Teeranaipong P et al. Journal of the International AIDS Society 2013, 16:18723

http://www.jiasociety.org/index.php/jias/article/view/18723 | http://dx.doi.org/10.7448/1AS.16.1.18723

the matched co-culture were high (Figure 4a). In the presence
of AMD3100, the RL activity of the co-culture of 293FT cells
expressing NL4-3-derived env with N4X4-DSP;_; cells was
reduced by 83%. The RL activity of the co-culture of 293FT cells
expressing Bal-derived env with N4X4-DSP;_; cells was low in
the absence of AMD3100 and was not affected significantly by
its presence. The RL activity of the co-culture of 293FT cells
expressing Bal-derived env with N4R5- DSP; ; was reduced by
81% in the presence of maraviroc. The RL activity of the co-
culture of 293FT cells expressing NL4-3-derived env with
N4R5- DSP,_; was low regardless of the presence or absence
of maraviroc. The results indicated that DSP-Pheno could be
used as an assay for entry inhibitors.

Celi-fusion assay of clinical samples

To evaluate assay performance using clinical samples, we
selected plasma samples from 101 treatment-naive, HIV-1-
positive patients, whose infection with clade B viruses had
been confirmed (data not shown). The patient population
was classified into two groups based on CD4 T cell count. The
low CD4 group consisted of 57 patients with CD4 T cell counts
<350 cells/ul; median 228 (range 2-350) cells/pl, and
median viral load was 4.77 (range 2.97-6.62) log 10
copies/ml (Figure 5a and b). The high CD4 group consisted
of 44 patients with CD4 cell counts >350 cells/ul; median
442 (range 351-843) cells/pl, and median viral load was 4.04
(range 1.60-5.41) log 10 copies/ml. The viral load differences
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Inhibition of cell fusions by entry inhibitors. Two pM/well of CXCR4 inhibitor AMD3100 or CCR5 inhibitor maraviroc were added

into N4X4-DSP;_, and N4R5-DSP;_5 cells 90 minutes prior to cell-fusion assay using env derived from reference strains.(a) RL activities.
Columns show the mean RLU +SD from 5 independent experiments. Black columns, RL activities of env derived from X4 reference strain
(NL4-3); white columns, RL activities of env derived from R5 reference strain (Bal). Results from X4-indicator (N4X4-DSP,_;) (lanes 1-4) and
R5-indicator (N4R5-DSP;_;) (lanes 5-8). A, AMD3100; M, maraviroc. Presence or absence of inhibitor indicated by + or —, respectively. (b)
GFP activities. Green fluorescence in the left panel of each pair shows successful cell fusions; red spots in the right panels show the successful
transfection. Reference strains, indicator cells and inhibitors used are shown in the figure.
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Figure 5. DSP-Pheno and Geno2Pheno on clinical samples. Patients were assigned to one of the two groups based on CD4+ T cell counts.
Horizontal green bars indicate the median value. (a) CD4 counts of the patients. Lane 1, Fifty-seven patients with CD4 <350 cells/pl,
median =228 (range 2—350) cells/pl. Lane 2, Forty-four patients with CD4 > 350 cells/pl, median 442 {range 351—-843) cells/pl. (b) Viral load
of each group. Lane 1, CD4 < 350 group, median viral load =4.77 (range 2.97-6.62) log10 copies/ml. Lane 2, CD4 <350 group, median viral
load ==4.04 (range 1.60—5.41) log 10 copies/ml. (c) Mean luciferase activities of the patients’ plasma samples. Lanes 1 and 5, CD4 < 350 group;
lanes 2 and 6, CD4 > 350 group; lanes 3 and 7, R5 controls (BaL); lanes 4 and 8, X4 controls (NL4-3). Dashed red lines are the cut-off value, that
is, the mean value+2SD based on 3 three determinations in 12 independent experiments for each combination of negative control and
indicator cell. (d) Geno2Pheno [co-receptor] analysis of representative samples. Lane 1, 10 samples from dual/X4 [N4X4-DSP;_; (), N4R5-
DSP;_; (+)] group by DSP-Pheno; Lane 2, 10 samples from R5 [N4X4-DSP,_, ( —), N4R5-DSP,_, (+)] group by DSP-Pheno. For dual/X4 and R5
group, five patients each from CD4 < 350 and CD4 >350 groups were chosen. Dashed line indicates the cut-off value as 10% of FPR.

between the two groups were statistically significant by the
Mann—Whitney U test (p <0.001). Aliquots of viral envelope
DNA from each plasma sample were used to construct
pRE11-envbulk for transfection into 293FT cells. The plasma
viral load necessary for the assay was roughly 3.00 log 10
copies/ml for subtype B viruses, although we could amplify
the env gene in a patient with 1.60 log 10 copies/ml.

We used the laboratory strain, Bal as the R5 control and
NL4-3 as the X4 control to define the cut-off values. We
examined Bal on N4X4-DSP,_; cells and NL4-3 on N4R5-
DSP,_; cells. We defined the cut-off value tentatively as the
mean value -+ 2SD based on 3 determinations in 12 indepen-
dent experiments for each combination of negative control
and indicator cell (red dashed line in Figure 5c). As expected,
both combinations showed stably low RL activities, with cut-
off values of 876 for N4X4-DSP,_; cells and 397 RLU for
N4R5-DSP; _5 cells.

Samples from all patients gave positive RL signals on R5
indicator cells (N4R5-DSP,_;) in the fusion assay, which
suggested that the bulk of virus in each patient was able to

use CCR5 as the co-receptor (Figure 5c, lanes 5 and 6).
Median RLU value of the low CD4 group was significantly
higher than that of the high CD4 group on R5 indicator cells
{p <0.0001). Median RLU value of the low CD4 group was
also higher significantly on X4 indicator cells (p =0.0097) and
26/57 (46%) of low CD4 cases versus 15/44 (34%) of high CD4
cases gave positive RL signals (Figure 5c, lanes 1 and 2).
Higher fusion activities on both indicator cells are compatible
with higher viral loads in patients with lower CD4 T cell
counts and may suggest more dual or X4 tropic (dual/X4)
viruses in this group of patients.

To compare the result with conventional GTA, we selected
10 samples each from dual/X4 [N4X4-DSP;_; (+), N4R5-
DSP,_, {+)] and R5 [N4X4-DSP,_, { —), N4R5-DSP;_5 (+)]
cases. Env V3 nucleotide sequences from pRE1l1-envbulk
plasmids were subjected to the Geno2Pheno [co-receptor].
R5-representative samples showed significantly higher
FPR than dual/X4-representative samples (p =0.0009)
(Figure 5d). DSP-Pheno and Geno2Pheno gave concordant
results in 10/10 R5 and 6/10 dual/X4 samples (Figure 5d).
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Although there were four samples with discordant result in
dual/X4 samples, FPR of these samples were low (range:
14.7-23.6%).

