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Amyloidosis is a clinical and pathological condition in which amyloid accumulates in various organs and cells of the body,

forming amyloid plaques for complex reasons, leading to organ dysfunction. It can be hereditary or acquired. Depending

on the location of amyloid fibers’ deposition, amyloidosis is divided into two groups, one is localized amyloidosis, that

occurs in a specific area of a single tissue, and the other is systemic amyloidosis, which occurs throughout the body.

Amyloid plaques are made up of amyloid proteins. Amyloid β peptide (Aβ) is the main component that plays a significant

role in the pathogenesis of AD and is considered to be the leading cause of Alzheimer’s disease (AD) development.
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1. Role of Amyloidosis and Its Precursor in Alzheimer’s Disease (AD)

1.1. Amyloidosis

Amyloidosis is a clinical and pathological condition in which amyloid accumulates in various organs and cells of the body,

forming amyloid plaques for complex reasons, leading to organ dysfunction. It can be hereditary or acquired .

Depending on the location of amyloid fibers’ deposition, amyloidosis is divided into two groups, one is localized

amyloidosis, that occurs in a specific area of a single tissue, and the other is systemic amyloidosis, which occurs

throughout the body . Amyloid plaques are made up of amyloid proteins . Amyloid β peptide (Aβ) is the main

component that plays a significant role in the pathogenesis of AD and is considered to be the leading cause of AD

development . In addition to neurofibrillary tangles (NFTs)—which are caused by microtubule-related proteins,

excessive phosphorylation of tau proteins, and neuronal loss—amyloid plaques are also the hallmark of AD.

1.2. Amyloid Precursor Protein

Amyloid precursor protein (APP) is a single-pass transmembrane protein concentrated in neuronal synapses, which is

highly expressed in the brain . Compared to Aβ, APP is a larger precursor molecule that is generated by brain

neurons, blood vessels, blood cells, and a small number of astrocytes. Subsequently, APP is cleaved by two hydrolyses,

including β-secretase extracellular and γ-secretase intracellular, to generate Aβ . Although the physiological functions of

APP remain unclear, it plays an essential role in brain development, memory, and synaptic plasticity . It not only can

protect the neurons but also modulates intercellular interactions, regulating the growth of neurons and synaptic plasticity

. Mutations in APP have been shown to lead to an increase the synthesis of Aβ, which form senile plaques and cause

degenerative changes in peripheral neurons . Mutations in the transmembrane region of the amyloid precursor protein

have been reported to alter the ratio of residue 42 of Aβ protein (Aβ42) and residue of 40 Aβ protein (Aβ40), particularly in

the early onset familial Alzheimer’s disease .

1.3. Amyloid Beta Protein

Amyloid beta protein (Aβ) is a short 4.2 kDa peptide consisting of 40–42 amino acids, The precursor of Aβ is amyloid

precursor protein (APP). On the cell membrane of brain neurons, APP is cleaved in the presence of secretase to produce

Aβ peptides . Amyloid proteins are misfolded proteins that display a stable secondary structure. Moreover, abnormal

accumulation of Aβ leads to neurotoxicity in the brain . Monomeric Aβ fragments are soluble substances. They

aggregate into insoluble oligomers, subsequently forming neurological plaques. Human's body has several mechanisms

to expel Aβ from the brain, including the transfer through the receptor for advanced glycosylation end products (RAGE)

and density lipoprotein receptor-related protein-1 (LRP1) . Experimental studies have shown that an imbalance

between Aβ synthesis and clearance leads to problematic metabolism, which results in protein misfolding, aggregation,

and extracellular accumulation, eventually forming amyloid plaques .

