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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.
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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.
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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
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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.



Apoptosis

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

— Cancer cells
|nfeCt|0n; cellular stress, or DNA damage- + Radiation and chemicals used in cancer therapy induce apoptosis
. . [ t f Ils.
The proteins that mediate the cell death remk. Seivr

Fre-Apoptotic Cell Early Apoptotic Cell Late Apoptotic Cell

response are also involved in destroying
aberrant cells, such as cancer cells.
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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

Fig. 1: SC-1 induced apoptosis in stomach carcinoma cells

such a cell would die apoptotically. Left: Before induction
. . . Middle: 24h after induction
Apoptotically dying cells activate a set of Right: 48h after induction

degradative enzymes, the caspases, that
mediate the controlled disassembly and
degradation of the cell.



Oncogene activation
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Endogenous ligand

Apoptosis
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TNF, FasL, TRAIL
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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.
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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.
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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.
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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
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Necrosis
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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

Hemorrhagic Stroke Ischemic Stroke

* 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.



Necrosis

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 NORMAL
ability to regulate the intracellular environment.
The normal intracellular concentration of Ca2+ is generally less - :
that 10-7 M. Rei‘:s:ﬁ;ble ’ Recovery
The concentration of Ca2+ outside the cell is generally much g
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Kumar et al: Robbins & Cotran Pathologic Bas

molecules.

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



Necrosis/ Inflammation

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 dyingcells
are themselves substrates for enzymes, in TN arachidonic acid

. ‘ prostaglandins
particular the cyclooxygenases. 1
These enzymes transform FFAs into : cof") prostegléndin
prostaglandins and other molecules, known FE poroutase -

collectively as eicosanoids, which mediate _;
inflammatory responses. b=

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.
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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

ACUTE INFLAMMATION RESOLUTION
= Vascular changes * Clearance of injurious stimuli
* Neutrophil recruitment » Clearance of mediators and acute
* Mediators inflammatory cells

* Replacement of injured cells
* Normal function

* |nfarction

+ Bacterial infections
* Toxins ~ay)
* Trauma _‘ N @2 Pus formation (abscess)
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Acute Inflammation
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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



Chronic Inflammation

Normal Joint Rheumatoid Arthritis

Rheumatoid Arthritis
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* 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

* Achronicirritant of low intensity that persists.



Inflammation

ACUTE INFLAMMATION CHRONIC INFLAMMATION
Innate Immunity Adaptive Immunity

Immune helper cells do Immune helper cells try to do
their job of healing their job of healing but
ongoing stimulus results in
l more cell recruitment,
. . increased
End stimulus/ Healing inflammation,
and changes to cells
Repetitive cycle
©2014 Jedha Dening Increased disease

Nature Reviews | Immunology



Foods For Arthritis
& [nflammafory Pain

', Cherries

«  Contain anthocyanocides
; which help lower uric acids
; levels reducing pain

Pineapple
Contains Bromelain which is
an effective anti-inflammatory

Raw Apple Cider Vinegar

Contains helpful anti-inflammatory % -
properties. X

1 Tbsp in 6-8 ounces of water, or -
use as part of a salad dressing.

Ginger

Ginger contains gingerols which
are potent anti-inflammatory
compounds.

Eat more fresh ginger, or drink
ginger root tea.

Tumeric
Contain cucumin which is an
anti-oxidant & anti-inflamma-

tory.

Omega 3’s

Contain anthocyanocides which
help lower uric acids levels
reducing pain. Eat more chia,
fish, hemp, and flax seeds.

**Avoid **
Sugar Foods

Leads to increased AGES
(toxins causing inflammation),
which results in more aches
and pains

-

il
¥

Fried Foods

Overcooked food or foods
cooked at high temperatures
' incite the inflammatory re-
.. sponse because they create
" AGES

£ body. Replace foods

Omega 6 oils

. High intake of omega 6

increases inflammation in the

containing omega -6s with

~ + healthier omega 3 foods.

Salt

For some people excess
sodium consumption can in-
flame the joints. Less salt may
help arthritis symptoms.



