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Why should you care?
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What are stem cells? What are the
different types of stem cells?

Why should we study stem cells?



What Are Stem Cells?

1. Self-Renew

2. Differentiate



What Are Stem Cells?

1. Self-Renew
Symmetric Division
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What Are Stem Cells?

2. Differentiation
Asymmetric Division

/ Differentiated cell

Stem Cell
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Stem Cell Types

e Tissue-Specific (Adult) -
multipotent: can only turn into a limited number
of cell types (blood, brain, liver, etc.)

'Embryonic — pluripotent: can turn into
any cell type in the human body

* Induced Pluripotent — engineered

by scientists to act like embryonic stem cells
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Adult Stem CeIIs

Where do they come from?

* Specific areas of the human
body (bone marrow, gut, brain)

What do they do?

e Self-renew
« MULTIpotent — differentiate
into a few related cell types




}i Blood Stem Cells
" “(aka Hematopoietic Stem Cells)
QHEE

:
gm
\

¥ e Blood stem cells live in
the bone marrow

— 1in 10,000 to 15,000 bone
marrow cells

 Source of all blood
and immune cells

* Theraopeutic source —
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Gut Stem Cells
(Intestinal Stem Cells)
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Stem cells in the adult brain
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Stem Cell Types

e Tissue-Specific (Adult) -
multipotent: can only turn into a limited number
of cell types (blood, brain, liver, etc.)

'Embryonic — pluripotent: can turn into
any cell type in the human body

* Induced Pluripotent — engineered

by scientists to act like embryonic stem cells



Embryonic Stem Cells

Where do they come from?
*Unused material from the in-vitro
fertilization process (IVF)

What do they do?

e Self-renew

* Divide indefinitely

e Turn into any cell in the body
* PLURIpotent



ICSI FIRSTivf.net
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Fertilized Egg FIRSTivf.net















In vivo
fertilized egg

undifferentiated
stem cells

Cardiac muscle
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Waddington, The Strategy of the Genes, 1957



Stem Cell Types

¢ Embryonic — pluripotent: can form

almost any cell type in the human body

e Tissue-Specific (Adult) -
multipotent: can form only limited
types of cells (blood, brain, liver, etc.)

* Induced Pluripotent — engineered

by scientists to act like embryonic stem cells




Induced Pluripotent Stem Cells

Where do they come from?

* Generated from patient skin
cells (or blood cells... even FAT!)
* Any somatic tissue

What do they do?

 Self-renew

e Divide indefinitely

e Turn into any cell in the body
* PLURIpotent




Induced Pluripotent Stem (iPS) Cells

Pluripotency Marker Expression
Germ Layer Differentiation

Human Somatic Cells

Viral Silencing

Stable Karyotype

Isolate Individual

Validate Pluripotency

Validated iPSC Line

Clones
/V 10 Days - 4 Waeks | 2-3Weeks 1-2 Months
* Colonies Emerge  Expand and Freeze
Clonal Lines
Reprogrammin
Prog & Method Time to Colonies
Technology

Retro Virus

** Lenti Virus

* * Sendai Wirus
Introduce

. Episomal
Reprogramming Factors :
microRNA/mMRMNA

Self-replicating RMNA

Integrating Virus
Integrating Virus
MNan-integrating RNA Virus
MNon-integrating/Man-viral DNA
Mon-integrating/Man-viral RNA

Non-integrating/MNon-viral RNA

3-4 Weeks

3-4 Weeks

3-4 Weeks

3-4 Weeks

10-15 Days

3-4 Weeks

Targeted Differentiation

Disease Modeling
Developmental Biology
Tissue Engineering




Application of Human Stem Cells

e Basic Biology: Further our understanding of
human development

e Biomedical Research:

— Disease modeling
e Further understanding of disease development
e Platform for drug discovery

— Tissue replacement therapy

e Adult Stem Cells
e Pluripotent Stem Cells (hESC and hiPSC)



Modeling Human Disease in a Dish

Biopsy 4 Reprogramming @m.. Differentiation -~
SCZD SCZD SCZD SCZD hiPSC
patient HFs hiPSCs neurons
Biopsy Reprogramming Differentiation
% >
Control Control Control Control hiPSC

patient HFs hiPSCs neurons



Modelling schizophrenia using human induced
pluripotent stem cells

Kristen J. Brennand, Anthony Simone'*, Jessica Jou'*, Chelsea Gelboin-Burkhart'*, Ngc-c Tran'*, Sarah Sangar’, Yan Li!,
Yangling Mu', Gong Chen?, Diana Yu', Shane McCarthy”’, Jonathan Sebat* & Fred H. Gage'

Patient Specific hiPSCs, NPCs, and neurons Connectivity Deficit with SCZD Neurons
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Using Embryonic Stem Cells to Treat Diabetes
Viacyte
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Delivering Therapeutic Cells to Patients

Cross Section of Encaptra” Drug Delivery System

Immuna
Cells Semi-Permeable Cell Therapeutic Outputs:
f Contalnment Barrier  Insulin, amylin, glucagon, other

Cell Therapy (e.g. PEC-01)

-*-
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Perimeter

MNutritional Inputs: Seal
Glucose, O,, Proteins, Others
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