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n this family that cause human disease with an estimated 50–100
illion infections per year worldwide. Although abundant research

as been done, there are no approved vaccines or therapeutics
vailable. An antiviral drug administered early during Dengue virus
nfection that inhibits viral replication and prevents the high viral
oad associated with the more severe forms of dengue would be
n attractive strategy in the treatment and management of dis-
ase. The goal of the SIGA dengue program is to develop a small
olecule therapeutic for the treatment and/or prevention of dis-

ase caused by dengue virus, with a final drug product that will be a
afe, effective, and orally administered antiviral compound. Novel
mall molecule inhibitors have been identified that are potent
nd selective, with inhibitory activity against all four serotypes of
engue virus in vitro. These compounds have structures that are
hemically tractable, in that they possess chemically stable func-
ionalities and have potential drug-like qualities. Lead series have
een identified and are being defined by spectrum of activity, mech-
nism of action, preliminary absorption, distribution, metabolism,
nd excretion (ADME) profiles, and pharmacokinetic (PK) evalua-
ions. Two of these series have shown proof-of-concept efficacy in a

urine model of disease. The identification and characterization of
arly stage dengue virus inhibitors with activity in a murine model
f dengue virus infection represents a compelling start toward our
oal.

oi:10.1016/j.antiviral.2010.02.364
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iological Profiling of GS-9350, a Novel Pharmacoenhancer that
acks Anti-HIV Activity and Exhibits Low Potential for Metabolic
dverse Effects In Vitro

hristian Callebaut ∗, Luong Tsai, Kirsten Stray, Hongtao Liu, Lian-
ong Xu, Manoj Desai, Tomas Cihlar

Gilead Sciences, Foster City, USA

Background: Pharmacokinetic enhancement is frequently used
o increase systemic exposure of HIV protease inhibitors (PIs).
itonavir (RTV), a therapeutic PI, is also a potent mechanism-based

nhibitor of CYP3A widely used at low dose to boost PIs. However,
hronic use of RTV may cause various metabolic adverse effects,
nd its subtherapeutic dose could potentially induce PI resistance
utations. Here we describe the biological profile of GS-9350, a

ovel mechanism-based CYP3A inhibitor and pharmacoenhancer
hat is currently in advanced stage of clinical development.

Methods: Inhibition of proteases was evaluated using synthetic
uorescent substrates. Inhibition of HIV (including a panel primary

solates in PBMC), HBV and HCV were determined using stan-
ard assays. Effects on lipid accumulation and insulin-stimulated
lucose uptake were assessed in human and mouse adipocytes,
espectively.

Results: RTV inhibited HIV-1 protease and cathepsin D with IC50
alues of 0.6 and 870 nM, respectively. In contrast, GS-9350 showed
o inhibition of HIV-1 protease and cathepsin D at concentrations
p to 30 mM. GS-9350 showed no anti-HIV activity at concentra-
ions up to 30 and 90 mM in MT-2 cells, in the absence and presence
f human serum, respectively. GS-9350 was also devoid of antiviral
ctivity against a panel of HIV primary isolates and did not inhibit
BV or HCV. In addition, GS-9350 did not affect the in vitro anti-HIV
ctivity of multiple approved antiretrovirals, including PIs. GS-9350
xhibited no effect on lipid accumulation in human adipocytes at

oncentrations up to 30 mM, while RTV showed significant inhi-
ition (EC50 = 16 mM). GS-9350 and RTV also showed differential
ffects on the insulin-stimulated glucose uptake with <10% and 55%
nhibition at 10 mM concentration, respectively.
Research 86 (2010) A1–A78 A31

Conclusions: In contrast to RTV, GS-9350 is devoid of antiretro-
viral activity due to the lack of HIV protease inhibition. In addition,
GS-9350 does not affect adipocyte functions, suggesting a lower
potential for metabolic adverse effects compared to RTV. Over-
all, GS-9350 exhibits an improved in vitro pharmacological profile
relative to RTV, supporting its further clinical development.

doi:10.1016/j.antiviral.2010.02.365
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Production and Characterization of a Highly Infectious Geno-
type 1b/2a Chimeric Hepatitis C Virus in Cell Culture

Katie Chan ∗, Huiling Yang, Guofeng Cheng, Maria Pokrovskii,
Matthew Paulson, Andrew Greenstein, Hongmei Ho, William
Delaney

