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Synaptic biomarker

In Alzheimer's disease (AD), the interplay between synaptic biomarkers and other pathological
features such as amyloid-beta (Aβ), tau, glial activation, and neurodegeneration is complex and
multifaceted. Here's an overview of how these elements are related:

Synaptic Biomarkers Synaptic biomarkers are indicators of synaptic health and function. In AD, the
loss of synapses is a major correlate of cognitive decline. Common synaptic biomarkers include
synaptophysin, neurogranin, and synaptotagmin.

Amyloid-beta (Aβ) Aβ plaques are one of the hallmarks of AD. The relationship between Aβ and
synaptic dysfunction includes:

Aβ Toxicity: Oligomeric forms of Aβ are particularly toxic to synapses. They can disrupt synaptic
function and structure, leading to synaptic loss. Synaptic Transmission: Aβ interferes with synaptic
transmission and plasticity, particularly long-term potentiation (LTP), which is critical for learning and
memory. Synaptic Biomarkers: Elevated Aβ levels correlate with decreased levels of synaptic
biomarkers, reflecting synaptic loss or dysfunction. Tau Tau pathology, particularly the formation of
neurofibrillary tangles, is another major feature of AD. The relationship between tau and synaptic
biomarkers includes:

Tau Toxicity: Hyperphosphorylated tau aggregates can disrupt synaptic function and contribute to
synaptic loss. Synaptic Dysfunction: Tau pathology is associated with disrupted synaptic signaling and
synaptic spine loss. Correlative Studies: Increased tau levels in cerebrospinal fluid (CSF) are often
correlated with decreased synaptic markers, indicating synaptic degeneration. Glial Activation Glial
cells, including astrocytes and microglia, become activated in response to AD pathology. The
relationship with synaptic biomarkers includes:

Inflammation: Activated microglia and astrocytes release inflammatory cytokines that can damage
synapses. Synaptic Clearance: Microglia can phagocytose synaptic components, contributing to
synaptic loss. Biomarker Interactions: Elevated markers of glial activation (e.g., GFAP, Iba1) are often
found alongside reduced synaptic biomarkers, suggesting a link between neuroinflammation and
synaptic degradation. Neurodegeneration Neurodegeneration encompasses the progressive loss of
structure or function of neurons, including death of neurons. Its relationship with synaptic biomarkers
includes:

Progression of Disease: Synaptic loss often precedes and predicts neuronal loss and cognitive decline
in AD. Correlation with Biomarkers: Neurodegeneration markers (e.g., neurofilament light chain, total
tau) show strong correlations with reductions in synaptic biomarkers, reflecting the ongoing loss of
synaptic integrity as the disease progresses. Summary The interrelationships among synaptic
biomarkers and the pathological features of AD are summarized as follows:

Aβ: Directly toxic to synapses, disrupts synaptic function, and correlates with reduced synaptic
markers. Tau: Aggregates disrupt synaptic signaling, with hyperphosphorylated tau being particularly
detrimental to synaptic health. Glial Activation: Contributes to synaptic damage through inflammation
and synaptic clearance, correlated with reduced synaptic biomarkers. Neurodegeneration: Synaptic
loss is an early event in neurodegeneration, with strong correlations between synaptic biomarkers
and markers of neuronal loss. Understanding these relationships is crucial for developing targeted
therapeutic strategies aimed at preserving synaptic function and slowing the progression of
Alzheimer's disease.
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