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Background. Some human immunodeficiency virus (HIV)—infected individuals are not able to achieve a
normal CD4" T cell count despite prolonged, treatment-mediated viral suppression. We conducted an
intensification study to assess whether residual viral replication contributes to replenishment of the latent reservoir
and whether mucosal HIV-specific T cell responses limit the reservoir size.

Methods. Thirty treated subjects with CD4 ™" T cell counts of <350 cells/mm? despite viral suppression for =1
year were randomized to add raltegravir (400 mg twice daily) or matching placebo for 24 weeks. The primary end
points were the proportion of subjects with undetectable plasma viremia (determined using an ultrasensitive assay
with a lower limit of detection of <.3 copy/mL) and a change in the percentage of CD38 "HLA-DR*CD8™ T cells in
peripheral blood mononuclear cells (PBMCs).

Results. The proportion of subjects with undetectable plasma viremia did not differ between the 2 groups
(P = .42). Raltegravir intensification did not have a significant effect on immune activation or HIV-specific
responses in PBMCs or gut-associated lymphoid tissue.

Conclusions.
HIV treatment.

Clinical Trials Registration. NCT00631449.

Low-level viremia is not likely to be a significant cause of suboptimal CD4™ T cell gains during

Highly active antiretroviral therapy (HAART) has been
effective in decreasing morbidity and mortality associ-
ated with human immunodeficiency virus (HIV)

infection [1]. However, a significant proportion of

Received 15 June 2010; accepted 15 September 2010.

Potential conflicts of interest: H.H. and S.G.D. have received research support
from Merck. All other authors report no potential conflicts. Both raltegravir and
placebo pills were provided by Merck and reagents were provided by Gen-Probe at
no cost to this study.

Presented in part: 17th Conference on Retroviruses and Opportunistic Infections,
San Francisco, February 2010. Abstract 101LB.

Reprints or correspondence: Hiroyu Hatano, MD, San Francisco General
Hospital, Bldg 80, Ward 84, 995 Potrero Ave, San Francisco, CA 94110
(hhatano@php.ucsf.edu.).

The Journal of Infectious Diseases 2011;203:960-8

© The Author 2011. Published by Oxford University Press on behalf of the Infectious
Diseases Society of America. All rights reserved. For Permissions, please e-mail:
journals.permissions@oup.com

1537-6613/2011/2037-0001$15.00

DOI: 10.1093/infdis/jiq138

individuals are unable to achieve a normal CD4" T cell
count despite prolonged viral suppression with effective
HAART. In one study, ~25% of patients who started
HAART at a CD4™ T cell count of <200 cells/mm” were
unable to achieve a CD4" T cell count of >500 cells/
mm?> even after more than 7-10 years of HAART [2].
Moreover, having a suboptimal CD4" T cell response
has been associated with significant clinical
consequences, including increased AIDS-related and
non—AIDS-related morbidity and mortality [3-6].

The mechanisms of suboptimal immune recovery are
not completely understood. Persistent T cell activation
may be causally related to the inability to reconstitute
normal CD4" T cell counts, perhaps owing to its effect
on lymphoid tissue architecture [7-11]. Moreover,
ongoing low-level viral replication may be the proximal
cause of persistent activation during HAART [12-15].

Several studies have attempted to address this issue
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[15-18], although none have focused on the host responses
to HIV in both blood and gut-associated lymphoid tissue
(GALT).

We conducted a randomized, double-blinded, placebo-
controlled study of raltegravir intensification to assess whether
ongoing viral replication contributes to immune activation and
suboptimal immune recovery during HAART. Our secondary
objective was to explore the host determinants of viral persis-
tence in both blood and GALT.

METHODS

Subjects

Thirty HIV-infected, HAART-treated subjects with CD4" T cell
counts of <350 cells/mm? for =1 year despite viral suppression
(<40 to 75 copiessmL) for =1 year were enrolled in this
randomized, placebo-controlled study. In 15 subjects raltegravir
(400 mg twice daily) was added to their current suppressive
HAART regimens for 24 weeks, and in 15 subjects matching
placebo was added for 24 weeks; subjects were randomized to
treatment in a double-blinded fashion. Twenty-one of 30
subjects also consented to undergo 3 serial colorectal biopsies.
All subjects provided written informed consent. This study was
approved by the University of California San Francisco (UCSF)
Committee on Human Research. Subjects were seen every
4 weeks. Plasma and peripheral blood mononuclear cells
(PBMCs) were stored, and detailed interviews were conducted at
most visits. Adherence to study drug was measured at every
study visit by self-report and by pill count.

