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Abstract

The potential role of conventional and regulatory T cells (Tregs) in protection from HIV-1 infection remains
unclear. To address this question, we analyzed samples from 129 HIV-1-exposed seronegative individuals
(HESN) from an HIV-1-serodiscordant couples cohort. To assess the presence of HIV-specific T cell responses
and Treg function, we measured the proliferation of T cells in response to HIV-1 peptide pools in peripheral
blood mononuclear cells (PBMCs) and PBMCs depleted of Tregs. We identified HIV-specific CD4 + and CD8 + T
cell responses and, surprisingly, the overall CD4 + and CD8 + T cell response rate was not increased when Tregs
were removed from cell preparations. Of the 20 individuals that had HIV-1-specific CD4 + T cell responses, only
eight had Tregs that could suppress this proliferation. When compared with individuals whose Tregs could
suppress HIV-1-specific CD4 + T cell proliferation, individuals with Tregs unable to suppress showed a trend
toward increased T cell activation and Treg frequency and a significant increase in HIV-1-specific production of
microphage inflammatory protein-1b (MIP-1b) by CD4 + T cells, autocrine production of which has been shown
to be protective in terms of HIV-1 infection of CD4 + T cells.

Introduction

An important challenge related to the develop-
ment of an HIV-1 vaccine is the lack of a validated

experimental model for transmission. While investigations
using nonhuman primate models lend considerable insight
into possible immune correlates of protection against HIV-1,
fundamental differences between simian immunodeficiency
virus (SIV) and HIV-1, and between host immune responses
in humans and other primates, preclude direct extrapolation
of immunogenicity and correlates from monkey models to
human infection. Rare individuals who remain seronegative
despite repeated HIV-1 exposure (HIV-1-exposed seroneg-
atives, HESN) represent an exquisitely relevant human
model of HIV-1 protection through their potential ability to
either resist or markedly control infection. A number of
studies of immunologic factors potentially relevant to HIV-1
protection have been done among HESN populations in-
cluding sex workers from areas of high HIV-1 prevalence,

men who have sex with men, and HIV- 1-serodiscordant
couples.1,2

The degree and persistence of immune protection in HESN
may be dependent on continuous virus exposure; cellular
immune responses against HIV-1 have been shown to fade in
HESN infants born to HIV-1-infected mothers, HESN
healthcare workers reporting a single accidental work expo-
sure to HIV-1, and high-risk HESN women who adopt safer
sexual practices, in whom late HIV-1 seroconversion has been
seen as exposure and immunity have waned.3–5 Thus, HESN
studies carried out using cohorts where the viral exposure
varies over time may be less likely to yield data on immune
correlates of protection against HIV-1. HIV-1-serodiscordant
couples, given ongoing exposure, offer an opportunity to
overcome this problem.

The reasons for possible resistance to HIV-1 infection in
HESN subjects remain controversial and under investigation,
although several nonmutually exclusive mechanisms have
been proposed. First, there are known genetic factors at play,
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such as the CCR5D32 mutation that results in a CCR5 receptor
unable to bind HIV-1 and therefore prevention of infection in
homozygous individuals.6 Second, there could be an antigen-
specific immune response generated upon HIV-1 exposure
that is sufficient to prevent infection. The first immunologic
evidence of such HIV-1 resistance was seen in the uninfected
members of HIV-1-serodiscordant partnerships, who specifi-
cally mounted CD8 + T cell responses to HIV-1 envelope and
core proteins.7 Similar HIV-1-specific T cell responses have
since been found in a variety of HESN populations, including
sex workers and infants born to HIV-1-infected women.8,9

Compared to unexposed individuals, a number of specific
phenotypic and functional characteristics of CD8 + T cells
have been identified in HESN, including a higher percentage
of central memory T cells and a decreased percentage of ef-
fector memory cells,10–12 an increased percentage of activated
CD8 + T cells,11,12 increased antiviral cytolytic function,13 and
increased cellular proliferative capacity.14 In support of this
last finding, it is notable that in HIV-1-infected persons the
ability of HIV-1-specific CD8 + T cells to proliferate upon an-
tigen exposure is the only functional attribute that inversely
correlates with viral loads.15,16

