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nterfere with the formation of the HCV replication complex. This
pproach represents a valuable tool for screening of HCV inhibitors
ith a novel mode of action as well as for the characterization of

eplicon hits.

oi:10.1016/j.antiviral.2009.02.045
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ovel HCV Replication Mouse Model Using Human Hepatocellu-
ar Carcinoma Xenografts

arl Guévin ∗, Alain Lamarre, Patrick Labonté

INRS-Institut Armand-Frappier, Laval, Canada

Background: Hepatitis C virus (HCV) infection causes chronic
iver diseases and is a global public health problem. The only estab-
ished animal model of HCV infection is the chimpanzee. In view
f the limited availability of these animals, expense and ethical
spects, the establishment of a small-animal model for the study
f HCV infection is a high priority. In absence of an immunocompe-
ent mouse model for HCV replication, we developed a convenient
enograft mouse model that produces infectious viral particles.

Methods: To produce xenograft human hepatocellular car-
inoma (HCC), we developed a highly tumorigenic Huh7 cells
opulation able to promote the formation of HCC subcutaneously

n SCID/beige mice. Huh7-7 cells are permissive cell line for cell
ulture of HCV particles (HCVcc) and were obtained through suc-
essive in vivo passages of tumor cells performed by subcutaneous
ransplantation of tumor fragments from the previous in vivo pas-
age.

Results: Following injection with HCV-infected Huh7-7 cells,
CV RNA rose in the mouse sera and plateau at 103–105 GE/ml.
uantitative RT-PCR showed that up to 107 GE/�g of total RNA are
resent within tumors. Furthermore, a direct correlation between
he size of tumors and the level of HCV RNA in the tumor was
bserved. Immunohistochemistry analysis of infected tumor tissue
howed that the virus is widely spread within the tumor. More-
ver, virus recovered from infected mice is infectious in cell culture.
inally, we showed that interferon-� and the protease inhibitors
ILN-2061 both inhibited HCVcc strain JFH1 replication in vivo.

Conclusions: Human trials are realized solely based on efficacy
ata collected in vitro and on safety and pharmacokinetic profiles.
he simplicity and the convenience of the model present here,
hould allow its utilization at an early stage in the compound pro-
ling and give a more accurate indication of the compounds ability
o block viral replication and infection in an in vivo setting.

oi:10.1016/j.antiviral.2009.02.046
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n Vitro Activity and In Vivo Pharmacokinetics of Highly Potent
hosphoramidate Nucleoside Analogue Inhibitors of Hepatitis C
S5B

. Hutchins 1,∗, S. Chanberlain 1, C. Chang 1, B. Ganguly 1, E.
orovits 1, A. Hall 1, G. Henson 1, A. Kolykhalov 1, Y. Liu 1, J.
uhammad 1, P. Perrone 2, A. Gilles 2, S. Holl 2, K. Madela 2, C.
cGuigan 2, J. Patti 1

Inhibitex, Alpharetta, USA; 2 Cardiff University, Cardiff, Wales, United
ingdom
Phosphoramidate nucleoside analogues, or pronucleotides (Pro-
ides), possess a number of pharmacological advantages over their
arent nucleoside including a significant increase in antiviral activ-

ty, higher concentrations of triphosphate in liver, and potentially
Research 82 (2009) A1–A83

less toxicity due to reduced systemic nucleoside exposure. The in
vitro and in vivo properties of a series of aminoacyl ProTides of
2′-C-methyl guanosine (2′-C-MeG) have been characterized. Pro-
Tides exhibited anti-HCV replicon activity as much as 20-fold
greater than the parent nucleoside, with EC90’s ranging from 200
to 800 nM. The compounds were synergistic when combined with
ribavirin or interferon-2�. Cytotoxicity was not observed in Huh-
7 cells (CC50 > 100 �M). In the more sensitive MT-4 cell line, CC50
values ranged from 20 to >100 �M. Culturing CEM cells with Pro-
Tides for 3 days at 100 �m or 13 days at 5 �M had no significant
effect on mitochondria copy number. In primary human hepato-
cytes, conversion of ProTides to the triphosphate was measured,
with Cmax = 78 pmol/10E6 cells which is approximately 20-fold
greater than the IC90. Therefore, ProTides of 2′-C-MeG exhibited
excellent therapeutic indices and conversion to 2′-C-MeGTP in pri-
mary human hepatocytes exceeding the IC90. In PK experiments
designed to measure plasma concentrations of the ProTides and
parent nucleoside in the peripheral circulation and portal vein of
cannulated cynomologus monkeys, efficient extraction by the liver
was observed as indicated by low systemic levels of the ProTides.
Triphosphate levels exceeding the IC90 were measured in primate
liver biopsies following oral dosing. The primate PK study data indi-
cate delivery of the ProTides to the liver and subsequent conversion
to the triphosphate after oral administration. The findings of these
studies support the continued development of 2′-C-MeG ProTides
for the treatment of HCV infections.

