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hemistry and Biochemistry, Academy of Sciences of the Czech
epublic, Flemingovo nam. 2, 166 10 Prague 6, Czech Republic

-(S)-[3-Hydroxy-2-(phosphonomethoxy)propyl]-5-
zacytosine [(S)-HPMP-5-azaC] emerged as a potent and
elective inhibitor of several DNA viruses, including her-
esviruses [i.e. herpes simplex virus type 1 (HSV-1) and type
(HSV-2, varicella-zoster virus (VZV), human herpes virus 6

HHV-6) and cytomegalovirus (CMV)], adenovirus type2 (Ad2)
nd poxviruses [i.e. vaccinia virus (VV), cowpox virus (CPV)
nd orf virus]. The antiviral activity of (S)-HPMP-5-azaC
as comparable to that of the reference drug (S)-HPMPC

cidofovir) against HSV-1, HSV-2 and vaccinia virus, and
wo to seven-fold higher than cidofovir against VZV, HCMV,
HV-6 and Ad2. The cyclic derivative of (S)-HPMP-5-azaC

i.e. cHPMP-5-azaC) was also able to inhibit the replication
f these DNA viruses. We have now evaluated the in vivo
ctivity of HPMP-5-azaC and cHPMP-5-azaC against HSV-1,
SV-2, VV and CPV using two murine lethal challenge
odels. Five NMRI mice per group were infected with a lethal

ose of HSV-1 or HSV-2 (intraperitoneal infection) or VV or
PV (intranasal infection) and treated subcutaneously with

S)-HPMP-5-azaC, cHPMPC-5-azaC, (S)-HPMPC or cHPMPC
nce daily from day 0 to day 4 post-infection at a dose of
0 mg/kg. The virus dose used in each experiment resulted in
00% mortality in the untreated animals. (S)-HPMP-5-azaC
nd cHPMP-5-azaC proved to be as effective as, respectively,
S)-HPMPC and cHPMPC in reducing mortality, affording
00% survival. Furthermore, a single dose of 50 mg/kg of each
f the four compounds administered on day 0 was sufficient
o provide full protection. Oral prodrugs were synthesized [i.e.
lkyl (e.g. octadecyl), acyloxyalkyl (pivaloyloxymethyl) and
lkoxyalkyl (e.g. hexadecyloxyethyl)], the latter being the most
ctive prodrug in vitro. The in vivo activities of these prodrugs
re currently under investigation. These findings warrant
urther development on this new class of acyclic nucleoside
hosphonates.

oi:10.1016/j.antiviral.2007.01.025
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solation and Characterization of an Helicase-Primase
nhibitor (HPI)-Resistant HSV-1 Mutant in Tissue Culture
nd a Mouse-Skin Model

ubhajit Biswas ∗, Hugh Field

Cambridge University Centre for Veterinary Science

ucleoside analogues currently dominate HSV therapy and drug
esistance is readily selected in cell culture (>10−4) but rarely
ccurs in patients. Common resistant variants have defective
hymidine kinase; although these mostly grow normally in tissue
ulture, they are often attenuated.
HPI, e.g. BAY 57-1293 are a newer class of antivirals, which
ave superiority over nucleoside analogues in animal infection
odels. BAY 57-1293-resistance could be selected by single

assage in the presence of inhibitor. For example, BAYr1 is 70-
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old resistant to BAY 57-1293 and occurred at a frequency of
0−6 in the well-characterized HSV-1 strain, SC16. There are
revious reports that drug-resistant mutants of HSV-1 selected
gainst BAY 57-1293 or other HPI have slower or near wild-
ype growth rates in vitro. However, we showed consistently that
AYr1 replicated faster in cell culture than its parent, SC16.

