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ABSTRACT It has been demonstrated that CD81 T cells
produce a soluble factor(s) that suppresses human immuno-
deficiency virus (HIV) replication in CD41 T cells. The role of
soluble factors in the suppression of HIV replication in
monocyteymacrophages (MyM) has not been fully delineated.
To investigate whether a CD81 T-cell-derived soluble factor(s)
can also suppress HIV infection in the MyM system, primary
macrophages were infected with the macrophage tropic HIV-1
strain Ba-L. CD81 T-cell-depleted peripheral blood mononu-
clear cells were also infected with HIV-1 IIIB or Ba-L. HIV
expression from the chronically infected macrophage cell line
U1 was also determined in the presence of CD81 T-cell
supernatants or b-chemokines. We demonstrate that: (i)
CD81 T-cell supernatants did, but b-chemokines did not,
suppress HIV replication in the MyM system; (ii) antibodies
to regulated on activation normal T-cell expressed and Se-
creted (RANTES), macrophage inf lammatory protein 1a
(MIP-1a) and MIP-1b did not, whereas antibodies to inter-
leukin 10, interleukin 13, interferon a, or interferon g mod-
estly reduced anti-HIV activity of the CD81 T-cell superna-
tants; and (iii) the CD81 T-cell supernatants did, but b-che-
mokines did not, suppress HIV-1 IIIB replication in
peripheral blood mononuclear cells as well as HIV expression
in U1 cells. These results suggest that HIV-suppressor activity
of CD81 T cells is a multifactorial phenomenon, and that
RANTES, MIP-1a, and MIP-1b do not account for the entire
scope of CD81 T-cell-derived HIV-suppressor factors.

Cells of the monocyteymacrophage (MyM) lineage are major
targets of HIV (1, 2). Unlike CD41 T cells, which are the other
major target of HIV and which are depleted during the course
of HIV disease, infection of cells of the MyM lineage does not
necessarily lead to rapid cytolysis; rather, infection of these
cells generally results in latency or persistent low-level chronic
infection (3, 4). Different strains of HIV-1 vary markedly in
their ability to infect cells belonging to the MyM lineage (5, 6).
HIV-1 strains tend to lose macrophage tropism during labo-
ratory adaptation or progression of clinical disease. Thus, the
MyM system seems to play a substantial role in the pathogen-
esis of HIV disease, especially during primary infection and the
clinically latent period; however, the mechanisms involved in
establishment of viral latency or persistent infection in the
MyM system are not well understood.
A number of cytokines, including tumor necrosis factor a,

interleukin 1 (IL-1), IL-6, granulocyteymacrophage colony-
stimulating factor (GM-CSF), and macrophage CSF, have
been shown to upregulate HIV replication in the MyM system
(reviewed in ref. 7). In contrast, interferons (IFNs) a and b and
IL-13 (8) suppress, and IL-10 (9), IFN-g (10), and transform-

ing growth factor b (11) have dichotomous effects on HIV
replication in the MyM system. Interestingly, these anti-HIV
cytokines have little or no effect on HIV replication in primary
lymphocytes, suggesting that regulation of HIV replication by
cytokines is dependent on the cell type in question.
It was initially demonstrated by Walker et al. (12) and

subsequently confirmed by others (13–15) that CD81 T cells
are capable of suppressing in vitro HIV replication in CD41 T
cells or peripheral blood mononuclear cells (PBMCs) in a
noncytolytic, major histocompatibility complex nonrestricted
manner (reviewed in ref. 16). This suppressive effect is medi-
ated, at least in part, by a soluble factor(s) produced by CD81

