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Not All Tetramer Binding CD8™ T Cells Can Produce Cytokines
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In the pediatric human immunodeficiency virus type-1 (HIV-1)
infection, the presence of cytotoxic T lymphocytes (CTL) is
associated with a slow progression to AIDS. The secretion of
cytokines by CTLs may be critical in the control of viral infec-
tion. We used the combination of cell surface and intracellular
staining to study the functionality of tetramer binding CD8+ T
cells recognizing two HIV-1 immunodominant epitopes, in pe-
ripheral blood mononuclear cells from HIV-1-infected children.
A fraction of tetramer positive CD8" T cells produce cytokines
(IFN-y, TNF-«) or chemokines (CCL4, CCLS) after ex vivo
stimulation with the cognate peptide. There was a negative cor-
relation between the plasma viral load and the percentage of
CD8" Tetramer Gag™ T cells secreting IFN-y. This is the first
report in the context of pediatric HIV-1 infection showing that
only a fraction of HIV-1-specific CD8" T cells have the ca-
pacity to produce cytokines and chemokines implicated in their
antiviral functions.
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INTRODUCTION

Infection with human immunodeficiency virus type-1
(HIV-1) stimulates strong antiviral CD8" T-cell responses
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directed to most of viral proteins (1). In adult patients
with primary HIV-1 infection, an inverse correlation be-
tween virus load and HIV-1 specific CTL precursor fre-
quencies has been reported (2, 3). Moreover, in HIV-1
infected adult patients, a significant association between
high frequencies of circulating CD8 T cells stained with
HLA-A*02 HIV-1 Gag and Pol tetramers and disease
progression has been documented in the absence of an-
tiretroviral treatment (4). In the presence of highly active
antiretroviral therapy (HAART), the frequency of HIV-1-
specific tetramer-binding CD8" T lymphocytes declines
(5). In the pediatric HIV-1 infection, the presence of cy-
totoxic T lymphocytes (CTL) is associated with a lack
of rapid progression to AIDS during the first year of life
(6), and in HAART naive children aged >5 years, Gag
and Pol-specific CTL responses were positively correlated
with CD4* T lymphocytes and negatively correlated with
plasma virus load (7). However, in spite of their high
frequency, CTLs are unable to eradicate virus, and a se-
lective reduction of HIV-1 specific CTL frequency has
been observed in the advanced stages of HIV-1 infection
(8-10). These findings could be due to virus replication
along with its antigenic variability or to the functional
inability of CD8" T cells to lyse the virus-infected target
cells.

Several methods have been used to measure the viral-
specific CD8" responses in human viral diseases. During
the past three decades, many laboratories have studied
virus-specific CTL activities mainly with a chromium
release assay that measures the degree of lysis of tar-
get cells presenting viral antigens. Alternative techniques

Abbreviations used: HIV-1, human immunodeficiency virus type-1; CTL,
cytotoxic T lymphocytes; HAART, highly active antiretroviral therapy;
ART, antiretroviral treatment; FITC, fluorescein-isothiocyanate; PCyS5,
phycoerythrin-cyanin; PE, phycoerythrin.
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have been developed. These are based on the detection
of soluble factors secreted by CD8*' T lymphocytes af-
ter specific activation (Elispot assay, intracellular stain-
ing) or of surface expression of a specific T-cell receptor
(tetramers). The use of these alternative techniques has
provided a major advance in the study of the frequency of
CD8™" T cells specific to the viral proteins. Moreover, the
results obtained with these new techniques have shown
that the chromium release assay can underestimate the
frequency of specific CD8™" T cells during viral infections
(11-14).

We and others have shown that chronically infected
children had frequencies of tetramers binding cells (15),
ex vivo IFN-y producing HIV-1-specific CD8' T cells
detected by Elispot (16) and memory CTL (8, 10, 17)
similar to those of chronically infected adults. However,
during the first month or year of infection, ex vivo IFN-y
production by HIV-1-specific CD8* T cells was signifi-
cantly lower than that of older children or adults (18, 19).
In a comparative study of HIV-1-specific CD8" responses
in HIV-1-infected children, we found that the frequencies
of epitope-specific cells measured by Elispot assay were
lower than those measured with the tetramer assay, sug-
gesting that only a fraction of HIV-1-specific CD8™ T cells
were able to produce IFNy (16). The presence of nonfunc-
tional HIV-1-specific CD8" T cells is not specific to the
pediatric infection, as it was reported in adults infected
by HIV-1 (20, 21). A combination of tetramer staining
and detection of cytokine production using intracellular
cytokine staining directly showed that not all tetramer-
positive cells produced cytokine in response to stimula-
tion with the epitope (20, 22-27). These differences in
the number of specific CD8* T cells detected with the
tetramer binding assay or with an IFN-y secretion based
assay could be accounted by different mechanisms. The
tetramer binding cells that do not secrete IFN-y may be the
central memory CD8" T lymphocyte subsets previously
described by Sallusto et al. (28) or they may be anergic as
described by Lieberman et al. (29).