Additionally, a distinctive chemokine pattern has been re-
ported in HESN. In a cohort of commercial sex workers, an
increased level of microphage inflammatory protein-1a
(MIP-1a) and microphage inflammatory protein-1b (MIP-1b)
in HESN versus control groups was detected.17 Similarly, in a
serodiscordant couples cohort, in vitro secretion of beta che-
mokines has been shown to be higher in exposed seronegative
individuals, both at baseline and upon stimulation with p24.18

Furthermore, beta chemokines have been shown to protect
CD4 + T cells from HIV-1 infection by binding to CCR5, the
coreceptor for HIV-1 entry.19 Another mechanism proposed
to account for HIV-1 resistance in HESN is an overall CD4 + T
cell quiescence, as defined by decreased expression of acti-
vation markers,20 cytokine secretion,21 and gene expression
profiling22 in HESN commercial sex workers. This reduced T
cell activation has been proposed to be at least partially due to
an increased percentage of regulatory T cells (Tregs).20

Tregs, a subset of CD4 + T cells, have demonstrated roles in
regulating the immune system under homeostatic conditions
as well as during infection. Tregs can suppress proliferation
and function of several immune cell types, including Th1, Th2,
and Th17 CD4 + T cells and CD8 + T cells. Moreover, they can
modulate the migration of immune cells to the site of infec-
tion.23 Specifically, in a mouse model, it has been demon-
strated that in the absence of Tregs the expression of CCL5/
RANTES, a beta chemokine that binds to CCR5, was de-
creased in vaginal tissues following herpes simplex virus
(HSV) infection, demonstrating that Tregs control the che-
mokine gradient in response to a viral exposure.24

The role of Tregs specifically in HIV-1 infection remains
unclear, though the recent finding of HIV-1-Gag-specific
Tregs using class II tetramer staining25 suggests that they in-
deed participate in anti-HIV immunity. Given their role in
suppressing immunity, they could be beneficial by dampen-
ing generalized immune activation, thereby reducing the pool
of HIV-1-susceptible cells; alternately, they could be detri-
mental, by reducing the HIV-1-specific immune response. In
support of the latter idea, in one study among HESN neona-
tes, depletion of Tregs revealed strong HIV-1-specific CD8 +

and CD4 + immune responses.26

In our study, we addressed the role of Tregs in protection
from HIV-1 infection by characterizing the Treg and con-
ventional T cell phenotypes in HESN belonging to a ser-
odiscordant couples cohort. By using the highly specific CFSE
assay to detect HIV-specific proliferation, we observed that a
group of HESN subjects whose Tregs were unable to suppress
the HIV-1-driven T cell proliferation were characterized by an
increase in T cell activation and increased CD4 + T cell secre-
tion of MIP-1b in response to HIV-1 stimulation.

Materials and Methods

Study participants

Between August 2007 and July 2010, 400 HIV-1-
serodiscordant couples from Kampala, Uganda were enrolled
in an observational study of immune correlates of HIV-1
protection. Participants were ‡ 18 years of age and sexually
active. HIV-1-seropositive partners had no history of AIDS-
defining conditions and were not using antiretroviral therapy.
The study protocol was approved by institutional review
boards at the University of Washington and the AIDS Re-
search Committee of the Uganda National Council of Science
and Technology; all participants provided written informed
consent.

For the present study, a subset of HIV-1-uninfected part-
ners was tested, and peripheral blood mononuclear cell
(PBMC) samples obtained at the time of study enrollment
were used. The number of analyzed samples varied between
assays due to variable cell recovery and viability.

Reagents

For the in vitro stimulation, global potential T cell epitope
peptides27 for Gag, Pol, Env, and Vpu, each including the 40
most frequent 15-mers among all sequences, were synthesized
by BioSynthesis (Lewisville, TX) and used at 2 lg/ml per
peptide.

For the characterization of Tregs, anti-CD3 (ECD, clone
UCHT1) was from Beckman Coulter (Brea, CA); CD4 (QDot
605, clone S3.5) was from Invitrogen (Grand Island, NY); and
CD8 (Ax700, clone RPA-T8), CD25 (PerCP Cy5.5, clone M-
A251), CD127 (V450, clone HIL-7R-M21), and FoxP3 (Ax488,
clone 236A/E7) were from BD (San Jose, CA).

For the T cell analysis CD14 (QDot605, clone TüK4) was
from Invitrogen; CD3 (Pac blue, clone UCHT1), CD4 (APC-
Cy7, clone RPA-T4), Ki67 (FITC, clone B56), and Bcl-2 (PE,
clone Bcl-2/100) were from BD.

