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Abstract

Infection of monocyte-macrophages with human immunodefi-
ciency virus may be central to the pathogenesis of the acquired
immunodeficiency syndrome. The ability of infected macro-
phages to prime T cells through IL-1 production was investi-
gated in vitro. Purified human monocytes maintained in sus-
pension culture were infected with strain HIV-DV. Intracellu-
lar expression of virus p24 antigen increased from undetectable
levels immediately after infection to 13-59% of cells by 10-14
d; infected macrophages remained viable for up to 60 d. Su-
pernatants collected between 14 and 20 d after infection were
examined in the murine thymocyte co-mitogenesis assay and
demonstrated to contain a potent IL-1 inhibitor, designated
contra-IL-i. Contra-IL-i activity was present in all superna-
tants examined after 4 d of infection, and peaked coincident
with peak p24 antigen expression. Inhibitory activity was not
present in uninfected cells. Contra-IL-i activity eluted after gel
filtration with an approximate molecular weight of 9 kD. In-
hibitory activity was removed by exposure to heat or acid pH,
or by incubation with chymotrypsin or staphylococcal V8 pro-
tease. Contra-IL-i did not inhibit IL-2- or IL4-dependent pro-
liferation of murine T cell lines. Despite its ability to inhibit
IL-1 activity, contra-IL-i did not interfere with the binding of
recombinant IL-1i to a fibroblast cell line. Contra-IL-i inhib-
ited the proliferation of normal peripheral blood mononuclear
cells to both concanavalin A and tetanus toxoid; inhibition
could be attenuated by the addition of exogenous IL-1. Mes-
senger RNAextracted from infected macrophages was exam-
ined by Northern analysis for the presence of message to
IL-1,B. No message was apparent, suggesting that the presence
of contra-IL-i was not obscuring the concomitant release of
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1. Abbreviations used in this paper: TCID, tissue culture infective dose.

IL-1. Infected macrophages stimulated with endotoxin gener-
ated readily detectable message for IL-1,8. Spleen macro-
phages purified from two patients with AIDS complicated by
immune thrombocytopenia spontaneously expressed p24 anti-
gen in vitro and released contra-IL-i activity into the media.
Contra-IL-i may contribute to the immune dysfunction of
AIDS.

Introduction

The mechanism by which HIV- 1 produce immunodeficiency
is not known. Although these viruses selectively infect and kill
helper-inducer (CD4+) lymphocytes, depletion of CD4+ T
cells does not completely reproduce the immune dysfunction
that characterizes AIDS. The macrophage is also centrally in-
volved in the generation of immune responses; recent reports
documenting that HIV can productively infect this cell suggest
that infection of macrophages may contribute to the pathogen-
esis of AIDS.

Since the initial description of the capacity for HIV to
infect the human monocytic leukemia cell line, U937 (1), sev-
eral investigators have shown that HIV-infected macrophages
are present in brain (2-5) and lung (6) from infected patients.
Human monocyte-derived macrophages support the replica-
tion of HIV (2, 7-9), and virus has been recovered from the
monocyte fraction isolated from peripheral blood of AIDS
patients (7). Macrophages are relatively resistant to syncytia
formation and the cytopathic effects of HIV, presumably re-
lated to their lower density of surface CD4molecules. Chroni-
cally infected macrophages may serve as a reservoir for virus in
vivo that transmits infection to other susceptible cells. Addi-
tionally, infection of macrophages may underlie some of the
defects in accessory cell function described in these patients
(reviewed in 10, 1 1). Although incompletely characterized,
such defects could be due to interference with ligand-receptor
interactions required for cell-cell interaction, to an inability to
release critical immunoregulatory cytokines such as IL- 1, or to
the release of molecules that inhibit these processes (12). We
document here the release of IL- 1 inhibitory activity, termed
contra-IL- 1 (13), from normal human monocyte-derived mac-
rophages infected with HIV in vitro. Contra-IL- 1 inhibited the
proliferation of normal peripheral blood mononuclear cells to
both mitogen and antigen, and this inhibition could be re-
versed by the addition of exogenous IL- 1. Further, adherent
mononuclear cells recovered from the spleen of patients with
HIV infection constitutively released contra-IL- 1, suggesting
that infection in vivo is associated with production of this
inhibitory activity.
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Methods

Monocyte-derived macrophages. Buffy coats from HIV-seronegative
human donors were purchased from the Stanford Blood Bank (Palo
Alto, CA) and the monocytes were isolated and maintained in suspen-

sion cultures as previously described (9). Briefly, the mononuclear cells
were collected after separation over Ficoll-Hypaque (Pharmacia Fine
Chemicals, Piscataway, NJ), washed, suspended in RPMI 1640 (Gibco
Laboratories, Grand Island, NY) supplemented with 20% heat-inacti-
vated FBS (Sterile Systems, Inc., Logan, UT), and allowed to adhere to
sterile 150-mm glass dishes for h at 370C in humidified 5%C02-air.
Monolayers were washed vigorously with warm phosphate buffered,
Ca2 , Mg2"-free saline, pH 7.2 (PBS), to remove nonadherent cells,
covered with PBScontaining 5%FBS plus 0.2% EDTA, placed on ice,
and scraped to recover the adherent cell population. After washing,
cells were suspended in RPMI containing 10% HIV-seronegative,
heat-inactivated human AB serum (Stanford Blood Bank), 2 mML-

