BOX 48.1

ALZHEIMER’S DISEASE

Alzheimer’s Disease (AD) is the most common disorder of memory in humans, afflicting approximately one in eight adults over age 65 (Alzheimer’s Association, 2012). The only FDA-approved therapeutics for AD to date are acetylcholinesterase inhibitors and memantine, an NMDA-receptor antagonist, that provide palliative treatment. Since there is no disease-modifying treatment that slows or halts the progression of AD this represents one of the greatest healthcare crises to date. Two characteristic pathological hallmarks of AD are extracellular plaques of aggregated amyloid beta (Aβ) and intracellular neurofibrillary tangles (NFTs) composed of aggregated tau, a microtubule binding protein. Aβ is produced through the enzymatic cleavage (via secretases) of amyloid precursor protein (APP) and in some forms is toxic to neurons. Aβ can disrupt synaptic plasticity, including long-term potentiation. NFTs may compromise intracellular transport and—together with Aβ—kill neurons. Genetic studies from familial cases of AD have strongly pointed towards a causal role for amyloid in aggressive, early-onset forms of AD, with APP or secretase mutations sufficient to cause early-onset AD. However, it is important to realize that familial AD accounts for <1% of all AD cases, while >99% of AD cases are sporadic in nature. Finally, there are a variety of other pathophysiological processes also involved in AD including perturbations in energy metabolism, membrane traffic and signaling, oxidative stress, and inflammation. The precise sequence of events and their relative importance remain to be determined. 

Neurodegeneration in AD progresses sequentially through certain brain structures and select subpopulations of vulnerable neurons (Holtzman, Morris, & Goate, 2011). AD almost invariably begins with an insidious, gradual decline in memory, specifically, with problems encoding new memories. Consistently impacted early are those neurons in layer II of the entorhinal cortex, which acts as a gatekeeper of information flowing to and from the hippocampus. Aβ and tau pathologies accumulate in a circuit-dependent manner, deafferenting the entorhinal cortical projections to the hippocampus, and disrupting the molecular mechanisms necessary to form new episodic memories. This results in patients becoming more forgetful and repeating conversations, losing their belongings, and often getting lost driving or otherwise spatially navigating. These initial disease symptoms reflect the increasing dysfunction of the medial temporal lobe memory system. Neuropsychological tests may be used to confirm memory loss and quantify problems of new learning, recall, and recognition memory for verbal and visual material. Additionally, functional MRI studies have demonstrated altered patterns of memory-related activation in the medial temporal lobe of individuals with prodromal AD. While the coding of nascent episodic memories is compromised in early AD, older semantic memories that have previously been consolidated in neocortex are relatively preserved. 

As Aβ and tau pathologies become increasingly widespread with disease progression and lead to synaptic failure and neurodegeneration, early episodic memory impairment gives way to progressive deficits in other higher brain functions (Holtzman, Morris, & Goate, 2011). The number of affected neuronal circuits increases dramatically to impact frontal, cingulate, and parietal cortices such that executive function, language, perception, praxis, and visuospatial abilities become impaired. With advanced disease, damage to higher cortices can also disrupt skilled-motor actions (praxis) and compromise long-term semantic memory. Beyond widespread cortical pathology, cholinergic basal forebrain (CBF) neurons along with neurons of the locus coeruleus (LC) and raphe nuclei are vulnerable. CBF degeneration contributes to AD symptoms including attention deficits, increased spatial memory decline and further impairment in the coding of new episodic memories. Loss of serotonergic raphe projections likely contributes to behavioral symptoms such as irritability, apathy, depression, mood lability, and aggression. Degeneration of LC neurons translates to noradrenergic transmission loss, which disrupts arousal, vigilance, sleep-wakefulness, working memory, and properly interpreting and responding to autonomic stressors. Additionally, LC degeneration can also perturb microglial function, yielding neurotoxic inflammation. 

The pathophysiology of AD allows for several putative therapeutic avenues. At present, our systems-level understanding of AD has yielded pro-cholinergic treatment strategies including acetylcholinesterase inhibitors and NMDA antagonists for transmitter-based symptomatic treatments. Drug candidates are being advanced in clinical trials so that we might obtain the desperately needed therapeutics to slow or halt AD progression. A cellular and molecular understanding of AD has led to amyloid-based approaches including secretase inhibitors, disrupting Aβ aggregation and promoting amyloid clearance. Also under investigation are neurotrophin-based therapies to prevent the neurodegeneration of vulnerable neurons, anti-inflammatories, and other approaches. While much progress has been made in the mechanistic understanding of AD progression, progress in our circuit- and cellular-level understanding of functional deficits and therapeutic benefits in vivo has remained particularly challenging. Fully resolving this therapeutic impasse will likely require merging current histology and medicinal chemistry with increased systems-level understanding—through electrophysiology and imaging approaches—of how relevant neural circuits are being modulated pathologically and therapeutically in vivo so that our forward progress might be better informed.
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