An independent data monitoring committee including
3 individuals from the scientific community met 12, 24, 48, and
60 weeks after the enrollment of the first subject and 60 weeks
after the enrollment of the last subject. No significant adverse
events occurred during the study. The 2 primary end points were
(1) the proportion of subjects with undetectable plasma RNA
(<.3 copy/mL assay [19]) at week 12 and (2) a change in the
percentage of CD38 HLA-DRTCD8' T cells in PBMCs,
given that immune activation levels have been shown to be
a strong and independent predictor of HIV disease progression
[7, 8, 20].

The sample size was based on data from prior studies [12, 21].
To achieve 80% statistical power to detect a 35% difference in
proportion of subjects with undetectable plasma viremia, 14
subjects would be needed in each group (assuming a type I error
of 5%) [22]. Similarly, to achieve 80% statistical power to detect
a5.5% difference in activated CD8™ T cells, 13 subjects would be
needed in each group (assuming a type I error of 5%). Our prior
work has indicated that a 5.5% difference in activated CD8"
T cells is clinically meaningful; among treated patients with
virologic suppression for a median of 2 years, we observed that
for every 5% increase in the percentage of activated CD8”"
T cells, there was a mean of 35 fewer CD4™ T cells/mm? gained

[7]. We therefore enrolled 15 subjects in each group to account
for potential losses to follow-up and early treatment

discontinuations.

Virologic Measurements

Plasma RNA was measured at baseline and week 12 with an
ultrasensitive assay, with a lower limit of detection of <.3 copy/
mL (median, 6.5 mL of plasma) [19]. Cell-associated RNA and
proviral DNA was measured from PBMCs at baseline and
weeks 4 and 24. The transcription-mediated amplification assay
(Aptima; Gen-Probe) was used to measure cell-associated RNA.
This assay is a nucleic acid-amplification test that has been
approved by the Food and Drug Administration for the early
detection of HIV infection in plasma (in the screening of
blood donors) and has also been validated for clinical diagnostic
use [23]. A modified approach of published methods for
PBMC extraction and transcription-mediated amplification of
cell-associated hepatitis C virus was used [24, 25]. The output is
a signal-cutoff (S/Co) ratio (range, 0-30), with S/Co <1.0
considered HIV RNA “negative” and S/Co =1.0 considered
“positive.” All S/Co ratios were normalized to the input number
of PBMCs.

Total proviral DNA was extracted from PBMCs using
modifications of methods described elsewhere [25, 26]. This
assay has an overall sensitivity of 1 copy/3 pg of input DNA,
equivalent to ~450,000 PBMCs [27, 28]. All proviral DNA levels
were normalized to the input number of PBMCs.

T Cell Inmunophenotyping and Cytokine Flow Cytometry

The percentages of CD38 HLA-DR"CD8" and CD38 " HLA-
DR*CD4" T cells and the percentages of HIV Gag-specific
CD8" and CD4" T cells expressing interferon (IFN) y and
interleukin (IL) 2 were measured in PBMCs at baseline and at
weeks 4 and 24. We focused on Gag-specific IFN-y "IL-27 T cell
responses because these have been associated with control of
HIV replication in elite controllers [29-31].

PBMCs were isolated from whole blood, cryopreserved, and
stored at the UCSF AIDS Specimen Bank. Markers of T cell
activation and antigen-specific T cell responses were measured
using flow cytometry at the UCSF Core Immunology Labora-
tory, according to methods described elsewhere that have been
optimized and validated for frozen PBMCs [32]. Frozen PBMCs
were rapidly thawed in warm medium, counted on a Guava PCA
system with the ViaCount assay (Millipore), and rested over-
night (T cell response assays) or washed and stained the same
day (T cell immunophenotyping). The average viability of
thawed cells was 93% (range, 61%— 98%; 80% of samples had
a viability of >90%)).

