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Abstract

A population of circulating mononuclear cells from patients
with AIDS was identified which expressed interleukin 2 re-
ceptors (IL-2R). By dual-fluorescence flow microfluorometry,
the patients' IL-2R' cells were further identified as Leu M3'
monocytes (29.4±5.2% of the Leu M3' cells were IL-2R', n
= 15), whereas Leu M3' monocytes from normal subjects were
IL-2R negative (2.0±0.42%; P< 0.001). By Northern analysis,
monocytes from AIDS patients, but not control subjects, con-
stitutively expressed steady-state levels of IL-2R mRNA.
Functionally, the IL-2R' monocytes were capable of depleting
IL-2 from culture supernatants, suggesting a mechanism for
the reduced IL-2 levels commonly seen in AIDS patients.
IL-2R+ monocytes also expressed increased levels of surface
HLA-DR which may favor monocyte T-cell interactions and
the transmission of human immunodeficiency virus (HIV). In
additional studies, normal monocytes were infected with a mac-
rophage-tropic HIV isolate in vitro and monitored for IL-2R
and HLA-DR expression. Within 24-48 h after exposure to
HIV in vitro, but before evidence of productive infection,
> 25% of the monocytes became IL-2R+ with increasing num-
bers of IL-2R+ cells and HLA-DR levels through day 6. These
early signaling effects of HIV could be mimicked by adding
purified HIV envelope glycoprotein gpl20 to the monocytes.
This stimulation of monocytes before or independent of pro-
ductive infection of the cells by HIV is consistent with in vivo
observations of activated and/or abnormal functions by mono-
cytes that do not appear to be infected with HIV in AIDS
patients. (J. Clin. Invest. 1990. 85:192-199.) acquired immu-
nodeficiency syndrome * human immunodeficiency virus * in-
terleukin 2 - interleukin 2 receptor * monocyte/macrophage

Introduction

The central role of monocyte/macrophages in immunologic
events suggests that these cells may play an important role in
the pathogenesis of the acquired immunodeficiency syndrome
(AIDS). The human immunodeficiency virus (HIV) infects
CD4 positive lymphocytes (1-3) as well as cells of monocyte/
macrophage lineage, including peripheral blood monocytes
(4-8) and tissue macrophages (9-15) that also express CD4
receptors. Monocytes obtained from patients with AIDS ex-
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hibit phenotypic and functional abnormalities (16), some of
which are consistent with an activated state of the circulating
monocytes (17). In this regard, monocytes from AIDS patients
may express altered levels of surface HLA-DR (18, 19) and
chemotactic ligand receptors (8, 20), and increased levels of
IL-1 (21-23).

Monocyte dysfunction also has been associated with im-
paired T cell proliferative responses in AIDS patients (24, 25).
Two critical requirements for T cell proliferation, the secretion
of interleukin 2 (IL-2) and the expression of surface IL-2 re-
ceptors (IL-2R)' on T cells, are impaired in AIDS patients
(26-28). The decreased IL-2 could be due to reduced produc-
tion or to increased depletion. -Soluble IL-2R which can bind
IL-2 (29) have been identified in sera from HIV-seropositive
persons (30-33), providing a mechanism for IL-2 depletion.
Additionally, the diminished levels of IL-2 detected in AIDS
patients could be the consequence of IL-2 binding and/or me-
tabolism by monocytes, since activated monocytes express
functional IL-2R (34-36). Although the increased levels of
soluble IL-2R are commonly presumed to be the consequence
of shedding by activated CD4positive lymphocytes (37), acti-
vated monocytes may also release IL-2R into the serum. In the
present study, we demonstrate for the first time that peripheral
blood monocytes from patients with AIDS express significant
levels of IL-2R, that this may be an important mechanism for
IL-2 depletion, and furthermore, that HIV can directly induce
IL-2R expression on monocytes in vitro.

Methods
Patients. The study included 22 homosexual males with AIDS. Of
these patients, 1 was asymptomatic, 7 had Kaposi's sarcoma, and 14
had one or more opportunistic infections. None of the patients had
known bacterial infections. No patient was on immunomodulatory or
antiviral therapy at the time of study. Control subjects were 22 healthy
seronegative heterosexual adults.

