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Spontaneous Control of HIV Replication, but not
HAART-Induced Viral Suppression, Is Associated With Lower
Activation of Immune Cells

Natalia A. Taborda, MSc, Maria T. Rugeles, MSc, DSc, and Carlos J. Montoya, MD, MSc, DSc

Abstract: HIV replication control is important to reduce AIDS
progression. We determined frequency and activation status of immune
cells in spontaneous HIV controllers vs. individuals with highly active
antiretroviral therapy (HAART)-controlled viral load. HIV controllers
exhibited significantly higher frequency of CD4" T cells and myeloid
dendritic cells compared with HAART-controlled viral load. Addition-
ally, HIV controllers have a significantly lower percentage of cells
expressing activation markers on CD4* and CD8" T cells, myeloid
dendritic cells, and natural killer cells. These findings suggest that
during HIV infection, conservation of a normal frequency and physi-
ological range of immune activation is associated with spontaneous,
but not HAART-induced, control of viral replication.
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INTRODUCTION

HIV infection is a chronic disease characterized by
persistent immune activation and inflammatory responses,
leading to dysfunction and depletion of several leukocyte
subpopulations, in particular CD4" T cells. Although HIV
infection is associated with induction of strong immune re-
sponses, in most individuals, long-term control of HIV repli-
cation is limited.'~

There are 2 new subgroups of HIV-positive individuals
who exhibit a spontaneous and sustained control of viral
replication, at least for 1 year, without antiretrovirals; the first
group, known as elite controllers, maintain undetectable HIV
RNA levels (<50 copies/mL of plasma), and the second
group, known as viremic controllers, maintain detectable
but low viral loads (VLs) (<2000 copies/mL).*> They have
revealed the existence of natural resistance against HIV pro-
gression, underlying the importance of defining mechanisms
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associated with this viral control, as a crucial step for the
development of new therapeutic and vaccination strategies,
currently defined as functional cure of HIV infection.* In most
HIV controllers, an effective immune response seems to be
the key to inhibit HIV replication rather than being infected
with defective virus or having target cells with low ability to
replicate the virus.>° This effective immune response against
HIV could impact also the immune activation, the main
mechanism of cell death during the chronic phase.

In infected individuals, the early establishment of
highly active antiretroviral therapy (HAART) contributes to
a better prognosis of HIV infection.” However, in developing
countries, most HIV infections are diagnosed in the AIDS
phase, and in those diagnosed in earlier phases, treatment
institution could be delayed because of socioeconomical is-
sues. All these factors are associated with decreased effi-
ciency of antiretroviral therapies and incomplete restoration
of the immune system. However, an early and spontaneous
immune response in HIV controllers can reduce the effects of
viral replication, including lower immune activation, and pre-
serving the immune response.

We hypothesize that spontaneous, but not HAART-
induced, control of HIV replication is associated with higher
frequency and lower activation of immune cells, preserving
their functional activity. This study evaluated quantitative and
qualitative parameters of T lymphocytes, myeloid dendritic
cells (mDCs), plasmacytoid dendritic cells (pDCs), invariant
natural killer T (iNKT) cells, and natural killer (NK) cells, and
their association with the spontaneous vs. HAART-induced
viral control, in the following individuals: 39 chronically
HIV-infected individuals with HAART-controlled VL and 16
HIV controllers.

MATERIALS AND METHODS
Study Population

HIV-infected individuals were recruited from health
programs in Medellin, Colombia. Individuals were classified
as follows: (1) HAART-naive patients with spontaneous con-
trol of viral replication (designated as HIV controllers, n = 16)
and (2) patients on HAART with undetectable VL (desig-
nated HAART-controlled VL, n = 39). For HIV controllers,
as was described previously,’ the diagnosis was confirmed at
least 1 year before the enrollment (mean time of diagnosis: 35
months, range: 12—-168 months), and they exhibited a sponta-
neous and stable plasma VL below 2000 copies per milliliter
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during the last year (mean: 800 copies/mL, range min—max:
20-1464 copies/mL). For the selection of HAART-controlled
VL group, individuals on antiretroviral therapy were followed
up for VL and CD4 counts every 6 months; they had a nadir
CD4 count of 214 cells per microliter (range min—max: 70—
310 cells/uL); 82% started first-line HAART, at least 1 year
before enrollment and before AIDS development. From the
total of HAART-treated patients that we followed up, 39
reached stable control of VL (<50 copies/mL) and were
included in the study.

