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Abstract To assess the role of the phosphatase and tensin
homologue on chromosome 10 (PTEN) in mediating
envelope glycoprotein 120 (gp120)-induced neurotoxicity
in the striatum, PTEN was silenced using short interfering
RNA (siRNA) vectors. PTEN activity directs multiple
downstream pathways implicated in gp120-induced neuro-
nal injury and death. PTEN is a negative regulator of Akt
(protein kinase B) phosphorylation, but has also been
shown to directly activate extrasynaptic NMDA receptors
and dephosphorylate focal adhesion kinase. Rodent striatal
neurons were nucleofected with green fluorescent protein
(GFP)-expressing siRNA constructs to silence PTEN
(PTENsi-GFP) or with negative-control (NCsi-GFP) vec-
tors, and exposed to HIV-1 gp120IIIB using rigorously
controlled, cell culture conditions including computerized
time-lapse microscopy to track the fate of individual
neurons following gp120 exposure. Immunofluorescence
labeling showed that subpopulations of striatal neurons
possess CXCR4 and CCR5 co-receptor immunoreactivity
and that gp120IIIB was intrinsically neurotoxic to isolated
striatal neurons. Importantly, PTENsi-GFP, but not control

NCsi-GFP, constructs markedly decreased PTEN mRNA
and protein levels and significantly attenuated gp120-
induced death. These findings implicate PTEN as a critical
factor in mediating the direct neurotoxic effects of HIV-1
gp120, and suggest that effectors downstream of PTEN
such as Akt or other targets are potentially affected. The
selective abatement of PTEN activity in neurons may
represent a potential therapeutic strategy for the CNS
complications of HIV-1.
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Introduction

Human immunodeficiency virus type-1 (HIV-1) glycopro-
tein 120 (gp120) is neurotoxic through a variety of
incompletely understood mechanisms. Soluble gp120 can
interact with chemokine (C-X-C motif or α-chemokine)
receptor 4 (CXCR4) and chemokine (C-C motif or β-
chemokine) receptor 5 (CCR5) in human and murine neural
cells (Madani et al. 1998; Hesselgesser et al. 1998; Meucci
et al. 1998; Huang et al. 1999; Kaul et al. 2007), as well as
other potential targets (Berger et al. 1999), via CD4-
dependent or independent mechanisms to induce CNS
toxicity and inflammation (Jordan et al. 1991; Hesselgesser
et al. 1998; Kaul and Lipton 1999; Khan et al. 2004; Kaul
et al. 2007). Gp120 activates/overactivates macrophages/
microglia imparting a generalized state of excitotoxicity
through indirect (Dreyer et al. 1990; Lipton et al. 1991)
and, perhaps, direct (Hesselgesser et al. 1998; Khan et al.
2004; Kaul et al. 2007) mechanisms of action. Findings that
N-methyl-D-aspartate (NMDA) receptor antagonists can
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mitigate the neurotoxic effects of gp120 (Lipton 1992,
1996; Lannuzel et al. 1995) support the concept that
excessive glutamate signaling contributes to neuronal
injury. In addition, gp120 exposure disrupts ion homeosta-
sis (Pulliam et al. 1993; Benos et al. 1994; Holden et al.
1999) and reduces the expression of excitatory amino acid
transporters (Wang et al. 2003) in astrocytes, which is likely
to inhibit extracellular glutamate uptake and further
compromise neuronal function.

We previously demonstrated that silencing the phosphatase
and tensin homologue on chromosome 10 (PTEN) could allay
HIV-1 Tat-mediated neuronal death (Zhao et al. 2007). Not
only is PTEN a well-known negative regulator of Akt/
protein kinase B (PKB) phosphorylation, PTEN is also
reported to directly activate extrasynaptic NMDA receptors
(Ning et al. 2004), interact with p53 (Kurose et al. 2002),
and dephosphorylate focal adhesion kinase (Tamura et al.
1999), each of which has been reported to mediate the
neurotoxic effects of gp120. The phosphatidylinositol-3-
kinase–Akt pathway is a critical downstream mediator of
CXCR4 or CCR5 activation and has been proposed to
positively and/or negatively regulate key aspects of gp120
function in a variety of cell types (Kapasi et al. 2001;
Francois and Klotman 2003; Khan et al. 2004; Trushin et
al. 2007). Factors that elevate Akt phosphorylation, such
as platelet-derived growth factor (Peng et al. 2008a, b),
lithium (Everall et al. 2002), fibroblast growth factor-2
(Langford et al. 2005), and fractalkine (Meucci et al.
2000) are neuroprotective against gp120 neurotoxicity.
Based on the above evidence, we theorized that targeting
PTEN might similarly protect against gp120-induced
neuronal death. The findings herein demonstrate that
gp120-induced toxicity in striatal neurons is markedly
attenuated by silencing PTEN. Collectively, findings that
PTENsi blocks neurotoxicity due to both gp120 and Tat
exposure suggest that PTEN is an important target for
therapeutic intervention against neurotoxicity associated
with HIV.

