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What do you know about
stem cells?
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What are stem cells?

» Are primal cells common to all multicellular
organisms that retain the ability to renew themselves
through cell division and can be differentiated into a
wide range of specialized cell types.

» All stem cells are unspecialized (und@ﬂ%renﬁated) cells
that are of the same family type ([ineage).
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\ Differentiation vs self renewal
- Asymmetric division
S e If‘ Re newa I due to differential segregation
of cell membrane proteins
between the daughter cells
leferentlatlon-
Mature Cell

Stem Cell

o

Self-renewal: The ability to go through numerous cycles of cell division
while maintaining the undifferentiated state.
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http://www.allthingsstemcell.com/glossary/
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A specialized cellular environment that prov ides stem cells with the

support needed for self—renewal.

Niche cells
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' Stem cell niche

Cells only

-

Intermediate cell Direct contact

A sing[e cell type, or a whole

host of nteracting cells. O

Cells outside the stem cell’s

lineage, or ’chey may derive ‘;—
primarily ﬁfom the stem

ce“’s own descendan’cs.

Notch. Wnt. FGE Soluble factors
Cells & ECM EGF, TGF-B, SCF,

and chemokine o

Secreted or cell surface factors  families
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‘Why stem cells need a special

environment?

* Demands on stem cells necessitate special support for viability.

* Nutritive function

* Niches might be agents of feedback control (control of stem cell pool
size).

* Niches are instruments of coordination among tissue compartments.

* Niches are hubs of inter-lineage coordination.

Dr. Diala Abu-Hassan 7



Types of stem cells

Em’ovyonic stem cells

- Areable to d@ﬁ'"erentiate into all the specialized embvyonic tissue

Adult stem cells

+ Act as a repair system for the body replacing specialized damaged cells
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Potency of
stem cells

The d'ﬁerenﬁaﬂon potenﬁa[ of
the stem cells
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Figure 1: Potency of stem cells
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_, __/Embryonic Stem Cells (ESCs)

~ }grriixged eqy
4 Blastocyst
V'ES cells are derived from inner \) roryo
: g
cell mass of mammalian 2.9
—

Iolastocysts
v Deve[op befove imp lantation in

the uterus 7

Neural cells
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Cardiac muscle
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Pluripotency of ESCs .

Pluripotency transcription factors:

Oct 4

Nanog

Wnt-fcatenin signalling
Other TFs

W
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‘The Ethical Dilemma of ESCs

Prevention or Respect the
alleviation of value of
suffering human life

A

Morals and religion
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_ ﬁcedcf’ w'qooten‘c Stem Cells (iPSCSL

Transplantation of genetically
T / \m healthy cells
- *“*r
. Healthy cells
© 0O KLF4
In vil
iferentiati
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7" Generation of LPSCs

«/IPS cells were obtained by transducing embryonic and
adult fibroblasts with defined transcription factors.

* OCT3/4, SOX2, c-Myc, KLF4

Takahashi K, Yamanaka S. 2006. Induction of pluripotent
stem cells from mouse embryonic and adult fibroblast cultures
by defined factors. Cell 126:663-676.

Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka T,
Tomoda K, Yamanaka S. 2007. Induction of pluripotent stem ™

cells from adult human fibroblasts by defined factors. Cell
131:861-872.

14 N’

" \J N /



- 4
Jémanaka S comparlson of IPS and

N’
ES cells
\Jl .
Surface | In V|t_ro_
antigens R differentiation
Proliferation
Morphology
cene iPS cells are indistinguishable ]:I'eratot_ma
expression o IR ormation
Telomerase Promoter
activities _ _ N
Epigenetic status Clades
of pluripotent cell- |
specific genes
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Adult stem cells

Undiﬂ"erenﬁated cells found t’mrough out the body.

