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Abstract

Alzheimer's disease is a neurodegenerative disorder characterized by the loss of memory and cognitive decline.

Although the underlying mechanisms that cause Alzheimer's disease remain unknown, research suggests that

dysregulation of processes related to neuronal growth and development may play a critical role. This dysregulation

leads to a phenomenon called neuronal pruning, a developmental apoptotic process that shapes neural pathways by

removing neurons that fail to form viable synaptic connections. While the accumulation of β-amyloid plaques and

neurofibrillary tangles contributes to the progression of the disease, the processes that produce these disease markers,

specifically the overproduction of amyloid precursor protein and microtubule growth through hyperphosphorylation of

tau, also suggest a developmental basis for the disease. This developmental link also coincides with the dual role of

acetylcholine, which acts as both a neurotransmitter and a regulator of growth and development. Therefore, it is

postulated that risk factors for Alzheimer’s disease contribute to a hypocholinergic status, upsetting neuronal

homeostasis, and ultimately resulting in a cascade of programmed neural death similar to developmental neuronal

pruning. This theory has significant implications for understanding the initial stages of Alzheimer's disease and may

provide a basis for improving preventative and therapeutic interventions.
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Development of cholinergic complexity

Alzheimer’s disease is a neurodegenerative disorder that primarily affects the cholinergic nervous system. Therefore, the

molecular mechanisms underlying Alzheimer’s disease might be linked to the development of acetylcholine as a

neurotransmitter. As an adaptation, the evolution of cholinergic neurons represents a major change in the biology of

acetylcholine. Acetylcholine is ubiquitously found throughout the tree of life and is known to regulate growth and

development (Venter et al., 1988; Wessler & Kirkpatrick, 2008; Spieker et al., 2020). As such, acetylcholine release

provides a proximity signal between cells, regulating proliferation and differentiation, or as a chemotaxis trail for cellular

migration or axon growth (Wessler & Kirkpatrick, 2008). For cholinergic synapses to evolve, concurrent mechanisms for

regulating acetylcholine concentration and distribution had to be established (Burkhardt & Sprecher, 2017). This was

partially achieved through the differentiation of cholinergic receptors and cholinesterases (Venter et al., 1988; Johnson &

Moore, 2012).

Generally, cholinergic neurons propagate neuronal impulses via ion channel receptors that have a low affinity for

acetylcholine (Gilson et al., 2016). These receptors, known as nicotinic receptors, are mainly located in the synaptic cleft

(Paterson & Nordberg, 2000). To produce the millimolar concentrations of acetylcholine required to activate nicotinic

receptors, acetylcholine breakdown must be highly controlled. To achieve this, acetylcholinesterase, the enzyme mainly

associated with synaptic acetylcholine hydrolysis, evolved to be inhibited by acetylcholine at high concentrations

(Shafferman et al., 1992). That is, in the initial stages of synaptic acetylcholine release, the enzyme responsible for its

breakdown is partially inhibited. This allows acetylcholine to diffuse across the synapse and activate the postsynaptic

nicotinic receptors. As the concentration of acetylcholine is reduced through diffusion and hydrolysis, acetylcholinesterase

becomes more catalytically active, clearing the synapse for the subsequent release of acetylcholine.

Outside the synapse, acetylcholine must be regulated differently, as most of the body reacts to acetylcholine through

muscarinic receptors that can be responsive to nanomolar concentrations of acetylcholine (Gilson et al., 2016). Muscarinic

receptors are coupled to G-protein cascades that control a multitude of cellular functions such as growth, differentiation,

and apoptosis (Caulfield, 1993; Neves, 2002; Eglen, 2006). Owing to their physiological role, the escape of high

concentrations of acetylcholine from synapses could be detrimental to processes mediated by muscarinic receptors. To

deal with potential synaptic seepage, the other major cholinesterase found systemically in vertebrates (Johnson & Moore

