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Abstract
Regulatory T cells (Tregs) are potent immune modulators, but their precise role in HIV
pathogenesis remains incompletely understood. Most studies to date have focused on frequencies
or phenotypes of “bulk” Treg populations. However, although antigen-specific Tregs have been
reported in other diseases, HIV-1-epitope specific Tregs have not been described to date. We here
report the first identification of functional HIV-1-Gag-specific regulatory T cells using human
leukocyte antigen class II tetramer staining in HIV-1-infected individuals.

Regulatory T cells (Tregs) are potent immune modulators and serve an important function in
human immune homeostasis. Despite an increasing body of data on regulatory T cells in
HIV-1 infection, their role in HIV-1 pathogenesis remains inadequately understood.
Although some data argue in favor of a beneficial effect of Tregs through impact on HIV-1-
associated immune activation [1] and more recently viral replication [2], other data support a
deleterious effect by suppressing critical virus-specific immune responses [3, 4].
Controversy also remains about the fate of regulatory T cells during progressive HIV-1
infection, with some studies reporting declining Treg numbers and other studies
demonstrating increased Treg frequencies [3, 5, 6]. Although “bulk” Treg populations have
been studied extensively in recent years in the context of HIV-1 infection, no reliable data is
available on HIV-1-specificity of regulatory T cells and whether these cells are induced in
infected individuals.

Part of the challenges in detecting antigen-specific Treg populations relate to the limited
availability of direct visualization tools such as human leukocyte antigen (HLA) class II
tetramers. Another barrier to the study of HIV-1-specfic Tregs lies in the paucity of even
“bulk” Treg populations in HIV-1-infected individuals. We and others recently reported
median frequencies of CD4+CD25+CD127−FOXP3+ regulatory T cells of 4.5–7% (range
0.99%–13.1%) of the CD4+ T cell population in untreated infected individuals, with
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absolute Treg numbers declining over time during disease progression [4, 6, 7], further
complicating the detection of small HIV-1-epitope-specific Treg subpopulations ex vivo.

Antigen-specific Tregs have been reported and successfully visualized by HLA-class II
tetramers in murine and human studies of transplantation [8], diabetes, influenza [9] and
autoimmunity [10, 11]. In order to screen for HIV-1-specific regulatory T-cell populations,
we first flow-sorted (gating scheme represented in Fig. 1a) and expanded Tregs ex vivo from
eight HLA-DRB1*0401-expressing HIV-1-infected individuals (four individuals with
chronic untreated progressive HIV-1 infection, three HIV elite controllers with undetectable
HIV-1 viremia in the absence of therapy and one HAART-treated individual with
undetectable HIV-1 viral load), using anti-CD3/anti-CD28-coated microbeads and IL-2 [12].
During the 12-day in vitro culture Tregs expanded by a median of 580 fold (IQR 186 and
871) (Fig. 1b), and were tested for their suppressive capacity by standard CFSE T cell
proliferation assays on day 7 using autologous bead stimulated cryopreserved peripheral
blood mononuclear cells (PBMCs) as responder cells. Expanded Tregs were highly
suppressive (Fig. 1c), displayed the phenotype of ‘activated’ Tregs
(CD4+CD45RA−FOXP3hi)[13], and expressed high levels of classical Treg markers
(HELIOS, CTLA4, FOXP3, CD39, CD25)(data not shown). Expanded Tregs were
demethylated at the Treg-specific demethylation region locus of the FOXP3 gene as
evidenced by epigenetic analysis, suggesting true origin from the regulatory T cell lineage,
as opposed to activation-induced transient FOXP3 upregulation [14]. We next stained the
Treg lines with phycoerythrin (PE)-conjugated HLA class II tetramers specific for the HIV-
p24-Gag epitope DRFYKTLRAEQASQ (p24166–179). HLA-DR molecules with bound
peptides from a self-protein, the invariant chain-derived CLIP peptide, were used as
controls, as previously described [15]. Labeling with HIV-p24-Gag tetramers was
considered positive when the T-cell population was more than threefold larger compared to
control tetramers, as defined in our previous studies using the same tetramer constructs for
HIV-1 specific CD4 effector T-cell populations [16]. Two out of the eight HIV-1 positive
study subjects with chronic untreated progressive HIV-1 infection had detectable responses
to the p24-Gag class II tetramer at a frequency of 0.19 and 0.05% of CD4 in the nonenriched
Treg culture, respectively. After tetramer-positive T-cell enrichment over a magnetic
column, using anti-PE-conjugated magnetic beads [16], this frequency was enriched to 6.14
and 0.23% of Tregs, respectively (representative example shown in Fig. 1d). No tetramer-
specific cells were demonstrated in HIV-1 negative control subjects or individuals lacking
HLA-DRB1*0401 expression. These data demonstrate that HIV-1-epitope-specific Tregs
can be detected in HIV-1 infected individuals using HLA-class II tetramer technology.