For T cell immunophenotyping, thawed cells were stained
with Aqua Amine Reactive Dye (Invitrogen) to discriminate
dead cells, washed, and then stained with the following fluo-
rescently conjugated monoclonal antibodies: CD3—Pacific Blue,
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CD38-phycoerythrin (PE), HLA-DR—fluorescein isothiocyanate
(FITC), CD4-PE-Texas Red, and CD8-Qdot 605 (Invitrogen).
In each experiment a fluorescence-minus-one control was
included for CD38 and HLA-DR to help determine the cutoff
for positive staining. Stained cells were washed, fixed in .5%
formaldehyde (Polyscience), and held at 4°C until analysis.

For cytokine flow cytometry (CFC), rested PBMCs were
stimulated for 18-22 h at 37°C with overlapping peptide pools
corresponding to HIV-1 Con B Gag peptides (NIH 8117) in the
presence of .5 pg/mL brefeldin A and .5 pg/mL monensin
(Sigma-Aldrich). A control well with no stimulation was tested
in parallel for each sample. After stimulation, cells were washed
and stained with Aqua Amine Reactive Dye, fixed, and then
permeabilized for intracellular staining with antibodies against
CD3-Pacific Blue, IFN-y-FITC, IL-2-PE (all BD BioScience),
CD4-PE-Texas Red, and CD8-Qdot 605 (both Invitrogen).
Cells were then washed and stored at 4°C until analysis.

Stained cells were analyzed on a customized BD LSR II flow
cytometer; 100,000 and 500,000 lymphocytes were collected for
immunophenotyping and CFC samples, respectively. Data were
compensated and analyzed using FlowJo software version 9.0.2
(Tree Star) to determine the proportions of CD4" and CD8" T
cells expressing each of the T cell or cytokine markers. Combi-
nations of markers were calculated with FlowJo software using
the Boolean gate function. For CFC data, results from control
wells with no stimulation were subtracted from results obtained
with stimulation.

Gut-Associated Lymphoid Tissue

Colorectal biopsies were performed in 21 of 30 subjects at 2 weeks
before baseline, and weeks 6 and 22. At each of the 3 visits, 30
biopsy specimens were obtained with 3-mm jumbo forceps, ap-
proximately 10-15 cm from the anal verge. Eighteen of 30 biopsy
specimens were processed on the same day for measurement of
T cell activation (percentages of CD38 HLA-DR"CD8" and
CD38 HLA-DR*CD4" T cells) or rested overnight and as-
sayed for total Gag-specific CD8" and CD4" T cells (all Gag-
specific CD8" and CD4 " T cells expressing IFN-y, IL-2, tumor
necrosis factor (TNF) o, or CD107a). We focused on mucosal T
cell responses because they have been associated with control of
HIV replication in elite controllers [33].

Samples were placed directly into 10 mL of Roswell Park
Memorial Institute 1640 medium supplemented with fetal calf
serum (15%), penicillin (100 U/mL), streptomycin (100 pg/mL),
glutamine (2 mmol/L), and piperacillin-tazobactam (.5 mg/mL)
(Zosyn; Wyeth) (R15 medium). Rectal mononuclear cells
(RMCs) were isolated from biopsy specimens according to
a published protocol that was optimized for high yield and vi-
ability of mucosal lymphocytes without compromising the de-
tection of most surface antigens [34]. Briefly, biopsy specimens
underwent 3 rounds of digestion in .5 mg/mL collagenase type II
(Sigma-Aldrich). Each round was followed by disruption of the

tissue with a syringe bearing a 16-gauge blunt-end needle and
subsequent passage through a 70-pum cell strainer. Yields ranged
from 4 to 21 X 10° RMC from 18 biopsy specimens.

For cell surface immunophenotyping of freshly isolated
RMCs, methods were similar to those used for PBMCs [34]. For
CFC, freshly isolated RMCs were rested overnight at 37°C and
5% CO, in R15 medium containing .5 mg/mL piperacillin-
tazobactam to discourage bacterial growth, and then similar
methods were used as for PBMCs [34]. The expression of IFN-vy,
IL-2, TNF-a, and/or CD107a was measured using a modifica-
tion of methods described elsewhere [35, 36]. To account for
fewer events and elevated baseline cytokine staining in mucosal
samples, response data from peptide-stimulated wells were first
compared against data from unstimulated controls using an
algorithm to determine statistical significance, described
elsewhere, before background subtraction [33, 37].