glutamine and 50 jig/ml gentamicin, and distributed to polytetrafluor-
ethylene (Teflon; Savillex Corp., Minneapolis, MN) jars at a concen-

tration of 2 X 106 cells/ml. Media were changed weekly.
Spleen-derived macrophages. Splenic tissue was obtained in the

operating room in accordance with institutional protocol following
removal of the spleen from two patients with HIV infection compli-
cated by immune thrombocytopenic purpura. After repeated massag-

ing in cold RPMI to remove large amounts of blood, tissue was minced
in cold RPMI, dispersed through a No. 100 sterile steel screen, and the
cells collected by centrifugation. The mononuclear cells were collected
following separation over Ficoll-Hypaque, and the macrophages were

isolated by adherence, scraping, and distribution to Teflon jars as

described above.
Virus. HIV-DV (kindly provided by G. Reyes, Gene Labs, Red-

wood City, CA), isolated from peripheral blood mononuclear cells of
an AIDS patient with Kaposi's sarcoma, was used as a stock suspension
prepared from the cell-free supernatant after growth in the CD4+ T
cell lymphoma line, VB (kindly provided by J. Lifson, Gene Labs). The
viral stock contained 105 5 50% tissue culture infective doses
(TCID50)' using the VB cytopathology assay (14), had 97,250 cpm/ml
reverse transcriptase activity (15), and had an HIV p24 antigen con-

centration of 7.2 ng/jil (16). The viral stock was stored in small vol-
umes at -70°C, and thawed immediately before use. Inactivated
HIV-DV was prepared by heating samples to 100°C for h before use.

Infection of mononuclear cells with HIV. Mononuclear cells were

collected from the Teflon jars after 3-5 d in culture, washed and
pretreated with 2 jg/ml hexadimethrine bromide (Polybrene; Sigma
Chemical Co., St. Louis, MO) for 30 min before incubation in polypro-
pylene tubes with viral stock at a multiplicity of infection of 1.0 as

described (9). Control cells from the same donors were incubated with
media alone. After 2 h at 37°C, the cells were washed twice, resus-

pended at 5 X 106 cells/ml in fresh culture media, and returned to
Teflon jars. Infection was documented by weekly assays of cell samples
for intracytoplasmic immunofluorescence to p24 antigen (9) using
murine monoclonal anti-HIV p24 (kindly provided by J. Carlson,
California State AIDS Reference Laboratory, University of California
Davis, Davis, CA) and quantitated by flow cytometric analysis using
cytofluorograf-2S (Ortho Diagnostics, Raritan, NJ) equipped with a

biohazard containment flow cell. Reverse transcriptase activity and
HIV p24 antigen concentration were also assayed in serially collected
supernatants.

Assay for IL-I and contra-IL-l. Supernatants were collected from
paired uninfected and HIV-infected macrophages, cleared by centrifu-
gation (10,000 g for 30 min), and maintained at 40 or -20°C. IL-1
activity was measured using the murine thymocyte comitogenesis
assay as described (17). Experimental supernatants were added to qua-
druplicate wells in 96-well flat-bottomed microtiter plates (Costar Data
Packaging, Cambridge, MA) at four serial twofold dilutions beginning
from a final concentration of 25%. Duplicate wells were assayed in the
presence of 5 U/ml recombinant (r) human IL-1i8 (Genzyme Corp.,
Boston, MA). A standard IL-I activity curve was generated for -each

experiment using serial dilutions of rIL- 1,6 and was used to quantitate
IL- I activity in U/ml. Contra-IL- I activity was expressed in inhibitory
units per milliliter where 1 inhibitory unit was designated the recipro-
cal of the highest dilution that produced 50% inhibition of 5 U/ml
rIL- I1.

Gel filtration. Supernatants containing contra-IL- I activity were
applied in 5-ml vol to a Sephacryl S-200 (Pharmacia Fine Chemicals)
column (2.5 X 90 cm) that had been previously calibrated at 4VCusing
immunoglobulin G (160,000 mol wt), BSA (56,000 mol wt), ovalbu-
min (45,000 mol wt), carbonic anhydrase (29,000 mol wt), cytochrome
c (12,000 mol wt), and aprotinin (6,000 mol wt). Fractions were col-
lected in 2-ml vol in PBS, pH 7.2, using a flow rate of 2 ml/h, passed
through a 0.22-jum filter, and assayed for contra-IL- I activity at a final
concentration of 10%.

