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Investigators in Training I

I.1
Activation of the cell cycle protein CDC2 may cause
calcium dysregulation in postmitotic neurons
contributing to HIV-induced excitotoxicity and
neuronal cell death
Jaclyn L Nicolai, Muhammad Z Khan, Saori Shimizu,
and Olimpia Meucci
Pharmacology & Physiology, Drexel University College of
Medicine, Institute of Molecular Medicine and Infectious
Diseases, Drexel University

The chemokine receptor CXCR4 is involved in HIV in-
fection and contributes to HIV neuropathology in a di-
rect and indirect manner. It has been suggested that
abnormal activation of CXCR4 alters neuronal/glial
signaling causing neuronal damage, whereas proper
CXCR4 signaling promotes neuronal survival. Previ-
ous work from our group showed that dysregulation
of cell cycle proteins, namely the CDK/Rb/E2F path-
way, is involved in the neurotoxicity induced by X4-
using HIVgp120s; we also reported that E2F1 and its
transcriptional target cdc2 (also known as cdk1), are
up-regulated in the brain of HIV/HAD patients. This
study aims to establish the role of cdc2 in gp120-
induced neuronal injury and determine the molecu-
lar mechanisms involved in neurotoxicity. We report
that expression of a Cdc2 dominant negative mutant
in rat cortical neurons rescues them from HIVgp120-
induced apoptosis. Also, down-regulation of cdc2
expression by shRNA in human cell lines reduced
phosphorylation of apoptotic proteins downstream
cdc2. Furthermore, as recent evidence suggests that
Cdc2 is implicated in the regulation of intracellular
Ca2+ homeostasis via phosphorylation of IP3 recep-
tors, we are currently testing the hypothesis that cdc2
may also lead to aberrant Ca2+ signaling in neurons,
by using calcium imaging and IP3-uncaging. Alter-
ations of Ca2+ homeostasis by gp120 and other HIV-1
proteins are well-documented, and know to affect neu-
rotransmission and neuronal survival, which lead to
HIV-associated neuronal deficits. These studies show
the importance of cdc2 in gp120-induced neurotoxic-
ity and suggest that therapeutic approaches aimed at
preventing stimulation of cdc2 or its targets in neurons
may turn useful in HIV neuropathology. (Supported by
NIH grants DA 19808 and 15014 to OM).

I.2
T-cell infiltrates in HSV-1 latently infected human
geniculate ganglia

Tobias Derfuss,1,2 Kishiko Sunami,3 Katharina
Huefner,4 Viktor Arbusow,4 Thomas Brandt,4 and
Diethilde Theil4

1Institute of Clinical Neuroimmunology, Ludwig
Maximilians University, Munich, Germany; 2Department of
Neuroimmunology, Max-Planck Institute of Neurobiology,
Martinsried, Germany; 3Department of Otolaryngology and
Head and Neck Surgery, Osaka City University Graduate
School of Medicine, Osaka, Japan; and 4Department of
Neurology, Ludwig Maximilians University, Munich,
Germany

In humans, a primary infection with Herpes simplex
virus type-1 (HSV-1) is followed by a lifelong viral per-
sistence in the sensory neurons of the cranial nerve
ganglia, especially in the trigeminal ganglia (TG), and
less frequently in the geniculate (GG) and vestibular
ganglia (VG). In some individuals HSV-1 reactivates
repeatedly from the TG and causes ‘herpes labialis’. In
contrast, reactivation from the GG and VG is rather a
once-in-a-lifetime event.

Immunohistochemical and quantitative RT-PCR
studies in the TG have revealed that HSV-1 latency is
accompanied by an active chronic immune response
composed of CD8+ T-cells showing an effector mem-
ory phenotype. Although the infiltrating T-cells reflect
an active immune response, it is not clear whether
the T-cells control viral latency and reactivation or
whether they represent an inflammatory residue af-
ter the frequent silent or overt reactivations in the
TG.

In the present study, using immunohistochemistry,
we found that T-cells are also present in the GG where
the latency-associated transcript (LAT) was detectable
by in situ hybridization. In the VG no T-cells could
be found and LAT was detectable only after amplifi-
cation by RT-PCR. Hence we suppose that the T-cell
infiltration in the cranial nerve ganglia monitors HSV-
1 latency and does not only represent an inflammatory
sequel of a previous reactivation.

