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Abstract

HIV-associated neurocognitive disorders (HAND) continues to be prevalent (30–50 %) despite 

plasma HIVRNA suppression with combination antiretroviral therapy (cART). There is no proven 

therapy for individuals on suppressive cARTwith HAND. We have shown that the degree of HIV 

reservoir burden (HIV DNA) in monocytes appear to be linked to cognitive outcomes. HIV 

infection of monocytes may therefore be critical in the pathogenesis of HAND. A single arm, 

open-labeled trial was conducted to examine the effect of maraviroc (MVC) intensification on 

monocyte inflammation and neuropsychological (NP) performance in 15 HIV subjects on stable 6-

month cART with undetectable plasma HIV RNA (<48 copies/ml) and detectable monocyte HIV 

DNA (>10 copies/106 cells). MVC was added to their existing cART regimen for 24 weeks. Post-

intensification change in monocytes was assessed using multiparametric flow cytometry, 

monocyte HIV DNA content by PCR, soluble CD163 (sCD163) by an ELISA, and NP 

performance over 24 weeks. In 12 evaluable subjects, MVC intensification resulted in a decreased 

proportion of circulating intermediate (median; 3.06 % (1.93, 6.45) to 1.05 % (0.77, 2.26)) and 

nonclassical (5.2 % (3.8, 7.9) to 3.2 % (1.8, 4.8)) CD16-expressing monocytes, a reduction in 

monocyte HIV DNA content to zero log10 copies/106 cells and in levels of sCD163 of 43 % by 24 

weeks. This was associated with significant improvement in NP performance among six subjects 

who entered the study with evidence of mild to moderate cognitive impairment. The results of this 

study suggest that antiretroviral therapy with potency against monocytes may have efficacy 

against HAND.
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Introduction

Neurocognitive impairment continues to be prevalent in an estimated 30 % of HIV-infected 

individuals despite maximal plasma HIV RNA suppression on combination antiretroviral 

therapy (cART) (Cysique et al. 2004; Harezlak et al. 2011; Heaton et al. 2010). Various 

therapeutic modalities have been examined for HAND. These have included relatively large 

clinical trials of seleginine and minocycline (Nakasujja et al. 2013; Schifitto et al. 2007), 

but, to date, no effective preventive or therapeutic options have been identified for 

individuals already on cARTwho have neurocognitive impairment. While the majority of 
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impairment is mild, this issue remains significant as even mild impairment negatively affects 

the ability of an individual to work or live fully independent and productive lives (Andrade 

et al. 2013; Benedict et al. 2000; Gorman et al. 2009; Heaton et al. 2010). Therefore, 

effective treatment strategies for HAND are needed.

It has been hypothesized that the pathogenesis of HAND involves trafficking of circulating 

bone marrow-derived monocytes, some of which are HIV infected, through the blood-brain 

barrier (BBB) into the brain parenchyma introducing HIV into the brain and triggering 

neuroimmune activation and inflammation, ultimately leading to neuronal degeneration and 

death (Gartner 2000; Gonzalez-Scarano and Martin-Garcia 2005). Histologic evaluation of 

brains obtained on autopsy of HIV-infected individuals who died while on fully suppressive 

cART continues to show substantial degree of macrophage infiltration and supports this 

hypothesis (Anthony et al. 2005). Furthermore, high levels of monocyte turnover in the 

bloodstream have been correlated with the presence of encephalitis in simian 

immunodeficiency virus (SIV) nonhuman primate model of HIV infection (Burdo et al. 

2010).

HIV-infected monocytes are commonly found in blood and tissues of HIV patients with 

widespread distribution in all tissues including bone marrow (McElrath et al. 1989) and 

brain (Koenig et al. 1986). These cells of the myeloid lineage are potential reservoirs of HIV 

(Sonza et al. 1996; Ziegler-Heitbrock 2000). Circulating monocytes are a heterogeneous 

population, and current nomenclature has defined three distinct subsets based on CD14 and 

CD16 expression as classical (CD14++CD16−), nonclassical (CD14+/lowCD16++), and an 

intermediate (CD14++CD16+) monocyte subset (Zawada et al. 2011; Ziegler-Heitbrock 

2000; Ziegler-Heitbrock et al. 2010). It is suggested that CD16-expressing monocyte (MO) 

subsets in the periphery preferentially migrate into tissues and display proinflammatory 

features after stimulation with toll-like receptor (TLR) ligands (Farina et al. 2004; Leavy 

2011). This is of relevance as neurocognitive impairment has specifically been linked to 

increased CD16-bearing monocytes in circulation (Pulliam et al. 1997, 2004).

