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P1
Infection of primary mouse neural cells in vitro and
ex vivo by wild type and vaccine strains of measles
virus
Haniah Abdullah and Louise Cosby
Queens University Belfast, Belfast, UK

Murine models have been used to study the fatal CNS
complications of measles virus (MV), subacute scle-
rosing panencephalitis and measles inclusion body en-
cephalitis. Normal mice are only productively infected
by rodent adapted virus, while IFNAR+/+ transgenic
SLAM or CD46 mice, show restricted infection by wild
type (WT) and vaccine (V) strains, respectively. Infec-
tion in SLAM or CD46 negative, IFNAR−/− mice al-
lows a limited degree of infection with these viruses
which suggests that restrictions other than cell entry
are also involved. To examine virus entry and replica-
tion in the CNS of normal mice we compared infection,
in vitro and ex vivo, of primary mixed neural cell cul-
tures from C57/BL6 mice by WT, V and rodent adapted
strains of MV. Infection of murine cerebral endothelial
cells (Ec) was also examined. Cultures derived from 16
day foetuses were not susceptible to infection by any
of the virus strains. However, all viruses infected spe-
cific neural cell subsets from 2 to 3 day old neonatal
mice in vitro, although the infection with WT and V
strains was non productive. Although negligible num-
bers of infected cells were observed in brain sections
of WT and V infected mice, primary cultures derived
from these brains and allowing whole brain sampling,
showed infection. All 3 virus strains infected Ec but
only WT virus gave a productive infection. The results
suggest that murine receptors present on neonatal neu-
ral cells allow infection by WT and V strains in vivo but
virus replication and spread is subsequently restricted
by other factors.

P2
The cholesterol depleting drugs statin protect
post-mitotically differentiated human neurons
against ethanol and HIV-1-induced oxidative stress
in vitro
Edward A Acheampong,1 Zahida Parveen,1 Aschalew
Mengistu,1 Noel Ngoubilly,1 Roger J Pomerantz,2 and
Muhammad Mukhtar1

1Thomas Jefferson University, Philadelphia, PA, USA and
2Tibotec Inc., Johnson and Johnson Corporation

Background: Human immunodeficiency virus type
I (HIV-1) infected monocytes and T-cells cross the
blood-brain barrier (BBB) into the central nervous
system (the ‘Trojan Horse’ pathway) to spread the
infection or triggers infection related responses that
hamper proper synaptic activity of neurons. Among
several others, alcohol has been reported as a major fac-
tor in pathogenesis of HIV-1 due to its easy metabolic
and systemic availability and the potential to cross
the BBB. Because a majority of HIV-1-infected indi-
viduals are either alcoholics or prone to alcoholism,
we sought to determine stress responses induced by
the interaction of HIV-1-infected primary cells (CD14+
monocytes, CD3+ T-cells) with postmitotically differ-
entiated neurons in vitro. We also determined whether
or not the cholesterol depleting drugs Statin protect
these cells against ethanol and HIV-1-induced oxida-
tive stress.

Methods: We utilized either uninfected controls or
co-culture of neurons with supernatant generated from
HIV-1-infected versus uninfected neuronal cells. Using
ELISA and Western Blotting analyses, we determined
the release of Hsp70, 8-iso-Prostane-F2-alpha, and ni-
tric oxide, well-characterized oxidative stress markers
from the supernatants of primary post-mitotic differ-
entiated neurons. The statins, atorvastatin and sim-
vastatin were added at concentrations of 10 mM when
needed.

Results: It was observed that co-culture of HIV-1-
infected primary monocytes over a time period of
72 hours elevated the production of heat shock pro-
tein 70 (HSP70), 8-iso-Prostane F2-alpha, and nitric
oxide 4–7 fold compared with uninfected controls.
The presence of 0.1% ethanol (physiological concen-
trations in plasma) showed similar responses, how-
ever, 0.3% EtOH alone elevated the levels of hsp70
in uninfected controls but had no significant effects
on isoprostane production in this group. Neurons ex-
posed to supernatants generated from HIV-1-infected
monocytes showed slight elevation of these oxida-
tive stress markers compared with control. Co-culture
of infected T-cells with neurons or neurons exposed
to HIV-1-infected primary CD4+ T-cells supernatant
showed similar elevation of HSP70 responses as well
as 8-isoprostaglandin-F2-alpha and nitric oxide 4-5
fold. We also tested the ability of the clinically avail-
able inhibitors of HMG-CoA reductase, statins, to in-
hibit HIV-1 induced release of these compounds from
HIV-1-infected cells. We observed that both atorvas-
tatin and simvastatin were able to inhibit the release of
HSP70, nitric oxide and 8-isoprostaglandin-F2-alpha.
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Conclusion: The results of this study provide new
insights into HIV-1 neuropathogenesis aimed at the
development of future HIV-1 therapeutics to eradicate
viral reservoirs from the brain.

P3
Use of human antigen-presenting cell gene array
profiling to examine the effect of human T cell
leukemia virus type 1 Tax on primary human
dendritic cells
Jaya Ahuja, Karan Kampani, Suman Datta, Brian
Wigdahl, Katherine E. Flaig, and Pooja Jain
Department of Microbiology and Immunology, Drexel
University College of Medicine, Philadelphia, PA, USA

Human T cell leukemia virus type 1 (HTLV-1) is eti-
ologically linked to adult T cell leukemia and a pro-
gressive demyelinating disorder referred to as HTLV-
1-associated myelopathy/tropical spastic paraparesis
(HAM/TSP). One of the most striking features of the
immune response in HAM/TSP centers on the expan-
sion of HTLV-1-specific CD8+ cytotoxic T lymphocyte
(CTL) compartment in the peripheral blood and cere-
brospinal fluid. More than 90% of the HTLV-1-specific
CTLs are directed against the viral Tax (11-19) pep-
tide implying that Tax is available for immune recogni-
tion by antigen presenting cells, such as dendritic cells
(DCs). DCs obtained from HAM/TSP patients have
been shown to be infected with HTLV-1 and exhibit
rapid maturation. Therefore, we hypothesized that
presentation of Tax peptides by activated DCs to naı̈ve
CD8+ T cells may play an important role in the in-
duction of a Tax-specific CTL response and neurologic
dysfunction. In this study, a pathway-specific anti-
gen presenting cell gene array was used to study tran-
scriptional changes induced by exposure of monocyte-
derived DCs to extracellular HTLV-1 Tax protein. Ap-
proximately 100 genes were differentially expressed
including genes encoding toll-like receptors, cell sur-
face receptors, proteins involved in antigen uptake and
presentation and adhesion molecules. The differential
regulation of chemokines and cytokines characteris-
tic of functional DC activation was also observed by
the gene array analyses. Furthermore, the expression
pattern of signal transduction genes was also signifi-
cantly altered. These results have suggested that Tax-
mediated DC gene regulation might play a critical role
in cellular activation and the mechanisms resulting in
HTLV-1-induced disease.

P4
HSV-1 ICP4 deleted, Us3 defective mutant d120
infection failed to induce apoptosis in
NGF-differentiated PC12 cells
Benjamas Aiamkitsumrit,1 Timothy M Block,1

Nigel W Fraser,2 and Ying-Hsiu Su1

1Drexel University and 2University of Pennsylvania,
Philadelphia, PA, USA

It has been suggested that neuronal cells respond dif-
ferently in many aspects to the HSV-1 infection as com-
pared to mitotic cells. For instance, the HSV-1 infec-
tion establishes a latent infection in neuronal cells but
a lytic infection in mitotic cells. HSV-1, ICP4-deleted,
Us3-defected, mutant d120 has been known to induce
classical apoptosis in a variety of mitotic cell lines that
have been tested. Here we report that the d120 mutant
virus failed to induce apoptosis in neuronal-like, nerve
growth factor (NGF) differentiated PC12 cells. More
strikingly, the genome of the d120 mutant remained
linear inside of the nuclei for the course of the infec-
tion, with a surprisingly long half-life of 30 days. This
contrasted with the half-life of linear DNA inside of
the nuclei of mitotic cells which is less than 2–3 days.
The failure of the mutant d120 virus to induce apopto-
sis in neuronal-like cells might be due to its inability to
translocate the NF-kB from the cytosol to the nuclei af-
ter viral infection. Furthermore, the mutant d120 virus
was able to prolong the life of neuronal-like cells in the
culture flask as compared to the mock-infected NGF-
PC12 cells. This was suggested since approximately
50% of d120-infected NGF-PC12 cells remained in
the culture after 45 days of infection while less than
10% of mock-infected cells were left in the culture af-
ter 45 days of infection as compared to the amount
of cells at the time of infection. The possible mech-
anisms regarding this distinct difference in the out-
come of host cells (neuronal-like NGF-PC12 cells vs
the mitotic Vero cells) after mutant d120 infection are
discussed.

P5
Phosphatidylinositol-3 kinase (PI3K)/Akt/mTOR
pathway is activated in an in vitro model of HIV
Encephalitis
Cagla Akay, Rebecca A Chodroff, Ying Wang, Michael
G White, Dennis L Kolson, and Kelly L Jordan-Sciutto
University of Pennsylvania, Philadelphia, PA, USA

HIV Encephalitis (HIVE), the pathological substrate of
HIV Associated Dementia (HAD), is characterized by
formation of multinucleated giant cells, astrogliosis,
neuronal loss and dendritic damage. While the mecha-
nisms of neuronal death in HIVE remain only partially
defined, neuronal damage has been linked to soluble
factors released by HIV infected, and non-infected, ac-
tivated macrophages/microglia in the brain. Among
these factors, glutamate is of particular interest. Glu-
tamate plays an important role in long term mem-
ory formation and neuronal plasticity as well as neu-
rodegeneration. Glutamate excitotoxicity, triggered by
excess glutamate is thought to be a component of neu-
ronal death in a range of neurological disorders in-
cluding Multiple Sclerosis (MS), Alzheimer’s Disease
(AD), Parkinson’s Disease (PD), Amylotropic Lateral
Sclerosis (ALS) and HIVE. In HIVE, other excitotox-
ins in addition to glutamate are thought to contribute
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to neuronal damage. To begin to define the signaling
pathways involved in HIVE-associated excitotoxicity,
we used an in vitro model of HIVE where we treated
primary rat neuroglial cultures with supernatants from
human monocyte-derived-macrophages infected with
a neurovirulent strain of HIV-1 (HIV M/M). We as-
sessed phosphorylation of a number of signaling cas-
cade molecules. Using a supernatant dilution of HIV
M/M that produced 25% neuronal loss by 4 hours and
50% neuronal loss by 20 hours, we observed 70% in-
crease in mTOR, 50% increase in Erk-1 and 105%
increase in Erk-2 levels by 2 hours, as detected by
western blotting. An early, rapid phosphorylation of
Akt-1 (152% by 4 hours) as well as a late increase in
S6K activity (52% by 20 hours) was also observed.
NMDA exposure also induced these changes in Akt-
1 and S6K2 by 4 hours. In contrast, BDNF treatment
induced Akt-1 phosphorylation by 20 hours, but no
S6K activity. Recently, increased mTOR immunoreac-
tivity in autopsied human brain tissue of patients with
HAD has been substantiated. Thus, we hypothesize
that our in vitro model of HIVE reflects the findings
of HIVE in vivo, and we propose that activation of
the phosphatidylinositol-3 kinase (PI3K)/Akt/mTOR
pathway may be involved in the excitotoxic injury in
HIVE.

P6
PML presenting as dementia and diffuse
leukoencephalopathy in non-immunosuppressed
hosts
Allen J Aksamit,1 Maja Tippmann-Peikert,1

Nathan Staff,1 Joseph Parisi,1,2 and T Scott Diesing1

1Deptartment of Neurology, Mayo Clinic and 2 Deptartment
of Laboratory Medicine and Pathology, Rochester, MN, USA

Progressive multifocal leukoencephalopathy (PML) is
an opportunistic infection of oligodendrocytes by JC
virus usually occurring in immunosuppressed hosts.
Rarely, PML has been associated with no identifiable
underlying immunosuppressive illness.

We report two middle-aged men presenting with
chronic cognitive disturbance classifiable as demen-
tia and diffuse leukoencephalopathy on MR imaging
without identified underlying immunosuppression. In
a 63-year-old man, the four month history of dementia
was associated with diffuse leukoencephalopathy and
negative PCR for JC virus in the spinal fluid. Although
brain biopsy failed to demonstrate PML on morpho-
logical grounds, autopsy findings seven months after
onset were diagnostic of PML. A variety of leukoen-
cephalopathies were considered in life, but not PML.
In the second case, a 57-year-old man presented with
ten months of progressive cognitive changes, language
difficulty, and slow thinking without focal motor or
sensory symptoms. MRI showed multifocal subcorti-
cal white matter abnormalities. Spinal fluid was posi-

tive for JC virus by PCR. Further testing revealed sero-
logic markers of mixed connective tissue disease and
depression of CD4 and CD8 counts.

The first patient had autopsy proof of PML but
no identified underlying immunosuppression or sys-
temic illness, even at autopsy. Both patients had evi-
dence of nonmalignant colonic ulceration of uncertain
cause.

PML can present as a dementing illness with a dif-
fuse leukoencephalopathy without overt immunosup-
pression. PCR is incompletely sensitive for JC virus
detection in the spinal fluid. PML can be consid-
ered in the differential diagnosis of late onset diffuse
leukoencephalopathy.

P7
Transcriptional competency of HIV-1 LTR genetic
variants in an integrated chromatin-based
environment
Aikaterini Alexaki,1 Michael R Nonnemacher,1
Evelyn M Kilareski,1 and Brian Wigdahl1

1Department of Microbiology and Immunology, Drexel
University College of Medicine, Philadelphia, PA, USA

Human immunodeficiency virus type 1 (HIV-1) gene
expression is driven by the long terminal repeat (LTR),
which has a variety of binding sites for the interaction
with multiple host and viral factors, including mem-
bers of the CCAAT/enhancer binding protein (C/EBP)
and Sp transcription factor families. We have previ-
ously identified specific nucleotide sequence config-
urations within C/EBP site I (C to T change at posi-
tion 3; 3T) and Sp site III (C to T change at position
5; 5T) which correlate with increased severity of HIV-
1 disease and HIV-1-associated dementia. As one ap-
proach to begin exploring the LTR phenotype associ-
ated with these genotypic changes with respect to LTR-
directed transcription from an integrated chromatin-
based microenvironment, a series of stably transfected
cell lines have been developed utilizing bone mar-
row progenitor (TF-1), T (Jurkat), and monocytic cell
lines (U-937). To this end, macrophage-, T cell-, and
dual-tropic LTRs were coupled to the gene encoding
green fluorescent protein (GFP). The resulting HIV-
1 LTR GFP stably expressing cell lines were exam-
ined under basal, and chemical or cytokine activation,
as well as in the presence of HIV-1 Tat. The results
demonstrate that the cell type within which these in-
tegrated LTRs were expressed produced different ex-
pression profiles. In TF-1 cells the 3T/5T-containing
LTR drives transcription in all cells but with a lower
expressing phenotype, however it can be induced to
similar levels as the parental LTR, following stimu-
lation and/or in the presence of Tat. In addition, the
backbone, within which this sequence configuration
is incorporated, also plays a role in the resulting phe-
notype. Future studies will examine the impact of spe-
cific LTR sequence variation on viral gene expression
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both in primary cells as well as in viral replication
studies.

P8
Effects of valproic acid on markers of HIV disease
progression
Beau M Ances,1 Scott Letendre,2 Jennifer
Marquie-Beck,1 Maria Bruzzel,1 Igor Grant,3 Ronald J
Ellis,1 and Research Center HIV Neurobehavioral1,2,3

1Department of Radiology, University of California San
Diego; 2Department of Medicine, University of California
San Diego; and 3Department of Psychiatry, University of
California San Diego, San Diego, CA, USA

Background: We evaluated the possible beneficial or
adverse effects of concurrent treatment with antiretro-
viral (ARV) and valproic acid (VPA) treatment on
markers of HIV disease progression—HIV viral load
(VL) in plasma and cerebral spinal fluid (CSF), and
CD4 lymphocyte counts. HIV-infected patients often
receive concurrent treatment with VPA due to comor-
bidities such as seizures, headaches, and mood dis-
orders. In vitro, VPA activates expression of latent
HIV provirus and may eliminate latently infected, HIV
reservoir in resting CD4 cells. However, activation of
latent provirus might accelerate HIV replication or de-
plete CD4 cells, both of which could be clinically dele-
terious.

Methods: We performed a retrospective case-control
study to identify 30 HIV+ individuals, half of whom
who initiated VPA. For these two groups approxi-
mately half of each group took stable antiretroviral
therapy. Cases and controls were matched for ARVs,
CDC stage, sex, education, and time period between
measurements. Using commercially available assays
CSF VL, plasma VL, and CD4 lymphocyte counts were
assessed prior to and after starting a stable VPA regi-
men for both groups. To determine if differences were
present simple paired t-tests were performed for each
variable (p < 0.05) across both groups. Subset analysis
was performed to determine the interaction between
VPA and ARVs.

Results: The median duration between visits was 14
± 3 months for both groups. A trend towards a de-
crease in plasma CD4+ lymphocyte counts (from 420
cell/uL to 331 cells/uL) was observed in the group ini-
tiating VPA compared to matched controls. Similar re-
sults were seen for patients on ARVs compared to those
not taking medications. No differences were seen in
plasma or CSF VL within the two groups or within the
subsets on or off ARVs.

Conclusions: With addition of VPA, we found no sig-
nificant adverse effects on HIV VL in plasma or CSF.
A trend towards a decrease in CD4 lymphocyte counts
was observed after starting VPA. This decline may re-
flect the loss of latently infected lymphocytes or the ef-
fects on this medication on the bone marrow. Whether
these CD4 reductions may reduce immunocompetence
and translate to significant clinical disease progression
is not yet determined.

P9
HSV-infected microglial cells undergo apoptosis
following production of proinflammatory immune
mediators
Rajagopal N Aravalli, Shuxian Hu, Timothy N
Rowen, and James R Lokensgard
Center for Infectious Diseases and Microbiology
Translational Research, University of Minnesota Medical
School, Minneapolis, MN, USA

Herpes simplex virus (HSV)-1 efficiently infects glial
cells (i.e., microglia and astrocytes) as well as neu-
rons. While microglial cells are non-permissive for
viral replication, productive infection is observed in
both astrocytes and neurons. Microglial cells respond
to HSV by rapidly initiating a burst of proinflammatory
cytokine and chemokine production during the early
stages of infection. In contrast, astrocytes and neurons
were not found to produce these same immune medi-
ators, although viral replication is productive in these
cell types. In the present study, we investigated the
effect of HSV infection on cell survival immediately
following the rapid induction of immune mediators.
Preliminary studies using real-time PCR showed that
mRNAs for caspases 3 and 9 were induced in HSV-
infected microglia, but no expression of pro-apoptotic
genes was seen in astrocytes. Further studies using
microarray analysis indicated that the TNF-α signal-
ing pathway was active in microglial cells at a time
when most cellular mRNAs, including those of house-
keeping genes and caspases, were not present in as-
trocytes. Taken together, these findings indicate that
HSV infection leads to degradation of cellular mRNA
in productively-infected astrocytes, while cellular mR-
NAs, including those encoded by genes involved in
apoptotic cell death, were not shut off during non-
productive infection of microglia.

P10
When does the HI-Virus entry into the human brain
achieve clinical relevance?
Gabriele Arendt,1 Thorsten Nolting,1 Ingo W
Husstedt,2 Nora Gregor,2 Matthias Maschke,3 Mark
Obermann,3 Sieghart Sopper,3 Eleni Koutsilieri,4
Peter Riederer,5 Christian Frisch,1 Vangelis Kotsis,1
Volker ter Meulen,6 and Competence Network
HIV/AIDS
1University Hospital of Duesseldorf, Germany;
2University Hospital of Muenster, Germany; 3University
Hospital of Essen, Germany; 4University Hospital of Essen,
Germany; 5Deutsches Primatenzentrum Goettingen,
Germany; and 6University Hospital of Wuerzburg, Germany

Objectives: During the last years knowledge on HIV
effects on the central nervous system (CNS) in vitro
and in animal models has grown considerably. How-
ever, less information is available on the course of
virus related CNS disease in vivo. Recent findings pro-
vide evidence that HAART should also be aimed at
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suppression of viral load in cerebrospinal fluid (CSF)
but CSF analysis has not yet been integrated in therapy
decision and patient care guidelines. Consequently,
whereas it is known that HIV enters the brain very
early in the course of the disease, it remains to be es-
tablished, when viral replication in the CNS achieves
clinical relevance for the individual patient. Thus, the
present study has been designed to further clarify this
issue.

Methods: 111 HIV-1-positive individuals without
apparent neurological abnormalities (27 from early
CDC stages = A1, A2, B1, B2 without highly active
antiretroviral therapy (HAART), 29 from early stages
with HAART, 5 from late stages = A3, B3, C1-3 without
HAART and 50 AIDS-defined individuals on HAART)
have been recruited consequently at three study sites.
They underwent clinical examination, a neuropsycho-
logical test battery, magnetic resonance imaging (MRI)
as well as viral load (VL) analysis in plasma and CSF.

Results: There was a low viral replication in CSF ac-
companied by neuropsychological deficits in some of
the early and late stage patients on HAART underlin-
ing that this therapy is not in every case effective in
protecting the CNS against HIV. In contrast, both early
and late stage patients without therapy revealed very
high CSF VLs in the majority of the cases. CSF-VLs
correlated with the duration of known HIV-1-positivity
and with psychomotor slowing. Surprisingly, the ma-
jority of patients without HAART had no hints for
blood-brain-barrier (BBB) disruption, but relevant CSF
pleocytosis.

16.1%/111 patients had a higher CSF than plasma
VL, with higher prevalence among untreated patients.
In 19% of the patients with complete suppression of
viral replication in the periphery by HAART limited
viral replication could be detected in the CSF.

Conclusions: HIV does not only invade the human
brain very early, but replicates there actively and pro-
vokes neuropsychological deficits. CSF analysis has
to be integrated into routine care for HIV carriers and
therapy planning. It has to be investigated, whether pa-
tients with higher CSF- than plasma-VL will have to
start effective HAART earlier. Early and not late stages
of the disease are relevant for impending brain damage.

P11
Expression of APOBEC family members of cytidine
deaminases in the central nervous system
Elias G Argyris, Edward Acheampong, Fengxiang
Wang, Jialing Huang, Keyang Chen, Muhammad
Mukhtar, and Hui Zhang
Thomas Jefferson University, Department of Medicine,
Division of Infectious Diseases, Center for Human Virology,
Philadelphia, PA, USA

Background: In the human genome the apolipopro-
tein B mRNA-editing enzyme catalytic polypeptide

(APOBEC)3 gene has expanded into a tandem ar-
ray of genes termed APOBEC3A-G. Two members of
this family, APOBEC3G and APOBEC3F, have been
found to have potent activity against virion infec-
tivity factor deficient (DeltaVif) human immunodefi-
ciency virus 1 (HIV-1). These enzymes become en-
capsidated in DeltaVif HIV-1 virions and in the next
round of infection deaminate the newly synthesized
reverse transcripts. The lentiviral Vif protein pre-
vents the deamination by inducing the degradation
of APOBEC3G and APOBEC3F. The expression and
distribution of APOBEC family members of cytidine
deaminases in the central nervous system (CNS) is cur-
rently unknown.

Methods: In the current study we isolated RNA
from primary human brain microvascular endothe-
lial cells (MVECs), and primary human astrocytes,
which are key components of the blood-brain bar-
rier (BBB) and the CNS. Reverse transcriptase (RT)-
PCR was employed to detect the presence of APOBEC-
3A/3B/3C/3D/3F and 3G mRNA, and cell lysates were
analyzed via Western blot using monoclonal and poly-
clonal antibodies against APOBEC3G and APOBEC3F.
In our studies we also included human NT2 neuronal
precursor and differentiated post-mitotic mature neu-
ronal cells, as well as H9 (positive control) and 293T
(negative control) cells.

Results: Our RT-PCR assays demonstrate that
APOBEC-3B/3C/3F and -3G mRNA is present in all
CNS cell systems, namely MVECS, astrocytes, NT2 and
differentiated post-mitotic mature neurons. In addi-
tion, Western blot analysis of lysates prepared from
the above cells clearly demonstrates APOBEC-3G and
APOBEC-3F protein expression in all CNS-cell com-
ponents.

Conclusions: Our findings demonstrate that both
APOBEC-3G and -3F host restriction factors known to
block HIV-1 replication, are widely expressed in CNS
and may function as innate immunity against retrovi-
ral infection.

P12
Effect of cannabinoids on astrocytes: A proteomic
analysis
Bindukumar B, Stanley A Schwartz, Supriya D
Mahajan, Jessica L Reynolds, Donald E Sykes,
Ravikumar Aalinkeel, and Madhavan PN Nair
Division of Allergy-Immunology, Department of Medicine,
Kaleida Health and State University of New York at
Buffalo, Buffalo, NY, USA

Delta(9)-THC, the main active component of marijuana
and other synthetic cannabinoid receptor agonists, is
known to dysregulate various immune responses. CB1
and CB2 receptors have been expressed mainly on neu-
ronal and immune cells respectively. Since brain being
the target organ for cannabinoids, and neuronal cells
play a significant role in various immune responses,
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it is reasonable to suggest that cannabinoids play a
significant role in the molecular profile of neuronal
cells. The present study has been undertaken to in-
vestigate the proteomic profile of astrocytes treated
with delta(9)-THC by 2-Dimensional Difference Gel
Electrophoresis (DIGE) and HPLC—MS/MS analysis.
Our results show that more than 20 proteins were
differentially dysregulated by astrocytes treated with
delta(9)-THC compared to untreated control. Expres-
sions of most of the proteins were confirmed by Q RT-
PCR at mRNA levels and western analysis at protein
levels. Among the identified proteins, Glutathione Per-
oxidase was highly upregulated and the significance
of other dysregulated proteins with respect to HIV- 1
infection of astrocytes and their role in neuropatho-
genesis will be discussed.

P13
Axonal transport of human immunodeficiency
virus-1 envelope protein GP120 causes neuronal
apoptosis
Alessia Bachis,1 Rachel L Nosheny,1 Peter Andrews,2
Eugene O Major,3 and Italo Mocchetti1

1Department of Neuroscience, Georgetown University
Medical Center, Washington, D.C.; 2Department of Cell
Biology, Georgetown University Medical Center,
Washington, D.C. 20057; and 3Laboratory of Molecular
Medicine and Neuroscience, National Institute of
Neurological Disorders and Stroke, Bethesda, Maryland,
USA

A better understanding of the pathogenic mechanisms
mediating HIV-1 neurotoxicity is crucial for devel-
oping effective neuroprotective therapies against Ac-
quired Immune Deficiency Syndrome-associated De-
mentia Complex (ADC), a disorder characterized by
a broad spectrum of motor impairments and cognitive
deficits. The HIV-1 envelope glycoprotein 120 (gp120),
which is shed from the virus, is one of the agents caus-
ing neuronal cell death. In this study, we examined
the molecular and cellular mechanisms underlying its
neurotoxic effect. In cerebellar granule cells gp120 is
internalized and axonally transported. Blocking intra-
cellular trafficking by nocodazole prevented neuronal
cell death. To further prove that internalization and ax-
onal transport are crucial for gp120-mediated toxicity,
gp120 was injected into the rat striatum. Gp120 was se-
questered by neurons and subsequently retrogradely
transported to dopaminergic neurons in the portion
of the substantia nigra that projects to the striatum.
Cleaved caspase-3 and TUNEL, hallmarks of apopto-
sis, were seen in neurons internalizing and transport-
ing gp120. Furthermore, colchicine abolished gp120-
mediated apoptosis. The retrograde transport of gp120
and apoptosis were mediated by the chemokine re-
ceptor CXCR4 because AMD3100, a selective CXCR4
inhibitor, blocked both events. These results indicate

that axonal transport of gp120 is a crucial mecha-
nism whereby HIV-1 promotes widespread neuronal
cell death.

P14
Associative and predictive biomarkers of changing
cognitive status in HIV-1 infected patients
Veera Venkata Ratnam Bandaru,1 Ned Sacktor, Justin
C McArthur, Roy G Cutler,2 Edward L Knapp,1 Mark
P Mattson,2,3 and Norman J Haughey1

1Department of Neurology, Johns Hopkins University
School of Medicine, Baltimore MD, USA; 2Laboratory of
Neurosciences, National Institute on Aging Intramural
Research Program, Baltimore MD, USA; and 3Department
of Neuroscience, Johns Hopkins University School of
Medicine, Baltimore, MD, USA

Infection with HIV can result in a debilitating CNS
disorder known as HIV-associated cognitive-motor im-
pairment or HIV-dementia (HIV-D). Since the advent
of highly active antiretroviral therapy (HAART), the
incidence of HIV-D has declined but the prevalence
continues to increase. In general, the cognitive man-
ifestations of HIV-D are less severe and the course
of HIV-D appears to be more variable. Traditional
biomarkers such as CSF viral load and MCP-1 lev-
els are less likely to be associated with dementia in
patients on HAART, and other biomarkers that can
predict HIV-D have not yet been identified. In order
to identify associative and predictive biomarkers of
HIV-D we differentially grouped HIV-infected patients
from the North Eastern AIDS Dementia (NEAD) co-
hort based on changes in cognitive status over a 1
year time period and analyzed sphingolipid, sterol,
triglyceride, antioxidant and lipid peroxidation lev-
els in CSF. We found that increases of the antioxi-
dant vitamin E and triglyceride C52 predicted the on-
set or worsening of dementia while the catabolism of
sphingomyelin to ceramide and the accumulation of
4-hydroxynonenals were associated with an actively
progressing dementia. We interpret these findings to
indicate that early in the pathogenesis of HIV-D there is
an up-regulation of endogenous antioxidant defenses
in brain. The failure of this attempted neuroprotec-
tive mechanism leads to the accumulation of sph-
ingomyelin and moderate neuronal dysfunction that
manifests as an inactive dementia. The breakdown of
this enlarged pool of sphingomyelin to ceramide and
the accumulation of highly reactive aldehydes is asso-
ciated with neuronal degeneration and an active de-
mentia. Thus, increased levels of endogenous antiox-
idants in CSF may identify HIV-infected patients who
are at higher risk for the development or progression of
dementia.

Supported by MH71150 to NS, NS49465 to JCM and
AG023471 & MH068388 to NJH.
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P15
Modeling HIV-1 infection of differentiating
populations of CD34+ progenitor cells
Anupam Banerjee, Aikaterini Alexaki, Michael R
Nonnemacher, Evelyn M Kilareski,
and Brian Wigdahl
Department of Microbiology and Immunology, Drexel
University College of Medicine, Philadelphia, PA, USA

Previous studies have suggested that the bone mar-
row compartment may play an integral role in the
pathologic events associated with HIV-1 dementia
(HIVD). Interestingly, CD34+/CD38- progenitor cells
within the bone marrow are refractile to HIV-1 in-
fection, possibly due to their low level expression of
HIV-1 co-receptors, CXCR4 and CCR5, which upon
differentiation are upregulated, potentially increasing
susceptibility to infection. The CD34+/CD38+ TF-1
bone marrow progenitor cell line was selected as a
model to study HIV-1 infection during the differentia-
tion of hematopoietic progenitor cells. TF-1 cells were
treated with a number of metabolic activators includ-
ing PMA, conditioned media from PMA-treated cells,
as well as cytokines such as GM-CSF, M-CSF, IL-1beta,
TNF-alpha, IL-4 and their maturation was monitored
through their expression of surface markers by flow
cytometry. Interestingly, IL-1beta, alone or in combina-
tion with TNF-alpha leads to CXCR4 and CCR5 upreg-
ulation and preservation of CD4 expression providing
a window of opportunity for HIV-1 infection to occur.
Moreover, transient and stable transfection analysis
demonstrated that the HIV-1 LTR activity was signifi-
cantly increased following treatment of TF-1 cells with
IL-1beta and conditioned media. These results indi-
cate that progenitor cell differentiation potentially in-
creases HIV-1 susceptibility and leads to altered LTR
activity, viral transcription, and possibly productive
replication.

P16
Post-HAART HIV infection of the brain—A new
disease
Jeanne E Bell1,2, Iain C Anthony1,2, Mairi
McCrossan3,4, Samantha Willey,3,4 and Peter
Simmonds3,4

1University of Edinburgh; 2Neuropathology; 3University of
Edinburgh; and 4Molecular Virology, Edinburgh, UK

Post-HAART HIV Infection of the Brain—A New
Disease Bell JE, Anthony IC, McCrossan M, Willey, S,
Simmonds P

The dynamics of HIV infection of the brain in the
pre-HAART era were studied in the context of a sys-
temic immune system in terminal free fall. Now that
compliance with HAART arrests that immune col-
lapse, a different balance is created in the brain be-
tween viral replication on the one hand, and partial
systemic/CNS immune control on the other. The chal-

lenge posed to the neuroAIDS community is to deter-
mine how this precarious balance is maintained and
what the predictions might be for the future. We have
shown previously that neuroinflammation persists in
HAART treated individuals and that premature hyper-
phosphorylated Tau deposition also occurs.

The closest comparison group for HAART-treated
subjects from the pre-HAART era might be presymp-
tomatic HIV infected individual dying from non-HIV
related causes. Our recent studies comparing these
two groups show that brain proviral load is generally
low in both (<60 proviral copies per 106 cells). The
HIV brain population is frequently genetically distinct
from viral variants isolated from lymphoid tissues and
shows varying CD4 affinities which may reflect neuro-
adaptation. A direct relationship is present between
the brain proviral load and the extent of CD8 infil-
tration but no similar relationship is detected in lym-
phoid tissue. CD8 lymphocyte infiltration in the brain
is also significantly associated with macrophage ac-
tivation. We consider it likely that HAART protects
against the development of HIV encephalitis by induc-
ing a moderate rise in lymphocyte influx to the brain.
However the role of vigorous microglia/macrophage
responses is still unclear in this scenario and taken to-
gether with other accessory factors such as illicit drug
intake, hepatitis induced encephalopathy and possi-
ble toxic effects of HAART itself, suggests that neu-
rodegenerative features (Tau deposition) are part of a
pattern of novel CNS pathology emerging in chronic
HIV infection.

P17
JCV T-antigen stabilization of beta-Catenin at the cell
surface requires small GTPase Rac
Raja Bhattacharyya2 and Kamel Khalili2

1Kamel Khalili and 2Department of Neuroscience and
Center for Neurovirology, Temple University School of
Medicine, Philadelphia, PA, USA

Interaction between various signaling pathways regu-
lates wide variety of cellular responses. Perturbation
of one or more of inter connected pathways may pro-
mote uncontrolled cellular processes leading to ab-
normal cell growth and diseases. Role of viral on-
coprotein from human neurotropic polyoma viruses
JCV have gained considerable attention in recent years
due to its association with several human CNS tu-
mors, including medulloblastomas and broad range of
glial-origin tumors. Most importantly viral T-antigen
(T-Ag) has been shown to possess the ability to trans-
form cells of neuronal origins. T-Ag has been shown
to interact with a wide variety of cellular proteins
with varied functions. Two of the most recently ob-
served interacting proteins of T-Ag are oncogenic beta-
Catenin and tumor suppressor Merlin (NF-2). beta-
Catenin and NF2 show diverse subcellular localiza-
tion. NF2 is an ERM-related protein and has significant
cytoskeletal-binding property. Similarly beta-Catenin
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was first identified as a binding partner of membrane
bound E-cadherin. beta-Catenin has gained enormous
interest due to its ability to promote gene transcription
leading to oncogenesis. It is a downstream effector of
Wnt-signaling pathway. Level of beta-Catenin is kept
low through APC and GSK3beta mediated phosphory-
lation and subsequent degradation. Mutation in APC
or GSK3beta promotes beta-Catenin stabilization and
translocation to the nucleus to promote gene transcrip-
tion. T-Ag of JCV has been found to bind and stabilize
beta-Catenin. Stabilization of beta-Catenin is an impor-
tant step for its transcription activity. We observed for
the first time that T-Ag positive mouse medulloblas-
toma BsB7 cells show significant localization of beta-
Catenin at the cell surface compared to T-Ag negative
Bs1b cells. We further observed that membrane local-
ization of beta-Catenin in BsB7 cells is abrogated to
a large extent when cells were expressed with dom-
inant negative(DN) RacGTPase, RacN17. DN mutant
of closely related GTPase, RhoN19, has no effect on
the membrane staining of beta-Catenin in BsB7 cells.
Oncogenic G-proteins, Galpha12/13 and Galphaq have
been shown to promote small GTPases Rho, Rac and
Cdc42. Overexpression of constitutively active Gal-
pha12/13QL and GalphaqQL shows strong staining of
endogenous beta-Catenin at the cell surface in BsB7
cells. As expected, DN Rac but not Rho promoted T-Ag
induced beta-Catenin activity at the nucleus, as mea-
sured by TOP-Flash reporter assay in U-87MG cells.
Galpha12/13QL and GalphaqQL completely abrogated
T-Ag mediated TOP-Flash activity in agreement with
subcellular localization of beta-Catenin.

Finally, the above observations provide us the first
evidence that stabilization of beta-Catenin by JCV T-Ag
occurs, in part, at the cell surface via GTPase Rac. Fur-
ther study to understand how membrane associated
stable beta-Catenin transduces nuclear signaling dur-
ing T-Ag mediated cellular transformation, will pro-
vide valuable insight for effective therapeutic strategy.

Supported by grant from NIH to KK.

P18
Gestational age determines the outcome of
congenital LCM virus infection in humans:
confirmation in an animal model
Daniel J Bonthius,1 Bahri Karacay,2 Jo Mahoney,2

and Nancy E Bonthius3

1Departments of Pediatrics, Neurology and Anatomy,
University of Iowa; 2Department of Pediatrics, University of
Iowa; and 3College of Pharmacy, University of Iowa, Iowa
City, IA, USA

Lymphocytic choriomeningitis virus (LCMV) can
severely damage the human fetal brain. We studied
20 cases of human congenital LCMV and found a
wide range of pathology and outcomes among infected
infants. We hypothesized that gestational age affects
the pathogenesis of LCMV. We tested this hypothe-
sis by infecting neonatal rats on postnatal day (PD)

1,4,6,10,21,30 or 60. Viral titers and pattern of infec-
tion were determined on post-inoculation day (PI)14,
and neuropathology on PI 25. The pattern of infec-
tion depended strongly on the age of the animal. Neu-
rons and glial cells that were readily infectable at one
age were no longer infectable at another. For exam-
ple, cerebral cortical neurons and hippocampal pyra-
midal cells were readily infectable on PD1, but were
no longer targets of infection by PD4. Peak viral titers
also changed dramatically based on the age of the host
at the time of infection. Over the course of several
days, brain infectability fell multiple orders of magni-
tude. The severity and nature of neuropathology also
depended strongly on age. Infection at certain devel-
opmental ages interfered with neurogenesis and pro-
duced focal brain hypoplasia, while infection at other
ages led to an acute inflammatory response and caused
tissue destruction. Brain pathology was a function of
viral titer and CD8+ T-cell infiltration, both of which
varied among brain regions and depended on host age.
All of the various pathologic changes in humans with
congenital LCMV infection were reproduced in the rat
model by altering the age of the animal at the time of
infection. Thus, the variation in outcome in human
congenital LCMV infection reflects differences in ges-
tational age at the time of infection.

(Supported by NINDS grant NS02007 and the March
of Dimes Birth Defects Foundation.)

P19
HIV-1 infection of astrocytic progenitor cells
Ruth Brack-Werner, Ina Rothenaigner, Susanne
Kramer, Andrea Kleinschmidt and Horst Wolf
Institute of Molecular Virology, GSF—Research Center for
Environment and Health, Neuherberg, Germany

Potential targets for HIV in the central nervous system
include multipotent neural stem cells that can give rise
to astrocytes, oligodendrocytes and neurons. The in-
fection of these cells is poorly understood.

The aim of our study was to determine whether
human neural stem cell populations are capable of
long-term HIV infection and thus may serve as HIV
reservoirs.

We used a human neural progenitor cell line (HNPC)
as a cell culture model for multipotent self-renewing
neural stem cells populations. Growth-factor with-
drawal and CNTF-treatment induced targeted differ-
entiation of these cells to astrocytes.

In infection studies with HIV-IIIB we demonstrate
that within the first two weeks of HIV exposure
proliferating progenitor cells show continued mod-
erate virus production, whereas HNPC-derived astro-
cytes stopped producing HIV. Proliferating progenitor
cells sustained HIV infection for a long time period
(>4 months) while retaining the capacity to differenti-
ate into astrocytes. Differentiation of infected progen-
itor cells to astrocytes led to a transient burst of HIV
production, followed by renewed restriction of HIV
production.
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The HIV regulatory factor Rev showed increased
cytoplasmic accumulation and diminished activity
in HNPC-derived astrocytes, compared to progenitor
cells. This suggests that differentiation of progenitor
cells to astrocytes influences HIV functions. Our re-
sults suggest that HIV may chronically infect human
neural stem cell populations, which may serve as reser-
voirs and disseminators of HIV in the brain.

P20
The national NeuroAIDS tissue consortium
Diane K Brandt,1 Seth J Sherman,1 Benjamin B
Gelman,2 Elyse J Singer,4 Igor Grant,5
and Susan Morgello3

1National Coordinating Office, National NeuroAIDS Tissue
Consortium, Rockville MD, USA; 2University of Texas
Medical Branch at Galveston; 3Mount Sinai School of
Medicine; 4University of California, Los Angeles; and
5University of California, San Diego, CA, USA

The National NeuroAIDS Tissue Consortium (NNTC)
established in 1998 is a unique, NIH-supported multi-
site repository that collects and distributes well-
characterized antemortem and postmortem tissue
specimens with clinical and serological data from HIV-
infected individuals, thereby facilitating neuroAIDS
research. The NNTC collects, stores, and distributes
samples from nervous system (brain, spinal cord, pe-
ripheral nerve, CSF), muscle, liver, blood, and other
tissues from HIV-infected individuals. Neuropsycho-
logical (e.g., cognitive testing), neuromedical (e.g.,
neurological deficits, history of ART use), neuropatho-
logical and laboratory (e.g., viral loads, CD4 counts)
data are also provided. To date 538 post-mortem cases
have been placed in repository and antemortem data
exists on 336 cases. Participating sites include: The
Manhattan HIV Brain Bank, NYC (S. Morgello, PI);
Texas Center for AIDS Neuropathogenesis Research,
Galveston (B. Gelman, PI); California NeuroAIDS Tis-
sue Network, San Diego (I. Grant, PI); and The National
Neurological AIDS Bank, Los Angeles, (E. Singer, PI).
Brain tissues from specified anatomic sites are pro-
vided as either embedded, fixed sections or as freshly
frozen blocks. Plasma and PBMCs are also available.
All specimens and associated data are available to
qualified investigators at no charge (except shipping)
upon approval of his/her application (www.nntc.org).
NNTC specimens may also be accessed to investigate
non-neurological HIV processes as appropriate. Con-
sultative services for tissue utilization are available
upon request. Recent studies by NNTC site-affiliated
investigators utilizing these resources address HIV-
associated channelopathies, Hep C co-infection, PML
and neurocognitive impairment. This unique and com-
prehensive resource is thus designed to enable in-
dividual researchers to more fully develop timely
investigations addressing the natural history, the neu-
ropathogenesis, and the clinical consequence of CNS
HIV infection.

The NNTC is supported by NIMH and NINDS, con-
tract NIH-N01MH32002.

P21
Minocycline protects macaques from
SIV-Encephalitis and is immunomodulatory in
SIV-infected macaques
Angela K Brice, Lucy M Carruth, Tauni Voelker,
Sheila A Barber, and M. Christine Zink
Johns Hopkins University, Baltimore, MD, USA

World Health Organization figures indicate that in
2003 over 40 million adults and children were infected
with HIV globally. Current anti-AIDS therapies are ex-
pensive, require complex dosing regimens with signif-
icant side effects and toxicity and do not readily cross
the blood brain barrier. We recently demonstrated
that minocycline, a safe, readily available, inexpen-
sive, semisynthetic tetracycline derivative prevented
the development of SIV encephalitis in macaques.
Minocycline-treated macaques had lower levels of vi-
ral RNA in the brain and lower numbers of lympho-
cytes and macrophages infiltrating the brain. These
findings prompted us to examine the potential effects
of minocycline on the immune system of SIV-infected
macaques, and in particular, the potential effects of
minocycline on T lymphocyte proliferation, function,
and homing capabilities in macaque primary blood
lymphocytes in vitro. Our studies demonstrated that
minocycline inhibited T cell proliferation and activa-
tion, down-regulated CCR5 expression, reduced cell
surface LFA-1 expression and reduced loss of CD45RA
after SEB stimulation. Other in vitro studies have sug-
gested that minocycline decreased production of cer-
tain cytokines, including IL-2, IFN-(gamma), and TNF-
(alpha). These findings suggest that the therapeutic
effect of minocycline is likely associated with down-
regulation of CD4+ T cell turnover and decreasing sus-
ceptibility of CD4+ T cells to infection by SIV.

P22
Cocaine: A co-factor for HIV-Dementia
Shilpa J Buch,1,2,3 Navneet Dhillon,2,3,4 Brandon
Nicolay,1,2,3 Milind Gadgil,1,2,3 Y-J Tsai,1,2,3 Cicy
Li,1,2,3 Sukhbir Dhillon,2,3,4 and David Pinson1,2,3

1Depatment of Pathology, Kansas University Medical
Center, Kansas City, KS, and 2Department of Microbiology,
Kansas University Medical Center, Kansas City, KS, USA

While HIV infection is the leading cause of death
among Americans 25–44 years old, injection drug use
now accounts for about one-third of all new US AIDS
cases reported each year. Cocaine, often abused by HIV-
infected patients, has been suggested to worsen the
HIV-associated dementia (HAD) via unknown mecha-
nisms. The brain is a target organ for both, cocaine and
HIV-1.

The goal of the present study was to explore
the effect of cocaine on HIV-1 replication in
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monocyte-derived macrophages (MDM) and in the
chronically infected promonocytic cell line (U1). Co-
caine enhanced virus production in both U1 cells
and in HIV-1-infected MDMs and this effect was
at the level of transcriptional activation of HIV-1.
Analyses of chemokines/cytokines in cocaine-treated
macrophages by Real-Time RT-PCR and Luminex as-
says suggested increased expression of CXCL10 &
CCR2 and the cytokine, IL-10, all of which are known
to promote HIV-1 replication in MDMs. In addition,
cocaine also caused an upregulation of macrophage ac-
tivation markers, HLA-DR and CD40 and the viral co-
receptor CXCR4. Thus the synergistic effects of cocaine
on virus replication and cytokine/chemokine regula-
tion suggest that cocaine operates at multiple path-
ways to aid in acceleration of HAD.

Supported by NIH RO1 MH62969-03, MH-068212,
and COBRE P20-RR16443.

P23
The immunosuppressive activity of
MLD-disintegrins as inhibitors of alfa4beta1
integrin-dependent invasion of T-lymphocytes in
chronic inflammation
Aleksandra Bukiej, Kamel Khalili, and
Cezary Marcinkiewicz
Temple University, Department of Neuroscience,
Philadelphia, PA, USA

The chronic inflammatory disease such as multiple
sclerosis (MS) is characterized by the infiltration of
central nervous system (CNS) through activated T-cells
and macrophages. The alfa4beta1 integrin that is ex-
pressed on leukocyte is essential for transmigration of
these immune cells by blood brain barrier (BBB) and
became a pharmaceutical target for modern therapy of
MS. Recently, humanized monoclonal antibody (na-
talizumab, Tysabri, Elan and Biogen Inc.) against alfa4
subunit of integrin was introduced to the therapy of
MS and Crohn’s disease, showing significant reduc-
tion of risk of the sustained progression of disability
in MS patients. However, treatment with natalizumab
is associated with the possibility of activation JC virus
(JCV) leading to development of progressive multifo-
cal leukoencephalopathy (PML). In presented work we
propose alternative approach to blocking of alfa4beta1
integrin by monoclonal antibody, using biologically
active peptides isolated from snake venom. These low
molecular weight compounds belong to disintegrin
family and in the integrin binding site they contain
MLD sequence. We performed series of in vitro ex-
periments showing effectiveness of MLD-disintegrins
in blocking of alfa4beta1 integrin. These disintegrins
potently inhibited binding of purified receptor to its
endogenous ligand VCAM-1 in ELISA assay, and ad-
hesion of cells expressing this integrin to immobilized
VCAM-1. Moreover, they were also effective in block-
ing of interaction of human cultured T-lymphocytes

(Jurkat cell line) with primary endothelial cells. That
interaction is fundamental for trafficking of leukocytes
through the vessel wall during an immune response,
which occurs following simulation of endothelial cells
by pro-inflammatory cytokines. This stimulation leads
to expression of VCAM-1 on endothelia cells. MLD-
disintegrins inhibited also transmigration of calcein-
labeled Jurkat cells through the cytokines-stimulated
endothelial cell layer in the Boyden chamber with
fluoroblock membrane. Further studies with MS an-
imal models are required to proof activity of MLD-
disintegrins in vivo. Our work may lead to devel-
opment of an alternative to monoclonal antibody,
peptide-derived MS therapy that may be less risky in
activation of JCV.

P24
Both non-clonal and clonal populations of plasma
cells dissected by laser capture microdissection from
SSPE brain produce IgG directed against
disease-relevant antigens
Mark P Burgoon,1 Yupanqui A Caldas,1 Kathryne M
Keays,2 Gregory P Owens,1 Xiaoli Yu,1 and Donald H
Gilden1,3

1Department of Neurology, University of Colorado Health
Sciences Center; 2Dept of Medicine, University of Colorado
Health Sciences Center; and 3Department of Microbiology,
University of Colorado Health Sciences Center, Denver, CO,
USA

A prominent feature of subacute sclerosing panen-
cephalitis (SSPE), a chronic fatal encephalitis cause
by measles virus (MV), is the presence of increased
IgG and oligoclonal bands (OGBs) in brain. The oligo-
clonal IgG is antibody synthesized in the CNS and most
is directed against MV. To determine the specificity of
individual immune cells in SSPE brain that produce
oligoclonal IgG or any other intrathecally synthesized
antibody, and to develop techniques to analyze the
specificity of brain IgG in other chronic inflammatory
CNS diseases of unknown etiology, we microdissected
individual plasma cells from SSPE brain, identified
specific IgG sequences expressed by each cell and their
cognate disease-relevant antigens.

Plasma cells were identified in frozen 7-micron sec-
tions of postmortem SSPE brain by immunostaining
for CD38. Individual cells were isolated by laser cap-
ture microdissection with a nondestructive infrared
laser. cDNA was synthesized from the unfractionated
cell lysates, and heavy (H) and light (L) chain pairs of
Ig sequences expressed by each plasma cell were deter-
mined by nested RT-PCR. Analysis of 65 plasma cells
from a single SSPE brain revealed features of antigen-
driven selection and affinity maturation in both over-
represented clonal populations and also in non-clonal
populations encountered only once in the repertoire.
H and L chain variable region sequences were cloned
into expression vectors to produce functional recom-
binant IgG (rIgG). Most rIgG reacted specifically with
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MV: five of eight overrepresented clonal populations
of cells recognized the nucleocapsid protein of MV;
rIgG from four of eight non-clonal cells also stained
MV-infected cells, but did not recognize specific MV
proteins in several assays, indicating that background
IgG may be lower affinity or directed against less abun-
dant antigens. While both clonal and non-clonal pop-
ulations of plasma cells in SSPE brain produce IgG
directed against disease-relevant antigens, analysis of
clonal populations is more valuable than non-clonal
populations for determining specificity. These tech-
niques can readily be applied to other chronic in-
flammatory CNS diseases of unknown cause, such
as multiple sclerosis, neurosarcoid and Bechets, to
determine disease-relevant targets of the immune
response.

P25
The HIV-1 proteins gp120 and Tat promote the
phosphorylation and clustering of NMDA receptors
into lipid raft domains
Emily Caporello, and Haughey J Norman
Johns Hopkins University School of Medicine, Department
of Neurology, Baltimore, MD, USA

HIV-dementia (HIVD) is clinically characterized by
deficits in cognitive and motor functions. Pathologi-
cal findings include white matter pallor, gliosis, den-
dritic pruning and neuronal loss. Dysfunctional sph-
ingolipid and sterol metabolism have been associated
with the severity and progression of HIVD in clinical
populations suggesting that interventions designed to
stabilize sphingolipid metabolism may be neuropro-
tective. Indeed, in vitro models have shown that the
neurotoxic HIV-1 coat protein gp120 and the trans-
acting protein Tat promote neuronal dysfunction and
cell death by ceramide dependent mechanisms and by
IP3-sensitive enhancement of NMDA-receptor medi-
ated calcium flux. Because ceramide-dependent mech-
anisms have previously been implicated in the clus-
tering of proteins into lipid raft domains, we sought
to determine if gp120 and Tat promote the clustering
of NMDA receptors into lipid rafts. Hippocampal neu-
rons were exposed to Tat, gp120 or vehicle for 0, 6 and
12 h and the phosphorylated NMDA receptor subunit
NR1S896 and the gangloside GM1 were quantified in
primary neurites by immunofluorescence techniques.
At 6 h. Tat increased the total number of NR1S896+
receptor subunits but did not alter the number of
GM1+ lipid rafts or the number of NR1S896+ subunits
that co-localized with lipid rafts. After a 12 h. expo-
sure to Tat, there was no difference in the number of
GM1+ lipid rafts and the number of NR1S896+ sub-
units returned to basal levels. However, the number
of NR1S896+ that co-localized with GM1+ domains
remained elevated. Gp120 did not alter the number
of GM1+ lipid raft domains or the total number of
NR1S896+ subunits at 6 or 12 h. Gp120 did increase

the number of NR1S896+ subunits that co-localized
with GM1+ domains after 6 h of treatment; the number
of NR1S896+ subunits that co-localized with GM1+
domains remained elevated at 12 h. The Tat-induced
increase in total NR1S896+ subunits was not altered
by the inhibition of IP3 mediated ER calcium release
but was prevented by inhibition of de novo ceramide
synthesis with the serine palmitoyl transferase in-
hibitor ISP-1. Tat-induced increases in the number of
NR1S896+ subunits that co-localized with GM1+ do-
mains was reduced by ISP-1 and by inhibition of neu-
tral sphingomylenase with GW4869 and by inhibition
of IP3-sensitive ER calcium release. Gp120-induced in-
creases in the number of NR1S896+ subunits that co-
localized with GM1+ domains was reduced by ISP-
1 and by inhibition of neutral sphingomylenase with
GW4869 and by inhibition of IP3-sensitive ER calcium
release. In neurite microdomains, gp120 and Tat in-
creased the amplitude of NMDA-evoked increases in
cytosolic calcium 5-fold. These findings suggest that
gp120 and Tat promote the clustering of phosphory-
lated NMDA receptors into lipid rafts and can result
in focal calcium bursts of sufficient magnitude to acti-
vate death cascades.

P26
Harnessing Wnt signaling to restrict HIV replication:
A lesson learned from astrocytes
Deborah M Carroll-Anzinger,1 Vyacheslav
Adarichev,1 Fatah Kashanchi,2 and Lena Al-Harthi1

1Rush University Medical Center, Chicago, IL, USA and
2George Washington University, Washington, DC, USA

The major targets of HIV infection in the brain
are resident microglia and infiltrating mono-
cytes/macrophages. In contrast, astrocytes which
are the predominant cell type in the brain, demon-
strate an intrinsic restriction to HIV replication.
This HIV restriction is defined by low-level of HIV
replication in vitro, at best, or even abortive HIV
replication. We recently established that this re-
striction can be overcome by priming astrocytes
with IFNg, which is elevated in the cerebral spinal
fluid of HIV-associated dementia patients. Despite
IFNg-mediated up-regulation of D6, restriction to HIV
replication in astrocytes is neither at the level of HIV
entry nor at the level of condensed chromatin. Rather,
we demonstrate that active Wnt signaling is associated
with restricted HIV in astrocytes. Specifically, we
show that the down-stream effector of Wnt signaling,
TCF-4, is part of a transcriptional complex that is
immunoprecipitated with HIV TAR in untreated as-
trocytes but not in IFNg-treated cells. Blocking TCF-4
activity with a dominant negative mutant overcomes
this restriction to HIV replication, so that astrocytes
now support high levels of HIV replication similar to
those documented by priming astrocytes with IFNg.
We also directly demonstrate that Wnt signaling is
active in astrocytes and is markedly reduced by IFNg
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treatment. Understanding this intrinsic molecular
mechanism of restricted HIV replication in astrocytes
and how IFNg can overcome this restriction is critical
in harnessing this natural limitation to HIV replication
within and outside of the brain.

P27
The rabies virus p protein synthesis and distribution
are altered by nerve growth factor in infected
sensory
Nadia Yadira Castañeda,1 Jacqueline Chaparro
Olaya,2 Orlando Acosta,3 and Jaime Eduardo
Castellanos1

1Instituto de Virologı́a, Universidad El Bosque, Bogotá,
Colombia; 2Laboratorio de Bioquı́mica, Instituto Nacional
de Salud; and 3Laboratorio de Biologı́a Molecular de Virus,
Universidad Nacional de Colombia

Infection caused by rabies virus continues to be a pub-
lic health problem in underdeveloped countries. Ra-
bies virus P protein participates as a regulating factor
in viral transcription and replication; its interaction
with a cellular protein implicated in retrograde trans-
port suggests that this also participates in some phys-
iopathological mechanisms. Recent studies carried out
in our laboratory found an anti-transcriptional and
anti-replicative effect of Nerve Growth Factor (NGF)
and Neurotrophin-3 (NT-3) in dorsal root ganglion neu-
ron cultures infected with rabies virus. This study was
aimed at investigating P protein participation in viral
replication, using recombinant P protein expression
and the production of an anti-P polyclonal antibody
in rabbits as an experimental strategy. P synthesis was
evaluated in adult mouse dorsal root ganglia neuron
primary cultures infected with rabies virus and treated
with NGF and NT-3 by a fluorometric cell-ELISA as-
say. Its sub-cellular distribution was also evaluated
by fluorescence microscopy 16, 26 and 36 hours post-
infection. The results revealed that NGF but not NT-3
caused a significant increase in the quantity of P pro-
tein and also an accumulation of protein in neuronal
bodies, revealing changes in transport to the neuritic
processes. It can thus be concluded that P protein ex-
pression and sub-cellular distribution is modulated by
the effect of NGF.

