Proceedings of the 4th International Conference on Biological Engineering and Medical Science
DOI: 10.54254/2753-8818/66/2024.18079

Analysis of the pathogenesis of Alzheimer's disease

Xiaolan Yang
School of Pediatrics, Guizhou Medical University, Guizhou, 550025, China

1533144852@qq.com

Abstract. The health of the elderly has become a social concern as human life expectancy
increases and the global trend of population aging intensifies. The most common dementia is
Alzheimer's disease (AD), the pathogenesis of which has attracted widespread attention. This
review combed the mainstream hypotheses and recent research on the AD pathogenesis in
PubMed over the past two decades. The research focuses on several core areas: the mechanism
of abnormal deposition of B-amyloid (AP) in the brain; how the abnormal phosphorylation of
Tau protein leads to the formation of neuronal fibril tangles; and the role of neuroinflammation
in AD pathogenesis. At present, it is believed that no single theory can thoroughly demonstrate
the AD pathology. The purpose of this literature review is comprehensively examine the
perspective of the pathogenesis of AD at the molecular level and lay the groundwork for the
development of potential future therapeutic options in the future.
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1. Introduction

Alzheimer’s disease (AD) is centrally characterized by cognitive decline and memory loss [1]. The
primary pathological hallmarks of AD are divided into intracellular and extracellular, with
neuroinflammatory plaques formed by extracellular B-amyloid (AP) deposition and intracellular
aggregations of neurofibrillary tangles (NFTs) composed of hyperphosphorylated tau proteins [2]. The
number of people with AD has exceeded 50 million worldwide, but the scientific community has not
yet reached a consensus on its exact pathogenesis [3]. Since scholars officially named AD in 1907,
they have proposed a variety of hypotheses to explain its pathogenesis, which including the amyloid
cascade hypothesis, the tau hypothesis, and the neuroinflammatory hypothesis [4]. This literature
review briefly outlines the evidence supporting and against each hypothesis. A greater commitment
towards research in molecular mechanisms could offer new perspectives for the future research on AD
treatments.

2. An overview of AD pathogenesis
2.1. Abnormal AP deposition
2.1.1. Amyloid cascade hypothesis

AP, as a transmembrane protein, is generated by a series of protein hydrolysis of proteins from
amyloid precursor protexin (APP). The cleavage process of APP is regulated by three key enzymes. In
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the a-secretase pathway, APP is cleaved near the C-terminus of residue 16 of the AP sequence. This
cleavage process yields two major products: a C-terminal fragment of 83 amino acid residues (C83)
and a soluble extracellular structural domain of APP (sAPPa) with neuroprotective roles [5-6]. The
C83 fragment is further cleaved by y-secretase, releasing a short peptide (p3) that contains the
C-terminal region of the nontoxic AP peptide [7]. Since the a-secretase pathway cleaves before the
N-terminal end of the AP sequence, it effectively blocks the site of action of B-secretase, blocking the
AP production [8]. Whereas APP will be cleaved at the N-terminus of the AP structural domain by
B-secretase (BACE), producing the soluble APP ecto-structural domain (sAPPB) and a 99-amino-acid
fragment (C99) at the C-terminus of APP. C99 is further cleaved by y-secretase, which is the final step
in generating AP [6]. The length and type of AP peptide are determined by the cleavage site of
y-secretase, with two most common isoforms being AB40 and AB42 [9]. A study by Hardy et al. (1992)
noted that the imbalance between AP production and elimination is an essential cause of AP
accumulation [10].

2.1.2. Evidence support and against amyloid cascade hypothesis

The discovery that Down syndrome (DS) patients exhibit similar neuropathologic features with
sporadic AD, leading to the identification of the APP gene on chromosome 21 [11]. The extra copy of
the APP gene results in the overexpression of APP and excessive production of AP, making people
with DS develop AD-like symptoms prematurely [12].

An analysis of genetic variants in families with early-onset familial AD involving polymorphisms
in the APP gene on chromosome 21, researchers identified the "London type" mutation in APP V7171
[13]. This mutation is adjacent to the transmembrane region of APP, around the critical site of
secretase catalysis [14]. Thus slowing down the exacerbation of the disease process can be achieved
by mitigating app gene duplication [15].