Several circulating cerebrospinal fluid (CSF) and plasma biomarkers have been associated 

with central nervous system (CNS) inflammation and neurocognitive impairment in the 

setting of suppressive cART. CD163 is a scavenger receptor found on monocytes, shed by 

proteolytic cleavage after pro-inflammatory stimulation with TLRs and lipopolysaccharide 

(LPS) (Droste et al. 1999). Soluble CD163 (sCD163) and membrane CD163 (mCD163) 

appear to be correlated with the expansion of monocytes and rapid onset of SIV and HIV 

infections (Burdo et al. 2011) and have recently been reported to be associated with 

neurocognitive impairment in HIV infection (Burdo et al. 2013). Neopterin, a soluble 

pteridine, is produced principally by myeloid-derived cells. While levels of CSF neopterin 

are elevated in HIV disease, this level is decreased markedly following cART, but, despite 

long-term cART, the levels in some patients remain elevated (Abdulle et al. 2002; Eden et 

al. 2007; Yilmaz et al. 2008).

The degree of HIV reservoir burden (HIV DNA) within monocytes (CD14+ cells) in the 

bloodstream have also been linked to cognitive outcomes (Kallianpur et al. 2013; Kusao et 

al. 2012; Shiramizu et al. 2012), to structural changes in brain MRI (Kallianpur et al. 2012, 
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2013), and to altered evidence of brain injury and glial dysfunction by magnetic resonance 

spectroscopy (Valcour et al. 2013). Levels of monocyte HIV DNA correlates with global 

neuropsychological test performance (Shiramizu et al. 2012), and a stepwise increase in 

levels of HIV DNA within circulating monocytes are seen with worsening clinical cognitive 

status (Kusao et al. 2012; Valcour et al. 2013). Monocyte HIV DNA levels are higher in 

ART-naïve individuals with HIV-associated dementia (HAD) than in individuals without 

HAD prior to initiation of first-time cART and, more importantly, remain higher over 4 

years of cART even among subjects whose HIV is fully suppressed (Valcour et al. 2009). 

The monocyte HIV DNA levels correlating to HAND appear to be primarily within 

CD14+CD16+ subsets of monocytes (Kusao et al. 2012). Levels of HIV-infected 

inflammatory monocytes/macrophages may therefore be critical in the pathogenesis of 

neurocognitive impairment.

The reasons for the failure of current-day cART to control HAND have been a topic of 

much interest. It has been hypothesized that the failure of cART to control HAND may be 

secondary to the failure of many current antiretroviral medications to penetrate into the CNS 

in adequate concentration; however, data on the association between CNS penetrance as 

assessed by the CNS penetration efficacy (CPE) score and neurocognitive function has been 

mixed (Cysique et al. 2009; Giancola et al. 2006; Letendre et al. 2008; Smurzynski et al. 

2011; Tozzi et al. 2007; Tozzi et al. 2009). More recently, we have proposed an alternative 

complementary hypothesis that the lack of potency of antiviral agents into monocytes/ 

macrophages may be associated with poorer neurocognitive performance (Shikuma et al. 

2012).

Maraviroc (MVC) is an orally administered noncompetitive human CC chemokine receptor 

5 (CCR5) inhibitor, currently licensed as an HIVantiretroviral medication (Meanwell and 

Kadow 2007). It is recommended by the most recent (February 2013) US Department of 

Health and Human Services Antiretroviral Therapy Guidelines as an acceptable alternative 

agent in combination with a dual nucleoside (tide) backbone. The chemokine receptor CCR5 

serves as the principal co-receptor for entry of M-tropic HIV into monocytes/ macrophages 

(Alkhatib et al. 1996; Deng et al. 1996). MVC has been shown in vitro to suppress monocyte 

migration and may be able to block ligation by CCR5 ligands, and alter CCR5 recycling and 

signaling (Rossi et al. 2010, 2011). Based on these findings, we reasoned that intensification 

of cART regimens with MVC may decrease cellular monocyte immune activation and 

inflammation, and HIV DNA burdens within this myeloid lineage with implication for 

HAND.

