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Abstract

Objective: Postmortem brains of subjects diagnosed with human immunodeficiency virus-1 

(HIV) associated neurocognitive disorders (HAND) exhibit loss of dendrites. However, the 

mechanisms by which synapses are damaged are not fully understood.

Design: Dendrite length and remodeling occurs via microtubules (MTs) the dynamics of which 

are regulated by microtubule binding proteins, including MT associated protein 2 (MAP2). The 

HIV protein gp120 is neurotoxic and interferes with neuronal MTs. We measured MAP2 

concentrations in human cerebrospinal fluid (CSF) and MAP2 immunoreactivity in rat cortical 

neurons exposed to HIV and gp120.

Methods: First, we examined whether HIV affects MAP2 levels by analyzing the CSF of 27 

persons living with HIV (PLH) whose neurocognitive performance had been characterized. We 

then used rat cortical neurons to study the mechanisms of HIV-mediated dendritic loss.

Results: PLH who had HAND had greater MAP2 concentrations within the CSF than cognitive 

normal PLH. In cortical neurons, the deleterious effect of HIV on MAP2 positive dendrites 

occurred through a gp120-mediated mechanism. The neurotoxic effect of HIV was blocked by a 

CCR5 antagonist and prevented by Helix-A, a peptide that displaces gp120 from binding to MTs, 

conjugated to a nanolipoprotein particle delivery platform.

Correspondence should be addressed to: Dr. Italo Mocchetti, Georgetown University Medical Center, Department of Neuroscience, 
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Conclusions: Our findings support that HIV at least partially effects its neurotoxicity via 

neuronal cytoskeleton modifications and provide evidence of a new therapeutic compound that 

could be used to prevent the HIV-associated neuropathology.
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Introduction

Although antiretroviral treatment (ART) reduces HIV replication, HIV remains present and 

active in the central nervous system (CNS), where it can cause cognitive and mental health 

disorders, including HIV-associated neurocognitive disorders (HAND) [1]. HAND is a 

heterogeneous syndrome that has been linked to several biological mechanisms and clinical 

risk factors. These include neuroinflammation [2], comorbid conditions [3], aging [4], 

addictive drugs [5], and viral proteins such as gp120 and Tat [6–8].

Common features of HIV-associated neuropathology include abnormal dendrites with 

recurving of distal segments, short-segment branching, focal dendritic swellings and marked 

spine loss [9]. Viral replication appears to drive synaptodendritic degeneration because ART 

ameliorates HIV-mediated neurodegeneration [10] but does not abolish brain atrophy [11]. 

Since neurons are not infected by HIV, the molecular mechanisms that underlie HIV-

mediated dendritic pathology remain uncertain.

The envelope protein gp120 reproduces dendritic injury seen in HAND [12–16]. Gp120 is 

endocytosed into neurons [17, 18] by a chemokine receptor-dependent mechanism [19]. Once 

inside neurons, it forms a complex with mannose binding lectin [20] and associates with 

microtubules (MTs) [21], most likely by binding to tubulin β III (TUBB3) [22]. Endocytosed 

gp120 alters the transport of mitochondria in axons [23], as well as synaptic vesicles along 

somatodendritic compartments, which may explain why the envelope protein experimentally 

reproduces HIV-mediated synaptic pruning. Because mitochondria, lysosomes, and other 

cargo are trafficked along axons and dendrites by MTs, HIV may damage dendrites via 

gp120-mediated alteration of MT dynamics.

Changes in the integrity or dynamics of MTs are sufficient to alter neuronal function and 

produce neuronal atrophy [24–27]. The dynamic properties of MTs are thought to be 

modulated by tubulin posttranslational modifications [28, 29], as well as MT-associated 

proteins (MAPs) [30], including MAP2 and tau [30, 31]. MAP2 forms cross-bridges structures 

between MTs [32, 33], participates in organelle transport within this neuronal compartment 
[34, 35] and is a critical stabilizer of MTs in mature dendrites. Conversely, reducing MAP2 

expression may lead to the inhibition of neuritogenesis [36]. Consistent with this notion, the 

severity of dendritic damage in the cortex of persons living with HIV (PLH) correlates with 

loss of MAP2 immunoreactivity [37, 38]. Considering that HIV does not infect neurons, the 

central question is whether HIV directly reduces MAP2 positive dendrites or does so 

indirectly via viral proteins or other biological mechanisms.
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The main goals of this study were to evaluate whether MAP2 could be used as a biomarker 

for HAND, and whether HIV and gp120 share the same intracellular mechanism of 

neurotoxicity that could be targeting MAP2 and the dendritic compartment. We report that 

both HIV and gp120 change the levels of MAP2 through the binding of gp120 to MTs. 

