisms of blood-brain barrier (BBB) dysfunction in AD. They highlight key components of the BBB that are dysregulated in AD, including extracellular matrix (ECM) proteins that are derived from astrocytes, endothelial cells, pericytes. The roles of various classes of ECM proteins in BBB dysfunction, vascular dysfunction, and AD pathogenesis, are carefully discussed (Anwar et al., 2021). 
Some of the reviews in this issue focus on genetic risk factors implicated in Alzheimer’s disease. Steele and colleagues review the state of understanding of the role of the important Alzheimer’s risk gene Apolipoprotein E in disease pathogenesis and propose a multi-hit hypothesis whereby the risk allele APOE4 induces neurodegeneration via mechanisms including neurovascular dysfunction, neuroinflammation, endosomal trafficking impairments, oxidative stress, lipid metabolism disruption, impaired calcium homeostasis, and altered transcriptional regulation neurodegeneration (Steele et al., 2022). Bera and colleagues review how the AD genetic risk factor PTK2B, contributes to AD pathogenesis. PTK2B encodes Pyk2, a proline-rick tyrosine kinase that can influence both amyloid plaque and neurofibrillary tangle pathology. The review also discusses potential translational implications to AD since several existing inhibitors of Pyk2 have been studied in the cancer field (Bera et al., 2022). Ganguly et al. review current literature on erythropoietin-producing hepatoma receptor A-4 (EphA-4), a receptor tyrosine kinase for Ephrin A involved in neuronal migration, axon guidance and brain development. The review discusses a role for EphA-4 in AD pathogenesis via negative regulation of synaptic plasticity, potential molecular mechanisms, and EphA-4 inhibition via peptides and nanobodies as potential therapeutic strategies for AD (Ganguly et al., 2022).
Although the cerebellum is relatively understudied in AD, Cheron and colleagues provide compelling data related to electrophysiological changes in Purkinje cells and deep cerebellar nuclei accompanied by amyloid deposition in 9- to 12-month-old APP/PS1 mice. In particular, they find increased spike firing frequency in Purkinje cells and deep cerebellar nuclei, and postulate that these changes in cerebellar output might impact cortical and subcortical circuits critical to the execution of common behavioral tasks, including the Morris water maze (Cheron et al., 2022). Also emphasizing the general theme of circuit disruption, Chockanathan and Padmanabhan contribute a review of the mechanisms of circuit and synapse collapse which are key players in AD pathophysiology, highlighting the complexity and critical importance of understanding these phenomena at all levels from molecules to behaviour (Chockanathan & Padmanabhan, 2022).

CLINICAL RESEARCH AND BIOMARKERS
The success of prospective clinical research studies in AD depends on study completion and minimizing subject dropout over time. In this special issue, Haberstumpf and colleagues analyzed long-term follow-up data from the observational Vogel study of over 600 participants, to identify predictors of study dropout at 3 years after study enrolment. They found that subjects with lower scores in mini-mental status, declarative memory, attention and visuo-spatial processing performance, were more likely to dropout. This finding suggests that long-term follow-up studies may bias towards healthier subjects. These factors must therefore be considered in the interpretation of completed or ongoing studies and in the development of strategies to maximize retention in future studies (Haberstumpf et al., 2021). Foxe et al. investigated the evolution of deficits in behaviour, mood and functional capacity in a longitudinal study of 145 individuals with variants of primary progressive aphasia. They report distinct profiles of changes within each variant, providing guidance for caregivers and clinical management in this neurodegenerative disorder (Foxe et al., 2021).
 As already noted, there is great interest in identifying early biomarkers associated with AD and neurodegenerative processes. Avancini and colleagues explore the hypothesis that auditory predictive processes, which depend on input from the frontal cortex, might be impaired in Down’s syndrome and therefore be used as a marker of pathological aging and cognitive decline. Using EEG measures of Mismatched Negativity and the P300, they found general perseveration of auditory predictive processes, but an age-associated difference in local deviance to Mismatched Negativity in individuals with Down’s syndrome that was not observed in typically developing subjects. They conclude that EEG measures have potential as biomarkers in Down’s syndrome, but were not able to detect a correlation between changes in auditory predictive processes and intellectual decline over a one-year period (Avancini et al., 2022). DNA methylation signatures in the blood, associated with aging and inflammation, are associated with neurodegenerative pathology in the brain and cognitive decline. To investigate the relationship between DNA methylation patterns of aging and inflammation in the blood and in the brain, Stevenson et al. performed a matched analysis of DNA methylation data from blood and specific post-mortem brain regions from 14 individuals aged 70-79 years. This study, although limited by small sample size, identified potential vulnerability of the hippocampus, evidenced by aging-related DNA methylation signatures (Stevenson et al., 2022). In a comprehensive, systematic review of the association between CSF protein markers of synapse loss and neuronal injury with cognition, Saunders et al. come to the conclusion that due to substantial heterogeneity, no formal conclusions can be drawn, but suggest that neurofilament-light may be associated with worse cognition in AD, frontotemporal dementia, and typical cognitive aging, while the cerebrospinal fluid level of neurogranin is associated with cognition in those with AD-like biomarker profiles and neuronal pentraxin-2 correlates with cognition across dementia syndromes.  The authors emphasize that standardization in measuring and reporting will be crucial in establishing which markers can predict longitudinal cognitive decline (Saunders et al., 2022).

POTENTIAL THERAPEUTIC APPROACHES
Despite recent positive results with anti-amyloid therapies, there is still a great need to develop strategies for combating neurodegenerative processes. Topkara et al. investigated the therapeutic effects of carvacrol on cell viability, oxidative stress, and cognitive impairment in Ainduced neuronal cultures and rat models of AD.  They report that carvacrol increases cell viability, protects against oxidative stress, and improves memory impairment, thus suggesting that carvacrol might show promise in the treatment of AD (Celik Topkara et al., 2021). Type 2 Diabetes Mellitus (T2DM) has reached endemic proportions worldwide and confers 1.5 to 4-fold increase in the lifetime risk of AD.  Cummings et al. report that foundational science, animal models, and epidemiological studies all link T2DM with acceleration of the pathobiology of AD and conversely clinical trials with antidiabetic agents such as insulin, metformin, and glucagon-like peptide 1 (GLP-1) agonist may lower risk of AD.  Ongoing trials will provide insight into the therapeutic utility of this approach (Cummings et al., 2022).

The long-term goal of research and therapeutic development in Alzheimer’s disease and other dementias is to identify individuals at risk, and to modify those risks and/or alter underlying pathological processes to reduce the devastating impact of these diseases on individuals, their families, and society. As highlighted by the articles in this special issue of European Journal of Neuroscience, there are many avenues that need to be further explored in order to achieve such a goal.
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