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Persistent numbers of tetramer1 CD81 T cells, but loss of interferon-g1

HIV-specific T cells during progression to AIDS
Stefan Kostense, Kristin Vandenberghe, Jeanine Joling, Debbie Van Baarle, Nening Nanlohy, Erik Manting, and Frank Miedema

Although CD8 1 T cells initially suppress
human immunodeficiency virus (HIV) rep-
lication, cytotoxic T-cell precursor fre-
quencies eventually decline and fail to
prevent disease progression. In a longitu-
dinal study including 16 individuals in-
fected with HIV-1, we studied both the
number and function of HIV-specific CD8 1

T cells by comparing HLA-peptide tet-
ramer staining and peptide-induced inter-

feron- g (IFN-g) production. Numbers of
IFN-g–producing T cells declined during
progression to acquired immunodefi-
ciency syndrome (AIDS), whereas the
number of tetramer 1 T cells in many
individuals persisted at high frequencies.
Loss of IFN- g–producing T cells corre-
lated with declining CD4 1 T-cell counts,
consistent with the need of CD4 1 T-cell
help in maintaining adequate CD8 1 T-cell

function. These data indicate that the loss
of HIV-specific CD8 1 T-cell activity is not
due to physical depletion, but is mainly
due to progressively impaired function of
HIV-specific CD8 1 T cells. (Blood. 2002;
99:2505-2511)

© 2002 by The American Society of Hematology

Introduction

CD81 cytotoxic T lymphocytes (CTLs) are critical to the elimina-
tion or control of viral infections.1,2 In individuals infected with
human immunodeficiency virus 1 (HIV-1), HIV-specific CD81 T
cells are frequently reported to suppress viral replication and to
delay disease progression,3-8 but eventually CTL precursor frequen-
cies decline and fail to protect the infected individuals against
progression to acquired immunodeficiency syndrome (AIDS).9,10

This CTL decline may be due to physical depletion of HIV-specific
CD81 T cells or due to T-cell dysfunction.

To distinguish between these 2 mechanisms, 2 different tech-
niques are available. Tetrameric HLA-peptide complexes allow for
the detection of CD81 T cells that express a T-cell receptor (TCR)
specific for a given peptide presented by a given HLA molecule.11

In addition, peptide-specific T cells can be detected by intracellular
cytokine staining, where antigen-responsive T cells are detected by
virtue of their cytokine production on stimulation with the peptide
of interest.12 Studies using tetrameric peptide-HLA complexes
have shown high frequencies of HIV-specific T cells at various
stages of the natural course of infection.7,13,14 This would argue
against HIV-specific CD81 T cells being depleted. Alternatively, an
increasing number of studies have reported a dissociation between
numbers of hepatitis C virus (HCV)–, Epstein-Barr virus (EBV)–,
HIV–, or simian immunodeficiency virus (SIV)–specific
CD81tetramer1 T cells and number of T cells that responded to
functional assays with antigen-specific interferon-g (IFN-g) produc-
tion.13-22 In other studies, including many long-term asymptomatic
HIV carriers (LTA) or treated individuals, cytokine production by a
relatively high percentage of HIV-specific T cells was ob-
served.23,.24These data possibly point to clinical conditions where
virus-specific CTLs may be relatively nonfunctional.

In these studies no universal stimulation protocol was used.
Some studies used extensive costimulation to induce cytokine
production. Although costimulation may be relevant for CD41 T
cells to show antigen induced IFN-g production in vitro, we chose
to limit the CD81 T-cell stimulation protocol to presentation of
peptide-antigen without costimulation. First, whereas costimula-
tion is provided to CD41 T cells by their natural antigen-presenting
cells, effector CD81 T cells should be able to respond to an infected
target cell that does not provide costimulatory signals. Second, in
HIV infection, most CD81 T cells lack CD28. Therefore, the effect
of the CD28 monoclonal antibody is likely to be indirect. Third,
subtle defects in antigen responsiveness may be masked when
stimuli are too strong.

Here we studied in detail the dynamics of HIV-specific CD81

T cells in 5 HIV-infected LTA individuals and 11 individuals
progressing to AIDS. Presence and function of HIV-specific T cells
was measured by simultaneous tetramer staining and peptide-
induced IFN-g production, using several well characterized HLA-
A2– or HLA-B8–restricted HIV peptides. The kinetics of antigen-
specific and antigen-responsive CD81 T cells were analyzed in
relation to disease progression and CD41 T-cell numbers to
elucidate the mechanism of the CTL dysfunction in HIV infection.

Patients, materials, and methods

Subjects and samples

Sixteen HIV-1 infected participants of the Amsterdam Cohort Studies were
selected for HLA types corresponding to available major histocompatibility
complex (MHC)–peptide tetramers (A2, B8, or B57). Furthermore, the
subjects were selected on the basis of recorded21 strong responses to one or
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more of the tested epitopes (see below), and to include a wide range of
disease progression rates. During the follow-up, 11 of the 16 subjects
developed AIDS (Table 1); these are referred to as progressors. The 5
subjects who remained asymptomatic during the follow-up are referred to
as asymptomatics. Peripheral blood mononuclear cells (PBMCs), cryopre-
served according to a standard computerized freezing protocol, were
selected to establish a longitudinal range from seroconversion to the latest
sample available or to AIDS diagnosis. PBMCs from HIV2, or HLA-
mismatched donors served as controls for specificity of tetramers and
peptide-specific stimulation.

