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Professor Ariff Bongso: A Pioneer in Stem Cell

Research

While Professor Ariff Bongso has made several significant breakthroughs in the area of human
embryonic stem cell research over the years, the one that placed him and Singapore on the
world map was the first isolation of stem cells from human embryos.

Born and raised in Sri Lanka,
Professor Bongso received his training
in veterinary medicine at University of
Ceylon. In 1966, he was offered a
place in an undergraduate medicine
programme, but decided instead to
enrol in the Doctor of Veterinary
Medicine Programme. "The numerous
opportunities in the emerging field of
animal biotechnology was one reason,
but also because animal science
would be a more intensive and
challenging programme." explains
Professor Bongso. Veterinary medicine
programmes were very selective, with
only 20 positions available, compared
to ten times as many places in medical
schools.

Professor Bongso went on to
graduate top of his class in veterinary
school, and was given the privilege
of joining academia. It was during this time that Professor
Bongso developed a passion for mammalian reproductive
biology. His results earned him a Commonwealth scholarship
to pursue his postgraduate studies at the Ontario Veterinary
College of the University of Guelph in Ontario, Canada, where
he obtained a distinction merit rating for his PhD, which
focused on the sexing of human embryos using animal models
of bovine and sheep embryos.

Throughout his extensive work with animals, his favourite
animal was the elephant. He spoke about his research on the
reproductive behaviour of the elephant and his experience of
A ¥ W R 28 being one of the first to

Wi o8 accompany huge adult
elephants transported
by air, from Colombo,
Sri Lanka to Fukuoka,
Japan! A Japanese
group wanted to bring
the experience of the

in 2

Elephants mating in captivity. Prof Bongso states
that he thought that 'when tons meet tons one
would expect gallons', but he was surprised to i

find that the male elephant in spite of its size Sri Lankan Kand y
produced only 75 ml of semen in each ejaculate.

Perahera Festival to

Professor Bongso receives the Excellence for Singapore Award
in 2003

disabled children in Japan. This grand
Buddhist festival is held in August in
Sri Lanka in honour of the tooth relic
of Buddha that is kept within a temple
in Kandy, and features a long
procession of decorated elephants.

As there was a need for a
veterinarian with vast experience
working with elephants, Professor
Bongso accompanied three large
elephants - sedated for safe passage
- on this trip to Japan. Professor
Bongso made an interesting discovery
during the trip which was
subsequently published in a
prestigious veterinary journal,
Veterinary Record in 1980 (107): 492:
The sedation drug Xylazine, would
last for about eight hours when
administered on the ground, however
Professor Bongso found that, at
higher altitudes, it was metabolised faster and its effects wore
off more quickly, requiring sedation of the elephant every
three hours instead.

Professor Bongso's training provided him with a unique
asset for his future in human reproductive biology - a firm
foundation in comparative animal reproduction.

It was at this
time that the late
Professor SS
Ratnam, well-
known for being
a pioneer in in
vitro fertilisation
(IVF), head-
hunted this
promising young
scientist to join
his IVF team at
the Department
of Obstetrics and
Gynaecology at

A rare sight of a 7-day-old human embryo that has got
out of its shell and is ready to implant into the wall of the
womb. This embryo, grown in a laboratory dish using the
coculture system, was transferred back into the womb
of an IVF patient who eventually got pregnant.
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the National University of Singapore. Professor Bongso came
to Singapore in 1985 and led a team responsible for numerous
breakthroughs in IVF techniques and subsequently stem cell
research.

Sharing his opinion on Singapore's potential impact on
stem cell research in the global arena, Professor Bongso said,
"Singapore has already made a significant impact in the area
of stem cell biology. The field of human embryonic stem cell
research is very competitive, but Singapore has several new
good players and a proper regulatory framework put in place
that keeps both the scientist and the public comfortable. |
personally feel that with adequate coordination and focus
and with recognition and support to the right players, we can
contribute significantly in human embryonic stem cell research
because we had a lead in that field, and we really need to
maintain this lead." In this respect, the Singapore Stem Cell
Consortium established by A*STAR will play an instrumental
role in coordinating Singapore's efforts so as to optimise the
available resources and expertise.

