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Memory and naive-like regulatory CD4R T cells
expand during HIV-2 infection in direct association
with CD4R T-cell depletion irrespectively of viremia

Russell B. Foxalla, Adriana S. Albuquerquea, Rui S. Soaresa,

António P. Baptistaa,M, Rita Cavaleiroa, Rita Tendeiroa,

Perpétua Gomesb, Rui M.M. Victorinoa,c and Ana E. Sousaa

Objective: The dynamics of CD4þ regulatory T cells (Treg) during HIV-1 infection
remains unclear. To further investigate Treg in this context, we characterized, for the
first time, this population in HIV-2-positive individuals. Although both HIV infections
are associated with hyperimmune activation and CD4þ T-cell lymphopenia, most HIV-
2-positive individuals display slower disease progression and low-to-undetectable
viremia.

Design/methods: Samples were obtained from cohorts of untreated HIV-2-positive and
HIV-1-positive, treated HIV-1-positive and seronegative individuals. The proportion of
CD4þ T cells bearing a Treg phenotype, defined in terms of high-level CD25 or Foxp3
expression, was assessed by flow cytometry and correlated with markers of disease
progression. The proportions of naive and memory-like subsets as well as cycling cells
were determined.

Results: We observed an increased proportion of Treg, associated with disease pro-
gression, as well as increased proportions of cycling (Ki67þ) memory Treg, in untreated
HIV-2-positive and HIV-1-positive individuals. We also noted an expansion of Treg that
persisted over time in treated, immunologically discordant HIV-1-positive individuals,
who, similarly to HIV-2-positive patients, present undetectable viremia and low CD4
T-cell count.

Conclusion: Overall, we demonstrated that Treg frequency was increased in all
lymphopenic HIV-2-positive and HIV-1-positive individuals irrespective of the pre-
sence or absence of viremia or antiretroviral treatment. This, in turn, suggests that the
observed alterations in Treg frequency in HIV/AIDS are more directly related to the
degree of CD4 depletion than to viremia.
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Introduction

CD4þ regulatory T cells (Treg) play vital roles in
T-cell homeostasis [1] and the control of immuno-

pathology associated with persistent pathogens [2].
In HIV/AIDS, they may contribute to viral-persis-
tence through the suppression of specific T-cell
responses [3] while simultaneously limiting damage
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resulting from continuous immune stimulation
[4].

Chronic HIV-1 infection is associated with persistent
hyperimmune activation that is thought to be a main
determinant of the progressive CD4þ T-cell depletion
[5–7]. Although, Treg, with a demonstrable capacity
to suppress HIV-1-specific T-cell responses [8–11], have
been consistently shown to be present in significant
numbers in lymph nodes of HIV-1-positive individuals
[12,13], even in advanced stages [14,15], data on the
frequency of circulating Treg during HIV-1 infection are
much more conflicting [16–18].

There are no data regarding Treg in HIV-2-positive
individuals. HIV-2, in contrast to HIV-1 infection, is
associated with low-to-undetectable levels of circulating
virus [19,20] and a very slow rate of CD4þ T-cell decline
[19,20], leading to a reduced impact on the survival of
the majority of infected adults [21,22]. Nevertheless,
comparable degrees of hyperimmune activation and
naive-memory CD4þ T-cell imbalances have been
observed in both infections, when infected individuals
were matched for a given level of CD4 depletion [23,24].
These findings further support a closer link between
CD4 depletion and immune activation than viral load in
HIV/AIDS. It is plausible that Treg play a role in the
much slower rate of disease progression associated with
HIV-2 infection.

To address this possibility, we investigated, for the first
time, the circulating Treg pool in HIV-2-positive
patients. In addition to untreated HIV-2 and HIV-1
infections, we studied antiretroviral therapy (ART)
treated HIV-1-positive individuals that, despite suppres-
sion of viremia, exhibited variable degrees of CD4þ T-
cell recovery, that may in part be due to reduced thymic
activity [25,26]. The study of these cohorts, characterized
by distinct degrees of viremia, CD4þ T-cell depletion,
immune activation and putative thymic impairment
allowed us to address potential factors contributing to the
maintenance of circulating Treg.

