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 By the end of this lecture you should be able to:

 Define apoptosis.

 Describe physiological and pathological causes of 
apoptosis with examples.

 Describe morphology with alterations in cell 
structure.

 Describe the biochemical features of apoptosis 
altering the cell structure.

 Describe the intrinsic and extrinsic pathways of 
apoptosis

 Differentiate between necrosis and apoptosis.





 Fragments of the apoptotic cells then break off, 
giving the appearance that is responsible for the 
name (apoptosis, “falling off”). 

 The plasma membrane of the apoptotic cell 
remains intact, but the membrane is altered in such 
a way that the fragments, called apoptotic bodies, 
become highly "edible,” leading to their rapid 
consumption by phagocytes.

 The dead cell and its fragments are cleared with 
little leakage of cellular contents, so apoptotic cell 
death does not elicit an inflammatory reaction. 

 Thus, apoptosis differs in many respects from 
necrosis









































 In H&E-stained tissue sections, the nuclei of 
apoptotic cells show various stages of chromatin 
condensation and aggregation and, ultimately, 
karyorrhexis ; at the molecular level, this is 
reflected in the fragmentation of DNA into 
nucleosome-sized pieces. 

 The cells rapidly shrink, form cytoplasmic buds, 
and fragment into apoptotic bodies that are 
composed of membrane bound pieces of cytosol 
and organelles .

 these fragments are quickly extruded and 
phagocytosed without eliciting an inflammatory 
response, even significant apoptosis may be 
histologically undetectable







 Phosphatidylserine.

 Secretion of soluble factors by apoptotic cells.

 Thrombospondin coating on apoptotic cells.

 Production of proteins by macrophages.

 Numerous macrophage receptors have been 
shown to be involved in the binding and 
engulfment of apoptotic cells

 Coating of apoptotic cells with antibodies and 
compliment proteins C1q.





 Apoptosis is regulated by biochemical pathways that control 
the balance of death- and survival-inducing signals and 
ultimately the activation of enzymes called caspases. 

 Caspases were so named because they are cysteine proteases 
that cleave proteins after aspartic acid residues.

 Two distinct pathways converge on caspase activation: the 
mitochondrial pathway and the death receptor pathway . 

 Although these pathways can intersect, they are generally 
induced under different conditions, involve different 
molecules, and serve distinct roles in physiology and 
disease. 

 The end result of apoptotic cell death is the clearance of 
apoptotic bodies by phagocytes









 Many cells express surface molecules, called death 
receptors, that trigger apoptosis. 

 Most of these are members of the tumor necrosis 
factor (TNF) receptor family, which contain in their 
cytoplasmic regions a conserved “death domain,” 
so named because it mediates interaction with 
other proteins involved in cell death. 

 The prototypic death receptors are the type I TNF 
receptor and Fas (CD95). 

 Fas ligand (FasL) is a membrane protein expressed 
mainly on activated T lymphocytes.



 When these T cells recognize Fas-expressing 
targets, Fas molecules are crosslinked by FasL
and bind adaptor proteins via the death 
domain. 

 These then recruit and activate caspase-8, 
which, in turn, activates downstream caspases. 

 The death receptor pathway is involved in the 
elimination of self-reactive lymphocytes 

 and in the killing of target cells by some 
cytotoxic T lymphocytes (CTLs) that express 
FasL







 The mitochondrial (intrinsic) pathway seems to 
be responsible for apoptosis in most 
physiologic and pathologic situations. 

 Mitochondria contain several proteins that are 
capable of inducing apoptosis, including 
cytochrome c.



 A family of more than 20 proteins, the 
prototype of which is Bcl-2, controls the 
permeability of mitochondria. 

 In healthy cells, Bcl-2 and the related protein 
Bcl-xL, which are produced in response to 
growth factors and other stimuli, maintain the 
integrity of mitochondrial membranes, in large 
part by holding two proapoptotic members of 
the family, Bax and Bak, in check



 When cells are deprived of growth factors and 
survival signals, or are exposed to agents that 
damage DNA, or accumulate unacceptable 
amounts of misfolded proteins, a number of 
sensors are activated. 

 These sensors are called BH3 proteins.

 They in turn shift this delicate, life-sustaining 
balance in favor of pro-apoptotic Bak and Bax.



 Bak and Bax dimerize, insert into the 
mitochondrial membrane, and form channels 
through which cytochrome c and other 
mitochondrial proteins escape into the cytosol. 

 After cytochrome c enters the cytosol, it, 
together with certain cofactors, activates 
caspase-9. 

 The net result is the activation of a caspase 
cascade, ultimately leading to nuclear 
fragmentation and formation of apoptotic 
bodies




