The cytolytic activity and the secretion of the various
soluble factors by CD8™ T cells in response to specific
stimulation are critical for the control of virus infection.
These two distinct antiviral functions of CD8* Tlympho-
cytes could be impaired by a defect in the production
of soluble factors (20, 23, 27, 30). In addition to IFN-
y CD8* T cells secrete cytokines (IL-2 and TNF-a),
B-chemokines [MIP1-o (CCL3), MIP1-8 (CCL4), and
RANTES (CCL5)], and other molecules called cytotox-
ins (perforin and granzymes). The 8-chemokines (31) are
potent HIV-suppressive factors produced by CD8+ T cells
that block the entry of R5 HIV-1 strains into CD4+ cells by
competing for binding to the chemokine receptors CCR5

SCOTT-ALGARA, ET AL.

and CCR3 (32-34). Moreover, it has been shown that
CCLS5 enhances HIV-1-specific lytic activity in vitro (35).
The contribution of B-chemokines in protection to dis-
ease progression in pediatric AIDS has been reported in
a recent study, where children with slow disease progres-
sion produced higher levels of g-chemokines than those
detected in patients with AIDS (36).

The goal of the present work was to identify in HIV-
1-infected children the relative impairment of cytokines
(IFN-y, TNF-«) and of the three S-chemokines secretion
by PBMC upon specific stimulation with the cognate epi-
tope. We used the combination of intracellular and cell
surface tetramer stainings to study the capacity of HIV-1
specific CD8" T cells to secrete cytokines/chemokines
in response to a specific stimulation. We show that in
addition to a defect in IFN-y production, a variable pro-
portion of tetramer positive CD8* T cells are unable to
produce TNF-« and chemokines (CCL4, CCL5) after ex
vivo restimulation with the cognate peptide. There was
a negative correlation between the plasma viral load and
the percentage of Tetramer Gagt CD8™ T cells secreting
IFN-y

PATIENTS AND METHODS

Patients

We studied children previously included in the longitu-
dinal follow-up program of HIV-1-specific CD8 activities
(17). These children were followed-up prospectively at
the Hopital Necker, Paris, France. Consent was obtained
from parents or legal guardians and the institutional re-
view ethical board approved the study. Seventeen HIV-1
infected children were selected because they were HLA-
A*02 positive. Fifteen children were born to HIV-1 in-
fected mothers. Two were infected by blood transfusion
(EM50, EM67). The mean of age was 11.8 years (range
2.2-17.7). Table I shows the biological data, the CDC
disease stage (37), and the antiretroviral treatment (ART)
at the time when patients were tested. Mean values for
the patients were: CD3: 81% (range 63-90%), CD4: 27%
(range 11-52%), CDS8: 50% (range 23—71%), and log)g
HIV-1 RNA (copies/mL): 3.9 (range <1.7-5.2).

Tetrameric Peptide! MHC Complexes

The HLA-A*02 tetrameric complexes used in this
study were obtained from Beckman-Coulter-Immunotech
(Marseille, France). The MHC—peptide complexes were
formed with two HIV-1 immunodominant epitopes, one in
the p17 region of Gag (SLYNTVATL referred to as GAG)
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Table I. Patient Characteristics