Tetrameric HLA-peptide complexes

Refolding of HLA heavy chains and tetramer formation was performed as
described previously.11 HLA heavy chains andb2-microglobulin genes
were constructed in pET plasmids and expressed in BL21Escherichia coli
strains. Heavy chain,b2-microglobulin, and peptides were refolded by
dilution.25 Peptides derived from p17 Gag and Pol (SLYNTVATL,
ILKEPVHGV, respectively; single-letter amino acid codes) were com-
plexed with HLA-A2; p24Gag and Nef peptides (EIYKRWII, FLKEKGGL)
were combined with HLA B8 proteins; the peptide KAFSPEVIPMF(p24
Gag) was combined with HLA-B57. Monomeric complexes were concen-
trated, biotinylated, purified by fast protein liquid chromatography (FPLC)
on a Superdex 200 HR16/60 column (Amersham Pharmacia, Little
Chalfont, United Kingdom), and bound to streptavidin-phycoerythrin (PE)
or streptavidin-allophycocyanin (APC; Sigma, St Louis, MO). Tetrameric
product was FPLC purified.

Antigen-specific stimulation

Two million PBMCs per milliliter were stimulated with the peptide used in
the corresponding tetramer complexes at 37°C for 4 hours in the presence of
3 mM monensin. Stimulation protocols were tested for peptide concentra-
tions varying from 0.1 to 10mg peptide/mL, for 4 or 6 hours’ incubation (for
some experiments in the presence of CD28 and CD49d antibodies).
HLA-mismatched peptide, matched irrelevant peptide, or medium alone
was used as negative control, and stimulation with phorbol myristate
acetate (PMA)/ionomycin was used as a positive control. After incubation,
cells were washed and stained with tetramers (PE or APC) and anti-CD8
(peridinin chlorophyll protein [PerCP]; Becton Dickinson, San Jose, CA).
Additional phenotyping of tetramer1 cells was performed by costaining for
Ki67 fluorescein isothiocyanate (FITC; Immunotech, Marseille, France), or
CD69 APC (Becton Dickinson). Cells were fixed with 4% paraformalde-

hyde, permeabilized (Permeabilization kit, Becton Dickinson) and stained
intracellularly with IFN-g FITC or PE (Diaclone, Amsterdam, The Nether-
lands, or Becton Dickinson) and tumor necrosis factor-a (TNF-a; FITC,
Becton Dickinson). Cells were analyzed using Cellquest software (Becton
Dickinson) and gated on live lymphocytes. The IFN-g gate was determined
by the negative and positive controls of each individual’s CD81 T cells. The
percentages of tetramer1 CD81 T cells and IFN-g1 CD81 T cells were back
calculated to absolute numbers per volume blood by multiplication with
absolute CD81 T-cell counts/microliter blood. IFN-g1 fractions were
calculated by taking the sum of IFN-g1 T cells specific for all tested
peptides divided by the sum of tetramer1 T cells for all peptides, as
determined in the nonstimulated control sample.

Statistical analyses

Early and late time points were compared using Wilcoxon sign rank tests
and correlations were analyzed using Spearman correlation tests.

Results

Validation of the stimulation protocol

Incubation of PBMCs from an HIV1 donor with HIV-peptide or
with PMA and ionomycin results in production of IFN-g by CD81

T cells as indicated in Figure 1A.12 To establish the optimal
stimulation protocol, we stimulated PBMCs from a healthy HIV2

EBV1 donor and an HIV1 donor with the EBV peptide “RAK-
FKQLL ” or the HIV-Nef “FLKEKGGL” peptide, respectively, at
varying concentrations and durations. To evaluate IFN-g produc-
tion of tetramer1 T cells, we combined intracellular IFN-g
detection and tetramer staining. In Figure 1B, tetramer binding
cells and IFN-g–producing cells are given as percentages of CD81

T cells. Incubation with 1mg and 10mg peptide/mL is shown to
induce equal amounts of IFN-g1 T cells, but 10-mg peptide induced
a loss of tetramer1 T cells compared to 1mg peptide. Longer
incubation periods (6, 24 hours, not shown) decreased the number
of IFN-g1 T cells.

In some studies antibodies against CD28 or CD49d were used to
provide costimulation during peptide-specific stimulation as-
says.24,26When costimulation was performed by adding CD28 and

