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Abstract

Addition of the CCR5 inhibitor Maraviroc (MVC) to ongoing antiretroviral therapy increases

CD4+ T cell counts in some virologically suppressed patients with suboptimal CD4+ T cell

recovery. To understand the mechanisms by which MVC elicits increases in CD4+ T cell counts,

the present study was undertaken to identify host factors (i.e. genes) that are modulated and are

correlated with CD4+ T cell recovery during the 24 weeks of MVC intensification in 32 subjects.

Median changes of CD4+ T cell counts over 24 weeks of MVC compared to baseline were 38

cells/mm3 (p < 0.001). The median slope of CD4+ T cell recovery was 39 cells/mm3 per year

before initiation of MVC and 76 cells/mm3 per year during MVC intensification, however, this

increase was not statistically significant (p = 0.33). Microarray analysis (N = 31,426 genes)

identified a single differentially expressed gene, tumor necrosis factor alpha (TNF), which was

modestly (1.44-fold, p < 0.001) downregulated by MVC at week 24 compared to baseline. TNF

differential expression was evaluated using an independent method of droplet digital PCR, but the

difference was not significant (p = 0.6). Changes in gene expression did not correlate with CD4+
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T cell recovery or any changes in the CD4+ T cell maturation, proliferation and activation

phenotypes. In summary, our data suggest that modest improvements of CD4+ T cell counts

during MVC intensification cannot be explained by changes in gene expression elicited by MVC.

However, the modest changes in T cell composition, including reduction of the percentages of

Tregs, proliferating CD4+ T cells and senescent CD8+ T cells, suggest immunologically favorable

effects of MVC.
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1. Introduction

Suboptimal CD4+ T cell recovery during potent antiretroviral therapy (ART) is a common

clinical dilemma with an incidence as high as 40% (Dronda et al., 2002; Florence et al.,

2003; Goicoechea et al., 2006; Kaufmann et al., 2003) that can have detrimental clinical

consequences (Grabar et al., 2000), including an increased rate of HIV associated infections,

malignancies, and cardiovascular morbidity and mortality. Among ART-naïve subjects

treated with either efavirenz or MVC, those receiving MVC experienced significantly

greater CD4+ T cell recovery (mean CD4+ T cell gain: 170 vs 144 cells/mm3) (Cooper et

al., 2010). In ART-experienced subjects with ongoing viral replication, administration of

MVC for 24 weeks resulted in significantly greater CD4+ T cell recovery than background

ART alone despite similar reductions in viral load (Saag et al., 2009). In the setting of viral

suppression, addition of MVC to a suppressive regimen modestly improved CD4+ T cell

counts over 24 week of intensification (12 cells/mm3 increase) (Wilkin et al., 2012). A very

modest improvement in CD4+ T cell slope over 24 weeks also occurred in a similar

intensification trial (Cuzin et al., 2012). Other studies however, have failed to demonstrate a

positive response (Hunt et al., 2013). Our understanding of host gene interactions with HIV

during ART and the impact on CD4+ T cell recovery is at an early stage. Genomic chip

arrays were used to screen approximately 12,000 human genes of which ~200 genes’

expression appeared to be modified in response to initiation of ART (Li et al., 2004). Genes

involved in T cell apoptosis, immune activation and some chemokines and cognate receptors

(i.e. CCR5, MIP-1β, RANTES and others) were down-regulated, while genes involved in

tissue repair and remodeling were up-regulated. Massanella and colleagues (Massanella et

al., 2013) used a paired design to identify an order of magnitude more genes responsive to

ART than previously recognized. In vitro MVC binds CCR5 receptors without inducing

intracellular signaling or altering cell-surface expression (Dorr et al., 2005). However, the

host response to MVC in HIV-infected patients whose virus has already been suppressed by

other therapies is unknown. We sought to identify host factors (i.e. genes) that are

modulated by MVC in HIV-infected individuals with sub-optimal CD4+ T cell recovery and

to evaluate the association of gene expression changes with CD4+ T cell recovery.