2012; Petrov et al., 2014), commonly known as butyrylcholinesterase, has evolved as a substrate-activated enzyme,

where at higher concentrations its catalytic rate increases (Masson et al., 2001; Chen et al., 2012). The main function of

butyrylcholinesterase seems to be the maintenance of basal background levels of acetylcholine, allowing more sensitive

muscarinic receptors to respond to acetylcholine concentrations in the micromolar to nanomolar range (Gilson et al.,

2015).
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This regional separation of effective acetylcholine concentration, which can vary by up to a hundred thousand-fold when

comparing muscarinic and nicotinic receptor affinities, allowed acetylcholine to take on the role of a neurotransmitter while

maintaining its role in growth and development (Resende & Adhikari, 2009). This biological change in cholinesterase

activity also permitted further diversification of the physiological role of acetylcholine into functions such as the regulation

of epithelial cells in the respiratory system (Kummer et al., 2008), insulin release (Gautam et al., 2006), and immune

responses throughout the body (Cox et al., 2019; Cox et al., 2020; Wessler & Kirkpatrick, 2020).

From a simplified view of growth regulation, acetylcholine can be considered as a signal that prevents cellular propagation

by alerting cells to the proximity of their neighbors. This phenomenon has been observed throughout the tree of life

(Venter et al., 1988; Wessler & Kirkpatrick, 2008; Spieker et al., 2020); however, in higher organisms, the presence of a

nervous system introduces another degree of complexity to the organization of cellular growth.

Neural networks are produced through competition to establish viable synaptic connections between neurons that grow

along the network pathways. These competitions start with more potential neurons than necessary, resulting in the

preservation of neurons that form successful synaptic connections and the apoptotic pruning of those that do not (Haanen

& Vermes, 1996; Hughes 1961; Blaschke et al., 1998). Synaptic connectivity and activity are major positive

reinforcements required for neuronal viability (Resende & Adhikari, 2009). As a result, acetylcholine is a key regulator of

the growth, maturation, and stabilization of cholinergic neurons and neural networks.

Alzheimer’s disease and developmental processes

In Alzheimer’s disease, neuronal death has been associated with the accumulation of amyloid plaques and neurofibrillary

tangles. However, in late-onset Alzheimer’s disease, the accumulation of plaques and tangles is preceded by neuronal

atrophy and mild cognitive impairment (Edmonds et al. 2016; Thomas et al. 2020). The significance of this

neurodegeneration is recognized by its inclusion alongside amyloid deposition and neurofibrillary tangles as a biomarker

for Alzheimer’s disease by the National Institute on Aging and the Alzheimer’s Association in their recent research

framework for diagnosing Alzheimer’s disease (Jack et al., 2018). This initial neurodegeneration suggests that the

progression of late-onset Alzheimer’s disease is distinct from familial forms of the disorder, which are genetically linked to

amyloid plaque formation. Familial forms of Alzheimer’s disease generally result from mutations that encourage the

formation of β-amyloid, indicating a direct link between neurodegeneration and β-amyloid production (Andrade-Guerrero

et al., 2023). However, the presence of neurodegeneration before or in the complete absence of β-amyloid plaques,

combined with the discovery of normal individuals with a heavy plaque burden, suggests a weaker association between

plaque formation and the initiation of late-onset Alzheimer’s disease (Kim et al., 2022; Kok et al., 2022).

Studies on the potential mechanisms underlying the observed neuronal atrophy suggest that the same muscarinic

receptor-mediated immunological processes involved in developmental neuronal pruning are involved in Alzheimer’s

disease neuronal apoptosis (Resende and Adhikari, 2009; Kole et al., 2013; Luchena et al., 2018). A role for

developmental processes in Alzheimer’s disease is also supported by changes in the neurogenic processes of patients,
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observed as altered hippocampal neurotrophic factor production (Sampaio et al., 2017) and decreased adult neurogenesis

by hippocampal stem cells (Choi & Tanzi, 2019). The regulatory similarity between neurodegeneration and developmental

processes suggests that acetylcholine’s role as a regulator of cholinergic neuronal development (Resende and Adhikari,

2009) may be central to the presentation of Alzheimer’s disease.