Patient Age” ART? CD3¢ CD4° CD§° Viralload CDC stage® Gag/  Pol/
EMO031 17 0 86 13 65 48 N 03 0.1
EMO040 14.4 0 88 41 44 26 N 17 01
EMO078 9.2 0 82 24 53 45 B 13 02
EMO089 45 0 388 21 63 48 N 25 55
EMO096 14.2 0 75 24 51 45 A 32 0
EM102 3.0 0 88 35 50 5.0 C 02 01
EM103 22 0 65 38 23 43 N 24 0
EMO045 9.9 1 83 19 56 42 N 39 045
EMO067 16.1 1 90 52 36 2.7 N 1.4 0
EMO086 14.4 1 89 42 43 4.1 A 2.1 1.1
EMO18 12.9 2 71 30 39 <17 B 03 0.1
EMO020 16.7 2 84 25 56 34 C 0.7 0
EMO030 13.3 2 84 11 67 35 A 63 03
EMO050 17.7 2 87 14 71 52 B 09 0.1
EMO063 8.2 2 82 26 52 5.0 c 04 14
EM023 13.7 3 63 19 40 3.9 B 0.3 1.3
EM026 13.4 3 75 28 42 24 A 0.9 1

“Age in years.

b ART Group 0: no treatment; 1: two RT inhibitors; 2: tritherapy with a nonnucleoside RT inhibitor; 3: tritherapy

with an HIV protease inhibitor.
“Percentage of total lymphocyte.
41og 19 HIV-RNA copies/mL of plasma.

“Stage of HIV disease as defined by the Centers for Diseases Control and Prevention (37).
/Percentage of tetramer positive CD8* T cell among total CD8* T lymphocytes.

and the other in reverse transcriptase (ILKEPVHGV
referred to as POL).

Flow Cytometry Analyses

Absolute CD4 and CD8 counts were performed on fresh
whole blood samples by four-color flow cytometry analy-
sis of cells positive for CD45, CD3, CD4, or CD8, with flu-
orescent beads as an internal standard (flow-count beads,
Beckman-Coulter, Paris, France). CD8" T cell popula-
tions were studied in the same whole blood samples by
four-color flow cytometry analysis and standard lysis pro-
cedure of red blood cells as described (15). After staining,
cells were washed in PBS once, adjusted to 500 uL in
PBS, and stored at 4°C until analysis. The following as-
sociations were used: 1—CD45-FITC, CD3-PCy5, CD4-
RD1, CDS-ECD; 2—CD4-ECD, CD8-PCy5, Tetra-PE,
CD16-FITC. Labeled cells were analyzed on EPICS-XL
MCL flow cytometer (Coulter, Paris, France). Events ac-
cumulation was followed up until to reach 50,000 living
cells on the lymphocyte gate that was set up using both
forward and right angle scatters. All monoclonal antibod-
ies were purchased from Beckman-Coulter-Immunotech
(Paris, France).

Flow Cytometric Cytokine Detection Assays

PBMC from each patient were isolated by density
centrifugation, washed 3 times in PBS and then in-
cubated overnight at 37°C with 5% CO, in RPMI
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1640 culture medium supplemented with 10% heat-
inactivated fetal calf serum with or without the Gag
or Pol peptides (0.5 pg/mL). After 2 h Brefeldin A
(2-10 png/mL, Sigma, St Louis, MI) was added to the
culture. Cells were recovered after 6 h or overnight in-
cubation, and aliquotes were washed and incubated for
30 min at 25°C with phycoerythrin-Texas Red (ECD)-,
or phycoerythrin-cyanin (PCy5)-conjugated monoclonal
antibodies (CD8, CD3) or phycoerythrin (PE) conju-
gated tetramers (Beckman-Coulter). At the end of incu-
bation, cells were washed twice in PBS and fixed with
200 pL of 2% formaldehyde solution for 15 min at
25°C. Cells were washed twice and treated for 10 min
at 25°C with 150 uL of permeabilization solution (0.5%
of saponin, Sigma St Louis, MI, in PBS solution with
5% fetal calf serum). After incubation, PBMC were
centrifuged for 5 min and the supernatants poured out.
Fifty uL of fluorescein-isothiocyanate (FITC) conjugated
anti-cytokine/chemokine monoclonal antibodies (IFN-y,
TNF-a, CCL3, CCL4, or CCL5 from Becton-Dickinson,
Paris, France) diluted in permeabilization buffer were
added and cells incubated for 30 min at 25°C. Cells were
washed twice in PBS and 500 uL of PBS were added
before analysis. Positive controls for cytokine production
were PBMC stimulated with PMA/Ionomycin (Sigma, St
Louis, MI), at 10 and 500 ng/mL, respectively, and incu-
bated with 2 pug/mL of Brefeldin A overnight. Negative
controls were incubated with irrelevant, isotype-matched
antibodies in all experiments and with a background
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fluorescence below 0.03%. Background secretion of dif-
ferent cytokines was determined with medium alone. Cell
events were acquired by using gates set by forward and
side scatter to determine the different proportions of pos-
itive cells.