Cell division

Cells divide for many reasons:

» cells divide to replace old, dead, or damaged cells
e 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 |
l / ) K H ) The chromosomes
/ yy/ replicate, and the
cell divides once.

(/\ ) Il
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Mitosis ] /SN x L Meiosis I
One cell division I;(l \ n | v Each new cell
produces daughter : }" i N divides, producing
cells that are genet- daughter cells that
ically identical to R 2 ; are genetically
the parent cell. $ 2 Nz Kol h) different from the
NS Sh e YOG parent cell.

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.
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Neurogenesis
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Proliferation and differentation of CNS cells
Nobel prize Robert Horovitz 2002
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Basic Neuron Types

> N
I
e

Bipolar Unipolar Multipolar Pyrimidal
(Interneuron) (Sensory Neuron) (Motoneuron) Cell

E2001 HowStuffWorks
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Type 1 cell Type 2 cell Type 3 cell Immature  Mature granule
neuroblast neuron neuron

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



Aging and
immune factors

o Rejuvenating factors

Aging Rejuvenation
* Decreased neurogenesis e Increased neurogenesis
* Impaired synaptic * Unknown effect on
plasticity synaptic plasticity?
* Impaired cognition ® Unknown effect on

cognition?



Heterochronic parabiosis provides insights into ageing and stem cell function

B Old Young

Demyelinated

Myelinating P

oligodendrocyte

Dead oligodendro- Young mouse-
cytes and myelin derived monocytes
debris

Peter van Wijngaarden, and Robin J. M. Franklin

Development 2013;140:2562-2575
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db/db ob/ob +/+ +/+
5\@1 .
Diabetes Diabetes Obese
TBody weight TBody weight LFood intake
TAdipose tissue mass TAdipose tissue mass Linsulinemia Lean
Lean Obese {Blood sugar Normal insulin
Linsulinemia LAdipose tissue mass LFat pad size
IBlood sugar Linsulinemia Lean
Death by starvation IBlood sugar No change
Death by starvation
\_ 2% / P

DL Coleman; Nature Medicine 16, 1097-1099 (2010)

doi:10.1038/nm1010-1097




Cancer

Normal ———» Hyperplasia — Dysplasia — Cancer

e 20% mortality

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

e Collaborative assemblies



Cancer
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Nature Reviews | Cancer



Cancer
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Cancer

a Acute inflammation b Carcinogenesis
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Multicellular co

Cells send, receive, interpret, and elaborat
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e set of signals (social controls)
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Cell behaves in a responsible manner
(resting, growing, dividing, differentiating or dying)
as needed for the good of the organism



", .. :
Enzymatic PR ‘ -, 1
digestion NS SRS .
n 2 : Phagocytosis
nd leaka , o _
aof c:nuIa?e "’ “ of apoptotic cells
- AN and fragments
contents ” °y

Phagocyte
NECROSIS APOPTOSIS


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

SURVIVAL/SELF-RENEWAL

VEGF, EGF, LIF
IL-6, SCF, PEDF

PROLIFERATION

FGF-2, EGF, BMP, BDNF

IFG-1, PDGF, TGF-pB, Collagen IV
Laminin, Erythropoietin, Prolactin
Eph & ephrin, NO, Betacellulin DIFFERENTERTION
FGF-2, BDNF, IGF-1, PDGF
Angiopoietin, Collagen IV

Prolactin, NO, Betacellulin

MIGRATION

BDNF, IGF-1, SCF, SDF-1
GRO-q, Angiopoietin, Laminin
Erythropoietin, Eph & ephrin
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APOPTOSIS NECROSIS
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Exntrinsic apoptosis
pathway (e.g. TNF,
FAS & TRAIL

FAS Receptor

QQO@QOQQ
@ . i O@g\‘ﬁg

T ‘g@.

Pro-Caspase-B

)

FADD .
é @ Bcl2/Bcl-XL
Caspase-8 N B

Pro-Caspase-3 Caspase-3 IAPS

Omn/HtrA2

FLIP

Smac/Diablo
@%

Dimerization

Intrinsic apoptosis
pathway (e.g. DNA
damage, ROS)

Chromatin Condensation
Nuclear Fragmentation
Membrane Blebing
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Caspase-independent
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