Nerve cells produce more Aβ than other cell types, which play important roles in normal physiological activities of the

central nervous system, such as intercellular signaling . Aβ was found to accumulate in both traumatic brain injury
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patients and Parkinson’s patients, suggesting an association of amyloid with neurodegenerative diseases . The

response of the body to chronic stress increases the rate of neuronal protein synthesis, which leads to the accumulation

of byproducts, such as phosphate. High concentrations of phosphates in the protein synthesis region can promote the

phosphorylation of APP. Moreover, β-secretase participate in the subsequent processing of the phosphorylation of APP,

which leads to further Aβ accumulation. However, the process in the body that stabilizes the concentration of Aβ can get

out of control under certain circumstances. For example, native Aβ can induce the synthesis of additional APP, which

undergoes phosphorylation and amyloid processing, leading to increased Aβ concentrations. Meanwhile, high

concentrations of Aβ may induce APP synthesis and trigger amyloidosis in peripheral neurons. A portion of Aβ misfolds

and accumulates in the brain, forming hydrophobic, extracellular oligomers in the form of plaques and fibers, which

negatively affect neurons and synapses (Figure 1) .

Figure 1. The formation process of amyloid beta fibrils.

2. Inducing Factors of Amyloidosis in AD

2.1. Impaired Autophagy

Autophagy engulfs cytoplasmic proteins or dysfunctional organelles, fusing them with lysosomes to form autophagic

lysosomes that degrade the contents inside. It allows for the metabolic needs of cells and the renewal of organelles.

However, autophagy is downregulated in AD, associated with the metabolism of Aβ. Impaired autophagy is closely related

to the pathogenesis of AD because it is associated with the removal of Aβ aggregates and APP. Experiments by F. Zhou et

al. showed that proteasome inhibition rapidly reduce APP expression in neuronal cells and facilitate the degradation of

APP through autophagy . However, when cellular autophagy is impaired, APP can produce Aβ after a series of

reactions. Therefore, modulating the cellular autophagic pathway may be a potential therapeutic approach for Alzheimer’s

disease . Wu. S et al. found that overexpression of SIRT5 promotes autophagy and reduces the inflammatory

response in AD brain and neurons. In contrast, when autophagy is inhibited, the protective effect of SIRT5 on AD neurons

is eliminated. Enhanced autophagic degradation pathways protect neurons from neurotoxicity induced by Aβ (Figure 2)

.

[20]

[21]

[22]

[23][24]

[25]



Figure 2. The mechanism of amyloid beta accumulation.

2.2. Insufficient Cerebral Blood Flow

Cerebral blood flow (CBF) decrease is a pathological mechanism in Alzheimer’s disease in the early stage. The decline in

CBF is mainly due to the contraction of capillaries with contractile pericytes. This process is probably related to oligomeric

Aβ . Insufficient blood flow may affect the synthesis and clearance of Aβ due to a shortage of energy and oxygen

resulting from intracerebral starvation . An effective way to increase cerebral blood flow is exercising more. A

tremendous amount of evidence suggests a strong link between physical activity and ameliorating cognitive decline in AD

patients. Increasing blood supply to the brain through exercise and a healthy diet may also be effective in preventing

Alzheimer’s disease . Hashiguchi D et al. found that resistance exercise has positive effects on motor behavior,

amyloid loading, and inflammatory pathology in Alzheimer’s disease, providing an idea for improving the clinical symptoms

of Alzheimer’s disease . Therefore, the signaling pathways that induce cerebral blood flow redaction may become a

target for AD treatment.

2.3. Excess Synthesis of ACHE

The central cholinergic system is closely related to mental activity. Acetylcholine (ACh) is the main neurotransmitter whose

primary function is to maintain consciousness and plays an important role in learning and memory. One of the pathologies

of AD is characterized by a significant decrease in ACh in the brain, leading to the appearance of neurodegenerative

symptoms. Moreover, in the synaptic cleft, excessive synthesis of acetylcholinesterase (AChE) degrades acetylcholine

resulting in further development of AD. At the same time, amyloid peptides reduce the synthesis of ACh, which is related

to the synthesis of Aβ in turn. Low concentrations of Aβ may directly stimulate nicotinic acetylcholine receptors. Dougherty

et al. found that 100 pM of Aβ1-42 could activate the α7 isoform of nAchR. Meanwhile, Dineley et al. using X. leavis

oocytes found that low concentrations of Aβ were able to inhibit AchR . At high concentrations, however, Aβ may

reduce the synaptic release of several neurotransmitters while leaving its receptors in a desensitized state. In addition,

activation of cholinergic receptors may affect the processing of amyloid precursor proteins, turning them into non-amyloid

products and reducing synthesis and aggregation of amyloid. As a result, it reduces neurotoxicity to the brain .