doi:10.1016/j.antiviral.2009.02.047
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Hepatitis C Virus NS5A Protein In Vitro Modulates Template
Selection by the RNA-dependent RNA Polymerase

Olga Ivanova 1,∗, Vera Tunitskaya 1, Alexander Ivanov 1,2, Vladimir
Mitkevich 1,2, Vladimir Prassolov 1, Alexander Makarov 1, Marina
Kukhanova 1, Sergey Kochetkov 1

1 Engelhardt Institute of Molecular Biology, Moscow, Russia;
2 University of Oslo, Center for Medical Studies in Russia, Moscow,
Russia

Hepatitis C virus (HCV) infection is one of the most dangerous
human diseases. The HCV replication complex is composed of viral
nonstructural proteins including NS5B (RNA-dependent RNA poly-
merase, RdRp) and NS5A and of several cellular proteins. Since the
recombinant NS5A protein can directly interact with NS5B and with
viral RNA, it was proposed that NS5A plays an important role in virus
replication.

NS5A is presented in infected cells in an unphosphorylated and
two phosphorylated forms (basal and hyperphosphorylated). Basal
NS5A phosphorylation occurs in the C-terminus and is catalyzed by
casein kinase (CK) II, whereas hyperphosphorylation is accounted
for by CKI. Although basal NS5A phosphorylation has no effect on
HCV replication, its effect on the protein interaction with HCV RdRp
and with RNA is unknown.

Here we demonstrate that unphosphorylated NS5A protein
inhibits HCV RdRp activity in vitro in an artificial polyA-oligoU sys-
tem but has only minor inhibitory activity on synthesis of viral RNA.
In contrast, the phosphorylated CKII NS5A protein does not block
polyA-dependent polyU synthesis but completely abolishes viral
(−)-3′UTR replication and significantly inhibits (+)-3′UTR synthe-
sis. The NS5A phosphorylation with CKI does not change the RdRp

activity in any system. Phosphorylation of NS5A with CKII has no
effect on the protein affinity to RdRp or RNA. By UV-crosslinking and
RNA filter-binding experiments we revealed that NS5A prevented
binding of the template to the polymerase. The presented mecha-

dx.doi.org/10.1016/j.antiviral.2009.02.045
dx.doi.org/10.1016/j.antiviral.2009.02.046
dx.doi.org/10.1016/j.antiviral.2009.02.047
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ism of RdRp activity regulation by NS5A was observed for soluble
ecombinant proteins. In contrast, in infected cells both NS5A and
S5B are bound to ER membrane and lipid rafts by their membrane
ssociating domains and cellular partners, and these interactions
ight change their orientation or alter position of NS5A C-terminal

egion not allowing the latter to block RdRp.
Acknowledgments: This work was supported by Russian Foun-

ation for Basic Research (project 07-04-00391), and by Presidium
f Russian Academy of Sciences (Program on Molecular and Cellular
iology).
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omparison of Various Combination Therapies for the Treat-
ent of Yellow Fever Virus

ustin Julander 1,∗, Don Smee 1, John Morrey 1, Yousuke Furuta 2

Institute for Antiviral Research, Logan, USA; 2 Toyama Chemical Co.,
td., Tokyo, Japan