Mononuclear leukocyte suspensions. Mononuclear leukocytes
(MNL) isolated from heparinized peripheral blood of patients and
control subjects by Ficoll-Paque sedimentation were washed and sus-
pended in Dulbecco's modified Eagle's medium (DME, Gibco Labora-
tories, Grand Island, NY) containing 50 ,g/ml gentamicin and 2 mM
glutamine. Total MNL, monocyte, and lymphocyte numbers were
determined by Coulter Counter size analysis (Coulter Electronics Inc.,
Hialeah, FL) and phenotypic staining (see below). To obtain highly
purified populations of monocytes and lymphocytes, MNLfrom leu-
kapheresis preparations of healthy control subjects (National Institutes
of Health Blood Bank) were separated by counterflow centrifugal elu-
triation (CCE) (38).

1. Abbreviations used in this paper: CCE, counterflow centrifugal elu-
triation; FMF, fluorescence flow microfluometry; IL-2R, interleukin 2
receptors; MNL, mononuclear leukocyte(s); RMFI, relative median
fluorescence intensity.
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Labeling of cell surface antigens. Single cell suspensions (50 .d) of
MNLor CCE-purified monocytes diluted 10 X 106/ml in phosphate-
buffered saline (PBS) with 0.1% sodium azide and 2%fetal calf serum
(FCS) were incubated at 4VC for 30 min with fluorescein isothiocya-
nate (FITC)-conjugated monoclonal antibodies directed against Leu
M3(monocytes), HLA-DR, Leu I (T lymphocytes), and IL-2R or with
phycoerythrin-conjugated HLA-DR, Leu M3, and IL-2R antibodies
(Becton-Dickinson Monoclonal Center, Inc., Mountain View, CA)
(35). Human AB serum (10%) was added to the cells 10 min before
incubation with the monoclonal antibodies to prevent nonspecific
binding to Fc receptors. After staining, the cells were washed twice with
buffer without FCS and immediately resuspended in 0.5 ml of 2%
paraformaldehyde at 40C until analysis by flow microfluorometry
(FMF) with a FACStar cell sorter (Becton-Dickinson).

Northern blot analysis of monocyte mRNA. Total RNAwas ex-
tracted by the guanidine thiocyanate method from 5-10 X 106 adher-
ent monocytes from patients or normal individuals cultured 14 h with
or without lipopolysaccharide (LPS, 10 ug/ml, Escherichia coli
055:B5, Difco Laboratories, Inc., Detroit, MI) (35). RNA(5 jig) was
electrophoresed in a formaldehyde-containing agarose gel, transferred
to nitrocellulose paper and hybridized with a 32P-labeled EcoR I insert
of pIL2R2c obtained from W. Leonard, National Institute of Child
Health and HumanDevelopment (39). The probe was nick-translated
with [a-32P]dCTP (Amersham, Arlington Heights, IL) after which the
labeled probe was purified by gel filtration. The filters were exposed to
XAR-5 film (Eastman Kodak Co., Rochester, NY) with intensifier
screens at -70°C for 3 d. The ethidium bromide staining pattern of the
28S and 18S ribosomal RNAbands indicated equivalent amounts of
RNAloaded in each lane.

IL-2 depletion and quantitation. Adherent monocytes from AIDS
patients and normal individuals (2 X 106/ml) were cultured for 24-72
h in the presence of varying concentrations of recombinant IL-2
(Genzyme, Boston, MA). The cell-free supernatants were harvested
and assayed for IL-2 activity by their ability to support the growth of
the murine IL-2-dependent CTLL-2 cell line (40). The CTLL-2 cells
were cultured for 48 h in the presence of threefold dilutions of the test
samples in parallel with an IL-2 standard (100 U/ml, Genzyme). After
a 4-h pulse with 0.5 ;Ci of [3H]TdR (sp act 1.9 Ci/mM, Schwarz-
Mann, Orangeburg, NY), the incorporated radioactivity was deter-
mined.