Table 1. Clinical data of the individuals investigated

Subject HLA
Start of
therapy

Time to
AIDS AIDS diagnosis

Dominant
response*

1081 A2,3; B37,62; CW3,6 — 101 Wasting syndrome SLY

57 A2,19; B27,40; CW2 — — — SLY

16 A2,29; B44,51; CW2,5 — 131 Kaposi sarcoma SLY 1 ILK

490 A2,23; B44,51; CW2,4 120† 128 Cryptococcus SLY

1211 A2,29; B44; CW4 — 68 Crypt meningitis SLY

1140 A2,11; B40,52; CW3 119‡ —§ — SLY

434 A2,28; B7,27; CW2 134‡ —§ — SLY

433 A2,3; B7,57; CW6,7 — 84 CMV KAF

658 A1,2; B8,61; CW2,7 — — — EIY 1 FLK

1160 A2; B8,27; CW1 — — — EIY 1 FLK

341 A24,28; B8,13, CW6,7 90\ 115 CD4 , 200 FLK

232 A1,3; B7,8; CW7 82,\ 123‡ 127 Tuberculosis EIY 1 FLK

656 A1,11; B8,56; CW1 49† 78 Cryptosporidiasis FLK

748 A1; B8; CW7 33† 47 CD4 , 200 EIY 1 FLK

424 A1,2; B8,61; CW2,7 — 41 Candidiasis FLK

159 A1; B8; CW7 33† 33 Pneumocystis carinii EIY

Crypt indicates cryptococcus; CMV, cytomegalovirus.
*Peptides listed in materials section are indicated with the first 3 amino acids.
†Months after seroconversion at which zidovudine (AZT) treatment is initiated.
‡Months after seroconversion at which HAART is initiated.
§Subjects 1140 and 434 did not develop AIDS but started HAART because of high viral load and decreasing CD4 T cell numbers.
\Months after seroconversion at which AZT plus dideoxyinosine (DDI) treatment is initiated.
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CD49d antibodies, the number of IFN-g–producing T cells was
further increased, but did not alter the peptide-dependent response
kinetics (Figure 1C). The percentage of tetramer1 T cells producing
IFN-g reached 74% for EBV-specific T cells, which is in agreement
with previous findings for virus-specific CD81 T cells.23,24 Al -
though costimulation may be relevant for CD41 T cells to show
antigen-induced IFN-g production, we chose to limit the CD81

T-cell stimulation protocol to presentation of 1mg peptide-
antigen/mL without costimulation.

HIV-specific T cells are not physically depleted during
progression to AIDS

Frequencies of HIV-specific CTL precursors are reported to decline
during the course of infection in most patients, which may result
from physical deletion in HIV-specific T cells. By the use of
HLA-peptide tetramers we investigated whether the decrease of
HIV-specific T-cell numbers preceded progression to AIDS. In
Figure 2, data from all individuals analyzed are shown, including
CD41 and CD81 T-cell counts and viral RNA load. Because an
overall decrease in CD81 T-cell numbers could mask loss of
HIV-specific T cells when these are expressed as percentages of
CD81 T cells, we evaluated absolute numbers of tetramer1 T cells
per microliter blood. Subjects’ PBMCs were stained with all
described tetramers appropriate for individual HLA alleles. IFN-g
responses were tested for the same peptides as used in the
tetramers. The middle panels in Figure 2 show the number of
tetramer1 T cells in time; HLA restriction and dominant peptides
recognized are indicated. Absolute numbers of HIV-specific tet-
ramer1 T cells decreased (7 of 16 individuals) or increased (4 of
16) or remained stable (5 of 16) during the follow-up. In general, no
significant decrease was observed (Figure 3A). These data indicate
that depletion is not the main cause for the loss of HIV-specific CTLs.

Numbers of HIV-specific IFN- g–producing CD8 1 T cells
decrease during progression to AIDS

T cells were stimulated with the same peptide as complexed in the
tetramers and peptide-induced IFN-g production was evaluated in
PBMC samples drawn during the follow-up period. The middle
panels in Figure 2 and Figure 3 show that, although numbers of
tetramer1 T cells could rise or fall, the number of IFN-g–producing

T cells decreased in most individuals before AIDS diagnosis (10 of
all 16 subjects, 9 of 11 progressors). We designated the data point
closest to AIDS diagnosis or the last sample before start of highly
active antiretroviral therapy (HAART) as clinical end point and
compared this with the earliest sample tested. Figure 3B shows that
IFN-g1 T cell numbers in all 16 subjects decreased from early to
late in infection (median from 3.24 to 1.07/mL blood) and this was
mainly due to decreasing IFN-g1 T-cell numbers of the 11
progressors (median from 2.42 to 0.66/mL blood). In the 5 subjects
who remained asymptomatic, IFN-g1 T cells remained stable or
increased; one asymptomatic subject (1140) had severely de-
creased IFN-g1 T cells, but therapy may have stopped disease
progression.

Tetramer1 T cells not producing IFN-g after peptide-specific
stimulation may produce other cytokines or these cells may be in
cell division. However, we and others observed that IFN-g was the
predominant cytokine produced (data not shown and Appay et al23),
and TNF-a was mainly produced by T cells that also produced
IFN-g. Furthermore, the number of HIV-specific T cells in cell
division was too low to explain the lack of IFN-g production (mean
3.5% of tetramer1 T cells, n5 4) and no longitudinal correlation or
complementation was observed for IFN-g1 T cells and tetramer1 T
cells expressing the cell division marker Ki67 (data not shown).