Participants and methods

Studied cohorts
Thirty-one HIV-2-positive, and 26 HIV-1-positive
ART-naive individuals without clinical signs of oppor-
tunistic infections or tumors at the time of study were
assessed together with 20 seronegative controls (Table 1).
Both HIV cohorts featured individuals with a similar
range of CD4þ T-cell depletion. As expected, the
majority of HIV-2-positive individuals were aviremic,
whereas a wide range of viremia was observed in the
HIV-1 cohort [27]. A previously described cohort of
ART-treated HIV-1-positive individuals with variable
degrees of CD4þ T-cell recovery despite the suppression
of viremia was also assessed in this study [28]. All
participants gave informed consent to blood sampling and
processing, and the study was approved by the Ethical
Board of the Faculty of Medicine of Lisbon.

Cell preparation and flow cytometric studies
Peripheral blood mononuclear cells (PBMCs) were
isolated from heparinized blood by Ficoll-Hypaque
(Gibco-Invitrogen, Carlsbad, California, USA) gradient
centrifugation, immediately after venupuncture and
stained with combinations of the following monoclonal
antibodies (mAbs): FITC-conjugated CD45RA, HLA-
DR and Ki67; PE-conjugated CCR7, CD38, CD45RO
and CD62L; PerCP-conjugated CD3, CD4 and CD8;
PE-Cy7-conjugated CD25; allophycocyanin (APC)-
conjugated CD25 and CD45RA; and APC-Cy7-
conjugated CD4; purchased from either BD Biosciences
(San Jose, California, USA), eBiosciences (San Diego,
California, USA) or R&D Systems (Minneapolis,
Minnesota, USA). Intracellular staining for Foxp3 was
performed according to manufacturer’s instructions
(FoxP3 staining set, clone PCH101; eBiosciences), and
the same protocol was used for Ki67 intracellular staining.
The CD4þCD25þ population was separated into dim
and bright, according to criteria that we have previously
detailed [29]. The lower limit of the CD25bright region
was set to include only the discrete CD4þ T-cell
population expressing CD25 at the highest levels. Freshly
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Table 1. Characteristics of the cohorts.

Seronegative Untreated HIV-2 Untreated HIV-1

Number (males/females) 20 (6/14) 26 (20/6) 31 (8/23)
Age (years) 42�3 (22–58) 49�3 (19–78) 39�2a (23–61)
% CD4þ T cells 43.6�1.8 (31.1–61.1) 28.4�2.4b (7.1–54.1) 23.3�3b (1.3–47.2)
CD4 cell count (cells/ml) 942�54 (518–1332) 658�74c (52–1511) 571�93c (18–1848)
Viremia (RNA copies/ml) NA 2966�1049d (200–2.63�105) 5.75�105�2.63�105a,e (40–4.47�106)

Data are mean� SEM with limits in brackets. NA, not applicable.
aStatistical differences between HIV-1-positive and HIV-2-positive individuals: P<0.01.
bStatistical differences between a given HIV-positive cohort and the seronegative controls: P<0.05.
cStatistical differences between a given HIV-positive cohort and the seronegative controls: P<0.0001.
dHIV-2 viremia was quantified in 30 individuals and was below 200 RNA copies/ml (cut-off value of the assay) in 21/30. For the sake of comparison,
aviremic individuals were assigned the cut-off value of the assay (200 copies/ml).
eHIV-1 viremia was quantified in 25 individuals and was below 40 RNA copies/ml (cut-off value of the assay) in three of 25. For the sake of
comparison, aviremic individuals were assigned the cut-off value of the assay (40 copies/ml).
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isolated PBMCs were used except where otherwise
specified. In these cases, PBMCs were frozen immedi-
ately after isolation and stored in liquid nitrogen until
thawing. Cells were acquired using either FACSCalibur
or FACSCanto flow cytometers (BD Biosciences).
Analysis was performed using Cellquest software (BD
Biosciences) and FlowJo (Tree Star Inc., Ashland,
Oregon, USA). The absolute numbers of lymphocyte
subsets were calculated by multiplying their representative
frequency by the absolute lymphocyte count obtained at
the clinical laboratory.