Methods

Patients and study design

This was a single arm, open-label 24-week study of MVC intensification in HIV-infected 

subjects on cART. Entry criteria mandated that the subjects be on stable cART for >6 

months prior to entry, have a plasma HIV RNA <48 copies/ml, and have PBMC HIV DNA 

above the limit of detection of our research assay defined as HIV DNA >10 copies/106 cells. 

The study excluded individuals with previous use of MVC, abnormal chemistries, or blood 

counts likely to be clinically concerning for significant underlying pathology such as hepatic 
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or renal disease, current active substance abuse, uncontrolled chronic illnesses, major 

affective disorders, cardiovascular disease, or non-HIV risk factors that may impact 

cognitive performance. There were no CD4 count entry restrictions. The study was approved 

by the University of Hawaii, Human Studies Program, and written informed consent was 

obtained from all enrolled subjects. MVC was given for 24 weeks in addition to the subject's 

current antiretroviral therapy with dose adjustment as recommended by the package insert 

based on each subject's antiretroviral and other concomitant medications. Following entry 

into the study, each subject returned for follow-up visits at weeks 2, 4, 8, 12, and 24 for 

safety monitoring. Research bloods were drawn at weeks 4, 12, and 24 study visits.

Neuropsychological test assessment

Subjects were tested at entry and at 24 weeks by a trained psychometrist. The neuro-

psychological battery assessed multiple cognitive domains typically affected by HIV 

including attention/concentration (choice and sequential reaction time—California 

Computerized Assessment Package [CalCAP], WAIS-R Digit Span), learning/memory (Rey 

Auditory Verbal Learning Test [RAVLT], Rey Complex Figure Test); psychomotor speed 

(Trail Making Test–Part A, WAIS-R Digit Symbol, Grooved Pegboard), executive 

functioning (Verbal Fluency Test [FAS], Trail Making Test–Part B, DKEFS Color-Word 

interference), language (Animal Naming, Boston Naming Test), and gross motor (Timed 

Gait). The National Adult Reading Test was used as a measure of premorbid functioning. 

This neuropsychological battery was adapted from that used in the Northeast AIDS 

Dementia (NEAD) cohort (The Dana Consortium on Therapy for HIV Dementia and 

Related Cognitive Disorders 1996). Depression symptomatology was assessed using the 

Beck Depression Inventory (Beck and Mendelson 1961). Published age- and education-

adjusted normative data were used to calculate z scores (NPZ), and NPZ composite scores 

were calculated by taking the arithmetic mean of z scores within the cognitive domain as 

follows: NPZglobal (Trail Making Test (TMT), Grooved Pegboard, WAIS-R Digit Symbol, 

RAVLT Total, RAVLT Delayed Recall, Rey Complex Figure Test-Delayed Recall, Timed 

Gait, CalCap, FAS, Animals, DKEFS Color-Word Interference); psychomotor speed and 

attention (NPZpma) (TMT, Grooved Pegboard, WAIS-R Digit Symbol, Timed Gait, 

CalCap), learning and memory (NPZlrn_mem) (RAVLT Total, RAVLT Delayed Recall, 

Rey Complex Figure Test-Delayed Recall), and executive functions (NPZef) (TMT-Part B, 

FAS, DKEFS color-word interference).

Blood specimens

Blood from study visits were processed within 2 h with plasma collected by centrifugation 

and cryo-preserved in 1 ml aliquots. Peripheral blood mononuclear cells (PBMC) were 

obtained by using Ficoll Histopaque (Sigma) density gradient centrifugation and washed 

three times with RPMI 1640 culture media (Life Technologies) containing 2 % heat-

inactivated fetal bovine serum (FBS) (Gibco) and 1 % Pen/Strep (Gibco) before being 

cryopreserved in aliquots in liquid nitrogen.