Secondary objectives included evaluation of T cell composition changes in response to

MVC. A paired study design was adopted to increase power in evaluating gene expression

changes induced by MVC added to the stable first-line ART regimen.
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2. Materials and methods

2.1. Study design and subjects

CCTG 590 is a single-arm, open-label study to evaluate the impact of therapy intensification

with the CCR5 inhibitor MVC added to a stable suppressive HIV antiretroviral regimen on

the rate of CD4+ T cell recovery and gene expression profiles. The study was approved by

local institutional review boards at each of the participating CCTG sites, and registered

under the ClinicalTrials.gov Identifier NCT00925756. Subjects ages 18 years and older were

recruited from primary care clinics at each of the CCTG sites. All subjects provided written

informed consent. For inclusion and exclusion criteria please refer to Supplementary

materials and methods.

2.2. Intervention and collections

MVC was provided by ViiV Healthcare (Research Triangle Park, NC) and was dosed

according to FDA-approved guidelines (Selzentry prescribing information). MVC was

administered for the first 24 weeks of the study, followed by a 12 week washout phase. All

historic plasma HIV-1 RNA levels and CD4+ T cell counts since the initiation of each

subject’s first ART regimen and, where possible, documentation of the nadir CD4+ T cell

count (defined as the last CD4+ T cell count prior to initiation of ART), were collected.

Study visits occurred at weeks 0, 2, 4, 8, 12, 24 and 36. At each visit, CD4+ and CD8+ T

cell counts and percentages were obtained. At baseline (week 0), week 4 and week 24 on

MVC blood was collected for flow cytometry and gene expression analyses.

2.3. Assessment of CD4+ T cell recovery before and during MVC intensification

CD4+ T cell recovery was assessed by determining change in CD4+ T cell count over 24

weeks of MVC intensification and by comparing slopes of CD4+ T cell recovery before and

after addition of MVC to baseline therapy. All CD4+ T cell counts collected in the last 2

years prior to screening visit were used. For CD4+ T cell recovery during MVC

intensification, CD4+ T cell counts collected at baseline, week 2, week 4, week 8, week 12

and week 24 were used.

2.4. Flow cytometry

Maturation, activation and proliferation markers on CD4+ and CD8+ T cells were measured

from fresh whole blood using panels of antibodies obtained from BD Biosciences, Inc. (San

Diego, CA). Maturation was assessed by the loss of CD27 and CD28 receptors and

separately by expression of CD62L and CD45RA surface markers. Activation was assessed

by expression of CD38 and HLA-DR surface markers. Ki67 marker was used to measure

proliferation. Regulatory T cells (Tregs) were measured using CD25+ CD127- marker.

2.5. RNA isolation and microarrays

RosetteSep kit (StemCell Technologies, Inc., Vancouver, Canada) was used to isolate CD4+

T cells from 32 mL of fresh whole blood per manufacturer’s instructions. RNA was

extracted using Qiagen RNeasy mini kit (Qiagen Inc., Valencia, CA) per manufacturer’s

instructions. RNA concentration was determined using a NanoDrop 1000 (Thermo Fisher
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Scientific, Wilmington, DE). RNA quality was assessed by 260/280 ratio (>1.8) and by

measuring RNA integrity number (RIN) using Agilent 2100 Bioanalyzer (Agilent

Technologies Inc., Santa Clara, CA). For samples with sufficient RNA yields (>100 ng) and

260/280 ratios >1.8, RINs were acceptable for microarray analysis (average 9.8, standard

deviation 0.3). cRNA preparations and hybridizations to Illumina HT12 beadchips version 4

(Illumina, San Diego, CA) (47,324 probes corresponding to 31,426 unique genes) were

performed by Expression Analysis, Inc. (Durham, NC). One hundred nanograms of total

RNA were used as starting material. Gene expression data are available at the Gene

Expression Omnibus (http://www.ncbi.nlm.nih.gov/geo/) under accession number

GSE56804.