Plasma viral load assessment
Viremia was quantified using RT-PCR-based assays with
a detection threshold of 40 RNA copies/ml for HIV-1
(Roche, Basel, Switzerland) and 200 RNA copies/ml for
HIV-2 [30]. The cut-off values of the tests were
considered for the purpose of the analysis in the cases
where detection was below this level.

Statistical analysis
Statistical analysis was performed using GraphPad Prism
version 5.00 (GraphPad Software, San Diego, California,
USA). The data are presented as box and whisker
plots, with the upper and lower whiskers set at the 90th
and 10th percentile, respectively, or as mean� SEM, and
were compared using Mann–Whitney test and Wilcoxon-
matched pairs test, as appropriate. Spearman’s correlation
coefficient was used to assess the correlation between two
variables. Multivariate analysis was performed using stats
package of R statistical environment (www.R-project.
org). P values less than 0.05 were considered significant.

Results

The frequency of regulatory T cells increases
with the progression of HIV-2 infection in direct
correlation with CD4R T-cell depletion
There are currently no markers absolutely specific for the
Treg subset. Human Treg are apparently restricted to
CD4þ T cells expressing the IL-2Ra chain (CD25) at
very high intensity [31,32], based on their suppressive
capacity and high-level expression of other putative Treg
markers, particularly the forkhead-box transcription
factor P3 (Foxp3) [31,33]. Although initially described
as a highly specific Treg lineage marker, Foxp3 has
increasingly been shown to be transitorily upregulated
upon T-cell receptor stimulation of human CD4þ T cells
[34,35]. Low-level expression of IL-7Ra (CD127) is also
an additional Treg marker, but its use in HIV/AIDS
is debatable given the acknowledge disturbances of the
IL-7/CD127 network [36,37].

We found that the percentage of CD25bright within
CD4þ T cells was similar in both the untreated HIV-2
and HIV-1 cohorts (2.15� 0.22 and 2.21� 0.28,

respectively), despite the distinct viral load (Table 1).
However, the negative correlation between this popu-
lation and the absolute number of CD4þ T cells we
observed was more marked in the HIV-2 cohort (r¼
�0.656, P< 0.0001, n¼ 31 for HIV-2; r¼�0.438,
P¼ 0.0252, n¼ 26 for HIV-1). In agreement with this
observation, HIV-2-positive patients exhibited a reduced
percentage of Treg in early-stage disease (>350 CD4þ

T cells/ml), which reached significance with respect to
late-stage infection (<350 CD4þ T cells/ml) and
seronegative individuals (Fig. 1a). As noted above, a
significant number of HIV-2-positive individuals had
undetectable viremia (Table 1). Nevertheless, the assess-
ment of the relationship between the percentage of
CD25bright CD4þ T cells and viremia revealed no
significant correlation, in contrast to HIV-1-positive
individuals (r¼ 0.216, P¼ 0.253, n¼ 30 for HIV-2;
r¼ 0.625, P¼ 0.0008, n¼ 25 for HIV-1).

We assessed the frequency of Foxp3 expression within
CD4þ T cells and found it was similar in representative
subgroups of ART-naive HIV-2-positive and HIV-1-
positive individuals (3.86� 0.92, n¼ 9; 3.82� 1.13,
n¼ 10, respectively) and increased with CD4þ T-cell
depletion in both HIV cohorts (Fig. 1b). This relationship
was confirmed by the significant correlations we observed
between the frequency of this population and CD4
depletion in both HIV cohorts (r¼�0.8, P¼ 0.014,
for HIV-2; r¼�0.684, P¼ 0.034, for HIV-1). Of
note, when Treg were defined as the proportion of
CD25brightFoxp3þ cells, we found a similar profile to
that observed for CD25bright and Foxp3þ alone (data not
shown).