Discussion

We developed a quick, safe and sensitive HIV-1 PTA utilizing
double split proteins (DSP-Pheno) and validated the specificity
of the assay using laboratory strains with known co-receptor
usage. We recognize several limitations of this preliminary
study, but the results nevertheless are promising. We assayed
bulk envelope genes amplified from plasma from HIV-1-
infected patients, rather than cloned envelope genes, and
our sample only included subtype B HIV-1. Future studies are
necessary to demonstrate the usefulness of the DSP-Pheno.

One caveat of the DSP-Pheno assay is that it is a cell-fusion
system, and cell—cell fusion may differ in significant details
from virus—cell fusion. For example, recent studies have
shown that HIV-1 virions carry fewer surface glycoproteins
than previously assumed [24]. The DSP-Pheno assay uses
neuroglyoma cell-derived NP-2 cell lines with overexpressed
CD4 and co-receptors. Although these NP-2-derived cell lines
have been characterized extensively [16,17], some unknown
cell surface molecules may be involved in the fusion process.
The DSP-Pheno assay is a gag-free system and requires only
the assembly of reporter proteins pre-formed in the fusion
partner, but infection by a retrovirus requires that the entire
gag particle pass through the fusion pore. Careful comparison
between DSP-Pheno and in-house pseudoviral assay or GTA
using clonal clinical isolates is under way.

GFP portion is necessary as a module of DSP to
compensate weak self-association of split RL [15]. Although
RL would be more suitable for quantitative assay, GFP may
prove single clear positive fusion in the sample with very low
RL readout. This feature of DSP-Pheno incorporating two
different assays may be useful for certain scientific purposes.

Although several issues remain to be clarified, DSP-Pheno
has multiple advantages over the conventional pseudoviral
PTA: (i) the turnaround time for DSP-Pheno is short, with
results available in as few as 5 days, starting from patients’
plasma; (ii) DSP-Pheno is a virus-free assay that does not
require a special biosafety facility, making it particularly
appealing for in-house use; and (iii) the RL assay in DSP-
Pheno has high sensitivity and specificity and compares
favourably with the best pseudoviral PTA published in the
detection of minor X4 populations using laboratory strains.
Trofile™ (Monogram Biosciences Inc., CA, USA) is currently
the only commercially available PTA approved for clinical use,
and the latest version, “Enhanced Trofile™,” detects X4 minor
populations present in concentrations as low as 0.3% [25].
A pseudoviral PTA described by Soda and colleagues had
1% detection threshold for X4 viruses [16]. Although the RL
assay in DSP-Pheno could detect X4 laboratory strains
present in concentrations as low as 0.3%, further studies
are needed to apply the assay for the clinical use. DSP-Pheno
may also be useful for the comparison of with GTA to
improve the algorithm for the co-receptor usage of non-B
subtypes.

Conclusions

We described a new cell-fusion-based, high-throughput PTA
for HIV-1, which would be suitable for in-house studies.
Equipped with a two-way reporter system, RL and GFP, DSP-
Pheno is sensitive and offers a short turnaround time.
Although maintenance of cell lines and laboratory equipment
for the assay is necessary, it provides a safe assay system
without infectious viruses. With further validation against
other conventional analysis, DSP-Pheno may prove to be a
useful laboratory tool. The assay may be useful especially for
the research on non-B subtype HIV-1 whose co-receptor
usage has not been studied much.
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While CCR5 deficiency (in the form of a 32 base-pair
homozygous deletion) can mediate resistance to HIV-1 infection
[1-3], it also has the potential to impair control of other viral

Introduction

Maraviroc is an antiretroviral agent that blocks HIV-1 entry by

binding the virus’ coreceptor CCR5. Given its molecular target,
maraviroc treatment may modulate the natural expression and
function of CCR5, and negatively affect chemotaxis and effector
function of Thl-type CD4" T cell and memory CD8" T cells.
Maraviroc may have additional immunomodulatory effects by
blocking the binding of the natural ligands of CCR5 (MIP-14,
MIP-1fB and, RANTES), yet little data exist on how maraviroc
may interfere with the cellular host immunity, especially the one
directed against HIV-1.

PLOS ONE | www.plosone.org

infections, such as West Nile virus (WNV), both in mouse and
humans [4,5]. In particular, murine T cells lacking CCR5
expression have been shown to secrete lower amounts of IL-2
compared to CCR5* T cells, and a similar phenotype has been
observed in T cells from humans expressing the CCR5-:32
mutation [6]. Furthermore, CD8" T cell exhaustion during
chronic Lymphocytic choriomeningitis virus (LCMV) infection is
more severe in the absence of RANTES, one of the natural CCR5
ligands [7]. Thus, although CCR5-:32 homozygosity does not

January 2014 | Volume 9 | Issue 1 | e87334



seem to negatively affect humans, blocking its function by agents
like maraviroc may negatively affect immune responses, including
T cell responses to HIV-1.

In previous clinical trials, treatment with maraviroc has been
shown to result in more extensive increases in CD4 counts in
treatment-naive and -experienced subjects, though the mecha-
nisms involved remain unknown [8-11]. In addition, some studies
have indicated that adding maraviroc to suppressive combination
antiretroviral treatment (cART) reduces markers of immune
activation [12-15]. Also, i vitro exposure to maraviroc decreases
some markers of immune activation on T lymphocytes [16]. While
these findings suggest that maraviroc may have beneficial effects
on global host immune status, maraviroc has also been found to
increase T cell activation both in gut and peripheral blood [17].
Thus, it is still controversial whether maraviroc has net
immunological benefits or disadvantages on host cellular immune
responses. In addition, the impact of maraviroc on antigen-specific
T cell responses, especially towards HIV-1-derived antigens, has
not been assessed, despite its potential implications with regards to
immune interventions, particularly therapeutic vaccination in
maraviroc treated subjects. To address these issues, we analyzed in
a longitudinal study the effects of cART versus maraviroc—~
intensified cART on the maintenance (breadth, magnitude and
specificity) of HIV-1-specific T cell responses, their differentiation
potential and their polyfunctionality.

Materials and Methods

Study design

The present study was performed as sub-study of the
Maraviboost study (ClinicalTrials.gov Identifier: NCT00808002).
The Maraviboost study was a multi-center, randomized, open-
label, phase III clinical trial. The main goal of the parental clinical
trial was to assess whether intensification with maraviroc in
recently HIV-1 infected patients with standard triple therapy
could accelerate the decay of the HIV-1 reservoir [18]. Thirty
subjects recently infected with CCR5-tropic HIV-1 (subtype B)
were recruited and randomized into 2 groups (n=15 each), one
being treated with triple therapy consisting of Raltegravir (RAL)
plus Tenofovir (TDF)/Emtricitabine (FTC) alone while the second
group received additionally maraviroc (MVC) intensification for
the first 48 weeks in the trial. The primary end point of the main
study was week 48, but patients were followed until week 72 if
possible. Frozen PBMC from pre-defined time points before
starting cART (baseline, BL), 24 weeks after study initiation, and
12 weeks after maraviroc discontinuation (week 60), were analyzed
in the present study. One patient without maraviroc intensifica-
tion, who dropped out the study because of adherence problem,
was excluded from the analysis. Three patients (01028, 01039,
23012) were lost at week 24 (n=1) or 36 (n=2), respectively. All
patients received RAL plus TDF/FTC after week 48 except 4
patients (01021, 01031, 01034, 01043), who changed their anti-
HIV drug regimen. Of the 29 individuals, peripheral blood
mononuclear cells (PBMC) from at least one time point were
available for 13 patients with maraviroc intensification (MVC arm)
and 14 patients without MVC intensification (Control, CNT arm,
Table 1). The study was approved by the ethics committee of
Hospital Germans Trias i Pujol, Badalona, Spain. All patients gave
their written informed consent before enrolling in the study.