Results

Chemokine receptor immunoreactivity on neurons

CXCR4 and CCR5 immunofluorescence was co-localized
in untreated striatal neurons to assess the presence and
cellular distribution of these principal gp120 co-receptors.
Receptors were co-localized in untreated neurons (Fig. 1a,
b) with antibodies against microtubule-associated protein 2
(MAP2) and counterstained with Hoechst 33342. In
neurons, CXCR4 receptor immunoreactivity tended to be
confined to the cell body (Fig. 1a), while CCR5 antigenic-
ity extended into the dendrites. Unlike CXCR4, CCR5

appeared to be associated with the axolemma of striatal
neurons (Fig. 1b).

Neurotoxicity

Time-lapse, digital images of cells were recorded at regular
intervals for at least 48 h using a microscope and
automated, computer-controlled stage encoder with envi-
ronmental control (37°C, 95% humidity, 5% CO2) to
repeatedly track the same neurons (Zeiss AxioObserver
Z.1) as previously described (Bakalkin et al. 2010).
Rigorous criteria were used to monitor injury and/or death
in individual cells (see Fig. 1), including the pruning of
dendrites and axons, dissolution of the Nissl substance,
transient cytoplasmic swelling and vacuolization, nuclear
damage and pyknosis, and eventual destruction of the cell
body (Singh et al. 2004, 2005). In some cases, neuron death
was confirmed by viability markers such as ethidium
homodimer, ethidium monoazide, or trypan blue (not
shown); however, these markers all possess some inherent
cytotoxicity with prolonged exposure, which precludes
their use to continuously monitor cells. Analyzing the
response of individual neurons at set intervals throughout
the experiment eliminates inter-subject variability and
permits subtle treatment effects to be revealed (Singh et
al. 2004, 2005). The use of computer-aided, near-
continuous tracking of large numbers of neurons greatly
facilitates this task, and increases the sensitivity of the assay
(Fig. 1c).

Not surprisingly, gp120 alone was toxic to striatal
neurons (Fig. 2). This has been previously published by
our lab (Singh et al. 2004, 2005) and is in agreement with
the toxic effects of gp120 seen in other neuron types
(Meucci and Miller 1996; Kaul et al. 2007; Robinson et al.
2007). Also, as previously reported, our analysis revealed a
modest background loss of neurons in control cultures
treated with vehicle alone during 60 h (Singh et al. 2004;
Zhao et al. 2007). Finally, exposure to denatured or
deglycosylated gp120 (500 pM) was not neurotoxic (not
shown), suggesting that the toxic effects of gp120 were
selective as previously published (Singh et al. 2004, 2005).

Gp120 causes transient reductions in p-Akt

Akt phosphorylation at Ser473 (p-Akt) was measured in
isolated neuron cultures at 2, 5, 10, 20, and 30–45 min
following gp120 exposure using (1) an amplified, luminescent
proximity homogeneous assay (AlphaScreen®; PerkinElmer,
Waltham, MA) and (2) a suspension array-based assay (Bio-
Plex™; Bio-Rad, Hercules, CA). Both assays yielded similar
results: p-Akt levels were significantly decreased from
pretreatment values at 10 min (P<0.05) irrespective of the
assay used and marginally decreased at 30 min (P<0.065) or
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45 min (P<0.05) after gp120 exposure compared to controls
(Fig. 2a). By contrast, at 20 min following gp120 exposure,
the response of p-Akt trended above control levels irrespec-
tive of assay procedure (AlphaScreen® or Bio-Plex™);
however, this response was highly variable and not
statistically significant (Fig. 2a).

