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Objectives: To characterize the homeostasis of CD4+FoxP3high

and the disease progression, and may serve as a surrogate marker to
predict HIV-1 disease progression.

regulatory T cells (Treg) and its association with immune hyperactivation in the disease progression of chronic HIV-1 infection.
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Design: Treg proliferation and apoptosis markers were determined

(J Acquir Immune Defic Syndr 2010;54:455–462)

and the relation to disease progression and Treg activation was
analyzed.

Methods: Fifty-six HIV-1–infected highly active antiretroviral
therapy (HAART)–naive subjects and 17 HAART-treated subjects
were enrolled. Proliferation and apoptosis of Treg from peripheral
blood were evaluated by intracellular Ki-67 and active caspase-3 or
surface Annexin-V staining. T-cell activation markers, CD38 and
HLA-DR, were simultaneously monitored. The effects of in vitro TCR
(T cell receptor) stimulation on proliferation, apoptosis, and activation
of Treg were determined from both HIV-1–infected subjects and
healthy controls.

Results: HIV-1–infected patients displayed increased Treg turnover
status indicated by higher expression of proliferation marker Ki-67
and apoptosis marker active caspase-3 and Annexin-V. Turnover level
of Treg was positively associated with disease progression and
immune hyperactivation. In vitro TCR stimulation increased the
turnover level of Treg. The HAART treatment decreased the turnover
and activation levels of Treg in complete responders.
Conclusions: Turnover level of Treg was increased in HIV-1–
infected subjects, which is associated with immune hyperactivation
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INTRODUCTION
HIV-1 infection in humans often results in altered T-cell
homeostasis,1 which is characterized by the rapid turnover of
both CD4+ and CD8+ T cells. Recent studies have shown that
this rapid turnover of T cells mainly include the increased
proliferation and apoptosis of T cells, thus leading to the
decreased half-life of T cells in chronic HIV-1–infected
individuals.1,2 To date, the mechanisms underlying the rapid
turnover of T cells remain unknown for this disease.
Immune activation is the hallmark of chronic HIV-1
infection and has been demonstrated to predict the disease
progression of chronic HIV-1 infection3,4 and the efficiency of
highly active antiretroviral therapy (HAART) treatment.5 Some
lines of evidence have shown that the excessive activation
induced by chronic HIV-1 infection can consequently lead to
rapid turnover of T cells,6,7 which was proposed to further result
in exhaustion and deletion of lymphocytes and contribute to
development of AIDS,8,9 Other findings suggest that the high
turnover rates of lymphocytes from HIV-1–infected individuals
are caused by either virus-specific T-cell activation or nonspecific ‘‘bystander’’ activation.9
CD4+CD25highFoxP3high regulatory T cells (Treg) play
an important role in the maintenance of immunological
tolerance to both self and foreign antigens by suppressing
aggressive T-cell responses.10 However, the immune modulation function of Treg during chronic HIV-1 infection remains
debatable.11 In some studies, Treg were found to suppress
specific immune responses to HIV-1 ex vivo, which would
suggest that they are detrimental to the host.12–15 On the other
hand, some studies reported that Treg can also slow down the
disease progression by suppressing immune activation.16–19
Notably, when compared with conventional CD4+ T cells, Treg
showed higher turnover rates in vivo in healthy subjects
without any overt immune activation.20,21 However, it remains
unknown whether Treg turnover level and homeostasis are
altered as a result of host immune hyperactivation during
chronic HIV-1 infection.
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To address the issues mentioned above, this study
investigated the homeostasis of peripheral Treg during chronic
HIV-1 infection and its relationship with immune hyperactivation. In addition, we found that antiviral therapy is able to
temper the activation of Treg and their turnover level. Therefore,
our study not only identifies the associations between immune
activation and the homeostasis of Treg but also provides a novel
understanding of the immune pathogenesis mediated by Treg.

