STEM CELL AND MOLECULAR INVESTIGATIONS
FOLLOWING FOCAL CEREBRAL ISCHEMIA

WAI KHAY LEONG

A thesis submitted in fulfillment of the requirements for the degree of
Doctor of Philosophy (Ph.D.)

School of Molecular and Biomedical Science
The University of Adelaide

Australia

NOVEMBER 2012






TABLE OF CONTENTS

DECLARATION
ACKNOWLEDGMENTS
ABSTRACT

CHAPTER 1

INTRODUCTION
1.1 STROKE
1.1.1 Stroke pathophysiology
1.1.2 Ischemic core and penumbra
1.1.3 Current treatment for ischemic stroke
1.1.4 The adult brain’s endogenous reparative and restorative capacity following
central nervous system injury
1.2 CELL-BASED THERAPY IN ISCHEMIC STROKE
1.2.1 Dental pulp stem cells (DPSCs)
1.3 NEURONAL PER-ARNT-SIM DOMAIN PROTEIN 4 (NPAS4)
1.3.1 Activity-dependent regulation of Npas4 expression
1.3.2 Expression and functions of Npas4 in adult brain physiology
1.3.3 Expression and functions of Npas4 in the adult brain following acquired neural
insults
1.4  PROJECT RATIONALE AND AIMS
CHAPTER 1 REFERENCES
CONCISE REVIEW — PRECLINICAL STUDIES ON HUMAN CELL-BASED THERAPY IN RODENT
ISCHEMIC STROKE MODELS: WHERE ARE WE NOW AFTER A DECADE?
STATEMENT OF AUTHORSHIP
CONCISE REVIEW REFERENCES

CONCISE REVIEW SUPPLEMENT

CHAPTER 2

HUMAN ADULT DENTAL PULP STEM CELLS ENHANCE POST-STROKE FUNCTIONAL RECOVERY
THROUGH NON-NEURAL REPLACEMENT MECHANISMS
STATEMENT OF AUTHORSHIP

CHAPTER 2 SUPPLEMENT

111

IV

Ul B W W W

O O 0 N O v

11
13
15

21
22
29
31

51

51

52
55



CHAPTER 3

NPAS4 UPREGULATION IN THE CORTICOLIMBIC NETWORK FOLLOWING FOCAL CEREBRAL
ISCHEMIA

STATEMENT OF AUTHORSHIP

ABSTRACT

INTRODUCTION

MATERIALS AND METHODS

RESULTS

DISCUSSION

CHAPTER 3 REFERENCES

CHAPTER 3 SUPPLEMENT

CHAPTER 4

NEUROPROTECTIVE EFFECTS OF NPAS4 IN MOUSE CORTICAL NEURONS FOLLOWING OXYGEN
AND GLUCOSE DEPRIVATION

STATEMENT OF AUTHORSHIP

ABSTRACT

INTRODUCTION

MATERIALS AND METHODS

RESULTS

DISCUSSION

CHAPTER 4 REFERENCES

CHAPTER 5

CONCLUDING REMARKS
51  PROJECT SIGNIFICANCE

5.2 RECOMMENDATIONS FOR FURTHER WORK

61

61
62
63
63
64
67
70
81
85

87

87
88
89
89
91
96
100
111

113

113
113
114



DECLARATION

[ certify that this work contains no material which has been accepted for the award of any
other degree or diploma in any university or other tertiary institution and, to the best of
my knowledge and belief, contains no material previously published or written by another
person, except where due reference has been made in the text. In addition, I certify that no
part of this work will, in the future, be used in a submission for any other degree or
diploma in any university or other tertiary institution without the prior approval of the
University of Adelaide.

[ give consent to this copy of my thesis, when deposited in the University Library, being
made available for loan and photocopying, subject to the provisions of the Copyright Act
1968. 1 also give permission for the digital version of my thesis to be made available on the
web, via the University’s digital research repository, the Library catalogue and also
through web search engines, unless permission has been granted by the University to
restrict access for a period of time.

The author acknowledges that copyright of published works contained within this thesis
(as listed below) resides with the copyright holder(s) of those works.

Published manuscript:

Human adult dental pulp stem cells enhance post-stroke functional recovery through non-
neural replacement mechanisms. Stem Cells Translational Medicine, 2012;1:177-187.

Published abstract:

Upregulation of Npas4 expression is early and transient following focal cerebral ischemia
in adult rodent brain. International Journal of Stroke, 2011;6:35-54. doi: 10.1111/j.1747-
4930.2011.00643.x

Submitted manuscripts:

Preclinical studies on human cell-based therapy in rodent ischemic stroke models: where
are we now after a decade? Stem Cells, 2012.

Npas4 upregulation in the corticolimbic network following focal cerebral ischemia.
European Journal of Neuroscience, 2012.

Signed Date



ACKNOWLEDGMENTS

[ would like to take this opportunity to express my utmost gratitude to many individuals
who have contributed to the fruition of this thesis.