In most individuals progressing to AIDS, a relatively stable
number of tetramer1 T cells was accompanied by an early or late
loss of IFN-g–producing T cells. A representative example is
shown in Figure 4, in which one individual’s tetramer1 T cells and
IFN-g1 T cells are shown for an early and a late time point. This
discrepancy between tetramer staining and IFN-g production
increased with time. These different kinetics are illustrated by the
fraction of IFN-g1 T cells within the tetramer1 T cells (IFN-g1/
tetramer1 3 100%) in the lower panels of Figure 2. In 13 of 16
individuals a decrease of the percentage of IFN-g1 T cells within
tetramer1 T cells was observed. When comparing the IFN-g1

fraction early after seroconversion, with the IFN-g1 fraction
around AIDS diagnosis, start of HAART, or latest time point
available in the asymptomatic phase, a significant decrease was
observed (median from 19.3% to 12.0%, n5 16), and specifically
the progressors showed a significant decrease (Figure 5A). These

Figure 1. Validation of the stimulation protocol. (A)
CD69 and IFN-g expression of CD81 T cells after
incubation with 2 mL dimethylsulfoxide (DMSO), 1 mg
HIV-peptide dissolved in 2 mL DMSO or PMA and
ionomycin. Upper panels show total PBMCs stained for
CD8 and IFN-g; lower panels are gated on CD81 T cells
and show CD69 and IFN-g expression of CD81 T cells.
(B) Response of EBV- and HIV-specific T cells to in vitro
peptide stimulation. PBMCs were incubated with 0, 1,
and 10 mg peptide/mL. FACS dot plots are gated on
CD81 T cells and demonstrate tetramer1 cells (y-axis),
and IFN-g production (x-axis). Percentages in the left
upper corner indicate number of tetramer1 T cells of the
CD81 T-cell population. Percentages in the right upper
corner indicate number of IFN-g1 peptide-specific T cells
(right from the dotted line) of the CD81 T-cell population.
(C) IFN-g–producing antigen-specific T cells after incuba-
tion either with 1 mg peptide (“Peptide,” black bar) or with
10 mg peptide and antibodies against CD28 and CD49d
(“Costimulation,” white bar). IFN-g1 T cells are given as
percentage relative to the total number of tetramer1 T
cells in the nonstimulated sample.
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percentages are in agreement with earlier findings in cross-
sectional studies18,21 and with data obtained by combining Elispot
assay and tetramer staining, which showed an average of 18% of
tetramer1 T cells producing IFN-g1 in 14 HIV-infected individu-
als.49 Interestingly, individuals who received HAART, but occasion-
ally also dual therapy or monotherapy, generally showed an
increase in the IFN-g1 fraction after initiation of HAART (Figure
2, dotted vertical lines).

From 5 subjects we repeated tetramer staining and IFN-g
measurement on the early and late samples. When available the
same time points were used. These second measurements showed
similar IFN-g/tetramer percentages except for one aberrant measure-
ment of subject 57 (closed triangles in Figure 2, lower panels).
Furthermore, 2 subjects (748 and 658) were simultaneously tested

in Elispot assays, and Elispot results matched intracellular cytokine
staining results (data not shown).

To investigate whether costimulation would result in different
changes or IFN-g1 T cells in HIV-infected patients over time, we
tested early and late samples of 4 individuals in a 6-hour incubation
assay including 10mg peptide/mL, CD28, and CD49d antibodies.
This resulted in higher numbers of IFN-g1 T cells than obtained
without costimulation, but similar trends in time were found
(Figure 5B).

To determine whether the T cells in the samples investigated
were in principle capable of IFN-g production, we stimulated T
cells with PMA and ionomycin to bypass early receptor signaling,
and followed the IFN-g production of CD81 T cells and tetramer1

T cells in PBMCs collected during the course of HIV infection.

Figure 2. Longitudinal data of HIV-infected individu-
als during the course of infection. Months are given
from time of seroconversion, AIDS diagnosis is indicated
with arrows on the x-axes, and HAART, dual therapy, or
monotherapy is indicated with dotted lines and defined in
Table 1. Upper panels show CD41 (f) and CD81 (l)
T-cell numbers and viral RNA copies per milliliter serum
(thick lines). Middle panels indicate absolute numbers of
tetramer1 T cells (F) and IFN-g–producing T cells (E).
HLA restrictions and dominant peptide responses are
indicated by the first 3 amino acids of the peptides
described in “Patients, materials, and methods.” The
IFN-g1 fraction of tetramer1 T cells is plotted in the lower
panels (‚). Results of replicate measurements are indi-
cated in the lower panels (Œ).
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Figure 5C shows that IFN-g production in total CD81 and tetramer1 T
cells under these stimulation conditions did notsignificantly change
during disease progression. This indicates that downstream from
protein kinase C (PKC) activation and calcium mobilization, the
signaling pathways remained intact during HIV infection.

IFN-g–producing HIV-specific T cells correlate with CD4 1

T-cell counts

There is good evidence that CTL function is dependent on CD41

T-cell help and that this help is reduced in HIV infection.27-29When
including all time points of the individuals investigated, numbers of
tetramer1 T cells showed no correlation with CD41 T cell counts
(Figure 6A). IFN-g1 T cells and tetramer1 T cells showed a strong
correlation as reported before24 (Figure 6B). In contrast to numbers
of tetramer1 T cells, absolute numbers of IFN-g–producing T cells
did correlate with CD41 T-cell counts (Figure 6C). The percentages
of IFN-g1 cells in the tetramer1 T cells and CD41 T-cell numbers
were strongly correlated (Figure 6D). CD41 T cells and IFN-g 1 T
cells or IFN-g/tetramer percentages showed best correlations
within the progressors, whereas tetramer staining and IFN-g
production were best correlated within the asymptomatic group
(data not shown).