METHODS
Subjects
Fifty-six HIV-1–infected individuals were enrolled in
our study, including 8 long-term nonprogressors (LTNP, who
had a duration of infection of more than 10 years, a peripheral
CD4+ T-cell count exceeding 500 cells/mL, no use of
antiretroviral drugs, and a plasma viral RNA concentration
maintained below 500 copies/mL), 30 typical progressors (TP,
who were antiviral treatment naive and had typical progressive
disease, peripheral CD4+ T-cell counts 200;500 cells/mL, and
levels of plasma viral RNA exceeding 1000 copies/mL), and
18 AIDS patients (who had an AIDS-defining condition
according to the World Health Organization classification,
including progressive decline in peripheral CD4+ T-cell counts
, 200 cells/mL and plasma viral RNA $1000 copies/mL
without receiving antiviral treatment, present or previous
opportunistic infections). In addition, 12 complete responders
(CRs) to HAART (who exhibited effective viral suppression
with plasma HIV-1 RNA below 500 copies/mL) and 5
nonresponders (NRs) to HAART (who showed failure to
suppress viral replication) were also enrolled in the study. The
HAART regimen included 2 nucleoside reverse transcriptase
inhibitors plus 1 nonnucleoside reverse transcriptase inhibitor.
Eighteen age-matched and gender-matched uninfected healthy
subjects were employed as healthy control (HC). The study
protocol was approved by the Ethics Committee of our unit,
and written informed consent was obtained from each subject.

Cell Isolation and Culture
Peripheral blood mononuclear cells (PBMCs) were
isolated by Ficoll-Hypaque density gradient centrifugation
from heparinized blood samples. CD4+CD25highCD127low Treg
were isolated from PBMCs by CD4 negative selection followed
by CD25 positive selection, using a CD4+CD25+CD127dim/T-cell isolation kit (Miltenyi Biotech, Bergisch-Gladbach,
Germany) with MidiMACS and MiniMACS separator units
according to the manufacturer’s instructions. The purity of
CD4+CD25highCD127low Treg was . 90% for each subject
group, as determined by flow cytometric analysis. Isolated
CD4+CD25highCD127low Treg were incubated with 5 mM CFSE
(5- and 6- carboxyfluorescein diacetate succinimydyl ester) for
10 minutes at 37°C in phosphate-buffered saline containing
0.1% BSA. Labeling was quenched with RPMI1640 containing
10% fetal calf serum on ice for 5 minutes, and cells were washed
twice with phosphate-buffered saline. Then CFSE-labeled
CD4+CD25highCD127low Treg were seeded at 2 3 106 cells
per milliliter in RPMI 1640 containing 10% fetal calf serum
in the presence of 2 3 106 cells per milliliter feeder cells
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(CD4-depelted PBMCs) with or without anti-CD3 (1mg/mL)
stimulation for 48 hours.

Flow Cytometric Analysis
The monoclonal antibody (mAb) FoxP3 (Clone:
PCH101) was purchased from eBiosciences (San Diego, CA).
All other monoclonal antibodies (mAbs) including
Ki-67-FITC/PE, active caspase-3-PE, CD38-APC, HLA-DRPerCP, CD4-PE-Cy7 were purchased from Becton Dickinson
(San Jose, CA). For FoxP3 staining, the cells were surface
stained and then permeabilized and fixed using eBioscience
fix/perm (eBiosciences) according to the manufacturer’s
instructions. After permeabilization, the cells were incubated
with anti-FoxP3 mAbs for 30 minutes. For active caspase 3
staining, the cells were permeabilized and fixed using fix/perm
(BD Pharmingen, San Diego, CA), then active caspase-3
staining was performed according to the manufacturer’s
instructions. Acquisition of data was performed using Becton
Dickinson FACSCalibur for 4-color staining protocols or using
a Becton Dickinson FACSAria cytometer for 5-color protocols.
At least 20,000 CD4+ T cells were acquired per sample. Gating
was performed on positively stained samples in comparison with
that stained with matched isotype control. Data were analyzed
using the FlowJo program v5.7.2 (Tree Star, Ashland, OR).

Apoptosis Assay
Apoptosis was determined by labeling with Annexin-V
as described previously.22 Briefly, freshly isolated PBMCs or
cultured T cells were first incubated with mAbs to surface
antigens; after washing, cells were suspended in calcium
(Ca2+)-binding buffer and incubated with 5 mL of Annexin-V
for 15 minutes at room temperature and then immediately
acquired on a FACSCalibur.

Plasma HIV-1 RNA Monitoring
The 7900HT Sequence Detection System (Applied
Biosystems, Foster City, CA) was used to quantify HIV-1 RNA
levels in plasma samples in our laboratory according to
a previously described protocol.22 The cut-off value for
positive detection was 500 copies per milliliter.

