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First discovered in 1906, Alzheimer’s disease has become one of the most prevalent yet complex neurodegenerative diseases,
impacting millions worldwide. Over a century of scientific research has yielded substantial progress in the understanding of this
disease, with numerous proposed causations, implications, and medications. However, despite continuous clinical advancements,
many issues concerning the treatment and medication of Alzheimer’s, such as economic drawbacks and severe adverse effects,
including amyloid-related imaging abnormalities and cardiovascular complications, still persist; the multifaceted nature of this
disease stymies rapid progress.
This literature review bridges Guillain-Barré Syndrome (an acute autoimmune disease), Huntington’s disease, and Parkinson’s
disease, exploring their existing and developing therapies that have potential crossover application for Alzheimer’s disease, aim-
ing to bring forth an innovative and comprehensive approach to examining Alzheimer’s treatment. Due to notable differences
in pathophysiology and etiology of these diseases, they are not widely compared in tandem in current research. Nevertheless,
emerging evidence attests to nuanced similarities in pathogenic pathways and interrelated causal nexus. This study attempts to
expand the scope and perspective beyond current paradigms, utilizing underlying mechanisms of neurodegenerative and neuro-
logical autoimmune diseases as a basis for evaluating potential therapies and inventive crossovers.

Key Terms

1. Central Nervous System (CNS) - The complex of nerve
tissues comprising the brain and spinal cord that controls
the activities of the body

2. Peripheral Nervous System - The network of nerves lo-
cated outside the brain and spinal cord that transmits sig-
nals between the CNS and the rest of the body

3. Ubiquitin–proteasome System (UPS) - Primary cellular
pathway degrading unwanted or malfunctioning proteins

4. Amyloid-β (Aβ ) plaques – Protein aggregates in
Alzheimer’s, disrupting neural function

5. Tau tangles – Abnormal aggregates of hyperphosphory-
lated tau proteins, a key feature in Alzheimer’s

6. Blood-brain barrier (BBB) – A selective barrier limiting
drug delivery to the brain

7. Deep brain stimulation (DBS) – Electrical modulation of
brain circuits via implants

8. Antisense oligonucleotides (ASOs) – Synthetic
RNA/DNA strands that block harmful protein pro-
duction

9. Therapeutic plasma exchange (TPE) – Blood filtration to
remove pathogenic antibodies

Methodology

Identification:

A comprehensive search strategy was employed to examine
academic sources published up to 2025. The review focused
on a broad scope encompassing basic molecular mechanisms
(pre-clinical) through to clinical trial stages (I, II, and III) for
various neurodegenerative diseases, with a central focus on
Alzheimer’s Disease. Primary sources included journals and
databases from leading institutions such as the National Insti-
tutes of Health (NIH), International Journal of Molecular Sci-
ences, National Institute on Aging, and Frontiers in Human
Neuroscience.

Screening:

Records retrieved from the initial search were screened based
on their titles and abstracts. This step excluded a significant
number of records that were outside the defined scope (e.g.,
unrelated disease fields, non-neurological focus), were not pri-
mary research or authoritative reviews, or were published in
non-academic sources.
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Eligibility:

The full text of the remaining articles was critically assessed
for eligibility. The inclusion criteria were:

Population/Subject: Research pertaining to human pa-
tients, animal models, or cellular models of neurodegener-
ative diseases (e.g., Alzheimer’s, Parkinson’s, Huntington’s,
Guillain-Barré Syndrome).

Intervention/Exposure: Studies on disease mechanisms
(e.g., protein aggregation, neuroinflammation, mitochondrial
dysfunction), diagnostics (e.g., biomarkers, imaging), and
therapeutics (e.g., monoclonal antibodies, deep brain stimu-
lation, plasma exchange, antisense oligonucleotides).

Outcome: Measurable outcomes related to pathologi-
cal understanding, biomarker levels, cognitive/functional im-
provement, or safety profiles.

Study Type: Original research articles, systematic reviews,
clinical trial reports, and authoritative guidelines from major
health organizations.

Included:

A total of 150 sources met all eligibility criteria and were in-
cluded in the final qualitative synthesis, forming the cited bib-
liography for the literature review. After numerous rounds of
screening, 11 sources met the criteria for discussion of clini-
cal trials. These sources provide the foundational evidence for
discussing disease pathways, diagnostic approaches, and the
current landscape of therapeutic development.