I.3
HIV-1 and cytokine (IFN-γ /TNF-α) synergy in
CXCL10 release from astrocytes: implications in
HIV-associated dementia
Rachel Williams, Navneet Dhillon, Fuwang Peng, and
Shilpa Buch
University of Kansas Medical Center

There are 40 million people world wide infected with
Human Immunodeficiency Virus-1 (HIV-1). Shortly
after infection, HIV-1 penetrates the brain and can
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eventually cause HIV-1 associated CNS disease, of
which HIV-associated dementia (HAD) is the most
severe manifestation. HIV encephalitis (HIVE), the
pathologic correlate of HAD is characterized by
astrogliosis, cytokine/chemokine dysregulation, and
neuronal degeneration. The severity of HAD/HIVE cor-
relates better with the presence of activated astroglial
and microglial cells rather than with the presence and
amount of HIV-1 infected cells in the brain. Also, cor-
related with the pathogenesis of HAD/HIVE are the in-
creased levels of the proinflammatory cytokines, IFN-γ
and TNF-α. These two cytokines are released by ac-
tivated immune cells and have the ability to syner-
gize with other cellular factors and HIV-1 viral pro-
teins resulting in increased inflammation and a more
severe disease state. Astrocytes, the most populous cell
type within the brain, are activated not only by IFN-
γ and TNF-α, but also by HIV-1. Once activated, as-
trocytes provide an important reservoir for the gener-
ation of inflammatory mediators including CXCL10,
a neurotoxin and chemoattractant. CXCL10 is impli-
cated in the pathophysiology of HAD since high levels
of CXCL10 are also correlated with disease severity.
The underlying central hypothesis of these studies is
that the interplay of viral and cellular factors in astro-
cytes can result in the synergistic induction of CXCL10
expression resulting in neuronal degeneration. Our
preliminary studies suggest a synergistic induction of
CXCL10 protien in astrocytes exposed to HIV-1, IFN-γ
and TNF-α. We observed that the HIV-1 proteins nef
and tat were the key determinants involved in synergy
with IFN-γ and TNF-α. Transcriptional and transla-
tional regulatory mechanisms involved in the syner-
gistic enhancement of CXCL10 will be discussed.

This could have possible implications for enhanced
CNS disease because of the neurotoxic functions of
CXCL10 and its ability to enhance viral replication.
Thus understanding the cellular and molecular mech-
anisms involved in the induction of proinflammatory
responses by astrocytes is critical to the development
of interventional therapies for the treatment of HAD.

I.4
The role of JC virus minor capsid proteins in the
viral lifecycle
Megan L Gasparovic and Walter J Atwood
Brown University

JC virus (JCV) is a human polyomavirus for which 70%
of the human population is seropositive. It is responsi-
ble for the fatal demylinating disease Progressive Mul-
tifocal Leukoencephalopathy (PML). JCV contains an
icosahedral capsid that consists of 72 pentamers of the
major capsid protein Vp1 with a minor coat protein
Vp2 or Vp3 in the center of the pentamer. It is known
that Vp1 contributes to virus tropism through recep-
tor interactions. However, little is known about the
role the minor coat proteins in pathogenesis. Using
site-directed mutagenesis we show that both Vp2, the

myristylation site on Vp2, and Vp3 are necessary for
the correct packaging of viral DNA. We suspect that
these proteins also play critical roles early in infection
and have engineered tags in Vp2 and Vp3 to facilitate
their detection in infected cells. The tagged viruses are
viable and Vp2 and Vp3 localize to subcompartments
within the nucleus. Co-localization studies with Vp1
show that Vp1 is uniformly distributed in the nucleus
and Vp2 and Vp3 are excluded from the peripheral
margins of the nucleus. We are currently using the
tagged virions to study the trafficking of virus from
the plasma membrane to the nucleus with the goal of
understanding when and where the minor capsid pro-
teins become exposed in the cell.