Purification of Tetramer Binding Cells

Tetramer binding cells were purified after specific pep-
tide stimulation and Brefeldin overnight incubation as de-
scribed above using anti-PE magnetic beads from Miltenyi
Biotech (Paris, France). Briefly, PBMC were incubated
with the Gag tetramer. After incubation, cells were washed
twice in PBS and incubated with anti-PE magnetic beads
reagent for 10 min at 4°C. After washing, PBMC were
separated by magnet (MiniMACS) using MS column
(Miltenyi Biotech, Paris, France). The degree of purifi-
cation was monitored by flow cytometry.

Plasma HIV-1 RNA Monitoring

Amplicor HIV-1 Monitor test (Roche, Neuilly, France)
was used to quantitate HIV-1 RNA in plasma. This tech-
nique is based on reverse transcription of the RNA cor-
responding to the HIV-1 gag gene, followed by the am-
plification of the cDNA by PCR in the presence of a
quantitation standard (38). The cutoff value was 2.6 log
copies/mL for the classical assay and 1.7 log copies/mL
for the ultra sensitive assay.

HLA Class I Typing

HLA genotyping was performed at the Chelsea and
Westminster Hospital, London, UK, or at the Necker Hos-
pital, Paris, France, using amplification refractory muta-
tion system polymerase chain reaction (39).

Statistical Analysis

The biological parameters, disease stage and treatment
of the patients were analyzed by the two-tailed 7-test and
the Kruskal-Wallis test. The correlations between the fre-
quency of tetramer-binding cells, plasma viral load and
percentage of CD3%, CD4*, and CD8* T cells were de-
termined using the Spearman rank test.

RESULTS

The Secretion of IFN-y is only Induced After
Stimulation with the Cognate Peptide

In order to validate our stimulation protocol, different
concentrations of Brefeldin A and different periods of
incubation were used after stimulation of PBMC with
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Fig. 1. Kinetics of IFN-y production by CD8" T cells. Staining with
either Gag (left) or Pol (right) tetramer was evaluated 6 or 18 h after
specific peptide stimulation in the presence of different concentration of
Brefeldin A (2 and 10 pg/mL). Results are expressed as percentage of
IFN-y positive (closed bars) or negative (open bars) tetramer binding
cells among CD3TCDS8™ T cells.

specific peptides. Results are expressed as percentage of
IFN-y negative or positive tetramer binding cells among
CD3*"CD8* T cells. Incubation of PBMC for 6 or 18 h
in the presence of 2 or 10 ug/mL of Brefeldin A in-
duced a similar proportion of IFN-y secretion by Pol- and
Gag-specific CD3" CD8™ tetramer binding cells (Fig. 1).
Overnight incubation led to a reduction of the percent-
age of interferon-y negative cells, in particular for the
Gag peptide. Thus, for the following experiments we
used overnight incubation with 2 pg/mL of Brefeldin
A. Otherwise, the percentages of tetramer binding CD8*
CD3*% T cells detected after overnight stimulation of
PBMC was similar to those obtained after whole blood
staining.

The next step was to investigate the specificity of I[FN-y
production by peptide stimulation. Patients that had cir-
culating CD3TCD8* T cells specific for both tetramer
(Gag and Pol) were studied. A representative result is
presented in Fig. 2. PBMC were stimulated in vitro with
Gag (Fig. 2A) or Pol peptide (Fig. 2B). As shown in Fig.
2A, the stimulation with the specific Gag peptide induced
IFN-y production by T cells binding tetramer folded with
the same Gag peptide (63.1%) but not by the Pol specific
tetramer binding cells (1.63%). Reciprocal results were
obtained with Pol stimulation: the stimulation with the
Pol peptide induced IFN-y production by T cells binding
tetramer folded with the same Pol peptide (50.6%) but
not by the Gag specific tetramer binding cells (2.63%),
(Fig. 2B). Thus, the secretion of IFN-y by tetramer
positive CD8* T cells was only induced by the cognate
peptide.
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Fig. 2. Specific production of IFN-y after peptide stimulation. IFN-y
production by CD3"CD8™ T cells after Gag peptide (A) or Pol peptide
(B) stimulation was analyzed by cytometry. The percentage of CD8"
T cells stained by Gag or Pol tetramers after overnight incubation is
shown on the left panels (Gates). On the right panels, the percentage
of tetramer Gag™ (Top) or Pol™ (Bottom) CD8" IFN-y producing cells
among tetramer positive CD8™ cells are represented.