In vitro infection with HIV-J. CCE-purified normal monocytes
(> 95% Leu M3+) were suspended (10 X 106) in I ml of supernatant
containing HIV-I/HTLV-IIIB,-L (5 X 105 cpm reverse transcriptase),
an isolate derived from alveolar macrophages of a patient with AIDS
(6), as previously described (8). Control monocytes were suspended in
RPMI 1640 (Gibco Laboratories) containing 20% FCS, and/or in su-
pernatant without virus for I h with intermittent shaking at 37°C. The
cells were washed and resuspended in RPMI 1640 containing 10%
FCS, antibiotics, and glutamine. After incubation in suspension at
37°C for varying intervals, the monocytes were analyzed for surface
antigen expression. Viral infection was confirmed by determining p24
and reverse transcriptase levels and by ultrastructural evaluation of
parallel adherent monocyte cultures as previously described (8).

Treatment of monocytes with gpJ20 and anti-CD4a. In additional
studies, CCE-purified normal monocytes were cultured in suspension
with purified HIV-1 envelope glycoprotein gpl2O or the core protein
p24. The gpl20 was isolated from the culture fluids or cell membrane
extracts of HIV-I/HTLV-IIIB or HIV- I/HTLV-IIIpF infected H9 cells
by immunoaffinity chromatography (41) and the core protein p24 was
purified as described (42). For some assays, the gpl20 was immuno-
precipitated with goat anti-gpl2O sera (8). At the highest concentra-
tions tested these preparations had < 0.2 ng/ml of endotoxin as deter-
mined by the Limulus amebocyte lysate assay.

Under similar conditions, monocytes were cultured in the presence
of varying concentrations of antibody directed at the CD4 receptor
(OKT4A, Ortho Diagnostics, Raritan, NJ) or with the isotype control
(IgG2., Coulter Immunology, Hialeah, FL) for > 24 h before assay.

Statistical analysis. Data in text and figures are presented as
mean±SEMand Student's t tests were used for statistical evaluation.

Results

Identification of IL-2R' monocytes in AIDS patients. In order
to differentiate IL-2R+ monocytes from other circulating cells
which might be expressing IL-2R, the MNLwere simulta-
neously stained with FITC-IL-2R (green) and PE-Leu M3
(red). As shown by dual fluorescence FMF, very few (< 1%)
Leu M3', IL-2R' cells were present in the MNLfrom a repre-
sentative normal subject (Fig. 1 A, left panel). In contrast, the
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Figure 1. Presence of IL-2R' monocytes in AIDS patients and aug-
mentation by LPS. MNLisolated from heparinized peripheral blood
of 15 control and AIDS patients were incubated with FITC-conju-
gated IL-2R (green) and phycoerythrin-conjugated Leu M3 (red) an-
tibodies. After staining, the cells were washed, resuspended in 2%
paraformaldehyde, and analyzed by dual FMFwith a FACStar cell
sorter. (A) Representative control and AIDS patient dual fluores-
cence profiles for freshly isolated MNL. (B) Data represent percent-
age of LeuM3+ cells that express IL-2R before and after incubation
with 10 sg/ml LPS for 15 control subjects and 15 AIDS patients.
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majority of the Leu M3' monocytes from an AIDS patient
analyzed in the same experiment stained positively for IL-2R
(Fig. 1 A, right panel). Subsequent analysis of MNLfrom 15
AIDS patients revealed that > 10% of the monocytes from all
but two of the patients were IL-2R', whereas none of the 15
control individuals had > 10% monocytes that were IL-2R'
(2.0±0.4% for controls vs. 29.4±5.2% for patients; P < 0.001)
(Fig. 1 B). The levels of IL-2R' monocytes did not correlate
with the clinical status of the patients, in that patients who
were asymptomatic or had only Kaposi's sarcoma, as well as
those patients with opportunistic infections, had high levels of
IL-2R' cells. Furthermore, the two individuals with < 10%
IL-2R' monocytes both had opportunistic infections.

