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Abstract. Alzheimer’s disease (AD) is a neurological disorder that causes the buildup of 

amyloid-beta plaques and neurofibrillary tangles in the brain. One key mechanism designed to 

mitigate the buildup of these misfolded proteins is the ubiquitin-proteasome system (UPS). In 

healthy individuals, the UPS marks these amyloid-beta plaques and neurofibrillary tangles with 

ubiquitin markers, facilitating their subsequent degradation by the proteasome complex. The 

UPS is critical for the degradation of the proteins, and its dysfunction has been observed in AD. 

In this paper, a potential treatment for diminishing dysfunction of the ubiquitin-proteasome 

system is composed for Alzheimer’s disease individuals. This research paper explores the 

correlation between impaired UPS and AD, focusing on its role in degrading damaged proteins. 

The paper also collects evidence suggesting that enhancing the ubiquitin-proteasome system can 

have a positive impact on clearing amyloid-beta plaques and neurofibrillary tangles.  

Additionally, potential UPS-based treatments for AD, such as PA28 activators and natural 

compounds, are investigated. 
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1.  Introduction 

Alzheimer’s disease (AD) is a debilitating neurodegenerative condition marked by gradual cognitive 

deterioration and memory loss. The pathogenesis of AD is complex and involves the accumulation of 

abnormal protein aggregates, particularly amyloid-beta plaques, and hyperphosphorylated tau protein 

neurofibrillary tangles within the brain. These structural abnormalities disrupt neuronal communication, 

trigger widespread inflammation, and ultimately lead to progressive synapse destructions and neuronal 

death. 

In addition, studies have highlighted the critical role of amyloid precursor protein (APP) metabolism 

in the pathogenesis of AD. Under normal conditions, APP undergoes sequential proteolytic cleavage by 

various enzymes, resulting in the production of soluble fragments. In Alzheimer’s disease, however, 

abnormal processing of amyloid precursor protein leads to the accumulation of amyloid-beta peptide, a 

neurotoxic fragment that aggregates to form insoluble plaques. Defects in the protein degradation 
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pathway are thought to contribute to this accumulation in individuals with Alzheimer’s disease. These 

neurotoxic plaques induce endoplasmic reticulum (ER) stress responses in neurons, triggering cell 

apoptosis and immune inflammation, ultimately leading to neuronal death in individuals with 

Alzheimer’s disease. 

Given the progression of APP accumulation in Alzheimer’s disease, it is critical to understand the 

mechanisms involved in plaque degradation. The UPS is a common pathway for the degradation of 

misfolded proteins in AD. The discovery of the ubiquitin-proteasome pathway, which is widely 

recognized as a critical mechanism for regulating various cellular processes, involved the collective 

efforts of many scientists over many years. In 1953, researchers observed that protein degradation 

requires energy, setting the stage for the subsequent identification of key components, including 

ubiquitin, E1-3 enzymes, and the 26S proteasome. The intricate details of ubiquitin-mediated protein 

degradation were revealed in 2004 by Aaron Ciechanover and his colleagues. The UPS pathway 

primarily regulates the cell cycle, eliminating unnecessary or damaged proteins to ensure proper cellular 

activities and maintain cellular homeostasis. This pathway involves the coordination of ubiquitin, three 

enzymes, and a proteasome to achieve protein degradation. Due to its critical role in the cellular lifecycle, 

the ubiquitin-proteasome pathway received increasing attention recently regarding its involvement in 

various neurodegenerative diseases, including Parkinson’s Diseases and Alzheimer’s Diseases. 

This review aims to provide a comprehensive overview of UPS involvement in Alzheimer’s Disease 

and its potential as a therapeutic target. Understanding the intricate relationship between the UPS and 

the pathological processes in AD may open up avenues for the discovery and development of innovative 

drugs or interventions that restore UPS function and promote the clearance of toxic protein aggregates. 

In addition, future research directions are proposed to further our understanding of the UPS-AD 

relationship and facilitate the development of effective treatments. 

