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ABSTRACT

Background: Cytokines and cytokine antagonists mod-
ulate human immunodeficiency virus (HIV) replication
in vitro and may be involved in HIV disease pathogene-
sis. An understanding of these cytokine networks may
suggest novel treatment strategies for HIV-seropositive
persons.
Materials and Methods: Ul cells, a chronically in-
fected promonocytic cell line, were stimulated with in-
terleukin 1 a (IL- La), IL- 1, or tumor necrosis factor
(TNF) for 24 hr. The effects of these cytokines, and of
anti-IL-l receptor type 1 and type 2 (IL-IRI and II)
antibody, IL-1 receptor antagonist (IL- IRa), and recom-
binant human TNF binding protein type 1 (rhTBP-1, a
form of TNF receptor p55), on HIV-1 replication, as
measured by ELISA for HIV- 1 p24 antigen, were deter-
mined. The effects of IL-1 and IL-IRa on nuclear fac-
tor-KB (NF-KB) DNA binding activity, as measured by
electrophoretic mobility shift assays, were also deter-
mined.

Results: IL- I a and IL- 1 , increased p24 antigen produc-
tion in a concentration-dependent manner. IL- IRa com-
pletely, and rhTBP- 1 partially, suppressed IL- 1-induced
p24 antigen production. IL- I increased NF-KB DNA
binding activity and IL-IRa blocked this effect. Since
IL- IRa blocks IL-I from binding to both the IL-1RI and
IL- IRIH, monoclonal antibodies directed against each re-
ceptor were used to ascertain which IL-i R mediates IL-
l-induced WV-I expression. Antibody to the IL- IRI re-
duced IL-I-induced p24 antigen production. Although
anti-IL-lRIH antibody blocked the binding of '25IL--Ia
to Ul cells by 99%, this antibody did not affect IL-1-
induced p24 antigen production. IL- 13 enhanced TNFa-
induced HIV expression when added before or simulta-
neously with TNFa.
Conclusions: IL-1 induces HIV-1 expression (via the
IL-lRI) and NF-KB activity in Ul cells. These effects are
blocked by IL- IRa and partially mediated by TNF. IL-I
enhances TNFa-induced HIV replication in Ul cells.

INTRODUCTION
Interleukin 1 a (IL- I a) and IL- 1, are two distinct
gene products that share a spectrum of inflam-
matory and immunological properties (1). Both
cytokines bind to the 80-kD type I IL-I receptor
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(IL-IRI) found on T cells (2-4) and fibroblasts
(2). The 68-kD type II IL-I receptor (IL-IRII) on
monocytes (5), B cells (3), and neutrophils (6)
also binds both forms of IL-1. The two IL-IRs
have 28% amino acid identity between their ex-
tracellular domains; however, the cytoplasmic
portion of the IL- IRII is truncated compared
with that of the IL-i RI (7). There is considerable
evidence that IL- 1 exerts its biological effects via
the IL-1RI. In HepG2 cells expressing both the
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IL-IRI and IL-IRII, anti-IL-IRI antibody com-
pletely abrogates IL- I -induced activation of T669
protein kinase (8). Anti-IL-IRI antibody also
blocks IL-i-induced nuclear factor-KB (NF-KB)
synthesis in B cells possessing only 10 IL- 1RI per
cell (9). It has been shown that anti-IL-IRII an-
tibody does not inhibit, but in fact enhances IL-
i-induced cytokine synthesis in IL-IRII-bearing
cells (10,11).

Naturally occurring cytokine antagonists or
soluble receptors can block the effects of certain
cytokines. Interleukin 1 receptor antagonist (IL-
IRa) blocks IL-I activity both in vivo and in vitro
(reviewed in Ref. 12). Although it shares consid-
erable sequence homology with IL- I a and IL-I f3,
and binds to the IL-IRI and IL-IRII (13,14) on
various cells, it has no known agonist activity. In
contrast to monoclonal antibodies to interleu-
kin-I receptors, IL-IRa has been used in several
clinical trials; it has been well tolerated and has
not had any demonstrable agonist activity in hu-
mans (1). Similarly, tumor necrosis factor (TNF)
soluble receptors can block the effects of TNF.
There are two soluble TNF receptors (sTNFRp55
and sTNFRp75; reviewed in Ref. 15). In these
studies, we used recombinant human TNF bind-
ing protein type 1 (rhTBP- 1), a form of
sTNFRp55, to block TNF agonist activity.

