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Abstract
Mechanisms leading to the observed immune dysregulation in HIV-1 infection are not well
understood. HIV-specific IL-10-positive CD8+ T cells are increased in advanced HIV disease. We
have previously reported that Gag-specific IL-10-positive CD8+ T cells suppressed cytolysis. In
this study we describe the suppressive effect of Nef-specific IL-10-positive CD8+ T cells.
Interestingly, simultaneous removal of both Gag- and Nef-specific IL-10-positive CD8+ T cells
led to higher HIV-specific cytolysis compared with the removal of Nef-specific IL-10-positive
CD8+ T cells alone. We also examined the level of programmed cell death-1 (PD-1) as a measure
of immune dysfunction in association with IL-10-positive suppressor CD8+ T cells. The level of
PD-1 expression on CD107-positive effector CD8+ T cells was significantly increased when
IL-10-positive suppressor CD8+ T cells were present (p < 0.05). Our results suggest that IL-10-
positive suppressor CD8+ T cells contribute to the immune dysfunction observed in advanced HIV
infection and that the concomitant presence of multiple IL-10-positive CD8+ T cell populations
may have an additive suppressive effect.

T cells with regulatory functions are implicated in modulating immune responses to chronic
viral infections, including HIV (1). CD4+ regulatory T cells inhibit both CD4+ and CD8+ T
cell-mediated HIV-specific immune responses in vitro and may have HIV specificity (2–4).
Suppressor CD8+ T cells have been shown to inhibit both CD4+ and CD8+ T cell effector
functions (5, 6), although the mechanism of this inhibition is not well defined. We have
previously described the presence of suppressor Gag-specific IL-10-positive CD8+ T cells
that suppressed degranulation of HIV-specific CTL (7). We postulated that suppressor
IL-10-positive CD8+ T cells specific to other HIV Ags also exist. In this study, we examined
the suppressive function of Nef-specific IL-10-positive CD8+ T cells and investigated the
concomitant suppressive effect of two IL-10-positive CD8+ T cell populations on HIV-
specific effector function.

The inhibitory receptor programmed cell death-1 (PD-1)3 is highly expressed on exhausted
T cells during chronic viral infection, and blockade of the PD-1–PD-1 ligand (PDL-1)
pathway can restore effector functions (8). Increased PD-1 expression on CD8+ T cells is
associated with immune dysfunction and HIV disease progression (9–12). PD-1 ligation has
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been suggested as a suppressor mechanism of regulatory T cells (13, 14). Therefore, we
analyzed the relationship between PD-1 expression and the presence of suppressor HIV-
specific IL-10-positive CD8+ T cells.

Materials and Methods
Study subjects and samples

HIV-positive volunteers (n = 21) were recruited from the Research in Access to Care in the
Homeless (REACH) cohort in San Francisco as previously described (7, 15). Demographic
information and CD4+ T cell count were obtained at the time of enrollment and blood draw.
Institutional Review Board approvals were obtained from the California Department of
Public Health and University of California–San Francisco Committee on Human Research,
and all study participants gave written informed consent. None of the study participants had
received antiretroviral therapy for at least 6 mo. HIV RNA level was determined from
plasma using the Roche Amplicor 1.5 (Roche Diagnostic Systems), as per manufacturer's
recommendations. PBMC were separated and cryopreserved in liquid nitrogen until assay
time.

Antigens
Peptides corresponding to the sequences of clade B consensus sequences of HIV-1 for Gag
and Nef (http://www.hiv.lanl.gov/content/sequence/HIV/CONSENSUS/Consensus.html)
were synthesized as 15 aa overlapping by 11 aa (Mitochor Mimotopes). Synthetic peptides
for Gag (total = 123) and Nef (total = 49) used for all T cell assays were pooled into one
single pool of peptides with final concentration of 1 μg/ml per peptide (16). A single pool of
overlapping peptides corresponding to the amino acid sequence of the PP65 protein (BD
Biosciences) was used to detect human CMV-specific response (17, 18).

