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Homeostasis

The growth, development, and maintanence of 
multicellular organisms depend not only on the 
production of cells but also on mechanisms to 

destroy them



Cell life span

Only a few body parts last most of 
your lifetime
• neurons of the cerebral cortex 
• inner lens cells of the eye
• muscle cells of the heart

Cells lining the acid filled stomach 
last only about 5 days. 

The outer layer of skin is recycled 
about every two weeks. 

An adult human liver replaces 
itself about once every year to 
year and a half. 

The entire human skeleton is 
thought to be replaced every 10 
years or so in adults.



Cell life span

Neutrophils can survive 3-4 days unless they 
digest bacteria. Then they die in about 12 
hours. 

Eosinophils live about 3 weeks. 

Basophils last about 3-10 days. 

The life span of B lymphocytes that produce 
antibodies ranges from 4 days to 5 weeks.
T lymphocytes can last either a day or two or 
for months depending upon their battle with 
foreign substances. 

Monocytes and platelets interact in many 
settings such as inflammation and blood 
clotting and leave the circulation at random. 

Erythrocytes, red blood cells, live 120 days.



Apoptosis

Programmed sequence of molecular events, in 
which the cell systematically destroys itself from 
whithin and is then eaten by other cells, leaving

no trace



Apoptosis

• Cell die when they become damaged or 
infected

• They are removed before they threaten the 
health of the organism

• Undergo characteristic morphological changes 
(shrink, condense, cytoskeleton collapses)

• Neatly, rapidly cleared away

• Underestimated its extent



Apoptosis

Reasons of massive cell death?

• helps sculpt hands and feet during embryonic 
development

• no longer needed parts (tadpole-frog 
metamorphosis)

• quality control in development eliminating 
cells (misplaced, nonfunctional, potentially
dnagerous; lymphocytes after destroy the 
microbes)



Apoptosis

Programmed cell death is a normal and necessary event of normal development.

During the development of the vertebrate nervous system, for example, ~50% of 
the neurons born die as part of the rewiring process.

The disappearance of the tadpole tail during metamorphosis and the formation of 
the fingers of the hand are classic examples of apoptotic processes.



• Normal cells live on the edge, ready to kill 
itself in response to specific sets of signals.

• Cells can enter apoptosis as part of normal 
development or in response to viral 
infection, cellular stress, or DNA damage.

• The proteins that mediate the cell death 
response are also involved in destroying 
aberrant cells, such as cancer cells.

• Essentially all cancers accumulate 
mutations that inactivate their cell death 
pathway.

• This enables the cancer cell to replicate 
with increasingly aberrant DNA; in the 
presence of an intact apoptotic pathway 
such a cell would die apoptotically.

• Apoptotically dying cells activate a set of 
degradative enzymes, the caspases, that 
mediate the controlled disassembly and 
degradation of the cell.

Apoptosis





Apoptosis
• Death receptors

• Tumor necrosis factors

• Initiator caspases

• Executioner caspases

• Fas activation

• FLIP dimerization

• Cyt C; Apoptotic protease
activating factor -1 
(apoptosome)

• Bcl2 balance (conservative)

• Tumor suppressor p53

• Inhibitors of apoptosis IAP

• Phosphatydylserine



Caspases, a family of cysteine proteases, are the central regulators of apoptosis. Initiator caspases (including 
caspase-2, -8, -9, -10, -11, and -12) are closely coupled to pro-apoptotic signals. Once activated, these 

caspases cleave and activate downstream effector caspases (including caspase-3, -6, and -7), which in turn 
execute apoptosis by cleaving cellular proteins following specific Asp residues. Activation of Fas and TNFR by 

FasL and TNF, respectively, leads to the activation of caspase-8 and -10. 



DNA damage induces the expression of PIDD, which binds to RAIDD and caspase-2 and leads to the activation 
of caspase-2. Cytochrome c released from damaged mitochondria is coupled to the activation of caspase-9. 

XIAP inhibits caspase-3, -7, and -9. Mitochondria release multiple pro-apoptotic molecules, such as 
Smac/Diablo, AIF, HtrA2, and Endo G, in addition to cytochrome c. Smac/Diablo binds to XIAP, preventing it 
from inhibiting caspases. Caspase-11 is induced and activated by pathological pro-inflammatory and pro-
apoptotic stimuli and leads to the activation of caspase-1, thereby promoting inflammatory response and 

apoptosis by directly processing caspase-3. 



Caspase-12 and caspase-7 are activated under ER stress conditions. Anti-apoptotic ligands, including growth 
factors and cytokines, activate Akt and p90RSK. Akt inhibits Bad by direct phosphorylation and prevents the 

expression of Bim by phosphorylating and inhibiting the Forkhead family of transcription factors (FoxO).
FoxO promotes apoptosis by upregulating pro-apoptotic molecules such as FasL and Bim. 





• Autophagocitosis; destructive mechanism that
disassembles unnecesary or disfunctional
cellular components

• Necroptosis; programmed cell death that is
triggered by a specific regulatory signal from 
other cells

• Pyroptosis; programmed cell death associated
with antimicrobial responses during
inflammation



Necrosis

Cells die in response to an acute insult, such as trauma or a lack of blood supply.