For intracellular cytokine staining, Golgi Stop, anti-CD3
(ECD, clone UCHT1), CD4 (Ax700, clone RPA-T8), CD8
(PerCP Cy5.5, RPA-T8), MIP-1b (PE, clone D21-1351), inter-
feron (IFN)-c (V450, clone B27), and tumor necrosis factor
(TNF)-a (FITC, clone 6401.1111) were from BD. Phorbol 12-
myristate 13-acetate (PMA), ionomycin, dimethyl sulfoxide
(DMSO), propidium iodide (PI), and Brefeldin A were from
Sigma-Aldrich (St. Louis, MO).

For cell sorting, cells were stained with anti-CD4 (APC Cy7,
clone RPA-T4), CD8 (Ax700, clone RPA-T8), CD127 (Ax647,
clone HIL-7R-M21), and CD25 (PECy7, clone M-A251), all from
BD. Anti-CD3 (purified, clone HIT3a) and CD28 (purified,
clone CD28.2) for the stimulation were from BD Biosciences.

Aqua live-dead cell staining kit and CellTrace-CFSE pro-
liferation kit were from Invitrogen.
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Treg frequency and T cell activation detection

PBMCs were thawed according to standard procedures28

and two different flow cytometry staining panels were used on
each sample to measure Treg and T cell frequency and phe-
notype. The Treg panel included a live-dead discrimination dye
and antibodies recognizing CD3, CD4, CD8, CD25, CD127, and
FoxP3. The T cell panel included a live-dead discrimination dye
and antibodies recognizing CD3, CD14, CD4, CD8, Ki67, and
Bcl-2. For each sample, 500,000 cells were incubated with the
antibody mix for the extracellular markers in the dark for
20 min and then fixed with Fix Perm buffer (eBioscience) for the
Treg staining and with the permeabilization kit (BD) for the T
cell staining. The intracellular staining was then performed
and, after incubating for 30 min in the dark, samples were
washed and analyzed on an LSRII system (BD). FACS data
were analyzed using FlowJo software (TreeStar, Ashland, OR).

Proliferation assay

The proliferation assay we used was modified from the one
previously reported.29 PBMCs were rested overnight and
stained with anti-CD4, CD8, CD25, and CD127 as described
above. Before sorting, PI was added to exclude dead cells.
Each sample was divided into two and the Treg fraction,
defined as PI negative, CD4 + , CD127dim, and CD25high, was
depleted from one. The other aliquot was used to sort live
total PBMCs. Sorting was performed with a FACS ARIA II
(BD). Once sorted, the samples were CFSE labeled per the
manufacturer’s directions. Briefly, cells were washed with
phosphate-buffered saline (PBS) and incubated in the dark for
8 min with 1 lM CFSE, and 10 ml of fetal bovine serum (FBS)
was added to quench the reaction. After incubating for 5 min
on ice and washing twice, cells were plated at 100,000/well
and incubated for 5 days in the presence of one of the peptide
pools (2 mg/ml), or anti-CD3/CD28 (1 lg/ml and 0.5 lg/ml,
respectively) as a positive control, or with peptide diluent
(0.8% DMSO) as a negative control. To detect the fraction of
proliferating cells, the samples were stained with anti-CD3,
CD4, CD8, CD25, CD127, and FoxP3, together with the live-
dead dye, and assessed by flow cytometry as described above.

To determine the response rate, we identified the HIV-1-
specific responses as those in which the percentage of CFSE
low cells in peptide-stimulated samples was greater than 3 ·
that of DMSO-stimulated cells. The response rate was calcu-
lated as the percentage of positive responses out of the total
number of analyzed samples.

Intracellular cytokine staining

PBMCs were rested overnight and plated at 500,000 cells/
well with 100 ml heat-inactivated autologous serum and stim-
ulated with either 2 mg/ml HIV-1 peptide pool (Env, Gag, Vpu,
Tat, Pol, or Nef), DMSO alone (0.8%) as a negative control, or
PMA (1 mg/ml)/ionomycin (1 mM) as a positive control, all in
the presence of Brefeldin A (1 mg/ml) and Golgi Stop. After
incubating the samples at 37�C for 5 h, the cells were stained
with the live-dead stain and anti-CD3, CD4, and CD8, then
permeabilized and stained with anti-IFN-c, TNF-a, and MIP-1ß.