T cells (17). It is unclear whether a CD81 T-cell-derived
soluble factor(s) is also capable of suppressing HIV infection
in cells belonging to the MyM lineage. Recently, Cocchi et al.
(18) reported that the b-chemokines RANTES (regulated on
activation, normal T-cell expressed and secreted), macrophage
inflammatory protein 1a (MIP-1a), andMIP-1b, derived from
CD81 T cells, suppressed HIV replication in a CD41 T-cell
clone and in PBMCs. Several laboratories have recently iden-
tified CCR5, a receptor for RANTES, MIP-1a, and MIP-1b as
a coreceptor for HIV-1 macrophage tropic strains, indicating
that the b-chemokines inhibit HIV-1 infection by interfering
with viral entry (19–23). However, their activity in cells of the
MyM lineage is still in question.
In this study, we have examined the relative effects of crude

supernatants from CD81 T cells compared with purified
RANTES, MIP-1a, MIP-1b, and a number of other cytokines
on the regulation of HIV-1 Ba-L replication in acutely infected
MyM and primary PBMCs as well as on the regulation of HIV
expression in chronically infected promonocytic cell lines. Our
results indicate that theHIV-suppressor effects of CD81T-cell
supernatants are complex and multifactorial and that these
effects cannot be accounted for exclusively by RANTES,
MIP-1a, and MIP-1b.

MATERIALS AND METHODS
Isolation and Culture of Peripheral Monocytes and Lym-

phocytes. PBMCs were obtained from HIV-negative, healthy
donors by FicollyHypaque centrifugation, and seeded on
plastic tissue culture plates. After 3–4 hr incubation at 378C in
humidified 5% CO2y95% air atmosphere, nonadherent cells
were removed by vigorous pipetting, and adherent cells were
maintained in DMEM supplemented with 10% human male
AB serum (Sigma) andGM-CSF (2 ngyml; R&D Systems) for
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10–14 days. The media, sera, and cytokines were determined
to be endotoxin free. More than 98% of the adherent cells
obtained by this procedure were identified as monocyte-
derived macrophages (MDM) by their morphology and non-
specific esterase activity.
PBMCs from HIV-infected or uninfected individuals were

depleted of monocytic cells and CD81 T cells with immuno-
magnetic beads specific for CD14 and CD8 (Dynal, Lake
Success, NY), respectively, following the plastic adherence
procedure as described above. CD81 T cells were positively
selected with immunomagnetic beads specific for CD8 (Dy-
nal). CD8- and monocyte-depleted PBMCs were stimulated in
RPMI 1640 medium (BioWhittaker) containing 10% heat-
inactivated fetal bovine serum (FBS; HyClone), phytohemag-
glutinin (3 mgyml; Sigma), and IL-2 (10 unitsyml; Boehringer
Mannheim) for 3 days before infection with HIV.
Cell Lines. The chronically HIV-infected U1 cells were

described (24). Upregulation of HIV expression was induced
by phorbol 12-myristate 13-acetate (PMA; 1028 M; Sigma).
Establishment of Herpesvirus Saimiri-Transformed CD81

T Cells. CD81 T cells were positively selected as described
above from PBMCs derived from an HIV-1-infected, asymp-
tomatic individual. Approximately 5 3 106 cells were infected
with approximately 106 plaque-forming units of herpesvirus
saimiri (HVS) strain 488–779 (kindly provided by R. C.
Desrosiers, New England Regional Primate Center, Harvard
Medical School, Southborough, MA), as described (25). HVS-
transformed CD81 T cells (HVSyHIV1yCD81 T cells) were
maintained in long-term culture (more than 6 months) in
RPMI 1640 medium supplemented with 10% heat-inactivated
FBS and recombinant human IL-2 (2.5 unitsyml; Boehringer
Mannheim). The transformed cells were tested for HVS
production by coculture with permissive owl monkey kidney
cells, and for HIV infection by polymerase chain reaction using
SK38ySK39 primers; neither HVS nor HIV was detected.
Preparation of CD81T-Cell Culture Supernatants. HVSy

HIV1yCD81 T cells were stimulated with IL-2 (10 unitsyml)
alone, whereas primary CD81 T cells were stimulated with
phytohemagglutinin and IL-2. Cell-free supernatants were
collected from CD81 T-cell cultures, passed through a
0.45-mm (pore size) filter, and kept at 48C for a short period
(,2 weeks) or at 2708C for longer periods.
Infection of Primary MDMs and Lymphocytes with HIV-1.