Gilead Sciences, Inc., Foster City, USA

Genotype 1 hepatitis C virus (HCV) is the most prevalent HCV
genotype in North America and Europe and the least responsive
to the present standard of care. The recent development of cell
culture systems based on intergenotypic recombinants of the geno-
type 2 JFH-1 strain, has made it possible to study infectious HCV
encoding the structural genes of additional HCV genotypes includ-
ing genotype 1b (con-1). Intergenotypic 1b/2a chimeric genomes
replicate in transfected cells but produce very low viral titers, lim-
iting the utility of this system. In this study, we generated cell
culture adapted 1b/2a variants by serially passaging the virus in
a novel Huh-7-Lunet cell clone. The adapted 1b/2a chimeric virus
yielded significantly higher titers than the parental unadapted virus
(4 × 104 vs. 3 × 101 TCID50/ml, respectively). Furthermore, quan-
titative fluorescent microscopy indicated that the adapted virus
formed larger foci and spread through cultures significantly faster
than the parental virus. Sequence analyses revealed four poten-
tial adaptive mutations: A150V in core, V1056G and I1312V in
NS3 and M2388I in NS5A. Experiments are ongoing to determine
the impact of each mutation on enhancement of virus production
and spread. We also validated our adapted 1b/2a virus for antiviral
testing using a panel of known HCV inhibitors with distinct mech-
anisms of action. Overall, this novel adapted 1b/2a HCV chimera
will facilitate the identification and characterization of novel HCV
inhibitors including those that target steps in virus entry, assembly
or release that involve genotype 1b structural genes.

doi:10.1016/j.antiviral.2010.02.366
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Excision of HIV-1 Proviral DNA using Tre-Recombinase: An
Experimental Update

Jan Chemnitz 1,∗, Patrick Ziegler 2, Ilona Hauber 1, Claus-
Henning Nagel 1, Helga Hofmann-Sieber 1, Markus Manz 3, Frank
Buchholz 4, Joachim Hauber 1

1 Heinrich-Pette-Institute for Experimental Virology and Immunol-
ogy, Hamburg, Germany; 2 Institute for Research in Biomedicine,
Bellinzona, Switzerland; 3 University Hospital Zurich, Zurich, Switzer-
land; 4 Max-Planck-Institute for Molecular Cell Biology and Genetics,
Dresden, Germany

HIV-1 integrates into the host chomosome and persists as a
provirus flanked by long terminal repeats (LTR). To date, treatment

regimens primarily target the virus enzymes, virus attachment
or virus-cell fusion, but not the integrated provirus. Therefore,
current antiretroviral therapies require lifelong treatment which,
unfortunately, is frequently accompanied by the occurrence of

dx.doi.org/10.1016/j.antiviral.2010.02.364
dx.doi.org/10.1016/j.antiviral.2010.02.365
dx.doi.org/10.1016/j.antiviral.2010.02.366


A tiviral

s
v
r
D
e
H
T
d
i

d

5

S
P

A
A
F

1

I
v
M
B

t
a
d
s
e
a
T
a
p
i
c
o
h
t
t
o
a
f
o

(

R

B

D

d

32 23rd ICAR Abstract Issue / An

ubstantial toxicities and/or the development of drug-resistant
iruses. Previously, we engineered a LTR-specific recombinase (Tre-
ecombinase) that can effectively excise integrated HIV-1 proviral
NA from infected human cell cultures, suggesting that customized
nzymes might someday help to eradicate HIV-1 from the body.
ere, we provide an update on our recent and further analyses of
re-recombinase in various HIV-1 infection models. Moreover, we
iscuss potential future strategies to deliver Tre-recombinase into

nfected subjects.

oi:10.1016/j.antiviral.2010.02.367
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mall Molecules Targeting Protein–Protein Interactions: A
romising Anti-HIV Strategy

lba Chimirri 1,∗, Laura De Luca 1, Stefania Ferro 1, Rosaria Gitto 1,
nna Maria Monforte 1, Stefano Agnello 1, Maria Letizia Barreca 2,
rauke Christ 3, Zeger Debyser 3

Department of Medicinal Chemistry, University of Messina, Messina,
taly; 2 Department of Pharmaceutical Chemistry and Technology, Uni-
ersity of Perugia, Perugia, Italy; 3 Mol. Virology and Gene Therapy
ol. Medicine, Katholieke Universiteit Leuven and IRC KULAK, Leuven,

elgium

The development of multidrug-resistant viruses compromises
he efficacy of anti-human immunodeficiency virus (HIV) ther-
py and limits treatment options. Therefore, new targets with a
ifferent mechanism of action with respect to anti-AIDS drugs
o far in therapy need to be identified. In recent years, many
xamples of protein–protein interactions in the HIV life cycle
nd related inhibitors is growing rapidly (Busschots et al., 2009).
hus, protein–protein interactions (PPIs) provide an important new
pproach for the drug design against HIV infection. In our previous
aper, a structure-based 3D pharmacophore model for potential