Flow cytometry for T cell phenotype analysis

PBMC were thawed and rested overnight at 37°C in
RPMI1640 supplemented with 10% heat-inactivated FCS,
100 U/ml penicillin, 100ug/ml streptomycin, and 2 mM gluta-
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mine (R10). The following day, the cells were stained with LIVE/
DEAD Fixable Dead Cell Stain Kits (Invitrogen), washed and
stained with the following antibodies: anti-CD3-APC-Cy7, anti-
CD4-V450, anti-CD8-PE-Cy7, anti-CD45RA-APC  (BD
Biosience), and anti-CCR7-PE (e-BioScience). The cells were
washed and fixed with 1% Formaldehyde in PBS. All data were
collected on a BD LSR II flow cytometer (BD Biosience) and
analyzed using FlowJo 8.7.7 (TreeStar).

Peptides

A set of 410 overlapping-peptides (OLPs) was used to screen for
HIV-specific T-cell responses [19]. The peptides spanned all HIV-
1 proteins and were based on the HIV clade B consensus sequence
of 2001, available at the Los Alamos National Laboratory HIV
immunology database. For ELISpot analyses, peptides were used
in a matrix layout of 6-12 peptides per pool for comprehensive
screening as previously described [19]. Reconfirmations of all
positive wells in the matrix screen were performed the following
day on a single-peptide base. For multi-functional analysis by flow
cytometry, peptide pools were used that contained peptides
spanning either full-length Gag, Protease, RT, IN, gpl120, gp41,
or Nef. Peptides spanning Tat, Rev, Vif, Vpr, and Vpu were
combined into one peptide pool (accessory proteins peptide pool.
“Acc”).

IFN-y ELISpot assay using ex-vivo PBMC and in-vitro
expanded T cells

Thawed PBMC were rested for 3 hrs at 37°C in RI10. If
sufficient PBMC were recovered, thawed cells were used directly
in IFN-y ELISpot assays (11 and 7 samples at baseline, 6 and 7
samples at week 24, and 8 and 7 samples at week 60 in the CNT
and MVC arm, respectively). In addition, 1 x10° thawed cells were
stimulated with an anti-CD3 monoclonal antibody and cultured
for 2-4 weeks in R10 supplemented with 50 U/ml of recombinant
IL-2 [20]. Before use in ELISpot assays, the expanded cells were
washed twice with R10 and incubated overnight at 37°C in the
absence of IL-2. Per well, 75,000-100,000 cells were used and
peptides were added as in the direct ex-vivo assay. Thresholds for
positive responses were defined as 1) at least five spots (50-66
SFC/10° PBMC) per well, 2) as responses exceeding the mean of
negative wells plus 3 standard deviation and 3) responses
exceeding three times the mean of negative (no peptide) wells;
whichever was the highest. For reconfirmation ELISpot, the
remaining cells and cells from negative wells from initial matrix
screens were recycled as previously described [20].

Flow cytometric analysis of CD8" T cell function

Thawed PBMC were rested overnight at 37°C in R10. The
following day, costimulatory antibodies (anti-CD28 and anti-
CD49d at 1ug/ml; BD Biosciences) and monensin (GolgiStop; BD
Bioscience) were added, and cells were stimulated with the
different peptide pools (5ug/ml per peptide) as indicated. A
negative (no peptide) and a positive control (phorbol-12-myristate-
13-acetate (PMA at 10 ng/ml and ionomycin, 1uM) were included
in each assay. Following incubation for 6 hrs, the cells were
washed with PBS containing 1% FCS and the fluorescent reactive
dye (Invitrogen) for dead cells was added. Cells were washed again,
and stained with anti-CD3-V450, anti-CD8-PerCP, and anti-
CD107a-PE (BD BioScience). Following washing, the cells were
fixed and permeabilized using Fix & Perm cell permeabilization
reagents (Invitrogen). The cells were then stained with anti-MIP-
1B-FITC, anti-IL-2-PE-Cy7, anti-IFN-y-APC (BD Bioscience).
Data were collected on a BD LSR II flow cytometer (BD
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c: not determined because of lost patients.
doi:10.1371/journal.pone.0087334.t001

PLOS ONE | www.plosone.org

Effect of Maraviroc on T Cell Response

Biosience) and analyzed using FlowJo 8.7.7 (TreeStar). After
gating for each effector function, a Boolean gate platform was used
to create the full array of possible combinations and SPICE
software (version 5.22) was used to analyze the polychromatic flow
cytometry data. We applied a threshold for positive responses
using negative values distribution after background subtraction
(i.e. unstimulated cultures), as previously described [21].

Statistical analyses

Statistical analyses were performed using Graph Pad Prism 5.0.
The results are given as medians and interquartile range (IQR) as
indicated. Mann-Whitney test and Wilcoxon matched paired test
were used for unpaired and paired comparisons, respectively. For
multiple comparison analysis, we performed Bonferroni correc-
tion. Correlations between ex-vivo and in-vitro ELISpot data were
analyzed by using Spearman’s rank correlation coefficient, and
linear regression analysis.

Results

Changes in CD4" and CD8"* T cell count and their

differentiation status

HIV-1-specific T cell responses are known to decrease upon
cART initiation, although not all responses and specificities may
show similar decay kinetics [22,23]. To determine whether
maraviroc-intensified cART would lead to an equally rapid or
even faster decay of global T cell responses to HIV-1, longitudinal
changes in the breadth and magnitude of total HIV-1-specific T
cell responses were compared between the maraviroc and control
study arms at week 24 and week 60, i.e. 12 weeks after stopping
maraviroc intensification. As previously reported, plasma viral
load decreased under the limits of detection within the first 4-week
cART in most patients [18]. CD4* T cell counts showed higher
increases in the MVC subjects at week 12 and were significantly
elevated in the MVC arm at week 60 when compared to the
control subjects (p=0.0378, Table 1 and ref [18]). At the same
time, the decay in CD8" T cells was significantly slower in MVC
subjects than in the control subjects (Fig. 1A and [18]) To examine
whether these effects on CD4" and CD8" T cell counts were
associated with a modulation of T cell differentiation markers, the
expression of CD45RA and CCR7 was assessed over time and
compared between the two groups. The data show that the
frequency of effector memory (EM, CD45RA™/CCR77) CD8* T
cells was significantly decreased in both study arms at week 24 and
week 60 compared to baseline, possibly reflecting the strong
reduction in viral loads in both arms upon cART initiation
(Fig. 1B). No significant changes for any other CD4* or CD8" T
cell subset was observed, neither over time nor between study
arms. These data indicate that maraviroc does not affect T cell
differentiation during and after maraviroc intensification and that
the different kinetics of CD4" and CD8" T cell counts between the
arms are not reflected by gross alterations in differentiation
markers.