Developmental processes in Alzheimer’s disease may also provide a rationale for the accumulation of both neurofibrillary

tangles and β-amyloid in late-onset Alzheimer’s disease. During development, neuronal growth requires microtubule

assembly to support axon elongation (Arendt et al., 2016). This is associated with high phosphorylation of the Tau protein,

which regulates microtubule assembly (Goode and Feinstein, 1994; Brion et al., 1993). Tau hyperphosphorylation early in

Alzheimer’s disease mimics developmental microtubule assembly in growing axons, but when present in mature neurons,

it results in the aggregation of neurofibrillary tangles (Brion et al., 1993; Arendt et al., 2016). Stimulation of M1 muscarinic

receptors, the most abundant muscarinic receptors in the central nervous system, reduces tau phosphorylation (Forlenza

et al., 2000; Dwomoh, Tejeda, & Tobin, 2022), suggesting that acetylcholine signaling stabilizes microtubules, while low

hypocholinergic levels of acetylcholine, common during development, promote growth.

Similarly, neuronal expression and processing of the amyloid precursor protein is strongly linked to developmental

processes through its regulation by nerve growth factor (Roßner et al., 1998) and through its modulation by the M1

muscarinic receptor (Fisher 2012; Dwomoh, Tejeda & Tobin 2022). This matches the observed physiological role of the

amyloid precursor protein as a cell adhesion molecule involved in neural growth and synaptogenesis (Roßner et al., 1998;

Müller, Deller & Korte, 2017). Animal models have shown that stimulation of the M1 receptor reduces the formation of

neurofibrillary tangles and amyloid plaques, while M1 knockout models or inhibition of the M1 receptor promotes

neurodegenerative processes (Dwomoh, Tejeda & Tobin 2022). These observations suggest that high expression of the

amyloid precursor protein results from hypocholinergic conditions, such as those present during the development of the

nervous system.

Hypocholinergic status and neuronal pruning

Hypocholinergic states, such as those found during development, stimulate neuronal growth, but without eventual positive

feedback through successful synaptogenesis, result in apoptosis. Similarly, prolonged hypocholinergic stress likely

reduces positive feedback in mature neural networks, thereby promoting growth and apoptosis (Russell, 1996). Russell et

al. (1992) demonstrated that rat models of hypocholinergic stress produced long-lasting cognitive deficits, suggesting that

chronic hypocholinergic states could lead to dementia (Russell, 1996). Similarly, patients prescribed drugs known to

produce hypocholinergic states, termed anticholinergic burdens, have an increased risk of all forms of dementia, including

Alzheimer’s disease (Pfistermeister et al., 2017; Zheng et al., 2021; Meng et al., 2022; Russo et al., 2022). Barrett et al.

(2021) have suggested that deprescribing anticholinergic drugs or limiting anticholinergic exposures may be warranted to

reduce the future risk of dementia in Parkinson disease patients who are commonly prescribed anticholinergic drugs.

The effects of anticholinergic burden, combined with the evidence that the best treatment for Alzheimer’s disease,
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although considered symptomatic, has consistently been the inhibition of cholinesterases (Kim et al., 2022; Moss & Perez,

2021), suggest that a hypocholinergic state may be the cause of the disease. The minimal effectiveness of cholinesterase

inhibitors as a therapeutic intervention for halting or reversing Alzheimer’s disease may be more of a reflection of their

inability to reverse the long-term accumulation of damage caused by hypocholinergic stress (Russel, 1996), rather than a

failure to address the mechanism of the disease. This is supported by evidence that cholinesterase inhibition reduces

atrophy and cognitive decline in patients with mild cognitive impairment, delaying the progression of Alzheimer’s disease

(Moss & Perez, 2021; Xu et al., 2021).