PTENsi protects neurons against gp120 neurotoxicity

To assess the role of PTEN in gp120-induced neuronal
death, control (NCsi green fluorescent protein (NCsi-GFP))
and PTEN-green fluorescent protein (PTENsi-GFP)
silencing construct-transfected striatal neurons were ex-
posed to vehicle or gp120IIIB (500 pM), and the same
neurons were repeatedly assessed for viability from 0–48 h
(Fig. 2d). The PTEN silencing construct effectively reduces
expression of the PTEN gene (Fig. 2c) as previously
described (Zhao et al. 2006, 2007). At 24 and 48 h, two-
way analysis of variance (ANOVA) revealed a significant
main effect of gp120 on neuron viability (P<0.001; gp120
vs. non-gp120 treatment) and a marked interaction effect of
PTEN silencing × gp120 exposure (P<0.05; PTENsi ×
gp120 exposure; Fig. 2d). Gp120 caused an approximate
twofold increase in the rate of neuronal death in control
(non-transfected) neurons (P<0.0005) and in neurons

transfected with the control vector (NCsi-GFP; P<0.05).
However, transfection with the PTENsi-GFP fully protected
striatal spiny neurons against gp120-mediated death
(P<0.05 vs. other gp120-treated groups).

As noted in the “Materials and methods” section, the
transfection (nucleofection) efficiency for these constructs
in striatal neurons is 41–55% and retained for at least
9 days post-transfection (Zhao et al. 2007). Although some
neurons die during the nucleofection procedure, neurons are
permitted to differentiate for about 7 days before experi-
ments are started, and marginal or damaged neurons are not
sampled as part of the within-subjects design; therefore, it is
unlikely that the transfection procedure has any residual
confounding effect in these studies. Moreover, the proce-
dure itself did not sensitize the neurons to gp120 toxicity. In
our hands, background neuronal losses of about 7–12% are
typical for untreated, neuron-enriched striatal cultures
(Fig. 2d).

Discussion

The results provide evidence that manipulation of PTEN
levels can modulate the effects of gp120 on neurons. Since
PTEN exerts control over the level of Akt phosphorylation,

Fig. 1 Cellular localization of CXCR4 and CCR5 immunofluorescence
in striatal neurons (a,b). CXCR4 (a) or CCR5 (b) immunoreactivity
(red) was co-localized with MAP2 (green) and counterstained with
Hoechst 33342 (blue). CXCR4 immunoreactivity was preferentially
confined to the cell body, while CCR5 antigenicity extended into the
dendrites and appeared to associate with some axons. Phase-contrast
images showing time-lapse tracking of neuronal injury and death in the

same neuron before and during exposure to gp120 (c). Awithin-subjects
design is used to compare the survival of the same neuron before (0 h)
and at 20-min intervals throughout treatment (24-h intervals shown).
Neuron death is denoted here by a destruction of the cell body (arrow)
and neurites, and has been confirmed by the inability to exclude
viability markers such as ethidium homodimer, ethidium monoazide, or
trypan blue (Singh et al. 2004); scale bars in a–c=20 μm
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it seemed likely that enhanced neuron survival might result
from reversing reductions in p-AKT caused by gp120
exposure. We therefore evaluated p-Akt levels in gp120-
treated neurons. Transient and relatively minor reductions
in p-Akt were observed at acute time points with exposure
to high concentrations of gp120. Thus, while PTEN
silencing might work by stabilizing small changes in
p-Akt levels that are biologically significant, there may be
other mechanisms at play. For example, recent evidence
indicates that PTEN interacts with targets such as extra-
synaptic NMDA receptors (Ning et al. 2004) and p53

(Stambolic et al. 2001; Freeman et al. 2003), which may
also mediate the neurodegenerative effects of gp120
(Lipton, 1994; Lannuzel et al. 1997; Garden et al. 2004)
and prompts speculation that PTEN can act via multiple
neurotoxic effectors. Alternatively, Akt function may not be
solely determined by phosphorylation at Ser473. For
example, despite a high degree of regulation of phosphor-
ylation/dephosphorylation at the Ser473 (Sarbassov et al.
2005; Gao et al. 2005) and Thr308 positions (Sato et al.
2002; Barry and Gibbins 2002), dramatic fluctuations in the
phosphorylation levels at both sites are reported. Para-

Fig. 2 Gp120 caused significant reductions in p-Akt (Ser473) at 5, 10
and 45 min (* P<0.05 vs. vehicle-treated controls; Mann–Whitney U
test) and a near-significant decline in p-Akt at 30 min (§ P<0.065 vs.
vehicle-treated controls; Mann–Whitney U test; solid bars = Bio-Plex
assay; striped bar = AlphaScreen assay) (a). Transfection (nucleo-
fection) with GFP reporter-tagged PTEN (PTENsi-GFP), but not GFP-
labeled control (NCsi-GFP), silencing constructs protected striatal
neurons against the toxic effects of gp120 (b–d). Appearance of
PTENsi-GFP fluorescence in striatal neurons at 7 days post-
transfection at the onset of the experiments; scale bar=10 μm (b).