Maraviroc intensification is associated with maintenance
of HIV-1-specific T cell responses

To assess whether the effect of maraviroc intensification on cell
homeostasis affected the magnitude, breadth and specificity of the
HIV-1-specific T cell response, we performed IFN-y ELISPOT
assay on PBMC from individuals in both arms of the study using a
18-mer overlapping peptide (OLP) set covering the full HIV-1
proteome [19]. At baseline, the median magnitude of HIV-1-
specific T cell responses in all patients was 2,708 SFG/ 10° PBMC
(range 395-13,860), with a median breadth of 6 (range 2-15)

January 2014 | Volume 9 | Issue 1 | e87334

— 100 —



(CD45RA'CCR7") |

C

(CD45RA-CCR7*)

EM
(CD45RA'CCRTY)

Effector
(CD45RA*CCRYY)

A
control
[ TDF/FTC/RAL }
¥ \ ¥
1500+ i
d
%
% 1000-
(9
’»_.
;‘ 5004
(o
L
[ R T ¥ ¥ ¥
2500+
‘_% 20004
75) 1500+
*'_; 1000-
a
O 5004
"TT 2 45 60
weeks
B
CDh4
80~
Naive &0

Effect of Maraviroc on T Cell Response

MVC
TDF/FTC/RAL l
NG
\4 \ 4 : \ 4
1500+
1000+
5004 ¥
0 — . . .
2500~
2000+
1500
10004 ¥
5004 ¢

cD8

.
e

M

% of total T cells

weeks

PLOS ONE | www.plosone.org

5 January 2014 | Volume 9 | Issue 1 | e87334

— 101 —



Effect of Maraviroc on T Cell Response

Figure 1. Differentiation status in CD4" and CD8" T cells. A. Changes of CD4" and CD8" T cell count in each subject. B. The proportion of naive
(CD45RA*/CCR7™), central memory (CM, CD45RA™/CCR7"), effector memory (EM, CD45RA™/CCR77), and Terminal effector memory (Temga, CD45RA™/
CCR7"7) cells among CD4* and CD8" T cells in the control (cross and hatched line) and MVC arm (circle and solid line). The median and interquartile
range (vertical line) are shown. Stars (control) and hatches (MVC arm) above the lines indicate significant differences relative to baseline values (p<

0.05).
doi:10.1371/journal.pone.0087334.g001

responses per individual (Fig 2, left hand panels). The magnitude
and the breadth in this cohort were considerably lower than that of
chronically infected patients reported previously but in line with
described breadth of responses in early, untreated HIV-1 infection
[19,24]. No significant difference was observed in magnitude and
breadth of HIV-1-specific response between the arms at any time
point (Fig. 2, right panels). When we assessed changes in the virus-
specific response in each arm, the magnitude of the HIV-1-specific
response in the control arm was significantly reduced by week 24
(median 454 SFC/10° PBMC (range 27-7584), p=0.0042) and
even more so by week 60 (median 115 SFC/ 10° PBMC (range 0—
1,475), p=0.0043, Fig 2A). In contrast, subjects in the MVC arm
did not show a significant reduction until week 60 when their
median magnitude was still more than 5-fold higher than
responses in the control arm (median 691 SFG/ 10° PBMC (range
0-3,535), Fig 2A). Similarly, the breadth of response was reduced
over time as well, with significant reductions seen by week 60 in
the control arm but not in the maraviroc intensified group (Fig 2B).
There was no difference between the arms in regards to protein
specificity of the HIV-1-specific CD8" T cells that remained at 24
and 60 weeks after starting cART (data not shown).

To extend the longitudinal analyses of responses between the
intensified and non-intensified arms of the study to additional
individuals for whom sample availability was limiting, we
performed the same analysis using i vitro expanded cells. Aside
from including additional individuals into the analyses, this also
offered the opportunity to test for potential differences in the
proliferative capacities of HIV specific T cells in the two arms.
Thawed PBMC were expanded using an anti-CD3 mAb and kept
in culture until sufficient cell numbers were reached. The culture
time needed between the two study arms was comparable (both
arms a median of 19 days), indicating intact proliferative capacities
of T cells in maraviroc intensified cART treated individuals. For
samples for which direct ex-vivo PBMC and in vitro expanded cells
were tested, the ELISpot results were compared to validate the
approach of using #n witro, unspecifically expanded cells. Overall,
the breadth of responses in expanded cells correlated well with the
direct ex-vivo results (Fig 3A, r=0.78, p<<0.0001). The magnitude
of responses was generally increased in expanded cells, with later
time points (week 24 and 60) showing stronger recovery of
responses when compared to unexpanded cells (Fig. 3B). Of note,
the correlation between results from direct ex-vivo analyses and in-
vitro stimulated cells became stronger over time (r=0.5235,
0.8455, 0.8720, and p=0.0374, 0.0018, 0.0004 for comparisons
at BL, w24, and w60 respectively). No differences were observed in
proliferative capacity between the arms These data indicate that in
both arms, HIV-1-specific T cell responses showed intact n-vitro
proliferative capacities after prolonged cART and that in settings
with limited sample availability, the n-vitro expansion approach
produces reliable data [25].

HIV-1-specific T cell responses measured in expanded cells
showed a significant decline in their magnitude during first 24
weeks in all subjects together (Fig. 3C, left panel). However, the
reduction was generally less than three-fold (median 8,110 SFC/
10° PBMC in BL and 2,656 SFC/10° PBMC in week 24) and thus
not as dramatic as in unexpanded cells (median 6.3 fold,

2,708 SFC/10° PBMC in BL, and 424 SFC/10° PBMC in w24)
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(Fig. 2A and 3G, left panel). When the longitudinal changes in
magnitude and breadth of responses were analyzed for each
treatment arm separately, no significant reductions at week 24 and
week 60 were noted (Fig 3C, D). However, when in-vitro stimulated
responses were compared between the two arms, there was a trend
that MVC-intensified subjects maintained stronger HIV-1-specific
response at week 24 than control individuals (median 1,450 (IQR
277-2,965) in the control arm, 3,957 (1,714-13,018) in MVC,
p=0.0625, Fig. 3C, right panel). In addition, the median HIV-
specific response was three-fold higher in MVC (median 3,957
(275—4,691)) compared to the control arm (1,114 (2,394-6,882))
until week 60. These data further support the notion that HIV-1-
specific T cell responses are maintained for longer at higher levels
in subjects with maraviroc intensification compared to individuals
receiving non-intensified cART.