A hypocholinergic state in the nervous system likely destabilizes neuronal integrity by activating developmental processes

and promoting axonal growth and synaptogenesis. This encourages the production of neurofibrillary tangles as the axons

are stimulated to grow and overexpression of amyloid precursor protein as the neurons are triggered to form new

synapses. Without proper acetylcholine feedback reinforcement to stabilize neuronal connectivity, neurons undergo

apoptosis (Knorr et al., 2023), mimicking developmental neuronal pruning (Kole et al., 2013). Additionally, overproduction

of amyloid precursor protein increases its cleavage into β-amyloid, which aggregates into amyloid plaques, further

damaging the surrounding tissue.

While it might be expected that acetylcholine production decreases as the cholinergic neurons producing it die off, this

does not directly suggest an explanation as to how hypocholinergic stress might trigger the neurodegeneration that results

in late-onset Alzheimer’s disease.

Cholinesterase biology potentially explains how the central nervous system may be pushed towards a hypocholinergic

state. As previously mentioned, acetylcholinesterase and butyrylcholinesterase are subject to substrate modulation by

acetylcholine (Ordentlich et al., 1993; Tormos et al., 2005). This makes them susceptible to compounds that mimic

substrate modulation. Butyrylcholinesterase, which is activated by acetylcholine, has also been found to be activated by

the metabolic side product homocysteine thiolactone (Darvesh et al. 2007, Walsh et al., 2007). This stimulation of

cholinesterase activity, through substrate activation mimicry, provides a potential link between many genetic, bacterial,

and nutritional risk factors associated with late-onset Alzheimer’s disease. Hypocholinergic stress produced by

butyrylcholinesterase stimulation may directly promote neurodegeneration, which commonly proceeds amyloidosis. This

may likewise explain the neuroprotective effects of cholinesterase inhibitors, reducing amyloid and neurofibrillary tangles

(Moss & Perez 2021; Moreira et al., 2022), which mirrors the neuroprotective effects produced by stimulating the M1

muscarinic receptor (Dwomoh, Tejeda & Tobin 2022).

Risk factors linking hypocholinergic stress to Alzheimer’s disease

Metabolic and genetic risk factors support the involvement of hypocholinergic stress in the progression of Alzheimer’s

disease. Genetic risk factors and nutritional deficiencies that affect the build-up of homocysteine have been recognized in

the one-carbon theory, which suggests that homocysteine build-up may be central to the development of Alzheimer’s

(Clare et al., 2019). Similarly, Alzheimer’s has been associated with bacterial gut floral infections that produce increased
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homocysteine levels (Kountouras et al., 2023). Risk factors related to increased homocysteine levels have also been

associated with the production of homocysteine thiolactone (Jakubowski 2023). This homocysteine thiolactone production,

in turn, links risk factors that affect its breakdown to Alzheimer’s disease (Jakubowski 2023), further suggesting a link to

hypocholinergic stress through homocysteine thiolactone stimulation of butyrylcholinesterase (Darvesh et al. 2007).

Many mutations that reduce the activity of butyrylcholinesterase have been described; however, the K variant, which

reduces butyrylcholinesterase activity by 33%, has been directly implicated in the risk of Alzheimer’s disease (Lehmann et

al., 1997; McIlroy et al., 2000). However, the link between butyrylcholinesterase activity and Alzheimer’s disease is

controversial, as some studies suggest that the K variant is only a risk factor when associated with the APOE e4 allele

(Lehmann et al., 1997; Lane et al., 2008; Vijayaraghavan et al., 2018), whereas other studies have suggested that the K

variant is protective (Holmes et al., 2005; Vijayaraghavan et al., 2018) and fortifies against mild cognitive impairment

(Pongthanaracht et al. 2017). Complementing the view that reduced cholinesterase activity may be protective are studies

suggesting the wild-type form of butyrylcholinesterase may increase the risk for Alzheimer’s disease (Ferris et al., 2009;

Mueller and Adler 2015).

