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» Signaling pathways
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Source ;What Are Stem Cells? Louisiana Life Federation

An Adult Human once a tiny cell, is a self assembling machine made of
trillions of microscopic components...




WHAT IS STEM CELLS NICHE AND WHAT DOES IT CONSIST OF?

CXCL2
SCF

I
‘ Somatic Cells

‘ Niche Cells

Bone marrow niche - Dynamic/Hyperactive
Neural niche - Slow reactive

Balance between quiescence and differentiation

Niche cells display a strong interaction in keeping this dynamic system functional. The
communication and information play a major role in deciding the fate of the stem cells.



NICHE : WHERE STEM CELLS RESIDE, GET ACTIVATED TO
DIFFERENTIATE AND PROLIFERATE?

Niches may be composed of cells, or cells together- extracellular matrix (ECM).

They may be sources ol seereted or cell surface factors - including members of the Notch, Wnt,
fibroblast growth factor (FGF), epidermal growth factor (EGF), transforming growth factor (I'GF)-
B, stem cell factor (SCF), and chemokine families = that control stem cell renewal, maintenance,

and survival.
They may consist of just a single cell type, or a whole host ol interacting  cells.

They may derve [rom cells outside the stem cell's hineage, or they may denve primarily from the
stem cell's own descendants.

Components

Mof proteins niche cells, stem cells, differentiated
Cyelin Ds cells, progenitor cells, CAM
Lamins , ECM, physiochemical environme

pH, O2 tension , 1onic strength (Ca2+
concentration), metabolite like ATP’s
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Niche Cells Activate Stem Cells

Extrinsic and Intrinsic signals

> \\\ A . § I)()
& Sell Renewal /’IQ%
N l
Neche ool

Adhesve

molecule
ECM

Basement
MM

Sell Renewal can be Symmetric or Asymmetric which is in
the pool of quiescent stem cells.

Source: Nature, Niche structure

in vivo studies of niche are difhicult to perform in human beings



Activated stem cells go for. . .

SELF RENEWAL e VEGE EGF, LIF
43 IL-6, SCF, PEDF
PROLIFERATION N
PROLIFERATION I
MIGRATION FGF-2, EGF, BMP, BONF A

IFG-1, POGF, TGF -, Collagen IV
Laminin, Erythropoietin, Prolactin

Eph & ephrin, NO, Betaceliulin
\;g\ /\ =

MIGRATION _ g
BONF, IGF-1, SCF, SDF-1 -

GRO-a, Angiopoietin, Laminin
Erythropoletin, Eph & ephrin

DIFFERENTIATION

FGF-2, BDNE IGF-1, POGF
Angiopoietin, Collagen IV
Prolactin, NO, Betacellulin

DIFFERENTIATION




A Glance at Different Types of Niches

A Hair follicle

Dorma)
papiiia

C Inestine

y —-

Crypt

—

FPanoath celia

B Bone marrow

e

Boneoe Ostoobilants

D Striatum

Veoesnol

Ventricle

Epondymal
colls

Key

@ Stem cells — compartmaeaent C1
O Stem cells/progoeny — compartmaeont C2
@ Putative nicheo cells

O Neuroblast
L3 Striatum transit-amplitying cells
e Crypt traansit-amplifying colls

Source:Compartmentalized organization: a common and required feature of stem cell niches?- hypothesis by Valenting Greco Shanggin Gue



Blood Cell Niche
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Therapeutic Applications of Hematopoietic Stem Cells

» Leukemia

»Sickle Cell Anemia

» Autormmune disorders
»Severe aplastic discase
» Thalassemia

» Ele.

Stermn celly

Multipotent
progentorn

Clgopotent
progenton

Uneage

restricted
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Nature Reviews | Molecular Cell Biology



Cartilage and Bone niche

‘Source: Human Bone Marmow Mesenchymal Stem Celis: A Systematic Reappraisal Via the Genostem Experience



Stem Cell Treatment in Orthopedic Conditions

Stem cells to treat :

AVN

Osteoarthritis
Ankylosing Spondylitis
Bone [racture

Sports injury

Lic.

X-Ray Films Showing Bone Growth Difference

'.“!