Poly-functionality of HIV-1-specific CD8" T cells is
maintained under MVC intensified cART

The ability of HIV-1-specific T-cells to respond to antigenic
stimulus with multiple different effector functions has been
associated with the relative control of HIV-1 infection [26,27].
Since therapeutic strategies that aim at prolonged treatment
interruptions or even viral eradication, will possibly depend on
such polyfunctional T cell responses, we assessed the effector
functions of HIV-1-specific CD8" T cells in cART treated subjects
with and without maraviroc intensification. To this end, direct ex-
viwo isolated PBMC were stimulated using peptide pools covering
each of the viral proteins and analyzed for the expression of the
degranulation marker (CD107a) or the production of intracellular
cytokines, including IFN-y, MIP-1B, and IL-2. The frequency of
IFN-y producing T cell responses correlated well with the data
from the ex-vivo ELISpot analyses (Fig 4A, r=0.8265, p<<0.0001).
The magnitude of the total HIV-1-specific CD8" T cell responses
with at least one effector function by flow analysis varied widely in
baseline samples (0.43% to 16.44% of total GD8" T cells across
arms) and, as expected, was reduced at week 24 and week 60
(Fig. 4B). Although the magnitude of total HIV-specific CD8* T
cells between the arms was comparable at the different time points,
a significant reduction in the strength of the ex-vivo response was
seen in the control arm but not in MVC arm, as observed in direct
ex vivo ELISpot analysis (Fig. 1A and 4B). Also, as the reduction in
frequency of HIV-specific CD8" T cell fractions with different
cytokine secretion pattern was similar between the two arms, the
data indicate that maraviroc intensification does not skew HIV-
specific GD8" T cell function (Fig. 4C). The same was observed
when the relative contribution of T cell populations with different
numbers of effecter functions to the total HIV-specific CD8 T cell
responses was compared between arms and over time (Fig. 4D),in
line with previous reports [26,28].

Discussion

Since its development as a HIV entry inhibitor, CCR5 has been
used as a target in several clinical studies of HIV infection as well
as in other applications, including auto-immune diseases, cancer
and transplantation [15,29-34]. Although some results remain still
controversial [11-15,17,32] blocking the CCR5 co-receptor is
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Figure 2. Longitudinal analyses of HIV-1-specific T cell responses in PBMC. The total magnitude (A) and breadth (B) of ELISpot responses at
baseline (BL), week 24 (w24) and week 60 (w60) are shown for all subjects together (left panels) and for each study arm separately (right panels,
crossed lines for control arm, circles for MVC arm). Horizontal lines represent median values of Spot-forming cells (SFC)/10° PBMC and the IQR,
respectively. Mann-Whitney test was used in all statistical analysis. Only p values with significance after Bonferroni correction was shown. The

numbers in parenthesis below the x-axis represent the median value.
doi:10.1371/journal.pone.0087334.g002

thought to suppress adverse immune activation and inflammation
by blocking the chemotactic activity via its inhibition of CCR5-
mediated signals. Due to its potential immune-modulatory
properties, maraviroc may thus also affect the HIV-specific
immune response, not necessarily only in a beneficial manner.
While a number of studies have described effects on total T cell
counts, CD4" and CD8* T cell kinetics and outcome of
vaccination to other pathogens [35-39], no study has, to our
knowledge, investigated the effect of MVC on the total HIV-1-
specific CD4" and CD8" T cell response. In the present study, we
investigated the effect of maraviroc intensification on HIV-specific
T cell responses in primary HIV-1 infected subjects treated with
standard cART or maraviroc intensified regimen. Although there
was no gross difference in specific T cell subsets, maraviroc
intensification showed extended maintenance of stronger HIV-1-
specific T cell responses when compared to non-intensified
treatment in PBMCis.

Our data in recently infected and early treated individuals
showed that maraviroc intensification accelerated recovery of
CD4" T cell counts and maintained higher CD4" T cell count
after its discontinuation (Table 1 and [18]). As CD4" T cell help is
critical for maintenance of memory CD8" T cells [40], this early
increase of CD4" T cells may also provide the basis for the
extended maintenance of virus-specific T cell responses. Alterna-
tively, the maintenance of higher HIV-1-specific T cell responses
in maraviroc intensified subjects may be a reflection of a slower

PLOS ONE | www.plosone.org

reduction in the total CD8" T cells in the peripheral blood. This
would be in line with clinical data showing that maraviroc
intensification increase CD4" T cells faster and reduce CD8" T
cell slower than non-intensified regimen (Fig. 1A and [18]). In
addition, others have recently reported that maraviroc intensifi-
cation increased CD8" T cell counts in peripheral blood and
decreased CD8" T cells in rectal tissue in chronically HIV-infected
subjects on stable cART [17], suggesting a possible i vivo
redistribution of T cells by maraviroc. However, the relative
changes of total CD8" T cell counts between control arm and
intensified group were less pronounced than the extensive changes
in HIV-specific CD8" T cell frequencies, making it unlikely that a
MVC-driven redistribution of virus-specific CD8" T cells would be
the sole driving force behind the prolonged maintenance of these
cells in the peripheral blood. Maintenance of virus-specific T cells
has also be linked to the availability of cognate antigen[22]. As the
reduction in virmeia in both arms was comparable, additional
mechanisms may be at work in maraviroc-intensified individuals
that lead to extended presence of cells. As shown in previous
analyses, not all HIV-specific T cell response contract with the
same kinetics and some even expand after cART initiation[23]. As
there were no differences in the specificity of HIV-specific T cell
response between the two arms in the present study, the
mechanism for the maintenance of responses in the MVC
intensified group remain unclear. One possibility is that the slower
CD4 T cell decline in the intensified arm [18], together with a
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Figure 3. Longitudinal assessment of HIV-specific T cell responses with in vitro expanded T cells. A. Relationship of the breadth between
responses detected by direct ELISpot and ELISpot using in vitro expanded cells. Responses on the x-axes represent the total HIV-1-specific responses
in direct ELISpot, and the y-axes indicate total HIV-1-specific responses in expanded ELISpot for samples taken at baseline (circle), week 24 (square),
and week 60 (triangle). B. Relationship of the magnitude between direct ELISpot and expanded ELISpot at each time point. cross: control arm, circle:
MVC arm. The lines in A and B show linear regression lines. C, D. Changes in magnitude and breadth of total HIV-specific T cell responses in expanded

ELISpot are shown as in Figure 2.
doi:10.1371/journal.pone.0087334.g003

PLOS ONE | www.plosone.org

— 104 —

January 2014 | Volume 9 | Issue 1 | e87334



Effect of Maraviroc on T Cell Response

p=0.0004
— . p=0.0015
<3 1059 20 presee sy ]
@ % 1 o
o~
o 104 Q 10
= -
10
g @ :
=0 2 5 X
2B 17 o
S < = 5
20 5 o
k=T Q
26 - 4
== 1024 = FOFo 5
o N 2 o
[ . < o
= %8 W
10! 7 ¥ T v 0 Y &
0.01 0.1 1 10 100 BL w24 w60
% of IFNy*CD8* T cells
o * % “, B MVC
= 7,0%
8 403 .
',_ 3.01’
b o . ‘
[} i
O i .
T s
g
104 X . .
g i : . : ;
® oot :g : . g
° ! i 23 g‘h: Lot z““: taudon NUR DURE L0 RIGIL | 2. 2 WA )
IFN-y + + + + - + + + - - - + - - -
MIPT-c + N N N . . N . N ; ) , N - _
cotor . - . + - . . . : . . ! N :
-2 + - + + + - - + - + + - - - +
B 3 functions
{#] 2 functions
control [} mono-function
MVC