PTEN mRNA (c) and protein levels (not shown) were reduced only in
PTENsi striatal neurons, as previously reported (Zhao et al. 2007).
Gp120-induced neuronal death was evident in non-transfected
(* P<0.001) and NCsi-GFP-transfected (* P<0.05) controls; however,
transfection with PTENsi-GFP caused significant protection after 24 h
or 48 h of gp120 exposure (# P<0.05 vs. other gp120 treatment
groups; repeated measures ANOVA; post hoc Duncan’s test (d); after
the initial neuron losses caused by the nucleofection procedure itself,
neither transfection with control NCsi-GFP nor PTENsi-GFP con-
structs affected neuron survival (d)
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doxical increases in Akt phosphorylation have been
reported in neurons destined to die, which may reflect a
defensive response (Endo et al. 2006; Miyawaki et al.
2009). Though Akt phosphorylation is generally inversely
proportional to PTEN activity, this is not always the case
(Kurose et al. 2001) and may differ among cell types (Yoo
et al. 2006).

Although the direct neurotoxic effects of gp120 were
explored in the present study, it is well established that
microglia mediate key aspects of gp120 neurotoxicity (Kaul
et al. 2001; Gonzalez-Scarano and Martin-Garcia 2005;
Kaul et al. 2007). As noted, gp120 can indirectly modify
regulated neuron death through activation of CXCR4
(Meucci et al. 1998; Zheng et al. 1999; Kaul and Lipton
1999; Kaul et al. 2007) or CCR5 (Kaul et al. 2007) through
actions in microglia. When considering neurons only, the
deleterious consequences of CXCR4 activation do not
appear to be limited to gp120, since stromal cell-derived
factor-1 (SDF-1) also increases neuron death through
CXCR4 (Kaul et al. 2007). Alternatively, SDF-1 (Khan et
al. 2004) or RANTES can be protective at CCR5 (Kaul et
al. 2007), although SDF-1–CCR5 interactions do not
exclusively promote survival depending on context and
the particular cell target involved. Gp120-evoked neuronal
injury is reportedly mediated through increased p38
mitogen-activated protein kinase (MAPK) phosphorylation
(Kaul and Lipton 1999; Yi et al. 2004; Hu et al. 2005;
Singh et al. 2005; Wan et al. 2006; Kaul et al. 2007), by
suppressing pro-survival pathways involving Akt (Kolson
2002; Kaul et al. 2007) and/or elevated ERK phosphory-
lation (Lannuzel et al. 1997). Irrespective of the particular
MAPKs implicated, gp120 neurotoxic signals converge on
a traditional regulated cell death effector pathway involving
caspase-3 (Kaul et al. 2001; Garden et al. 2002; Bachis et
al. 2003; Singh et al. 2004).

Direct, CD4-independent actions of gp120 in neurons
have been controversial, since binding to CD4 is requisite
for the conformational changes necessary for gp120 to
interact with HIV co-receptors (Bhattacharya et al. 2003).
Despite this, there are reports of CXCR4 (Hesselgesser et
al. 1997, 1998; Huang and Bond 2000; Zhang et al. 2003;
Khan et al. 2004; Bachis et al. 2009; Medders et al. 2010),
and, to a lesser extent, CCR5 (Huang et al. 1999; Zhang et
al. 2003; Bachis et al. 2009) activation being directly
neurotoxic. While acute exposure to R5-tropic gp120 can
directly activate p38 MAPK in neurons, microglia are
reportedly required for R5-tropic gp120 to subsequently
result in neuronal injury and death (Medders et al. 2010).
Based on the present study, which exclusively examined
X4-tropic gp120IIIB, it is uncertain whether PTENsi would
protect against the more typical, indirect cytotoxic effects of
gp120-exposed microglia or whether PTENsi would be
more widely protective against the direct neurotoxic effects

of alternative X4, R5, or dual-tropic gp120 strains (Ohagen
et al. 1999; Gabuzda and Wang 2000; Zhang et al. 2003;
Kaul et al. 2007). Importantly, PTENsi limits Tat-induced
neuronal lethality (Zhao et al. 2007), suggesting that the
neuronal injury and death accompanying neuroAIDS may
be widely amenable to mitigation by PTENsi.

