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- Itis the process by whiclunspecializedcells acquire
specializedsiructuraand/or functiona features that
characterize thespecialized cells.
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- Earlydevelopment:

Rapidproliferation of embryonic cells, which
then differentiate to produce the many
specialized types of cells that makeuthe [ MNormal
organs.

- As cells differentiate:

The rate of proliferatioriecreases, and
many cellsarearrested in th&O stage.

Proliferation

| Proliferation
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« Cell proliferation ibalancedwith cell [_Awophy |
death to maintain a constant number of
cells.
[ Apoptosis |
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» Theyleave the cell cycle to perform specializédnction (GO
stage), e.g. cardiac musclefibers & neurons.




- Theyare considered to be in Gstage but theymay be
stimulated to divide bsignalse.g. smooth muscle fibers and
the cells of theliver.
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» Definitionundifferentiated o @ : @ @
(unspecialized) cells that can proliferate @
& differentiate to give a specialized cells. |

n more stem cells
» Stem cell properties:

1- Self-renewal the ability of the cell to go
through numerous cycles of cell division
while maintaining the undifferentiated
state.

2- Potency the capacity to differentiate
into different cell types.
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Sagittal section of trilaminar embryonic disc,
about 16 days after fertilization
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. TheYhave the pOtential to Pluripotent SC: Multipotent SC: more restricted
generate all types ofells and ot sy [sltismtmes. || esivs neogcomniie
constructa complete organism =% w.lm.n. o Dt
» Theyare derived from the cells . ) @ @"«&—E@mmm
produced by the first few

divisions of the fertilizedvum
(morulacells).
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Pluripotent SC: Multipotent SC: more restricted

forming almost 200 different | capable of generating W than embryonic SC; eventually

derivatives the three geI'IﬁayeI'S cell types in theadL[tbcrdy"' uE tyrpe-s age
=ectoderm endoderm, and O R G e
mesoderm.
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» Theyare derived fronthe inner cell —
mass of the blastocyst “'

@ Ectoder derived
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Multipotent 5C: more restricted
than embryonic 5C; eventually

* Theycan produce cells of aclosely-  FEEEEEN IEEN
relatedfamilye.g. hematopoietic ilipeh st et s e T tesvne dreee e
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» Theycan producea single type
of mature cellbutstill have the
property of self renewal which
distinguishes them from non-
stem cells e.g. stem cells in the
skin epidermis.

Differantiating progeny of
one epidermal stem cell
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» Theyare pluripotenstem cells derived
frominner cell mass of blastocyst

- AdvantageTheycan specializeand

become any type of bodyells.

- Disadvantageethicalrestriction.

Stem Cell Therapy
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INn Vitro Fertilization

2. Egg pick up 6. Embryo transfer

&. Egg fertilization
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1. Ovarian stimulation
hormone therapy 3. Sperm preparation 5. Embryo development



+ Most of themare multipotent

Locations of Somatic Stem Cells
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» Theyare multipotent




- Theyare pluripotent







When a cell want to die...



| Normal cell |

« |  Stress |
‘ Within limite i /2 I Exceed limits ‘
| adaptation | \ Cellinjury |

| Persistence of severe stimulus |

e Cell dyath
| Necrosis Optosis




Apoptosis ecrosis




 Causes: Itis a pathological procesdue
to e.g. hypoxia, radiationr pathogens
such as viruses.

« Morphologicalfeatures:

1- Damage of the cell membranwithcell
swelling & rupture.

2- Breakdowrof cell organelles.

3- Denaturatiomr coagulation of
cytoplasmicproteins.

4- Inflammatiomwith extensive damage of
the surmrounding tissue.
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It is a physiological procescontrolled
by severalgenes ( loss of mitochondrial
function initiateseveralreactions that
lead tocell death).




APOPTOSIS

Know the signs.

Don't Stop Me! I
want to Die!




Each cell receives

Positive signals

TP Negative signals
Fromother cells an :
extracellular matrix thathibit Promoteapoptosis
apoptosis

¢ 3

There is a Bala{nce B\etween them

Receiving of Withdrawal of .
negative signals OR Ej(és;;i];re —> | Apoptosis




» Removalof excess cells that have
no function e.g.during
morphogenesis and for
determination of organ size.

Development of toes

Incomplete apoptosis




1- Hommone-dependent:

* Involutiorof the
endometriunduring the
menstrualcycle.

* Regressionof lactating
mammary gland after

weaning.
* Regressionof prostate in
old males.




2- Eliminatiomwf{ cells during cell cycle when their DNA damage
1S not repaired.

» DNAis ok?

» Enough resource forcell

G1 replication?

» Build enough proteins?

» Isenvironmentis ok? ‘

Checkpoint g




3- Maintaining@ constant number of cells in proliferating cell
populations, e.gintestinalepithelium
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am done with my
ole here. If's time
for me o die now,

| will miss you my
altruistic brother.









1- Loss of microvilli and intercellular junctions.
2- Shrinkageof the cell with membranalebing

3- Breakdowrof DNA withhypercondensatiowf
chromatimand its collapse against the nuclear periphery.

4- Changeof cell membrane charactersvithout loss of

its integrity

5- Cell organelles remain apparently normal but become
clumped inside the cytoplasm.

6- Fragmentatiorf the cell intoapoptoticbodiesthat
contain fragments of the nucleus, mitochondria and
other organelles

7- The apoptotic bodiesareremoved by the phagocytic
cells.
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Death with Dignity
Gently and Painlessly




This 1s not a matter
of life versus death,

but about the timing
and manner of an
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1- Type Pathological. Physiological.

2- Cell membrane Damage with loss of its integrity. Change of some characters without loss of its integrity.

3- Organelles Broken down. Intact.

4- Proteins Denatured or coagulated. Broken down of DNA withypercondensatiomf
chromatin.

5- Apoptotic bodies Absent Present

6- inflammation Present Absent

Cell blebs violently




What is the correct feature of this

process?

1-The cell can proliferate &
differentiate into many cell types.

2- The cell organelles are broken
down. o °

3- The cell can replicate its DNA.

4- Shrinkage of the cell with
membraneblebing




What is the correct feature of this

process?

1-The cell can proliferate &
differentiate into many cell types.

2- The cell organelles are broken . .
down. ' . 0
3- The cell can replicate its DNA. ' »

4- Shrinkage of the cell with
membraneblebing