Figure 4. Longitudinal assessment in functional profile of HIV-specific CD8" T cells during cART with MVC intensification. A.
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doi:10.1371/journal.pone.0087334.g004

reported increased in T cell activation upon maraviroc intensifi-
cation [17] maintains activated CD8 T cell for longer. Although a

Blocking CCRS5 signaling n-viwo might inhibit migration of
memory T cells expressing CCR5 to the site of the cognate

number of studies show conflicting data in terms of immune
activation [11--15], it is important to note that the present data
were generated in early treated subjects, which may yield different
results than the analyses in maraviroc intensification during
chronic HIV infection. »

PLOS ONE | www.plosone.org

antigen, thus preventing these memory T cells to be stimulated
properly to acquire effector functions and exert effective anti-viral
immunity. In fact, maraviroc has been shown to inhibit
chemotactic activity of lymphocytes and monocytes i vitro and
to reduce the risk of Graft-versus-host disease (GVHD) in patients
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with hematologic cancers after allogeneic hematopoietic stem cell
transplantation [16,30,41]. CCR5 polymorphisms and gene copy
number of CCL3L, encoding one of CCR5’s ligands, can affect
delayed-type hypersensitivity (DTH) response [42], suggesting that
CCRS5 is critical for differentiation of CD8" T cell, the acquisition
of effector functions and the ability to traffic to the site of viral
replication. However, we didn’t observe any difference in T cell
differentiation between the arms, and our data using directly
isolated PBMC and i vitro expanded T cells indicate that the
proliferative capacity of HIV-1-specific CD8" T cells in Maraviroc
intensified subjects were not compromised. Furthermore, the
effector function profiles were essentially identical between the two
treatment arms, suggesting that maraviroc intensification does not
negatively affect the quality of HIV-1-specific CD8" T cells. This is
further supported by studies of the effects of maraviroc intensifi-
cation on response to vaccination and immune profile in HIV-1
infected subjects [35]. Thus, studies of T cell effector function
profiles in maraviroc intensified therapy, including their ability to
mount HIV epitope-specific DTH reactions [43] may offer
interesting insights into how maraviroc can modulate, and
potentially improve, anti-viral immunity. In light of recent studies
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specific CD8" T cell responses may be required for viral
eradication strategies [44], a prolonged maintenance of function-
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Acknowledgments

We thank M. Massanella, M. Ruiz-Riol, and V. Bach for helpful
discussions and assistance. We also thank all of the study subjects for their
participation. The Maraviboost Investigators: Hospital Clinic-IDIBAPS,
University of Barcelona, Barcelona, Spain Acute/Recent HIV-1 Infection
cohort: T. Pumarola, M. Plana, MC Ligero, T. Gallart. Lead author for
the Group Authorship; Josep M Llibre

Author Contributions

Conceived and designed the experiments: CB BM JB JMP Al ALP JML
BC. Performed the experiments: AKT. Analyzed the data: IB RE MCP.
Contributed reagents/materials/analysis tools: JML IB RE BM JP CM
JMM JMG. Wrote the paper: AKT CB. Designed and executed the main
Maraviboost clinical trial: MARAVIBOOST investigators.

16. Arberas H, Guardo AC, Bargallo ME, Maleno MJ, Calvo M, et al. (2013) In
vitro effects of the CCRS inhibitor maraviroc on human T cell function.
J Antimicrob Chemother 68: 577-586.

17. Hunt PW, Shulman N, Hayes TL, Dahl V, Somsouk M, et al. (2013) The
immunologic effects of maraviroc intensification in treated HIV-infected
individuals with incomplete CD4+ T cell recovery: a randomized trial. Blood
121: 4635-4646.

18. Puertas MC, Massanella M, Llibre JM, Ballestero M, Buzon M]J, et al. (2013)
Intensification of a raltegravir-based regimen with maraviroc in early HIV-1
infection. AIDS. In press.

19. Frahm N, Korber BT, Adams CM, Szinger JJ, Draenert R, et al. (2004)
Consistent cytotoxic-T-lymphocyte targeting of immunodominant regions in
human immunodeficiency virus across multiple ethnicities. J Virol 78: 2187
2200.

20. Bihl FK, Loggi E, Chisholm JV 3rd, Hewitt HS, Henry LM, et al. (2005)
Simultaneous assessment of cytotoxic T lymphocyte responses against multiple
viral infections by combined usage of optimal epitope matrices, anti- CD3 mAb
T-cell expansion and “RecycleSpot”. J Transl Med 3: 20.

21. Roederer M, Nozzi JL, Nason MC (2011) SPICE: exploration and analysis of
post-cytometric complex multivariate datasets. Cytometry A 79: 167-174.

22. Spiegel HM, Chandwani R, Sheehy ME, Dobroszycki J, Fennelly G, et al.
(2000) The impact of early initiation of highly active antiretroviral therapy on
the human immunodeficiency virus type l-specific CD8 T cell response in
children. J Infect Dis 182: 88-95.

23. Gasser O, Brander C, Wolbers M, Brown NV, Rauch A, et al. (2013) Expansion
of interferon-gamma-secreting HIV-specific T cells during successful antiretro-
viral therapy. HIV Med 14: 241-246.

24. Altfeld M, Rosenberg ES, Shankarappa R, Mukherjee JS, Hecht FM, et al.
(2001) Cellular immune responses and viral diversity in individuals treated
during acute and early HIV-1 infection. ] Exp Med 193: 169~-180.

25. Lecuroux C, Girault I, Boutboul F, Urrutia A, Goujard C, et al. (2009)
Antiretroviral therapy initiation during primary HIV infection enhances both
GD127 expression and the proliferative capacity of HIV-specific CD8+ T cells.
AIDS 23: 1649-1658.

26. Betts MR, Nason MC, West SM, De Rosa SC, Migueles SA, et al. (2006) HIV
nonprogressors preferentially maintain highly functional HIV-specific CD8+ T
cells. Blood 107: 4781-4789.

27. Owen RE, Heitman JW, Hirschkorn DF, Lanteri MC, Biswas HH, et al. (2010)
HIV+ elite controllers have low HIV-specific T-cell activation yet maintain
strong, polyfunctional T-cell responses. AIDS 24: 1095-1105.

28. Lopez M, Soriano V, Rallon N, Cascajero A, Gonzalez-Lahoz J, et al. (2008)
Suppression of viral replication with highly active antiretroviral therapy has no
impact on the functional profile of HIV-specific CD8(+) T cells. Eur J Immunol
38: 1548-1558.

29. Fleishaker DL, Garcia Meijide JA, Petrov A, Kohen MD, Wang X, et al. (2012)
Maraviroc, a chemokine receptor-5 antagonist, fails to demonstrate efficacy in
the treatment of patients with rheumatoid arthritis in a randomized, double-
blind placebo-controlled trial. Arthritis Res Ther 14: R11.

