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CD4� T cells are required for immunity against many viral infec-
tions, including HIV-1 where a positive correlation has been ob-
served between strong recall responses and low HIV-1 viral loads.
Some HIV-1-specific CD4� T cells are preferentially infected with
HIV-1, whereas others escape infection by unknown mechanisms.
One possibility is that some CD4� T cells are protected from
infection by the secretion of soluble HIV-suppressive factors, al-
though it is not known whether these factors are produced during
primary antigen-specific responses. Here, we show that soluble
suppressive factors are produced against CXCR4 and CCR5 isolates
of HIV-1 during the primary immune response of human CD4� T
cells. This activity requires antigenic stimulation of naı̈ve CD4� T
cells. One anti-CXCR4 factor is macrophage-derived chemokine
(chemokine ligand 22, CCL22), and anti-CCR5 factors include mac-
rophage inflammatory protein-1� (CCL3), macrophage inflamma-
tory protein-1� (CCL4), and RANTES (regulated upon activation of
normal T cells expressed and secreted) (CCL5). Intracellular staining
confirms that CD3�CD4� T cells are the source of the prototype
HIV-1-inhibiting chemokines CCL22 and CCL4. These results show
that CD4� T cells secrete an evolving HIV-1-suppressive activity
during the primary immune response and that this activity is
comprised primarily of CC chemokines. The data also suggest that
production of such factors should be considered in the design of
vaccines against HIV-1 and as a mechanism whereby the host can
control infections with this virus.

CD4� T cells are required for immunity against many viral
infections including HIV-1 (reviewed in ref. 1). In this

regard, a positive correlation has been observed between strong
recall responses of CD4� T cells and low HIV-1 viral loads (2–4).
Some HIV-1-specific CD4� T cells are preferentially infected
with this virus (5), whereas others escape HIV infection by
unknown mechanisms. One possibility is that some CD4� T cells
are protected from infection by virtue of their ability to secrete
soluble HIV-suppressive factors. The production of HIV-1-
suppressive factors is well established for CD8� T cells (6) and
has been correlated with decreased viral loads (7), resistance of
hemophiliacs repeatedly exposed to HIV-1 to infection (8), and
favorable prognosis in HIV-infected subjects (9, 10). This infor-
mation raises the question of whether similar factors are pro-
duced by CD4� T cells during antigen-specific responses. Al-
though there are several reports that CD4� T cell lines and
clones can secrete anti-HIV-1-suppressor factors (11–14), it is
not known whether CD4� T cells produce anti-HIV-1-
suppressor factors in an immunologically clear context such as
the primary immune response.

To address this question, we developed an in vitro system that
mimics the conditions of primary antigen-specific CD4� T cell
responses. Primary T cell responses are initiated in secondary
lymphoid tissues by antigen-loaded dendritic cells, which are the
only cells capable of priming naı̈ve T cells (15–17). We used
negative selection to obtain highly purified naı̈ve CD4� T cells
from the peripheral blood of healthy donors and also monocytes
to generate immature monocyte-derived dendritic cells
(MDDC) to initiate a primary T cell response in vitro. This

system faithfully mimics the early stages of the antigen-specific
response of naı̈ve human CD4� T cells, including clonal activa-
tion, expansion, contraction, and maintenance (unpublished
work and ref. 18). We used this system to study the kinetics of
production of HIV-1-suppressive factors against both CXCR4
(X4) and CCR5 (R5) viruses. CD4� T cells, starting as naı̈ve cells
and differentiating in response to different antigens, secreted
factors that inhibited both HIV-1IIIB (X4) and HIV-1BaL (R5).
The anti-X4 factor is predominantly the CC chemokine CCL22
(macrophage-derived chemokine), whereas the anti-R5 factors
are CCL3 (macrophage inflammatory protein-1�), CCL4 (mac-
rophage inflammatory protein-1�), and CCL5 [regulated upon
activation of normal T cells expressed and secreted (RANTES)].
Intracellular staining indicates that CD3�CD4� cells are the
source of the prototype HIV-1 inhibiting chemokines CCL22
and CCL4. Taken together, these studies demonstrate the
production of suppressive factors against X4 and R5 HIV-1
isolates during the primary immune response of CD4� T cells.
The significance of these studies for HIV-1 pathogenesis and
vaccine development is discussed.