2.6. Statistical analyses

Wilcoxon signed rank test was used to assess changes in T cell counts, percentages, CD4+ T

cell recovery slopes and changes in T cell phenotypes measured by flow cytometry. Plots

were produced using GraphPad Prism version 6.00 for Windows, GraphPad Software, La

Jolla California USA, www.graphpad.com. The proportion tests were performed using

prop.test in the R statistical computing environment 2.13.2 (R Developmental Core Team,

2011).

Microarray quality control and data pre-processing was performed as previously described

(Beliakova-Bethell et al., 2014). Technical batches associated with sample processing at

three different recruitment sites were adjusted using ComBat (Johnson et al., 2007).

Repeated measures (RM) ANOVA (Beliakova-Bethell et al., 2014) was used to identify

genes whose expression changed over the course of MVC administration. Multivariate

permutation tests under default settings (80% confident no more than 10% false positives)

were performed using BRB-Array Tools (Simon et al., 2007). Gene assignment to temporal

profiles was performed using a nonparametric clustering algorithm in Short Time-series

Expression Miner (STEM) (Ernst and Bar-Joseph, 2006). Please refer to Supplementary

materials and methods for further details on using STEM.

Expression of genes identified in the ANOVA, permutation t-test and STEM analyses of

microarray data was correlated with CD4+ and CD8+ T cell counts and percentages, and the

T cell activation markers that were measured by flow cytometry over the MVC

intensification time course. For these analyses, changes over 4 and 24 weeks on MVC were

correlated for each variable. Spearman’s rank correlation analysis was used to test whether

correlations are equal to zero or not.

2.7. Droplet digital PCR (ddPCR)

One gene whose expression differed significantly between week 24 and baseline (week 0) as

assessed by multivariate permutation test (tumor necrosis factor alpha, official gene symbol

TNF) was selected for further validation by ddPCR using the QX100 system (Bio-Rad,

Hercules, CA) as described previously (Beliakova-Bethell et al., 2014; Massanella et al.,

2013). Please refer to the Supplementary materials and methods for details.
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3. Results

3.1. Subjects characteristics and safety

A total of 32 subjects were enrolled in the study (Fig. 1), 8 at UCSD, 15 at UCLA and 9 at

USC. Their baseline characteristics and MVC dosing are shown in Table 1. For the 25 of 32

subjects with adequate documentation, the median nadir CD4+ T cell count was 19 (IQR

=7–44). All subjects completed the study follow-up.

MVC intensification was well tolerated. Apart from elevated bilirubin among subjects

receiving atazanavir, only one serious adverse event occurred during study drug

administration. This subject experienced transiently altered mental status, was hospitalized

and had MVC stopped temporarily. Altered mental status did not recur upon rechallenge

with MVC. No subject experienced virologic failure during the study.

3.2. Changes in CD4+ and CD8+ T cell counts during and following MVC intensification

CD4+ and CD8+ T cell counts gradually increased over 24 weeks of MVC intensification,

and decreased at week 36 (12 week follow-up) compared to week 24, but were still elevated

compared to baseline (Fig. 2A and B). Percent CD4+ T cells increased over 24 weeks (Figs.

2A and 3A) and did not decrease at follow-up (Fig. 2A). Percent CD8+ T cell counts

increased over the time course on MVC (Figs. 2B and 3B), and at the follow-up these

returned to baseline (Fig. 2B). The slope of CD4+ T cell recovery while on MVC increased

(median 76 CD4+ T cells/mm3 per year) compared to slope prior to MVC (median 39 CD4+

T cells/mm3 per year), but the difference did not reach statistical significance (p = 0.33).

