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Abstract 

Alzheimer's disease (AD) is primarily indicated by the abnormal accumulation of 

amyloid-β (Aβ) and neurofibrillary tangles (NFTs) composed of phosphorylated 

tau proteins. Synaptic degradation and loss, which precede the emergence of 

amyloid plaques and NFTs, are closely related to cognitive impairments in patients. 

Soluble oligomeric Aβ initiates AD development, while tau protein facilitates later 

synaptic dysfunction during early AD stages. The review explores the mechanisms 

through which Aβ and tau contribute to synaptic disorientation and dysfunction. 

Aβ oligomers accumulate in synapses and induce synaptic degeneration through 

various mechanisms, including modulation of receptor tyrosine kinases, disruption 

of calcium balance, and activation of caspases and calcineurin. 

Hyperphosphorylated tau is highly present in the synapses. Synaptic impairments 

induced by Aβ are contingent upon the presence of tau, and soluble, 

hyperphosphorylated tau is strongly associated with cognitive deterioration in AD 

patients. Given the failure of Aβ-targeted therapeutics in treating AD, there has 

been increased attention on treatments targeting tau. Moreover, therapeutic 

approaches focusing on synaptic tau during the initial phases of AD may improve 

the disease's pathogenesis. Hyperphosphorylated tau, which can dissolve in water, 

interacts with receptors on cell surfaces, scaffold proteins, or molecules involved 

in intracellular signalling, thereby impairing synaptic function. This study looks 

forward to providing a current understanding of the involvement of oligomeric Aβ 

and soluble hyperphosphorylated tau in the initial development of AD and proposes 

a treatment approach to control AD. 

Keywords: Alzheimer's Disease, Amyloid-β-peptides, Neurofibrillary Tangles, 

Synaptic impairments, Hyperphosphorylated tau 
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1. INTRODUCTION 

Alzheimer's disease (AD) is a degenerative neurological condition that gradually impairs 

cognitive function and memory, impacting a large number of individuals globally. The defining 

neuropathological characteristics of AD consist of the buildup of atypical protein aggregates 

within the brain. The buildup mostly comprises amyloid-beta (Aβ) plaques located outside 

neurons and tau protein tangles found inside neurons.[1] The pathogenic changes result in the 

dysfunction and degeneration of neurons, leading to a deterioration in cognitive abilities. As 

AD advances, patients may possess symptoms like memory loss, cognitive impairment, 

disorientation, impaired problem-solving abilities, and alterations in behaviour and personality. 

As time passes individuals may need help with regular activity in their everyday lives due to 

the deterioration of their cognitive and physical functions.[2] Aβ and tau peptides are important 

factors in the progression of AD, a condition marked by gradual cognitive decline and memory 

loss. The importance of each is explained as: 

1.1 Amyloid beta (Aβ) peptides: [3] 

Aβ peptides lead to plaque formation, which are fragments of the amyloid precursor protein 

(APP). These plaques are insoluble and serve as a characteristic pathological feature of AD. 

Neurotoxicity: Aβ peptides cause harm to the nervous system by disrupting the function of 

synapses and causing the death of neurons. This contributes to the cognitive decline observed 

in AD. 

Propagation of Pathology: Aβ pathology can spread across the brain, resulting in the gradual 

progression of AD. 

1.2 Tau peptides: [4] 

Neurofibrillary Tangles (NFTs) are formed through the aggregation of Tau, a protein that binds 

to and supports the stability of microtubules in neurons. Irregular phosphorylation of tau causes 

it to separate from microtubules and form clumps inside cells known as NFTs, which are 

another characteristic feature of AD. 

Neuronal Function Disruption: Tau pathology disrupts axonal transport and synaptic 

function. Moreover, it correlates with the degree of functional decline in AD. 

Propagation of Pathology: Just like Aβ, the presence of tau pathology can extend across the 

brain, which contributes to the progress of the disease. 
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Figure No.1: Histopathological brain lesions in Alzheimer’s disease 
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2. AMYLOID BETA (Aβ) PEPTIDES 

2.1 Formation and Accumulation of Aβ Peptides in the Brain 

The clustering and aggregation of Aβ peptides in the brain is a pivotal factor in AD progression. 

Aβ peptides are produced through the enzymatic breakdown of APP, a protein embedded in the 

cell membranes of neurons and other cell types. The process of APP cleavage involves the 

consecutive activity of enzymes referred to as β-secretase and γ-secretase, resulting in the 

liberation of Aβ peptides into the extracellular space. 

2.1.1 Production of APP: [5] APP is a sizable transmembrane protein synthesised in neurons 

and several cell types across the body. The exact role of APP remains partially understood, it is 

hypothesised that it is involved in neuronal function, synaptic function and the restoration of 

neuronal damage. 