Statistical Analysis
Data analysis was performed with SPSS version 13.0 for
Windows software (SPSS Inc, Chicago, IL) and expressed as
mean 6 standard deviation for percentages. The statistical
significance of differences between the 2 groups was
determined using the nonparametric Mann–Whitney U test.
Multiple comparisons were performed with the nonparametric
Kruskal–Wallis H test applied with Bonferroni step down
(Holm) correction. The Wilcoxon signed ranks test was used
for the 2 related samples test. Spearman correlation analysis
was performed between 2 parameters. P , 0.05 was
considered to represent a significant difference.

RESULTS
Rapid Turnover of Treg Increases With Disease
Progression During Chronic HIV-1 Infection
In general, Ki-67 is used as a surrogate marker for T-cell
proliferation in HIV-1 infection4,23–25, whereas active caspase-3
q 2010 Lippincott Williams & Wilkins
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is a key effector kinase during apoptosis26,27 and is often used as
an intracellular marker of cellular apoptosis.28 In this study,
CD4+CD25highFoxP3high T cells were defined as Treg. First, we
monitored intracellular Ki-67 and active caspase-3 expression on
Treg (Fig. 1A). In addition, Annexin-V staining was performed
to measure the apoptosis status of CD4+ CD25highCD127low Treg
(Fig. 1B). As shown in Figures 1C–E, CD25highFoxP3high Treg
displayed higher levels of Ki-67, caspase-3, and Annexin-V
expression than those of CD4+CD25lowFoxP3low and
CD4+CD25low/-FoxP32 T cells (non-Treg) regardless of disease
status, indicating that Treg have increased turnover level when
compared with non-Treg. And HIV-1–infected subjects displayed a significant increase in expression of Ki-67, caspase-3,
and Annexin-V molecules on both Treg and non-Treg compared
with HCs (Fig. 1C–E). Furthermore, there were higher levels of
Ki-67, caspase-3, and Annexin-V expression in Treg from AIDS
patients than TP and LTNP, and all these markers were also
significantly elevated in TP compared with LTNP (Fig. 1C–E).
Although the progressive elevation of these markers occurred in
both Treg and non-Treg in these HIV-1–infected subjects, more
significant changes were observed in Treg. These data indicate
that chronic HIV-1 infection leads to a rapid turnover level in
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overall CD4+ T cells, particularly for Treg, indicated by high
levels of proliferation and apoptosis, and this turnover level is
further accelerated with the disease progression.

Rapid Turnover of Treg is Associated With
Immune Activation During HIV-1 Infection
To investigate the association between activation level
and turnover level in Treg in these HAART-naive HIV-1–
infected subjects, we detected CD38 and HLA-DR expression
on Treg. We found that there was a significant inverse
correlation between CD4+ T-cell counts and percentages of
CD38 (r = 20.470; P = 0.024) and HLA-DR (r = 20. 487; P =
0.019) on Treg (Fig. 2A). In addition, there was a positive
correlation between plasma viral load with CD38 expression
(r = 0.439; P = 0.036) and HLA-DR expression of Treg (r =
0.449; P = 0.032) (Fig. 2B). These data suggested that
activation of Treg increased with disease progression. Notably,
our study showed that a vast majority of Ki-67+ and active
caspase-3+ Treg displayed an activation phenotype with high
CD38 and HLA-DR expression (Fig. 2C, D). Further analysis
showed that CD38 and HLA-DR expression on Treg was
positively correlated with their increased turnover level in

FIGURE 1. Proliferation and apoptosis of Treg increase with disease progression during chronic HIV-1 infection. Representative flow
cytometric plots show higher Ki-67 and active caspase-3 expression on CD4+CD25highFoxP3high Treg (A), and increased Annexin-V
expression on CD4+CD25highCD127low Treg (B) compared with non-Treg in HIV-1–infected subjects. Treg expressed significantly
increased Ki-67 (C), active caspase-3 (D) and Annexin-V (E) compared with non-Treg in all patient groups and HCs. Expressions of
Ki-67, active caspase-3, and Annexin-V on Treg of TP patients were significantly higher than LTNP patients and HCs, and AIDS
patients were much higher than TP patients. There was no significant difference between LTNP patients and HCs. Case numbers for
each group are given in Table 1. Data are shown as mean 6 SD. *P , 0.05.
q 2010 Lippincott Williams & Wilkins
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FIGURE 2. Treg exhibit increased activation,
proliferation and apoptosis markers during chronic
HIV-1 infection. CD38 and HLA-DR expression on
CD4+FoxP3high Treg correlated with CD4 counts
(A) and viral load (B). Representative data from
one HIV-1–infected subject (CD4 T cells absolute
counts: 420 cells/mL; plasma viral load: 1320
copies/mL) showed that most Ki-67+ (C) and
active caspase-3+ (D) Treg express CD38 and
HLA-DR (cells in the figures were gated on
CD4+FoxP3high T cells). CD38 (E) and HLA-DR (F)
expression on Treg associated with Ki-67 and
active caspase-3 expression on Treg (n = 23, all
subjects were HAART naive).