Materials and Methods
Generation of MDDC. Heparinized peripheral blood was obtained
from healthy volunteers under informed consent approved by
the Institutional Review Board of the University of Maryland.
Mononuclear cells were isolated by centrifugation over Ficoll-
Hypaque (Sigma). MDDC were generated as described (19) with
minor modifications (20, 21). Briefly, monocytes were negatively
selected from peripheral blood mononuclear cells, adhered to
plastic for 2 h, washed, and then cultured for 7 days in MDDC
culture medium [StemSpan serum-free medium, StemCell Tech-
nologies, Vancouver, supplemented with 100 �g�ml streptomy-
cin, 100 units�ml of penicillin G (Life Technologies, Rockville,
MD), 50 ng�ml granulocyte–macrophage colony-stimulating
factor, and 1,000 units�ml of IL-4 (R & D Systems)]. The MDDC
displayed clear dendritic morphology and had the expected
phenotype as determined by flow cytometry (data not shown).

Flow Cytometry. Cells of the types indicated in the text were
washed in wash buffer [PBS with 2% heat-inactivated human AB
serum (Sigma) and 0.1% sodium azide] and incubated for 30 min
at 4°C with fluorochrome-labeled mAbs. The following mAbs
were purchased from Becton Dickinson–Pharmingen: FITC
anti-CD1a, peridinin chlorophyll protein (PerCP) anti-CD3,
PerCP anti-CD4, allophycocyanin (APC) anti-CD4, APC anti-
CD14, PerCP anti-CD19, APC anti-CD45RO, APC anti-CD56,
phycoerythrin (PE) anti-CD62L, FITC anti-CD83, PE anti-
CD86, APC anti-R5, and PE anti-HLA-DR. Additional mAbs
were purchased from Beckman Coulter, including biotin-
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conjugated anti-T cell receptor (TCR) V�2, and PE anti-TCR
V�17. The samples were analyzed by four-color flow cytometry
using a FACScalibur flow cytometer (Becton Dickinson). Data
analysis was performed with FLOWJO software (Tree Star, San
Carlos, CA).

Isolation of Naı̈ve CD4� T Cells. Naı̈ve CD4� T cells were isolated
from peripheral blood mononuclear cells by negative selection
with a mixture of mAbs from StemCell Technologies according
to the manufacturer’s instructions. The mixture included mAbs
to CD8, CD14, CD16, CD19, CD45RO, CD56, and glycophorin
A. An anti-human HLA-DR tetrameric mAb (StemCell Tech-
nologies) was also included to increase the purity of the naı̈ve
CD4� T cells. The isolated cells were completely depleted of
monocytes, NK, B, and CD8� T cells and were �95% CD3�

CD4�. Generally, 92–99% of the isolated CD4� T cells were
naı̈ve as judged by surface expression of CD62L (CD62L�), low
expression of CD11a, and the lack of expression of CD25,
CD45R0, and HLA-DR (data not shown).

Antigen-Specific Stimulation of Naı̈ve CD4� T Cells in Vitro. Carboxy-
fluorescein succinimidyl ester (CFSE; Molecular Probes) label-
ing of naı̈ve CD4� T cells was carried out as described (22). Naı̈ve
CD4� T cell proliferation medium consists of �-MEM without
ribonucleosides and deoxyribonucleosides supplemented with
10% heat-inactivated human AB serum, 4 mM L-glutamine, 20
mM Hepes buffer, 100 �g�ml streptomycin, 100 units�ml pen-
icillin G, 1 mM sodium pyruvate, and 50 �M 2-mercaptoethanol,
hereafter referred to as complete �-MEM. Lipopolysaccharide
contamination of the antigens was monitored routinely by the
limulus assay (BioWhittaker) and was always �100 pg�ml.
Immature MDDC were harvested on day 7 after monocyte
culture in MDDC culture medium and washed three times in
complete �-MEM. The washed MDDC (2 � 103 per well for
antigen-specific responses and 1 � 104 per well for mixed
lymphocyte reaction) were used for priming naı̈ve CD4� T cells
(2 � 105 per well), which were labeled or not with CFSE, in 200
�l of total culture volume in 96-well U-bottom plates with or
without antigen. Unless indicated otherwise, the following an-
tigen concentrations were used: 100 ng�ml Staphylococcus en-
terotoxin B (SEB; Sigma) or 100 ng�ml toxic shock syndrome
toxin 1 (TSST-1; Toxin Technologies, Sarasota, FL). The cul-
tures were incubated in a humidified incubator in the presence
of 5% CO2 at 37°C for the times indicated in the text. The day
the antigen-specific response was initiated is designated as day
zero. Proliferation was estimated by CFSE dilution using flow
cytometry. Background proliferation was determined by omit-
ting antigen from the cultures. For flow cytometry, cultured cells
were harvested, washed in wash buffer, and incubated for 30 min
at 4°C with mAbs, washed, and fixed for flow cytometric analysis.
The instrument settings used for acquisition of samples for
different days in the same experiment were identical. A total of
50,000–400,000 events were acquired for data analysis. In some
cases, dead cells were excluded from the analysis by using
ethidium monoazide staining (Molecular Probes).