It is suggested that the duplication of APP genome abnormally elevates APP expression levels,
leading to early onset AD. A transgenic mouse model expressing familial human APP and PSEN gene
mutations express features similar to those of human AD, reflecting the direct link between AP
production and the AD phenotypes [16].

A rare variant of the APP gene, A673T (A2T), exists in the non-demented elderly population in
Iceland was identified [17]. The A673 residue is near the B-secretase cleavage site in the APP and is
vital for regulating AP production [17]. In vitro experiments have shown that the AP variant (i.e., A2T
AP) encoded by the APP gene carrying the A673T variant exhibits a significantly lower aggregation
tendency than wild-type AP, reflecting the protective role of A673T variant [18]. And in the knock-in
mouse model, the A673T mutation effectively reduced AP production by decreasing the affinity of
APP for BACE1 [19].

However, the detection rate of AP deposition is as high as 44%, even in cognitively healthy older
adults who do not exhibit typical AD symptoms from amyloid PET imaging studies [20]. In addition,
in vivo Pittsburgh Compound B (PiB) PET imaging has shown that plaque loading in some
non-demented patients appears to be comparable to that of demented patients [21]. Moreover, AP
depositions tend to remain relatively stable with gradual cognitive decline, infereing that AP
deposition may contribute to the pathologic process of AD [22]. Furthermore, AD drugs that inhibit
AP production, such as BACE-1 inhibitors and y-secretase modulators (GSM), were terminated in
preclinical or clinical trials due to poor selectivity or difficulty in crossing the blood-brain barrier
(BBB) [23]. These factors have prompted us to reassess the role of AP in the pathogenesis of AD.

2.2. Tau hypothesis
2.2.1. Mechanism analysis
As an essential member of microtubule-associated proteins, tau proteins play a crucial role in

maintaining microtubule stability and promoting axonal microtubule assembly in central nervous
system (CNS) [24]. Disturbance of the balance between phosphorylation and dephosphorylation of tau

172



Proceedings of the 4th International Conference on Biological Engineering and Medical Science
DOI: 10.54254/2753-8818/66/2024.18079

protein, leading to the accumulation and release of the hyperphosphorylated tau proteins [25]. They
tend to form the paired helical filaments (PHFs), and the more aggregated form called neurofibrillary
tangles (NFTs) [26]. NFTs erode the cytoskeleton and internal structure of neurons, interfering with
the standard communication and signaling mechanisms between neurons [27]. In addition, NFT
formation is accompanied by a decrease in the number of synapses [28-29], which exacerbates the
overall function of neurons and eventually leads to apoptosis [27]. Studies using mouse hippocampal
neurons have found that when tau is highly expressed, most neuronal cells are quiescent, and mutant
tau expression in mice leads to significant functional changes of neurons [30]. As compared to AP in
AD, NFTs are more accurate predictors of symptom severity, particularly cognitive decline and the
extent of neuronal loss [31-32].

The dysfunction of tau protein autophagy and mitochondria is also of great importance [33]. The
P301L mutation has been shown to impede tau protein degradation via autophagic pathways [33]. The
A152T mutation promotes tau protein production or diminishes their removal efficiency through
autophagic regulatory mechanisms [33]. Defective autophagy, which exacerbates the accumulation of
tau protein, creates a vicious cycle that leads to increased impairment of the autophagic system and
concomitant cognitive decline [33].

Fang et al. found the significant reduction of mitochondrial volume in AD brain samples when
compared with healthy individuals. The morphological alterations of mitochondria were also observed,
which was hypothesized to be related to the aberrant expression of mitochondrial dynamin-related
protein 1 (Drp1) mediated by p-tau protein [34].

2.2.2. Evidence supports and against tau hypothesis

Previous studies have reported nearly 300% elevated tau proteins in AD patients, when compared to
non-demented elderly [35]. Moreover, the concentrations of tau protein fragments (N-123 and N-224)
in the cerebrospinal fluid (CSF) of AD patients were significantly increased [36]. In a longitudinal
study, there was a correlation between baseline concentrations of N-123 and N-224 tau proteins in
CSF and the severity of cognitive impairment [36]. However, analysis of CSF has shown that specific
phosphorylated forms of tau proteins (e.g., p-Tau (181)) and their overall tau protein concentrations
exhibit significant individual differences among AD patients, questioning the reliability of using tau
protein as general diagnostic criteria [37]. In parallel, animal study used resistant oligonucleotides
found that tau protein expression was downregulated in multiple sites, including the CNS, spinal cord,
and CSF, and this downregulation did not adversely affect the motor functions and cognitive abilities
of mice [38].