Flow-based intracellular IL-10 and TGF-β staining
Detection of HIV-specific IL-10 and TGF-β production was performed using PBMC (1 ×
106) incubated with Gag or Nef peptide pools for 2 h at 37°C in 5% CO2 in the presence of
costimulatory anti-CD49d and anti-CD28 (1 μg/ml, BD Biosciences), followed by Golgi-
stop (BD Pharmingen) for 12–14 h as previously described (19, 20). LPS (1 ng/ml; Sigma-
Aldrich) and PMA (50 ng/ml) and ionomycin (1 μg/ml) (Sigma-Aldrich) were used as
positive controls for IL-10 and TGF-β production, respectively. Media alone without Ag
stimulation was used as negative control. PBMC were stained with an amine-reactive
viability dye as a dead cell exclusion marker (Molecular Probes) (21). Cells were stained
with the following Abs: CD3 PerCP Cy5.5, CD4 PE Cy7, and anti-CD8 Pacific blue (BD
Pharmingen). PBMC were then permeabilized and stained with anti-TGF-β PE (Biotest
Diagnostics) and anti-IL-10 APC (BD Pharmingen) and analyzed by flow cytometry as we
have previously described (22). A minimum of 30,000 CD3+ cells per sample were acquired
using a six-color flow cytometer (BD LSR II, BD Biosciences), and analysis was performed
by FlowJo software (Tree Star). Results were expressed as percentage IL-10- or TGF-β-
positive CD8+ T cells (% positive = % Agspecific – % negative control). Responses ≥0.1%
and 2× the background were considered positive. All volunteers demonstrated significant
IL-10 and TGF-β production following LPS and PMA/ionomycin stimulation. Background
expression was <0.05%.

MACS cytokine secretion/separation assay
IL-10-positive cells were isolated using the MACS cytokine secretion/separation kit
following the manufacturer's protocol (Miltenyi Biotec) (7). Briefly, PBMC were stimulated
with Nef B or both Gag B and Nef B peptides for 6 h and then labeled with anti-IL-10 PE
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detection surface Ab followed by magnetic labeling with anti-PE microbeads. IL-10-positive
cells were isolated by magnetic separation using the MACS columns. Purity of the IL-10-
negative PBMC was consistently <99%. Unfractionated and eluted IL-10-negative PBMC
were stimulated for an additional 6 h with Nef B peptides in a CD107a degranulation assay
as described below.

Flow-based CD107a degranulation assay
Degranulation assay was performed as previously described (23). Cytotoxic CD8+ T cell
function has been shown to correlate directly with T cell degranulation, which is a
prerequisite process of perforin-granzyme-mediated lytic function (24), and can be measured
by increased expression of surface CD107 (25). Briefly, unfractionated PBMC or IL-10-
negative PBMC (1 × 106) were incubated with 1 μg/ml of anti-CD49d and anti-CD28 (BD
Biosciences), anti-CD107a (BD Biosciences), and HIV or human CMV peptide pools in a
0.2 ml final volume for 6 h in the presence of Golgi-stop. Staphylococcus enterotoxin B (1
μg/ml, Sigma-Aldrich) and media alone were used as positive and negative controls,
respectively. PBMC were stained with an amine-reactive viability dye as a dead cell
exclusion marker (Molecular Probes) (21). Cells were then stained with the following Abs:
CD4 PE Cy7, CD3 PerCP Cy5.5, PD-1 allophycocyanin, and CD8 Pacific blue (BD
Pharmingen). A minimum of 30,000 CD3+ cells per sample were acquired using a six-color
flow cytometer (BD LSR II) and analysis was performed by FlowJo software. Results were
expressed as percentage CD107a-positive CD8+ T cells (% positive = % Ag-specific – %
negative control). Responses ≥0.1% and 2× the background were considered positive. All
volunteers demonstrated significant CD107a expression following Staphylococcus
enterotoxin B stimulation. Background expression was ≤0.1%.

