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Recent studies have demonstrated that the b-chemokines RANTES, MIP-1a, and MIP-1b suppress human
immunodeficiency virus type 1 (HIV-1) replication in vitro and may play an important role in protecting
exposed but uninfected individuals from HIV-1 infection. However, levels of b-chemokines in AIDS patients are
comparable to and can exceed levels in nonprogressing individuals, indicating that global b-chemokine
production may have little effect on HIV-1 disease progression. We sought to clarify the role of b-chemokines
in nonprogressors and AIDS patients by examination of b-chemokine production and HIV-1 infection in
patient T-lymphocyte clones established by herpesvirus saimiri immortalization. Both CD41 and CD81 clones
were established, and they resembled primary T cells in their phenotypes and expression of activated T-cell
markers. CD41 T-cell clones from all patients had normal levels of mRNA-encoding CCR5, a coreceptor for
non-syncytium-inducing (NSI) HIV-1. CD41 clones from nonprogressors and CD81 clones from AIDS patients
secreted high levels of RANTES, MIP1a, and MIP-1b. In contrast, CD41 clones from AIDS patients produced
no RANTES and little or no MIP-1a or MIP-1b. The infection of CD41 clones with the NSI HIV-1 strain ADA
revealed an inverse correlation to b-chemokine production; clones from nonprogressors were poorly suscep-
tible to ADA replication, but clones from AIDS patients were highly infectable. The resistance to ADA infection
in CD41 clones from nonprogressors could be partially reversed by treatment with anti-b-chemokine anti-
bodies. These results indicate that CD41 cells can be protected against NSI-HIV-1 infection in culture through
endogenously produced factors, including b-chemokines, and that b-chemokine production by CD41, but not
CD81, T cells may constitute one mechanism of disease-free survival for HIV-1-infected individuals.

The development of AIDS involves complex mechanisms
(10). While most individuals progress to AIDS within 10 years
of human immunodeficiency virus type 1 (HIV-1) infection,
about 5% stay disease free, with stable CD41 cell counts 7 or
more years after infection (10, 13). These categories of patients
are termed progressors and long-term nonprogressors, respec-
tively (10, 13). The reasons for a lack of disease progression are
still unclear but likely involve several factors, including effec-
tive HIV-1-specific immune responses or infection with less-
virulent HIV-1 strains (6, 10, 13, 21). Another potential mech-
anism to mitigate HIV-1 infection and cytopathicity involves
the production of ligands which compete for the cellular core-
ceptors for HIV-1. Recent studies have demonstrated that
certain members of the b-chemokine family, such as RANTES,
MIP-1a, and MIP-1b, can play a critical role in vitro in the
suppression of non-syncytium-inducing (NSI) strains of HIV-1
(1, 7–9, 29). These b-chemokines inhibit HIV-1 by blocking the
C-C chemokine receptor-5 (CCR5), which has been identified

as a necessary coreceptor for NSI strains of HIV-1 (8, 9).
However, the role of the b-chemokines in HIV-1 disease pro-
gression in vivo remains unclear. Although one study has
shown that bulk CD41 and CD81 T cells from HIV-1-infected
asymptomatic subjects produce moderately elevated levels of
b-chemokines that might affect HIV-1 replication (11), other
studies indicate no correlation between b-chemokine levels
and nonprogression (5, 28, 32). Indeed, in one of these studies,
increased levels of RANTES and MIP-1a were reported in
sera from AIDS patients but not in sera from nonprogressors
(32). In the present study, we explored the apparently conflict-
ing roles of HIV-1 infection on b-chemokine production and
disease progression by using immortalized T-cell clones de-
rived from peripheral blood lymphocytes (PBL) of progressors
and long-term nonprogressors.