I.5
Transmigration of HIV infected
monocytes/macrophages and lymphocytes into the
central nervous system
Clarisa M Buckner,1 Peter J Gaskill,1 Eliseo A
Eugenin,1 and Joan W Berman1,2

1Albert Einstein College of Medicine, Department of
Pathology, and 2Albert Einstein College of Medicine,
Department of Microbiology and Immunology

Human immunodeficiency virus 1 (HIV-1) invades the
brain and results in neurologic dysfunction in a large
percentage of individuals. Even with adequate sup-
pression of systemic virus due to therapy, central ner-
vous system (CNS) disease continues to evolve. Both
the penetration of HIV into the brain and the subse-
quent damage are thought to be mediated by transmi-
gration of infected monocytes across the blood brain
barrier (BBB). The number of activated macrophages
in the CNS appears to be a more reliable predictor of
HIV associated cognitive impairment than viral load,
suggesting that monocyte infiltration and CNS dam-
age are tightly correlated. Monocyte/macrophage traf-
ficking is of interest in studies of the pathogenesis of
HIV infection because of their ability to cross the BBB,
to elaborate factors that are harmful to the CNS, and
to establish viral reservoirs. Monocytes may circulate
in the peripheral blood for 1-3 days before entering
and differentiating into macrophages in the brain. It
is important to determine the phenotypic markers and
the stage of maturation of monocytes as they enter the
CNS, with the ultimate goal of therapeutic intervention
to limit CNS infection and inflammation associated
with NeuroAIDS. We first designed experiments to es-
tablish the optimal culture system for human periph-
eral blood mononuclear cells (PBMC) that promote
monocyte/macrophage survival and examined the ex-
pression of specific phenotypic markers as cells ma-
ture in culture. Flow cytometry was used to determine
monocyte/macrophage maturation using antibodies to
CD14, CD71, CD68 and CD16. We found Macrophage
Colony Stimulating Factor (MCSF) supports the sur-
vival of CD14+ isolated monocytes and their ex-
pression of maturation markers under non-adherent
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conditions. However, when cultured as PBMC, the
expression of CD14 and CD68 decreases over time
when cultured with MCSF. In addition, HIV infection
of PBMC does not affect the expression of monocyte
markers. This knowledge was then used to character-
ize the transmigration of HIV infected monocytes and
T cells across our in vitro model of the BBB using
FACS analysis and confocal microscopy. Lastly, we
examined the route, transcellular or paracellular, by
which HIV infected leukocytes transmigrate, using var-
ious microscopic techniques. Preliminary data suggest
that HIV infected cells transmigrate by both mecha-
nisms. Data from these studies contribute to our under-
standing of how HIV infected monocytes/macrophages
and lymphocytes transmigrate across and disrupt the
BBB, rendering the CNS vulnerable to virus medi-
ated inflammatory damage that leads to cognitive
impairment.

I.6
Signal transduction mechanisms of HIV-1
gp120-induced proinflammatory cytokine
interleukin-1 beta (IL-1b) production by primary
human macrophages
Rick W Cheung, Vipa Ravyn, Andrzej Ptasznik, and
Ronald G Collman
Pulmonary, Allergy and Critical Care Division, Department
of Medicine, University of Pennsylvania

HIV-associated dementia (HAD) is a common neuro-
logical complication of AIDS that involves activation
of macrophage/microglial cells in the brain, with sub-
sequent release of toxins including proinflammatory
cytokines that lead to neuronal death. In addition to di-
rect infection, uninfected bystander macrophages can
be activated by viral proteins such as the Env glycopro-
tein gp120 to induce cytokine production. Interleukin-
1 beta (IL-1b) is one of the proinflammatory cytokines
upregulated in brain, CSF and blood of HAD patients.
Although gp120 has been reported to induce IL-1b pro-
duction by macrophages in vitro, the signal transduc-
tion pathways responsible have not been defined. In
this study, we set out to elucidate the mechanisms me-

