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Microglial plasticity

Microglial plasticity refers to the remarkable ability of microglia—the resident immune cells of the
central nervous system (CNS)—to change their morphology, gene expression, behavior, and function
in response to environmental cues, including injury, infection, neurodegeneration, or normal
physiological stimuli.

[0 Key Aspects of Microglial Plasticity: 1. Phenotypic Flexibility Microglia can shift between different
activation states, traditionally referred to as:

M1-like (pro-inflammatory): Release of cytokines like TNF-q, IL-1B; often seen in neurodegeneration or
infection.

M2-like (anti-inflammatory or repair-promoting): Involved in debris clearance, neuroprotection, and
healing.

[ However, this M1/M2 dichotomy is now considered an oversimplification. Recent research shows
microglia exist on a spectrum of activation states.

2. Morphological Changes Resting/surveillant microglia: Highly branched, monitoring the environment.
Activated/reactive microglia: Amoeboid shape, increased motility and phagocytic activity.
Morphological plasticity correlates with functional states.

3. Transcriptomic and Epigenetic Adaptation In response to injury or disease, microglia rapidly alter
their gene expression profiles.

Different disease contexts lead to distinct microglial signatures:
DAM (Disease-Associated Microglia) in Alzheimer’s disease.
MGnD (Microglial neurodegenerative phenotype) in other forms of neurodegeneration.

4. Developmental and Regional Plasticity Microglia in different brain regions (e.g., hippocampus vs.
cortex) have distinct baseline profiles.

During development, microglia assist in synaptic pruning, neurogenesis, and angiogenesis.

5. Plasticity and Aging With age, microglia may become primed: more reactive to stimuli, contributing
to chronic inflammation and impaired clearance of debris (a concept relevant in aging-related
diseases like Parkinson’s and Alzheimer’s).

[ Clinical Relevance Therapeutic targeting of microglial plasticity may modulate CNS inflammation in:
Alzheimer’s disease

Multiple sclerosis

Stroke

Traumatic brain injury
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Strategies include:
Reprogramming harmful microglia to protective states
Modulating specific receptors (e.g., TREM2, CX3CR1)

Using CSF1R inhibitors to deplete or reset microglial populations
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