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INTRODUCTION

Microglia, the resident immune cells of the Central Nervous
System (CNS), play a critical role in maintaining brain
homeostasis. These highly specialized cells respond to injury,
infection, and disease by modulating inflammation, clearing
debris, and interacting with neurons and other glial cells. In
neurodegenerative diseases like Alzheimer’s disease, Parkinson’s
disease, and Amyotrophic Lateral Sclerosis (ALS), microglia are
pivotal to disease progression, serving both protective and
harmful roles. Understanding the dual functions of microglia in
inflammation and repair is essential to developing therapeutic
strategies aimed at neurodegeneration. Microglia are the brain’s
first line of defense, constantly surveilling their environment to
detect potential threats such as pathogens or cellular damage.
Upon activation, microglia shift from a “resting” surveillance
state to a more reactive phenotype. This change allows them
to release pro-inflammatory cytokines, chemokines, and
Reactive Oxygen Species (ROS) to combat pathogens and
remove damaged neurons. However, their activation must be
tightly regulated. Chronic or excessive activation of microglia
can lead to prolonged inflammation, which is a hallmark of
many neurodegenerative diseases. This sustained activation
contributes to a cycle of neuronal damage and immune response,
aggravating neurodegeneration.

DESCRIPTION

In neurodegenerative diseases, microglia often undergo persistent
activation, leading to an exaggerated inflammatory response.
In Alzheimer’s disease, for instance, microglia are drawn to
Amyloid-Beta (AB) plaques. While their initial response aims to
clear AB, prolonged exposure can cause microglial dysfunction,
contributing to the disease. Microglia secrete pro-inflammatory
cytokines like interleukin-1B and tumor necrosis factor-a, which
can exacerbate neuronal damage and synaptic loss, promoting

cognitive decline. Similarly, in Parkinson’s disease, microglia are
attracted to a-synuclein aggregates, contributing to the loss of
dopaminergic neurons. The release of inflammatory mediators,
such as nitric oxide and ROS, exacerbates the oxidative stress
that is already heightened in the disease, further damaging
neurons in the substantia nigra. In ALS, microglia are activated
by the accumulation of misfolded proteins like superoxide
dismutase 1 promoting inflammation and motor neuron
degeneration. The resulting cytokine storm exacerbates muscle
weakness and paralysis, accelerating disease progression. They
secrete anti-inflammatory cytokines like Inter Leukin-10 (IL-10)
and Transforming Growth Factor-Beta (TGF-B), which facilitate
the resolution of inflammation and promote neuroprotection.
In the early stages of neurodegenerative diseases, microglia can
help clear toxic protein aggregates, debris, and damaged cells,
a process known as phagocytosis. In Alzheimer’s disease, for
example, microglia initially play a beneficial role by phagocytosing
amyloid-beta, thereby preventing its accumulation and reducing
its neurotoxic effects. However, as the disease progresses,
microglia may become overwhelmed or dysfunctional,
contributing to further neurodegeneration.

CONCLUSION

Microglia play a central role in the pathogenesis of
neurodegenerative diseases, acting as both protectors and
aggressors in the brain. While their initial response aims to
defend the CNS, prolonged activation can drive inflammation and
neurodegeneration. Understanding the mechanisms by which
microglia transition between inflammatory and reparative states
offers new insights into potential therapeutic interventions.
By modulating microglial activity, we can potentially slow the
progression of neurodegenerative diseases and promote brain
repair, offering hope for improved outcomes in conditions like
Alzheimer’s, Parkinson’s, and ALS.
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