3.3. Analysis of maturation, activation and proliferation of CD4+ and CD8+ T cell subsets

We evaluated the impact of MVC intensification on immune activation, maturation and

proliferation of CD4+ and CD8+ cells and their subsets during viral suppression. While

there were no significant changes in CD4+ T cell maturation phenotypes (Fig. 3A), some

differences were observed in case of CD8+ T cells (Fig. 3B). Percentages of the central

memory CD8+ T cells (CD62L+CD45RA−) increased early during the MVC time course

(week 4 p = 0.024, week 24 p = 0.046). Percentage of CD8+ effector memory cells (CD62L

−CD45RA−) had similar pattern of increase, but did not reach significance at week 24

(week 4 p = 0.036, week 24 p = 0.173). On the other hand, percentages of the CD8+ effector

cells (CD62L−CD45RA+, week 4 p = 0.140, week 24 p = 0.028) and cells harboring

immune senescence phenotype (CD27−CD28−, week 4 p = 0.172, week 24 p = 0.010)

decreased over 24 weeks on MVC.

Activation was assessed using CD38 and HLA-DR markers (Fig. 4). The only significant

change observed with CD4+ T cells, was a transient increase of the percentage of

CD4+CD38+HLA-DR+ cells at week 4 (p = 0.039) (Fig. 4A). On the other hand, more

significant changes were observed in case of CD8+ T cells (Fig. 4B). Percentage of

CD8+CD38+HLA-DR− decreased over the MVC intensification time course, which

included total CD8+ T cells and their central memory and effector subsets. Percentages of

CD8+CD38+HLA-DR+ cells tended to increase, but reached significance only in case of the

central memory subset (week 4 p = 0.010, week 24 p = 0.039).
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Percentage of proliferating CD4+ T cells and double positive CD4+CD8+ T cells tended to

decrease at week 24 of MVC intensification (p = 0.049 and p = 0.076 for CD4+ and

CD4+CD8+ T cells, respectively), while percentage of proliferating CD8+ T cells

transiently increased at week 4 (p = 0.001) (Fig. 5A). Total Tregs did not change at week 4

and significantly decreased at week 24 (p = 0.001) (Fig. 5B).

3.4. Gene expression profiling in CD4+ T cells

Based on RNA yields and quality assessment, samples from 3 of the 32 subjects were

excluded from microarray study. Four outlier arrays as determined by microarray quality

control were also excluded from the analysis. Thus, a total of 25 subjects (75 samples) were

included. The characteristics between subjects included or excluded from microarray

analysis were statistically similar. For initial analysis of MVC effects on gene expression

over the time course, genes were filtered to minimize the number of multiple tests by

excluding genes with low spread among samples. Filtering based on IQR being >0.5 resulted

in a set of 3826 probes corresponding to 3301 unique genes. Even considering the 3826

probes with the highest variability among samples, the analysis showed minimal signal in

the data, with all the genes essentially having the same expression level across the time

points (p = 1), except for TNF (p = 0.805 for 4 weeks vs 24 weeks comparison). An

independent analysis of gene expression using permutation paired t-tests in BRB-Array

Tools identified a sole differentially expressed gene, TNF, between week 0 and week 24 of

MVC and week 4 and week 24 of MVC (p < 0.001). At week 24, the expression of TNF was

1.44-fold lower compared to baseline and 1.54-fold lower compared to week 4.

A more sensitive method, ddPCR, was used to measure TNF expression in subjects over the

time course. An RM ANOVA was conducted across time points. At week 24 of MVC

intensification, TNF had 1.17-fold lower expression than at week 0 and this difference was

not statistically significant (p = 0.6).

Of 25 subjects analyzed by microarrays, by week 24, 18 had increased CD4+ T cell counts,

while 7 subjects had decreased CD4+ T cell counts. We hypothesized that those patients

who had CD4+ T cell increases, had reduced TNF expression. Twenty-one subjects had

declined TNF expression, while only 4 had TNF expression higher than at baseline. The

proportion of patients with declined TNF was equal among those patients that increased vs

decreased CD4+ T cell counts (1/6 vs 1/7, p = 1). Thus, subdividing subjects into groups

according to CD4+ T cell recovery status did not identify a role for differential TNF gene

expression. TNF expression also did not correlate with CD4+ T cell maturation, activation

and proliferation phenotypes.

