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death in eukaryotic cells is critical in processes such as tissue

homeostasis and the development of cancer. The vast majority
of cell deaths are apoptotic in nature. Only a small percentage

of cell deaths are necrotic. Necrosis is morphologically
characterized by cell swelling and rupture, followed by spillage

of cellular contents. However, necrotic cell death is distinct
from apoptosis, in that apoptosis is typically a tightly controlled

and highly regulated process. Apoptosis is a type of
programmed cell death. The term “programmed cell death” as
used herein means that the death is intended and programmed

by the cells themselves to occur at a particular stage of
development or under a particular set of conditions. Apoptosis

occurs in all multicellular organisms and in response to a variety
of stimuli including infection, changes in the genetic makeup of
a cell, or damage to the cell or to the surrounding tissue, such as

physical injury, radiation, and changes in the extracellular
matrix. In apoptosis, a cascade of intracellular events leads to
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the orderly death of the cell, without the leakage of cellular
contents (e.g., resulting in cell swelling and/or rupture).

Apoptotic pathways can be controlled by the intracellular levels
of second messengers. For example, in apoptosis of thymocytes,
cytochrome c is released from mitochondria and interacts with
Apaf-1, forming the apoptosome. Apoptosome formation leads

to caspase-9 activation and subsequently to activation of the
effector caspases (caspase-3 and caspase-7) that eventually

induce the characteristic changes of apoptosis. Various proteins
(or proteolytic fragments thereof) play an important role in

apoptosis and cancer. For example, the Bcl-2 family of proteins
regulates apoptosis. The anti-apoptotic Bcl-2 protein inhibits the

release of cytochrome c from the mitochondria. On the other
hand, the pro-apoptotic BH3-only protein Bim induces

mitochondria permeabilization and cytochrome c release. The
Bcl-2 family of proteins includes both the anti-apoptotic (e.g.,

Bcl
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