Studies performed in chronically HIV-i-in-
fected promonocytic (Ul) and T lymphocytic
(ACH-2) cell lines have demonstrated that cyto-
kines such as granulocyte-macrophage colony-
stimulating factor (16), TNF (17), IL-6 (18), and
interferon-y (19) enhance human immunodefi-
ciency virus type 1 (HIV-1) expression. TNF ap-
pears to mediate its effect on HIV- 1 by increasing
the amount of free NF-KB that in turn binds to
and stimulates the HIV-i-long terminal repeat
(20-22). IL-1 has also been shown to activate
HIV-1 LTR expression (22,23) and HIV-1 repli-
cation (24), contrary to earlier reports (16).

In this study, we investigated the effect of
IL- I on HIV- 1 expression and NF-KB DNA bind-
ing activity in U1 cells and examined the func-
tion of each IL-i R using specific monoclonal an-
tibodies. Additional experiments were performed
to evaluate the ability of interleukin 1 receptor
antagonist (IL- I Ra) and recombinant human
TNF binding protein type 1 (rhTBP- 1) to block
IL-I-induced HIV- 1 replication. We found that
IL-1 induces HIV-1 replication via the IL-IRI in
Ul cells in association with increases in NF-KB
DNA binding activity. These effects are blocked
completely by IL-IRa and partially by rhTBP-1.
These data provide further insight into factors

that control HIV-1 replication in chronically in-
fected monocytes.

MATERIALS AND METHODS
Reagents
Human recombinant IL- Ia (2 X 108 U/mg) was
the gift of Dr. Peter Lomedico (Hoffmann-La-
Roche, Nutley, NJ, U.S.A.). Human recombinant
IL-1(3 (108 U/mg) was donated by Dr. Aldo Tag-
liabue (Sclavo Research Centre, Sienna, Italy).
These cytokines contained <100 pg/mg of endo-
toxin as determined by the Limulus amebocyte
lysate test (Associates of Cape Cod, Woods Hole,
MA, U.S.A.). Human recombinant IL-1 receptor
antagonist (IL-IRa) was provided by Dr. Daniel
E. Tracey (Upjohn, Kalamazoo, MI, U.S.A.). Hu-
man recombinant TNFa (107 U/mg) was the gift
of Dr. Michael A. Palladino, Jr. (Genentech Inc.,
So. San Francisco, CA, U.S.A.). Recombinant hu-
man TNF binding protein-I (rhTBP-1) was pro-
duced in Chinese hamster ovary cells and was
donated by Ares Advanced Technology, Inc.
(Ares Serono), Randolph, MA, U.S.A. Murine
anti-human IL-IRI (MI) and IL-IRII (M22)
monoclonal antibodies were provided by Dr.
John E. Sims (Immunex, Seattle, WA, U.S.A.).
Phorbol myristate acetate (PMA) (Sigma Chem-
ical Co., St. Louis, MO, U.S.A.) was diluted to 2.5
mg/ml in dimethylsulfoxide (Sigma) and stored
at -20°C. Radiolabeling of IL-la with 1251 (New
England Nuclear, Boston, MA, U.S.A.) was per-
formed using chloramine T (Sigma).

RPMI 1640 (Sigma) containing 10 mM L-
glutamine, 24 mM NaHCO3 (Mallinckrodt, Paris,
KY, U.S.A.), 10 mM Hepes (Sigma), 100 U/ml
penicillin, and 100 jig/ml streptomycin (Irvine
Scientific, Santa Ana, CA, U.S.A.), pH 7.4, was
ultrafiltered using polysulfone hollow fiber filters
(F40; Fresenius AG, Bad Homburg, Germany) to
remove substances capable of inducing cytokine
production (25). For all experiments except the
binding assays, RPMI was supplemented with
heat-inactivated (45 min, 560C) fetal calf serum
(FCS; 10% final concentration; HyClone Labora-
tories, Logan, UT, U.S.A.). The binding assay
buffer consisted of ultrafiltered RPMI with bo-
vine serum albumin (1% final concentration,
Fraction V, Sigma), 20 mM Hepes, and 0.05%
sodium azide (Sigma), pH 7.2.
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Phytohemagglutinin-Stimulated
Peripheral Blood Mononuclear Cell
Supernatants
Peripheral blood mononuclear cells (PBMC)
were obtained using ficoll-hypaque centrifuga-
tion as previously described (14). Cells were then
cultured at 2.5 X 106 cells/ml in RPMI supple-
mented with 10% FCS and 0.5 mg/ml phytohe-
magglutinin (PHA)-P (Sigma) at 37°C in a hu-
midified atmosphere containing 5% CO2. After
24 hr, the cell suspension was centrifuged at 350
X g for 10 min. The supernatant was removed
and frozen at -700C.