The HIV-1 cohort featured an overrepresentation of
individuals able to control viral replication in the absence
of antiretroviral drugs, so-called ‘elite controllers’ [38].
We took advantage of these three individuals, who were
aviremic during follow-up of 2–10 years and had CD4þ

T-cell counts 500 cells/ml or higher, to further assess the
relative impact of CD4þ T-cell depletion and viremia
upon circulating Treg levels. Irrespective of viremic status
and type of HIV infection, Treg frequency was reduced
in individuals with CD4þ T-cell counts 500 cells/ml or
higher, and increased in advanced disease, relative to that
in seronegative individuals (Fig. 1c).

It is now accepted that the progressive hyperimmune
activation associated with both HIV-1 and HIV-2
infections plays an important role in their immuno-
pathogenesis. In particular, CD8þ T-cell activation
measured as the mean fluorescence intensity (MFI) of
CD38 is a known independent marker of disease
progression [5,39]. Treg frequency, defined as Foxp3þ

CD4þ T cells, was positively correlated with this T-cell
activation parameter in our HIV cohorts (r¼ 0.8,
P¼ 0.0096, n¼ 31 for HIV-2; r¼ 0.73, P¼ 0.0158,
n¼ 26 for HIV-1), and similar results were found

Regulatory T cells in HIV-2 infection Foxall et al. 1963
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regarding CD25bright CD4þ T cells (r¼ 0.415, P¼
0.0202, n¼ 31 for HIV-2; r¼ 0.622, P¼ 0.0007, n¼ 26
for HIV-1). To further investigate the links between the
expansion of the CD25bright subset, immune activation
and CD4þ T-cell depletion, a multiple regression analysis
was performed (see Supplemental Digital Content 1,
http://links.lww.com/QAD/A159, for the results of this
analysis). Of note, this expansion was strongly affected
by immune activation in HIV-1-positive (P< 0.0001)
and, to a lesser degree, in HIV-2-positive individuals
(P¼ 0.037). However, a strong correlation with CD4þT-
cell numbers was only observed in HIV-2-positive
individuals (P< 0.0001), suggesting that the CD25bright

expansion in these individuals is more linked to CD4
depletion than to immune activation.

In summary, the frequency of Treg, irrespective of the
markers used to define this population, progressively
increased in parallel with CD4þ T-cell decline, reaching
significantly elevated levels in advanced HIV disease.
Given the reduced viral load associated with HIV-2
infection, our data suggest that Treg alterations are more
directly related to CD4þ T-cell depletion than to viremia.

Analysis of the regulatory T-cell pool in relation
to imbalances in naive and memory-effector
CD4R T cells during HIV-2 infection
Several reports have demonstrated that Treg can be
subdivided on the basis of CD45RA expression into two
distinct Treg subpopulations: CD45RAþ ‘naive-resting’
Treg and their CD45RA� ‘memory-activated’ counter-
parts [32,40].

The majority of Treg in HIV-2-positive individuals,
irrespective of how they were defined, lacked CD45RA

1964 AIDS 2011, Vol 25 No 16

Fig. 1. Frequency of regulatory T cells within the circulating
CD4R T-cell subset in untreated HIV-2 and HIV-1 cohorts.
(a) Proportion of CD25bright cells within CD4þ T cells in HIV-
2-positive and HIV-1-positive cohorts and seronegative con-
trols are shown. In order to compare these levels in early and
late disease, the HIV cohorts were stratified according to
CD4þ T-cell counts and divided into early (>350 CD4þ

T cells/ml, n¼21 and 15 for the HIV-2 and HIV-1 cohorts,
respectively) and late (<350 CD4þ T cells/ml, n¼10 and 11
for the HIV-2 and HIV-1 cohorts, respectively) stage disease.
(b) Analysis of the frequency of Foxp3þ cells within total
CD4þ T cells in the HIV-2 and HIV-1 cohorts stratified as
above (>350 CD4þ T cells/ml, n¼ 5 for both the HIV-2 and
HIV-1 cohorts; <350 CD4þ T cells/ml, n¼4 and 5 for the
HIV-2 and HIV-1 cohorts, respectively). (c) Proportion of
CD25bright cells within the circulating CD4þ T-cell subset
in HIV-2 and HIV-1 cohorts subdivided according to CD4þ T-
cell counts higher than or less than 500 CD4þ T cells/ml; as
well as the presence (gray bars) or absence (open bars) of
detectable viremia (the latter defined as viremia below the
cut-off of the relevant tests; 15 out of 18 and three out of 12 for
the HIV-2 and HIV-1 cohorts, respectively, in the group with
more than 500 CD4þ T cells/ml; six out of 12 for the HIV-2
cohort in the group with less than 500 CD4þ T cells/ml). Of
note, all 14 HIV-1-positive individuals with less than 500
CD4þ T cells/ml had detectable viremia. Box and whisker
plots are shown, with the upper and lower whiskers set at the
90th and 10th percentile, respectively. �P<0.05, ��P<0.01
and ���P<0.001.