Disease Background

With an ever-expanding catalogue of known neurological and
neurodegenerative diseases, perceiving similarities and dis-
tinctions between them could be the first step in tackling un-
solved enigmas and advancing novel therapeutic approaches.
Beyond concentrating focus on Alzheimer’s disease in ex-
amining disease mechanisms, pathophysiology, and existing
treatments, analysis of Guillain-Barré Syndrome, Hunting-
ton’s Disease, and Parkinson’s disease is also compared and
discussed below.

Alzheimer’s disease: UPS dysfunction and Neuroinflam-
mation

Alzheimer’s, contributing to 70% of all dementia cases,
has impacted over 55 million people across the globe1.
Alzheimer’s disease is a severely destructive disorder that
leads to physical and mental disintegration, impacting the wel-
fare of not only diagnosed patients but also severing social ties
with families and communities. With no known cure thus far,
Alzheimer’s remains the 7th leading cause of death globally,
claiming more than a hundred million lives annually2.

Alzheimer’s disease is postulated to potentially involve both
autoimmune and inflammatory mechanisms, with protein ag-
gregation being a hallmark of this disease3. As a neurode-
generative disorder that manifests through a progressive loss
of episodic memory and cognitive function, Alzheimer’s sub-
sequently leads to language impairment, emotional and psy-
chiatric dysregulation. Neuropathological degradation pro-
gresses over 3-8 years, depending on the time of diagnosis
and life expectancy of each patient4. Most existing treat-
ments have evolved around slowing down disease progression,
strengthening neurons, and removing potential obstructions
around transmission pathways5.

Though with an unclear prognosis, an internal or external
trigger is associated with the abnormal buildup of proteins,
disrupting the regular functioning of neurons by the toxic-
ity of the proteins, and also becoming a physical barrier to
transmissions6. Diverse causes of Alzheimer’s have also been
explored with various findings. Studies have examined the
potential role of the ubiquitin-proteasome degradation system
(UPS) in neurodegeneration. The UPS is a complex system
of proteins with a major function of intracellular protein reg-
ulation7. In the normal UPS degradation pathway, irregular
protein formation is detected and tagged by a regulatory pro-
tein, ubiquitin. The tagged protein is recognised by a protea-
some complex, which contains catalytic enzymes that cleave
polypeptide chains into amino acids, allowing the recycling of
faulty or unused proteins. Research by Hsieh et al. reveals
that Alzheimer’s could be interrelated with UPS impairment,
as neurons with lower UPS activity displayed greater vulner-
able to protein aggregation and accumulation8. This finding
proposes a pathway of UPS malfunction leading to cellular
inability to degrade unwanted proteins promptly, causing fur-
ther buildups into insoluble plaques and fibrils.

Another subsequent cause explored is neuroinflammation
in causing protein accumulation9. Glial cells, which form
the primary structural composition of the myelin sheath, are
activated by neuroinflammation, triggering inflammatory re-
sponses such as the production of pro-inflammatory pro-
teins10. These proteins, known as cytokines, can lead to neu-
ron degradation and cell death, even aggravating other dis-
ease pathways such as atherosclerotic plaque build-up in arter-
ies11. Beyond medicinal approaches, other therapeutic strate-
gies have been explored, targeting newly proposed pathologi-
cal pathways and mechanisms12.

Guillain-Barré Syndrome: Maladaptive Plasticity and
Perfusion Abnormality

Guillain-Barré Syndrome is a severe autoimmune disorder
that leads to paralysis, dysphagia, and damage to the auto-
nomic nervous system13. Despite its seeming dissimilarity to
neurodegenerative disorders, the pathophysiology of Guillain-
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Barré syndrome is closely linked to neuron transmission, as
it severely impacts the peripheral nervous system14, and is
caused by the infection of specific viruses such as the Campy-
lobacter or Cytomegalovirus. Upon infection, a digestive tract
or respiratory infection triggers an immune response, instigat-
ing B-cells to produce antibodies that neutralise viruses and
prevent further pathogenic infection15. However, in a phe-
nomenon termed “molecular mimicry”, the resemblance be-
tween lipopolysaccharides on viral cell walls and ganglioside
receptors located on the axon or myelin sheath induces an
autoimmune response, the antibodies attacking gangliosides
such as GM1, GD1a, and GQ1 instead16 (Fig. 1). The damage
done to the protective myelin layer causes interference with
axon body transmission, slowing electrical impulses and po-
tentially causing a signalling termination17. The peripheral
neuroinflammation and nerve damage to neuromuscular junc-
tions contribute to varying physiological symptoms, ranging
from acute motor axonal neuropathy to acute pandysautono-
mia18.