Statistical Methods

Baseline characteristics were compared using the Wilcoxon rank
sum test or Fisher’s exact test. Generalized estimating equations
were calculated to estimate the mean change in plasma RNA,
cell-associated RNA, proviral DNA, immune activation (PBMCs
and GALT), and HIV-specific responses (PBMCs and GALT)
over time. Interaction terms were created to assess whether these
changes over time differed significantly between the raltegravir
and placebo groups. All statistical analyses were conducted with
Stata software (version 9.2; Stata Corp).

RESULTS

Forty-one subjects were screened to enroll 30 subjects; 11 subjects
were excluded from the study because the screening CD4 " T cell
count was > 350 cells/mm3, plasma HIV RNA was > 75 copies/
mL, concurrent corticosteroid or growth hormone use, or patient
preference. All 30 completed the study. At baseline, the median
age for all 30 subjects was 49 years, the median duration of HIV
infection was 17.5 years, and the median duration of HAART
suppression was 2.6 years (Table 1). The median baseline CD4 "
T cell count was 232 cells/mm, and the nadir count was 53 cells/
mm”. The median adherence to study drug was 100% by self-
report and 98% by pill count; there were no statistically signifi-
cant differences in adherence between the 2 groups.

Ultrasensitive Plasma RNA Assay

At baseline, 19 of 28 subjects had plasma RNA detectable with an
ultrasensitive assay (lower limit of detection, <.3 copy/mL)
(7 subjects receiving raltegravir, 12 receiving placebo; P = .103);
for 2 subjects the internal standard failed. The median baseline
plasma RNA levels were 2.6 and 5.5 copies/mL for the raltegravir
and placebo groups, respectively (P = .52). The proportions of
subjects with undetectable plasma RNA at week 12 did not differ
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Table 1. Baseline Characteristics for Subjects in Raltegravir and Placebo Treatment Groups®

Baseline Characteristic Raltegravir (n = 15) Placebo (n = 15) P
Age, median, years 48 49 72
Sex 15 male 14 male, 1 MTF

CD4" T cell count, median, cells/mm?® 233 231 .56
Nadir CD4" T cell count, median, cells/mm?® 17 90 13
Plasma HIV-1 RNA, median, copies/mL® 2.6 5.5 52
Time since HIV diagnosis, median, years 15 18 .23
Duration of HAART suppression, median, years 3.1 2.1 .76
Treatment with Pl-containing HAART, no. of subjects 10/15 8/15 71
HCV coinfection, no. of subjects 4/15° 4/15 1.00

NOTE. ° HAART, highly active antiretroviral therapy; HCV, hepatitis C virus; HIV-1, human immunodeficiency virus type 1; MTF, male-to-female transgender

subject; PI, protease inhibitor.

© Plasma HIV-1 RNA levels as detected by an ultrasensitive assay (lower limit of detection, <.3 copy/mL).
¢ Includes 1 subject who was HCV Ab positive but had undetectable HCV RNA levels after completion of treatment with pegylated interferon and ribavarin, >5

years before study entry.

significantly between the raltegravir and placebo groups (73% vs
54%, respectively, P = .42). Both groups had a significant
decrease in plasma RNA at week 12 (raltegravir, —1.6 copies/mL
[P < .05]; placebo, —2.5 copies/mL [P < .01]) (Figure 1), but
raltegravir intensification did not decrease plasma RNA more
than placebo (P = .39).

Cell-Associated RNA and Proviral DNA

Baseline proviral DNA levels in PBMCs for the raltegravir and
placebo groups were 15 and 23 copies/1 million PBMC,
respectively. Compared with placebo, raltegravir intensification
did not have a significant effect on cell-associated RNA (P = .90)
or proviral DNA (P = .60) levels.
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Figure 1. Plasma human immunodeficiency virus (HIV) BRNA (as

determined by ultrasensitive assay with a lower limit of detection of
<.3 copy/mL [19]). Both raltegravir (RGV) (red) and placebo (PBO) (blue)
groups had significant decreases in plasma RNA at week 12 (raltegravir,
—1.6 copies/mL [P < .05]; placebo, —2.5 copies/mL [P <.01]). However,
raltegravir intensification did not decrease plasma RNA more than
placebo (P = .39). Thin lines represent raw data for each subject; thick
lines, estimated mean values over time from generalized estimating
equations for each group. Eight time points at which the internal standard
for the assay failed were excluded from analyses and from the figure.
"Undetectable” outcomes were assigned the lower limit of the assay
(.3 copy/mL).