Statistical analysis
Groups were compared using the Mann-Whitney U test and analysis was performed with
PRISM software version 4.02 (GraphPad).

Results
Removal of Nef-specific IL-10-positive CD8+ T cells is associated with increased HIV-
specific cytolysis

We have previously observed the presence of Gag-specific IL-10-positive CD8+ T cells that
directly suppress CD8 cytolysis (7). In this study, we assessed whether IL-10-positive CD8+

T cells specific to other HIV Ags may also exist. We measured the frequency of Nef-
specific, as well as Gag-specific, IL-10-positive CD8+ T cells in 21 HIV-1-infected
volunteers (20, 22). Volunteers had a median age of 45 years (range, 31–61), CD4 T cell
count of 141.5 cells/mm3 (range, 11–233), and median HIV plasma RNA of 130,000 copies/
ml (range, 19,000–780,000). Ten volunteers demonstrated significant Gag- and Nef-specific
IL-10-positive CD8+ T cell responses (median = 0.2% (range, 0.1–0.4%) and 0.17% (range,
0.1–0.4%) for Gag and Nef, respectively). Differences in the frequencies of Gag- and Nef-
specific IL-10-positive CD8+ T cell responses were not significant (p = 0.14). No Gag- or
Nef-specific IL-10-positive CD4+ T cell responses were detected (data not shown). No
significant differences in age, CD4 count, or plasma HIV RNA were observed between
volunteers with or without HIV-specific IL-10-positive CD8+ T cell responses (p = 0.48, p =
0.97, and p = 0.54 for age, CD4 count, and plasma HIV RNA, respectively; data not shown).

Next, we examined the effect of in vitro removal of the Nef-specific IL-10-positive CD8+ T
cells from three HIV-positive volunteers with detectable Nef-specific IL-10-positive CD8+

T cell responses (data not shown). Eluted IL-10-negative PBMC were evaluated for
Nefspecific cytolysis using the CD107a degranulation assay (7). Removal of the IL-10-
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positive CD8+ T cells resulted in a significantly increased frequency of Nef-specific
CD107a-positive CD8+ T cells compared with unfractionated PBMC (Fig. 1).

The addition of these autologous Nef-specific IL-10-positive CD8+ T cells to the eluted
IL-10-negative PBMC significantly lowered the frequency of CD107a-positive CD8+ T cells
compared with IL-10-negative PBMC alone, and reduced the CD107a-positive CD8+ T cell
frequency to the level observed in unfractionated PBMC. These results suggest that distinct
populations of HIV-specific IL-10-positive CD8+ T cells display similar suppressive
function.

HIV-specific IL-10-positive CD8+ T cells do not produce TGF-β
CD8+ T cells have been shown to express high IL-10 and TGF-β levels in HIV infection
(22, 26, 27). We determined whether the HIV-specific IL-10-positive CD8+ T cells produce
TGF-β. PBMC were stimulated with Gag or Nef peptides and the extent of IL-10 and TGF-
β production by the HIV-specific CD8+ T cells was assessed from 21 HIV-positive
volunteers. Representative plots of the frequency of the Ag-specific IL-10- and TGF-β-
positive CD8+ T cells are shown in Fig. 2. Seven and nine volunteers demonstrated
significant Gag- and Nef-specific TGF-β-positive CD8+ T cell responses, respectively
(median = 0.3% (range, 0.21–0.67%) and 0.16% (range = 0.1–0.4%) for Gag and Nef,
respectively). No TGF-β production was detected in HIV-specific IL-10-positive CD8+ T
cells. These results suggest that the HIV-specific IL-10-positive CD8+ T cells have a distinct
cytokine production profile compared with other non-HIV suppressor CD8+ T cells.