Approximately 1 3 105 primary MDMs were exposed to the
macrophage-tropic Ba-L strain of HIV-1 (American Biotechnol-
ogies, Columbia, MD) or the primary isolate AU (derived in our
laboratory and provided by M. Ostrowski) at a multiplicity of
infection of approximately 0.01 at 378C for 2 hr, washed twice,
refed with DMEM supplemented with 10% HS and GM-CSF,
and incubated at 378C in 5% CO2 in humidified air. Approxi-
mately 2 3 105 CD8- and monocyte-depleted PBMCs were
exposed to HIV-1 Ba-L or IIIB at a multiplicity of infection of
approximately 0.01 at 378C for 2 hr, washed twice, and refed with
RPMI 1640 medium supplemented with 10% FBS and rIL-2 (10
unitsyml). These cultures were maintained in the presence of
cytokines as indicated or supernatants fromCD81T-cell cultures.
Where indicated, goat IgG, mouse IgG1, or antibodies to RAN-
TES,MIP-1a,MIP-1b, IL-10, IL-13, IFN-a, or IFN-gwere added
to the CD81 T-cell supernatants.
Approximately one-half of the culture supernatants were

replaced with the same medium containing the indicated
cytokine or antibody every 3–4 days for several weeks after
infection. Aliquots of cell-free supernatants were kept at
2208C for measurement of reverse transcriptase (RT) activity
andyor p24 antigen.
RT Assays and p24 Antigen Assays. RT assays were per-

formed as described (26), and p24 antigen levels were deter-
mined by an enzyme-linked immunosorbent assay (Coulter).
Northern Blot Analysis. Northern blot analysis was per-

formed as described (27). The same membrane was hybridized

with probes specific for the CCR5 (28), CXCR4 (29), or
b-actin gene.

RESULTS
A Soluble Factor(s) Produced from CD81T Cells, but Not

Exogenous b-Chemokines RANTES, MIP-1a, and MIP-1b,
Suppress Replication of HIV-1 Ba-L in MyM. Anti-HIV
activity of cell-free supernatants from CD81 T cells was
investigated in either MyM or PBMCs. As a source of CD81

T-cell supernatants, we isolated and transformed CD81 T cells
from an HIV-infected, asymptomatic individual with HVS.
HVS-transformed T cells are known to retain essential prop-
erties of conventionally cultured T cells, including cytokine
production, and express only two viral proteins of unknown
function (30). A 50% dilution of a supernatant derived from
cultures of HVSyHIV1yCD81 T cells was added every 4 days
toMDMs that had been acutely infected with HIV-1 Ba-L, and
RT activity was monitored. Viral replication was inhibited by
more than 90% (Fig. 1A), and the suppression was dose-
dependent (Fig. 1B). Cell viability as determined by trypan
blue staining was comparable among cultures, making it highly
unlikely that the CD81 T-cell supernatants had suppressed
HIV replication by a toxic effect on the MDMs (data not
shown). Infection of MDMs with the primary isolate AU was
also inhibited by the HVSyHIV1yCD81 T-cell supernatants
(data not shown).
To determine whether the ability to inhibit HIV-1 replica-

tion in MDMs is restricted to CD81 T cells or HVS-
transformed CD81 T cells derived from HIV-1 infected indi-
viduals, other sources of CD81T cells were also tested for their
anti-HIV activity in the MyM system. Cell-free supernatants
from primary CD81T cells, derived fromHIV-negative as well
as HIV-infected individuals, variably suppressed HIV repli-
cation inMDMs (data not shown). Thus, although the numbers
of individuals tested was small, it appears that the ability of
CD81 T cells to produce an HIV-suppressor soluble factor(s)