2.  Ubiquitination-Proteasome System (UPS) Pathway 

2.1.  Activation of Ubiquitin 

For ubiquitin to be targeted for degradation, it undergoes an activation process. The initial step involves 

E1, a multidomain enzyme that plays a crucial role in activating ubiquitin and transferring it to the E2 

enzyme. Through the utilization of ATP as an energy source, the active site cysteine residue of E1 

attaches ubiquitin’s C-terminal carboxyl group through adenylation, resulting in the formation of a 

complex known as UBE1. Once the C-terminal glycine on ubiquitin starts to form a thioester bond with 

the cysteine residue in E1, the ubiquitin becomes activated and ready to be transferred to the E2 enzyme. 

This process involves significant conformational changes. The first notable rearrangement occurs in 

the E1 enzyme domain. This change makes the E1 cysteine binding to the adenylation of SUMO moiety 

and facilitates the reformation of the active site component. As a result, the active site can catalyze the 

formation of the thioester bond instead of SUMO adenylation [1]. The second significant conformational 

change arises from the transport of ubiquitin from E1 to the E2 enzyme. Studies have demonstrated that 

the forming process of the thioester bond between E1 and Nedd8 (a ubiquitin-like molecule) induces a 

positional change of the Ubiquitin fold domain (UFD) on E1. This conformation enables the subsequent 

transfer of ubiquitin and facilitates the binding of ubiquitin to E2 [1]. 

2.2.  Marking Proteins for Degradation 

After activation by the E1 enzyme, ubiquitin is transferred from E1 to E2, also called ubiquitin-

conjugating enzyme. Like E1, E2 possesses a cysteine residue that allows binding with the C-terminal 

glycine of ubiquitin, forming a thioester bond. E2 plays a vital role in marking proteins for degradation, 

as it works to facilitate the transfer of ubiquitin to potentially degradable proteins in almost all 

ubiquitination-mediated processes. Additionally, E2 acts as a chaperone, facilitating the connection 

between ubiquitin and the E3 enzyme, which serves as a platform for recognition and binding to target 

proteins. E3 exhibits high specificity in selecting the appropriate E2 for interacting with the substrate. 

Once the E2 enzyme, along with ubiquitin, is attached to the E3 enzyme, ubiquitin dissociates from E2 
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and forms an isopeptide bond with a lysine residue on the target protein. This process is usually repeated 

multiple times until the formation of polyubiquitination. Research shows that the ubiquitin transferring 

rate depends on achieving an optimal conformation for the thioester bond, which can be influenced by 

either E2 and E3 or an interplay between both enzymes. E2 primarily achieves this by binding ubiquitin 

against an interface on the E2 surface to achieve the optimal position and promote transfer [1]. 

Additionally, certain E3s can enhance the transfer rate by stabilizing the conformation between the 

conjugation enzyme and ubiquitin. 

2.3.  The Final Step of Degradation: the 26S Proteasome 

The 26S proteasome serves as the end step in degradation, acting as the actual executor. It is primarily 

composed of two subunits: the 20S core protease and the 19S regulatory particle. The 20S core is 

composed of 4 rings, with the inner 2 rings consisting of 7 β subunits that contain protease active sites. 

The two rings sat outside have seven α subunits. These subunits determinate ubiquitin tags and start the 

degradating process. As the α subunits recognize the target protein with polyubiquitin, the β subunits 

become involved in removing the polyubiquitin chain and cleaving the protein into short peptides and 

amino acids, which can be reused within the cell for synthesis. The removed ubiquitin is also available 

for reuse in the subsequent targeting of proteins. The 19S regulatory particle is located at the end of the 

20S and is responsible for regulating its function. The regulatory particle can open the pore of the α 

subunits, promote protein unfolding, transport proteins into the 20S core, and release polyubiquitin 

before degradation [2]. 

3.  Function of Ubiquitination-Proteasome System (UPS) in Alzheimer’s disease (AD) 

3.1.  Detailed Description of Alzheimer’s Disease (AD) 

Alzheimer’s Disease (AD) is a neurodegenerative disease that primarily affects the elderly population. 

The disease is thought to be characterized by the presence of two abnormal protein aggregates in the 

brain: amyloid-beta (aβ) plaques and tau tangles. Amyloid-beta plaques are primarily composed of 

amyloid-beta peptides, which are fragments of amyloid precursor protein (APP). Amyloid Precursor 

Protein is a larger transmembrane protein expressed in high levels in neurons. 