Simultaneous removal of two HIV-specific IL-10-positive CD8+ T cell populations is
associated with an additive increase in HIV-specific cytolysis

Next, we examined the effect of simultaneous removal of both Gag- and Nef-specific IL-10-
positive CD8+ T cells on HIV-specific cytolysis compared with the removal of Nef-specific
IL-10-positive CD8+ T cells alone. Nef-specific cytolysis using the CD107a degranulation
assay was measured in the eluted IL-10-negative PBMC from two HIV-positive volunteers
(Fig. 3A). Simultaneous removal of the Gag- and Nef-specific IL-10-positive CD8+ T cells
resulted in significantly higher frequency of Nef-specific CD107a-positive CD8+ T cells
compared with the removal of Nef-specific IL-10-positive CD8+ T cells alone (Fig. 3B). The
addition of autologous IL-10-positive CD8+ T cells, either Gag- and Nef-specific or Nef-
specific alone, to the eluted IL-10-negative PBMC significantly reduced the frequency of
CD107a-positive CD8+ T cells to a comparable level of those observed in unfractionated
PBMC stimulated with Nef or with both Gag and Nef peptides (data not shown). These
results suggest that the Gag-specific IL-10-positive CD8+ T cells augmented the suppressive
effect of the Nef-specific IL-10-positive CD8+ T cells.

Presence of suppressor HIV-specific IL-10-positive CD8+ T cells is associated with
increased number of HIV-specific PD-1-positive CD8+ T cells

Increased PD-1 expression on CD8+ T cells is associated with T cell dysfunction and HIV
disease progression (9–12). We have previously observed the association of HIV-specific
IL-10-positive CD8+ T cells with advanced disease (22). We postulated that the presence of
suppressor HIV-specific IL-10-positive CD8+ T cells is associated with increased PD-1
expression on HIV-specific effector CD8+ T cells. We assessed degranulation and PD-1
expression on Gag- and Nef-specific CD8+ T cells. All volunteers demonstrated significant
Gag-specific CD107a responses, while Nef-specific CD107a responses were detected in 20
of 21 volunteers. The frequency of CD107a-positive or PD-1-positive CD8+ T cells after
Gag- or Nef-specific stimulation between volunteers with detectable IL-10-positive CD8+ T
cells compared with volunteers with undetectable IL-10-positive CD8+ T cells was not
significantly different (p = 0.21 and p = 0.34 for CD107a and PD-1 after Gag-specific
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stimulation, respectively; p = 0.06 and p = 0.85 for CD107a and PD-1 after Nef-specific
stimulation, respectively; data not shown).

Next, we examined the effect of the presence of IL-10-positive CD8+ T cells on the number
of HIV-specific CD107a-positive CD8+ T cells that expressed PD-1. Representative plots of
the frequencies of the Ag-specific CD8+ T cells expressing CD107a and PD-1 from two
volunteers with detectable and undetectable HIV-specific IL-10-positive CD8+ T cells are
shown in Fig. 4, A and B, respectively. The presence of HIV-specific IL-10-positive CD8+

T cells was associated with significantly higher numbers of PD-1+CD107a-positive Gag-
(Fig. 5A), and Nef- (Fig. 5B) specific CD8+ T cells ( p = 0.01 and p = 0.02 for Gag and Nef,
respectively).

To determine whether the presence of IL-10-positive HIV-specific CD8+ T cells was
associated with altered PD-1 expression on CD8+ T cells stimulated with non-HIV Ags, we
analyzed human CMV-specific responses in the same study population. PP65-specific
CD107a-positive responses were detected in 9 of 10 volunteers with HIV-specific IL-10-
positive CD8+ T cell responses and in all volunteers without IL-10-positive CD8+ T cell
responses (Fig. 5). No significant differences in the number of PD-1+CD107a-positive
PP65-specific CD8+ T cells were observed between volunteers with or without Gag- or Nef-
specific IL-10-positive CD8+ T cell responses (p = 0.73 and p = 0.96 for Gag and Nef,
respectively).