Cell staining and flow cytometric analysis

Cryopreserved PBMC were thawed in warm media (RPMI 1640 supplemented with 10 % 

fetal bovine serum, 1 % penicillin-streptomycin, 10 mM HEPES, 2 mM L-glutamine (all 

Ndhlovu et al. Page 5

J Neurovirol. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Hyclone), and 10 μg/ml DNAse I (Sigma)), washed, and stained for viability with a Yellow 

Amine Reactive Dye (YARD) for 15 min at room temperature. To identify monocytes, the 

cells were then surface-stained for 30 min with V500-conjugated anti-CD3, Qdot605-

conjugated anti-CD14, Alexa700-conjugated anti-CD16, PE-Cy7-conjugated anti-CD56, 

PE-Cy7-conjugated anti-CD19, PE-Cy7-conjugated anti-CD20, and APC-H7-conjugated 

HLA-DR monoclonal antibodies (mAbs). All antibodies were from BD Biosciences except 

for Q605-conjugated anti-CD14 and yellow Live/Dead (Life Technologies). Alexa700-

conjugated anti-CD3, APCH7-conjugated anti-CD8, V450-conjugated anti-CD38, and APC-

conjugated anti-HLA-DR all mAbs (all from BD Biosciences) were used to define T cell 

activation. Fluorescence minus one samples were prepared for each fluorochrome to 

facilitate gating. All cells were fixed with 1 % PFA in PBS, and analyzed by flow cytometry 

using a four-laser custom BD-Fortessa instrument (Becton Dickinson). A total of 100,000 

cells was collected and analyzed with FlowJo software (TreeStar).

CD14+ monocyte isolation and HIV DNA quantification

Frozen PBMC were thawed in warm media (RPMI 1640 supplemented with 20 % fetal 

bovine serum), washed once, and resus-pended in RoboSep buffer (StemCell Technologies). 

Samples were placed in a RoboSep automated cell separator (StemCell Technologies), and 

CD14+ cells were purified through magnetic separation using the EasySep human monocyte 

enrichment kit without CD16 depletion (StemCell Technologies). DNA was extracted from 

CD14+ monocytes or total PBMC using the QIAamp DNA Micro Extraction kit (Qiagen) 

and quantified using the ND-2000 spectrophotometer (NanoDrop Technologies) as 

previously described [19]. Determination of HIV DNA content was assessed using multiplex 

real-time PCR with HIV gag and β-globin primer pairs to amplify respective regions that 

were detected with FAM-labeled HIV gag and VIC-labeled β-globin probes. Using standard 

reference plasmids with one copy of the β-globin housekeeping gene and one copy of the 

HIV gag gene and appropriate positive/negative controls, samples were run in triplicate on 

StepOnePlus Real-Time PCR System and analyzed using the StepOne software (Applied 

Biosystems). The copy numbers of each sample gene were analyzed against the standard 

curves and used to calculate HIV DNA copy number per 1×106 cells.

sCD163 ELISA

Soluble CD163 (sCD163) was quantified by ELISA according to the manufacturer's 

protocol (Trillium Diagnostics).

Statistical Analyses

The demographic and clinical information of participants were listed, and continuous 

variables summarized by median and interquartile range (IQR). The changes in immune 

parameters and NPZ score from week 0 to each indicated week were compared by Wilcoxon 

signed-rank test. Statistical analyses were performed using R version 3.0.1. A two-sided p 

value <0.05 was considered statistically significant.
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Results

Study subjects

Fifteen subjects were enrolled into the study and the study results were based on 12 subjects 

who were judged to be evaluable following successful completion of a 24-week course of 

MVC intensification given in addition to their baseline cART regimen. Of the initial 15 

patients, 3 were excluded from the study. One subject dropped out of the study early due to 

the development of pancreatitis judged to be unrelated to study medications. Two others 

were eliminated prior to study analyses, one due to relapse of alcohol abuse several months 

prior to week 24 with intoxication during the week 24 neuropsychological testing, and the 

other due to incomplete week 24 neuropsychological testing. The demographics of the 12 

individual subjects are shown in Table 1 and can be summarized as follows: age (median, 56 

years; IQR [49, 61]) and viral load (median, 2.1 log10 copies/ml, IQR [1.3, 2.4]) with a 

median duration of cART of 7.5 years (4.5, 13.3).

Change in CD4+ T cell counts after MVC intensification

At entry, the median CD4+ T cell count was 524 cells/mm3 (IQR [355, 912]). At week 24 

after MVC-intensification, the CD4+ T cell count was 586 (402, 983) and the associated 

change from entry was 6 (−45, 47)cells/ml and not significantly different.