Drugs targeting tau proteins can be broadly classified into several categories: tau protein
aggregation inhibitors, tau kinase inhibitors, O-GlcNAcase inhibitors, microtubule stabilizers, and
protein immunotherapy [39]. Among them, diaminothiazole-based small molecule drugs have
attracted attention for their ability to target both GSK3p and CDKS5 kinases, and this dual inhibition
strategy has shown enhanced therapeutic effects in animal models [40]. Another drug, Tideglusib, an
irreversible GSK3p inhibitor, did not lead to significant clinical improvement in a short-term (26-week)
phase II clinical trial of 306 patients with attention deficit disorder. However, its safety profile was
validated, showing the potential to delay brain volume loss, albeit without clinical effect [41].

2.3. Neuroinflammation

2.3.1. Neuroinflammation hypothesis

Neuroinflammation is a protective immune reaction initiated in brain in response to injurious stimuli.
Microglia are the most important immune cells in the CNS, by recognizing and removing plaque
deposits and maintaining homeostasis of the microenvironment [42]. The surface-specific receptors of
microglia are key to their functions, which detect abnormal cellular states in the brain, activate
microglia, and induce the synthesis and secretion of proinflammatory factors, including interleukin 1B
(IL-4B), interleukin 6 (IL-6), tumor necrosis factor-a (TNF-a), interferon-y (IFN-y), chemokines, and
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reactive oxygen species (ROS) [43-44]. Furthermore, prolonged over-activation triggers a persistent
inflammatory response and neuronal damage [45].

2.3.2. Evidence supports and against neuroinflammation hypothesis

Astrocytes overexpress BACE! in response to sustained stress [46]. Under pathological conditions, a
mild increase in BACEI induces a significant elevation in AP production and accelerates the
pathologic formation of plaques [47-48]. A study comparing PET and volumetric MRI suggests that
glial cell activation is present in micro-neurons of early-stage AD [49]. Evidence from animal studies
also showed young transgenic APPV7171 mouse model had its amyloid plaque deposition preceded by
focal glial activation [50]. And the severity of gliosis showed a close correlation with the accumulation
of NFTs [51].

Keenan et al. found that many biomarkers strongly associated with inflammation were detected in
AD blood samples, including pro-inflammatory cytokines (e.g., IL-6), cytokine receptors (e.g., soluble
tumor necrosis factor receptor-1, STNF-R1), and the classic inflammatory marker C-reactive protein
(CRP).In further exploring the genetic basis of late-onset and disseminated AD forms, approximately
60% of the genetic variation was strongly associated with inflammatory response regulatory
mechanisms, highlighting the synergistic role of inflammation in AD pathogenesis [52].

Epidemiologic studies have shown that high blood levels of IL-6 in midlife are associated with a
high risk of cognitive decline in old age [53]. In contrast, middle-aged adults who consistently take
nonsteroidal anti-inflammatory drugs (NSAIDs) have a lower risk of developing attention deficit
disorder in later life by blocking inflammation-induced BACE]1 transcription and reducing AP
production [53-54]. This suggests a protective effect of anti-inflammatory interventions [53].

3. Conclusion

This review combed the mainstream hypotheses and recent research on the AD pathogenesis in
PubMed over the past two decades. The research focuses on several core areas: the mechanism of
abnormal deposition of A in the brain; how the abnormal phosphorylation of Tau protein leads to the
formation of neuronal fibril tangles; and the role of neuroinflammation in AD pathogenesis. It is often
difficult to capture the complexity of AD from a single perspective. Behind the amyloid deposition
and NFTs, there may also be a synergistic effect of inflammatory factors. With the climbing AD
incidence, the pathogenesis of AD will gradually become more precise as theories are continuously
confirmed. We look forward to developing more effective treatments to help more patients delay
disease progression, reverse cognitive impairment, and improve quality of life.
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