BAYr1 was fully pathogenic in a murine skin-infection
odel according to all the clinical parameters, including latency.
AYr1 was found to have two substitutions in the helicase pro-

ein (UL5: A4V and K356Q). Marker transfer revealed that
356Q alone is responsible for 70-fold resistance and faster
rowth in culture. Our results with BAYr1 support and extend
revious reports: an HSV-1F mutant resistant to BAY 57-1293
K356N) gave near wild-type mortality in a mouse survival test.
wo mutants from HSV-1 KOS resistant to BILS 22 BS, a differ-
nt HPI (K356N or G352V) grew normally in culture and were
athogenic in animal models. Our results and these two reports
ill be discussed in the relation to our recent surprising find-

ng that some laboratory and clinical isolates of HSV-1 contain
PI-resistant mutants at high frequency.

oi:10.1016/j.antiviral.2007.01.026
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vidence For In Vivo Inhibition of CMV Infection by the
uinazoline Class Protein Kinase Inhibitor Gefitinib

ark Schleiss 1,∗, Michael McVoy 2, Xiaohong Cui 2, Yeon
hoi 1, Jodi Anderson 1, Thomas Stamminger 3, Bert Klebl 4,

an Eickhoff 4, Manfred Marschall 3

Center for Infectious Diseases and Microbiology Translational
esearch, Department of Pediatrics, Minneapolis, MN, USA;
Virginia Commonwealth University, Department of Pediatrics,
ichmond, VA, USA; 3 Institute for Clinical and Molecular
irology, University of Erlangen-Nuremberg, Germany; 4 GPC
iotech AG, Martinsried, Germany

efitinib (Iressa®) is a chemotherapeutic agent that exhibits
ctivity against human and animal cytomegaloviruses (CMVs).
e examined the activity of this agent against the guinea pig

ytomegalovirus (GPCMV) both in vitro and in an in vivo
isease model. In plaque reduction assays, gefitinib exhibited
n IC50 of 3.3 �M, lower than the IC50 demonstrated against
uman CMV. The efficacy of gefitinib was next evaluated in
n immunosuppression CMV disease model in outbred guinea
igs. Seronegative animals were treated intraperitoneally (i.p.)
ith cyclophosphamide, at a dose of 300 mg/kg at day −1 and
00 mg/kg at day +7, relative to i.p. challenge with an eGFP-
agged recombinant GPCMV, administered at a sublethal dose
f 2 × 105 pfu. Beginning at day 1, guinea pigs were treated
ither with oral placebo (n = 8), or with either cyclic cidofovir
t a dose of 20 mg/kg i.p. once weekly (n = 8), or gefitinib at
dose of 100 mg/kg once daily by gavage (n = 8). Antiviral
herapy had a significant impact on weight loss. In placebo-
reated animals, mean weights decreased in surviving animals
y 17% at the endpoint of the experiment, compared to a 7%
ecrease in gefitinib-treated animals, and a 15% increase in

dx.doi.org/10.1016/j.antiviral.2007.01.025
dx.doi.org/10.1016/j.antiviral.2007.01.026
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monotherapy study in treatment naive patients with chronic
HCV genotype-1 infection.

doi:10.1016/j.antiviral.2007.01.029
Program and Abstracts / Anti

idofovir-treated animals. Antiviral treatment also reduced mor-
ality. In placebo-treated animals, mortality was 7/8 (87.5%). In
he cidofovir group, mortality was 0/8 animals, compared to
/8 (38%) animals in the gefitinib group. By qPCR, cidofovir
herapy prevented DNAemia; gefitinib-treated animals had sig-
ificantly lower viral loads than controls. In summary, gefitinib
ad in vitro activity against GPCMV and in vivo animals treated
ith gefitinib had improved weights and trends toward reduced
ortality and reduced magnitude of DNAemia. These results

erived from this initial trial support further evaluation of the
otential for gefitinib as an anti-CMV antiviral in the guinea pig
odel.

oi:10.1016/j.antiviral.2007.01.027
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uccessful Treatment in the Monkeypox and Variola Pri-
ate Models of Smallpox by the Oral Drug ST-246

ohn Huggins 1,∗, Arthur Goff 1, Mucker Eric 1, Nancy
wenhafel 1, Jennifer Chapman 1, Mallory Tate 2, Rob Jordan 3,
ove’ Bolken 3, Dennis Hruby 3

US Army Medical Research Institute of Infectious Diseases;
Centers for Disease Control and Prevention; 3 Siga Technolo-
ies Inc.