30. Reshef R, Luger SM, Hexner EO, Loren AW, Frey NV, et al. (2012) Blockade
of lymphocyte chemotaxis in visceral graft-versus-host disease. N Engl ] Med
367: 135-145.

January 2014 | Volume 9 | Issue 1 | e87334

— 106 —



31

32.

33.

34.

35.

36.

37.

38.

Nozza S, Pogliaghi M, Chiappetta S, Spagnuolo V, Fontana G, et al. (2012)
Levels of soluble endothelial protein C receptor are associated with CD4+
changes in Maraviroc-treated HIV-infected patients. PLoS One 7: ¢37032.
Lisi L, Tramutola A, De Luca A, Navarra P, Dello Russo C (2012) Modulatory
effects of the CCR5 antagonist maraviroc on microglial pro-inflammatory
activation elicited by gp120. J Neurochem 120: 106-114.

Gramegna P, Latronico T, Brana MT, Di Bari G, Mengoni F, et al. (2011) In
vitro downregulation of matrix metalloproteinase-9 in rat glial cells by CCRS
antagonist maraviroc: therapeutic implication for HIV brain infection. PLoS
One 6: €28499.

Velasco-Velazquez M, Jiao X, De La Fuente M, Pestell TG, Ertel A, et al. (2012)
CCRS5 antagonist blocks metastasis of basal breast cancer cells. Cancer Res 72:
3839-3850.

Westrop §J, Moyle G, Jackson A, Nelson M, Mandalia S, et al. (2012) CCR3
Antagonism Impacts Vaccination Response and Immune Profile in HIV-1
Infection. Mol Med 18: 1240-1248.

Cossarini F, Galli A, Galli L, Bigoloni A, Salpietro S, et al. (2012) Immune
recovery and T cell subset analysis during effective treatment with maraviroc.
J Antimicrob Chemother 67: 2474-2478.

Pulido I, Machmach K, Romero-Sanchez MC, Genebat M, Mendez-Lagares G,
et al. (2012) T-cell changes after a short-term exposure to maraviroc in HIV-
infected patients are related to antiviral activity. J Infect 64: 417-423.
Antoniou T, Smith G, Su D, Raboud JM, Lee D, et al. (2012) Immunologic
Effectiveness of Maraviroc- and Raltegravir-Containing Regimens (R+M+)

PLOS ONE | www.plosone.org

— 107 —

39.

40.

41.

42.

43,

44.

Effect of Maraviroc on T Cell Response

versus Raltegravir-Based Regimens That Do Not Include Maraviroc (R+M-).
J Int Assoc Physicians AIDS Care (Chic) 11: 192-197.

Canestri A, Krivine A, Assoumou L, Le Corre M, Rozenberg F, et al. (2010)
Maraviroc does not affect humoral response to the pandemic influenza A-
HINlv 2009 adjuvanted vaccine in HIV-1-infected patients. AIDS 24: 2887
2889.

Sun JC, Williams MA, Bevan MJ (2004) CD4+ T cells are required for the
maintenance, not programming, of memory CD8+ T cells after acute infection.
Nat Immunol 5: 927-933.

Rossi R, Lichtner M, De Rosa A, Sauzullo I, Mengoni F, et al. (2011) In vitro
effect of anti-human immunodeficiency virus CCR3 antagonist maraviroc on
chemotactic activity of monocytes, macrophages and dendritic cells. Clin Exp
Immunol 166: 184-190.

Dolan MJ, Kulkarni H, Camargo JF, He W, Smith A, et al. (2007) CCL3L1 and
CCRS5 influence cell-mediated immunity and affect HIV-AIDS pathogenesis via
viral entry-independent mechanisms. Nat Immunol 8: 1324-1336.

Ruiz-Riol M, Mothe B, Gandhi RT, Bhardwaj N, Scadden DT, et al. (2013)
Influenza, but not HIV-specific GTL epitopes, elicits delayed-type hypersensi-
tivity (DTH) reactions in HIV-infected patients. Eur J Immunol 43: 1545-1554.
Shan L, Deng K, Shroff NS, Durand CM, Rabi SA, et al. (2012) Stimulation of
HIV-1-specific cytolytic T lymphocytes facilitates elimination of latent viral
reservoir after virus reactivation. Immunity 36: 491-501.

January 2014 | Volume 9 | Issue 1 | e87334



CrossMark

4

Institut Pasteur

Microbes and Infection 13 (2013) 874886

www.elseviercom/locate/micing

Original article

Identification of cross-clade CTL epitopes in HIV-1 clade A/E-infected
individuals by using the clade B overlapping peptides

Koji Watanabe ™', Hayato Murakoshi *', Yoshiko Tamura “, Madoka Koyanagi *,
. . 3 . . ab N 5 . . . oalsk
Takayuki Chikata *, Hiroyuki Gatanaga *°, Shinichi Oka “°, Masafumi Takiguchi **
@ Center for AIDS Research, Kumamoto University, 2-2-1 Honjo, Chuo-ku, Kumamoto, Japan
Y AIDS Clinical Center, National Center for Global Health and Medicine, 1-21-1 Toyama, Shinjuku-ku, Tokyo, Japan

Received 12 July 2013; accepted 8 August 2013
Available online 19 August 2013

Abstract

Identification of cross-clade T cell epitopes is one of key factors for the development of a widely applicable AIDS vaccine. We here
investigated cross-clade CD8™ T cell responses between clade B and A/E viruses in chronically HIV-1 clade A/E-infected Japanese individuals.
CDS8* T cell responses to 11-mer overlapping peptides derived from Nef, Gag, and Pol clade B consensus sequences were at a similar level to
those to the same peptides found in clade B-infected individuals. Fifteen cross-clade CTL epitopes were identified from 13 regions where the
frequency of responders was high in the clade A/E-infected individuals. The sequences of 6 epitopes were conserved between the clade B and
clade A/E viruses whereas 9 epitopes had different amino acid sequences between the 2 viruses. CD8* T cells specific for the 6 conserved
epitopes recognized cells infected with the clade A/E virus, whereas those for 8 diverse epitopes recognized both the clade A/E virus-infected
and clade B-infected cells. All of the cross-clade CD8™ T cells specific for conserved and diverse epitopes were detected in chronically HIV-1
clade A/E-infected individuals. These results show that in addition to conserved regions polymorphic ones across the clades can be targets for

cross-clade CTLs.

© 2013 Institut Pasteur. Published by Elsevier Masson SAS. All rights reserved.

Keywords: Cross-clade; CTL; HLA; Epitope; HIV

1. Introduction

The HIV-1 genome is characterized by genetic diversity
wherein distinct HIV-1 clades are expanding not only in
different geographical regions but also even in the same lo-
cality {1{. HIV-1 clade B is the most prevalent virus in Japan
accounting for more than 80% of the patients in this country.
CRFO1_AE (clade A/E) is the second most prevalent virus,
accounting for 6.1% (Sugiura W, unpublished report). In
contrast, the clade A/E virus is mainly prevalent in south-east

* Corresponding author. Center for AIDS Research, Kumamoto University,
2-2-1 Honjo, Chuo-ku, Kumamoto 860-0811, Japan. Tel.: +81 96 373 6529;
fax: +81 96 373 6532.