In addition to analysis of freshly isolated monocytes from
patients and control subjects for IL-2R expression, monocytes
were examined for inducible IL-2R expression (35). In these
experiments, aliquots of MNLwere incubated for 24 h in the
presence or absence of LPS (10 gg/ml) before phenotypic anal-
ysis. Monocytes from control subjects cultured in DMEonly
for 24 h did not express IL-2R. However, Leu M3' monocytes
from all of the control subjects were induced to express signifi-
cant levels of IL-2R by LPS treatment (2.0±0.4% before vs.
62.5±5.2% after LPS; P < 0.001) (Fig. 1 B, left panel).

LPS also enhanced the percentage of IL-2R' monocytes in
the AIDS patients; however, the enhancement was less signifi-
cant owing to the high levels of receptor already present
(29.4±5.2% before vs. 56.2±5.2% after LPS). Since IL-2R'
monocytes are generally not present in normal individuals and
appear only as a result of differentiation or activation, the
presence of significant numbers of IL-2R' monocytes in the
AIDS patients suggests that the cells were activated in vivo.

IL-2R gene expression in normal and patient monocytes.
To determine whether the monocytes from AIDS patients
were synthesizing and expressing IL-2R de novo and not just
absorbing circulating IL-2R, monocytes from patients with
Leu M3', IL-2R' cells were evaluated for IL-2R gene expres-
sion. Adherent monocytes from three of these AIDS patients
were incubated with or without LPS (10 .g/ml) for 14 h after
which their total RNAwas analyzed by Northern hybridiza-
tion with the IL-2R probe. Similar to previous observations
(35), monocytes from a normal subject did not express IL-2R
mRNAunless activated (Fig. 2, C). However, the presence of
steady-state levels of IL-2R mRNAin the adherent monocytes
from the AIDS patients without in vitro activation (Fig. 2, Al,
A2, A3) indicated that these populations of IL-2R+ cells had
been previously activated. Further stimulation of these cells
with LPS in vitro minimally augmented the already elevated
levels of IL-2R mRNA(Fig. 2). Interestingly, unstimulated
monocytes from patient Al appeared to selectively express the
1.5-kb transcript with little or no expression of the 3.5-kb spe-
cies. However, after LPS stimulation, both RNAspecies were
expressed in equal proportions. Previous studies indicate that
both RNAspecies encode the functional IL-2R molecule (39).

HLA-DR expression on monocytes from AIDS patients.
Since the de novo synthesis and expression of IL-2 receptors
have been shown to occur in parallel with increased expression
of the class II differentiation antigen, HLA-DR, in populations
of stimulated monocytes (35), MNLfrom the peripheral blood
of the AIDS patients were simultaneously evaluated for phe-
notypic expression of HLA-DR. Although the majority of cir-
culating monocytes from both the control subjects and the
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Figure 2. Northern hybridization for IL-2R mRNAin AIDS patients
monocytes. Total RNAwas extracted by the guanidine thiocyanate
method from 5-10 X 10 adherent MNLfrom three patients (A 1,
A2, A3) and one control subject (C) cultured with or without LPS
for 14 h and hybridized with a 32P-labeled EcoRI insert of pIL2R2c.

AIDS patients expressed surface HLA-DR (Fig. 3, controls
78.4±3.6%; AIDS 89.9±1.1%, n = 22), differences were more
apparent in the relative median fluorescence intensity (RMFI),
a measure of the density of HLA-DR on individual cells (Fig.
3, right panel). The RMFI was significantly greater on mono-
cytes from AIDS patients (143.9±5.2) than for similar popula-
tions of monocytes from healthy control individuals
(98.1±3.8; P < 0.001). These observations are consistent with
the in vivo activation of AIDS monocytes suggested by the
increased expression of IL-2R.
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Figure 3. Enhanced HLA-DR expression by monocytes from AIDS
patients. MNLfrom 22 AIDS patients and 22 normal subjects were
incubated with FITC-conjugated HLA-DR and PE-conjugated Leu
M3 antibodies. After staining, the cells were analyzed by dual FMF.
Data represent the percent Leu M3' cells which are also HLA-DR'.
The RMFI is determined by subtracting the background fluorescence
(control channel number) from the positive fluorescence (channel
number).
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Depletion of IL-2 by IL-2R1 monocytes from AIDS pa-
tients. In light of the observed expression of IL-2R on circulat-
ing monocytes from the patients, it was of interest to deter-
mine whether these cells might be capable of binding and/or
depleting available IL-2. Adherent monocytes from normal
subjects and AIDS patients were compared for their ability to
deplete biologically active IL-2 added exogenously to their
culture media. After the addition of known amounts of IL-2 to
IL-2R' adherent monocytes of AIDS patients, > 40% of the
IL-2 was depleted from the supernatants (Table I), within
48-72 h. No significant IL-2 depletion was detected in the
IL-2-containing culture medium of the monocytes from nor-
mal subjects or from AIDS patients with < 10% IL-2R' mono-
cytes. Thus, the IL-2R' monocytes from the AIDS patients
appear to provide an effective mechanism for IL-2 reduction.