P28
Cerebral endothelial cell response to HIV challenge
is affected by exposure to protease inhibitors
Ying S Chao,1 Aline Grigorian,1 Rosemary Hurford,1

Nilam Patel,1 and Dianne T Langford1

1University of California San Diego, Department of
Pathology, La Jolla, CA, USA

To maintain viral suppression, HIV patients adherent
to anti-retroviral (ART) medications experience fairly
consistent plasma levels of the drug(s). In this scenario,
the cerebral endothelial cells (CEC) of the blood-brain

interface (BBI) are bathed regularly in ART drugs. Our
hypothesis, based on the fact that many components
of the highly active ART regimen are not benign, is
that chronic exposure of CEC to ART drugs will al-
ter signaling among components of the BBI, and ulti-
mately contribute to changes in cellular responses to
viral challenge at rebound. While reported deleteri-
ous effects of ART on host cells are diverse and drug
and cell type specific, commonalities such as mito-
chondrial toxicity and dysfunction are observed. Nu-
merous studies describe mechanistically the effects of
ART on host cell fitness and signaling, however, rela-
tively few studies consider the impact of chronic ex-
posure to components of ART on the host’s response
to viral challenge. Studies show that while fibroblast
growth factor 2 (FGF2) can protect CEC from the toxic
effects of HIV gp120 (1), chronic exposure of CEC to
some HIV protease inhibitors abolishes the ability of
FGF2 to protect from gp120. Likewise, autopsy studies
in HIV encephalitic patients indicate that individuals
with low levels of astrocyte-derived FGF2 expression
have markedly increased CEC apoptosis (2). To address
the potential effects that exposure to ART may have on
CEC signaling and fitness, we investigated changes in
gene expression patterns in CEC treated with PIs and
exposed to HIV. Our results indicate that exposure to
HIV PIs induces changes in the expression of gene fam-
ilies important in maintaining CEC fitness and that the
cell’s signaling response to HIV exposure is affected by
exposure to PIs.

P29
QPCR measurement of HIV-1 DNA and RNA during
primary infection of mice
Wei Chao, Alejandra Borjabad, Nicolae Paris, Eran
Hadas, Mary Jane Potash, and David J. Volsky
Molecular Virology Division, St. Lukes-Roosevelt Hospital
Center, Columbia University, New York, NY, USA

We have constructed two chimeric HIV-1 clones that
carry ecotropic MLV gp80 in place of gp120 in the
virus genome. The viruses, EcoHIV (based upon NL4-
3) and EcoNDK (based upon Clade D NDK) have been
shown to productively infect mice, induce immune re-
sponses, enter the brain, and modulate brain cell gene
expression (PNAS 102:3760, 2005). Here we describe
our new methodology for quantitation of viral DNA
and RNA in infected mice as convenient, reproducible,
and sensitive measures of infection. We employ quan-
titative real time PCR amplifying DNA or RNA isolated
from spleen or peritoneal macrophages. Our first gen-
eration primer and probes were customized for NL4-3
gag and were found highly suitable for amplification
and detection of EcoHIV. Detection of EcoNDK with
this set was poor due to a total of 5 mismatches be-
tween NL4-3 and NDK in these regions. Conversely,
the customized primer/probe set for NDK gag de-
tects EcoNDK efficiently but not EcoHIV. Variables of
DNA isolation methods, reaction volumes, and DNA
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normalization were investigated. The method is ap-
plied to measurement of EcoHIV and EcoNDK burden
in spleen and peritoneal macrophages from infected
mice. The QPCR method of detection of cDNA comple-
mentary to viral RNA in infected tissues has also been
optimized including use of spliced versus unspliced
mRNA as template and construction of appropriate
standards, among other variables. Our study provides
well-defined methods for highly sensitive and specific
detection of HIV DNA and RNA in infected mice suit-
able for investigation of disease course and evaluation
of therapeutics or vaccines.

P30
Targeting of the HIV Reservoirs in vitro by TAT-Sirna
using PTD-Fusion peptide as a delivery vehicle
Ashok Chauhan,1 David Levy,2 Avindra Nath,1 and
Suzanne Gartner1

1Johns Hopkins University, Baltimore, MD, USA and
2University of Alabama at Birmingham, AL, USA

Viral reservoirs are established early during an
HIV infection; remain unaffected by highly active
antiretroviral therapy (HAART) for their whole life
and virus reemerge after treatment failure or inter-
ruption in treatment. It is often proposed that the
brain serves as an important HIV reservoir. While
macrophages/microglia (MM) in the brain undergoes a
productive infection following virus entry, HIV infec-
tion in astrocytes becomes dormant after a brief period
of viral replication. Given their life pan, astrocytes
may harbor the viral genome for their whole life. In the
presence of HAART, viral transcription and translation
proceeds normally in the infected cells. To reduce the
impact of viral proteins and viral replication and emer-
gence of drug resistance, inhibition of HIV transcrip-
tion is of the utmost importance. We used Tat-siRNA
to target HIV in latently infected monocytic cells, HIV
infected macrophages and astrocytic (SVGA) LTR-GFP
reporter cells. We developed a PTD peptide based
method to deliver siRNA. Interestingly, PTD of Tat
has been recently shown to confer inhibitory effect
on HIV replication. However, we did not observe any
inhibitory effect of PTD on Tat transactivated LTR in
astrocytic cells. Moreover, PTD peptide was incapable
of transducing siRNA in macrophages and astrocytes.
We then modified the PTD by attaching a stretch of 13
amino acids and monitored for siRNA transduction
behavior. PTD fusion peptide based transduction
of siRNA was very efficient in macrophages and
astrocytes without any toxicity. Tat-siRNA strongly
inhibited Tat mediated LTR transactivation up to 120
hrs in SVGA-LTRGFP reporter cells in a dose depen-
dent manner (0.1 μM-0.4 μM). Further, Tat-siRNA
strongly suppressed TNF-α reactivated HIV in latently
HIV infected monocytic cells (THP89) for 72 hrs. To
verify further whether Tat siRNA can inhibit HIV
infection in primary macrophages, we established HIV
infection in macrophages and transduced Tat-siRNA

on 2nd day post infection. Indeed, strong inhibition
of HIV replication was observed upto day 21 post in-
fection, suggesting that peptide might have stabilized
and enhanced the half life of siRNA in intracellular
environment.

Conclusion: PTD fusion peptide mediated Tat-
siRNA transduction in macrophages and astrocytes
strongly inhibited HIV replication.

P31
A critical role for interleukin-10 during
cytomegalovirus encephalitis
Maxim C-J Cheeran, Joseph M Palmquist, Genya
Gekker, Shuxian Hu, and James R Lokensgard
Neuroimmunology Laboratory, Center for Infectious
Diseases and Microbiology Translational Research,
University of Minnesota Medical School, Minneapolis, MN,
USA

We have previously shown that murine cy-
tomegalovirus (MCMV) brain infection induces a
transient increase in chemokine and cytokine pro-
duction, but this immune mediator induction by
endogenous brain cells alone is insufficient to protect
immunodeficient mice. The cooperation of CD8+ lym-
phocytes, via a perforin-depended mechanism, was
found to be essential in preventing viral replication,
intracerebral spread, and disease. In the present study,
we hypothesized that an absence of anti-inflammatory
cytokines, in particular interleukin (IL)-10 and IL-4,
would result in sustained proinflammatory responses
during MCMV brain infection. Data obtained during
these studies showed that direct intracerebroventricu-
lar (icv) injection of MCMV into IL-10 knockout (KO)
mice resulted in an infection that was 100% lethal
by 5 d post infection. On the other hand, similar
icv infections into IL-4 KO or wild-type animals
did not induce lethal brain disease (100% survival).
Subsequent adoptive transfer experiments in which
MCMV-primed splenocytes from either IL-10 and
IL-4 KO animals were injected into lethally infected
MHC-matched SCID/beige mice showed that these
splenocytes retained their ability to protect against
viral brain infection, data which suggested that the
presence of IL-10 was critical during viral clearance
rather than during development of the T-cell response.
To further characterize the role of IL-10 in neuroim-
mune responses to MCMV, infected brain tissue from
IL-10 KO and wild type animals was assessed for viral
gene expression as well as cytokine production using
quantitative real-time PCR. Results obtained from
these studies showed consistent 2- to 5-fold increases
in mRNA expression for IL-6, CXCL10, and CXCL9
in brain tissue obtained from IL-10 KO animals.
Expression of MCMV glycoprotein B remained similar
in both groups, indicating comparable levels of viral
brain infection. Based on these results, studies are
underway to further characterize MCMV-induced
neuroinflammatory responses in the absence of IL-10,
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and test the corollary hypothesis that development of
CTL activity remains unaltered in IL-10 KO mice.

P32
Characterization of chemokine receptor
CCR5-mediated signal transduction pathways in
primary human macrophages
Rick W Cheung, Vipa Ravyn, Brian Tomkowicz,
Andrzej Ptasznik and Ronald G Collman
Pulmonary, Allergy and Critical Care Division, Department
of Medicine, University of Pennsylvania, Philadelphia, PA,
USA

The beta-chemokine receptor CCR5 is critical for nor-
mal inflammatory responses and is utilized as an en-
try co-receptor for macrophage-tropic strain of human
immunodeficiency virus-1 (HIV-1), the predominant
virus type found within the CNS of people with HIV-
associated dementia (HAD). Activation of extracellular
signal-regulated kinases (ERK) has been shown to me-
diate proliferation, differentiation, survival and apop-
tosis of macrophages. Despite the emerging role of
CCR5 in immune functions and HIV infection, the sig-
naling pathways by which CCR5 regulates ERK acti-
vation is not well-defined. In this study, we set out
to delineate the signal transduction pathways acti-
vated by CCR5 upon binding to its endogenous ligand,
macrophage inflammatory protein-1 beta (MIP-1 beta)
in primary human monocyte-derived macrophage
(MDM). MIP-1b induces phosphorylation of ERK-1
and 2 in both time- and concentration-dependent man-
ner. The activation of ERK by MIP-1 beta can be
blocked by phosphatidylinositol 3-kinase (PI3K) in-
hibitors LY294002 and wortmannin, Lyn-specific pep-
tide inhibitor KRX123.302, as well as proline-rich tyro-
sine kinase 2 (Pyk2) inhibitors AG17 and dantrolene.
CCR5 mediates ERK phosphorylation in response to
MIP-1 beta at least in part via coupling to Gialpha
since such response is significantly attenuated by per-
tussis toxin treatment. In addition, we demonstrated
that HIV-1 virions that utilize CCR5 are able to elicit
ERK activation in a CCR5 dependent-fashion. Taken to-
gether, these results indicate that CCR5 induced ERK
phosphorylation is mediated via signaling molecules
PI3K, Lyn and Pyk2. Current studies are aimed at defin-
ing the relationship between PI3K, Lyn and Pyk2 in
this cascade. Characterizing CCR5 intracellular signal-
ing pathways in macrophages could help us under-
stand its role in normal immune function and mecha-
nisms of neuroAIDS pathogenesis in syndromes such
as HAD.

P33
Peroxisome proliferators-activated receptors
(PPARs) attenuate IGF-1–mediated growth responses
in very aggressive mouse medulloblastoma cell line,
which express JCV T-antigen, and in several human
medulloblastoma cell lines
Janaki Chintapalli,1 Maja Grabacka,1,2 and Krzysztof
Reiss1,3

1Temple University, Department of Neuroscience;
2Department of Biophysics, Faculty of Biotechnology,
Jagiellonian University, Krakow, Poland; and 3Temple
University, Department of Biology, Philadelphia,
PA, USA

PPARs are nuclear receptors belonging to the super-
family of steroid hormone receptors. In the cerebellum
three cellular layers: molecular, Purkinje cell and gran-
ular, are all positive for PPAR-alpha and PPAR-gamma
transcripts; however in granule neurons which un-
dergo malignant transformation to form medulloblas-
toma, PPAR-alpha predominates. Recent reports in-
dicate a potential role of lipid lowering drugs, fi-
brates and statins in anticancer treatment. One can-
didate for the tumor chemoprevention is fenofibrate.
It has been widely used to lower plasma levels of
triglycerides and cholesterol, and prevent develop-
ment of arteriosclerosis mainly through the regula-
tion of apolipoprotein genes expression. Fenofibrate
is also a potent ligand for PPAR-alpha. Recent studies
revealed its broad function as differentiation inducer,
inflammatory response modulator, and potential an-
ticancer agent. Our results indicate that very aggres-
sive mouse medulloblastoma cell line, BsB8, which ex-
presses JCV T-antigen, as well as human medulloblas-
toma cell lines, D283, D384 and D425 express high
quantities of PPAR-alpha. In addition, medulloblas-
toma cells responded to the fenofibrate treatment by
a significant upregulation of the PPARs responsive el-
ements. The same treatment attenuated several IGF-
I –induced signaling pathways including attenuation
of IRS-1, Akt, and GSK3beta phosphorylation. Impor-
tantly, we have observed that the fenofibrate treat-
ment resulted in a severe attenuation of cell growth re-
sponses to IGF-I, evaluated by the monolayer and soft
agar assays. Interestingly, growth retardation effects of
fenofibrate were accompanied by a severe G1 cell cycle
arrest and low level of apoptosis. In conclusion, our re-
sults show that PPAR–dependent growth inhibition by
fenofibrate involves down–regulation of several IGF-I -
activated signaling pathways, and suggest that supple-
mentation with this non-toxic drug may improve effec-
tiveness of radio and chemotherapy regiments against
medulloblastoma.

P34
Cdk9 phosphorylates p53 on serine 392
independently of CKII
Pier Paolo Claudio,1 Jianqi Cui,2
Mohammad Ghafouri,2 Chiara Mariano,1 Martyn K
White,2 Mahmut Safak,2 Joel B Sheffield,3 Antonio
Giordano,1 Kamel Khalili,2 Shohreh Amini,2,3 and
Bassel E Sawaya2

1Center for Biotechnology, Sbarro Institute for Cancer
Research and Molecular Medicine, College of Science and
Technology, Temple University; 2Department of
Neuroscience and Center for Neurovirology, Temple
University School of Medicine; and 3Department of Biology,
Temple University, Philadelphia, PA, USA
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The tumor suppressor p53 is an important cellular
protein, which controls cell cycle progression. Phos-
phorylation is one of the mechanisms by which p53
is regulated. Here we report the interaction of p53
with another key regulator, cdk9, which together with
cyclin T1 forms the positive transcription elongation
complex, p-TEFb. This complex cooperates with the
HIV-1 Tat protein to cause the phosphorylation of the
carboxyl terminal domain (CTD) of RNA polymerase
II and this facilitates the elongation of HIV-1 transcrip-
tion. We demonstrate that cdk9 phosphorylates p53
on serine 392 through their direct physical interac-
tion. Results from protein-protein interaction assays
revealed that cdk9 interacts with the C-terminal do-
main (aa 361-393) of p53, while p53 interacts with the
N-terminal domain of cdk9. Transfection and protein
binding assays (EMSA and ChIP) demonstrated the
ability of p53 to bind and activate the cdk9 promoter.
Interestingly, cdk9 phosphorylates serine 392 of p53,
which could be also phosphorylated by casein kinase
II. Kinase assays demonstrated that cdk9 phosphory-
lates p53 independently of CKII. These studies demon-
strate the existence of a feedback-loop between p53
and cdk9, pinpointing a novel mechanism by which
p53 regulates the basal transcriptional machinery.

P35
Varicella zoster virus (VZV) Immediate early 63
Protein (IE63)
Randall J Cohrs,1 Randall A Marcus,1 Laurie L Graf,1

Guey-Chuen Perng,2 and Donald H Gilden1,3

1Department of Neurology, University of Colorado Health
Sciences Center, Denver, CO; 2Department of
Ophthalmology, UC Irvine, School of Medicine, Irvine, CA;
and 3Department of Microbiology, University of Colorado
Health Sciences Center, Denver, CO, USA

VZV, a ubiquitous neurotropic human herpesvirus, has
three distinct stages of pathogenesis: primary infec-
tion, latency and reactivation. VZV IE63 is expressed
in all three stages. In biopsy or autopsy samples, IE63
is located in the nucleus during productive infec-
tion, as compared to the cytoplasm of latently in-
fected neurons. IE63 is a 278 amino acid tegument-
associated phosphoprotein whose complete function
is unknown. IE63 is both essential and dispensable
for VZV growth in vitro, modulates gene transcrip-
tion by forming a complex with IE62 (the major VZV
immediate-early transcriptional transactivating pro-
tein) and cellular RNA polII, and protects human sen-
sory neurons from apoptotic cell death in vitro. Cells
infected in culture with a recombinant VZV in which
both copies of ORF 63 were deleted, over-express VZV
IE62 and cell genes associated with chromatin struc-
ture and transcription regulation.

An unbiased (bacterial 2-hybrid) search of a mouse
brain cDNA library for proteins that interact with IE63
found more than 100 cDNA candidate clones. Of the

mouse specific cDNA inserts identified in the 2-hybrid
screening, 12.5% have homology to members of the
COX family of proteins (mitochondrially located, cy-
tochrome C oxidase). Fractionation of VZV-infected
MeWo cells and Western blot analysis shows that IE63
colocalizes with the vacuole fraction which is en-
riched for mitochondria but also contains lysosomes
and peroxisomes. Confocal microscopic imaging of
VZV-infected cells shows that IE63 accumulates in the
nucleus early in virus infection, but later, when mult-
inuclated syncitia form, IE63 is generally excluded
form the nucleus and accumulates in the cytoplasm.
Finally, late in VZV infection, when IE63 is predomi-
nately cytoplasmic, IE63 is also associated with mito-
chondria.

In summary, IE63 is a multifunctional protein with
specific nuclear and cytoplasmic activities.

P36
A novel role for the Src family kinase Lyn in
macrophage activation and TNF-a secretion
triggered by HIV-1 gp120: Implications for
macrophage activation in HIV-associated dementia
Ronald G Collman, Brian Tomkowicz, Vipa Ravyn,
Rick W Cheung, Chuhee Lee,
and Andrzej Ptasznik
1University of Pennsylvania School of Medicine,
Philadelphia, PA, USA

Neuronal injury in HIV-associated dementia (HAD)
is mediated by multiple mechanisms including di-
rect toxic effects of viral proteins and indirect
effects of neurotoxins released by activated mono-
cyte/macrophage (M/M) cells. Both uninfected and in-
fected M/M are activated, and the extent of activa-
tion correlates with neuronal injury and disease. While
many studies have addressed the mediators and neuro-
toxic mechanisms of macrophage activation products,
how HIV actually causes M/M activation is unknown.
CCR5 is a receptor for several b-chemokines and the
entry co-receptor utilized by macrophage-tropic (R5)
isolates of HIV-1, including most isolates from the
CNS. In previous studies we showed that in addition to
supporting viral entry, CCR5 ligation by the HIV-1 en-
velope glycoprotein gp120 can elicit intracellular sig-
nals in macrophages and trigger inflammatory media-
tor release independent of infection. In this study we
addressed the signal transduction pathways activated
by gp120 through CCR5 and, in particular, the path-
ways responsible for release of TNF-a, which is up-
regulated in HAD and implicated in its pathogenesis.
Using a combination of in vitro kinase assay, Western
blotting for phospho-specific proteins, pharmacologic
inhibition, CCR5 knockout (CCR5delta32) cells, and
kinase-specific blocking peptide, we found that sig-
naling through CCR5 in primary human macrophages
is linked to the Src family kinase (SFK) Lyn. Stim-
ulation of monocyte-derived macrophages with R5
HIV-1 gp120 as well as with MIP-1b results in
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CCR5-mediated activation of Lyn and the concomitant
Lyn-dependent activation of the mitogen-activated
protein (MAP) kinase ERK-1/2. Furthermore, activa-
tion of the CCR5/Lyn/ERK-1/2 pathway is respon-
sible for gp120-triggered production of TNF-a by
macrophages. This is the first evidence for SFK in-
volvement in CCR5 signaling, links Lyn to upstream
molecules we previously identified as activated by
gp120 including Pyk2 and PI3K, and begins to develop
a map for the signal transduction pathways involved
in gp120-CCR5-M/M activation. Lyn kinase may play
an important role both in normal CCR5 function in
macrophages, and in HAD where HIV-1 gp120 con-
tributes to inappropriate macrophage activation, me-
diator production and secondary injury.

P37
The genetic control of early traits in rat EAE
Laura Cort,1,2,3 and Elizabeth P Blankenhorn1,2,3

1Drexel University College of Medicine; 2Department of
Microbiology and Immunology; and 3Center for
Immunogenetics and Inflammatory Disease, Philadelphia,
PA, USA

The genetic control of EAE and MS is multigenic, and
more than 20 quantitative trait loci (QTL) are likely
to regulate the severity and susceptibility of EAE in
inbred mice. Each of the identified QTL likely repre-
sents a natural allele of a gene with a small overall
effect on the disease. For gene identification, it would
help to know what that individual gene effect is, and
when in the course of the disease induction and mani-
festation it is likely to act. This level of understanding
is missing in MS and EAE research, and, given that
EAE must be induced in most rodent models, no cur-
rent study explains the very first aberrant immune re-
sponses that characterize resistance vs. susceptibility.
Especially valuable in this regard would be the de-
scription of the genetic basis for the loss of immune
tolerance to self, as this may have homology to a sim-
ilar situation in human disease. It should be possible
to construct a pathway of early gene activity leading
eventually to EAE, and by extension, to MS. The stud-
ies in this report are designed to link results from on-
going mapping experiments to the observed compo-
nent phenotypes of the EAE process that show impor-
tant differences between the EAE-S and EAE-R inbred
strains at very early time points after immunization
and EAE induction.

LEW EAE-susceptible rats display very polarized
responses as early as two days post-immunization,
unlike the MHC-identical LER EAE-resistant inbred
strain. This early phenotype is likely to be controlled
by fewer genetic loci responsible for its manifesta-
tion, whereas the genetic architecture underlying the
cascade of deleterious events that follows this early
distinction is likely to be much more complex. We

have investigated the phenotype of early immune re-
sponses in the genetically susceptible LEW rat by
studying the relevant biomarkers of immune activa-
tion in LEW, LER, and LER.chr4 congenic rats in-
duced for EAE with MBP in a minimal adjuvant, CpG.
We have also determined the genetic control of the
early polarization by mapping the early immune re-
sponse in LER × LEW F2 intercross rats, and eluci-
date the mechanism by which this difference occurs.
An effort will be made to link the loci for the early
immune response polarization and the clinical EAE
loci.

P38
Identification of the mechanisms used by Vpr to
regulate HIV-1 gene expression
Jianqi Cui,1 Parithosh K Tungaturthi,2 Velpandi
Ayyavoo,3 Mohammad Ghafouri,1 Hiroyoshi Ariga,4
Kamel Khalili,1 Alagarsamy Srinivasan,2 Shohreh
Amini,1,5 and Bassel E Sawaya1

1Department of Neuroscience and Center for Neurovirology,
Temple University School of Medicine; 2Thomas Jefferson
University; 3Department of Infectious Diseases &
Microbiology, University of Pittsburgh, GSPH, Pittsburgh,
PA; 4Graduate School of Pharmaceutical Sciences,
Hokkaido University, Sapporo, Japan; and 5Department of
Biology, Temple University, Philadelphia, PA, USA

Expression of the viral protein R, Vpr, of HIV-1 can af-
fect many biological events in host cells including cell
cycle progression, and can modulate HIV-1 gene tran-
scription. Earlier studies implicated p21WAF1 (p21),
a cellular protein that controls progression of cells
through the cell cycle, in regulating HIV-1 transcrip-
tion. These observations led us to investigate the func-
tional and physical interaction of Vpr and p21 and
further its influence on HIV-1 gene expression and cell
cycle progression. Our results show that Vpr modestly
activated HIV-LTR in cells lacking p21 gene. We de-
scribed the mechanisms of p21 and Vpr interaction
for stimulating transcription of HIV-1. Data from the
protein-protein interaction experiments revealed the
ability of Vpr, p21 and p300 to form a ternary complex.
Furthermore, we showed that, Vpr interacted with the
N- and the C-terminal (aa 1-90, and 140-164, respec-
tively) domains of p21. Unlike control cells, where p21
was predominantly localized in the nucleus, in cells
expressing Vpr, whereas p21 was found in both cy-
toplasm and nucleus. Further, expression of Vpr alle-
viates p21-mediated inhibition of cell departure from
G1 phase. Interestingly, expression in cells of a mutant
Vpr, with arginine 73 altered to serine, did not affect
p21 ability to cause cell arrest or its sub-cellular lo-
calization. These observations revealed a new cellular
partner for HIV-1 Vpr. Additionally, the use of R73S
mutant of Vpr provided a new therapeutic avenue for
controlling HIV-1 expression.
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P39
p53 inhibits HIV-1 gene expression and replication
Jianqi Cui,1 Mohammad Ghafouri,1
Sujatha Radhakrishnan,1 Pier Paolo Claudio,2

Kenneth Simbri,1 Luis Del Valle,1 Antonio
Giordano,2 Kamel Khalili,1 Shohreh Amini,1,3 and
Bassel E Sawaya1

1Department of Neuroscience and Center for
Neurovirology, Temple University School of Medicine;
2Center for Biotechnology, Sbarro Institute for Cancer
Research and Molecular Medicine, College of Science and
Technology, Temple; and 3Department of Biology, Temple
University, Philadelphia, PA, USA

In HIV-1-infected individuals the virus enters the cen-
tral nervous system (CNS) at an early stage of the dis-
ease. At a late stage of the disease, the presence of HIV-1
in CNS of 15–20% of the patients causes clinical abnor-
malities defined as HIV-1-associated dementia (HAD).
The exact mechanism by which HIV-1 causes HAD
is not completely understood. Recent studies suggest
that p53, which is an important factor in the neu-
ropathogenesis of AIDS, has the ability to suppress ac-
tivation of HIV-1 LTR by the viral transactivator, Tat.
Our recent results showed the ability of p53 to asso-
ciate with the protein kinase cdk9, which together with
cyclin T1 forms the positive transcription elongation
complex, pTEFb. This complex, in cooperation with
Tat, is responsible for the phosphorylation of the car-
boxyl terminal domain (CTD) of RNA polymerase II, fa-
cilitating the elongation of HIV-1 transcription. There-
fore, we attempted to investigate whether p53-cdk9 as-
sociation affects HIV-1 gene expression and replication
in CNS cells. By employing an adenovirus expression
vector, we demonstrated that p53 could decrease the
levels of Tat-induced activation of HIV-1 LTR in brain
cells. In addition, we showed that p53 significantly re-
duced HIV-1 replication in primary microglial. We also
showed that p53 decreased the activity of cytokines
produced (e.g. TNF-alpha) by HIV-1-infected cultures
as measured by ELISA. To overcome the effect of p53,
we demonstrated that cdk9 promotes the ubiquitina-
tion and degradation of p53 through a novel pathway.
These studies present a novel therapeutic approach for
the inhibition of HIV-1 gene expression and replication
and the treatment of AIDS in brain.

P40
Interactions between JCV large T-antigen,
beta-catenin and Rad51 deregulates DNA repair by
Rad51
Marta Czernik, Nune Darbinian, and Kamel Khalili
Department of Neuroscience, Temple University School of
Medicine, Philadelphia, PA, USA

The JCV early gene product large T-antigen is a multi-
functional oncoprotein essential for viral replication.
T-antigen has the ability to activate viral transcription,

to bind and break DNA, and has helicase and ATPase
activities. T-antigen is also able to transform cells, most
likely by affecting function of several tumor suppres-
sors such as p53 and Rb proteins. This makes T-antigen
unique in its ability both to disrupt chromosomal in-
tegrity and to inactivate the cell cycle checkpoints that
would limit clonal expansion of such damaged cells.
By creating a T-antigen inducible glial cell line, we
explored interplay between T-antigen, Rad51 (a ma-
jor component of homologous recombination-directed
(HR) DNA repair) and beta-catenin, the central protein
of the Wnt signaling pathway, that transactivates sev-
eral genes including c-Myc and TCF-4. Expression of
T-antigen increased cell survival following cisplatin
treatment as measured by colony formation assay, but
over-expression of T-antigen and beta-catenin inhib-
ited cell growth. In reporter assays, T-antigen and beta-
catenin activated the c-Myc promoter. However cells
over-expressing both proteins revealed reduced c-Myc
transcriptional activity. T-antigen also was able to in-
crease activation of c-Myc promoter by Rad51 pro-
tein. Immunoprecipitation/Western blot analyses in-
dicated that both Rad51 and beta-catenin bound to
T-antigen and that Rad51 and beta-catenin bound to
each other in the absence of T-antigen. Rad51, as
well as T-antigen, was able to stabilize wild-type beta-
catenin and an N-terminal deletion mutant. In cells
co-expressing both T-antigen and beta-catenin, a ma-
jority of phospho-Histone 2A.X was co-localized with
Rad51 foci, suggesting that there was an increased
DNA damage and homologous recombination in such
cells. Taken together, these studies demonstrate that
T-antigen, Rad51 and beta-catenin can combine to reg-
ulate cellular processes and this interplay may be an
important factor in T-antigen disruption of HR DNA
repair.

This work was supported by grants awarded by the
NIH to KK.

P41
Creation of a novel bidirectional protein delivery
system (BPDS) that is capable of secretion and
nuclear import of Rad51 protein to perform DNA
DSB repair by homologous recombination
Nune Darbinian and Kamel Khalili
Department of Neuroscience, Temple University School of
Medicine, Philadelphia, PA, USA

Efficient intracellular delivery and desired localiza-
tion of pharmaceutical macromolecules remains prob-
lematic because of the barrier of cell membranes im-
peding the passage of molecules. An 11-amino acid
region of the HIV-1 encoded Tat protein, YGRKKR-
RQRRR, is sufficient for intracellular transduction and
nuclear localization. Sec is a region of murine Igk,
a domain that exhibits secretion of fusion proteins.
Here we report the creation of a novel system that is
capable of directing the secretion and internalization
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of recombinant proteins in eukaryotic cells. We have
developed a GFP-11Tat-Sec fusion protein to assess
its ability to deliver fusion protein into cells. Our re-
sults show efficient entry of fusion proteins into the
nucleus when fused with the 11-Tat peptide. To ex-
amine the efficiency of this Tat-Sec transport system
in delivering functional proteins, we created a vec-
tor that contains Rad51 protein, a major component
of homologous recombination-directed (HR) DNA re-
pair, fused with 11-amino acid of Tat and Sec domain.
Results from protein transduction experiments using
secreted Rad51 protein in BPDS revealed cellular in-
ternalization and nuclear appearance of the Rad51 af-
ter 16 hours and its detection in nuclei up to 24 hours
after treatment. Cells, incubated with antisense Rad51
(in order to inhibit endogenous Rad51), and treated
with conditioned medium containing secreted Rad51,
exhibited the ability of Rad51 in BPDS to enter into the
cells and perform DSB repair by HR. Reconstitution of
functional GFP in an HR reporter assay indicated the
presence of functional Rad51. Thus we demonstrated
that double strand break repair by homologous recom-
bination was regulated by functionally active Rad51
secreted via BPDS. The BPDS expression system thus
facilitates export and import of proteins from one cell
to another with no cell-cell contact, which may be use-
ful for the delivery of therapeutic agents. Bidirectional
Protein Delivery System may be useful for targeted pro-
tein delivery in the therapy of neorological disorders.

This work was supported by grants awarded by the
Nanotechnology Institute of Philadelphia.

P42
Inhibition of neuronal cytoskeleton network and
dysregulation of NGF-signaling by tat through
activation of mitochondrial porin in neuronal cell
culture
Nune Darbinian, Marta Czernik, Kamel Khalili, and
Shohreh Amini
Department of Neuroscience, Temple University School
of Medicine, Philadelphia, PA, USA

Examination of signal transduction pathways that
modulate neuronal cell differentiation and protection
against apoptosis has revealed a central role for the
activation of MAPK/Erk cascade through the TrkA
NGF receptor. The activation of neuronal cytoskeleton
network that modulate neuronal cell differentiation,
is critical for growth and survival of neuronal cells.
Interactions between cytoskeleton-associated proteins
and mitochondria, and a role of tubulins in HIV-
1 Tat-mediated apoptosis through a mitochondria-
dependent pathway have provided a rationale to exam-
ine the mitochondrial outer membrane protein Porin
(also known as VDAC, voltage dependent anion se-
lective channel) expression in neuronal cells. Here,
we utilized SK-N-MC neuroblastoma cells, expressing
HIV-1 Tat, to investigate the impact of Tat on the acti-
vation of Porin in NGF-signaling pathway. We demon-

strated that expression of Tat in these cells inhibits cell
growth and induces apoptosis by deregulating various
steps involved in the NGF pathway including suppres-
sion of MAPK activity. Our results demonstrate the
ability of MAPK to phosphorylate Puralpha, a cellular
protein that plays an important role in neuronal cell
function and differentiation, and the inhibitory effect
of Tat in MAPK-mediated phosphorylation of Pural-
pha. Our data also indicate that expression of Tat de-
creases NGF-induced Egr-1 levels in SK-N-MC cells,
and effects on binding of Puralpha to Egr1 promoter.
Expression of Tat in these cells inhibites activity of the
p35/CDK5 complex and phosphorylation of neurofil-
aments and MAP2. Tat also dysregulates the subcel-
lular localization of the Shc isoforms which mediate
many of the signaling pathways. Levels of expression
of beta-catenin in Tat-expressing cells were dramati-
cally reduced, but recovered upon treatment with the
MG-132 proteasomes inhibitor. This suggests that Tat
can act to promote beta-catenin degradation. Results
from Comet assays indicated enhanced single-strand
DNA breaks in Tat-expressing cells. Finally we showed
that Tat was able to induce apoptosis and caspase-3
cleavage by activating of mitochondrial Porin. Inhibi-
tion of Porin by anion transport inhibitor, DIDS, in Tat-
expressing cells reduced caspase-3 cleavage measured
by the GLO assay. All of these observations support a
model where Tat has multiple effects on neuronal cell
growth and apoptosis through its interactions with cel-
lular proteins including Puralpha, Porin, beta-catenin
and the NGF/Shc/MAPK signaling pathway. The in-
terplay between Tat and its cellular partners can re-
sult in dysregulation of the NGF pathway affecting the
MAPK/Erk network and reducing the expression and
activity of cytoskeleton network in neuronal cells.

This work was supported by grants awarded by the
NIH to KK and SA.

P43
p27SJ, a novel protein in St. John’s Wort, is capable
of inhibiting of HIV-1 gene transcription and viral
replication via bidirectional protein delivery system
Nune Darbinian, Armine Darbinyan, Sujatha
Radhakrishan, Alla Arzumanyan, Marta Czernik,
Kenneth O Simbiri, Kamel Khalili,
and Shohreh Amini
Department of Neuroscience, Temple University School
of Medicine, Philadelphia, PA, USA

Transcription of the HIV-1 genome is controlled by the
cooperation of viral regulatory proteins and several
host factors, which bind to specific DNA sequences
within the viral promoter spanning the long terminal
repeat, LTR. Here, we describe the identification of a
novel protein, p27SJ, present in a callus culture of Hy-
pericum perforatum (St. John’s Wort) that suppresses
transcription of the HIV-1 genome and its replication
in several human cell types including primary cultures
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of microglia and astrocytes. We demonstrate that p27SJ
associates with C/EBPb, a transcription factor that reg-
ulates expression of the HIV-1 genome in macrophages
and monocytic cells, and the viral transactivator, Tat.
Association of p27SJ with C/EBPb and/or Tat prevents
their subcellular localization, causing their accumu-
lation in the perinuclear cytoplasmic compartment of
the cells. Results from infection experiments demon-
strated the ability of p27SJ to suppress HIV-1 repli-
cation. To achieve an efficient intracellular delivery
and desired localization of p27SJ, we have developed
Bidirectional Protein Delivery System (BPDS) that is
capable of intracellular transduction, nuclear local-
ization, and secretion of proteins from cells. BPDS
consists of two functional domains, an 11-amino acid
NLS region of the HIV-1 Tat protein, YGRKKRRQRRR,
and the Sec domain of murine Igk, that exhibits se-
cretion of fusion proteins from cells. To examine the
efficiency of this transport system in delivering func-
tional proteins, we cloned a novel protein p27SJ in
BPDS and studied its effect on HIV-1 gene transcrip-
tion and viral replication. Here, we show that secreted
p27SJ protein suppresses transcription of the HIV-1
genome in several human cell types in reporter assays.
Secreted p27SJ was able also to suppress HIV-1 replica-
tion in macrophages. These observations indicate the
potential for the development of a therapeutic advance
based on p27SJ protein to control HIV-1 replication in
cells associated with HIV-1 infection in the brain. We
demonstrated that in this expression system, export
and import of proteins from one cell to another occurs
with no cell-cell contact. This system can be useful for
the delivery of therapeutic agents.

This work was supported by grants awarded by the
NIH to SA.

P44
Regulation of puralpha promoter by E2F-1 plays an
important role in the control of the cell cycle
Nune Darbinian, Martyn K White,
and Kamel Khalili
Department of Neuroscience, Temple University School
of Medicine, Philadelphia, PA, USA

Puralpha is a ubiquitously expressed multifunctional
nucleic acid-binding protein that is involved in many
cellular processes including transcriptional regula-
tion, the cell cycle, oncogenic transformation and post-
natal brain development. Puralpha also plays an im-
portant role in neuronal cell function and differentia-
tion. Moreover, Puralpha has the capacity to interact
with and alter the activity of JCV-T-antigen and HIV-
1 Tat in glial cells. Previously, Puralpha protein was
found to bind to E2F-1, an important cell cycle regula-
tor, and inhibit E2F-1 transcriptional activity. In addi-
tion Puralpha binds to a GC/GA-rich sequence within
its own promoter and inhibits gene expression, i.e.,
Puralpha is autoregulated. We now report that the Pu-

ralpha promoter is induced by E2F-1 and that this ac-
tivity maps to a consensus E2F-1 binding motif that
is juxtaposed to the Puralpha binding site. Deletion
mutants of the E2F-1 protein showed that the region
between amino acid residues 88-241 is important for
this activity. E2F-2 also was able to induce the Pural-
pha promoter. E2F-1-associated activation of the Pural-
pha promoter was inhibited by co-expression of Pural-
pha, pRb and an RNA species with specific binding to
E2F-1. ChIP assay using primers that flanked the jux-
taposed Puralpha and E2F-1 binding sites verified the
presence of Puralpha and E2F-1 on the Puralpha pro-
moter in vivo. In a Tet-inducible cell line, Puralpha
delayed cell cycle progression. Thus E2F-1 and Pural-
pha interplay appears to be involved in the regulation
of Puralpha expression and control of cell cycle.

This work was supported by grants awarded by the
NIH to KK.

P45
Alterations of DNA damage repair pathways
resulting from JCV infection
Armine Darbinyan, Selma Akan, Sujatha
Radhakrishnan, Shohreh Amini,
and Kamel Khalili
Department of Neuroscience Center for Neurovirology,
Temple University School of Medicine, Philadelphia,
PA, USA

Progressive multifocal leukoencephalopathy (PML),
caused by JCV infection, is a disorder character-
ized by multifocal areas of demyelination, distributed
throughout the CNS and cytological alterations in
both astrocytes and oligodendrocytes. Patients of-
ten present with neurologic deficits, with or with-
out changes in mental status. Almost all patients
have underlying disorder of immune system, includ-
ing AIDS, lymphoproliferative and myelopriliferative
disorders, immune deficiency states. Previous stud-
ies have shown the ability of JCV agnoprotein and
T-antigen to interfere with DNA damage repair path-
ways. In this report we demonstrate that DNA damage
repair pathways are significantly dysregulated during
the course of JCV infection affecting genomic content
and leading to genomic instability. We observed an
increased ploidy in the metaphase spreads prepared
from JCV infected human adtrocytes. The frequency
of appearance of polyploid cells correlated with the
duration of infection. Higher rates of micronuclei
and comet formation were observed in JCV infected
cells compared to uninfected controls. Results from
FACS analysis, during course of infection of astrocytes
showed an accumulation in G2/M phase, and the num-
ber of apoptotic cells increased, as well as number
of cells expressing phosphorylated Histone2A.X, indi-
cating increased rate of DNA damage in infected cells.
Increased levels of phosphorylated Histone2A.X also
were detected in chromatin-associated extracts from
JCV infected astrocytes and in immunocytochemical
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analysis of JCV infected cells. Upregulation of Ku70,
DNA-PKcs and Rad51 and downregulation of Artemis
in protein extracts from JCV infected cells was detected
by Western blotting. Fidelity of DNA DSB repair in
in-vitro NHEJ assay and sequence analysis of the re-
gion of repaired DNA was significantly impaired in
JCV infected human astrocytes. In chromatin associ-
ated protein extracts prepared from PML/AIDS brain
tissue (3 cases), levels of expression of Artemis and
Mre11 were dramatically reduced, but expression of
Rad51 increased compared to HIV-positive, no pathol-
ogy (3 cases) and HIV-negative control (3 cases) sam-
ples. Alteration of Artemis function, and changes in
DNA repair pathways may be important for the life
cycle of JCV and the pathogenesis of PML.

This work was supported by grants awarded by the
NIH to KK.

P46
Regulation of non homologous end joining pathway
of DNA repair by pura in astrocytes
Armine Darbinyan,1 Rafal Kaminski,1 Nune
Darbinian,1 Shohreh Amini,1 Jay Rappaport,1 Edward
Johnson,2 and Kamel Khalili1
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USA; and 2Department of Microbiology and Molecular Cell
Biology, Eastern Virginia Medical School, Nolfork, VA, USA

Pura is a ubiquitous nucleic acid-binding protein,
which has been implicated in the control of eukary-
otic gene transcription. Pura associates with DNA se-
quences positioned in close proximity to viral and cel-
lular origins of replication suggesting a role for this
protein in DNA replication. Initiation of transcrip-
tion and replication requires alteration in the structure
of duplex DNA, and the DNA unwinding activity of
this single-stranded nucleic acid-binding protein was
confirmed in previous studies. Here we demonstrate
that the presence of Pura significantly affects DNA
damage and DNA repair pathways through interfering
with nonhomologous end joining (NHEJ) process. In
metaphase spreads prepared from Pura−/− cells after
cisplatin treatment, extensive fragmentation, chromo-
somal breakage, rejoining and complex chromosomal
configurations were found, whereas in Pura+/+ cells
chromosomal integrity was preserved. Higher rates of
comet formation were observed in cells in the absence
of Pura after treatment with the DNA DS break in-
ducer bleomycin. FACS analysis demonstrated that, af-
ter synchronization and cisplatin treatment, 52.4% of
Pura null cells expressed phospho-Histone 2A.X com-
pare to only 12.8% of Pura-positive cells indicating
an increased rate of DNA damage in Pura null cells.
In chromatin associated extracts, prepared at vari-
ous time of cisplatin treatment following synchroniza-
tion, expression of phospho-Histone 2A.X was sub-
stantially higher in Pura null cells. Increased expres-

sion of phospho-Histone 2A.X in the same cells with-
out cisplatin treatment may reflect high levels of basal
DNA damage in the absence of Pura. Expression of
Ku70 was reduced in the presence of Pura, but Mre11
was upregulated. Results from NHEJ assay demon-
strated that the end-to-end joining activity of cells in
the absence of Pura was higher than in Pura null cells.
The reconstitution of full-length recombinant Pura in
Pura−/− cell extracts inhibited end-joining. Sequence
analysis of the products of DSB repair showed that, in
the presence of Pura, although end to end joining ac-
tivity was reduced, it occurred without errors. In the
absence of Pura end-joining activity was higher but
religation occurred with the loss of genetic material
and was associated with increased exonuclease activ-
ity Taken together, these studies demonstrate that Pura
is an important factor in regulation of DNA repair and
possibly acts as a “guardian” of the genome in promot-
ing the fidelity of DNA replication.

This work was supported by grants awarded by the
NIH to KK.

P47
Regulation of complement factor 3 gene expression
by HIV-1 NEF, C/EBP isoforms and p38 MAPK in
astrocytic and promonocytic cell lines
Prasun K Datta, Jeff Maranto, and Jay Rappaport
Department of Neuroscience, Temple University School of
Medicine, Philadelphia, PA, USA

The complement system is an integral component of
both the innate and adaptive immune responses in the
defense against invading pathogens. However, uncon-
trolled complement biosynthesis and activation can be
injurious to host tissues. HIV/SIV infection is known
to induce the synthesis of the complement compo-
nent C3 which could contribute to the pathogenesis of
HIV in the CNS. Furthermore, HIV virions are resistant
to complement mediated lysis. Studies have shown
increased C3 deposition in astrocytes, neurons, mi-
croglia, infiltrating macrophages and multinuclear gi-
ant cells in the brains of SIV-infected rhesus macaques.
Since dysregulation of complement synthesis may
contribute to NeuroAIDS pathogenesis, we analyzed
in detail the mechanism of transcriptional regulation
of C3 expression in the astrocytic and promonocytic
cell lines, U-373MG and U937 respectively. Our stud-
ies utilizing C3 promoter-Luciferase construct demon-
strate that viral protein Nef induces C3 promoter. Fur-
thermore, the C/EBP family of DNA binding transcrip-
tion factors, C/EBP-beta, LAP, and C/EBP-delta stimu-
late expression of the C3 promoter, while LIP inhibits
C3 promoter activity. Site-directed mutagenesis of the
distal C/EBP site (bZIP1) in the C3 promoter signifi-
cantly reduced C/EBP delta mediated activation while,
mutation in the second, more proximal C/EBP con-
sensus sequence (bZIP2) had a minimal effect. Our re-
sults also demonstrate that selective inhibition of p38
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MAPK by SB202190-HCl or overexpression of a dom-
inant negative p38 alpha mutant inhibits C/EBP-delta
mediated C3 promoter activity. The data strongly sug-
gest that p38 MAPK regulates C/EBP delta mediated
C3 gene activation.

P48
siRNA targeting vaccinia virus double-stranded
RNA binding protein [E3L] exert potent antiviral
effects: Intersection with innate immune system
Rajnish S Dave,1 James P McGettigan,2 Tazeen
Qureshi,1 Giuseppe Nunnari,1 Matthias J Schnell,2
and Roger J Pomerantz1

1The Dorrance H. Hamilton Laboratories, Division of
Infectious Diseases, Center for Human Virology, Thomas
Jefferson University, Philadelphia, PA, USA and
2Department of Microbiology and Immunology, Thomas
Jefferson University, Philadelphia, PA, USA

The Vaccinia virus gene, E3L, encodes a double-
stranded RNA [dsRNA]-binding protein. We hypoth-
esized that, owing to the critical nature of dsRNA in
triggering host innate antiviral responses, E3L-specific
small-interfering RNAs siRNAs] should be effective
antiviral agents against pox viruses, for which Vaccinia
virus is an appropriate surrogate. In this study, we have
utilized two human cell types, namely, HeLa and 293T,
one which responds to interferon [IFN]-β and the other
produces and responds to IFN-β, respectively. The an-
tiviral effects were equally robust in HeLa and 293T
cells. However, in the case of 293T cells, several dis-
tinct features were observed, when IFN-β is activated
in these cells. Vaccinia virus replication was inhibited
by 97% and 98% as compared to control infection in
HeLa and 293T cells transfected with E3L-specific siR-
NAs, respectively. These studies demonstrate the util-
ity of E3L-specific siRNAs as potent antiviral agents
for small pox and related pox viruses.

P49
Detection of JC virus DNA sequences and viral
protein expression in esophageal disorders and
esophageal cancer
Luis Del Valle,1 Martyn K White,1 Sergio
Piña-Oviedo,1 Rebecca M Thomas,2 Henry P
Parkman,3 and Kamel Khalili1

1Department of Neuroscience, Center for Neurovirology,
Temple University School of Medicine, Philadelphia,
Pennsylvania, USA; 2Pathology Department, School of
Medicine, Temple University Hospital, Philadelphia,
Pennsylvania, USA; and 3Gastroenterology Section, School
of Medicine, Temple University Hospital, Philadelphia,
Pennsylvania, USA

In industrialized countries, the incidence of adenocar-
cinoma of the esophagus has risen dramatically in the
last decades, at a rate of approximately 5% to 10%

per year. Although chronic gastro-esophageal reflux is
the usual underlying cause of the repetitive mucosal
injury and also provides an abnormal environment
during the healing process that predisposes to intesti-
nal metaplasia, the etiology of adenocarcinomas of the
esophagus remains unclear. The human polyomavirus
JCV, which causes Progressive Multifocal Leukoen-
cephalopathy, a fatal demyelinating disease frequently
seen in HIV-1 infected patients, subclinically infects
85-90% of the population world-wide. JCV is onco-
genic in experimental animals and is associated with
human brain tumors. JCV has been found in epithe-
lial cells of normal mucosa of the upper and lower
gastrointestinal tract and recent studies have demon-
strated the presence of viral DNA sequences and the
expression of the early protein, T-Antigen in neoplas-
tic cells of human colon carcinomas. We examined
the presence of JCV DNA sequences and protein ex-
pression in normal and malignant human esophageal
tissues. 70 well-characterized biopsies from patients
with a spectrum of esophageal disorders were stud-
ied by PCR and immunohistochemistry. JC viral DNA
was isolated from 11 of 13 normal esophageal biop-
sies (85%) and from 5 of 5 esophageal carcinomas
(100%). By immunohistochemistry, JCV T-antigen was
detected in 10 of 19 carcinomas (53%), Agnoprotein
in 8 (42%), p53 tumor suppressor in 11 (58%) and ?-
catenin in 4 (21%). None of 51 benign esophageal sam-
ples expressed viral proteins. Laser Capture Microdis-
section verified the presence and specificity of JCV
DNA sequences. Beta-Catenin and p53 co-localized
with JCV T-antigen in the nuclei of neoplastic cells.
The results provide evidence for infection of gastroin-
testinal tract cells by JCV and suggest a potential role
of JCV in the development of upper digestive tract car-
cinomas. Supported by Grants from the NIH awarded
to LDV and KK.

P50
Characterization of the JCV VP1 loop mutations in
CSF from HIV positive and negative patients with
Progressive Multifocal Leukoencephalopathy.
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Ferrante2,5

1Department. of Biomedical Science and Technology,
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2Laboratory of Molecular Medicine and Biotechnology, Don
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of Infectious Diseases, Policlinico San Matteo, Pavia, Italy;
4Neurology Department, Mondino Hospital, IRCCS, Pavia,
Italy; and 5Chair of Virology, Department of Biomedical
Science and Technology, University of Milan, Milan, Italy

Background: Viral Protein 1 (VP1) is the major cap-
side protein of the human Polyomavirus JC (JCV); its
outer loops consist of the five most hydrophilic regions
and correspond to the BC, DE, EF, GH and HI loops,
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according to the analogous three dimensional struc-
ture of SV40 VP1. It is suggested that the external loops
provide principal antigenic viral structures and cellu-
lar receptor binding sites, thus, VP1 loop mutations,
characterized by the variations of affected amino acid
residues, could modify the ability of the virus to inter-
act with the receptor and, consequently, the infectivity
of JCV.

The purpose of our study is to determine whether
or not specific amino acid substitutions in VP1 outer
loops of JCV, isolated from cerebrospinal Fluid of
patients with different forms of Progressive Multifo-
cal Leukoencephalopathy (PML), could be associated
with the progression of the disease.

Methods: Semi-nested PCR was used to amplify a
region of VP1 gene from CSF collected from 1 HIV+
Slow Progressing (SP) PML, 2 HIV+ Fast Progressing
(FP) PML and 2 HIV negative SP PML patients. The
amplified regions encompass for the five outer loops
and were ligated to PCR 2.1 plasmid and used to trans-
form competent INValphaF’ cells. A total of 40 clones
carrying partial VP1 gene sequences were sequenced
using T7 primer and an AB 310 Genetic Analyzer (Ap-
plied Biosystems). We regarded, for each DNA sam-
ple, nucleotide mutations occurred in at least three
independent clones and the determined amino acid
substitutions were detected in reference to JCV Mad
1 genome.

Results: We analyzed a total of 40 clones (a mean of
8 clones for each patient) and a total of 100 VP1 nu-
cleotide mutations were detected, both synonymous
and non-synonymous, the latter determining a total of
34 different amino acid substitutions. The amino acid
changes involved all the considered loops and muta-
tions at BC and EF loops sequences were found in all
the JCV isolates. In particular, in the CSF of the 3 SP
PML patients, both HIV + and HIV-, four hot spots
were detected: the residue 75, belonging to BC loop,
where the Arg was substituted by a Lys, usually found
in Archetype isolate; the residue 117, belonging to the
inner part of the gene (beta-d), with a Ser -> Thr substi-
tution, also characteristic of the Archetype isolate; the
residue 167 (Asp -> Glu), belonging to EF loop and the
residue 128 (Thr -> Ala), belonging to DE loop. In the
CSF of a FP PML patient, nucleotide mutations at po-
sition 1664 and 2268 determined amino acid substitu-
tions at residue 267 (Ser -> Phe, HI loop) and at residue
60 (Lys -> Stop codon, BC loop), already indicated in
previous studies as associated with fast progression of
PML.

Conclusions: taken together, the results showed
strict homology of the polymorphisms detected in all
the SP PML patients, both HIV+ and HIV-. Among the
polymorphisms, mutation at Arg- 75 on the BC loop,
that it was recently reported to be involved in recog-
nition of cellular receptor and seems to result in non-
viable virus, is highly frequent. We could hypothesize
that the alteration at the defined hot spots determines
a decrease in the viral activity and slow progression of
the disease.

P51
Unraveling the mechanism of viral
neuroinvasiveness using a genetics approach
Bernhard F Dietzschold
Thomas Jefferson University, Department of Microbiology,
Philadelphia, PA, USA

Neuroinvasiveness, the main feature of neurotropic
viruses such as rabies virus (RV), refers to the ability to
invade the nervous system from a peripheral site. To
identify the viral and cellular factors responsible for
the ability of an RV to enter the CNS from a peripheral
site and to cause lethal neurological disease, we ex-
changed the genes encoding the different RV proteins
and regulatory genomic sequences of a highly neuroin-
vasive RV strain with those of a highly attenuated non-
neuroinvasive RV vaccine strain. Phenotypic analysis
of chimeric RVs assembled from neuroinvasive and
non-neuroinvasive RV strains demonstrated that, al-
though RV pathogenicity is a multigenic trait involving
different RV encoded proteins and transcriptional ele-
ments, the RV G plays a predominant role in the abil-
ity of an RV to invade the CNS from a peripheral site.
Important features required for such a “neuroinvasive
G protein” are its abilities to facilitate rapid virus en-
try into neurons and efficient virus spread. Analysis of
chimeric RVs also revealed that the strength of interac-
tion between the RV G and M protein plays a decisive
role in viral assembly/budding and thereby contribut-
ing to the neuroinvasiveness of individual RV strains.

P52
Detection of the MSRV endogenous retrovirus in
multiple sclerosis patients and healthy persons
Antonina Dolei,1 Caterina Serra,1 Giuseppe Mameli,1
Vito Astone,1 Giannina Arru,2 Maura Pugliatti,2
Giulio Rosati,2 and Stefano Sotgiu2

1Section of Microbiology, Department of Biomedical
Sciences, Center of Excellence for Biotechnology
Development and Biodiversity Research, University of
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Multiple sclerosis (MS)-associated retrovirus (MSRV)
is an endogenous retrovirus proposed as MS co-factor,
that forms extracellular virions. We detected circulat-
ing MSRV in 100% of Sardinian patients with active
MS, and MSRV presence in CSF paralleled MS clin-
ical progression. The virus was evaluated by nested
or real-time RT-PCR assays for MSRV/HERV-Wpol or
env. MSRV viremia per se is not indicative of MS, since
it is detected also in healthy donors and patients with
other diseases. However, both percent MSRV positivity
and mean copy numbers are widely different, with the
highest values in patients with active MS, and the low-
est in healthy persons. We examined three cohorts of
healthy volunteers without known risk of MS: donors
of a Blood Transfusion Unit (BD, N = 39), and oper-
ators of the Neurology (NEUR,N = 41) and Surgery
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(SURG,N = 17) Units of our University. No signifi-
cant differences were detected between SURG and BD,
while 54% of NEUR were found MSRV(+) and highly
viremic (NEUR vs BD: p = 0.0001): if confirmed in
other cohorts, this might imply that MSRV could be
a transmissible agent. We performed a blind observa-
tion for six years of early MS patients, that at study en-
try had similar mean age and EDSS score, but differed
for MSRV presence in CSF. At follow-up,the MSRV(+)
and MSRV(−) cohorts significantly differed for mean
EDSS (p = 0.001),and annual relapse rate (p = 0.023).
Two MSRV(+) patients, but none MSRV(−), entered
the progressive phase (p = 0.009). We concluded that
MSRV(+) CSF at MS onset is associated with disability
accumulation, higher rate of clinical re-exacerbations
and conversion into secondary progression.

P53
IFN-beta activates CUGBP1 resulting in increased
expression of dominant-negative CEBP-beta and
suppression of the SIV LTR
Justyna M Dudaronek, Sheila A Barber,
and Janice E Clements
Department of Molecular and Comparative Pathobiology,
Johns Hopkins University School of Medicine, Baltimore,
MD, USA

IFN-beta, the type I IFN expressed during virus infec-
tion in the brain has been shown to inhibit active HIV
replication in macrophages via a transcriptional mech-
anism involving expression of a truncated, dominant-
negative form of the transcription factor C/EBP-beta
(LIP). We have demonstrated that IFN-beta can also in-
hibit ongoing SIV replication in primary macrophages
in vitro. Using our accelerated and consistent SIV
model of HIV CNS disease, we have demonstrated
that increased expression of IFN-beta and LIP coin-
cided with downregulation of acute SIV replication in
the brain. These results suggested that innate immune
responses involving IFN-beta may contribute signifi-
cantly to the mechanisms controlling acute SIV repli-
cation in the CNS.

The expression of different isoforms of C/EBP-beta
(LIP and the wild type isoform LAP) is regulated by al-
ternative translational initiation at downstream AUG
start sites. Increased expression of LIP is regulated in
part by an RNA binding protein referred to as CUG
repeat binding protein (CUGBP1). It has been demon-
strated that phosphorylation of CUGBP1 leads to in-
creased binding of CUGBP1 to C/EBP-beta mRNA and
the consequent increase in LIP expression.

In the studies presented here we demonstrate that
the ability of IFN-beta to regulate transcription from
the SIV LTR in cells of macrophage lineage involves
activation of CUGBP1. We are studying the role IFN-
beta signaling in the binding of CUGBP1 to C/EBP-
beta mRNA, which is accompanied by enhanced ex-
pression of LIP. Our studies suggest that IFN-beta in-
hibits SIV replication at least in part by promoting

LIP production through the activation of CUGBP1
and its binding to the GC-rich region of C/EBP-beta
mRNA.

P54
MH2 domain of Smad3 reduces HIV-1 Tat-induction
of cytokine secretion
Mazen B Eldeen,1 Satish L Deshmane,1 Kenneth
Simbri,1 Kamel Khalili,1 Shohreh Amini,1,2 and
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HIV-1 infection of the central nervous system (CNS)
is associated with dysregulation of several important
cytokines and chemokines, which are involved in in-
flammatory process. Earlier studies ascribed a critical
role for Tat, a potent viral transcription activator, in
this process by enhancing the expression of several im-
munomodulators including TGF? and MCP-1. Investi-
gation of signaling pathways which are controlled by
these cytokines led to identification of MH2 domain of
Smad3, the downstream activator of TGF? pathway, as
a modulator of MCP-1 promoter activity. The level of
MCP-1 is increased in AIDS patients with neurologic
problems, through recruitment of inflammatory cells,
which can contribute to neuropathogenesis of AIDS.
Therefore, we attempted to investigate the effect of
MH2 on expression of MCP-1 and other immunolmod-
ulators in CNS cells. By employing an adenovirus ex-
pression vector, we demonstrated that MH2 can de-
crease the levels of Tat-induced activation of MCP-1
and several other cytokines and chemokines in astro-
cytic cells. In addition, we showed that MH2 signifi-
cantly reduced the activity of cytokines produced by
cultures of adenovirus-MH2 transduced cells as mea-
sured by the transmigration of human PBMC cells.
Thus, MH2 domain of Smad3 is a potential agent that
may be developed as an inhibitor for the cytokine-
mediated inflammatory responses in the brain and may
have the potential to prevent transmigration of HIV-1-
infected monocytes across the blood brain barrier in
AIDS patients.

