
““Learning without thinking is useless;   
thinking without learning is dangerous..””
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Programmed cell death  - leaf fall 
apo = a leaf, ptosis = falling down



Metamorphosis of insects and 
amphybians 
XVI – Vesalius – ductus venosus
XVII – W. Harvey– 
reorganization of human 
embryonic heart 
XIX – cell theory, microscopy



1949 – Hamburger & Levi-
Montalcini – death of 

neurons in normal 
neurogenesis

1972 – Kerr, Wyllie & 
Currie 
“a process as natural as 

the autumn fall”
Andrew
Wyllie

50-70 billion cells /day



Genetic regulation

Sydney Brenner (75) - USA
John Sulston (60) - UK
Robert Horvitz (55) - USA

Nobel prize - 2002



Cells die by 2 pathways:

Following an accident 
– via necrosis – induced by mechanical or 
toxic factors 

Following a genetic program
programmed cell death type I - apoptosis – 
suicide with defined sequence and 
morphology

programmed cell death type II – autophagy - 
suicide with “self digestion”



 

cells swell (including 
organelles) – disturbed 
ability of membranes to 
control water and ion 
passage

the cytosol leaks outside 
the cell

inflammation occurs in 
surrounding tissues

NECROSIS  



Affects tissues and organs, rather than single cells.Affects tissues and organs, rather than single cells.
Cytoplasmic organelles are degraded first.Cytoplasmic organelles are degraded first.

The nucleus is degrades last.The nucleus is degrades last.



cells shrink
loose contact with 

surrounding cells
mitochondria liberate 

cytochrom С
chromatin condenses and 

degrades
the cell fragments into 

“blebs” on the cell surface = 
apoptotic bodies

apoptotic bodies are 
phagocytosed by surrounding 
macrophages 

no inflammation occurs in 
surrounding tissues

APOPTOSIS



Affects single cells rather than tissues and organs.Affects single cells rather than tissues and organs.
The nucleus is degrades first.The nucleus is degrades first.

Cytoplasmic organelles are degraded later.Cytoplasmic organelles are degraded later.



APOPTOSIS – “clean, neat death”
Phagocytes recognize apoptotic cells by special 

chemical signals –“eat me signals” – externalization 
of phosphatidylserin on plasma membranes of 

apoptotic cells
решение за

самоубийство самоубийство
поглъщане от съседни клетки

разгражданездрава
клетка

клетка, 
решила да умре

мъртва
клетка

 Healthy 
cell 

Committed 
to die

Dead
cell

Phagocytosis 
Degradation 



Totalitarian system! 
No democracy!

Аpoptosis is a mechanism acting 
against “cell rebellion”.

Negative eugenics – strict order 
for  imperfect cells to commit 

suicide.
Decentralized mechanism – the 
self consciousness of each single 

cell matters.



Why do cells 
commit suicide?

Because of two 
reasons:
apoptosis is 
essential for normal 
development
apoptosis destructs  
cells dangerous for 
the integrity and 
normal development 
of the body.



1. Apoptosis is as essential for 
normal development as mitosis is.

Apoptosis at physiological conditions
resorption of tadpole’s tail during adult frog 
metamorphosis;

formation of fingers and toes of human fetus;



- oogenesis;
- elimination of endometrium  during 
menstruation;
- involution of female mammal’s breast 
after baby feeding;
- involution of ovarian follicules in 
menopause;
- elimination of abnormally functioning 
neurons;
- regulation of cell number;
- elimination of autoreactive Т- and В-
lymphocytes in the immune system;
- involution of the thymus after puberty.



2. Apoptosis destroys cells dangerous for the 
integrity and normal development of the 
body

Potentially dangerous cells are:
cells infected with viruses –            
Тс destroy them by apoptosis;
cells with damaged DNA – 
cells with DNA mutations – could result 
in the birth of a child with inborn defect 
or could be transformed into tumor 
cells.



When do cells 
commit suicide? 

When either of the two 
factors is present:
- decreased positive 
signals
- increased negative 
signals



1.Decreased positive signals, necessary for 
cell’s continuous growth and survival. 