Learning more about the intracellular mechanisms of gp120 neurotoxicity could lead to a 

better understanding of HIV neuropathogenesis.

Materials and Methods

Reagents.

HIVADA and HIVIIIB were obtained through the AIDS Research and Reference Reagent 

Program, Division of AIDS, NIAID, NIH: from Dr. R. Gallo [39, 40] and were used at a 

concentration of 3 ng/ml of p24. Gp120ADA (cat# 1081) and gp120IIIB (cat#1001) were 

purchased from ImmunoDX (Woburn, WA). Helix-A peptide was synthesized by and 

purchased from Genscript, Piscataway, NJ. All other chemicals were commercially obtained, 

reagent grade. Human MAP2 enzyme-linked immunosorbent assay (ELISA) kit was 

purchased from LifeSpan BioScience (Seattle, WA) and run according to manufacturer’s 

instructions.

Lipids including 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC), 1,2-bis(10,12-

tricosadiynoyl)-sn-glycero-3-phosphocholine (DiynePC), and 1,2-dioleoyl-sn-glycero-3-

phosphoethanolamine-N-dibenzocyclooctyl (DBCO lipid), were purchased from Avanti 

Polar Lipids (Alabaster, AL). Anhydrous dimethylformamide (DMF) was purchased from 

SigmaMillipore. Detergent adsorbing BioBeads were obtained from BioRad (Hercules, CA).

Human Cerebrospinal Fluid Samples.

Cerebrospinal fluid (CSF) specimens from 30 PLH were analyzed for MAP2 by ELISA. All 

participants were assessed in the National Institute of Mental Health-funded HIV 

Neurobehavioral Research Center cohort at the University of California, San Diego. As 

previously described [41], comprehensive assessments included neuromedical and 

neurobehavioral evaluation, venipuncture, and lumbar puncture. All study procedures were 

approved by the Human Research Protections Program at the University of California, San 

Diego (irb.ucsd.edu) and all participants provided written informed consent, including 

consent for use of their specimens and data in future research.

After being selected, three participants were subsequently excluded from analyses: One 

participant had insufficient CSF volume to measure MAP2, one participant had evidence of 

active hepatitis (e.g., serum alanine transaminase 497 mg/dl), and one participant had renal 

failure (serum creatinine 3.8 mg/dl). The analyzed sample size was 27. Assay scientists were 

blinded to neuromedical and neurobehavioral data until the assays were completed. The 

standardized neuropsychological testing battery assessed motor functioning, executive 

functioning, processing speed, learning, recall, working memory/attention, and verbal 

fluency [42]. Scores from each test were transformed into demographically-adjusted T-scores 

after adjusting for effects of age, education, sex, and ethnicity [43]. Global deficit scores 

(GDS) were calculated and ranged from 0 to 5 with higher scores indicating poorer 
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cognition. We evaluated GDS as a continuous measure reflecting severity or dichotomized it 

to define neurocognitive impairment (NCI, GDS ≥ 0.5). HAND diagnoses were assigned 

according to published criteria [44]. This pilot analysis was purposely designed to include 

participants who were either using (n=21, 77.8%) or not using (n=6, 22.2%) ART and who 

had HIV RNA either below or above 200 copies/ml in blood (10 of 21 of those taking ART 

had HIV RNA ≤ 200 copies/ml) or CSF (18 of 21 of those taking ART had HIV RNA ≤ 200 

copies/ml). Table 1 describes additional characteristics of participants.

Rat cortical neurons.

Animals studies were done in strict accordance with the Laboratory Animal Welfare Act, 

with National Institutes of Health Guide for the Care and Use of Laboratory Animals, and 

after approval from the Georgetown University Animal Care and Use Committee.