All patients included were negative for hepatitis B and
C. Four individuals from HAART-controlled VL group were
diagnosed with tuberculosis before HAART, but it was
efficiently treated without reactivation. None of the HIV
controllers had clinical or laboratory-diagnosed tuberculosis.
HIV controllers were homozygous wild-type for CCRS,
whereas 2 patients from the HAARTcontrolled VL group
were heterozygous for the CCR5-Delta32 allele.

This study was approved by the University of Antioquia
Ethical Review Board. Clear explanation of the objectives and
implications of results were given; subsequently, an institution-
approved informed consent was signed.

Viral Load

The plasma VL was determined using the commercial
assay reverse transcriptase—polymerase chain reaction
Ampliprep-Cobas Amplicor (Roche, Indianapolis, IN), fol-
lowing the protocol of manufacturer; this test has a detection
limit of 50 copies per milliliter.

Reagents

The following fluorochrome-labeled mouse monoclonal
antibodies were from Becton Dickinson (BD, San Jose, CA):
lineage marker (Lin-1, a mixture of anti-CD3, CD14, CD16,
CD19, CD20, and CD56), CDS8, CD11c, CD86, and CD123;
and from eBioscience (San Diego, CA): anti-CD3, CD4,
CD16, CD38, CD56, CD69 and HLA-DR and the CDR3
region of the invariant TCR « chain (clone 6B11).

Flow Cytometry

Frequency and phenotype of the subpopulations of
leukocytes in blood were determined by flow cytometry.
Briefly, 150 pL of EDTA-anticoagulated peripheral blood
(PB) were incubated with specific monoclonal antibodies
for 25 minutes at room temperature in darkness. Erythrocytes
were lysed by incubating for 10 minutes with 2 mL of lysing
solution (BD); cells were then washed twice with 2 mL of
cold phosphate-buffered saline at 250g for 5 minutes and
fixed with 250 mL of 2% paraformaldehyde.

The gate of lymphocytes was used to analyze the
following populations: NK cells (CD3/CD16%/CD56%),
iNKT cells (6B117/CD3"), and T lymphocytes (CD3*/CD4"
and CD3%/CD8"). In the gate of mononuclear cells (peripheral
blood mononuclear cell), the mDCs were determined as Lin~/
HLA-DR*/CD11c", whereas the pDCs were defined as Lin~/
HLA-DR*/CDI123*. The level of immune activation was
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determined by the co-expression of CD38 and HLA-DR on
CD4" and CD8" T lymphocytes, the expression of CD69 on
NK cells, and the expression of CD86 on mDC and pDC.

Appropriate isotype-matched control antibodies were
included. Flow cytometry was performed using the BD FACS
CANTO II instrument and analyzed with the BD FACSDiva
software, version 6.1.2.

Statistical Analysis

Results are presented as median and range. To compare
data from HIV controllers vs. progressors, a nonparametric test
(Mann—Whitney U test, 2-tailed test) was performed. P < 0.05
was considered statistically significant. The statistical tests
were performed using the Graph-Pad Software version 5.00.

RESULTS

Normal Frequency of Immune Cells in
Spontaneous Controllers of HIV Replication

Sixteen HIV controllers (8 men vs. 8 women; age
range: 2144 years; time of infection median: 3 years,
range min—max: 1-14 years) and 39 individuals with
HAART-controlled VL (31 men vs. 8 women; age range:
21-60 years; time of infection: 7 years, range min—max:
3.5-11 years) were included. We found that although both
HIV controllers and individuals with HAART-controlled VL
had low levels of VL at the sampling time, HIV controllers
had higher CD4" T-cell counts (953, 402—1525 vs. 504, 170—
1283; P < 0.0001). Thus, we investigated whether this find-
ing of immune preservation, associated with spontaneous
control of HIV replication, could be extended to other sub-
populations of immune cells in PB.