In a multivariate stepwise regression analysis including abso-
lute numbers and percentages of tetramer1 T cells and IFN-g 1 T
cells, percentage IFN-g/tetramer and viral load, only the latter 2
variables were predictive for CD41 T-cell numbers. The percentage

IFN-g/tetramer was the strongest predictor withb 5 0.614,
P , .0001 compared tob 5 0.42,P 5 .006 for viral load.

Discussion

Despite mounting evidence that HIV-specific CTLs are critical for
suppressing HIV viral load, CTLs apparently decline and lose
control of virus replication, resulting in progression to AIDS in
almost all HIV-infected individuals.10 In this study we compared
physical presence with functional responsiveness of HIV-specific
CD81 T cells, to investigate whether CTL control is lost due to
physical depletion or due to impairment of function. HIV-specific T
cells, as measured by tetrameric HLA-peptide complexes, were not
depleted during progression to AIDS. In contrast, numbers of in
vitro antigen-inducible IFN-g–producing T cells decreased in most
individuals progressing to AIDS. This study showed that progres-
sors, in particular, had a significant drop in IFN-g1 T cells
compared to the relative stability of asymptomatic subjects.

Similar results have been found for EBV-specific T cells
in individuals progressing to AIDS-related non-Hodgkin
lymphoma.19 Previously, it has been observed that CTL precursor
frequencies decline during progression to AIDS,9 indicating that

Figure 3. Absolute numbers of tetramer 1 T cells and IFN- g1 T cells early in
infection compared to late in infection. Numbers of HIV-specific tetramer1 T
cells/ml blood (A) and numbers of antigen-specific IFN-g–producing T cells (B) early
after seroconversion compared to late in the asymptomatic state but before start of
HAART (asymptomatics, open circles) or around AIDS diagnosis (filled circles).

Figure 4. FACS analysis of HIV-specific tetramer 1 and IFN-g1 T cells. FACS data
from individual 433. Similar tetramer staining and differential IFN-g production after
stimulation with 1 mg peptide/mL for samples drawn early and late in HIV infection.
Positive (PMA/ionomycin-stimulated T cells) and negative (no stimulus) controls for
IFN-g production are shown for one time point.

Figure 5. Percentages of IFN- g–producing T cells early and late in HIV infection
determined after in vitro stimulation with peptide, peptide and costimulation, or
PMA and ionomycin. Data from progressors (n 5 11, (F) include early samples
versus samples drawn during AIDS diagnosis. Data from asymptomatics (n 5 5, E)
are early samples versus latest sample available before HAART. (A) IFN-g1 fraction
of tetramer1 HIV-specific T cells early versus late in infection, measured by
stimulation of PBMCs with 1 mg peptide/mL. Thirteen of all 16 individuals showed a
decrease in the fraction of antigen-induced IFN-g production during disease progres-
sion (n 5 16; P 5 .028, Wilcoxon). Progressors and asymptomatics had different
dynamics of the IFN-g1 fraction as shown by different P values. (B) IFN-g1 fraction of
tetramer1 HIV-specific T cells after stimulation with 10 mg peptide in the presence of
CD28 and CD49d costimulation. (C) PBMCs of HIV-infected individuals were
incubated with PMA and ionomycin to investigate the antigen-independent IFN-g
production during the course of HIV infection. Included are percentages IFN-g–
producing CD81 T cells (left panel) and tetramer1 T cells (right panel).
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cytolytic activity of HIV-specific T cells is impaired in the late
stages of HIV infection. Here we used antigen-induced cytokine
production as a readout for CD81 T-cell functionality, which was
found to decrease in time, irrespective of total numbers of
HIV-specific CD81 T cells.

To compare presence and function of HIV-specific CD81 T
cells, we used the combination of HLA-peptide tetramers and
peptide stimulation. Therefore, we were restricted to a limited
number of epitopes. Although we selected the subjects based on
recorded strong responses to the epitopes included, and the tested
epitopes revealed similar dynamics, other epitopes may be in-
volved. This may explain why the fraction of IFN-g1 tetramer1 T
cells correlated better with CD41 T-cell numbers than absolute
numbers of IFNg1 T cells (Figure 5). The difference between
IFN-g and tetramer1 T cells may be a good indicator of the general
immune function, more or less independent of the peptides
investigated.21

Secretion of IFN-g is an important effector function of viral
suppression in HIV infection and other viral infections.30-32 IFN-g
production is typically induced shortly after antigenic stimula-
tion,33 and has been shown to be a correlate for cytotoxic T-cell
function.34 In healthy individuals, EBV-specific T cells could also
be divided in IFN-g1 and IFN-g2 T cells, paralleled by CD62L-
selectin and CCR7 expression.17 These populations may represent
functionally different subsets that can be distinguished by CCR7
expression and have different activation requirements.17,35 How-
ever, HIV-specific T cells were found to be mainly CCD72, but also

CD45RA2, indicating a skewed maturation, different from other
virus-specific T cells.36