P55
Neuronal damage mediated by HIV-1 Tat involves
deregulation of cytoskeletal functions
Davide Eletto, Giovanni Passiatore,
and Francesca Peruzzi
Department of Neuroscience, Temple University School of
Medicine, Philadelphia, PA, USA

HIV-1 Encephalopathy (HIVE) is characterized by dete-
rioration of neuronal processes. While there is mount-
ing evidence of neuronal toxicity and cell death in-
duced by the HIV-1 transactivating factor Tat, the
molecular events linked directly to its detrimental
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effect on neuronal cells remain unclear. Our recent
work using rat embryonic cortical neurons as well as
immunohistochemical analysis of HIVE tissue sam-
ples showed that Tat causes rapid degradation of
microtubule-associated protein 2 (MAP2) and the col-
lapse of cytoskeletal filaments. The mechanism of
Tat action on MAP2 stability involved Tat-mediated
translocation of the proteasome to the site of micro-
tubule filaments. While MAP2 is a well known struc-
tural component of the microtubules, emerging stud-
ies suggest an important function for this protein in
signal transduction pathways. In the following study
we investigated molecular mechanisms of neuronal
damage upon Tat-mediated loss of MAP2. Treatment
of rat embryonic cortical neurons with recombinant
Tat1-72 resulted in a dose-dependent loss of MAP2 and
down-regulation of the catalytic subunit of the cAMP-
dependent protein kinase A (PKA). While MAP2 has
been shown to be an anchoring protein for PKA, loss
of MAP2 in neurons exposed to Tat would greatly af-
fect PKA-dependent signal transduction pathways and
neuron-specific targets.

This work is supported by a grant from NIH to FP.

P56
HTLV-1 Tax induction of cell cycle arrest in human
CD34+ cells: Implications for viral latency in human
hematopoietic stem cells
Gerold Feuer, Adam Tripp, Prabal Banerjee,
and Michelle Seiburg
Department of Microbiology and Immunology, SUNY
Upstate Medical University, Syracuse, NY, USA

HTLV-1 is the etiologic agent of adult T-cell leukemia
(ATL), an aggressive CD4+ malignancy. Although
HTLV-2 is highly homologous to HTLV-1, infection
with HTLV-2 has not been associated with lympho-
proliferative disorders. Lentiviral mediated transduc-
tion of CD34+ cells with HTLV-1 Tax (Tax1) induced
G0/G1 cell cycle arrest and resulted in the concomi-
tant suppression of multilineage hematopoiesis in
vitro. Tax1 induced transcriptional upregulation of the
cdk inhibitors p21cip1/waf1 (p21) and p27kip1 (p27),
and marked suppression of hematopoiesis in imma-
ture (CD34+/CD38−) hematopoietic progenitor cells
(HPCs), in comparison to CD34+/CD38+ cells. Tax1
also markedly protected CD34+ cells from apoptosis.
Notably, HTLV-1 infection of CD34+ cells also induces
p21 and p27 expression and retards cell cycle progres-
sion. In contrast, HTLV-2 Tax (Tax2) did not detectably
alter p21 or p27 gene expression, failed to induce cell
cycle arrest, did not protect cells from apoptosis and
did not suppress hematopoiesis in CD34+ cells. Tax1
also robustly repressed expression of the Survivin
gene, which has recently been demonstrated to facili-
tate cell cycle progression in CD34+ cells. G0/G1 cell
cycle arrest and transcriptional repression of Survivin

defines two novel roles for Tax1 and suggests that this
viral oncoprotein may uniquely function to facilitate
HTLV-1 latency in CD34+ cells. A Tax2/Tax1 chimera
encoding the C-terminal 53 amino acids of Tax1 fused
to Tax2 (Tax221) displayed a phenotype in CD34+ cells
similar to that of Tax1, suggesting that unique domains
encoded within the C terminus of Tax1 may modulate
cellular gene expression and may account for the phe-
notypes displayed in human hematopoietic progeni-
tor and stem cells. The remarkable differences in the
activities of Tax1 and Tax2 in CD34+ hematopoietic
progenitor and stem cells may reflect the sharp dif-
ferences observed in the pathogenesis resulting from
infection with HTLV-1 in contrast with HTLV-2. The
implications of infection of hematopoietic stem cells
by HTLV and the establishment of retroviral latency in
these pluripotent cells will be discussed.

P57
Transduction of HTLV-1 and -2 tax oncoproteins in
primary human neuronal cells induces expression of
proinflammatory cytokines and sensitization to
apoptosis
Gerold Feuer,1 Rosemary Rochford,1 Prabal
Banerjee,1 Jack Antel,2 and Gregory Canute3

1Department of Microbiology and Immunology, SUNY
Upstate Medical University, Syracuse, NY; 2Department of
Neurology and Neurosurgery, McGill University Montreal,
Quebec, Canada; and 3Department of Neurosurgery SUNY
Upstate Medical University, Syracuse, NY, USA

Infection with Human T-cell leukemia virus type
1 (HTLV-1) results in the development HTLV-1-
associated myelopathy/tropical spastic paraparesis
(HAM/TSP), a non- fatal, chronic inflammatory dis-
ease of the central nervous system (CNS). Although
the pathogenesis of HAM/TSP remains to be eluci-
dated, previous evidence suggests that elevated lev-
els of the pro-inflammatory cytokines TNF-alpha, IL-
6 and IL-1 beta in the CNS are associated with neu-
ropathogenesis. We have previously shown that the
expression of HTLV-1 Tax (Tax1) is sufficient for the
induction of pro-inflammatory cytokines in primary
microglial cells. HTLV-2 is highly related to HTLV-1
and shares a high degree of sequence homology par-
ticularly in the Tax region, but infection with HTLV-
2 is significantly less pathogenic. To investigate and
compare the effects of Tax1 and Tax2 expression on
the dysregulation of proinflammatory cytokines in pri-
mary neuroglial cells, lentivirus vectors were used to
transduce primary human astrocytes and oligoden-
drocytes. Expression of Tax1 in primary human as-
trocytes and oligodendrocytes results in significantly
more robust levels of pro-inflammatory cytokine in-
duction in comparison to Tax2. Notably, expression of
Tax1 sensitized primary human astrocytes to apopto-
sis mediated by serum withdrawal, in stark contrast
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to astrocytes transduced with Tax2. The C-terminus of
Tax1 has been shown to uniquely encode a PDZ bind-
ing motif (PBM) and this region has been implicated
in the elevated transforming potential demonstrated
by Tax1 as well as playing a role in the transcrip-
tional transactivation of cellular genes. A Tax-2/Tax-
1 chimera (Tax221), containing the C terminal 53 aa
of Tax1 fused to Tax2, demonstrated a Tax1 pheno-
type, with respect to proinflammatory cytokine induc-
tion and sensitization of primary human astrocytes to
apoptosis. This suggests that the C -terminus of Tax1
functions in the transcriptional transactivation of cel-
lular pro-inflammatory cytokines and in accentuating
serum withdrawal-mediated apoptosis in primary as-
trocytes. The differential cytokine induction patterns
demonstrated by Tax1 and Tax2 and the sensitiza-
tion to apoptosis may reflect differences relating to the
heightened neuropathogenesis associated with HTLV-
1 infection.

P58
CD163 expression by perivascular and parenchymal
mononuclear phagocytes in CNS tissues suggests
trafficking of HIV-1 infected monocytes/macrophages
in HIVE
Tracy Fischer-Smith,1 Sidney Croul1,2, Christie Bell,1

Susan Morgello,3 Kamel Khalili,1 and Jay Rappaport1

1Department of Neuroscience, Temple University School of
Medicine, Philadelphia, PA, USA; 2Drexel University
College of Medicine, Philadelphia, PA USA; and
3Manhattan HIV Brain Bank, Mount Sinai School of
Medicine, New York, NY, USA

Previously, we demonstrated two subsets of produc-
tively infected (HIV-1 p24+) mononuclear phago-
cytes (MP) in the CNS of patients with HIV en-
cephalopathy (HIVE): 1) accumulating perivascular
macrophages, multi-nucleated giant cells and nod-
ules that are CD14+/CD16+/CD45+ and, 2) CD14-
/CD16+/CD45- ramified microglia in white matter.
CD14+/CD16+/CD45+ cells appeared to be cells that
have recently entered the CNS from the periph-
ery, however, the origin of the CD14-/CD16+/CD45-
ramified microglia in the parenchyma remained un-
clear. While these cells were phenotypically mi-
croglia, the increased number of these cells with
the concomitant absence of evidence for proliferation
suggested that these ramified cells may be derived
from perivascular macrophages through parenchy-
mal invasion and phenotypic adaptation. CD163, a
monocyte/macrophage specific scavenger receptor for
hemoglobin-haptoglobin complex, is reported to be ex-
pressed in the CNS by perivascular macrophages but
not by resident microglia in human brain. In the stud-
ies presented here, we utilize this disparity in the ex-
pression pattern of CD163 by brain macrophages to
further characterize the MPs in the CNS in HIVE and

in HIV-1 associated Progressive Multifocal Leukoen-
cephalopathy (PML). Our results reveal CD163 posi-
tivity in cells with microglial morphology in HIVE, but
not PML. Both parenchymal microglia and perivascu-
lar macrophages are CD163+ in HIVE. In contrast, only
foamy macrophages associated with areas of demyeli-
nating lesions were CD163+ in PML CNS tissues. Re-
sults of these studies, demonstrating accumulation of
CD163+ MPs in the CNS provides strong evidence for
the role of increased monocyte/macrophage trafficking
in the pathogenesis of HIVE.

This work was supported by grants from NIH to JR
and KK.
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Increased CD163 expressing peripheral blood
monocytes/macrophages are CD16+ and correlate
with viral load and CNS invasion in SIVmac251
infected Rhesus macaques
Tracy Fischer-Smith,1 Sidney Croul,1,2 Christie Bell,1

Yvonne M Mueller,2 Kamel Khalili,1 Mark G Lewis,3
and Jay Rappaport1

1Department of Neuroscience, Temple University School of
Medicine, Philadelphia, PA, USA; 2Drexel University
College of Medicine, Philadelphia, PA, USA; and 3Bioqual,
Inc., Rockville, MD, USA

In autopsy tissues from HIV-1 infected individuals
with encephalopathy (HIVE), we have demonstrated
significant accumulation of CD163+ macrophages that
gather perivascularly, within the brain parenchyma
and comprise multinucleated giant cells and mi-
croglial nodules. Further, these cells are CD16+ and
many harbor productive virus and appear to be the
reservoir of productive HIV-1 infection in the CNS.
As CD163 is reported to be expressed in the CNS
by perivascular macrophages but not by resident
microglia in normal brain, these studies provided
strong evidence for the role of increased monocyte/
macrophage trafficking in the pathogenesis of HIVE.
In our present study we investigated uninfected and
SIVmac251 infected Rhesus macaques with and with-
out SIV encephalopathy (SIVE) for alterations in pe-
ripheral blood monocyte activation/maturation mark-
ers by flow cytometry and assessed how these changes
might correlate with viral load and CNS disease. Like
HIVE, accumulating perivascular macrophages and
ramified microglia are CD163 positive in SIVE. Flow
cytometry revealed an increase in CD163 mean fluo-
rescence intensity (MFI) of monocytes/macrophages
in circulation that correlates with viral load. Addi-
tionally, CD163hi/CD16+ cells are seen at a greater
frequency in macaques with high viral loads, with
an even greater frequency of CD163hi/CD16hi mono-
cytes/macrophages. These studies provide additional
support for the role of altered monocyte activa-
tion/differentiation in the peripheral blood to the
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contribution of SIV neuropathogenesis and, poten-
tially, HIVE.

This work was supported by grants from NIH to JR
and KK.

P60
Monocyte/macrophage trafficking and the
development of HIV and SIV Encephalitis
Tracy Fischer-Smith,1 Sidney Croul,1 Christine Bell,1
Susan Morgello,2 Kamel Khalili,1 Mark G. Lewis,3
and Jay Rappaport1

1Department of Neuroscience, Temple University School of
Medicine, Philadelphia, PA; 2Manhattan HIV Brain Bank,
Mount Sinai School of Medicine, New York, NY; and
3BIOQUAL, Inc., Rockville, MD, USA

Dysregulation of monocyte proliferation, activation,
and trafficking leads to invasion and accumula-
tion of macrophages in CNS during the course of
HIV/SIV infection. We have conducted phenotypic
studies to characterize the mononuclear phagocytes
present in CNS and peripheral tissues. Perivascular
macrophages are CD14+ and CD45/LCA+, whereas
parenchymal microglia are CD14- and CD45-. Both
perivascular macrophages and parenchymal microglia
express CD16 in HIVE, likely derived from the
CD14+/CD16+ expanded monocyte subset in circu-
lation or alternatively due to microglial activation
in patients with AIDS and HIVE. To further in-
vestigate the dramatic increase in microglial accu-
mulation, we have investigated CD163, a recently
characterized monocyte/macrophage marker, report-
edly absent on microglia, as a biomarker in Neu-
roAIDS. Immunophenotypic analysis was performed
using human and macaque CNS tissue and also in
blood monocytes during SIV infection of Rhesus
macaques, some of which were also treated with
morphine. Interestingly, ramified microglia express
CD163 in HIVE, but not in normal brain tissues, nor
in HIV/PML tissues in areas outside of demyelinat-
ing lesions. The percent fraction of CD163hi/CD16hi
monocytes in circulation was increased and corre-
lated with viral load P = 0.0001. Furthermore the
mean fluorescence intensity of CD163 is also in-
creased. CCR5 expression is also increased on mono-
cytes with CD163hi phenotype. Immunohistochem-
ical studies in human HIVE CNS tissues demon-
strate colocalization of CD163 and HIV-1 p24 stain-
ing. These results identify the CD163hi/CD16hi sub-
set as an expanded subpopulation of monocytes
in circulation that is likely to be involved in
the establishment of the CNS reservoir of HIV/SIV
infection. These studies suggest the potential ef-
ficacy of therapeutic approaches directed toward
monocyte/macrophage developmental and survival
pathways.

This work was supported by grants from NIH to JR
and KK.

P61
Hepatitis C virus from post-mortem brain and liver
tissues: A mutational analysis of RNA and amino
acids sequences of the E1 protein region
Sarah Fishman,1 Jacinta Murray,2 Francis Eng,1 José
Walewski,1 Susan Morgello,2,3 and Andrea Branch1

1Department of Medicine; 2Department of Pathology; and
3Department of Neurosciences, Mt. Sinai School of
Medicine, NY, NY, USA

Background: Hepatitis C virus (HCV) RNA can be re-
covered from several tissues, including liver, periph-
eral blood mononuclear cells, and brain. Sequence
analysis reveals that viral subpopulations preferen-
tially accumulate in separate compartments. HCV’s
two envelope proteins, E1 and E2, are thought to medi-
ate viral entry into cells and may contribute to cellular
tropism.

Methods: In the current IRB-approved study, RNA
encoding the first 126 amino acids of the HCV E1 en-
velope protein and a portion of the E1 signal sequence
were analyzed in extracts of plasma and post mortem
liver and brain specimens of 13 patients with HCV
viremia: 10 HCV/HIV-coinfected and 3 HCV mono-
infected. Tissue specimens from 17 individuals with-
out detectable HCV RNA in plasma provided controls.
An 80 base-long segment of the 5′ untranslated region
(UTR) was analyzed in parallel.

Results: As assessed by polymerase chain reaction
(PCR) amplification and direct sequencing, HCV RNA
was recovered from liver of 10/10 co-infected and
3/3 mono-infected patients and 0/17 HCV aviremic
patients (p < .0001). Of the patients with HCV RNA in
liver, 6/10 co-infected patients had HCV in the brain.
At the nucleotide level, the brain sequence differed
from both the plasma and liver sequences in 2/6
patients; and at the protein level, the brain sequence
differed from both the plasma and liver sequences
in one patient. This patient evidently had a mixed
infection, as the predominant HCV in the liver was
genotype 1b, while in the plasma it was genotype
1a. The brain sequence could not be unambiguously
determined, but the HCV RNA appeared to be a
mixture of genotype 1a and 1b. E1 contains four
putative N-linked glycosylation sites in the region
under analysis. All four sites were preserved in all but
one patient whose first site was mutated in plasma,
liver, and brain extracts. Sequence analysis of the
mono-infected patients is underway.

Conclusions: HCV RNA could be recovered from the
majority of the post-mortem brain tissues of HIV/HCV
co-infected patients with HCV viremia (6/10). Thus,
accumulation of HCV in the brain appears to be a fre-
quent event and could contribute to the fatigue and
cognitive deficits often noted in HCV patients. Inves-
tigations are needed to determine the distribution and
density of HCV in the central nervous system and to
assess the role CNS invasion plays in pathogenesis and
treatment failure.
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Supported by R24MH59724, DA016156 and
DK066939 from the NIH.
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Interaction between human T cell leukemia virus
type 1 Tax and protein components of the cellular
secretory pathway
Katherine E Flaig,1 Pooja Jain,1 Kate Mostoller,2
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Tax protein has been shown to play an integral role
in human T cell leukemia virus-1-induced diseases
including adult T cell leukemia (ATL) and HTLV-
1-associated myelopathy/tropical spastic paraparesis
(HAM/TSP). Extracellular Tax has been detected in the
cerebrospinal fluid of HAM/TSP patients, suggesting
that cell-free Tax may be physiologically involved in
the progression of neurologic disease. We have pre-
viously demonstrated the secretion of full-length Tax
and its co-localization with the cytoplasmic organelles
relevant to secretion. The present study elucidates the
mechanism of Tax secretion. To identify intracellular
Tax interacting proteins, we have used an antibody
array spotted with antibodies directed against cellu-
lar secretory pathway proteins. Upon reaction with
protein extracts from Tax-treated cells, antibody ar-
ray analyses have suggested the interaction of Tax
with SCAMP1, SCAMP2, SNAP23, and COPII; pro-
teins that facilitate transport between the nucleus and
cytoplasm, and between the endoplasmic reticulum,
Golgi complex, and plasma membrane. Subsequently,
we have confirmed these specific protein-protein in-
teractions by co-immunoprecipitation and GST pull-
down assay involving the use of a GST-Tax fusion pro-
tein bound to glutathione-coupled particles to affin-
ity purify proteins that interact with Tax. Collectively,
these studies have demonstrated the interaction of Tax
with multiple proteins in the secretory pathway and
that Tax may be secreted and act as an extracellular
effector molecule.

P63
Mechanisms of minocycline induced suppression of
SIV encephalitis
Susan C. Follstaedt, Tauni Voelker, Sheila A. Barber,
and M. Christine Zink
Department of Molecular and Comparative Pathobiology,
Johns Hopkins Medicine, Baltimore, MD, USA

Minocycline, a tetracyclic antibiotic, has been shown
to decrease the severity and incidence of encephali-
tis in a rapid, rigorous SIV/macaque model of HIV-
associated CNS disease. In this model, a shift in the bal-

ance of MAPK signaling in the brain is observed over
the course of infection, with a trend to increased acti-
vation of p38 and JNK, classically neurodegenerative
pathways, during terminal infection when macaques
have AIDS and SIV encephalitis. Minocycline has been
shown to inhibit the activation of p38 signaling in the
context of other neurodegenerative diseases, and this
may be key to its neuroprotective properties in the SIV
macaque model.

To examine the mechanism of this modulation of the
cell signaling environment by minocycline, we have
established an in vitro system in which a nitric ox-
ide donor is used to activate both p38 and JNK sig-
naling in U937 monocytic cells. We have found that
pretreatment of these cells with minocycline results
in a dose dependent suppression of this activation.
Through the use of specific inhibitors, we have found
the mechanism of this suppression to be independent
of the activation of antagonizing pathways that sig-
nal through PKC or ERK. Our findings indicate that
minocycline acts upstream of p38 and JNK, suppress-
ing the activity of ASK1, a MAPKKK capable of lead-
ing to the activation of both p38 and JNK. We are cur-
rently investigating how minocycline inhibits ASK1
phosphorylation of downstream MAPKKs, focusing
on redox sensitive regulation mechanisms of ASK1
activation.

P64
Neuroinflammation in the CNS leading to seizures
due to virus infection
Robert S Fujinami,1 Matthew CP Smith,1 Tomoko
Tanaka,1 Nikki J Kirkman,1 Karen S Wilcox,2 and
H Steve White2
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Pharmacology and Toxicology, University of Utah College
of Pharmacy, Salt Lake City, Utah, USA

Seizures in humans are often associated with viral in-
fections. Several animal models have been proposed
to mirror some of the features of seizures due to vi-
ral infection. Central nervous system (CNS) herpes
virus encephalitis of mice, rats and rabbits can in-
duce seizures but most animals die due to the viral
encephalitis. Borna virus infection of rats in some in-
stances can lead to seizures due in part to a persis-
tent Borna virus (CNS) infection. To investigate the
contribution of virus versus innate immune responses
that lead to seizures following an acute viral infec-
tion, we have explored Theiler’s murine encephalitis
virus (TMEV) infection of C57BL/6 mice. Infection of
C57BL/6 mice has been reported to lead to viral clear-
ance due to anti-viral CD8+ T cells. We have found that
infection of C57BL/6 mice with the DA strain of TMEV
(2,000 pfu) leads to seizures in about 50% of mice.
Mice develop clonic seizures between day 3 and day
10 following infection. Seized mice have an impaired
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righting reflex during this period as well as poor motor
coordination as measured by rotor rod analyses versus
unseized or uninfected animals. Seized mice also fail
to gain weight following infection as compared to un-
seized or uninfected control mice. Infection of either
IL-6 or TNF-alphaR knockout mice lead to a decreased
incidence of seizures. No seizures were observed in in-
fected BALB/c or SJL/J mice. Pathologic studies found
that seized infected mice had more extensive dam-
age and inflammation in the hippocampus versus un-
seized infected C57BL/6 mice. We hypothesize that an
early innate immune response after TMEV infection
in the CNS such as IL-6 and TNF-alpha production
leads to seizure development. We are currently explor-
ing this concept.

Supported by NINDS.
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Reactivation of HHV-6 in natalizumab treated MS
patients
Susan J Gagnon, Karen Yao, Nahid Akyani, Elizabeth
Williams, Olaf Stuve, Nancy Monson, Michael Racke,
and Steven Jacobson
National Institutes of Health, NINDS, Bethesda, MD, USA

In a recent trial of the a4 integrin antagonist na-
talizumab for the treatment of multiple sclerosis
(MS), three patients developed progressive multifo-
cal leukoencephalopathy (PML). PML is a demyeli-
nating disorder of the central nervous system (CNS)
most often observed in immunocompromised individ-
uals. PML is caused by reactivation of clinically latent
JC polyomavirus, and it has been suggested that im-
paired immune surveillance due to natalizumab treat-
ment may have contributed to the observed JCV reac-
tivation. As HHV-6 has been suggested to play a role
in MS and has also been detected in high frequency in
PML white matter within and surrounding demyeli-
native lesions, we asked whether this virus could also
have been reactivated during therapy. We examined
matched serum and CSF samples from a limited set of
MS patients treated with and without natalizumab for
evidence of HHV-6 reactivation as assessed by pres-
ence of viral DNA sequences and anti-HHV-6 antibod-
ies. In this small cohort of natalizumab treated MS pa-
tients, we could detect HHV-6A DNA in the CSF of
a surprising number of patients (2 of 24), while no
such sequences were found in the CSF of the non-
natalizumab treated group. Analysis of anti-HHV-6 IgG
in serum using a novel electrochemiluminescence as-
say demonstrated significantly elevated levels in pa-
tients on natalizumab compared to controls. Studies to
define serum HHV-6-specific IgM responses and CSF
IgM and IgG responses are ongoing. This novel assay
will also allow for the analysis of HHV-6 antibody re-
sponses to different proteins of HHV-6. Further, we
confirmed the presence of HHV-6 in PML lesions by
immunohistochemistry. We suggest the possibility that

following reactivation, HHV-6 may be able to trans-
activate other viruses such as JCV. Collectively, these
results support the hypothesis that treatment with na-
talizumab may be associated with reduced immune
surveillance resulting in reactivation of viruses asso-
ciated with MS pathogenesis.

P66
An inducible Tat transgenic mouse model for the
study of HIV Neurologic complications
David Galey, Rollie Reid, David Wheeler, Norman
Haughey, Ashok Chauhan, and Avindra Nath
Department of Neurology, Johns Hopkins University,
Baltimore, MD, USA

Background: The HIV protein Tat is actively secreted
by HIV-infected cells and has long been considered
to be important in HIV associated neurologic alter-
ations. In the brain, Tat would not only be released
from infected cells that have gained access to the brain
parenchyma from the periphery, such as macrophages
and lymphocytes, but also the resident cells suscep-
tible to infection, astrocytes and microglia. Therefore,
Tat is readily available to have both a direct and indi-
rect effect on the nervous system. Tat has been demon-
strated to be a potent neurotoxin when it is directly ap-
plied to neurons. Tat also can have profound effects on
the function of the central nervous system indirectly
through its potential to alter the cellular function and
state of the resident cells. However, much of this work
has been performed in vitro due to a paucity of animal
models for the paradigm.

Objective: To develop an in vivo animal model for
the study of Tat-induced neurologic alterations.

Methods: A 2 plasmid tetracycline-inducible system
was chosen. The first construct placed the tetracycline
reverse transactivator under the control of the glial
fibrillary acidic protein (GFAP) promoter (Clonetech;
pGFAP-rtTA). The second construct introduced Tat 1-
86 (HIV-1 IIIB) under control of the tetracycline respon-
sive element in pTREX (Clonetech; pTRE-Tat). Each of
these constructs was introduced into mice by microin-
jection of fertilized eggs. The mice were then cross-
bred to generate mice (tgTat) that would express Tat
in GFAP+ cells following treatment with doxycycline
(Dox).

Results: Tat was found to be expressed specifically
in the brains of Dox treated tgTat mice by RT-PCR and
Western blotting. Immunostaining also revealed the
presence of Tat in cultured astrocytes derived from tg-
Tat mice following Dox treatment. While there was no
gross neuroanatomical defects readily apparent, im-
munohistochemistry revealed Tat positive cells in the
Dox treated mice, whereas the vehicle controls showed
no evidence of Tat. Mass spectroscopy revealed a sig-
nificant decrease in several cholesterol species and a
significant increase in HNE-lysine and HNE-histidine
suggestive of increased oxidative stress. Although we



7th International Symposium on NeuroVirology
31 May–3 June 2006 29

found no significant alteration in neuronal number
among the Tat expressing mice, these findings led us
to examine neurogenesis. We found that Tat express-
ing tgTat mice had a reduced capacity for neurogene-
sis by BrdU incorporation. As for the indirect mecha-
nisms by which Tat may impact brain function, a pro-
tein array analysis revealed that several cytokines and
chemokines were highly elevated in the Tat expressing
Dox treated mice.

Conclusions: The results to date with the tgTat mice
indicate that there is a state induced in vivo by Tat that
is not only detrimental to proper neuronal functioning
and survival, by inducing inflammatory and oxidative
states, but also impairs neurogenesis. Several studies
are ongoing to further characterize these mice. How-
ever, our findings thus far indicate that this murine
model serves well for studying the ramifications of
low-level Tat expression in the central nervous system.

P67
Rapid induction of type I IFN responses in brain
macrophages following SIV infection
Lucio Gama, Justyna M Dudaronek, Tauni Voelker,
Sheila A Barber, and Janice E Clements
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Johns Hopkins University School of Medicine, Baltimore,
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Invasion of the brain by HIV and SIV can occur
early after infection although the development of HIV-
associated cognitive disorders does not typically oc-
cur until after the onset of immunosuppression. Thus,
mechanisms must exist in the CNS to control acute
HIV/SIV replication. Using a rapid and consistent
SIV/macaque model of HIV CNS disease, we provided
the first molecular evidence to support the existence
of one such mechanism and subsequently proposed a
model of transcriptional SIV latency in the brain. We
demonstrated that SIV RNA that is readily detectable
in the brain during acute infection (10 days p.i.) is
greatly reduced during asymptomatic infection (21
days p.i.), despite the persistence of stable levels of SIV
DNA in the brain at both times, indicating that acute
SIV replication in the brain is suppressed at least in
part at a transcriptional level. Next, we demonstrated
that the induction of innate immune responses involv-
ing IFNb and LIP (the dominant-negative isoform of
the transcription factor C/EBPb) parallels the suppres-
sion of acute SIV replication in the brain. Finally, we
demonstrated that IFNb induces expression of LIP and
that wild-type C/EBPb (LAP) and LIP bind to the SIV
LTR and activate or suppress LTR activity, respectively,
by recruiting or suppressing recruitment of histone
acetylase activity. Collectively these data provide com-
pelling evidence, both in vitro and in the brain, to sup-
port the following model: SIV/HIV invades the CNS
during acute infection, at which time LAP predomi-
nates at the LTR and together with chromatin remodel-
ing events, mediates LTR-dependent transcription re-

sulting in the production of full length viral RNA in
the brain. Concomitantly, acute virus infection triggers
the production of IFNb in the brain, which induces al-
ternative translation of C/EBPb mRNA resulting in in-
creased expression of LIP relative to LAP between 7 to
21 days p.i. At this time, LIP predominates at the LTR,
chromatin remodeling events at the LTR subside and
the production of full length viral RNA becomes unde-
tectable. What remains unclear is when and how IFNb-
mediated immune responses are induced by SIV infec-
tion in the brain. Here, we demonstrate that SIV infec-
tion of primary blood-derived macrophages induces
expression of IFNb mRNA, hallmark of the type I IFN
response. We further demonstrate that macrophages
isolated from the brains of SIV-infected macaques dur-
ing acute infection (as early as 4 days p.i.) express
high levels of SIV RNA as well as IFNb and MxA
mRNA. Since MxA mRNA is commonly used as a
marker to confirm the presence of active type I IFN pro-
tein, we conclude that cells in these populations have
already responded to the type I IFN secreted by the
SIV-infected cells. These data demonstrate that brain
macrophages are infected in this model as early as 4
days p.i. and that acutely infected macrophages par-
ticipate in the rapid induction of IFNb-mediated re-
sponses to SIV invasion of the brain.

This research was funded by grants from NINDS and
NIMH.
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Gutierrez, Myriam Lucia Velandia, and Jaime
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Colombia

Rabies Virus (RABV) regulates the antiviral response
in the Central Nervous System (CNS) inhibiting neu-
ronal apoptosis by means of up-regulation of Bcl-2 or
inducing lymphocytes death through Fas/FasL com-
plex pathway. Dorsal root ganglia (DRG) sensory neu-
rons play an important role in the transport, spreading
and pathogenesis of RABV, since it is well known that
those neurons capture and transport the virus from the
periphery to the CNS. In this work, we evaluated the
expression of both apoptotic and anti-apoptotic pro-
teins during the infection with the highly neurotropic
strain of RABV, CVS (Challenge Standard Virus) har-
vested in mouse brain. Infected and non-infected DRG
cultures of adult mice were purified using the mitosis
inhibitor cytosine arabinoside and processed at dif-
ferent times post-infection by immunohystochemistry.
The results showed a significant increase in the num-
ber of infected neurons expressing Bcl-2 and FasL,
whereas the proportion of infected neurons express-
ing Fas diminished. These results suggests that RABV
induces the expression of the anti-apoptotic protein
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Bcl-2 to counteract the apoptotic effects of infection
on the neurons and, at the same time regulates the ex-
pression of apoptotic proteins such as FasL that could
induce death of non-neuronal cell populations like
Schwann cells and/or other cells involved in the im-
mune response.

P69
Synaptic injury in NeuroAIDS
Harris A Gelbard,1,2,3 Matthew J Bellizzi,1,2,3 and
Shao-ming Lu1,2,3

1University of Rochester Medical Center; 2Department of
Neurology; and 3Center for Aging and Developmental
Biology, Rochester, NY, USA

Our laboratory has investigated the molecular ba-
sis for synaptic injury in HIV-1 associated dementia
(HAD) because data from neuropathologic, neuropsy-
chologic, and neuroimaging studies support the hy-
pothesis that synaptic connections and function is af-
fected early in the course of neurodegeneration. The
principal mechanism for this type of injury is thought
to ultimately involve excitotoxic activation of gluta-
mate receptors in post-synaptic neurons, but results
from clinical trials with NMDA receptor antagonists
such as memantine have been disappointing. One ex-
planantion for this may be increased sensitivity to ex-
citotoxicity in an inflammatory setting such as HAD
may facilitate synaptic injury following more physi-
ologic glutamate release. We have previously shown
(Bellizzi et al., J. Clin. Inv., 115(11):3185-3192, 2005)
that high-frequency synaptic stimulation that induces
long-term potentiation (LTP) in hippocampal slices
can instead trigger calcium- and caspase-dependent
dendritic injury, with failure of LTP, in slices exposed
to a stable analog (cPAF) of platelet activating fac-
tor (PAF), a phospholipid mediator produced in post-
synaptic membranes during normal synaptic activity
that facilitates release of presynaptic glutamate, and in
HAD, can also be released from infiltrating HIV-1 in-
fected mononuclear phagocytes in levels that promote
neuronal demise. Patch clamp recordings from post-
synaptic neurons show no differences in duration or
extent of glutamate receptor activation during stimu-
lation in cPAF-treated or control slices, suggesting that
similar patterns of glutamatergic activity might induce
physiologic plasticity or synaptic injury depending on
the presence of inflammatory mediators. Furthermore,
we found that dendritic injury could be prevented and
LTP restored by pre-treatment with a mitochondrial
ATP-sensitive K+ channel antagonist known to in-
duce chemical preconditioning in a number of disease
models. Blocking Ca2+ influx or post-synaptic cas-
pase activation prevented structural injury but failed
to restore LTP to cPAF-treated slices. These results
suggest that blocking abnormal NMDA receptor acti-
vation might not be sufficient to protect against synap-
tic injury, and that preconditioning vulnerable neu-
rons may be one way to prevent activity-dependent

synaptic injury while preserving physiologic plastic-
ity. In support of this, we have recently demonstrated
that rhodamine 123 fluorescence increases dramati-
cally within 60 seconds in cPAF-treated hippocampal
slices relative to control, before returning to baseline
several minutes later. These results suggest that one of
the earliest events in this type of synaptic injury may
be mitochondrial dysregulation of that Ca2+. Experi-
ments are in progress to determine the cellular locus
and signaling pathways involved in these phenomena
in order to develop a more effective therapeutic strat-
egy to block this type of insult.

Support Contributed by: RO1 MH56838, PO1
MH64570, and AI49815 and GM07356.

P70
Circuit-specific abnormalities of dopamine synapses
are present in NNTC brain specimens with HIV
encephalitis
Benjamin B Gelman, Jeffrey Spencer, Charles E
Holzer III, and Vicki M Soukup
University of Texas Medical Branch, Galveston, TX, USA

Dysfunction of dopaminergic (DAergic) circuitry pro-
duces neurocognitive impairment and drives behav-
ior that increases the risk of HIV transmission. We
examined DAergic synapses in the striatum and pre-
frontal cortex of people with neurocognitive impair-
ment due to HIV encephalitis. Pre- and post-synaptic
DAergic protein markers were measured using West-
ern blotting and RT-PCR in six decedents with HIVE
and HAD, and six uninfected people obtained from
one repository of the National NeuroAIDS Tissue
Consortium (NNTC). In striatal homogenates two pre-
synaptic markers were abnormal. The dopamine re-
uptake carrier was increased and tyrosine hydroxy-
lase was decreased. Postsynaptic dopamine receptor
type 2 protein (D2R) was decreased while D3R was
increased. Alternatively spliced variants of D2R both
were abnormal. Abnormal striatal synapse proteins
were most prominent in specimens with abundant HIV
Gag mRNA, and were distributed uniformly in stria-
tum. Prefrontal DAergic synapses also were abnormal,
but the changes were not identical to those observed
in striatum. These data provide biochemical evidence
that DAergic tone is abnormal in specific DAergic cir-
cuits in people with abundant HIV replication in the
brain.

P71
The expanding spectrum of zoster sine herpete
Donald H Gilden
Departments of Neurology and Microbiology, University of
Colorado Health Sciences Center, Denver, CO, USA

Herpes zoster or shingles is characterized by radicular
pain and rash usually restricted to 1–3 dermatomes
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and reflects reactivation of latent varicella zoster virus
(VZV) from ganglia anywhere along the neuraxis. VZV
reactivation may also cause pain without rash (zoster
sine herpete) as first suggested in zoster patients who
had dermatomal distribution radicular pain in ar-
eas distinct from zoster; unfortunately, no virological
studies were performed. Subsequent cases of zoster
sine herpete, strictly defined as dermatomal distri-
bution pain without antecedent rash, have provided
serological, virological, imaging, electrophysiological
and pathological evidence supporting the role of VZV
in this disease entity. Furthermore, VZV reactivation
without rash may produce other neurologic diseases
as described below.

The first verification of zoster sine herpete was in
a physician who developed acute trigeminal distri-
bution pain without rash, associated with a four-fold
rise in serum antibody specific to VZV. Definitive vi-
rological verification of zoster sine herpete came from
PCR analysis of CSF from two men with prolonged
thoracic-distribution radicular pain without rash. Am-
plifiable VZV, but not HSV DNA, was found in their
CSFs and blood mononuclear cells (MNCs). An ad-
ditional virologically confirmed case demonstrated
electromyographic fibrillation potentials restricted to
chronically painful thoracic roots. MRI of another pa-
tient with virologically verified active VZV infection
revealed inflammation in ganglia and nerve roots cor-
responding to persistent pain. Two remarkably com-
pelling cases of zoster sine herpete, verified patho-
logically and virologically, deserve mention. The first
was a 77-year-old man with T cell lymphoma and no
history of zoster rash who developed an acute fatal
meningoradiculitis of cranial nerve roots and cauda
equina, pathologically and virologically confirmed to
be caused by VZV. The second was an immunocom-
petent adult who had experienced relentless trigem-
inal distribution pain for more than a year without
any history of zoster rash; pathological analysis of
a trigeminal ganglionic mass confirmed severe VZV
ganglionitis. Testing for VZV DNA and anti-VZV IgG
antibody has expanded the spectrum of zoster sine
herpete. Numerous cases of unifocal and multifocal
VZV vasculopathy have been verified virologically in
the absence of zoster rash. Acute VZV meningoen-
cephalitis, myelitis or cerebellar ataxia may also oc-
cur without rash. Prevalence estimates of the expand-
ing spectrum of zoster sine herpete await virolog-
ical analysis of additional patients with prolonged
radicular pain or other neurological symptoms and
signs. Analysis should include a test for anti-VZV
IgG antibody and PCR to amplify VZV DNA in CSF,
and examination of blood MNCs for VZV DNA. Fi-
nally, the nosological entity of zoster sine herpete
has considerable implications for analysis and treat-
ment of patients with postherpetic neuralgia. Overall,
VZV reactivation from latency in ganglia may produce
various neurologic disorders all caused by the same
pathogen.

P72
HTLV-I Tax down-regulates expression regulatory T
cell-specific Foxp3
Christian W Grant,1 Unsong Oh,1 Norihiro
Takenouchi,1 Yoshihisa Yamano,2 Karen Yao,1
and Steven Jacobson1

1Viral Immunology Section, Neuroimmunology Branch,
National Institute of Neurological Disorders and Stroke,
National Inistitutes of Health, Bethesda, MD, USA and
2Deparment of Neurology, Kagoshima City Hospital,
Kagoshima, Japan

Recent studies from our group have demonstrated
that the expression of regulatory T cell-specific tran-
scription factor Foxp3 was significantly reduced in
CD4+CD25+ T cells from patients with human T lym-
photropic virus type I (HTLV-I)-associated myelopa-
thy/tropical spastic paraparesis (HAM/TSP) com-
pared to healthy individuals (Yamano et al., JCI
115:1361-1368, 2006). This was accompanied by a lack
of suppressive function in HAM/TSP CD4+CD25+
T cells compared to healthy individuals. Further-
more, we demonstrated that forced expression of the
HTLV-I transactivator protein Tax into healthy donor
CD4+CD25+ T cells resulted in down-regulation of
Foxp3 expression and loss of suppressive function.

The present study was aimed at determining the
mechanisms by which HTLV-I Tax down-regulates
Foxp3 expression in regulatory T cells. CD4+CD25+
T cells were isolated from healthy donors by magnetic
beads and transfected by Amaxa with expression vec-
tors encoding Tax, or well-characterized mutants defi-
cient in NF-kB (M22) or ATF/CREB (M47 and K88A)
transactivation. After 24 hrs, cells were analyzed for
Foxp3 expression using real-time RT-PCR (TaqMan).

Data from four independent experiments demon-
strate that while overexpression of Tax and M22 led
to significantly reduced levels of Foxp3 mRNA (P =
0.04 and P = 0.02, respectively), overexpression of
K88A did not significantly reduce Foxp3 mRNA lev-
els (P = 0.06). Our results suggest that Tax transacti-
vation of the ATF/CREB pathway may be important
for the dysregulation of Foxp3 expression in patients
with HAM/TSP. Ongoing studies will examine the ef-
fect of Tax and Tax mutants on cytokine production in
CD4+CD25+ T cells as well as the suppressive activity
of CD4+CD25+ T cells. These studies, along with anal-
ysis of the Foxp3 promoter region, will aid in elucidat-
ing mechanisms governing Foxp3 expression and al-
low the development novel therapeutics aimed at res-
cuing Foxp3 expression in various autoimmune disor-
ders where Foxp3 expression is deficient.

P73
The pattern of VZV gene expression at variable
periods following death in a rat model of ganglionic
latency
Esther Grinfeld,1 Catherine Sadzot-Delvaux,2 Roslyn
Goodwin,1 and Peter GE Kennedy1
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Following a primary infection by the human herpes
virus Varicella Zoster Virus (VZV) (varicella), the virus
remains in a latent form in the trigeminal and dorsal
root ganglia (DRG) for the life of the host. After a vari-
able interval, the virus can reactivate to produce her-
pes zoster (shingles). An important unresolved ques-
tion of VZV in the human peripheral nervous system
is the differentiation betweeen true latency and a low
level persistence or sub-clinical reactivation. It would
be very interesting to distinguish latency or reactiva-
tion as a consequence of manipulation, which is im-
possible to determine while working with human gan-
glionic tissue. A direct approach to this problem re-
quires the use of animal models. We therefore used a
rat model of ganglionic latency (Sadzot-Delvaux et al.
1990) to determine whether the time spent at 40◦C
post-mortem has an influence on the pattern of ex-
pression of two VZV genes ORF63, which is known to
be abundantly expressed during latency, and ORF40
a late gene not expressed in latency. Rats which had
been latently infected with VZV were sacrificed and
the DRG analysed directly or after they had been left
at 4◦C for 24 and 48 hr after death. After 48 hours,
6/13 were positive by RNA in situ hybridisation for
ORF63 and 2/17 for ORF 40 and 2/6 ganglia were
positive by nested RT PCR for ORF 63 as compared
to 0/5 positive for VZV ORF40. Our results provide
no evidence for reactivation of VZV in the rat DRG
48hr after removal, and provide indirect support for
the hypothesis that patterns of expression of VZV
genes detected in human tissue at even 48 hours post
mortem reflect the pattern of expression in ganglionic
latency.

C. Sadzot-Delvaux, MP Merville-Louis, P Delrée, P
Marc, J Piette, G Moonen & B Rentier. An in vivo
model of Varicella-zoster virus latent infection of
Dorsal root ganglia. J NeuroSci Res, 1990, 26: 83–
89.

P74
HIV-1 Vpr enhances M-CSF production in primary
monocytes: Role of C/EBPbeta
Valerie Haine, Tracy Fischer-Smith, Yuxiong Ke,
and Jay Rappaport
Department of Neuroscience, Temple University, School
of Medicine, Philadelphia PA, USA

Macrophage colony-stimulating factor (M-CSF or CSF-
1) appears to play an important role in promoting and
maintaining macrophage reservoirs of human immun-
odeficiency virus type 1 (HIV-1) through its effects on
monocyte proliferation, differentiation, susceptibility
to infection and increased survival. M-CSF could also

play a role in HIV-associated central nervous system
disorders; M-CSF levels are moreover elevated in the
cerebrospinal fluid in HIV-1 infected patients with de-
mentia. To investigate the role of viral and cellular reg-
ulators on M-CSF regulation, we first cloned the M-
CSF promoter upstream the luciferase reporter gene.
We analyzed the potential role of Vpr, Tat and Rev
as well as C/EBPbeta in THP1 cells for M-CSF pro-
moter enhancement in cotransfection study. Both Vpr
and C/EBPbeta upregulate M-CSF promoter activity in
this cell line. In primary human macrophages, Vpr
also upregulates M-CSF promoter activity. ELISA as-
say of culture supernatants demonstrated a 15-fold in-
crease in M-CSF production in response to ectopically
expressed Vpr. In view of the importance of M-CSF
in monocyte/macrophage differentiation and survival,
the role of Vpr in M-CSF activation may be an impor-
tant aspect in the pathogenesis of HIV infection, the
maintenance of the macrophage/microglial reservoir
of HIV infection, and the development of CNS mani-
festations of AIDS.

P75
Annexin 2 overexpression in 293T cells increases
HIV-1 Gag mRNA and protein levels and facilitates
viral release
Alexia V Harrist, Elena V Ryzhova, Thomas Harvey,
and Francisco Gonzalez-Scarano
University of Pennsylvania, Departments of Neurology and
Microbiology, Philadelphia PA, USA

HIV encephalitis, the pathological substrate of the cog-
nitive and motor syndrome known as the AIDS de-
mentia complex, is defined by the presence of virus in
the brain with accompanying neuronal death. Much
of the neuronal injury is caused by toxic viral pro-
teins and inflammatory mediators produced by HIV-
infected macrophages that accumulate in perivascular
regions of the encephalitic brain parenchyma. Unlike
in T lymphocytes, where HIV buds from the plasma
membrane, in macrophages the virus assembles at the
limiting membrane of and buds into endosomal mul-
tivesicular bodies (MVBs). An interaction between the
viral protein that mediates assembly, p55Gag, and the
cellular protein Annexin 2 (Anx2) was recently shown
to occur in monocyte-derived macrophages (MDM)
(Ryzhova et al., 2006). This interaction occurs pref-
erentially at endosomal membranes and is important
for HIV replication in macrophages, as depletion of
Anx2 reduces the production of infectious virions and
is associated with aberrant processing of p55Gag. To
investigate the effects of Anx2 gain-of-function on HIV
assembly and budding, we have overexpressed Anx2
in 293T cells, which have very low basal levels of
the protein and in which HIV normally buds from the
plasma membrane. Immunofluoresence demonstrates
that Anx2 overexpression leads to the formation of
large intracellular vacuoles. Co-immunoprecipitation
experiments confirm that Anx2 and p55Gag interact in
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293T cells and that this interaction is associated with
detergent-resistant membranes. Anx2 overexpression
has a functional effect on HIV replication in 293T cells,
as those cells expressing Anx2 release more virions
and have higher intracellular levels of Gag protein and
mRNA. We hypothesize that overexpression of Anx2
increases the number and/or stability of HIV-assembly
platforms in 293Ts, leading to increased Gag stability
and virus release.

P76
Temporal analyses of the neuropathogenesis of a
West Nile virus infection in mice
Elizabeth A Hunsperger,1 and John T Roehrig2

1CDC San Juan, Puerto Rico and 2CDC, Ft Collins,
Colorado, USA

A West Nile virus (WNV) infection in humans can pro-
duce neurological symptoms including acute flaccid
paralysis, encephalitis, meningitis and myelitis. To in-
vestigate the pathogenesis of WNV in the peripheral
and the central nervous system (PNS and CNS), we
used a murine footpad inoculation model of WNV in-
fection. Survival curves of virus-infected animals of
ages 4- to 6-weeks-old demonstrated age-dependent
mortality where older animals (6-weeks-old) had a
higher mortality rate compared to younger animals
(4- and 5-weeks-old). The mice that survived the virus
infection formed WNV-reactive antibodies, confirming
viral infection and clearance. The localization of vi-
ral RNA (vRNA) and antigen in infected murine tis-
sues was investigated using TaqMan and immunohis-
tochemistry (IHC) respectively. During a nine day in-
fection,vRNA levels in the spinal cord and brainstem
fluctuated, suggesting early viral clearance from these
tissues by days 3–4 p.i. with later re-introduction. Vi-
ral antigens detected using IHC were primarily ob-
served in three main regions of the brain: cortex, hip-
pocampus and brainstem. Additionally, the dorsal root
ganglion neurons of the PNS stained positive for vi-
ral antigens. These data are consistent with multiple
routes of neuroinvasion following a peripheral inocu-
lation of virus and do not preclude the previous ob-
servation that virus-infected peripheral neurons can
introduce virus into the CNS by a retrograde transport
mechanism.

P77
Signature sequences within the HIV-1 LTR predictive
of HIVD
Bryan Irish, Michael Nonnemacher, Aikaterini
Alexaki, Yujie Liu, Anupam Banerjee, and Brian
Wigdahl
Department of Microbiology and Immunology, Drexel
University College of Medicine, Philadelphia, PA, USA

Human immunodeficiency virus type 1 (HIV-1) provi-
ral DNA with specific binding site sequence variants
within the long terminal repeat (LTR), that arise dur-
ing the course of infection, could represent condition-
ally functional viral promoter sequences, and may be
predictive of progressive neurological disease asso-
ciated with HIV-1 neuroinvasion. The LTR regulates
HIV-1 viral gene expression via its interaction with
multiple cell and viral factors, including members of
the CCAAT/enhancer binding protein (C/EBP) and Sp
transcription factor families. We have examined se-
quence variation within C/EBP sites I and II, and Sp
sites I, II, and III in peripheral blood (PB)-derived LTRs
from HIV-1-infected patients representing increasing
degrees of disease severity. The 3T configuration of
C/EBP site I (C-to-T change at nucleotide position 3)
and 5T configuration of Sp site III (C-to-T change at nu-
cleotide position 5) were the only variants examined
that were found in low frequencies in PB-derived LTRs
derived from patients at early stages of HIV-1 disease,
and at relatively high frequencies in patients in late
stage disease. Sequence variation within these sites
was also examined in LTRs derived from various brain
compartments of patients with and without HIVD. The
3T C/EBP site I variant was identified in 25% of brain-
derived LTRs from patients diagnosed with HIVD, but
was absent in patients not suffering from dementia.
These results suggest that 3T C/EBP site I, and pos-
sibly 5T Sp site III may prove valuable in assessing
the likelihood of HIV-1-infected individuals develop-
ing HIVD.

P78
Herpes simplex virus type 1 and the type 4 allele of
the apolipoprotein E gene in Alzheimer’s disease
Ruth F Itzhaki, Suzanne J Shipley, Curtis B Dobson,
and Matthew A Wozniak
University of Manchester, Faculty of Life Sciences,
Manchester, UK

Infectious agents are putative factors in several chronic
diseases, especially the age-associated ones, heart dis-
ease and Alzheimer’s disease (AD). Our aim is to elu-
cidate the role of herpes simplex virus type 1 (HSV1)
in AD, following our discovery that HSV1 resides la-
tently in brain of many elderly people, and that in
brain of APOE-e4 carriers, it confers a major risk of
AD (Itzhaki et al., 1997; Lin et al., 1998). HSV1-APOE
interaction in AD is strongly supported by our find-
ing that APOE determines disease severity in disor-
ders caused by diverse pathogens (Itzhaki et al., 2004).
Further evidence for HSV1 presence in brain—and for
its having replicated there, perhaps recurrently—is af-
forded by our detecting intrathecal antibodies to HSV1
(these are long-lived) in many elderly people (Wozniak
et al., 2005) and, by in situ PCR, detecting HSV1 DNA
in neurons and glial cells.

We recently discovered that HSV1 infection of cul-
tured neural cells affects the degradation of amyloid
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precursor protein (APP) (Shipley et al., 2005); also,
it causes deposition of intracellular beta-amyloid 42.
Further, the level of abnormally phosphorylated tau
too increases in the infected cells. Preliminary exper-
iments suggest that in brain of HSV1-infected mice,
there is an accumulation of beta-amyloid 42.

Results of others, including epidemiological data,
indicate that infection and stress cause cognitive de-
cline, probably via cytokine entry into brain and con-
sequent inflammation. We propose that latent HSV1
is reactivated by the inflammation which, in turn, is
augnmented by the activated virus (cf. enhanced in-
flammation in mice with pre-clinical prion disease—
Combrinck et al., 2002); damage is thereby increased—
perhaps via beta-amyloid 42 production—especially
in APOE-e4 carriers, leading eventually to AD.

Our amyloid data are the first to point to an ac-
tual cause of the abnormal deposition of beta-amyloid
in brain of sporadic AD sufferers and, by implicating
HSV1, they indicate the usage of antiviral agents for
treatment, and perhaps of vaccination against HSV1
for prevention of AD. The latter possibility is sup-
ported by our finding that vaccination of mice against
HSV1 is highly protective against establishment of vi-
ral latency in brain (Lin et al., 2001).

P79
Development of a small rodent model of
HIV-associated sensory neuropathies
Christelene Jack, Chunhua Zhou, Sanjay C Keswani,
and Ahmet Hoke
Johns Hopkins University, School of Medicine, Baltimore,
MD, USA

Background: Peripheral neuropathy is the most com-
mon neurological complication of HIV (human im-
munodeficiency virus) infection affecting quality of
life and effective use of treatment regimens. Recently
we developed in vitro models of HIV-associated neu-
ropathies (distal sensory polyneuropathy due to the
HIV infection itself and antiretroviral toxic neuropathy
due to some of the dideoxynucleoside analogues). We
used these models to investigate mechanisms of neu-
ronal injury and more importantly to screen for neu-
roprotective compounds. However, there are no reli-
able models of HIV-associated neuropathies in rodents
for effective drug screening. In this study, we devel-
oped a mice model of HIV-associated sensory polyneu-
ropathies.

Methods: We administered oral ddI in drinking wa-
ter of transgenic mice expressing HIV viral envelope
protein gp120 under the GFAP promoter, which allows
expression in the glial cells. After 1 month, we har-
vested the distal footpad skins, intrinsic foot muscles,
sciatic nerves and spinal columns for a detailed eval-
uation of the peripheral nervous system by immuno-
histochemical and ultrastructural analyses.

Results: Transgenic mice expressing gp120 in the
glial cells, when administered ddI, developed a sen-

sory neuropathy characterized by reduction in in-
traepidermal small sensory fibers and reduction in the
number of unmyelinated fibers in the distal nerves.
There was no significant neuronal loss proximally
in the sciatic nerve or at the dorsal root ganglion
level.

Conclusions: This animal model combines the neu-
rotoxic effects of high levels of gp120 in the en-
doneurium and exposure to ddI, a dideoxynucleoside
analogue known to cause peripheral neuropathy in pa-
tients. Using this animal model we will be able to study
pathogenic mechanisms and contribution of each to
the axonal degeneration in detail. Furthermore, we
will use this animal model to screen for drugs that
are promising as neuroprotective agents in our in vitro
assays.

This work is supported by NIH NS-43991, NS-47972,
and MH-70056.

P80
Evaluation of excitotoxicity in rabies virus-infected
primary neuronal cultures and in experimental
rabies in mice
Alan C Jackson,1 Simon C Weli,1 Courtney A Scott,1

and Christopher Ward2
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There has been recent speculation that glutamate re-
ceptors may be rabies virus receptors and that exci-
totoxicity may play an important role in the patho-
genesis of rabies. A recent human survivor of rabies
received therapy with the NMDA antagonist ketamine
and other drugs. In order to determine the role of ex-
citotoxicity in rabies virus infection in primary neu-
ronal cultures and in vivo in an experimental mouse
model, we have evaluated the effects of NMDA an-
tagonists in mouse embryonic neuronal cultures de-
rived from the cerebral cortex and hippocampus of
17-day-old fetuses infected with the CVS-11 strain of
fixed rabies virus (CVS) and in CVS-infected 6-week-
old ICR mice. CVS-infected cultures showed trypan
blue exclusion, morphologic features of apoptosis, and
increased expression of activated caspase-3 over 3
days post-infection, which is consistent with CVS-
induced neuronal apoptosis. Stimulated increases of
intracellular calcium were determined in fluo-3 AM
loaded neurons using a micro-fluorometer. Up to 3
days post-infection CVS-infected cortical and hip-
pocampal neurons did not show increased responsive-
ness to glutamate. The non-competitive NMDA an-
tagonists, ketamine (3 μg/mL) and MK-801 (60 μM),
were found to have no significant neuroprotective ef-
fect on cultured cortical or hippocampal neurons as as-
sessed by trypan blue exclusion. Glutamate (100 nM)
significantly increased trypan blue exclusion at
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1–3 days post-infection and also significantly in-
creased trypan blue exclusion in CVS-infected neu-
ronal cultures. In contrast, the pan-caspase-3 inhibitor
DEVD-CHO (25 μM) exerted a marked neuroprotective
effect and significantly reduced trypan blue exclusion
in CVS-infected cultures, and caspase inhibitors re-
quire further evaluation in in vivo studies. Ketamine
(120 mg/kg/d) was also administered intraperitoneally
in CVS-infected adult mice and produced no beneficial
effect on the fatal clinical disease, it did not amelio-
rate the neuronal apoptosis in the brain versus control
CVS-infected mice, and it did not inhibit viral spread
in the CNS. We have found no supportive evidence that
excitotoxicity plays an important role in rabies virus
infection either in vitro or in vivo.

P81
DC-SIGN facilitates productive infection of
monocyte-derived dendritic cells by human T cell
leukemia virus type 1
Pooja Jain, Jaya Ahuja, Karan Kampani, Katherine
Flaig, and Brian Wigdahl
1Department of Microbiology and Immunology, Drexel
University College of Medicine, Philadelphia, PA, USA

Human T cell leukemia virus type 1 (HTLV-1) has been
identified as the etiologic agent of adult T cell leukemia
(ATL) and the neurologic disorder, HTLV-1-associated
myelopathy/tropical spastic paraparesis (HAM/TSP).
Numerous studies of HAM/TSP patients have demon-
strated the generation of an intense cytotoxic T cell
(CTL) response with large numbers of CD8+ CTLs di-
rected against the HTLV-1 oncoprotein Tax 11-19 pep-
tide. Additional studies have demonstrated that pa-
tients diagnosed with HAM/TSP exhibit rapid activa-
tion and maturation of dendritic cells (DCs) while ATL
patients exhibit a maturation defect in this cell lineage.
In addition to T cells, HTLV-1 is known to infect DCs.
HTLV-1 infection of DCs could alter general DC func-
tion or the specific processing and/or presentation of
HTLV-1-specific peptides, potentially playing a major
role in the course of HTLV-1-associated disease. In this
regard, we have demonstrated that an important anti-
gen receptor on DCs, DC-SIGN (dendritic cell-specific
ICAM-3 grabbing non-integrin), a C-type lectin, serves
as a receptor for HTLV-1 binding using a quantum dot-
based fluorescent binding assay. We have also demon-
strated that silencing of DC-SIGN inhibits the infection
of DC in a DC/T cell co-infection system. Furthermore,
expression of DC-SIGN in B cells enhances viral bind-
ing, entry and infection. These investigations, which
consider the involvement of DC surface molecules in
HTLV-1 pathogenesis, are among the first explorations
of the intricate mechanisms that underlie the interac-
tions of HTLV-1 with the DC compartment. Our results
provide further insights into the participation of DCs
in HTLV-1 pathogenesis and increase our understand-
ing of adhesion pathways that regulate DC trafficking

and interactions with T cells during the development
of disease.