In recent years, selected strains of herpesvirus saimiri (HVS)
have been employed to immortalize human CD41 and CD81

T cells (reviewed in reference 16). We (25) and others (2, 17,
31) have shown that HVS-immortalized T cells retain the phe-
notype of conventionally cultured T cells, including the T-cell
receptor and antigen-specific responses, and maintain impor-
tant functional pathways. HVS-transformed CD41 cells from
normal donors also retain susceptibility to infection with
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HIV-1 (including strains with limited host cell range), suggest-
ing that no incompatibility exists between HVS immortaliza-
tion and HIV-1 replication (19, 23). We recently described the
generation in culture of long-term CD41 and CD81 T-cell
clones with HVS from PBL of HIV-1-infected subjects (24).
Similar to HVS-immortalized clones from normal donors, T-
cell clones from HIV-1-infected subjects maintained a normal,
functional phenotype (24). In this report, we investigate b-
chemokine production and the role of b-chemokines in HIV-1
infection in HVS-immortalized CD41 and CD81 T-cell clones
developed from HIV-1-positive nonprogressors or AIDS pa-
tients.

The generation with HVS of long-term T-cell clones from
HIV-1-infected subjects has been described previously (24, 26).
In brief, PBL were separated from heparinized blood by Ficoll-
Hypaque gradient (Sigma Chemical Co., St. Louis, Mo.) and
resuspended in RPMI 1640 medium supplemented with 10%
fetal calf serum, 2 mM L-glutamine, penicillin (100 U/ml),
streptomycin (100 mg/ml) (all from Life Technologies, Grand
Island, N.Y.), and 20 U of human interleukin-2 (IL-2) (Boehr-
inger Mannheim, Indianapolis, Ind.) per ml. Ro 31-8959, an
HIV-1 protease inhibitor (a generous gift from I. Duncan) that
inhibits the spread of HIV-1, was added into the medium for
the initial 21 days of culture at a final concentration of 1025 M
(22). Cells were infected with HVS, group C, strain 488-77 at
a multiplicity of infection of 0.1 as previously described (24).
Three to five days after infection, infected PBL were cloned by
seeding at 0.5 to 1 cells/well in 96-well plates containing X-
irradiated allogeneic PBL (105 cells/well). Growing clones
were expanded without any further addition of feeder cells.
The T-cell clones from the nonprogressors used in this study
and the respective blood donors have been previously de-
scribed (24). AIDS patients’ PBL were obtained from subjects
enrolled at the Clinical Trial Unit of St. Luke’s-Roosevelt
Hospital Center; all donors had a circulating CD41 T-cell
count of ,400 per mm3. To increase the proportion of HVS-
immortalized CD41 cells from AIDS patients, CD41 cells
were purified from PBL by anti-CD4 antibody (Ab)-coated
magnetic beads prior to infection with HVS (26). MHCD4 and
CHCD4, HVS-immortalized CD41 clones from normal do-
nors used in this study, have also been described previously
(25). Stable T-cell clones obtained 3 to 4 months after HVS
infection were characterized for surface antigen display by
fluorescence-activated cell sorter analysis as previously de-
scribed (27). The monoclonal fluorescein isothiocyanate- or
phosphatidylethanolamine-labeled Abs included OKT4 (anti-
CD4), OKT8 (anti-CD8), OKT11 (anti-CD2), OKT3 (anti-
CD3) (all from Biosource International, Camarillo, Calif.),
anti-CD14, anti-CD20, and BMA-031 (anti-TCRa/b) (all from
Becton Dickinson, San Jose, Calif.). For analysis of TCR-Vb
expression of the T-cell clones, we used a panel of anti-TCR-
Vb Abs, including anti-Vb2 and -Vb3 Abs (Acac Co., West-
brook, Maine), and Vb5a, Vb5, Vb5c, Vb6a, Vb8a, Vb12a,
Vb13, and Vb17 Abs (all from T Cell Sciences, Cambridge,
Mass.).