Under normal conditions, APP undergoes internalization in clathrin-coated pits, leading to its 

processing by proteases such as BACE1 and γ-secretase. This processing generates amyloid-beta 

peptides as by-products [3]. Studies have shown that the chemical conformation and micelle-like 

structure of amyloid-beta peptides can promote their spontaneous aggregation into larger and more 

stable amyloid-beta plaques [4-6]. 

Amyloid-beta plaques induce cell apoptosis through the unfolded protein response (UPR) and trigger 

inflammation in the brain. The rapid aggregation of misfolded amyloid-beta plaques significantly 

increases ER stress in neuron cells, resulting in a lethal UPR instead of a protective one [7]. This lethal 

unfolded protein response pathway leads to cell apoptosis. Furthermore, amyloid-beta plaques can cause 

synaptic loss and disrupt the cytoskeleton [7]. 

In addition to amyloid-beta plaques, amyloid-beta peptides can also induce hyperphosphorylation of 

tau proteins, causing the formation of neurofibrillary tangles. Hyperphosphorylated tau proteins lose 

their ability to bind to microtubules, causing them to disband from the microtubule structure and 

aggregate into neurofibrillary tangles [8]. These tangles, similar to amyloid-beta plaques, increase ER 

stress in neuron cells, triggering UPR, cell apoptosis, and immune inflammation. Although amyloid-

beta plaques and tau protein tangles have different protein components and conformations, they both 

contribute to the neurodegenerative process in AD through the same mechanism, further impairing 

neuronal function and survival [8, 9]. 

In healthy individuals, APP is processed and cleared from the brain through UPR-triggered 

Ubiquitination-Proteasome System degradation and cellular autophagy. However, in Alzheimer’s 

Disease, there exists an imbalance between the production and clearance of aβ peptides, resulting their 
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massive accumulation into amyloid-beta plaques and resulting in neurotoxicity. It is believed that 

dysfunction in the Ubiquitination-Proteasome System is one of the reasons for this imbalance. 

3.2.  Molecular Pathway of Ubiquitination-Proteasome System (UPS) in the Early Stage of 

Alzheimer’s Disease (AD) 

The Ubiquitination-Proteasome System functions to mark misfolded amyloid-beta peptides using 

ubiquitin and triggers the degradation pathway through the proteasome. In healthy individuals, when 

the Ubiquitination marking and Proteasome degradation work properly, ER stress induced by misfolded 

amyloid-beta peptides is maintained within an acceptable range, triggering a protective Misfolded 

Protein response that leads to the total degradation of amyloid-beta peptides. However, in individuals 

with Alzheimer’s disease, the activity of the proteasome is inhibited [10, 11]. 

E2-25K/Hip-2 is an unusual enzyme in the Ubiquitination-Proteasome System. It works as an E2-

ubiquitin conjugating enzyme and can ubiquitinate its substrates without the need for an E3 ubiquitin 

ligase. Examination of individuals with Alzheimer’s disease has revealed a decrease in the concentration 

of E2-25K/Hip-2, which is associated with decreased inhibition of the proteasome and reduced 

neurotoxicity of amyloid-beta plaques [11]. Studies suggest that the substrates of E2-25K/Hip-2 are a 

ubiquitin-like protein called NEDD8 and a false-translated protein called UBB+1. Ubiquitinated 

NEDD8 and UBB+1 decrease proteasome activity, but the exact mechanism by which they achieve this 

is still unknown. 

Evidence also indicates that NEDD8 and UBB+1 can decrease the levels of two factors involved in 

the degradation of Amyloid Precursor Protein, namely (CTF)-PS1 and (CTF)-PS2. A decrease in (CTF)-

PS1 and (CTF)-PS2 leads to increased production of amyloid-beta peptides while degrading APP. This 

process is subject to positive feedback, resulting in an imbalance between the Ubiquitination-

Proteasome System and amyloid-beta plaque formation that worsens over time. In individuals with AD, 

higher than usual concentrations of E2-25K/Hip-2 lead to a natural inability to degrade amyloid-beta 

peptides [10]. As more amyloid-beta peptides are formed, they are unable to be degraded in a timely 

manner, leading to increased ER stress that triggers a lethal UPR (cell apoptosis) instead of a protective 

UPR (Ubiquitination-Proteasome System degradation). The shift to a lethal UPR further inhibits the 

protective UPR, exacerbating the inability to degrade these peptides [12]. 

