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Foreword

| commend to you this first Annual Report of the
UNSW Stem Cell Laboratory (SCL). This laboratory

is a joint initiative of the Faculties of Medicine and
Science, greatly facilitated by Scie ntia Professors
Philip Mitchell and Perminder Sachdev in the School

of Psychiatry and established in space very kindly
provided by Professor Mike Archer, Dean of the
Faculty of Science and the School of Biotechnology

and Biomolecular Sciences (BABS).

| wa s very pleased when the proposal was first

brought to me by Professors Mitchell and Sachdev. Stem cell biology
is a field with tremendous scientific and therapeutic potential, which

will only be realised by a concerted interdisciplinary effort as
represen ted by this cross -Faculty Laboratory.

Since its inception in December 2007, the Laboratory has been

directed by Associate Professor Kuldip Sidhu, with the mission of

providing a platform to promote stem cell research across The

University of New South Wa les with a particular emphasis on

developing cell therapies for a number of debilitating disorders such as
Parkinsonds di sease, Al zhei mer d0s di sease,
neurological disorders for which there is currently no cure.

A key to success in this important area is the establishment and
maintenance of robust national and international collaborations, so

that developments in this rapidly moving field are promulgated widely

and quickly throughout the discipline. Professor Sidhu has been

parti cularly successful in this regard and has a well -developed network
of collaborators already in place. Particularly pleasing is the
appointment of three international Visiting Professors within the first
year of the Laboratoryodés existence.

Readers of this Re port will rapidly acquire an appreciation of the
breadth and depth of the studies being undertaken within the
Laboratory, and will appreciate the energy, enthusiasm and drive of
Professors Sidhu and Sachdev, to develop not only basic stem cell
research ski lls but to bring these findings into the clinic as rapidly as
possible so that patients may benefit. The promise is great, but we
need to deliver, and | believe that the establishment of the SCL on the
UNSW campus is an excellent step in this direction.
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Preface

The first annual report of the Stem Cell
Laboratory (SCL) is a particularly noteworthy
milestone. From being a mere idea and a hope
a little over a year ago, it is now a laboratory
with dedicated staff, an able leader, and much
productivity to bo ast about. The SCL is a
landmark achievement for a number of reasons.
It is the only laboratory in UNSW dedicated
exclusively to the development and study of
stem cells. It is possibly the first such
laboratory to be established in a School of
Psychiatry anywhere in the world, suggesting
the direction psychiatric treatments are likely to
take in the future. It is also emblematic of the
collaborative efforts within the University, being
the only laboratory to be shared by the Faculties
of Medicine and Sci  ence.

It is therefore my privilege to write this
report for 2008, which | do with a sense of pride since | have been

involved in the laboratory since its inception. | have been impressed

by the dedication of the staff and stu dents, and the leadership Prof

Sidhu has shown to take it forward. Stem cells, without doubt, are the

medicine of the future, and any discipline of medicine will neglect this

field to its own peril. The SCL hopes to exploit the promise of stem

cells in n eurodegenerative diseases. Our ageing society has a special

stake in its success.

For the achievements of the last year, | would like to congratulate Prof
Sidhu and his dedicated team, and wish them more successes in the
years to come.



Overview

Welcome to this first annual report of the

Stem Cell Lab (SCL).  This exclusive SCL first
on campus in UNSW is a joint initiative of the
Faculty of Medicine , the Faculty of  Science
and the School of Psychiatry . SCL was
established in December 2007 with the
appo intment of the Head/ Director of SCL.
Within a year, SCL has developed into a
state -of -the -art facilit y for study ing the cell
and developmental biology of stem cells. The
primary focus is on neural stem cells derived

from both embryonic and non -embryonic
sources and to develop models for
regenerative t herapy
Parkinsonds and ot her Itns
buil ding on expertise to  propagate,
differentiate, engineer and transplant neural stem cells derived from
various sources like human embryo nic stem cells, skin -derived
neuroprogenitors and human mesenchymal stem cells from bone
marrow. In addition, SCL has expertise in derivation of new human
embryonic stem cell lines including their clonal propagation. SCL also
endeavor s to develop disease -specific stem cell lines by therapeutic
cloning and by induced pluripotent stem (iPS) cell technology for

studying the disease processes in vitro and use of such cells in drug
discovery.
SCL also provides an effective platform to foster collaborative

resea rch and facilitates access to relevant technologies and expertise.

SCL encompasses an inter -disciplinary approach drawing together
researchers with diverse backgrounds with a shared interest in all
aspects of neur al stem cel |l s realthesiatec h
and a state of dysfunction manifesting as neurological disorder.