A total of 25 HVS-immortalized CD41 T-cell clones and 6
CD81 T-cell clones were selected for the present studies. Like
HVS-immortalized T-cell clones from normal donors (16, 25),
clones from HIV-1-positive subjects expressed T-cell markers
CD2, CD3, and TCRa/b but not CD14 or CD20 (Table 1).
Most of these clones were in an activated state as indicated by
the expression of activation markers HLA-DR and CD25 (data
not shown). As reported previously (24), each T-cell clone we
obtained expressed either CD4 or CD8, and no double-positive
clones were obtained. All T-cell clones from HIV-1-positive
patients tested thus far carried an a/b T-cell receptor, similar

to the majority of T-cell clones from normal donors (25).
Although the CD41 clones from the AIDS patients used in this
study were generated with purified CD41 cells (26), compared
to total PBL in nonprogressors or other AIDS patients (24), no
phenotypic or functional difference was observed among these
CD41 clones, indicating that this slight modification in the
protocol had not preferentially selected any specific subclass of
CD41 cells. Most of the HVS-immortalized T-cell clones from
normal donors are of the Th1 type, i.e., they produce gamma
interferon (IFN-g) but no IL-4 (16, 25). We tested the Th1 or
Th2 phenotypes of these clones by measuring IFN-g and IL-4
production. IL-4 and IFN-g were detected in the culture su-
pernatants of individual T-cell clones with commercial en-
zyme-linked immunosorbent assay (ELISA) kits (Biosource
International) as previously described (25). Similar to the T-
cell clones from the normal donors (16, 25), all CD41 and
CD81 clones established from the PBL of either nonprogres-
sors or AIDS patients constitutively produced variable levels of
IFN-g but not IL-4 (Table 1 and data not shown), indicating
that these clones had a Th1 phenotype.

Recent studies have indicated that the b-chemokines RAN-
TES, MIP-1a, and MIP-1b can block NSI HIV-1 replication in
culture and may play a role in HIV-1 pathogenesis (1, 7–9, 29).
We tested the production of RANTES, MIP-1a, and MIP-1b
by HVS-immortalized CD41 and CD81 clones from HIV-1-

TABLE 1. Phenotypes of CD41 clones from
nonprogressors and AIDS patientsa

Patient no.
(HIV-1 dis-
ease status)

Clone TCR
a/b CD2 CD3 CD14 CD20

Cytokine
(U/ml)

IFN-g IL-4

1 (NPb) NP1-1 1 1 1 2 2 246 0
NP1-2 1 1 1 2 2 194 0
NP1-3 1 1 1 2 2 258 0
NP1-4 1 1 1 2 2 208 0
NP1-5 1 1 1 2 2 188 0
NP1-6 1 1 1 2 2 144 0
NP1-7 1 1 1 2 2 267 0

2 (NP) NP2-1 1 1 1 2 2 75 0
NP2-4 1 1 1 2 2 108 0
NP2-5 1 1 1 2 2 88 0

3 (AIDS) AD1-1 1 1 1 2 2 44 0
AD1-3 1 1 1 2 2 66 0
AD1-6 1 1 1 2 2 248 0
AD1-8 1 1 1 2 2 113 0
AD1-12 1 1 1 2 2 23 0
AD1-13 1 1 1 2 2 131 0
AD1-15 1 1 1 2 2 70 0
AD1-18 1 1 1 2 2 42 0
AD1-19 1 1 1 2 2 41 0
AD1-23 1 1 1 2 2 70 0
AD1-30 1 1 1 2 2 218 0

4 (AIDS) AD2-1 1 1 1 2 2 196 0
AD2-2 1 1 1 2 2 210 0
AD2-4 1 1 1 2 2 76 0
AD2-8 1 1 1 2 2 121 0

None MHCD4 1 1 1 2 2 131 0
None CHCD4 1 1 1 2 2 117 0

a Phenotypes were obtained by fluorescence-activated cell sorter analyses with
appropriate negative and positive controls and by ELISA (for cytokines) as
described previously (25).