these HIV-1–infected subjects. We found that CD38 and HLADR expression on Treg was positively correlated with
expression of the proliferation marker Ki-67 (r = 0.432; P =
0.039 and r = 0.653; P , 0.001, respectively; Fig. 2E upper
panel and Fig. 2F upper panel) and apoptosis markers active
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caspase-3 expression on Treg (r = 0.404; P = 0.048 and r =
0.603; P , 0.001, respectively; Fig. 2E lower panel and Fig.
2F lower panel). The comprehensive correlation analysis
indicated that the rapid turnover of Treg was associated with
immune hyperactivation in the HIV-1–infected subjects.
q 2010 Lippincott Williams & Wilkins

J Acquir Immune Defic Syndr  Volume 54, Number 5, August 15, 2010

Rapid Turnover of Treg in HIV-1 Infection

FIGURE 3. Anti-CD3 activation induces higher frequency of
Ki-67, active caspase-3, and Annexin-V on Treg from HCs and
HIV-1–infected subjects. A, The representative figure showed
that the purity of CD4+ CD25highFoxP3+ Treg from 1 HC was
.90%. CFSE-labeled CD4+CD25highCD127low Treg were
cultured for 48 hours in the presence of 2 3 106 cells per
milliliter feeder cells (CD4-depelted PBMC) with or without
1 mg/mL anti-CD3. Annexin-V staining was performed at 24
hours and directly detected ex vivo. CD38, Ki-67, and active
caspase-3 expression on Treg and apoptosis of Treg were
significantly upregulated after anti-CD3 stimulation compared
with Treg cultured in medium in HC (B) and HIV-1–infected
subject (CD4 T cells absolute counts: 411 cells/mL; plasma viral
load: 33200 copies/mL) (C). The data are representative of
3 independent experiments with similar results.

In Vitro TCR-Induced Hyperactivation is
Accompanied by a Rapid Turnover of Treg
Considering the correlations observed above, we proposed that increased Treg turnover level may result from
hyperactivation in HIV-1 infection. To validate this hypothesis,
q 2010 Lippincott Williams & Wilkins

purified CD4+CD25highCD127low Treg (The purity of
CD4+CD25highFoxP3+ Treg was . 90%, Fig. 3A) from HCs
and HIV-1 patients were stimulated with or without anti-CD3
antibodies for 48 h in vitro in the presence of feeder cells. The
data showed that anti-CD3 stimulation could upregulate CD38
www.jaids.com |
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Treg were simultaneously increased after 48 hours incubation
(Fig. 3B middle panel and 3C middle panel). In addition,
Annexin-V positive staining also increased after 24 hours
stimulation (Fig. 3B right panel and Fig. 3C right panel).
These data indicated that anti-CD3–induced activation can
promote the turnover level of Treg and also supported the
notion that HIV-1 infection induced immune hyperactivation
may increase the turnover level of Treg.

Viral Suppression by Antiviral Treatment
Decrease the Frequency and Turnover Level
of Treg

FIGURE 4. Viral suppression by antiviral therapy significantly
reduces activation and proliferation and apoptosis markers of
Treg. A, Treg frequency decreased after 6 months of HAART
treatment in CRs but not in NRs. B and C, HAART treatment
reduced CD38 and HLA-DR expression on Treg in CRs but not
in NRs. D, E, and F, Ki-67, active caspase-3 on Treg, and
apoptosis of CD4+CD25highCD127low Treg were significantly
decreased in CRs but not in NRs. Data are shown as mean 6 SD.
*P , 0.05. CRs (n = 12); NRs (n = 5).