Blocking of PD-1 does not prevent suppression by the IL-10-positive CD8+ T cells
Blocking PD-1 engagement to its ligand (PDL-1) enhances proliferation and cytokine
production by the HIV-specific CD8+ T cells (9–11). We have previously demonstrated that
HIV-specific IL-10-positive CD8+ T cells suppress HIV-specific cytolysis by direct cell-cell
contact (7). To determine whether PD-1/PDL-1 engagement is the mechanism by which
HIV-specific IL-10-positive CD8+ T cells mediated the suppression of HIV-specific
responses, we performed blocking experiments using anti-PD-1 Ab (or iso-type control) on
two HIV-positive volunteers with demonstrated significant Gag- (patient no. 1) and Nef-
(patient no. 2) specific IL-10-positive CD8+ T cell responses (Fig. 6). Coculture of IL-10-
positive CD8+ T cells and IL-10-negative PBMC in the same well led to a strong
suppression of HIV-specific CD107a-positive CD8+ T cells compared with IL-10-negative
PBMC alone. These results suggest that blocking of PD-1 does not prevent suppression by
the IL-10-positive CD8+ T cells.

Discussion
Regulatory T cells modulate the immune responses in chronic virus infections such as HIV
(1). In this study we describe distinct populations of suppressor IL-10-positive CD8+ T cells
that exhibit specificities to different HIV Ags. We have shown previously that Gag-specific,
IL-10-positive CD8+ T cells impair the ability of both HIV- and non-HIV-specific CTL by
suppressing CD8+ T cell degranulation (7). Our current data suggest that the concomitant
presence of Gag- and Nef-specific IL-10-positive CD8+ T cells augmented the in vitro
suppressive effect on effector CD8+ T cells. IL-10-positive CD8+ T cells specific to
additional HIV Ags likely exist. Our findings indicate that IL-10-positive CD8+ T cells exert
a suppressive effect that is additive, although the specific contributions of each population
are currently unknown. The significance of Ag specificity of the suppressor IL-10-positive
CD8+ T cells is another important aspect to address. It is intriguing to postulate that the level
and method of Ag presentation involved in the induction and maintenance of these IL-10-
positive CD8+ T cells may share similarities to those required to generate effector CD8+ T
cells. We have demonstrated previously that the suppression by Gag-specific IL-10-positive
CD8+ T cells appeared to be mediated by direct cell-cell contact (7). However, our current
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observation that multiple HIV Ag-specific IL-10-positive CD8+ T cells inhibit HIV-specific
effector CD8+ T cells supports a mechanism of HIV Ag-specific induction of suppressor
IL-10-positive CD8+ T cells. Additionally, our present data reintroduce the possibility of
concomitant direct cell-cell contact as well as indirect inhibition. These findings further
indicate that the immune regulations in HIV infection are complex and introduce new
insights for immunotherapeutic approaches.

Previous studies have shown that TGF-β-producing HIV-specific CD8+ T cells significantly
reduce IFN-γ responses to HIV Ags (26), up-regulate CTLA-4 expression (28–30), and
inhibit T cell proliferation and IL-2 production (31). We found no significant TGF-β
production by the HIV-specific IL-10-positive CD8+ T cells, suggesting that the suppressor
IL-10-positive CD8+ T cell population is likely distinct from the previously described
effector Tc2 cells (reviewed in Ref. (32)). Tc2 cells were shown to be cytotoxic via the
perforin and Fas pathways and produce mainly IL-4, IL-5, IL-10, and TGF-β (33). However,
our results do not rule out a concomitant suppressive effect in vivo of TGF-β-positive CD8+

T cells on HIV-specific cytolysis. TGF-β is also a key regulator of the signaling pathways
that maintain the suppressive function of other regulatory cells, and signaling through the
TGF-β receptor may still be involved in the stimulation of the IL-10-positive CD8+ T cells
(34).