To ensure that the data was analyzed in all possible ways and none of the gene expression

perturbations were missed in the course of the analyses, temporal gene expression profiling

with STEM was utilized. In this approach, the differences in gene expression do not have to

reach statistical significance; rather, a number of genes assigned to the same temporal

profile should be greater than expected by chance for a profile to be considered significant.

For example, all the genes whose expression increases over a time course would be mapped

to one profile, while those with decrease in expression in the beginning and increase towards

the end – to another. In our experiment, only two of the identified four profiles (Fig. 6)
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contained more than one gene, and only one profile was significant (p = 0.02). After

adjustment for multiple testing, that one profile was no longer significant. Thus, the absence

of signal in gene expression due to MVC intensification was confirmed by an independent

method.

4. Discussion

The current study attempted to characterize the mechanisms of CD4+ T cell recovery

incurred during MVC intensification at the level of CD4+ T cell transcriptome and by

measuring expression of maturation, activation and proliferation markers on CD4+ and

CD8+ T cells. Single arm studies of MVC in subjects with suboptimal CD4+ recovery have

reported very modest increases in CD4+ T cell counts (Cuzin et al., 2012; Wilkin et al.,

2012), while a placebo-controlled study reporting no difference with MVC (Hunt et al.,

2013). We observed an increase in CD4+ T cell count of 37 cells/mm3 over 24 weeks, a

value greater than previously reported (Cuzin et al., 2012; Hunt et al., 2013; Wilkin et al.,

2012), which attenuated 12 weeks after MVC discontinuation. However, the slopes of CD4+

T cell recovery before and during MVC administration were not significantly different. As

compared to the 2 studies that reported the slope of CD4 cell recovery prior to MVC

intensification (Cuzin et al., 2012; Wilkin et al., 2012) our subjects had a greater pace of

CD4+ T cell recovery prior to MVC, which likely explains the greater absolute gain in our

study. Taken together, there is evidence for at best only a very modest and transient effect of

MVC intensification on CD4+ T cell recovery.

In addition to evaluating CD4+ T cell recovery, this study also analyzed changes in CD4+ T

cell composition during MVC intensification. No significant changes were observed in

CD4+ T cell composition by maturation subsets (naïve, central memory, effector memory,

effector and senescent CD4+ T cells). A small transient increase of activated CD4+ T cells

(CD38+HLA-DR+) was observed early during MVC intensification (week 4), with return to

baseline levels at week 24. An interesting observation of the present study was a significant

decrease in the percentages of both proliferating Ki67+CD4+ T cells and Tregs, which

occurred with a lag time after beginning of MVC intensification. While after 4 weeks of

MVC percentages of both proliferating CD4+ T cells and Tregs did not differ from baseline,

at week 24 they were decreased by 0.65% and 1.4%, respectively. Elevated percentages of

proliferating CD4+ T cells and Tregs were previously implicated in inadequate immunologic

response, despite successful virologic control, in HIV-infected patients on ART (Marchetti

et al., 2006; Saison et al., 2014). Thus, even though increase in CD4+ T cell counts was

modest in our study, MVC appeared to cause changes in CD4+ T cell type composition

associated with immunologically favorable outcomes.

Profiling the entire transcriptome of the CD4+ T cells from patients administered MVC was

the novel aspect of the present study. Contrary to our hypothesis, MVC did not appear to

induce any significant changes in the CD4+ T cell transcriptome. In particular, only one

gene, TNF, was identified as differentially expressed between week 0 and week 24 and week

4 and week 24 using multivariate permutation t-tests in BRB-Array Tools. TNF is

upregulated in CD4+ T cells productively infected with HIV (Imbeault et al., 2012) and

plays a role in apoptosis of CD4+ T cells during HIV infection (reviewed in Herbein and
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Khan, 2008). Moreover, single nucleotide polymorphisms in TNF were associated with