Biochemical characterization of contra-IL-I. In designated experi-
ments, supernatants that contained contra-IL-I activity were pre-
treated with heat (56°C X 30 min) or acid pH (adjusted to pH 2.2 for
10 min with 1 N HCI before neutralization) before being assayed for
residual activity. Supernatants were also absorbed at 4°C by tumbling
overnight with I07 freshly harvested murine thymocytes or CTLL cells
in a volume of 1 ml. Supernatants were collected by centrifugation
(10,000 g for 2 min) and assayed for residual contra-IL-i activity.
Fractions separated by gel filtration that contained contra-IL- I activity
were tumbled at 37°C for 2 h with either chymotrypsin or staphylococ-
cal V8 protease that had been linked to agarose beads; trypsin-chymo-
trypsin inhibitor (both from Sigma Chemical Co.) was added in excess
either at the beginning or end of the incubation with chymotrypsin.
The enzyme beads were removed by centrifugation and the residual
contra-IL- I activity was measured in the supernatants.

Assay for T cell growth factors. IL-2 was assayed using the IL-2-de-
pendent murine cytotoxic T cell line CTLL as described (18). Briefly, 5
X I03 washed cells in complete Click's media were distributed to qua-
druplicate microtiter wells containing 10 U/ml purified human IL-2 in
the presence or absence of serial dilutions of experimental superna-
tants beginning from a final concentration of 25%. A standard IL-2
activity curve was generated using purified human IL-2. After incuba-
tion at 37°C for 20 h, the wells were pulsed with 0.5 jiCi[3Hlthymidine
for 4 h before harvesting and measuring [3H]thymidine incorporation
in a liquid scintillation counter.

The effect of gel-purified contra-IL-I on IL-2 and IL-4 mediated
proliferation was assessed using the murine HT-2 cell line (19) (kindly
provided by Drs. R. L. Coffman and T. R. Mosmann, DNAXRe-
search Institute, Palo Alto, CA) as described (20). In brief, quadrupli-
cate wells in a 96-well microtiter tray containing 3 X 104 HT-2 cells/
well were assayed in the presence of either 5 jAg/ml monoclonal anti-
murine IL-2, antimurine IL-4, or both. These neutralizing, rat
antimurine IgGi monoclonal antibodies were partially purified by
ammonium sulfate precipitation from ascites produced by the S4B6
anti-IL-2 (21) and the II B 1 anti-IL-4 (22) hybridoma cell lines
(kindly supplied by Dr. T. R. Mosmann). Samples were assayed at a
final concentration of 10% either in the presence of increasing concen-
trations of murine concanavalin A-stimulated spleen cell supernatants
as a source of IL-2 or recombinant murine IL-4 (Genzyme Corp.).
After incubation at 37°C in 5% C02-air for 24 h, the numbers of
surviving and/or proliferating cells were quantitated by colorimetric
reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT, 50 jig/well; Sigma) as measured at 560 nm using a
microelisa plate reader (Bio-Tek Instruments, Inc., Winooski, VT), as
described (23).

IL-1 binding studies. Binding of '25I-labelled recombinant IL-I3
(sp ac 3,000 Ci/mmol; DuPont New England Nuclear, Boston, MA)
was assayed using the NIH BALB/3T3 murine fibroblast cell line as
described (24). In brief, 5 X 106 3T3 cells in RPMI containing 1%BSA
and 0.2% sodium azide were tumbled in a volume of 1 ml in duplicate
Eppendorf tubes at 4°C in the presence of 20 ng/ml `25I-IL-l in the
presence or absence of gel-separated fractions that contained contra-
IL-I activity. Designated tubes had 2 jg/ml cold recombinant IL-I .
added at the start of the incubation. After varying periods of time,
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100-gl aliquots were transferred to precooled tubes containing a mix-
ture of phthalate oils (1.5 parts dibutylphthalate and 1 part bis(-2-eth-
ylhexyl)-phthalate (Eastman Kodak Co., Rochester, NY). The tubes
were centrifuged (10,000 g for 10 min) and the tips containing the cell
pellets excised and counted in a gammacounter (Gamma5500; Beck-
man Instruments, Irvine, CA).

Proliferation of PBMC. Venous blood from normal HIV-seronega-
tive volunteers was collected in heparin and the mononuclear cells
isolated after centrifugation over Ficoll-Hypaque. After washing and
hypotonic lysis of remaining erythrocytes, 4 X 105 PBMCwere distrib-
uted to quadruplicate wells in 96-well microtiter plates containing
serial dilutions of experimental supernatants. Wells were pulsed with
either 1 jg/ml concanavalin A (Sigma), 5 Ml tetanus toxoid (Wyeth
Laboratories, Marietta, PA), or media alone and incubated at 370C in
5% C02-air. After 48 (Con A) or 96 (tetanus toxoid) h, wells were
pulsed with 0.5 MCi [3H]thymidine, and, after 18 h further incubation,
collected using a cell harvestor (M. A. Bioproducts, Walkersville, MD)
and counted in a liquid scintillation counter.

