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The Big Picture

Fighting Invisible Enemies: New Responses for

New Threats

About three years ago, patients and hospital staff began
to succumb to a mysterious respiratory iliness first in Southern
China, then in Hong Kong and Vietnam, and finally in Canada
and Singapore. Nobody was prepared for the onslaught of
this disease. The world was put on high alert, and the culprit
was eventually found to be a new variant of the coronavirus.
It was named SARS, short for severe acute respiratory
syndrome, and for many of us in Singapore, it changed our
view of the world of infectious disease.

Infectious diseases account for a quarter of all human
mortality and a similar proportion of morbidity [1]. Infectious
diseases affecting livestock and crops have cost the global
economy untold billions. With air travel and increasing
globalisation, sudden outbreaks of new infectious diseases
can have a tremendous impact on a global scale.

During the G8 summit meeting in St Petersburg, Russia
this year, the global fight against infectious diseases was
made a top priority. The reasons are clear - the challenge
of emerging infectious diseases transcends national borders.
Diseases like SARS, dengue, malaria, HIV/AIDS, tuberculosis,
cholera, chikungunya and more recently, influenza A (H5N1)
can expand rapidly from local to regional or global threats.
Since 2004, the highly pathogenic avian influenza A (H5N1)
has extended its geographical range, with outbreaks occurring
in poultry and migratory birds in many parts of the world,
which have never experienced outbreaks of such severity in
their histories. Human infections have also been reported
in 10 countries, and although transmission to humans has
yet to be completely defined, the cases have been consistent
with bird-to-human, environment-to-human, and limited
human-to-human transmission [2,3].

The World Health Organization (WHO) has stated the need
for affected countries to put in place robust surveillance
systems to detect outbreaks in birds, and for countries to
be transparent in disease reporting. However, many countries
face serious problems in tracking and containing the disease
due to cross-border disease spread, socio-economic issues,
and a lack of appropriate diagnostic capabilities. Therefore,
it is also in these countries where the impact of infectious
disease is the greatest.

Better disease detection capability is vital, as earlier
detection would buy time to reallocate resources and, in
contrast to current reactive approaches, enable proactive
disease management. Portable devices for the diagnosis
of infections in infected individuals, animals or plants will
cater to the demand for cheap, quick, and easy-to-use
products. Research agencies and companies, both local and
international, have embarked on projects based on these
technologies, some of which are generic, including "lab-on-

chip" screening for a range of infectious agents, or simple
tests to differentiate between viral and bacterial infections
in order to aid the proper prescription of antibiotics. In
mid-2005, the Ministry of Health (MOH) in Singapore
developed a pandemic preparedness plan detailing actions
to be taken before and during an influenza pandemic. The
objective of the plan is to mitigate the socio-economic impact
of a pandemic occurring in Singapore, and to reduce morbidity
and mortality associated with the pandemic [4]. WHO has
postulated that, should a pandemic begin to emerge through
the more gradual process of adaptive mutation, early
intervention with antiviral drugs, together with other public
health measures,

could possibly prevent

the virus from further

improving its

transmissibility

amongst humans, thus

either preventing a

pandemic or delaying

its international

spread.

A coordinated
national flu research
strategy was also
initiated on a national
level. This recognised
the need to identify
and prioritise the list of research areas to fully utilise
Singapore's limited resources, in order to ensure that there
are no significant gaps in coverage by the various agencies.
On our part, A*STAR can contribute to possible solutions to
pandemic flu-related problems at the national, regional or
global level through capabilities from both the Biomedical
Research Council (BMRC) and the Science and Engineering
Research Council (SERC) research institutes, namely in the
areas of diagnostics, therapeutics, contact tracing and
surveillance, communication and information, and even
vaccine development. Our major contribution to date has
been from the Genome Institute of Singapore (GIS) — a team
of scientists developed proprietary primers that were then
licensed to Veredus Laboratories for use in an avian flu
diagnostic Kkit.