To our knowledge this visualization by HIV-1-Gag-specific HLA class II tetramers
represents the first identification of HIV-1-specific regulatory T cells reported to date. While
the epitope-specific Treg population was not readily detectable ex vivo from PBMCs, the
magnitude of the tetramer-response after expansion was robust and comparable to
frequencies for HLA-class II-restricted responses in previous reports from other disease
settings. Furthermore, higher frequencies of HIV-1-specific Treg may be detectable using
similar methods in lymphoid tissues such as the gut-associated lymphoid tissue, in which
increased frequencies of bulk Tregs have recently been described [4]. The specificity of the
p24-Gag-epitope tested overlaps with a previously described HIV-1-specific CD4+ effector
T-cell response [16]. This finding is consistent with published data indicating that naïve and
memory CD4+ Tregs can share the same TCR clonotypes as CD4+ non-Treg in humans [17]
and observations in murine models that regulatory and effector CD4+ T cells may be driven
by the same antigens [18]. Identification and further functional characterization of HIV-1
specific Tregs will also be important in HIV vaccine studies, in which vaccine strategies
should be evaluated for their potential to induce not only HIV-1-specific effector
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populations, but also vaccine-induced HIV-1-specific regulatory T cells, which may
negatively interfere with vaccine immunogenicity [19].

Taken together these results show for the first time that HIV-1-specific regulatory T cells
can be successfully visualized and isolated from HIV-1-infected individuals. The ability to
identify and track HIV-1-specific regulatory T cells opens new opportunities to gain insight
into the role of Tregs in HIV pathogenesis.
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Figure 1.
a) Representative example of CD4+ regulatory T-cell (Treg) staining by flow cytometry with
gating strategy before flow-based sorting and Treg expansion. Tregs are defined as
CD25+CD127low CD4+ T cells.
b) Mean expansion fold change of the expanded regulatory T-cells lines that were stained
with HIV-1-p24-gag-specific HLA class II tetramer.
c) Representative histogram plots showing T-cell proliferation by CFSE dilution of CD8+ T
cells after 4 days of culture following stimulation with anti-CD3/CD2/CD28 coated beads,
cocultured with (lower histogram) or without expanded Tregs (upper histogram) at a ratio of
1:1 Treg per PBMC.
d) Example of PE-conjugated-HLA class II tetramer staining on expanded Tregs isolated
from an individual with untreated chronic progressive HIV-1 infection before and after PE-
enrichment over a magnetic column. The cells were incubated alone (upper dot plot), in
presence of an HLA-DR0401 restricted HLA-class II tetramer loaded with a control CLIP
peptide (middle dot plots) or the p24-Gag peptide DRFYKTLRAEQASQ (lower dot plots).
Percentages refer to tetramer positive cells per total CD4+ T-cells. Equal numbers of input
cells were used for all staining and enrichment procedures.
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