We have demonstrated previously that the suppressor IL-10-positive CD8+ T cells are
Foxp3 negative thus have a distinct regulatory T cell immunophenotypic profile compared
with regulatory CD4+ T cells (7). In contrast to regulatory CD4+ T cells, no single surface
Ag marker has been identified that is exclusively expressed by suppressor CD8+ T cells (35–
38). At present, the use of functional characterization by IL-10 production is required to
discriminate suppressor from effector CD8+ T cells in HIV infection. Our findings thus
underscore the importance of studies specifically aimed at identifying specific phenotype
and functions involved in HIV immune suppression.

PD-1 is highly expressed on HIV-specific CD8+ T cells during chronic HIV infection and
indicates functional exhaustion (9–12). We found that increased expression of PD-1 on HIV-
specific CD107a-positive CD8+ T cells was associated with the presence of suppressor
IL-10-positive CD8+ T cells. Nevertheless, the presence of suppressor CD8+ T cells might
serve as a useful marker to indicate the degree of CD8+ T cell dysfunction and disease
severity. Blockade of the PD-1/PDL-1 pathway did not prevent suppression, suggesting that
PD-1 engagement is not a mechanism utilized by the IL-10-positive CD8+ T cells. Other
inhibitory mechanisms not yet explored include direct binding of inhibitory cell-surface
molecules such as CTLA-4 to costimulatory molecules on effector T cells (39, 40). Recent
studies have shown that up-regulation of CTLA-4 by HIV-specific CD4+ T cells is
correlated with PD-1 expression on HIV-specific CD4+ T cells and with disease progression,
while in vitro blockade of CTLA-4 augmented HIV-specific T cell function (41). Indirect
inhibitory mechanisms may also be involved such as up-regulation of the inhibitory
receptors Ig-like transcript (ILT)3 and ILT4 on the surface of APCs, rendering them
tolerogenic (37, 42, 43). Previous studies have demonstrated up-regulation of ILT4
expression in HIV-infected individuals (44). We propose a model whereby chronic HIV
infection leads to the induction of multiple populations of suppressor cells that include HIV-
specific IL-10-positive CD8+ T cells that contribute to the progressive functional defect of
effector CD8+ T cells. Determining the precise regulatory mechanisms by which these
IL-10-positive CD8+ T cells contribute to immunosuppression may guide new preventative
and therapeutic strategies.
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FIGURE 1.
The removal of Nefspecific IL-10-positive CD8+ T cells is associated with increased HIV-
specific cytolysis. PBMC were stimulated with Nef B peptides and then IL-10-positive cells
were isolated. Eluted IL-10-negative PBMC were stimulated for an additional 6 h with Nef
B peptides in the presence of anti-CD107a FITC and then stained with anti-CD3 PerCP
Cy5.5, anti-CD4 PE Cy7, and anti-CD8 Pacific blue and analyzed by flow cytometry.
Samples were first gated on the CD3+CD8+ lymphocyte population and then the percentages
of CD107a were determined. The results were expressed as the percentage of Nef-specific
CD8 T cells expressing CD107a in the presence or absence of IL-10-positive cells after
subtraction of the background values. Plots are from three independent experiments yielding
similar results.
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FIGURE 2.
HIV-specific IL-10-positive CD8+ T cells do not produce TGF-β. PBMC were stimulated
with Ag and then stained with anti-TGF-β PE, anti-CD3 PerCP Cy5.5, anti-CD4 PE Cy7,
anti-IL-10 allophycocyanin, and anti-CD8 Pacific blue and analyzed by flow cytometry.
Samples were first gated on the CD3+CD8+ lymphocyte population and then the percentages
of IL-10- and TGF-β-positive CD8+ T cells were determined. Representative plots of Ag-
specific CD8+ T cells expressing IL-10 and TGF-β after subtraction of the background
values.
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FIGURE 3.
Simultaneous removal of multiple HIV-specific IL-10-positive CD8+ T cell populations is
associated with an additive increase in HIV-specific cytolysis. A, PBMC were stimulated