Declines in frequency of CD16+ monocytes subsets after MVC intensification

Using a multiparametric flow cytometry panel that excludes nonmonocyte populations (Fig. 

1a) that we and others have adopted (Abeles et al. 2012; Barbour et al. 2014; Jalbert et al. 

2013; Shikuma et al. 2014), there was a transient decrease in the frequency of classical 

monocytes between weeks 0 and 4 (Fig. 1b; p=0.0078) but there was no difference from 

weeks 0 to 12 or to week 24 among all subjects in the study. By 24 weeks, however, we 

observed a significant decline in the frequency of “intermediate” (CD14++CD16+) monocyte 

subset from median 3.06 % (1.93, 6.45) to 1.05 % (0.77, 2.26) (p =0.042; Fig. 1c) and a 

significant decline of the nonclassical (CD14+/lowCD16+) monocyte subset in 11 of 12 

subjects, from 5.2 % (3.8, 7.9) to 3.2 % (1.8, 4.8) (p=0.027; Fig. 1d). When the results were 

stratified by cognitive status, the impaired group showed a significant drop at week 24 in 

non-classical monocytes from baseline (p=0.031; Fig. 1g). However, no significant 

differences in the changes in nonclassical, intermediate, or classical monocyte subsets from 

baseline to week 24 between the impaired and unimpaired groups (Fig. 1e, g) were 

observed.

Modest decline in CD8+ T cell activation after MVC intensification

By flow cytometry, we measured and compared the frequency of HLA-DR and CD38 

expression and co-expression of CD8+ T cells at entry up to week 24 (Fig. 2a). Among all 

the T subsets, we observed a modest decline in the frequency of CD38+ HLA-DR− CD8+ T 

cells from a median 17.2 % (6.7, 20.7) at entry compared to 12.8 % (6.0, 13.9) at week 24 

(p=0.06) (Fig. 2b) and CD38+ HLA-DR+ CD8+ T cells median (IQR) 9.3 % (6.7, 15.6) at 

entry compared to 5.1 % (3.4, 11.9) at week 24 (p=0.06; Fig. 2c) in all subjects. When 

stratified by cognitive status, there were no significant differences in the changes in CD38+ 
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HLA-DR+ or CD38+ HLA-DR− CD8+ T cells from baseline to week 24 between impaired 

and unim-paired groups (Fig. 3d, e). However, the unimpaired group showed a significantly 

drop in the frequency of CD38+ HLADR+ CD8+ T cells at week 24 from baseline (p=0.049; 

Fig. 2e) to levels that are observed in healthy HIV-uninfected subjects (Crawford et al. 

2011; Zheng et al. 2014).

Marked declines in plasma sCD163 after MVC intensification

As MVC led to declines in proinflammatory monocyte subsets, we also assessed whether 

these changes affected systemic monocyte activation markers. We examined sCD163 levels 

in patients upon entry and at weeks 4, 12, and 24. At entry in all patients, the median (IQR) 

sCD163 levels were 811 pg/ml (646.9, 918.9). We observed a decline in sCD163 as early as 

week 4 with a difference of 149 pg/ml (p=0.037). By week 24, sCD163 had significantly 

declined by half to 460.6 pg/ml (412.9, 617.8) compared to entry levels (p=0.0039; Fig. 3a). 

When subjects were segregated by cognitive status, the impaired group had significantly 

higher levels of sCD163 at week 4 compared to the unimpaired group (p=0.0015; Fig. 3b); 

however, no significant difference in the change from entry to week 4 between impaired 

versus the unimpaired subjects was observed. From weeks 0 to 24, the levels of sCD163 in 

both groups declined to similar levels though the impaired group had a greater trend in 

decline (p=0.06) compared to the unimpaired group (p=0.125; Fig. 3b).

HIV DNA content in monocytes declines following MVC intensification

Specimens from 12 subjects were compared at week 24 and entry. A decrease in HIV DNA 

was observed in the monocyte (CD14+) subset in 10 of the 12 subjects. The HIV DNA log10 

copies/106 cells within monocytes significantly declined from a median (IQR) of 2.4 (2.1, 

2.7) on entry to 0.0 (0.0, 2.1) at week 24 (p=0.0024; Fig. 4) in the group as a whole. When 

separated by cognitive status, both groups trended to decline in HIV DNA levels (p=0.06; 

Fig. 4). No significant differences in the changes in HIV DNA levels from baseline to week 

24 between the impaired and unimpaired groups were observed.