Primary rat cortical neurons were prepared from the cortex of embryonic day 17–18 

Sprague–Dawley rats (Charles River, MA, USA) following an established protocol [45]. 

Cells were seeded (0.5 ×106/ml) onto poly-L-lysine pre-coated plates or glass coverslips in 

Neurobasal Medium containing 2% B27 supplement, 25 nM glutamate, 0.5 mM L-

glutamine, and 1% antibiotic-antimycotic solution (ThermoFisher Scientific, Waltham, MA). 

Cultures were grown at 37°C in 5% CO2/95% air for 14 days prior to the experiments.

Immunocytochemistry.

Cultures were grown at 37°C in 5% CO2/95% air for 7 days on glass coverslips. Cultures 

contained ~5% non-neuronal cells. To determine the length of neuronal processes, neurons 

were fixed in 4% paraformaldehyde/phosphate buffer with 4% sucrose for 20 min at room 

temperature. Fixed cells were blocked and permeabilized in 5% non-fat milk in TBS-T 

(150nM NaCl, 20mM Tris-base, pH 7.5, 0.1% Triton X100) for 1 hr at 23°C. Cells were 

incubated overnight at 4°C with mouse anti-MAP2 antibody (1:10000; MilliporeSigma, St. 

Louis, MO). Coverslips were washed with TBS-T and corresponding fluorescence-

conjugated secondary antibody (1:2000; ThermoFisher Scientific) were applied for 1 hr at 

room temperature. Coverslips were washed with TBS-T and mounted with Fluoro-Gel with 

TES buffer (Electron Microscopy Science, Hatfield, PA). Cells were imaged using a Nikon 

Eclipse (Nikon Inc, Los Angeles, CA). Image scale was calibrated and length of MAP2 

positive processes was measured in three randomly selected fields (10 neurons per field) 

using ImageJ as described previously [22].

Cell viability.

The viability of primary cortical neurons was estimated by Hoechst 33258 and propidium 

iodide (Hoechst/PI; MilliporeSigma) co-staining and visualized using a fluorescence 

microscope Olympus IX71 as previously described [46, 47]. Hoechst/PI-positive cells were 

then counted using ImageJ and expressed as a percentage of the total number of neurons.

Helix-A and nanolipoprotein particle preparation.

Helix-A peptide was synthesized with an N-terminal tetramethylrhodamine (TMR) 

fluorophore and C-terminal azide functional group and (TMR-

NDMVEQMHEDIISLWDQSL-azide) (Genscript, Piscataway, NJ), solubilized in anhydrous 
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dimethyl sulfoxide (DMSO), and incubated with a 18:1 DBCO PE lipid (18:1 PDP PE) in 

anhydrous DMF for 16 hr at room temperature. A scramble peptide 

(NDMVEQMHEDPIPSLWPSLK) was used as a negative control. The Helix-A:lipid 

product was purified by High Performance Liquid Chromatography. To form 

nanolipoprotein particles (NLPs), DiynePC and DOPC (20:80 molar ratio, respectively) 

were incubated with apoA1 protein (40:1 lipid:protein ratio), and assembled according to a 

previously reported procedure [48]. Samples were purified by size exclusion chromatography 

(Superdex 200, 10/300 GL column, GE Healthcare, Piscataway, NJ) and crosslinked [48]. 

Subsequently, Helix-A:lipid in dimethyl sulfoxide (DMSO) was added to crosslinked NLPs 

(10:1), dialyzed in a 3.5k molecular weight-cutoff dialysis cassette to remove any un-

incorporated peptide, filter sterilized, and lyophilized with 200mM trehalose.

Statistical analysis.

Statistical analyses were performed using GraphPad Prism software (GraphPad Software 

Inc., San Diego, CA, USA) or JMP Pro version 14.3 (JMP, Cary, NC, USA). Data were 

evaluated for homogeneity of variance prior to analysis. MAP2 concentrations were 

normally distributed and did not require transformation for parametric statistical tests. 