Gene expression microarrays

Sample preparation and array processing were performed
by the Genomics Shared Resource at the Fred Hutchinson

Cancer Research Center. Briefly, total RNA was extracted by
an RNeasy Plus Microkit (Qiagen, Germantown, MD), fol-
lowing the manufacturer’s instructions. RNA integrity was
checked using an Agilent 2100 Bioanalyzer (Agilent Tech-
nologies, Inc., Santa Clara, CA) and quantified using a Qubit
2.0 Fluorometer (Life Technologies, Grand Island, NY). RNA
samples that were determined to be of high quality were
converted to cDNA using the Ovation PicoSL WTA System
V2 (NuGEN Technologies, San Carlos, CA) and labeled for
subsequent microarray analysis using the Encore BiotinIL
Module (NuGEN Technologies). Biotin-labeled cRNAs were
processed on HumanHT-12 v4 Expression BeadChips (Illu-
mina, San Diego, CA).

The complete data set was assessed for quality and quantile
normalized using the Bioconductor package lumi.30 The da-
taset was initially filtered by flagging probes that were below
a signal ‘‘noise floor,’’ which was calculated as the 75th per-
centile of the negative control probe signals within each array.
We subsequently filtered the dataset by employing a variance
filter using the ‘‘shorth’’ function of the Bioconductor package
genefilter. Differential gene expression between the increased
and decreased proliferation states was determined using the
Bioconductor package limma,31 and a false discovery rate
(FDR) method was used to correct for multiple testing.32

Significant differential gene expression was defined as jlog2

(ratio) j ‡ 0.585 ( – 1.5-fold) with the FDR set to 10%. Finding
no expression changes using the above methods, we also
employed SAM,33 using the Bioconductor package siggenes,
which confirmed our earlier findings. Data were deposited in
the GEO repository (access number GSE38778).

Statistical analyses

The McNemar test was used to compare the frequency of
individuals with any proliferative response in PBMCs vs. in
PBMCs-Tregs. The magnitude of proliferative responses was
estimated as the ratio of the proportion of cells proliferating in
response to a peptide pool vs. the proportion proliferating to
DMSO. The Wilcoxon signed rank test was used to compare the
magnitude of responses in PBMCs vs. PBMCs-Tregs. Spear-
man’s rho was used to estimate correlations between immune
parameters. Statistical analyses were performed using SAS 9.2.

Results

Demographic and clinical characteristics
of the study group

PBMC samples were obtained from 129 HIV-1-uninfected
members of Ugandan HIV-1-serodiscordant heterosexual
couples. All of the selected couples were married or living
together and the median partnership duration was 6 years.
The median viral load of the partner was 2,565, ranging from
undetectable to 108,170, and 16.3% reported unprotected sex
during the month before the sample was obtained. Demo-
graphic and clinical characteristics of the subjects are reported
in Table 1.

HIV-1 exposure results in virus-specific T cell
responses that can be increased or decreased
by Treg depletion

To determine whether HIV-1 exposure resulted in HIV-1-
specific CD4 + and CD8 + T cell responses, we performed a
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CFSE-based proliferation assay in response to four HIV-1
peptide pools (Gag, Pol, Env, and Vpu). Overall, we detected
a virus-specific CD4 + T cell response in 12.8% of the analyzed
participants and a CD8 + T cell response rate of 6.4% among
our tested HESN individuals (Fig. 1A). All samples showed
proliferation when stimulated with anti-CD3 and anti-CD28
(data not shown).

In addition to testing the T cell proliferation in response to
HIV peptides, the CFSE assay was also used to evaluate the
Treg suppressive capacity. To perform this assay, two frac-
tions were sorted from each sample prior to labeling cells with
CFSE and in vitro culture (Fig. 1B). One included all the live
PBMCs, identified by their exclusion of PI, and the other,
termed ‘‘PBMCs-Tregs,’’ included all the CD4 - cells plus the
CD4 + CD127 + CD25lo cells (conventional T cells), all selected
by PI exclusion as well. The proliferation of the two fractions
in response to the same peptide pools, as well as to a poly-
clonal stimulus (anti-CD3 and anti-CD28), was measured by
CFSE dilution and compared. This assay allows an indirect
measurement of Treg function with a limited number of cells.

