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Introduction
The historical dominance of the amyloid hypothesis has guided 

drug development for decades with meager clinical results.1 While 
anti-amyloid monoclonal antibodies are now available and may offer 
some utility in slowing plaque accumulation, their clinical benefits 
remain limited.2 These therapies are also associated with considerable 
toxicity, including amyloid-related imaging abnormalities (ARIA) 
and, in rare instances, death.3

In this paper, I propose that structural deterioration of the AD 
brain is primarily a cholinergic failure resulting from a chronic, multi-
factorial inflammatory cascade.4,5 This cascade is fueled by a synergy 
of infectious agents and potential toxic exposures, made worse by 
an individual’s genetic predisposition and various lifestyle factors. I 
hypothesize that the cumulative effect of these stressors leads to a 
critical biological threshold: the failure to maintain adequate levels 
of Nerve Growth Factor (NGF). Without sufficient NGF support, 
cholinergic neurons lose viability, leading to the cognitive and 
structural decline characteristic of AD.

Methods
Literature selection

I conducted a systematic search via PubMed, focusing on peer-
reviewed primary research, meta-analyses, and clinical trials (1990–
2025).

Transcriptomic analysis and statistical rigor

To investigate the role of detoxification as a contributor to the 
inflammatory cascade, I utilized gene set expression analysis with 
transcriptomic data from the Gene Expression Omnibus (GEO). I 
also organized an RNA-seq gene set expression analysis of ethically 
sourced liver tissue in a commercial, accredited research lab.6 

Gene Selection: I utilized a set of 203 genes known to be active in 
detoxification pathways. This gene set was curated from CYP450, 
UGT, and other known detoxification gene families; peer reviewed/
reported gene sets; and individually identified genes from a spectrum 
of peer reviewed papers. This mix of objectively and subjectively 

selected genes was intended to be specifically focused on detoxification 
relevant genes, without the more inclusive gene ontology sets more 
appropriate for gene set enrichment studies. Full details of this process 
are reported in the full manuscript documenting that evaluation.6

GEO Data set selection: I searched the GEO data repository using 
the search terms: Alzheimer’s, human, RNA-seq, and GEO2R (a 
GEO associated analytic tool.) I identified over 90 data sets. I then 
scrutinized the metadata groupings, statistical methods, and data 
pertinent to the detoxification gene project, analyzing the peer 
reviewed papers from which those data sets were derived. I found 
8 pertinent data sets. The data set selection process has objective 
features but also is unavoidably subjective. 

Statistical methods: Differentially expressed genes (DEGs) were 
identified in analyses of various iterations of each data set, noting 
statistical significance of detoxification genes using adjusted p-values 
of < 0.05, and to ensure the highest degree of statistical significance.7

Liver tissue process: To define detoxification dynamics in non-brain 
tissues from AD subjects, I located such AD tissue and otherwise 
similar control samples from Russian subjects through a certified 
biobank. A commercial genomics lab processed the tissue and carried 
out RNA-seq, organizing and reporting the data from this part of the 
study. Statistical significance was based on q-values of < 0.05 which, 
though similar to adjusted p-value, control for false discovery rate.8

Statistical visualization: In the referenced full report of the 
transcriptomic study, graphical visualization of dispersion estimates, 
UMAP plots, scatter plots, and volcano plots are provided for each of 
the analyzed GEO data sets. 

Fold change comparisons are utilized to indicate whether 
expression changes indicate over-expression (positive number) or 
under-expression (negative number.) 

Results
The Cholinergic-NGF axis

My review of the literature suggests that the central etiology of AD 
is likely to be an inflammation-associated deterioration of cholinergic 
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Abstract

In this review, I evaluate emerging evidence regarding the etiology and treatment of 
Alzheimer’s disease (AD), focusing on the limitations of the amyloid hypothesis and 
proposing a shift toward a framework centered on cholinergic failure. I argue that this 
failure results from an inflammation-induced cascade contributed to by infectious 
exposures (specifically HSV and VZV), potential toxic exposures exacerbated by genetic 
predisposition, and various lifestyle factors. Utilizing RNA-seq analysis of datasets from 
the Gene Expression Omnibus and ethically sourced liver tissue, I assess detoxification 
gene expression and its role in managing environmental stressors. I contend that the 
convergence of these factors culminates in a failure to maintain adequate levels of Nerve 
Growth Factor (NGF), resulting in the loss of viability of cholinergic nerves in the brain. 
Furthermore, I discuss risk assessment and stratification and provide options for risk 
management through targeted interventions. I prioritize cholinergic intervention and 
infectious control, followed by lifestyle and detoxification considerations, and discuss the 
potential of acetylcholinesterase inhibitors (AChEIs) in supporting neuronal survival.
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neurons due to a lack of trophic support. The inability to maintain 
Nerve Growth Factor (NGF) levels appears to be the terminal event 
in the inflammatory cascade, leading directly to the loss of neuronal 
viability.9,10

Infectious and toxic contributions

Infectious Synergy (HSV-1): I prioritize the role of Herpes Simplex 
Virus (HSV-1) as a central infectious driver. Evidence for its role 
includes the presence of HSV-1 DNA within amyloid plaques and 
epidemiological data showing that anti-herpetic treatments potentially 
reduce AD risk in infected populations.11–15 VZV often stimulates 
reactivation of HSV-1, triggering latent HSV in the brain.16 Notably, 
VZV also possesses its own primary brain inflammation-inducing 
features, contributing independently to the neuroinflammatory burden.