Statistical significance was set at p<0.05. While the sample size was small, multivariate 

regression of MAP2 concentrations in CSF was performed using backward stepwise Akaike 

Information Criterion-guided selection and included variables that had significant or trend 

level p values. Recursive partitioning [49] was performed comparing MAP2 concentrations in 

CSF to NCI. All data were analyzed by Student’s t-test or one-way ANOVA followed by 

multiple comparisons by Tukey’s test.

Results

MAP2 concentrations in CSF are elevated in PLH.

Synaptodendritic injury can explain cognitive abnormalities found in PLH [37]. However, 

data from postmortem brains may not reveal whether loss of synapses is the cause or 

consequence of HAND. Because neuronal proteins from the brain may be elevated in CSF 

following neuronal injury, we measured MAP2 by ELISA in the CSF of PLH.

Higher MAP2 concentrations in CSF were associated with non-black ethnicity (β=1.06, 

p=0.019) and fewer leukocytes in CSF (β=−0.42, p=0.018) with trends toward HIV RNA in 

CSF ≤ 50 copies/ml (β=1.47, p=0.072) and lower serum total protein (β=−0.92, p=0.09). In 

this pilot study, p values were >0.10 for age (0.54), sex (0.13), nadir CD4+ T-cell count 

(0.78), current CD4+ T-cell count (0.98), ART use (0.50), HIV RNA in plasma (0.22), serum 

creatinine (0.22), and serum albumin (0.41). On bivariate analysis, higher MAP2 

concentrations in CSF were associated with lower serum total protein (β=−1.20, p=0.021) 

and HIV RNA in CSF ≤ 50 copies/ml (β=1.88, p=0.018) (model R2=0.30, p=0.014, see Fig. 

1A). These variables were included as covariates in multivariate analyses of GDS values.

Worse GDS values were associated with higher MAP2 in CSF (β=0.31, p=0.0062), ART use 

(β=0.55, p=0.0052), higher serum glucose (β=0.01, p=0.053), and fewer leukocytes in CSF 

(β=−0.22, p=0.031). On bivariate analysis, worse GDS values were associated with ART use 

AVDOSHINA et al. Page 5

AIDS. Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(β=0.66, p=0.043) and higher MAP2 (β=0.41, p=0.0017) (model R2=0.47, p=0.007, see Fig. 

1B). Recursive partitioning [49] was performed comparing MAP2 concentrations in CSF to 

GDS to identify a potentially informative threshold value for MAP2. It revealed a cut-point 

value for MAP2 levels at 17.7 pg/ml (Fig. 1B, vertical dotted line). No participants with 

MAP2 levels below this value had a GDS value in the impaired range.

Similar results were seen when comparing MAP2 to the binary variable, NCI, or the 

multilevel categorical variable, HAND diagnosis. For NCI, the difference between the 

means of MAP2 levels and the presence or absence of NCI was large with a Cohen’s d of 

1.54 (Fig. 1C). MAP2 levels were higher in HAND groups than cognitive normal and were 

similar in all HAND subgroups, asymptomatic neurocognitive impairment (ANI), mild 

neurocognitive disorder (MND), and HIV-associated dementia (HAD) (Fig. 1D).

HIVADA is neurotoxic to rat neurons.

MAP2 is a structural protein that has been implicated in the maintenance and elongation of 

dendrites [51, 52]. Thus, an increase in MAP2 levels in the CSF may indicate a loss of 

dendritic synapses in the CNS. To confirm this hypothesis, we exposed primary rat cortical 

neurons to HIVADA (3ng/ml of p24) and dendritic degeneration was examined by measuring 

the length of MAP2 positive neurites for up to 24 hr. As a control for the experiments, 

neurons were also exposed to gp120ADA (5 nM), which we have previously shown promotes 

dendritic pruning [22]. We found that HIV or gp120 exhibited a time-dependent effect in 

shortening MAP2-positive processes when compared to neurons exposed to heat-inactivated 

HIV or gp120 (Figs. 2A–B), suggesting that HIV, similarly to gp120, reduces the length of 

dendrites.