Necrotic cell swell and burst, spilling their contents over their neighbors and eliciting 
the inflammatory response.



Necrosis

• Death due to unexpected and accidental cell damage.

• A number of toxic chemical or physical events can cause 
necrosis: toxins, radiation, heat, trauma, lack of oxygen due 
the blockage of blood flow, etc.

• Physical or chemical insults can lead to the lethal disruption of 
cell structure and activity.



• As necrotic cells begin to die, they swell – holes appear in the 
plasma membrane and intracellular materials spill out into the 
surrounding environment.

• An important side-effect of these changes is the loss of the 
ability to regulate the intracellular environment. 

• The normal intracellular concentration of Ca2+ is generally less 
that 10-7 M.

• The concentration of Ca2+ outside the cell is generally much 
higher, on the order of 10-3 M.   There are also high levels of 
Ca2+ sequestered within mitochondria and other intracellular 
compartments.

• The low concentration of intracellular Ca2+ requires energy to 
maintain - Ca2+ must be pumped out of the cytoplasm. 

• As the cell dies, its ability to maintain the integrity of the plasma 
membrane and to pump ions is lost. 

• Ca2+ acts as an allosteric effector of many proteins, drastically 
altering their activity.

• Unregulated Ca2+ induces the generation of toxic chemicals and 
activates enzymes that lead to the degradation of cellular 
molecules.

• As the cell is disassembled, various breakdown products are 
produced and released into the neighborhood.

Necrosis



• The presence of Free Fatty Acids molecules is 
interpreted by neighboring cells as a sign of 
tissue damage.  They react to defend 
themselves.

• The FFAs generated by damaged and dying cells 
are themselves substrates for enzymes, in 
particular the cyclooxygenases.

• These enzymes transform FFAs into 
prostaglandins and other molecules, known 
collectively as eicosanoids, which mediate 
inflammatory responses.

• A number of conditions are characterized by 
chronic inflammation, for example rheumatoid 
arthritis.

• Aspirin and aspirin-derivatives preferentially 
inhibit COX1; other drugs, such as indomethacin 
and rofecoxib (vioxx) are specific for COX2.

Necrosis/ Inflammation



Inflammation

• Inflammation is part of the body's immune response.
• Acute inflammation - starts rapidly (rapid onset) and 

quickly becomes severe.
• Chronic inflammation - this means long-term inflammation, 

which can last for several months and even years.
• Our infections, wounds and any damage to tissue would 

never heal without inflammation - tissue would become 
more and more damaged and the body, or any organism, 
would eventually perish.

• Chronic inflammation can eventually cause several diseases 
and conditions, including some cancers, rheumatoid 
arthritis, atherosclerosis, periodontitis, and hay fever.



Inflammation



• Starts rapidly (rapid onset) and quickly becomes severe. Signs and 
symptoms are only present for a few days, but in some cases may 
persist for a few weeks.

• Examples of diseases, conditions, and situations which can result in 
acute inflammation include:

• Acute bronchitis

• Sore throat from a cold or flu

• A scratch/cut on the skin

Acute Inflammation



• Long-term inflammation, which can last for several months and even years. 

• Failure to eliminate whatever was causing an acute inflammation

• An autoimmune response to a self antigen - the immune system attacks healthy 
tissue, mistaking it (them) for harmful pathogens

• A chronic irritant of low intensity that persists.

Chronic Inflammation



Inflammation





Cell division

Cells divide for many reasons:

• cells divide to replace old, dead, or damaged cells

• divide so living things can grow

In human bodies, nearly two trillion cells divide every day



Cell division
Depending on the type of cell, there are two ways cells divide mitosis 

and meiosis. 

Mitosis is a single cell divides into two cells that are replicas of each 
other and have the same number of chromosomes. This type of cell 

division is good for basic growth, repair, and maintenance.

Meiosis a cell divides into two cells that have half the number of 
chromosomes. Reducing the number of chromosomes by half is 

important for sexual reproduction and provides for genetic diversity.



Mitosis





Meiosis



Neurogenesis

Proliferation and differentation of CNS cells
Nobel prize Robert Horovitz 2002









Bone marrow cell synthesize brain-derived neurotrophic factor and nerve
growth factor reduce apoptotic cell death, enhance endogenous

neurogenesis, and improve neurological recovery





Heterochronic parabiosis provides insights into ageing and stem cell function 

Peter van Wijngaarden, and Robin J. M. Franklin 

Development 2013;140:2562-2575



DL Coleman; Nature Medicine 16, 1097–1099 (2010) 
doi:10.1038/nm1010-1097



Cancer

• 20% mortality

• Cancerous cells break the most basic rules of cell 
behavior (cell signaling, cycle, growth, apoptosis, 
tissue architecture)

• Collaborative assemblies



Cancer



Cancer



Cancer



Multicellular collaboration
Cells send, receive, interpret, and elaborate set of signals (social controls)

Cell behaves in a responsible manner
(resting, growing, dividing, differentiating or dying)

as needed for the good of the organism



https://www.youtube.com/watch?v=7WRkY8q_F3k




Thank you ☺