2.1.2 Proteolytic cleavage of the APP: [6] APP can undergo processing via two pathways: in 

the non-amyloidogenic pathway, α-secretase breaks APP within the Aβ, resulting in the 

generation of soluble APP-alpha (sAPPα) and C-terminal segment (CTFα). In the 

amyloidogenic pathway, the first stage entails the cleavage of APP by β-secretase at the N-

terminal region of the Aβ, leading to the production of a soluble extracellular fragment called 

soluble sAPPβ and membrane-bound C-terminal segment CTFβ 

2.1.3 γ-Secretase cleavage: [7] The fragments produced by the cleavage of β-secretase at the 

C-terminal are subsequently cleaved by γ-secretase, leading to the discharge of Aβ peptides 

into the extracellular space. γ-Secretase cleavage is an intricate process that produces a 

heterogeneous population of Aβ peptides with different lengths, where Aβ40 and Aβ42 are the 

most prevalent variants. In general, Aβ42 is considered more neurotoxic than Aβ40. It exhibits 

a greater tendency to create oligomers and fibrils, which might ultimately result in the 

development of amyloid plaques. 

2.1.4 Agglomeration of Aβ peptides: [8] After being released into the extracellular space, Aβ 

peptides can undergo several structural modifications and form soluble oligomers, protofibrils, 

and ultimately insoluble fibrils. The process of aggregation is affected by elements such as the 

concentration of Aβ, pH levels, metal ions, and interactions with other molecules. Soluble Aβ 

oligomers are thought to have a particularly harmful effect on neurons, as they interfere with 

synaptic function, trigger oxidative stress, and contribute to neuronal depletion. Over some 

time, Aβ aggregates gradually build up, resulting in the formation of insoluble amyloid plaques. 

These plaques are a distinctive pathological characteristic of AD. 
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Figure No.2: Formation and Aggregation of Aβ in Amyloid Plaque Development 

3. Various hypotheses regarding the neurotoxic effects of Aβ accumulation 

The aggregation of Aβ is a distinctive characteristic of AD, and it is largely accepted to have a 

key function in the development of the disease. However, the precise processes responsible for 

the neurotoxic consequences of Aβ accumulation are now being investigated. Various 

hypotheses have been put forward to explain these effects: 

3.1 The Amyloid Cascade Hypothesis: Proposed by Hardy and Higgins in 1992, is widely 

recognised as one of the most prominent hypotheses. As per this hypothesis, the aggregation 

of Aβ peptides starts a series of processes that result in impaired functioning and eventual 

demise of neurons. The events encompass the creation of neurofibrillary tangles comprising of 

excessively phosphorylated tau protein, inflammation, oxidative stress, and finally the demise 

of neurons. [3] 

3.2 Tau Hypothesis: The Tau theory posits the abnormal aggregation of tau protein plays an 

important part in the pathophysiology of AD, in contrast to the amyloid cascade theory focuses 

on the accumulation of Aβ as the main event. From this perspective, the main cause of 

neurodegeneration is tau pathology, which involves the development of neurofibrillary tangles. 
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The accumulation of Aβ, on the other hand, is seen as the initial factor that sets off tau 

pathology. [9] 

3.3 Synaptic Dysfunction Hypothesis: It suggests that the accumulation of Aβ disrupts the 

release of neurotransmitters, modifies the ability of synapses to change and adapt (synaptic 

plasticity), and leads to the loss of synapses. The synaptic dysfunction theory posits that the 

mental decline observed in AD is primarily caused by abnormalities in the transmission and 

connection of synapses, which are a result of the toxic effects of Aβ. [10] 

3.4 Calcium Dysregulation: Aβ peptides have been demonstrated to disturb the balance of 

calcium levels in neurons. An excessive amount of calcium ions entering neurons can result in 

excitotoxicity, impaired mitochondrial activity, and ultimately cell demise. The calcium 

dysregulation theory suggests that the disruption of calcium signalling by Aβ leads to the 

neurotoxicity observed in AD. [11] 

3.5 Oxidative Stress: Oxidative stress (OS) occurs when there is a buildup of Aβ, which 

triggers the production of reactive oxygen species (ROS). Neuronal function and viability can 

be compromised by oxidative damage. The OS theory suggests that the damage caused by Aβ 

leads to OS, which is a major contributor to the generation of AD. [12] 

3.6 Inflammatory Response: Aβ peptides can stimulate microglia and astrocytes, resulting in 

the discharge of inflammatory cytokines and neurotoxic chemicals. AD is thought to involve 

chronic neuroinflammation, which is caused by the continuous buildup of Aβ. This 

neuroinflammation is thought to contribute to impairment and demise of neurons. The concept 

of the inflammatory response proposes that neuroinflammation caused by Aβ is a fundamental 

mechanism that causes neurotoxicity in AD. [13] 