diating gp120-induced IL-1b release by primary hu-
man monocyte-derived macrophage (MDM). Recom-
binant gp120 from CCR5-using (R5) HIV-1 stimulated
IL-1b production by MDM as measured by ELISA in
both time- and concentration-dependent manner. The
gp120-induced IL-1b secretion was blocked by a CCR5
antagonist (M657) and inhibited by pertussis toxin,
suggesting it is mediated by binding to CCR5 and cou-
pling to Gi/o protein. Env-mediated IL-1b production
was abrogated by upstream inhibitors of Pyk2 (AG17
& dantrolene) and direct inhibitors of PI3K (wort-
mannin & LY294002), as well as the src kinase in-
hibitor PP2 and a pseudosubstrate peptide inhibitor
KRX123.302 specific for the src family kinase Lyn.
We further demonstrated that exposure of MDM to
gp120 activated Pyk2, PI3K & Lyn in a time-dependent
fashion with direct (Pyk2 or Lyn phospho-specific im-
munoblot) or indirect (PI3K-dependent Akt activation)
approaches. IL-1b release triggered by gp120 was also
impeded by inhibitors of the MAP kinase ERK (U0126
& PD98059) and gp120 induced phosphorylation of
ERK in a time-dependent manner, implicating MAP
kinases in the HIV-1 envelope-mediated cytokine pro-
duction. We then demonstrated via both coimmuno-
precipitation and immunocytochemistry that gp120
triggered an activation-induced physical association
between Pyk2, PI3K & Lyn, involving translocation of
cytoplasmic Pyk2 and PI3K to membrane-bound Lyn.
Finally, we demonstrated by immunofluorescent label-
ing and confocal microscopy that native gp120 on the
surface of HIV-1 virions also induced colocalization of
Pyk2, PI3K & Lyn in a CCR5-dependent fashion. Our re-
sults indicate that HIV-1 gp120 induces IL-1b release
by macrophages through CCR5 coupled to Gi/o pro-
tein, subsequently activates multiple protein kinases
including Pyk2, PI3K, Lyn and induces formation of a
multimeric signaling complex and downstream MAP
kinase activation. Defining the signaling pathways
responsible for gp120-mediated proinflammatory cy-
tokine production by macrophages could help under-
stand the neuropathogenesis of HAD and contribute to
the development of pharmacological agent that atten-
uate the progression of HAD by specifically blocking
these signaling pathways.
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I.7
Clade specific variation in HIV-1 transactivating
protein (Tat) induced neurotoxicity in human
neurons
Mamata Mishra and Pankaj Seth
Molecular and Cellular Neuroscience, National Brain
Research Centre, Manesar, India

Human immunodeficiency virus-1 (HIV-1) infection of
central nervous system often results in mild to severe
cognitive impairment and dementia due to significant
neuronal death. The transactivator HIV-1 protein Tat,
has been implicated in HIV associated neurological
deficits. HIV-1 is classified into A-K clades that are
unequally distributed in world of which HIV-1 clade B
and C together account for almost all infections around
the globe. Recently, clade B and C specific differences
in Tat mediated cytokine and chemokine function have
been demonstrated in human peripheral blood mono-
cytes, however it is unknown if these differences affect
neurons in human brain. The fact that HIV-1 clade C
accounts for over 50% of HIV-1 cases in world today
but its effect on neuropathogenesis is unknown, war-
rants an immediate need to investigate effect of Tat C
on human neurons. We used human fetal brain derived
neural precursor cell culture system to understand the
pathological changes in terms of neuronal apoptosis,
glial activation as well as elevation of certain inflam-
matory parameters. Our experimental data suggest that
there are clade specific differences in Tat induced ox-
idative stress, degree of neuronal death which may be
mediated due to disturbances in mitochondria mem-
brane potential and release of cytochrome-c. We also
observed that expression of Tat modulated cell growth
and proliferation of neural precursor cells. We are cur-
rently studying the role of MAP kinase pathway as
it plays an important role in neuronal cell function
and differentiation. Our observations provide a better
understanding of the neuropathogenesis and compli-
cations that may arise in human population infected
with HIV-1C.