CD4™" T Cell Counts and T cell Activation

After 24 weeks of intensification, peripheral CD4" T cell count
increased by 19 cells/mm? in the raltegravir group and 36 cells/
mm? in the placebo group (P = .28). The baseline percentage of
CD38 "HLA-DR"CD8" T cells in PBMCs was elevated in both
groups (22.3% for raltegravir and 20% for placebo, compared
with a median percentage of 1% among HIV-uninfected persons
found in another study from our group [7]). Raltegravir
intensification had no effect on CD8 " T cell activation (P = .33)
(Figure 2A). The baseline percentage of CD38 "HLA-DR"CD4*
T cells was also elevated in both groups (7.6% for raltegravir,
7.2% for placebo), compared with a median of 1% among
HIV-uninfected persons [7]. Both groups had a significant de-
crease in CD4™" T cell activation in PBMCs (raltegravir, —1.1%
[P = .02]; placebo, —.9% [P = .02]) (Figure 2B). However,
raltegravir intensification did not decrease CD4" T cell activa-
tion more than placebo (P = .67).

The baseline percentages of CD38" HLA-DR"CD8™" T cells
in GALT were 14% and 8% in the raltegravir and placebo
groups, respectively. Raltegravir intensification had no effect on
CD8" T cell activation in GALT (P = .53) (Figure 3A). The
baseline percentages of CD38 "HLA-DR*CD4 ™" T cells in GALT
were 26% and 17% in the raltegravir and placebo groups,
respectively. Initially, CD4" T cell activation levels in GALT
seemed to decrease in the raltegravir group, but this finding did
not reach statistical significance at week 6 (P = .08) or week 22
(P = .14) (Figure 3B).

HIV-Specific Responses

We hypothesized that ongoing viral replication may stimulate
higher HIV-specific T cell responses and that raltegravir in-
tensification might decrease this antigen-specific response. The
baseline percentages of Gag-specific IEN-y " IL2*CD8™ T cells in
PBMCs were .03% and .05% in the raltegravir and placebo
groups, respectively, and the corresponding baseline percentages
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Figure 2. Percentages of CD38"HLA-DR™CD8™ and CD38*HLA-
DR*CD4™ T cells in peripheral blood mononuclear cells (PBMCs). RGV,
raltegravir (red); PBO, placebo (blue). Thin lines represent raw data for
each subject; thick lines, estimated mean values over time from
generalized estimating equations for each group. A, Raltegravir
intensification had no effect on CD8" T cell activation in PBMCs
(P = .33). B, Both groups had significant decreases in CD4™ T cell
activation in PBMCs (raltegravir, —1.1%, [P = .02]; placebo, —.9%
[P = .02]), but raltegravir intensification did not decrease CD4" T cell
activation in PBMCs more than placebo (P = .67).

for Gag-specific IFN-y"IL2"CD4" T cells were .2% and .07%,
respectively. Raltegravir intensification had no significant effect
on Gag-specific IFN-y"IL27CD8" (P = .19) (Figure 4A) or
IFN-y 12" CD4" (P = .80) (Figure 4B) T cell responses.

The baseline percentages for CD8" total Gag-specific
responses (IFN-y, IL-2, TNF-a, or CD107a) in GALT were
41% and .77% in the raltegravir and placebo groups,
respectively, and the corresponding baseline percentages for
CD4™" total Gag-specific responses were .59% and 0%. Ral-
tegravir intensification had no effect on total Gag-specific
CD8" (P = .91) (Figure 5A) or CD4" (P = .30) (Figure 5B) T
cell responses in GALT.

Mucosal HIV-Specific Responses and Viral Persistence

Our secondary objective was to explore the host determinants of
viral persistence. We hypothesized that HIV-specific T cell re-
sponses in GALT may be a critical determinant of the size of the
latent reservoir, and we conducted cross-sectional analyses be-
tween HIV-specific T cell responses in GALT and measures of
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Figure 3. Percentages of CD38"HLA-DR™CD8" and CD38*HLA-
DR*CD4™ T cells in gut-associated lymphoid tissue (GALT). RGVY,
raltegravir (red); PBO, placebo (blue). Thin lines represent raw data for
each subject; thick lines, estimated mean value over time from
generalized estimating equation for each group. Raltegravir intensifica-
tion had no effect on CD8* (4) (P = .53) or CD4™ (B) (P = .14) T cell
activation in GALT.