In any pandemic preparedness effort, it is necessary to
understand the potential benefits and limitations of each
strategy before we can make a decision on which should be
implemented. For infectious diseases such as influenza,
vaccines are probably the most effective measure to reduce
morbidity and mortality [5]; these, however, are not likely to
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Structure of Avian Influenza A Virus: Orthomyxoviridae

be available during the early stages of a pandemic. For the
current avian influenza H5N1, the diversity of the circulating
H5N1 viruses indicates that the reference strains currently
available might not optimally match an emerging pandemic

and induce a broader immune response than antigenically
matched inactivated split-virus vaccines are being licensed
and planned for clinical evaluation in the near future [5].

We have a long journey ahead of us in our battle against
infectious diseases, and the current avian influenza outbreaks
caused by influenza A (H5N1) underscore the importance of
improving our preparedness for the next emerging or
re-emerging infectious agent. We will need to understand
the importance of fostering interdisciplinary approaches to
infectious disease research that transcend traditional
intellectual boundaries, such as those between virology,
bacteriology, parasitology, medicine, human health and
economics. Such efforts cannot be carried out without
government support, and one hopes that in time to come,
Singapore will have broad-based laboratories with
epidemiological capabilities, links to wider networks, and
strong inter-country collaborations to respond to outbreaks
of epidemic, endemic and emergent diseases.

“ We will need to understand the importance of
fostering interdisciplinary approaches to infectious
disease research that transcend traditional intellectual
boundaries, such as those between virology, bacteriology,
parasitology, medicine, human health and economics., ,

virus. WHO thus has an important role in coordinating the
surveillance of H5N1 viruses and identifying reference strains
suitable for provision to manufacturers.

Even so, many barriers and problems remain, including
those related to intellectual property rights, different national
regulations on genetically modified organisms, and especially
technical challenges such as manufacturing capacity. At the
present moment, there is an urgent need to improve the yield
of reverse genetics-derived H5N1 viruses in eggs, an
endeavour which necessitates an improved understanding
of the molecular basis of influenza virus replication. Within
the constraints of the current global manufacturing capacity
for influenza vaccines, efforts to increase the supply now
focus on new formulations that require less antigen-per-
dose, a strategy known as "antigen-sparing" [6].

Whole-virus vaccines are also being considered in
pandemic vaccine planning, since such vaccines have been
shown to be more immunogenic in unprimed human beings
[7]. The antigenic diversity of circulating H5N1 viruses
indicates that vaccines prepared from reference strains could
be sub-optimally matched to a future pandemic virus, but
proper adjuvenation could help to alleviate this. Candidate
live attenuated influenza vaccines, which are highly efficacious

This article was contributed by Dr Lisa F.P. Ng, a Research
Scientist at the Genome Institute of Singapore (GIS). Lisa joined
GIS in 2002 after completing her doctoral dissertation on
coronavirus, and since then has worked on Hepatitis B virus
(HBV), SARS and H5NL1. In addition, she is also involved in
infectious disease-related public health policy work with the
Ministry of Health Singapore.

Lisa’s HBV research and her participation in public health
outreach initiatives are featured in more detail in this issue’s
“Personalities” section on page 21.
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Leadership appointments at A*STAR, Biomedical
Research Council (BMRC) and MOH's National
Medical Research Council (NMRC)

Mr Philip Yeo will be stepping down as
Chairman of A*STAR at the end of March 2007.
On 1 April, he will assume the Chairmanship of
the Standards, Productivity and Innovation Board
(SPRING Singapore), and will also be appointed
Senior Advisor on Science and Technology to
the Minister for Trade and Industry.

Lieutenant-General (NS) Lim Chuan Poh,
an Administrative Service officer, took on the
additional appointment of Deputy Chairman of
A*STAR from 1 November 2006. He will relinquish
his appointment as Permanent Secretary
(Education) to assume the Chairmanship of
A*STAR from1 April 2007.

