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o the normal squamous epithelial tissues. Typical cytopathic
hanges identical to those found in the squamous epithelium
n vivo were observed throughout the raft following infection
ith the different viruses. We have now assessed the feasibil-

ty of using mononuclear cells (MCs) as viral carriers to infect
rganotypic epithelial raft cultures. For this purpose, mononu-
lear cells were isolated from human umbilical cord blood by
icoll-Hypaque density gradient centrifugation, stimulated with
hytohemaglutinin and incubated in the presence of IL-2. MCs
ere infected with HSV-1, HSV-2 or VV at a multiplicity of

nfection of approximately 0.01, incubated overnight and then
ashed to remove the viral inoculum. The MCs were added on

op of the raft cultures after the epithelial cells were allowed to
ifferentiate for 6 days. MCs were able to transfer the virus to
he epithelium and histological changes characteristic of HSV
nfection could be observed. When the anti-herpesvirus agents,
cyclovir, penciclovir, HPMPC (cidofovir) or HPMP-5azaC
ere added to the culture media at the time the MCs carrying
SV were added on top of the rafts, the epithelium was protected

rom the virus-induced cytopathic effect in a dose-dependent
anner. The antiviral activity was quantified by measuring viral

iters by plaque assay. Similarly, HPMPC and HPMP-5-azaC
ere able to protect the epithelial cells from VV spread by the
Cs. Our results show the possibility of using MCs as a transfer

ehicle for HSV and VV infections of epithelial cells grown in
D and suggest that MCs could be responsible for the spread of
he virus infection.

oi:10.1016/j.antiviral.2007.01.041
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tructural Basis for the Expanded Substrate Specificity of
accinia Virus Thymidine Kinase: Insight from the Crystal
tructure

ark Prichard 1,∗, Kathy Keith 1, Mary Johnson 1, Norbert
chormann 2, Alexandra Samal 2, Debasish Chattopadhyay 2,3,
arl Kern 1

Department of Pediatrics, University of Alabama School of
edicine, USA; 2 Center for Biophysical Sciences & Engi-

eering, University of Alabama School of Medicine, USA;
Department of Medicine, University of Alabama School of
edicine, USA

accinia virus, like other orthopoxviruses, encodes an enzyme
ith thymidine kinase (TK) activity. This enzyme is closely

elated to the human cytosolic enzyme, TK1, and both belong
o the type 2 family of TK homologs. Previous studies with N-
ethanocarbathymidine (N-MCT), a new antiviral agent with

ctivity against cowpox virus replication, demonstrated that the
ompound was much less effective in TK negative strains of the
irus and suggested that the enzyme could preferentially phos-
horylate this compound. A similar TK dependence was also

bserved with a series of 5-substituted deoxyuridine analogs.
hese results were unanticipated since the viral TK and TK1
hare 70% identity at the amino acid level and were predicted to
xhibit very similar substrate specificities. This was investigated

l
n
m
M
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urther by purifying both enzymes in bacteria and comparing
heir relative ability to phosphorylate a number of thymidine
nalogs. This analysis revealed that the viral enzyme exhibited a
arked preference for a few compounds including N-MCT and
aluridine. The crystal structure of recombinant TK at 2.9 Å
esolution explains the structural basis for these differences.

comparison of this structure with the previously published
tructure of human TK1 revealed significant differences in the
atalytic site. In particular, the active site of the viral enzyme
ppeared to be more open than the human homolog. These
esults have important implications in the development of antivi-
al therapies to orthopoxvirus infections. Thymidine analogs,
uch as (N)-MCT that are selectively phosphorylated by this
nzyme in infected cells could be developed as potent and highly
elective inhibitors of orthopoxvirus infections.

oi:10.1016/j.antiviral.2007.01.042

5

nhibition of an Innate Antiviral Response by Human
ytomegalovirus UL97 Kinase is Antagonized by Maribavir

ark Prichard ∗, Shannon Daily, Amie Perry, Caroll Hartline,
arl Kern

Department of Pediatrics, University of Alabama School of
edicine, USA

uclear aggresomes are cellular structures that function to
egrade highly ordered protein aggregates in the nucleus, such
s viral structural proteins and are an important innate antiviral
esponse. The formation of nuclear aggresomes occurs around
ML oncogenic domains (PODs, ND10 sites). Many viruses

ncluding human cytomegalovirus disrupt PODs, presumably to
rotect against the sequestration and degradation of viral pro-
eins in the nucleus. One previously described facet of the UL97
egative phenotype was the formation of large nuclear aggre-
ates, which also formed when cells were infected with the
t virus in the presence of the UL97 kinase inhibitor, marib-

vir (MBV). Interestingly, the kinase was shown to inhibit the
uclear aggregation of pp65 when both proteins were expressed
ransiently in COS7 cells. Here, we report that the kinase also
educed the nuclear aggregation of the tegument protein pp71, as
ell as cellular protein that is a marker for nuclear aggresomes.
hus, it appeared that the inhibition of nuclear aggregations was
ore general than previously suspected. To investigate this fur-

her, we examined the effect of the kinase on PODs and observed
hat it disrupted their formation in a manner similar to IE1, which
as used as a positive control. This effect did not occur either
ith a point mutant of UL97 that has no kinase activity, or if

he kinase activity was inhibited by MBV. These results taken
ogether suggest that one important function of UL97 is to inhibit
he formation of PODs and the degradation of structural proteins
y nuclear aggresomes. In the absence of UL97 kinase activity, at

east 90% of the mass of viral structural proteins is sequestered in
uclear aggresomes resulting in a significant impairment of viral
orphogenesis. We conclude that the inhibition of the kinase by
BV impairs the ability of the virus to inactivate this innate

dx.doi.org/10.1016/j.antiviral.2007.01.041
dx.doi.org/10.1016/j.antiviral.2007.01.042
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ntiviral response and is a novel aspect of its mechanism of
ction.

