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Introduction
Alzheimer’s Disease (AD) remains one of the most challenging 

neurodegenerative disorders of our time, affecting millions 
worldwide with devastating cognitive decline. Central to the 
pathology of AD are Amyloid-β (Aβ) plaques, aggregates of 
misfolded proteins that accumulate in the brain. Alongside these 
plaques, microglia-the brain’s resident immune cells-play a 
pivotal role in the disease process. Recent research has 
highlighted a phenomenon known as prematurely senescent 
microglia, which are found in close proximity to Aβ plaques and 
are increasingly recognized as significant contributors to disease 
progression.

Description

Understanding microglia: Guardians of the brain
Microglia are the primary immune cells of the central nervous 

system, responsible for maintaining brain homeostasis, 
responding to injury or infection, and clearing cellular debris, 
including Aβ plaques. In healthy brains, microglia exhibit a 
surveilling phenotype, constantly monitoring their environment 
for signs of distress. However, in the context of AD, the function of 
microglia becomes dysregulated.

The role of Aβ plaques: Triggering microglial
activation

Aβ plaques are extracellular deposits primarily composed of 
aggregated Aβ peptides derived from Amyloid Precursor Protein 
(APP) processing. These plaques act as a focal point for microglial 
activation. Initially, microglia attempt to phagocytose and degrade 
Aβ plaques, a process crucial for limiting their neurotoxic effects. 
However, chronic exposure to Aβ aggregates can lead to 
persistent microglial activation, eventually triggering a state of 
dysfunction.

Premature senescence: A distinct microglial
phenotype
 Prematurely senescent microglia exhibit a phenotype 
characterized by  altered morphology, reduced  motility,  and  

impaired  phagocytic activity. Unlike their activated counterparts, 
which typically respond to acute insults with a robust immune 
response, prematurely senescent microglia enter a state of 
chronic activation without effective resolution. This chronic 
activation is associated with the secretion of pro-inflammatory 
cytokines and neurotoxic factors, exacerbating neuronal damage 
and accelerating disease progression.

Mechanisms driving premature senescence
Several mechanisms underpin the premature senescence of 

microglia in AD. Oxidative stress, mitochondrial dysfunction, and 
the accumulation of lipofuscin-the hallmark of aging cells-are 
prominent contributors. Additionally, dysregulation of autophagy 
and impaired protein clearance pathways within microglia 
further exacerbate their dysfunction. These factors collectively 
drive microglia towards a senescent phenotype, perpetuating 
neuroinflammation and neuronal loss in AD brains.

Impact on disease progression
The presence of prematurely senescent microglia in the vicinity 

of Aβ plaques correlates with more severe cognitive decline in 
individuals with AD. Studies have shown that these dysfunctional 
microglia not only fail to effectively clear Aβ but also contribute to 
synaptic dysfunction and neuronal death through the secretion of 
neurotoxic factors. Moreover, their impaired ability to regulate 
inflammation exacerbates neuroinflammatory processes, further 
compromising neuronal integrity and cognitive function.

Therapeutic implications and future directions
Understanding the role of prematurely senescent microglia 

opens new avenues for therapeutic intervention in AD. 
Strategies aimed at restoring microglial function, enhancing Aβ 
clearance, and modulating neuroinflammatory responses are 
actively being explored. Targeting specific pathways involved in 
microglial senescence, such as oxidative stress or autophagy, 
holds promise for mitigating disease progression and preserving 
cognitive function in AD patients.
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Conclusion
In conclusion, prematurely senescent microglia represent a 

critical component of the neuroinflammatory milieu in AD. Their 
dysfunctional phenotype, exacerbated by chronic exposure to Aβ 
plaques, contributes significantly to disease progression and 
cognitive  decline. Further research  into the  mechanisms  driving

microglial senescence and strategies to restore their function is 
essential for developing effective therapies against AD. By 
targeting microglial dysfunction, we may ultimately delay disease 
onset, slow progression, and improve the quality of life for those 
affected by this devastating neurodegenerative disorder.
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