IFN-y is Secreted by a Fraction but not
all Tetramer Binding Cells

As shown in Fig. 2, a fraction of tetramer binding cells
did not secrete IFN-y after specific peptide stimulation.
In order to better understand the significance of IFN-y
negative tetramer-positive T cells, we analyzed the pro-
duction of IFN-y according to the level of CDS8 expression
after peptide stimulation of fresh PBMC (Fig. 3A). The
production of IFN-y was observed only upon stimulation
with the cognate peptide, mainly in tetramer binding cells
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Fig.3. Analysis of IFN-y production among CD8™" T cells. The diagram
of CDS8 expression after specific peptide stimulation is shown on the top
panel A. CD8™" populations were gated by the expression of CD8 marker:
total CD8*, CD8high or CD8H!OW T cells. The results are expressed as
percentage among gated population after stimulation with the cognate
peptide (panel B) or a control peptide (panel C).

that downregulated CD8 molecule (Fig. 3B). Moreover,
we observed a proportion of tetramer positive CD8*o%
low T cells that were unable to produce IFN-y (Fig. 3B).
The stimulation with a control peptide did not induced
IFN-y production by CD8' T cells regardless of CD8
intensity (Fig. 3C).

In order to confirm previous results obtained with
whole PBMC, Gag-specific tetramer positive cells (1.8%
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Fig. 4. Analysis of IFN-y production among enriched tetramer Gag*CD3+CD8™ T cells. Dot-blots show the percentage
of CD8™ tetramer Gag™ cells on the top left panel and the level of CD3 expression among tetramer Gag*CD8 % on the top
middle panel. The histograms represent the percentage of IFN-y positive producing cells among total tetramer Gag™CD8 "
(gate A), CD3MeM tetramer Gag T CD8™ (gate B), CD3¥ tetramer Gag T CD8™ (gate C) or CD3"°24Ve tetramer Gag+ CD8+
cells (gate D). The percentages of cells in B, C, and D are 24.2, 42.5, and 27.3% respectively.

of CD8™ T cells) were enriched after in vitro culture
with Gag peptide as described in the methods section
(35% of the cells were tetramer positive after culture
and magnetic beads separation, Fig. 4 top left panel).
Thereafter, Gag-specific tetramer positive cells were ana-
lyzed for the surface expression of CD8, CD3 molecules,
and for IFN-y production. As shown in Fig. 4, among
the 35% of Gag-specific tetramer positive cells, only
40% were producing IFN-y Gate A, bottom left panel).
When Gag-specific tetramer positive cells were analyzed
for the expression of CD3 marker, three different levels
of fluorescence were detected: high (B), low (C), and
negative (D) (Fig. 4, top middle panel). All of these
cells expressed the CD8 marker at high or low levels
(Y axis). The production of IFN-y was analyzed ac-
cording to the expression of CD3; IFN-y positive cells
were observed only in the CD3*°V or negative popula-
tion (Gates C and D) but not in the CD3*"e" population
(Gate B).

The results obtained in the whole cohort (mean, stan-
dard error, and confidence interval, CI 95) and expressed
as percentage of Tetramer™ CD8" cells (Gag or Pol)
producing IFN-y after stimulation by specific peptides
are summarized in Fig. 5. About 45% of Tetramer-Gag™
CD8* and 50% of the Tetra-PolTCD8* cells were un-
able to produce IFN-y and significant variations were
observed between the patients. The inability to produce
IFN-y by CD8* T cells was HIV-1(antigen)-specific be-
cause most (>95%) Gag-tetramer binding CD3* CD8* T

cells were able to produce interferon-y after PMA stimu-
lation (Fig. 5).