To determine whether HIV-mediated morphological changes of neuronal processes associate 

with cell loss, sister cultures were analyzed for Hoechst/PI for various time points. Neurons 

exposed to HIV or gp120 for 6 hr showed few PI positive nuclei (Fig. 2C); however, neurons 

exposed to HIV or gp120 for 24 hr exhibited significantly more PI positive nuclei than 

control cells, suggesting that HIV reduces neuronal viability by 24 hr. The changes on both 

MAP2 immunoreactivity as well as Hoechst/PI positive nuclei were also reproducible by 

using an equimolar concentration of the T-tropic strain HIVIIIB (data not shown), supporting 

previous data that there is no strain-specific neurotoxic effect [22, 53].

The neurotoxic effect of HIV is chemokine receptor mediated.

HIV does not infect neurons. However, we have previously shown that HIV can shed gp120, 

which, in turn, is internalized into neurons by a chemokine receptor-mediated mechanism, 

and promotes dendritic simplification [54]. To determine whether the neurotoxic effect of 

HIV is mediated by gp120 binding to CCR5, neurons were exposed to HIVADA alone or in 

combination with D-Alapeptide T-amide (DAPTA), a CCR5 receptor antagonist [55], which 

we have previously used to block the neurotoxic effect of M-tropic gp120 [56]. DAPTA 

prevented the HIV- mediated decrease of MAP2 positive processes (Fig. 3A) as well as the 

loss of neurons (Fig. 3B). Similar results were obtained using gp120 and DAPTA (not 

shown). Thus, it appears that HIV neurotoxicity in vitro is mediated by gp120.
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HIV neurotoxicity is prevented by Helix-A NLPs.

Next, we investigated how HIV, through gp120, promotes neurite pruning. One of the 

mechanisms proposed to explain the neurotoxic effect of gp120 is the ability of the envelope 

protein to bind directly to TUBB3 by a α-helical domain. Indeed, Helix-A peptide, which 

displaces gp120 from binding to TUBB3, is neuroprotective against gp120 [22]. Therefore, 

we used Helix-A peptide as an additional tool to test whether HIV-mediated neurotoxic 

effect could occur through a gp120-mediated intracellular mechanism. Because Helix-A 

peptide does not cross cell membranes [22], we used NLPs (see Materials and Methods) as a 

carrier vehicle to facilitate cellular uptake. NLPs are discoidal high-density lipoprotein 

mimetics (also known as nanodiscs) that have been used extensively for in vitro and in vivo 
delivery applications [48, 57, 58]. NLPs with crosslinked bilayers have demonstrated 

significantly enhanced stability in biological milieu [48], suggesting their utility for 

delivering peptide-based therapeutics, such as Helix-A. The Helix-A peptide was covalently 

conjugated to an 18:1 DBCO PE lipid and subsequently incorporated into the NLPs to form 

the Helix-A NLPs for efficacy evaluation. Primary neurons were then exposed to HIVADA 

and Helix-A NLPs alone or in combination, for 24 hr. Neurons were also exposed to NLPs 

conjugated with a scramble peptide (see Materials and Methods) that we routinely use as a 

negative control [22, 53]. Helix-A NLPs blocked the HIVADA-mediated loss of dendrites (Fig. 

4A) as well as the increase in PI positive neurons (Fig. 4B). The scramble peptide did not 

prevent HIV-induced neurotoxicity (data not shown). Thus, it appears that HIV is neurotoxic 

through a gp120-dependent mechanism that encompasses the ability of gp120 to bind to 

MTs.

Discussion

Although HIV does not infect neurons, neurons can degenerate in PLH. Pathological signs 

include reduced synaptodendric complexity [37, 59], loss of neurotrophic factors [13, 60], 

immune activation and neuroinflammation [61]. Yet, the precise mechanisms linking HIV, 

neurodegeneration, and HAND are not entirely known. Much attention has been given to 

direct neurotoxicity associated with viral proteins. In this study we show that HIV induces 

loss of dendrites in rat neurons through a gp120-related mechanism supporting the 

hypothesis that HIV impairs synaptic integrity even in the absence of neuroinflammation.