http://links.lww.com/QAD/A159
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expression (>80%), as previously reported for HIV-1-
positive and seronegative individuals [31].

Progressive HIV-2 infection is associated with a reduction
in naive and a concomitant increase in memory CD4þ

T-cell compartments [23]. Thus, it is possible that
the increased frequency of Treg associated with
disease progression we observed may simply reflect
this phenomenon. However, we observed a significantly
lower proportion of CD25bright within the memory
subset in early-stage HIV-2 infection and a signifi-
cantly higher proportion in the late-stage infection
compared with seronegative controls (Fig. 2a), resulting
in a significant positive association between the pro-
portion of CD25bright within the memory subset and
CD4 depletion (r¼�0.65; P< 0.0001, n¼ 31). This
suggests that the expansion of CD25bright in CD4þT cells
associated with CD4 depletion observed in HIV-2-
positive individuals was not solely related to the
progressive naive/memory imbalance associated with
disease progression. Although the same trend was
observed with respect to Foxp3 expression, the differ-
ences between early-stage and late-stage HIV-2 disease
were not significant (Fig. 2a).

Importantly, a distinct population of ‘naive resting’
CD45RAþ within the Treg pool was observed in the
HIV-2 cohort representing 13.5� 2.2% of CD25bright

CD4 T cells and 18.1� 4.2% of Foxp3þ CD4 T cells.

Of note, the proportion of Treg within naive CD4þ

T cells increased with disease progression in HIV-2-
positive individuals, leading, in late-stage disease, to levels
similar to those observed in late-stage HIV-1 infection
and a significant overrepresentation of this population
as compared with seronegative individuals (Fig. 2b).
Moreover, a significant negative correlation was found
between the proportion of CD25bright cells within the
naive subset and CD4 cell counts in HIV-2 infection
(r¼�0.586, P¼ 0.0005, n¼ 31).

In conclusion, these data suggest that the observed
progressive increase in Treg frequency within the CD4þ

T-cell subset in HIV-2 infection cannot be solely
attributed to the relative expansion of CD4þ memory
T cells associated with disease progression, and that a
relative expansion of both resting ‘naive-like’ and
activated Treg occurs.

Regulatory T cells in HIV-2 infection Foxall et al. 1965

Fig. 2. Naive-memory CD4R T-cell imbalances and regulat-
ory T-cell frequency in untreated HIV-2 and HIV-1 cohorts.
Proportion of CD25bright cells and Foxp3þ cells within mem-
ory (CD45RA�) CD4þ T cells (a) and within naive (CD45RAþ)
CD4þ T cells (b) in seronegative individuals (n¼20) and in the
HIV-2 and HIV-1 cohorts stratified according to their CD4þ T-

cell counts into early (>350 CD4þ T cells/ml; n¼21 and 15
for the HIV-2 and HIV-1 cohorts, respectively) and late (<350
CD4þ T cells/ml; n¼ 10 and 11 for the HIV-2 and HIV-1
cohorts, respectively) stage disease. Box and whisker plots are
shown, with the upper and lower whiskers set at the 90th and
10th percentile, respectively. �P< 0.05, ��P<0.01 and
���P<0.001.



Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Analysis of cycling regulatory T cells during
HIV-2 infection
We next assessed whether the relative Treg expansion we
observed in HIV-2-positive patients was associated with
increased cell turn over. Ki67 is upregulated in cycling
cells and, thus, has been used as a marker to estimate
proliferating cells ex vivo [32]. As we have previously
shown [23], HIV-2, like HIV-1 infection, was associated

with increased ex-vivo cycling of CD4þT cells as a whole
(7.2� 2.53 and 10.74� 3.07, respectively) as compared
with seronegative individuals (1.79� 0.26; P¼ 0.0101
and P¼ 0.0039, respectively).

Regarding the Treg subset, Ki67 expression was mainly
confined to ‘memory’ Treg in HIV-2-positive individ-
uals, as illustrated by the representative case illustrated in

1966 AIDS 2011, Vol 25 No 16

Fig. 3. Frequency of cycling regulatory T cells in untreated HIV-2 and HIV-1 cohorts. (a) Representative dot plots from an HIV-2-
positive individual (a 57-year-old, therapy-naive patient with a CD4þ T-cell count of 480 CD4þ T cells/ml) illustrating the pattern of
Ki67 staining in CD25bright or Foxp3þ subpopulations of CD4þ-naive (CD45RAþ) and memory (CD45RA�) T cells. (b) Proportion
of Ki67þ cells within the CD4þCD25bright, CD4þFoxp3þ and CD4þCD25brightFoxp3þ populations in seronegative controls
(n¼10), HIV-2 (n¼9) and HIV-1 (n¼10) cohorts. (c) Graphs illustrate the proportion of Ki67þ cells within the CD4þCD25bright

(top), CD4þFoxp3þ (middle) and CD4þCD25brightFoxp3þ (bottom) populations in the HIV-2 and HIV-1 cohorts stratified
according to their CD4þ T-cell counts into early (>350 CD4þ T cells/ml; n¼5 for both the HIV-2 and HIV-1 cohorts) and late
disease (<350 CD4þ T cells/ml; n¼4 and 5 for the HIV-2 and HIV-1 cohorts, respectively) as compared with seronegative controls
(n¼10). Box and whisker plots are shown, with the upper and lower whiskers set at the 90th and 10th percentile respectively.
�P< 0.05, and ��P<0.01.
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Fig. 3a, as previously reported for HIV seronegative
individuals [32], and further supporting the resting nature
of CD45RAþ Treg in the HIV-2 cohort.

The proportion of cycling Treg, whether defined as
CD25bright and/or Foxp3þ, was always increased relative
to the proportion of cycling total CD4þT cells in all three
cohorts (data not shown), although both HIV cohorts
featured higher levels than their seronegative counterparts
(Fig. 3b). Of note, the proportions of cycling Treg did not
significantly differ in HIV-2-positive and HIV-1-positive
individuals (Fig. 3b). Additionally, no significant differ-
ences were observed between early and late stages of
either HIV infection (Fig. 3c).

Hyperimmune activation has been shown to be an
important determinant of increased cycling in CD4þ T
cells in HIV-2 infection [23]. Of note, a direct correlation
between the proportion of cycling cells within Foxp3þ

Treg and both immune activation (as measured by the
MFI of CD38 on CD8þ T cells; r¼ 0.733, P¼ 0.0246,
n¼ 9) and the frequency of cycling cells within total
CD4þ T cells (r¼ 0.833, P¼ 0.0053, n¼ 9) was
observed in HIV-2-positive individuals, suggesting that
CD4þFoxp3þ cell turnover may be directly related to
hyperimmune activation in HIV-2 infection. Notably,
no such correlations were observed for cycling cells
within CD4þCD25bright (r¼ 0.268, P¼ 0.486; r¼ 0.109,
P¼ 0.781; for percentage Ki67þCD4þT cells and CD38
MFI on CD8þ T cells, respectively, n¼ 9) and CD4þ

CD25brightFoxp3þ populations (r¼ 0.4, P¼ 0.286; r¼
0.217, P¼ 0.576 for percentage Ki67þ CD4þ T cells and
CD38 MFI on CD8þ T cells, respectively, n¼ 9). These
data suggest that the turnover of Foxp3þ, but not
CD25bright or CD25brightFoxp3þ, cells is more directly
related to T-cell activation during HIV-2 infection.