Then, we addressed whether the frequencies of Gag-
specific tetramer positive cells secreting IFN-y were as-
sociated with the parameters of HIV infection. There was
a negative correlation between the viral load (plasma

IFN-y PRODUCTION BY TETRA+CD8+ T CELLS
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Fig. 5. IFN-y production by tetramer Gag™* or Pol*CD8* cells. IFN-y
production after specific peptide stimulation was studied in 17 HIV-
1 infected patients. Results are expressed as percentage (mean; +/—
SE; +/- Confidence Interval, 0.95) of positive IFN-y stained cells
among tetramer positive CD8* cells. IFN-y production by tetramer
Gag™* CD8™ cells after PMA stimulation is shown as a positive control
(PMA).
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Fig. 6. Correlation between viral load and the percentage of tetramer
Gag™ CD37CD8" cells secreting IFN-y. The percentage of IFN-y
producing cells among tetramer Gag™CD3TCDS8™ cells is presented as
a function of plasma viremia expressed as logjo HIV-RNA copies/mL.

HIV-1 RNA) and the percentage of CD8' Tetramer
Gag™ secreting IFN-y (Spearman rank test, » = 0.4458,
p = 0.04, Fig. 6). No significant difference was found
between the percentage of tetramer positive cells secret-
ing IFN-y detected in children according to antiretroviral
treatment (two-tailed ¢-test) or disease stages (Kruskal—
Wallis test). We observed no correlation between the fre-
quency of Gag-tetramer positive cells secreting IFN-y
and CD3*, CD4™, or CD8" T cell number or percentage
(Spearman rank test).

Overall, these results showed that the nonresponding
cells were found in the CD3*high  CD8*high population
after stimulation, indicating that they were not able to
downregulate these surface markers. In contrast, all IFN-
y producing cells were found to downregulate CD3 and
for CD8 molecules.

A Proportion of Gag-Tetramer Positive CD8" T Cells
are also Unable to Produce TNF-a, CCLA4,
and CCLS5 after Specific Peptide Stimulation

Tetramer positive T cells that did not produce IFN-y
may secrete other cytokines after specific peptide stim-
ulation. Thus, we investigated whether the incapacity to
secrete IFN-y by tetramer positive T cells was only re-
stricted to this cytokine or could be extended to other
lymphokines. In order to answer this question, we studied
the secretion of TNF-«, CCL3, CCL4, and CCLS5 after
specific peptide stimulation. Results from the whole co-
hort are presented in Fig. 7. As previously shown for
IFN-y production, a fraction of Gag tetramer positive
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Fig. 7. TNF-o, CCL4, and CCLS5 production among tetramer
Gag™CD8"cells. TNF-a, CCL4, and CCLS5 production after specific
Gag peptide stimulation was studied in 17 HIV-1 infected patients. Re-
sults are expressed as percentage (mean; +/— SE; 4+-/— Confidence Inter-
val, 0.95) of positive cytokine stained cells among tetramer GagtCD8"
cells.

CDS8* T cells were unable to secrete TNF-oo, CCL4, or
CCLS5 (26, 42, and 46% respectively). Concerning CCL3,
we never observed its production after specific stimula-
tion of Gag tetramer-positive T cells. The percentages
of Gag tetramer-positive CD8* T cells secreting individ-
ual cytokine/chemokine were not correlated with each
other. There was no correlation between the viral load
and the percentage of Gag-tetramer positive CD8" T
cells secreting TNF-«, CCL4, or CCLS5 (Spearman rank
test). No correlation was found between the percentage of
CD3*,CD4", or CD8* T lymphocytes and the frequency
of tetramer positive cells secreting cytokines except for
CCLS5. For this chemokine, a positive correlation was
found between the frequency of Gag tetramer-positive
cells secreting CCL5, and CD3" or CD8" T cell per-
centages (Spearman rank test, p < 0.05). These results
showed that the inability of the tetramer positive CD8* T
cells to secrete IFN-y is also observed for TNF-o CCLA4,
and CCLS5.

DISCUSSION

Despite the increasing evidence about the role of CD8*
T cells in the suppression of HIV-1 viral replication and
in the control of disease progression, dysfunction of cy-
totoxic T cells seems to be important during the evolu-
tion of HIV-1 infection. In this study, we investigate the
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functionality of tetramer binding T cells by combining
surface staining and intracellular cytokine detection af-
ter specific stimulation with the cognate peptide. Our
results show that in HIV-1-infected children, a fraction
of tetramer binding T cells are unable to secrete TNF-
o, IFN-y, CCL4, and CCLS5. Another consistent find-
ing in our study is the downregulation of CD8 and CD3
molecules by activated CD8" T cells, as attested by the
production of IFN-y found in T cells that have downreg-
ulated the two molecules after specific stimulation.

