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Feature

Cell size

Nucleus

Plasma
membrane

Cellular contents

Adjacent
inflammation

Physiologic or
pathologic
role

Necrosis

Enlarged (swelling)

Pyknosis —
karyorrhexis —
karyolysis

Disrupted

Enzymatic digestion;
may leak out of cell

Frequent

Invariably pathologic
(culmination of
irreversible cell

injury)

22

Apoptosis
Reduced (shrinkage)

Fragmentation into
nucleosome-sized
fragments

Intact; altered structure,
especially orientation
of lipids

Intact; may be released
in apoptotic bodies

No

Often physiologic
means of eliminating
unwanted cells; may
be pathologic after
some forms of cell
injury, especially
DNA and protein
damage

NORMAL

Phagocyte

NECROSIS

APOPTOSIS



Condition

Mechanism of Apoptosis

Physiologic

During embryogenesis

Loss of growth factor signaling
(presumed mechanism)

Turnover of proliferative tissues
(e.g., intestinal epithelium,
lymphocytes in bone marrow,
and thymus)

Involution of hormone-
dependent tissues (e.g.,
endometrium)

Decline of leukocyte numbers
at the end of immune and
inflammatory responses

Elimination of potentially
harmful self-reactive
lymphocytes

Loss of growth factor signaling
(presumed mechanism)

Decreased hormone levels lead
to reduced survival signals

Loss of survival signals as
stimulus for leukocyte
activation is eliminated

Strong recognition of self
antigens induces apoptosis by
both the mitochondrial and

5  death receptor pathways

Pathologic

DNA damage

Accumulation of misfolded
proteins

Infections, especially certain
viral infections

Activation of proapoptotic
proteins by BH3-only sensors

Activation of proapoptotic
proteins by BH3-only sensors,
possibly direct activation of
caspases

Activation of the mitochondrial
pathway by viral proteins
Killing of infected cells by
cytotoxic T lymphocytes, which
.o  activate caspases



Necroptosis

Features of both
necrosis and
apoptosis.

initiated by
engagement of TNF
receptors - receptor
Interacting protein
(RIP) kinases are
activated->» initiating
dissolution of the cell
like necrosis

Pyroptosis
activation of a
cytosolic danger-
sensing protein
complex called the
inflammasome.

Greek, pyro = fire

Used by infectious
microbes

Fever +
inflammation +
apoptosis

Autophagy
(“self-eating”)
refers to
lysosomal
digestion of the
cell's own
components.

Nutrient
deprivation

Survival pathway