Therefore, excessive synthesis of ACHE may indirectly lead to the formation of amyloid, which adversely affects the brain.

To date, anti-AChE is still the first-line drug used to reduce the symptoms of AD .

2.4. Decreased Expression of Low-Density Lipoprotein Receptor-Related Protein-1

Low-density lipoprotein receptor-related protein 1 (LRP1) is a low-density lipoprotein (LDL) receptor highly expressed in

the central nervous system, accelerating the metabolism of amyloid and reducing accumulation. It can bind to amyloid

precursor protein (APP) and Aβ, transporting them from the brain into the blood through the blood–brain barrier .

Meanwhile, the endocytosis of LRP1 is related to the up-taking and accumulation of Aβ by lysosomes . Lower

expression of LRP1 in capillary endothelial cells and neurons in the brain of AD patients leads to reduced clearance of Aβ,

resulting in amyloid accumulation . J. Choid et al. found that in a transgenic mouse model of amyloidosis with knockout

the Idol gene, which controls the expression of LRP1—the brain LRP1 was increased, and the amount of soluble and

insoluble amyloid was reduced. Amyloid plaque formation decreased, achieving improved neuroinflammation . Patients

with high cholesterol are at higher risk of AD than the general population because high cholesterol leads to reduced
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expression of LRP1 and aggravates the risk of AD . Therefore, LRP1 may be another potential target for the treatment

of AD (Figure 3).

Figure 3. Transportation process of amyloid-beta by low-density lipoprotein receptor-related protein 1 and receptor for

advanced glycation end products.

2.5. Overexpression of Receptor for Advanced Glycosylation End Products

Receptor for advanced glycation end products (RAGE) is a membrane protein that belongs to the immunoglobulin

superfamily. It recognizes many types of ligands, such as advanced glycosylation end products (AGEs) and amyloid. Aβ is

recognized by RAGE and interacts with RAGE in the cerebral vasculature and finally crosses the blood–brain barrier into

the brain . Increased concentration of ligands can lead to upregulation of RAGE expression, which in turn leads to

accumulation of toxic proteins in the brain, triggering adverse neurological responses. F. Fang et al. suggested that the

RAGE-dependent signaling pathway drives the cleavage of APP by beta- and gamma-secretase to produce Aβ through

activation of GSK3beta and p38 MAP kinase . Y.Y. Huang et al. used the RAGE antagonist RP1 to act on an APP/PS1

mouse model of Alzheimer’s disease. The results showed that RP1 reduced the expression of APP and β-secretase,

thereby reducing the formation and accumulation of Aβ, improving memory impairment, and reducing amyloid plaque load

in the mouse model . Therefore, RAGE is a potential therapeutic target to inhibit abnormal APP metabolism and halt AD

progression.

3. Pathogenesis of Amyloidosis in AD

3.1. Oxidative Damage

The damage caused by excess reactive oxygen species in the body—including phospholipids, proteins, enzymes, and

DNA of the cell—is called oxidative damage. Reactive oxygen species (ROS) are an essential factor causing oxidative

damage to proteins. The formation of amyloidosis plaques in the brain consisting of aggregated Aβ and metal ions, such

as Cu and Fe, is one of the histopathological features of AD. Meanwhile, metal ions coordinating with Aβ and generating

complexes are directly involved in ROS production, establishing a relationship between oxidative stress and AD .

Moreover, Aβ induces a considerable increase in ROS production, which severely affects neuronal metabolism . High

levels of ROS can cause damage to the organism, causing oxidative damage to Aβ peptides and surrounding molecules.