The HIV-specific T cells that do not produce IFN-g in our assay
may indeed have impaired activation kinetics whereby antigen
stimulation sufficient to trigger T cells in early asymptomatic
conditions may fail later in HIV infection. Our results show that
costimulation increases the range of IFN-g production, resulting in
higher numbers of IFN-g–producing T cells. Costimulation may
decrease the threshold for T cells to respond and may partially
compensate for decreased T-cell reactivity, as has been shown
before.37 Interestingly, T-cell function on antigen-independent
stimulation (PMA1 ionomycin) did not show the same decline as
antigen-induced IFN-g production. Apparently, the activation path-
ways downstream of PKC activation and Ca11 mobilization are
not affected during progression to AIDS, but the T cell is not able to
induce IFN-g production on cognate TCR triggering. In this
respect, the CD3z chain may be involved in this defect, as this
component of the TCR complex is down-regulated in CD81 T cells
of HIV-infected individuals.38,39 These results are consistent with
the reported loss of CD3/TCR-mediated T-cell activation during
the course of HIV infection.37

The CD41 T cell counts were correlated with the fraction of
IFN-g1 T cells, which suggests that CD41 T-cell help is required
for functional CD81 T cells. Zajac et al40 have shown that CD4
knockout mice can maintain high numbers of virus specific CD81

T cells, but that these cells lack IFN-g production, whereas
wild-type mice had high numbers of IFN-g1 T cells and were able
to eliminate lymphocytic choriomeningitis virus infection. Several
additional studies have pointed to the dependence of specific CD81

T-cell function on CD41 T-cell help.27,29,41 Shortly after primary
infection, HIV-specific CD41 T cells are no longer detectable28 and
only in long-term asymptomatics are CD41 T-cell responses, to
some extent, preserved.42 Our results are in agreement with the
need of CD41 T cell help, but additional studies are required to
show that depletion of HIV-specific CD41 T cells precedes the
CD81 T-cell dysfunction observed here.

In conclusion, our results show that the decrease in CTL activity
is not invariably caused by a physical depletion of the number of
HIV-specific T cells but that antigen-induced IFN-g production of
HIV-specific CD81 T cells gradually deteriorates during disease
progression. This provides an explanation for the failure to prevent
progression to AIDS despite initially strong HIV-specific CD81

T-cell responses. Attempts have been made to restore T-cell
immunity to HIV by autologous CTL transfusion; however, no
long-term improvement has been observed.43,44 To improve T-cell
function, various immunogenic45,46 or immunotherapeutic drugs
have been used,47,48 with varying success. Our results show that
immune-based therapies should focus primarily on improving
T-cell quality above quantity, to enhance efficient HIV-specific
CD81 T-cell responses.
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Figure 6. Correlations between HIV-specific T cells CD4 1 T cells IFN- g1 T cells
and IFN-g1 fractions. All time points of all subjects are included in each plot. Filled
symbols indicate progressors (n 5 11); open symbols, asymptomatics (n 5 5). HLA
restrictions are indicated. (A) Absolute numbers of tetramer1 T cells do not correlate
with CD41 T-cell counts. (B) Absolute numbers of IFN-g–producing CD81 T cells
correlate with absolute numbers of tetramer1 T cells. (C) Absolute numbers of
IFN-g–producing CD81 T cells correlate with absolute numbers of CD41 T cells. (D)
IFN-g1 percentage of tetramer1 T cells correlates with CD41 T cell counts.

2510 KOSTENSE et al BLOOD, 1 APRIL 2002 z VOLUME 99, NUMBER 7

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/99/7/2505/1681835/2505.pdf by guest on 04 June 2024



References

1. Harty JT, Tvinnereim AR, White DW. CD81 T cell
effector mechanisms in resistance to infection.
Annu Rev Immunol. 2000;18:275-308.

2. Doherty PC, Christensen JP. Accessing complex-
ity: the dynamics of virus-specific T cell re-
sponses. Annu Rev Immunol. 2000;18:561-592.

3. Musey L, Hughes J, Schaker T, Shea T, Corey L,
McElrath MJ. Cytotoxic-T-cell responses, viral
load, and disease progression in early human
immunodeficiency virus type 1 infection. N Engl
J Med. 1997;337:1267-1274.

4. Borrow P, Lewicki H, Hahn BH, Shaw GM, Old-
stone MBA. Virus-specific CD81 cytotoxic T-lym-
phocyte activity associated with control of viremia
in primary human immunodeficiency virus type 1
infection. J Virol. 1994;68:6103-6110.

5. Pontesilli O, Klein MR, Kerkhof-Garde SR, et al.
Longitudinal analysis of human immunodefi-
ciency virus type-1 (HIV-1) specific cytotoxic T
lymphocyte responses: a predominant gag-spe-
cific response is associated with non-progressive
infection. J Infect Dis. 1998;178:1008-1018.

6. Ogg GS, Jin X, Bonhoeffer S, et al. Quantitation
of HIV-1-specific cytotoxic T lymphocytes and
plasma load of viral RNA. Science. 1998;279:
2103-2106.

7. Ogg GS, Kostense S, Klein MR, et al. Longitudi-
nal phenotypic analysis of human immunodefi-
ciency virus type 1-specific cytotoxic T-lympho-
cytes: correlation with disease progression.
J Virol. 1999;73:9153-9160.