Professor Bongso shared that one critical ingredient for
success in the field is the involvement of senior embryologists.
Professor Bongso himself, as well as other prominent stem
cell researchers such as Dr James Thomson (University of
Wisconsin-Madison) known for isolating the first human
embryonic stem cell lines, and Dr Yuri Verlinsky (Reproductive
Genetics Institute, Chicago) known for his derivation of
reprogrammed stembrid human embryonic stem cell lines,
have a background in embryology, which provides a firm
foundation for embryonic stem cell research, and is also
useful for looking at the field from a translational research
perspective.

Professor Bongso now leads a small but diverse team of
local talent with complementary expertise, including senior
embryologists, stem cell biologists, pharmacologists and
molecular biologists. His research focuses on four main
areas:

(1) Differentiation of human embryonic stem cells (hES cells)
into germ cells

(2) Use of hES cells for pharmacological screening assays to
test drugs

(3) Somatic cell reprogramming to customise cells without
the need to use human eggs or therapeutic cloning

(4) Studying the interaction between human embryonic stem
cells and human umbilical cord matrix stem cells.

Despite the numerous employment opportunities that have
presented themselves overseas, Professor Bongso has no
plans to leave Singapore. He made the decision to come to
Singapore about 20 years ago and now sees Singapore as
his home. He cites several factors for coming to and staying

in Singapore, "I'm an Asian at heart, which is why | came
to Singapore. There were a lot of good reasons why | am
here: English was the spoken language, and is the only
language | speak, | also like Singapore's multiracial harmony,
discipline and the access to research infrastructure and
funding." However, he feels that one limitation is the lack of
trained local talent - a limitation that A*STAR Chairman
Mr Philip Yeo also recognises and aims to redress with the
A*STAR scholarships initiative.

High magnification of human embryonic stem cells showing their typical
characteristics of being tightly packed to each other, and each cell having a dark
prominent dot-like structure in the centre of the nucleus called the nucleolus.

Professor Bongso's academic qualifications

(1) 1970: DVM (Doctor of Veterinary Medicine):
University of Ceylon.

(2) 1973: MSc: University of Guelph, Ontario,
Canada

(8) 1976: PhD (Distinction): University of
Guelph, Ontario, Canada

(4) 1995: DSc (Earned): National University of
Singapore

(5) 2002: FSLCOG: Fellow of the Sri Lanka
College of Obstetricians & Gynaecologists

(6) 2003: FRCOG (Ad eundem): Fellow of
the Royal College of Obstetricians &
Gynaecologists, United Kingdom

(7) 2005: DSc (Honoris causa): University of
Sri Lanka, Peradeniya, Sri Lanka
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PROFESSOR BONGSO'S SCIENTIFIC BREAKTHROUGHS & RELATED EVENTS

Co-culture

1990

The pregnancy rate for
IVF is less than 20%.
Professor Bongso
develops a synthetic
system involving a bed
of cells that mimics a
fertile woman's womb
(Published in Human
Reproduction, UK,
1991). Subsequent
clinical trials with infertile
women doubles
pregnancy rates.

Following this,
Professor Bongso's
group was able to
identify the proteins and
factors released by
human fallopian tubes
that play a major role in
fertilisation and early
embryonic growth. A
new culture medium,
called sequential culture
medium, was
developed from his
studies by a company
in Sweden. This method
would not require the
bed of cells. Today,
almost all IVF
programmes use this
culture medium.

Image kindly provided by
Manitoba Cervical Cancer
Screening Program

Isolation of human

embryonic stem
cells

1994

Professor Bongso leads
the first team to isolate
human embryonic stem
cells from five-day-old
human embryos or
blastocysts. This
breakthrough is
published in Human
Reproduction, UK, 1994.
*It is important to note
that a stem cell line was
not created at this point.

Four years later in 1998,
Dr James Thomson at
the University of
Wisconsin-Madison
successfully established
and sustained several
human embryonic stem
cell linest.

Establishment of
ES Cell

2000

Professor Bongso
realises that it would be
necessary to control
stem cell differentiation,
in order for hES cells to
have an impact in the
clinic. To do this, a
company is spun off by
an international group of
scientists from
Australia's Monash
Institute of Reproduction
and Development,
Israel's Haddassah
Medical Centre and
Netherlands' Hubrecht
Laboratory. The
company, called ES Cell
International, is funded
by Singapore's
Economic Development
Board and an Australian
investment consortium.
ESI focuses on
cardiovascular disease
and diabetes.