Additionally, decreased butyrylcholinesterase plasma activity has been proposed as a diagnostic indicator for the

amnestic-mild cognitive impairment preceding Alzheimer’s disease (Kozlova et al., 2022). This decrease in activity may

correspond to miRNA feedback control, which is known to downregulate butyrylcholinesterase while favoring acetylcholine

release in response to hypocholinergic stress (Soreq, 2015). This decreased cholinesterase activity was shown to be

alleviated by the administration of Citicoline (Kozlova et al., 2022), a cholinergic stimulant, further suggesting that the

downregulation of butyrylcholinesterase may correspond to hypocholinergic stress. The same group also reported an

even greater (38%) decrease in butyrylcholinesterase activity with the onset of dementia (Zhuravin et al., 2015). This

contradicts a study in which no change in butyrylcholinesterase activity was observed and decreased

butyrylcholinesterase activity was linked to Dementia with Lewy bodies (Josviak et al., 2017). However, in the latter study,

Alzheimer’s patients were using the acetylcholinesterase inhibitor donepezil, which is also known to inhibit

butyrylcholinesterase (Darvesh et al., 2003). Thus, the inhibition may have induced an increase in cholinesterase

production in response.

As previously stated, butyrylcholinesterase activity is stimulated by homocysteine thiolactone, in a manner similar to

substrate stimulation (Darvesh et al., 2007). Homocysteine thiolactone is a cyclized form of homocysteine, a non-

genetically encoded amino acid (Jakubowski, 2019). Elevated homocysteine levels, known as hyperhomocysteinemia, are

a risk factor for Alzheimer’s disease (Seshadri et al., 2002). Mild hyperhomocysteinemia, which occurs in 5%–7% of the

population (Son and Lewis, 2021), has also been identified as a risk factor for the development of Alzheimer’s disease (Hu

et al., 2016). Hyperhomocysteinemia is associated with mutations that affect homocysteine catabolism and folic acid

deficiencies, which also decrease homocysteine breakdown (Jakubowski, 2019).

Although primarily associated with folic acid deficiencies, hyperhomocysteinemia can also result from insufficient levels of

B12 (Ubbink et al., 1994). Both folic acid and vitamin B12, members of the folate vitamins, are essential in the conversion

of homocysteine to methionine by methionine synthase, where vitamin B12 is used as a cofactor in catalysis and folic acid
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is used to regenerate B12 (Lauer et al., 2022).

While there seems to be a clear link between Alzheimer’s disease and folate deficiencies (Snowdon et al., 2000; Wang et

al., 2001; Smith and Refsum, 2016), the link between Alzheimer’s disease and mutations affecting homocysteine

catabolism is more tenuous (Roostaei et al., 2018; Lehmann and Cortina-Borja, 2019), potentially due to their lethality and

co-association with developmental problems such as Down syndrome and neural tube defects (Clare et al., 2019).

However, the methylenetetrahydrofolate reductase (MTHFR) C677T polymorphism, which phenotypically presents as a

folate deficiency increasing homocysteine levels, has consistently been associated with increased susceptibility to

Alzheimer’s disease (Rai, 2017). Elevated homocysteine levels have been shown to result in the metabolic byproduct

homocysteine thiolactone through a cyclization catalyzed by methionyl-tRNA synthetase (Jakubowski, 2019). Conversely,

the breakdown of homocysteine thiolactone has been linked to three enzymes, paraoxonase 1, bleomycin hydrolase, and

valacyclovir hydrolase (Jakubowski, 2019). Paraoxonase 1 is found extracellularly, whereas bleomycin hydrolase is

expressed in the cytoplasm and valacyclovir hydrolase is produced in the mitochondria (Jakubowski, 2019). The

extracellular localization of paraoxonase 1 has a primary influence on extracellular homocysteine thiolactone levels, where

mutations such as Q192R, which decrease its activity, result in higher serum concentrations (Perła-Kaján et al., 2018).

Studies linking Q192R to Alzheimer’s have been contested, as meta-analysis suggests no linkage (Nie et al., 2017).