oi:10.1016/j.antiviral.2007.01.043
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accination as an Antiviral Strategy for Control of
ytomegalovirus (CMV) Disease: A Vectored Vaccine
pproach Targeting the UL83 (pp65) Homolog Protects
gainst Congenital CMV Disease in the Guinea Pig Model

ark Schleiss 1,∗, Juan Lacayo 1, Yasmine Belkaid 2, Alistair
cGregor 1, Greg Stroup 3, Jon Rayner 4, Kim Alterson 4, Jeff
hulay 4, Jonathan Smith 4

Center for Infectious Diseases and Microbiology Translational
esearch, University of Minnesota, Department of Pediatrics,
inneapolis, MN, USA; 2 Mucosal Immunology Unit, NIAID,
ational Institutes of Health, Bethesda, MD, USA; 3 Meridian
iosciences, Cincinnati, OH, USA; 4 AlphaVax, Research Tri-
ngle Park, NC, USA

evelopment of vaccines against cytomegalovirus (CMV) infec-
ion is a major priority, both for high-risk immunosuppressed
atients, and to protect against disabling congenital infec-
ions. Glycoprotein subunit vaccines have demonstrated efficacy
gainst disease in small animal models of congenital CMV infec-
ion, but to date there have been no reports of the use of vaccines
argeting tegument proteins such as pp65 (UL83), the major
arget of anti-CMV cytotoxic T-lymphocyte responses, in this
etting. We report the use of a propagation-defective, single
ycle, RNA replicon vector system, derived from an attenuated
train of the alphavirus Venezuelan equine encephalitis (VEE)
irus, to produce virus-like replicon particles (VRP) expressing
P83, the guinea pig CMV (GPCMV) homolog of the human
MV pp65 phosphoprotein encoded by the UL83 gene. Vaccina-

ion with VRP GP83 induced antibodies and CD4+ and CD8+
cell responses in GPCMV-seronegative female guinea pigs.
uinea pigs immunized with VRP-GP83 vaccine, or a VRP
accine expressing influenza hemagglutinin (VRP-HA), were
red for pregnancy and subsequent GPCMV challenge. After
arly third trimester challenge with GPCMV, dams previously
accinated with VRP-GP83 had improved pregnancy outcomes
ompared to dams previously vaccinated with the VRP-HA con-
rol. Among VRP-GP83-vaccinated dams, there were 28 live
ups, and 4 dead pups (13% mortality) among 10 evaluable
itters, compared to 9 live pups and 12 dead pups (57% mortal-
ty) among 8 evaluable litters in the VRP HA vaccinated group
p < 0.001, Fisher’s exact test). The improved pregnancy out-
ome was accompanied by reduction in maternal whole blood
iral load as measured by real-time PCR. These results indicate

hat cell-mediated immune responses directed against a CMV

atrix protein can protect against congenital CMV infection.

oi:10.1016/j.antiviral.2007.01.044
Research 74 (2007) A1–A97

7

uvImmune is a Novel Vaccine Adjuvant that Enhances
rotection of Mice from Lethal HSV-2 Infection Following
mmunization

ane Strasser 1,∗, Rhonda Cardin 1, Claudia Chalk 1, James
reland 1, Jeff Fairman 2, David Bernstein 1

Division of Infectious Diseases, Cincinnati Children’s Hospital
edical Center, Cincinnati, OH, USA; 2 Juvaris BioTherapeu-

ics, Inc., Pleasanton, CA, USA

enital herpes simplex type 2 (HSV-2) infection is common and
n effective vaccine remains a priority. We therefore examined
he efficacy of JuvImmune as a vaccine adjuvant against gen-
tal HSV-2 infection in mice. JuvImmune, a complex of lipid
arrier and non-coding DNA, enhances protection against sev-
ral viral and bacterial diseases. In our studies, out-bred Swiss
ebster mice (12 animals/group) were immunized IP twice

t 3-week intervals with a detergent-inactivated whole HSV-2
accine or controls. Groups included placebo, vaccine (VAC)
lone, JuvImmune alone, JuvImmune + VAC or MPL + VAC.
hree weeks post boost, mice were treated with progesterone
nd given a lethal intravaginal challenge of HSV-2 (5 × 105 pfu).
aginal swabs were collected on days 1–4 post challenge and
erum was collected at 3 and 5 weeks post immunization.
ur preliminary results indicate that animals immunized with

uvImmune + VAC developed higher antibody titers compared
o VAC alone or MPL + VAC after the first immunization. Mice
ere followed for 21 or 30 days in two separate experiments.
he JuvImmune + VAC immunization reduced HSV-2 disease
ymptoms compared to MPL + VAC. In the first experiment,
uvImmune + VAC completely protected mice from death at 21
ays compared to a mortality of 40% in the MPL + VAC group
P < 0.037). In the second experiment, JuvImmune + VAC pro-
ected 83% of the mice from death at day 21, and 75% of mice at
0 days post challenge, compared to only 17% at both 21 days
P < 0.003) and 30 days (P > 0.036) in the MPL + VAC group.
n both experiments, vaginal titers were also reduced at day 2
n the JuvImmune + VAC group compared to all other groups.
hese results suggest that the JuvImmune adjuvant is superior to

he MPL adjuvant in protecting mice from genital HSV-2 infec-
ion. Further studies are planned to determine the mechanisms
f protection provided by the JuvImmune adjuvant.

dx.doi.org/10.1016/j.antiviral.2007.01.043
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