P82
Extracellular Tax protein of human T cell leukemia
virus type 1 activates monocyte-derived dendritic
cells and enhances their maturation, function, and
antigen-specific T cell proliferation
Pooja Jain,1 Jaya Ahuja,1 Saori Shimizu,2 Olimpia
Meucci,2 Zafar K Khan,3 and Brian Wigdahl1
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HTLV-1-associated myelopathy/tropical spastic para-
paresis (HAM/TSP) is characterized by the generation
of an intense cytotoxic T cell (CTL) response with large
numbers of CD8+ CTLs directed against oncoprotein
Tax. Previous studies suggest that Tax may be avail-
able for immune recognition by dendritic cells (DCs),
the most efficient antigen presenting cell population.
In this study, we have shown that purified Tax protein
efficiently bound and localized to the cell membrane
of monocyte-derived dendritic cells (MDDCs) and was
internalized within a few hours. After uptake, Tax in-
duced expression of DC activation markers MHC class
I and II, and costimulatory molecules (CD40, CD80,
CD86, and CD54) as well as the DC maturation marker,
CD83. Tax has also promoted the production of ma-
jor immune-directing cytokines IL-12, TNF-alpha, and
proinflammatory chemokines MIP-1alpha, MIP-1beta,
and RANTES, which drive a Th1-type immune re-
sponse. The inhibitors of NF-kappaB have abrogated
Tax-induced secretion of cytokines/chemokines in-
dicating a role for NF-kappaB signaling in the Tax-
mediated immune response. Finally, Tax enhanced the
allogenic and antigen-specific T cell proliferation ca-
pability of MDDCs. These results indicate that extra-
cellular Tax may selectively target MDDCs, be taken
up by these cells most likely by specialized pathways,
and promote their maturation and antigen-presenting
functions, driving a Th1-type immune response.

P83
E2F1 induces neuroglial cell death by activation of
the calpain pathway in an in vitro model of HIV
Encephalitis
Kelly L Jordan-Sciutto,1 Ying Wang,1 Rebecca A
Chodroff,1,2 Gordon D. Strachan,1 Michael G White,1
Kathryn A Lindl,1 and Dennis L Kolson2

1Department of Pathology, School of Dental Medicine,
University of Pennsylvania and 2Department of Neurology,
School of Medicine, University of Pennsylvania,
Philadelphia, PA, USA

HIV Encephalitis (HIVE), the pathological substrate
of HIV Associated Dementia (HAD) is characterized
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by microgliosis, astrogliosis, neuronal loss and den-
dritic damage. Neuronal damage in HIVE has been
linked to soluble factors released by HIV infected
macrophage/microglia that infiltrate the central ner-
vous system (CNS), not direct neuronal infection.
However, the exact mechanism of neuronal death
in HIVE remains unknown. Interestingly, the pro-
apoptotic cell cycle protein, E2F1, exhibits increased
immunoreactivity and altered subcellular distribu-
tion in several neurodegenerative diseases includ-
ing Alzheimer’s Disease, Parkinson’s Disease, Amy-
otrophic Lateral Sclerosis and HIVE. However, in these
diseases E2F1 localized predominantly to the cyto-
plasm, a localization distinct from its well-defined nu-
clear role as a transcription factor during apoptosis
and cell cycle progression. Based on these observa-
tions we hypothesized that cytoplasmic E2F1 might
also contribute to neuronal death in HIVE. We used
an in vitro model of HIVE in which we treated pri-
mary rat neuroglial cultures with supernatants from
human monocyte-derived-macrophages infected with
a neurovirulent strain of HIV-1 (HIV M/M). Using a
concentration of HIV M/M that produced 50% neu-
ronal loss by 20 hours, we observed increased E2F1
expression, accompanied by increased calpain acti-
vation by western blotting. To determine if increased
expression of cytoplasmic E2F1 increased calpain ac-
tivity, we utilized adenovirus vectors to express a
cytoplasm-localized E2F1 deletion mutant (E2F1 (180-
437)). As predicted, we observed increased calpain ac-
tivity and cell loss. Furthermore, we observed an in-
crease in E2F1/14-3-3 complex formation in our HIV
M/M exposed cultures; such complex formation has
been associated with increased E2F1 protein stability.
Based on our in vitro observations, we propose that
increased E2F1 stability mediated by 14-3-3 binding
and cytoplasmic complex formation may contribute to
calpain activation and subsequent neuronal death in
HIVE.

P84
HIV Tat induces protein degradation of RON, a
receptor tyrosine kinase that regulates tissue
inflammation
Parisa Kalantari1,2,3, Pamela Correll,2,3,4 and
Andrew J Henderson2,3,4

1Pathiobiology Graduate Program; 2Department Veterinary
and Biomedical Sciences; 3Penn State University; and
4Center of Molecular Immunology and Infectious Diseases,
University Park, PA, USA

Macrophages are the primary source of HIV in the
brain and are suspected to play an important role in
the development of neuropathologies associated with
AIDS in part due to the dysregulated expression of in-
flammatory mediators. We have demonstrated that the
receptor tyrosine kinase, RON, a critical regulator of

macrophage function and inflammation, inhibits HIV
transcription and hypothesize that HIV should have
mechanisms by which to circumvent negative signals
that inhibit HIV transcription in macrophages. Pre-
vious results have shown that RON is decreased in
brains from AIDS patients providing circumstantial
evidence to support this hypothesis. We present data
demonstrating that HIV Tat promotes the proteosome-
dependent degradation of RON. In addition to describ-
ing a novel activity of Tat, we suggest that this is
one mechanism by which HIV infection directly pro-
motes inflammation to create a microenvironment fa-
vorable for HIV replication. Furthermore, by targeting
RON HIV would increase susceptibility to opportunis-
tic infections and facilitate the progression of AIDS-
associated diseases.

P85
Pura modulates Rev/RRE-mediated expression of
HIV-1 intron-containing mRNA in astrocytes
Rafal Kaminski, Bassel Sawaya, Nune Darbinian,
Shohreh Amini, Jay Rappaport, Armine Darbinyan,
and Kamel Khalili
Department of Neuroscience, Temple University School of
Medicine Philadelphia, PA, USA

In order to produce proteins important for success-
ful viral replication, HIV-1 generates over 30 mRNAs:
unspliced, singly spliced, and doubly spliced. To by-
pass the retention of unspliced pre-mRNA in the nu-
clei HIV has evolved a Rev-regulated transport system,
which promotes the export of the unspliced RNA into
the cytoplasm. This process requires a 351nt RNA—
Rev responsive element (RRE), which is located in
the env gene and is present on unspliced and singly
spliced RNAs. Pura, a single-stranded DNA and RNA-
binding protein, is implicated in the transcriptional
control of a number of cellular genes and viral pro-
moters, including JCV and HIV. Pura associates with
polyribosomes and also proteins and mRNAs colocal-
ized to the kinesin-associated granules in dendrites.
Here we report that human Pura has the ability to aug-
ment Rev/RRE-mediated expression of HIV-1 intron-
containing mRNA. Results from experiments using a
construct that contains 3′ half of HIV provirus placed
distal to the LTR of HIV and CAT gene or an intron-
less (env deleted) construct demonstrated that Pura
increased Rev mediated CAT gene expression and that
the presence of intron with the env gene is important.
Silencing of Pura resulted in the inhibition of CAT
gene expression. Results from reporter assays utilizing
a construct, where the luciferase gene was placed in
the intron with or without RRE under control of CMV
promoter demonstrated that Pura augments Rev medi-
ated activation of luciferase gene expression. Northern
blot analysis of total or cytoplasmic RNA using a probe
for RRE, which detects unspliced form of RNA only,
and for CAT fragment, which detects both, spliced and
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unspliced RNA, showed that Purα increased levels of
unspliced RNA in cytoplasm and augments the effect
of Rev. Purα interacts with Rev protein in an RNA
dependent manner. Nucleic acid binding domain of
Purα is important for this interaction. Purα associates
with the region of Rev spanning second multimeriza-
tion domain M2 and AD/NES. Results from gel re-
tardation assays demonstrated that Purα can directly
bind to RRE RNA and increase Rev:RRE complexa-
tion. Immunoprecipitation of nuclear and cytoplas-
mic RNA:protein complexes following RNA extrac-
tion and RT-PCR showed that Purα is associated with
RRE RNA in cytoplasm of cells. These findings sug-
gest that Purα may synergize with Rev in transporting
of unspliced RNA, probably targeting them to sites of
translation.

P86
A novel quantum dot-based high throughput
fluorescence assay for the quantitation of human T
cell leukemia virus type 1 binding to host cells
Karan Kampani, Jaya Ahuja, Brian Wigdahl, and
Pooja Jain
Department of Microbiology and Immunology, Drexel
University College of Medicine, Philadelphia, PA, USA

Quantum dots (QD) are fluorescent semiconductor
nanocrystals comprised of a cadmium selenide core
with a semiconductor shell of zinc sulfide coated with
a polymer shell allowing particles to be conjugated
to biological molecules while retaining the optical
properties of the particle. They have narrow emis-
sion spectrums, high quantum yield, and good pho-
tostability. We have used these unique properties of
QDs to develop a simple high-throughput binding as-
say to study the attachment of HTLV-1 to host cells.
In order to enhance the end point detection limit,
we have biotinylated HTLV-1 (biot-HTLV-1) and used
streptavidin-coated QDs (strep-QD). Primary standard-
ization was performed on Jurkat CD4+ T cells since
this cell type is representative of the major target
population infected with HTLV-1 in patients. A dose-
dependent increase was observed in HTLV-1 binding
to Jurkat cells indicating linearity of the assay at both
4◦ and 37◦C. The specificity of the assay was confirmed
by using increasing amounts of non-biotinylated virus
to demonstrate competitive inhibition. We have also
tested differential binding of HTLV-1 to various cell
types of pathogenic relevance. T cells and dendritic
cells (DCs) exhibited maximal affinity as compared to
other cell types examined. Finally, we have screened
a number of blocking antibodies directed against a pu-
tative HTLV-1 receptor on DCs referred to as DC-SIGN
(dendritic cell specific ICAM-3 grabbing non-integrin).
We were able to map DC-SIGN epitopes important for
HTLV-1 binding as compared to those for HIV-1 bind-
ing. This novel, easy-to-perform, high throughput as-

say can be utilized to study the binding of any virus
that can be biotinylated, for the small molecule in-
hibitor screening, epitope mapping, and for receptor
studies.

P87
Cross-interaction between JCV agnoprotein and
HIV-1 Tat modulates transcription of HIV-1 LTR in
glial cells
Dorota Kaniowska,1 Rafal Kaminski,1 Shohreh
Amini,1 Kamel Khalili,1 Sujatha Radhakrishnan,1 Jay
Rappaport,1 Edward Johnson,2 Luis Del Valle,1 and
Armine Darbinyan1
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Temple University School of Medicine, Philadelphia, PA,
USA; and 2Department of Microbiology and Molecular Cell
Biology, Eastern Virginia Medical School, Norfolk, VA, USA

The human polyomavirus, JCV is the causative agent of
the fatal demyelinating disease, progressive multifocal
leukoencephalopathy (PML), which is commonly seen
in AIDS patients. The bicistronic viral RNA, which is
transcribed at the late phase of infection is respon-
sible for expressing the viral capsid proteins and a
small regulatory protein, Agnoprotein. Immunohisto-
chemical analysis of brain tissue with AIDS/PML re-
vealed the co- localization of the HIV-1 transactivator,
Tat and JCV Agnoprotein in nucleus and cytoplasm of
bizarre astrocytes. In accord with this observation, we
detected the co-presence of Agnoprotein and Tat in
human astrocytes upon infection with JCV and HIV-
1, or in astrocytic cells expressing these proteins af-
ter transfection. Interestingly, results from infection of
human astrocytes with HIV-1 and JCV showed a de-
crease in the level of HIV-1 replication in cells, which
are co-infected with JCV. Conversely, a slight increase
in the level of JCV replication was observed in the
presence of HIV-1.The co-presence of JCV and HIV-1
in astrocytes prompted us to investigate the possible
cross-interaction of Agnoprotein with Tat and its im-
pact on HIV-1 gene transcription. Our results demon-
strate that Agnoprotein through its N-terminal domain
associates with Tat, and the interaction causes the sup-
pression of Tat-mediated enhancement of HIV-1 pro-
moter activity in these cells. Results from RNA and
protein binding assays showed that Agnoprotein can
inhibit the association of Tat with its target RNA se-
quence, TAR and with cyclin T1. Furthermore, Agno-
protein is able to interfere with cross-interaction of
Tat with the p65 subunit of NF-kB and Sp1 whose
functions are critical for Tat activation of the LTR.
These observations unravel a new pathway for the
molecular interaction of these two viruses in the bi-
ologically relevant cells in the brains of AIDS/PML
patients.

This work was supported by grants awarded by the
NIH to KK.
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The immune system plays a particularly important
role in controlling HSV-1 infection in both the nervous
system and periphery. Innate mechanisms, including
early IFN production and natural killer (NK) cell acti-
vation, represent the first line of defense against infec-
tion, limiting viral replication and spread before the
more specific acquired CD8 T cell immune response
is activated and optimal viral clearance achieved. The
innate and acquired immune responses are ultimately
linked together during antigen presentation amidst the
inflammatory cytokine milieu generated during the in-
nate immune response in the draining lymph nodes.
Of professional antigen-presenting cells (APCs), den-
dritic cells (DCs) are thought to be particularly impor-
tant links between the innate and adaptive immune
responses against many pathogens. The role of DCs as
mediators of resistance to HSV-1 infection was inves-
tigated using CD11c-diphtheria toxin (DT) receptor-
green fluorescent protein transgenic mice, in which
DCs can be transiently depleted in vivo by treatment
with low doses of DT. We show that ablation of DCs led
to enhanced susceptibility to HSV-1 infection in the
highly resistant C57BL/6 mouse strain. Specifically,
we showed that the depletion of DCs lead to increased
viral spread into the nervous system, resulting in an in-
creased rate of morbidity and mortality. Furthermore,
we showed that ablation of DCs impaired the optimal
activation of NK cells, CD4+ and CD8+ T cells in re-
sponse to HSV-1. These data demonstrated that DCs
were essential not only in the optimal activation of
the acquired T cell response to HSV-1, but that DCs
were crucial for innate resistance to HSV-1 infection.

P89
Dorsal root ganglion inflammation and distal
symmetrical polyneuropathy in advanced HIV
Peter Kelterborn,1 Shafat Khan,1 Jacinta Murray,1
Kirk Sperber,2 Susan Morgello,1,3 and for the MHBB
1Department of Pathology; 2Department of Medicine; and
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Dorsal root ganglion (DRG) infiltrates of activated
macrophages have been documented in HIV, and are
hypothesized to play a role in the generation of dis-
tal symmetrical polyneuropathy (DSP). While DRG in-
flammation and distal nerve damage is highly preva-

lent at autopsy of individuals with AIDS, their re-
lationship to clinically diagnosed DSP has not been
exhaustively investigated. Accordingly, we examined
32 lumbosacral DRG obtained at autopsy from an
advanced HIV cohort for the extent of activated
macrophage infiltrates, and correlated this analysis
with pre-mortem clinical findings. Individuals partic-
ipating in the Manhattan HIV Brain Bank study un-
derwent neurological evaluations prior to death; DSP
was diagnosed if they displayed abnormalities in two
or more of the following: ankle reflexes, vibratory or
pinprick perception. Patients were classified as symp-
tomatic if they described pain, paresthesia or numb-
ness. Eighteen of the 32 patients displayed clinical
signs of DSP by this definition. At autopsy, their lum-
bosacral DRG were routinely processed for paraffin
histology, and semiquantitative immunohistochem-
istry was performed for CD68 expressing macrophages,
as well as soluble HIV apoptotic factor (SHIVA), a
CD68 macrophage product with known neuronotoxic
properties. Quantitations were performed in the most
severely affected portions of the DRGs. In a subset of 25
individuals, sural nerve morphometry was conducted
to estimate myelinated fiber density. Bivariate analyses
were conducted to determine whether the severity of
macrophage infiltrates bore any relationship to signs,
symptoms, or diagnosis of DSP or to myelinated fiber
density. The percentage area of macrophage infiltrates
was highly variable in this sample, ranging from 2.5%
to 51.7% of the DRG. The extent of CD68 or SHIVA
staining was unrelated to whether or not the patient
carried a pre-mortem diagnosis of DSP. There tended to
be smaller areas of macrophage infiltration in patients
with positive symptoms or signs of DSP (for example,
the mean CD68 staining area was 8.7 +/− 5.5 for those
with positive symptoms and15.8 +/− 11.0 for those
without, p = .0925, t test). SHIVA and CD68 staining
were similarly unrelated to the myelinated fiber den-
sity of sural nerve (r = .117 and .155 for SHIVA and
CD68, p = .5773 and .4581, respectively). We conclude
that while abnormal DRG inflammation is prevalent in
advanced HIV, there are likely to be other, as of yet un-
determined, factors that contribute to the development
of clinical manifestations of HIV-related DSP.

Supported by R24MH59724 from the NIH.
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Issues in varicella-zoster virus (VZV) ganglionic
latency
Peter G Kennedy
Glasgow University Department of Neurology, Institute of
Neurological Sciences, Southern General Hospital,
Glasgow, Scotland, UK

Varicella-Zoster virus (VZV) is a pathogenic human
herpes virus that causes varicella (chickenpox) as a
primary infection following which it goes into latent
form in trigeminal ganglia (TG) and dorsal root gan-
glia (DRG). After a variable period, which may be many
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years, the virus reactivates, either spontaneously, or af-
ter one or more triggering events, to cause herpes zoster
(shingles). In about 50% of individuals over the age of
65 yr, zoster is complicated by post-herpetic neural-
gia (PHN) which is a major cause of morbidity, and
often refractory to treatment. A better understanding
of the biological and molecular basis of VZV latency
is essential to develop better therapies for zoster and
its numerous neurological complications. Such stud-
ies are hampered by the highly cell-associated nature
of the virus and the absence of a very good animal
model of VZV latency. However, valuable information
has been obtained from studies using rat, guinea pig
and simian models.

After a 10 yr period of controversy, it is now estab-
lished beyond doubt that latent VZV is located pre-
dominantly in neurons in human TG and DRG, with
only occasional satellite cells infected. There has been
more consensus on the extent of viral gene expression
in VZV latency with VZV ORFs 4,21,29, 62,63 and
66 shown to be expressed using different techniques.
However, it is still not known for certain whether the
true extent of viral gene expression is limited to these
six genes. Other key issues that need to be resolved in
this field are (a) the extent to which results obtained in
animal models can be extrapolated to human latency,
(b) the nature, if any, of the functional roles of the
latency-associated VZV-encoded proteins in the dif-
ferent stages of latency, (c) whether genes shown to be
essential for experimental latency establishment may
also have a role in reactivation, and (d) whether VZV
latency and reactivation are involved in the pathogen-
esis of PHN.

P91
Pro-inflammatory role of PGE2 in microglia
Tanzilya Khayrullina1,2 and Doina Ganea1,2
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Microglia play an essential role in innate immunity
and in the activation of T cells in the CNS. The pro-
inflammatory cytokine IL-23 is associated with au-
toimmune disorders including EAE, IBD and RA. IL-
12 and IL-23 share the p40 subunit, complexed to p35
(IL-12) or to p19 (IL-23). Although the role of PGE2 in
CNS is controversial, PGE2 is expressed at high levels
in CNS trauma, infection, or neurodegenerative dis-
eases. The purpose of the present study was to deter-
mine whether generation of microglia in the presence
of PGE2 affects their responses to inflammatory condi-
tions, particularly the production of IL-12/IL-23. Mi-
croglia were generated in the presence of GM-CSF(MG)
or GM-CSF+PGE2 (pMG) and characterized following
stimulation with LPS. MG differ from pMG in several
respects. First, pMG show higher levels of CD80, CD86,
CD40, and MHCII. Second, although there is no differ-

ence in the amounts of IL-6, TNF, IL-12p40, and IL-
10 between MG and pMG, pMG secrete significantly
higher levels of IL-23. In agreement with the protein
data, MG and pMG show differences in the expression
of p19 and p35 mRNA. P19 expression was signifi-
cantly higher in pMG, whereas p35 levels were higher
in MG, with no difference in the p40 expression. IL-23
was shown to play a role in the differentiation/survival
of CD4+T cells producing IL-17 (Th IL-17) which have
an essential role in autoimmune diseases, including
MS. This let us to investigate the role of PGE2 in vivo in
experimental autoimmune encephalomyelitis, an ani-
mal model for MS. SJL/J mice were immunized with
PLP and inoculated with dendritic cells generated in
the absence (DCs) or presence of PGE2 (pDC). Mice, re-
ceiving pDC develop clinical symptoms earlier, have
more relapses, and produce higher levels of IL-17 and
IFN-g. These observations imply that PGE2 released in
inflammatory conditions may increase the expression
and release of IL-23 by microglia, and contribute to au-
toimmune disease through the induction, survival or
activation of Th IL-17 cells.

P92
Molecular mimicry in inducing DNA damage
between HIV-1 Vpr and the anti-cancer agent,
cisplatin
Siddiqui Khwaja,1 Nelly Morellet,2 Jianqi Cui,3
Mohammad Ghafouri,3 Alagarsamy Srinivasan,4
Kamel Khalili,3 Bernard P Roques,2 Serge Bouaziz,2
Shohreh Amini,1,3 and Bassel E Sawaya3

1Department of Biology, Temple University; 3Department of
Neuroscience and Center for Neurovirology, Temple
University School of Medicine, Philadelphia, PA; and
4Department of Microbiology and Immunology, Kimmel
Cancer Center, Thomas Jefferson University, Philadelphia,
PA, USA

The human immunodeficiency virus type 1 (HIV-1) vpr
gene is an evolutionarily conserved gene among the
primate lentiviruses. Several functions are attributed
to Vpr including its ability to cause cell death, cell
cycle arrest, apoptosis, and DNA damage. The Vpr-
domain responsible for DNA damage as well as the
mechanism(s) through which Vpr induces this damage
has not been determined. Using site directed mutage-
nesis, we identified the helical domain II within Vpr
(aa 37-50) as the region responsible for the DNA dam-
age. Surprisingly, Vpr (delta 37-50) failed to cause cell
cycle arrest or apoptosis, but maintained its capability
to activate HIV-1 LTR and to localize to the nucleus. In
addition, our cytogenetic data indicated that helical
domain II induced chromosomal aberrations, which
mimicked those induced by cisplatin, an anti-cancer
agent. This novel molecular mimickary function of Vpr
might lead to its potential therapeutic use as a tumor
suppressor.
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HIV-1 Vpr exhibits high affinity for LTR sequences
commonly encountered during late stage disease and
HIVD
Evelyn Kilareski, Yujie Liu, Sara Webster, Michael R.
Nonnemacher, and Brian Wigdahl
Department of Microbiology and Immunology, Drexel
University College of Medicine, Philadelphia, PA, USA

Human immunodeficiency virus type 1 (HIV-1) vi-
ral protein R (Vpr) is a virion-associated protein that
transactivates the HIV-1 long terminal repeat (LTR),
as well as other eukaryotic promoters. We have used
the electrophoretic mobility shift assay to demon-
strate the direct binding of purified Vpr (strain pNL4-
3) to HIV-1 LTR sequences that span the adjacent
CCAAT/enhancer binding protein (C/EBP) site I, NF-
kappa B site II, and ATF/CREB binding site (nt -95 to
-130, relative to the start of transcription). We also ob-
served binding between HIV-1 Vpr and the LTR C/EBP
site II (nt -167 to -175). A total of 94.7% of LTRs de-
rived from peripheral blood displayed high relative
Vpr binding affinity at C/EBP site I, while only 5.3%
exhibited a low relative Vpr binding affinity pheno-
type at this site. All LTRs derived from peripheral
blood exhibited a high relative Vpr binding phenotype
at C/EBP site II. These results suggest a preference for
the maintenance of two cis-acting elements with high
affinity for Vpr within LTRs derived from peripheral
blood in late stage disease and during development of
HIVD. Additional studies have also demonstrated that
naturally occurring sequence variation within C/EBP
site I and II that correlates with disease progression
can dramatically alter the relative affinity of Vpr for
these cis-acting elements. Additional studies have also
suggested a competitive interaction between Vpr and
C/EBP factors for binding sites I and II. These studies
suggest that Vpr may regulate the interaction of mem-
bers of the C/EBP transcription factor family with the
viral LTR.

P94
MHV-68 inoculation of neonatal mice causes
persistent infection and inflammation of the CNS
mimicking cerebral EBV infection
Michael Kleines,1 Simone Scheithauer,1 Bernd
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The Epstein-Barr virus (EBV), a gamma-herpesvirus,
causes various neurological symptoms ranging from
facial palsy to encephalitis. The molecular patho-
genesis of these complications has not been eluci-
dated, efficient therapeutic regimens are not avail-
able. We established a model system for neuro-

logic gamma-herpesvirus diseases by inoculating new-
born BALB/c mice intranasally with MHV-68. All
types of inflammation observed in children in re-
sponse to EBV can be observed in MHV-68 infected
mice.

For characterization of the pathogenesis the kinetics
of the viral appearance in the CNS and the related in-
flammatory response were determined and linked to
each other.

At different time points post infection (p.i.) solid or-
gans and blood of infected (n = 30) and control mice
(n = 7) were checked for viral load by PCR, for viral
activity and localisation by IFA, and for cellular infil-
trates by H.E. staining and immunhistochemistry. Six
days p.i. the viral load in brain tissue exceeded viremia
significantly indicating intracerebral viral replication.
Viremia was maximal one week p.i. and decreased
rapidly, maximal viral load in brain was gained on
day 12 p.i. and remained positive for months. Cel-
lular infiltrates were initially detected 9 days p.i. (T-
lymphocytes), their extent increased 16-48 days p.i.
and decreased again 100 days p.i. A strong positive
correlation was observed between CNS viral load and
severity of inflammation, particularly in the temporal
lobe.

Taken together, MHV-68 leads to delayed, persis-
tent CNS infection followed by inflammation pat-
terns observed in patient with cerebral EBV infec-
tion. High viral loads in CNS are indicative for severe
inflammation.

P95
TNF-alpha modulates NMDA receptor trafficking by
increasing the ceramide content of neuronal
membranes
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The trafficking of ionotropic glutamate receptors at
the plasma membrane is thought to modulate synap-
tic strength and play important roles in plasticity and
survival. While much attention has focused on the
protein-protein interactions that guide the insertion
and removal of receptors from the cell surface, the
contribution of local lipid composition to these fu-
sion and budding events have not been studied. In this
study we used imaging, biochemical, and electrophys-
iological approaches to determine how alterations in
the local lipid composition modulate NMDA receptor
trafficking. The cytokine TNF-alpha rapidly (within
2 min.) increased the number of NMDA receptors
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that clustered into lipid platforms and altered the
sphingolipid-phospholipid distribution of neuronal
membranes by increasing the ceramide and sphin-
gomyelin content. Consistent with increased numbers
of functional receptors at the cell surface, NMDA-
mediated excitatory currents (EPSCs) and the num-
ber of large focal calcium bursts were increased in
neurons treated with TNF-alpha. Pharmacological in-
hibition of neutral sphingomyelinase prevented TNF-
alpha-induced increases in the number of NMDA re-
ceptor clusters, NMDA-mediated current and large fo-
cal calcium transients, suggesting an important role for
ceramide in NMDA receptor trafficking. These findings
suggest that the fusion of NMDA receptor-containing
vesicles with the plasma membrane occurs at lipid
platforms and is initiated by the catabolim of sphin-
gomyelin to ceramide.

This work was supported by NIH grants AG023471
& MH068388 to NJH.
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We describe correlative clinicopathologic and virolog-
ical abnormalities in a rhesus macaque (Macaca mu-
latta) which developed disseminated simian varicella
virus (SVV) infection 105 days after X-ray irradiation.
Twelve other monkeys in the colony were also irradi-
ated, but none became ill or developed skin lesions,
although anti-SVV IgM antibodies developed in three
monkeys, indicative of subclinical infection. The col-
lective findings are virtually identical to that described
in humans with disseminated VZV infection and sup-
port the usefulness of studying SVV infection in pri-
mates as a model for human VZV infection, particu-
larly attempts to induce virus reactivation by X-ray
irradiation.

P97
Characterization of a bone marrow progenitor cell
line to be used as a model for the study of
susceptibility to HIV infection

Fred C Krebs, Aikaterini Alexaki, Bryan P Irish,
Michael R Nonnemacher, Evelyn Kilareski, and Brian
Wigdahl
Department of Microbiology and Immunology, Drexel
University College of Medicine, Philadelphia, PA, USA

Human immunodeficiency virus type 1 (HIV-1) in-
fection of the monocytic cell lineage is involved in
the pathologic events associated with acquired im-
munodeficiency syndrome (AIDS) and HIV-1 dementia
(HIVD). Interestingly, CD34+/CD38? progenitor cells
within the bone marrow are refractile to HIV-1 infec-
tion, possibly due to their low level expression of HIV-
1 co-receptors, CXCR4 and CCR5, which upon differ-
entiation are up-regulated, increasing susceptibility to
infection. Based on a number of considerations, the
CD34+/CD38+ TF-1 erythromyeloid progenitor cell
line was selected as a model to study the differenti-
ation process of hematopoietic progenitor cells. Treat-
ment of TF-1 cells with PMA results in the develop-
ment of a macrophage-like morphology. In addition,
the cell surface molecules CD34 and CD38 were down-
regulated, while CD69 expression increased dramati-
cally, indicating differentiation and activation, respec-
tively. The HIV-1 co-receptor expression was consid-
erably increased while CD4 was down-regulated. Fol-
lowing treatment with PMA, TF-1 cells secrete vari-
ous cytokines that are able to stimulate undifferenti-
ated TF-1 cells in the absence of PMA; these include
IL-8, MIP-1alpha, MIP-1beta, and RANTES. TF-1 cells
that were treated with conditioned media from PMA-
treated cells exhibited a phenotype similar to that of
PMA-treated cells with the exception of a lower level
of CD4 down-regulation. The concurrent expression
of the HIV-1 receptor and co-receptors may provide
a window of opportunity for HIV-1 infection of this
progenitor cell population. In summary, these studies
suggest that the TF-1 cell line could serve as a model
to study the susceptibility of bone marrow progenitor
cells to HIV-1 infection.

P98
A study on HIV-1 viral load and dopamine
concentration in different regions of post mortem
human brain
Adarsh M Kumar, Irina Borodowsky, Benny
Fernandez, Louis Gonzalez, Drenna Waldrop, Alison
Mack, and Mahendra Kumar
Department of Psychiatry & Behavioral Sciences,
University of Miami School of Medicine, Miami, FL, USA

Background: Human immunodeficiency virus type 1
(HIV-1) is known to enter the central nervous system
(CNS) shortly after infection and getting localized in
different brain regions. It has been hypothesized that
HIV-1 infection mediated neuropathogenesis may also
adversely affect the central dopaminergic activity re-
sulting in neurocognitive deficits. There is however,
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scarcity of data on the distribution of viral load as well
as dopamine in the brain of HIV-1+ individuals who
had ART intervention during life. Since, neurocogni-
tive and neuropsychological deficits continue to per-
sist even after ART intervention, it is important to de-
termine viral load and dopamine levels in different
areas of the brain.

Objective: The main objective of this study was
to investigate the relationship between central re-
gional viral distribution, and the regional concentra-
tion of dopamine and its metabolite, homovanillic acid
(HVA), and their relationship with neurocognitive sta-
tus evaluated before death of patients with HIV/AIDS.

Methods: Using the Real-Time polymerase chain re-
action (real-time PCR) technology with high sensitiv-
ity of detection (<5 copies of RNA), we measured HIV
viral load (VL) in frontal cortex, basal ganglia, cau-
date nucleus, putamen, globus pallidus and substantia
nigra of autopsied human brains of HIV-1+ (N = 36)
who were evaluated for NP and neurocognitive func-
tions before death, and in the same regions of HIV-
control cases (N = 7). Dopamine and its metabolite,
homovanillic acid (HVA) were measured in the same
brain regions of all the cases using highly sensitive
CoulArray HPLC-ECD system.

Results: HIV-1 viral load in different brain regions
was found to range between non-detectable (ND) and
8.1 × 106 virus copies/g tissue. However, no specific
pattern of HIV-1 viral load was found in all the cases
included in this study. None of the samples of brain re-
gions of HIV- negative individuals showed detectable
viral load. Central dopamine concentration in differ-
ent brain regions ranged between 50-9000 pg/g tissue
and HVA between 6–2500 ng/g tissue. Neurocognitive
impairment in HIV-1+ individuals ranged between 1-4
despite ART intervention during life.

Conclusion: This study demonstrates the presence
of varying concentration of HIV-1 RNA in different
brain regions of HIV-1+ individuals. Concentration of
dopamine and HVA also had a wide range in different
brain regions of both HIV+ and HIV- cases. These data
are being evaluated to test the hypothesis that HIV-1
impacts the central dopamine levels which may result
in the neurocognitive deficits observed in HIV-1 infec-
tion. (This study was supported by NIH grants #s RO1
NS43982, RO1 NS41205 and RO1 DA 13550).

P99
SIV-induced pathological and functional changes in
the peripheral nervous system
Victoria A Laast,1 Beom Shim,2 Matthias Ringkamp,2
Carlos Pardo,3 Peter Hauer,3 Patrick Tarwater,4
Christine Zink,1 Justin McArthur,3
and Joseph L Mankowski1

1Department of Molecular and Comparative Pathobiology,
Johns Hopkins University; 2Department of Neurosurgery,
Johns Hopkins University; 3Department of Neurology, Johns
Hopkins University; 4University of Texas Health Science
Center; and 5University of Texas Health Science Center

The most common form of HIV-induced neuropathy
is Distal Sensory Polyneuropathy (DSP), which affects
30–35% of patients with AIDS. To develop rational
therapeutics for affected individuals, it is important to
understand the mechanism by which HIV causes pe-
ripheral neuropathy. One of the major questions that
would direct therapeutic efforts is whether DSP starts
with injury to the distal nerves or whether damage
of the neuronal cell bodies in dorsal root ganglia oc-
curs first, with subsequent degeneration of the distal
portion of their axons. SIV-infected macaques develop
lesions in the peripheral nervous system similar to
those observed in HIV-infected patients with DSP, in-
cluding infiltration of macrophages and loss of DRG
sensory neurons. In this study we examined the re-
lationship between dorsal root ganglia (DRG) changes
and sensory nerve function and pathology by measur-
ing C-fiber conduction velocities in the sural nerves
and epidermal nerve fiber density in the skin of SIV-
infected macaques and uninfected control macaques.
SIV-infected macaques had significantly lower sensory
C-fiber conduction velocity (CV) in the sural nerves
than uninfected animals (p = 0.01). The extent of con-
duction velocity decline correlated strongly with the
increase in macrophage infiltration in the DRG (p =
0.006). Significant declines in density of epidermal
fibers also developed in SIV-infected macaques (p =
0.01), but were not correlated with changes in the CV.
These findings suggest that primary injury to the neu-
ronal cell body mediated by activated macrophages
alters functional properties of sensory nerves in HIV-
infected individuals.

P100
HLA-G expression in human neural cells after HSV-1
infection
Monique Lafon,1 Christophe Prehaud,1 Françoise
Mégret,1 Mireille Lafage,1 Gaël Mouillot,2 Philippe
Moreau,2 Nathalie Rouas-Freiss,2 and Edgardo D
Carosella2

1Institut Pasteur Paris France and 2Service de Recherche
en Hémato-Immunologie CEA-DSV-DRM Hôpital, Saint
Louis, Paris, France

HLA-G is a non classical human MHC class I molecule.
It may promote tolerance, leading to acceptance of
the semi-allogeneic fetus and tumor immune es-
cape. We show here that two viruses—herpes simplex
virus type 1 (HSV-1), a neuronotropic virus inducing
acute infection and neuron latency, and rabies virus
(RABV), a neuronotropic virus triggering acute neuron
infection—upregulate the neuronal expression of sev-
eral HLA-G isoforms, including HLA-G1 and HLA-G5,
the two main biologically active isoforms. RABV in-
duces mostly HLA-G1 and HSV-1 mostly HLA-G3 and
G5. HLA-G expression is upregulated in infected cells
and neighboring uninfected cells. Soluble mediators,
such as upregulate HLA-G expression in uninfected
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cells. The membrane-bound??IFN-b HLA-G1 isoform
was detected on the surface of cultured RABV-infected
neurons but not on the surface of HSV-1-infected cells.
Thus, neuronotropic viruses that escape the host im-
mune response totally (RABV) or partially (HSV-1) reg-
ulate HLA-G expression on human neuronal cells dif-
ferentially. HLA-G may therefore be involved in the
escape of certain viruses from the immune response
in the nervous system.

P101
Vitamin E prevents Nelfinavir-induced alterations in
Notch processing in cerebral endothelial cells
Dianne Langford, Aline Grigorian, Rosemary Hurford,
Ying Chao, and Patrick Christina
University of California San Diego, Department of
Pathology, La Jolla, CA, USA

Cerebral endothelial cells (CEC) are continually ex-
posed to a variety of blood-borne factors and also
conduct dynamic signaling interactions with blood-
borne mononuclear cells, astrocytes, microglia, oligo-
dendrocytes and neurons. Maintaining proper signal-
ing and angiogenic capacity becomes increasingly im-
portant during states of chronic neuro-inflammatory
diseases such as HIV encephalitis during which nor-
mal signaling crosstalk among cells of the neurovascu-
lar unit may be disrupted. Disruptions may be due to
viral pathogenesis, inflammatory factors or to chronic
exposure to anti-retroviral medications. We hypoth-
esize that “normal” CEC signaling and fitness may
be affected by protease inhibitor (PI)-induced oxida-
tive stress, and that these alterations affect normal
g-secretase substrate processing and signaling which
may decrease the cell’s fitness level and ability to with-
stand challenge. Since changes in the expression and
processing of g-secretase substrates can directly alter
angiogenic related transcriptional signaling, the effect
of PIs on Notch and APP protein levels was deter-
mined. In this study, HIV PIs were shown to induce
the generation of ROS and to modify oxidative stress
signaling, both of which responses were prevented by
Vitamin E pre-treatment. Moreover, unlike other PIs
tested, Nelfinavir had an affect on both g-secretase
substrate processing and protein expression, but not
on gene expression. Additionally, the localization of
NICD and APP within CEC and angiogenic capacity
was altered by Nelfinavir treatment, but Vitamin E pre-
treatment restored normal patterns. Increased under-
standing of the mechanisms of crosstalk between PIs
and CEC in regulating BBB integrity is critical to man-
age the treatment of AIDS patients in the era of rapidly
growing numbers of available anti-retroviral drugs.

P102
The role of astrocytes and microglia in viral
neurotropism
Ehud Lavi1,2 and Yun Li2

1Cornell Medical College, New York, NY and 2University of
Pennsylvania, Philadelphia, PA, USA

Recent work in our laboratory suggest a novel concept
that astrocytes and microglia, the brain’s local immune
cells participate in determining the neurovirulence
and neuropathogenesis of neurotropic viruses upon
interaction with invading viruses. Neurotropic coron-
aviruses (such as MHV-A59) induce pro-inflammatory
cytokine signaling from brain immune cells astrocytes
and microglia, while a non-neurotropic virus (MHV-2),
produces significantly lower levels of these cytokines.
MHV-A59 produces acute encephalitis and chronic de-
myelination, while MHV-2 produces only mild menin-
gitis without encephalitis or demyelination. To dis-
sect the relative importance of pro-inflammatory sig-
naling by astrocytes and microglia during encephali-
tis and demyelination we used micro-arrays, real-time
PCR and ELISA to compare the in vivo and in vitro
cytokine profile of a recombinant virus (Penn98-1),
which lacks the ability to induce demyelination but
retains all the other properties of MHV-A59 includ-
ing encephalitis, with the profiles of MHV-A59 and
MHV-2. Since the pro-inflammatory cytokine profile
of Penn98-1 is significantly reduced in astrocytes but
not in microglia compared to MHV-A59, and only
during the demyelinating phase but not during acute
encephalitis, we conclude that the property of pro-
inflammatory signaling from astrocytes, is essential
for demyelination but not encephalitis. Since the ge-
nomic difference between MHV-A59 and Penn98-1
is only in the S gene, we conclude that the S gene
controls pro-inflammatory cytokine signaling in as-
trocytes. However the reduced pro-inflammatory sig-
naling of microglia by MHV-2, which lacks also the
ability to induce encephalitis, may suggest that pro-
inflammatory microglial signaling is essential for en-
cephalitis. The emerging paradigm of the correlation
between specific cytokine signaling and CNS biologic
properties will further our understanding of virus-
induced encephalitis, demyelination, and immuno-
logic reactions of brain immune cells.

P103
TLR3 and anti-viral response in astrocytes
and microglia
Sunhee C Lee, Hyeon-Sook Suh, Mark Rivieccio,
Meng-Liang Zhao, and Celia F Brosnan
Albert Einstein, College of Medicine, Bronx, NY, USA

Toll-like receptors (TLRs) have emerged as crucial re-
ceptors on immune cells that mediate innate immu-
nity against pathogens. TLRs signal through MyD88,
an adaptor molecule containing the TLR-IL-1 recep-
tor domain (TIR), to activate NF-kappaB and MAP
kinases. In addition, TLR3 and TLR4 (as well as IL-
1R) also signal through TRIF (TIR domain-containing
adaptor-inducing IFNbeta) that activates the IFNbeta
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gene (primary response), resulting in the stimulation
of secondary response genes. To investigate the re-
lationship between TLR/IL-1R expression/activation
and antiviral responses in primary cultures of hu-
man astrocytes and microglia we used HIV-1 and cy-
tomegalovirus as targets. We show that TLR3 ligand
(polyinosinic-polycytidylic acid: poly IC), TLR4 lig-
and (LPS) and IL-1 are powerful activators of microglia
and astrocytes modulating inflammatory and antiviral
gene expression, but that signal transduction pathways
involved in the activation of the genes and the con-
sequences of the receptor-ligand interaction on the
anti-viral immunity are different. We have made the
novel observation that the TLR3 ligand poly IC limits
HIV and CMV replication in microglia and astrocytes
through mechanisms involving interferon regulatory
factor 3 (IRF3), IFNbeta, indoleamine 2,3-dioxygenase
and viperin/cig5, whereas IL-1, which triggers activa-
tion of similar sets of genes on microarray does not.
We propose that TLR3 poses as a unique target for po-
tential therapy to activate innate anti-viral immunity
in vivo.

(Supported by NIH MH55477, NS040137, T32
NS007098, and P30 AI051519).

P104
Extracellular Tax-protein of human T cell leukemia
virus type 1 induces the secretion of Th1 cytokines
and beta-chemokines from monocyte-derived
dendritic cells
Veronique Lepoutre, Pooja Jain, Jaya Ahuja, and
Brian Wigdahl
Department of Microbiology and Immunology, Drexel
University College of Medicine, Philadelphia, PA, USA

HTLV-1-associated myelopathy/tropical spastic para-
paresis, a neurological disorder, is characterized by
highly stimulated immune response including ele-
vated levels of inflammatory cytokines/chemokines,
and oligoclonal expansion of Tax-specific CD8+ cy-
totoxic T lymphocytes in the peripheral blood and
cerebrospinal fluid. Studies have shown that HTLV-
1 transactivator protein Tax is available for immune
recognition by antigen presenting cells such as den-
dritic cells, the most efficient APCs. In this study we
have shown that the treatment of monocyte-derived
dendritic cells (MDDCs) with purified Tax protein in-
duces the secretion of Th1 cytokines (IL-12, and TNF-
alpha) and beta-chemokines (MIP-Ialpha, MIP-Ibeta,
and RANTES) in a dose- and time-dependent manner
as quantitated by antigen-specific ELISA. The kinet-
ics and dose response studies were also performed
at mRNA level by real-time PCR. A significant cor-
relation has been observed in the Tax-induced secre-
tion of cytokines/chemokines at both RNA and pro-
tein levels. These studies suggest that HTLV-1 Tax
protein can initiate immune response by activating

DCs, the mechanism(s) of which is currently under
investigation.

P105
Cytokine induction in the olfactory bulb of mice
following rapid invasion of a human influenza virus
Victor H Leyva-Grado, Melissa Wu, Lynn Churchill,
Jeannine A Majde, and James M Krueger
Department of VCAPP, Washington State University,
Pullman, WA, USA

Infection with influenza virus is associated with char-
acteristic systemic symptoms such as fever, somno-
lence and fatigue. These symptoms are considered part
of the acute phase response (APR) and are regulated in
part by cytokines produced by the host. Influenza virus
is generally assumed to be restricted to the respiratory
tree, and its symptoms induced by cytokines produced
in the respiratory system acting upon the brain. We
have demonstrated viral replication intermediates in
the olfactory bulb (OB) of influenza-infected mice as
early as 4 h after intranasal inoculation. Consequently,
we hypothesized that the presence of the virus will
increase the production of cytokines like tumor necro-
sis factor alpha(TNFa) and interleukin (IL)-1β in this
region of the brain. Mature C57BL/6 male mice were
inoculated intranasally with a high dose of highly pu-
rified PR8 H1N1 influenza virus; boiled virus served
as a control. Mice were anesthetized and perfused
with 4% paraformaldehyde at 15 h post-infection and
whole brains, including OBs separated from the crib-
riform plate, were collected. Brains were post-fixed,
sunk in 20% sucrose and frozen prior to microtome
sectioning. OB sections were stained for viral H1N1
antigen, TNFa and IL-1β or were double-labeled with
TNFa and the neuronal marker NeuN. Sections were
examined and photographed using light and confo-
cal microscopy. Viral antigen was concentrated in the
olfactory nerve and the glomerular layer (GL) of the
OB. A significant increase in the number of TNFa im-
munoreactive (IR) cells was found after a quantitative
analysis in the external plexiform layer of the OB.
Double labeling with NeuN demonstrated that neu-
rons in the OB were producing the TNFa. Quantita-
tive analysis of IL-1β IR cells showed no significant
difference in the number of IR cells between infected
and control groups. The distribution of the IL-1β IR
cells indicates that this cytokine was produced both
in microglia and neurons of the OB. We conclude that
there is an increase in the production of cytokines like
TNFa in the olfactory bulb after intranasal inoculation
with PR8 influenza virus, which has also been demon-
strated in our laboratory with quantitative RT-PCR.
These cytokines may be part of the initial signaling to
the brain that produces the APR following influenza
infection.

NIH Grant No. HD36520. Leyva-Grado was also sup-
ported by the direccion general de apoyo al personal



7th International Symposium on NeuroVirology
31 May–3 June 2006 45

academico of the National Autonomous University of
Mexico.

P106
Cysteine residues on HIV Tat mediate neurotoxicity
via interaction with NMDA NR1A and NR2A
Subunits
Wenxue Li, Joseph Steiner, Caroline Anderson, Yan
Huang, Tanya Malpica, and Avindra Nath
Department of Neurology, Johns Hopkins University School
of Medicine, Baltimore, MD, USA

Background: HIV associated dementia (HIVD) remains
a prevalent neurological disorder in post-HAART era.
Although the pathogenesis of HIVD is still poorly un-
derstood, substantial evidence suggests that HIV Tat
protein may induce neurodegeneration through the ac-
tivation of NMDA receptor. Here we investigated the
interaction of HIV Tat with NMDA NR1A and NR2A
subunits and determined if cysteine residues on Tat
mediate its neurotoxicity.

Methods: HEK293 cells transfected with NR1A and
NR2A plasmids (gifted by Dr. Richard O’Brien in Johns
Hopkins University) were used for toxicity assay of Tat
protein secreted from astrocytic cells (SVGA) trans-
fected with Tat. S-nitrosylation of Tat protein was mea-
sured by Biotin Switch method. MTT assay was used
to determine the neurotoxicity of recombinant HIV Tat
protein in rat primary neuronal culture.

Results: HEK293 cells were transiently transfected
with pRK5-NR1A and pRK5-NR2A plasmids and the
expression of NR1A and NR2A protein was confirmed
by immunostaining and Western blot analysis. Their
functional properties were confirmed by incubation
with 300 uM NMDA which caused cell death. SVGA
were transfected with plasmids containing either Tat1-
72 or Tat1-101. The expression of Tat protein in the
culture supernatant was confirmed by Western blot
analysis. Culture supernatants containing either Tat1-
72 or Tat 1-101 induced 50% (p < 0.01) cell death in
HEK293 cells expressing NR1A and NR2A, while they
did not induce significant cell death in HEK293 cells
with mock transfection. The cell death caused by Tat
could be blocked with NMDA receptor blockers (10 uM
MK-801 or 500 uM APV). Recombinant Tat1-72 pro-
tein also induced 25% (p < 0.01) cell death in HEK293
cells expressing NR1A and NR2A. Recombinant Tat1-
72 was treated with S-nitrosylglutathione and cys-
teine residues of Tat were modified by S-nitrosylation
which was confirmed by the Biotin Switch assay. S-
nitrosylation of recombinant Tat protein diminished
its neurotoxicity in rat primary neuronal cultures.

Conclusion: HIV Tat protein may induce neurotoxi-
city by interaction with NMDA NR1A and NR2A sub-
units. Cysteine residues on Tat are important in medi-
ating its neurotoxicity. Post-translational modification
by S-nitrosylation may play an important role in the
host defense system against HIV neurotoxicity.

Supported by NIH grant R01NS039253 and
P01MH70056.

P107
Identification and characterization of C/EBP binding
sites within the clade C HIV-1 LTR
Luna Li, Yujie Liu, Michael R Nonnemacher, Evelyn
Kilareski, and Brian Wigdahl
Department of Microbiology and Immunology, Drexel
University College of Medicine, Philadelphia, PA, USA

Human immunodeficiency virus type 1 (HIV-1) has
been transmitted worldwide and regional viral clades
have been designated as subtype A through K. Subtype
C, which is concentrated in Southeast Asia and sub-
Saharan Africa, is the most prevalent subtype world-
wide. To date, few studies have examined the role
of CCAAT/enhancer binding proteins (C/EBP) with
respect to long terminal repeat-(LTR) directed viral
gene expression from the clade C LTR. Within clade
B viruses, two functional C/EBP sites upstream of the
TATA box have been shown to be required for efficient
viral replication in cells of monocyte/macrophage lin-
eage. In order to assess the roles of C/EBP sites within
the subtype C viral LTR, 211 HIV-1 subtype C LTR se-
quences were collected and aligned via the Clustal V
method. From these analyses, three putative C/EBP
binding sites were identified: two upstream binding
sites 1 and 2 (US1 and US2) and one downstream bind-
ing site (DS1). Interestingly, the putative downstream
site (DS1) is highly conserved between clades B and
C, suggesting the presence of a functionally impor-
tant cis-acting element that has yet to be characterized.
Electrophoretic mobility shift analysis demonstrated
that two of three sites within the HIV-1 subtype C were
able to bind C/EBP factors (US1 and DS1). Additional
studies focused on examining relative binding affini-
ties of naturally occurring variants of these two sites
are currently underway. Future studies will examine
the molecular architecture of these sites relative to the
functional properties of the HIV-1 LTR.

P108
Regulation of the SIV LTR in macrophages
Xinhui Li, Lucio Gama, Shruthi Ravimohan, Sheila A
Barber, and Janice E Clements
Department of Molecular and Comparative Pathobiology,
Johns Hopkins University School of Medicine, Baltimore,
MD, USA

HIV and SIV infect both CD4+ lymphocytes and
monocytes/macrophages. While CD4+ lymphocytes
are the major host cells infected in the peripheral
blood and constitute the major peripheral reservoir
for latent HIV and SIV, macrophages are the predom-
inant cells infected in the CNS and lungs. Studies
from our laboratory have previously demonstrated the
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existence of a latent reservoir of SIV in the brain.
More recently, we published strong evidence to sup-
port our hypothesis that the innate immune responses
to virus infection that suppress acute virus repli-
cation in the brain also facilitate transcriptional la-
tency of SIV. Specifically, we demonstrated that IFNb,
which is induced in the brain very early after in-
fection, both suppresses SIV LTR activity and in-
duces expression of the dominant-negative isoform
of C/EBPb (CCAAT/enhancer-binding protein b ). To
identify critical sequences that regulate the SIV LTR
in macrophages, we have generated a set of SIV LTR
reporter constructs and have cloned and expressed the
human isoforms of wild-type C/EBPb (LAP) and the
dominant-negative isoform of C/EBPb (LIP). An impor-
tant distinction of the SIV LTR compared to the well-
characterized HIV LTR is that the C/EBPb-binding site
in the SIV core promoter (−84 to −100 bp) overlaps
the NF-kB-binding site suggesting a complex regula-
tory mechanism at this site. We present data on the
transcriptional activity of the SIV LTR when LAP and
LIP are expressed in macrophages and assess the rel-
ative contribution of the NF-kB and C/EBPb binding
sites in the SIV core promoter.

This research was supported by grants to JEC from
the NHBL, NINDS and NIMH.

P109
Effector memory CD8+ T lymphocytes control
polyomavirus viremia, but not viruria, in HIV+ PML
survivors
Marco A Lima,1,2,3 Angela Marzocchetti,2 Patrick
Autissier,2 Troy Tompkins,2 Yiping Chen,2 Jennifer
Gordon,4 David B Clifford,5 Rajesh T Gandhi,6 Joseph
R Berger,7 and Igor J Koralnik1,2

1Department of Neurology; 2Division of Viral Pathogenesis,
Beth Israel Deaconess Medical Center, Harvard Medical
School, Boston, MA; 3School of Medicine, Federal
University of Rio de Janeiro, Brazil; 4Center for
Neurovirology, Temple University School of Medicine,
Philadelphia, PA; 5Department of Neurology, Washington
University School of Medicine, St. Louis, MO; 6Division of
Infectious Diseases, Massachusetts General Hospital,
Harvard Medical School, Boston, MA; and 7Department of
Neurology, University of Kentucky College of Medicine,
Lexington, KY, USA

The presence of JC virus (JCV)-specific CD8+ cyto-
toxic T lymphocytes (CTL) is associated with a bet-
ter outcome in patients with progressive multifocal
leukoencephalopathy (PML). In HLA A*0201+ indi-
viduals, these cells cross-recognize epitopes of the
polyomavirus BK. We sought to determine the fre-
quency and phenotype of CD8+ T lymphocytes spe-
cific for two A*0201-restricted JCV epitopes, VP1p36
and VP1p100, as well as their impact of JC and BK
viremia and viruria.

We studied 32 individuals, divided in 3 groups: 1)
healthy subjects (n = 15), 2) HIV+ (n = 8) and 3) HIV+

PML survivors (n = 9). We devised a method to esti-
mate the frequency of JCV-specific T CD8+ lympho-
cytes in fresh blood using pre-enrichment followed by
tetramer staining assay. We then characterized the ex-
pression of T cell differentiation markers CD45RA and
CCR7 with 7 color flow cytometry to classify these cells
into naı̈ve, central memory, effector memory or termi-
nally differentiated effector memory T cells. Real time
QPCR was used to detect JCV and BKV DNA in the
blood and urine.

The frequency of VP1p36-specific T CD8+ lympho-
cytes ranged from 0.001% to 0.22% and for VP1p100
from 0.0014% to 0.015% of all CD8+ T cells, with no
significant difference between the three study groups.
In HIV+PML patients, CD45RA- CCR7- effector mem-
ory CD8+ cells were the predominant subset, espe-
cially early after disease onset, while in healthy sub-
jects and HIV+ without PML there was no prevalent
subpopulation. JCV and BKV DNA were not detected
in any of the plasma and PBMC, but were found in 10%
and 13.3% urine samples, respectively, independently
of the detection of JCV-specific lymphocytes.

In conclusion, JCV-specific CD8+ T lymphocytes
are present in very low frequencies in the peripheral
blood. In HIV+ PML patients who had a favorable clin-
ical outcome, effector memory cells were the predomi-
nant subset. This cellular immune response efficiently
cleared polyomaviruses from the blood but did not
prevent their excretion in the urine. Immunotherapies
aiming at increasing this population of cells may be
valuable in the treatment of HIV+ individuals with
PML.

Supported in part by NIH R01 grants NS/AI 041198
and NS 047029 to IJK.

P110
A highly conserved HIV-1 clade B downstream C/EBP
binding site affects C/EBP and Tat transactivation
Yujie Liu, Michael R Nonnemacher, Evelyn M
Kilareski, Aikaterini Alexaki, and Brian Wigdahl
Department of Microbiology and Immunology, Drexel
University College of Medicine, Philadelphia, PA, USA

Previous studies have shown that at least one CCAAT
enhancer binding protein (C/EBP) site upstream of the
TATA box and full-length C/EBP beta protein is neces-
sary for human immunodeficiency virus type 1 (HIV-
1) long terminal repeat (LTR) activity in cells of the
monocyte/macrophage lineage. However, no studies
have been performed concerning C/EBP sites down-
stream (DS) of the start of transcription. Analyses of
115 clade B LTRs have indicated that there are three
potential C/EBP sites within the downstream LTR.
Electrophoretic mobility shift (EMS) analyses demon-
strated that only one of the three sites (DS3, +158 to
+172) was able to bind members of the C/EBP fam-
ily. Analyses of 115 clade C, 21 clade A and 19 clade
D LTRs indicated that this downstream site is highly
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conserved among different HIV-1 clades, suggesting
the presence of a functionally important cis-acting el-
ement. EMS analysis of naturally occurring variants
within DS3 demonstrated altered C/EBP recruitment.
To perform functional studies, the 6C variant was se-
lected (G-to-C change at position 6) because it resulted
in a knockout phenotype without creating an alternate
binding site. Results from transfection studies utilizing
the parental wild type LAI LTR (LTR-WT) containing
the knock-out 6C variant (LTR-DS3-6C) demonstrated
loss of binding to this site results in an approximate
50% decrease in basal LTR activity in the U-937 mono-
cytic cell line. Full-length C/EBP beta induction of
LTR-WT was reduced 3-fold by loss of C/EBP bind-
ing to DS3. Interestingly, Tat induction was decreased
4-fold, suggesting that an alteration in the structural
integrity of this site may perturbate the interaction of
Tat with the neighboring TAR element that may in-
volve C/EBP/Tat interactions. Co-transfection assays
demonstrated that full-length C/EBP synergistically
enhanced Tat transcriptional activity with both LTR-
WT and LTR-DS3-6C, with a higher induction level in
LTR-WT. These observations suggest the highly con-
served DS3 site is important for HIV-1 LTR transcrip-
tion and may be a critical element required for HIV-1
activation.