FIG. 1. CD81 T-cell supernatants, but not b-chemokines RANTES,
MIP-1a, andMIP-1b, are capable of suppressing HIV-1 Ba-L replication
in MDMs. (A) HVSyHIV1yCD81 T-cell supernatants, but not RAN-
TES, MIP-1a, and MIP-1b, are capable of suppressing HIV-1 Ba-L
replication in MDMs. PBMCs were differentiated into macrophages for
14 days under the influence of GM-CSF, infected with HIV-1 Ba-L, and
maintained in culture medium containing either 50% HVSyHIV1y
CD81 T-cell supernatants or the indicated chemokine (200 ngyml; R &
D Systems). Cell-free supernatants were collected every 4 days, replaced
with the same medium, and RT activity was determined. (B) Anti-HIV
activity of the supernatants is dose-dependent. Different concentrations
(50%, 25%, 12.5%, 6.25%, and 3.13%) of HVSyHIV1yCD81 T-cell
supernatants were prepared and tested for their anti-HIV activity in
MDMs. One-half of the culture medium was replaced with the same
concentrates every 4 days. RT activity in the cell-free supernatants was
determined on day 28 after infection
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is not restricted to HVS-transformed cells or to cells derived
from HIV-infected individuals. In contrast, b-chemokines
RANTES, MIP-1a, and MIP-1b did not inhibit infection of
MDMs with Ba-L (Fig. 1A). HIV-suppressor activity was not
seen in this system even when as much as 1 mgyml of the
chemokines were used (data not shown).
To confirm that b-chemokines are not themajor suppressors

of HIV replication in the MyM system, neutralizing antibodies
to RANTES, MIP-1a, and MIP- 1b were added to the CD81

T-cell supernatants. The concentrations of RANTES,MIP-1a,
and MIP-1b in the CD81 T-cell supernatants were typically
1–5 ngyml, 20–30 ngyml, and 25–30 ngyml, respectively, as
determined by ELISA (R &D Systems) (data not shown). The
selected antibody concentrations were at least 5 times the
neutralization dose50, and were sufficient to completely block
the b-chemokines present in the supernatants. As shown in
Fig. 2A, the ability of the supernatants to inhibit Ba-L repli-
cation in the MyM system was not neutralized by adding these
antibodies individually or in combination. In contrast, treat-
ment of Ba-L-infected, CD8-depleted PBMC cultures to which
CD81 T-cell supernatants had been added with the combina-
tion of antibodies against RANTES, MIP-1a, and MIP-1b had
a pronounced, but not complete, blocking effect on the
HIV-suppressor activity of the supernatants (Fig. 2B). These
results indicate that the b-chemokines, which are capable of
suppressing HIV-1 Ba-L replication in CD41 T cells, do not
account for the anti-HIV activity of CD81 T-cell supernatants
in the MyM system.
CD81 T-Cell-Derived Factor(s), but Not b-Chemokines,

Suppress Replication of HIV-1 IIIB in PBMCs as Well as HIV
Expression in U1 Cells. The HVSyHIV1yCD81 T-cell super-
natants also inhibited replication of HIV-1 IIIB or Ba-L in
CD8- and monocyte-depleted PBMCs (Fig. 3). In contrast, the
chemokines inhibited replication of HIV-1 Ba-L but not IIIB
in this system.
Anti-HIV activity of the supernatants was also tested in

chronically HIV-infected U1 promonocytic cells. U1 cells
harbor the integrated HIV provirus and exhibit persistent, low
level viral expression that is inducible by various stimuli
including PMA, tumor necrosis factor a, IL-1, or IL-6 (7).

PMA-inducedHIV expression was significantly reduced by the
HVSyHIV1yCD81 T-cell supernatants (Fig. 4), indicating
that the CD81 T-cell-derived factor(s) is capable of suppress-
ing viral replication at a point in the virus life cycle after the
integration event. However, the b-chemokines did not signif-
icantly suppress HIV expression in this system.
Expression of a Chemokine Receptor(s) in MDMs. Re-

cently, a number of groups have reported that the b-chemo-
kine receptor CCR5 is critical for viral entry during infection
of T cells with macrophage-tropic strains of HIV-1 (19–23).
The b-chemokines RANTES, MIP-1a, and MIP-1b compet-
itively bind to this receptor, resulting in marked inhibition of
viral entry into its target cell. Lack of susceptibility of MDMs
to the anti-HIV activity of the b-chemokines could conceivably
result from an absence of the appropriate b-chemokine re-
ceptor. To address this possibility, we investigated the expres-
sion of mRNA specific for the CCR5 gene in MDMs. CCR5
mRNAwas detected inmacrophages derived from two of three
individuals by Northern blot analysis (Fig. 5); in the third
individual in whom CCR5 mRNA was not detectable by
Northern blot analysis (Fig. 5), expression was detectable when
analyzed by RT-PCR (data not shown). Expression of mRNA