CD4+ T cell recovery of HIV-infected patients on ART (Haas et al., 2006). Thus, the

observed modest reduction of TNF expression in CD4+ T cells during MVC treatment might

have contributed to modest improvement of CD4+ T cell recovery. However, TNF was not

confirmed as differentially expressed either in the RM ANOVA analysis of microarrays or

by ddPCR, a method independent of microarrays which is also considered to be more

sensitive. Changes in TNF expression over 24 weeks on MVC did not correlate with changes

in CD4+ T cells and changes in any of the CD4+ T cell maturation, activation and

proliferation phenotypes tested. Moreover, temporal profiling of gene expression did not

identify any significant profiles. Thus, the modestly increased CD4+ T cell counts on MVC

could not be explained by changes in the CD4+ T cell transcriptome.

This study also evaluated the effect of MVC on CD8+ T cell counts and composition.

Consistent with previous reports (Rusconi et al., 2013; Wilkin et al., 2012), increased CD8+

T cell counts during the MVC treatment were observed. Analysis of the maturation

phenotypes indicated increase in percentages of central memory and effector memory cells

and decrease in effector and senescent cells. There is some controversy concerning the

effects of MVC intensification on CD8+ T cell activation phenotypes. For example, a

number of reports (Cossarini et al., 2012; Cuzin et al., 2012; Wilkin et al., 2012) showed

decreases in percentage of activated CD8+ T cells, while two more recent studies

demonstrated no effect or increase (Hunt et al., 2013; Rusconi et al., 2013). In all these

studies, the effect of MVC on CD38+HLA-DR+ or total CD38+ cells was evaluated. Our

study differed from the previous studies by performing separate analyses of MVC effect on

CD38+HLA-DR− and CD38+HLA-DR+ cells. Interestingly, the effect of MVC on activated

CD8+ T cells of these two phenotypes appeared to be different: the percentage of

CD38+HLA-DR−CD8+ T cells significantly decreased, while the percentage of

CD38+HLA-DR+CD8+ cells slightly but insignificantly increased. In addition, we have

demonstrated that central memory and effector subsets contributed to the observed changes

in total activated CD8+ T cells. However, due to only small changes and large spread in the

data, it is hard to infer clinically relevant effects from these observations. Among all the

phenotypes tested, MVC had the greatest effect on CD8+ T cells of senescent phenotype

(CD27−CD28−, 3.3% reduction by week 24). Higher percentages of CD8+CD27+CD28+ T

cells (lacking senescent phenotype) were previously implicated as predictors of improved

CD4+ T cell recovery following 12 months on ART (Seu et al., 2013). Thus, reduction of

senescent CD8+ T cells by MVC in the present study may have contributed to the observed

CD4+ T cell recovery.

A potential limitation of this study is the lack of receptor tropism testing; however,

immunologic activity of MVC is thought to be independent of viral tropism (Corbeau and

Reynes, 2009). Another limitation is that the key immune effects of MVC may be mediated

by cell types other than the CD4+ T cell subset that were analyzed, such as cells of the

innate immune system (Rossi et al., 2011). Finally, the present study did not have a placebo

control arm. We believe, however, that because of variations in CD4+ T cell levels, the

within-subjects design is more robust and less prone to identification of false positives.
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In summary, our results indicate that changes in CD4+ T cell gene expression signature

cannot explain the small increases in CD4+ T cell count in patients on MVC intensification

therapy. However, the modest changes in T cell composition, including reduction of the

percentages of Tregs, proliferating CD4+ T cells and senescent CD8+ T cells, suggest

immunologically favorable effects of MVC.