Associate Professor Lam Kong Peng, previously Acting
Executive Director of the Biomedical Research Council
(BMRC), has been appointed Executive Director of the newly
established Singapore Immunology Network (SIgN) from 1
October 2006.

Dr Beh Swan Gin, an Administrative Service officer, has
succeeded A/Prof Lam as Executive Director of BMRC. Dr
Beh has relinquished his position as Director Biomedical
Sciences at the Economic Development Board, and has been
appointed Director of Planning and Policy. He maintains his
concurrent appointment as Director of the Energy Planning
Division at the Ministry of Trade and Industry.

The Biomedical Research Council has been organized into
two groups to oversee the development of the research
institutes and consortia - the Biomedical Sciences and
Technology Group (BSTG) and the Translational and Clinical
Sciences Group (TCSG) - for better coordination and synergy
as Singapore embarks upon the next phase of its Biomedical
Sciences (BMS) initiative.

Professor Sir David Lane, Executive Director
of the Institute of Molecular and Cell Biology
(IMCB), has concurrently been appointed
Executive Deputy Chairman of BMRC in charge
of BSTG.

Professor Edward Holmes has been appointed
Executive Deputy Chairman of BMRC in charge
of the TCSG. He will focus on building the
research capabilities and expertise needed to
translate the discoveries and inventions of bench-
scientists into potential new drugs, devices
and diagnostic tools. The Ministry of Health (MOH) has
concurrently appointed Professor Holmes Executive Chairman
of the National Medical Research Council (NMRC), facilitating
his ability to oversee translational research on a national level.

Dr Edwin Low, previously Director of Clinical Governance
at the Singapore General Hospital, has been appointed
Executive Director of NMRC, to assist Professor Holmes in
implementing various new programmes and initiatives.

Hedgehog signalling expert
Professor Philip Ingham joins

IMCB

Professor Philip Ingham, renowned developmental
geneticist and an international expert in genetic
factors and signalling pathways that regulate
embryonic development, joined A*STAR's Institute
of Molecular and Cell Biology in August 2006.

Professor Ingham is a well-known authority on
the Hedgehog (Hh) signalling pathway. His group
pioneered the analysis of the Hh pathway in
Drosophila, and discovered the Hh protein family

in vertebrates in collaboration with groups at Harvard University. On
top of continuing the analysis of Hh and its related signalling pathway,
Professor Ingham will pursue the use of the zebrafish as a powerful

model for human disease related processes.

Dr Edison Liu
elected to the
HUGO Councill

Dr Edison Liu, Executive Director of the
Genome Institute of Singapore, has been
elected to the HUGO Council, the executive
body for the Human Genome Organisation
(HUGO). The 18-member Council has
members from 14 different countries.

HUGO is the international organisation of
scientists involved in human genetics.
Established in 1989 by a collection of the
world's leading human geneticists, the primary
ethos of the HUGO is to promote and sustain
international collaboration in the field of human
genetics.




biome Issue 7 | December 2006

In the news

Reconstitution of the BMS EXCO: Emphasis on
translational and clinical research

The Biomedical Sciences Executive Committee (BMS
EXCO) was recently reconstituted to reflect Singapore's new
emphasis on translational and clinical research while
concurrently strengthening its base in basic research.

The BMS EXCO has been responsible for driving
Singapore's BMS Initiative in its first phase of development
from 2000 to 2005, which saw the establishment of core
infrastructure, scientific capabilities for basic biomedical
research, programmes to develop Human Capital for research,
as well as a growing base of BMS companies with R&D
operations in Singapore.

Chaired by A*STAR Chairman Mr Philip Yeo and co-chaired
by the Permanent Secretary for Health, Ms Yong Ying-I, the
BMS EXCO will lead the biomedical science effort into its
second phase, bringing together key stakeholders including
A*STAR, the two medical schools under NUS (Yong Loo Lin
School of Medicine and Duke Graduate Medical School), the
two healthcare clusters (National Health Group and
SingHealth), the Ministry of Health, the Ministry of Trade and
Industry as well as the Ministry of Education.