At the same time, it can lead to higher ROS accumulation and result in biomolecules damage, forming a vicious circle.

Because it has the highest oxygen use in the body, the brain is particularly sensitive to oxidative damage caused by

oxidative stress. Butterfield found that oxidized proteins could be observed in the early stages of AD. Protein and lipid

oxidation occurs mainly in Aβ-rich brain regions, while regions with lower Aβ levels do not have high levels of oxidative

stress markers . Elevated Aβ concentrations were closely associated with protein, lipid, and nucleic acid oxidation in

the hippocampus and cortex . Experiments by A. Malkov et al. in 2021 demonstrated that Aβ induces oxidative stress

via nox2 and acutely reduces cellular glucose consumption, leading to neural network hyperactivity and behavioral

abnormalities in mice . These studies suggest a direct relationship between oxidative damage and Aβ production.
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3.2. Aberrant Phosphorylation of Tau

The microtubule system is a component of the neural cytoskeleton, which consists of microtubule proteins and

microtubule-associated proteins. It is involved in a variety of cellular functions . Among them, tau proteins are the most

abundant microtubule-associated proteins. Each tau protein molecule in the brains of Alzheimer’s disease patients

contains 5–9 phosphate groups, which are abnormally hyperphosphorylated. Consequently, they cannot promote

microtubule assembly formation or maintain microtubule stability. Hurtado et al. found that Aβ-induced activation of

intracellular p38MAPK leads to abnormal phosphorylation of tau proteins—accelerating the spatiotemporal progression of

tau pathology and increasing the formation of amyloid plaques . In 2020, Wu et al. suggested that Aβ monomer induces

phosphorylation of the Ser-214 site of tau protein through the beta2AR-PKA-JNK signaling pathway .

Hyperphosphorylated tau leads to impaired microtubule binding and failure to promote microtubule assembly, which leads

to microtubule breakdown in late AD. It can also lead to mis-localization of microtubules and an increased propensity to

aggregate, causing damage to neurons. However, it is unclear how and whether tau hyperphosphorylation can directly

lead to neuronal death .

3.3. Neurofibrillary Tangles

Neurofibrillary tangles (NFTs) are a hallmark pathological change in the cortical cells of AD patients. It is the leading cause

of neuronal fiber degeneration and is a hallmark of early brain ageing . NFTs can also be observed in Parkinson’s

disease (PD), which shows that it may be the critical factor for neurodegenerative diseases . Hurtado DE et al. used a

transgenic (TG) mouse model with both plaque and tangles pathology to explore the interaction between Aβ and NFTs. It

showed that Aβ accelerated the formation of NFTs and enhanced tau amyloidosis, especially in the penetrating pathway

.

3.4. Neuronal Damage

The onset and progression of AD are related to neuronal loss and damage. At the same time, Aβ is inextricably linked to

neuronal damage. Neurotoxicity due to Aβ aggregation not only impairs neuronal function, but extracellular deposition of

plaques can lead to neuronal damage. The occurrence of a series of neuronal damage can cause progressive memory

loss and cognitive impairment, resulting in AD development . Studies on the rodent hippocampus have also

demonstrated that Aβ oligomers separated from the cerebral cortex of AD patients and their tissue cultures decreased,

significantly inhibited long-time course enhancement, disrupted synaptic plasticity, and led to impairment of memory

function . The binding of Aβ oligomers to neuronal membranes induces the formation of membrane perforations,

causing an inward flow of calcium ions and increasing the release of calcium ions, leading to a delayed synaptic failure

generated through vesicles depletion . Furthermore, Aβ accumulation cause alterations in synaptic mitochondria.

Aβ also induces phosphorylation of microtubule-associated protein tau through specific kinase activation, leading to

mitochondrial toxicity in neurons .