Ul Cell Line
The U1 cell line is a subclone of HIV-1-infected
U937 promonocytic cells (16). Ul cells contain
two copies of HIV-1 proviral DNA and constitu-
tively express low levels of virus. These cells
were obtained from the AIDS Research and Ref-
erence Program, NIAID, National Institutes of
Health, and were cultured in RPMI containing
10% FCS. Preliminary experiments were per-
formed to determine the optimal cell density and
the kinetics of HIV-1 p24 antigen production
after cytokine stimulation using our in vitro cul-
ture conditions (data not shown). Based on these
results, in each experiment Ul cells were washed
twice in RPMI before being resuspended in
RPMI/FCS at a concentration of 2 X 106 cells/ml.
Cells (500 Al) were then aliquoted into 12 X 75
mm round bottom polypropylene tubes (Falcon,
Becton Dickinson, Lincoln Park, NJ, U.S.A.) and
250 Al of either RPMI/FCS or an inhibitor in
RPMI/FCS was added. Immediately thereafter,
cultures were supplemented with 250 ,lI of ei-
ther RPMI/FCS or IL-1 in RPMI/FCS. For every
experiment, each condition was tested in quad-
ruplicate. In the experiments using anti-IL-lR
monoclonal antibody, cells were preincubated
with antibody for 90 min at 370C prior to the
addition of IL- 1. Cells were then incubated for 24
hr at 370C, 5% CO2.

After incubation, cell viability was deter-
mined by trypan blue exclusion. Cultures were
then mixed with Triton X-100 (0.5% final con-
centration; Du Pont/NEN Research Products,
Boston, MA, U.S.A.) and frozen at -700C.
Where indicated, cells were separated from the
supernatant prior to the addition of Triton X. In
these experiments, cell suspensions were centri-
fuged at 300 x g for 5 min; supernatants were
removed, combined with Triton X, and frozen at

-70°C. Cell pellets were washed once with
RPMI, resuspended in 1000 ,ul RPMI with 10%
FCS, mixed with Triton X-100, and then frozen
at -70°C. Unseparated Ul cell suspensions, cells
alone, and supernatants were assayed for p24
antigen by ELISA (Du Pont/NEN). IL-I a, IL-I 3,
IL-IRa, and rhTBP-1 do not interfere with this
ELISA (data not shown). The limit of detection of
the ELISA was 12.5 pg/ml p24 antigen.

Electrophoretic Mobility Shift Assays

NF-KB probe was isolated from a 93-bp HaeIII
fragment from pHIVlacZ (NIAID AIDS Research
and Reference Reagent Program) that was sub-
sequently treated with alkaline phosphatase,
then 5'-end labeled. Cellular and nuclear ex-
tracts were isolated according to the method by
Dignam et al. (26) and Andrews and Faller (27),
respectively. Briefly, labeled NF-KB probe was
incubated with 20 ,ug cellular extract or 10 ,ug
nuclear extract and 1.5 jig poly (dI:dC) for 30
min at room temperature. The binding reaction
contained 10 mM Tris-HCl (pH 7.5), 50 mM
NaCl, 1 mM dithiothreitol, 1 mM EDTA, and 5%
glycerol in a final volume of 25 pl (28). Bound
and unbound fractions were separated on a 4%
polyacrylamide gel with 50 mM Tris-HCl (pH
8.5), 380 mM glycine, and 2 mM EDTA (29) as
the running buffer. Gels were dried and exposed
to Kodak SB-5 X-ray film at -700C.

