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Abstract
Inequities in the incidence of HIV infection and AIDS with associated continued persistence of
HIV-associated neurocognitive disorders (HAND) exist in populations in Hawaii (HI) and PR. We
previously reported that peripheral monocyte HIV DNA levels are high in patients in Hawaii with
HAND and we now hypothesize that similar findings would be observed in the cerebrospinal fluid
(CSF) cellular subsets. CSF cells were obtained from patients undergoing neurocognitive testing
from PR and HI and sorted into monocytes (CD14+) and lymphocytes (CD14−) and HIV DNA
measured. From 6 PR subjects (3 HAND, 3 normal cognition, NC) and 6 HI subjects (3 HAND, 3
NC), HIV DNA burden in CD14+ cells was higher in HAND than NC patients; NC patients had
higher HIV DNA burden in CD14− cells versus HAND. Differences in HIV DNA burden in
particular CSF cellular subsets suggest that HIV DNA burden may play a role in HAND
neuropathogenesis.
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In the United States, inequities in the incidence and prevalence of human immunodeficiency
virus (HIV)-infection amongst ethnic minorities are well recognized [1, 2]. Because there
are potential differences in access and adherence to combined antiretroviral therapy (cART)
[3], there may be differences in clinical status regarding neurocognition that might be
observed in segments of the population [4–6]. In spite of advancements made in improving
the prognosis of HIV/AIDS, prevalence of HAND continues to persist [7]. This continued
presence of HAND suggests that even with effective cART, other factors may be
influencing neuropathogenesis.

Increasing reports support the hypothesis that chronic neuroinflammation may be present
throughout the course of HIV infection even with effective cART [8–10]. Early in the HIV
epidemic, percentages of a unique population of activated monocytes (CD14+/16+
phenotype) were noted to be elevated in subjects with HIV-associated neurocognitive
disorder (HAND) [11]. Monocytes were known to be a site of latent HIV-infection and
activated monocytes were known to be permissive to HIV-infection [12–14], but Neuenburg
et al also observed increased percentages and numbers of activated monocytes in
cerebrospinal fluid (CSF) from HIV-infected patients receiving cART [15]. In other studies,
where CSF production is known to originate from the choroid plexus, monocytes were
shown to traffic to the choroid plexus stroma and perivascular spaces, where many of the
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infiltrating monocytes in the choroid plexus were activated [16–19]. CSF monocytes are
known to have slower CSF-compartmentalized variant viral decay in patients with HAND,
therefore we hypothesized that CSF monocytes may be important in neuropathogenesis of
HAND [20]. Recently cART penetration into the CSF compartment has been suggested as a
factor in HAND persistence described as the CNS penetration effect (CPE) score [21]. We
examined HIV DNA levels in CSF cells to determine if differences exist between the CSF
cellular subsets, which could potentially provide insight into the role of viral DNA in the
neuropathogenesis of HAND.

Methods
Patient Cohorts and Specimens

The study was designed based on convenience samples of two existing cohorts
characterizing HAND in Hawaii (HI) and Puerto Rico (PR). The Hispanic/Latino
Longitudinal NeuroAIDS Cohort of HIV-seropositive women from the University of Puerto
Rico Medical Sciences Campus (PR) enrolled HIV-1-infected Puerto Rican women as per
guidelines approved by the local Institutional Review Board (IRB). These women were at
least 18 years of age, had CD4+ T lymphocyte counts of ≤500, with at least a 9th grade
education, and no evidence of either active systemic infection or neurodegenerative disease
[6]. Patients from the Hawaii Aging with HIV Cohort from the University of Hawaii (HI)
were living in Hawaii, were between ages of 20–30 years old or ≥ 50 years old without any
of the following criteria: history of head injury, learning disability, major neurologic/
psychiatric disease, or opportunistic brain disease and enrolled in the cohort as per
guidelines by the local IRB [22]. PR and HI subjects underwent a macroneurological exam
and neurocognitive testing as previously described [6, 22]. They each had baseline
evaluations that included medical history, risk behavior inventory, plasma and CSF viral
levels (CLIA-certified clinical laboratory), CD4 count, nadir CD4 count, medication history,
and co-morbid illnesses [6, 22]. Upon entry into the cohort, subjects who consented to have
a lumbar puncture (LP) performed had CSF (10 mL) processed for viably-preserved cells
and stored in PBS containing DMSO. The current study was designed as a cross-sectional
study to assess HIV DNA in CSF cellular subsets.

