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Stroke is a leading cause of human death;

700,000 new cases each year, 4.5 million stroke
survivors in the US;

Failure of clinical trials using neuroprotective
drugs

Regenerative medicine provides a promising
hope for the treatment of ischemic stroke and
other CNS disorders such as traumatic brain
injury.



Cell replacement *Trophic supports

Promoting regenerative mechanisms
(Neurogenesis and Angiogenesis)

Tissue Repair and Functional Recovery



Cell types and neuronal differentiation: functional
neurons and multiple cell types, ethical concerns;

Survival of transplanted cells in the injurious
environment (ischemia, ROS, inflammatory factors,
excitotoxicity, apoptotic insults, autophagy and so
on);

Cell delivery and homing to the lesion site;

Integration/engraftment with host cells/tissues: guided
neural network repair,

Functional recovery;
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Human neural precursor cells show poor
survival following transplantation

e Daadi et al. 2008. PLoS ONE: 3:e1644.
(21,200 — 52,800 / 400,000 )

e Kim et al. 2007. Neurosci Res; 58:164-175.
(few to innumerable / 500,000 )

e Yang et al. 2008. Stem Cells; 26:55-63
(25,919 = 4,756 / 200,000 )

« Roy et al. 2006. Nat Med; 12:1259-1268.
(136,726 = 23,515 /500,000 )

o« Capowski et al. 2007. J Neurosci Methods;
163:338-349. (1,500 / 300,000 )



New Approach for stem cell therapy:
Hypoxic Preconditioning

Exposure to sublethal hypoxia promotes the activation of an
endogenous protective phenotype.

Protective effects of hypoxic preconditioning have been
shown in virtually all cells and multiple systems, including
heart, brain, and many other organs.
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Brain ischemia
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Neuronal differentiation of  pynoxic preconditioning

. . Stem cell transplantation
ES cells or IPS cells with Sublethal low O, P

(Systemic and local delivery)

Bone marrow mesenchymal ~ (0.5-1% 0, X 8-12 hrs)
stem cells

Any existing thermal incubator

Serum Cell death, Western blot
4-/4+ Differentiation Deprivation and other assays in vitro & in vivo
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1 to 30 days after SD or
transplantation
Transplantation
ES-NPC
harvest




Dose-response Relationship of Hypoxia Exposure
and Cytoprotection in vitro
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Hypoxic Preconditioning Enhances HIF-lalpha and
Surviving Factors in Conditioned Cells
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Hypoxic Preconditioning Enhances HIF-1lalpha and
Trophic/Angiogenic Factors in Conditioned Cells
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Hypoxic Preconditioning Enhances Erythropoietin and
Its Receptor in Conditioned Cells

A

Control

Hypoxia

EPCR/Moechst C EPO/Hoechst

0.5% O,+Re O, 24h

p-actin

(¢

Fold of Increase [ control
= — (%] Lad FY h o
Fold of increase / control O
o — B L - th a2 )

SR 1T]

C 24 48 T2 24 48 T2 C 24 48 T2 24 48 72 hrs after

05% 0,  0.5% 0,+Re0, 24h 5% O, 0.5% O, +Re O, 24h




Hypoxic Preconditioning Enhanced Survival
of Transplanted Cells in vivo
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Transplantation of Hypoxic Preconditioned Cells
Promotes Angiogenesis in the Ischemic Brain
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Transplantation of Hypoxic Preconditioned Cells
Suppresses Inflammatory Activities in the Ischemic Brain

= Hypoxia (24 hrs)
mm Hypoxia (24 hrs) + Reoxygenation (24 hrs)

% of changes in mRNA levels
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per field
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Low Homing Rate of Transplanted Cell
to the Brain after Systemic Cell Delivery

Systemic Cell Delivery
B SN

The liver

The kidneys The spleen
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Hypoxic Preconditioning Increased Homing
of Transplanted BMSCs

HP-BMSC

B

GFP-positive cells/field

Hu et al.
Am J Physiol Cell Physiol. 2011



Hypoxic Pre-conditioning Promotes Cell
Migration to Ischemic Region

N-BMSCs
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Functional Recovery after Stroke and
Transplantation of iPS-derived Neural Progenitors
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SUMMARY

Hypoxic preconditioning is an effective pre-treatment
for increased tolerance of stem cells and neural
progenitor cells both in vitro and after transplantation
Into the iIschemic brain.

The increased expression of angiogenic factors in
preconditioned cells can promote angiogenesis in the
Ischemic brain.

Hypoxic preconditioning increases the expression of
migration factors such as SDF-1 and its receptor
CXCR4, thus enhancing cell homing to the ischemic
region.

Improved cell survival, differentiation and homing to
the ischemic region will benefit clinical applications
of cell transplantation therapy.
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