However, studies on mutations affecting the expression of paraoxonase 1 (Brophy et al., 2001) have shown a link

between lower production of the enzyme and susceptibility to Alzheimer’s disease and, conversely, high production and

protective effects (Nie et al., 2017). This is supported by studies that have found lower paraoxonase 1 activity in the

serum and cerebrospinal fluid of Alzheimer’s patients (Romani et al., 2020). Similarly, the I443V mutation, which reduces

the activity of bleomycin hydrolase (O’Farrell et al., 1999), has been associated with an increased risk of Alzheimer’s

disease (Papassotiropoulos et al., 2000). This is supported by studies relating decreased bleomycin hydrolase activity in

the brain tissue of Alzheimer’s patients to the build-up of N-linked protein homocysteine (Suszynska et al., 2010), a sign of

homocysteine thiolactone production and another detrimental consequence of homocysteine thiolactone accumulation.

The APOE e4 allele of apolipoprotein is believed to be the greatest risk factor for late-onset Alzheimer’s (Dumurgier and

Tzourio 2020). However, apolipoprotein E plays a central role in lipid transport throughout the body, making it a significant

regulator of growth and metabolic homeostasis. As such, disruption of lipid transport produced by APOE variants is not

specific to Alzheimer’s disease but produces significant widespread effects that enhance the degenerative effects of a

host of disorders (Martínez-Martínez et al., 2020; Miao et al., 2023).

Alzheimer’s disease has also been associated with intestinal disorders and bacterial infections (Fu, Gao & Yung, 2019).

One of the most striking associations is related to Helicobacter pylori infections, which are believed to infect up to half of

the global population and has been linked to hyperhomocysteinemia-related brain cortical thinning (Kountouras et al.,

2023). Helicobacter pylori infections contribute to vitamin B12 and folate deficiencies by reducing their absorption

(Kountouras et al., 2007).

Hyperhomocysteinemia-related cortical thinning related to Helicobacter pylori infections has been found to occur up to a

decade before the onset of cognitive impairment in asymptomatic elderly populations (Tan et al., 2018; Kountouras et al.,
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2023). Most carriers are infected during childhood, with the infection persisting their entire life if untreated (Kountouras et

al., 2023).

Additionally, Alzheimer’s disease is associated with a reduction in gut microbiota diversity (Wu et al., 2021). This reduction

has been correlated with a decrease in bacteria that produce short-chain fatty acids, specifically butyrate (Wu et al.,

2021). Butyrate has been shown to reduce neuroinflammation, promote neuronal maturation, promote cellular growth, and

has been suggested to have a protective role in other neurodegenerative diseases, such as Parkinson’s disease (Cook &

Sellin, 1998; Ahmed et al., 2019; Mohamed Elfadil et al., 2023). Butyrate can be produced at levels as high as 10mM in

the gut (Cook & Sellin, 1998), and there is some indication that a limited amount of butyrate is converted to butyrylcholine,

potentially modulating acetylcholine receptors in the colon (Moreno et al., 2016). Butyrate easily passes through the

blood-brain barrier (Oldendorf 1973) and has been shown to increase acetylcholinesterase activity up to 10-fold in mouse

neuroblastoma models (Prasad & Vernadakis, 1972), and 6-fold in human cholinergic neuroblastoma cell lines (Casper &

Davies, 1989). It is unknown whether butyrate affects the activity of butyrylcholinesterase; however, butyrylcholinesterase

is less restrictive in its substrate specificity than acetylcholinesterase (Brestkin et al., 1983). Butyrylcholinesterase is

known to hydrolyze a wide range of acylcholine substrates (Kinchen et al., 2021) and has a higher affinity for

butyrylcholine than for acetylcholine. This preference gives the enzyme its current name, having previously been known

as pseudocholinesterase. The affinity of butyrylcholinesterase for butyrylcholine suggests a natural affinity for butyrate,

which is supported by the use of butyrate to stabilize the enzyme when the crystal structure was determined (Nicolet et

al., 2003; Tormos et al., 2005). Whether butyrate affects the enzymatic activity of butyrylcholinesterase is unknown;

however, as a product formed by the hydrolysis of butyrylcholine, butyrate may inhibit butyrylcholinesterase activity

through product inhibition, reducing its ability to hydrolyze acetylcholine and thus reducing hypocholinergic stress.