4.  Potential Therapeutic Strategies Targeting the UPS for AD 

4.1.  Potential Therapeutic Strategies Targeting the UPS for AD in Prevention 

As discussed earlier, the accumulation of amyloid-beta (aβ) plaques and tau tangles contributes to the 

neurotoxicity in Alzheimer’s disease (AD). The imbalance between the Ubiquitination-Proteasome 

System (UPS) protein degradation and the formation of these protein aggregates results in their rapid 

accumulation. To prevent their accumulation, one potential direction is to focus on enhancing UPS-

mediated protein degradation. 

Individuals with Alzheimer’s disease have lower Proteasome activity compared to normal 

individuals [13, 14]. This reduced activity hampers the degradation of amyloid-beta (aβ) peptides, 

leading to the formation of amyloid-beta (aβ) plaques. Therefore, a possible treatment strategy is to 

increase Proteasome activity in individuals with AD, allowing for the normal degradation of amyloid-

beta (aβ) peptides through the UPS [15-17]. This would prevent the formation of amyloid-beta (aβ) 

plaques and subsequently hinder the formation of tau tangles and the ER stress in neuronal cells. 

There are various approaches to achieving this goal, one of which is using pharmacological agents 

known as proteasome activators [16-19]. These compounds can modulate the activity of the proteasome 

by binding to specific sites and promoting its catalytic function. For example, PA28 activators, including 

small molecules, have shown potential in enhancing proteasome activity and improving the degradation 

of misfolded proteins in other disease models such as diabetes [20]. Some studies have also 

demonstrated the effect of PA28 usage in AD models, showing a decrease in amyloid-beta (aβ) plaque 

concentration [21]. Thus, it is reasonable to consider PA28 a potential modulator of Proteasome activity 
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in individuals with AD. Furthermore, studies involving overexpression of PA28α and PA28β, the two 

peptides composing PA28, have shown increased PA28 expression, resulting in decreased ER stress due 

to enhanced Proteasome activity [22-24]. This suggests that the increased activity of PA28 could 

enhance the clearance of amyloid-beta (aβ) peptides and tau tangles through the Proteasome, mitigating 

their accumulation and subsequent neurotoxicity. 

Another strategy to enhance proteasome activity involves using natural compounds with proteasome-

stimulating properties. Curcumin, a polyphenolic compound found in turmeric, has shown proteasome-

stimulating effects in low concentrations (≥1 μM and ≤10 μM) [25]. Studies have demonstrated that 

curcumin can enhance proteasome activity in animal models of AD under these low-concentration 

conditions. Considering the difficulties in reaching high concentrations of curcumin through diet, 

maintaining a low concentration of curcumin through dietary intake could potentially decrease 

neurotoxicity in individuals with AD, making curcumin a promising candidate for future AD medication. 

Similarly, resveratrol, a natural polyphenol found in grapes and berries, has been reported to promote 

the clearance of amyloid-beta (aβ) peptides and tau tangles, offering potential therapeutic benefits for 

AD prevention [26]. Studies have shown that resveratrol increases the activity of the Proteasome and 

enhances the degradation of amyloid-beta (aβ) peptides [27]. The underlying mechanisms by which 

curcumin and resveratrol achieve these effects are still not fully understood and warrant further 

investigation as potential research directions. By enhancing UPS-mediated protein degradation through 

proteasome activators or natural compounds, it may be possible to prevent the accumulation of amyloid-

beta (aβ) plaques and tau tangles, ultimately mitigating the neurotoxicity associated with AD. 

5.  Conclusion 

Dysfunctional UPS contributes to the pathogenesis of AD by promoting the accumulation of amyloid-

beta peptides. Targeting the UPS with proteasome activators or natural compounds may offer potential 

therapeutic benefits by promoting the clearance of toxic protein aggregates. Understanding the UPS-AD 

relationship is critical for developing effective treatments for AD. Further research in this area is 

essential to explore the full potential of UPS-based interventions in AD therapy. 
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