Detoxification Deficiency: RNA-seq analysis of GEO datasets and 
bio-banked liver tissue reveal significant changes in expression, both 
up and down, in detoxification genes.6 These fluctuations suggest a 
systemic dysregulation in clearing metabolic and environmental 
stressors, which exacerbates the neuroinflammatory state.17,18

The role of APOE and the cysteine-glutathione axis

The APOE gene isoforms (APOE2, 3, and 4) exhibit critical 
structural differences defined by their cysteine content. APOE2 
contains two cysteine residues, APOE3 contains one, and APOE4 
contains none.19 These structural variations have profound 
implications for antioxidant defense; cysteine is a rate-limiting 
precursor for the synthesis of glutathione, the brain’s primary 
endogenous antioxidant.20,21

Glutathione plays a vital role in protecting neurons from oxidative 
stress, free radical damage, and infectious insults. Because APOE4 
lacks these cysteine residues, individuals carrying this allele may 
have a diminished capacity to maintain robust glutathione levels. 
This deficiency leaves the brain significantly more vulnerable to the 
inflammatory cascade, as the lack of cysteine-mediated protection 
limits the ability to neutralize the oxidative and infectious problems 
that ultimately deplete NGF and compromise cholinergic nerve 
viability.22,23

Discussion
Risk assessment, stratification, and management

I propose that clinical focus shift toward a tiered framework for 
risk assessment:

1.	 Genetic/Lifestyle Markers: Assessment of APOE status 
(specifically the cysteine-glutathione axis) alongside lifestyle 
factors such as chronic sleep deprivation, sedentary behavior, and 
high-glycemic diets that drive systemic inflammation.

2.	 Infectious Load: Serology and clinical history of HSV-1 and VZV 
reactivation.

3.	 Metabolic/Toxic Capacity: Assessing systemic detoxification 
issues, considering limitation of toxic exposures and/or use of 
bile acid sequestration24 in selected individuals, particularly in 
the context of appropriately designed clinical trials as or if they 
become available.

Risk management should prioritize cholinergic intervention, 
followed by infectious control, and lower in the order of importance but 
still potentially significant, lifestyle and detoxification considerations.

Prophylaxis of neurodegeneration and Off-label utility

I argue that we can safely, carefully, and ethically employ off-label 
use of certain drugs that are already FDA-approved for other purposes 
to prophylax neurodegeneration.25

•	 Bile Acid Sequestrants: Traditionally used for cholesterol 
management, these may be repurposed to reduce the toxic 
inflammatory load that may add to depletion of NGF.26–28

•	 AChEIs: While approved for symptomatic AD, their earlier use 
may support the cholinergic network before terminal atrophy 
occurs.29–31

This strategy offers a lower-risk profile compared to current 
anti-amyloid therapies. While anti-amyloid drugs may have a niche 
role, their limited benefit and potential for toxicity make them less 
desirable than repurposing established, safer compounds that target 
the inflammatory and trophic origins of the disease.

Conclusion
I propose a unifying framework where Alzheimer’s Disease is 

viewed not as a primary amyloid-driven neurodegenerative process, 
but as the final stage of a cholinergic failure induced by a chronic, multi-
systemic inflammatory cascade. The shift from an amyloid-centric 
model to a trophic-support model recognizes that the accumulation 
of beta-amyloid is likely a reactive marker of damage rather than the 
engine of the disease itself. By the time amyloid plaques are visible, 
the underlying neuroinflammatory drivers-infectious pathogens, toxic 
stressors, and genetic vulnerabilities—have likely been active for 
decades.32

Central to this new perspective is the failure to maintain 
adequate Nerve Growth Factor (NGF) levels, which serves as the 
critical juncture between systemic inflammation and structural brain 
deterioration. When glutathione-dependent defenses fail-as they are 
prone to do in the absence of APOE-mediated cysteine support-the 
brain enters a state of persistent oxidative and infectious vulnerability. 
In this environment, pathogens like HSV-1 and VZV trigger a 
cytokine-driven cascade that depletes NGF, stripping cholinergic 
neurons of the trophic support required for their viability.33,34

We must pivot away from high-cost, high-toxicity anti-amyloid 
therapies that offer limited clinical returns and a notable risk of death. 
Instead, we should prioritize the safe, off-label use of established 
FDA-approved medications that can be deployed immediately within 
an evidence-based framework. Interventions such as early cholinergic 
support with AChEIs, aggressive infectious control, and, potentially, 
systemic detoxification via bile acid sequestration represent a more 
resource-efficient and physiologically sound path toward prophylaxis.

By integrating transcriptomic insights with personalized risk 
stratification, we can identify and intervene in the inflammatory 
process long before it culminates in irreversible cholinergic atrophy. 
The preservation of the cholinergic-NGF axis represents the most 
promising therapeutic target for the coming decade, offering a strategy 
that focuses on maintaining neuronal life rather than simply managing 
the detritus of neuronal death.
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