Effect of in vitro HIV-I infection on monocyte IL-2R ex-
pression. Because of the presence of circulating monocytes
expressing IL-2R and enhanced HLA-DR in AIDS patients,
we next addressed whether HIV- I could directly influence the
state of monocyte differentiation. Monocytes purified by CCE
(> 95% Leu M3+) from normal subjects were exposed to
HIV- 1 in vitro as described (8), cultured in suspension, and
monitored for changes in IL-2R and HLA-DR expression.
Phenotypic analysis of these monocytes at different times early
after exposure to HIV- 1 revealed the appearance of Leu M3'
monocytes expressing IL-2R after 24 h. As shown in Fig. 4, the
monocytes cultured in medium only or sham-infected with
virus-free macrophage supernatants were IL-2R negative
(< 5%) at each time point throughout the 6 d of culture. In
contrast, > 25% of the cells exposed to HIV-l became IL-2R'
by day 2 with > 60% of the monocytes expressing IL-2R
within 6 d after infection. Fluorescence profiles of these popu-
lations (Fig. 4, right panels) illustrate the prominent shift in

Table I. Depletion of IL-2 by IL-2R' Monocytes
from AIDS Patients

IL-2 incubated with Interleukin 2

% of control

No cells 100*
AIDS monocytes*

1 25
2 7
3 53
4 25

Control monocytes*
1 92
2 84
3 92
4 76

* Adherent monocytes (2 X 106/ml) from four AIDS patients and
four control subjects were cultured in DMEto which was added 100
U/ml recombinant IL-2 (Genzyme).
t Cell-free supernatants (48 or 72 h) were assayed for IL-2 in the
CTLL-2 assay. The units of IL-2 in the individual monocyte super-
natants were compared with the units represented in the IL-2 control
(100%) which was incubated under identical conditions with 1%AB
serum, but without monocytes. No IL-2 was detected in cultures to
which no IL-2 was added.
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Figure 4. Modulation of IL-2R after exposure to HIV-1. Monocytes
were exposed to virus for 1 h, washed, and incubated in RPMI 1640
plus 10% FCSat 37°C for 1-6 d. At the indicated intervals, mono-
cytes were stained with FITC-IL-2R and analyzed by FMF. The left
panel illustrates the percentage of IL-2R positive monocytes (days
1-6 after infection) and the right panel represents histograms of the
monocytes stained with FITC-IL-2R 6 d after culture with (HIV-1
cells) or without (control cells) virus. The IgG control represents
monocytes incubated with FITC-IgG only. Data are representative of
two separate HIV-l infections.

IL-2R fluorescence intensity on cells infected with HIV- 1.
Analysis of HLA-DR expression also demonstrated a parallel
increase in the RMFI in HIV-l infected cells (RMFI 182)
compared with control monocytes (RMFI 112) through day 6.
To confirm viral infection, cultures were evaluated for p24
levels. Although p24 levels could not be detected in the suspen-
sion cultures during the 6 d of evaluation, long-term cultures
of these infected cells maintained under adherence conditions,
also negative for p24 at day 6, began to exhibit p24 levels 7 d
after infection (0.1-0.4 ng/ml) with higher levels by day 14
(2 5 ng/ml). Thus, as previously demonstrated (8), evidence of
infection by these parameters could not be documented until
> 7 d after inoculation of the monocytes with HIV- 1. By day
10, as many as 50% of the monocyte/macrophages in some
sections contained intracellular viral particles by ultrastruc-
tural analysis. Thus, the phenotypic changes following initial
in vitro exposure to HIV- I appeared to mimic those identified
on monocytes from patients with AIDS, including increased
HLA-DR expression and synthesis of IL-2 cell surface recep-
tors, but without evidence of productive infection.

