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Apoptosis





• Apoptosis (Greek word, “falling off”)

• Programmed cell death

• The number of cells in our body is tightly regulated by…

• The rate of cell division (proliferation)

• The rate of cell death (apoptosis)

Apoptosis



• A fertilized mouse egg vs. a fertilized human egg

• Similar in size
• What are the differences in the control of cell behavior in mouse 

and human?

• What are the differences in the control of each organ and 
tissue in an individual’s body?

• These questions are largely unanswered.

• Three fundamental processes

• Cell growth, Cell division, and Cell death



• The massive cell death...

• In developing vertebrate nervous system, more than half of the nerve 
cells produced normally die soon after they are formed.

• In a healthy adult human, billions of cells die in the bone marrow 
and intestine every hour.

1. Apoptosis helps regulate animal cell numbers
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Developing animal tissues
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Developing animal tissues



• Then what purposes does the massive cell death serve?

• Apoptosis in the developing mouse paw sculpts the digits.

• the individual fingers and toes separate by apoptosis

• Apoptosis helps eliminate the tail of a tadpole into a frog.

• the unneeded cells die by apoptosis

Developing animal tissues



Adult animal tissues

• If part of the liver is removed in an adult rat, liver cell proliferation 
increases to make up the loss.

• If a rat is treated with the phenobarbital, which stimulates liver cell division, 

the liver enlarges
• When the phenobarbital treatment is stopped, apoptosis in the liver 

greatly increase until the organ has returned to its original size.

• Thus, the liver is kept at a constant size through the regulation of 
both the cell death rate and the cell birth rate

• Cell death usually exactly balances cell division



• Cell Necrosis 괴사(壞死)

• Cells that die as a result of acute injury typically swell and burst, 
spilling their contents.

• Cell necrosis triggers a potentially damaging inflammatory response.

2. Apoptosis is mediated by an intracellular proteolytic 
cascade



Figure 18-1  Molecular Biology of the Cell (© Garland Science 2008)

(A) Apoptosis in culture (B) Apoptosis in a developing tissue (C) Necrosis



• A cell in the Apoptosis

• Shrinks and condenses

• The cytoskeleton collapses

• Nuclear envelop disassembles

• DNA ladder (the nuclear DNA breaks up into fragments)

• Phagocytosis (the cell surface is altered and attracts macrophage)

• Macrophages engulf the apoptotic cell before it spills its 
contents.

• This rapid removal of the dying cell avoids the damaging 
consequences of cell necrosis

• The organic components of the apoptotic cell are recycled by the 

macrophage







Markers of apoptosis

• DNA ladder

• Cleavage of nuclear DNA 
into a characteristic ladder 
pattern of fragments.

• DNA is extracted, and the 
fragments are separated by 
size by electrophoresis in 
an agarose gel ad stained 
with ethidium bromide.

• TUNEL assay

• label the cut ends of DNA 
fragments in the nuclei in a 
tissue section.

• TdT-mediated dUTP nick 
end labeling

• Enzyme terminal 
deoxynucleotidyl transferase 
(TdT) adds chains of 
labeled dUTP to the 3’-OH 
ends of DNA fragments.









• Apoptotic program

• All-or-none fashion

• Destructive and Self-amplifying

• Irreversible

• An important decision that is tightly controlled



• Apoptosis is carried out by Caspases
• A family of proteases (cut up other proteins)

• Procaspase (inactive) is activated by cleavage, amplifying 
proteolytic cascade.

• Other substrates

• Lamin (which form the nuclear lamina underlying the nuclear envelope)

• PARP (poly(ADP-ribose) polymerase)

• p21WAF1/Cip1 (Cyclin-dependent kinase inhibitor) 

• Cytoskeleton proteins

2. Apoptosis is mediated by an intracellular proteolytic 
cascade



Figure 18-5a  Molecular Biology of the Cell (© Garland Science 2008)



Figure 18-5b  Molecular Biology of the Cell (© Garland Science 2008)



Fig. Activation of caspase-3 and proteolytic cleavage of p21WAF1/Cip1 and PARP 
After treatment with the indicated concentrations of apicidin for 48 h, the cleavage of 
procaspase-3, PARP, and p21WAF1/Cip1 were examined by Western blot analysis. 