3.7 Mitochondrial dysfunction: It occurs when Aβ peptides accumulate in mitochondria and 

disrupt their normal functioning. Impaired functioning of mitochondria can cause a decrease in 

energy levels, an increase in the generation of ROS, and the initiation of programmed cell death 

pathways, ultimately leading to the demise of neurons. The mitochondrial dysfunction 

hypothesis posits that the disruption of mitochondrial activity caused by Aβ contributes to the 

neurotoxicity observed in AD. [14] 

4. Tau Peptides 

The identification of tau protein originated in the 1970s. At first, it was recognised as a protein 

that can withstand high temperatures and is found in large quantities in the CNS, specifically 

in the axons of neurons. The term "tau" was coined based on the Greek letter τ (tau), which 

represents its existence in the axonal microtubules. The pioneering investigation into tau 

protein commenced with the research of Marc Kirschner and his associates throughout the 

latter part of the 1970s. The researchers extracted and identified tau protein from bovine brain 

tissue, acknowledging its connection with microtubules. Their research established the 

fundamental basis for comprehending the function of tau in managing the balance of 

microtubules and its significance in the structure and operation of neurons. [15] 

Tau proteins are important for microtubules, which are essential components of the neuronal 

cytoskeleton. These proteins are mostly found in the CNS. Tau's association with tubulin 

dimers, the basic element of microtubules, is responsible for coordinating this stabilisation 

process. Tau enhances the formation of microtubules and prevents their breakdown by 

attaching to tubulin subunits. This process helps to maintain the structural strength and stability 

of microtubule networks in neurons. Tau proteins regulate the polymerization and 
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depolymerization processes of microtubules, hence influencing their dynamic behaviour. This 

regulatory function affects the dynamics of the cytoskeleton, which is crucial for various 

neuronal processes like the growth of axons, the branching of dendrites, and synaptic plasticity. 

Tau preserves the structure of neurons and facilitates their optimal functioning by engaging 

with microtubules. Moreover, tau proteins not only stabilise microtubules but help in 

intracellular transport by interacting with molecular motors, specifically kinesin and dynein. 

These interactions enable the transportation of cellular cargos along microtubule tracks, 

coordinating the passage of organelles, vesicles, and proteins to precise locations within 

neurons. The stabilisation of microtubules by Tau protein helps to preserve the structural 

integrity of these tracks, which is essential for the accurate and targeted transportation that is 

vital for neuronal homeostasis. Tau maintains the integrity of microtubules in dendrites and 

axons, which in turn promotes connection and communication across synapses. This is vital 

for cognitive functions including learning and memory. [16,17] 

 
Figure No.3: Functions of Tau Protein 

The excessive phosphorylated tau protein in the brain is associated with the cognitive 

deterioration observed in patients with AD and other disorders characterised by tau pathology. 

Injecting tau aggregates obtained from brains affected by tauopathy into mice's brains generates 

comparable pathology in the recipient mice, so indicating the disease-causing function of tau 

that is improperly phosphorylated. Compounds that regulate the clustering of 

hyperphosphorylated tau are likely to be modulators for the illness. Tau becomes more 

susceptible to aggregates and causes damage to cell viability as a result of 

hyperphosphorylation. [18] Neurofibrillary tangles (NFTs) form when tau protein in neurons 

abnormally clumps together, primarily in AD. Tau typically serves to stabilize microtubules, 

which are crucial for maintaining the structure of neurons. Tau undergoes misfolding in AD, 

resulting in the loss of its usual functionality. Tau proteins that are misfolded congregate as 

oligomers, which then assemble into larger formations known as NFTs. These 

tangles disrupt the functioning of neurons, causing a disruption in communication and 

ultimately resulting in the death of cells. NFTs propagate within the brain, potentially through 

the release of tau protein and its absorption by adjacent neurons, or through the involvement 

of other cells such as astrocytes and microglia. Despite continuous study efforts, the precise 

mechanisms behind the development and spread of NFTs are still not fully comprehended. 

Even so, the buildup of these substances is a distinctive characteristic of numerous 

neurodegenerative disorders, emphasizing their crucial involvement in the development of 
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these diseases. Gaining a comprehensive understanding of the formation of NFTs is crucial 

for devising efficacious therapeutic approaches that specifically address tau pathology in AD 

and related disorders. [19,20] 

 
Figure No.4: Formation of Neurofibrillary tangles (NFTs) 

5. Relationship between Aβ and tau 

AD is defined by two primary characteristics: the buildup of Aβ plaques and the presence of 

NFTs made up of hyperphosphorylated tau protein. Gaining a comprehensive understanding of 

their intricate interconnection is crucial to devising efficacious interventions. [21] Aβ and tau 

are pivotal proteins implicated in the neuropathology of AD. However, current 

research indicates a link that is complex and delicate: 

5.1 Aβ May Initiate Tau Pathology: The accumulation of Aβ may stimulate the excessive 

phosphorylation and aggregation of tau, leading to the development of neurofibrillary tangles. 

