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Fig. 1. The stages of apoptosis in a lymphocyte. These stages are best seen in isolated cultured in vivo,
phagocytosis will interveneld (a) The normal cell has a sparse cytoplasm and heterogeneous nuclear
chromatin. Cell volume is about 90 fL. (b) The cell has lost some volume, and its cytoplasmic
organelles are new tightly packed. There is clumping of chromatin. At this stage, membrane changes
that can lead to phagocytosis are present. (c) The cell exhibits zeiosis. (d) The chormatic has
collapsed down into crescents along the nuclear envelope. This is readily observed using cell-
permeant DNA dyes and a loght microscope. Cell volumen is now about 70 fL. (¢) The nucleus has
collapsed into a black hole. (f) The collapsed nucleus frequently breaks up into spheres. Some DNA
has probably been lost from the cell by now, as apoptotic bodies are blebbing off it. (g) The cell
fragments info apoptotic bodies. Each of these continues to exclude vital dyes for some time.
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Physiologic inhibitors

. Growth factors

. Extracellular matrix
. CD40 ligand

. Neutral amino acids
. Zinc

. Estrogen

DA WN =

Viral genes
1. Adenovirus E18
2. Baculovirus p35
3. Baculovirus AIP
4.
5
6

Inhibitors of Apoptosis

Cowpox virus crmA

. Epstein-Barr virus BHRF1, LMP-1
. African swine fever virus LMW5-HL

Inducers of Apoptosis

Pharmacological agents

1. Calpain inhibitors

2. Cysteine protease inhibitors
3. tumor promoters

PMA
Phenobarbital
a-Hexachlorocyclohexane

Toxins

Physiologic activators Damage-related inducers

1. TNF family 1. Heat shock
Fas ligand 2. Viral infection
TNF 3. Vacterial toxins
2. Transforming 4. Oncogenes
growth factor B myc, rel, ETA
3. Neurotransmitters 5. Tumor suppressors
Glutamate p53

Depamine 6. Cytolytic T cells
N-methyl-D-aspartate 7. Oxidants
4. Growth factor 8. Free radicals
withdrawal 9. Nutrient deprivation-
5. Loss of matrix antimetabolites
attachment
6. Calcium

N

. glucocorticoids

Therapy-associated agents

1. Chemotherapeutic drugs
Cisplatin, doxorubicin,
bleomycin, cytosine
arabinoside, nitrogen
mustard, methotrexate
vincristine

2. Gamma radiation

3. UV radiation

1. Ethanol
2. B-amyloid peptide

Fig. 2. A partial list of the agents that have been reported to induce or inhibit apoptosis.
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Activation of

death receptors
Growth factor P

withdawal\ } \

DNA
damage

BCL2
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p53 ‘

Metabolic or
cell cycle perturbations

Cytotoxic
T cells

Central cell death signal ————— Protease activation ———Cell surface alterations ————— Phagocytosis

Endonuclease
activation

/

Cytoskeletal
reorganization

Fig. 3. A hypothetical model for the regulation of apoptotic cell death. As diagrammed, the major end point
of apoptotic cell death is the removal of the dying cell by phagocytosis. One of the difficulties in
determining the contribution of apoptosis to the pathogenesis of disease is the rapidity with which the
phagocytosis of apoptotic cells occurs in vivo. Both the death repressor BCL2 and ICE are members of

larger gene families.
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Diseases Associated with the Inhibition
of Apoptosis
1. Cance
follicular lymphoma
Carcinomas with p53 mutations
Hormone-dependent tumors
Breast cancer
Prostate cancer
Ovarian cancer
2. Autommune disorders
Systemic lupus erythematosus
Immune-mediated glomerulonephritis
3. Viral inferctions
Herpesviruses
Poxviruses
Adenoviruses

Diseases Associated with Increased
Apoptosis

1. AIDS

2. Neurodegenerative disorders
Alzheimer's disease
Parkinson's disease
Amyotrophic lateral sclerosis
Retinitis pigmentosa
Cerebellar degeneration

3. Myelodysplastic syndromes
Aplastic anemia

4. Ischemic injury
Myocardial infarction
Stroke
Reperfusion injury

5. Toxin-induced liver disease
Alcohol

Fig. 4. Diseases associated with the induction or inhibition of apoptotic cell death.
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