Overall, HIV-2 disease was associated with an increase in
the frequency of cycling Treg irrespective of disease stage.

Characterization of regulatory T cells in
antiretroviral therapy-discordant HIV-1-positive
individuals and comparison with untreated HIV-
2-positive individuals in late-stage disease
More than 10% of ART-treated HIV-1-positive
individuals exhibit low CD4 cell counts (immunological
failure) despite a maintained reduction in viremia to
undetectable levels (virologic response) [25,41,42]. These
individuals (ART-discordant individuals) are comparable
to HIV-2-positive individuals with marked CD4þ T-cell
depletion in the absence of viremia. We assessed the
proportion of CD25bright cells within the CD4þ T-cell
subset in our previously described ART-discordant and
ART-responsive HIV-1-positive cohorts [28] and found
a significant increase in the former as compared with
the latter (3.5� 0.47 vs. 2� 0.25%, P¼ 0.0256). When
the relationship between CD4þ T-cell levels and the
proportion of CD25bright within the CD4þ T-cell subset

in this treated HIV-1-positive cohort as a whole was
assessed, we observed negative correlations with both the
number (r¼�0.4671, P¼ 0.0284) and percentage
(r¼�0.6217, P¼ 0.002) of CD4þ T cells, further
supporting an association between relative Treg expan-
sion and CD4 lymphopenia rather than viral load.

The cross-sectional nature of this study precluded the
definition of the causal relationship between immuno-
logical failure and increased frequency of CD25bright, as it
was not possible to determine whether this population
existed prior to, or emerged after, starting ART.
However, comparison with a second time-point in five
of the ART-discordant individuals, with an intersampling
mean of 42.6� 1.8 months, revealed a stable proportion
of CD25bright within total, naive and memory CD4þ

T cells despite the considerable time between sampling
and the tendency for CD4þ T cells to increase (Fig. 4a).
However, the naive/memory imbalances persisted in
both total CD4þ and Treg subsets (Fig. 4a), which was
in marked contrast to data from a subgroup of ART-
responder individuals, also evaluated at the same time,
that exhibited a clear increase in the proportion of
CD45RAþ within CD25bright Treg (8.38� 2.41 vs.
21.19� 5.56, P¼ 0.0625, mean intersampling period
42� 1.5 months, n¼ 5).

Of note, despite the increased proportion of CD25bright

within CD4þ T cells in ART- discordant individuals, the
expression of Ki67 in this subset, as in bulk CD4þ T cells,
was significantly lower in HIV-1-positive ART-discor-
dant individuals as compared with seronegative and
untreated late-stage HIV-1-positive or HIV-2-positive
individuals (Fig. 4b).

Thus, in contrast to untreated HIV-2 and HIV-1
infections with a similar degree of CD4 depletion, a
reduced frequency of cycling Treg was found in ART-
discordant individuals (Fig. 4b), suggesting a possible role
of increased survival rather than proliferation in main-
taining CD25bright Treg in these individuals.

Discussion

This study, the first to assess Treg in HIV-2-positive
individuals, revealed a progressive increase in Treg
frequency, in parallel with CD4 decline, which reached
significantly elevated levels in advanced disease, similar to
those found in HIV-1 individuals, despite the distinct
viremia and prognosis of these two infections. Of note,
both HIV infections were associated with significantly
increased proportions of cycling Treg as compared with
seronegative controls, suggesting a contribution of inc-
reased cell turn over to the maintenance of the Treg pool.

ART-treated HIV-1-positive individuals that suppress
viremia, but fail to increase/restore their CD4þ T-cell

Regulatory T cells in HIV-2 infection Foxall et al. 1967
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population (ART-discordant individuals), provide a
comparable clinical model to ART-naive HIV-2-positive
individuals, as both feature marked CD4 depletion in the
absence of detectable viremia [28]. We noted a significant
increase in Treg frequency in ART-discordant indi-
viduals, suggesting that immunological failure under
ART is associated with an expansion of this population.
Longitudinal assessment of a subset of these individuals
revealed that Treg were maintained at high levels over
time, and that this was unlikely to be due to increased cell
cycling given the low levels of Ki67 expression.