Improvement in neuropsychological test performance following MVC intensification 
among cognitively impaired subjects

Although there was no significant change from entry (week 0) to week 24 in global 

composite scores (NPZglobal) or any NP subdomain scores, there was an improvement in 

executive function (median change of NPZef, 0.37) that showed a trend toward significance 

(p=0.08). The median change in NPZglobal in the entire group from weeks 0 to 24 was 0.13 

(p=0.27). However, some significant neuropsychological improvement was evident when 

the six subjects who entered the study with impairment (NPZglobal≤−0.5) were analyzed 

separately. Table 2 presents NPZ global test results at entry, at week 24, and the weeks 0–24 

changes for all 12 subjects, as well as NPZ subdomain scores (executive function, psycho-

motor speed and attention, learning and memory) for the cognitively impaired group only. 

Between weeks 0 and 24, impaired subjects showed significant improvements in global 

functioning (median change in NPZglobal, 0.57; p=0.03), learning and memory (median 

change in NPZlrn_mem, 0.66; p=0.03), and executive function (median change in NPZef, 

0.89; p=0.046).
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Discussion

This small study provides data that suggests that a single CCR5 antagonist (maraviroc, 

MVC) favorably alters monocyte activation, lowers the HIV DNA burden in CD14+ 

monocytes, and is associated with evidence of improvement in neuropsychological (NP) 

performance among subjects who initiated the study with some cognitive impairment. The 

findings of this study serve to argue for therapy-directed against monocytes/macrophages as 

a therapeutic modality to reduce the frequency or severity of HAND and for the 

development of HIV antiretroviral medications with efficacy against monocytes.

Our rationale for embarking on a pilot study of MVC for HAND was prompted by our 

understanding that monocytes are central players in its pathogenesis, our past work 

demonstrating an association between levels of HIV-infected MO and HAND, and the fact 

that CCR5 serves as the principal co-receptor for entry of HIV into monocytes. We have 

further published that efficacy of HIV antiretroviral therapy in preventing HIV infection of 

monocytes can be correlated to better cognition among HIV-infected subjects on suppressive 

cART (Shikuma et al. 2012), and we noted with interest that published data on MVC 

monocyte EC50 suggested a high level of potential efficacy against preventing HIV 

infection of MO (Aquaro et al. 2006). We hypothesized that assessment of the impact of 

MVC on monocyte subsets and on HIVinfection of monocytes may allow an understanding 

of whether monocyte directed therapy may have potential efficacy against HAND.

In our study, we observed nonsignificant but sustained modest declines in CD38+HLA-DR+ 

and CD38+ HLA-DR− CD8+ T cell activation after MVC intensification. Several reports 

have revealed that MVC-treated patients demonstrated significant decreases in CD4+ and 

CD8+ T cell immune activation (Psomas et al. 2013; Rusconi et al. 2013; Stefano et al. 

2013; Westrop et al. 2012). We are aware that contradictory results have been reported in 

studies looking at MVC intensification and CD8+ T cell immune activation (Funderburg et 

al. 2010; Gutierrez et al. 2010; Hunt et al. 2011; Rusconi et al. 2010; Wilkin et al. 2010); in 

particular, one small placebo-controlled MVC intensification study found an increase in 

CD8+ T cell immune activation in HIV subjects whose ART was intensified with MVC and 

modest increases in sCD163 and sCD14 (Hunt et al. 2011). The population studied in this 

trial focused on HIV subjects with very low nadir CD4+ T cell counts, extensive pre-existing 

immune depletion, and poor CD4+ Tcell recovery and is therefore unlikely to be applicable 

to our population studied here who were good immunological responders. It has also been 

suggested that starting baseline levels of T cell activation may also be relevant in 

interpreting the differing effects of MVC intensification on T cell immune activation 

(Psomas et al. 2013). Taken together, the cellular immune effect of MVC intensification 

against T cell immune activation remains unclear; it may depend on a patient's 

immunological status or suppressive therapy regimen among other factors.

Our study uniquely focused on the impact of MVC against monocytes rather than T cells. 