with Ag and then stained with anti-CD3 PerCP Cy5.5, anti-CD4 PE Cy7, anti-IL-10
allophycocyanin, and anti-CD8 Pacific blue and analyzed by flow cytometry. Samples were
first gated on the CD3+CD8+ lymphocyte population and then the percentages of CD8+ T
cells were determined. The results were expressed as Ag-specific CD8+ T cells expressing
IL-10 after subtraction of the background values. B, PBMC were stimulated with Nef B
peptides alone or with Gag B and Nef B peptides and then IL-10-positive cells were
isolated. Eluted IL-10-negative PBMC were stimulated for an additional 6 h with Nef B
peptides in the presence of anti-CD107a FITC and then stained with anti-CD3 PerCP Cy5.5,
anti-CD4 PE Cy7, and anti-CD8 Pacific blue and analyzed by flow cytometry. Samples were
first gated on the CD3+CD8+ lymphocyte population and then the percentages of CD107a
were determined. The results were expressed as the percentage of Nef-specific CD8 T cells
expressing CD107a after subtraction of the background values. * Percentage values in
parentheses represent the percentage increase in CD107a expression compared with the
unfractionated PBMC stimulated with Nef peptides alone or with both Gag and Nef
peptides. Plots are from two independent experiments yielding similar results.
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FIGURE 4.
PD-1 expression on HIV-specific CD107a-positive CD8+ T cells. PBMC were stimulated
with HIV or CMV peptides in the presence of anti-CD107a FITC and then stained with anti-
CD3 PerCP Cy5.5, anti-CD4 PE Cy7, anti-PD-1 allophycocyanin, and anti-CD8 Pacific blue
and analyzed by flow cytometry. Samples were first gated on the CD3+CD8+ lymphocyte
population and then the percentages of CD107a were determined and the extent of PD-1
expression was examined. Gating on PD-1-positive cells was performed using the
fluorescence-minus-one (FMO) control for PD-1. Representative plots of the frequencies of
the Ag-specific CD8 T cells expressing CD107a and PD-1 from two volunteers with (A)
detectable or (B) undetectable HIV-specific IL-10-positive CD8+ T cells. The values marked
with an asterisk (*) represent the fraction of CD107a-positive cells that express PD-1 over
the total number of CD107a-positive cells (equivalent to 100%).
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FIGURE 5.
The presence of suppressor HIV-specific IL-10-positive CD8+ T cells is associated with an
increased number of HIV-specific PD-1-positive CD8+ T cells. PBMC were stimulated with
HIV or CMV peptides in a CD107a degranulation assay and the extent of PD-1 expression
on the CD107a-positive CD3+CD8+ T cells was determined. The values marked with an
asterisk (*) represent the fraction of CD107a-positive cells that express PD-1 over the total
number of CD107a-positive cells (equivalent to 100%). Data are from individuals with
significant (A) Gag B or (B) Nef B CD107a responses only. Bars represent median values.
Differences in the frequency of Gag- and Nef-, but not of CMV-, specific PD-1+CD107a+

CD8+ T cells between IL-10-positive and IL-10-negative volunteers were statistically
significant (p = 0.01, p = 0.03, and p < 0.05 for Gag, Nef, and CMV, respectively).
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FIGURE 6.
Blocking of PD-1 does not prevent suppression by the IL-10-positive CD8+ T cells. PBMC
were stimulated with Gag B (patient no. 1) or Nef B (patient no. 2) peptides and then IL-10-
positive cells were isolated. Eluted IL-10-negative PBMC were stimulated for an additional
6 h with Gag B (patient no. 1) or Nef B (patient no. 2) peptides and anti-CD107a FITC and
then stained with anti-CD3 PerCP Cy5.5, anti-CD4 PE Cy7, and anti-CD8 Pacific blue and
analyzed by flow cytometry. IL-10-positive cells were added in the presence of anti-PD-1
(or isotype control). Samples were first gated on the CD3+CD8+ lymphocyte population and
then the percentages of CD107a-positive cells were determined. The results were expressed
as the percentage of Gag- or Nef-specific CD8+ T cells expressing CD107a after subtraction
of the background values. Plots are from two independent experiments yielding similar
results.
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