Three working groups have been established under the
BMS EXCO to support this second phase:

1. The Intellectual Capital Working Group is chaired
by Professor Tan Chorh Chuan (Deputy President and

COLLABORATIONS

Provost, NUS; and Deputy Chairman of both BMRC
and A*STAR). It will address the issues of developing
capabilities, resources and regulatory frameworks to
support investigational medicine and clinical trials. It will
also identify and establish strategic flagship translational
research programmes. In addition, this Working Group will
examine various measures to strengthen health services
research and public health research in close consultation
with MOH.

. The Human Capital Working Group is chaired by
Professor John Wong (Dean, Yong Loo Lin School of
Medicine, NUS). It will establish a strategy to develop
a sustainable cohort of doctors, nurses, pharmacists,
dentists and scientists with the requisite basic and
advanced training to support our efforts in translational
and clinical research. The Working Group will also review
policies and define mechanisms to accelerate the
recruitment and retention of top clinical research talent
in Singapore.

. The Infrastructure Working Group is chaired by
Mr Philip Yeo. It will identify gaps and strengthen
the physical and scientific infrastructure, including
key technologies needed to support Singapore's
BMS efforts.

IMCB partners Industrial Research Limited on

stem cell research

New Zealand's Industrial Research Limited (IRL) and Institute of Molecular and Cell Biology (IMCB) will be working together
on stem cell research to develop new therapeutics for bone healing.

The Stem Cell and Tissue
Repair Laboratory at IMCB, led
by Drs Victor Nurcombe and
Simon Cool, will work closely with
IRL. Under this agreement, IMCB
will provide IRL with carbohydrate
molecules which have been
identified as having effects on
pluripotent stem cells. IRL will
leverage on its extensive
glycoactive and glycotherapeutic
technologies and facilities to
determine their structures and
provide synthetic molecules and

their variants for pre-clinical
research and applications.

Adult stem cells secrete heparan
sulfate sugar "lawns" when they
encounter artificial surfaces

Adult stem cells readily grow on artificial bioscaffolds that have been pre-
coated with the herparan sulfate sugars
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A*STAR and Australian National University establish

Immunology partnership

A*STAR's Centre for Molecular Medicine and the Australian
National University's Australian Phenomics Facility (APF)
entered into a research collaboration agreement in the field
of immunology, with a particular focus on autoimmune
diseases such as Type 1 Diabetes.

The collaborative research programme will focus on
understanding the causes and manifestations of Type 1
Diabetes and other autoimmune and immunopathological
disorders. It will study the functions of genes and proteins

involved in immune tolerance and how their dysfunctions
could lead to the failure of an individual's immune system to
recognise its own cells and tissues - resulting in immune
cells attacking self organs and tissues - a phenomenon known
as autoimmune disease.

Such research may enable the identification of predictive
or diagnostic markers, as well as the development of
therapeutics to treat such diseases.

IBM and GIS collaboration yields insights into cell

process regulation

IBM and the Genome Institute of Singapore (GIS) have
made a collaborative discovery that could potentially alter
our view of how cell processes are regulated. The two
teams found that microRNAs, small molecules that are an
important regulatory component in the machinery of living
cells, likely exert their influence much more widely than
previously thought.

The results, which are reported in the scientific journal
Cell, suggest that some microRNAs may exert their

DISCOVERIES

influence by targeting as many as a few thousand
messenger RNAs (the intermediate templates from which
proteins are made), and that nearly all genes in higher
organisms such as humans or mice may be under microRNA
control. The analysis also suggests that tens of thousands
of microRNAs remain to be identified. These results
propose a significantly expanded view of microRNAs'
influence within a cell and their potential roles in health
and disease.