FIG. 2. Antibodies to b-chemokines markedly neutralized the
ability of CD81 T-cell supernatants to suppress HIV-1 Ba-L replica-
tion in PBMCs, but not in MDMs. MDMs differentiated for 14 days
with GM-CSF (A) or CD8- and monocyte-depleted PBMCs (B) were
infected with HIV-1 Ba-L, and 50% HVSyHIV1yCD81 T-cell super-
natants were added to the culture. Where indicated, antibodies to
b-chemokines [monoclonal anti-RANTES antibody (20 mgyml; R&D
Systems), polyclonal anti-MIP-1a antibody (50 mgyml; R & D Sys-
tems), and monoclonal anti-MIP-1b antibody (20 mgyml; R & D
Systems)] were added individually or in combination to the superna-
tants. Either goat IgG (50 mgyml; R & D Systems) or mouse IgG1 (20
mgyml; R & D Systems) were added as controls.

FIG. 3. CD81 T-cell supernatants are capable of suppressing
HIV-1 IIIB or Ba-L in PBMCs, whereas b-chemokines are capable of
suppressing HIV-1 Ba-L but not IIIB. PBMCs from HIV-negative
individuals were depleted of CD81T cells andmonocytes as described.
Approximately one-half of the culture medium was replaced with
medium containing either 50% HVSyHIV1yCD81 T-cell superna-
tants or the indicated b-chemokine (200 ngyml; R & D Systems) every
4 days after infection. RT activity was measured for the cell-free
medium collected.

FIG. 4. CD81 T-cell supernatants are capable of suppressing HIV
expression from chronically HIV-infected promonocytic U1 cells. U1
cells were stimulated with PMA (1028 M), and maintained in culture
medium containing the indicated b-chemokine (200 ngyml; R & D
Systems) or 50% HVSyHIV1yCD81 T-cell supernatants. RT activity
in cell-free supernatants was measured on day 7 after stimulation when
HIV-1 expression had peaked.
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specific for the CXCR4 or b-actin gene was comparable in the
MDM RNA preparations among all three individuals tested
(Fig. 5). Of note is the fact that the difference in level of
expression of the CCR5 gene did not seem to markedly
influence HIV infectivity or susceptibility to CD81 T-cell
supernatants or b-chemokines (data not shown). These results
suggest that HIV-1 macrophage-tropic strains either use a
coreceptor(s) other than CCR5 or do not require a coreceptor
to enter the macrophage, thereby lacking susceptibility to the
anti-HIV effects of the b-chemokines. The lack of suscepti-
bility of MDMs to T-cell-tropic strains despite the fact that
CXCR4, a coreceptor for T-cell-tropic strains in various cell
types, is expressed in MDMs also suggests that the process of
virus entry into macrophages may be quite different from that
for other cell types.
Neutralization of IL-10, IL-13, IFN-a, and IFN-g Reduces,

but Does Not Totally Abolish, Anti-HIV Activity of CD81T-
Cell Supernatants in MyM. Several cytokines (IL-4, IL-10,
IL-13, IFN-a, IFN-b, IFN-g, and TGF-b) are known to inhibit
HIV infection in the MyM system (reviewed in ref. 31), and
CD81 T cells are capable of producing some of these cytokines
(IL-10, IL-13, IFN-a, and IFN-g) (reviewed in ref. 31). When
exogenously added to cultures of MyM, IL-10, IL-13, IFN-a,
and IFN-g variably suppressed HIV replication (Fig. 6A).
To investigate whether the ability of CD81 T-cell superna-

tants to suppress HIV replication in theMyM system is related
to the HIV-suppressor capability of these cytokines, approx-
imately 100 times the neutralization dose50 of antibodies to
IL-10, IL-13, IFN-a, or IFN-g were added individually or in
combination to CD81 T-cell supernatants. MDMs were in-
fected with HIV-1 Ba-L and cultured in the presence of either
untreated or antibody-treated supernatants. Neutralization of
each of these cytokines individually had minimal, if any, effect
on replication of Ba-L in MDMs. When all of these cytokines
were neutralized together, HIV infectivity was modestly, but
never completely, restored in some donors (Fig. 6B), whereas
in others there was no effect (data not shown).