Pathway of signal transduction leading to IL-2R expres-
sion. In recent studies, we demonstrated that the HIV- 1 enve-
lope glycoprotein gpl20 as well as antibodies to CD4, both of
which bind to the CD4 receptor, stimulate certain monocyte
functions (8, 43). To determine whether gpl20 could effec-
tively induce IL-2R expression on normal monocytes in paral-
lel with augmented HLA-DR, gpl20 at the previously deter-
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mined optimal dose of 200-300 ng/ml was added to CCE-
enriched monocyte populations. Conservation of the binding
region of gpl20 in different isolates (44) and previous studies
demonstrating monocyte CD4 modulation after gp 120 treat-
ment (8, 43), suggest that the gpl20 from HIV-l/HTLV-IIIB
and/or HIV- I/HTLV-IIIRF are appropriate ligands for mono-
cyte CD4 interactions. The gpl20 induced monocyte differ-
entiation as determined by increased HLA-DR (RPMI 122 for
gpl20-treated monocytes vs. RMFI 109 for controls) and in-
creased surface IL-2R expression (61% vs. 4%) (Fig. 5, top
panels). Furthermore, the kinetics of IL-2R expression in-
duced by gp120 were similar to those for HIV-1-induced
IL-2R in that at least 24 h were required to enable adequate
transcription and translation for detection of cell surface re-
ceptor expression. The gp 120-dependent stimulation of mono-
cytes was blocked by treatment with an antibody to gpl20
(Table II) and did not occur in response to another viral prod-
uct, the core protein p24 (Table II).

Since gpl 20 binds to the CD4 receptor, antibodies that
bind to the same epitope should mimic the signal transduced
by this ligand-receptor interaction. Wetested this possibility
by evaluating monocytes incubated with antibodies to CD4for
changes in IL-2R and HLA-DR expression. As shown in Fig. 5
(lower panels), both IL-2R expression (42% after anti-CD4;
4% for control) and HLA-DR levels (RMFI 125 after anti-
CD4; RMFI 109 for control) were augmented 24 h after treat-
ment with 1-3 ,g/ml anti-CD4a. Incubation of monocytes
with the isotype control did not induce IL-2R expression
(< 4%) or enhancement of HLA-DR. Taken together, this
series of experiments indicates that ligand binding to the CD4

receptor on the monocytes may provide an important signal
for monocyte differentiation.

Discussion

In this study we demonstrate the presence of IL-2R+ cells of
the monocyte lineage in the peripheral blood of patients with
AIDS. This observation may provide insight into the immu-
nopathogenesis of HIV-1 infection. First, the presence of cir-
culating IL-2R+ monocytes indicates that these cells have been
activated in vivo since resting monocytes do not express
IL-2R. Secondly, the presence on monocytes of IL-2R which
can adsorb and therefore deplete IL-2 suggests a plausible
mechanism for the reported decrease in IL-2 levels and, possi-
bly, the decrease in T cell proliferative capacity in AIDS pa-
tients (24, 25). Thirdly, monocyte shedding of IL-2R may con-
tribute to the increased levels of soluble serum IL-2R in AIDS
patients (30-33). Finally, modulation of IL-2R+ monocytes by
IL-2 may further influence the abnormalities of monocyte
function associated with this disease (16).