Above all, I am deeply indebted to my supervisors Simon Koblar and Martin Lewis, whose
intellectual frameworks have been indispensable to this work. I thank them for their
earnest encouragement, support, guidance and academic assistance over the course of this
study which I learnt to be an independent researcher and developed other skills.

[ would also like to acknowledge the support and assistance provided by the staff and
other students in the School, and to the animal house staff for keeping an eye on my stroke
rats. Financial support from the Australian Government and the University of Adelaide is
deeply appreciated, without which I would not have been able to undertake this doctoral
degree nor travel to scientific meetings.

My heartfelt thanks extend to all lab mates who have provided such a convivial
atmosphere to work in. I'd like to thank Tanya, Claire, Tom, Kylie, Michael, Grant, Lauren,
Karlea, Josh, Adam, Wenru and Fongchan for their invaluable friendship, benevolence and
cheerfulness, especially in times of despondency. Claire, I've also cherished the short time
we had as housemates - you were there for the many laughs and frustrations.

My many other friends who've kept me sane throughout the different stages of graduate
life - Yumay, Timo, Jactty, Eyad, Kang, David, Sim, Hannkeet, Phuc, Heidi, Quyen, Daniel,
Becky, Jamie, Shihui, Zhiling, Jeffrey, Noah, Timothy, Yangtze, Corey, Cristobal, Maria,
Franca, Jurrian, Min, May, Jemma, Natalia, Christine, Megan, Lisa, Winnie, Sheechee, Jackie,
Joshua, Melissa, Devin, Ivan, Long, Tran, Nels, Gene, Lachlan, Francesco, Shinya, Simon,
Claire, Mimi, Pia, Barbara, Deborah, Julia, Louise, James, Hendrik, Riccardo, David, Fabian,
Arijano and Mark - each of you has been a tremendous learning experience. I can’t thank
you enough for all the stress-relieving and crazy times, laughter, moral support and fond
memories.

Cristiano, you were there through the toughest of times, have magnanimously taught me
everything else beyond the PhD world and given me a different perspective on life. And for
that I'm infinitely grateful.

Mom and Dad, [ know it was hard for you to let me go, but thanks for believing in me and
for giving me the freedom to pursue my interests and goals. Your unconditional love,
unselfish care and relentless support made the hardship of writing this thesis worthwhile.
It's not an Asian thing to say this out loud, but I love you.



ABSTRACT

This thesis revolves around a general theme - cerebral ischemia. Stroke is the second
leading cause of mortality after cardiovascular disease and the single primary cause of
long-term adult disability worldwide. The number of stroke victims will only continue to
rise due to the ageing population. Two out of three stroke patients survive the insult;
however, neurological deficits which ensue are often debilitating and devastating. Chapter
1 presents a review of literature on the pathophysiology of ischemic stroke as well as on

preclinical stroke research which underlies studies undertaken in this thesis.

Current ischemic stroke treatment regimens are not without their respective limitations,
hence alternative, more effective, strategies are being developed to improve post-stroke
functional recovery. One such approach is cell-based therapy involving the transplantation
of exogenous stem/progenitor cells. Chapter 2 demonstrates the therapeutic efficacy of
adult human dental pulp stem cells (DPSCs), a novel population of stem cells isolated from
wisdom teeth, following intracerebral transplantation in a rodent model of focal cerebral
ischemia. Significant improvement in forelimb sensorimotor function was observed at 4
weeks post-treatment, along with targeted migration of grafted cells toward the infarct
area and minimal cell survival in the host brain. This suggests that human DPSCs are likely
to mediate post-stroke neurobehavioral improvement via mechanisms other than

endogenous neural cell replacement.

The onset of cerebral ischemia triggers a cascade of molecular events in the brain
including the expression of early response transcription factors, one of which being the
neuronal Per-Arnt-Sim domain protein 4 (Npas4). Although Npas4 transcript levels have
been reported to be robustly upregulated following an ischemic insult, little is known of
its role in cerebral ischemia. Chapter 3 addresses this by characterizing the in vivo
neuroanatomical expression profile of the Npas4 protein in a rat stroke model. Focal
cerebral ischemia induced an early, transient and robust upregulation of Npas4 with a
unique differential expression pattern in corticolimbic regions of the rodent brain which
critically subserve cognitive and emotional functions, thus implying that Npas4 may play a
role in post-stroke cognitive and emotional symptoms, prevalent stroke-associated

neurological deficits with detrimental effects on functional recovery.




Previous studies have implicated Npas4 in the protection of neuronal cells against
excitotoxic stimuli and apoptotic stress per se but not in the context of stroke. Chapter 4
further examines a possible role for Npas4 in neuroprotection following cerebral ischemia
using a loss-of-function approach in an in vitro model of primary cultured cortical neurons
subjected to oxygen and glucose deprivation (OGD). Knockdown of Npas4 expression led
to decreased cell viability as well as increased neurite and dendrite fragmentation
following an OGD insult. These findings are suggestive of the involvement of Npas4 in
neuronal ischemic tolerance and the maintenance of neuronal network integrity after a

stroke.
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