GIS discovers a master regulator of

stem cells

Researchers from the Genome Institute of Singapore (GIS), together with scientists from
the National University of Singapore, the Nevada Cancer Institute and Harvard Medical
School, have discovered another gene responsible for the fate of embryonic stem cells.
The team, led by Dr Bing Lim, Senior Investigator at GIS, reported this recent discovery
of a novel key factor responsible for determining the embryonic stem cell fate in the October
2006 issue of Nature Cell Biology.

This factor, Sall4, acts as a master regulator turning on other key stem cell genes which
keep stem cells ticking. Sall4 modulates embryonic stem cell pluripotency and early
embryonic development through the transcriptional regulation of Pou5fl1. Elucidating the
mechanisms and molecules involved in determining embryonic stem cell fate is an important
step towards the development of embryonic stem cell-based therapeutic applications
for healthcare. One of the major limitations scientists face today is the lack of ability to
control the differentiation of embryonic stem cells into specific cell types needed to treat
various diseases such as cardiovascular disease, diabetes and neurodegenerative

Dr Bing Lim, Senior Investigator at GIS ~ diseases.
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IMCB researchers discover potential target to

prevent tumours

Researchers from the Institute of Molecular and Cell
Biology (IMCB), led by Principal Investigator Dr Dmitry Bulavin,
have found a way to prevent cancer in animal models.

The team's findings show that Wip1 has an effect on a
molecule called ATM, and that this association plays an
important role in tumourigenesis. When the two molecules
are together, ATM is kept inactive, but when Wip1l becomes
inactive or depleted, the ATM molecules become active
and kill pre-cancerous cells.

"The lack of Wipl in the mice, interestingly, makes
them resistant to cancer, yet have a normal lifespan.
Understanding more about how Wipl interacts with ATM

may eventually translate into therapeutic benefit in the
treatment of tumours - they might even offer alternatives
to chemo- or radiotherapy, which are the main forms of
treatment today," commented Dr Bulavin.

Dr Bulavin's findings also demonstrate that this
approach could be effective in delaying the onset of breast
cancer, lymphomas and intestinal cancer in different mouse
models. The next phase will be to develop or identify small
drug-like inhibitors of Wip1.

These findings were published in the 1st September
2006 issue of the prestigious scientific journal Molecular
Cell.

IBN develops nanocarriers that kill tumours with

drugs and DNA

A team of researchers at the Institute of Bioengineering
and Nanotechnology (IBN) has developed nanoparticles
that can carry both small molecular anticancer drugs and
nucleic acids simultaneously for improved cancer therapy
(Nature Materials 5 (2006) 791-796).

The novelty of this technology lies in the design of
a special biodegradable carrier (cationic core-shell
nanoparticle), which can enclose drug molecules and
allow therapeutic nucleic acids to bind onto it.

It can efficiently introduce DNA into a cell to be
incorporated into its genetic make-up, i.e. induce
high gene expression levels, especially in
human and mouse breast cancer cell
lines, as well as in the mouse breast
cancer model.

The co-delivery of small molecular
drugs with DNA can improve gene
transfection efficiency, reduce side-
effects of these drugs, and achieve
the synergistic effect of drug and
gene therapy for the more effective
treatment of cancer.

The carrier developed at IBN is self-
assembled from a biodegradable cationic
copolymer. It is thus more easily produced,

with size and characteristics that are more easily controlled
as compared to liposomes. More importantly, it can deliver
nucleic acids more effectively.
"These nanocarriers developed by our team have
a variety of applications in medication and as a
gene transfection agent forbiological research,"
said Dr Yi-Yan Yang, who led the project team comprising
Yong Wang, Shujun Gao, as well as Nanyang
Technological University collaborators Wen-Hui Ye
and Ho Sup Yoon.
"They provide an interesting approach to
improving the efficiency of cancer
treatments."
United States and PCT (Patent
Cooperation Treaty) patents
have been filed by IBN on the
invention.

Schematic of the IBN nanopatrticle,
which can carry drugs and nucleic acids
simultaneously