b NP, nonprogressor.
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positive subjects, using a sandwich ELISA (R&D Systems,
Minneapolis, Minn.). As summarized in Table 2, none of the
CD41 clones from AIDS patients tested produced RANTES,
only one clone produced a minimal level of MIP-1a, and sev-
eral clones produced low levels of MIP-1b. In contrast to
CD41 clones from AIDS patients, all CD41 clones from both
nonprogressors tested produced high levels of RANTES, MIP-
1a, and MIP-1b (Table 2). The levels of b-chemokine produc-
tion by these clones did not change significantly after stimula-
tion with phytohemagglutinin (data not shown). Although
most of the HVS-immortalized CD41 clones from normal do-
nors did not produce RANTES, MIP-1a, or MIP-1b, many
other clones from these donors did spontaneously produce
these b-chemokines (Table 2 and data not shown), indicating
that the constitutive production of these factors by CD41

clones from nonprogressors may not be due to the selective
immortalization of cells at a specific stage of cellular differen-
tiation. In contrast to the deficient b-chemokine production by
CD41 clones from AIDS patients, a high level of b-chemokine

secretion was observed in a majority of CD81 clones from
patients in both categories (Table 2) as well as in HVS-immor-
talized CD81 clones from normal donors (Table 2 and unpub-
lished data). Thus, both CD41 and CD81 clones from non-
progressors produce high levels of RANTES, MIP-1a, and
MIP-1b, but CD41 clones from AIDS patients are deficient in
the production of RANTES and secrete little or no MIP-1a or
MIP-1b. Since the CD41 clones from nonprogressors ex-
pressed b-chemokines, while the clones from AIDS patients
did not (Table 2), we wondered whether any difference among
these clones existed in the expression of CCR5, the receptor
for these factors as well as the coreceptor for NSI HIV-1
strains (1, 8, 9, 14). To detect mRNA encoding CCR5, reverse
transcription-PCR was performed as previously described (24)
with various T-cell clones from HIV-1-infected subjects and
normal donors and SupT1 cells as the control. PCR was per-
formed with primers for CCR5 that encompass most of the
CCR5 gene open reading frame as described previously (14).
All CD41 clones tested, whether from nonprogressors, AIDS
patients, or normal donors, expressed comparable levels of
CCR5 mRNA. HIV-1-susceptible SupT1 cells also expressed
equivalent levels of CCR5 (data not shown).

Occasional HVS-immortalized CD41 clones from nonpro-
gressors as well as AIDS patients have been found to carry
HIV-1 DNA (24). Indeed, we have recently reported that se-
lected CD41 clones from one AIDS patient spontaneously
produced infectious HIV-1 (26). We examined the HIV-1 sta-
tus of CD41 clones by PCR to detect HIV-1 DNA and by p24
core antigen assay for productive HIV-1 infection as described
previously (4, 30). None of the CD41 clones developed from
nonprogressors produced HIV-1 as tested by p24 measure-
ment (Table 2) and by virus transmission assays by coculture
with SupT1 or HeLa-CD4 cells (data not shown), but one
clone was found to carry latent HIV-1 DNA (Table 2). In
contrast, about one-third of T-cell clones from one AIDS pa-
tient, AD1, carried HIV-1 DNA and constitutively produced
HIV-1 (Table 2). The HIV-1 produced by these cells was
infectious, and some clones produced T-cell-tropic virus, while
others produced dual-tropic HIV-1 (26a). The four CD41

clones established from the PBL of the second AIDS patient,
AD2, were negative for HIV-1 DNA and p24 production. It is
presently unclear whether the productive HIV-1 infection ob-
served in some patients’ T-cell clones (Table 2) occurred dur-
ing immortalization in vitro or whether HVS was able to im-
mortalize cells which carried virus in vivo. As expected, CD4
was downmodulated in HIV-1-producing T-cell clones (Table
2). The significance of nonproductive HIV-1 infection in the
CD41 clone NP1-1 (Table 2) is unclear at present.