We found that MVC intensification led to decreases in monocyte HIV DNA levels and in 

immune activation in these cells. Of interest in our findings is that when compared to the 

unimpaired group, MVC lead only to a significant decline in nonclassical monocytes in the 

impaired group. While it is tempting to conclude that decrease in the level of HIV-infected 
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monocytes lead to decrease in immune activation in these cells, caution is warranted as 

declines in total HIV DNA in monocytes were similar between the two groups. The patients 

who entered into our single-arm MVC intensification study had plasma HIV RNA <48 

copies/ml. Although convincing studies in the literature have demonstrated that treatment 

intensification does not reduce residual HIV viremia in patients already on highly active 

antiretroviral therapy (Dinoso et al. 2009; Havlir 2003), a direct MVC antiviral effect on 

lymphocytes due to intensification of the ART regimen cannot be excluded. Alternatively, 

the beneficial clinical effect of MVC may have been mediated not by MVC's direct antiviral 

effect (Rossi et al. 2011) but by MVC's ability to block or alter the ligation of major human 

inflammatory agents, the chemokines MIP-1α, and RANTES to its CCR5 chemokine 

receptor. CCR5 has been shown to be critical for lymphocyte recruitment to tissues (Reshef 

et al. 2012; Rossi et al. 2010). Serum from patients receiving MVC prevented CCR5 

internalization by CCL5 and blocked T-cell chemotaxis in vitro, providing evidence of 

antichemotactic activity. Blockade of CCR5 may prevent CCR5-bearing T cells as well as 

monocytes from stimulation and may also inhibit the migration of CCR5-expressing 

immune cells.

We found improvement in neuropsychological test performance among subjects who started 

the study with evidence of mild to moderate cognitive impairment. These results are 

reinforced by seeing significant improvement or trend toward improvement in learning and 

memory and executive function, two subdomains that are typically impacted by HIV, and 

which can directly impact the overall quality of life and functionality of those living with 

HIV. Only limited studies are available regarding the potential CNS effects of MVC. MVC 

monotherapy for 5 months in a SIV-infected macaque model demonstrated a reduction of 

SIV RNA and proviral DNA levels, and a reduction in CD68 immunostaining and in TNF-α 

and CCL2 RNA expression in brain (Kelly et al. 2013). A decrease in plasma CD163, a 

marker of monocyte activation, was also demonstrated. A small improvement in the cerebral 

metabolite marker of neuronal integrity N-acetyl aspartate/creatine (NAA/Cr) was observed 

in 12 patients after 14 days of treatment intensification with MVC (Vera et al. 2012). Our 

results of reduction in monocyte HIV DNA levels and lowering of monocyte immune 

activation, including a decrease in plasma sCD163 levels and in a modest improvement in 

cognitively impaired subjects, is consistent with these prior studies.

Our study was limited by the small sample size and not being placebo controlled. 

Examination of CSF HIV RNA or brain metabolites by MRS may have been helpful in 

collaborating the conclusions drawn from changes observed in immune activation 

parameters and in neuropsychological test performance. Nevertheless, the data is suggestive 

that MVC intensification of suppressive ART leads to a decrease in circulating HIV-infected 

monocytes and in monocyte immune activation, and post hoc analysis show an improvement 

in cognition among individuals who initiated the study with evidence of neurocognitive 

impairment. These results have implications for the management of HIV cognitive 

impairment in the era of suppressive ART because it provides proof of concept that targeting 

the hypothesized pathogenesis of HAND-involving monocytes may have efficacy in 

preventing or treating HIV-associated cognitive impairment. Development of HIV 
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antiretroviral medication with potent activity against peripheral monocytes may be 

warranted.
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Fig. 1. 
Flow cytometric gating strategy to assess changes in monocyte subset frequencies (a). 