HIV-Associated Neurocognitive Disorder Assessment
Cognitive function was determined using the American Academy of Neurology HIV
dementia criteria (1991) as previously described [6, 22–24]. For the current study, subjects
were divided into normal cognition (NC) and HIV-associated neurocognitive disorder
(HAND), which included minor cognitive motor disorder and HIV-associated dementia [6,
22–24].

Fluorescent Activated Cell Sorting (FACS)
Frozen CSF cells were thawed in 100% fetal bovine serum (FBS), treated for 10 minutes
with Accumax (Innovative Cell Technologies, Inc., San Diego, CA) and filtered through a
30 um CellTrics filter (Partec, Germany). Cells were then immediately fluorescently labeled
with the following antibodies: CD3-PerCp/Cy5.5 and CD14-FITC (BD Biosciences, San
Jose, CA) for 20 minutes at room temperature, washed with 2% FBS, PBS and fixed with a
2% paraformaldehyde (PFA) solution. After fixation, the cells were diluted with PBS and
underwent cell sorting using the FACSAria (BD Biosciences, San Diego, CA) into the cell
subsets: non-monocytes (CD14−) and monocytes (CD14+). The acquisition protocol gated
on CD14+ and CD14−, Figure 1. The cells were sorted directly into lysis buffer in
preparation for DNA extraction.
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HIV DNA Quantification
DNA was extracted from the CSF cellular subsets using the QIAamp DNA Micro Kit
(Qiagen, Valencia, CA) as per guidelines by the manufacturer and eluted in 20 μL TE
buffer. HIV DNA copy numbers in each of the CSF cellular subsets were assessed as
previously described [25] to obtain the amount of HIV DNA copies per cell. The total CSF
HIV DNA burden was determined by multiplying the HIV DNA per cell by the total CSF
subset cell count based on the number of events during the sort and isolated for each CSF
cell fraction. CPE score was calculated based on guidelines set by Letendre et al [21, 26] to
determine how effective the drug regimen was in crossing the blood brain barrier.

Statistics
Median total HIV DNA/CSF cell fraction was calculated using SAS software. Copyright,
SAS Institute Inc. SAS and all other SAS Institute Inc. product or service names are
registered trademarks or trademarks of SAS Institute Inc., Cary, NC, USA. Spearman’s
correlations for the CPE scores and total amount of HIV DNA in the CSF cellular subsets
were determined using SPSS 13.0. A p value <0.05 was considered significant. Graphs were
generated using GraphPad Prism 5 for Windows, GraphPad Software, La Jolla California
USA, www.graphpad.com.

Results
Subject Demographics

Gender, age, and clinical characteristics are summarized in Table 1. The 6 PR subjects were
diagnosed with HAND (n=3) or NC (n=3); the 6 HI subjects were diagnosed with HAND
(n=3) or NC (n=3). With the exception of patients PR6, all patients were on cART at the
time of the LP. No significant differences were observed among the cohort characteristics
except that the PR cohort contained all women due to its design (p=0.02). The majority of
the CSF specimens had relatively low CSF WBC (9 of 12) with only 3 (PR4, PR6, H6)
subjects having mild CSF pleocytosis, defined as CSF WBC ≤ 50 cells/mm3. Overall, most
subjects (9 of the 12 subjects) had concordant undetectable plasma and CSF viral levels.

HIV DNA
The HIV DNA results from the patients demonstrated an overall total median HIV DNA
burden that was higher in CSF CD14+ cells in HAND individuals compared to those with
NC; 141.1 versus 100.1 HIV DNA copies, Table 2. In contrast, individuals with NC had
higher median HIV DNA burden in CSF 14− cells in comparison to those with HAND;
543.3 versus 79.1 copies, Table 2.