ased on activity in multiple small animal models, oral ST-
46 was evaluated in our variola virus-cynomolgus monkey
odel of classical smallpox, which closely resembles human

isease. The placebo group demonstrated typical disease with
1250 pox lesions and 33% mortality. Oral gavage with ST-246
egun 24 h after infection, when bone marrow, spleen, some
ymph nodes and liver had >108 genomes/g and all tissues had
04–106 g−1, eliminated disease as judged by complete lack of
esion formation, the best predictor of smallpox disease severity
n humans, with no significant clinical or laboratory findings.
irus levels in blood did not increase over pretreatment lev-
ls (106 mL−1) and was cleared in 6 days versus 16 days for
lacebo based on historical data. ST-246 was next evaluated
sing our monkeypox virus-cynomolgus monkey model of clas-
ical smallpox, which also closely resembles human disease.
he placebo-treated group demonstrated typical disease with
1500 pox lesions and 100% mortality. Oral gavage treatment
ith ST-246 begun 1 day after infection, when bone marrow,

pleen, some lymph nodes and liver had >107 genomes/g and
ll tissues have 105–106 g−1, eliminated disease as judged by
omplete lack of lesion formation, with no significant clinical
r laboratory findings. Virus levels in blood did not increase
ver pretreatment levels and was cleared in 4 days versus 16
ays for placebo or IV CidofovirTM based on historical data.
ral gavage treatment with ST-246 begun 3 days after infec-

ion, when bone marrow, spleen, some lymph nodes and liver
ad >108 genomes/g and all tissues had >106 g−1, eliminated

isease as judged by complete lack of lesion formation in 2/3
onkeys and <5% of control lesions in 1/3 that did not progress,
ith no significant clinical or laboratory findings. Virus levels in
lood did not increase over pretreatment levels and was cleared
Research 74 (2007) A1–A97 A35

n 6 days versus 16 days for placebo. ST-246 has been granted
ast-track IND status and has not shown toxicity in phase I human
ingle oral dosing at 2000 mg.

oi:10.1016/j.antiviral.2007.01.028
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esign and Characterization of R1626, A Prodrug of the
CV Replication Inhibitor R1479 (4′-Azidocytidine) With
nhanced Oral Bioavailability

laus Klumpp 1,∗, David Smith 1, Michael Brandl 1, Tom
lfredson 1, Keshab Sarma 1, Mark Smith 1, Isabel Najera 1,
en-Rong Jiang 1, Sophie Le Pogam 1, Vincent Leveque 1,
an Ma 1, Yaping Tu 1, Rebecca Chan 1, Chiao-Wen Chen 1,
iaoyang Wu 1, Raj Birudaraj 1, Steven Swallow 1, Joseph A.
artin 1, Nick Cammack 1, Heather Berns 1, Scott Fettner 2,
avid Ipe 1, Marie Mannino 2, Edward O’Mara 2, Carla
ashington 1, Stuart Roberts 3, Graham Cooksley 4, Greg
ore 5, David Shaw 6, David R. Blue Jr. 1, Friederike Zahm 7,
eorge Hill 1

Roche Palo Alto LLC, CA, USA; 2 F. Hoffmann-La Roche
td, Nutley, NJ, USA; 3 Alfred Hospital, Melbourne, Vic.,
ustralia; 4 Royal Brisbane Hospital, Brisbane, Qld., Aus-

ralia; 5 Christchurch Clinical Study Trust, Christchurch, New
ealand; 6 Royal Adelaide Hospital, Adelaide, SA, Australia;
F. Hoffmann La Roche, Basel, Switzerland

1479 was identified as a selective inhibitor of HCV replication
ith high antiviral potency across HCV genotypes 1a and 1b iso-

ates and a high barrier to resistance selection. Initial preclinical
nd clinical characterization of R1479 demonstrated subopti-
al oral bioavailability because of limited absorption. A range

f different types of R1479 prodrugs were synthesized and eval-
ated by characterization of physicochemical properties, Caco2
ell permeabilities and pharmacokinetics in rats and monkeys.
lkyl ester prodrugs were identified to substantially improve
ral bioavailability of R1479, consistent with increased prodrug
ipophilicity. R1626, the tri-isobutyrate ester prodrug of R1479
chieved a more than a five-fold increase in oral bioavailability
nd dose proportionality up to high dose levels. In concordance
ith dose dependent increases in plasma exposures of R1479,
ose and time dependent mean viral load decreases of up to
.7 log10 were observed in a 14 day multiple ascending dose

dx.doi.org/10.1016/j.antiviral.2007.01.027
dx.doi.org/10.1016/j.antiviral.2007.01.028
dx.doi.org/10.1016/j.antiviral.2007.01.029