\ A oo, A AR S,

Fig: Case report of a 45 vear old man, treated for AVN-

Radiological indings: Restoration of Joint space to near normalcey, articular surface was well
defined, subarticular geodes had  disappeared with signs of new cartilage formation.

Source. cae stady at SiemBx hoscioncs Solstions ve Ld



Neural Stem Cells Niche

& unble sigmals 20 thew recepiors:
1: § Jowth fcirs, b ‘
‘9 lgwlh factors, bormonss, TGF- ¢
sgnafing, GABA, Wats , &
Stem Cells can treat :
membrane-awsocaied Brands
- : i No il : 3 5
> I airqgus Eitas Nl 5 pukineon’s disease
" (3 Joctoes e bems chaenels » Alzheimer's disease
S, , » Neural disorder syndrome
3 (€ hizand misbeces: poggin q £ z
» CVA
| o » Cord mjuries
100 lermmal wincurotnasmtierf - 1 :
& ' ctber factors asd receptors: GABA, » Cercbral palsy
DA, glatamate, Ack, SHT, NO, St » And many more..
hasal [amena and ECM componcats:
g e, collagen, X, lenascn
HSPG.OSPG
& s
i gphiood vesels

Traditional thought - Neurons cannot multiply,
Modern research - Neurons can be cultured and multiplied

Source;Human Bone Marrow Mesenchymal Stem Celis: A Systematic Reappraisal Via the Genostem Experience



CASE STUDY




Skin and Hair niche

{4 Mas shall

Source: Nature, epithelial stem qcll niches
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Stem Cells to treat :
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Alopecia Universalis
Alopecia areta

Hair fall

Skin burns
Leucoderma
Viuhgo

Antiaging



Stem Cells to cure blindness

Stem cells can treat:

» Diabetic Retinopathy
» Ocular burns

» Optic nerve atrophy

» Corneal injuries

» Macular Degeneration
» Retinitis Pigmentosa
» Llc.

Stem cells were taken from the limbus in the patient’s own eve, cultured, and
then grafted back on the eye. The gralts had a success rate of 76.6% - leading to
restored or improved vision.



Stem Cell Treatment in Many More as . . .

~ » Diabetes

i1/
- x Erectile Dysfunction
¢/'/ % Cardiac disorders
.//’,'I," " l" : ] i




= Wnt
Notch
Shh
_J Smad

— > Signaling Cues with supporting niche Signals

Cadherm mediated
Integrin mediated
‘oupled

S e Taved Progenitos
Activated Stem Cell
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Role of Cyclin Ds
proteins and growth
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A Cadherin-mediated stem cell-niche adhesion C Cadherin/integrin-mediated stem cell-niche adhesion
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Key D Cadhenn m Integnn
a/f-Catenin E Talin

w Actin notwork N Do tNotch

Source ; Review Adheston in the stem ecll miche: biological rodes and regalation



Wnt pathway

Absence of Ligand Presence of Ligand ( UJ4l8
|: | Frizzled
Dsh
CKla GSK3p | Axlni

P
Ppp

CKla

GBS

Ubiquitination and Degradation

TCF) l"
target genes activated

Source : Wit signading David M. Eisennann?Department of Biological Sciences, University of Manyland Balumore County




Notch Pathway

Differentiation
Into T cells

Delta/Jagged ligand == Haematopoietic progenitors
Osteoblasts and HSCs
Source ; Notch signaling: mediator and therapeutic target of bone metastasis byNilay Sethi & Yibin Kar



Smad Signaling Pathway

< Activin, TGF, BMP

TGF-inhibitory
BMP-promoter

Regulation

Smad1l, 2,3, S(R Smads)

of
HSC fate ; =

DPCa/Smada

(Co-Smad) / Co-mctivator/ g

All pathways participate in a cascade synergistically

Souree; Ruhe-Universitat Bochum Department of Molecubar Gioncology Stephan Halin, NLD.



PARADIGM SHIFT FROM TRADITIONAL TO
CELLULAR MEDICINE

Research




VSELs

CYTOKINES

Bioengineering and repair of the damaged tissue with the help of cells
in scaffolds



DRUG DISCOVERY IN A DISH

Somatic cells/ Stem Cells

1PSC/ Stem Cells

Culture A g

Differentiation

Transplanted back
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