Overall, we showed that Treg frequency was increased in
all lymphopenic HIV-1-positive and HIV-2-positive
individuals irrespective of the presence or absence of
viremia or ART suggesting that the relative expansion of
Treg we observed was more directly related to the degree
of CD4 depletion than to viremia.

Several mechanisms likely to contribute to the relative
expansion of the Treg pool during HIV-2 disease
progression.

Regarding early HIV-2 infection, it is possible that the
significant reduction in the proportion of circulating
Treg we observed as compared with seronegative controls
reflects increased tissue homing [13,14]. Thus, an
important complementary study would be the evaluation

of Treg frequency in lymphoid tissues from untreated
HIV-2-positive individuals at an early stage of disease.

On the other hand, our analysis of Treg within the
CD45RAþ and CD45RA� subsets of CD4þ T cells
suggested that the observed progressive increase in Treg
frequency within the CD4þ T-cell subset in HIV-2
infection cannot be solely attributed to the relative
expansion of CD4þ memory T cells associated with
disease progression [43].

We observed a relative expansion of Treg within the naive
CD4þ T-cell pool that increased with CD4þ T-cell
decline both in HIV-2 and HIV-1 infections. This is of
particular interest given that the proportion of naive
CD4þ T cells decreased in parallel with CD4þ T-cell loss.
Moreover, as the proportion of CD45RAþ within Treg
was similar in HIV cohorts as compared with seronegative
individuals and remained stable as CD4 frequency
declined in both HIV-1-positive and HIV-2-positive
individuals, it would appear that this population, unlike
other naive CD4þ T-cell subsets, remains relatively
unaffected in both HIV-1 and HIV-2 infection.

Treg ontogeny remains the subject of intense debate
[32,44]. If these cells have a thymic origin, as has been
suggested [32,45], our data raise the possibility of
preferential and/or maintained production of the Treg
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mean interval of 42.6�1.8 months. Graphs illustrate data collected at the two time-points in terms of: proportion of CD25bright
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indicated in the different graphs. Each dot represents one individual. (b) Frequency of cycling (Ki67þ) cells in ART-discordant
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lineage in thymus of HIV-positive individuals, an idea
supported by recently published data [46].

It has been suggested that CD45RAþ Treg represent a
long-lived ‘naive resting’ subpopulation with the ability
to replenish a cycling pool of short-lived CD45RA�

‘activated’ Treg [32], and thus may play a critical role in
Treg homeostasis. Given the relatively normal frequencies
of naive Treg we observed in our HIV cohorts, it may be
that, despite increased levels of Treg cycling in both these
infections, the overall Treg homeostasis remains largely
unperturbed. Of note, no significant differences in the
proportion of cycling Treg, as assessed by Ki67, were
observed in early-stage and late-stage HIV infection,
indicating that factors other than cell cycling may play
a role in Treg maintenance in late-stage HIV-2 and
HIV-1 disease.

In this respect, the marked increase in Treg within CD4þ

T cells we observed in ART-discordant individuals is of
interest, particularly as it appears to be preserved over time.
A previous cross-sectional study [47] reported similarly
increased frequencies of CD4þCD25bright lymphocytes to
those observed in our ART-discordant group. The persis-
tence of naive/memory imbalances in CD4þ T cells is in
agreement with the reduced hematopoietic regenerative
capacity, both at the level of the bone marrow [48] and
thymus [25,26] documented in ART-discordant individ-
uals. Despite a reduced level of turn over, Treg frequencies
remained at a similarly increased level over time in these
individuals, suggesting that these cells are maintained by
improved survival rather than active expansion, which, in
turn, may reflect an alternative mechanism to preserve Treg
in the context of impaired thymic function.

Overall, our data provide evidence that CD4 depletion is
associated with a relative expansion of Treg irrespective of
the presence or absence of circulating virus, supporting an
apparently better preservation of circulating naive and
memory Treg as compared with other CD4þ T-cell
subsets in HIV/AIDS.
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