Representative gating strategy of single-cell multiparametric flow cytometry assessment of 

monocytes subsets based on CD14 and CD16 expression among live HLA-DR-expressing 

PBMC that excluded Tcells, B cells, and NK cells. HLA-DR expression intensity on the 

three monocyte subsets is represented in the histogram (a). The plots depict changes in 

frequency of classical (b, e), intermediate (c, f), and nonclassical (d, g) monocyte subsets in 

all study subjects (b–d) or stratified by cognitive status (e–g). The data were analyzed in 12 

subjects before and during 24 weeks of MVC intensification. Graphs depict the change in 

CD14 and CD16 expression on HLA-DR monocytes, plotted with the medians and 

interquartile ranges for weeks 0, 4, 12, and 24. The p values are provided for the changes in 

monocyte subsets from week 0 to each indicated week. Median levels at weeks 0, 4, 12, and 

24 are plotted with interquartile ranges, and p values are provided Wilcoxon signed-rank 

tests for the changes from week 0 to each indicated week
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Fig. 2. 
Flow cytometric gating strategy to assess changes in Tcell subset frequencies Representative 

gating strategy of single-cell flow cytometry assessment of live CD3+ CD8+ T subsets 

based on a CD38 and HLA-DR expression. The data were analyzed in 12 subjects before 

and during 24 weeks of MVC intensification. Graphs depict the change in CD38 and HLA-

DR expression on CD8+ T cells plotted with the medians and interquartile ranges for weeks 

0, 4, 12, and 24 in the group as a whole (b, c) or stratified based on cognitive status (n=6 

each) (d, e). The p values are provided for the changes in T cell activation from week 0 to 

each indicated week. Median levels at weeks 0, 4, 12, and 24 are plotted with interquartile 

ranges, and p values are provided Wilcoxon-signed rank tests for the changes from week 0 

to each indicated week
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Fig. 3. 
Change in plasma levels of sCD163 at entry (week 0) and weeks 4, 12, and 24 of MVC 

intensification plasma levels of sCD163 were analyzed using the Wilcoxon signed-rank test 

and are plotted showing the median and interquartile ranges in the group (a) or separated 

based on cognitive status. The p values are depicted for the changes in sCD163 levels from 

week 0 to each indicated week
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Fig. 4. 
Change in monocyte HIV DNA content at entry (week 0) and weeks 4, 12, and 24 of MVC 

intensification. This graph depicts the change in DNA content on a log10 scale, plotted with 

the medians and interquartile ranges for weeks 0, 4, 12, and 24 in all study subjects (a) or 

separated based on cognitive status (b). The p values are provided for the changes in HIV 

DNA from week 0 to each indicated week
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Table 2

Entry (week 0), week 24, and weeks 0–24 change in NPZglobal scores following Maraviroc (MVC) 

intensification in each of the 12 subjects identified by patient ID (PID). Median change Δ (weeks 24–week 0) 

in global NP function (NPZglobal) is shown for all participants. Changes in executive function (NPZef), 

psychomotor speed and attention (NPZpma), and learning and memory (NPZlrn_mem) are presented for those 

identified as cognitively impaired at entry (NPZglobal ≤–0.5). P values were produced by Wilcoxon signed-

rank test

PID (Cognitively 
Unimpaired, n=6)

NPZglobal (Wk 0) NPZglobal (Wk 24) NPZglobal Δ

    5 –0.14 –0.15 –0.01

    18 1.13 0.42 –0.71

    37 1.06 1.08 0.02

    58 0.23 0.28 0.05

    92 0.45 0.01 –0.44

    291 0.42 –0.25 –0.67

PID (Cognitively 
Impaired, n=6)

NPZglobal (Wk 0) NPZglobal (Wk 24) NPZglobal Δ NPZef Δ NPZpma Δ NPZlrn_mem Δ

    21 –1.15 0.66 1.81 1.44 2.63 0.77

    26 –1.43 –0.25 1.18 0.95 1.77 0.11

    28 –1.17 –0.42 0.75 1.08 0.68 0.58

    41 –1.17 0.97 0.20 –0.20 –0.19 1.14

    65 –0.90 0.57 0.33 0.82 0.11 0.52

    199 0.55 0.16 0.39 0.60 0.07 0.74

NPZglobal 
Median Δ (IQR) 
(All Subjects, 
n=12)

0.13 (–0.12, 0.48)

Median Δ (IQR) 
(Cognitively 
Impaired, n=6)

0.57 (0.35, 1.07) 0.89 (0.60, 1.08) 0.40 (0.08, 1.50) 0.66 (0.54, 0.76)

P-value for 
median Δ 
(Cognitively 
Impaired, n=6)

0.028 0.046 0.116 0.028

P-values produced by Wilcoxon signed-rank test
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