This is associated with the amyloid cascade hypothesis. [22] 

5.2 Tau May Contribute to the Development of Aβ Pathology: Certain studies propose that 

tau pathology can, in turn, exert an influence on the production or deposition of Aβ. [23] 

5.3 Individual Contributions: Both Aβ and tau pathologies may autonomously contribute to 

neuronal degeneration, and their interaction may additionally intensify the harm. [24] 

5.4 Additional Factors: The association may be altered by other variables such as genetic 

predisposition, inflammation, and vascular health. 

 

6. Current Therapeutic Approaches Targeting Aβ and Tau Pathology 

Research efforts are being focused on finding viable therapeutics that specifically target the Aβ 

and tau pathologies associated with AD. Multiple promising techniques are now being 

developed at different levels. [25] 
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6.1 Anti-Amyloid Therapies: [26] 

6.1.1 Monoclonal antibodies: These include such as aducanumab, gantenerumab, and 

crenezumab, specifically targeting Aβ aggregates, facilitating their removal and potentially 

slowing down the advancement of the disease. 

6.1.2 Beta-secretase inhibitors: Such as verubecestat and lanabecestat, act by inhibiting the 

enzyme beta-secretase (BACE), which plays a role in the synthesis of Aβ. As a result, these 

drugs effectively lower the levels of Aβ. 

6.1.3 Gamma-Secretase Modulators: Compounds such as semagacestat modify gamma-

secretase activity, hence changing the synthesis of Aβ peptides. 

6.2 Tau-Targeted Therapies: [27] 

6.2.1 Tau Vaccines: Vaccines such as AADvac1 and ACI-35 are designed to specifically target 

the abnormal tau aggregates, with the potential to decrease the tau pathology and the resulting 

neurodegeneration. 

6.2.2 Tau aggregation inhibitors: Such as methylene blue and leuco-methylthioninium inhibit 

the process of tau aggregation, therefore limiting the formation of neurofibrillary tangles. 

6.2.3 Tau Kinase Inhibitory: Pharmacological agents that specifically act on kinases involved 

in the process of tau phosphorylation, such as inhibitors of GSK-3β, are designed to decrease 

the excessive phosphorylation of tau protein and prevent its aggregation. 

7 Combination Therapies: [28] 

7.1 Dual Aβ and Tau Targeting: Certain therapeutic approaches aim to simultaneously target 

both Aβ and tau pathology to address some aspects of Alzheimer's disease aetiology. 

7.2 Multimodal approaches: They involve the use of medication combinations that target Aβ, 

tau, neuroinflammation, and synaptic dysfunction. These combinations have the potential to 

provide synergistic effects, leading to a slowdown in the progression of the disease. 

 
Figure No.5: The Therapeutics of Alzheimer’s Disease 
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Discussion 

AD is defined by the cognitive deterioration and deposition of Aβ plaques and NFTs in the 

brain, which are enriched for the hyperphosphorylated form of tau protein. These are the 

pathologic correlates of this disease and explain the gradual cognitive deterioration in patients 

with AD. However, recent studies indicate that the proteins are interdependent, and can induce 

the accumulation and toxicity of each other. It has been postulated that the consequences of Aβ 

aggregation led to several neurotoxic phenomena (amyloid cascade hypothesis, tau hypothesis, 

synaptic dysfunction hypothesis, calcium dysregulation, oxidative stress, inflammatory 

response, and mitochondrial dysfunction). Together, these findings illustrate the complex, 

multifactorial nature of the pathogenesis of AD and suggest that AD likely arises through the 

convergence of multiple biological pathways. Focusing efforts to develop therapies aimed 

solely at Aβ and/or tau pathologies in current research efforts. These include anti-amyloids, 

enzyme inhibitors, tau vaccinations and kinase inhibitors. A quadruple therapy distributed at 

the same time to Aβ, tau, neuroinflammation, and synaptic dysfunction, seems to be the most 

promising way to halt the progression of AD. This relationship is highly relevant for the 

efficient creation of therapeutic interventions for AD that aim to halt, or at the very least slow, 

disease progression, and thus a detailed understanding of this complex interplay is important. 

Consequently, it is hoped that revolutionary therapeutic strategies are likely to emerge and 

come out of the shadows of the intricacies of AD pathology to efficiently overcome the burden 

of this dreadful neurodegenerative disorder. 
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