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Apoptosis
• Apoptosis (1972)

– Greek word “falling off”

• Built-in (programmed)
mechanism)

• or self-destruction-
suicide

• Type of programmed
cell death based upon
morphological features



The History of Cell Death Research 



Properties of Apoptotic cells 
 
• Activation of caspases. 
• Accumulation of phosphatidylserine in the outer plasma membrane leaflet. 
• Fragmentation of DNA, cuts between nucleosomes. 
• Fragmentation of membranes, nucleus and finally the entire cell. 
• Phagocytosis of cell fragments by macrophages. 



Apoptosis: Intrinsic and extrinsic pathways 

EXTRINSIC 
• Death receptor pathway. Activated by 
the engagement of  receptors on cell 
surface 

INTRINSIC 
• Mitochondrial pathway. Involves 
release of cytochrome c and other 
proteins from mitochondria 

OUTCOME 
• Activation of downstream common 
signaling players: the caspase family 

 



Danial and Korsmeyer. (2004) Cell 

Extrinsic pathways: The death receptors 



 
•  Mice injected with the CD95 monoclonal 
antibody exhibited massive apoptosis of 
liver cells. 
 
•    Spontaneous development of 
autoimmune disease in three CD95/CD95L 
mutant mouse strains.  
 
Autoimmunity characterized by massive 
accumulation of lymphocytes (primarily 
CD4− /CD8− /B220+ T cells), production of 
high titer autoreactive antibodies, and 
various related pathologies. 
 
Humans: Autoimmune lympho-proliferative 
syndrome (ALPS). 

CD95/FAS: The prototypic death receptor 



How Caspases Disassemble a cell? 

Yuan et al (2003) Oncogene 



Intrinsic and extrinsic 
pathways: 
Not a simple definition. 
 
“The BCL-2 protein family and 
the Gateway of death” 

Tait and Green (2010), Nat Rev Mol Cell Biol 
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Reduced Apoptosis and Cytochrome c–Mediated Caspase Activation in 
Mice Lacking Caspase 9 
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Kuida et al (1998) Cell 



Apaf1 Is Required for Mitochondrial Pathways of Apoptosis and Brain 
Development Yoshida et al (2002) Cell 
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BCL-2 
•  Cardinal Member of Mammalian       !
         Cell Death Pathway!
    !
•  New Category of Oncogenes: !
         Regulators of Apoptosis!
!
•  Localized to Mitochondria!

 

Cloning BCL-2 
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Stanley Korsmeyer 



An Evil Twin: BAX 

Life/Death Rheostat 



BCL-2 Family 



Activation of BAX/BAK: 
The Mitochondrial Gateway to Apoptosis 
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Oltzvai et al., (1993) Cell 
Yin et al., (1994) Nature 
Wei et al., (2001) Science 
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Activation of BAX/BAK: 
The Mitochondrial Gateway to Apoptosis 

Oltzvai et al., (1993) Cell 
Yin et al., (1994) Nature 
Wei et al., (2001) Science 
 



The BH3-only proteins:  
Specialized cell death sentinels 



Fesik Nat. Rev. Cancer (2005) 
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Possible Mechanisms of action of Bcl-2 Family Members 



BCL-XL BID 

BH3 Death 
 Domain 

Multi-Domain Anti-Apoptotic Pocket 
     (BH1, BH2, and BH3 Domains) 

CANCER: Resistance to Apoptosis 
Excess Anti-Apoptotics Sequester BH3 Domains 



BH3 Mimetics: Prototype Cancer Therapeutics  
to Restore Apoptosis 

Small Molecules: (ABT-737). Generated using NMR-based screening, parallel  
synthesis and structure based design. Idum Pharmaceuticals. 
 

ABT-737 

Olterdorf et al. (2005) Nature 
 



Apoptosis in the treatment of cancer 

An important goal of 
cancer drug development 
should be to facilitate 
apoptosis in neoplastic 
cells. Drugs that restore 
a p o p t o s i s  m i g h t 
selectively kill cancer cells 
that have triggered a death 
signal and have become 
d e p e n d e n t  o n  t h e 
deregulation of apoptosis 
pathways. 
 
 
 

Fesik Nat Rev Cancer  (2005) 
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