HIV-1 exposure activates multiple direct and indirect
signaling pathways that are injurious to neurons, and that
includes multiple, toxic, viral protein interactions. Targeting
a single factor, protein, or pathway is therefore unlikely to
block neuron dysfunction. A therapeutic strategy that is
designed to intercept multiple detrimental processes is more
likely to be successful. PTEN, as a major regulator of Akt
phosphorylation and other key effectors, is properly
positioned to be such a target. In situations where
dominant-negative PTEN mutations occur naturally, as well
as in global PTEN knockout mice, the risk of multiple types
of cancer or developmental defects is increased due to
sustained elevation in p-Akt levels and aberrant interactions
with p53 (Wang et al. 1997; Stambolic et al. 2001;
Degtyarev et al. 2008). This clearly limits the utility of
PTEN silencing as a therapeutic strategy in cells with the
potential to proliferate. However, mature neurons might be
a more viable silencing target, since they are post-mitotic
and have limited potential for transformation. Our evidence
that PTEN silencing can block neuron death due to both
HIV-1 gp120 and Tat makes PTEN an attractive candidate
for further therapeutic assessment.

Materials and methods

Neuron-enriched cultures

Striatal neurons were prepared from E15-E16 ICR (CD-1)
mouse embryos. Striata were dissected, minced, and
incubated with 10 ml trypsin (2.5 mg/ml) and DNase
(0.015 mg/ml) in Neurobasal Medium with 25 μM gluta-
mate (30 min, 37°C). Tissue was triturated, resuspended in
10-ml medium, and cells filtered twice through 70-μm pore
nylon mesh. Cultures of purified neurons were plated on
poly-L-lysine-coated coverslips and maintained in Neuro-
basal media supplemented with B27 (Invitrogen, Carlsbad,
CA), 0.5 mM L-glutamine, 0.025 mM glutamate, and
allowed to mature for about 1 week prior to the start of
experiments.

PTENsi of enriched striatal neuron cultures

Construction of the DNA-based PTEN silencing (PTENsi)
and nonspecific, negative-control silencing (NCsi) vectors
and silencing expression cassettes (SECs) has been previ-
ously described (Zhao et al. 2006, 2007). In brief, siRNA
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SECs for PTEN and NCsi used the mouse U6 gene
promoter to drive a gene-specific or nonspecific hairpin
DNA using the Silencer Express Kit (Ambion, Austin, TX)
protocol. PTENsi or NCsi vectors were formed from SECs
cloned into the pSEC hygromycin (hygro) vector. The GFP
expression cassette, containing the human cytomegalovirus
promoter driving the GFP coding region, was amplified by
PCR from the pMaxGFP plasmid as previously described
and used to construct GFP-tagged PTENsi (PTENsi-GFP)
and NCsi (NCsi-GFP) vectors (Zhao et al. 2006, 2007).
Embryonic day 15 striatal neurons were transfected prior to
plating as previously described using the Amaxa Mouse
Nucleofector kit (Amaxa Technology, catalog number
VPG-1001) (Zhao et al. 2007). DNA (10 to 20 μg) was
delivered to (3×106) neurons in 75 μl of transfection buffer,
to which was added 35 μl of Ca2+-free Dulbecco’s modified
Eagle’s medium. Neurons were plated immediately after
transfection and grown in Neurobasal medium with supple-
ments as described above. About a third of the neurons die
during or soon after the transfection procedure. However,
because neurons are permitted to differentiate for about
7 days after plating before experiments are started, and
marginal or damaged neurons are not sampled at the onset
of the within-subjects design, any possible long-term effects
of the transfection procedure itself are likely to be
inconsequential in these studies. Notably, nucleofection
results in the prolonged expression of the control and
silencing vectors; 41–55% of nucleofected striatal spiny
neurons remain transfected with control and PTENsi
constructs for at least 9 days (Zhao et al. 2007).

gp120 treatment

Cultures were treated with recombinant X4-tropic gp120
HIV-1IIIB (ImmunoDiagnostics) for 2 min, 5 min, 10 min,
20 min, 30–45 min, or 24 h or 48 h as indicated.