It is also interesting to speculate on the potential role quorum signal molecules, specifically the role acyl-homoserine

lactones, may play in bacterial-mediated susceptibility to Alzheimer’s disease. Acyl-homoserine lactone signaling

regulates the establishment and severity of bacterial infections (Kanojiya, Banerji & Saroj, 2022). Acylation of the

homoserine lactone ring can vary from 4 to 14 carbon atoms in length (Kanojiya, Banerji & Saroj, 2022). Similar to

homocysteine thiolactone, the nonacylated homoserine lactone molecule stimulates human butyrylcholinesterase

(Darvesh, Walsh & Martin, 2007), and similar to homocysteine thiolactone, acylhomoserine lactones are hydrolyzed by the

paraoxonase family of enzymes (Manco, Porzio & Carusone, 2021; Jeelani, Tabassum & Rashid, 2020). Hydrolysis by

paraoxonases destroys the lactone ring, resulting in an acyl-functionalized serine.

Currently, an amidase capable of releasing homoserine lactone has not been identified in humans; however,

cholinesterases are known to have amidase activity (Moore & Hess, 1975; Darvesh et al., 2006), suggesting that

cholinesterases or other enzymes that are catalytically promiscuous may be able to release homoserine lactones from

acyl-homoserine lactones.

Conclusions
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Many theories have been proposed to explain Alzheimer’s disease; however, none of them provides a cohesive logical

explanation of the progression and complexity of the disorder (Liu et al., 2019). The failure of these theories to provide

beneficial therapeutic impacts has been attributed to a lack of understanding of the underlying pathophysiology of

Alzheimer’s disease (Kim et al., 2022). The hypothesis that Alzheimer’s disease results from neuronal pruning induced by

chronic hypocholinergic stress provides a novel framework for rationalizing clinical and basic scientific observations.

Chronic hypocholinergic stress potentially explains why cholinesterase inhibition, primarily considered a symptomatic

treatment, has remained the primary therapeutic choice for this disease and has been observed to modify

neurodegenerative processes at work in Alzheimer’s disease. Specifically, cholinesterase inhibitors appear to have a

pronounced effect in patients with mild cognitive impairment, effectively delaying the onset of Alzheimer’s disease

(Petersen et al., 2005; Shanks et al., 2009), while also reducing cortical atrophy in the white matter of patients with

Alzheimer’s disease (Venneri & Lane, 2009). Hypocholinergic neuronal pruning also provides a basic logical mechanism

that can be expanded into a comprehensive explanation for the complexity of Alzheimer’s disease.

Stimulation of butyrylcholinesterase by homocysteine thiolactone provides the basis for chronic hypocholinergic stress.

This disrupts neuronal homeostasis by removing acetylcholine-based positive feedback, altering neurotropic factor

expression, and favouring neuronal pruning. Consequently, these altered growth signals increase amyloid precursor

protein expression and increase Tau phosphorylation, resulting in the neuropathic debris of plaques and tangles (Figure

1).

Figure 1. Hypocholinergic status results in neuronal growth signaling, which, during the generation of Alzheimer’s disease, is related to increased

cholinesterase activity through the stimulation of butyrylcholinesterase by homocysteine thiolactone.

In conclusion, the theory of neuronal pruning through hypocholinergic stress suggests that cholinesterase inhibition is

more than just a symptomatic treatment but may be of less use when damage has progressed as far as the formation of

neurofibrillary tangles and amyloid plaques. It also links the susceptibility of late-onset Alzheimer’s disease to nutritional

and environmental influences, suggesting that early therapeutic intervention and preventive measures should prioritize

nutritional and probiotic approaches. However, it will be interesting to see if earlier therapeutic interventions based on the

use of cholinesterase inhibitors in individuals with mild cognitive impairment or cortical thinning will improve outcomes with
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Alzheimer’s disease and other neurodegenerative disorders. It will also be interesting to determine if the modulation of

cholinesterase activity can be adapted to neuronal regenerative approaches.
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