(This work was supported by research grant from
Department of Biotechnology, Ministry of Science and
Technology, New Delhi, India)

I.8
JC virus latency in the normal human brain
Georgina Perez-Liz, Kamel Khalili, and Luis Del Valle
Department of Neuroscience. Center for Neurovirology.
Temple University School of Medicine

JC Virus, a member of the Polyomaviridi family is a
neurotropic virus with wide distribution among the
human population of the world, according to sero-
epidemiological studies. After a sub-clinical primary
infection in childhood, the virus remains in latent
state, presumably in the kidney. Reactivation of JCV
under immunosuppressive conditions results in Pro-
gressive Multifocal Leukoencephalopathy, a fatal de-
myelinating disease of the brain, result of the cytolytic
destruction of oigodendrocytes. The histopathological
features of PML are demyelinated plaques in the sub-
cortical white matter, enlarged oligodendrocytes har-
boring intranuclear inclusion bodies, and bizarre as-
trocytes. These two cells represent the sites of active
viral infection. Although JCV has been shown to in-
fect lymphocytes, which can act as carriers into other
organs, the time at which JCV enters the brain, and
the mechanism of such entry are still unknown. Differ-
ences in the strain of JCV that is isolated from the kid-
ney (CY) and the one that causes PML (Mad-1) suggest
rearrangements in the control region during the time
of latent and active infection. Another subject of con-
troversy is the establishment of latency in the brain.
To elucidate this question we have collected samples
from 5 regions of 7 normal brains from individuals who
died of non-neurological conditions, extracted DNA
and PCR amplified viral sequenced from the early and
late regions of JCV with specific primers. We found
JCV DNA sequences in at least one region of all cases
studied.

Furthermore, in order to demonstrate the cell type
in which JCV is present, we have performed PCR
amplification in laser-captured cells of different phe-
notypes labeled with specific markers for neurons,
astrocytes and oligodendrocytes. Results from these
experiments suggest that JCV establishes a latent infec-
tion in astrocytes and oligodendrocytes, but not in neu-
rons. Finally, immunohistochemical studies showed
no expression of viral proteins, T-antigen, capsid pro-
teins (VP-1), and the accessory product Agnoprotein,
ruling out productive infection.

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

I.9
Non SIV-infected MAC387+ macrophages
accumulate within encephalitic lesions of
SIV-infected rhesus monkeys: MAC387 as a potential
marker of disease
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Caroline Soulas,1 Woong-Ki Kim,1 Margaret Lentz,2
Eva-Maria Ratai,2 Lakshmanan Annamalai,3 Susan
Westmoreland,3 R. Gilberto Gonzalez,2 and Kenneth
C Williams1

1Division of Viral Pathogenesis, Beth Israel Deaconess
Medical Center, Harvard Medical School, Boston,
Massachusetts 02215, USA; 2Department of Radiology,
Massachusetts General Hospital/A. A. Martinos Center for
Biomedical, Harvard Medical School, Charlestown,
Massachusetts 02129, USA; and 3Division of Comparative
Pathology, New England Primate Research Center, Harvard
Medical School, Southborough, Massachusetts 01772, USA

HIV in humans and SIV in non-human primates
cause immunodeficiency and can induce encephalitis.
Monocytes/macrophages are targets of infection and
play a key role in AIDS-associated neuropathogenesis.
HIV/SIV enter the central nervous system (CNS) at pri-
mary infection (peak viremia), which corresponds to
an increase of the number of CD14+CD16+ monocytes
in peripheral blood and macrophages in the brain.
We investigated the characteristics of macrophages
present in brain lesions of SIV-infected CD8+ cell-
depleted rhesus macaques treated or not with
anti-retroviral drugs (PMPA and RCV). SIV-infected
untreated animals were sacrificed with AIDS, whereas
the treated animals had histopathological evidence
of SIV infection, but not AIDS. We focused on
MAC387 expression, a marker of newly infiltrat-
ing monocytes/macrophages. PMPA/RCV-treated SIV-
infected animals showed no encephalitis and no
MAC387+ cells (n = 4). By contrast, we de-
tected encephalitis in all non-treated SIV-infected
animals that showed SIV RNA and an accumula-
tion of MAC387+ cells within brain lesions around
blood vessels (n = 4). Interestingly SIV-infected
cells were CD68-MAC387-cells. Moreover preliminary
phenotypic analysis showed that peripheral blood
CD14+CD16+ monocytes from uninfected macaques
expressed MAC387 and CCR2. We also detected ac-
cumulation of MAC387+ cells in brain lesions of
HIV-infected patients with dementia. These data sug-
gest that MAC387+ cells detected in brain lesions of
SIV-infected CD8+ cell-depleted macaques are newly
infiltrating monocytes/macrophages that are not cel-
lular reservoirs of SIV-productive replication possi-
bly because of their differentiation stage. However
they could serve as potential markers of CNS dis-
ease. Whether brain MAC387+ macrophages of SIV-
infected CD8+ cell-depleted rhesus macaques are
derived from blood CD14/CD16 monocyte subpopu-
lations expanded after HIV/SIV infection remains to
be determined. This should contribute to decipher
the ontogeny of such populations in AIDS-associated
neuropathogenesis.