The ability of HIV- 1 to bind to monocytes through their
CD4 receptors and to induce the expression of cellular genes,
particularly thQse encoding differentiation markers such as
IL-2R and HLA-DR, likely contributes to the immunopatho-
genesis of AIDS. Our in vitro observations are consistent with
the increased expression of activation markers present on cir-
culating monocytes in some AIDS patients (8, 16, 18). Fur-
thermore, these data provide a rational basis for the paradox of
a cell population which is phenotypically differentiated, but
functionally impaired (8, 25, 45-47). Monocytes infected with

IL-2R

Fluorescence Intensity

Figure 5. Modulation of HLA-DR
and IL-2R by gpl20 and anti-
CD4a. CCE-purified monocytes
were incubated with medium only
(control), 300 ng/ml gpl20 (top
panels), or 2.5 gg anti-CD4a (bot-
tom panels) for 24 h before stain-
ing with FITC-HLA-DR or FITC-
IL-2R. The cells were then ana-

lyzed by FMF. Data are
representative of three experi-
ments.
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Table II. Specificity of gp] 20 Stimulation of Peripheral
Blood Monocytes

IL-2Rt

Treatment* Experiment I Experiment 2

% positive

Control 2.5 5.4
gpl2O 26.4 24.8
gp l 20 + anti-gp l 20 3.9 2.5
p24 5.9 3.3

* Monocytes (> 95% Leu M3+) were incubated with 200 ng/ml (ex-
periment 1) or 300 ng/ml (experiment 2) gp 120, an equivalent con-
centration of gpl20 pre-treated with anti-gp120, purified p24 (300
ng/ml), or with medium only (control) for 24 hr.

Monocytes were washed, stained with F1TC-IL-2R, and analyzed
by FMFfor IL-2R expression. Data represent the percentage IL-2R+
cells in each experiment.

HIV-1 may undergo premature differentiation and conse-
quently become refractory to activation by a second immuno-
logic stimulus. Moreover, infection may not be the only route
of monocyte differentiation since we show that soluble gpl 20
can mimic these effects on monocytes. Shedding of soluble
gp 120, which might be especially evident in a localized area of
infection such as in the brain, could provide a concentrated
source of monocyte triggering signals. Furthermore, other
pathogens (cytomegalovirus) and/or cytokines (interferons)
may promote local monocyte differentiation. Monocytes stim-
ulated by HIV- 1 or viral products also spontaneously generate
inflammatory mediators including tumor necrosis factor, in-
terleukin 6 and interleukin 1 (McCartney-Francis, N., per-
sonal communication; 21, 48), which promote fever and other
metabolic effects. However, as the responsive T cell popula-
tion is depleted, these monocyte products may become inef-
fective in promoting host defense.

The AIDS virus may infect cells of the monocyte/macro-
phage lineage before infection of T lymphocytes (49). Our
observations offer, in part, a mechanism for enhancement of
monocyte-T cell interactions and consequently, the possible
transfer of virus from monocytes to CD4+ lymphocytes. First,
increased HLA-DR expression on monocytes after exposure to
HIV- 1 would promote monocyte-CD4+ T cell interactions
since helper/inducer T cells recognize antigens in association
with MHCclass II HLA determinants (50). Secondly, sponta-
neous release of IL- 1 by the HIV- 1-infected monocytes (21)
would also promote T cell proliferation and consequently rep-
lication of the virus in the T cells (49). Increased expression
and/or release of virus and gp 120 could then infect or activate
additional monocytes. This cycle of monocyte-T lymphocyte
interaction may persist with continued T cell infection and
depletion. Furthermore, as the monocyte/macrophages be-
come productively infected by HIV- 1, they may become func-
tionally deficient (McCartney-Francis, N., personal communi-
cation) with decreased HLA-DR expression as has been ob-
served in some patient studies ( 19).

In summary, our study provides evidence in support of the
recently proffered hypothesis (51, 52) that infection of mono-
cytes by HIV- 1 leads initially to activation and/or overstimu-

lation of the immune system. Activation of CD4', HIV- 1 + T
cells ultimately results in destruction of this population and
immunosuppression. Based on this concept, attempts to selec-
tively kill the infected cells in conjunction with antiviral ther-
apy which inhibits HIV-l in monocytes (53, 54) as well as in T
cells, offers a rational approach for therapeutic modulation of
the immune system in the acquired immunodeficiency syn-
drome.
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