Several studies have demonstrated that the b-chemokines
RANTES, MIP-1a, and MIP-1b are able to suppress the rep-
lication of HIV-1 of the NSI phenotype by blocking the C-C
chemokine coreceptor CCR5 (1, 8, 9). Since the CD41 clones
from nonprogressors produced b-chemokines, while the CD41

clones from AIDS patients did not (Table 2), even though all
of these clones expressed comparable levels of CCR5 (data not
shown), we tested the susceptibility of selected CD41 clones
from nonprogressors and AIDS patients to infection with NSI
HIV-1. CD41 clones were infected with NSI strain HIV-1ADA
with 0.5 pg of viral p24 antigen per cell as previously described
(30). Infection was monitored by the measurement of p24
levels in culture supernatants by ELISA with the HIV-1 anti-
gen detection kit (Coulter, Hialeah, Fla.). Cell viability was
monitored by trypan blue exclusion at regular intervals (23).
All HIV-1 DNA–negative CD41 clones from AIDS patients
tested were readily infectable by HIV-1ADA, producing peak
p24 levels of up to 390 ng/ml at 2 to 3 weeks after infection

TABLE 2. b-chemokine production and HIV-1 status of
T-cell clones from HIV-1-infected individuals

Clonea CD4/CD8
HIV statusb b-Chemokine (pg/ml)

DNA p24 RANTES MIP-1a MIP-1b

NP1-1 CD4 1 2 5,510 7,940 15,984
NP1-2 CD4 2 2 13,794 21,747 18,984
NP1-3 CD4 2 2 38,053 21,915 18,912
NP1-4 CD4 2 2 27,484 19,866 20,634
NP1-5 CD4 2 2 12,520 20,403 20,280
NP1-6 CD4 2 2 13,666 20,319 19,356
NP1-7 CD4 2 2 6,599 19,983 19,695
NP2-1 CD4 2 2 3,733 5,080 20,616
NP2-4 CD4 2 2 21,435 6,715 17,865
NP2-5 CD4 2 2 18,187 9,755 13,731
NP2-2 CD8 NAc NA 0 207 3,532
NP2-3 CD8 NA NA 10,220 21,560 39,888

AD1-1d 1 1 0 0 0
AD1-3d 1 1 0 0 0
AD1-6 CD4 2 2 0 0 4,143
AD1-8d 1 1 0 276 2,256
AD1-12 CD4 2 2 0 0 0
AD1-13 CD4 2 2 0 0 1,985
AD1-15 CD4 2 2 0 0 0
AD1-18d 1 1 0 0 3,534
AD1-19 CD4 2 2 0 0 0
AD1-23 CD4 2 2 0 0 0
AD1-30 CD4 2 2 0 0 0
AD1-27 CD8 NA NA 20,780 0 41,400
AD1-28 CD8 NA NA 15,860 34,328 44,184
AD2-1 CD4 2 2 0 0 618
AD2-2 CD4 2 2 0 0 0
AD2-4 CD4 2 2 0 0 0
AD2-8 CD4 2 2 0 0 0
AD2-3 CD8 NA NA 10,700 39,200 38,624
AD2-7 CD8 NA NA 12,325 41,480 44,184

MHCD4 CD4 NA NA 0 0 0
CHCD4 CD4 NA NA 8,770 36,768 34,576
KRCD8 CD8 NA NA 15,285 36,616 40,392

a T-cell clones are as described in Table 1. MHCD4 and CHCD4 are CD41

T-cell clones, and KRCD8 is a CD81 HVS-immortalized T-cell clone from
normal donors (25).