Analysis of rnacrophage mRNA.HIV-infected and uninfected mac-
rophages (5 X 106 cells) were twice washed in 0.3 MNaCl/0.03 M
sodium citrate buffer, pH 7 (SSC) before extraction of total mRNA
after lysis in guanidine HCl as described (25). HIV-infected and unin-
fected macrophages that had been incubated with 1 g/iml Escherichia
coli LPS (Sigma) for 8 h were also examined. After electrophoresis (50
Mg mRNAper sample) in 6% formaldehyde/ 1% agarose gel (26), sam-
ples were transferred to nylon membranes (27). Membranes were
baked (80°C X 2 h) and treated for 4 h at 42°C in prehybridization
solution (50% formamide, 0.02% Ficoll, 0.02% polyvinylpyrrolidone,
0.02% BSA, 1.5 MNaCl, 25 mMphosphate buffer, pH 7.4, and 200
MMdenatured salmon sperm DNA) before incubation in prehybridi-
zation solution containing 50% dextran and a synthetic 40-mer anti-
sense oligonucleotide probe corresponding to residues 207-219 of the
human IL-I# cDNA (28) that had been terminally labeled with
[gamma-32P]ATP (sp ac 3,000 mCi/mol; NewEngland Nuclear) using
T4 polynucleotide kinase (International Biotechnology, Inc.; New
Haven, CT) to a sp ac of 2 X 108 cpm/Mg (26). After 24 h membranes
were washed in 0.1% SDS/2X SSC followed by 0.1% SDS/O. lX SSC
before exposure to XAR-5 film (Eastman Kodak Co., Rochester, NY)
at -700C.

Biohazard containment. Preparation of virus stocks, infection of
macrophages with HIV, separation of macrophages from HIV-infected
splenic tissues, and all cultures and assays involving infected cells were
performed in a dedicated P2' biohazard tissue culture containment
facility in accordance with U. S. Public Health Service guidelines.

Results

Cells placed into suspension cultures after purification by Fi-
coll-Hypaque separation and glass adherence were 85-90%
monocytes/macrophages as assessed by nonspecific esterase
staining, phagocytosis of yeast, and indirect immunofluores-
cence for Leu M3. After incubation with HIV (multiplicity of
infection, 1:1), macrophages could be readily infected in sus-
pension cultures, as determined both by intracellular p24 an-
tigen expression as assessed by flow cytometry, and by reverse
transcriptase activity measured in the culture supernatants (9).
Contaminating T lymphocytes comprised - 3%of initial sus-
pension cultures (CD3+ immunofluorescence by flow cyto-
metric analysis), but completely disappeared within 14 d of
addition of HIV; macrophages remained viable for up to 60
days in vitro (9).

Supernatants were collected from 14 to 20 d after infection
of macrophages with HIV from five different donors that ex-
pressed p24 antigen in 13 to 59% of cells. None displayed
activity in the murine thymocyte assay for IL- 1. In contrast,
each contained activity that blocked the capacity of the thy-
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Figure 1. Production of IL- I inhibitory activity by HIV-infected
macrophages. Supernatants were collected between 14 and 20 d after
infection of macrophages from five donors with HIV and tested for
their ability to interfere with the proliferation of murine thymocytes
to 5 U/ml rIL-l1# as assessed by [3H]thymidine incorporation above
unstimulated levels. Supernatants from HIV-infected and matched,
uninfected macrophages were assayed at the dilutions designated.
Each point represents the mean of quadruplicate samples with varia-
tion of < 10% between replicates. Thymocytes in the absence of
rIL- I# took up 1,200±700 cpm. (Inset) The percentage of each
donor's macrophages that expressed p24 antigen as assessed by im-
munofluorescence and flow cytometry at the time the supernatants
were assayed for contra-IL- 1.

mocytes to respond to exogenous rIL-1I3 (Fig. 1). Supernatants
were not directly toxic to the thymocytes as assessed by trypan
blue exclusion. This blocking activity, termed contra-IL- 1
( 13), could be detected in supernatants diluted 16- to 64-fold.
By using the reciprocal inhibitory dilution to quantitate units
of contra-IL- 1 activity (see Methods), it was possible to dem-
onstrate a correlation between p24 expression and contra-IL- 1
activity (Fig. 1). No thymocyte inhibitory activity was present
in the supernatants from the uninfected macrophages from the
same donors. Measurable contra-IL- 1 activity required rep-
lication of HIV within macrophages, since supernatants from
uninfected macrophages, supernatants from macrophages
mock-infected with heat-killed HIV, and supernatants from
CD4+ VB cells heavily infected with replicating HIV all
lacked inhibitory activity in the IL- 1 assay (Table I). HIV itself
did not inhibit murine thymocyte proliferation.

The kinetics of contra-IL- 1 production were examined
using macrophages from three separate donors; a representa-
tive experiment is shown (Fig. 2). At 3 and 5 d after infection
with HIV, no IL-1 inhibitory activity could be demonstrated
in the thymocyte assay. Contra-IL- 1 could be measured at all
later time points; activity peaked at 14 d, at approximately the
same time as peak p24 antigen expression. Comparable results
were obtained with the two other donors' cells.