As a result of ART, the incidence of HAD, the most severe form of HAND, has dramatically 

declined and the milder forms, ANI and MND, persist [61]. Nevertheless, no conclusive 

biomarkers to distinguish HAND from other nervous system conditions and this is a key gap 

in the development of new interventions. CSF studies have previously identified potential 

biomarkers to diagnose HAND and establish links between neuropathologic processes and 

cognitive impairment. For example, dopamine levels are decreased in the CSF of PLH and 

correlate with loss of nigrostriatal neurons even before extrapyramidal symptoms are 

observed [62]. Likewise, phosphorylated Tau, which is decreased in the CSF in HAND [63], 

could be used to assess axonal integrity [64]. Other studies have shown that markers of 

axonal and dendritic damage are elevated in PLH. These include neurofilament light chain 

(NFL) proteins in the CSF [65] and the postsynaptic protein neurogranin in postmortem 

cerebral cortex [66]. Considering the neuropathology of HAND, these markers could 
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correlate with the neurodegeneration process observed in HAND. Indeed, increased NFL 

levels in the CSF appear to predict HAND [67] several months before the onset of the disease 
[68]. However, NFL proteins are cytoskeletal components of neurons that are particularly 

abundant in axons. Thus, they may not be suitable to detect dendritic injury. MAP2 is highly 

enriched in dendrites and plays a key role in MT polymerization [69] and formation of 

dendrites [51]. MAP2 levels in the CSF or blood can detect neuronal injury after stroke [70], 

or contusive injury[71]. Here we show that HIV increases MAP2 immunoreactivity in the 

CSF of patients exhibiting ANI, suggesting that MAP2 could be used to as an early 

biomarker for dendritic injury and could provide a sensitive measurement of brain damage in 

virally suppressed patients before progression to more severe forms of HAND.

HAND neuropathology is associated with alteration in neuronal function and connections. 

Given that ART may also impair neuronal function, identification of biomarkers that can 

distinguish the neuronal effects of HIV from those of ART is important. To this end, we have 

used rat cortical neurons to characterize the molecular mechanisms whereby HIV promotes 

dendritic injury. Our data show that the HIV has a neurotoxic profile in neuronal cells that 

lack CD4 expression and even in the absence of comorbidity. In addition, the neurotoxic 

effect of HIV was prevented by DAPTA, a well-known CCR5 receptor antagonist. Ligands 

for CCR5 include CCL5 [72] and the M-tropic strain of gp120 [73] as well as commercially 

available drugs, such as maraviroc [74]. Previous studies have shown that CCL5 is 

neuroprotective against gp120 [7] whereas gp120 activation of CCR5 or CXCR4 chemokine 

receptors is directly involved in HIV-associated neuronal damage [6, 75, 76]. HIV sheds gp120 

in vitro, which, in turn, is endocytosed into neurons [54]. Thus, the idea that gp120 

endocytosis into neurons mediates the neuronal effects of HIV is plausible. In support to 

this, our data show that the neurotoxic effect of HIV is prevented by Helix-A, a peptide that 

prevents gp120-mediated neurotoxicity by displacing gp120 from binding to MTs [22]. Such 

binding impairs MT assembly and function [47]. Thus, we propose that HIV neurotoxicity is 

mediated by gp120 binding to neuronal MTs. These considerations could explain why 

activation of CCR5 by gp120 results in neuronal injury whereas activation of the same 

receptor by CCL5 is neuroprotective [75, 77].

Changes in dendritic morphology have been reported in HAND and are reproduced 

experimentally by gp120. These include short-segment dendrite branching and loss of spines 
[16, 78, 79]. How binding to MTs by gp120 leads to dendritic loss is still under investigation. 

MTs are very dynamic structures and undergo cycles of polymerization and 

depolymerization, which alter their functionality and length. Dynamic stability is crucial for 

MT function and is regulated by several intracellular factors, including MAP2. Gp120 shares 

tubulin binding site with MAP2 [22, 80]. MAP2 stabilizes MTs in dendrites by binding to 

both tubulin and F-actin [81]. In addition, it participates in organelle transport and scaffold 

function within this neuronal compartment [34, 35]. Thus, altered MAP2 binding to MTs 

could impair the basic function of MTs, which could lead to decrease branching. More 

studies are needed to prove this hypothesis.

