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Apoptosis

 The process of programmed cell death.

 Characterized by distinct morphological characteristics and energy-

dependent biochemical mechanisms which include mainly:

 activated enzymes that degrade the cells’ own nuclear DNA and nuclear 

and cytoplasmic proteins.

 Can be pathologic and physiologic



 Physiological apoptosis in mammals is a type of programmed cell death, an 

important element in the developmental features ensuring tissue homeostasis and 

proper disposal of cells that are no longer needed, such as :



Pathological





Morphology

 Involves single cells or small clusters

 Cells shrink rapidly, retain intact plasma membrane

 Formation of cytoplasmic buds

 Fragmentation into apoptotic bodies

 Apoptotic bodies phagocytized rapidly before inflammatory 
response.





Mechanisms

Phases: 

• Initiation .

• execution.

• clearing of dead cells.

➢ Pathways:

• Intrinsic

• Extrinsic





 In the mitochondria , the status of cytochrome c production is under 
control of balance between proapoptotic and Antiapoptotic. 

proapoptotic 

members of 
the family are 

Bax & Bak

Antiapoptotic  

members are 
BCL-2 & BCL-xL

Mitochondrial (intrinsic) pathway:



#Undesirable cells        discovered by BH3 sensors        shift of this balance in favor of pro-
apoptotic Bak and Bax

Intrinsic pathway cont.

Increased mitochondrial permeability 

cytochrome c leaks 

triggering caspase 9 



 The primary cells that induce the extrinsic pathway of apoptosis are NK and 

CTL lymphocytes. NK cells are lymphocytes, yet are part of the innate 

immune system, whereas CTLs are T lymphocytes of the adaptive immune 

system.

 NK cells and CTLs are designed to eradicate either infected or altered cells 

that are potentially tumorigenic.

 T cells recognize fas expressing target ,

fas molecules are cross linked by fasL to activate caspase 8

Extrinsic pathway; death receptor pathway



In Either pathway: 

 After caspase-9 or caspase-8 is 

activated → it cleaves & thereby 

activates additional caspases →
that cleave numerous targets →

activate enzymes that degrade the 

cells’ proteins & nucleus. 

 The end result is the characteristic 

cellular fragmentation of apoptosis.
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Clearance of apoptotic cells.

Occur via  phagocytes by producing a number of “eat-

me” signals:

o flip  phospholipid to the outer leaflet.

o expose  phosphatidylserine.

o secrete soluble factors that recruit phagocytes.

 Happens before the cells undergo membrane damage 

and release their contents… So no inflammation





Other Pathways of Cell Death

Autophagy:

autophagy is a self-digesting mechanism responsible for removal of long-lived 
proteins, damaged organelles, and malformed proteins during biosynthesis 

by lysosome.

Autophagy is activated in response to diverse stress and physiological 

conditions. For example, food deprivation, hyperthermia, and hypoxia, which 

are known as major environmental modulators of ageing,





Clinical aspect
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