P111
Human neurons express dsRNA receptors and can
mount inflammatory, chemoattractive and antiviral
responses in virus infection
Françoise Mégret,1 Christophe Préhaud,1 Alan C
Jackson,2 Mireille Lafage,1 John P Rossiter,2 Pauline
Menager,1 and Monique Lafon1

1Institut Pasteur Paris France and 2Queen’s University,
Kingston Ontario Canada

The capacity of neurons to mount an innate immune
response to a viral infection remains largely unex-
plored. To gain insight into the biology of human neu-
rons in the course of neuronotropic viral infections,
human post-mitotic neurons, NT2-N, were infected
with rabies virus (RABV). Affymetrix oligonucleotide
micro arrays were used to analyze global changes in
neuronal gene expression. With a two-fold cut-off,
RABV increased transcription of 231 genes. Genes of
immunity represent 24% of the number of the RABV-
upregulated genes. The function of highly expressed
genes of immunity by RABV almost exclusively in-
cluded a strong interferon-beta (IFN-beta) response
and an IFN-mediated gene response, such as IRF7 and
2′5′OAS and chemokines (CCL-5, CXCL10). RABV also
upregulated the expression of IL-1alpha, IL-6, IL-8 and
TNF-alpha mRNAs. The micro arrays results were con-
firmed by real time PCR, immunocytochemistry and
ELISA. Human neurons also produce a strong IFN-
beta response after synthetic dsRNA (Poly I:C) treat-

ment, but not LPS. Human neurons were found to ex-
press transcripts of the dsRNA receptors: TLR-3, RIG-1,
MDA-5 and PKR. Expression of these dsRNA recep-
tors was increased after rabies virus infection, IFN-
beta, Poly I:C but not after LPS treatment. Immunocyto-
chemistry analyses indicated that human neurons ex-
press TLR-3 and that infection redistributed cytoplas-
mic TLR-3 localization. The sequence of the TLR3 gene
of human neurons was obtained. It was strictly iden-
tical to those obtained in human dendritic cells, sug-
gesting that TLR3 expressed by neurons is fully func-
tional. Moreover, TLR3 expression was detected in
neurons of human rabies cases by immunohistochem-
istry. These results highlight that human neurons in
absence of glia have the intrinsic machinery to mount a
strong IFN-beta response and to produce inflammatory
and chemoattractive mediators in response to viral
infection.

P112
Effect of Heroin and HIV-1 gp120 on chemokine and
chemokine receptor regulation in brain
microvascular endothelial cells.
Supriya D Mahajan, Jessica L Reynolds, Donald E
Sykes, Ravikumar Aalinkeel, Bindukumar B Nair,
Stanley A Schwartz, and Madhavan PN Nair
Department of Medicine, Division of Allergy, Immunology
& Rheumatology, State University of New York at Buffalo,
Buffalo General Hospital, Buffalo, NY, USA

Opioid abuse has been postulated as a cofactor in the
immunopathogenesis of human immunodeficiency
virus (HIV-1) infection and AIDS. Chemokines and
their receptors have been implicated in the patho-
genesis of neuroAIDS. HIV-1 has been shown to in-
fect brain microvascular endothelial cells (BMVEC)
in vivo and in vitro resulting in the modulation of
blood brain barrier permeability and neurodegeration.
We hypothesize that heroin and HIV-1 viral protein,
gp 120 can alter the chemokine balance in the brain,
via the modulation of the chemokines and its specific
receptors further exacerbating the neuropathogenesis
process in HIV-1 infection. BMVEC were treated with
heroin (10-7- 10-11M) or gp120 (10ng/ml) separately
or in combination for 24 hr, RNA was extracted, re-
verse transcribed and the chemokine, RANTES and
chemokine receptors, CCR5 and CXCR4 gene expres-
sion were quantitated using real time QPCR. Our re-
sults show that heroin treatment increased CCR5 and
CXCR4 gene expression in a dose dependent manner,
with a reciprocal downregulation of RANTES gene ex-
pression by BMVEC. Treatment with a combination of
heroin and gp120 showed an additive increase in CCR5
and CXCR4 gene expression. These results suggest that
heroin may act as a cofactor in neuropathogenesis of
HIV-1 infection potentially by dysregulating the local
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production of HIV-1 suppressing chemokines and their
receptors.

P113
Simian varicella virus reactivation in cynomologous
monkeys
Ravi Mahalingam,1 Vicki Taina-Dorge,2 Mary
Wellish,1 and Donald GIlden3

1Department of Neurology, UCDHSC, Denver, CO;
2Department of Microbiology, Tulane Regional Primate
Research Center, Covington, Louisiana; and 3Departments
of Neurology and Microbiology, UCDHSC, Denver,
CO, USA

Simian varicella virus (SVV) infection of primates
shares clinical, pathological, immunological and vi-
rological features with varicella zoster virus (VZV) in-
fection of humans. Furthermore, like VZV, SVV be-
comes latent in ganglionic neurons. We established
natural SVV infection in 7 Cynomologous monkeys
by exposing them to monkeys that had been inocu-
lated intratracheally with SVV. Six naturally-infected
monkeys developed varicella rash within 2 weeks after
exposure. SVV DNA, but not SVV RNA, was detected
in multiple ganglia, but not in lung or liver in 2 of
the monkeys 3 months post-infection (p.i). Six months
p.i., 4 of the remaining 5 naturally-infected monkeys
received a single dose (200 cGy) of X-irradiation fol-
lowed by tacrolimus (80–300 mg/kg/day) and pred-
nisone (1 mg/kg/day) for 4 months. The fifth non-
immunosuppressed monkey served as a control. A
varicella-like rash developed in one immunosup-
pressed monkey 5 weeks later. Monkeys were sacri-
ficed at monthly intervals after immunosuppression.
Ganglia and viscera were analyzed for SVV DNA, RNA
and protein. SVV DNA was detected in at least in one
ganglion from all 5 monkeys, in lung from 2/4 im-
munosuppressed animals, and in lung from the con-
trol monkey. SVV ORF 63 RNA was detected in gan-
glia from 2/4 immunosuppressed monkeys and in the
control monkey. SVV ORFs 9 or 40 RNA were detected
in ganglia from the same 2 immunosuppressed mon-
keys, but not in the control monkey. SVV glycopro-
teins were detected in the skin rash from the immuno-
suppressed monkey and in lung from all immunosup-
pressed monkeys and in the control monkey. SVV gly-
coproteins were also detected in monkey ganglia that
contained SVV RNA. SVV latency can be established
in Cynomologous monkeys. Immunosuppression re-
activates latent SVV, but may not be the only stimulus
that induces reactivation.

P114
Cytokine regulation of the ERVWE1 promoter
activity in astrocytic cells
Giuseppe Mameli,1,2 Vito Astone,1 Kamel Khalili,2

Caterina Serra,1 Bassel E Sawaya,2 and Antonina
Dolei1

1Section of Microbiology, Department of Biomedical
Sciences, Center of Excellence for Biotechnology
Development and Biodiversity Research, University of
Sassari, Sassari, Italy and 2Department of Neuroscience,
Center for Neurovirology, Temple University School of
Medicine, Philadelphia, PA, USA

Two components of the HERV-W family of human en-
dogenous retroviruses (HERV) are activated in multi-
ple sclerosis (MS) and proposed as disease (co)factors:
MSRV (MS-associated RetroVirus, able to form extra-
cellular virions), and syncytin (env protein encoded
by the ERVWE1 locus, that mediates trophoblast fu-
sion during pregnancy). So far no tools can distinguish
these two elements intracellularly. MSRV/HERV-W
env-specific mRNA and protein are induced in MS
brains, CSF and blood. In cultured carrier cells MSRV
expression is increased by MS-detrimental cytokines
(IFNgamma, TNFalpha, IL-1beta, IL-6), and inhibited
by MS-protective IFNbeta.

We studied the regulation of ERVWE1 promoter
in astrocytic cells, since in trophoblasts its regula-
tion is linked to trophoblasts-specific binding sites in
the ERVW-1 promoter. Using transient transfection as-
says and constructs of different size, we showed that
IFNgamma, TNFalpha, IL-1beta, and IL-6 up-regulate
the ERVW-1 promoter activity, while IFNbeta down-
regulates it. The regulation occurs within the cel-
lular moiety of the promoter region. TNFalpha ac-
tivation occurs through NF-kB responsive-elements
within the promoter. Electromobility shift and ChIP
assays showed that TNFalpha enhances the binding of
the p65 subunit of NF-kB to its cognate site within the
promoter, and that the effect is abolished by siRNA
against p65. These findings show an additional role
for p65, regulating ERVW-1 promoter and inducing
syncytin in MS patients. The URE-HWLTR region on
chromosome 7q21–22 was amplified from DNA of MS
patients and controls and sequenced. The alignment
revealed that all sequences are homologous and highly
conserved, thus indicating that differential activation
of transcription factors in patients and controls is re-
lated to the inflammatory microenvironment.

P115
Human T cell leukemia virus type 1 Tax induces the
expression of murine dendritic cell markers
associated with maturation and activation
Sharron L Manuel,1 Kate Mostoller,2 Pooja Jain,1 and
Brian Wigdahl1

1Department of Microbiology and Immunology, Drexel
University College of Medicine, Philadelphia, PA and
2Department of Microbiology and Immunology, The
Pennsylvania State University, Hershey, PA, USA

HTLV-1 is the etiologic agent of both adult T cell
leukemia (ATL) and HTLV-1-associated myelopa-
thy/tropical spastic paraparesis (HAM/TSP). Although
the genesis of HAM/TSP likely involves several steps,
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the generation of a highly specific and effective
population of Tax-specific CD8+ cytotoxic T lympho-
cytes (CTLs) that migrate to the central nervous system
is likely of pivotal importance in this neuropathologic
process. Presentation of Tax peptides by activated den-
dritic cells (DCs) to naı̈ve CD8+ T cells likely plays
an important role in the induction of a Tax-specific
CTL response. Studies have suggested that Tax may be
secreted from HTLV-1-infected cells and act as an ex-
tracellular cytokine. We report herein that treatment
of a murine dendritic cell line JAWS II with purified
Tax protein induces DC activation and maturation in-
volving an increase in the production of CD80, CD83,
and CD86 mRNA as demonstrated by microarray anal-
yses and quantitative RT-PCR assessment. Addition-
ally, treatment of JAWS II DCs with extracellular Tax
decreases the ability of DCs to present an MHC class
I-restricted peptide, indicating that Tax likely matures
the DCs to the point where presentation of a secondary
antigen is restricted. The implication of the experi-
mental results is significant with respect to the genera-
tion of a Tax-specific CTL compartment and the even-
tual neurologic dysfunction observed in HAM/TSP.

P116
Inflammation caused by envelope of the multiple
sclerosis RetroViral element
Patrice N Marche1,2, Alexandre Rolland1,2, Christina
Lomparski1,2, Hei-Lanne Dougier1,2, Corine
Bernard1,3, Christophe Viret1,2, Evelyne
Jouvin-Marche,1,2 and Hervé Perron3

1INSERM U548, Grenoble, F; 2CEA/DRDC/ICH; and
3Geneuro, Genève, Switzerland

The Multiple Sclerosis RetroViral element (MSRV) iso-
lated from MS patient cerebrospinal fluid belongs to
the Human Endogenous RetroVirus (HERV) W fam-
ily which comprises about 2% of the human genome.
MSRV envelope protein (ENV) may contribute to ini-
tiate and/or exacerbate MS. 1) ENV stimulates Periph-
eral Blood Mononuclear Cells (PBMC) which display
polyclonal expansions of TCR Vbeta16 T cells support-
ing a possible superantigen activity. 2) ENV activates
PBMC from MS patient blood to produce inflamma-
tory cytokines IFN-g, IL-12p40 and IL-6, in relation
with disease severity score. 3) ENV induces human
monocytes and dendritic cells to produce inflamma-
tory cytokines through engagement of CD14 and Toll
Like Receptor 4 (TLR4). ENV can trigger a maturation
of dendritic cells to support a Th1 type of T lympho-
cyte response. For in vivo validation in the Experi-
mental Allergic Encephalitis (EAE), mice are injected
with a combination of antigenic myelin peptide and
adjuvant (Complete Freund) or ENV protein. Clinical
score shows significant EAE symptoms both in mice
injected with ENV or adjuvant, and no symptom in
control mice. Anti-ENV antibodies block encephalitis
when given together with ENV. Cultures of splenocytes
from either ENV or adjuvant treated mice with the

myelin antigen lead to IFN-g production, suggesting
a T lymphocyte polarization towards the myelin anti-
gen. In conclusion, ENV can promote in vivo inflam-
mation leading to disease similar to EAE. Evaluation
of myelin damage in brain and of immune responses
from ENV injected mice will provide clue to validate
if disease promoted by ENV is similar to conventional
EAE model.

P117
Modulation of pro-inflammatory immune responses
during herpes encephalitis
Cristina P Marques,1,2 Shuxian Hu,1,2 Wen Sheng,1,2

and James R Lokensgard1,2

1Center for Infectious Diseases and Microbiology
Translational Research and 2University of Minnesota
Medical School, Minneapolis, MN, USA

Despite the advent of antiviral therapies, herpes sim-
plex virus (HSV)-1 infection of the brain remains the
leading cause of sporadic fatal encephalitis in im-
munocompetent individuals. Using a murine model of
HSV-1 brain infection, our laboratory aims to elucidate
the contribution of virus-induced immune responses
to the progression of this disease. We have previously
identified a vigorous cascade of pro-inflammatory im-
mune responses in the brains of HSV-1-infected Balb/c
mice beginning as early as 5 days post-infection. Pro-
duction of potent mediators by HSV-1 infected mi-
croglia, such as CXCL10 and CCL2, lead to a significant
T-cell infiltration within the first 7 days post infection.
Based on these previous findings, we are currently
investigating the contribution of this non-protective
inflammatory response to the development of fatal
HSV-1 brain disease. We are presently evaluating
the effects of pro-inflammatory and anti-inflammatory
mediator production at the site of infection on the
progression of cytokine and chemokine production,
T cell infiltration, viral replication and spread, and
host survival. By over-expressing a pro-inflammatory
chemokine (CXCL10), as well as an anti-inflammatory
cytokine (IL-10), we aim to modulate the intensity of
this neuro-immune response in order to assess its con-
tribution to the development of HSV-1 encephalitis.

P118
Brain-Derived HIV-1 envelope glycoproteins with
lower CD4-dependence and reduced sensitivity to a
fusion inhibitor than their splenic counterparts
Julio Martin-Garcia,1 and Francisco
Gonzalez-Scarano2

1Department of Microbiology and Immunology, and Center
for Molecular Virology and Neuroimmunology, Institute for
Molecular Medicine and Infectious Disease, Drexel
University College of Medicine, Philadelphia, PA and
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Pennsylvania Medical School, Philadelphia, PA, USA
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Background: We previously described envelope gly-
coproteins of an HIV-1 isolate adapted in vitro for
growth in microglia that acquired a highly fusogenic
phenotype, lower CD4 dependence and higher CD4
affinity, as well as resistance to inhibition by anti-CD4
antibodies. Here, we investigated whether similar phe-
notypic changes are present in vivo.

Methods: Envelope clones from the brain and spleen
of an HIV-1-infected individual with neurological dis-
ease were amplified, cloned, and sequenced. Amino
acid changes in V1/V2, V3 and V4 variable regions
of gp120, and in the carboxy-terminal heptad repeat
domain (HR2) of gp41 ectodomain, were found. Func-
tional clones were then used in cell-to-cell fusion as-
says to test for CD4 and co-receptor utilization, and for
sensitivity to various antibodies and inhibitors.

Results: Phylogenetic analysis demonstrated clus-
tering of sequences according to the tissue of origin,
as expected. Both brain- and spleen-derived envelope
clones mediated fusion in cells expressing both CD4
and CCR5, and brain envelopes also used CCR3 very ef-
ficiently as co-receptor. We found that brain envelopes
had a lower CD4-dependence and higher CD4 affinity,
since they were able to mediate fusion in the pres-
ence of low levels of CD4 on the target cell mem-
brane, and they were significantly more resistant to
blocking by anti-CD4 antibodies than spleen-derived
envelopes. In contrast, we observed no difference in
CCR5 utilization or in sensitivity to the CCR5 antago-
nist TAK-779. However, brain-derived envelopes were
significantly more resistant than those from spleen to
the fusion inhibitor T-1249, and concurrently showed
slightly greater fusogenicity.

Conclusions: Our results confirm an increased affin-
ity for CD4 of brain-derived envelopes that may have
originated from in vivo adaptation to replication in mi-
croglial cells. More interestingly, we note the presence
of envelopes significantly less sensitive to a fusion in-
hibitor in the brain versus spleen of an untreated, HIV-
1-infected individual. Changes in the interaction with
CD4 but not CCR5, and/or the specific polymorphism
found in HR2 in these brain sequences, may be related
with the observed phenotypic differences.

P119
High prevalence of JC virus urinary excretion in
immunocompetent Portuguese patients
Ana M Matos,1 Silvia Beato,2 Vitor M Duque,2
António A Meliço-Silvestre,2 Ana M Donato,3 Lucı́lia
M Silveira,3 and João M Poiares-da-Silva1

1Laboratório de Microbiologia, Faculdade de Farmácia,
Universidade de Coimbra; 2Unidade Funcional de Virologia
do Departamento de Doenças Infecciosas dos Hospitais da
Universidade de Coimbra; and 3Laboratório de Análises
Clı́nicas, Faculdade de Farmácia, Universidade de Coimbra

Objectives: JC polyomavirus is ubiquitous in hu-
mans. Its infection seems to be acquired during child-
hood, mainly asymptomatically. After primary infec-

tion, JC Virus (JCV) is thought to remain latent in re-
nal tissue. Reactivation could occur under certain con-
ditions, and progeny is excreted in urine. Although
JCV urinary excretion has been reported in 30–70% of
adults worldwide, none of the performed studies have
concerned the Portuguese population. In this order, the
aim of the present study was to evaluate the prevalence
and pattern of JCV urinary excretion in Portuguese in-
dividuals.

Methods: Urine samples from 109 immunocompe-
tent individuals attending to several laboratories in the
Portugal central region were collected and screened for
the presence of JCV DNA. This patient group included
64 women and 45 men aged between 15 and 77 years
old. After nucleic acid extraction viral DNA was sub-
mitted to topoisomerase I treatment. PCR amplification
was performed using specific primers from the VP1
coding region of the JCV genome. Amplified products
were visualized by agarose gel electrophoresis.

Results: Fifty four (49,5%) out of 109 urine sam-
ples screened revealed the presence of the expected
fragment from JC Virus genome. From the studied
group, thirty one (47,7%) out of 65 women and 23
(51,1%) out of 45 men excreted JCV in the urine. The
prevalence of urinary excretion increases with age. A
maximum value was observed for patients older than
70 years.

Conclusion: The present findings reveal that half
of immunocompetent Portuguese population from the
Portugal central region of excretes JCV in urine. In
spite of this relatively high value, it is concordant
with prevalence rates observed in other countries. Also
in accordance with several reports, Portuguese excre-
tion rate it’s slightly higher among men than women.
This study also supports the evidence that older pa-
tients present the highest rate of JCV excretion in
urine.

P120
Pathogenic consequences of dysregulated immune
responses to concomitant viral infections
Christine M Matullo,1,2 and Glenn F Rall1,2

1Department of Immunology & Microbial Pathogenesis,
Thomas Jefferson University; and 2Division of Basic
Science, Viral Pathogenesis, Fox Chase Cancer Center,
Philadelphia, PA, USA

It is known that concomitant infections in humans
are quite prevalent, with a prominent example of
this being coinfection with Human Immunodeficiency
virus (HIV) and one of the Hepatitis viruses (HBV
or HCV), for which the clinical outcome is different
from that of either infection alone. One can postu-
late that simultaneous immune challenges –including
responses to infections, cancers, allergens and au-
toimmune diseases—may also result in a substan-
tively different outcome than any single and isolated
response. To date, however, most responses to
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immunologic challenges are investigated using im-
munologically naı̈ve mice with each pathogenic agent
or immune response being evaluated individually. In
order to further the understanding of the effects of
polymicrobial infections and their influence on the
host’s subsequent immune response as a whole, we
chose to look at coinfection of permissive mice with
measles virus (MV) and lymphocytic choriomeningi-
tis virus (LCMV). When introduced singly, adult im-
munocompetent mice are able to clear the infection
and survive the challenge of either of these viruses. In
this model, only CNS neurons can be infected with MV
(due to a targeted expression of a MV receptor to this
cell type), and the intra-peritoneal route of LCMV chal-
lenge restricts infection to the periphery without inva-
sion of the CNS. Thus, the sites of viral infection and
replication remain mutually exclusive. This compart-
mentalization allowed us to readily observe any im-
munopathological consequences that occurred in re-
sponse to the dual infection of these mice. What we
found was a significant correlation between dual in-
fection and signs of illness, including notable weight
loss. Also, upon immunohistochemical analysis of se-
rial brain sections of these mice, in comparison to
mock infected or singly infected mice, we observed
that coinfection led to a significant increase in CD8+
T-cell infiltration, presumably of LCMV-specificity, de-
spite a lack of LCMV presence within the CNS. Our
results indicate that these CD8+ T-cells are traffick-
ing into the CNS in an antigen-independent manner,
likely mediated by chemokines. This study demon-
strates that while induction of anti-microbial im-
mune responses is antigen-dependent, recruitment ap-
pears to be antigen-independent. If so, this misrecruit-
ment may result in pathological consequences for the
host which is infected simultaneously with multiple
pathogens.

P121
Protection of neuronal cytoskeletal antigen
expression in HIV-1-exposed cultures of
differentiating human neuroepithelial precursor
cells
Micheline McCarthy1,2,3 and Irving Vidaurre1,2,3

1Department of Neurology; 2Miami Veterans Affairs
Medical Center; and 3Miller School of
Medicine—University of Miami, Miami, FL, USA

Objective: To study the effect of HIV-1 on neurogene-
sis using differentiating cell populations derived from
human neuroepithelial precursor cells (NEP).

Background: Early events in HIV-1-associated neu-
ronal injury include dendritic alterations, aberrant
neurofilament metabolism, and loss of synaptic in-
tegrity. The CNS may respond to neuronal injury by
differentiating new neurons and glia from resident
populations of multipotent NEP. Thus there is a the-
oretical basis for treating HIV-1 infection of the CNS

by stimulating endogenous neurogenesis to achieve lo-
calized neuronal replenishment.

Design/Methods: Human fetal-derived NEP prop-
agated as neurospheres were seeded onto adherent
substrate to initiate differentiation. Adherent cul-
tures were then differentiated to a selective pheno-
type by incubating them in one of two differentia-
tion media. To produce a mixed astrocyte-neuronal
population, cultures were incubated in Dulbecco’s
Modified Eagle’s Medium (DMEM) and F12 nutrient
mixture (DMEM/F12) supplemented with N2 supple-
ment and 2.5% (v/v) fetal bovine serum (fbs). To pro-
duce a predominantly neuronal phenotype, cultures
were incubated with Neurobasal medium (NB) sup-
plemented with 10 ng/ml brain-derived neurotropic
factor (BDNF) and 10ng/ml platelet-derived growth
factor A/B (PDGF). The adherent NEP cultures were
continuously exposed to macrophage-tropic HIV-1
(strain SF128A) or lymphotropic HIV-1 (strain SF2)
diluted into culture medium at 50ng p24 per million
cells. No macrophages or microglia were added. Cul-
tures were then assayed for cytoskeletal antigen ex-
pression by quantitative immunoblots or indirect im-
munofluorescent staining (IFA) or for cell numbers by
immunocytochemistry. Cultures were harvested for as-
say at days 5, 21, and 42 after initiation of differentia-
tion and HIV-1 exposure.

Results: After 5 days, all NEP cultures differenti-
ated into a mixed population of astrocytes, express-
ing glial fibrillary acidic protein (GFAP), and neu-
rons, expressing nuclear Hu and cytoskeletal antigens
from microtubule (beta-III-tubulin) or neurofilament
(neurofilament-L). In both culture phenotypes, HIV-
1 exposure trended to produce lower neuronal cy-
toskeletal antigen expression but higher GFAP anti-
gen expression after 5 days. After 22 days, HIV-1-
exposed cultures differentiated in MDM/fbs had 25-
40% less neuronal beta-III-tubulin or neurofilament-L
(NF-L) expression but equal amounts of GFAP expres-
sion as unexposed control cultures. After 22 days, HIV-
1-exposed cultures differentiated in NB/BDNF/PDGF
had equal or greater NF-L or beta-III-tubulin expres-
sion and equal amounts of GFAP antigen expression
as unexposed controls. IFA showed filaments with
patchy NF-L staining in the virus-exposed MDM/fbs
cultures; filaments had more intense, continuous NF-
L stain in the virus-exposed NB/BDNF/PDGF cultures.
The decrease in neuronal cytoskeletal antigen expres-
sion after 22 days in MDM/fbs cultures exposed to HIV-
1 was not due to a virus-specific decrease in neuronal
or even total cell numbers. After 42 days of differenti-
ation, virus-exposed cultures in DMEM/F12/fbs had
15–30% less NF-L expression than unexposed con-
trols, while virus-exposed cultures in NB/BDNF/PDGF
had equal NF-L expression as unexposed controls. In
both culture phenotypes, GFAP expression in virus-
exposed cultures was equal to or greater than that in
unexposed control cultures.

Conclusions: When human fetal NEP are continu-
ously exposed to lymphotrophic or macrophage-tropic
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HIV-1, there is selective depression of cytoskeletal
antigen expression in neurons but not astrocytes dif-
ferentiated from these NEP. The 68 kDa neurofilament
protein is particularly sensitive to this HIV-1 effect.
Neurotrophic factors BDNF and PDGF protect neu-
ronal antigen expression in differentiating and matur-
ing neurons from the effects of prolonged HIV-1 expo-
sure. In the absence of neurotrophic factors, HIV-1 anti-
gen exposure does not block the genesis of neuronal
lineage-committed cells from NEP, but HIV-1 exposure
may impair neuronal process development. This in
vitro effect suggests similarities to the dendritic sim-
plification seen in the brains of cognitively impaired,
HIV-1-infected patients.

Study supported by: Department of Veterans Affairs
Merit Review Program.
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Levels of neurotrophin receptors in the SIV
encephalitic brain
Emily A McVey, Chris Bartizal, and M. Christine Zink
Johns Hopkins Medical School, Department of Molecular
and Comparative Pathobiology, Baltimore, MD, USA

Despite the advent of HAART, HIV-associated demen-
tia is still estimated to occur in 10% of patients that
develop AIDS and less-severe symptoms of HIV en-
cephalopathy (HIVE) continue to occur in up to 50%
of patients. Effective therapy for HIV CNS disease re-
mains elusive, in part due to our lack of understand-
ing of the disease process in the brain. We have devel-
oped an accelerated, consistent SIV/macaque model of
HIV CNS disease with strong parallels to HIV infection
in which SIV-infected macaques develop moderate to
marked encephalitis with microglial and astrocyte ac-
tivation, astrogliosis, and neuronal loss. Brain derived
neurotrophic factor (BDNF) has long been known to
have a neuroprotective effect as well as a major role in
neural development. Recent studies have also shown
that BDNF is capable of triggering apoptosis, as well.
This negative signaling pathway is propagated through
the p75NTR. This receptor has been shown to bind
nerve growth factor (NGF) and NT-3, as well as BDNF. It
physically interacts with both the trk (tyrosine kinase)
receptors A, B, and C, which are the positive receptors
for NGF, BDNF and NT-3 respectively. While BDNF
signaling through its primary receptor, trkB, proba-
bly has a neuroprotective effect, signaling through the
p75NTR could be severely detrimental.

We hypothesize that the levels of neurotrophin re-
ceptors change with progression of SIV CNS disease
towards pro-apoptotic pathways. Addtionally, drugs
or treatments that maintain the positive (trkB) levels
in the brain will be neuroprotective. To test this hy-
pothesis, we measured levels of p75NTR and trkB in
the parietal cortex of SIV-infected macaques. We found
that the ratio of trkB to p75NTR decreases with in-
creasing severity of encephalitis, suggesting a role for

neurotrophin receptors in progression to HIV CNS dis-
ease.
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engagement: A protective mechanism against
CXCR4-Mediated neurotoxicity of HIV-1 gp120 and
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Anderson Cancer Center, Houston, TX, USA

Infection with human immunodeficiency virus-1
(HIV-1) often causes neurological problems and can
eventually lead to the developement of dementia. G
protein-coupled chemokine receptors serve besides
CD4 as coreceptors for the envelope protein gp120
of HIV-1. In transgenic mice expressing gp120 in the
brain and in mixed neuronal glial cell cultures HIV-1
gp120 initiates a signaling cascade that leads to neu-
ronal death. Using mixed neuronal/glial cultures from
rats and mice genetically deficient in one or both HIV
coreceptors with wild type as control, we found that
depending on the viral strain, either CCR5 or CXCR4
or both mediate neurotoxicity of HIV/gp120 via a path-
way involving p38 mitogen-activated protein kinase.
On the other hand, we identified Akt/PKB as an es-
sential component of CCR5-dependent neuroprotec-
tion that was provided by MIP-1beta and RANTES.
Furthermore, these CCR5 ligands abrogated neuronal
death initiated by SDF-1 acting on CXCR4. Coexpres-
sion of CXCR4 and CCR5 on both glia and neurons, and
Ca2+ imaging experiments demonstrated that engage-
ment of CCR5 prevented CXCR4-triggered increases of
intracellular [Ca2+]i, and suggested that CCR5 ligands
can protect neurons by modulating CXCR4-mediated
toxicity through heterologous desensitization.

Supported in part by amfAR and by NIH grants R01
NS050621 (to M.K.), and P01 HD29587, R01 EY09024,
and R01 NS41207 (to S.A.L.).

P124
Dynamic role of cerebrospinal fluid in establishing
early lentiviral neuropathogenesis and transfer of
virus from brain to systemic tissues
Rick B Meeker,1 Pinghuang Liu,2 Mary Tompkins,2
and Lola Hudson2

1University of North Carolina and 2College of Veterinary
Medicine, North Carolina State University, Chapel Hill, NC,
USA

Lentiviruses such as human, simian and feline im-
munodeficiency virus (HIV, SIV, FIV) gain rapid ac-
cess to the cerebrospinal fluid (CSF) and central
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nervous system (CNS) where they are thought to es-
tablish a protected viral reservoir, encourage the evo-
lution of viral variants and induce neuropathogenesis.
Virus entry into the CSF is rapid but the functional
significance of virus in the CSF/ventricular compart-
ment is poorly understood. To examine the infectious
interactions and fate of CSF virus we followed plasma,
CSF and brain viral titers over time after introduc-
tion of a bolus of free or cell-associated feline immun-
odeficiency virus (FIV) into the lateral cerebral ven-
tricle. Intracerebroventricular (i.c.v.) inoculation with
cell-free FIV resulted in: 1) high levels of plasma FIV
RNA which preceded the detection of viral RNA in
the CSF, 2) high CSF FIV RNA levels with 50% of the
animals showing an inversion of the CSF to plasma
viral load (CSF>plasma), 3) a unique biphasic pat-
tern of CSF viremia and 4) significant proviral DNA
in the brain. Analysis of FIV envelope variation in-
dicated that early CSF FIV was closely matched to
plasma whereas the subsequent appearance of virus
in the CSF did not match the plasma. Although the
brain proviral burden was substantially enhanced by
the i.c.v. infusion, the pattern of envelope variants in
the brain (proviral DNA) generally failed to correlate
with patterns seen in plasma RNA, CSF RNA or PBMC
DNA. FIV-infected macrophages provoked an acute in-
flammatory response and suppressed the CD4+:CD8+
T cell ratio but did not produce a detectable viremia.
The infection of CNS parenchyma and the high effi-
ciency of transfer of infectious virus from the CSF to
the periphery suggest that the CSF provides an impor-
tant pathway for establishing a brain reservoir and for
the efficient transfer of infectious virus from the brain
to systemic organs.

Supported by NIH Grant MH 063646.

P125
Spatially distinct and functionally independent
mechanisms of axonal degeneration in a model of
HIV associated sensory neuropathy
Giorgia Melli and Ahmet Hoke
Johns Hopkins University, School of Medicine, Baltimore,
MD, USA

Background: Distal symmetric polyneuropathy is a fre-
quent neurological complication in late stages of HIV
infection. While a direct infection of the virus in sen-
sory ganglion neurons is unlikely, HIV envelope pro-
tein, gp120 has been shown to induce apoptosis of
neurons through a pathway involving Schwann cells.
Since it is unknown if the axonal degeneration is a
consequence of the neuronal death or a primary direct
effect on the axons, we investigated gp120 induced
axonal toxicity, using compartmentalized cultures of
sensory neurons.

Methods: Embryonic sensory dorsal root ganglion
neurons were plated in Campenot chambers, where
axons grow in isolation from the cell bodies. Gp120

was added to the cell body compartment or to the
side chamber, housing the axons, both in presence and
absence of Schwann cells. Serially we monitored the
axon length and examined apoptotic cell death after
72 hours. We also investigate if gp120 induced axonal
degeneration is prevented by treatment of axons with
zVAD, a caspase inhibitor. Axons exposed to gp120
were stained with antibodies against cytochrome-C
and activated caspase III.

Results: Our results show that gp120 causes neu-
ronal apoptosis and axonal degeneration through two,
independent and spatially separated mechanisms of
action: i) an indirect insult to cell bodies, requiring the
presence of Schwann cells, results in neuronal apop-
totic death and subsequent axonal degeneration; ii) a
direct, local toxicity exerted on axons through activa-
tion of mitochondrial caspase pathway, that is inde-
pendent of cell body. This local axonal toxicity is me-
diated through binding of gp120 to axonal chemokine
receptors and can be prevented by chemokine receptor
blockers.

Conclusion: In conclusion, we propose a novel path-
way of axonal degeneration mediated by gp120 that
is dependent on local activation of caspases in the
axon. This observation suggests that axonal protec-
tion is a relevant therapeutic target for HIV-associated
sensory neuropathy. Furthermore, chemokine recep-
tors inhibitors, which are currently being developed
as HIV entry inhibitor drugs, may also have a thera-
peutic role in HIV-associated peripheral neuropathies
by preventing axonal degeneration.

This work is supported by NIH NS-43991, NS-47972,
and MH-70056.
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JCV agnoprotein affects oligodendrocyte
development and survival
Nana Merabova, Dorota Kaniowska, Satish
Deshmane, Satish Amini, Armine Darbinyan, and
Kamel Khalili
Department of Neuroscience Center for Neurovirology,
Temple University School of Medicine, Philadelphia, PA,
USA

The late region of JCV encodes a small, highly basic
protein known as agnoprotein. Agnoprotein has a crit-
ical role in the regulation of the viral life cycle and
also modulates certain important host cell functions
including cell cycle progression and DNA repair. A cell
line that constitutively expresses agnoprotein was cre-
ated from CG-4 cells. CG-4 cells are bipotential and can
be induced to differentiate into oligodendrocytes or
type 2 astrocytes depending upon culture conditions.
Morphological analysis of cells during early stages of
differentiation to oligodendrocytes showed a signif-
icant delay in formation of processes and low com-
plexity of outgrowth network of cells expressing agno-
protein. Level of MBP mRNA in agnoprotein express-
ing cells induced to differentiate into oligodendrocytes
decreased compared to agnonegative cells. Growth of
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agnoprotein positive cells was impaired during differ-
entiation. High level of DNA damage was detected by
DNA fragmentation and Comet assays in agnopositive
cells during differentiation into oligodendrocytes. We
observed that withdrawal of mitogens during differ-
entiation to oligodendrocytes resulted in a decrease
of agnoprotein expression. No change in agnoprotein
mRNA level was observed. Treatment of cells with
an inhibitor of the 26S proteasome, MG132, restored
agnoprotein level, as well as treatment of cells with
staurosporine, which is an inhibitor of kinases, includ-
ing PKC, PKA, CK2. Co-treatment of cells with MG132
and staurosporine resulted in the marked increase of
levels of agnoprotein, suggesting that agnoprotein is
a subject of degradation by the Ubiquitin-proteasome
system and for this event phosphorylation may be im-
portant. Results from Immunoprecipitation of lysates
with anti-agnoprotein antibody following Western blot
analysis using anti-phospho-Serine antibody demon-
strated an accumulation of Serine-phosphorylated-
agnoprotein. MG132 treatment of CG-4 cells that con-
stitutively express agnoprotein with mutation of Ser-
ines at positions 7, 11 and 15 and induced to differen-
tiation to oligodendrocytes, showed that this mutated
agnoprotein cannot be degraded through Ubiquitin-
proteasome system. Presented observations and our
previous reports indicating involvement of agnopro-
tein in regulation of cell cycle and DNA damage repair
pathways suggest that agnoprotein may interfere with
survival of myelin-forming cells and ability of the pro-
teasome system to prevent the accumulation of poten-
tially deleterious proteins.

This work was supported by grants awarded by the
NIH to KK.
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Diffusion tensor magnetic resonance imaging in
multiple sclerosis patients
Feroze B Mohamed, Scott H Faro, Sunil Patel, Carlos
Gonzalez, Barbara Hum, and Robert Schwartzman
Radiology; School of Biomedical Engineering, Neurology;
Drexel University, Philadelphia, PA; Massachusetts General
Hospital, Boston, MA, USA

Purpose: The purpose of this study was to develop a
semi-automated method to investigate the fractional
anisotropy (FA) changes in multiple sclerosis patients
using voxelwise analysis and comparison to a normal-
ized FA atlas using a standard neuroanatomical space.

Materials/Methods: Diffusion Tensor Imaging (DTI)
was performed on 10 normal controls and 6 pa-
tients with MS lesions. We acquired DTI by collecting
diffusion-weighted images using a spin-echo EPI se-
quence. Diffusion gradients were applied in six non-
collinear directions with a b value of 1000 sec/mm2.
Twenty 6mm axial slices covering the entire brain were
imaged using a 1.5 T scanner (TR = 6000ms, TE =
100 ms, FOV = 240 mm, 98 × 128 & 4 acquisitions).

FA images were then created using an in-house modi-
fied diffusion tensor toolbox of SPM99. The FA maps
were then spatially normalized into the space of the
SPM99 EPI template and smoothed. A normal FA at-
las was created using the 10 normal subjects. Statistical
maps were generated by voxelwise comparison of the
FA map of each of the patients with the normal FA atlas
in a two sample t-test (uncorrected p value of 0.05).

Results: The statistical maps showing regions of
significant FA differences were compared with rou-
tine T1, T2, and fluid attenuated inversion recovery
(FLAIR) images. There were numerous regions in the
MS patient DTI images, with statistically significant
(p = 0.05) FA changes. Also, there are several regions of
FA changes throughout the brain in the normal appear-
ing white matter of these pateints (NAWM) that were
not visible on the routine MR images. Similar findings
were seen on rest of the five MS cases analyzed as well.
In two cases however there were lesions visible on MRI
that did not show significant FA changes.

Conclusions & Discussion: Our results show that
this semi-automated method significanlty improved
the speed, accuracy and reproducibility of FA map
analysis in MS patients. Also, this method demon-
strated our ability to globally visualize FA changes as
well as characterize quantitatively the extent of MS le-
sions and abnormal FA in NAWM. Such analysis of FA
data using a standard anatomical atlas will greatly help
in longitudinal follow-up of these MS patients. These
preliminary results are very encouraging and warrant
further investigation.

P128
Cognitive impairment in HIV correlates with
peripheral blood mononuclear cell levels of SHIVA,
a neuronotoxic protein
Susan Morgello1,2, HongXing Li Sun,3 Sunil
Thomas,3 Kirk Sperber,3 Michael J Taylor,4 Peter
Kelterborn,1 Jacinta Murray,1 and the CHARTER
Group
1Department of Pathology; 2Department of Neurosciences;
3Department of Medicine; and 4Department of Psychiatry,
Mt. Sinai School of Medicine, NY, NY, USA

Prior studies have suggested a link between circu-
lating CD14+CD16+ macrophage subsets and HIV-
associated cognitive dysfunction, although there is de-
bate regarding a mechanistic basis for this association.
Soluble HIV apoptotic (SHIVA) protein was cloned
from an HIV-infected CD14+CD16+ macrophage cell
line, and has been demonstrated to induce apopto-
sis in T cell and neuronal cell lines. Its presence
in the brain tissues of patients with HIV encephali-
tis has been documented. In the present study, we
undertook an analysis of the relationship between
SHIVA levels in peripheral blood mononuclear cells
(PBMC), cognitive functioning and cerebral metabo-
lites measured with single-voxel proton magnetic
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resonance spectroscopy (MRS) in 31 HIV-infected CNS
HIV Antiretroviral Therapy Effects Research (CHAR-
TER) study participants. Individuals from the Mount
Sinai subsite were chosen after completion of struc-
tural MR imaging that indicated an absence of focal
brain lesions. A comprehensive battery of neuropsy-
chologic tests was administered to all subjects, and
CD4 counts, plasma and CSF HIV viral loads were de-
termined. N-acetylaspartate (NAA) and choline (Cho)
were used as measures of neuronal integrity and in-
flammation, respectively, and expressed as a ratio to
creatine (Cr) for frontal gray and white matter and
basal ganglia. Quantitation of SHIVA in PBMC was per-
formed via real time PCR from extracted mRNA, and
normalized to levels of PBMC G6PDH mRNA. SHIVA
levels were expressed as a ratio of G6PDH/SHIVA;
thus, smaller ratios represented larger proportions of
SHIVA mRNA in PBMC. Sixteen of the 31 patients
were cognitively intact, and 15 displayed impairments
of variable severity. As predicted, SHIVA ratios were
lower (i.e., SHIVA levels were higher) in cognitively
impaired compared to unimpaired participants (t[29]
= 2.40, p = .0229). In addition, lower SHIVA ra-
tios were related to greater global neuropsychological
deficit (r = −.504, p = .0033) and lower global neu-
ropsychological t-score (r = .506, p = .0032). SHIVA
ratios did not correlate with log serum or plasma HIV
viral load, demographic or risk factors for HIV, or CD4
counts. Lower SHIVA ratios were associated with in-
creased Cho/Cr in frontal white matter (r = −.454,
p = .0110), but did not correlate with NAA/Cr in any
region. These results support the association of SHIVA-
expressing peripheral blood macrophages with HIV-
associated cognitive impairment. The MRS data sug-
gest that despite SHIVA’s known neuronotoxic proper-
ties, the mechanism of association between its periph-
eral elevation and cognition may be predicated upon
non-specific inflammatory perturbations in brain, and
not selective neuronal toxicity.

Supported by contract N01MH22005 and grants
AI45343, AI42236, and MH59724 from the National
Institutes of Health.
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Treatment of West Nile disease with humanized
monoclonal antibody after the virus is in the brain
John D Morrey,1 Venkatraman Siddharthan,1 Aaron L
Olsen,1 Grant J Roper,1 Thomas J Baldwin,1 Scott
Koenig,2 Syd Johnson,2 Jeffrey L. Nordstrom,2 and
Michael S Diamond3
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MD; and 3Departments of Molecular Microbiology,
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University, St. Louis, MO, USA

People infected with West Nile virus (WNV) most often
visit their physicians after showing symptoms sugges-
tive of neurological infection. The question addressed

in this study is if WNV-reactive antibody can improve
disease signs in a hamster model after the virus is
demonstrated to be in the brain. The hypothesis is
based on the high activity of a humanized monoclonal
antibody, hE16, in a mouse model when administered
later in infection (Oliphant et al., Nat. Med. 11:522,
2005). In this study, virus was demonstrated to be in
the brains of hamsters at 5 days post-viral injection
(dpi) by cell culture assay, quantitative RT-PCR and
immunohistochemical staining of WNV in neurons.
Eighty percent of hamsters treated i.p. 5 dpi with 100
mg/kg of humanized monoclonal antibody, hE16, sur-
vived WNV disease, whereas, 37% of placebo-treated
hamsters survived (P < 0.001). If administered at 2 dpi,
100% survived. We tested the hypothesis that hE16 is
effective if delivered directly into the brain instead of
by peripheral administration. The antibody was deliv-
ered into the brain 5 dpi using convection-enhanced
delivery through a cannula implanted into the brain.
The hE16 was detected in the CNS, but none was de-
tected in the kidney. The survival of hE16-treated ham-
sters was 88% as compared to 22% of placebo-treated
animals (P < 0.001). For additional proof, the major-
ity of hamsters having WNV in their cerebrospinal
fluid, a marker for CNS infection, were protected with
hE16 administered i.p. at 5 dpi. This humanized mon-
oclonal antibody, therefore, is a possible treatment for
the post-exposure, WNV-infected humans that develop
signs of neuroinvasive disease.

(Supported by NO1-AI-15435 from the Virology
Branch, NIAID, NIH, and 1-U54 AI06357-01 from the
Rocky Mountain Regional Centers of Excellence, NIH
and NIH U01-AI061373.)
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The immunophilin ligand GPI1046 protects DRG
neurons from toxic effects of gp120 and
dideoxynucleoside by alteration of calcium handling
Michael Morris, Liang Hong, Norman J Haughey, and
Ahmet Hoke
Johns Hopkins University School of Medicine, Department
of Neurology, Baltimore, MD, USA

Sensory neuropathy is the most common neurological
complication of HIV infection and there are currently
no effective therapies for this painful neuropathy. The
pathology of HIV-associated sensory neuropathy (HIV-
SN) is characterized by prominent axonal degenera-
tion and a modest loss of dorsal root ganglion (DRG)
neurons. HIV-SN may involve toxic actions of the HIV
coat protein gp120 and there is evidence for an in-
creased incidence of toxic neuropathy in patients tak-
ing dideoxynucleoside (DDX) drugs. In this study we
tested the effectiveness of a non-immunosuppressive
immunophilin ligand to attenuate gp120 and DDX-
induced DRG dysfunction. The immunophilin lig-
and GPI1046 protected cultured DRG neurons from
axonal degeneration induced by gp120 and DDX. The
amplitude of gp120-induced calcium transients was
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attenuated in cultures pre-treated with GPI1046 sug-
gesting that the protective effect of the immunophilin
ligand may involve altered calcium handling. To de-
termine how GPI1046 modified calcium handling in
DRG neurons, we measured the total ER calcium
load by releasing calcium from the ER using the
sarco/endoplasmic reticulum calcium pump inhibitor
thapsigargin. GPI1046 reduced the total calcium load
in ER. Capacitive calcium entry was diminished in
DRG neurons pre-treated with GPI1046 suggesting that
GPI1046-associated ER depletion was due to an inade-
quate refilling of calcium stores. These findings suggest
that non-immunosuppressive immunophilin ligands
may be useful neuroprotective agents in HIV-SN.

Supported by AG023471 & MH068388 to NJH and
MH070056 to AH.
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Altered expression of breast cancer resistance
protein (BCRP) during HIV-1 brain infection:
Implications for neuropathogenesis
Brenda Morsey,1,2 David Heilman,1,2 Kathy Schall,1,2
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Efflux mechanisms restrict the brain penetration of
xenobiotics at the blood brain barrier (BBB). BCRP,
transporter located at luminal membrane of brain mi-
crovascular endothelial cells (BMVEC) may serve as
a gatekeeper for the xenobiotics entering brain, in-
cluding antiretroviral drugs. To investigate BCRP ex-
pression during HIV-1 brain infection, we assessed
BCRP distribution/level by immunohistochemistry
and Western blot in autopsy brain tissues obtained
from patients with HIV-1 encephalitis (HIVE, n = 8),
HIV-1 positive patients without evidence of encephali-
tis (HIV+, n = 7), and seronegative age-matched con-
trols (HIV-, n = 6). BMVEC demonstrated strong BCRP
staining in most of the brains of HIV- controls or
HIV+ samples without evidence of encephalitis, while
HIVE featured decreased BCRP labeling of in endothe-
lium paralleling macrophage infiltration. Microglia
and perivascular macrophages were positive for BCRP
in HIVE; however, few positive macrophages showed
BCRP staining in HIV+ samples and none in HIV- con-
trols. Western blot analysis performed in the same
human brain tissues demonstrated 4.5-fold increase
in CD68 (macrophage marker) and 18-fold increase
in BCRP protein levels in HIVE (p < 0.02) as com-
pared to HIV− controls. HIV+ brains showed aug-
mented levels of CD68 (1.8 times) and BCRP (6 times,
p < 0.03) as compared to controls. To confirm in
vivo observations, we established FACS method for
BCRP detection on primary human monocyte-derived

macrophages (MDM) obtained from five seronegative
donors. HIV-1 infection led to consistent two-fold in-
crease of BCRP-positive MDM (20–30% vs. to 12–15%
of uninfected MDM). HIV-1 infection resulted in ten-
fold increase of BCRP levels in MDM assessed by West-
ern blot in protein extracts derived from the cells an-
alyzed by FACS. BCRP expression in human BMVEC
(obtained from three donors) was down regulated af-
ter co-culture in HIV-1 infected MDM or exposure to
TNF-alpha. In vitro and in vivo observations demon-
strate up-regulation of BCRP expression in infected
macrophages and down-regulation on BMVEC in the
setting of HIVE. Since antiretroviral drugs are sub-
strates for BCRP, these finding have important impli-
cations for the treatment of HIV-1 CNS infection.

P132
Survival defects and skewed memory phenotype of
HIV-specific CD8+ T cells are detectable in early
clinical stages of chronic HIV infection
Yvonne M Mueller,1 Constantinos Petrovas,1 Susan R
Altork,1 Jaspreet Saini,1 Peter Pitsakis,2 Karam C
Mounzer,3 John D Altman,4 and Peter D Katsikis1
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HIV-specific CD8+ T cells have been shown to be
mainly of the CD45RA-CD62L- effector memory phe-
notype and are highly sensitive to spontaneous and
CD95/Fas-induced apoptosis. In this study, we ex-
amined the memory phenotype (CD45RA-CD62L+
central memory CD8+ T cells, CD45RA-CD62L- and
CD45RA+CD62L- effector memory CD8+ T cells)
and apoptosis sensitivity (spontaneous and CD95-
induced) of HIV-specific CD8+ T cells from 39 HIV-
infected individuals to determine the clinical corre-
lates of skewed memory phenotype and increased
apoptosis sensitivity. No correlation was observed
between percentages and absolute numbers of HIV-
specific CD8+ T cell memory subpopulations and to-
tal CD4+ T cell counts, viral load and disease du-
ration. Skewed phenotype and statistically signifi-
cant differences in the ratio of CD45RA-CD62L- and
CD45RA+CD62L- effector memory CD8+ T cells was
found already in patients of clinical stage A1 when
HIV-specific CD8+ T cells, CMV-specific CD8+ T cells
and total CD8+ T cells were compared. That ratio
was 10.8 for HIV-specific CD8+ T cells, 3.1 for CMV-
specific CD8+ T cells and 1.8 for total CD8+ T cells.
When HIV-specific CD8+ T cells were compared across
clinical stages, higher absolute HIV-specific CD8+ T
cells of both effector memory subpopulations were
found in A1 compared to A2 and A3, however, the ratio
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between the two effector memory populations was not
different between these clinical stages. When spon-
taneous and CD95-induced apoptosis sensitivity was
analyzed, no correlation was observed between apop-
tosis sensitivity and total CD8 count, viral load and
disease duration. However, a statistically significant
inverse correlation was found between the percentage
of CD95-induced apoptosis and total CD4 counts. A
statistically significant increase in apoptosis sensitiv-
ity for both spontaneous and CD95-induced was al-
ready found in clinical stage A1 when HIV-specific
CD8+ T cells were compared to total CD8+ T cells
and CMV- and EBV-specific CD8+ T cells and argues
against chronic antigenic stimulation as a mechanism
responsible for apoptosis sensitivity. Our data indi-
cate that the skewed memory phenotype and increased
apoptosis sensitivity of HIV-specific CD8+ T cells is al-
ready present at early stages of chronic HIV disease and
does not correlate with disease duration and viral load.

This study was supported by grant NIH R01 AI46719
and AI52005.
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p65 associates with C/EBP-beta in vivo and modulate
HIV-I gene expression
Ruma Mukerjee,1 Bassel E Sawaya,1 Shohreh
Amini,1,2 and Kamel Khalili1
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HIV-1 transcription is a complex event and involves
several cellular and viral proteins. Tat is an early pro-
tein in HIV infection released by infected cells, regu-
lates the HIV-1 promoter partly through its interaction
with TAR-RNA. Tat is known to interact with several
DNA binding transcription factors including C/EBP-
beta. Tat also participates transcription initiation and
activates cellular genes in TAR independent manner.
Previous in vitro studies revealed that p65 subunit of
NF-kappaB and C/EBP-beta binds to HIV-LTR and play
important role in HIV-1 transcription. Here we exam-
ined p65 and C/EBP-beta binding abilities to HIV-LTR
in vivo, and we evaluate their effect on each other in
the presence or absence of Tat. The ectopic expression
of p65 along with Tat resulted in an increase of p65
binding to the LTR. This increase correlates with en-
hanced HIV-1 promoter activity. We also demonstrated
using EMSA and ChIP assays, as well as siRNA di-
rected against C/EBP-beta, that p65 binds more effi-
ciently to the LTR in the presence of C/EBP-beta. Fur-
ther, co-expression of C/EBP-beta and Tat leads to a
decrease in p65 binding, which allows C/EBP-beta to
bind more efficiently to the LTR. Inhibition of p65
expression by siRNA significantly decreases C/EBP-
beta-binding and LTR expression. These observations
confirmed the ability of p65 and C/EBP-beta to bind
HIV-1 LTR in vitro and in vivo, and pinpoint the im-

portant role of both factors in regulating HIV-1 gene
expression.

P134
Clinicopathologic correlates of Hepatitis C Virus in
the brains of HIV-infected individuals: A pilot study
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Hepatitis C virus (HCV) has been detected in the brains
of individuals with HIV infection; to date, the relative
frequency of this occurrence and its clinicopathologic
manifestations are unclear. We undertook a survey of
20 HIV-infected patients to determine: 1. If HCV RNA
could be detected in post mortem samples of brain and
liver; 2. If detection of brain HCV RNA correlated with
pre mortem plasma HCV load; and 3. Whether any clin-
ical or pathologic features could distinguish patients
with brain HCV RNA from those without. Utilizing
reverse transcriptase polymerase chain reaction (RT-
PCR), HCV sequences were detected in the livers of 10
patients, all of whom had HCV detected in pre-mortem
plasma samples. Frontal lobe HCV sequences were de-
tected in 6 of the 10 co-infected patients. In these pa-
tients, plasma HCV load did not predict the presence of
brain HCV; when liver HCV was detected, there was al-
ways plasma HCV load, and levels of plasma virus did
not correlate with brain status. Complete neuropsy-
chologic assessments were performed on 18 patients
prior to demise; impairment in abstraction/executive
functioning appeared worse with HCV, with mean t
scores for patients without HCV infection 43.2 (7.3),
for patients with HCV in liver but not brain 39.5 (9.0),
and for patients with HCV in both brain and liver 33.2
(5.1) (p = .0927, ANOVA). When patients with brain
HCV were contrasted to all patients without (regard-
less of liver status), their impairment in abstraction
and executive functioning was significantly worse (p
= .0395, student’s t test). Neuropathologic analysis did
not reveal any characteristic histology related to the
detection of brain HCV. There was no evidence of brain
HIV in any patient with concurrent HCV infection, ei-
ther by PCR analysis or routine histology. While this
pilot study is limited by small numbers of co-infected
patients with detectable brain HCV, we conclude that
in the setting of HIV: 1. brain HCV can commonly be
detected when virus is present in liver; 2. The mag-
nitude of HCV viremia does not predict the presence
of brain sequences; and 3. There are significant differ-
ences in the neuropsychologic performance of patients
with brain HCV compared to those without, however,
a distinguishing neurohistology is not evident. Further
studies are warranted to determine whether HCV clin-
ical effects are predicated upon brain infection, or a
function of co-morbid systemic disease.
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diagnose VZV vasculopathy
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Varicella zoster virus (VZV) vasculopathy is a serious
neurological complication of VZV reactivation, which
produces stroke secondary to viral infection of cere-
bral arteries. Accurate diagnosis is important since
treatment with acyclovir can halt progression and pre-
vent stroke. Unfortunately, the diagnosis of VZV vas-
culopathy is not always easy. Many patients do not
have rash before experiencing transient ischemic at-
tacks or stroke, and other vasculitides produce the
same clinical and imaging abnormalities. Before PCR,
the detection of anti-VZV IgG in CSF had been used
to confirm the diagnosis of VZV vasculopathy. But
when PCR proved to be so valuable to diagnose HSV
encephalitis, clinicians used PCR, even to the exclu-
sion of anti-VZV IgG antibody, to diagnose VZV vas-
culopathy. However, our laboratory receives calls from
clinicians who describe zoster patients with typical
clinical, CSF, imaging and angiographic features of
VZV vasculopathy who do not have amplifiable VZV
DNA in their CSF. Analysis of many of these cases
detected anti-VZV IgG in these “VZV PCR negative”
CSFs. This led us to compare the diagnostic value of
detecting VZV DNA to anti-VZV IgG antibody in the
CSF of subjects with clinical and laboratory evidence
of VZV vasculopathy. Subjects with clinical and labo-
ratory features of VZV vasculopathy must have tested
for both VZV DNA and anti-VZV IgG antibody in CSF
on the same day and found to be positive for either or
both.

Of 19 subjects with virologically-confirmed VZV
vasculopathy, 18 (95%) had anti-VZV IgG antibody
and only 6 (32%) had VZV DNA in their CSF. Thus,
in VZV vasculopathy, the diagnostic value of detecting
VZV IgG in CSF is greater than that of PCR detection of
VZV DNA (p = 0.0013). While a positive PCR for VZV
DNA in CSF is helpful, a negative PCR does not ex-
clude the diagnosis of VZV vasculopathy. Finally, be-
cause many patients with VZV vasculopathy, includ-
ing those presented herein, do not fulfill all four typ-

ical clinical criteria (a history of zoster rash followed
by neurological symptoms and signs of CNS disease,
MRI/CAT abnormalities, angiographic changes and a
CSF pleocytosis), we recommend that all patients with
vasculitis of unknown etiology have their CSF tested
for anti-VZV IgG antibody.

P136
Drugs of abuse increase IDO expression in HIV-1
infection
Madhavan PN Nair, Supriya D Mahajan, Jessica L
Reynolds, Stanley A Schwartz, and Donald E Sykes
Department of Allergy, Immunology & Rheumatology,
SUNY @ Buffalo and Kaleida Health System, Buffalo
General Hospital, Buffalo, NY, USA

Dendritic cells (DCs) are the first line of defense
against HIV-1 infections. Increased kynurenine path-
way metabolism has been implicated in HIV-1 neu-
ropathogenesis and development of HIV-1 AIDS de-
mentia (HAD). The rate-limiting enzyme for this path-
way is indolamine 2, 3-dioxygenase (IDO) and its
downstream product, quinolinic acid is a potent neu-
rotoxin. We hypothesize that drugs of abuse like heroin
and methamphetamine induce IDO that in turn helps
to produce more quinolinic acid to cause neurotoxicity
and/or peripheral immune tolerance. Blood monocyte
derived dendritic cells (MDC) are isolated from nor-
mal subjects, HIV-1 infected subjects who are normal
progressors (NP) and drug using NP (NP-DU). RNA was
extracted, reverse transcribed and IDO gene expression
was quantitated by real time QPCR using IDO specific
primers. The results showed a significant increase (p
< 0.01) in IDO gene expression in MDC from HIV-1
infected subjects compared to normal subjects. Fur-
ther, IDO expression was significantly higher in NP-
DU (p < 0.004) compared to drug non-using NP. The
gene expression results were confirmed at the protein
level by western blot and flow cytometric analyses.
These results suggest that drugs of abuse may exac-
erbate HIV-1 infection probably by upregulating IDO
expression in dendritic cells. A better understanding
of role of IDO in immunosuppression and HIV-1 will
help design novel therapeutic strategies using specific
inhibitors and siRNA against the IDO gene in HIV-1
infected subjects.