Although contra-IL- 1 inhibited thymocyte proliferation to
IL- 1, it had no effects on the proliferation of the IL-2-depen-
dent cell line CTLL to IL-2 (Table II). Overnight preincuba-
tion of contra-IL- 1-containing supernatants with thymocytes
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Table L Effects of HI V-infected Cell Supernatants
on Thymocyte Proliferation*

A cpm$

Thymocytes + PHA+ rIL-1 (8) 19,700±3,090
+ HIV-infected macrophages (8) 4,200±1,150
+ Uninfected macrophages (8) 23,150±3,180
+ Mock-infected macrophages (2) 24,150±4,810
+ HIV-infected VB cells (3) 20,020±3,340
+ HIV (3) 17,980±1,900

* 106 thymocytes, I ,ug/ml PHA, and 5 U/ml rIL-1I# were incubated
in quadruplicate microtiter wells alone or with a 1:8 dilution of the
supernatants designated. Number of experiments denoted in paren-
theses. Supernatants were collected between 14 and 20 d from mac-
rophages that had been inoculated with either HIV or heat-inacti-
vated HIV (mock-infected) on day 1, or from donor-matched unin-
fected controls. Supernatants from HIV-infected VB cells were
collected at the time of maximum giant cell formation and either
used directly or after filtration (0.22 gm) to remove cellular material.
$Wells were pulsed with [3H]thymidine after 48 h and the incorpo-
rated radioactivity qtuantitated 18 h later. Results are expressed as
mean±SEMafter subtracting the uptake by thymocytes incubated
with PHAin the absence of rIL- 1# (1,700±500).

at 4°C significantly reduced activity, whereas preincubation
with comparable numbers of CTLL cells did not. Contra-IL- 1
was stable to freeze-thawing, but was inactivated by exposure
to pH 2.2 or 56°C for 30 min. Activity was nondialyzable, and
could be recovered in the precipitate after incubation with 50%
ammonium sulfate (data not shown). Levels of PGE2 were
comparable in supernatants from infected (4-22 pg/,l) and
uninfected (13-34 pg/,ul) macrophages as assessed by competi-
tive RIA.
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Table II. Characterization of Contra-IL-IJ*

Cells Addition

A cpm

CTLL IL-2 (10 U/ml) 32,340±4,200
IL-2 + 25 U contra-IL-I 36,110±3,980

Thymocytes PHA+ IL-1 (5 U/mil) 14,800±3,050
+25 U contra-IL-i 3,780±1,100
Thymocyte preabsorptiont 10,640±2,250
CTLL preabsorptiont 4,410±1 800
pH 2.2 X 10 min 12,250±2,600
560C X 30 min 10,400±2,100

* Supernatant collected from HIV-infected macrophages was added
to either CTLL or thymocyte proliferation assays and [3H]thymidine
incorporation quantitated as described (Methods).
$ Supernatant containing contra-IL-I was tumbled overnight at 40C
with either I07 CTLL or I0' thymocytes in a volume of 1 ml. Super-
natants were collected after centrifugation (10,000 g X 2 min) and
used in the proliferative assay.

Supernatants containing contra-IL-I activity were sepa-
rated by gel filtration over Sephacryl S-200 and the collected
fractions assayed for inhibitory activity in the presence of 5
U/ml rIL- 1, (Fig. 3). Inhibitory activity eluted as a relatively
sharp peak with an approximate molecular weight of 9 kD. No
IL- 1 activity could be demonstrated when the same fractions
were assayed in the absence of rIL- 1 for endogenous thymo-
cyte comitogenic activity (data not shown).

The capacity of the gel purified fractions containing con-
tra-IL- 1 activity to interfere with T cell proliferation was as-
sessed using the murine HT-2 T cell line that divides only in
the presence of either of the T cell growth factors IL-2 or IL-4
(20). By using a neutralizing monoclonal antibody to IL-2, it

-102Q

O C0

Figure 2. Kinetics of contra-IL- I production and p24 expression.
Macrophages in suspension were infected with HIV and maintained
in culture for 25 d (see Methods). Supernatants were assayed on the
days designated for their ability to inhibit the proliferation of murine
thymocytes. Contra-IL-l activity is expressed in units where 1 U
caused 50% inhibition of thymocytes to 5 U/ml rIL-I(f. Bars repre-
sent the mean of quadruplicate assays with SEMshown above. Ali-
quots of the cells were permeabilized and examined for viral p24 an-
tigen expression using immunofluoreseence. Uninfected macro-
phages from the same donor released no contra-IL- I activity and
were uniformly p24 antigen negative.
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Figure 3. Gel separation of contra-IL- I containing supernatants. Su-
pernatant from HIV-infected macrophages was separated over a
Sephacryl S-200 column and the elution fractions assayed in the
thymocyte co-mitogenesis assay in the presence of rIL- Ij.
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Table III. Sensitivity of Contra-IL-I to Protease Digestion*

.01 .1 1

%Con A Supernatant

1 10 100
u IL-4/ml

Figure 4. Effects of contra-IL-l on IL-2- and IL-4- mediated HT2
proliferation. (A) Proliferation of HT2 cells to increasing concentra-
tions of concanavalin A-stimulated spleen cell supernatants in the
presence (- * ) or absence (- o -) of monoclonal anti-IL-2 anti-
body, and in the presence of 10% gel-purified contra-IL-i (I A
(B) Proliferation of HT2 cells to increasing concentrations of recom-
binant IL-4 in the presence (- * -) or absence (- o -) of mono-
clonal anti-IL-4 antibody, and in the presence of 10% gel-purified
contra-IL-I (- A ).

was possible to show that the major T cell growth factor in
concanavalin A-stimulated murine spleen cell supernatants
was IL-2 (Fig. 4 A). Further, a concentration of contra-IL-i
that inhibited thymocyte proliferation by over 75% had no
effect on HT-2 cells throughout the ascending portion of the
dose response curve to the spleen cell supernatants. A similar
growth curve of HT-2 cells was demonstrated in response to
recombinant murine IL-4 (Fig. 4 B). Contra-IL-1 containing
fractions produce a small shift in the dose response curve of
HT-2 cells to IL-4, although this was not consistently seen.
Peak proliferation of HT-2 cells to either IL-2 or IL-4 was
unaffected by contra-IL-I fractions (data not shown).