8. Koup RA, Safrit JT, Cao Y, et al. Temporal asso-
ciations of cellular immune responses with the
initial control of viremia in primary human immu-
nodeficiency virus type 1 syndrome. J Virol. 1994;
68:4650-4655.

9. Klein MR, Van Baalen CA, Holwerda AM, et al.
Kinetics of Gag-specific CTL responses during
the clinical course of HIV-1 infection: A longitudi-
nal analysis of rapid progressors and long-term
asymptomatics. J Exp Med. 1995;181:1365-
1372.

10. Klein MR, Van der Burg SH, Pontesilli O,
Miedema F. Cytotoxic T lymphocytes in HIV-1 in-
fection: a killing paradox? Immunol Today. 1997;
19:317-324.

11. Altman DJ, Moss PAH, Goulder PJR, et al. Phe-
notypic analysis of antigen-specific T lympho-
cytes. Science. 1996;274:94-96.

12. Kern F, Surel IP, Brock C, et al. T-cell epitope
mapping by flow cytometry. Nat Med. 1998;4:975-
977.

13. Spiegel HML, Ogg GS, deFalcon E, et al. Human
immunodeficiency virus type 1- and cytomegalo-
virus-specific cytotoxic T lymphocytes can persist
at high frequency for prolonged periods in the
absence of circulating peripheral CD4 T cells.
J Virol. 2000;74:1018-1022.

14. Gea-Banacloche JC, Migueles SA, Martino L, et
al. Maintenance of large numbers of virus-specific
CD81 T cells in HIV-infected progressors and
long-term nonprogressors. J Immunol. 2000;165:
1082-1092.

15. Lechner F, Wong DK, Dunbar PR, et al. Analysis
of successful immune responses in persons in-
fected with hepatitis C virus. J Exp Med. 2000;
191:1499-1512.

16. He XS, Rehermann B, Lopez-Labrador FX, et al.
Quantitative analysis of hepatitis C virus-specific
CD81 T cells in peripheral blood and liver using
peptide-MHC tetramers. Proc Natl Acad Sci
U S A. 1999;96:5692-5697.

17. Tussey L, Speller S, Gallimore A, Vessey R.
Functionally distinct CD81 memory T cell subsets
in persistent EBV infection are differentiated by

migratory receptor expression. Eur J Immunol.
2000;30:1823-1829.

18. Shankar P, Russo M, Harnisch B, Patterson M,
Skolnik P, Lieberman J. Impaired function of cir-
culating HIV-specific CD81 T cells in chronic hu-
man immunodeficiency virus infection. Blood.
2000;96:3094-3101.

19. van Baarle D, Hovenkamp E, Callan MFC, et al.
Dysfunctional Epstein-Barr virus (EBV)-specific
CD81 T lymphocytes and increased EBV load in
HIV-1 infected individuals progressing to AIDS
related non-Hodgkin’s lymphoma. Blood. 2001;
98:146-155.

20. Goepfert PA, Bansal A, Edwards BH, et al. A sig-
nificant number of human immunodeficiency virus
epitope-specific cytotoxic T lymphocytes detected
by tetramer binding do not produce gamma inter-
feron. J Virol. 2000;74:10249-10255.

21. Kostense S, Ogg G, Manting EH, et al. High viral
burden in the presence of major HIV-specific
CD81 T cell expansions: evidence for impaired
CTL effector function. Eur J Immunol. 2001;31:
677-686.

22. Vogel TU, Allen TM, Altman JD, Watkins DI.
Functional impairment of simian immunodefi-
ciency virus-specific CD8(1) T cells during the
chronic phase of infection. J Virol. 2001;75:2458-
2461.

23. Appay V, Nixon DF, Donahoe SM, et al. HIV-spe-
cific CD8(1) T cells produce antiviral cytokines
but are impaired in cytolytic function. J Exp Med.
2000;192:63-76.

24. Goulder PJ, Tang Y, Brander C, et al. Functionally
inert hiv-specific cytotoxic t lymphocytes do not
play a major role in chronically infected adults
and children. J Exp Med. 2000;192:1819-1831.

25. Garboczi DN, Hung DT, Wiley DC. HLA-A2-pep-
tide complexes: refolding and crystallization of
molecules expressed in Escherichia coli and
complexed with single antigenic peptides. Proc
Natl Acad Sci U S A. 1999;89:3429-3433.

26. Waldrop SL, Pitcher CJ, Peterson DM, Maino VC,
Picker LJ. Determination of antigen-specific
memory/effector CD41 T cell frequencies by flow
cytometry: evidence for a novel, antigen-specific
homeostatic mechanism in HIV-associated immu-
nodeficiency. J Clin Invest. 1997;99:1739-1750.

27. Kalams SA, Buchbinder SP, Rosenberg ES, et al.
Association between virus-specific cytotoxic T-
lymphocyte and helper responses in human im-
munodeficiency virus type-1 infection. J Virol.
1999;73:6715-6720.

28. Rosenberg ES, Billingsley JM, Caliendo AM, et
al. Vigorous HIV-1 specific CD41 T cell responses
associated with control of viremia. Science. 1997;
278:1447-1450.