P137
Simian immunodeficiency virus infection in simian
fetal brain progenitor cells and microglial cells
Noriko Nakajima, and Testutaro Sata
Department of Pathology, National Institute of Infectious
Diseases, Tokyo, Japan

Human immunodeficiency virus type 1(HIV-1) infec-
tion of the central nervous system (CNS) often results
in neurological diseases and dementia. It is necessary
to investigate the underlying pathogenic mechanism
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leading to CNS change to prevent the development of
neuro-AIDS. It is generally believed that the brain le-
sions are not directly caused by cytopathic effects as a
result of virus replication, but rather indirectly caused
by HIV-specific products or soluble factors secreted by
HIV-infected microglia/macrophages. The HIV-DNA
was detected in astrocytes and neurons of the autop-
sied brain specimens by in situ PCR method. However,
it is still unknown that the viruses latently infected in
these cells were necessary to develop neuro-AIDS.

We analysed the neuropathogenesis of simian im-
munodeficiency virus (SIV) encephalitis, as an an-
imal model of HIV encephalitis, using in vitro
culture system. SIV also infects and replicates in
macrophages/microglias much more than in neu-
ronal/glial cells. It is difficult to determine whether
the neuronal damages are due to the direct effect of
SIV infection or due to the secondaly effects of in-
fected macrophages or microglial cells. Thus we used
the differentiated brain progenitor cells (BPCs) from
embryonic brains of a Cynomolgus macaque (Macaca
fascicularis) by a neurosphere assay as a neuronal/glial
cell culture which contains neither macrophages, mi-
croglias, fibroblasts nor endothelial cells. We also de-
veloped the microglial culture from the same mon-
key. We analysed the infectivity of three kinds of
SIV strains (SIV17E-Fr, SIV17SN, SIVmac239/316E)
in each cell culture. SIV17/E-Fr and SIV17SN repli-
cated in neuronal/glial cells much more than SIVmac
239/316E. All SIV strains infected microglias and had
cytopathic effects. They inducted the several kinds of
βchemokines (iMIP-1α, MIP-1β, RANTES, IL-10) and
αchemokine(IP-10). We co-cultured SIV-infected neu-
ronal/glial cells and uninfected microglial cells. The
co-culture experiments showed that the SIV which
had latently infected in neuronal/glial cells transferred
to microglial cells and were significantly amplified.
These results suggested that neuronal/glial cells func-
tioned as reservers of SIV in the CNS.

P138
Characterization of HIV infected cells in infiltrates
associated with CNS opportunistic infections
Avindra Nath,1 Anita Mahadevan,2 Susarla K
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Background: HIV-Clade C is the commonest HIV sub-
type in Africa and Asia, but it remains unknown if this
clade can invade the brain and cause neuronal damage.
Only anecdotal reports of HIV dementia exist in this
population. Here, CNS opportunistic infections (OI)
are common and frequently cause death. It remains
unknown if OI may serve as a portal of HIV entry into
the brain, putting patients at risk of developing HIV
encephalitis and dementia.

Methods: Formalin fixed tissues from 15 pa-
tients (toxoplasma encephalitis- n = 5, tuberculous
meningitis-n = 5 and cryptococcal meningitis- n = 5)
who came to autopsy at the National Institute of Men-
tal Health & Neurosciences, Bangalore, India were im-
munostained for HIV-p24, CD68 and GFAP. None had
received antiretroviral therapy and all died within 6
months of onset of neurological symptoms.

Results: Cerebral toxoplasmosis had the largest
amounts of HIV infected cells most prominent around
the foci of toxoplasma encephalitis, perivascularly
or in organized microglial nodules at sites distant
from the focus of the OI. In tuberculosis, the HIV in-
fected cells were most prominent in the meningeal
infiltrate and noted to infiltrate the cerebral cortex
in some patients. HIV infected cells were occasion-
ally present in the choroid plexus, suggesting that
this is the major portal of entry for these cells into
the sub-arachanoid space. Patients with cryptococcal
meningitis had the least amount of inflammatory in-
filtrates but also had HIV infected cells in the choroid
plexus.

Conclusions: The finding of large amounts of viral
antigen within the brain in conjunction with various
OI suggests that HIV dementia may supervene once the
OI are successful treated. On the other hand, effective
treatment of OI may inhibit OI induced pathology and
help limit viral burden. This will have important pub-
lic health implications in addressing the HIV epidemic
in developing countries.

Supported by NIH grant R21MH071213.
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DENGUE virus infection modifies TNF-alpha and
BCL-2 mRNA expression in infected SH-SY5Y
neuroblastoma cells
José Ignacio Neissa,1,2 Verónica Rincón,1 Nadia
Yadira Castañeda,1 and Jaime E. Castellanos1,3

1Instituto de Virologı́a, Universidad El Bosque, Bogotá,
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San Martı́n; and 3Facultad de Odontologı́a, Universidad
Nacional de Colombia

Dengue (DENV) virus infection could induce neuro-
logical manifestations, which are indistinguishable of
typical viral encephalitis. It is little known the vi-
ral or host factors involved in nervous system com-
promise during severe cases of hemorrhagic dengue.
In this work, human neuroblastoma cell lines was
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infected with serotype 2 of DENV, infection propor-
tions and cell viability using the MTT assay was ana-
lyzed. TNF-alpha and Bcl-2 mRNA expression levels
was determinated using a real time PCR. Infection was
shown using immunocytochemistry and plaque in-
ducing assay with neuroblastoma infected cells seeded
over susceptible monkey fibroblasts (indirect plaques).
DENV infection causes a 40,4% of cell mortality at
48 h post infection (p.i.), without changes in TNF-
alpha and Bcl-2 transcripts. But at 96 h p.i. there
was a 24 fold increase in TNF-alpha mRNA and a
12 fold fall of Bcl-2 mRNA, findings possibly related
with reported mortality. These results suggest that neu-
ronal death and cytokine up-regulation could be a
part of phenomena involved in dengue virus induced
encephalitis.

P140
Replication of human polyomavirus JC in human
brain microvascular endothelial cells: Possible
mechanism for crossing the blood-brain-barrier
Vivek R Nerurkar,1,2,3 Moti Chapagain,1,2,3 Richard
Yanagihara,1,2,3 and Saguna Verma1,2,3
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Introduction: The pathogenesis of progressive multifo-
cal leukoencephalopathy (PML) is poorly understood
and how JCV crosses the blood-brain-barrier (BBB) re-
mains unclear. We hypothesized that cell-free JCV dur-
ing viremia crosses the BBB by infecting human brain
microvascular endothelial (HBMVE) cells.

Method: An in-vitro BBB was developed to study the
transmigration of cell-free JCV across the BBB by plat-
ing primary human brain cortical astrocytes (HBCA)
and HBMVE cells on the lower and upper surfaces
of cell culture inserts, respectively. The integrity of
the in-vitro BBB model was determined by the FITC-
BSA permeability assay before and after each trans-
migration experiment. HBMVE cells were cultured
in-vitro, infected with JCV Mad 1A and were ana-
lyzed for early viral protein T-antigen (TAg) DNA and
mRNA transcripts expression by quantitative real-time
PCR.

Results: Approximately, 4% of the JCV inoculated
in the upper chamber of the in-vitro BBB model was
recovered from the lower chamber supernatant (LCS)
during the first 7 days post-inoculation (p.i.). The rate
of transmigration peaked on day 3, was lowest on day
5, and increased again on day 7 p.i. Moreover, the
LCS of the JCV inoculated BBB model was infectious,
based on infection of naı̈ve primary human fetal glial
(PHFG) cells. About 5% of JCV was attached or inter-
nalized into the HBMVE cells after 2 hr of infection.
JCV efficiently replicated in HBMVE cells and TAg
DNA level in HBMVE cells on day 20 post-infection
(p.i.) was 884-fold higher than that on day 0. Simi-

larly, TAg transcripts first appeared on day 3 p.i., and
continued to increase rapidly thereafter until the end
of the experiment (day 20 p.i.). Replication efficiency
of JCV in HBMVE cells was very similar to the PHFG
cells.

Conclusions: Our data suggest that JCV can infect
and replicate in HBMVE cells and can cross the in-
vitro BBB. To our knowledge, this is the first study
demonstrating replication of JCV in primary HBMVE
cells, a critical component of BBB. Understanding the
mechanisms of transmigration of JCV across the BBB
may help to develop therapeutic intervention for pre-
vention of PML.

(Supported by S11 NS041833, NINDS, NIH).
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PERSISTENT hijacking of brain proteasomes in HIV
dementia: Data from National Neuro AIDS tissue
consortium specimens
Trung P Nguyen, Vicki M Soukup, Jeffrey Spencer,
and Benjamin B Gelman
University of Texas Medical Branch, Galveston, TX, USA

Inflammation decreases the rate of protein degrada-
tion through the ubiquitin-proteasome complex. Im-
munoproteasome (IPS) complexes are induced that
divert the substrate repertoire towards processing of
peptides for antigen presentation in histocompatibil-
ity complexes (Class I HLA). Borrowing the protea-
some apparatus for heightened antigen presentation
persists until a pathogen has been eradicated. But in-
fection of the brain with Human Immunodeficiency
Virus (HIV-1) provokes a persistent inflammatory re-
sponse that does not eradicate the pathogen. An abnor-
mally persistent diversion of routine protein turnover
can cause the accumulation of misfolded protein, and
could exacerbate senile neurodegeneration. To deter-
mine if HIV-1 influences brain proteasome structure
and function, we measured proteinase activities and
subunit composition in prefrontal cortex of 153 HIV-
infected people from the National NeuroAIDS Tis-
sue Consortium Cohort. Subjects with neurocogni-
tive impairment (HAD) or inflammation associated
with HIV encephalitis (HIVE) had abnormal multicat-
alytic proteinase profiles. The concentration of cat-
alytic beta subunits of the 20S proteasome was ab-
normal. Interferon-gamma (IFNg) inducible subunits
of immunoproteasomes (IPS) were increased. 11S reg-
ulatory (“lid”) complexes of IPSs increased in parallel.
Several components of the 19S lid complex were de-
creased. The light chain of Class I HLA was increased,
suggesting increased vigilance of immune surveil-
lance, but heavy chains were not increased. IPS syn-
thesis was correlated with abnormal concentrations
of high molecular weight polyubiquitinylated conju-
gates, which suggests that altered protein turnover
occurs. IPSs were localized to many cells that can
present antigen, including neuronal perikarya, axons,
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reactive astrocytes, microglial cells, endothelial cells,
and oligodendrocytes. We conclude that brain HIV-1
infection hijacks the proteasome persistently, possibly
for heightened antigen presentation.

P142
Early onset, late effect: The central nervous
dopamine metabolism and its impact on
neurophysiological deficits in AIDS patients
Thorsten Nolting,1 Eleni Koutsilieri,2 Gabriele
Arendt,1 Christian Frisch,1 Ingo W Husstedt,3 Nora
Gregor,3 Matthias Maschke,4 Mark Obermann,4
Sieghart Sopper,5 Peter Riederer,2 Volker ter Meulen,6
and Competence Network HIV/AIDS
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Background: Since the beginning of the pandemia, the
aspect of monoamine transmitter disturbances of the
central nervous system (CNS) in HIV-1-positive pa-
tients has been intensively studied. Our aim was to
evaluate the starting point and the initial mechanisms
of these disturbances before there are any clinical signs
or symptoms with respect to the prevention of late
stage deficits in patients with advanced HIV-infection.

Methods: 81 male HIV-1-positive patients were en-
rolled in a prospective study. The patients were as-
signed to 6 groups according to the CDC classification,
antiretroviral therapy and usage of psychotropic sub-
stances. All subjects underwent neurological examina-
tion, a neuropsycholgical test battery, cranial magnetic
resonance imaging (MRI) and lumbar puncture.

Results: In early stage patients (CDC A1+2, B1+2)
with elevated CSF viral load and signs of inflammation
in CSF we found disturbances of the CNS dopamine
(DA) metabolism, in terms of decreased dopamine,
those patients are without any clinical signs of mo-
tor or affective disorders. Antiretroviral therapy did
not reverse DA deregulation in cases with sustained
inflammation and viral replication in the CSF. In un-
treated AIDS patients, elevated CSF protein levels cor-
related with decreased DA metabolites (hydroxvanillic
acid). In treated AIDS (CDC B3, C1-3) patients, psy-
chomotor speed decreased in correlation to elevated
dopamine levels; subsequently dopamine metabolites
were increasing with elevated CSF lactate levels.

Conclusions: A subset of patients seems to be sus-
ceptible to an early impairment of dopaminergic sys-
tems without showing any clinical signs, maybe due
to efficient compensation mechanisms. This subset of
early compromised patients may develop a late “burn-
out” of the compensatory mechanisms uninfluenced
by ART and in worst cases possibly accelerated by
toxic side-effects of ART itself. The study will be con-
tinued after these encouraging first results.

P143
Functional analysis of C/EBP transcription factor
binding sites in the SIV LTR
Michael R Nonnemacher, Fred C. Krebs,
and Brian Wigdahl
Department of Microbiology and Immunology, Drexel
University College of Medicine, Philadelphia, PA, USA

To examine functional properties of the CCAAT en-
hancer binding protein (C/EBP) transcription factor
family with respect to human immunodeficiency virus
type 1 (HIV-1) pathogenesis and neurologic disease, we
have proceeded to characterize the simian immunod-
eficiency virus (SIV) LTR and the corresponding func-
tional elements that interface with this critical fam-
ily of regulatory factors. In this regard, studies have
been initiated to identify and characterize SIV LTR se-
quences with affinity for members of the C/EBP family.
Electrophorectic mobility shift (EMS) and competition
analyses using U-937 monocytic nuclear extracts and
purified C/EBP were performed, which demonstrated
binding of C/EBP to four of the five potential C/EBP
sites in the SIV LTR. The binding sites were designated
C/EBP upstream site 1 (US1), upstream site 2 (US2),
downstream site 1 (DS1), and downstream site 2 (DS2)
located at nucleotide positions -102 to -88, -386 to -
373, +131 to +144, and +265 to +280, respectively.
Results indicated that C/EBP DS1 and DS2 exhibited
relatively high affinity for C/EBP alpha and beta. By
comparison, both US1 and US2 exhibited lower affin-
ity for C/EBP, and DNase I footprint analyses confirmed
these observations. Additional studies also indicate
that US1 and US2 may interact with other transcrip-
tion factors. Functional analysis of these sites utilizing
transient transfection has demonstrated US2, DS1, and
DS2 to be repressive in nature while US1 was shown
to function as an activating element in cells on the
monocytic lineage. Studies will continue to examine
the functional impact of the SIV C/EBP sites and their
variants on viral gene expression and replication in the
SIV/macaque system.

P144
HIV-1 LTR activity is influenced by the differential
recruitment of Sp transcription factors during
monocytic differentiation
Michael Nonnemacher, Bryan P Irish, Fred C Krebs,
Evelyn Kilareski, and Brian Wigdahl
Department of Microbiology and Immunology, Drexel
University College of Medicine, Philadelphia, PA, USA

Infection of cells of the monocyte/macrophage lineage
by human immunodeficiency virus type 1 (HIV-1) has
been shown to be important in the pathogenesis of
the disease. Viral replication in this cell lineage is,
in part, mediated by interactions between the HIV-1
long terminal repeat (LTR) and a variety of host cell
and viral proteins. Consistent with this logic, basal
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and activated LTR activity is dependent on interac-
tions between the G/C box array of the HIV-1 LTR
and the Sp family of transcription factors. The effect
of monocytic differentiation on Sp factor binding and
transactivation has been examined with respect to the
HIV-1 LTR. Primary monocyte-derived macrophages
(MDM), as well as monoblastic (U-937 and THP-1)
and myelomonocytic (HL-60) cell lines were utilized
in both the absence or presence of chemical differen-
tiating agents, dimethylsulfoxide (DMSO) or phorbol
myristate acetate (PMA), to model selected aspects of
monocytic differentiation. The binding of Sp1, full-
length Sp3, and truncated Sp3 to a high affinity HIV-
1 Sp element was examined utilizing electrophoretic
mobility shift (EMS) analyses. Sp1 binding increased
relative to the sum of full-length and truncated Sp3
binding following PMA-induced monocytic differenti-
ation in U-937, THP-1, and HL-60 cells. Sp binding ra-
tios obtained with nuclear extracts from PMA-induced
cell lines were also shown to correlate to those derived
from studies performed with extracts derived from pri-
mary MDMs. In addition, the altered Sp binding phe-
notype was shown to be associated with changes in the
transcriptional activation generated by the HIV-1 G/C
box array.

P145
HIV-1 Tat hyperpolarizes mitochondrial membrane
potential in vulnerable neurons
John P Norman,1 Seth Perry,2,3 and Harris A
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1Department of Environmental Medicine; 2Department of
Neurology; and 3Ctr. Aging Dev Biology, University of
Rochester, NY, USA

Infection with the Human Immunodeficiency Virus
(HIV-1) initiates a series of events that can culminate
in HIV Associated Dementia (HAD). HAD is a pro-
gressive neurological disorder that results in motor,
cognitive and social dysfunction. Highly Active Anti-
Retroviral Therapy (HAART) initially decreased the
incidence but not prevalence of HAD, and temporary
amelioration of symptoms has lead us to investigate
the molecular basis for the reversible component of
HAD. Tat is demonstrated to have both in vitro and
in vivo neurotoxic effects, and may be a key initiator
of neuronal dysfunction. Recent data from our lab has
demonstrated that dosing of rodent cortical neurons
with sub-lethal concentrations of Tat elicit mitochon-
drial hyperpolarization. Mitochondrial hyperpolariza-
tion is a recently described phenomenon whose mech-
anisms and consequences are not fully elucidated, but
may have profound consequences for synaptic trans-
mission and other energy-dependent processes. The
present study investigates the mechanism(s) leading to
mitochondrial hyperpolarization, focusing on several
mitochondrial systems including: pH, electron trans-
port chain (ETC) activity and ion retention. Using the
cationic lipophilic dye Rhod123, we confirm the ob-

servation that rodent cortical neurons treated with Tat
undergo mitochondrial hyperpolarization. In a similar
experimental paradigm, use of the pH-sensitive fluo-
rophore SNARF-1 reveals a decrease in internal mito-
chondrial pH with Tat treatment in concordance with
hyperpolarization. Isolated mitochondrial protein was
used to examine the individual complexes of the ETC.
High concentrations of Tat (>1 ug/mL) decreased the
functional activity of Complex III while in contrast,
as little as 10 ng/mL of Tat decreased the activity of
Complex IV. In order to measure the effects of Tat in
a more physiologically relevant system, cortical neu-
ronal respiration was measured using a Clark elec-
trode. A significant decreased in neuronal respiration
was observed using a dose of 100 ng/mL Tat, corrobo-
rating inhibition of complex IV in this in vitro system.
Next, we investigated mitochondrial ion homeostasis.
Using a mitochondrial targeted YFP-calmodulin con-
struct, we measured Ca2+ concentrations and found
that Tat treatment decreased intra-mitochondrial cal-
cium concentration. We speculate that this decrease in
calcium may contribute to mitochondrial hyperpolar-
ization after exposure to Tat. Future studies will exam-
ine the molecular basis for the decrease in Ca2+ and
investigate whether Tat affects the ability of NAD(P)H
to participate in modulating mitochondrial membrane
potential. In aggregate, these studies will provide us
with better insight into how Tat subverts normal neu-
ronal communication during energy-dependent pro-
cesses.

Support Contributed by: RO1 MH56838, PO1
MH64570, and ES07026.
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protease calpain in HIV-induced hippocampal
neurotoxicity
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Neuronal damage in HIV-1 infection in the brain
is thought to occur at least in part through N-
methyl-D-aspartate receptor (NMDAR) excitation ini-
tiated by soluble neurotoxins from HIV-infected brain
macrophages and non-infected, activated glial cells
(macrophages, astrocytes). Previous studies have im-
plicated a number of HIV- and monocyte-derived
macrophage (MDM)-associated neurotoxins that di-
rectly or indirectly activate neuronal NMDARs, in-
cluding glutamate, quinolinic acid (QUIN), platelet ac-
tivating factor (PAF), reactive oxygen species, NTox,
Tat and gp120. Furthermore, brain regions enriched
in NMDAR 2A and 2B subunits (NR2A, NR2B), such
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as the hippocampus and basal ganglia, are particu-
larly vulnerable to HIV-associated damage. Using cul-
tured rat hippocampal cells and HIV-1-infected human
monocyte-derived macrophages (HIV/MDM), we ex-
amined the role of NR2A and NR2B in HIV/MDM-
induced hippocampal neuronal death. We also at-
tempted to identify contributions of different exci-
totoxins to HIV/MDM neurotoxicity. We used the
primary HIV-1 strain, Jago, derived from the cere-
brospinal fluid of an individual with HIV-associated
dementia and that robustly replicates in MDM. We
found that i) susceptibility of hippocampal neurons
to HIV/MDM varies according to the developmental
expression patterns of NR2A and NR2B; ii) NMDAR
activation by HIV/MDM results in neuronal calpain
activation, which contributes to neuronal death; iii)
selective antagonists of homomeric NR2B/NR2B- and
heteromeric NR2A/NR2B-containing NMDARs as well
as an inhibitor of calpain activity, afford neuropro-
tection against HIV/MDM; iv) HIV/MDM do not re-
lease elevated levels of QUIN, although inhibitors of
the QUIN synthesis afforded neuroprotection against
HIV/MDM; and v) enzymatic degradation of glutamate
in HIV/MDM supernatants partially reduced neurotox-
icity. These studies confirm that HIV/MDM excitotox-
icity occurs through the release of glutamate as well
as other excitotoxins (candidates include NTox), and
they establish a link between HIV infection, neuronal
NR2A and NR2B activation, and calpain-mediated
hippocampal neuronal death. They further suggest a
dominant role for NR2A and NR2B in determining
neuronal susceptibility in HIV-infected brain. Antago-
nists of NR2A and NR2B subunits as well as calpain
inhibitors offer attractive neuroprotective approaches
against HIV in both developing and mature brain.

P147
The G-protein coupled receptor APJ mediates
survival signaling in hippocampal neurons and
protects against HIV-induced neurotoxicity
Lauren A O’Donnell, Praveena Sabnekar, Arpita
Agrawal, Marc A Dichter, David R Lynch, and Dennis
L Kolson
Department of Neurology, University of Pennsylvania;
Philadelphia, PA, USA

G-protein couple receptors (GPCRs) are expressed in
many cell types, including neurons, where they can
promote either survival or death under certain con-
ditions. Among the GPCRs, the chemokine receptors
CCR5 and CX3CR1 (fractalkine receptor) have been
shown to promote neuronal survival in in vitro mod-
els of gp120 neurotoxicity. We recently described ex-
pression of the unique GPCR APJ in cultured neurons
(Choe et al. 2000. J. Neurovirology.) APJ is also strongly
expressed in cardiac myocytes and in other tissues. In-
terestingly, the endogenous APJ peptide ligand, apelin,
is found within the systemic circulation and it has

been shown to modulate cardiac contractility and
blood pressure changes in vivo. We have examined
the ability of apelin to modulate neuronal cell signal-
ing functions in vitro and determined apelin’s ability
to promote neuronal survival in our in vitro models
of HIV-induced neurotoxicity. Our models utilize ei-
ther primary rodent hippocampal neurons or human
NT2.N neurons exposed to supernatants from HIV-
infected monocyte derived macrophages (HIV/MDM.)
We have demonstrated that 1) apelin is expressed in
hippocampal neurons; 2) apelin induces phosphory-
lation and activation of the cell survival kinases AKT
and Ras/ERK-1/2 in neurons; 3) apelin-mediated ki-
nase activation is dependent upon Gαi linkage that
is associated with very weak induction of calcium
transients; and 4) apelin protects hippocampal neu-
rons from specific N-methyl-D-aspartate receptor lig-
and excitotoxicity as well as from HIV/MDM excitox-
icity. Thus, apelin/APJ signaling might represent an
important endogenous neuronal survival response in
hippocampal neurons in vivo, which are a particu-
larly vulnerable neuronal subpopulation in the HIV
infected brain. Our results also suggest that apelin
should be further investigated as a potential treatment
modality against neurodegeneration.

P148
Analysis of Foxp3 protein expression in HTLV-I
infection
Unsong Oh, Christian W Grant, Griffith Caitlin,
Norihiro Takenouchi, and Steven Jacobson
Viral Immunology Section, Neuroimmunology Branch,
National Institute of Neurological Diseases and Stroke,
National Institutes of Health, Bethesda, MD, USA

Infection with the human T lymphotropic virus type-
I (HTLV-I) can be associated with the development
of a number of inflammatory conditions including
a chronic inflammatory myelopathy termed HTVL-
I-associated myelopathy/tropical spastic paraparesis
(HAM/TSP), although the majority of individuals re-
main asymptomatic. In addition to HAM/TSP, a num-
ber of other disorders are associated with HTLV-I in-
cluding myositis, uveitis, sialadenitis and alveolitis,
suggesting a systemic inflammatory disorder. The de-
terminants of disease risk for developing inflammatory
disorder associated with HTLV-I are not completely
understood. However, the immunological abnormali-
ties including persistent expansion of activated T cells,
hypergammaglobulinemia and spontaneous lympho-
proliferation of T cells from patients with HAM/TSP
suggest there may be a generalized disorder of immune
regulation.

Recently, dysfunction of CD4+CD25+ regulatory T
cells (T reg) have been implicated in a number of
human immune-mediated diseases including multi-
ple sclerosis, inflammatory arthritis and diabetes. The
CD4+CD25+ T reg comprise a distinct subset of T cells
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that contribute to the maintenance of immunological
self-tolerance. We asked whether a dysfunction of T
reg might contribute to the development of inflamma-
tory disease in HTLV-I infection. A major advance in
the understanding of T reg has been the recent charac-
terization of Foxp3, a member of the forkhead/winged-
helix family of transcription factors that was shown to
be a critical mediator of T reg maintenance and func-
tion. To quantitate Foxp3 protein expression, we de-
veloped a flow cytometric assay for detection of Foxp3.
We then analyzed Foxp3 expression in HTLV-I infec-
tion by comparing Foxp3 expression in the peripheral
blood of individuals with HAM/TSP to that of asymp-
tomatic carriers of HTLV-I and healthy donors. Anal-
ysis showed that HTLV-I-associated myelopathy is as-
sociated with lower expression of Foxp3 compared to
asymptomatic carriers of HTLV-I and healthy donors
in the peripheral blood leukocytes. In individuals in-
fected with HTLV-I, Foxp3 expression was inversely
correlated to HTLV-I proviral load. These results sug-
gest that impaired Foxp3 expression may contribute
to the development of inflammatory disease in HTLV-I
infection.

P149
Borna disease virus infection does not induce
activation of microglia in vitro
Mikhail V Ovanesov,1,2 Christian Sauder,2 Steven A
Rubin,2 Avindra Nath,3 Kathryn M Carbone,2 and
Mikhail V Pletnikov1,2

1Division of Neurobiology; Department of Psychiatry and
Behavioral Sciences, Johns Hopkins University, Baltimore,
MD, USA; 2CBER, U.S. Food and Drug Administration,
Bethesda, MD, USA; and 3Department of Neurology, Johns
Hopkins University, Baltimore, MD, USA

Neonatal Borna disease virus (BDV) infection of the
rat brain is associated with microglial activation and
damage to and death of certain neuronal populations.
Since persistent BDV infection of neurons in vitro is
non-cytolytic and non-cytopathic, activated microglia
have been suggested to be responsible for neuronal
cell death in vivo. However, this has not been conclu-
sively demonstrated, and the mechanisms of activa-
tion of microglia in neonatally BDV-infected rat brain
are unclear. To investigate these issues, activation of
primary rat microglial cells was studied following ex-
posure to purified BDV, to persistently BDV-infected
rat neuronal cell lines, to BDV-infected primary corti-
cal neurons and astrocytes, and to BDV-infected neu-
rons rendered apoptotic by staurosporine. None of
these treatments resulted in microglia activation as as-
sessed by release of NO and TNF-alpha. In addition,
no signs of toxicity were found in BDV-infected neu-
rons co-cultured with microglia. In contrast, control
treatments with LPS or the HIV-encoded Tat protein
produced a dose-dependent activation of microglia,
resulting in comparable toxicity in both BDV-infected
and uninfected neurons. Taken together, our results in-

dicate that microgliosis in vivo might not be directly
related to BDV infection but may be triggered by yet
unknown mechanisms.

The opinions expressed in this study may not nec-
essarily reflect the official positions of the Food and
Drug Administration of the USA, USDA and the Fed-
eral Government.

The study has been supported by NIH grant
R01MH048948 (MVP).

P150
Screening random peptide libraries with SSPE
brain-derived recombinant antibodies identifies
multiple epitopes in the C-terminal region of the
measles virus nucleocapsid protein
Gregory P Owens,1 Andrew J Shearer,1 Xiaoli Yu,1

Alanna M Ritchie,1 Katherine M Keays,1 Jeffrey L
Bennett,2 Donald H Gilden,3 and Mark P Burgoon1

1Department of Neurology, University of Colorado Health
Sciences Center; 2Department of Neurology and
Opthamology, University of Colorado Health Sciences
Center; and 3Department of Neurology and Microbiology,
University of Colorado Health Sciences Center, Denver,
CO, USA

Chronic infectious and inflammatory diseases of the
CNS are often characterized by a robust B cell response
that manifests as increased intrathecal IgG synthesis
and the presence of oligoclonal bands. Further, the
oligoclonal IgG is directed against the agent that causes
the disease. Using laser-capture microdissection and
single-cell PCR to analyze the IgG variable regions of
plasma cells from the brain of a patient with SSPE,
we detected at least nine expanded plasma cell clones
within the brain parenchyma. Importantly, five of the
eight human IgG1 recombinant antibodies (rAbs) pro-
duced from the SSPE brain plasma cell clones recog-
nized the measles virus (MV) nucelocapsid protein,
confirming that the antibody response in SSPE brain
primarily targets the agent that causes disease. To de-
termine the feasibility of using peptide screening for
antigen discovery, four MV-specific rAbs were used
to probe a random phage-displayed peptide library
to find out if they would bind to MV-specific pro-
tein epitopes. All four SSPE rAbs panned against the
peptide library enriched phage-displayed peptide se-
quences that reacted specifically to their panning rAb
by ELISA. A search of the Genbank protein database
revealed homologies for peptides selected by three of
the SSPE rAbs to different amino acid stretches con-
tained within the C-terminal 65 amino acids of the
MV nucleocapsid protein. The specificity of SSPE rAbs
to these regions of the MV nucleocapsid protein was
confirmed by binding to synthetic peptides or to short
cDNA expression products. This strategy can readily
be applied for antigen identification in CNS inflam-
matory diseases of unknown cause such as multiple
sclerosis.
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P151
CCAAT/enhancer-binding proteins modulate human
T cell leukemia virus type 1 long terminal repeat
activation
Devanshi Pandya,1 Christian Grant,2 Michael
Nonnemacher,1 Pooja Jain,1 and Brian Wigdahl1

1Department of Microbiology and Immunology, Drexel
University College of Medicine Philadelphia, PA, USA; and
2National Institute of Neurological Disorders and Stroke,
National Institutes of Health, Bethesda, MD, USA

CCAAT/enhancer-binding protein (C/EBP) basic re-
gion/leucine zipper (bZIP) transcription factors have
been shown to form heterodimers with cAMP-
responsive element binding protein 2 (CREB-2), a
bZIP transcription factor involved in regulating basal
and Tax-mediated transactivation of the human T
cell leukemia virus type 1 (HTLV-1) long terminal
repeat (LTR). The interaction between C/EBPbeta or
C/EBPzeta with CREB-2 has been previously shown
to down-regulate Tax-mediated transactivation of the
HTLV-1 LTR. In cells of the monocyte/macrophage lin-
eage (proposed to play a role in HTLV-1 pathogen-
esis as an accessory target cell population), several
members of the C/EBP family including C/EBPbeta
are expressed at high levels. Therefore, the func-
tional impact of C/EBP factor expression on both
basal and Tax-mediated transactivation of the HTLV-
1 LTR was examined. Low-level basal activation of
the HTLV-1 LTR was significantly enhanced by overex-
pression of C/EBPbeta, C/EBPdelta, or C/EBPepsilon,
whereas transactivation of the HTLV-1 LTR by Tax
was inhibited by overexpression of C/EBPalpha and
C/EBPbeta, and to a lesser extent C/EBPdelta. Inhi-
bition of Tax-mediated transactivation of the HTLV-
1 LTR was co-activator-independent and did not re-
quire binding of C/EBP to the Tax-responsive ele-
ments of the viral promoter. Deletion of the C-terminal
leucine zipper dimerization domain or the basic region
DNA binding domain of C/EBPbeta blocked C/EBPbeta
from inhibiting Tax-mediated transactivation of the
HTLV-1 LTR, suggesting that C/EBP dimerization
(likely to CREB-2) may be critical for down-regulating
Tax-mediated transactivation of the HTLV-1 LTR.
Therefore, endogenous expression of C/EBPalpha and
C/EBPbeta (which are primarily limited to myeloid
lineage cells) may be critical factors limiting viral
gene expression in cells of monocyte/macrophage
lineage.

P152
Involvement of the ubiquitin-proteasome system in
HIV-1 Tat-mediated neuronal damage
Giovanni Passiatore, Davide Eletto, and
Francesca Peruzzi
Department of Neuroscience, Temple University School of
Medicine, Philadelphia, PA, USA

Ubiquitination is a rapid and reversible mechanism
for the covalent modification of target proteins which
modulate synaptic functions. Poly-ubiquitination of
target proteins, however, is an irreversible modifica-
tion that marks proteins for degradation. Ubiquitin is
attached to a lysine residue on the target protein by
a multi-step enzymatic process. E3 ubiquitin ligases
selectively mediate conjugation of target proteins to
ubiquitin. There are two main classes of E3 ligases,
proteins with a HECT (homologous to E6-AP carboxyl
terminus) catalytic domain and proteins with a zinc-
binding RING finger (really interesting novel gene)
adaptor domain. Nedd4 is a ubiquitin-protein ligase
containing a calcium/lipid-binding domain, multiple
WW domains and a C-terminal HECT domain. Nedd4
is known to be involved in the selective ubiquitination
of some regulatory proteins in transcription and mem-
brane transport. The HIV-1 transactivating factor Tat
is among the factors involved in the pathogenesis of
HIV-1 associated neuronal dysfunction. In this study,
we demonstrated dendritic localization of Nedd4 in
rat embryonic cortical neurons. We additionally found
that treatment of rat cortical neurons with increasing
concentrations of recombinant Tat resulted in down-
regulation of Nedd4. As the process of ubiquitylation
is involved in the internalization and vesicular traf-
ficking of cell surface receptors, Tat-mediated dereg-
ulation of Nedd4 may alter proper levels of synaptic
receptors possibly affecting neuronal function.

This work is supported by a grant from NIH to FP.

P153
Increased mitochondrial mass in apoptotic
HIV-specific CD8+ T cells
Constantinos Petrovas,1 Yvonne M Mueller,1 Susan R
Altork,1 Peter Sklar,2 Karam C Mounzer,3 John D
Altman,4 and Peter D Katsikis1

1Department of Microbiology and Immunology and
Institute for Molecular Medicine and Infectious Disease,
Drexel University College of Medicine, Drexel University;
2Department of Medicine, Drexel University College of
Medicine, Drexel University, Philadelphia, Pennsylvania;
3Philadelphia FIGHT, Philadelphia, Pennsylvania; and
4Department of Microbiology and Immunology, Emory
University, Atlanta, Georgia, USA

What governs the increased apoptosis sensitivity of
HIV-specific CD8+ T cells is poorly understood. Here
we report the possible involvement of mitochondria
and filamentous actin in this process. We report here
that significantly higher mitochondrial mass (MM)
is found in HIV- (77 ± 7.2%, n = 15) compared to
CMV-specific CD8+ T cells (50 ± 5.9%, n = 13, p
< 0.0002). Furthermore, CD95/Fas-induced apoptosis
was remarkably increased in MMHigh (41.4±4% an-
nexin V+, n = 9) compared to MMLow (8.2 ± 1.7%
annexin V+, n = 9, p < 0.0001) CD8+ T cells from
HIV+ patients. Proapoptotic HIV-specific CD8+ T
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cells exhibited a CD38+ Bcl-2Low MMHigh pheno-
type. Mitochondria colocalized with CD95/Fas cap-
ping, very early during CD95/Fas-induced apoptosis
of HIV-specific CD8+ T cells, suggesting their active
role as an amplification step for this apoptosis and
a potential involvement of the cytoskeleton in this
process. Indeed, disruption of actin by cytochalasin
D (cytD) dramatically suppressed CD95/Fas-induced
apoptosis of HIV-specific CD8+ T cells (40.8 ± 5% ver-
sus 21.3±4.6% annexin V, n = 13, p < 0.02, in the
absence or presence of cytD respectively). This effect
was independent of memory and activation status of
these cells. The data above reveal mitochondria and fil-
amentous actin as potential mediators of HIV-specific
CD8+ T cell apoptosis further clarifying the molecular
mechanisms governing this process.

This work was supported by NIH grant R01
AI046719.

P154
Detection of JCV DNA sequences and Expression of
T-Antigen in a glioblastoma multiforme with small
cell primitive neuroectodermal-like component
Sergio Piña-Oviedo,1 Carlos Ortiz-Hidalgo,2 Martyn K
White,1 Kamel Khalili,1 and Luis Del Valle1

1Department of Neuroscience, Center for Neurovirology,
Temple University School of Medicine, Philadelphia, PA,
USA and 2Departmento de Patologı́a, The American British
Cowdray Medical Center, México D.F. México

The human polyomavirus JCV, the etiological agent
of the demyelinating disease Progressive Multifocal
Leukoencephalopathy, has been implicated in the de-
velopment of primitive neuroectodermal tumors and
various neuroectodermal and glial-derived tumors, in-
cluding Glioblastoma Multiforme. Here we describe
the unique clinical case of a 54 year-old man who pre-
sented with headaches, hemiparesis and drowsiness.
T1 and T2 magnetic resonance images revealed a large
solid tumor with a cystic component located in the
right temporal lobe, with extension into the parietal
lobe. Histologically, the tumor was composed of two
areas, a predominant component of large neoplastic
cells with pleomorphic atypical nuclei and abundant
eosinophilic cytoplasm, which by immunohistochem-
istry was robustly reactive for glial fibrillary acidic pro-
tein, compatible with a GBM, mixed with several foci
of poorly differentiated tumoral cells with basophilic,
slightly elongated nuclei and scant cytoplasm, which
were negative for GFAP, but strongly immunoreactive
for synaptophysin, phosphoneurofilaments and Class
III-beta Tubulin, characteristic of a Primitive Neuroec-
todermal Tumor. Results from PCR amplification in
laser capture micro-dissected cells from both areas of
the tumor revealed the presence of DNA sequences cor-
responding to the early, late and control regions of the
JCV genome. Expression of the oncogenic T-antigen
was detected by immunohistochemistry in the nu-

clei of neoplastic cells and the cell cycle dysregulator
Agnoprotein was robustly expressed in the cytoplasm
of tumoral cells in both phenotypes. No evidence for
viral capsid protein was found, ruling out productive
infection in these cells, which harbor viral DNA. Dou-
ble labeling immunohistochemistry demonstrated the
co-localization of viral T-Antigen with the cell cycle
regulatory protein p53 in the nuclei of neoplastic cells
in both areas of the tumor, suggesting that T-antigen
binds, sequesters and inactivates wild type p53. Se-
quencing of the amplified products demonstrated the
presence of the Mad-1 strain of JCV with distinct point
mutations in the control region of isolates from both,
GBM and small cell components.

The presence of the same strain of JCV in a rare tumor
which exhibits divergent lines of differentiation, and
the expression of viral proteins T-antigen and Agno-
protein in both areas of the neoplasia reinforces the
notion of JCV as a key player in malignant transforma-
tion at an early stage of tumorigenesis, and provides
further evidence on the monoclonal origin of two con-
comitant tumors of different phenotypes in the same
patient. The finding of multiple mutations in the JCV
control region is novel and may indicate important
adaptations for maintaining T-antigen and Agnopro-
tein expression during tumor development.

Supported by Grants from the NIH awarded to LDV
and KK.

P155
Peroxisome Proliferator-Receptor gamma (PPAR
gamma) agonist suppresses HIV-1 replication by
inhibition of the nuclear factor kappa B (NF-kB)
in vitro and in an animal model of HIV-1
encephalitis (HIVE)
Raghava Potula,1,2 Servio H Ramirez,1,2 Bryan
Knipe,1,2 Jessica Leibhart,1,2 Kathy Schall,1,2 Brenda
M Morsey,1,2 Huanyu Dou,1,2 and Yuri Persidsky1,2,3
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Disorders; 2Pharmacology and Experimental
Neurosciences; and 3Pathology and Microbiology,
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Poor penetration of anti-retroviral therapy across the
blood brain barrier poses an impediment in control
of HIV-1 infection of brain macrophages. The PPARs
are a family of nuclear receptors that regulate im-
portant physiological functions in response to ligand
binding. Of the three PPARs (alpha, beta, gamma),
PPARgamma regulates pleiotropic anti-inflammatory
pathways. We hypothesized that PPARgamma stim-
ulation may suppress HIV-1 replication. First we in-
vestigated the effect of PPARgamma agonists on HIV-1
replication in human monocyte-derived macrophages
(MDM). PPARgamma agonist treatment caused 20-
fold decrease of virus infection in MDM. In paral-
lel, we demonstrated that PPARgamma stimulation
led to effective suppression of HIV-1 replication in
blood lymphocytes and brain macrophages using a
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murine model of HIVE (immunodeficient mice re-
constituted with human lymphocytes and intracere-
brally inoculated with HIV-1 infected MDM). Ani-
mals fed with PPARgamma agonist, rosiglitazone sup-
pressed HIV-1 replication in intracerebrally inoculated
human MDM and reduced viremia by 50% as com-
pared with placebo group. Next, in vitro experiments
addressed the mechanism underlying inhibitory ef-
fects of PPARgamma activation on suppression of
HIV-1 replication. We showed that rosiglitazone pre-
treatment suppresses HIV-1 replication by repression
of the transcriptional activity of nuclear factor kappa
B (NF-kB). Ligand activation inhibited IkB phospho-
rylation that affected subsequent IkB degradation and
release of NF-kB binding subunits required for NF-kB
mediate induction of HIV-1 infection. PPARgamma ac-
tivation also significantly reduced HIV-1 induced NF-
kB DNA-binding ability. Furthermore, PPARgamma
stimulation suppressed HIV-1 LTR activity in a dose—
dependent manner. The specific PPARgamma antag-
onist, GW9662 abolished the effects of rosiglitazone.
Our in vivo and in vitro findings underscore the abil-
ity of PPARgamma agonists to suppress HIV-1 repli-
cation offering new therapeutic intervention in brain
and systemic infection.

P156
Human astrocytes provide an inflammatory
environment to human neurons following Rabies
virus infection
Christophe Préhaud, Françoise Mégret,
Mireille Lafage, and Monique Lafon
Institut Pasteur Paris France

We have already established that human neurons ex-
press TLRs and in the absence of glia can mount an
innate immune response to dsRNA (C. Prehaud et al.,
2005, J. Virology, 79, 20, 12893). In order to monitor
the effect of the surrounding cellular environment in
the neighbourhood of the infected neurons, we inves-
tigated the role of the astrocytes. This study was un-
dertaken by taking advantage of the pluripotency of
the embryonal human teratocarcinoma cell line Ntera-
2clD/1 which could be differentiated either in pure
neurons (NT2-N) or astrocytes (NT2-A) but also in
mixed cultures of neurons and astrocytes (NT2-N/A).
Thus following Rabies virus infection (CVS strain, 24
hours post-infection) of NT2-N/A, a transcritome anal-
ysis was carried out by using Affymetrix U133 plus 2
microarrays which covered the whole human genome.
The up regulated genes (4257) were clusterized. The
most represented cluster covered the genes involved
in the immune response. In addition to the genes
which expression was already increased in neurons—
and which up regulation levels were considerably ex-
acerbated in the NT2N/A compared to NT2-N cultures,
new genes involved in the immune response were re-

cruited. Among them, 83.6% of the genes are represen-
tative of the inflammatory process, and most of them
were controlled by IFN-g and TNF-a. Gene expression
modulation was double-checked by real time PCR. We
established a pure human NT2-A astrocyte cell line ac-
cording to the method described by Sandhu J.K. et al.
(2002) to investigate the astrocyte response after ra-
bies virus infection and after treatment with inflam-
matory cytokines such as TNF-a and IFN-g. We con-
cluded that astrocytes which are poorly infected by
Rabies virus in vivo provide a peculiar environment
by stimulating genes involved in the inflammation
response.

P157
Intranasal delivery of HIV-1 Tat up-regulates brain
inflammatory mediators in mice
Lynn Pulliam,1,2 Bing Sun,1,2 Hans Rempel,2

Leah Hanson,3 Paula Martinez,3 and William Frey II3

1Department of Laboratory Medicine, University of
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Intranasal (IN) delivery of HIV-1 Tat in mice was in-
vestigated as a possible model for HIV-1 infection in
the brain. Following IN administration, distribution of
[125I]-labeled Tat in the brains of Swiss Webster mice
was evaluated by autoradiography and gamma count-
ing. [125I]-labeled Tat was detected at the highest con-
centrations in the olfactory bulb, cervical nodes and
trigeminal nerve tract. In the brain, lower concentra-
tions were detected in the hypothalamus, frontal and
parietal cortex, and hippocampus. Having evidence
that Tat was effectively delivered to and distributed in
the brain, we compared differential gene expression in
the frontal cortex of the Tat versus vehicle IN-treated
APPsw transgenic mice. The mice were treated with 6
ug Tat (n = 4) or vehicle (n = 4) three times per week
for 4 weeks. Total RNA was isolated from the frontal
cortex and differential gene expression analysis was
performed using the CodeLink 35K mouse gene mi-
croarrays. Gene ontology profiles indicated an inflam-
matory and apoptotic response. Three genes of interest
in the Tat-treated mice that were significantly elevated
in the microarrays were validated by RT-PCR. One gene
was the Toll-like receptor 9 (TLR9), which was previ-
ously shown to mediate innate immunity and enhance
HIV-1 gene expression. A second gene, FAS, was also
significantly increased and plays a key role in neu-
roinflammation. Interestingly, FAS was reported to be
elevated in the CSF of patients with AIDS dementia.
Finally, the gene sestrin was significantly elevated and
has been associated with oxidative stress, in particular
amyloid beta-induced oxidative stress. We conclude
that this IN Tat model of neuroinflammation may be
useful to study HIV-1-induced neurodegeneration in
the CNS.
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Inhibition of HIV-1 infection by PEHMB involves
perturbation of the viral co-receptor CCR5
Jin Qian,1 Nina Thakkar,1 Lori Schlipf,1 Mary L.
Ferguson,1 Shendra Miller,1 Tina Kish-Catalone,1
Brian Wigdahl,1 Mohamed Labib,2 Robert Rando,2
and Fred C. Krebs1
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2Novaflux Biosciences, Inc.

Neurological disease associated with HIV-1 infection
of the central nervous system (CNS) remains a press-
ing problem, even in the face of successes achieved
using the latest chemotherapeutic approaches to the
treatment of systemic disease. For this reason, the de-
velopment of compounds effective against HIV-1, par-
ticularly CCR5-using strains that predominate within
infected cells in the CNS, remains a high priority.
Our efforts in this area have focused on compounds
that appear to inhibit HIV-1 infection by interfer-
ing with interactions between the virus and cell sur-
face proteins. Polyethylene hexamethylene biguanide
(PEHMB) is characterized by low toxicity and notable
activity against HIV-1 BaL, which uses CCR5 as a viral
co-receptor. The potency of PEHMB in the presence
of both virus and target cells led us to hypothesize
that PEHMB interferes with viral binding and entry
mechanisms. Results from flow cytometric analyses
of HIV-1-susceptible cells exposed to PEHMB demon-
strated increased CCR5 detection despite effective in-
hibition of HIV-1 BaL infection by PEHMB. We hy-
pothesized that inhibition of HIV-1 BaL infection by
PEHMB may involve perturbation of CCR5 conforma-
tion and/or localization within the plasma membrane.
These changes interfere with interactions with HIV-1,
while making CCR5 more accessible to detection by
antibodies. Ongoing investigations are examining spe-
cific interactions between PEHMB and CCR5 that may
cause changes in co-receptor availability, expression,
internalization, or conformation that result in inhibi-
tion of HIV-1 infection. These studies are being used
to facilitate the development of novel compounds that
can be used safely in the CNS to inhibit HIV-1 infec-
tion.

P159
Antiviral treatment of postherpetic neuralgia
Dianna Quan,1 Barbara N. Hammack,1
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Varicella zoster virus (VZV) is a highly neurotropic, ex-
clusively human alphaherpesvirus that causes chick-

enpox (varicella). After primary infection, virus be-
comes latent in cranial nerve, dorsal root and auto-
nomic ganglia along the entire neuraxis. Decades later,
virus reactivation produces shingles (herpes zoster),
characterized by pain and rash restricted to 1-3 der-
matomes. While the rash usually disappears within
4–6 weeks, as many as one million Americans are af-
fected by persistent dermatomal distribution pain after
herpes zoster, so called postherpetic neuralgia (PHN).
Studies of patients with PHN and zoster sine her-
pete (radicular pain without rash) support the notion
that low-grade viral ganglionitis contributes to pain.
If chronic pain reflects active infection, then antiviral
therapy has the potential to help patients with PHN.

We conducted a prospective, open-label phase I/II
clinical trial to determine if antiviral treatment helps
reduce PHN pain. Fifteen patients with PHN suffer-
ing moderate to severe pain were treated with intra-
venous acyclovir for 14 days followed by oral vala-
cyclovir for one month. Pain was measured using an
11-point Numeric Rating Scale for Pain (NRSP). Based
on previous studies of neuropathic pain, a ≥2-point re-
duction in the NRSP scale was chosen as representing
clinically meaningful improvement. Eight of 15 (53%)
patients reported a ≥2-point decrease on the NRSP
[95% confidence interval (CI), 27% to 79%]. The clin-
ically significant reduction in pain reported by most
of our patients after sequential acyclovir and valacy-
clovir treatment suggests a promising effect of antivi-
ral treatment on PHN. Further investigation in a larger,
randomized, double-blind, placebo-controlled trial to
treat PHN with antiviral agents is warranted.

P160
Assessing the role of perforin in controlling acute
cutaneous HSV-1 infections
Naveen K Rajasagi1,2,3 and Stephen R Jennings1,2,3
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The role of perforin in the control of HSV-1 in the
skin and peripheral nervous system was investigated.
It was found that HSV-1 levels in the FP tissue and the
dorsal root ganglia of perforin deficient mice (PKO)
were comparable to those in C57BL/6 mice (B6) at all
times tested. Furthermore, there was no increase in
the levels of latent HSV-1 in sensory ganglia of PKO
mice, as determined by the ability to reactivate latent
virus from explanted tissues. This suggested that HSV-
1 infection is efficiently controlled in the absence of
perforin-mediated immune functions. However, ani-
mals receiving PKO immune lymphocytes by adop-
tive transfer had significantly higher levels of HSV-1
in the FP than animals receiving WT immune lym-
phocytes, suggesting a role for perforin in the control
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of HSV-1 infection. Cytokine production and early cy-
tokine mRNA transcription were comparable between
PKO and B6 mice and the frequency of HSV specific
CD8+ T cells was slightly elevated in PKO mice. This
suggests that the loss in protective function by PKO
lymphocytes is due to the lack of perforin, and not due
to immune-dysregulation caused by the perforin mu-
tation. These data demonstrate that perforin normally
contributes to the control of HSV-1 infection, but its
absence is compensated for in the PKO environment.

P161
The requirement for CD4+ T cells in the generation
of HSV-1-specific CD8+ T cell responses
Naveen K Rajasagi1,2,3, Xiangyi Zhao,1,2,3 and
Stephen R Jennings1,2,3
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The requirement for CD4+ T cells in the optimal re-
sponse to viral pathogens is controversial, and depen-
dent upon pathogen tissue and cell tropism charac-
teristics. It is known that CD4+ T cells are required
for the generation of CD8+ T cell mediated cytolytic
activity measured in vitro, but their requirement for
CD8+ T cell functions in vivo is not certain. In these
studies, analysis of the CD8+ T cell response to cu-
taneous HSV-1 infection was performed in mice de-
pleted of CD4+ T cells prior to infection, or in class II
MHC knockout (MHC-II −/−) mice, which lack CD4+
T cell development in vivo. The results demonstrated
that the absence of CD4+ T cells did not impact CD8+
T cell-mediated cytolytic function in vivo, but dimin-
ished IFN-gamma synthesis by these cells. It was also
observed that the CD8+ CD44 high CD25+ T cell sub-
population was not present in the absence of CD4+ T
cells. However, the CD8+ CD44 high CD25− T cell sub-
population was present, and expressed both cytolytic
and cytokine synthesis functions, although the levels
of IFN-gamma produced were lower than in the pres-
ence of CD4+ T cells. Taken together, these data sug-
gest that CD4+ T cells impact the quality of the pri-
mary response to HSV-1, and may impact CD8+ T cell
memory responses.

P162
Protein kinase CK2: A potential target in the
development of novel therapeutics against West Nile
virus
Mathura P Ramanathan, Pankhong Pankhong,
Michele A Kutzler, Chambers A Chambers, J Joseph
Kim, Gunasekaran Gunasekaran, Theodore C Pierson,
and David B Weiner

Viral Genomix, Inc, Blue Bell, Philadelphia; NIH, Bethesda,
MD; UPENN Medical School, Philadelphia, PA, USA; and
Mahidol University, Bankok, Thailand

The identification of cellular factors that are required
to complete various steps of the West Nile Virus (WNV)
life cycle may lead to the development of novel ther-
apeutics. WNV is an emerging CNS-pathogen that is
found throughout the United States. The contribution
of individual gene products to the severity of WNV
pathogenesis is not fully understood. Here we report
that WNV capsid functions as a phosphoprotein and
its phosphorylation status represents a critical step in
the viral life cycle. The host cellular kinase, casein ki-
nase II (CK2) is the kinase that phosphorylates capsid
in vitro as well as in vivo. In WNV capsid, serine-36
within a consensus CK2 motif serves as the target phos-
phorylation site by CK2. CK2-specific inhibitors such
as DRB and TBB inhibit the phosphorylation of cap-
sid. We explored the role of CK2 subunits (CK(α) and
CK(β)) in phosphorylating capsid by using siRNAs tar-
geting human CK(α) and CK(β) transcripts, and found
a strong interaction between capsid with a cellular CK
subunit. Finally, we are able to attribute the phospho-
rylation status of the capsid to its ability to partici-
pate in WNV budding. Reduced viral titer under the
treatment of CK2-specific inhibitors as well as CK2-
specific siRNAs that specifically depletes CK(α) and
CK(β) mRNA transcripts support this finding. Thus,
the experimental results of this study provide valu-
able clues for the development of targeted therapeutic
strategies.

P163
Sialoadhesin binds HIV-1 and is elevated in
monocytes from subjects with high viral load
Hans Rempel,1 Bing Sun1,2, Cyrus Calosing,1 and
Lynn Pulliam1,2

1Veterans Affairs Medical Center, San Francisco and
2Department of Laboratory Medicine, University of
California, San Francisco, CA, USA

The central nervous system (CNS) constitutes an im-
portant viral reservoir created by HIV-1-infected mono-
cyte/macrophages transmigrating from the periph-
eral blood into the perivascular region. This reser-
voir is especially problematic because infected and
activated monocyte/macrophages secrete inflamma-
tory and neurotoxic factors causing neurodegenera-
tion, culminating in cognitive impairment. Since it
is widely accepted that high viral load (HVL) is a
risk factor for AIDS and HIV-1-associated dementia
(HAD), we examined the phenotype of monocytes from
at-risk subjects. We performed global gene expres-
sion analysis of circulating CD14+ monocytes isolated
from HIV-1-infected individuals with HVL (>10,000
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RNA copies/ml). Of the many differentially expressed
genes, we selected sialoadhesin (Sn; CD169) for fur-
ther analysis because of its role in cell—cell adhesion.
Compared to controls, Sn exhibited a 19-fold increase
(p < 0.05) in subjects with HVL. Sialoadhesin is a
large, extracellular protein with an N-terminal domain
which binds sialic acid and was initially characterized
as a macrophage-restricted protein. Flow cytometry
and immunocytochemical analyses of CD14+ mono-
cytes isolated from HIV-1-infected individuals with
HVL confirmed the elevated Sn expression found in
the array data. To examine the potential biological rel-
evance of Sn expression, THP-1 cells were transfected
with a CMV-SN contruct. In vitro, Sn-expressing THP-
1 cells demonstrated a capacity to bind replication de-
ficient HIV-1 (HIV-1�Tat/Rev) in a robust and highly
specific manner. HIV-1 binding was blocked by pre-
treatment with an anti-sialoadhesin monoclonal an-
tibody, which recognized the N-terminus, sialic acid
binding region. Removal of sialic acid from HIV-1, by
pre-treatment with sialidase, disrupted Sn binding. We
speculate that HIV-1 bound to Sn may protect the virus
from degradation and possibly function as a transport
mechanism to ferry the virus to reservoirs beyond the
suppressive control of HAART.

P164
PROTEOMIC analyses of heroin-induced differential
protein expression by mature dendritic cells (MDC)
Jessica L Reynolds,1,2 Supriya D Mahajan,1,2 Stanley
Schwartz,1,2 and Madhavan P Nair1,2

1State University of New York at Buffalo and 2Kaleida
Health, Buffalo, NY, USA

Heroin use is postulated to act as a cofactor in the im-
munopathogenesis of HIV-1 infection. Blood monocyte
derived dendritic cells (DC) are the first line of de-
fense against HIV-1 infection and are the initial target
of HIV-1 in injection drug users. Although evidence
of immune dysfunctions has been reported in heroin
users, the molecular basis of the immunopathogenesis
of HIV-1 infection in heroin users has not been delin-
eated. The role of heroin on the expression of the pro-
teome of mature dendritic cells (MDC) has not been
elucidated. We hypothesize that heroin dysregulates
proteins that may facilitate the immunopathogenesis
of HIV-1 infection in heroin users. Utilizing the pro-
teomic method of difference gel electrophoresis (DIGE)
combined with protein identification HPLC-MS/MS,
we show that heroin significantly (Student’s t-test) dys-
regulates the expression of a number of proteins in
MDC such as gelsolin isoform a, moesin, annexin 5, en-
doplasmic reticulum protein 29 isoform 1, cathepsin
S and fibrinogen beta chain. Several of these differen-
tially expressed proteins were confirmed by western
blot and their respective genes by real-time, quanti-
tative PCR (Q-PCR) analysis. Identification of unique,

heroin-induced proteins may help to develop novel
markers for diagnostic, preventative and therapeutic
targeting in heroin using subjects.