Function: t’aey divide to rep lenish dying cells and regenerate

damaged tissue
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Hematopoietic Stem Cells
. Lymphoid
Hematopoietic  prggenitor Co
f Stam Gl rogenitor Ce
Multipotential ;
1. Bone marrow stem cells Bone Marrow Do el »J
A. Hematopoietic stem cells Eosinophil |
) 1 MNeutrophil
Basophil () & Myeloid
% ' Progenitor Cell
P
wilf - ‘ q Red Blood
Mo m-:!.ftet' . ‘a‘“ el
| l,"
Macrophage
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NE°  Topes of addult stem cells

Liver

Rat brain

1. Bone marrow stem cells

=l CNS stem
' *,»\ cells

B. SOWlaﬂ.C stem Ceus SuCl’l as ‘ i \’o - Skeletal

< ‘.; S . o
S i " 8 _ muscle .
mammary stem ce Us and / ' //
'/ Bone

mesenchymal stem cells D oo
(osteoblasts, chondvocytes, ® ¥ } W

. Y Epithelial
myocytes, adqoocy‘ces, - - 9 f o el

neuronal cells). -
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Cardiac muscle
T peveon:
Glial cells
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\/ Types of adult stem cells Q

9 SOLUBLE MECHANICAL
FACTORS FACTORS
self renewing differe nt iation

q - =]
\ pmgemtnr
cells >
=% astrocyte
neural stem cells

2, Neural stem cells : neurospheres — ﬂoaﬁng hetevogenous aggregates

of cells, containing a [arge proportion of stem cells respons ible for adult |
neurogenesis in subventriculare zone, which lines the lateral ventricles

of the brain, and the dentate gyrus of the hippocampal formaﬁons. N’
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\/ Types of adult stem cells Q

N’ / Floating adipocytes
—>
Stromal vascular fraction (SVF)

1

==

or Processed Lipoaspirate cells (PLA)

Adipose tissue-Derived
Stromal Cells (ADSCs)

S _
Smooth muscle cells 4/‘/ l \ Endothelial cells

Fibroblasts

Pericytes

Mesenchymal Stem Cells
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3. Adipose stem cells (ASCs).
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\ 4 Types of adult stem cells Q

/\‘\~ Hematopoietic
' \ - Stem Cells
- ‘

o

Mesenchymal ( : )

Stem Cells
\

CORD TISSUE

4. Umbilical cord stem cells
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5. Olfactovy adult stem cells: found in olfactory mucosal cells

\ \ —
( / \\_j OLFACTORY BULB
N\
“
) OLFACTORY NERVE

- es\
( , \, OLFACTORY EPITHELIUM
.
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it 6. Tissue stem cells in cornea, trabecular meshwork, etc.

4

Scleral
Spur

}JCT

Cornea Sclera

Schlemm’s Canal
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Trans-differentiation vs developmental plasticity

Trans-differentiation
A change in stem cell

dﬁerenﬂaﬁon ﬁrom one cell
type to another
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Developmental plasticity

The multiplici’cy of stem cell

diﬁfevenﬁaﬁon options



Why stem cell research?

*Functional genomic studies to understand human embvyonic gene

expression, genomic data mining, and bioinformaﬂcs.

*To s’cudy bio logica[ processes to understand human developmenta[
disorders like birth defec’cs, cancers, etc.

‘Creaﬁng human disease models for dmg discovery and development.

*Cell-based therapy and regenerative medicine.
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/- Cancer stem cells (CSCs)

Are tumor cells that have the essential properties of self renewal, clonal tumor
o

nitiation capacity, clonal [ong term Vepopu[a’cion po’cential and plas’cicity

Hierarchical model of carcinogenesis

/ Self- ’ m
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Normal stem cell Normal progenitor cell Differentiated cells

Escape Escape
regulation regulation
&lr- P — ’ ..-* .4_\ :.'\
renewal '9 ° # g‘gﬁ:{)\
Plasticity Oy L%
Cancer stem cell Cancer progenitor cells Different tumor subtypes comprised

of poorly differentiated cells with

Cell oforigin; Celloiorigin l limited proliforative capacity
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‘ Self- 6(“ '4' Self-
renewal — _ © ¢ q _renews
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e %
Aggressive tumors with different cells of origin >
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