b HIV-1 DNA is by PCR, and p24 is by ELISA.
c NA, not applicable.
d This HIV-1-producing clone was surface-CD4 negative but expressed CD4

mRNA (data not shown).
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(Fig. 1). In contrast, all seven CD41 clones from nonprogres-
sors examined in this assay were poorly susceptible to infection
with the same virus, and peak p24 levels were only between 0.2
and 4.5 ng/ml (Fig. 1). We did not observe a significant reduc-
tion of virus production in CD41 clones from AIDS patients

which produced low levels of MIP-1a or MIP-1b compared to
the level in CD41 clones which did not produce chemokines,
indicating that a low level of chemokine production alone may
not be sufficient to prevent infection by HIV-1ADA (Table 2
and Fig. 1). MHCD4, an HVS-immortalized CD41 T-cell
clone from a normal donor, which does not secrete b-chemo-
kines (Table 2), was also highly susceptible to HIV-1ADA (Fig.
1). These results suggest that the high-level production of b-
chemokines by CD41 clones from nonprogressors may be re-
sponsible for the observed resistance of these clones to HIV-1
infection in culture. Interestingly, two HIV-1-producing clones
from AIDS patients also secreted low levels of MIP1-a and/or
MIP-1b, indicating that the spontaneous production of these
chemokines at low levels does not inhibit HIV-1 replication
(Table 2).

The role of b-chemokines endogenously produced by the
CD41 clones from nonprogressors in protection against HIV-
1ADA was further tested by chemokine neutralization and the
monitoring of virus replication. To test the inhibitory role of
b-chemokines in infection with HIV-1ADA viruses, b-chemo-
kine-producing clones from nonprogressors were cultured in
the presence of anti-RANTES, -MIP-1a, and -MIP-1b neu-
tralizing Abs (10 mg/ml) (all from R&D Systems) either sepa-
rately or in combination for 24 h and then infected with HIV-
1ADA as described above. Infected cultures were maintained in
their respective Ab-containing medium. Culture supernatants
were collected at regular intervals and assayed for HIV-1 pro-
duction by p24 assay as described above. As shown in two
representative experiments in Fig. 2 with HIV-1ADA-resistant
clones NP1-3 and NP1-6, HIV-1 production was enhanced up
to more than 60% when NP1-3 cells were infected in the
presence of neutralizing Abs against RANTES, MIP-1a, and
MIP-1b either alone or in combination, with maximum en-
hancement observed when all three Abs were added together
(Fig. 2A). Similarly, the addition of anti-RANTES Ab en-
hanced HIV-1ADA replication in NP1-6 cells, and although

FIG. 1. Infection of different CD41 clones from nonprogressors and AIDS
patients by HIV-1ADA. An equal number of cells from each clone was infected
with HIV-1ADA (0.5 pg of p24 per cell) as described in the text. Culture super-
natants were collected at regular intervals and assayed for p24 production. Peak
virus production for the clones shown was between 2 and 3 weeks after infection.

FIG. 2. Enhancement of HIV-1ADA replication in nonprogressor clone NP1-3 (A) and NP1-6 (B) by treatment with anti-RANTES, MIP-1a, and MIP-1b Abs. Cells
were cultured for 24 h in the presence of 10 mg of each Ab or isotype control Ab (control) per ml either separately or in combination as shown. Cells were then infected
with HIV-1ADA as in the experiment shown in Fig. 1 and cultured in the respective Ab-containing medium. Virus production (p24) was measured after 2 weeks and
is presented as the increase (percentage) over that of the control. Results of two independent experiments are shown.
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neither anti-MIP-1a nor -MIP-1b alone significantly enhanced
virus production, the combination of all three anti-b-chemo-
kine Abs produced the most enhancing effect, indicating that
these b-chemokines probably acted synergistically toward in-
ducing HIV-1 inhibition (Fig. 2B). It should be noted that the
observed enhancement was from the very low level of HIV-1
infection in these clones and that the infection of NP1-3 and
NP1-6 cells in the presence of antichemokine Abs did not
restore virus production to levels comparable to those seen in
AIDS patients’ clones or in clones from normal donors
(MHCD4) (Fig. 1). This result indicates that other antiviral
factors, in addition to b-chemokines, produced by the nonpro-
gressors’ CD41 cells may be involved in resistance against
HIV-1ADA.