P165
Nerve growth factor and neurotrophin—3 activate
cellular kinases which are involved in rabies
antiviral effect
Verónica Rincón,1 Marlén Martı́nez-Gutiérrez,1 Nadia
Yadira Castañeda,1 Jaime Eduardo Castellanos,1 and
Orlando Acosta2

1Instituto de Virologı́a, Universidad El Bosque, Bogotá,
Colombia; 2Laboratorio de Biologı́a Molecular de Virus,
Universidad Nacional de Colombia; and 3Laboratorio de
Biologı́a Molecular de Virus, Universidad Nacional de
Colombia

Nerve Growth Factor and Neurotrophin 3 induce a
modulation of rabies virus transcription and replica-
tion in adult mouse dorsal root ganglia cultures. There-
fore, the aim of this study was to evaluate the cel-
lular kinases involved in this anti-viral activity. The
sensory neuron cultures were infected and treated
with the specific kinases inhibitors LY294002, Gö-
6983 and DRB (PI3K, PKC and Casein Kinase II in-
hibitors, respectively) and with Nerve Growth Factor
and Neurotrophin-3. Viral antigen produced by cul-
tures was evaluated at 15 hours post-infection (p.i)
using a fluorometric Cell-ELISA and viral messenger
RNA (mRNA) and genomic RNA (gRNA) were also
quantified by a real time PCR using the neuronal
marker UCH-L1 as housekeeping gene at 6 h p.i. We
found changes in viral antigen and RNA amounts in
inhibitors and NGF treated cultures, indicating a to-
tal or partial infection restoration respecting inhibited
cultures (inhibition of neurotrophin inhibition). These
data could suggest that rabies virus infection inhibi-
tion caused by neurotrophin treatment can be due by
a deregulation of neuronal enzymatic machinery in-
volved in the different steps of viral cycle.

P166
Identification of the JCV promoter GRS-binding
protein as Egr-1
Luca Romagnoli,1 Mariha Feliciano,1 Bassel E
Sawaya,1 Mahmut Safak,1 Pasquale Ferrante2, Kamel
Khalili,1 and Martyn K White1

1Center for Neurovirology, Department of Neuroscience,
Temple University School of Medicine, Philadelphia, PA,
USA and 2Laboratory of Molecular Medicine and
Biotechnology, IRCCS S. Maria Nascente, Don C. Gnocchi
Foundation, Milan, Italy

JC virus (JCV) can emerge from latency resulting in the
cytolytic destruction of glial cells in Progressive Mul-
tifocal Leukoencephalopathy (PML). The non-coding
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regulatory region (NCCR) of JCV contains cis-acting
transcriptional regulatory elements including a 23
base pair GGA/C rich sequence (GRS) near the JCV ori-
gin (5112 to +4) that was previously shown to bind a
protein complex designated GBPi after glial cells are
treated with activated T-cell supernatant, certain cy-
tokines or TPA. We now report evidence that GBPi
contains the early growth response protein Egr-1. The
GRS-GBPi EMSA band from TPA-treated cells was ex-
cised from the EMSA gel after autoradiography and
was found to contain Egr-1 by Western blotting. Other
non-inducible EMSA bands from the same gel were
negative for Egr-1 as was the GRS-GBPi gel shift region
of the EMSA gel from untreated cells. Further the TPA-
induced GBPi gel shift was abrogated by antibody to
Egr-1. Ectopic expression of Egr-1 induced a gel-shift
in the same position as that induced by TPA. A set of
oligomers spanning the JCV NCCR failed to give a gel
shift after Egr-1 transfection except for one that par-
tially overlapped the 23 base pair oligomer and con-
tained the GGA/C repeats. Co-expression of Egr-1 with
JCV late promoter reporters stimulated transcription
8-fold. Primary astrocytes infected with JCV showed
an induction of Egr-1 protein that was maximal 10
days post-infection. We conclude that Egr-1 binds to
the GRS element of the JCV NCCR and may have a role
in the viral life cycle.

Supported by Grants from the NIH to KK.
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BAG-3 protein suppresses HIV-1 promoter activity
by binding NF-kB p65 in microglia and astrocytic
cells
Alessandra Rosati,1 Arturo Leone,2 Kamel Khalili,1
and Maria Caterina Turco2

1Department of Neuroscience, Center for Neurovirology,
Temple University, School of Medicine, Philadelphia, PA,
USA

Co-chaperone proteins that share the Bcl-2-associated
athanogene (BAG) domain are involved in a number of
cellular processes, including proliferation and apopto-
sis. Among BAG family members there is BAG3, also
known as CAIR-1 or Bis, that binds to Hsp70, phos-
pholipase C-gamma (PLC-gamma) and possibly other
partners. High levels of BAG3 protein have been found
in several disease models. We observed increased ex-
pression of BAG3 protein in the cytoplasm of reactive
astrocytes in the cortex of a case of HIV encephalopa-
thy by immunohistochemstry. To investigate the effect
of increased levels of BAG3 protein on HIV-1 repli-
cation, we performed functional assays using a HIV-1
LTR (−120, +66) driven firefly luciferase vector. In par-
ticular, we analyzed the effect of overexpressed BAG3
on the ability of NF-(κ)B p65 and Tat to activate HIV-1
LTR promoter, in human astrocytic cells, U87MG and
in human primary colture of microglia. We found that
increased levels of BAG3 protein inhibit the binding
of NF-(κ)B p65 to the (κ)B-binding motifs of the viral

promoter, as assessed by EMSA and ChIP assays. Fur-
ther analysis demonstrated that this effect is mediated
by the direct binding of NF-(κ)B p65 to the full length
BAG3 protein. Our results suggest a new mechanism
to control HIV-1 replication in infected astroglial cells.

In fond memory of Arturo Leone.

P168
Knock-down of BAG3 in glioblastoma cells promotes
apoptosis and sensitizes to camptothecin treatment.
Alessandra Rosati,1 Arturo Leone,2 Luis Del Valle,1
Kamel Khalili,1 and Maria Caterina Turco2

1Department of Neuroscience, Center for Neurovirology,
Temple University, Philadelphia, PA, USA

BAG-family proteins are expressed in a variety of
human cancers and tumor cell lines and have been
shown to regulate cell growth and block apoptosis.
Among BAG-family members, BAG3 protein expres-
sion has been demonstrated to be important in B-CLL
and ALL cells survival. Immunohistochemical analy-
sis performed on several astrocytoma and in glioblas-
toma multiforme specimens showed higher levels of
BAG3 protein compared to normal brain. To test the
possible involvement of this protein in the growth
and survival of glioblastoma cells, we used a spe-
cific siRNA sequence directed on BAG3 mRNA in
rat glioblastoma cells, C6. In in vivo experiments, C6
cells were stereotactically implanted into the caudo-
putamen of immunocompetent rats and treated with
siRNA for Bag3 or with a scrambled sequence. Af-
ter three weeks of siRNAs adminitrations control ani-
mal showed larger tumors compared to siRNA BAG3
treated tumors, which also showed TUNEL positive
nuclei. We also found in in vitro experiments that C6
cells, when treated with camptothecin, a chemothera-
peutic drug used in glioblastoma disease, are more sen-
sitive to apoptosis (measured as cleavage of caspase 3)
in the presence of siRNA of BAG3. Together these find-
ings suggest that BAG3- based reagents can represent
a new tool for glioblastoma multiform therapy.

In fond memory of Arturo Leone.

P169
Altered kinetics of STAT activation in interferon
gamma-stimulated neurons
R Wesley Rose,1,2 Jason D Skipworth,1 Emmanuelle
Nicolas,1 and Glenn F Rall1

1Institute for Cancer Research, Fox Chase Cancer Center,
Philadelphia, PA, USA; 2Arcadia University, Glenside, PA

It is becoming increasingly evident that immune strate-
gies used to combat viral infections are not generic,
but rather may be tailored to result in rapid clear-
ance of the pathogen with a minimization (in many
cases) of deleterious effect on the infected host. For
example, non-cytolytic mechanisms of viral clearance
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are especially important in nonrenewable cell popu-
lations, such as neurons of the central nervous system
(CNS). In characterizing the neuronal response to in-
terferon gamma (IFNg), a pluripotent immune cytokine
required for non-cytolytic clearance of multiple neu-
rotropic viral infections, we found that primary neu-
rons demonstrated muted and delayed signaling via
the phosphorylation and nuclear localization of two
of the STAT proteins (STAT1 and STAT3), as com-
pared to primary fibroblasts. This may in part be due
to the observed lack of constitutive STAT expression
in neurons. Although the initial neuronal response is
dampened as compared to that in fibroblasts, neurons
continue to phosphorylate STAT1 well beyond the pe-
riod of responsiveness observed in MEF, in response
to a 30 minute pulse of IFNg. Interestingly, SOCS-1, a
major component of the interferon negative feedback
loop, is expressed at a higher constitutive level in un-
treated neurons as compared to fibroblasts. Further-
more, SOCS-1 is downregulated in neurons after IFNg
treatment, whereas in fibroblasts it is upregulated. We
thus hypothesize that the altered kinetics of STAT
phosphorylation in neurons reflects a combination of
a low level of constitutive STAT expression, coupled
with modifications in the negative feedback loop of
the IFNg signaling pathway. Finally, examination of
five IFNg-responsive genes demonstrated a 3-4-fold
higher level of responsiveness (for four of the genes)
in treated MEF as compared to treated neurons, sug-
gesting that altered signaling kinetics may provide a
mechanism for the heterogeneity of cellular responses
to IFNg. Our direct, quantitative comparison of STAT
activation kinetics in neurons and fibroblasts sheds
new light on the heterogeneity of cellular responses to
IFNg.

P170
HIV-1 Tat prevents the de-phosphorylation of Sp1 by
TCF-4 in astrocytes
Andrea Rossi,1,2 Ruma Mukerjee,1 Pasquale
Ferrante,2 Kamel Khalili,1 Shohreh Amini,1,3 and
Bassel E Sawaya1

1Department of Neuroscience and Center for
Neurovirology, Temple University School of Medicine,
Philadelphia, PA; 2Laboratory of Biology, Don C. Gnocchi
Foundation, IRCCS, Milan, Italy; and 3Department of
Biology, Temple University, Philadelphia, PA, USA

We previously examined the role of TCF-4 on tran-
scription of the human immunodeficiency virus type
1 (HIV-1) promoter in human astrocytic cells. We
found that TCF-4 affects HIV-1 promoter through the
GC-rich domain (nt -80 to nt -68) (Wortman et al.,
2002). Here, we have characterized the physical in-
teraction and a functional consequence of TCF4-Sp1
contact. We showed that expression of TCF-4 in U-
87MG, human astrocytic cells decreased the basal and
Sp1-mediated transcription of the HIV-1 promoter. Re-

sults from the glutathione S-transferase pull-down as-
say as well as the combined immunoprecipitation and
Western blot analysis of protein extract from U-87MG
cells revealed an interaction of Sp1 with TCF-4.Using
in vitro protein chromatography, we mapped the re-
gion in Sp1 that contacts TCF-4 to amino acids 266
to 350. We also found that in cell-free extracts, TCF-
4 prevented double-stranded DNA-dependent pro-
tein kinase (DNA-PK)-mediated Sp1 phosphorylation.
Surprisingly TCF-4 failed to decrease Sp1-mediated
transcription of HIV-1 LTR and Sp1 phosphorylation
in cells expressing HIV-1 Tat. Results from IP/Western
demonstrated that TCF-4 lost its ability to interact
with Sp1 but not Tat in Tat-transfected cells. Taken
together, these findings suggest that activity at the
HIV-1 promoter is influenced by phosphorylation of
Sp1 which is affected by Tat and DNA-PK. Interac-
tion between TCF-4, Sp1 and/or Tat may determine the
level of viral gene transcription in human astrocytic
cells.

P171
A monoclonal antibody against HIV Tat attenuates
neurotoxicity via glutamate receptors
Jeffrey A Rumbaugh,1 Muznabanu Bachani,1 Ilia
Tikhonov,2,3 David Pauza,2,3 and Avindra Nath1

1Johns Hopkins University; 2Institute of Human Virology;
and 3University of Maryland, Baltimore, MD, USA

HIV dementia is a neurodegenerative disease for which
there is no available neuroprotective therapy. Its patho-
genesis is not well understood. However, viral pro-
teins, such as Tat, the HIV transactivator protein, have
been implicated as agents of neurotoxicity via multiple
mechanisms, including effects on glutamate receptors.

We coincubated the HIV-1 Tat protein with a mon-
oclonal antibody against the N-terminal of Tat, in hu-
man neuronal cultures. The antibody significantly (P
< 0.01) attenuated the neurotoxicity caused by Tat
alone, as measured by mitochondrial membrane po-
tential. This protection occurred despite previous ob-
servations that peptides from the N-terminal of Tat are
nontoxic. We thus hypothesized that the antibodies
may have a more indirect neuroprotective function,
preventing excitotoxicity at glutamate receptors.

Thus, we coincubated Tat and the anti-Tat antibody
with known glutamate receptor agonists, NMDA and
kainate, in our cultures. The Tat-antibody combination
attenuated the toxicity seen with either agent alone,
as effectively as kynurenic acid, a glutamate recep-
tor antagonist. Neither Tat nor antibody alone blocked
the excitotoxic effect, nor did an unrelated antigen-
antibody combination.

To evaluate the specificity of the protective effect to
the N-terminal region, we also coincubated Tat with
polyclonal antibodies made against the N-terminal, C-
terminal, and whole Tat. Preliminary results suggest
protection with all of these antibodies as well.
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The Tat-antibody complex appears to prevent exci-
totoxic effects at glutamate receptors. Host immune re-
sponses may be directed against neurotoxic properties
of viral proteins and thus may influence host suscep-
tibility to the effects of these proteins, such as onset
of HIV dementia. Additionally, our observations may
have important implications for development of ther-
apeutic vaccines for HIV dementia, and more broadly
for treatment of many neurological diseases.

P172
Programmed cell death and expression of apoptotic
genes in PBMC from multiple sclerosis patients
Marina Saresella,1 Ivana Marventano,1 Roberta
Mancuso,1 Romina Mazziotti,1 Renato Longhi,2
Rosella Cavarretta,3 Domenico Caputo,3 and
Pasquale Ferrante1,4

1Laboratory of Molecular Medicine and Biotechnology, Don
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2National Center for Research, Milan, Italy; 3Neurologic
Department Don C. Gnocchi Foundation ONLUS, IRCCS,
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Recently we demonstrated that in Multiple Sclerosis
(MS) a deregulation of programmed cell death (PCD)
or apoptosis plays a key role in inducing or maintain-
ing auto-reactive immune phenomenon leading to the
development of demyelinating lesions.

In the present study we investigated the PCD of
myelin basic protein (MBP) -specific T lymphocytes
in 47 Relapsing-remitting (RR) MS patients, 29 with
acute (AMS) and 18 with stable MS (SMS), together
with 30 Healthy Controls (HC).

In particular, we analyzed by flow cytometry CD4+
and CD8+ apoptotic and CD3+ proliferating cell per-
centage, and by RT PCR the expression of different anti
(FLIP, XIAP, Bcl-2) and pro (BID,APAF-1 ) apoptotic
genes in sorted CD4+ and CD8+ T cells, previously
stimulated with MBP peptides. Differences were ana-
lyzed by t-Student and Mann-Whitney tests. The per-
centage of apoptotic MBP specific CD4+ and CD8+ T
cells decreased in AMS compared to SMS (p < 0.05)
and HC (p < 0.05). Conversely, an higher proliferation
index of MBP specific T cells was found in AMS and
HC compared to SMS (p < 0.05). An higher expres-
sion, even thought no statistically significant, of both
anti and pro apoptotic genes was shown in RRMS com-
pared to HC; in addition, a significant increase of anti
apoptotic genes FLIP, XIAP and Bcl-2 was observed in
MBP- specific sorted CD8+ cells of AMS compared to
HC.

The data obtained evidence a specific activation of
immune system against MBP in patients with AMS
and in HC, but the increase of PCD in HC switch off
the MBP specific T cell immune response. Conversely
in AMS, the decrease of apoptotic MBP specific T cell
seems to be involved in the immune mediated destruc-
tion of myelin sheath.

P173
Human polyomavirus, JC virus (JCV), late regulatory
agnoprotein is targeted by a serine/threonine
phosphatase, PP2A
Ilker K Sariyer, Victoria Palermo, Kamel Khalili,
and Mahmut Safak
Department of Neuroscience, Temple University School of
Medicine, Philadelphia, PA, USA

Viral regulatory proteins play critical roles in differ-
ent stages of the infection cycle. Recent studies have
shown that JCV late regulatory agnoprotein protein
plays an important role in viral gene regulation, repli-
cation and perhaps in viral encapsidation. In addi-
tion, this protein was also shown to alter cell cy-
cle progression in which it appears that cells stably
expressing agnoprotein largely accumulate at G2/M
phase transition state. Furthermore, this protein con-
tains several posttranslational modification sites in-
cluding phosphorylation. Mutational analysis of agno-
protein phosphorylation sites, where Ser7, Ser11 and
Thr21 were singly or combinatorially converted into
Ala, resulted in a phenotype that is unable to sustain
the viral infection cycle. Subsequent analysis of the re-
leased viral particles from mutant virus-infected cells
by electron microscopy, Western, and Southern blot-
ting showed that although the released mutant viri-
ons are morphologically indistinguishable from wild-
type, they are deficient in DNA content which may
account for their defective propagation. Since agno-
protein is phosphorylated by a Ser/Thr kinase PKC,
we reasoned that perhaps the phospharylated sites
are subject to regulation by a Ser/Thr phosphatase,
protein phosphatase 2 (PP2A). Our results indeed
showed that agnoprotein is targeted and dephospho-
rylated by this phosphatase. We also demonstrated
that agnoprotein physically interacts with this enzyme
and its interaction domain is localized to the mid-
dle portion of the protein. We are currently investi-
gating the functional significance of this interaction
with respect to viral infection cycle and cell cycle
progression.

This work was supported by NIH grants to KK and
MS.
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The early genome of JC virus (JCV) encodes two tumor
antigens due to alternative splicing of its early tran-
scripts, including large T antigen (LT-Ag) and small
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t antigen (Sm t-Ag), although recent reports indicate
that the same region also encodes three additional pep-
tides, T’(135), T’(136), and T’(165). LT-Ag is known to
play a major role in cell transformation and cell pro-
liferation in tissue culture and animal model systems.
However, the role of JCV Sm t-Ag in such processes re-
mains unknown. Functional studies with simian virus
40 (SV40) Sm t-Ag showed that it enhances the abil-
ity of SV40 LT-Ag to transform rodent and human cells.
Here, we investigated the effect of Sm t-Ag on both cell
cycle progression and growth promoting pathways. To
analyze this effect, we established several stable cell
lines including U-87MG and NIH3T3, expressing Sm t-
Ag, and followed their cell cycle progression. Sm t-Ag
positive clones were arrested at G0/G1 phase of cell cy-
cle by serum starvation and released upon serum stim-
ulation. Results showed that the Sm t-Ag positive cells
entered the S phase relatively faster than controls. This
was accompanied by the earlier expression of G1/S
phase-specific cyclins and cyclin-dependent kinases,
including cyclin E and cyclin E-dependent kinase 2
(Cdk2). In order to understand the molecular mech-
anisms underlying Sm t-Ag-induced cell cycle pro-
gression, we analyzed several growth promoting path-
ways, including the pathway which involves mam-
malian target of rapamycin (mTOR). Results showed
that Rictor/mTOR complex is relatively more ac-
tive in Sm t-Ag positive cells, resulting in a higher
phosphorylation of a down stream effector molecule,
Akt at Ser473. In addition, p27kip1, an inhibitor of
cdc2/cyclin E complex and a target of Akt, was found
to be mostly retained in cytoplasm rather than being
translocated into nucleus in Sm t-Ag positive cells.
Collectively, these results suggest that Sm t-Ag pro-
motes cell cycle progression, at least in part, through
the activation of one of the growth promoting path-
ways known as the mammalian target of rapamycin
(mTOR).

This work was supported by NIH grants to KK and
MS.
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Induction of toll like receptor signalling in
venezuelan equine encephalitis virus infection in
mouse brain
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Venezuelan Equine Encephalitis Virus (VEEV), an al-
phavirus in the family Togaviridae, causes a highly
virulent CNS disease in horses which is then trans-
mitted to humans by mosquito bite. VEEV is highly
infectious through aerosols and has been weaponized
making it a potential bio-warfare agent. Outbreaks of
VEEV have been reported throughout much of tropical
America. Toll-Like Receptors (TLRs) are ligand bind-

ing molecules with a family of at least 11-12 mem-
bers. They recognize conserved microbial sequences
and induce specific biological response in the form
of pro inflammatory cytokine induction. Inflammatory
response following VEEV presence in the brains of
mice is considered to be detrimental to host and con-
tribute to the severity of the disease. In this study, we
investigated the TLRs and its signaling pathway spe-
cific genes expression in VEEV infected mice brain. 3–
5 weeks old mice were infected with a neurovirulent
strain of VEEV, V3000. Brains were harvested from the
infected mice at 48, 72 and 96 hour post infection.
Total RNA was isolated and oligo array specific for
Toll-Like Receptor Signaling Pathway was performed.
VEEV infection resulted in upregulation of TLR 3 and
several chemokines inflammatory cytokines and Inter-
feron and interferon regulatory factors and genes in-
volved in signal transduction such as MCP-1, IP10,
Btk, Il12a, Il12b, Inf b1, Irf-1, Irf 7, Fos, Jun, Myd88,
Nfkb1, Nfkbia, Prkra, Cd14 and Cd86. These results
suggest the TLR3 and its associated genes may play
a key role in virus recognition and an inflammatory
response against VEEV.

P176
Expression of the E2F1 transcriptional targets, Cdc2
and PUMA, in primary neurons treated with
HIV-gp120 and in the brain of HIV/HAD patients
Saori Shimizu, Muhammad Z Khan, Randi
Hippensteel, and Olimpia Meucci
Drexel University, College of Medicine, Philadelphia, PA,
USA

Alterations of the Rb/E2F1 pathway have been in-
volved in neurodegenerative disorders including neu-
roAIDS. In order to test the hypothesis that an
up-regulation of E2F1 activity is involved in HIV neu-
ropathogenesis, we have been studying E2F1 expres-
sion and transcriptional activity in primary neurons
exposed to HIV-gp120 and in human brain tissue sam-
ples from HIV+ patients with or without neurolog-
ical deficits. Our data show that gp120 induces a
time-dependent increase of the E2F1 protein levels in
rat primary neurons. In these neurons, E2F1 is pre-
dominantly (if not exclusively) localized to the nu-
cleus, and gene reporter assays indicate that gp120
promotes transcription of E2F1-dependent genes. In
line with these observations, treatment of neurons
with gp120 also increases E2F1 transcriptional tar-
gets, namely cdc2 and Puma. Importantly, primary
neurons derived from E2F1 deficient mice were resis-
tant to gp120-induced neurotoxicity, and showed no
changes in cdc2 and Puma protein levels following
gp120 treatment. Finally, the studies with brain tis-
sue samples showed increased expression of E2F1 in
the nucleus of neurons of HAD patients, but not in the
HIV+ patients without dementia or in control (i.e. HIV
negative) patients. These data suggest that aberrant
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expression of E2F1 transcriptional targets in postmi-
totic neurons is one of the mechanisms involved in
the apoptotic neuronal cell death observed in HIV
neuropathology.

P177
Tropism of encephalitis-causing viruses in the
central nervous system of rodents
Venkatraman-Siddharthan, Justin G Julander,
Wang-Hong, Grant J Roper, Aaron L Olsen, and John
D Morrey
Institute for Antiviral Research, Animal, Dairy and
Veterinary Sciences, Utah State University, Logan UT, USA

Hamster and mouse models for encephalitides, such
as West Nile Virus (WNV), Western Equine Encephali-
tis Virus (WEEV) and Venezuelan Equine Encephali-
tis Virus (VEEV) were used in this study to iden-
tify infected neuronal or glial cells of the central ner-
vous system (CNS) in the course of infection. We sub-
cutaneously infected adult mice and hamsters using
105.3 tissue culture infectious doses of WNV (New
York strain) and intraperitoneal infection of WEEV
(California strain) at 101.5 CCID50/0.1 ml to adult ham-
sters and intranasal administration of VEEV (TC-83
vaccine strain) at 5 × 105 CCID50/0.05 ml to adult
C3H/HeN mice. Tissues were fixed by cardiac perfu-
sion using 4% paraformaldehyde and stained with
antibodies specific for WNV E protein, WEEV pro-
tein, VEEV protein, Neuron Specific Enolase (NSE)
and Glial Fibrillary Acidic Protein (GFAP) in paraffin-
embedded serial tissue sections by immunofluores-
cence. The images were captured using the confo-
cal microscope (Bio-Rad, MRC 1020). We observed
the presence of WNV antigen in CNS tissues of mice
and hamsters as early as 3 and 5 dpi, respectively. A
strong WNV-specific staining was observed in the cy-
toplasm of neurons from spinal cord, cerebellum, cere-
bral cortex and midbrain of these rodents. The WNV-
specific staining co-localized with NSE, but not with
astroglial markers. The lack of tropism by WNV for
astrocytes was also confirmed in primary murine as-
trocyte cultures. On the contrary, VEEV-infected cells
were immuno-positive for GFAP as well NSE, sug-
gesting VEE infects both neuronal and glial cells. A
strong cytoplasmic staining of WEEV was observed in
the cortex of hamster, which was co-localized with
NSE. Immunostaining for all the viral proteins were
sporadic. These data suggest that differential cellu-
lar staining of WNV, WEEV, and VEEV may account
for some of the differences in the diseases caused be-
tween these viruses, and that further studies of tropism
and cellular signals will elucidate mechanisms of
pathogenesis.

(Supported by Grant 1-U54 AI06357-01 from the
Rocky Mountain Regional Centers of Excellence,
NIH.)

P178
Neurotoxic and neurodegenerative characteristics of
factors released by astrocytes activated by
conditioned media from HIV-1 isolates
Kenneth OA Simbiri,1,2 Bassel E Sawaya,1 Lisa Marie
Hodge,1 Ellen M Unterwald,2 and Kamel Khalili1

1Department of Neuroscience; and 2Center for Substance
Abuse Research, Temple University, Philadelphia, PA, USA

HIV-associated dementia (HAD) is a clinical manifes-
tation of HIV that affects up to 20% of infected adults.
A correlation between the severity of dementia and the
production of neurotoxins has been demonstrated in
HAD. Astrocytes, the most numerous cell type in the
brain are non-productively infected by HIV-1, but have
been shown to participate in the inactivation of neuro-
toxins with a rapid progression to dementia. Reactive
astrogliosis resulting from activation of astrocytes by
proinflammatory cytokines and chemokines has been
hypothesized as a factor that contributes to neuronal
damage through the dysregulation of the astrocyte-
neuron networks. Further the toxins released by as-
trocytes may overstimulate neurons leading to the for-
mation of free radicals and excitotoxicity. Astrocytes
were incubated with conditioned media from infected
U937 monocytoid and Supt1 cell lines infected with
HIV-1 JRFL and SF-162 viral strains respectively. At
specific time points supernatants were collected and
cytokine expression assayed. Immunohistochemistry
was also done on the cells. Our results showed signif-
icant release of MCP-1, MCSF, and IL-4. TNF-alpha,
TNF-beta, EGF, and IGF were also released. Suppres-
sion of TARC, SDF-1, and IFN-gamma was observed.
Our results show that astrocytes can release inflamma-
tory cytokines and chemokines upon stimulation with
conditioned media, without the need for the virus.
Further, the chemokines and cytokines released were
similar for the two viral strains studied. This similar-
ity in response if applicable to primary viral strains
of different subtypes will be significant in the design
of therapeutic agents targeting specific pathways in-
volved in the inflammatory response. We also looked at
the downregulatory effects of MH-2 domain of SMAD2
on HIV-1 Tat transactivation of HIV-LTR and MCP-
1 promoters. Using Adeno-MH2 constructs we were
able to downregulate Tat induction of cytokines and
chemokines, especially MCP-1.

Supported by grants awarded to KK and EMU.

P179
The HSV-2 protein ICP10PK upregulates/activates
the function/survival related proteins Rap1 and
adenylate cyclase in neuronal cultures
Cynthia C Smith, Samantha Q Wales, and Laure
Aurelian
Virology/Immunology Laboratories, University of Maryland
School of Medicine, Baltimore, MD, USA
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The HSV-2 protein ICP10 PK is neuroprotective
(Perkins et al, J Virol. 76:1435, 2002). DNA array anal-
yses comparing mock infected cells to cells infected
with HSV-2 or an ICP10PK deleted mutant (deltaPK)
identified 14 transcripts that were upregulated by HSV-
2 but not deltaPK (mean difference > 5 fold) includ-
ing Rap1 and adenylate cyclase. Rap1 is a Ras like
GTPase that is involved in neuronal plasticity, cal-
cium channel upregulation, excitability control and
LTP. Adenylate cyclase generates c-AMP causing ac-
tivation of PKA and CREB, which are involved in
neurotrophin-mediated survival. RT-PCR and/or im-
munoblotting confirmed that Rap1 and adenylate cy-
clase were upregulated in primary hippocampal cul-
tures by HSV-2 or the revertant virus [HSV-2(R)], but
not deltaPK. Rap1 upregulation was seen at 30 min,
and was still visible at 24 hrs p.i. Immunocomplex
kinase assays indicated that B-Raf kinase was acti-
vated in HSV-2 but not deltaPK infected cultures, and
pull-down experiments confirmed that Rap-1 bound
the activated B-Raf. Adenylate cyclase levels were
increased and CREB was activated (phosphorylated)
in neuronally differentiated PC12 cells that constitu-
tively express ICP10PK, but not in parental PC12 cells
or PC12 cells that express a kinase negative ICP10PK
mutant. CREB activation was decreased with the PKA
inhibitor H89. The data indicate that ICP10PK upreg-
ulates Rap1 and adenylate cyclase in neuronal cells
contributing to their survival and function.

P180
Mutagenesis of the La crosse virus glycoprotein
supports a role for Gc (1066-1087) as the fusion
peptide
Samantha S Soldan,1 Matthew L Plassmeyer,1 Karen
M Stachelek,1 Susan M Roth,1 Julio Martin-Garcia,1,2

and Francisco Gonzalez-Scarano1

1University of Pennsylvania, Department of Neurology; and
2Drexel University College of Medicine, Philadelphia, PA,
USA

The La Crosse Virus (LACV) M segment encodes two
glycoproteins (Gn and Gc), and plays a critical role in
the neuropathogenesis of LACV infection as the pri-
mary determinant of neuroinvasion. A recent study
from our group used a panel of recombinant M seg-
ment constructs to demonstrate that a region corre-
sponding to the membrane proximal two-thirds of Gc,
amino acids 860–1442, is critical in mediating LACV
fusion and entry. Furthermore, computational analy-
sis identified structural similarities between a portion
of this region, amino acids 970-1350, and the E1 fu-
sion protein of two alphaviruses: Sindbis virus and
Semliki Forrest virus (SFV). These data suggested that
the LACV Gc, like the alphavirus E1 and flavivirus E,
functions as a type II fusion protein.

Within the region 970–1350, a 22 amino acid hy-
drophobic segment (1066–1087) is predicted to cor-

relate structurally with the fusion peptides of type II
fusion proteins. We performed site directed mutage-
nesis of key amino acids in this 22-amino acid seg-
ment and determined the functional consequences of
these mutations on fusion and entry with cell-to-cell
fusion and pseudotype transduction assays. Several
mutations within this hydrophobic domain affected
glycoprotein expression to some extent, but all muta-
tions either shifted the pH threshold of fusion below
that of the wild type protein, reduced fusion efficiency,
or abrogated cell-to-cell fusion and pseudotype entry
altogether. A mutation at position 1066 (W1066A) was
particularly informative, since it did not affect gly-
coprotein expression, yet abolished fusion and entry.
These results, coupled with the computational mod-
eling, suggest that the LACV Gc functions as a type II
fusion protein, and support a role for the region, Gc
1066–1087 as a fusion peptide.

P181
The role of non-structural protein NSs in La Crosse
virus pathogenesis
Samantha S Soldan,1 Karen M Stachelek,1 Andrew
Pekosz2 and Francisco Gonzalez-Scarano1

1University of Pennsylvania, Department of Neurology and
2Washington University, St. Louis, MO, USA

La Crosse virus (LAC), a negative stranded segmented
RNA virus, is a member of the California serogroup
of Bunyaviruses and an important cause of pediatric
encephalitis and aseptic meningitis in the United
States. The structural proteins of the LAC genome
(L,GC/GN and S) have essential, well-defined roles in
virus pathogenesis. However, the contributions of the
nonessential, nonstructural proteins, Nsm and S(NSs),
to viral pathogenesis are poorly understood. The NSs
of other bunyaviruses, including Bunyamwera virus
and Rift Valley Fever Virus have been suggested to play
crucial roles in countering host immunity as interferon
antagonists. Recently, we reported that the LAC NSs
is a supressor of RNAi, a function shared by the in-
fluenza virus NS1, vaccinia virus E3L, and the Tomato
Spotted Wilt virus NSs. In addition, 293T and Hela
cells transfected with contructs containing the LAC
NSs induced apoptosis as measured by Tunnel, An-
nexin V/propidium iodide staining and detection of
cleaved PARP and active caspase 3, while a construct
expressing the S alone (stop codon inserted at NSs con-
don 22 to truncate NSs translation) did not. The induc-
tion of apoptosis by LAC NSs is consistent with a re-
port suggesting a homology between the LAC NSs and
Reaper, a Drosophila protein associated with apopto-
sis. Collectively, these data suggest that the bunyavirus
NSs influences viral replication by neutralizing cellu-
lar mechanisms designed to defend cells from infec-
tion with RNA viruses. Further, possible mechanisms
by which the LAC NSs inhibits RNAi may include the
sequestration of small dsRNAs, as has been described
for the NS1 of influenza.
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P182
Evaluation and characterization of neuroprotective
compounds for HIV-dementia
Joseph P Steiner, Tongguang Wang, Norman J
Haughey, Caroline Anderson, Justin C McArthur,
and Avindra Nath
Department of Neurology, Johns Hopkins University School
of Medicine, Baltimore, MD, USA

There are severe neurological complications that arise
from HIV infection, ranging from peripheral sensory
neuropathy to cognitive decline and dementia. The
HIV proteins secreted from infected macrophages and
astrocytes, gp120 and Tat, are cytotoxic to the sur-
rounding neuronal cells. Mechanistically, this neuro-
toxicity may be mediated via HIV protein-induced ox-
idative stress. Recently, we have established a high
throughput functional assay in primary rat hippocam-
pal cultures to quantitate neurotoxicity following ox-
idative damage. We have screened over 2000 com-
pounds for protective efficacy at a single dose (10 uM)
and have generated a short list of potential neuropro-
tective compounds. We have verified the neuropro-
tective activities of these compounds and determined
their potency in dose response studies. A few repre-
sentative compounds from this list include the an-
tipsychotic, trifluoperazine, estrogens, such as beta-
estradiol cypionate and the antioxidant resveratrol.
Initial testing of these compounds demonstrates neu-
roprotective efficacy in the low micromolar range. The
drug-like nature of these compounds is being evalu-
ated, as are blood brain barrier permeability and target
tissue penetration. Thus, compounds like these and
their derivatives, may provide new avenues by which
neuroprotective treatment(s) may be derived. This ap-
proach may generate new classes of compounds to be
developed preclinically toward the treatment of pa-
tients with HIV-Dementia.

Supported by R01NS43990 & R01NS039253 to AN,
and AG023471 & MH068388 to NJH.

P183
Neuroimmunophilin ligands as therapy for
HIV-mediated neurodegeneration
Joseph P Steiner, David Galey, Norman J Haughey,
Ahmet Hoke, Justin C McArthur, and Avindra Nath
Department of Neurology, Johns Hopkins University School
of Medicine, Baltimore, MD, USA

HIV infection can result in severe complications in
the nervous system. Even with the advent and im-
plementation of highly active antiretroviral therapy
(HAART) to diminish HIV viral load, the occurance
of HIV sensory distal neuropathy(HIV-SN) and HIV-
dementia (HIV-D) presists. As effective HAART ther-
apy allows HIV patients to live longer, a larger propor-
tion of patients experience some form of neuropathy
and cognitive deficit. These complications are a result

of oxidative stress and neurotoxicity that results di-
rectly from HIV infection and from the exposure of
CNS neurons to toxic viral proteins, such as Tat and
gp120. Identification and development of therapeutic
strategies to protect against this neuronal damage and
the ensuing clinical deficits is a major unmet medical
need. Neuroprotective compounds, such as neuroim-
munophilin ligands (NIL), may provide a treatment
to HIV neuropathy and dementia. These compounds
are currently being evaluated in human clinical trials
for neuroprotection in Parkinson’s Disease and periph-
eral nerve injury. We wished to evaluate whether these
compounds can protect vulnerable neuronal cells from
the toxic assault of HIV Tat and gp120. We found
that a prototypic NIL, GPI 1046, can dose dependently
protect neurons in culture from HIV Tat and gp120-
induced toxicities, with nanomolar potency. Nanomo-
lar GPI 1046 also attenuated endoplasmic reticulum
calcium release induced by gp120 and Tat. In addi-
tion, this compound displays antiretroviral activity,
as it blocks HIV replication in lymphocytes and Tat-
induced LTR transactivation in astrocytes. The neuro-
protective and antiretroviral effects of this compound
suggests that it may provide therapy to patients with
HIV-SN and HIV-D.

Supported by P01MH70056 to AN, and AG023471
& MH068388 to NJH.

P184
The neurotropism of herpes simplex virus type 1 in
brain organ cultures
Israel Steiner, Efrat Braun, Tal Zimmerman, Tamir
Ben-Hur, Yakov Felig, and Amos Panet
Neurology, Hadassah Hebrew University Medical School,
Jerusalem, Israel

HSV-1 is an important cause of severe morbidity and
mortality, including encephalitis. The mechanisms of
HSV-1 penetration into the brain and its predilection to
infect certain neuronal regions are unknown. In order
to analyze the factors that render the central nervous
system (CNS) susceptible for HSV-1 infection and to
identify the cell types that are infected we have estab-
lished an ex vivo system of mice organotypic brain
slices. Whole mice brains were dissected, glued to
Teflon disc and covered with 5% low melting agarose.
Tissues were infected with 104–106 PFU of virus for
2 hours. The slices were then fixed, washed and ei-
ther X-gal stained or examined for florescence. Differ-
ent HSV-1 mutants, adenovirus, and vaccinia mutants,
all containing reporter genes under control of exoge-
nous promoters, were used. Neonate tissues showed
restricted infection confined to meningeal, periven-
tricular and cortical brain regions. The hippocampus
was the primary parenchymatous structure that was
also infected. Infection was localized to early progen-
itor and ependymal cells. Increasing viral inoculum
enlarged the intensity and the infected territory, but
the distinctive pattern of infection was maintained and
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differed from that observed with adenovirus and vac-
cinia. Neonate brain tissues were much more permis-
sive for HSV-1 infection than adult mice brain tissues.
These findings suggest that HSV-1 infects selectively
only certain cell types and that the non-permissiveness
of the mature brain tissue can be overcome by viral
amounts. Since HSV-1 encephalitis is mainly a disor-
der of the mature brain, studies are underway to delin-
eate additional parameters that render the adult brain
susceptible for HSV-1 infection.

P185
Evidence that the immediate early gene product,
ICP4, is necessary for HSV-1 DNA circularization in
infected cells
Ying-Hsiu Su,1 Xianchao Zhang,1 Nigel W Fraser,2

and Timothy M Block1

1Drexel University and 2University of Pennsylvania,
Philadelphia, PA, USA

In this study, we demonstrated that the ICP4 protein is
involved in the process of the endless formation of in-
fecting linear HSV-1 genome through the following ev-
idences: (1) The ICP4 mutant virus d120 genome failed
to form the endless conformation when it infected in
Vero cells, whereas, a significant portion (approximate
50%) of the genomes of wild-type strain KOS formed
the endless conformation after infection on Vero cells
in the presence of 400 μg/ml of phosphonacetic acid
(PAA) which is a DNA replication inhibitor,; (2) A sig-
nificant portion (approximate 60%) of the genomes of
ICP4 mutant d120 formed the endless conformation af-
ter infection in its complementary cells (E5), which ex-
pressed the ICP4 protein after d120 mutant virus infec-
tion; (3) When ICP4 proteins were provided by a DNA
replication defected DNA polymerase mutant HP66,
the genomes of mutant d120 could form the endless
conformation in Vero cells. Western analysis using an-
tibody specific to the ICP4 protein shows that although
the d120 virions, purified from the d120-infected E5
cells, contained ICP4 proteins, the majority of ICP4
proteins associated with the d120 virions are in the 40
KD truncated form with a small fraction of the full-
length 175 KD ICP4 protein. These d120 virion associ-
ated ICP4 proteins were unable to mediate the endless
formation after infection in E5 cells when the expres-
sion of the ICP4 protein from E5 cells was inhibited
by 200 μg/ml of cycloheximide. Collectively, this data
suggest that the ICP4 protein has an important, previ-
ously unreported, role in mediating the endless forma-
tion of genome upon infection and that this function
can be provided in trans.

P186
Astrocyte toll-like receptor 3 in the innate anti-viral
immune response
Hyeon-Sook Suh, Mark Rivieccio, Meng-Liang Zhao,
Celia F Brosnan, and Sunhee C Lee
Albert Einstein College of Medicine, Bronx, NY, USA

Toll-like receptor 3 (TLR3) is a viral nucleic acid sen-
tinel activated by dsRNA within intracellular vesicles.
To explore the spectrum of genes induced in human as-
trocytes by TLR3 we used a microarray approach and
poly I:C (pIC) as ligand. One of the genes highly in-
duced was indoleamine 2, 3 dioxygenase (IDO), a mul-
tifunctional enzyme implicated in the pathogenesis of
SIV/HIV encephalitis. We show that astrocyte IDO is
induced by pIC and IFNbeta, in addition to IFNgamma,
and that IDO is suppressed under the conditions of in-
ducible nitric oxide synthase expression, such as stim-
ulation with IL-1. TLR3 ligation induced activation
of transcription factors, NF-kappaB, Stat1, as well as
C/EBPbeta, which have been shown to promote human
IDO transcription. Repeated stimulation of astrocytes
with pIC increased the expression of TLR3 and the lev-
els of pIC-inducible genes including IDO, indicating
a positive feedback loop established in the TLR3 sig-
naling pathway. To determine whether TLR3 or IL-1R
signaling in astrocytes induces an anti-viral state, we
tested VSVg-env pseudotyped HIV-1. HIV-1 expression
was inhibited in astrocytes treated with pIC and this
effect was partially reversed by L-tryptophan. In con-
trast, IL-1 had no effect. TLR3 ligation also suppressed
intracellular replication of human cytomegalovirus in
astrocytes. Together, these results indicate that TLR3 is
expressed and functional in human astrocytes and that
astrocyte tryptophan metabolism may play a role in
the innate antiviral immunity in the CNS. (Supported
by NIH MH55477, NS040137, T32 NS007098, and P30
AI051519).

P187
Inhibition of mixed lineage kinase (MLK)-3 prevents
human immunodeficiency virus-1 Tat-mediated
neurotoxicity and monocyte activation
Ziye Sui,1 Shongshan Fan,2 Lynn F Sniderhan,2
Elizabeth Reisinger,3 Angela Litzburg,3 Giovanni
Schifitto,4 Harris A Gelbard1,2,3,4, Stephen
Dewhurst,1,2,5 and Sanjay B Maggirwar1,2

1Interdepartmental Program in Neuroscience, University of
Rochester Medical Center, Rochester, NY; 2Department of
Microbiology and Immunology, University of Rochester
Medical Center, Rochester, NY; 3Center for Aging and
Development, University of Rochester Medical Center,
Rochester, NY; 4Department of Neurology, University of
Rochester Medical Center, Rochester, NY; and 5James P.
Wilmot Cancer Center, University of Rochester Medical
Center, Rochester, NY, USA

The Human Immunodeficiency Virus Type 1 (HIV-1)
gene products Tat and gp120 are toxic to neurons and
can activate cells of myeloid origin–properties which
are thought to contribute to the clinical manifesta-
tions of HIV-1 associated dementia (HAD). To investi-
gate the intracellular signaling mechanisms involved
in these events, the effect of Tat and gp120 on mixed-
lineage kinase (MLK)-3 activation was examined. Tat
and gp120 were shown to induce autophosphorylation
of MLK3 in primary rat neurons; this was abolished
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by the addition of an inhibitor of MLK3 (CEP1347).
CEP1347 also enhanced survival of both rat and hu-
man neurons, and inhibited the activation of human
monocytes, following exposure to Tat and gp120. Fur-
thermore, over-expression of wild-type MLK3 led to
the induction of neuronal death, while expression of
a dominant negative MLK3 mutant protected neurons
from the toxic effects of Tat. MLK3-dependent down-
stream signaling events were implicated in the neuro-
protective and monocyte deactivating pathways trig-
gered by CEP1347. Thus, the inhibition of p38 MAPK
and JNK protected neurons from Tat-induced apopto-
sis, while the inhibition of p38 MAPK, but not of JNK,
was sufficient to prevent Tat and gp120-mediated acti-
vation of monocytes. These results suggest that the nor-
mal function of MLK3 is compromised by HIV-1 neuro-
toxins (Tat, gp120), resulting in the activation of down-
stream signaling events that result in neuronal death
and monocyte activation (with release of inflamma-
tory cytokines). In aggregate, our data define MLK3 as
a promising therapeutic target for intervention in HAD.

P188
Evidence for involvement of NFBP in processing of
rRNA
Thersa Sweet,1 William Yen,1 Kamel Khalili,1
and Shohreh Amini1,2

1Department of Neuroscience, Temple University School of
Medicine, and 2Department of Biology, Temple University,
Philadelphia, PA, USA

NF-kappaB Binding Protein (NFBP) is an RNA bind-
ing protein identified due to its ability to bind to NF-
kappaB subunits, p50 and p65. NF-kappa B proteins
are a family of inducible transcription factors which
activate many cellular genes involved in apoptosis,
the immune response and cellular proliferation. Ad-
ditionally, viruses such as HIV-1 utilize NF-kappaB to
activate viral transcription. Our previous work demon-
strated that NFBP is involved in activation of HIV-1
LTR via its interactions with the cellular NF-kappaB
complex and with the viral protein, tat. In order to in-
vestigate the role of NFBP in a normal cellular environ-
ment, we searched for homologous proteins from other
species and found that NFBP shares 24% amino acid
similarity to RRP5, a protein involved in processing of
ribosomal RNA (rRNA) in yeast. In humans, rRNA is
initially transcribed as a single 47S precursor which
is modified by the addition of 2′-O-methyl ribose moi-
eties, pseudouridines, and methyl groups, followed by
cleavage at several sites to produce the mature 28S,
18S and 5.8S rRNAs. Cleavage of the rRNA precursor
to generate the 18S rRNA is mediated by a ribonucle-
oprotein (RNP) complex termed the processome con-
taining U3, a box C/D snoRNA, and at least 28 cel-
lular proteins. We detected endogenous NFBP in the
nucleolus, where it colocalizes with and binds to the
U3 snoRNA. Furthermore, by employing siRNA tech-
niques to target NFBP, we demonstrate that NFBP is
essential for several early cleavage events necessary

for maturation of 18S rRNA. Our results demonstrate
that NFBP is a vital component of rRNA processing in
human cells.

Funding for this work supported by a grant from NIH
to T.S.
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Expression of anti-apoptotic survivin in glial cells of
progressive multifocal leukoencephalopathy and
activation of the survivin promoter in JCV infected
cells
Thersa Sweet, Sergio Piña-Oviedo, Sujatha
Radhakrishnan, Kamel Khalili, and Luis Del Valle
Department of Neuroscience, Center for Neurovirology,
Temple University School of Medicine, Philadelphia,
PA, USA

Progressive Multifocal Leukoencephalopathy (PML) is
a sub-acute and fatal disease of the Central Nervous
System, result of the productive infection of glial cells,
particularly oligodendrocytes, by the opportunistic JC
Virus. JCV is a human neurotropic virus, prevalent in
the adult population world wide, with approximately
85 to 90% of the population exhibiting hemmagluti-
nating antibodies. Primary infection is sub-clinical
and the virus remains in latent state presumably in
the kidney, until its reactivation under immunosup-
pressive conditions, particularly in AIDS patients, to
result in the lytic destruction of oligodendrocytes and
in the development of PML. The lytic destruction of
oligodendrocytes and the activation of astrocytes in
response to the injury caused by JCV infection results
in the characteristic histopathological landmarks of
PML; extensive and confluent areas of myelin loss,
in which numerous bizarre reactive astrocytes with
atypical and pleomorphic nuclei, and enlarged oligo-
dendrocytes harboring intra-nuclear eosinophilic in-
clusion bodies, which represent the site of active viral
replication While apoptosis is a host defense mech-
anism to dispose of senescent or damaged cells, in-
cluding virally infected cells, certain viruses have the
ability to de-regulate apoptotic pathways in order to
complete their vital cycles. One of these pathways in-
volves a novel protein, Survivin, a member of the in-
hibitor of apoptosis gene family, which is abundantly
expressed during development in embryonic prolifer-
ating tissues, but should be absent in terminally differ-
entiated cells.

Immunohistochemical experiments performed in a
collection of 20 brain samples from patients with AIDS
related PML and 2 cases of non-AIDS PML, revealed
increased expression of Survivin in bizarre reactive
astrocytes and in the intra-nuclear inclusion bodies
of JCV infected oligodendrocytes. In addition, JCV in-
fected primary astrocytic cell cultures demonstrated
enhanced expression of Survivin by Westen Blot and
immunocytochemistry compared to non-infected cul-
tures, which lack expression of Survivin. Finally, in
order to determine the activation of the Survivin
promoter by JCV T-Antigen we performed Luciferase
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assays in human primary astrocytes co-transfected
with either 1066 kb or 622 kb Survivin promoter con-
structs driving the Luciferase reporter gene, and two
different amounts of a T-Antigen construct. Ectopic
production of T-Antigen resulted in significant acti-
vation of the Survivin promoter transcription. Fur-
thermore, it appears that activation of the Survivin
promoter is directly proportional to the amount of T-
Antigen present in the cells.

This is the first time that expression of the anti-
apoptotic Survivin is demonstrated in clinical samples
of PML and in JCV infected glial cell cultures.

Based on these observations we hypothesize that
upon its reactivation, JCV attempts to prevent cells
from entering the apoptosis pathway by activating the
Survivin gene, which results in enhanced levels of Sur-
vivin expression. The presence of Survivin will in turn
disrupt the apoptotic machinery and preventing in-
fected cells from committing suicide, therefore allow-
ing JCV to successfully complete its lytic cycle and
resulting in the development of PML.

Supported by Grants from the NIH awarded to KK
and LDV.
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Theiler’s murine encephalomyelitis virus
subgroup-specific growth on BHK-21 cells is
regulated by amino acid 57 within the leader protein
Masumi Takano-Maruyama, Takako Okuwa,
Kunihiko Asakura, and Yoshiro Ohara
Department of Microbiology, Kanazawa Medical
University, Ishikawa, Japan

Theiler’s murine encephalomyelitis virus (TMEV)
belongs to the genus Cardiovirus of the family
Picornaviridae. TMEV strains are divided into two
subgroups on the basis of their different biological ac-
tivities. GDVII strain and other members of the GDVII
subgroup cause acute and fatal polioencephalomyeli-
tis in mice. In contrast, DA strain and other members of
the TO or DA subgroup persists in the spinal cords of
susceptible mouse strains and causes demyelination.
GDVII strain grows well on BHK-21 cells at a titer that
is 10-fold higher than DA strain.

When the sequence of GDVII and DA strains are
compared, the leader protein (L), which is located at
the most N-terminal of the polyprotein, has only 85%
homology at the amino acid (AA) level, although the
capsid proteins are over 94% homologous. The AA
at the position 57 of L (L57) is proline in the case of
GDVII strain, whereas it is serine in the case of DA
strain. Thus, we focused on L57 as a determinant AA
of subgroup-specific biological activities because pro-
line is a critical determinant of protein structure while
serine can be phosphorylated at times leading to the
regulation AA of enzyme activities and protein-protein
interaction.

Site-directed mutagenesis studies of L57 demon-
strated that a single AA regulates the subgroup-specific
virus growth of TMEV strains on BHK-21 cells. Further

study also demonstrated that L57 regulates viral RNA
encapsidation although it does not affect the synthesis
of viral proteins and the assembly of virus intermedi-
ates: 5S protomer, 14S pentamer and 75S procapsids.
The regulation of TMEV RNA encapsidation by L57
may be a key factor in TMEV subgroup-specific virus
growth on BHK-21 cells.

P191
Rabies virus (RV) interaction with dynein light
Rabies virus (RV) interaction with Dynein light
chain LC8 is an important factor for the infectivity of
virions, neuroinvasiveness, and pathogenicity
Gene Tan, Christine M Lightcap, John C Williams,
and Matthias J Schnell
Thomas Jefferson University, Philadelphia, PA, USA

Street Rabies Virus (RV) is a highly neurotropic and
neuroinvasive virus that initiates its life cycle in pe-
ripheral neurons and is subsequently transported ret-
rogradely into the central nervous system (CNS). Re-
cent studies have discovered a binding motif in the
RV phosphoprotein (P) for the dynein light chain LC8,
which has been proposed to be involved in retrograde
axonal transport. However, structural and thermody-
namic analysis of LC8 and its targets exclude a direct
involvement of a RV P-LC8 interaction to utilize the
dynein transport system. Using reverse genetics, re-
combinant RVs lacking the LC8 binding domain were
constructed. Our data show that infection with wild-
type RV up-regulates LC8 2-5 fold but cellular LC8 lev-
els remained unchanged when infected with a RV not
containing the LC8 binding site. In addition, the ab-
sence of the LC8 binding site in RV P does greatly
affects viral growth in neuronal cells, whereas the
growth pattern on non-neuronal cells is unchanged.
Detailed biochemical studies revealed that LC8 is an
important factor for infectivity of RV virions in neu-
rons but doesn’t affect apoptosis or nNOS as previ-
ously suggested. Biological relevance of these findings
was gathered by in vitro experiments. The results indi-
cate that intranasal infection of adult mice with a RV
without the LC8 binding motive partially attenuates
RV but completely abolished disease after peripheral
intramuscular inoculation. A delay of onset of rabies
was also observed in immunodeficient mice.

P192
PEHMB may inhibit HIV-1 infection independently
of the functions of the chemokine receptor CXCR4
Nina Thakkar,1 Jin Qian,1 Lori Schlipf,1 Mary L
Ferguson,1 Shendra Miller,1 Tina Kish-Catalone,1
Brian Wigdahl,1 Mohamed Labib,2 Robert Rando,2
and Fred C Krebs1

1Depatment of Microbiology and Immunology, Drexel
University College of Medicine, Philadelphia, PA, USA
and 2Novaflux Biosciences, Inc.

Molecules that inhibit HIV-1 infection by disrupting
interactions with the viral co-receptor CXCR4 may
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also interfere with normal chemokine receptor (CCR)
functions. Within the central nervous system (CNS),
CXCR4 and its ligand SDF-1 participate in neuroge-
nesis, neuronal survival, and axonal pathfinding; in-
hibition of CXCR4 by a CCR inhibitor may adversely
affect normal neuronal functions. For this reason, CCR
inhibitors developed for use in the CNS should specif-
ically inhibit HIV-1 infection while permitting nor-
mal CCR functions. Our efforts in this area have fo-
cused on compounds that appear to inhibit HIV-1 in-
fection by interfering with interactions between the
virus and cell surface proteins. Polyethylene hexam-
ethylene biguanide (PEHMB) is characterized by low
toxicity and considerable activity against HIV-1 IIIB,
which uses CXCR4 as a viral co-receptor. The particu-
lar potency of PEHMB in the presence of both virus and
target cells led us to hypothesize that PEHMB may in-
terfere with viral binding and entry mechanisms. Flow
cytometric analyses of HIV-1-susceptible cells exposed
to PEHMB demonstrated that CXCR4 detection was de-
creased in an epitope-specific manner, indicating that
CXCR4 remained on the cell surface despite its in-
ability to support HIV-1 infection. These findings sug-
gested that CXCR4-dependent inhibition of HIV-1 in-
fection by PEHMB may not affect the normal functions
of CXCR4 as a CCR. Ongoing investigations will ex-
plore the mechanism of PEHMB activity and its impact
on normal CXCR4 functions in immune and neuroglial
cells. These studies will facilitate the development of
novel compounds that can be used safely in the CNS
to inhibit HIV-1 infection.

P193
Molecular cloning and functional characterization
of rare human polyomavirus, BKV, VP1 genotypes in
polyomavirus nephropathy (PVN)
Sara Tremolada,1,2 Francesca Rossi,1,2 Danielle
Shollar,1 Jessica Otte,1 E Steve Woodle,3 Pasquale
Ferrante,2 Kamel Khalili,1 Jennifer Trofe,4 and
Jennifer Gordon1

1Department of Neuroscience & Center for Neurovirology,
Temple University School of Medicine, Philadelphia, PA,
USA; 2Department of Biology, Don C. Gnocchi Foundation,
Milan, Italy; 3Department of Surgery, University of
Cincinnati College of Medicine, Cincinnati, OH, USA; and
4Department of Pharmacy Services, Hospital of the
University of Pennsylvania, Philadelphia, PA, USA

The ubiquitous human polyomaviruses, JCV and BKV,
are the primary etiologic agents of progressive multi-
focal leukoencephalopathy (PML) and polyomavirus
nephropathy (PVN) respectively, the former being
caused by JCV reactivation in the brain and the latter
by BKV reactivation in renal allografts. PVN occurs
in approximately 5% of patients undergoing renal
transplantation though risk factors for developing the
disease are not well established. BKV reactivation
is controlled by the host immune response which
may be impaired due to immunosuppressive therapy

to prevent graft loss as well as inherent differences
between donors and recipients. Unlike JCV, which
has one predominant subtype, four BKV subtypes
with characteristic amino acid sequences at residues
61-83 of the major capsid protein, VP1, have been
previously identified. This region of VP1 overlaps
with the serotyping region and differences in its
sequence may influence virus-receptor interaction. To
determine whether a particular subtype is associated
with PVN, this region of the VP1 gene was subcloned
and sequenced from PVN patients, their donors, and
normal healthy individuals. The uncommon subtype
IV and polymorphic genotypes were detected with
much higher frequency in both donors and recipi-
ents when compared to normal healthy individuals.
Several of the most prevalent polymorphisms were
introduced onto the background of the wild-type
strain (Type I) and viral stocks were prepared by
transfection/infection. To establish whether the
presence of rare or polymorphic genotypes affects
the structure of the VP1 region, purified viral clones
were tested in parallel by hemagglutination assay
(HA) and quantitative-PCR (Q-PCR). In addition, the
viruses were analyzed by Western blotting which
revealed differences in migration under denaturing
conditions suggesting that these polymorphisms alter
the structure of VP1. Further analysis is needed to
understand whether polymorphisms of VP1 alter the
life cycle of BKV or may represent an advantage for
BKV in escaping the host immune surveillance.