nhibitors of the interaction between HIV-1-IN and its cellular
ofactor LEDGF/p75 was developed and used for virtual screening
f chemical databases, leading to the identification of interesting
its for further optimization (De Luca et al., 2009). Consequently,
he rational design, synthesis and biological tests of some deriva-
ives have been carried out. Our studies resulted in the discovery
f compounds able to interfere with the IN-LEDGF/p75 interaction
t micromolar concentration. Docking simulations were also per-
ormed with the aim to investigate the possible binding mode of
ur new compounds.

Acknowledgement: Research supported by THINC project
HEALTH-F3-2008-201032).
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A Cell Protection Screen Reveals Potent Inhibitors of Multiple
Stages of the Hepatitis C Virus Life Cycle

Karuppiah Chockalingam 1,∗, Rudo Simeon 1, Charles Rice 2, Zhilei
Chen 1

1 Texas A&M University, College Station, USA; 2 Rockefeller University,
New York City, USA

The hepatitis C virus (HCV) life cycle involves multiple steps, but
most current drug candidates target only viral replication. Inabil-
ity to systematically discover inhibitors targeting multiple steps
of the HCV life cycle has hampered antiviral development. We
describe a new screen for HCV antivirals based on the alleviation
of a HCV-mediated cytopathic effect experienced by an engineered
cell line—n4mBid. This approach obviates the need for a secondary
screen to avoid cytotoxic false positive hits. Application of our
screen to 1280 compounds, many in clinical trials or approved
for therapeutic use, yielded >200 hits. Of the 55 leading hits, 47
inhibited one or more aspects of the HCV life cycle by >40%. Six
compounds blocked HCV entry to levels similar to an antibody (JS-
81) targeting the HCV entry receptor CD81. Seven hits inhibited
HCV replication and/or infectious virus production by >100-fold,
with one (quinidine) inhibiting infectious virus production by 450-
fold relative to HCV replication levels. The described approach is
simple and inexpensive, and should enable the rapid discovery of
new classes of HCV life cycle inhibitors.

doi:10.1016/j.antiviral.2010.02.369

60

Synthesis and Tissue Distribution Studies of Acyloxyalkyl Pro-
drug Derivative of an Anti-HBV Dinucleotide

John Coughlin 1,∗, Kathleen O’Loughlin 2, Sung Rhee 2, Mary
Tanga 2, Radhakrishnan Iyer 1, Anna Furimsky 2, Seetharamaiyer
Padmanabhan 1, Judith Marquis 3, Amy Ta 2, Carol Green 2, Jon
Mirsalis 2

1 Spring Bank Pharmaceuticals, Inc., Milford, USA; 2 SRI International,
Menlo Park, USA; 3 Genzyme Corporation, Cambridge, USA

We have reported that phosphorothioate dinucleotides and trin-
ucleotides are a new class of anti-HBV compounds with potent
activity in Vitro and in Vivo. Recently, we had developed the
acyloxyalkylester derivative as an oral prodrug of the model anti-
HBV dinucleotide [Rp,Sp]-3′-dA-ps-U2′OMe (1). The current studies
were undertaken to evaluate the distribution of the 35S-labeled
prodrug in the liver and other organs in rats. The 35S-labeled pro-
drug was obtained as a solid in high specific activity (120 mCi/g;
84.9 mCi/mmol) by chemoselective S-alkylation of 35S-1. The req-
uisite 35S-1 was synthesized using solid-phase phosphoramidite
chemistry. Thus, controlled-pore-glass (CPG)-supported dANBz was
coupled to 5′DMT-2′-OMe-uridine-3′-phosphoramidite to gener-
ate the intermediate dinucleoside phosphite. The sulfurization of
the phosphite using 35S-labeled 3H-1,2-benzodithiole-1,1-dioxide
(independently synthesized) followed by deprotection of the CPG-
bound dinucleoside phosphotriester, and HPLC purification gave
35S-1. 35S-1 was administered to rats, at a dose of 10 mg/kg, by
intravenous (iv) and oral (po) routes. Radioactivity was readily
detected in plasma at different time-points after both iv and po
administration. Radioactivity concentrated in the liver and the ratio

of liver to plasma concentration was as high as 2.9 (iv route) and
3.9 (po route) 1 h after dose administration. Other tissues – kidney,
brain, spleen, and heart – contained minor amounts of radioactivity.
The primary route of excretion of the radioactivity from the com-
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