I.10
Effects of minocycline and PMPA on dopamine and
dopamine metabolite levels in the caudate nucleus of
SIV-infected pigtailed macaques

Kelly Meulendyke,1 Christopher Bartizal,1 Mikhail
Pletnikov,2 and M. Christine Zink1

1Johns Hopkins University, Department of Molecular and
Comparative Pathobiology; and 2Johns Hopkins University,
Department of Psychiatry and Behavioral Sciences

Acquired immunodeficiency syndrome (AIDS) and
virus-related neurological disease are significant con-
sequences of human immunodeficiency virus (HIV)
infection. Even with the advent of highly active an-
tiretroviral therapy (HAART), the prevalence of HIV-
associated neurological disease has increased, as many
HAART drugs do not cross the blood-brain barrier.
Minocycline is an off-patent, tetracycline derivative
that effectively crosses the blood-brain barrier and has
been shown to be neuroprotective in animal models of
several neurodegenerative diseases such as multiple
sclerosis, Parkinson’s disease, and amyotrophic lat-
eral sclerosis. Using our accelerated, consistent model
of simian immunodeficiency virus (SIV) infection we
showed that minocycline reduces the severity of neu-
rodegenerative indicators such as macrophage acti-
vation and infiltration, astrocytosis, levels of beta-
amyloid precursor protein, and macrophage chemoat-
tractant protein-1 in addition to brain viral loads.

Previous studies on post-mortem AIDS patients
showed decreased levels of dopamine (DA) in the cau-
date nucleus (Sardar AM et al 1996), which was also
shown to occur in the putamen early in infection in
a SIV model (Scheller C et al 2005). Our hypothe-
sis was that minocycline would be able to abrogate
the decreases in dopamine levels seen in the brains
of SIV-infected macaques. We used high performance
liquid chromatography (HPLC) with electrochemical
(EC) detection to examine levels of dopamine and
its metabolites dihydroxyphenylacetic acid (DOPAC)
and homovanillic acid (HVA) in the caudate nucleus
of terminally infected pigtailed macaques that were
treated with varying regimens of minocycline with or
without PMPA (tanofavir), a nucleotide reverse tran-
scriptase inhibitor. Our data showed that uninfected
animals had significantly higher levels of DA in the
caudate than terminally infected animals and that this
decrease was alleviated with early minocycline treat-
ment or later treatment with minocycline in combina-
tion with PMPA. Surprisingly the level of DA in the
caudate nucleus of terminally infected macaques did
not correspond to severity of CNS lesions or several
other markers of neurodegeneration.

I.11
Regulation of CXCR4 expression and impact on
HIV-1 infection by the mu-opioid agonist DAMGO in
a bone marrow progenitor cell line model
Anupam Banerjee, Aikaterini Alexaki, Vanessa
Pirrone, Brian Wigdahl, and Michael R. Nonnemacher
Drexel University College of Medicine

Several studies now suggest that opioids act as a co-
factor in enhancing susceptibility to HIV-1 infection in
immune cell populations as well as modulating innate,
humoral, and cell-mediated immunity. Studies have
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also shown that under chronic exposure to mu opioid
receptor ligands like morphine there is an increased
detection in the amount of HIV-1 long terminal repeat
(LTR) DNA in cells of the monocyte-macrophage lin-
eage. CD34+/CD38 − progenitor cells within the bone
marrow are refractile to HIV-1 infection, probably due
to their low level expression of HIV-1 co-receptors,
CXCR4 and CCR5. We have previously shown that
the human CD34+/CD38+ TF-1 erythromyeloid pro-
genitor cell line can be utilized as a model to study
the differentiation process of hematopoietic progeni-
tor cells and how this differentiation process effects
the cell surface expression of the HIV-1 receptor and
co-receptors and HIV-1 susceptibility. Given these ob-
servations, studies have been initiated to identify the
presence of the mu opioid receptor on the TF-1 bone
marrow progenitor cell line. Studies have also been
initiated to determine the functional relevance of this
receptor in altering HIV-1 co-receptor expression, sus-
ceptibility to HIV-1 infection, impact on HIV-1 LTR ac-
tivity, and impact on HIV-1 replication during chronic
opioid exposure.