Surprisingly, when the PBMCs were depleted of Tregs, the
CD8 + T cell proliferation response rate decreased from 6.4%
to 5.3%, and the response rate for CD4 + T cells dropped from
12.8% to 8.5% (Fig. 1A). Thus, the data suggest that the role of
Tregs in regulating the HIV-1-specific T cell response in HESN
is multifaceted, as Tregs do not appear consistently capable of
suppressing HIV-1-driven T cell responses.

When we looked in detail at the different subjects, we saw
that among the 24 CD4+ T cell proliferative responses to one of
the tested peptide pools, eight increased when Tregs were de-
pleted (Fig. 2A), while the remaining 16 decreased (Fig. 2B). There
were 12 detectable CD8+ T cell responses, six of which decreased
upon Treg depletion whereas six increased (Fig. 2C and D).

To identify any potential intrinsic differences between
Tregs that could and could not suppress HIV-1-specific CD4 +

T cell proliferation in HESN, the Treg expression profiles in
the two groups were analyzed by microarray. No significant
differences in the expression profile were detected between
the two groups of Tregs when using two different standard
methods for filtering and assessing the microarray data (data
not shown).

In total, these results show that HIV-1-specific CD4 + and
CD8 + T cell responses are present in selected individuals.
Furthermore, depletion of Tregs can lead to an increased or
decreased T cell proliferation in response to HIV-1 peptides.

Lack of Treg suppressive capacity results in an
increased CD4 + T cell activation and MIP-1b secretion

We next took all individuals with an HIV-1-specific CD4 + T
cell proliferative response and grouped them based on whe-
ther their Tregs suppressed or enhanced this response. We
then evaluated Treg frequency, T cell activation, and cytokine
secretion in response to HIV-1 peptides (Env, Gag, Vpu, Tat,
Pol, or Nef) in these two groups. Subjects whose Tregs were
unable to suppress HIV-1-specific CD4 + T cell responses
showed a trend toward an increased frequency of Tregs
(CD3 + CD4 + CD127dim CD25high and FoxP3 + ) relative to
total CD4 + T cells ( p = 0.07) as well as elevated CD4 + T cell
activation as measured by the expression of Ki67 and down-
modulation of Bcl-2 ( p = 0.07) (Fig. 3A and B) in comparison to
subjects whose Tregs were suppressing the CD4 + T cell pro-
liferation. These two variables, Treg frequency and T cell ac-
tivation, directly correlated (q = 0.76, p = 0.0001 by Spearman
test, Fig. 3C). Interestingly, the same direct correlation be-
tween Treg frequency and CD4 + and CD8 + T cell activation
remained significant when we analyzed the data from all the
subjects (data not shown).

We next evaluated cytokine production in response to
stimulation with HIV-1 peptide pools by intracellular cyto-
kine staining. IFN-c and TNF-a production by CD4 + T cells
was comparable between the two groups (Fig. 3D and E).
However, the magnitude of CD4 + T cells producing MIP-1b
was significantly higher in subjects whose Tregs were unable
to suppress HIV-1-driven CD4 + T cell proliferation ( p = 0.02,
Fig. 3F).

In sum, these results suggest that the group of subjects
whose Tregs lack suppressive capacity toward HIV-1 specific
CD4 + T cell responses is characterized by an overall increase
in CD4 + T cell activation and Treg frequency and has an in-
creased HIV-1-driven secretion of MIP-1b from CD4 + T cells.

Discussion

In this study, we addressed the role of Tregs in protection
from HIV-1 infection in HIV-1-discordant couples. We iden-
tified virus-specific CD4 + and CD8 + T cell responses and,
surprisingly, the overall CD4 + T cell response rate was not
increased when Tregs were removed from cell preparations.
Of the 20 individuals that had HIV-1-specific CD4 + T cell
responses, only eight had Tregs that could suppress this
proliferation. When compared with individuals whose Tregs
could suppress HIV-1-specific CD4 + T cell proliferation, in-
dividuals with Tregs unable to suppress showed a trend to-
ward increased T cell activation and Treg frequency and a
significant increase in HIV-1-specific production of MIP-1b by
CD4 + T cells, autocrine production of which has been shown
to be protective in terms of HIV-1 infection of CD4 + T cells.

