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DESCRIPTION

Apoptosis, also known as programmed cell death, is a tightly
regulated process that plays a critical role in the development,
maintenance, and homeostasis of multicellular organisms. This
process is essential for eliminating unwanted or damaged cells,
preventing the accumulation of potentially harmful mutations,
and maintaining tissue integrity. The term apoptosis was first
coined in the 1970s by John Kerr, Andrew Whyllie, and Alastair
Currie to describe a distinct type of cell death that differed from
necrosis, which was the prevalent view at the time. Apoptosis is
characterized by a series of morphological and biochemical
changes, including cell shrinkage, nuclear fragmentation,
chromatin condensation, and the formation of apoptotic bodies.
These changes are orchestrated by a complex signaling network
that involves both intrinsic and extrinsic pathways.

The intrinsic pathway of apoptosis is triggered by a variety of
intracellular stress signals, such as DNA damage, oxidative stress,
and Endoplasmic Reticulum (ER) stress. These stress signals
activate a family of cysteine proteases known as caspases, which
are the central effectors of apoptosis. Caspases are synthesized as
inactive precursors and require proteolytic cleavage to become
active. Once activated, caspases cleave a variety of intracellular
substrates, including structural proteins, DNA repair enzymes,
and anti-apoptotic proteins, leading to the characteristic
morphological and biochemical changes of apoptosis. The
extrinsic pathway of apoptosis, also known as the death receptor
pathway, is activated by the binding of extracellular ligands to
specific cell surface receptors, such as Tumor Necrosis Factor
Receptor (TNFR) and Fas Receptor (FasR). The binding of
ligands to these receptors leads to the activation of caspase-8,
which then initiates a cascade of downstream events that
culminate in apoptosis. The extrinsic pathway of apoptosis is

particularly important for immune surveillance and the
elimination of infected or cancerous cells. The balance between
pro-apoptotic and anti-apoptotic factors determines whether a
cell will undergo apoptosis or survive. Pro-apoptotic factors, such
as Bax and Bak, promote apoptosis by disrupting the
mitochondrial outer membrane, releasing cytochrome ¢ and
other apoptogenic factors into the cytosol. Cytochrome ¢ then
binds to Apaf-1, leading to the activation of caspase-9 and the
subsequent activation of the downstream caspases. Anti-apoptotic
factors, such as Bcl-2 and BclxL, prevent apoptosis by inhibiting
the activation of Bax and Bak or by directly inhibiting caspase

activity.

Apoptosis plays a critical role in many physiological processes,
including embryonic development, tissue homeostasis, and
immune system function. During embryonic development,
apoptosis is responsible for sculpting the developing tissues and
organs by eliminating unnecessary or non-functional cells. In
adults, apoptosis plays a critical role in maintaining tissue
homeostasis by eliminating senescent or damaged cells, thereby
preventing the accumulation of potentially harmful mutations.
Apoptosis is also an essential component of the immune system,
allowing the elimination of infected or cancerous cells.
Dysregulation of apoptosis can have severe consequences,
including cancer, autoimmune disorders, and neurodegenerative
diseases. In cancer, mutations in pro-apoptotic or anti-apoptotic
genes can lead to the aberrant survival or death of cells,
contributing to tumorigenesis. Similarly, in autoimmune
disorders, dysregulation of apoptosis can lead the
accumulation of  selfreactive lymphocytes, leading to
autoimmunity. In neurodegenerative diseases, such
Alzheimer's and Parkinson's disease, dysregulation of apoptosis
can lead to the accumulation of toxic protein aggregates and
neuronal death.
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