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DESCRIPTION
Neuroimmune activation represents a dynamic process in 
which the brain’s immune system responds to injury, stress or 
pathological changes. Within the central nervous system, 
microglia and astrocytes act as modulators of neural 
homeostasis, responding to signals that indicate cellular stress 
or damage. When these glial cells become activated, they 
release a variety of signaling molecules, including cytokines, 
chemokines and growth factors, which influence neuronal 
function. In many neurodegenerative disorders, sustained or 
dysregulated neuroimmune activation appears to impair 
synaptic stability, altering communication across neural 
circuits and affecting cognition. Under normal conditions, glial 
cells maintain a balance between protective and regulatory 
functions. They remove debris, support neuronal metabolism 
and regulate extracellular ion concentrations. However, 
prolonged activation may disrupt this balance, resulting in an 
environment that compromises synaptic efficacy. Elevated 
levels of pro-inflammatory molecules can interfere with 
neurotransmitter release, receptor sensitivity and synaptic 
plasticity, leading to weaker or less reliable signaling. This 
phenomenon may contribute to early cognitive difficulties 
before visible structural damage becomes apparent.

The hippocampus, a region responsible for memory 
formation, demonstrates particular sensitivity to 
neuroimmune changes. Cytokine release in this area can 
influence the strength of synaptic connections, affecting 
processes such as long-term potentiation. In experimental 
models, artificially elevating specific immune signaling 
molecules leads to measurable deficits in learning and 
memory, illustrating how neuroimmune activation directly 
influences cognitive function. Additionally, the prefrontal 
cortex, which coordinates decision-making and working 
memory, may experience disrupted communication due to

altered glial signaling, resulting in reduced efficiency across 
large-scale networks. Neuroimmune activation is not 
restricted to classical inflammatory pathways. Microglia can 
adopt various functional states, some of which promote 
repair and others that favor defensive responses. These states 
shift according to local and systemic cues, including metabolic 
stress, protein aggregation or vascular compromise. In chronic 
pathological conditions, glial cells may remain in a heightened 
defensive state, secreting molecules that impair synaptic 
communication and neuronal survival. The combination of 
altered signaling and metabolic stress can reduce neuronal 
resilience, increasing vulnerability to damage from additional 
stressors.

Research using advanced imaging techniques has shown that 
regions with higher neuroimmune activity often exhibit 
altered functional connectivity. Even when neurons appear 
structurally intact, the efficiency of signaling between regions 
can be diminished. Functional magnetic resonance imaging 
studies in aging populations demonstrate that individuals with 
elevated neuroinflammatory markers exhibit reduced 
connectivity within memory networks, correlating with 
decreased cognitive performance. These observations suggest 
that the consequences of neuroimmune activation are not 
limited to localized effects but extend across large-scale 
neural networks. The interplay between systemic immune 
signals and central neuroimmune activity is increasingly 
recognized as a factor influencing synaptic function. 
Peripheral inflammation, resulting from infections, metabolic 
dysregulation or chronic stress, can amplify glial activation 
within the brain. Circulating cytokines may cross the blood-
brain barrier or signal through endothelial cells, further 
promoting neuroimmune responses. This bidirectional 
communication between central and peripheral systems 
highlights the sensitivity of synaptic networks to the broader 
physiological state.
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Understanding neuroimmune activation provides potential 
opportunities for intervention. Targeting excessive or 
prolonged glial activity could help preserve synaptic integrity, 
potentially maintaining cognitive function even in the 
presence of early pathological changes. Experimental 
strategies include modulating cytokine signaling, enhancing 
metabolic support for neurons and regulating glial reactivity 
through pharmacological or lifestyle interventions. While 
these approaches are still under investigation, they 
demonstrate the importance of considering immune-neural 
interactions when addressing neurodegenerative processes.

In summary, neuroimmune activation exerts significant 
influence over synaptic stability, affecting neuronal 
communication, plasticity and network efficiency. Glial cells, 
while essential for maintaining homeostasis, can impair 
synaptic function when their activity is prolonged or 
dysregulated. By understanding the mechanisms through 
which neuroimmune responses alter neural networks, 
researchers may develop strategies to preserve cognitive 
function and support resilience in vulnerable populations.
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