Supplementary Material
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RM ANOVA Repeated Measures ANOVA

STEM Short Time-series Expression Miner

TNF Tumor necrosis factor alpha (official gene symbol)

Tregs Regulatory T cells
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Fig. 1.
CONSORT diagram showing study design.
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Fig. 2.
T cell counts and percentages in patients over the MVC intensification time course and

follow-up after MVC discontinuation. CD4+ T cells absolute counts (top) and percentages

(bottom) (A); CD8+ T cell absolute counts (top) and percentages (bottom) (B). Bars

represent median with interquartile range. Median changes at each time point compared to

baseline (week 0) and p-values as determined by Wilcoxon ranked sum test are shown

underneath the graphs.
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Fig. 3.
Flow cytometry analysis of maturation phenotypes of CD4+ (A) and CD8+ T cells (B) over

MVC intensification time course. Each graph represents median percentage changes with

interquartile range of each phenotype indicated compared to baseline, which was set to 0.

The changes and p-values associated with these changes at weeks 4 and 24 are shown next

to each time point. X axis, time points (week 0, week 4 and week 24). Y axis, change in

percentage of each phenotype compared to baseline.
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Fig. 4.
Flow cytometry analysis of activation phenotypes (CD38+HLA-DR− and CD38+HLA-DR+

as indicated underneath the graph) of CD4+ (A) and CD8+ T cells (B) over MVC

intensification time course. Each graph represents median percentage changes with

interquartile range for each phenotype indicated compared to baseline, which was set to 0.

The changes and p-values associated with these changes at weeks 4 and 24 are shown next

to each time point. X axis, time points (week 0, week 4 and week 24). Y axis, change in

percentage of each phenotype compared to baseline.
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Fig. 5.
Flow cytometry analysis of proliferation phenotypes (A) and Regulatory T cells (Tregs, B)

over MVC intensification time course. Each graph represents median percentage changes

with interquartile range for each phenotype indicated compared to baseline, which was set to

0. The changes and p-values associated with these changes at weeks 4 and 24 are shown

next to each time point. X axis, time points (week 0, week 4 and week 24). Y axis, change in

percentage of each phenotype compared to baseline.
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Fig. 6.
Temporal gene expression profiling using Short Time-series Expression Miner (STEM).

Profile p-values (before multiple testing adjustment) are indicated in the left bottom corner

of each profile. Profiles are ordered based on the significance of the number of genes

assigned to the profile vs expected. Black lines represent temporal profiles; red lines show

gene expression changes along MVC intensification time course. X axis, visit at which

samples were collected for gene expression analysis. Y axis, relative units of gene expression

change. Genes that mapped to each profile are listed underneath the profiles.
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Table 1

Subject characteristics. Values are means (±standard deviation) except where noted.

Subject characteristics, unit Value

N 32

Age, years 48.9 ± 9.7

Male sex, N (%) 28 (87.5)

Race/Ethnicity, N (%)

 White, not Hispanic 7 (21.9)

 Black 2 (6.3)

 White Hispanic 21 (65.6)

 Other 2 (6.3)

Route of HIV acquisition, N (%)

 Homosexual contact 14 (43.8)

 Heterosexual contact 15 (46.9)

 Homo/Heterosexual contact 1 (3.1)

 Injection drug use 1 (3.1)

 Blood products 1 (3.1)

Prior AIDS diagnosis, N (%) 21 (65.6)

Total time on ART, months 52 ± 40

Total time on baseline ART regimen, months 33 ± 24

ART regimen

 NNRTI-based 20 (62.5)

 NNRTI/PI-based 1 (3.1)

 PI-based 11 (34.4)

Maraviroc dosage

 150 mg twice daily 12 (37.5)

 300 mg twice daily 2 (6.3)

 600 mg twice daily 18 (56.3)

aUndetectable HIV RNA, N (%) 32 (100)

Active hepatitis B or C, N (%) 0 (0)

Baseline CD4+ T cells/mm3, median (interquartile range) 215 (180, 263)

ART – antiretroviral therapy, NNRTI – nonnucleoside reverse transcriptase inhibitor, PI – protease inhibitor.

a
Viral load was considered undetectable when less than 50 copies RNA/mL using Roche Amplicor or less than 75 copies/mL using Bayer bDNA.
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