viral persistence in PBMCs. We found that higher baseline
CD8" total Gag-specific responses (IFN-y, IL-2, TNF-a, or
CD107a) in GALT were associated with lower levels of baseline
proviral DNA in PBMCs (Spearman’s p = —.50; P = .03)
(Figure 6). Similar findings were observed with baseline CD4*
total Gag-specific responses (IFN-v, IL-2, TNF-a, or CD107a) in
GALT and baseline proviral DNA levels in PBMCs, although
these associations did not reach statistical significance (Spear-
man’s p= —.42; P = .07). There were no significant associations
between baseline HIV-specific T cell responses in PBMCs and
measures of viral persistence in PBMCs.

DISCUSSION

There remains an ongoing debate as to whether viral replication
persists in the context of suppressive HAART [12, 15,38—40].
This question is critical in the continuing efforts toward viral
eradication, and multiple studies, including raltegravir
intensification studies, have attempted to address the issue
[15-18].

In this study, raltegravir intensification for 24 weeks did
not decrease plasma RNA more than placebo. This finding is

consistent with those in 2 other recent studies of raltegravir
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Figure 4. Percentages of Gag-specific CD8* and CD4* T cells
expressing interferon (IFN) y and interleukin (IL) 2 in peripheral blood
mononuclear cells (PBMCs). RGV, raltegravir (red); PBO, placebo (blue).
Thin lines represent raw data for each subject; thick lines, estimated
mean values over time from generalized estimating equations for each
group. Raltegravir intensification had no effect on Gag-specific
IFN-y*1L27CD8™ (A4) (P = .19) or IFN-y"IL2*CD4™ (B) (P = 80) T cell
responses in PBMCs.

intensification [16, 18]. However, several important differences
deserve comment. Our study focused on immunologic non-
responders, and the duration of intensification was longer (24
weeks) than in the other studies. We found that both groups had
a significant decrease in plasma RNA, probably because subjects
in each group were in a relatively early phase of viral suppression
(2.6 years) [41]. More importantly, and in contrast to other
studies, we focused on the host responses to HIV in both the
blood and the gut, assuming that these responses might be
a more sensitive measure of low-level viral replication [20]. We
hypothesized that higher levels of viral replication would result
in higher levels of T cell activation and perhaps higher levels of
HIV-specific T cell responses, with these effects being most ev-
ident in the GALT, which is thought to be the major reservoir of
HIV during HAART [42, 43]. Our data consistently failed to
reveal any effect of raltegravir intensification on any of these
measurements.

However, we acknowledge that our study did not fully rule
out the presence of ongoing viral replication in the context of
effective HAART. Subjects in our study were not required to
have detectable plasma RNA at baseline; indeed, only 19 of 28
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Figure 5. Percentages of Gag-specific interferon (IFN) v, interleukin (IL)
2, tumor necrosis factor (TNF) o, or CD107a CD8" and CD4* T cell
responses in gut-associated lymphoid tissue (GALT). RGVY, raltegravir (red);
PBO, placebo (blue). Thin lines represent raw data for each subject; thick
lines, estimated mean values over time from generalized estimating
equations for each group. Raltegravir intensification had no effect on
Gag-specific IFN-y, IL-2, TNF-a, or CD107a CD8™" (4) (P = .91) or CD4™"
(B) (P = .30) T cell responses in GALT.