Yellow fever virus (YFV) continues to be an important health
oncern, despite the availability of an effective vaccine. There are
o approved drugs for the treatment of this acute viral disease,
hich can have case fatality rates from 20% to 50% in individu-

ls with visceral disease. Several compounds effective against YFV
ave been discovered using a hamster model of disease, includ-

ng ribavirin, T-1106, T-705, and interferon alfacon-1. Human cases
f acute arboviral disease are likely to present once serious symp-
oms are manifest, so it is important to have a safe and highly
fficacious treatment available for immediate use. Our approach
o this problem is the use of combination therapy. Combination
reatments were evaluated in cell culture and in a hamster model.
reatment with T-1106, T-705, or ribavirin in combination with
nterferon alfacon-1 was evaluated in Vero cells at 2-fold dilu-
ions of compound with starting doses of 4000 �M for T-1106,
-705, and ribavirin, and 0.0032 �g/ml for interferon alfacon-1.
ombinations were further evaluated in a hamster model of YFV.
uboptimal doses of 3.2, 100, and 10 mg/(kg d) of T-1106, T-705,
nd ribavirin, respectively, were evaluated alone or in combination
ith 0.5 �g/(kg d) of interferon alfacon-1. In general, combination

herapy significantly improved disease parameters as compared
ith monotherapy. Disease parameters improved after combi-
ation therapy included survival, virus titer in the liver, serum
minotransferase levels, and weight change. In some instances,
reatment could also be delayed later with combination therapy
han with monotherapy. It appears that combination therapy may
e useful in the treatment of human cases of YFV disease, and may
lso be applicable to other acute arboviral diseases.
Acknowledgments: Supported by contracts NO1-AI-30048,
O1-AI-15435, and NO1-AI-30063 from the Virology Branch,
IAID, NIH.

oi:10.1016/j.antiviral.2009.02.049
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A New Series of Tricyclic Nucleosides as Potent Inhibitors
of Hepatitis C Virus RNA Replication: Design, Synthesis and
Structure–Activity Relationships

Jesse Keicher ∗, Natalia Dyatkina, Xiaoling Zheng, Vivek Rajwanshi,
Marija Prhavc, Samantha Koo-McCoy, Kevin Fung, Derek Latour,
Mohan Sivaraja, Uli Schmitz, Christopher Roberts, Ronald Griffith

Genelabs Technologies, Redwood City, USA

From our extensive investigation of 7-deaza-7-substituted-
2′-methyladenosine nucleosides, we envisioned the potential
synthesis of tricyclic nucleosides that incorporate the active
substituents of the 7-deaza position of the base. From this
effort, we identified the potent anti-HCV tricyclic nucleoside
GL60630, which could be viewed as a cyclized derivative of 2′-C-
methylsangivamycin. This compound was characterized as a potent
and selective HCV NS5B RNA-dependent RNA polymerase chain
terminating inhibitor of HCV replication. GL60630 demonstrated
an EC50 of 0.5 �M in the replicon cell-based assay and an IC50 of
0.32 �M in the NS5B enzyme assay as its corresponding synthetic
triphosphate. No concomitant cytotoxicity was observed in Huh-7,
MT-4 or HepG2 cell lines. We synthesized multiple analogs of this
tricyclic scaffold and found a number of nucleosides that possess
anti-HCV activity as the parent nucleoside or as its correspond-
ing nucleotide. The synthesis and SAR of the analog series will be
presented.

doi:10.1016/j.antiviral.2009.02.050
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Phosphoramidate Protides Greatly Enhance the Anti-HCV Activ-
ity of 2′-Methylguanosine

Karolina Madela 1,∗, Plinio Perrone 1, Arnaud Gilles 1, Johan Neyts 2,
Chris McGuigan 1

1 Welsh School of Pharmacy, Cardiff University, Cardiff, United King-
dom; 2 Rega Institute for Medical Research, Leuven, Belgium

2′-C-Methyl purines are recognised inhibitors of HCV replication
(Eldrup et al., 2004). As with most bioactive nucleosides their active
form is represented by the corresponding 5′-triphosphates, which
may inhibit the RNA dependant RNA polymerase (RdRp). From
the literature, 2′-C-methyladenosine showed good in vitro activ-
ity (replicon EC50 = 0.26 �M) while 2′-C-methylguanosine showed
an approximately 10-fold lower potency (EC50 = 3.5 �M). We
hypothesised that this difference may arise from poor initial phos-
phorylation of the guanine analogue that may be by-passed using
the ProTide approach (Perrone et al., 2007). Data will be presented
showing a 2-log enhancement in the potency of the guanine ana-
logue.

dx.doi.org/10.1016/j.antiviral.2009.02.048
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