The data presented herein provide evidence for defec-
tive functional capacity in regards to cytokine/chemokine
secretion of circulating virus-specific tetramer binding
CD8* cells in HIV-1-infected children. Our observa-
tions are consistent with those reported in adult patients
that progress to AIDS with functionally defective HIV-1-
specific CD8™T cells (20, 21, 40). In other human viral
persistent infection, impaired effector functions of virus-
specific CD8" T cells has been documented (41). How-
ever a functional heterogeneity of cytokine production has
been reported in PBMC from CMYV seropositive healthy
individuals (42, 43). Thus, the detection of tetramer posi-
tive/cytokine negative cells may simply reflect the hetero-
geneity of possibly normal virus-specific CD8* T cells.

The levels of HIV-1-specific CTL activities are depen-
dent on the presence of virus-specific helper cell func-
tions (44). In pediatric AIDS, association between HIV-
1-specific T helper responses and CTL activities has been
reported (36, 45). In this cohort of infected children,
CD4 help of CD8 response should be still present be-
cause all patients produced at different levels all the cy-
tokines/chemokines that were tested. As shown in Table I,
children in our study were more than 2-year-old. Most of
them (10 out of 17) had more than 25% CD4 while a
minority (2 out of 17) presented a severe immunosup-
pression (<15% CD4). The CD4 percentage ranged from
12 to 52% (mean 27%), and neither CD4 percentage nor
the absolute CD4 counts were correlated to the fraction of
tetramer binding CD8* T cells that were able to produce
cytokines/chemokines. We cannot exclude that our results
are biased by the number and/or by the selection of these
HLA-A2 patients. All the children studied were selected
for the presence of tetramer binding CD8% T cells in
blood. Therefore, this study was restricted to two HIV-
1 HLA-A2*01 epitopes. Thus, additional studies are re-
quired to show the relationship between the dysfunction
of tetramer binding CD8" T cells and the presence of a
specific CD4* T cell response in HIV-1-infected infants.

The majority of children were under ART at the time of
testing. There was no significant difference between the
percentages of cytokine secreting tetramer positive CD8"
T cells of ART- or untreated patients. No significant dif-
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ference was found between the frequency of Gag-tetramer
positive cells secreting IFN-y and disease stages. In HI'V-1
infected patients the percentage of CD8" T lymphocytes
is increased with a high level of T-cell activation markers
(5). We observed no correlation between the frequency of
Gag-tetramer positive CD8* T cells secreting cytokines
and the percentage or absolute value of CD8*T cell, ex-
cept for CCLS. Association between markers of disease
progression and increased frequency of CCLS positive
CD8™" T cells has been reported in HIV-infected female
sex workers (46). However, although beta chemokines can
block virus-entry into target cells (32-34), their correla-
tion with HIV-1 disease progression is still controversial.

The proportions of tetramer binding CD8™ T cells that
produce IFN-y, CCL4, and CCLS5 were very similar.
This result suggests that T cells, which secreted IFN-y,
also produced CCL4 and CCLS5. In a study of HIV-1-
infected adult patients, all tetramer-positive cells that se-
creted CCL4 were shown to secrete IFNy and vice versa
(20), and recently CCL4 and IFN-y have been shown to
be synthetized congruently in most CD8" T cells (47).
The B-chemokines CCL3, CCL4, and CCLS5 were first
identified as the major HIV-suppressive factors produced
by CD8" T cells (32), and it as been shown that HIV-1-
specific CTL clones release significant amounts of these
three B-chemokines complexed to proteoglycans follow-
ing epitope-specific stimulation (48). In this study, we did
not detect the production of CCL3 after specific stimula-
tion of tetramer positive CD8" T cells. This latter might
be due to the threshold of the detection of the cytomet-
ric analysis and/or to a poor efficiency of CCL3-specific
antibodies for intracellular studies as reported by others
(20).