Table 1. Participant Characteristics

Characteristic
Number (%) or
median (IQR)

Demographic characteristics,
HIV-1-negative partner

Female 63 (48.8)
Age 32 (26, 40)

Couple characteristics
Married or living with partner 129 (100)
Partnership duration, years 5.9 (2.4, 13.0)
Number of children 2 (0, 3)
Any unprotected sex acts,

prior month
21 (16.3)

Clinical characteristics, HIV-1-negative
partner

Sexually transmitted infection 7 (5.4)
Circumcised (men only) 29 (43.9)
Hormonal contraceptive use

(women only)
10 (15.9)

Clinical characteristics, HIV-1-infected
partner

CD4 count 406 (274, 660)
Viral load 2,565

(undetectable—
108,170)
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HIV-1-exposed seronegative individuals represent an op-
portunity to better understand the natural protective immunity
to HIV-1 and to improve our understanding of what it will take
to design a successful HIV-1 vaccine. Multiple mechanisms un-
derlying this ‘‘resistance’’ to infection have been proposed,
ranging from genetic characteristics6 to innate and adaptive
immunity. In terms of innate immunity, HIV-1 protection has
been correlated with an increased function of NK cells34 as well

as higher concentrations of secreted factors, such as the beta
chemokines MIP-1a, MIP-1b, and RANTES.35,36 As for adaptive
immunity, HIV-1-specific CD4 + and CD8+ T cell responses have
been detected in HESN in a number of different studies.37–43

These proposed mechanisms of resistance are not mutually
exclusive, and moreover, it is possible that they differ between
subjects as well as between cohorts. Furthermore, although
these individuals are at high risk of exposure, the rate of viral

FIG. 1. HIV-driven T cell
proliferation in HIV-exposed
seronegatives. (A) The re-
sponse rates for total periph-
eral blood mononuclear cells
(PBMCs) (white bars) and
PBMCs-Tregs (black bars) for
CD4 + and CD8 + T cells were
calculated as the percentage
of positive proliferative re-
sponses out of the total
number of analyzed samples.
The McNemar test was used
to compare the frequency of
individuals with any prolif-
erative response in PBMCs
vs. in PBMCs-Tregs: for
CD4 + T cells, p = 0.37 and for
CD8 + T cells, p = 0.74. (B) A
FACS-based sorting scheme
was used for the T cell pro-
liferation assay. The PBMCs
from each sample were
stained with propidium io-
dide (PI) for dead cell exclu-
sion and with anti-CD4, CD8,
CD127, and CD25, and di-
vided in half. The PI-negative
fraction was sorted from one
aliquot, and considered the
‘‘PBMCs.’’ To prepare the
‘‘PBMCs-Treg’’ fraction, the
second aliquot was also sort-
ed based on PI negativity.
Next, the CD4-negative cells
were sorted and combined
with the CD4 + CD127 + CD25–

(T conv) cells to obtain the
PBMCs-Tregs.
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transmission per coital act is low, estimated around 0.0007
when the HIV-1-infected partner is virally suppressed.44 It is
thus challenging to discriminate between the lack of sero-
conversion due to a lack of sufficient viral exposure or due to a
‘‘special’’ protective immune setting. Finally, there remains
the dilemma of how to define exposed seronegative subjects;
in the literature, there is a lack of consensus on the duration
and intensity of exposure and other clinical characteristics
required to be considered ‘‘HIV-1 exposed.’’ In our cohort, all
subject were married or living with an HIV + partner for an
average of 5 years, increasing the possibility of a low but
constant exposure to HIV.

We focused on the potential role of adaptive immunity in
protection from HIV-1, given the disagreement in the litera-
ture regarding the role of T cells in protection from HIV-1 in
HESN, although this discordance can be at least in part ex-
plained by the lack of a common method of analyzing the
responses as well as by the intrinsic differences between co-
horts and subjects studied. In a study from Restrepo et al., a
very high percentage of subjects belonging to a discordant
couple cohort showed HIV-1-specific responses.45 Another
study conducted using HIV-1-serodiscordant couples showed
that a higher percentage of responses was detected by cyto-
kine secretion than by a thymidine incorporation method,46

while in another study no responses were reported.47 Taking
this into consideration, we used a CFSE-based proliferation

assay, which allowed a specific identification of HIV-1-driven
proliferative responses as well as the discrimination between
CD4 + and CD8 + T cell responses.

To the best of our knowledge, our study is the first in HESN
to assess both T cell responses and the Treg functional status
in HESN subjects. We identified HIV-specific T cell responses
for both CD4 + and CD8 + T cells. The high specificity of the
assay, with the very low level of proliferation in unstimulated
samples, together with our stringent positivity call, supports
our findings. Our results are not in disagreement with those
reported by Restrepo et al.45 since the response evaluated was
different: proliferation or cytokine secretion.