Positive correlations were observed between total HIV DNA and CNS penetration effect
(CPE) [21, 26] of cART in both CD14+ and CD14− cells (R2=0.291; p=0.034 and
R2=0.892; p=0.010 respectively, Figure 2). A positive correlation was also observed
between total HIV DNA and CD4 cell count (p=0.003). No correlations were observed
between total HIV DNA and age, CD4 nadir cell count, use of protease inhibitors (data not
shown), CSF WBCs, and HIV viral loads in plasma and CSF. No correlation was observed
with HAND. The total median HIV DNA on the combined CD14+ and CD14− subsets was
higher in the PR patients in comparison to HI patients (data not shown), suggesting that
differences may exist between the cohorts; however, the small sample size precludes any
significant conclusion.
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Discussion
We report for the first time differences in HIV DNA copy numbers from CSF monocytes
compared to CSF lymphocytes from two cohorts of patients from the HI and PR. However,
because the data are based on a limited number of specimens, conclusions related to HIV
DNA and CSF cellular subsets cannot be made. Our findings provide a foundation and
feasibility data that HIV DNA can be measured from cellular subsets, which could be used
as a tool for address mechanisms for HAND in the future. Previously, we demonstrated that
HIV DNA levels were high in monocytes and peripheral blood mononuclear cells in patients
with HAND and remained high while on cART. Because these circulating monocytes can
traffic to the BBB and infiltrate the choroid plexus where CSF production occurs, the
implication that these cellular subsets might also have different HIV DNA copy numbers
might suggest a role in neuropathogenesis [16–19]. Adhesion molecules (E-selectin and P-
selectin) and increased cytokine production (MCP-1) are thought to be involved in leukocyte
recruitment into the choroid plexus [18, 27, 28]. Once through the blood-brain barrier via
monocytes, HIV-1 is then transported into the choroid plexus and into the CSF. Studies on
viral evolution suggest that cellular compartmentalization within the CSF provides an
environment for the CSF to serve as a unique reservoir for cells with latent virus which may
contribute to viral persistence in the CNS [20, 29–31]. These reservoirs may be unaffected
by cART as demonstrated by the positive correlation between cART CPE and total HIV
DNA which may be a mechanism by which the virus evades eradication. The identification
of T cell-tropic and macrophage-tropic HIV-1 variants in the CSF of individuals with
HAND may provide an explanation to the differences observed in CD14− and CD14+ HIV
DNA levels in HAND and NC individuals.

A limitation of the study was the small number of specimens available however the high
HIV DNA copies in CSF monocytes in HAND patients from both cohorts suggests that CSF
monocytes may represent a viral reservoir in the CSF leading to viral persistence. Future
studies with larger sample sizes are planned to verify our preliminary findings and to look
into contributing factors for the possible differences that occur between the two cohorts. The
efficacy and mechanisms of controlling HIV infection in the brain remains unknown, but
likely the combination of cART and immune function are involved in restricting viral
replication particularly with patients with undetectable CSF viral loads.

CSF viral reservoirs may play a role in HAND pathogenesis because latent cells upon
activation are able to maintain low levels of viral replication. Because these reservoirs exist
in the CSF and harbor HIV variants, others have suggested that CSF compartmentalization
develops [20]. Therefore, we hypothesize that infiltrating monocytes, particularly activated
monocytes (CD14+/16+) from the choroid plexus could contribute to the inflammatory
milieu. In parallel, HIV DNA levels in the non-activated monocytes (CD14+/16−) may be
represent latent viral reservoirs that allows the virus to evolve. Further characterization of
the CSF cellular subsets is necessary to determine the significance of HIV DNA in this
compartment as it relates to neuropathogenesis.
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Figure 1.
Gating Strategy for CSF Cells. Representative dot graph depicting gating of the CSF cell
populations showing the CD14 and CD3 staining of monocytes (P4) and non-monocytes
(P7), respectively, showing the two distinct CSF cellular subsets used for the analysis and
HIV DNA assessments.
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Figure 2.
Total HIV DNA in CD14+ & CD14− Subsets Versus CPE. Correlation between CNS
penetration effect (CPE) score and the total HIV DNA in CD14 negative (p=0.010) and
positive cells (p=0.034); suggesting that an antiviral regimen consisting of drugs that
penetrate the CNS (high CPE score) may not necessarily impact the HIV DNA copy
numbers in the CSF cells.
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