The gel-purified fractions containing contra-IL-i activity
were used to assess the sensitivity of contra-IL-1 to protease
digestion. For these experiments, samples containing contra-
IL-I were tumbled for 2 h at 37°C with either chymotrypsin or

Sample

A Cpm

Thymocytes + 2 U/ml rIL-l# 9,200±300
+5%contra-IL-i 4,050±220

+ Staph V8 protease 9,120±250
+ Chymotrypsin 9,050±200
+ Chymotrypsin inhibitor 4,350±350
+ Chymotrypsin/chymotrypsin

inhibitor 4,980±220

* Gel-purified fractions containing contra-IL- I activity were incu-
bated in triplicate samples at 370C for 2 h either alone or in the pres-
ence of the designated agarose-linked proteases or inhibitor. The en-
zyme-linked beads were cleared by centrifugation and the superna-
tants assayed for residual IL- I inhibitory activity using thymocytes
stimulated in the presence of 1 Atg/ml PHAand 2 U/ml rIL-lIf.

([3H]Thymidine uptake expressed as mean±SEMafter subtracting
the uptake of thymocytes incubated with PHAalone (1,200±450).

staphylococcal V8 protease that had been coupled to agarose
beads, the beads were cleared by centrifugation, and the resid-
ual inhibitory activity assayed in the thymocyte assay. Both
enzymes completely destroyed contra-IL-I activity under
these conditions, whereas fractions incubated at 370C without
proteases were completely active (Table III). Addition of chy-
motrypsin inhibitor in excess at the beginning (but not at the
end) of the incubation with chymotrypsin resulted in protec-
tion of contra-IL-i activity.

To investigate more carefully the possibility that IL- I gene
expression in HIV-infected macrophages was being masked by
the production of contra-IL- 1, we hybridized extracted mRNA
with a specific human IL-1: probe (Fig. 5). No hybridization
with the IL- I probe could be demonstrated in infected macro-
phages, although a faint band of the appropriate size (1.3 kb)
could be detected in the uninfected macrophages. The latter
may reflect some activation due to aggregation or adherence
occurring during preparation of the cells (29). Macrophages
from four donors were infected for 10-14 d and incubated
with fresh media or 1 gg/ml LPS for 8 h before extraction of

23123 Figure 5. IL- 14mRNA12 3 ~expression in macro-
phages. mRNAwas ex-
tracted from uninfected
(lane 1), HIV-infected
(lane 2) or uninfected,

'ti LPS-stimulated (lane 3)
macrophages from the
same donor after 20 d
culture in vitro, electro-
phoresed, transferred to
nylon membranes and
hybridized with a
labeled oligonucleotide
probe specific for IL- I,
(left panel; see Meth-

ods). Ethidium bromide staining was used to confirm that compara-
ble amounts of mRNAhad been loaded for each sample (right panel).
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Figure 6. Endotoxin-mediated IL-1 # mRNAex-
pression in HIV-infected macrophages. mRNA
was extracted from HIV-infected macrophages
from four donors after 10-14 d culture in vitro
following incubation with media alone (lane 1)

or 1 ug/ml LPS for 8 h (lane 2), and hybridized to a 32P-labeled
IL- I(3 oligonucleotide probe before autoradiography.
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Figure 7. Binding of '25I-rIL-I# to 3T3 cells. 3T3 cells were incu-
bated at 4VC for the designated periods of time in the presence of
1251-rIL- 1(3 in the presence (.- *- - ) or absence (- o -) of con-
tra-IL-I before centrifugation through phthalate oil and determina-
tion of cell-associated radioactivity. Cold rIL-1I3 was used in excess
to assess specificity of the binding assay (- v ).

mRNAand hybridization with the IL-1I probe (Fig. 6). Again,
no IL-1iB mRNAwas detected in the infected cells, although
these cells readily generated IL-I in response to LPS.

The capacity of contra-IL- I to inhibit the proliferative re-
sponse of normal peripheral blood mononuclear cells to con-
canavalin A and to tetanus toxoid was examined next (Table
IV). In three donors, 50 U/ml contra-IL- I inhibited the proli-
ferative response to con A by 57-70%, and to tetanus toxoid by
35-71%. Inhibition was dose dependent, and the effect could
be attenuated by the addition of exogeneous rIL-(l3. There was
no direct cellular toxicity of contra-IL- I as assessed by trypan
blue exclusion.

