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• A term used to describe the morphological changes 
associated with programmed cell death

• The term ‘programmed cell death’ was introduced in 
1964 [Lockshin, 1964]

• The term ‘Apoptosis’ was first introduced by Kerr, 
Wyllie and Currie [Kerr, 1972]

• Apoptosis is of Greek origin, having the meaning 
"falling off or dropping off", in analogy to leaves 
falling off trees or petals dropping off flowers

APOPTOSIS-Programmed cell death
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APOPTOSIS-Silent Suicide

• Deliberate elimination of unwanted cells in a 
morphological distinct manner

• Genetically programmed highly conserved 
cellular suicide

• Normal physiological
form of cell death
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• Active cell death

• Requires energy and RNA and protein synthesis

• DNA cleaved, chromatin condenses

• Cells shrink

• Formation of apoptotic body

• Cleared by phagocytosis

• No inflammation=no tissue damage

APOPTOSIS-Morphological features
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• Passive cell death

• Cells swell up

• Membrane breaks down and cellular contents 
leak out

• Nucleus disintegrates

• Cell ghosts

• Inflammatory=tissue damage

NECROSIS-Morphological features

6



APOPTOSIS vs. NECROSIS
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HEALTHY STATE

NECROTIC CELL DEATH APOPTOTIC CELL DEATH 8



THE HISTORY OF APOPTOSIS
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IMPORTANCE OF APOPTOSIS

• Maintenance of cellular and tissue homeostasis

• Provide defence mechanism

• Development of immune system

• Important in embryonic development

• Regulation of the neuron number

• Regulation of cellular viability by hormones and 
growth factors

• The body’s defence against cancer
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CELLS UNDERGOING APOPTOSIS

• Harmful cells

• Developmentally defective cells

• Excess cells

• Unnecessary cells

• Obsolete cells

• Virus infected cells

• Chemotherapeutic killing of cells
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EXAMPLES OF PHYSIOLOGICAL CELL DEATH
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EVENTS OF APOPTOSIS

• Events of apoptosis occur in two phases

1. Latent phase

2. Execution phase
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ROLE OF P53 IN LATENT PHASE

• Regulation of cell cycle progression in response to 
DNA damage

• Rise in p53 level when sense DNA is damaged

• Delay in the entry of cell into S-phase

• Action is important in cancer

• Over expression of this arrested cells in G1/S 
boundary, where as in cancer derived cells it 
causes apoptosis 

*P53 is not involved in all types of apoptosis

E.g.- In knock out mice
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P53 and APOPTOSIS
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TRIGGERS OF APOPTOSIS

• Programmed cell death in which many more 
cells are produced than survive (e.g. 
development of lymphocytes)

• Toxic stimuli (viruses, chemicals, ionizing 
radiation)

• Extracellular signals (Fas, p75 NGF-R, TNF)

• DNA damage (p53)
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PROTEINS IN APOPTOSIS

Mammalian Bcl-2 can substitute for Ced-9 in c. elegans
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BCL-2 FAMILY MEMBERS

• A very large family with 19 members identified

• Bcl-2 (homologous to ced-9) is prototype

• All have the BH3 domain (Bcl-2 Homology)

– BH-3 is the pro-apoptotic domain exposed on activation

• Act as dimers=either hetero or homodimers

– Pro-apoptotic dimers (Bax) increase mitochondrial 

permeability

– Anti-apoptotic members (Bcl-2, Bcl-XL) form dimers with 

pro-apoptotic members to inactivate them
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THE BCL-2 FAMILY

* BH domains=protein-protein interaction domains
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CASPASES-General Features

• Caspases are Cysteine directed proteases that cleave 
after ASPartate residues

• At least 14 family members
• Synthesized as proenzymes with low levels of caspase

activity (~1-2 % of active form)
• Activated upon after aggregation or cleavage to 

mature form
– Caspases –8 and –9 are “initiator” caspases
– Caspases –3 is the “effector” caspase
– Caspase activation requires a stimulus
– They proteolyze cellular proteins to carry out cell 

death program
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CASPASE-Structures

Caspase-3

Active site

Procaspase-3, an effector caspase
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THE CASPASE FAMILY
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PROCASPASE ACTIVATION
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PROCASPASE CASCADE
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PROTEOLYTIC TARGETS OF CASPASES

