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e Pluripotent Stem Cells .
v Human Embryonic Stem Cells (hESCs}~

v Human Induced Pluripotent Stem Cells
(hiPSCs)

e Adult stem cells
v Bone marrow stem cells
v Mesenchymal stem cells (MSC
v" Cord blood stem cells
v' Fat stem cells....
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v' T ageing population with chronic health
problems

v Tdiseases, conditions, and disabilities
including heart failure, Parkinson's and
Alzheimer's diseases, spinal cord injuries,
stroke, burns, diabetes, osteoarthritis and
rheumatoid arthritis which existing drugs or
therapies do not provide a cure.

Human Induced PIurlpotent Stem Cells (hiPSCs)

Gearhart J, et al.
NEJM 2007;357:1469-70
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P%mlses of Human induced

B

{.:_

Plurlpote{at Stem Cell “Researchs

Reprogramming e Possible patient-
<ats- specific: no risk of
immune rejection
because of the same
genetic makeup of
stem cells as patients

llmm-ﬁsufusem ‘
Genotype phenotype ¢ No ethic concerns of
g: human embryo uses as
in hESCs
} Fathogentsis
bt isarim e Unlimited cell sources
Chanhulppaties for clinical applications

Lian Q....Tse HF, Thromb Haemost 2010

- Major Hurdles for Clinical
- Applications ofah|P§Cs -

Yamanaka S, Blau HM. Nature 2010

Culture of Addition of Selection and
;; somatic cells ‘pluripotency” expansion of
5; I factors I iPScells I
v iPS calls
Somatic cells % S%)Q :
c-MYC KLF4 ’
OO Pluripotent cells with
uncontrolled growth:
Use animal cell and serum - Risk of tumor
to feed the cells:
- risk of transmission of animal Use viral agents to induce the
diseases and animal genetic lls:
. cells:
materials - Risk of tumor
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Animaf‘Prod_uct-Free hiPSC Praduction
N Y g by ='HK_U' gl'eam

Skin biopsy and . Switch to ROCK kinase Manual picking and
dermal fibroblast Lentiviral Matrigel™ coated bFGE inhibit Emergence UfYES subculturing of iPS cell
. Transduction supplement Inhibitor cell-like colonies b

expansion plate colonies
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Micro-dissection
& clonal expansion
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) Skin cells

Lai WH, ... Tse HF, Siu CW: Cell Reprogram. 2010;12:641-53.

Creating Various Cell Types
of Human Body from hiPSCs

Embryoid bedies Smooth muscle cells Skin and nerve cells
# — >

Lai WH, ... Tse HF, Siu CW: Cell Reprogram. 2010;12:641-53.
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. Major Hurdles for Clinical

‘Applications of hiPSCs

Yamanaka S, Blau HM. Nature 2010

Culture of Addition of Selection and
somatic cells ‘pluripotency” expansion of
5; I factors I iPS cells I
W iPS cells
Somatic cells 0CT4 50%2
i o
e-MYC KLF4
OO Pluripotent cells with

uncontrolled growth:
Use animal cell and serum - Risk of tumor
to feed the cells:
- risk of transmission of animal
diseases and animal genetic

materials

Use viral agents to induce the
cells:
- Risk of tumor
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Diabetes Res Clin Pract. 2007;76:82-92. Shen Z NEJM 2010;363:2651.

Peripheral arterial disease (PAD) due to

obstruction of large arteries resulting in lack of
blood supply

PAD commonly secondary to atherosclerosis (DM,

HT, Lipid and smoking)

Patients with PAD may suffer from
claudication and even limb loss
(amputation) in ~5% of those with the
most severe status.

In US, ~1200-5000/100,000 subjects need
leg amputation for PAD per year.
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Generation of Mesenchymal Stem Cells (MSCs) from hiPSC

Single Cell By Using CD24-/CD105+ Selection
A

Differentiation and
surface marker
profiling

iPSC-
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No risk for

Hindlimb ischemia and
iPSC-MSC transplantation Tumor!

Lian Q....Lai WH... . Siu CW.. . Tse HFE: Circulation 2010:121:1113-1123

Improvement in blood flow and limb functions
after hiPSC-MSC transplantation

A Vehicle(DMEM) EM-MSC iPSCMSC
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Lian Q....Lai WH... Siu CW.. . Tse HE: Circulation 2010:121:1113-1123
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Improvement in blood flow and limb functions
after hiPSC-MSC transplantation

A Vehicle(DMEM) BM-MSC iPSC-MSC

5 ‘1 U

hiPSC-MSC:

- Robust proliferative
capacity

- Consistency batch-to-
batch to prepare

- Patient-specific therapy

& No ethical issues
Adult BM-MSCTBone Marrow- MSC) = getter efficacy

- Limited proliferative capacity

- Large variability

- Loss of stem cell potential in aged or diseased donor
= Poorer efficacy
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Lian Q....Lai WH... . Siu CW.. . Tse HFE: Circulation 2010:121:1113-1123

Improvement in blood flow and limb

functions after hiPSC-MSC transplantation
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* Premature ageing syndrome
(Progeria) in children due to
gene mutation

» Patients die at early teens
due to ageing disease such
as heart attack and stroke

* No cure or treatment yet
available

* Understanding the progeria
provides important clues to
human ageing!

Source:http://www.sbdevi.org/ProgeriaHGPS.html.

A human iPSC model of Hutchinson Gilford
Progeria (HGP) reveals vascular smooth
muscle and mesenchymal stem cell defects
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‘ Modeling disease process in different organs

Young Children
looks
like elderly

Studying disease pathophysiology

Zhang J, Lian Q...... Tse HF, Stewart CL, Colman A. Cell Stem Cell 2011;8:31-45.
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Defects in iPSC-derived MSCs from HGP
patients result in failure of restoring blood
flow in ischemic limbs
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Zhang J, Lian Q...... Tse HF, Stewart CL, Colman A. Cell Stem Cell 2011;8:31-45.

v Establish a library of disease-specific hiPSC
for disease modeling:

» >10 disease-specific hiPSC lines have been established in
several form human diseases: familial cardiomyopathy or
channelopathy, progeria and neurodegenerative diseases

v Simplify the methods of creating hiPSC,
including the elimination of viral vector and
create from different tissues specimen

v'To improve the safety and efficacy of hiPSC
based stem cell therapy
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