Because of the ability of exogenous IL- I to overcome par-
tially the effects of contra-IL- I on the proliferation of periph-
eral blood mononuclear cells, we next examined the capacity
of gel separated fractions containing contra-IL-I activity to
inhibit the binding of rIL- I to its receptor. These experiments
used the murine 3T3 fibroblast cell line that has been shown to
possess a relatively large number of IL-I receptors similar to

those on T cells that bind both human IL- lI and IL-I a in a
competitive manner (24). Equilibrium binding of '25IL-I1f
could be established by 3 h incubation at 4VC (Fig. 7). Contra-
IL-I at concentrations that maximally inhibited thymocyte
proliferation had no effects on 1251IL-Il# binding.

The HIV isolate used in these studies, HIV-DV, grows well
in macrophages, particularly as compared with the prototypic
HIV-IIIB strain that has been propagated in T cell lines (2, 9).
To assess whether contra-IL- I could be produced in vivo dur-
ing HIV infection, adherent cells were established in culture
from the spleens of two HIV-infected patients requiring splen-
ectomy for thrombocytopenia. Immediately after isolation, 3
and 5% (patients 1 and 2, respectively) of the adherent cells
contained p24 antigen as assessed by flow cytometry. At day 5,
33 and 28% of the cells were positive for p24 and the media
demonstrated soluble p24 antigen. Assay of media collected
after day 7 yielded 36 and 46 IU/ml of contra-IL-1 activity
(54% and 72% inhibition of thymocyte proliferation to 5 U/ml

Table IV. Contra-IL-i Inhibits Proliferation of Peripheral Blood Mononuclear Cells to Mitogen and Antigen*

Concanavalin A Tetanus Toxoid

Donor Control 1:8 1:16 1:32 Control 1:8 1:16 1:32

1 35,230* 11,110 15,200 26,840 26,210 17,100 19,700 26,400
+5 U/ml rIL-l - 24,820 28,800 31,220 22,400 23,580 27,210

2 27,890 8,430 11,900 19,600 21,400 6,200 9,800 16,400
+5 U/ml rIL-I1 - 12,650 16,980 22,450 - 11,500 14,300 19,880

3 47,420 20,200 28,280 39,250 18,900 9,800 12,400 15,500
+5 U/ml rIL-I - 25,100 35,750 49,400 12,200 15,800 17,200

* Supernatant from HIV-infected macrophages that contained 50 U/ml contra-IL- I activity was added at the dilutions designated to peripheral
blood mononuclear cells from three donors and incubated with either 1 ug/ml concanavalin A or 5 gl tetanus toxoid in the absence or presence
of 5 U rIL-I(#. Proliferation was assessed by [3H]thymidine incorporation (see Methods). t Represents Acpm of quadruplicate samples. SEM
S 12%. Incorporation in the absence of mitogen or antigen was 4,100 + 2, 100 cpm. Addition of IL- I to control incubations with mitogen or
antigen alone did not significantly enhance [3H] thymidine incorporation.
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rIL- lI at a dilution of 1:32), indicating that wild-type HIV can
induce contra-IL- I release from human macrophages.

Discussion

Infection of human monocyte-derived macrophages in sus-
pension with HIV was associated with the production of a
potent inhibitor of the thymocyte activating capacity of IL- I.
The IL- I inhibitory activity eluted at an approximate molecu-
lar weight of 9,000 D after gel filtration, and was sensitive to
heat, acid pH or protease digestion. Contra-IL- I inhibited the
proliferative responses of normal human peripheral blood
mononuclear cells to both concanavalin A and tetanus toxoid
in a dose-dependent manner. Although inhibition could be
partially reversed by the addition of exogenous IL-1, contra-
IL-I did not interfere with the binding of IL- I to its receptor
on 3T3 cells. Contra-IL-I had no effect on the IL-2- or IL-4-
dependent proliferation of T cell lines. Finally, cultures of ad-
herent cells derived from the spleen of two AIDS patients were
demonstrated to be infected with HIV and spontaneously re-
leased contra-IL- I into the media following in vitro cultivation
without the addition of exogenous virus.

The cell populations used in these studies consisted of
85-90% macrophages as defined by several histologic and an-
tigenic criteria, suggesting that these cells are the source of
contra-IL-I activity. Contaminating CD4+ T lymphocytes,
another cell supporting the intracellular replication of HIV,
never comprised more than 3% of the original cell population
and were entirely absent after 7 d of culture. Recovery of
contra-IL- I peaked at the time of maximum macrophage p24
viral antigen expression, consistent with a role for viral replica-
tion in the stimulation of contra-IL- I release. Viral infection of
macrophages was required for contra-IL- I production, since
no activity was recovered after incubation of cells with nonvi-
able virus and no activity was present in supernatants taken
from infected VBT lymphoma cells. The last experiment sug-
gests that under these conditions the inhibition of IL- I was not
due to a direct effect of retrovirus envelope protein (30).

