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Novartis Institute for Tropical Diseases at Biopolis

The Novartis Institute for Tropical Diseases (NITD) was
established in 2002 as a public-private partnership between
Novartis and the Economic Development Board of Singapore
(EDB). NITD is now well on the way to achieving its mission
of finding new medicines for neglected tropical diseases.
With a headcount of 99 staff, NITD has research programs
aimed at developing new drugs for dengue fever and
Tuberculosis (TB), and will shortly be expanding its disease
repertoire to include malaria, following the formation of a
partnership with the Wellcome Trust, EDB and Medicines for
Malaria Venture (MMV). The partnership aims to find a one-
dose cure for Plasmodium falciparum, and a curative modality
for Plasmodium vivax.

Tuberculosis

About two billion people worldwide are infected with
Mycobacterium tuberculosis, the bacillus that causes TB.
Most of these people have the latent infection, but in 5 to
10% of asymptomatic individuals the latent infection will
progress to full-blown TB disease later in life. Current
treatment regimes are lengthy and can be problematic in
terms of patient compliance. In addition, the rising tide of
multi-drug resistant TB (MDR-TB), and the synergy with
HIV/AIDS, is worrying. NITD is therefore committed to finding
effective new TB drugs, especially those that require shorter
treatment regimens.

The first two years of TB research at NITD have resulted
in the identification of lead compounds that have been
optimised for TB and are now in preclinical development. It
is hoped that Phase | and Proof of Concept studies for these
compounds will start in 2008.

Some research projects currently conducted at NITD are
directed towards developing compounds that are active
against the quiescent (latent) organism. Current TB therapies
use growth-inhibitory drugs, which attach quiescent organisms
more effectively than active bacilli. One approach being
taken, in collaboration with Novartis Institutes for Biomedical
Research (NIBR) and the Genomics Institute of the Novartis
Foundation (GNF), involves screening synthetic and natural
product compound libraries to identify targets that are
necessary for quiescent survival. In collaboration with
academic labs in the Grand Challenges in Global Health
(GCGH) consortium, funded by the Bill and Melinda Gates
Foundation and the Wellcome Trust, NITD is also looking at
biochemical pathways that are essential for quiescent survival.
The aim is to develop drugs that effectively kill the quiescent

population, thereby shortening the necessary treatment
time.

Dengue fever

Dengue fever is a febrile disease caused by one of the four
dengue virus serotypes DEN-1, DEN-2, DEN-3 and DEN-4,
which belong to the genus Flavivirus. The virus is transmitted
by the vector Aedes aegypti, a mosquito that feeds on
human blood. Dengue is endemic in tropical regions, and
worldwide there are about 40 million cases of dengue fever
and several hundred thousand cases of dengue hemorrhagic
fever each year. Currently there are no selective drugs
available for treatment of dengue fever.

In its search for anti-dengue drugs, NITD is taking a multi-
pronged approach. Some of the current projects include the
development of compounds that may inhibit entry of the
dengue virus into cells, and compounds that target dengue
RNA dependent RNA polymerase (RdRp) across all four
serotypes.

NITD has also been collaborating with Tan Tock Seng
Hospital, the Environmental Health Institute (EHI), the Singapore
Tissue Network (STN), Defence Science Organisation (DSO)
and the Genome Institute of Singapore (GIS) in the Early
Dengue Infection and Outcomes (EDEN) study. The objectives
of the study include the characterisation of viral and host
specific factors in early dengue, as well as the correlation of
the severity of dengue with viral or host factors. The study
also aims to use microarray technology to find potential host
targets.

These collaborations, together with its unique public-
private perspective and growing team of talented scientists,
put NITD in a position to realise its goal of providing much-
needed drugs for neglected diseases.

Members of the NITD TB Unit
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West Nile Virus

Associate Professor Mary Ng Mah Lee from the
Department of Microbiology at the National University
of Singapore has been leading a research group
specialising in the field of flavivirology. In 2005, A/Prof
Ng and her team pioneered the discovery of a key
protein that facilitates entry of the West Nile Virus into
the cell causing infection in humans - a research
project that was fully funded by A*STAR’s Biomedical

Research Council.

The West Nile virus (WNV), named after the district in Uganda
where it was first isolated in 1937, is a mosquito-borne flavivirus
that causes West Nile fever and meningo-encephalitis. It is a
member of the Japanese encephalitis virus serocomplex of
the genus Flavivirus in the family Flaviviridae. The virus is
icosahedral, 40-50nm in diameter, with a lipid bilayer membrane
surrounding a nucleocapsid core. The WNV genome is single-
stranded, positive-sense RNA of approximately 11 kilobases.

The virus mainly infects birds, and is transmitted to humans
by infected mosquitoes. Most suffer mild flu-like symptoms
such as fever and malaise, but in a small minority the virus is
able to cross the blood-brain barrier, leading to encephalitis
(inflammation of the brain) and meningitis (inflammation of the
lining of the brain and spinal cord), both of which can be fatal.

To date, no vaccine or anti-viral drug is available to treat
infections by many mosquito-borne viruses such as WNYV,
dengue fever or yellow fever, which are transmitted by
mosquitoes indigenous to Southeast Asia.

%Dr Ng’s pioneering discovery of a key protein that facilitates
viral entry has been patented and published, and is now the

interfering RNAs (siRNAs) against 33 integrin were
used to knockdown [3 integrin levels, which inhibited WNV
entry (Figure 1). Conversely, the expression of recombinant
ovPs integrin in cells that do not synthesize this integrin
endogenously lead to increased susceptibility to WNV infection.

Upon WNV binding to avp3 integrin, focal adhesion
kinase (FAK) undergoes autophosphorylation at Tyr397. This
FAK activation leads to stimulation of outside-in integrin-
associated signalling pathways that are linked to the
endocytosis signalling process. Antibodies against
phosphorylated FAK were used in Western blots to study
FAK activation: Tyr397 phosphorylation was detected within
5 minutes and sustained until 10 minutes post-infection.
Dephosphorylation was observed from 20 to 45 minutes
post-infection.

Clathrin-mediated endocytosis

Inhibitors that selectively inhibit endocytotic pathways
were applied to C6/36 mosquito and Vero cells cells to
investigate which pathway was used by WNV for entry.

basis for development of anti-viral @
treatments.

Dr Ng's group discovered that the
receptor for WNV is the o3 integrin
and that this interaction activates
focal adhesion kinase (FAK). The virus
enters the cell via clathrin-mediated
endocytosis and is rapidly trafficked
into the cell via the endosomal and
lysosomal endocytic pathways. Late
in the endocytosis process, a
pH-dependent fusion mechanism
uncoats the virus and expels the viral
nucleocapsid into the cytoplasm near
the endoplasmic reticulum (ER).

WNV receptor - avf3 integrin
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Functional blocking antibodies
against ov and (33 subunits were
to decrease levels of o33 complexes
in Vero cells (African green monkey
kidney cells), which lead to reduced
WNV entry into the cells. Small

Figure 1: Gene silencing of human o.f3; integrin reduces WNV entry. (a & b) Down-regulated
expression of human s integrin in HeLa cells that express siRNA against o.f; integrin (a) can
be observed by immunofluorescence as compared to non-transfected cells (b). (c) drastic reduction
of WNV entry into HelLa cells transiently transfected with pSilencer-INTB3 which encodes siRNA
against B; integrin can be observed. In contrast, entry of WNV into HeLa cells expressing siRNA
against glyceraldehyde-3-phosphate dehydrogenase (GAPDH; a house-keeping enzyme) or
transfected with siRNA expression vector (negative control) is not affected.