CXCR4 and CCR5 immunofluorescence

Striatal neurons were fixed for 15 min in 4% paraformal-
dehyde, permeabilized for 15 min in phosphate-buffered
saline (PBS) containing 0.1% Triton X-100 and 0.1%
bovine serum albumin (BSA), and subsequently blocked
for 1 h at room temperature in PBS supplemented with
0.1% BSA and 1% horse serum. Dual labeling was
performed for 2 h at room temperature in anti-sera to
CXCR4 (1:100; Abcam, Cambridge, MA) or CCR5 (1:100;
BD Pharmingen, San Diego, CA) combined with anti-
MAP2 (1:1,000; Chemicon, Temecula, CA) antibodies.
Addition of goat anti-rabbit IgG (Alexa Fluor® 488) and
donkey anti-mouse IgG (Alexa Fluor® 594) (Invitrogen;
Eugene, OR) against the primary antibodies was performed
for 1 h at room temperature, followed by counterstaining

for 20 min with 0.5 μg/ml Hoechst 33342 (Invitrogen),
which labels DNA and permits identification of cell nuclei.
Cells were mounted in ProLong Gold Antifade reagent
(Invitrogen) and visualized and digitally photographed
using a Zeiss microscope (AxioObserver Z1) with AxioVi-
sion software and a MRm digital camera (Zeiss Inc.,
Thornwood, NY). Deconvolution of fluorescent images
was performed using AutoQuant X version X2.2.0 (Media
Cybernetics, Bethesda, MD).

Assessment of neuron viability

Repeated measures ANOVA was used to assess the effect of
gp120 on the same neuron throughout the experiment
(percentage of pretreatment value; Statistica. StatSoft, Tulsa,
OK). In each experiment, treatments were distributed across
cells pooled from the same pups. Approximately 50 healthy
neurons with well-defined dendritic and axonal arbors were
identified within ≥ 8 overlapping fields (×40 magnification;
Mark&Find, Time Lapse, and MosaiX modules, Zeiss
AxioVision 4.6) in individual culture wells in each experiment
prior to treatment (0 h). The effect of each treatment on neuron
survival was analyzed statistically at 4-h intervals using
repeated measures ANOVA from n=5–7 experiments (250–
350 neurons in total per treatment) and reported as mean
neuron survival ± the standard error of the mean (SEM). In
the PTENsi-GFP and NCsi-GFP experiments, neuron sur-
vival was tracked as above; however, fluorescent images
were additionally taken of the same neurons to identify
transfected versus non-transfected neurons at 48 h. The
findings were reported as the mean percentage of surviving
neurons (relative to pretreatment values) ± SEM from n=4–6
separate experiments.

Akt phosphorylation

Akt phosphorylation at Ser473 (p-Akt) was measured in
isolated neuron cultures using two independent assays: (1) an
amplified, luminescent proximity homogeneous assay
(AlphaScreen®; PerkinElmer, Waltham, MA) and (2) a
commercial suspension array assay against p-Akt and total
Akt (Bio-Plex; Bio-Rad, Hercules, CA). In the case of the
AlphaScreen assay, Akt/PKB phosphorylation at Ser473
was assayed in white, non-binding 96-well plates using a
SureFire Phospho-AKT 1/2 Ser473 Kit (TGRAS500;
AlphaScreen, PerkinElmer) and measured using a PHERA-
star FS platereader (BMG LABTECH, Cary, NC) equipped
with 680-nm laser excitation. In the case of the Bio-Plex
assay, p-Akt and Akt were each normalized to protein
concentration, and p-Akt and Akt fluorescent signals were
analyzed using a dual-laser, flow cytometry-based micro-
plate reader system (Bio-Plex) and Bio-Plex Manager™
software (Version 5, Bio-Rad). Data are presented as the
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ratio of p-Akt/Akt. The effects of 2, 5, 10, 20, and 30 min
(AlphaScreen®) or 45 min (Bio-Plex) of exposure to control
medium or 100 pM, 500 pM, or 1 nM gp120IIIB were
assessed in neuron-enriched cultures at 37°C. Gp120-induced
changes in p-Akt were compared to vehicle-treated controls at
each time point (mean ± SEM from six experiments).

Statistical analyses

Differences in neuron survival were assessed by repeated
measures ANOVA followed by Duncan’s post hoc testing
(StatSoft, Statistica, Tulsa, OK). The Mann–Whitney U
nonparametric test (Statistica, Version 9, Tulsa, OK) was
used to compare the mean change in the p-Akt signal in
control versus gp120-treated neurons at each time following
exposure.
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