HIV controllers exhibited a significantly lower per-
centage of CD8" T cells compared with individuals with
HAART-controlled VL (40.5%, 21.38%-55.38% vs.
62.1%, 45%-85%; P < 0.0001; Fig. 1A). Regarding
mDC, its percentage in PB was significantly higher in HIV
controllers than HAART-controlled VL patients (0.55%,
0.11%-0.96% vs. 0.36%, 0.18%-0.87%; P = 0.035;
Fig. 1B). In contrast, both groups of patients exhibited a sim-
ilar percentage of pDCs (0.15%, 0.05%-0.31% vs. 0.13%,
0.04%-0.41%; P = 0.73; Fig. 1C). The percentage of circu-
lating NK and iNKT cells was also similar among the groups
evaluated: 6.85%, 3.54%23.4% vs. 7.03%, 2.69%—19.98%,
P = 0.94 (Fig. 1D) and 0.09%, 0.03%—-0.30% vs. 0.08%,
0%—-0.88%, P = 0.29 (Fig. 1E).

Lower Level of Inmune Activation in
HIV Controllers

As shown in Figures 2A and B, HIV controllers ex-
hibited a significantly decreased percentage of CD4" and
CDS8" T cells co-expressing HLA-DR and CD38 when com-
pared with HAART-treated patients (2.3%, 0.76%—5.39% vs.
5.74%, 1.6%-33.8%, P < 0.001 for CD4* T cells and 4.8%,
1.67%-28.14% vs. 17.32%, 1.37%-56.62%; P = <0.0001 for
CD8* T cells).

© 2014 Lippincott Williams & Wilkins

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



IPISTSHIRA+ZY8RAAUAYO/FIAEIOYIASALLIAIPOOAEIEAHIOIN/AOAUM

VTXOMADUOINXFOHISABZIYTN+BYNIOITWNOTZTARY HABSHIAAUE AQ Sprel/wod’ mm| sjeuinol//:dny wouj pspeojumoq

€¢0¢/8T/L0 uo

J Acquir Immune Defic Syndr ¢ Volume 66, Number 4, August 1, 2014

Spontaneous Vs. HAART-Induced HIV Control

A 100 e B 15 C os
@ 80 0.4
(] *
2% g Q
38 m 10 2
: .‘:’- 60 a o 03
+ £ £ £
o > (8] o
85 4 - q 02
®28 2 S
£ 20 0.1
0 = 0.0 0.0 z
d S
S o S &
o « o «
& o « o
N [V o™ o \‘G
<< o~ " &° o
ol S W
W N N
25
D E 10
é 20 éo.a
[%)
224 = g o
5} E— o g. -
¥
>
Z24 E =
3] Z504
e -
£ 5 £ 0.2
0 o Z 0.0
\e.“ﬁ 0\@
o P
& ®
o 3\ ¢
] N ]
& <&
& ¥

FIGURE 1. Quantitative evaluation of innate and adaptive immune cells in PB of HIV-infected individuals. PB cells were incubated
with monoclonal antibodies against human molecules on innate and adaptive immune cells and detected by flow cytometry as
described in Materials and Methods. The figure shows percentage of CD8+ T cells (A), mDC (B), pDC (C), NK cells (D) and NKT
cells (E). The results are presented as median, range minimum and maximum. Mann-Whitney U test was used with a confidence
level of 95%. Significant differences are indicated at the top of the figure. *P < 0.05, **P < 0.001.

In addition, HIV controllers exhibited lower frequency
of mDCs expressing CD86 (0.02%, 0.01%—0.48% vs. 5.15%,
0.3%—18.3%; P < 0.0001; Fig. 2C), whereas the frequency of
pDCs expressing CD86 was similar in HIV controllers and
HAART-treated patients (0.03%, 0%—2.38% vs. 1.15%, 0%—
3.9%; P = 0.80, respectively; Fig. 2D).

Finally, the expression of CD69 by NK cells was also
significantly lower in HIV controllers than in HAART-treated
patients (1.53%, 0%-5.85% vs. 8%, 4.8%—12.1%; P <
0.0001; Fig. 2E).

DISCUSSION

A new subgroup of HIV seropositive individuals was
recently described,’ the HIV controllers, who exhibit a spon-
taneous and sustained control of viral replication in the
absence of antiretrovirals. Previously, we reported that HIV
controllers have higher frequency of mDCs, lower percentage
of regulatory T cells, and lower expression of activation mol-
ecules compared with progressors. However, there are not
studies defining distinct immune parameters between individ-
uals with spontaneous vs. HAART-controlled VL to deter-
mine the implications of an early viral control. Therefore, we