3. The death program is regulated by the Bcl2 family of 
intracellular proteins

“All nucleated animal cells contain the seeds of their 
own destruction: in these cells, inactive procaspases lie 

waiting for a signal to destroy the cell”



The three classes of Bcl2



PI 3-kinase-Akt Signaling Pathway Review (Ch. 16)

Bcl-2



• One of the relocated signaling proteins.

•Serine/threonine protein kinase

• Promotes the survival and growth of many cell types

• Inactivates the signaling proteins by phosphorylation

• Phosphorylate and inactivates a cytosolic protein, Bad
• Phosphorylation by Akt promotes cell survival by inactivating a protein 

that otherwise promotes cell death (apoptosis)

Akt (protein kinase B or PKB)

PI 3-kinase-Akt Signaling Pathway Review (Ch. 16)



• The PI 3-kinase-Akt Signaling Pathway Can Stimulate Cells to Survive

• Survival Signal > RTK-P > PI 3-kinase↑ > 2x Inositol 
phospholipid-P > PDK1 (+ mTOR) > Akt-P↑ > BAD-P > 
Inhibition of  Apoptosis

*BAD: a protein that normally encourages cells to undergo programmed cell 
death, or apoptosis

PI 3-kinase-Akt Signaling Pathway Review (Ch. 16)



• The death-promoting Bcl-2 family protein 

• Promote (Bak or Bax) or inhibit (Bcl-2) procaspase 
activation and cell death.

• Bcl-2

• death inhibiting

• inhibits procaspases and apoptosis
• block Bax and Bak
• Bad (also Bcl-2 family) binds and blocks the activity of 

Bcl-2



3. The intrinsic pathway of apoptosis depends on 
mitochondria



Fig. Effect of apicidin (a putative anti-cancer drug) on DNA fragmentation, morphological changes, and apoptotic DNA 
contents in HL60 cells. 
(A) HL60 cells were treated with various concentrations of apicidin for 24 h, and total genomic DNA was extracted and 
resolved on 1.8% agarose gel.  Apoptotic DNA fragmentation was visualized by ethidium bromide staining.
(B) After treatment with the indicated concentrations of apicidin for 24 h, morphological changes and apoptotic DNA 
contents were analyzed by fluorescence microscopy and flow cytometry, respectively.  Ap, sub-G1 fraction
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Apaf-1
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• Bak and Bax (BH123)

• death promoting

• activate procaspases indirectly

• releases cytochrome c from mitochondria into the cytosol

• Help form channels in the outer mitochondrial membrane

• Allows cytochrome c to be released into the cytosol 
• promotes the assembly of Apaf-1 to form an apoptosome
• Procaspase become activated within the apoptosome

• triggers a caspase cascade that leads to apoptosis



• INTRINSIC pathway
• Cytochrome c > Apaf-1 binding > Aggregation of Apaf-1 and 

binding of procaspase-9 > Activation of procaspase-9 > 
Caspase cascade

• EXTRINSIC pathway
• Killer Lymphocyte + Target cell
• Fas/FasL > Aggregation and cleavage of procaspase-8 or -10 > 

Caspase cascade

4.  Two pathways of Apoptosis



INTRINSIC pathway



EXTRINSIC pathway



“The balance between the activities of pro-apoptotic and 
anti-apoptotic members of the Bcl-2 family largely 
determines whether a mammalian cell lives or dies by 
apoptosis”



• Extracellular Signals for cell division

• Survival factors
• Mitogens
• Growth factors

5. Animal cells require extracellular signals to survive, grow, 
and divide



Review (Ch. 17)

Bcl-2

6. Animal cells require survival factors to avoid apoptosis

• Cell survival

• need signals like cell growth or proliferation

• no survival signal leads to apoptosis
• Cells survive only when and where they are needed
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• Nerve cells
• produced in excess.

• compete for limited amounts of survival factors

• Survival or Apoptosis

• Control cell numbers in other tissues, both developing 
and in adulthood.





• Survival factors

• bind to cell-surface receptors

• activates intracellular signaling pathways

• keep the death program suppressed

• regulates members of Bcl-2 family proteins

• increase the production of apoptosis-
suppressing members of the Bcl-2 family





• Three ways that extracellular survival factors can inhibit 
apoptosis

• Increased production of anti-apoptotic Bcl2 protein (Bcl2)

• Inactivation of pro-apoptotic BH3-only Bcl2 protein (Bad)

• Inactivation of Hid, anti-IAPs (Inhibitors of apoptosis)