SCL is also the founder of a neural stem cell interest group (NSCIG)

that provides an opportunity for UNSW and affiliated Institutes to
interact regularly and to be at the foref ront of stem cells research in
general and neural stem cells research in particular.
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SCL VISION

To promote the development of stem cell -based regenerative medicine
for various debilitat ing human neur onal diseases
Par ki nsondsrdinBrg.i nal Co

SCL MISSION

To create a scientific community dedicated to achieve national and
international levels of scholarship in the fields of stem cell biology and
cell-based therapy.

SCL AIMS

1 To be nationally and internationally recognized and competen t
as a source of scholarship

1 To apply cutting -edge biotechnology to  capitalize on stem cells
discoveries

1 To create a critical mass of stem cell scientists

To promote interdisciplinary research

=

1 To alleviate human sufferings by developing stem cell -based

th erapy for various debilitating human neuronal diseases
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Focus

The research focus of SCL is on neural stem cells derived from

both the embryonic and non -embryonic sources for developing

future cell therapies for various neurodegenerative diseases

such as Al zhei mer 6s, Parkinsonds Spinal
other neuronal diseases. Developing disease - specific and

patient -specific stem cell lines by therapeutic cloning and iPS

Cell technology is an another important initiative of SCL.

(Courtesy Jaemin Kim)
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1% row from left i Sophia Dean, Jin Han, Ruby Lin, Bo Yuan,
Kuldip Sidhu

2" row from left T Mark Curtis, Jaemin Kim, Methichit
Chayosumrit , Perminder Sachdev

3™ rowfro mleft - Henry Chung, Daniel Lie, Michael Valenzuela,
Helder Marc al

Below from left 7 Lakshmi Seshadri, Sub rat a Das, A ileen Lowe |,
Angie Russell




Research Projects

Existing Programs

PROGRAM 1. Developing a Skin -To -
Neuron Auto logous Adult Stem Cell
Technology

Project 1.1
Isolation, propagation and characterisation
of adult dog and human skin -derived

neuroprogenitors

Skin -derived neuroprogenitors could be an important source of
autologous cells for transplantation in various neurodegenerative
diseases. We have optimised a two -stage protocol to generate a
large number of such progenitors from adult dog skin that
exhibit typical in vitro neuronal characteristics by gene and
protein expression analyses. Further studies will focus on
directed differentiation down specific neural phenotypes as well

as more advanced functional characterisation. The same is being
translated to human  skin.

Investigators: Sophia Dean, Aileen Lowe, Michael Valenzuela,
Perminder Sachdev, Kuldip Sidhu



Immunoflnorescent staining and qguantification of canine SKiNPs in
expansion culture. SKiNPs at passage 6 were inunune-positive for Nestzn
(A), NCAM (B) II-mtmlm (C), ami CD1. 3 (D) w;ﬂa - nneclei ‘

Project 1.2

Isolation, propagation and characterisation
of human fetal skin -derived
neuroprogenitors

Human fetal skin is a rich source of neuroprogenitors that could

be an important source of cells in  proof -of-principle
transp lantation studies in various neurodegenerative diseases.

We have optimised a protocol to generate a large number of
such progenitors that exhibit typical characteristics of neuronal
population as demonstrated by gene and protein expression

analyses.  Under 3D environment, these cells also
transdifferentiate to other lineages like endoderm. These
progenitors are being further investigated to produce
dopaminergic neurons for cell therapy studies in animal -based

Par ki n diseasé models.

Investigators: Kuldi p Sidhu, Sophia Dean, Subrata Das ,
Perminder  Sachdev
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DAT & TH Expressions

(Courtesy Subrata Das and Kuldip Sidhu)

Project 1.3

Transpla ntation of neuroprogenitors
derived from skin  into the hippocampus
of the aged rat brain as model for

Alzhei mer 6 s di sease

Canine  skin-derived neuroprogenitors were used in a
transplantation study with 18 -month old Fischer rats as a proof -
of-principle for ascertaining gain of function as assessed on a
series of behavioural paradigms . Preliminary data suggest a
possible gain of function that is sensitive to hippocampally -
dependent singl e-trial learning and short term spatial working
memory .