Xeno-free human
embryonic stem
cell lines

2002

Professor Bongso's
team demonstrates that
human foetal and adult
fibroblast feeders can
support undifferentiated
growth of hES cells,
making them safer for
therapeutic use in
humans. Published in
Nature Biotechnology,
USA, 2002.

Up till now, stem cell
work had utilised
mouse feeder layers,
running the risk of
contaminating the hES
cells with animal
material and rendering
them unsuitable for
clinical applications.

Xeno-free
cryopreservation
method

2004

Professor Bongso's
team develops a safe
and sterile
cryopreservation
method allowing long-
term storage of xeno-
free hES cell lines in
stem cell banks for use
in clinical applications.
Published in Stem Cells,
USA, 2004.

1 A stem cell line is a mass of cells that is descended from the original and shares its genetic characteristics. It would require the inner cell mass to be
transferred to a new feeder repeatedly. Each time a transfer occurs is called a passage. If this is done for over several passages, a cell line is created. During
each passage, the stem cells are prevented from differentiating into unwanted cells and maintaining the same morphology by controlling the medium.
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Unlocking the potential of stem cells & scholars

A*STAR scholars, like embryonic stem cells are totipotent. Biome talked to three A*STAR
scholars who have been working in stem cell research to find out about their experiences in

this exciting field.

Yvonne Koh

Yvonne Koh completed a BSc in Molecular and Cellular
Biology at the University of lllinois at Urbana-Champaign (UIUC)
in 2005. Her favourite memories of college revolve around
"enrolling in fun classes like ice skating, Greek Mythology and
Asian Civilisation History; chilling out with friends outdoors
when the weather was great which wasn't very often; going
to cookouts and movie marathons all through the night; dressing
up for Halloween; travelling during the holidays to places such
as Boston, New York, California,
Florida, France, Italy, UK and
Mexico."

In college, Yvonne worked in
a Drosophila (fruit fly) lab, and
was inspired by the study of
infectious pathogens. Returning
in 2005, Yvonne decided to
switch to working with stem
cells in Dr Larry Stanton's lab
at the Genome Institute of
Singapore (GIS): "l did not have
prior experience in stem cells
at UIUC and | was curious to
know about stem cell research."
She has been studying methods
to differentiate mouse
embryonic stem cells into more specific cell types.

On the requirement for A*STAR scholars to return to
Singapore for a one-year attachment before graduate studies,
Yvonne shares: "The one year of exposure in a real research
lab let me learn skills to ease the transition into doctoral
research. It's good acclimatisation, and helps me to keep in
touch with the research that's happening in Singapore. It has
also helped me build up a network and strengthened
relationships with fellow scholars."

Despite having enjoyed her one-year stint in stem cell
research, Yvonne's love is still microbiology. She will begin her
PhD in the Microbiology Programme at the University of
Wisconsin-Madison in September 2006.

Ms Yvonne Koh, an A*STAR scholar
on one-year research attachment in
Dr Larry Stanton's laboratory in the
Genome Institute of Singapore.

Dr Cleo Choong

Cleo completed a DPhil in Tissue Engineering at Oxford
University in 2005 on an NSS (PhD) scholarship, focusing on
3D scaffold-based technology in bone replacement.

Proving that Singaporean talent is able to compete on a
global stage, Cleo's poster presentation, titled "Engineering
Living Bone," in which she illustrated the process of growing
artificial bone using a biodegradable polymer, won the top
prize at the prestigious British House of Commons 2003
Reception for Younger Engineers.

Cleo returned to Singapore in October 2005 and joined the
newly-formed Singapore Stem Cell Consortium (SSCC) as a
Research Fellow in the Laboratory of Stem Cell Biology (LSCB).
Headed by Prof Roger Pedersen (Director, Programme in Stem
Cell Medicine, Cambridge Stem Cell Institute), the SSCC is a
new BMRC initiative set up to coordinate stem cell research
in Singapore. Since the Laboratory of Stem Cell Biology existed
only on paper, Cleo was tasked with establishing a physical
laboratory in the Helios building by April 2006.