expression on CD4+CD25highCD127low Treg compared with
medium treatment only (Fig. 3B left panel and Fig. 3C left
panel). Along with elevated activation, proliferation marker
Ki-67 expression and apoptosis marker active caspase-3 of

The effect of HAART treatment on the activation and
homeostasis of Treg remains unknown.29–31 We found that the
frequency of peripheral Treg in CRs significantly decreased
after 6 months of HAART treatment compared with before
treatment (3.137 6 1.660% vs. 1.547 6 0.536%, P = 0.017)
but unchanged in NRs (3.066 6 1.405% vs. 3.602 6 1.630%,
P = 0.610) (Fig. 4A). Along with the reduction of Treg
frequency in these responders, CD38 and HLA-DR expression
on Treg also decreased after HAART treatment (73.264 6
7.560% vs. 64.286 6 6.462%, P , 0.001 for CD38; 55.144 6
6.910% vs. 50.662 6 7.381%, P = 0.026 for HLA-DR,
respectively) (Fig. 4B, C). Meanwhile, the NRs displayed
unaltered expression of CD38 and HLA-DR expression on
Treg (79.188 6 5.938% vs. 79.514 6 5.610%, P = 0.865;
60.214 6 9.557% vs. 58.252 6 7.242%, P = 0.148,
respectively) (Fig. 4B, C). More importantly, we found that
turnover level of Treg also significantly decreased in
responders but not in NRs. Expressions of the proliferation
marker Ki-67 and apoptosis marker active caspase-3 on Treg
were significantly reduced in these CRs, respectively, after
6 months of HAART treatment (48.688 6 13.558% vs.
39.051 6 10.590%, P = 0.047 for Ki-67; 4.141 6 1.051% vs.
3.460 6 1.285%, P = 0.016 for active caspase-3) (Fig. 4D, E).
By contrast, the NRs still maintained high Treg turnover level
during the 6-month treatment period (43.180 6 12.787% vs.
42.016 6 15.584%, P = 0.680 for Ki-67; 3.950 6 1.305% vs.
3.898 6 1.253%, P = 0.257 for active caspase-3) (Fig. 4D and
4E). In addition, the apoptosis of Treg indicated by Annexin-V
staining also decreased after HAART treatment in the CRs

TABLE 1. Characteristics of Subjects in the Study
Subjects

HC

LTNP

Cases (n)
Age (yrs)
Gender (m/f)
CD4 counts (cells/mL)

18
36 (28–50)
10/8
NA

8
38 (35–61)
3/5
609 (507–796)

NA

,500

Plasma HIV RNA
(copies/mL)

TP
30
44 (32–59)
16/14
302 (192–496)
114150
(1240–6,033,019)

AIDS
18
42 (30–55)
10/8
146 (82–196)
153457
(50,700–8,555,187)

CR to HAART
12
40 (30–59)
7/5
171 (71–348)*
358 (195–606)†
127,261
(25,257–1,617,993)*
,500†

NR to HAART
5
45 (40–55)
3/2
214 (107–335)*
263 (115–385)†
288,388
(81049–754,608)*
312,322
(3117–711,064)†

Data are expressed as the median (range), unless otherwise stated.
*Baseline data before HAART treatment.
†After 6 months of HAART treatment.
NA, not applicable.
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(5.945 6 1.572% vs. 5.026 6 1.296%, P = 0.037), but not in
NRs (5.113 6 1.193% vs.5.3936 6 1.398%, P = 0.625) (Fig.
4F). These data indicate that efficient antiviral therapy
significantly decrease the hyperactivation and turnover level
of Treg in HIV-1–infected subjects.