Investigators:  Michael Valenzuela, Blossom Mak, Fred
Westbrook, Glynis Bailey, Sophia Dean, Joyce Siette, Amelia
Marutle, Perminder Sachdev, Kuldip Sidhu
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Project 1.4

A high throughput assay for
neuroprogenitors and neural stem cells by
an in -house developed neural chip

Based on earlier neural developmental studies, a series of
protein markers were identified and used to cons truct a neural
chip in collaboration with a biotech company, Medsaic that gives
high throughput analyses of these cells. Detailed comparative

chip analyses of various neural stem cell lines in SCL are now

being characterized. = Figure below shows Protein exp  ression by
Neural Chip Analysis of control (C) and treated (N1) MSCs
during their directed differentiation to mid brain dopaminergic
neurons (Sidhu et al unpublished)

Investigators: Kuldip Sidhu, Bo Yuan, Sophia Dean, Michael
Valenzuela, Mark Curtis , Lak shmi Sesha dri

(Courtesy Lakshmi Seshadri and Kuldip Sidhu)
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PROGRAM 2. Developing Stem Cells
Therapyfor Par ki nsoné6és di sease

Project 2.1
Human embryonic stem cells (hESC) as
source of dopaminergic neurons

Both genetic and no  n-genetic means are used to direct

differentiate hESC to dopaminergic neurons by co -culturing with
stromal cells p lus growth factors.

The purpose of the project is to generate and purify the midbrain
dopaminergic (DA) neurons from human embryonic stem cell S
(hESCs) using a reporter cell line. MEL -1 cell line has been
differentiated to midbrain DA neurons after encapsulation and
co-culturing with PA6 stromal cell s for 28 days . Gene expression
analysis after the final stage of DA neuronal differentiation

show ed midbrain DA neuronal markers eg Ngn2, Pitx3, TH. The

next approach is to complete the in vitro protein analysis
including functions  to ensure that the treated cells are midbrain

DA neurons and determine the efficiency of differentiation.

Figure shows do uble staining of hESC clusters for specific
neuronal markers at day 14 of co -cultur ing of hESC in capsule
with PA 6 Cells. The reporter hESCs line are being created to
optimise purif ication of DA neurons efficiently. In vivo functional
analysis of these ¢ ells will be carried out before transplan tation
into rat Parkinson ial model.

Investigators: Jaemin Kim, Mark Curtis, Kuldip Sidhu

(Courtesy Jaemin Kim)
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Project 2.2

Human mesenchymal stem cells (MSC) as
potential autol ogous source of
dopaminergic neurons

Human fetal MSC are being used to direct differentiate to
dopaminergic neurons by using bot h genetic and non -genetic
means as a potential autologous source of cells for
transplantation.

A total of 6 MSC lines were created from human f oetal bone
marrows after therapeutic termination of pregnancy . The se MSC
lines have been characterised to be mesenchymal cells by using

specific gene expression analysis by PCR. These cells have also

been shown to express high levels of pluripotent markers eg
Nanog, Oct4 in addition to MSC specific markers eg Sca -1,
BMPR1A, MMP2. MSC express many neuronal markers and thus
have propenc ity towards neural differentiation

Investigators: Kuldip Sidhu, Lakshmi Seshadri, Jaemin Kim,
Dani el Lie

B I tubulin
expression

(Courtesy Lakshmi Seshadri and Kuldip Sidhu)
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Derivation of MSC lines from human fetal bones at SCL

PROGRAM 3. Generating Disease Specific
Stem Cell Lines as Model to Study
Al zhei mer 6s and Parkisnsonds |

Project 3.1

To generate di  sease -specific stem cell lines
by reprogramming somatic cells from

patients by epigenetic means and by viral
vector technology

We aimt o increase the efficiency of induced pluripoten t stem cell

derivation from  somatic cells . Our inten tionis to use non-genetic

means , such as epigenetics (i.e. DNA demethylation and histone

acet yl ati on) to attain oOpartial pl uripot e
(and/or viral -free) approaches.

We have successfully optimized doses of various epigenetic

modifying chemicals with th e aim to induce partial pluripotency

in human fetal fibroblasts (hFF) and human fetal mesenchymal

stem cells (hMSC).
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Once this model has been accomplished, derivation of disease -
specific cells from patients will be undertaken.

Investigators: Henry Chung, Kuldip Sidhu, Perminder Sachdev

(Courtesy Henry Chung)

Project 3.2

To reprogram somatic cells from
patients to pluripotent stage by cell
fusion and cell extracts from hESCs

The present project aims to investigate the eff ect of fusion with
hESC, DNA demethylating , histone acetylating reagent and
hESC extract treatment on reprogramming  somatic cells to
pluripotent state

Studies to date demonstrated u p-regulation of Oct4, Nanog and
Sox2 genes (4 -6 folds) after demethylati on and acet ylation of
somatic cells , although compared to ESCs, the expression levels
are very low. Methylation sequencing of CpG sites of promoters
on these genes except Sox2 indicated a partially
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