© 2014 Lippincott Williams & Wilkins

evaluated the frequency and immune activation of different
immune cells in a cohort of HIV controllers, who were
compared with HAART-treated patients. HIV controllers
exhibited a higher percentage of CD4* T cells and lower
CD8" T cells compared with HAART-treated patients. More-
over, HIV controllers exhibited a higher frequency of mDCs.
Although we did not observe any other statistically significant
difference with other immune cells, these results suggest that
HIV controllers conserve a normal level of the most important
immune cell populations, finding that could be associated
with effective immune responses. Interestingly, the expres-
sion of activation molecules in HIV controllers was lower
in CD4* and CD8" T cells, mDCs, and NK cells compared
with that in HAART-controlled VL patients. In accordance
with our results, previous studies documented low activation
in HIV controllers.®® However, other studies observed a sim-
ilar or even higher expression of immune activation mole-
cules in HIV controllers, when compared with HAART-
treated patients.'™'" These results could be explained by the
fact that HIV controllers are a heterogeneous population and
the mechanisms to control viral replication are not the same
for all cohorts of HIV controllers. Although HAART admin-
istration is usually associated with a decrease in viral
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FIGURE 2. Expression of immune activation molecules on innate and adaptive cells of HIV-infected individuals. The co-expression
of HLA-DR and CD38 on T cells (A and B), the expression of CD86 on mDC and pDC (C and D), and the expression of CD69 on
NK cells (E) were evaluated by flow cytometry, using the fluorescence minus one method. The results are presented as median,
range minimum and maximum. Mann-Whitney U test was used with a confidence level of 95%. Significant differences are

indicated at the top of the figure. *P < 0.001.

replication, the immune restoration is variable depending
among other factors, on the time of HAART institution.
Indeed, there is a high risk of virological failure, opportunistic
infections, and death in patients with late administration of
HAART."

HIV infection induces alterations in multiple cells and
tissues; the CD4* T cells are the main target cells, particularly
effector memory T cells, and therefore, CD4* T-cell count is
the most relevant marker of progression. From the acute
phase on, these cells decrease in PB, but mainly in the gut-
associated lymphoid tissue, the most important site of viral
replication.'® As a result, there is a massive destruction of the
mucosal tissue, favoring microbial translocation from the
intestinal lumen to systemic circulation, inducing a chronic
and persistent state of immune activation. This state is char-
acterized by the expression of activation markers in immune
cells and by high levels of proinflammatory cytokines that
finally trigger the immune exhaustion phenomenon and mas-
sive activation-induced cell death.'*'> We have demonstrated
that HIV controllers exhibit low level of expression of acti-
vation markers and conserve a normal frequency of circulat-
ing immune cells, including CD4* T cells, in contrast to
HAART-controlled VL patients, who exhibit most of the
abnormalities so far described. Currently, we are evaluating
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whether this pattern of immune preservation is similar in
lymphoid tissue from intestinal mucosa.

These results suggest that HAART do not reset immune
activation to normal levels, indicating that this factor can limit
the immune restoration. In contrast to HAART-treated
patients, HIV controllers maintain an effective antiviral
activity in both CD4* and CD8* T lymphocytes.'"!¢ Interest-
ingly, Th17 cells in intestinal mucosa and PB correlate with
a stable and efficient control of viral replication in HIV con-
trollers,'”'® but not in HAART-treated patients, suggesting
that therapy is not enough to restore entire immune functions.
Several mechanisms have been proposed to participate in the
viral control exhibited in HIV controllers, including (1) low
frequency of regulatory T cells in blood and intestinal tissues
that have high functional capacity associated with decreased
levels of immune activation,'® (2) increased HIV-specific IL-
21" CD4* T-cell responses, associated with optimal cytotoxic
responses mediated by CD8" T cells,?® (3) greater cytolytic
activity of HIV-specific CD8" T cells,”' mainly directed to
cells expressing different Gag epitopes, (4) higher HIV-
specific neutralizing antibody responses,”* and (5) increased
expression of soluble antiviral proteins.'> Because we did not
evaluate any of these mechanisms, some of them could be
also involved in the spontaneous control of viral replication.
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However, HIV controllers are a heterogeneous group, as was
demonstrated in studies of genome-wide sequence where only
a small fraction of spontaneous control was explained by
some specific HLA alleles, suggesting other mechanisms
involved in this control.*

The overall evaluation of different immune mechanisms
associated with the spontaneous control of HIV replication
could lead to a better understanding of the mechanisms
involved in the natural resistance to HIV infection, eventually
pointing to new therapeutic targets to control this infection.
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