After a brief training stint at Prof Roger Pedersen's laboratory
in Cambridge, Cleo set to work with Dr Mahendra Rao (Head,
LSCB) and David Tan (Secretariat, SSCC) to plan the laboratory.
Cleo assembled a team of two research officers, and worked
round the clock to kick-start the laboratory's research and to
furnish the empty space with the necessary equipment.

On 6 April 2006, the Laboratory of Stem Cell Biology was
officially opened (see article on pg 21). The laboratory now
focuses on the characterisation of human embryonic stem
cell (hESC) lines, as well as several projects in collaboration
with the Singapore Bioimaging Consortium (SBIC), GIS and
BIl. Cleo is being mentored on her first post-doctoral research
position by 3 eminent scientists: Prof Roger Pedersen, Prof
Sir George Radda (Chairman, SBIC) and Prof Lee Eng Hin
(Co-chairman, SSCC; Director, NUS Tissue Engineering
Programme).

Of her experience, Cleo says: "This is so different from my
PhD life when everything | worked on was for myself; now |
am held accountable to many more groups of people, who are
expecting this lab to begin experiments and produce results.
This is definitely not the typical post-doc position, and | am
glad | took this up, because it is challenging me in ways | never
before imagined. | am re-energised by the endless possibilities
available to me."

David Tan

David Tan completed a BSc in Biochemistry at Imperial
College, London in 2005. Returning with First Class Honours,
David decided to work in the Biomedical Research Council
(BMRC) instead of in an A*STAR research institute laboratory.

"l wanted to understand A*STAR better and find out more
about the corporate side of the biomedical research industry,
and my time spent in BMRC has been invaluable in exposing
me to the many things that go on behind the scenes," explains
David of his decision.

David was given the portfolio of Secretariat to the SSCC,
a major undertaking for a fresh graduate since it is one of
A*STAR's key research initiatives. Working closely with Prof
Roger Pedersen, Prof Lee Eng Hin and other members of the
SSCC Executive Committee, David drafted the Singapore
Stem Cell Consortium establishment proposal that was
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endorsed by the Biomedical Sciences International Advisory
Council in October 2005. The SSCC Strategy Paper outlining
the Consortium's goals was eventually approved by the
Ministerial Committee in January 2006.

At the same time, David provided the secretariat support
for the inaugural SSCC annual grant call in January 2006, and
worked with Dr Cleo Choong to establish the Lab of Stem Cell
Biology.

David is grateful for the opportunity to work at BMRC and
in the SSCC: "Working from a corporate point of view has
allowed me to appreciate the administrative processes scientists
seldom observe, and has given me great insight into essentials
such as budget planning, the procurement process for
equipment and consumables and crafting of grant proposals,
which should serve me well in the future."

"It's great that | have access to so many resources, such
as seminars and conferences, even while working in a corporate
environment. This has helped in my choosing a research area

that interests me."
David is planning to begin a PhD course in April 2007 in
the area of epithelial stem cells.

Dr Cleo Choong (2nd from left) and Mr David Tan (extreme right) with Sir George
Radda, Chairman of the Singapore Bioimaging Consortium (extreme left) and
Professor Roger Pedersen, Chairman of the Singapore Stem Cell Consortium (2nd
from right).
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On a lighter note

CRISS-CROSS PUZZLES

The letters below the puzzle fit into the grid such that the
words in the given category are formed.
The puzzle has a unique solution.

Category: Musical Instruments

AAABCEEFGGHIIJLLLLLMNNNOOOPRRSTTUUV

SUDOKU

Fill in the grid so that every row, every column, and every
3x3 box contains the digits 1 through 9.

3 6|2 8 9
5 9

WIN a $10 voucher for lunch @ BISTRO FABULOUS !

Complete the answer to either of the puzzles above and send a copy of this page with your solution to: Biomedical Research Council
(Attn: Khoo I-Jean), 20 Biopolis Way, #08-01, Centros, Singapore 138668, Email: A-STAR_ADMIN_BMRC@a-star.edu.sg, Fax no: 6478 9580

Please also include your full name, email address and daytime contact number.

Two winning entries will be randomly selected out of the correct solutions received by 1 August 2006, and each winning entry will win a $10 voucher

for lunch @ Bistro Fabulous (Biopolis, Singapore).
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