GROWTH FACTORS – soluble molecules 
specifically stimulating cell growth; epidermal 
growth factor; platelet growth factor, 
endothelial growth factor, etc. 
 

Cells stop to divide and decide to commit 
suicide if : 
- small quantity of growth factors are released; 
- growth factor receptors on cells are 
defective.



2. Increased negative signals 
Factors inhibiting cell proliferation and 
growth are :

- high level of oxidants in the cell;
- DNA damage due to oxidants, UV-
light, X-rays, drugs;
- “death activators” – molecules binding 
to specific receptors on the cell surface 
and thus activating cellular apoptosis. 



“Death activators” :
-TNF – a protein causing 
death of tumor cells by 
binding to its corresponding 
receptor - TNFR;
- Fas ligand (FasL) –         
a molecule binding to a cell 
receptor - Fas.



How do cells 
commit suicide? 
Two mechanisms 
induced by:
- External activating 
signals, binding to 
death receptors on cell 
surface – extrinsic 
pathway
- Internal signals 
originating inside the 
cell – intrinsic pathway



C. еlegans – evolutionary conserved 
genes and mechanisms of apoptosis

Basic “executioner”  
of apoptosis by both 
mechanisms are the 
enzymes caspases = 
cysteine-containing 
aspartate-specific 

protease. 



1. Extrinsic apoptotic pathway - 
activated by external signals acting on 

death receptors on the cell surface.

• Death receptors Fas and TNFR
• Binding of death receptors with death activators FasL 

and TNF leads to signal transduction into the cytosol
• Activation of caspase-8 = initiation caspase
• It activates on a cascade manner the executor caspases 

triggering cell death  



Extrinsic apoptotic 
pathway
(receptor-mediated)

- cascade 
activation of 

executor 
caspases; 

- proteolysis of 
cytosolic 
proteins;

 - chromatin 
degradation;
 - cell death.

TNFR

caspase-8

Fas

FasL

TNF



Тс

Target cell



Caspase cascade



2. Intrinsic (mitochondrial) apoptotic 
pathway 

 activated by signals inside the cell.

Triggered in mitochondria as a result of external 
damage

• protein bcl-2 – translocates from the cytosol onto 
outer mitochondrial membranes and alters their 
permeability 

• cytochrome С – leaks into the cytosol and 
activates the initiation caspase-9

• It activates in a cascade manner executor 
caspases 





2. Intrinsic 
(mitochondrial) 

apoptotic pathway 
- cascade 

activation of 
executor caspases; 

- proteolysis of 
cytosolic proteins;

 - chromatin 
degradation;
 - cell death.

caspase-9

bcl-2

Cytochrome С

mitochondria

External damage in DNA



Genetic control of apoptosis
Induction of apoptosis
In cases of DNA damage :
- the tumor-suppressor gene р53 is activated;
- it stops the cell cycle in G1-phase;
The cell has time to repair DNA damage;
if reparation is impossible, р53 induces 
apoptosis

Inhibition of apoptosis
Anti-apoptotic genes of the bcl-2 family inhibit 
apoptosis. The bcl-2 proteins act as antioxidants 
and eliminate free radicals damaging DNA.



Apoptosis and 
disease

Inhibited apoptosis  
- in tumors and 
autoimmune 
diseases.

Activated apoptosis 
– in AIDS; in Werner 
syndrome (mutation 
in chromosome 8, 
increased Fas-
induced apoptosis).WS patient age 15 yrs WS patient age 48 yrs



Christian de Duve
Nobel Prize, 1974
discovery of lysosomes



Programmed cell death type ІІ
caspase-independent apoptosis = 

autophagy
Autophagy - controlled by a cascade of proteins and 
protein complexes, each regulating a distinct stage of 
autophagosome initiation and formation

- eliminates damaged proteins and organelles - a quality 
control mechanism in aging

- helps  restore "worn-out" parts of the cells
- provides fuel for energy and building blocks for renewal of 
cellular components 
- essential for the cellular response to starvation and other 
types of stress
- eliminates invading intracellular bacteria and viruses
- drug-induced (chemotherapy, ethanol)
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