TCR V� Usage. Naı̈ve CFSE-labeled CD4� T cells (2 � 105 cells
per well) were stimulated with 1 �g�ml SEB or TSST-1 in the
presence of autologous MDDC (2 � 103 cells per well). At days
3 and 5, the cells were harvested and analyzed for V�2 and V�17
expression by flow cytometry.

Viral Inhibition Assay. Cells were cultured with or without antigens
as indicated in the text, and the tissue culture supernatants were
harvested at the indicated time points. An acute viral inhibition
assay was used to test the HIV-1-suppressive activity of these
supernatants as described (9). Brief ly, medium (complete
�-MEM), test supernatants (50% vol�vol), or positive controls

were added to HIV-1-infected peripheral blood mononuclear
cells (9). On the third day of culture, half of the medium was
replaced with the corresponding medium or supernatant. On day
6, p24 was quantified by ELISA (NEN) as a measure of HIV-1
replication. The p24 concentration in the presence of complete
�-MEM was considered as 100% viral growth, and the percent-
age of inhibition of HIV-1 was calculated by using the p24
concentration obtained in the presence of the supernatants
harvested from the test cultures. For the reversal of HIV-1-
suppressor activity with antibodies, supernatants harvested from
activated CD4� T cells were incubated with a polyclonal anti-
CCL22 antibody (PeproTech, Rocky Hill, NJ), a mixture of
polyclonal antibodies against CCL3, CCL4, and CCL5, or iso-
type controls (R & D Systems) for 45 min at 37°C before addition
to the infected cultures. The final concentration of each antibody
was 50 �g�ml. The isotype control antibodies did not affect the
p24 value of the medium by �5%.

Chemokine ELISA. The levels of CCL1 (I309), CCL3, CCL4, CCL5,
and CCL22 in the supernatants of activated and nonactivated
cells were determined by ELISA according to the manufacturer’s
instructions (R & D Systems).

Analysis of Intracellular Chemokines Using Flow Cytometry. Four
days after priming of CFSE-labeled naı̈ve CD4� T cells with SEB
(100 ng�ml), they were collected, washed, and restimulated (or
not) with phorbol myristate acetate (PMA; 25 ng�ml) and
ionomycin (1 �g�ml) (both from Sigma) for a total of 5 h.
Brefeldin A (Sigma) was added at 10 �g�ml immediately after
the addition of PMA�ionomycin. The cells were washed, per-
meablized with FACS permeablizing solution (Becton Dickin-
son–Pharmingen), washed again, and incubated with a combi-
nation of PE-labeled CCL22-specific (R & D Systems), or
PE-labeled CCL4-specific mAbs in addition to APC anti-CD4-
and peridinin chlorophyll protein anti-CD3-specific mAbs (all
from Becton Dickinson–Pharmingen). The cells were washed
and fixed for flow cytometric analysis.

Results and Discussion
To address whether CD4� T cells produce HIV-1-suppressor
factors during primary responses, we developed an in vitro model
system that mimics the conditions of primary antigen-specific
CD4� T cell responses. We used negative selection to obtain
highly purified MDDC and naı̈ve CD4� T cells from the
peripheral blood of healthy donors to initiate a primary T cell
response in vitro. In this system, there are no qualitative differ-
ences in the responses elicited by soluble proteins, superantigens,
and alloantigens, although there are quantitative differences
with respect to the magnitude and kinetics of the responses that
are determined by differences in antigen-specific precursor
frequency (unpublished work and ref. 18). For example, naı̈ve
CD4� T cells show the same evolution pattern of forward and
orthogonal light scatter populations regardless of the antigenic
stimulus. This is also true for the evolution of CD4� T cells
subsets defined by the conventional activation�memory makers
CD45R0 and CD62L (23–25). Indeed, the data strongly suggest
that once an immune response is initiated in our system, it
evolves in a deterministic fashion irrespective of whether the
immunogen was keyhole limpet hemocyanin, superantigen, or
alloantigen. Thus, the superantigen response in our system is a
reasonable model for a generic primary immune response of
human CD4� T cells.