The proportions of tetramer binding CD8% T cells
stained with TNF-o were higher compared to other solu-
ble factors tested. This finding was not reported in HIV-1-
infected adult patients (20). Functional heterogeneity of
specific CD8* T cells has been described (42). Cytokine
production by virus-specific CD8" T cells can segregate
into different subsets. TNF-« single or IFN-y single ex-
pressing cells were predominant in CMV infected pop-
ulation whereas double positive cells were uncommon.
Thus, the CD8* T cell repertoire could be committed to
have preferential effector mechanisms according to infec-
tious pathogen as well as the site of infection and clinical
parameters (42). Altogether, the results concerning cy-
tokine secretion suggested that different functional HIV-
1-specific CD8" T populations could co-exist in HIV-1
infected children.

Secretion of IFN-y has an important role in the effector
functions of cytotoxic T cells and in the control of viral
infections. The production of IFN-y has been correlated to
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cytotoxic function (32). Moreover, the secretion of IFN-
y is an important factor in the control of HIV-1 repli-
cation (49, 50). In this group of 17 children, the viral
load was detectable for most of them (log mean value:
3.9, range <1.7-5.2) (Table I). There was a negative
correlation between the viral load and the percentage of
CD8" Tetramer Gag™ secreting IFN-y Spearman rank
test, p = 0.04). These results are in agreement with data
reported by Kostense ef al. showing a negative associa-
tion between the proportion of tetramer positive T cells
that produced IFN-y and the viral load, although in their
work the correlation was not statistically significant (27).
Our observation is also consistent with a recent report
by Oxenius et al. (51) showing the proportion of IFN-y
negative HIV-1-specific CD8" T lymphocytes detected
by tetramer staining increased in relation to the level of
virus rebound during therapeutic intervention. The HIV-1-
specific CD8* T cells that are unable to secrete IFN-y may
have a defect in specific TCR stimulation as most tetramer
positive cells (>95%) were able to produce IFN-y af-
ter polyclonal stimulation with PMA and Ionomycin. We
(16) and others (52) have reported a positive correlation
between the frequency of HIV-specific IFN-y produc-
ing CD8* T cells measured by IFN-y Elispot assays and
plasma viral load, suggesting that the magnitude of ex
vivo activated HIV-specific CD8" T cell mediated IFN-
y production is dependent upon continuous restimulation
with viral load. Thus increased viral replication appears
to exert two antagonistic effects on the CD8" T cell fre-
quency: an enhancing effect probably reflecting enhanced
antigen dose and a direct or indirect negative effect on the
functional status of HIV-specific CD8" T cells. These two
opposite effects may explain why some investigators did
not found correlation between the frequency of ex vivo
IFN-y producing HIV-specific T cells and plasma viral
load (22, 53).

The impaired cytokine/chemokine secretion might be
explained by a skewed maturation of tetramer binding
CD8" T cells as it has been suggested in HIV-1 in-
fected adult patients (20). Moreover, an impaired devel-
opment and inhibition of T-cell differentiation in HIV-1
infected infants has been described (36). We have pre-
viously reported that HIV-1-specific CD8% T cells de-
tected in peripheral lymphocytes from whole blood of
HIV-1-infected children using HLA tetramers combined
to HIV-1 peptides express a phenotype of mature memory
activated CD8™ T cells (CD28~, CD45RA~,CD45R0,
CD69~, and HLA-DR™) (15). The HIV-1-specific CD8*
T cells that do not produce cytokines upon specific stim-
ulation in our study may also have impaired cytolytic
activity. It is likely that a defective production of cy-
tokines/chemokines by a fraction of tetramer binding cells
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could render them less effective to kill HIV-1 infected
cells.

In conclusion, the results presented herein show that a
proportion of tetramer binding CD8™ T cells detected in
the circulating PBMC of infected infants are able to pro-
duce cytokines (IFN-y, TNF-«) or chemokines (CCLA4,
CCL5) involved in the effector function of cytotoxic T
cells and in the suppression of HIV-1 replication. How-
ever, a fraction of tetramer positive CD8" T cells is un-
able to produce these cytokines/chemokines after spe-
cific peptide stimulation. Further studies are necessary
to determine the clinical significance of this fraction of
tetramer binding CD8* T cells with impaired secretion of
cytokines/chemokines. This defect in lymphokine produc-
tion may minimize the cytolytic and the antiviral ability
of the HIV-1-specific CD8 responses. These results could
have implications in the design of novel therapeutic ap-
proaches in HIV-1-infected infants.
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