In this study we have used pharmacological tools to reveal potential mechanisms whereby 

HIV decreases neuronal viability. Our data show similarities between the neurotoxic effects 

of HIV and those of gp120 which point at the hypothesis that HIV sheds gp120. However, 
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an important limitation of our project is that we used an in vitro model to test our 

hypothesis. Moreover, although Helix-A blocked the effect of HIV, we cannot exclude that 

in vivo other viral proteins could participate in promoting the degeneration of synapses that 

is seen in HAND. Lastly, we have shown that MAP2 levels are increased in the CSF of PLH 

and that this increase is associated with worse neurocognitive function. However, further 

studies with a larger size of PLH subgroups are required to confirm these findings.

In conclusion, our findings support the hypothesis that HIV utilizes gp120 to impair the 

function of the neuronal cytoskeleton. Although preliminary, our data provide evidence for a 

new therapeutic target that could be used to prevent or limit HIV-induced neurocognitive 

impairment.
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Figure 1. Association between MAP2, HIV and NCI.
Higher MAP2 concentrations in CSF were associated with (A) lower serum total protein and 

HIV RNA in CSF, (B) worse GDS values, (C) NCI, and (D) HAND diagnosis. The dotted 

lines in graph B denote the threshold value for NCI (GDS ≥0.5) and the threshold value for 

MAP2 levels (MAP2=17.7 pg/ml), identified by recursive partitioning.
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Figure 2. HIVADA has a neurotoxic profile similar to gp120.
Cortical neurons were exposed to boiled HIVADA (control), HIVADA or gp120ADA for 6 and 

24 hr. A. Representative images of neurons exposed for 24 hr to the indicated stimuli and 

stained for MAP2. B. Neurite length was measured by Image J as described in Materials and 

Methods. Data are the mean ± SD of three separate experiments. C. Neuronal viability was 

determined by counting the number of neurons positive for PI. Data are the mean ± SD of 

three separate experiments. *p<0.01 and **p<0.001 vs control (ANOVA and Tukey’s test).
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Figure 3. The CCR5 antagonist DAPTA prevents HIV-mediated neurotoxicity.
Cortical neurons were exposed to boiled HIVADA (control), HIVADA alone or in 

combination with DAPTA for 24 hr. A. Neurite length was measured by Image J. Data are 

the mean ± SD of three separate experiments. B. Neuronal viability was determined by 

counting the number of neurons positive for PI. Data are the mean ± SD of three separate 

experiments. *p<0.01 and **p<0.001 vs control (ANOVA and Tukey’s test).
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Figure 4. Helix-A NLPs block HIV-mediated neurotoxicity.
Cortical neurons were exposed to boiled HIVADA (control), HIVADA alone or in 

combination with Helix-A NLPs for 24 hr. Neurons were then either fixed and stained for 

MAP2 or imaged for Hoechst/PI. A. Quantitative analysis of MAP2 positive processes after 

various conditions. Data are the mean ± SEM of three independent experiments (n=60 

neurons per group per experiment). B. Neuronal viability was determined by counting the 

number of neurons positive for PI. *p<0.01 and **p<0.001 vs control (ANOVA and Tukey’s 

test).
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Table 1.

Characteristics of participants

Characteristic

Age (years) Median 38 Interquartile range (IQR): 35–40

Sex: 24 men (89%) 24 (89%)

Ethnicity (non-Black) 20 (74%)

AIDS (present) 26 (96%)

Nadir CD4+ T-cell count (cells/μl) Median 13 IQR 6–58

Current CD4+ T-cell count (cells/μl) Median 138 IQR 91–349

Current ART use 21 (78%)

Plasma HIV RNA among those off ART (log10 c/ml) Median 4.7 IQR 4.6–5.0

CSF HIV RNA among those off ART (log10 c/ml) Median 3.1 IQR 1.8–4.0

Global Deficit Score Median 0.64 IQR 0.14–2.5

Neurocognitive Impairment 16 (59%)

HAND Diagnosis 16 (59%)

21 of 27 participants were using ART. 10 of 21 participants taking ART had plasma HIV RNA ≤ 200 copies/ml. 18 of 21 participants taking ART 
had CSF HIV RNA ≤ 200 copies/ml. 14 (67%) of the 27 participants had CSF HIV RNA ≤ 50 copies/ml.
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