An example of system performance is shown in Fig. 1 by
demonstrating specific clonal expansion in response to two
superantigens. Two TCR V� markers were used to trace the
clonal expansion of naı̈ve CD4� T cells responding selectively to
the superantigens SEB and TSST-1. V�2 is the only V� known
to be used by TSST-1, whereas V�17 is one of six V�s used by
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SEB (reviewed in refs. 26 and 27). CFSE-labeled naı̈ve CD4� T
cells were stimulated with SEB or TSST-1 and V� expression
plotted versus CFSE intensity as an indicator of cell division for
each of the stimuli. Fig. 1 A Right shows that �8% (day 3) and
�16% (day 5) of the naı̈ve CD4� cells responding to SEB were
V�17�. As expected (26, 27), V�2� cells did not respond to SEB
(Fig. 1 A Left). By contrast, essentially all V�2� cells responded
to TSST-1 by days 3 and 5 (Fig. 1B Left). Again, as expected (26,
27), V�17� cells did not respond to TSST-1 (Fig. 1B Right).
Approximately 17% of the naı̈ve CD4� T cells responding to
TSST-1 were V�2�, suggesting additional TCR V�(s) are used
in response to this superantigen. These results demonstrate
efficient clonal activation and expansion of naı̈ve CD4� T cells
in this system without activation of bystander clones. Additional
aspects of this system such as clonal contraction and mainte-
nance are described in detail elsewhere (unpublished work and
ref. 18).

The production of soluble anti-HIV suppressive factors was
determined by using supernatants collected after 1–7 days of
stimulation of naı̈ve CD4� T cells with autologous MDDC and
superantigens (SEB or TSST-1) or with allogeneic MDDC.
Supernatants were tested for suppression of X4 (HIV-1IIIB) or
R5 (HIV-1BaL) infection in a phytohemagglutinin-activated pe-
ripheral blood mononuclear cells-based infectivity assay as de-
scribed in Materials and Methods. As shown in Fig. 2A, anti-X4
and anti-R5 activities were detected. In the data shown in Fig.
2A, the anti-X4 activity was 75% inhibition and 71% inhibition
at days 4 and 7 poststimulation, respectively (data derived from
eight independent donors). Anti-R5 activities increased from
�40% inhibition on day 4 to �95% inhibition by day 7 (data
derived from three different donors). These activities were
present at equivalent levels regardless of whether the cells were
activated with the superantigens SEB, TSST-1, or allogeneic
MDDC (data not shown).

Because CD4� T cell lines and clones are known to secrete
antiviral chemokines (11–14), it was important to determine
whether these factors are secreted during the primary immune
response. To examine this possibility, we used ELISA to quantify
the two X4-suppressive CC chemokines, CCL1 (28, 29) and
CCL22 (30), and the three R5-suppressive �-chemokines, CCL3,

CCL4, and CCL5. Chemokines were quantified in supernatants
taken on days 1–7 from mixtures of naı̈ve CD4� T cells and
MDDC cultured with (Fig. 2B) or without (Fig. 2C) antigenic
stimulation. As shown in Fig. 2B, the concentrations of CCL3,
CCL4, CCL5, and CCL22 increased with time of culture,
reaching a plateau by �day 5. By contrast, CCL1 concentrations
did not increase. On the other hand, these chemokines were
found at very low levels in the supernatants of unstimulated cells
(Fig. 2C). Thus, we speculated that CCL22 comprises the anti-X4
activity and that CCL3, CCL4, and CCL5 comprise the anti-R5
activity. This idea is supported for CCL22 and anti-X4 activity
by the close temporal relationship between HIV-1IIIB inhibition
and CCL22 levels in the supernatants of the activated cells (Fig.
2D) and by the reversal of anti-X4 activity (see Materials and
Methods for details) of the supernatants by anti-CCL22 poly-
clonal antibodies (Fig. 2E). Although, these data suggest that
CCL22 is the predominant anti-X4 factor in the supernatants at
times of peak antiviral activity, the inability to completely
reverse the antiviral effect by anti-CCL22 (days 1 and 7, Fig. 2E)
leaves open the possibility that additional X4 HIV-suppressor
factors are elaborated in our system. Although such putative
factors remain unidentified they do not appear to be �-defensins
(ref. 31 and data not shown).