E-mail address: masafinni @kemanoto-nac.jp (M. Takiguchi).

! K.W. and H.M. contributed equally to this study.

Asian countries including Thailand. An RV144 phase II
vaccine trial, which was recently performed in Thailand,
demonstrated a partial beneficial effect on HIV-1 infection {2}.
In this trial, the recombinant canarypox virus-vectored HIV-1
gagl/pollenv vaccine (ALVAC-HIV) and the recombinant
glycoprotein 120 subunit vaccine (AIDSVAX B/E) were used
for priming and boosting, respectively. These vaccines were
generated by using genes from both the clade B and A/E viral
strains {2} to cover a wider range of potential challenge strains
in Thailand, where approximately 80% and 10% of HIV-1-
infected individuals are infected with the clade A/E and
clade B viruses, respectively [3]. Recent analyses confirmed
CD4™ cell-mediated and humoral immune responses in vac-

importance of the cross-clade immune responses to the clade
B and A/E viruses. Although T cell functions in the acute and

1286-4579/$ - see front matter © 2013 Institut Pasteur. Published by Elsevier Masson SAS. All rights reserved.
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chronic phases of an HIV-1 infection were well studied in
Caucasians infected with the clade B virus and in Africans
infected with the clade C virus {712}, there are only a limited
number of studies about the cross-clade reactivity of CTLs
{13-17]. However, even in such studies a comprehensive
analysis of cross-clade reactivity of the CTLs was not
performed.

In the context of HIV vaccine development, it is very
important to choose vaccine immunogens capable of eliciting
CTLs that can control the variable mutant viruses and exhibit
cross-reactivity across the different clade viruses {18,19]. The
conserved parts of HIV-1 are good candidates as vaccine an-
tigens {11,12,16,20,21], since they include epitopes conserved
among viruses not only in the same clade but also among those
clades. Indeed, CTL vaccines containing conserved epitopes

Although the safety of these consensus CTL vaccines was
confirmed in humans {26—32], such vaccines were poorly
immunogenic in previous phase I and II trials {27.2& 303,311
Thus more studies on cross-clade effective epitopes will be
needed for the development of more potent vaccines.

In the present study, we analyzed cross-clade CD8™ T cells
between HIV-1 clade B and A/E viruses in chronically HIV-1
clade A/E-infected Japanese individuals. For this analysis, we
sought to identify cross-clade CTL epitopes between the clade
B and A/E viruses in the Japanese individuals by using 11-mer
overlapping peptides derived from the clade B consensus
sequence spanning Nef, Gag, and Pol regions. Thereafter, we
analyzed cross-clade CD8* T cell recognition for epitope
peptides between clade A/E and B as well as CTL recognition
for cells infected with the clade B or the A/E virus. This is the
first comprehensive study to identify cross-clade CD8™ T cells
by using overlapping HIV-1 peptides.

2. Materials and methods
2.1. Patient samples

This study was approved by the Ethical Committee of in
National Center for Global Health and Medicine and Kuma-
moto University. Informed consent was obtained from all
subjects, according to the Declaration of Helsinki. Plasma and
peripheral blood mononuclear cells (PBMCs) were separated
from whole blood. HLA types of HIV-infected individuals
were determined by standard sequence-based genotyping.
HIV-1 subtypes were determined by the sequence results on
Pol and Gag, and confirmed by Env sequencing. All samples
were collected from the cohort in AIDS Clinical Center, Na-
tional Center for Global Health and Medicine.

2.2. Sequence of autologous virus

Viral RNA was extracted from plasma samples from HIV-1-
infected patients by the use of a QlAamp MinElute virus spin
kit (Qiagen). cDNA was synthesized from the RNA by use of
the SuperScript IHI First-Strand Synthesis System for RT-PCR
and random hexamers (Invitrogen). Nef, Gag, and Pol regions
were amplified by nested PCR using Taqg DNA polymerase
(Promega). The PCR products were purified by using
ExoSAP-IT (GE). All DNA sequencing was performed with a
BigDye Terminator v3.1 cycle sequencing kit (Applied Bio-
systems) and an ABI 3500 Genetic Analyzer.

2.3. Synthetic peptides

We previously designed overlapping peptides consisting
of 11-mer amino acids and spanning Gag, Pol, and Nef of
HIV-1 clade B consensus sequences. Each 11-mer peptide
was overlapped by 9 amino acids {33}. These 11l-mer
peptides and truncated peptides were synthesized by uti-
lizing an automated multiple peptide synthesizer and puri-
fied by high-performance liquid chromatography (HPLC).
The purity was examined by HPLC and mass spectrometry.
Peptides with more than 90% purity were used in the
present study.

2.4. ELISPOT assay

CD8' T cells were sorted from cryopreserved PBMCs
from 26 chronically HIV-1 clade A/E-infected Japanese in-
dividuals by using CD8 magnetic beads (Miltenyi Biotec
GmbH, Bergisch Gladbach, Germany). The sorted cells were
plated in 96-well polyvinylidene plates (Millipore, Bedford,
MA) that had been pre-coated with 5 mg/mL anti-IFN-y mAb
1-D1K (Mabtech, Stockholm, Sweden). The appropriate
amount of peptide cocktails including 10 overlapping 11-mer
peptides were added in a volume of 50 pL, and then PBMCs
were added at 1 x 10° cells/well in a volume of 100 pL. The
plates were incubated for 16 h at 37 °C in 5% CO, and then
washed with PBS before the addition of biotinylated anti-IFN-
vy Mab (Mabtech) at 1 mg/mL. After the plates had been
incubated at room temperature for 90 min and then washed
with PBS, they were subsequently incubated with
streptavidin-conjugated alkaline phosphatase (Mabtech) for
60 min at room temperature. Individual cytokine-producing
cells were detected as dark spots after a 20-min. reaction
with 5-bromo-4-chloro-3-idolyl phosphate and nitro blue
tetrazolium by using an alkaline phosphatase-conjugate sub-
strate (Bio-Rad, Richmond, CA, USA). The spot number was
counted by using an Eliphoto-Counter (Minerva Teck, Tokyo,

Fig. 2. Identification of HLA restriction of the responses to each 11-mer peptide Peptide-specific CD8 bulk T cells were induced from PBMCs of the following 6
responders by stimulating the cells with each single peptide. KI-648 for Nef 41, Nef 42, Gag 171, Pol 141, and Pol 142 peptides, KI-632 for Nef 67, Pol 297, Pol
298, and Pol 436 peptides, K1-388 for Gag 16, Gag 20, Gag 104, Gag 105, Gag 106, and Pol 383 peptides, KI-724 for Gag 138 peptide, KI-964 for Pol 211, Pol
212, and Pol 405 peptides, and KI-837 for Pol 455 and Pol 456 peptides. Induced CD8™ bulk T cells were stimulated with the corresponding peptide-prepulsed
CIR cells or 0.221 cells expressing each HLA-class I allele molecule. TFN-g production by CD8" T cells was detected by performing the intracellular cytokine

staining (ICS) assay.
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