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Description

Amyloid plaques are extracellular deposits primarily composed of
amyloid beta peptides, which are associated with the pathogenesis of
several neurodegenerative disorders, most notably Alzheimer’s Disease
(AD). These plaques are among the hallmark features observed in the
brains of individuals affected by Alzheimer’s and are widely studied for
their role in cognitive decline and neuronal dysfunction. Understanding
the formation, structure, and effects of amyloid plaques is crucial for
both diagnosis and potential treatment strategies targeting Alzheimer’s
disease.

Amyloid plaques form when AP peptides, which are fragments
derived from the Amyloid Precursor Protein (APP), accumulate
and aggregate in the brain. APP is a transmembrane protein found
throughout the body but is particularly abundant in the brain. Under
normal physiological conditions, APP is cleaved by enzymes called
a-secretase and secretase, producing harmless peptide fragments.
However, in the amyloidogenic pathway, APP is cleaved by secretase
followed by y-secretase, resulting in the formation of peptides,
particularly and the more aggregation-prone AB42. These peptides are
prone to misfolding and can clump together to form oligomers, fibrils,
and eventually mature plaques that deposit in the extracellular spaces
of brain tissue.

The aggregation of is a complex process influenced by genetic,
environmental, and biochemical factors. Mutations in the genes
coding for APP, Presenilin 1 (PSEN1), or Presenilin 2 (PSEN2), all
of which are involved in the processing of APP, are known to cause
familial early-onset Alzheimer’s disease. These mutations tend to
increase the production of AB42, the more toxic and aggregation-prone
variant, thereby accelerating plaque formation. In sporadic, late-onset
Alzheimer’s, genetic risk factors such as the apolipoprotein E (APOE)
€4 allele play a role in modulating AP clearance and deposition.

Histologically, amyloid plaques are visible using specific staining
techniques, such as Congo red or silver staining, and can be observed
under a microscope as dense, fibrous deposits. They are commonly
surrounded by dystrophic neurites, activated microglia, and reactive
astrocytes, indicating a localized inflammatory response. Two main
types of plaques have been described: diffuse plaques, which lack
a dense core and are thought to be less toxic, and neuritic or senile
plaques, which contain a dense fibrillar core and are more closely
associated with neurodegeneration and cognitive impairment [1-5].

The presence of amyloid plaques disrupts the normal architecture
and function of brain tissue. While it is still debated whether plaques
themselves are the direct cause of neuronal death, there is strong
evidence that soluble oligomers, which precede plaque formation,
are neurotoxic. These oligomers interfere with synaptic signaling,
impair long-term potentiation, and disrupt calcium homeostasis,
all of which contribute to cognitive deficits observed in Alzheimer’s
disease. Furthermore, the chronic inflammatory response triggered
by microglia and astrocytes in the vicinity of plaques may exacerbate
neuronal damage through the release of pro-inflammatory cytokines
and reactive oxygen species [6-10].

From a diagnostic perspective, amyloid plaques have become a key
biomarker for Alzheimer’s disease. Advances in imaging technology,
such as Positron Emission Tomography (PET) using radiolabeled
tracers that bind to AP, allow for in vivo visualization of amyloid

deposition in the brain. Additionally, Cerebrospinal Fluid (CSF)
analysis can reveal decreased levels of A42, reflecting its deposition in
plaques, along with elevated levels of tau proteins, another hallmark of
Alzheimer’s pathology.

Conclusion

Amyloid plaques are central to the pathology of Alzheimer’s disease
and represent both a challenge and an opportunity in the ongoing quest
to understand and treat this devastating condition. While plaques are
not the sole contributors to neurodegeneration, their presence reflects
a cascade of molecular events leading to synaptic dysfunction and
neuronal loss. Continued research into the mechanisms of aggregation,
its interactions with neural cells and the development of more effective
therapies remains critical in the battle against Alzheimer’s disease and
related disorders.
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