There was also a temporal correlation between the levels of
CCL3, CCL4, and CCL5 in the supernatants and their ability to
suppress R5 viruses (data not shown). In addition, treatment of
day 4 supernatants with a mixture of anti-CCL3, CCL4, and
CCL5 polyclonal antibodies completely reversed HIV-1BaL sup-
pression (Supporting Text and Fig. 4, which are published as
supporting information on the PNAS web site) confirming that
R5 ligands are responsible for the anti-R5 activity. Notably,
CCL22 did not significantly inhibit R5 HIV-1 in the context of
our system because such activity would have been apparent upon
neutralization of the R5 ligands. Such findings contrast with the
properties of recombinant or purified native forms of CCL22,
which are R5 suppressive (30, 32) and emphasize a complex
interplay among HIV-suppressive factors released during im-
mune responses that is not reflected in the direct analyses of
isolated chemokines. On the other hand, a recent study showed
that the addition of naı̈ve CD4� T cells suppressed replication of

Fig. 1. TCR V� usage suggests that the responses are strictly antigen-specific. Naı̈ve CD4� T cells labeled with CFSE were stimulated with 1 �g�ml SEB (A) or
TSST-1 (B) in the presence of autologous MDDC as described in Materials and Methods. At indicated time points, the cells were harvested and stained with V�2
and V�17 mAbs for flow cytometric analysis. Dead cells were excluded from this analysis by ethidium monoazide staining. The horizontal lines represent the
cutoff of specific V� staining as determined by unstimulated cells and isotype controls. Data are representative of independent experiments carried out with
cells derived from three normal donors.
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HIV-1BaL (R5 isolate) in infected CD62L��CD45RA� memory
CD4� T cells after anti-CD3�CD28 or anti-CD3�CD80 stimu-
lation (33). This activity was also seen in TCR-activated total
(naı̈ve and memory), HIV-1-infected CD4� T cells (33). How-
ever, the suppressor activity was not attributed to the presence
of CCL3, CCL4, and CCL5 in the supernatants of the activated
cells and seems to require cell-to-cell contact (33). Despite
differences in the techniques, methods of activation and identity
of the suppressor factor, the data presented in ref. 33 and herein
strongly suggest that naı̈ve cells can suppress R5 HIV-1 infection
upon activation in vitro.

Although it is clear that secretion of these antiviral factors in
our system requires antigen activation, their cellular source

could be CD4� T cells, MDDC, or both (11–14, 34). Because we
postulate that the secretion of these antiviral chemokines is an
important effector mechanism whereby CD4� T cells temper
HIV-1 infection, we used intracellular staining to verify that
CD4� T cells are in fact the primary sources of chemokines in
our system. The data shown in Fig. 3 demonstrate directly that
CCL22 (Left) and CCL4 (Right) are synthesized by the respond-
ing CD4� T cells after 4 days of culture with SEB and autologous
MDDC. It should be noted that the cells did produce both
CCL22 and CCL4 with and without undergoing cell division
upon antigenic stimulation, suggesting that they can produce
these CC chemokines early during primary responses. We have
not been able to recover sufficient MDDC in this system to
determine whether they also synthesize these chemokines. Nev-
ertheless, our data are most consistent with the CD4� T cells
being the primary source of antiviral chemokines in that MDDC
are present at frequencies �1% of those of CD4� T cells in this
system. Taken together, these studies demonstrate and charac-
terize the production of suppressive factors against X4 and R5
HIV-1 isolates during the primary antigen-specific CD4� T cell
response. Our data show that the activity produced during the
primary CD4� T cell response is comprised principally, if not
exclusively, of antiviral � chemokines as it has been described for
memory CD8� T cells (6, 30, 35–37).