Although IL- I is a predominant macrophage cytokine, the
molecule can be produced by a wide range of cells and has
numerous activities that, in general, orchestrate the host re-
sponse to pathogens (31, 32). Aside from its ability to activate
lymphocytes, IL-1 also has been implicated in the genesis of
fever, the hepatic acute phase protein synthetic response,
muscle and fat catabolism, endothelial cell activation, bone
remodelling, the degradation of extracellular matrix, the stress
hormone response, and defense against tumors. It is not unex-
pected that an inhibitor of such a widely distributed, highly
bioactive molecule would be found, and that it might be pro-
duced by those cells that make IL- 1. Indeed, contra-IL- I activ-
ity, first described in sera (33) and urine (34) from febrile
patients, has been recovered from multiple cell types, includ-
ing monocytes and macrophages (35-37), neutrophils (38),
endothelial (39, 40) and epithelial cells (41), as well as from
EBV-transformed B cell lines (13) and the macrophage-like
U937 cell line (42). Although the mechanisms underlying the
regulatory control of contra-IL- I release remain unknown, the
reports that several viruses, including cytomegalovirus, EBV,
influenza virus, and respiratory syncytial virus, may trigger the
release of this activity from macrophages (36, 43), together
with the data for HIV presented here, suggest that virus-mac-
rophage interaction may be commonly involved. Although

others have reported co-production of IL- I by cells stimulated
to release contra-IL- I ( 12, 36), we were unable to demonstrate
message for IL- I3 in macrophages infected with HIV. Message
for IL-i I: is tenfold more abundant than that for IL-i a in
human monocytes (44) and control of IL- I protein secretion is
felt to be regulated largely at the transcriptional level (45).
Message for IL- I: could be readily detected in both uninfected
and infected LPS-stimulated cells, indicating that HIV-in-
fected macrophages are capable of producing IL-I when ap-
propriately stimulated. Taken together, these data make it un-
likely that IL-I transcription was occurring in these HIV-in-
fected cells. The inability to demonstrate IL- I production may
reflect the in vitro differentiation of the cells used for the
mRNAextractions (10-20 d), since prolonged culture of mac-
rophages has been demonstrated to attenuate the capacity to
generate IL-1 (46).

The ability to absorb contra-IL-I onto thymocytes, in
agreement with previous reports (13), suggests that inhibition
is occurring at the level of the thymocyte rather than via bind-
ing to soluble IL-1. We cannot rule out the possibility that
contra IL-I might have inhibitory effects on other thymocyte
proliferative interleukins, including TNF-a (47) or IL-6 (48).
The shift in the response curve of HT-2 cells to IL-4 in the
presence of contra-IL- 1, although small, might reflect interfer-
ence with IL- I effects (49). Low molecular weight inhibitors of
IL- 1, such as thymidine or PGE2, did not account for the
inhibitory activity measured in these experiments. Uromodu-
lin, which inactivates IL- I through direct binding by carbohy-
drate side chains (50), also seems an unlikely candidate in view
of its molecular weight (85 kD) and reported production solely
in the kidney; evidence suggests that uromodulin is identical to
Tamm-Horsfall glycoprotein (51). The acid stability and IL-2
inhibitory activity of transforming growth factor-:, another
potent inhibitor of mitogenesis, are distinct from those of con-
tra-IL-i (52). The approximate molecular weight of contra-
IL- I reported here is in agreement with a previously described
inhibitor, recovered from the supernatants of peripheral blood
mononuclear cells from patients with AIDS and, in lower titer,
from healthy individuals (12). Wewere unable to demonstrate
competition by contra-IL- I for IL- I binding to its receptor on
fibroblasts, suggesting that inhibition occurs at a postbinding
site. Others have reported both inhibition of binding (53) and
no inhibition (54) by IL-I inhibitors of higher molecular
weights isolated from urine from febrile patients. The bio-
chemical and molecular characterization of this widely dem-
onstrated biological activity awaits further study, but will be
required in order to determine whether all of these activities
are mediated by a single cytokine or a family of molecules.

The potential role of contra-IL-I in the pathogenesis of
AIDS remains unknown. Some of the accessory cell dysfunc-
tion described among patients' cells are consistent with the
effects of contra-IL-I demonstrated here, including dimin-
ished proliferation of peripheral blood mononuclear cells to
mitogen and antigen. The potential for in vivo production of
contra-IL- I by HIV infected macrophages is supported by our
data using cells isolated from the spleen of HIV-infected pa-
tients and from the results of Berman and colleagues using
unfractionated peripheral blood cells from AIDS patients ( 12).
Contra-IL- I has also been isolated from synovial mononuclear
phagocytes from patients with rheumatoid arthritis, and has
been demonstrated to not only block lymphoproliferation, but
also to inhibit T cell production of IL-2 and gamma-IFN (37).
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Diminished production of gamma-IFN has been reported
from cells from AIDS patients and has been correlated with
increased risk of opportunistic infection (55). Loss of gamma-
IFN production might contribute to the diminished class II
MHCantigen expression that has been demonstrated in AIDS
patients (56, 57); alternatively, this may reflect a direct effect of
viral infection (58). Loss of class II MHCtogether with release
of a soluble IL- 1 inhibitor would be expected to profoundly
impair the accessory cell function of infected macrophages.
Efforts to purify contra-IL- 1 are needed in order to fully exam-
ine the biological activity and regulatory control of this poten-
tially important cytokine.
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