Taken together, our results demonstrate that elevated levels
of endogenous b-chemokine production by CD41, but not
CD81, T-cell clones correlate with a nonprogressor status of
HIV-1-infected individuals and may contribute to the resis-
tance of these clones to NSI HIV-1 infection in vitro. Although
these conclusions were drawn from the study of four patients,
a large number of T-cell clones, all of which showed a similar
phenomenon, were studied in these experiments. While most
of the CD81 clones from either AIDS patients or nonprogres-
sors produced high levels of b-chemokines, only CD41 clones
from nonprogressors produced b-chemokines and were largely
resistant to HIV-1ADA infection in vitro. These results suggest
that the overall levels of b-chemokines in plasma from HIV-
1-infected individuals are potentially less important for protec-
tion from NSI HIV-1 infection than the source of the cells
producing the chemokines. Our results are consistent with the
recent report of Scala et al. (28) and provide an explanation for
paradoxical findings by other investigators who reported either
elevated (33) or comparable (5, 28) levels of b-chemokines in
AIDS patients compared to those in nonprogressors. Given the
demonstrated ability of b-chemokines to inhibit NSI HIV-1
infection in vitro (1, 8, 9), it is surprising that AIDS patients
have high levels of both b-chemokines and replicating HIV-1.
Our results suggest that CD81 cells alone may be responsible
for the production of b-chemokines in AIDS patients and that
the failure of CD41 cells to secrete the chemokines may con-
tribute to the progression of disease in these subjects. Con-
versely, the ability of CD41 T cells of nonprogressors to pro-
duce high levels of chemokines may play an important role in
the inhibition of NSI HIV-1 replication and the control of
disease progression. Other groups (28) have also reported high
levels of b-chemokine production by CD41 cells from nonpro-
gressors. Further studies with additional T-cell clones will be
required to determine whether b-chemokine production by
CD41 cells is a critical feature of nonprogression.

An interesting question is why HIV-1 disease progressed in
AIDS patients in spite of the elevated production of b-chemo-
kines by the patients’ CD81 T cells (5, 28, 33 and Table 2).
Three explanations may be proposed for this apparent para-
dox. First, it has been shown that b-chemokines are effective
only against NSI strains of HIV-1 (7, 8), while HIV-1 disease
progression often correlates with the emergence of SI strains
(10, 13). Thus, control of NSI HIV-1 infection by b-chemo-
kines may not influence disease progression. Second, the
spread of HIV-1 occurs more effectively through cell-cell con-
tact (13). Since our data indicate that b-chemokines found in
AIDS patients may be produced primarily by CD81 T cells
(Table 2), these b-chemokines may not be able to block CCR5
coreceptors on CD41 cells that are not always close to CD81

T cells. In contrast, the endogenous production of b-chemo-
kines by CD41 cells in nonprogressors could provide a readily
available source of CCR5 coreceptor ligands to block receptor

utilization on CD41 cells and prevent viral infection. Third,
several recent studies have suggested that soluble factors other
than b-chemokines, produced by CD81 cells, can play an im-
portant role in suppressing HIV-1 replication (3, 12, 15, 18,
20). It is possible that, although they produce high levels of
b-chemokines, CD81 cells from AIDS patients do not secrete
other HIV-1-suppressing factors and thus fail to prevent
HIV-1 replication and disease progression.

In summary, this study demonstrates that CD41 T-cell
clones from nonprogressors, but not from AIDS patients, pro-
duce high levels of endogenous b-chemokines that can protect
these cells against infection with HIV-1ADA in vitro. However,
CD81 clones from AIDS patients as well as nonprogressors
also produced increased levels of these b-chemokines. These
findings suggest one explanation for the apparent discrepancy
between the high levels of b-chemokines in plasma from AIDS
patients and the absence of protection against HIV-1 infection
in these subjects. Finally, these results underscore the impor-
tance of endogenous b-chemokine production by CD41 T cells
in protecting against HIV-1 infection.
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