Fig. 2. Activated antigen-specific CD4� T cells inhibit X4 and R5 HIV-1
isolates, and this activity is mediated by the CC chemokines. (A) Individual
supernatants harvested on days 4 and 7 from SEB-, TSST-1-, or allogeneic
MDDC-activated cells were tested for inhibition of X4 (HIV-1IIIB) and R5 (HIV-
1BaL) viruses in the viral inhibition assay as described in Materials and Methods.
The data are shown as the average percentage of inhibition by the individual
supernatants. Anti-HIV-1 chemokine concentrations (�, CCL1; F, CCL3; �,
CCL4; ■ , CCL5, and E, CCL22), determined by ELISA in the supernatants, are
shown for naı̈ve CD4� T cells cultured with autologous MDDC in the presence
of TSST-1 (B) and for naı̈ve CD4� T cells cultured with MDDC alone (C) (see
Materials and Methods for details). Data are representative of 10 experi-
ments. (D) Temporal correlation between CCL22 concentration ({) and HIV-
1IIIB inhibition (�) for eight different individuals in supernatants from naı̈ve
CD4� T cells cultured with autologous MDDC and superantigens (SEB or
TSST-1) or with allogeneic MDDC. (E) CCL22-neutralizing antibodies reverse
the antiviral activity of activated CD4� T cell supernatants against HIV-1IIIB. The
reversal of HIV-1IIIB suppressor activity by CCL22-neutralizing antibodies is
shown as the average percentage of reversal in three independent experi-
ments (using independent donors) in which naı̈ve CD4� T cells were cultured
with autologous MDDC and SEB. Error bars represent the SEM.

Fig. 3. CD4� T cells synthesize anti-X4 and anti-R5 chemokines in response
to antigen. Naı̈ve CD4� T cells were labeled with CFSE and stimulated or not
with 100 ng�ml SEB in the presence of autologous MDDC. On day 4 of culture,
the cells were restimulated with phorbol myristate acetate�ionomycin, and
the synthesis of anti-X4 (CCL22, Left) and anti-R5 (CCL4, Right) chemokines by
unstimulated (A) and SEB-stimulated (B) cells was determined by intracellular
staining as described in Materials and Methods. (C) Isotype control staining is
shown only for SEB-stimulated cells. Shown is cell division, as determined by
decreased CFSE intensities on the abscissa and CCL22, CCL4 (A and B), or isotype
control staining (C) on the ordinate. These parameters were determined on
populations gated for both resting and blasting lymphocytes by using forward
light scatter versus orthogonal light scatter followed by gating on CD3��CD4�

cells. Data are representative of four independent donors and experiments.

Abdelwahab et al. PNAS � December 9, 2003 � vol. 100 � no. 25 � 15009

IM
M

U
N

O
LO

G
Y



Summary and Conclusions
Our results demonstrate that CD4� T cells produce HIV-1-
suppressive factors against the X4 (HIV-1IIIB) and R5 (HIV-
1BaL) viruses during primary responses in vitro. These activities
were present at equivalent levels regardless of whether the cells
were activated with SEB, TSST-1, or allogeneic MDDC. The
anti-X4 activity was caused mainly by CCL22, and the anti-R5
activity was caused by the R5 ligands (CCL3, CCL4, and CCL5).
This finding was confirmed by using neutralizing antibodies
against CC chemokines to effectively reverse the anti-HIV-1-
suppressor activity obtained from antigen-stimulated cells. We
also showed that activated CD4� T cells are the major source of
these CC chemokines as determined by flow cytometry.

The HIV-1-suppressor activity of activated CD4� T cells,
during primary responses, paints a more complicated picture
than expected for the means by which CD4� T cells regulate
HIV-1 infection. Our data suggest that if CD4� T cells encounter
HIV-1 in the right context, some of them will be protected
against R5 and X4 viruses. This finding suggests a complicated
outcome of acute infection in which some HIV-1-specific CD4�

T cells are infected and die, whereas others are resistant to
HIV-1 infection by virtue of their ability to produce anti-X4 and
anti-R5 factors. A major future effort will be to determine

whenever the release of these factors, known and unknown,
allows some degree of ‘‘autoprotection’’ in the CD4� T cell
population. It is also possible that the production of these
antiviral factors drive the generation of the CD4� T cells that
function as the major lymphocytic reservoir of HIV-1 (reviewed
in ref. 38). Most notably, our system makes it possible to address
these issues in the context of the primary antigen-specific
response of human CD4� T cells. These studies identify targets
for vaccine development to prevent either infection with HIV-1
or its ability to cause rapidly progressive disease.

In summary, the data presented above show that soluble
HIV-suppressive factors are released during primary antigen-
specific responses of CD4� T cells and suggest that such re-
sponses should be considered in the design of vaccines against
HIV-1 and as a mechanism whereby the host controls infections
with this virus.
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