DISCUSSION
Previous studies demonstrated that Treg, largely
expanded in HIV-1 infection, can inhibit immune responses
to HIV-1 and thus favor the pathogen persistence.12–15 However,
little information is available regarding the homeostasis of Treg
and relevant mechanisms in chronic HIV-1 infection. The
present study demonstrated that Treg displayed rapid turnover
level, which are associated with immune hyperactivation and
disease progression of HIV-1 infection. HAART treatment
efficiently decreased the Treg turnover level in a cohort of CRs
but not in NRs. These data characterized the homeostasis of
Treg in HIV-1–infected subjects and highlighted a novel role
of Treg in HIV-1–induced immune pathogenesis.
Treg, defined as CD4+CD25highFoxP3high T cells in this
study since FoxP3 is a reliable marker of Treg,32,33 show
a memory and activation status in both healthy adults10 and
HIV-1–infected subjects.34 In this study, we found that Treg
display a rapid turnover level indicated by the increased
expression of Ki-67 (a proliferation marker29) and active
caspase-3 and phenotypic Annexin-V staining (apoptosis
markers) ex vivo in HIV-1–infected subjects. This finding is
consistent with previous observations in healthy adults in whom
Treg were also replenished by rapid turnover of memory
population in vivo.20 Notably, this rapid turnover of Treg was
found to be associated with disease progression of HIV-1
infection in this study. On the one hand, the turnover level of
Treg was progressively increased in TP subjects and AIDS
patients but was maintained at relatively low levels in LTNP. On
the other hand, it positively associated with expression of
activation markers, CD38 and HLA-DR, which are also
recognized markers for HIV disease progression.3,35 This
difference in the turnover level of Treg may reflect the variation
in immune responses between LTNP and TP.36 Thus, this study
characterized the homeostasis of Treg in HIV-1–infected
subjects and extends the notion that the turnover level of Treg
can serve as a marker of disease progression in HIV-1 infection.
The factors that lead to the rapid turnover status of Treg
in HIV-1 infection are still unclear. Previous studies have
demonstrated that immune activation might play a key role in
acceleration of T cell turnover during HIV-1 infection.1 Our
data supported the notion that the turnover status of Treg in TP
and AIDS patients is significantly higher than that in LTNP
subjects, suggesting that the host’s immune status might
largely influence the Treg status. This hypothesis was further
supported by the associations between immune hyperactivation induced by HIV-1 infection and the rapid turnover of Treg
in the present study. We found that Treg activation was
inversely associated with CD4+ T-cell counts and positively
with plasma HIV-1 viral load. More important, there is
a positive correlation between activation and turnover level of
Treg of HIV-1–infected subjects. This association was
observed at the cellular level because we determined that
q 2010 Lippincott Williams & Wilkins
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Treg highly expressing Ki-67 and active caspase-3 also
expressed higher levels of activation marker CD38 and HLADR in HIV-1–infected subjects. In addition, in vitro TCR
stimulation can also efficiently activate Treg and simultaneously induce high proliferation and apoptosis levels in Treg.
These findings raise the possibility that persistent immune
hyperactivation may lead to rapid turnover status of Treg
during chronic HIV-1 infection.
In this longitudinal study, we found Treg frequency was
significantly decreased after 6 months effective HAART
therapy. These data were consistent with study of Lim et al37
and our previous study.22 However, some studies reported that
HAART treatment did not alter or even increased the
frequency of Treg.30,31,38,39 The discrepancy may result from
the differences in identification of Treg, follow-up time, and
baseline characterization of enrolled patients.30,31,37–39 In
addition to the decreased frequency of Treg, we also found
that the turnover level of Treg was significantly decreased in
patients undergoing effective HAART treatment along with
recovery of activation level of Treg and CD4+ T-cell counts but
not in NRs to HAART. Notably, hyperactivation may not be
the only cause for accelerated turnover of Treg during HIV-1
infection. In fact, Treg themselves are susceptible to HIV-1
infection as a result of high level activation and rapid
turnover,28,40 which may contribute to the alteration of Treg
homeostasis. And cytokines may influence the homeostasis
of Treg.41–43 Thus, future studies should further dissect the
factors that influence Treg homeostasis in HIV-1 infection.
Previous studies have shown that Treg are depleted,17 and
their function impaired in progressive HIV-1–infected subjects14,16 and simian immunodeficiency virus–infected rhesus
macaques.44 However, Treg can still inhibit HIV-1–specific
CD4+ and CD8+ T-cell responses in patients with lower levels of
plasma viremia and higher CD4: CD8 T cell ratios.12,45
Combined with these reports, our research indicated that high
levels of activation and rapid turnover level of Treg may be
responsible for Treg dysfunction during chronic HIV-1 infection.
In conclusion, our study characterized the homeostasis
of Treg in HIV-1–infected subjects and found that the rapid
turnover of Treg correlated with immune hyperactivation and
disease progression of chronic HIV-1 infection. HAART
treatment could decrease the activation and turnover level of
Treg in CRs. This study further clarified the role of Treg in
immune pathogenesis of chronic HIV-1 infection and may
have implications for medical management of the disease.
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