P194
Divergent effects of Tat and 17beta-estradiol on
proteasome activity and HIV-1 replication in human
astrocytes and monocytes
Jadwiga Turchan-Cholewo,1 Jeffrey N Keller,1

Avindra Nath,2 Katrin Hahn,3 Melinda E Wilson,1
Eric J Smart,1 and Annadora J Bruce-Keller1

1University of Kentucky, Lexington, KY; 2Johns Hopkins
University, Baltimore, MD; and 3Humboldt University
Berlin, Germany

As AIDS is now the third leading cause of death among
women ages 25–44, understanding the role that female
sex hormones might play in HIV-1 infection is espe-
cially critical. Recent data from our lab shows that es-
trogen has complex actions on the multicatalytic pro-
teasome, which clears oxidized and damaged proteins
from cells and has been shown to be an important as-
pect of cellular responses to viral infection. Indeed, the
proteasome is critically important to nearly all steps of
the HIV viral life cycle, and can regulate HIV-1 replica-
tion. To determine how the proteasome might regulate
HIV replication in the brain, we measured the effects
of the HIV-1 viral protein Tat on proteasome activity
in human monocytes and astrocytes. Specifically, we
examined the dose (50–200 nM)-and time-dependent
(6–48 h) effects of Tat1-72, Tat1-86 and Tat 1-101 and
mutant Tatd31-61 on proteasome activity in monocytic
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THP1 cells, astrocytic SVGA cells, and primary human
astrocytes. Data indicate that Tat1-72, Tat1-86, and Tat
1-101, but not Tatd31-61, significantly decreased pro-
teasome activity in astrocytes but not THP1 cells. Pro-
teasome activity in astrocytes was not decreased by
inhibitors of lysosomal proteolysis (NH4Cl; 1 mM) or
by treatment with 1 nM 17beta-estradiol. To next de-
termine the effects of estrogen and proteasome inhi-
bition on HIV-1 replication, we measured HIV-1 in-
fection in human SVGA and THP-1 cells under con-
ditions of estrogen treatment or proteasome inhibi-
tion. Interestingly, 17beta-estradiol significantly atten-
uated HIV infection (H9/HIV-1 IIIB) in SVGA cells, but
was not effective against HIV-1 IIIB infection in THP-1
cells. Taken together, these data clearly indicate that
the effects of Tat and host factors, including 17beta-
estradiol, on HIV-1 regulation are cell type-specific,
and further suggest that estrogens could act to attenu-
ate HIV-1 replication in astrocytes.

P195
Clade C HIV-1 encephalitis in SCID mice results in
less cognitive dysfunction than clade B
William R Tyor,1,2 Vasu Rao,3 Andrew Sas,1 Heather
Bimonte,4 Uday Ranga,5 and Vinayaka Prasad3

1Medical University of South Carolina, Charleston, SC;
2Ralph H. Johnson VAMC, Charleston, SC; 3Albert Einstein
College of Medicine, Bronx, NY; 4University of Arizona,
Tempe, AZ; and 5Jawaharalai Nehru Centre for Advanced
Scientific Research, Bangalore, India

The mechanism of pathogenesis underlying HIV as-
sociated dementia (HAD) or the viral determinants
responsible are poorly understood. The incidence of
HAD in India is reportedly significantly lower than in
the U.S. (1-2% vs. 15-30%). We previously showed
that the differential incidence of HAD correlates with
subtype differences in the chemokine motif of HIV-
1 Tat protein. While the clade B Tat contains a
chemokine motif and displays monocyte chemotactic
function, the clade C Tat lacks both.

In order to further define these potential differences
in clade C vs B neurovirulence we have employed
a model of HIV encephalitis in SCID mice. Human
monocytes are infected with HIV-1ADA, HIV-1Indie,
an Indian clade C isolate, or left uninfected (controls).
HIV-1ADA and HIV-1Indie viruses displayed variable
infectivities. In order to achieve similar levels of mono-
cyte infection, we employed a 1:100 ratio of clade
C to ADA virus which led to 78% and 70% infec-
tion (as assessed by immunocytochemistry) respec-
tively at the end of 14 days of infection. HIV-1ADA
infected, HIV-1Indie infected or control human mono-
cytes (10,000) were then injected intracerebrally into
weanling C57BL SCID mice. Four days after IC inocu-
lation of monocytes these mice (n = 6 for each group)
were monitored for cognitive function using a water-
escape radial arm maze (RAM).

Confirming prior findings, HIV-1ADA infected mice
made significantly more errors on the RAM compared
to controls. This was seen for two different work-
ing memory measures, with largest group differences
at the most demanding memory load. Interestingly,
the clade C infected group exhibited cognitive perfor-
mance at an intermediate level between the two other
groups, resulting in a lack of siginificant differences
in errors for the clade C vs. control and clade C vs.
HIV-1ADA group comparisons. We plan to extend and
replicate these findings in further investigations.

These preliminary results suggest that clade C HIV
brain infection results in less cognitive dysfunction
in SCID mice than clabe B (ADA) HIV. This is remark-
ably consistent with the clinical observations outlined
above. We are currently examining the histopathologi-
cal findings in SCID brains of clade C, ADA and control
mice as well as brain viral load by realtime PCR. Fur-
thermore, neuroimaging studies will be performed to
confirm the neuronal loss in the appropriate parts of
the brain. These studies are likely to provide further
insights into the viral mechanisms of neurovirulence
in HAD, as well as functional cognitive consequences
of the pathological hallmarks seen in this disorder.

P196
Synergistic action of IGF-IR inhibition and
GSK-3beta activation compromises growth and
survival of JCV T-antigen positive mouse
medulloblastoma cells in anchorage independence
Katarzyna Urbanska,1,3 Mazen Eldeen,1 Luis Del
Valle,1,2 Kamel Khalili,1,2 and Krzysztof Reiss1,2

1Temple University, Department of Neuroscience; 2Temple
University, Department of Biology; and 3Department of Cell
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Medulloblastomas are malignant, WHO grade IV cere-
bellar tumors of the childhood. The large T-antigen
from human polyomavirus JC (JCV T-antigen) is sus-
pected to play a role in malignant transformation,
and has been detected in neoplastic cells from hu-
man medulloblastoma biopsies. Previously, we have
demonstrated that JCV T-antigen requires the pres-
ence of a functional insulin-like growth factor I recep-
tor (IGF-IR) for transformation of fibroblasts and for
survival of medulloblastoma cell lines, and that IGF-
IR is over-expressed and constitutively phosphory-
lated in medulloblastoma clinical samples. Our results
show that pyrrolo[2,3-d]pyrimidine (NVP-AEW541)
designed to inhibit IGF-IR tyrosine kinase activity, at-
tenuated growth and survival of JCV T-antigen express-
ing mouse medulloblastoma cell line (BsB8) in mono-
layer and suspension culture conditions. BsB8 cells
were much more sensitive to NVP-AEW541 when cul-
tured in suspension. Quantitatively, 20% decrease in
cell number was observed in the presence of 0.1 uM
NVP-AEW541, and over 80% of BsB8 cells were
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eliminated with 1uM NVP-AEW541. Although mono-
layer cultures of BsB8 cells were more resistant, cell
proliferation was completely blocked at 0.5 uM and
some apoptotic death occurred at 1uM NVP-AEW541.
These inhibitory effects on cell growth and cell sur-
vival were accompanied by dose dependent inhibi-
tion of IGF-IR, IRS-1, Akt, and Erks phosphorylation.
Elevated sensitivity of BsB8 cells to NVP-AEW541 in
suspension was accompanied by the loss of GSK3beta
phosphorylation (activation) and subsequent apop-
totic cell death. The medulloblastoma cells were par-
tially rescued by the GSK3beta inhibitor LiCl, and were
additionally sensitized to the NVP-AEW541 treatment
by GSK3beta activator, sodium nitroprusside.

In summary, our data indicate that the impairment of
IGF-IR function in synergy with the activation of GSK-
3beta could be utilized against detrimental spread of
medulloblastoma via cerebrospinal pathway in which
medulloblastoma cells are exposed, at least temporar-
ily, to anchorage independence. Such a possibility is
presently tested in our model of mouse medulloblas-
toma.

P197
Longitudinal neuropsychological evaluations are
sensitive to HIV effects in the era of HAART The
Hawaii Aging with HIV Cohort
Victor G Valcour,1 Andrew E Williams,1 John Grove,2
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Background: Most studies rely on cross-sectional data
to determine correlates to cognitive dysfunction in
people infected with HIV. While cost effective, dete-
rioration over time may be a more sensitive measure
of HIV neuropathogenesis.

Methods: The Hawaii Aging with HIV Cohort has
enrolled 159 older (50+ years old) compared to 128
younger (<40 years old) HIV-1-infected individu-
als who complete annual neuropsychological exam-
ination characterizing the neuroepidemiology of ag-
ing with HIV. Two seronegative comparative groups
matched by age, gender, education, and ethnicity are
simultaneously enrolled and followed annually. In this
analysis, we compared longitudinal neuropsychologi-
cal performance by serostatus using mixed models and
all individuals who had completed 3 annual visits and
were free of illicit drug use and stroke (108 younger
HIV+, 98 younger non-HIV, 129 older HIV+, and 106
older non-HIV).

Results: All groups were well-matched on key de-
mographic variables, although estimated full scale IQ
differed somewhat between groups (105 for younger

HIV+, 110 for younger non-HIV, 111 for older HIV+,
and 114 for older non-HIV). Annual rate of change in
motor skills/motor speed, visual memory, and word
list learning distinguished seropositive from seroneg-
ative individuals in this cohort. In contrast, only work-
ing memory distinguished seropositives from seroneg-
atives at baseline evaluation.

Discussion: In the era of HAART and among individ-
uals well-matched for all variables except serostatus,
a longitudinal assessment rather than cross-sectional
assessment of neuropsychological function appears
to more powerfully capture HIV effects. This finding
could have implications for designing studies to deter-
mine factors contributing to cognitive deterioration in
the current era.

Supported by NIH grant 1U54NS43049 with ad-
ditional support from P20 RR11091 and G12 RR/AI
03061.
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CRF01 AE HIV-1 in Bangkok
Victor G Valcour,1 Pasiri Sithinamsuwan,2 Samart
Nidhinandana,2 Sataporn Thitivichianlert,3 Silvia
Ratto-Kim,1,4 Wichitra Apateerapong,1 Bruce T
Shiramizu,1 Mark S deSouza,4 Suwicha T
Chitpatima,5 George Watt,1,6 Thippawan
Chuenchitra,7 Kevin R Robertson,8 Robert H Paul,9
Justin C McArthur,10 Jerome H Kim,1,4 Cecilia M
Shikuma,1 and the SEARCH 001 Protocol Team
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Background: Little is known regarding clade-specific
neurovirulence of HIV-1. Some reports suggest that
virus subtypes have differing propensity to cause neu-
rocognitive complications. In Thailand, early studies
did not identify HIV-1-associated dementia (HAD). We
now present data demonstrating neuropsychological
testing abnormalities in patients infected with subtype
CRF01 AE and selected for presence (n = 15) or ab-
sence (n = 15) of HAD.

Methods: ARV-naı̈ve subjects with and without
neurologist-identified HAD completed the WHO-
NIMH neurocognitive battery. HAD and non-HAD
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participants were matched by gender, age, education,
and CD4 count. 30 age, education, and gender matched
controls were also evaluated. HIV-1 subtype was deter-
mined by serological testing.

Results: Neuropsychological testing abnormalities
were identified in most cognitive domains among HAD
participants compared to HIV-negative controls. By
contrast, only one test of verbal fluency distinguished
non-HAD HIV-1-infected individuals from controls.
All cases were confirmed to be infected with sub-type
CRF01 AE.

Discussion: This study demonstrates neuropsycho-
logical abnormalities among HAD patients infected
with sub-type CRF01 AE in Bangkok.

This work confirms the presence of HAD among
individuals infected with this subtype. Future work
is aimed at identifying change in neuropsychological
testing with ARV treatment.

P199
Absence of JC virus antigens in Indian children with
medulloblastoma
Rakesh K Vasistha,1 Neelam Pasricha,1 Avindra
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The human polyoma virus, JC virus (JCV), replicates
predominantly in the oligodendrocytes,the myelin
producing cells in the central nervous system and re-
sults in fatal demyelinating disease, progressive mul-
tifocal leukoencephalopathy (PML) especially in im-
munosuppressed patients with AIDS. Several inves-
tigators have also documented presence of the viral
genome, early and late antigens in a variety of brain
tumors particularly in medulloblastomas, gliomas,
ependymomas etc. Reports also indicate presence of
JCV in patients with colon cancer. The T antigen of
JCV has been postulated to have oncogenic potential
as substantiated by animal experiments.

Although JCV infects 80% of the population, there
are scant epidemiological studies regarding JCV from
India. There are also reports of low prevalence of PML
in patients with AIDS from India and Africa. The
present study was undertaken to investigate if Indian
children with medulloblastomas also show evidence
of JCV. Twenty-two consecutive cases of medulloblas-
tomas were investigated for presence of T antigen and
agnoprotein in biopsy specimens by immunohisto-
chemistry. Out of the 22 patients, four had desmo-
plastic tumors while the rest had classical tumors. All
children were below 10 years of age. Antibody to agno-
protein antigen raised in rabbit and a monoclonal an-
tibody raised in mouse against SV40 T antigen that
cross-reacts with JCV T antigen, were generous gifts
from Dr. Kamel Khalili. Antigen retrieval was done ac-
cording to Del Valle et al. (2002). The secondary an-

tibody and avidin biotin detection system (Envision
system/HRP kit) were purchased from DAKO Cytoma-
tion Denmark. Sections from an Indian patient with
PML (courtesy, Dr Shankar, NIMHANS, Bangalore, In-
dia) were used as positive controls. Results indicate
that while PML tissues showed consistent immunos-
taining both with antibody to T antigen and agnopro-
tein antibody, none of the tumors showed any positive
staining for JC viral antigens. An earlier study by En-
gels et al from Delhi India (2002), also failed to substan-
tiate presence of JCV antigens in Indian patients with
brain tumors. It appears that there may be geographic
variations in the prevalence of JCV in brain tumors
and some additional causative agents or cofactors may
be operating in Indian patients. An epidemiological
survey of JCV in healthy Indian population may yield
some valuable information.

P200
The rabies virus is captured only by large sensory
neurons in vivo
Myriam Lucia Velandia Romero, Marlén Martinez
Gutierrez, and Jaime Eduardo Castellanos
Instituto de Virologı́a, Universidad El Bosque. Bogotá,
Colombia

Rabies virus (RABV) is a highly neurotropic virus pro-
ducing lethal encephalitis. In a rabid accident when
the virus becomes inoculated into the periphery of the
host, it may or may not be replicated and then captured
by autonomic, motor or sensory neuron fibers. RABV
captured by sensory fibers is retrogradely transported
by fast axonal transport towards the soma located in
the dorsal root ganglia (DRG) and from there to the
central nervous system (CNS). Moreover, neurons in
the DRG can be classified into subpopulations accord-
ing to morphological, physiological and biochemical
characteristics. Previous reports from our group have
shown that the virus prefers certain neuron subtypes
that can be mainly identified by their diameter. For this
reason, the objective of this work was to do the mor-
phological characterisation of the neuronal subpopu-
lation of DRG most susceptible to infection in vivo.
Adult mouse were inoculated in footpad with RABV
(mouse brain-haversted CVS strain) and the animals
were sacrificed at different times. The virus was de-
tected by immunoperoxidase and the morphometric
analysis was done with an ImagePC software. The neu-
ronal populations was divided in large neurons (≥35
μm) which correspond to 46% of the total neurons; in-
termediate neurons (between 21 to 35 μm) which cor-
respond to 52% and finally smaller neurons (<20 μm)
which correspond to 2% of the total neurons. The large
neurons were always more susceptible to the infection.
RABV preference for large-sized neurons (mainly in-
nervating muscle and joints) could explain part of the
neuropathogeny disease, these neurons display spec-
ify metabolic and biochemical conditions that they
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promote the capture and transport of the virus from
the peripheral tissue to the nervous system.

P201
Impairment of adult hippocampal neurogenesis by
methamphetamine and HIV-Tat protein
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1Johns Hopkins Hospital, Department of Neurology,
Baltimore, MD; and 2National Institute of Drug Abuse,
Bethesda, MD, USA

HIV infected patients who abuse drugs, including
methamphetamine (METH), have an accelerated and
more severe neurocognitive dysfunction compared
with non-drug-abusing patients. Therefore, it is of
paramount importance to determine the neurological
substrate underlying cognitive dysfunction in METH
users who are infected with HIV. Formation of new
neurons from neural progenitor cells (NPCs) contin-
ues through adulthood. Adult neurogenesis in the hip-
pocampal dentate gyrus (DG) may play an important
role in the long-term maintenance of cognitive func-
tion. We hypothesized that both METH use and HIV in-
fection may result in dysfunction of DG NPCs, thereby
causing impairment of cognitive function.

In a systematic study to ascertain the effects of
METH and Tat on neurogenesis in the adult hippocam-
pal DG in vivo, we injected mice intraperitoneally with
BrdU, a thymidine analog that is incorporated into pro-
liferating cells, which was followed by immunohisto-
chemical detection of BrdU positive cells. In an acute
toxic dosing model (METH 40 mg/kg i.p.) we observed
a reduction by 25% in proliferating DG NPCs in mice
(p < 0.01). We also found that transgenic mice express-
ing the HIV viral transactivator protein Tat under the
control of a glial fibrillary acidic protein (GFAP) pro-
moter, exhibited a 50% decrease in proliferating NPCs
as assessed by BrdU incorporation (p < 0.001).

To further characterize the effects of METH and Tat
on neurogenesis, we developed an in vitro system in
which proliferation and differentiation can be repro-
ducibly controlled. Using this system, we observed
that METH, but not Tat, when directly applied to adult
rat NPCs, caused a dose-dependent reduction (at con-
centrations of 250 μM and higher) in the proliferat-
ing capacity of NPCs suggesting that while METH has
a direct effect on NPCs, Tat effects are likely indi-
rectly mediated. At higher concentrations (500 μM
and above) METH caused apoptosis of NPCs as de-
tected by TUNEL staining (p < 0.01). These changes
in NPC function and survival upon METH exposure
correlated with the development of markers of ox-
idative and nitrosative stress. In particular, the over-
all burden of protein nitrotyrosination was increased
in METH-exposed NPCs and several proteins of ap-
proximate molecular mass of 26 kD, 30 kD, and 32
kD were preferentially nitrotyrosinated in response to

METH. Future studies will identify specific NPC pro-
teins that are modified by METH-induced oxidative
and nitrosative stress and determine if Tat mediates
its effects on neurogenesis indirectly, through interac-
tions with glial cells.

We conclude that both METH exposure and ex-
pression of the HIV Tat protein cause a decrease in
proliferating NPCs in the adult hippocampal dentate
gyrus. METH exerts direct effects on NPC survival
and proliferation, in part by causing oxidative and
nitrosative stress. Tat, on the other hand, may alter
NPC function and survival through effects on glial
cells. Impaired neurogenesis in the settings of HIV in-
fection and METH abuse may contribute to cognitive
dysfunction.

P202
Immune Reconstitution Inflammatory Syndrome in
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Background: Immune reconstitution inflammatory
syndrome (IRIS) is a recently recognized syndrome
that results from a paradoxical deterioration in clin-
ical symptoms or the appearance of inflammatory le-
sions following initiation of antiretroviral therapy in
patients with HIV infection. It carries a high degree
of morbidity and mortality and specific treatments for
IRIS have not been identified.

Case reports: We describe three patients with quite
distinct clinical syndromes of CNS IRIS who presented
as diagnostic dilemmas. The first patient with crypto-
coccal meningitis had an acute deterioration requiring
emergent intervention. The second patient with PML
had a subacute presentation but did not require any
changes in treatment. The third patient with HIV en-
cephalitis with massive infiltration of T cells of pre-
dominantly CD8 subtype on brain biopsy. She had a
more protracted course and showed only a transient
response to steroid therapy. The most important com-
mon feature of these three patients was the onset of
neurological problems in the setting of improving vi-
ral load and CD4 cell counts. The evolution and out-
come of these clinical situations was variable. Steroid
therapy was used to modify the clinical profile and
manage the progression of mass effect and brainstem
edema associated with the IRIS in the patient with
cryptococcal meningitis. The therapy resulted in com-
plete resolution of the lesion in the cerebellum but de-
veloped VZV encephalitis while on steroid therapy.
The patient with PML showed spontaneous resolu-
tion of the IRIS but was left with residual deficits.
This patient despite showing some signs of clinical
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worsening at the time of development of IRIS was not
treated with steroids because at the time the enhancing
lesions were not considered life threatening and since
subsequently the patient started showing spontaneous
improvement, such intervention was not necessary.
The patient with the dementing syndrome showed a
significant improvement with steroids and change in
antiretroviral regimen although she had residual cog-
nitive impairment.

Conclusions: While immune reconstitution remains
a therapeutic goal in patients with HIV infection, iron-
ically, the very same phenomenon may result in tissue
destruction leading to worsening of the disease. This
is more apparent in the brain where this phenomenon
can be fatal. Distinguishing IRIS from worsening of
the underlying infection is important so that appropri-
ate treatment can be initiated. Although some clinical
features may help in the diagnosis, the clinical crite-
ria are far from satisfactory, and biomakers need to be
developed than can reliably recognize the immune re-
sponse. Similarly, clinical trials are needed to establish
the utility of immunomodulatory or anti-inflammatory
agents and more specific agents need to be developed.

P203
A new mouse model of HIV infection: Application to
study of HIV neuropathogenesis
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We created a model of HIV-1 infection of conven-
tional mice for investigation of viral replication, con-
trol, and pathogenesis. The coding region of gp120 in
HIV-1/NL4-3 or HIV-1/NDK was replaced with that of
gp80 from ecotropic murine leukemia virus, creating
chimeric retroviruses EcoHIV and EcoNDK with ex-
clusive tropism to rodent cells. Adult, immunocom-
petent mice were readily susceptible to infection by
a single i.v. or i.p. inoculation of EcoHIV or EcoNDK
as shown by detection of virus in splenic lympho-
cytes, peritoneal macrophages, and the brain. Virus
burden in vivo was assessed quantitatively by QPCR
assays for genomic DNA, genomic and spliced RNA,
and p24 ELISA. At the peak of infection, an estimated
1%-3% of spleen cells and up to 10% of peritoneal
macrophages carried HIV DNA; virus burden in the
brain was lower. The virus produced in animals was
infectious, as shown by passage in culture, and im-
munogenic, as shown by induction of antibodies to
HIV-1 Gag and Tat. In young adult mice, EcoNDK en-
tered the brain within 3–4 weeks of infection and
it induced expression of infection response genes,
MCP-1, STAT1, IL-1beta, and complement component
C3 in brain tissue. Long-term pathogenic and behav-

ioral effects of EcoHIV infection in various strains
of mice are under investigation. EcoHIV infection
of mice forms a useful model of HIV-1 infection
of human beings for convenient and safe investiga-
tion of HIV-1 pathogenesis, therapy, and potentially
vaccines.
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Platelet decline predicts SIV and HIV-induced CNS
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As the prevalence of Human Immunodeficiency Virus
(HIV)-induced central nervous system (CNS) disease
continues to rise despite highly active anti-retroviral
treatment (HAART), there is a critical need for iden-
tifying biomarkers that predict HIV CNS disease. We
recently demonstrated that platelet decline predicted
development of encephalitis in a cohort of 47 Simian
Immunodeficiency Virus (SIV) infected macaques.
Macaques that ultimately developed moderate to se-
vere encephalitis demonstrated a greater decline in
circulating platelet counts beginning as early as day
28 post-infection. Univariate analysis performed on
platelet values obtained at day 56 post-inoculation
demonstrated that SIV-infected macaques with the
greatest decline in platelet numbers were 18 times
more likely to develop SIV CNS disease than SIV-
infected animals with minimal to no decline in cir-
culating platelet counts. Results indicate that platelet
decline is likely due to a peripheral destruction of cir-
culating platelets although animals with moderate to
severe encephalitis also demonstrated reduced num-
bers of megakaryocytes. We have extended this work
to examine the predictive role of platelet decline in
a cohort of HIV infected individuals from the North-
East AIDS Dementia consortium. Preliminary results
indicate that a moderate to large decline in circulat-
ing platelet numbers occurring 6–12 months prior to
diagnosis of dementia is associated with a two-fold
increased risk of dementia when controlling for fac-
tors such as viral load, antiretroviral therapy, pres-
ence of coincident AIDS defining illness, age, and du-
ration of HIV infection. This association between de-
cline in platelets and the development of neurologic
disease suggests that monitoring platelet decline in
HIV-infected individuals may serve as a predictive
marker for clinical progression to HIV-induced CNS
disease and provide clues to the role of hematopoietic
growth factors in the pathogenesis of HIV CNS disease.
Identifying those HIV-infected individuals at risk for
CNS disease during asymptomatic stages of infection
would promote interventive therapy to prevent neu-
ronal damage and loss.
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cytokines and Mu opioid receptor expression in the
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Background: Previous studies in vitro have shown
that retinoids and opioids may interact to increase
or suppress proinflammatory activity in mononuclear
cells in vitro in association with similar or recipro-
cal changes in opioid receptor expression. In these
studies, the potential effects of vitamin A deficiency
on proinflammatory cytokine and mu opioid receptor
(MOR) expression by T cells in vivo were examined
using the HIV-1 transgenic (Tg) rat model.

Methods: T cells in whole blood samples from Tg
and non-Tg rats on either a vitamin A deficient or
normal diet were examined for expression of IFN-
(γ ), TNF-(α), and mu opioid receptor expression be-
fore and after activation with phytohemagglutinin
(PHA).

Results: In vitamin A deficient wild-type and trans-
genic rats, activation of T cells in whole blood resulted
in increased intracellular localization of IFN-(γ ) and
MOR and increased secretion of IFN-(γ ) and TNF-(α).
The highest levels of TNF-(α) secretion and MOR ex-
pression was observed for transgenic rats on the vita-
min A deficient diet.

Conclusions: These data demonstrate that effects of
retinoid metabolism on opioid receptor expression can
be observed in vivo as well as in vitro and may under-
lie aspects of the immune dysregulation that occurs
with HIV-1 infection, including individuals with neu-
rological disease.
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Calpain/Cdk5 pathway is activated in in vitro model
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University of Pennsylvania, Philadelphia, PA, USA

In the pre-HARRT era, about 15∼25% of HIV infected
individuals develop HIV associated dementia (HAD),
which is characterized by neuronal and dendritic dam-
age, neuronal loss, microgliosis and astrogliosis in the
central nervous system. Although neurons are dam-
aged in HIV infected patients, HIV does not infect
neurons directly. Instead neuronal damage is medi-
ated by neurotoxic factors from infiltrating, activated
and/or infected macrophage/microglia. Neuroinflam-
mation and the associated oxidative stress seen in pa-

tients with HAD is also seen in other neurodegenera-
tive diseases including Alzheimer disease and Parkin-
son disease. Recently, a unique member of cyclin de-
pendent kinase family, CDK5, has been implicated in
neuronal loss in several neurodegenerative diseases.
CDK5 requires association with one of its regulatory
partners which in the brain are p35 and the p35 cleav-
age product, p25. Production of p25 from p35 is me-
diated by calpain cleavage and increases Cdk5 kinase
activity over the p35:CDK5 complex. We hypothesized
that increased CDK5 activity contributes to neuronal
damage in HAD. To test this hypothesis, we used an
in vitro model of HIV encephalitis, in which primary
rat cortical neurons are treated with a primary, neu-
rovirulent HIV-1 isolate (Jago) derived from the CSF
of an individual with HIV-associated dementia. In our
model system, we have observed a dose-dependent in-
crease in calpain activity in response to Jago treatment.
Calpain activity peaked at 8 hours after Jago treatment
and was coincident with peak p25 generation. Inhi-
bition of calpain led to a reduction in p25 production
and provided protection from Jago-induced death. Fur-
ther inhibition of CDK5 activity also provided signifi-
cant neuronal protection for Jago toxicity. Our results
suggested that calpain/cdk5 pathway mediates neu-
ronal death in our in vitro model of HIV encephali-
tis. The MEF-2 transcription factor which promotes
survival has recently been shown to be inactivated by
CDK5 phosphorylation. Future studies will determine
if CDK5 phosphorylation of MEF2 contributes to neu-
ronal death in our model system.
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The human polyomavirus, JC virus (JCV) infects
greater than 80% of the human population and main-
tains a low level persistent infection in immunocom-
petent individuals. Under immunosuppressive condi-
tions, the virus may become reactivated resulting in
the fatal demyelinating disease, progressive multifo-
cal leukoencephalopathy (PML). Studies in transgenic
mice expressing the viral oncoprotein, T-antigen, un-
der the control of natural JCV promoter sequences
showed the development a range of neural origin
tumors. Furthermore, studies of human neural and
non-neural tumors have detected the presence of JCV
DNA and expression of the viral proteins, T-antigen
and Agnoprotein in tumor cells. We previously de-
veloped transgenic mice expressing JCV T-antigen un-
der the control of the Mad-4 promoter of JCV which
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consequently developed malignant peripheral nerve
sheath tumors (mpnst) characteristic of neurofibro-
matosis. In tumor tissues, T-antigen binds to and in-
activates wild-type p53, keeping p53 levels very high.
NF2 is a tumor repressor protein found to be inacti-
vated in neurofibromatosis type 2. As T-antigen has a
propensity for interacting with and inactivate tumor
suppressor proteins, an interaction between T-antigen
and NF2 was hypothesized and then determined. In
fact, our previous immunoprecipitation data suggested
that p53, T-antigen, and NF2 could form a ternary
complex in the mpnst cells. We also observed that
over-expression of p53 resulted in down-regulation of
T-antigen and NF2 though this down-regulation was
tempered somewhat by the simultaneous presence of
both T-antigen and NF2. Further studies will deter-
mine the mechanism by which p53 may effect NF2
function and will evaluate the potential for NF2 to
regulate p53 function. The effect of JCV T-antigen on
these pathways will be elucidated in parallel in order
to shed light on JCV T-antigen mediated mechanisms
of cellular transformation.

This work was supported by grants awarded to KK
and JG by NIH.
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the context of neuronal damage in HIV–associated
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Basel Sawaya1,2, Shohreh Amini,1,2 and
Krzysztof Reiss1,2
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HIV associated dementia (HAD) is a severe neurologi-
cal disorder of the central nervous system, which de-
velops in AIDS patients. Among numerous viral and
cellular factors contributing to HAD, tumor necrosis
factor alpha (TNF-alpha) released in the brain by ac-
tivated and/or infected macrophages/macroglia is sus-
pected to compromise stability of neuronal processes.
Previously, we have demonstrated that the IGF-IR—
IRS-1 signaling -induced damage. Since TNF-alpha
triggers?axis protects neurons from TNF-alpha IRS-
1 serine phosphorylation, and serine phosphorylated
IRS-1 binds integrins, we asked how these molecules
events affect neuronal stability. Here we confirmed
that differentiated PC12/GR15 neurons, which ex-
press high levels of IGF-IR and IRS-1, are well pro-
tected from TNF-alpha –induced neuronal damage.
We have also found that alpha1beta1-integrin, as
well as serine phosphorylated IRS-1 are located in
membrane rafts of differentiated PC12/GR15 cells. In
this subcellular compartment, IRS-1 co-precipitated
with alpha1beta1-integrin, however this protein—
protein interaction was inhibited by IGF-I stimula-

tion. We have demonstrated the presence of IRS-1 and
alpha1beta1-integrin complexes by double immuno-
cytofluorescence, and confirmed the binding by GST-
pull down assay, which demonstrated that the domain
responsible for alpha1beta1-integrin binding is located
within the central portion of IRS-1, between aa 462
and 740. Presently, we are testing how the binding be-
tween alpha1beta1 integrin and the IRS-1 truncation
mutant affects the stability of neuronal processes, and
whether this -mediated degeneration?protein –protein
interaction is responsible for TNF-alpha of neuronal
processes observed in our HAD in vitro model.
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Background: Recent studies have shown that prolif-
eration and differentiation of neural progenitor cells
(NPC) may be altered following pathological insults
in adult brains which may contribute to brain at-
rophy. Inflammatory infiltrates including T cells are
present in the brain of patients with neurodegener-
ative disorders such as multiple sclerosis (MS) and
HIV-dementia.

Objectives: To determine if activated T cells release
soluble factors that induce toxic effects on NPC and to
determine the mechanisms underlying such effects.

Methods: Supernatants (sups) from restive or
CD3/CD28 polyclonally activated human CD8+ T cells
were collected to treat (at 1:20 dilution) primary hu-
man embryonic NPC cultures. NPC proliferation was
monitored by BrdU incorporation assay after 24 hrs
of treatment. NPC differentiation was determined by
immunostaining with anti-βIII tubulin (a neuronal
marker), after 7 days of treatment. Granzyme B (GrB)
released in T cell sups was detected by ELISA. NPC
were treated with by either GrB immunodepleted acti-
vated T sups or recombinant GrB (4 nM) with or with-
out pretreatment with pertussis toxin (PTX, a Gi pro-
tein inhibitor, 100 ng/ml) and Margtoxin (MgTX, Kv1.3
potassium channel blocker, 10 nM).

Results: Activated T cell sups (AcT) reduced both
NPC proliferation and neuronal differentiation com-
pared to control sups (p < 0.05). Production of GrB
in AcT was higher than in restive sups (p < 0.01).
Immunodepletion of GrB attenuated AcT-induced in-
hibition of NPC proliferation and differentiation (p
< 0.05). Recombinant GrB also inhibited NPC prolif-
eration and differentiation compared to control (p <
0.05). Recombinant GrB treatment also reduced cyclic
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AMP level in NPC (p < 0.01). Pretreatment with PTX
and MgTX both attenuated GrB-induced toxic effect on
NPC (p < 0.05), indicating a Gi-coupled receptor and
potassium channel Kv1.3 are involved in GrB effects
on NPC.

Conclusions: GrB released by activated T cells may
inhibit NPC proliferation and neuronal differentia-
tion, indicating a novel pathological mechanism for
brain atrophy in inflammation-related neurodegener-
ative disorders such as HIV-dementia and MS. GrB-
induced toxicity in NPC may be mediated at least par-
tially by PTX-sensitive G-coupled receptor and Kv1.3
potassium channel and these observations provide po-
tential targets for therapeutic intervention in neurode-
generative disorders.
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Genotypic and phenotypic analyses of brain-derived
HIV-1 envelope glycoproteins
Anna Waszkiewicz, Shailja Patel, Bianca Querido,
and Julio Martin-Garcia
Department of Microbiology and Immunology, and Center
for Molecular Virology and Neuroimmunology, Institute for
Molecular Medicine and Infectious Disease, Drexel
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Numerous studies have genotypically characterized
HIV-1 envelopes amplified directly from brain tissue
or from isolates recovered from brain tissue of HIV-1-
infected individuals. However, very few studies have
addressed the phenotypic characterization of HIV-1
envelopes from brain. Therefore, very limited informa-
tion is available regarding potential differences in sen-
sitivity to multiple types of entry inhibitors that may
be acquired through the continuous viral replication
in the brain and adaptation to the brain environment.
For these reasons, we used envelope-mediated cell-to-
cell fusion and envelope-pseudotyped luciferase re-
porter transduction assays to evaluate the sensitivity
of brain-derived envelopes to various types of HIV-1
inhibitors that target the entry process. We have found
that envelope clones from individual brains/brain de-
rived isolates may show a remarkable range in sensi-
tivity to the fusion inhibitor T-1249, while sensitivity
to other inhibitors such as anti-CD4 antibodies or small
molecules that function as CCR5 antagonists is more
consistent among these clones. However, envelopes
clones that are able to use additional co-receptors such
as CCR3 require the presence of inhibitors again both
co-receptors in order to suppress fusion or infection.
Compared with the sensitivity of envelope clones de-
rived from peripheral isolates, brain clones are more
likely to have lower sensitivity to fusion inhibitors,
which may be related with increased fusogenicity and
potentially with an increase in neurovirulence. The
identification of genetic viral determinants for the phe-
notypes observed in functional assays is being inves-
tigated.
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Alteration in the lipid composition of normal
appearing brain tissue in multiple sclerosis patients
David S Wheeler, Peter Calabresi, Avindra Nath, and
Norman Haughey
Department of Neurology, Johns Hopkins University School
of Medicine, Baltimore, MD, USA

A primary neuropathology in multiple sclerosis (MS)
is manifest by the breakdown of myelin. There are
however, an increasing number of reports that suggest
biochemical and biophysical irregularities in “nor-
mal” appearing brain tissue of MS patients. In this
study we used an electrospray ionization tandem mass
spectrometer to quantify the lipid and sterol content
of MS and non-MS brain. Cortical brain tissue sam-
ples were obtained from the Rocky Mountain MS Brain
Bank and were categorized as either normal tissue (no
evident brain disease; n = 9), tissue adjacent to an MS
lesion containing lymphocytic infiltrates (n = 12) or
tissue adjacent to an MS lesion containing no lympho-
cytic infiltrates (n = 11). All tissues were normal in
appearance with no evidence of glial scaring. The tis-
sues were dissected into white and grey matter and
lipids were extracted for analysis by electrospray ion-
ization tandem mass spectrometry. In the white matter
tracks of MS patients with evidence of lymphocytic in-
filtrates, we found evidence of abnormal sphingolipid
levels of the long chain sphingomyelins C22:0 and
C24:0. Interestingly, sphingomyelin levels were sim-
ilar to control levels in MS patients without lympho-
cyte infiltrates. The long chain ceramides C22:0, C24:0
and C24:1 were decreased in both groups of MS pa-
tients compared with control patients. There was also
evidence of selective changes in the phospholipid con-
tent of normal appearing white matter with decreases
in one species of phosphatidylserine (C18:1) and phos-
phatidylethanolamine apparent in both groups of MS
patients compared with control white matter. Sterol
levels were altered in the white matter of all MS pa-
tients with decreases in total cholesterol (primarily the
dimeric, trimeric forms) and 25-hydroxycholesterol.
The reactive aldehyde 4-hydroxynonenal (4HNE), an
indicator of cellular stress, was increased in the white
matter of all multiple sclerosis patients sampled.

In the grey matter of MS patients we found a graded
decrease in the levels of sphingomyelin C16:0, C18:0,
C22:0 and C24:0 with greater decreases in tissues from
MS brain with evidence of lymphocyte infiltrates com-
pared to MS brain with no evidence of lymphocyte
infiltrates. The long chain ceramides C24:0 and C24:1
were decreased in the grey matter of all MS patients
compared with control grey matter. There were how-
ever, no apparent alterations in sterol metabolism and
no evidence of lipid peroxidation as the levels of 4HNE
were similar in the grey matter of MS and control
patients. From these findings we conclude that dis-
ruption in the lipid biochemistry of “normal” appear-
ing brain in MS patients may contribute to neural
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dysfunction by altering membrane fluidity, electro-
static adhesion, transmembrane potential and mem-
brane curvature.

Supported by the National Multiple Sclerosis
Society.
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NMDA receptor trafficking
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The trafficking of ionotropic glutamate receptors mod-
ifies synaptic integrity by controlling the number of
receptors at the surface of dendritic spines. While
the protein-protein interactions involved in glutamate-
receptor trafficking are an active area of research,
the roles of protein-lipid interactions in receptor traf-
ficking have been more elusive to identify. To study
how local lipid domains are modified during NMDA
receptor trafficking we used a model system where
NMDA receptors are rapidly inserted to the cell sur-
face following a brief stimulation with the cytokine
TNF. In cultured rat cortical cells exposed to TNF for
two minutes, there was nearly twice the number of
NMDA receptors per square micron at the cell sur-
face (1.820+0.296 microns2) as compared with un-
treated cultures (0.973+ 0.164 microns2). When we
pre-incubated neurons with an inhibitor of vessicle fu-
sion (0.05% sodium azide for 30 minutes) prior to TNF
application, the number of surface expressed NMDA
receptors was similar to untreated cultures (0.908+
0.365 microns2), suggesting that TNF mobilized a pool
of vesicle bound receptors to fuse with the plasma
membrane. To better understand the change in local
lipid content that is required for this fusion event we
stimulated neurons for 2 minutes with TNF, rapidly
harvested and sonicated the cells, and isolated the
NR1 subunits of NMDA receptors on an affinity col-
umn. The lipids bound to NR1 were then chloroform
extracted and analyzed by electrospay tandem mass
spectroscopy. On average each extraction yielded 20
to 50 lipid molecules per NR1 subunit representing a
150 nanometer2 patch of membrane surrounding the
receptor. These local domains were found to have a
lipid composition distinct from the rest of the plasma
membrane and this local lipid composition was altered
by TNF(α). Specifically, the NR1-bound lipid domains
isolated after TNF exposure were enriched in the
phosolipids phosphatidylserine and phosphatidyli-
nositol, the sphingolipid ceramide C24:0 and the fatty
acid cholesterol derivative linoleate C18:2. Because
phosphatidylserine is one of the few lipids to have
a formal charge at physiologic pH, we hypothesized

that an increased amount of phosphatidylserine in
the local lipid content surrounding NMDA receptors
would increase the surface charge and decrease the
local membrane potential. This change in transmem-
brane potential would increase the mean open prob-
ability of the receptor and would slow channel clo-
sure. Indeed, excitatory post synaptic currents (EP-
SCs) were enhanced in TNF treated brain slices. To-
gether our findings suggest that the local composition
of lipids bound to the NMDA receptor is modified dur-
ing trafficking of the receptor to the cell surface, and
that the lipid microdomain surrounding the NMDA
receptor may itself modify the kinetics of channel
function.

Supported by AG023471 & MH068388 to NJH.
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medulloblastoma from a mouse transgenic for the JC
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Gordon,1 Luis Del Valle,1 Satish Deshmane L
Deshmane,1 Sidney Croul,1 Antonio Giordano,2
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The human JC virus, JCV, is a neurotropic poly-
omavirus that causes progressive multifocal leukoen-
cephalopathy (PML) in humans and is highly onco-
genic in experimental animals. JCV has been reported
to be associated with some human brain tumors in-
cluding medulloblastomas suggesting a possible role
for JCV in neoplasia, although this remains unclear.
Transgenic mice with JCV T-antigen develop cere-
bellar tumors resembling human medulloblastomas.
Previously, we reported that a JCV-induced mouse
medulloblastoma contained two distinct cell subpopu-
lations, one was T-antigen positive and the other neg-
ative. In T-negative clones, a novel mutant p53 was
detected with an in-frame deletion (p53mt). We have
now compared p53mt to wild-type p53 (p53wt) in
p53-null cells. Unlike p53wt, p53mt had lost the abil-
ity to transcriptionally transactivate p21/Waf1. It had
also partially lost its ability to bind to T-antigen. Cell
fractionation experiments and immunocytochemistry
showed that p53mt localized to the nucleus and the
cytoplasm unlike p53wt which localized almost exclu-
sively to the nucleus. Unlike mutant p53 from many
human cancers, p53mt did not show a gain of func-
tion or dominant negative phenotype. Adenovirus ex-
pressing p53wt but not p53mt inhibited cell growth
and induced G1 arrest and apoptosis of p53-null cells.
Thus during the course of tumor evolution in the JCV
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T-antigen-transgenic mouse medulloblastoma model,
a mutation occurred that inactivated the function of
the p53 tumor suppressor protein allowing tumor pro-
gression even in the absence of continued T-antigen
expression. These data support a hit-and-run model
for JCV tumorigenesis.

Supported by Grants from the NIH to KK.
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Perturbation of the astrocyte integrated stress
response (ISR) by HIV-1-infected macrophages
Michael G White,1 Lorraine Kolson,2 Praveena
Sabnekar,2 Lauren A O’Donnell,2 Rebecca A
Chodroff,1,2 Ying Wang,1 Cagla Akay,1 Dennis L
Kolson,2 and Kelly L Jordan-Sciutto1

1Department of Pathology, and 2Department of Neurology,
University of Pennsylvania, Philadelphia, PA, USA

Although the incidence of HIV-associated demen-
tia (HAD) has decreased since the advent of highly
active anti-retroviral therapy (HAART), the preva-
lence of HAD is increasing. Neuronal degenera-
tion in HAD is thought to be caused by solu-
ble factors released by CNS-resident, HIV-infected
and/or activated macrophages and microglia. Al-
though many molecules have neurotoxic potential,
primary rat mixed neuronal/glial cultures treated with
HIV-infected, monocyte-derived macrophage super-
natants (HIV-MDM) exhibit a dose-dependent neu-
ronal death that is blocked (>95%) by the NMDA an-
tagonist MK801 (10 uM). However, our studies indi-
cate that only 34% of the toxicity of HIV-MDM su-
pernatants is due to their glutamate content, suggest-
ing the involvement of additional HIV-MDM excito-
toxins or the modulation of excitotoxin production by
astrocytes in these mixed cultures. The astrocytic cys-
tine/glutamate antiporter (xCT) is a key regulator of
glutamate homeostasis, and can be modulated by the
integrated stress response (ISR). Antiporter xCT activ-
ity results in increased cystine uptake (for glutathione
production) and increased glutamate release from as-
trocytes. We explored HIV-MDM-mediated ISR activa-
tion in rat astrocyte cultures and found increased lev-
els of the ISR target genes ATF4, BIP, and CHOP, as well
as the endogenous oxidative-stress response protein
Nrf2 by Western blotting of astrocytes exposed to HIV-
MDM. We then assessed the ability of the ISR initiator
thapsigargin to influence xCT activity in astrocytes.
Thapsigargin augmented the activity and expression
of xCT thereby increasing cystine uptake, and, pre-
sumably, glutamate export. Thapsigargin also inhib-
ited the scavenging of extracellular glutamate by the
astrocytic excitatory amino acid transporters (EAATs),
similar to effects of TNF-alpha. These findings sug-
gest HIV-MDM-released factors may trigger a net ef-
flux of glutamate from astrocytes due to ISR-induced
increases in xCT-mediated glutamate export and con-
current decreases in EAAT-mediated glutamate im-

port. Taken together, these data suggest that induc-
tion of the ISR in astrocytes by HIV-MDM may in-
duce elevation of extracellular glutamate levels, which
could lead to neuronal dysfunction and death. These
findings support a role for astrocytes in HIV-MDM
mediated neuronal dysfunction and loss and impli-
cate the ISR in mediating altered astrocyte glutamate
homeostasis.

Supported by R01 NS41202 (KJS) and T32 AI-07632-
06 (MGW).
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The CCL2 promoter of pigtailed macaques:
Identification of nucleotide variation and their
contribution to the development of CNS disease
Edward K Wright Jr., Stephen H Page, Janice E
Clements, and Sheila A Barber
Department of Molecular and Comparative Pathobiology,
Johns Hopkins University School of Medicine, Baltimore,
MD, USA

Development of HIV and SIV central nervous system
(CNS) disease has been associated with elevated ex-
pression levels of chemokine ligand 2 (CCL2) in both
the brain and cerebrospinal fluid (CSF). Recent work
has shown that a -2578 guanine polymorphism in the
human CCL2 promoter predisposes HIV-infected indi-
viduals to develop HIV-associated cognitive disorders
(HACD) suggesting a positive correlation between el-
evated CCL2 expression and HIV neuropathogenesis.
However, the ability to establish a definitive correla-
tion between this polymorphism and CNS disease re-
mains a challenge since several studies have indicated
that the rate of neurological deterioration correlates
with immunosuppression. To dissociate the develop-
ment of CNS disease from immunosupression we ex-
amined the CCL2 promoter in macaques utilized in a
rapid and consistent SIV model of HIV CNS disease.
To date, all macaques in this model develop AIDS,
but only 69% develop moderate/severe CNS lesions.
Furthermore, macaques with moderate/severe CNS le-
sions have a statistically significant increase in CSF
CCL2 levels and ratios of CSF:plasma CCL2 compared
to macaques with no/mild CNS lesions. The CCL2 pro-
moter of 29 pigtailed macaques was sequenced to iden-
tify nucleotide variation that may regulate CCL2 tran-
scription and correlate with CCL2 levels in vivo. Vari-
ation within the population was further examined to
correlate specific genetic variation with the incidence
and severity of SIV CNS disease. Sequence alignment
revealed that pigtailed macaques are 94% identical to
humans at the CCL2 promoter and contain 39 sites of
variation. We have identified no correlation between
genetic variation in the CCL2 promoter and CCL2 lev-
els in vivo or the incidence and severity of SIV CNS
disease. These data suggest that, in this SIV model, de-
terminants of SIV neuropathogenesis may be distinct
from CCL2 promoter variation.
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IGF-I protects differentiated PC12 neurons from high
glucose and TNF-alpha–mediated accumulation of
reactive oxygen species (ROS)
Shuo Yang,1 Jay Rappaport,1,2 Kamel Khalili,1,2 and
Krzysztof Reiss1,2

1Temple University, School of Medicine, Department of
Neuroscience; and 2Temple University, Department of
Biology, Philadelphia, PA, USA

In HIV patients, both the virus itself and the use of an-
tiviral medications contribute to metabolic abnormal-
ities. In particular, initiation of protease inhibitors–
based anti retroviral therapy is closely associated with
the development of insulin resistance in 25–60%, and
the development of new onset of diabetes in 6-7%
of HIV-1 seropositive individuals. Since this appar-
ent metabolic complication was associated with a sig-
nificant increase of dementia, we have initiated se-
ries of experiments to evaluate possible synergy be-
tween diabetes and HIV infection, and its effect on
neuronal injury. Our results indicate that both high
glucose (25 mM for 16 hours) and prolonged exposure
to TNF-alpha (50 nM for 3–5 days) elevated the ac-
cumulation of reactive oxygen species (ROS) in dif-
ferentiated neuronal cultures of PC12/GR15 cells. The
accumulated ROS were found in neuronal processes
and in perinuclear cytoplasm, and resulted in a grad-
ual loss of neuronal extensions. We have also found
a synergy between TNF-alpha and high glucose in the
process of ROS accumulation and neuronal damage.
In the presence of IGF-I (50 ng/ml), however, differ-
entiated PC12/GR15 neurons did not accumulate ROS
above the control level, and were partially protected
from neuronal degeneration triggered by a simultane-
ous action of high glucose and TNF-alpha. Our prelim-
inary screening of the signaling pathways points at the
p66shc—FOXO3a signaling axis as a possible mech-
anism by which IGF-IR exerts its anti-ROS function.
In summary, our data indicate that high glucose and
TNF-alpha may contribute to ROS –mediated neuronal
damage, and confirm our previous observation with
mesangial cells, which show that IGF-I antioxidant
properties may be mediated by the p66shc—FOXO3a
signaling pathway and could play a significant role in
neuroprotection.
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HHV-6 reactivation in patients with encephalitis of
unknown origin
Karen Yao,1 Susan Gagnon,1 Nahid Akhyani,1
Somayeh Honarmand,2 Carol Glaser,2 and Steven
Jacobson1

1Viral Immunology Section, Neuroimmunology Branch,
NINDS, NIH, Bethesda, MD 20892; and 2Viral and
Rickettsial Disease Laboratory, State of California,
Richmond, CA, USA

Encephalitis is a devastating neurologic condition
with significant morbidity and mortality. Over 100 dif-

ferent infectious agents are associated with encephali-
tis, yet little is known about risk factors, long-term
prognostic indicators and optimal clinical manage-
ment. The California Encephalitis Project (CEP) was
initiated in 1998 to provide rapid, state-of-the-art di-
agnostic testing for human encephalitis to better un-
derstand encephalitis in humans, including risk ex-
posures, symptomatology, and clinical features. Re-
cently, several cases of HHV-6 associated encephali-
tis have been reported in immunocompetent adults
identified through the CEP. HHV-6 is a neurotropic
virus that has been associated with a number of neu-
rological disorders including meningitis/encephalitis,
seizures, and multiple sclerosis. Particularly, a num-
ber of studies have suggested that reactivation of HHV-
6 may be associated with neurological complications
post bone marrow transplant. To evaluate whether in-
fection or reactivation of HHV-6 could, in part, play a
role in the pathoetiology of encephalitis, we examined
cerebrospinal fluids (CSF) samples from patients who
enrolled in the CEP, for evidence of cell-free HHV-6
viral DNA using PCR amplification. HHV-6 DNA se-
quences to multiple regions of the virus were amplified
from a subset of individuals tested. Sequence analysis
demonstrated homology to HHV-6 variant A or B in the
PCR positive samples. Analysis of HHV-6-specific IgG
and IgM in CSF using a highly sensitive novel electro-
chemiluminescence assay that use antibody-tagged la-
bels that emit light when electrochemically stimulated
is ongoing. Preliminary results demonstrated elevated
anti-HHV-6 IgG in the CSF of approximately 38% of
individuals tested suggesting possible reactivation of
HHV-6. This assay has been adapted to detect HHV-6A
p41/38 early antigen from supernatants of U1102 in-
fected SupT1 cells. Of interest, is the observation that
HHV-6A specific p41/28 antigen was demonstrated in
serum from one encephalitis patient with PCR amplifi-
able HHV-6 sequences in CSF and brain (biopsy). Col-
lectively, these results suggest that HHV-6 may be an
under appreciated viral etiological agent in patients
with encephalitis.

P218
The receptor tyrosine kinase RON represses HIV
transcription in monocytes/macrophages by
multiple-mechanisms
Zhiqiang Zhang,1,2,3 Alicia Klatt,1,3,4 Pamela
Correll,1,3,5 David Gilmour,2,3 and
Andrew J Henderson1,3,5

1Department Veterinary and Biomedical Sciences;
2Department of Biochemistry and Molecular Biology; 3Penn
State University; 4Pathobiology Graduate Program; and
5Center of Molecular Immunology and Infectious Diseases,
University Park, PA, USA

It is critical to understand the molecular events that
establish and maintain latency if strategies to purge
HIV from latent reservoirs will be devised. How-
ever, such studies have been hampered by the rar-
ity and inaccessibility of latently infected cells. We
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hypothesize that signals which influence cell activa-
tion, survival, proliferation and maturation will have
a direct impact on HIV transcription including extin-
guishing HIV transcription and establishing latency.
To gain insights into signals that repress HIV tran-
scription, we have explored mechanisms by which
the receptor tyrosine kinase RON, a critical regula-
tor of inflammation and tissue resident macrophage
function, extinguishes HIV transcription. These stud-
ies extend the original observation that RON represses
HIV transcription by using chromatin immunoprecip-
itation experiments to demonstrate that RON signaling
alters recruitment of NF-kB to the HIV long terminal
repeat, inhibits transcription elongation by establish-
ing a paused RNA polymerase II complex and alters
chromatin remodeling. These results show that multi-
ple biochemical pathways are required for establishing
latency in macrophages and suggest models for how
cellular reservoirs for HIV are maintained in different
tissues including the brain.
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Distinct CD8+ T cell subpopulations in response to
acute HSV-1 infection
Xiangyi Zhao1,2,3 and Stephen R Jennings1,2,3

1Department of Microbiology and Immunology, Center for
Immunogenetics and Inflammatory Disease, and the Center
for Molecular Virology and Neuroimmunology; 2Institute
for Molecular Medicine and Infectious Disease; and 3Drexel
University College of Medicine, Philadelphia, PA, USA

Class I MHC-restricted CD8+ T cells play a crucial role
in the control of HSV-1 within both the primary mu-
cocutaneous tissues where infection is initiated, and
within the peripheral nervous system (PNS) where
HSV-1 targets sensory neurons and enters into a la-
tent state of infection from which it may reactivate.
It is now known, using murine models of infection,
that HSV-1-specific CD8+ T cells alone are sufficient
to limit HSV-1 replication in the skin, and that they
also take up long-term residence within the sensory
ganglia, presumably to be available to control HSV-1
as it reactivates from latency. The lack of a functional
T cell response renders mice highly susceptible to in-
fection, which results in the entry of HSV-1 into the
central nervous system (CNS), infection of motor neu-
rons, paralysis and death. The purpose of the studies
reported here were to utilize flow cytometric analysis
to determine the characteristics of the HSV-1-specific
CD8+ T cell response, identified by binding of class
I MHC tetrameric reagents specific for the T cell re-
ceptor specific for the immunodominant epitope rec-
ognized in C57BL/6 (B6) mice, during the initial phase
of infection. Two subpopulations of CD8+ T cells were
found: subpopulation 1, expressing the CD8+ CD44hi

CD25+ CD62Llo phenotype, which resemble a “clas-
sical” effector T cell; and subpopulation 2, expressing
the CD8+ CD44hi CD25- CD62Llo phenotype, which
appear to be an alternative effector T cell. These stud-
ies will help determine the role of each subpopulation,
their relationship to each other, and their contribution
to long-term immunological memory.
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Neuroprotective function of Ginkgo biloba extract
EGb761 against HIV-1 Tat-induced neurotoxicity:
Involvement of glial fibrillary acidic protein
Wei Zou1 and Johnny J He1,2,3,4

1Department of Microbiology and Immunology, Indiana
University; 2Walther Oncology Center; 3Department of
Medicine; and 4Walther Cancer Institute, Indianapolis, IN,
USA

HIV-1 infection of the central nervous system often
results in a variety of neurological diseases includ-
ing HIV-associated dementia. HIV-1 Tat protein has
been shown to be an important contributing factor
to HIV-associated neuropathogenesis. Despite the fact
that several hypotheses have been proposed for Tat
neurotoxicity, it is clear that the underlying molec-
ular mechanisms are still evolving. Our recent stud-
ies have linked Tat expression to astrocytosis charac-
terized by up-regulated expression of glial fibrillary
acidic protein (GFAP), astrocyte dysfunction, and neu-
ron death. These findings raise for the first time the
possibility that Tat neurotoxicity is directly initiated
by astrocytosis. The goal of the current study was to de-
termine whether pharmaceutical intervention to block
Tat-induced GFAP expression would alleviate Tat neu-
rotoxicity. Using the inducible brain-targeted Tat trans-
genic mouse model, we found that Ginkgo biloba ex-
tract EGb 761, which is widely used to treat vari-
ous neurodegenerative diseases, protected the mouse
brain from Tat expression-induced neuropathologies.
We then showed that EGb761 down-modulated GFAP
expression at both mRNA and protein levels with-
out any effects on astrocyte proliferation and survival.
We also showed that the down-modulatory effects of
EGb761 on GFAP was mediated by two major tran-
scription factors AP1 and NF-(κ)B that are located
within the GFAP promoter. To further ascertain the
neuroprotective function of EGb761 against Tat neuro-
toxicity, we are currently crossbreeding the Tat trans-
genic mice with GFAP knockout mice and wish to de-
termine whether Tat-induced neuropathologies would
be significantly affected by the absence of GFAP gene
expression. These studies may not only shed new
lights on molecular mechanisms of Tat neurotoxicity,
but also provide a new treating modality for neurode-
generative diseases involving astrocytosis.
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