When we evaluated the effect of Tregs on the HIV-specific
responses, we unexpectedly identified two different subsets
of subjects: in one, the Tregs were able to suppress the CD4 + T
cell proliferation, whereas in the other they were not. Treg
instability has been addressed before in animal models, where
it has been shown that Tregs can be reprogrammed to exert
functions other than suppression. For instance, in a vaccina-
tion model, it was demonstrated that the adjuvant CpG
caused a reprogramming of Tregs into Th1 cells essential for
the priming of CD8 + T cells.48 Additionally, Tregs have the
potential to be reprogrammed into Th17-like cells in inflam-
matory conditions, driven by interleukin (IL)-6.49 Thus, a
situation of chronic inflammation can induce the loss of sup-
pressive function that we observed in Tregs. We believe that

C
D

4+
 T

 c
el

ls

PBMCs PBMCs-Tregs

5

20

15

10

5

20

15

10

PBMCs PBMCs-Tregs

C
D

8+
 T

 c
el

ls

Tregs suppressing Tregs non suppressing

5

20

15

10

25

PBMCs PBMCs-Tregs

5

20

15

10

25

PBMCs PBMCs-TregsC
F

S
E

 lo
w

 (
pe

pt
)/

C
F

S
E

 lo
w

 (
D

M
S

O
)

F
S

E
 lo

w
 (

pe
pt

)/
C

F
S

E
 lo

w
 (

D
M

S
O

)

C
F

S
E

 lo
w

 (
pe

pt
)/

C
F

S
E

 lo
w

 (
D

M
S

O
)

C
F

S
E

 lo
w

 (
pe

pt
)/

C
F

S
E

 lo
w

 (
D

M
S

O
)

n=8
p=0.008

n=6
p=0.03

n=6
p=0.03

n=16
p<0.0001

A B

C D

FIG. 2. Treg depletion can result in an increased or decreased CD4 + and CD8 + T cell proliferation in different subjects. The
ratios between the percentage of cells proliferating in response to a peptide pool and to DMSO are shown for samples where
the Treg depletion caused an increased (A, C) and decreased (B, D) CD4 + and CD8 + T cell proliferation, respectively. Each
data pair represents the response to one peptide pool. N = number of responses. The p value was calculated by the Wilcoxon signed
rank test.

1326 PATTACINI ET AL.



in our study, for the first time, we observed the loss of the
suppressive activity of human Tregs. We cannot exclude that
this phenomenon was due to reasons other than HIV expo-
sure, such as the presence of inflammation due to other
pathogenic events or chronic conditions such as autoimmu-
nity in the subjects studied.

In our study, although we did not have the ability to look at
Tregs cytokine secretion due to our limited number of cells,
we saw that in the samples where Treg suppressive activity
was altered, CD4 + T cells were able to secrete more MIP-1b in
response to HIV peptides as compared to the group charac-
terized by suppressive Tregs. Interestingly, it was previously
shown that MIP-1b has a protective activity against HIV-1
infection.50 Moreover, the group characterized by the lack of
Treg suppressive activity had a trend toward higher CD4 + T
cell activation and Treg frequency, and these two phenotypes
were directly correlated, which could be explained by a
compensatory increase of Treg frequency in response to
higher T cell activation. This phenomenon has been previ-
ously described in different infection models.51,52

Future analyses aimed at examining subjects longitudinally
may provide additional insights.53 Moreover, a more detailed
study of cytokine secretion and characterization of Tregs in
subjects in which they have lost the ability to suppress HIV
responses would allow a better understanding of the mech-
anism identified in our study.

In conclusion, our results support the hypothesis that there
are some HESN subjects with an intrinsic immunity to HIV-1,
which could be a result of a low but constant HIV-1 exposure.

The unique immune response we identified for a subset of
these subjects is a lack of HIV-1-specific suppressive activity
of Tregs toward CD4 + T cells, possibly resulting in an in-
creased CD4 + T cell activation and secretion of the protective
molecule MIP-1b in response to HIV-1. Although we cannot
exclude the presence of other mechanisms of resistance in
these subjects, these findings could further our search for
immune correlates of protection from HIV-1 as well as aid in
the design of new HIV-1 vaccines. Additionally, it is possible
that reprogramming or blockade of Tregs could be thera-
peutically beneficial in protection from HIV-1 infection.
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