• Cytoskeletal regulatory proteins

– Actin

• Nuclear Lamins

• Poly(ADP-ribose) polymerase (PARP)

– PARP activity depletes ATP, thus cleavage of 

PARP may maintain store of ATP to drive apoptosis

• DNA-fragmentation factor (DFF)
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TWO PATHWAYS OF APOPTOSIS
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INTRINSIC PATHWAYS
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MITOCHONDRIAL AND POSTMITOCHONDRIAL 
REGULATION OF APOPTOSIS
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Apaf-1 INDUCED PATHWAYS
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TROPHIC FACTOR and APOPTOSIS
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TROPHIC FACTOR and APOPTOSIS
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EXTRINSIC PATHWAY
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Fas LIGAND AND APOPTOSIS
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Fas INDUCED APOPTOSIS

The Formation of the 

Death Initiating Signal 

Complex (DISC)
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Fas INDUCED APOPTOSIS
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APOPTOSIS AND PHAGOCYTOSIS
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PHAGOCYTOTIC TAGS AND RECEPTORS
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REMOVAL OF CELL CORPSES

40



ROS AND APOPTOSIS
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TNF-α AND APOPTOSIS

IKKK=IkB 

Kinase kinase

NFkB activates

transcription 

of several

anti-apoptotic 

proteins

including IAPs 

and Bcl-2.42



IAPs: INHIBITORS OF APOPTOSIS

• Bind procaspases to prevent activation

– initial description of bacculovirus product (p35)

– contain metal-binding (~80aa) BIR repeats

– number and sequence of BIR’s determine specificity of 

procaspase inhibition

– many contain RING fingers

• Survivin

– expressed in many fetal tissues

– expressed in many colon cancers

• IAP modulators

– inhibitors of IAPs

– Smac/Diablo
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APOPTOSIS IN IMMUNE FUNCTION

44



APOPTOSIS IN RBC DEVELOPMENT

Epo=

erythropoietin
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APOPTOSIS IN ANIMAL LIFE

Histologic cross section of 

embryonic foot of mouse 

(Mus musculus) in 15.5 day 

of its development

46



Cell Death and the mouse’s paw

APOPTOSIS IN ANIMAL LIFE

Indicated portions show apoptotic cells.
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APOPTOSIS IN PLANT LIFE
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APOPTOSIS IN PLANT LIFE
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FAILURE OF APOPTOSIS
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FAILURE OF APOPTOSIS
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DISEASES DUE TO FAILURE OF APOPTOSIS

• Alzheimer’s diseases

• Parkinson’s disease

• Huntington’s disease

• Amyotrophic lateral sclerosis

• Cancer 

• Autoimmunity 

• Acquired immune deficiency syndrome (AIDS)

• Ischemia (smoke, myocardial infarction)
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DETECTION OF APOPTOSIS

• Microscopy

– Cells have classic features (e.g. small darkly stained 

nuclei)

– Detection of free 3’ ends of DNA by TUNEL assay 

(terminal deoxytransferase-mediated dUTP-biotin nick end 

labelling)

• Gel electrophoresis

– Detect DNA ladder of 180 bp intervals caused by 

internucleosomal DNA cleavage

• Flow cytometry

– Measure externalization of phosphatidylserine (PS) with 

fluorescently labeled Annexin-V

– Measure DNA fragmentation with propidium iodide 

fluorescence
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MOLECULAR DETECTION OF APOPTOSIS
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“BY THE TIME I WAS BORN, MORE

OF ME HAD DIED THAN SURVIVED.

IT WAS NO WONDER, I CAN NOT

REMEMBER; DURING THAT TIME I

WENT THROUGH BRAIN AFTER

BRAIN FOR NINE MONTHES…….

FINALLY CONTRIVING THE ONE

MODEL THAT COULD BE HUMAN

EQUIPPED FOR LANGUAGE.”

LEWIS THOMAS, 1992
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Role of Bax and BAK in mitochondrial activity 

during apoptosis
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NECROSIS



60



61

Severe cases of Necrosis
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AUTOPHAGY

Pathological and physiological functions
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Events in Autophagy
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CROSSTALK
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