subjects had plasma RNA that was detectable at baseline with an
ultrasensitive assay (lower limit of detection, <.3 copy/mL).
Thus, it is possible that had we selected only subjects with
plasma RNA detectable at baseline with an ultrasensitive assay,
we may have observed a decrease in plasma viremia with ralte-
gravir intensification. However, results from such a study were
recently published and did not show an effect with in-
tensification [16]. Moreover, additional studies, including
measurement of 2-long terminal repeat circles [15] and mea-
surement of viral persistence in other tissues, such as GALT, are
necessary to completely rule out the presence of ongoing viral
replication [43]. In a recent randomized clinical trial of ralte-
gravir intensification, Buzén and colleagues found that ralte-
gravir may have an effect on both virus and T cell dynamics in
individuals who are taking a protease inhibitor as part of their
HAART regimen [15]. Of note, we observed similar findings in
our study. When we limited our analysis of residual viremia to
subjects taking a protease inhibitor as part of their HAART
regimen, the proportion of subjects with undetectable plasma
RNA at week 12 was higher in the raltegravir group than in the
placebo group (100% vs 44%, respectively; P = .04). These data
suggest that residual viral replication may occur in an anatomic
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ficiency virus (HIV}-specific responses in gut-associated lymphoid tissue
(GALT) and baseline measures of viral persistence. A, Higher percentages
of Gag-specific interferon (IFN) v, interleukin (IL) 2, tumor necrosis factor
(TNF) o, or CD107a CD8™ T cells in GALT were associated with lower
levels of proviral DNA in peripheral blood mononuclear cells (PBMCs)
(Spearman's p = —.50; P = .03). Gag-specific IFN-y, IL-2, TNF-o, or
CD107a CD8™ Tcell responses and proviral DNA levels were measured at
baseline (figure includes subjects in both raltegravir and placebo groups).
B, There appeared to be a possible association between Gag-specific
IFN-y, IL-2, TNF-or, or CD107a CD4™ T cell responses in GALT and proviral
DNA in PBMCs, but this association did not reach statistical significance
(Spearman's p = —.42; P = .07). Gag-specific IFN-vy, IL-2, TNF-o, or
CD107a CD4™ Tcell responses and proviral DNA levels were measured at
baseline (figure includes subjects in both raltegravir and placebo groups).

compartment that is less accessible to protease inhibitors. Fur-
ther studies will be necessary to confirm these findings.

Another limitation of this study, and of this particular area of
research, is the lack of uniformity in the definition of “immu-
nologic nonresponders.” Although we examined subjects with
CD4™" T cell counts of <350 cells/mm> despite viral load sup-
pression for =1 vyear, it is possible and indeed likely that the
biology associated with having a low CD4™ T cell count during
relatively early HAART may prove to be different from that in
long-term, immunologic nonresponders. This is another area
that requires further study.

Immunologic nonresponders may have a larger latent
reservoir than responders, and most of this reservoir—a dis-
proportionate amount—resides in the gut [42, 43]. Moreover,
immunologic insufficient or

nonresponders may have

ineffective HIV-specific responses in this critical location where
most of the residual virus exists. The degree of immune
reconstitution after HAART has been shown to be related to the
degree of local fibrosis in lymph nodes and the gut [10, 11].
Immunologic nonresponders may be caught in a continuous,
self-sustaining cycle of increased immune activation, greater
damage and fibrosis to the gut, and increased microbial trans-
location [44, 45]. To elucidate further the determinants of
immunologic nonresponse, cross-sectional studies comparing
the size of the latent reservoir and HIV-specific mucosal
responses in immunologic responders and nonresponders will
be necessary.

Although multiple studies have defined the immunologic
correlates of virus control in untreated persons, to our knowl-
edge there has not been an extensive study examining the
immunologic correlates of viral persistence in the context of
long-term antiretroviral therapy. In our study, we considered
the level of viremia and cell-associated virus in the peripheral
blood as well as other possible determinants, including the level
of immune activation and the magnitude of HIV specific T cell
responses. In a secondary analysis, we observed negative corre-
lations between mucosal HIV-specific T cell responses and
measurements of the cellular reservoir; however, these findings
are preliminary and require confirmation by other, larger
studies. Although the mechanisms accounting for these associ-
ations cannot be fully addressed in this cross-sectional analysis,
strong mucosal T cell responses might contribute to rapid
clearance of virus during HAART, and presumably this is
testable. Moreover, this hypothesis could coexist with a scenario
in which HIV-infected cells continue to produce virus but are
susceptible to immune clearance. Approaches aimed at
expanding HIV-specific CD4" and CD8" T cell responses in the
gut mucosa may accelerate clearance of the viral reservoir. The
next logical step would be to pursue therapeutic vaccine studies
using HIV vaccines that elicit strong mucosal T cell responses in
HAART-treated patients.

In summary, we found that suboptimal CD4" T cell gains
during long-term HAART are not likely to be due to low-level
ongoing viral replication, at least as detected in peripheral
blood. Other therapeutic options for this challenging patient
population will be needed. In the context of complete or
near complete viral suppression, mucosal HIV-specific T cell
responses may be a determinant of the size of the latent reser-
voir. This latter observation provides support for future studies
aimed at using therapeutic vaccines to affect the size of the
reservoir [46].
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