I.12
Astrocytic activation causes impaired glutamate
clearance and altered CD38/cADPR signaling:
Mechanistic links to HIV-1-associated dementia
Wei Kou,1 Sugato Banerjee,1 Kathleen Borgmann,1
Li Wu,1 Raisa Persidsky,1 Crystal Reyelts,1 and
Anuja Ghorpade1,2

1Laboratory of Cellular Neuroimmunology, Center for
Neurovirology and Neurodegenerative Disorders,
Department of Pharmacology and Experimental
Neuroscience, University of Nebraska Medical Center,
Omaha, Nebraska 68198-5215, USA; 2Department of
Pathology/Microbiology, University of Nebraska Medical
Center, Omaha, Nebraska 68198-5215, USA, and
Department of Biochemistry/Molecular Biology, University
of Nebraska Medical Center, Omaha, Nebraska 68198-5215,
USA

Reactive astrogliosis is a key pathological feature of
HIV-1-associated dementia (HAD) and is associated
with neural injury. However, to date, molecular mech-
anisms through which astrocyte functions are altered
in HAD are incompletely understood. Glutamate is

the primary excitatory neurotransmitter in the cen-
tral nervous system. The regulation of synaptic gluta-
mate concentration by high affinity transporter such
as EAAT2 is crucial to avoid excitotoxicity. Astro-
cytes are known to express EAAT2 that is respon-
sible for over 90% of synaptic glutamate clearance.
CD38 is a 45 kD ectoenzyme involved in synthesis and
translocation of the potent calcium (Ca2+) mobilizing
agents, cyclic adenosine diphosphate-ribose (cADPR)
and nicotinic acid adenine dinucleotide phosphate
(NAADP+). Recently, the expression of CD38 in astro-
cytes has been proposed to play a key role in glutamate-
mediated bi-directional astrocyte-to-neuron commu-
nication. Our data suggest that the glutamate clearance
capability of astrocytes is impaired in neuroinflam-
matory disorders such as HAD and the dysregula-
tion of CD38 expression in astrocyte contributes to
this impairment. Primary human astrocytes were cul-
tured and treated with pro-inflammatory cytokine
IL-1σ or HIV-1gp120, or infected by HIV-1ADA. The
glutamate uptake ability of the cells was determined
using the Amplex Red Glutamic Acid/Glutamate Ox-
idase Assay. The astrocyte CD38 and EAAT2 levels
were tested by real-time PCR, immunocytochemical
and immunohistochemical analyses and confocal mi-
croscopy. Our results show that either IL-1σ or HIV-
1gp120, or HIV-1ADA induced astrocytic activation,
and both IL-1σ and HIV-1gp120 significantly upregu-
lated astrocyte CD38 levels. Importantly, our data con-
firmed that IL-1σ time-dependently downregulated
astrocyte glutamate uptake, which was completely re-
versed by co-incubation with 8-Br-cADPR, a specific
cADPR-antagonist. In contrast, 3-Deaza-cADPR, a non-
hydrolysable analog of cADPR downregulated astro-
cyte glutamate uptake in a time-dependent manner.
Downregulation of astrocytic EAAT2 expression in-
duced by IL-1σ was also reversed by co-incubation
with 8-Br-cADPR. Our data provide new evidence that
astrocyte activation is accompanied by impaired glu-
tamate uptake in the context of CD38 dysregulation,
thereby contributing to the pathogenesis of neuroin-
flammatory disorders such as HAD. Our data impli-
cate that the dysregulation of astrocyte CD38/cADPR
signaling pathway plays an important role in the main-
tenance of synaptic glutamate homeostasis.
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