4. Therapeutic Directions of Amyloidosis in AD

Although the global life expectancy is increasing year by year, the number of people with Alzheimer’s disease is

increasing. Alzheimer’s disease cannot be cured completely, and the available medications can only relieve AD

symptoms. There are some drugs used in clinical treatment in ID. However, these drugs are individually variable, and

some users also experience many adverse drug reactions and side effects. Therefore, there is a strong need to

investigate effective treatments for AD. Multiple pathways involved in the etiology of AD can be targeted simultaneously.

Therefore, the development of non-toxic and stable inhibitors of amyloid synthesis is a significant challenge. Extensive

research has been conducted on targeted drugs for Aβ.

4.1. Inhibition of Aβ Production

A 2019 study used transgenic mice that overexpressed APP and gave them the BACE1 inhibitor NB-360. Aβ in the

cerebrospinal fluid and brain tissue of the mice significantly reduced after treatment. This study suggests that NB-360 has

an inhibitory effect on Aβ production in vivo . Baranger K et al. investigated the role of RS 67333, a partial agonist of

5HT4R, in 5xFAD, in a mouse model of AD. They found that after four months of the administration, the mice showed a

reduction in pathology stigmata. Their learning and memory significantly improved. It suggested that 5-HT4R agonists can

inhibit the production of Aβ and thus improve AD symptoms .
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4.2. Reduction in Aβ Deposition

The toxic accumulation of Aβ in the brain is one of the pathological manifestations of AD, so reducing the deposition of Aβ

is an important target for drugs. Du, Y et al. in 2016 found that APP/PS1 mice treated with kynylpinoside showed a

significant reduction in the number of plaques in the cerebral cortex and hippocampus, while Aβ accumulation in the

cerebral cortex and hippocampus remained high in the control group. This suggests that kynylpinoside can reduce Aβ

accumulation in the brain, providing an excellent therapeutic idea . Zhao C et al. found that kynepin glycosides led to

reduced Aβ accumulation by inhibiting the excessive activation of MAPK signaling mediated by Aβ-RAGE interactions .

Moreover, scFv-h3D6, an anti-Aβ single-chain variable fragment which is derived from the antibody bapineuzumab, has a

similar effect in AD . In addition, herbal medicine is an effective therapy for Alzheimer’s disease in the reduction in Aβ

deposition. Pharmaceutical treatments using natural compounds derived from plants are economical and result in

relatively few side effects. Yang C. et al. studied the effects of Paeonia alba on amyloidosis and neuronal degeneration in

APP/PS1 model mice. They found that LDL receptor-related protein-1 levels were upregulated, and late glycosylation end-

product receptor deposition was downregulated in the brains of mice treated with Paeonia. Moreover, this was

accompanied by a reduction in Aβ deposition and cognitive impairment, releasing the neuronal damage  It has been

reported that Angelica Sinensis Shao Yao San reduced Aβ41-42 deposition in the brain of APP/PS1 mice and improved

amyloidosis and neuronal degeneration in Alzheimer’s disease through a similar molecular mechanism . Berberine

promotes the restoration of cerebral blood flow by promoting the integrity of neovascular structures and improving

vascular function in the brain. It also reduces the accumulation of Aβ to improve cognition .

4.3. Protection of Neurons

Neuronal damage and loss are significant causes of cognitive dysfunction in AD, which is tightly associated with the

accumulation of Aβ in the brain. Therefore, preserving existing synapses and preventing neuronal loss is an important

strategy to protect cognitive function in AD patients. Maiti. P. et al. used the 5xFAD mouse model and age-matched wild-

type mice, divided them into two groups, and orally administered solid lipid curcumin pellets (SLCP) and equal amounts of

fugitive agents. After two months, it was evaluated that SLCP protected these nerve injuries to some extent and preserved

the typical morphology of dendrites. This experiment suggests that SLCP protects neurons and improves cognitive

function in 5xFAD mice . A 2020 study indicated that Shenzao Jiannao oral liquid (SZJN), a traditional Chinese

preparation, could improve cognitive function by preventing neuronal death and triggering endogenous neurogenesis.

Therefore, SZJN may be considered a promising drug to restore neuronal damage and stop the deterioration of AD in

patients .
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