29. Oxenius A, Price DA, Easterbrook P, et al. Early
highly active antiretroviral therapy for acute HIV-1
infection preserves immune function of CD81 and
CD41 T lymphocytes. Proc Natl Acad Sci U S A.
2000;97:3382-3387.

30. Bailer RT, Holloway A, Sun J, et al. IL-13 and
IFNg secretion by activated T cells in HIV-1 infec-
tion associated with viral suppression and lack of
disease progression. J Immunol. 1999;162:7534-
7542.

31. Guidotti LG, Ishikawa T, Hobbs MV, Matzke B,
Schreiber R, Chisari FV. Intracellular inactivation
of the hepatitis B virus by cytotoxic T lympho-
cytes. Immunity. 1996;4:25-36.

32. Emilie D, Maillot MC, Nicolas JF, Fior R, Ga-
lanaud P. Antagonist effect of interferon-gamma
on tat-induced transactivation of HIV long termi-
nal repeat. J Biol Chem. 1992;267:20565-20570.

33. Slifka MK, Rodriguez F, Whitton JL. Rapid on/off

cycling of cytokine production by virus-specific
CD81 T cells. Nature. 1999;401:76-79.

34. Tan LC, Gudgeon N, Annels N, et al. A re-evalua-
tion of the frequency of CD81 T cells specific for
EBV in healthy virus carriers. J Immunol. 1999;
162:1827-1835.

35. Sallusto F, Lenig D, Forster R, Lipp M, Lanzavec-
chia A. Two subsets of memory T lymphocytes
with distinct homing potentials and effector func-
tions. Nature. 1999;401:708-712.

36. Champagne P, Ogg GS, King AS, et al. Skewed
maturation of memory HIV-specific CD8 T lym-
phocytes. Nature. 2001;410:106-111.

37. Van Noesel CJM, Gruters RA, Terpstra FG,
Schellekens PThA, Van Lier RAW, Miedema F.
Functional and phenotypic evidence for a selec-
tive loss of memory T cells in asymptomatic HIV-
infected men. J Clin Invest. 1990;86:293-299.

38. Trimble LA, Lieberman J. Circulating CD8 T lym-
phocytes in human immunodeficiency virus-in-
fected individuals have impaired function and
downmodulate CD3z, the signaling chain of the T
cell receptor complex. Blood. 1998;91:585-594.

39. Trimble LA, Shankar P, Patterson M, Daily JP,
Lieberman J. Human immunodeficiency virus-
specific circulating CD8 T lymphocytes have
down-modulated CD3z and CD28 key signaling
molecules for T cell activation. J Virol. 2000;74:
7320-7330.

40. Zajac AJ, Blattman JN, Murali-Krishna K, et al.
Viral immune evasion due to persistence of acti-
vated T cells without effector function. J Exp Med.
1998;188:2205-2213.

41. Matloubian M, Concepcion RJ, Ahmed R. CD41 T
cells are required to sustain CD81 cytotoxic T-cell
responses during chronic viral infection. J Virol.
1994;68:8056-8063.

42. Pitcher CJ, Quittner C, Peterson DM, et al. HIV-1-
specific CD41 T cells are detectable in most indi-
viduals with active HIV-1 infection, but decline
with prolonged viral suppression. Nat Med. 1999;
5:518-525.

43. Brodie SJ, Lewinsohn DA, Patterson BK, et al. In
vivo migration and function of transferred HIV-1-
specific cytotoxic T cells. Nat Med. 1999;5:34-41.

44. Tan R, Xu X, Ogg GS, et al. Rapid death of adop-
tively transferred T cells in acquired immunodefi-
ciency syndrome. Blood. 1999;93:1506-1510.

45. Fernadez-Cruz E, Munoz-Fernadez MA, Navarro
J, Lopez F, Esteban M. Augmentation of HIV-1
specific cytotoxic lymphocytes and cellular im-
mune responses in HIV-11 individuals treated
with a therapeutic vaccine plus antiretrovirals in a
phase II study: two year results. XIII International
AIDS Conference, Durban, South Africa, 2000.

46. Fan Z, Huang X-L, Borowski L, Mellors JW,
Rinaldo CR. Restoration of anti-human immuno-
deficiency virus type 1 (HIV-1) responses in
CD81 T cells from late-stage patients on pro-
longed antiretroviral therapy by stimulation in vitro
with HIV-1 protein-loaded dendritic cells. J Virol.
2001;75:4413-4419.

47. Connors M, Kovacs JA, Krevat S, et al. HIV infec-
tion induces changes in CD41 T-cell phenotype
and depletions within the CD41 T cell repertoire
that are not immediately restored by antiviral or
immune-based therapies. Nat Med. 1997;3:533-
540.

48. Zou W, Foussat A, Capitant C, et al. Acute activa-
tion of CD81 T lymphocytes in interleukin-2-
treated HIV-infected patients. ANRS-048 IL-2
Study Group. Agence Nationale de Recherches
sur le SIDA. J Acquir Immune Defic Syndr. 1999;
22:31-38.

LOSS OF HIV-SPECIFIC IFN-g1CD81 T CELLS 2511BLOOD, 1 APRIL 2002 z VOLUME 99, NUMBER 7

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/99/7/2505/1681835/2505.pdf by guest on 04 June 2024