DISCUSSION
This study was undertaken to determine whether a crude
CD81 T-cell-derived soluble factor(s) is able to suppress HIV
infection in cells of the MyM lineage and to delineate the
relationship between the effects of this soluble factor(s) and
the recently described HIV-suppressor effects of the b-che-
mokines RANTES, MIP-1a, and MIP-1b (18). Our results
clearly indicate that HIV infection in the MyM system is

markedly suppressed by a CD81 T-cell-derived soluble fac-
tor(s) other than RANTES, MIP-1a, and MIP-1b. Several
lines of evidence support our conclusion. CD81 T-cell culture
supernatants suppressed HIV-1 Ba-L replication in MDMs in
a dose-dependent manner. Reduced virus replication was not
due to cytotoxic effects of the supernatants, since cell viability
was comparable in the presence or absence of the superna-
tants. This anti-HIV activity was found in the supernatants of
CD81 T cells derived from both HIV-infected and uninfected
individuals. These results indicate that a CD81 T-cell-derived
soluble factor(s) is capable of suppressing HIV replication in
the MyM system.
RANTES, MIP-1a, and MIP-1b, which suppressed HIV-1

Ba-L replication in PBMCs, did not inhibit infectivity of HIV-1
Ba-L in the MyM system; as much as 1 mgyml of these
chemokines had no inhibitory effect on HIV-1 Ba-L replica-
tion in MDMs. Furthermore, treatment of the CD81 T-cell
supernatants with neutralizing antibodies to RANTES, MIP-
1a, and MIP-1b did not remove the HIV-suppressor effects of
the supernatants. Thus, CD81 T cells produce a soluble
factor(s) other than RANTES, MIP-1a, and MIP-1b, which
suppress HIV infection in the MyM system. Recently,
Schmidtmayerova et al. also observed the inability of b-che-
mokines to inhibit replication of primary HIV-1 isolates in
MDMs (32).
Finally, CD81 T-cell supernatants suppressed HIV-1 IIIB

infection in PBMCs, as well as HIV expression from chroni-
cally infected U1 cells, whereas HIV-1 infection was not
suppressed in either of those systems by RANTES, MIP-1a,
and MIP-1b. Taken together, these results indicate that HIV-
suppressor activity of CD81 T-cell supernatants is a multifac-

FIG. 5. Expression of b-chemokine receptors in MDMs. Total
RNA was extracted from 14-day culture of MDMs derived from three
HIV-negative donors (nos. 1–3), and 15mg of total RNAwas subjected
to Northern blot analysis. The same blot was hybridized with a probe
specific to CCR5, CXCR4, or b-actin gene.

FIG. 6. CD81 T-cell-derived cytokines IL-10, IL-13, IFN-a, and
IFN-g may contribute to, but do not seem to fully account for, the
anti-HIV activity of CD81 T-cell supernatants. (A) Exogenously added
cytokines IL-10, IL-13, IFN-a, and IFN-g suppressed HIV replication in
MDMs. Peripheral blood monocytes were differentiated into macro-
phages for 14 days in the presence ofGM-CSF, infectedwithHIV-1Ba-L,
and maintained in the presence of the indicated cytokines [IL-10 (10
ngyml; R & D Systems), IL-13 (10 ngyml; R & D Systems), IFN-a (1000
unitsyml; Endogen, Cambridge, MA), or IFN-g (1000 unitsyml; R & D
Systems)]. RT activity in cell-free supernatants was determined on day 28
after infection. (B) Antibodies to IL-10, IL-13, IFN-a, or IFN-gmodestly,
but never completely, neutralized the ability of the supernatants to
suppress growth of HIV-1 Ba-L. MDMs were differentiated for 14 days
with GM-CSF, infected with HIV-1 Ba-L, maintained in culture medium
containing 50%HVSyHIV1yCD81 T-cell supernatants, and RT activity
in cell-free supernatants was monitored. Where indicated, antibodies to
IL-10 (mouse monoclonal, 10 mgyml; R & D Systems), IL-13 (mouse
monoclonal, 10 mgyml; R & D Systems), IFN-a (100 neutralizing unitsy
ml; Endogen), or IFN-g (mouse monoclonal, 10 mgyml; R & D Systems)
were added to the CD81 T-cell supernatants. Either goat IgG (10 mgyml;
R & D Systems) or mouse IgG1 (10 mgyml; R & D Systems) were added
as controls.
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torial phenomenon, and that a CD81 T-cell-derived factor(s)
other than RANTES, MIP-1a, and MIP-1b has potent sup-
pressor effects on replication of various HIV strains in differ-
ent target cells. We are currently investigating the mechanisms
whereby the CD81 T-cell supernatants block HIV-1 infection
in cells of the MyM lineage.
Recently, CCR5, a receptor for the b-chemokines RAN-

