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DESCRIPTION

Cell death is a fundamental biological process that maintains
tissue integrity, regulates development and removes damaged or
unwanted cells. It represents a delicate balance between survival
and elimination, ensuring that organisms maintain cellular
homeostasis and adapt to internal and external challenges.
When properly regulated, cell death supports the renewal of
tissues and prevents the accumulation of malfunctioning cells.
when dysregulated, it contributes to numerous pathological
conditions, including cancer, neurodegeneration,
disorders and tissue degeneration. The study of cell death
encompasses multiple mechanisms, each characterized by
distinct morphological and biochemical features. The best
known form is apoptosis, often described as programmed cell
death, which proceeds through tightly controlled molecular
pathways. This mechanism allows cells to be in a regulated
manner, preventing the release of harmful components into
surrounding tissues. Necrosis represents a more chaotic process
often associated with cellular injury, inflammation and loss of
membrane integrity. Other forms, including autophagy
associated cell death, pyroptosis and ferroptosis, illustrate the
diversity of cellular responses to metabolic and environmental
conditions.

immune

Apoptosis is an orchestrated sequence of molecular events that
ensures cellular removal without triggering inflammation.
Morphologically, it cell ~shrinkage, chromatin
condensation, nuclear fragmentation and membrane bubble.
The process is carried out by a group of enzymes called caspases,
which break down essential structural and regulatory proteins.
Apoptosis can be initiated by intrinsic or extrinsic pathways. The
intrinsic pathway is regulated by mitochondrial signals. When
cells experience DNA damage, oxidative stress or metabolic
imbalance, mitochondria release cytochrome C and other pro-
apoptotic the cytoplasm. Necrosis and
necroptosis often provoke immune responses due to the release

involves

molecules into

of Damage-Associated Molecular Patterns (DAMPs). These

molecules activate inflammatory signaling pathways in
surrounding cells, amplifying tissue damage. This process helps
maintain cellular homeostasis by removing damaged organelles
and misfolded proteins while providing energy and building
blocks during stress conditions. Autophagy-associated cell death
has dual significance. However, it preserves cellular integrity
under stress by clearing damaged structures to the other, it can
promote death when homeostatic mechanisms are overwhelmed.
The fine-tuning of autophagy therefore determines whether it

acts as a survival or death pathway.

Beyond apoptosis and necrosis, pyroptosis and ferroptosis
represent specialized forms of regulated cell death. Pyroptosis is
an inflammatory mechanism mediated by gasdermin proteins,
which form pores in the plasma membrane. This process is
typically activated by microbial infection or recognition of
intracellular danger signals, leading to cell lysis and the release of
pro-inflammatory cytokines such as interleukin-1. While this
mechanism aids in pathogen defense, excessive pyroptosis
inflammatory  conditions. In
neurodegenerative disorders, for instance, chronic stress and

contributes to  chronic
accumulation of toxic proteins trigger neuronal apoptosis and
necroptosis, leading to progressive loss of function. In metabolic
and uncontrolled pyroptosis and
ferroptosis amplify tissue damage and disrupt organ homeostasis.

By regulating these mechanisms, such therapies hold the

inflammatory diseases,

potential to treat a variety of diseases linked to impaired cell
survival or excessive cell damage. Cell death does not occur in
isolation. Dying cells communicate with their neighbors through
the influencing
responses, tissue repair and regeneration. The clearance of

release of signaling molecules, immune
apoptotic cells by phagocytes is an active process known as
efferocytosis. Efficient removal prevents inflammation and
promotes resolution of tissue injury. Inefficient clearance leads

to chronic inflammation and secondary necrosis.
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