Fig. 1: Diagram depicting molecular mimicry between GM1
ganglioside and Campylobacter jejuni lipopolysaccharide,
with corresponding oligosaccharide composition19

Given the bidirectional interdependence between the pe-
ripheral nervous system and the central nervous system
(CNS), there may be pathological implications of peripheral
neuropathy in disrupting CNS processes. Maladaptive plastic-
ity caused by peripheral nerve damage leads to a series of dys-
function and reorganisation of transmission networks, result-
ing in extreme hypersensitivity in spinal cord neurons20. With
intensified sensory signalling, pro-inflammatory cytokines
(such as Interleukin-1 beta) are triggered to be released in
the spinal cord, not only causing immune dysregulation, but
also impacting brain regions such as the microglia by instigat-

ing the overproduction of reactive oxygen species21. These
ramifications could trigger further inflammation and create a
negative feedback loop, or induce changes in microglial mor-
phology, potentially predisposing other chronic illnesses or in-
creasing the severity of neurodegeneration22.

Another proposed link between Guillain-Barré Syndrome
and CNS impairment is perfusion abnormalities. Due to au-
tonomic dysfunction, Guillain-Barré Syndrome could result
in rare causes of Posterior Reversible Encephalopathy Syn-
drome, impairing regulation and sometimes hypoperfusion23.
Damage to the blood-brain barrier (BBB) could be the result of
a “leaky brain”. Potential harmful substances like plasma pro-
teins and inflammatory molecules may thus be able to bypass
barriers and enter the brain, leading to a cascade of events such
as vasogenic edema that could exacerbate chronic neurode-
generation24. However, due to prominent differences between
Guillain-Barré Syndrome, an acute autoimmune disorder, and
neurodegenerative diseases, further studies and investigations
are required to establish concrete causality and pertinence.

Huntington’s Disease: Glutamate excitotoxicity and
Synaptic dysfunction

Huntington’s disease is a hereditary disease leading to loss
of conscious motor control and emotional regulation abili-
ties25. In Huntington’s disease, a genetic mutation on the
HTT gene causes an abnormal number of repeats of a certain
codon CAG when producing polypeptide chains. The surplus
of CAG codes for a lengthened chain of glutamine amino acids
alters the final quaternary conformation of the produced pro-
tein known as huntingtin (Htt), the changes in bonding interac-
tions causing mutated huntingtin (mHtt) proteins to form clus-
ters and aggregate, accumulating around neurons26. It is hy-
pothesised that the protein aggregates cause blockages of nu-
clear pores within the nucleus located in the soma, restricting
movements of chemicals and energy compounds, leading to
decreased transmission efficiency and neuronal cell death27.
Similarly, mHtt protein aggregates also cause heightened ex-
citotoxicity by impairing glial cell function. mHtt protein
induces genetic and morphological changes in astrocytes by
sequestering transcription factors and subsequently gene ex-
pression28, impacting numerous processes such as glutamate
reabsorption across synapses. Glutamate is proposed to bind
and activate NMDA receptors, causing calcium ion influx into
neurons, inducing oxidative stress, and disrupting action po-
tential transmission29. As an excitatory neurotransmitter, glu-
tamate similarly plays a crucial role in the pathophysiology of
other neurological diseases, including Alzheimer’s disease30.
Excitotoxicity caused by excessive NMDA activity is a pro-
posed pathological mechanism of Alzheimer’s, with excess
Ca2+ indirectly hyperphosphorylating tau proteins – a key
hallmark of Alzheimer’s neurodegeneration. Calcium ions
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stimulate the formation of numerous biomolecules, such as
lipid molecules, PGE2, that contribute to the phosphorylation
of tau proteins, and later catalyze aggregation31. Beyond this,
due to several analogous symptoms and underlying etiological
similarities, Huntington's and Alzheimer's have further simi-
larities in disease pathway and mechanisms, summarised in
Table 1 below.