TES, MIP-1a, and MIP-1b, was identified as a coreceptor for
HIV-1 macrophage-tropic strains (19–23), indicating that the
b-chemokines inhibit HIV-1 infection by interfering with virus
entry. We demonstrated that MDMs express CCR5 mRNA,
making it unlikely that lack of susceptibility of MDMs to the
HIV-suppressor activity of the b-chemokines is due to an
absence of CCR5. We also showed that MDMs express
CXCR4, a coreceptor for HIV-1 T-cell-tropic strains. Thus,
lack of susceptibility of MDMs to T-cell-tropic strains cannot
be explained by an absence of the CXCR4 coreceptor. These
data suggest that the process of virus entry into macrophages
may be quite different from that for T cells.
It has been shown that a CD81 T-cell-derived soluble

factor(s) is capable of suppressing HIV replication in PBMCs
or CD41 T-cell lines (reviewed in ref. 16). This study indicates
that CD81 T-cell supernatants are also effective suppressors of
HIV replication in the MyM system. There are certain critical
differences in the anti-HIV activity of CD81 T-cell superna-
tants when compared with the b-chemokines RANTES, MIP-
1a, and MIP-1b. The b-chemokines cannot suppress certain
HIV strains (e.g., IIIB) and are apparently specific for macro-
phage-tropic strains ofHIV-1, whereasCD81T-cell supernatants
can suppress replication of all HIV strains tested (i.e., IIIB, Ba-L,
primary isolates). Furthermore, while the anti-HIV activity of the
b-chemokines is effective in PBMCs but not in the MyM system,
CD81 T-cell supernatants can suppress HIV replication in both
PBMCandMyMsystems. Finally, CD81T-cell supernatants can,
but the b-chemokines cannot, inhibit HIV expression from
chronically infected U1 cells. Thus, the anti-HIV activity of the
b-chemokines is viral strain-specific as well as cell type-specific,
and the major site of action of these factors is prior to the
integration event. In contrast, the anti-HIV activity of the CD81

T-cell supernatants is broader, and is able to inhibit HIV repli-
cation following the integration event, as indicated by the fact that
the supernatants suppress HIV expression in the U1 cell system,
where each cell is already infected andHIV provirus is integrated
into host cell genome.
We have further demonstrated that cytokines such as IL-10,

IL-13, and the IFNs, which are well-established inhibitors of
HIV infection in the MyM system (reviewed in ref. 31),
contribute to, but did not seem to fully account for, the
anti-HIV activity of CD81T-cell supernatants. Here again, the
data strongly indicate that CD81 T-cell supernatants contain
as yet unidentified factors that are capable of suppressing HIV
replication.
Thus, it appears that the HIV-suppressor activity of CD81

T-cell supernatants is multifactorial and that various factors
within these supernatants including, but not limited to the
b-chemokines, may affect HIV replication at various stages of
the life cycle of the virus. Further delineation of the spectrum
of endogenous factors that are involved in the regulation of
HIV replication will be critical for a more comprehensive
understanding of the pathogenic mechanisms of HIV disease
as well as for the design of strategies for the potential thera-
peutic manipulation of these factors.
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