Though with evident convergent pathways, Huntington's
and Alzheimer's do possess many disparate variations, like
a monogenic and hereditary cause compared to a polyphasic
cause for Huntington's and Alzheimer's, respectively. Sim-
ilarly, Huntington primarily impacts selective motor mecha-
nisms, while Alzheimer's and other CNS disorders entail cog-
nitive and memory disruption. Nevertheless, these proposed
similarities may be worth exploring, giving rise to integration
possibilities in diagnosis and therapeutic approaches.

Parkinson's disease: Genetic predisposition and Mito-
chondrial failure

Parkinson's disease is the second most common dementia af-
ter Alzheimer's, and is similarly associated with toxic pro-
tein aggregates in causing motor control dysregulation and
cognitive decline42. Varied causes have been proposed for
Parkinson's disease, mainly including genetic bases and en-
vironmental stimuli such as exposure to neurotoxins. Expo-
sure to chemical muta- gens like pesticides and head trauma,
cause epigenetic alterations, trigger neuroin�ammation, and
catalyze protein aggregation43. However, variability in ge-
netics can also play a role in in�uencing physical responses
to environmental stimuli, causing differences in disease pro-
gression even among patients in similar environs44. The sig-
ni�cance of epigenetics is especially noted in numerous stud-
ies, highlighting the interrelatedness between environmental
neurotoxic triggers and their consequences in impacting the
epigenome, with generational repercussions through transgen-
erational epigenetic inheritance. The plausibility of multiplex
environmental and genetic origins applies to numerous neuro-
logical and neurodegenerative diseases45.

Exploring potential genetic in�uences in increasing abnor-
mal protein accumulation, a comprehensive review by Tran
et al. examined 67 studies and concluded that numerous
analogous phenotypes were shared among genetically hetero-
geneous patients, highlighting the potential of genetic in�u-
ence in inducing disease pathways46. The study emphasised
links between gene expression patterns and both a-synuclein
proteins and tau �brils, including elevated expression of the
SNCA gene alongside other responses such as proteosome im-
pairment47.

Conclusive causes of Parkinson's are still being explored
and veri�ed, but numerous studies have pointed towards the
primary basis of dopaminergic neuronal dysfunction, with

obstruction in the basal ganglia, and hence leading to mo-
tor control impairment and disrupted mood regulation48. A
key feature associated with Parkinson's is the aggregation of
Lewy bodies. Composed mainly of alpha-synuclein protein
(a-synuclein) and ubiquitin, these abnormal protein clumps
cause signi�cant obstruction in the neurotransmission path-
way49. Although the body system contains numerous mecha-
nisms for degrading and removing mutated proteins or waste
products, a-synuclein proteins are speculated to be able to re-
sist cellular degradation by affecting autophagosome vesicles
that transport particles for lysosomal degradation50. The pro-
tein buildup mainly occurs in the subcortical regions, as indi-
cated in Figure 2. By altering neuronal structure and processes
in the substantia nigra, dopamine transmission to the cortex is
severely hindered, resulting in con�icting signalling that im-
pedes cognition and motor movements51.

Fig. 2: Micrograph of Lewy bodies found in the amygdala of
a patient with Lewy body-associated dementia in subcortical
regions52

Another proposed pathology pathway is mitochondrial fail-
ure. The causation relationship between mitochondria, as-
trocytes, and neurons was termed as the “Mitochondrial
Triad Hy- pothesis” in a recent 2025 study by Walecha and
Luthra.53. A bidirectional relationship between neuronal cells
and astrocytes is the basis of the metabolic functioning of
neuronal networks, with exchange of lactate as an energy
source, glutamate buffering, and supply of healthy mitochon-
dria54. Astrocytic mitochondria, especially, play a crucial role
in energy production, regulating calcium homeostasis and ac-
tivating controlled cell death55. Following the pathological
process of Parkinson's, astrocytes sometimes undergo con-
formational changes that result in functional deterioration.
In response, cytokines and reactive oxidative species are re-
leased, causing heightened neuronal stress. This could then
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