Receptor Binding Assay

Using the methods of Spriggs et al. (5), Ul cells
were suspended at 106 cells/ml in RPMI with
10% FCS and 5 ng/ml phorbol myristate acetate
(PMA). After incubating for 24 hr at 37°C, dexa-
methasone (10-7 M final concentration) was
added and the cells were incubated for an addi-
tional 14 hr. Subsequently, the cells were centri-
fuged at 300 X g for 10 min. The cell pellet was
then resuspended for 15 sec at 4°C in 500 pl of
150 mM sodium chloride, 100 mM glycine HCI,
pH 3.2, before being diluted to 50 ml in 4°C PBS.

U1 cells were washed twice in cold RPMI
before being resuspended at 108 cells/ml in 4°C
binding buffer. Duplicate aliquots of cells were
gently rocked for 2 hr at 4°C with different con-
centrations of anti-IL-IRII monoclonal antibody
or IL-IRa. Radiolabeled IL-la was added. The
total volume of the cell suspension was 150 ,ul.
After the samples were rocked for another 2 hr at
4°C, cell bound radioactivity was separated from
free radioactivity by centrifugation through oil (Sil-
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icones, General Electric, Waterford, NY, U.S.A.) at
14,000 X g for 90 sec. Tips of the tubes containing
the cell pellet were cut and counted. Radioactivity
was measured using a y-scintillation counter.

Statistics

Data are expressed as mean ± SD. Percentage
inhibition was calculated using the formula:

[p24 antigen] in presence of inhibitor -
constitutive (p24 antigen)] X 100

IL- I -induced (p24 antigen) - constitutive (p24 antigen)

StaL;ttical analysis was performed using the
two-tailed Student's t test for unpaired samples
and analysis of variance using Fischer's least sig-
nificant difference.

RESULTS
IL-1 Induces HIV-1 Expression in Ul Cells

In the present study, we investigated whether
IL-1 could increase p24 antigen production in
the chronically HIV- 1-infected promonocytic Ul
cell line. U1 cells were cultured with increasing
concentrations of IL-1. In 11 experiments, IL-I
induced a 2- to 7-fold increase in p24 antigen
synthesis. Similar results were obtained using
either IL-la or IL-I P. As illustrated in Fig. 1, IL-I
induced a concentration-dependent increase in
p24 antigen production (p < 0.001). The effec-
tive dose50 for IL-I was 1 ng/ml (p < 0.05).
Maximal induction occurred at 10 ng/ml IL-1
(p < 0.001). IL-1 did not affect cell viability or
proliferation at 50 ng/ml (data not shown).

IL-1 Increases Both Cell-Associated
and Released HIV-1 Protein
To ascertain if IL- I induced viral protein release,
we measured the cell-associated and supernatant
p24 antigen concentrations in unstimulated and
IL- I -stimulated cultures (Fig. 2). In unstimulated
Ul cells, 58% of the p24 antigen was cell-asso-
ciated (p = 0.01 when compared with superna-
tant p24 antigen). Cell-associated p24 antigen
constituted 59% (p < 0.001) and 61% (p <
0.001) of IL-ia and IL-l,B-induced p24 antigen
synthesis, respectively. Therefore, IL-1 increases
both cell-associated and released HIV-1 p24.

E
Q.I-,
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IL-1 (ng/ml)

FIG. 1. IL-i-induced HIV-1 p24 antigen pro-
duction is concentration dependent
U1 cells were cultured with increasing concentra-
tions of IL- la (0) or IL-1,B (0). After 24 hr cells
were lysed with Triton X- 100. An ELISA was per-
formed to determine the total concentration of p24
antigen. Each data point depicts the mean ± SD of
four samples. *p < (.05; tp . 0.01; and §p S 0.001
when comparing Ul cells stimulated with IL-1 with
unstimulated cells. p < 0.001 using analysis of vari-
ance.

IL-IRa Blocks IL-i-Induced HIV-1
Expression

IL-IRa was added to U1 cells immediately prior
to the addition of 50 ng/ml IL-1. Constitutive
p24 antigen synthesis (17 + 1 pg/ml) was unaf-

E
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CJelis IL-la IL-l1
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FIG. 2. IL-1 increases both cell-associated
and released p24 antigen
U1 cells were cultured in the absence or presence
of 50 ng/ml IL- la or IL-1p3. After 24 hr the con-
centrations of cell-associated (open bars) and su-
pernatant (hatched bars) p24 antigen were deter-
mined by ELISA. Each data point depicts the
mean ± SD of four samples. tp = 0.01 and §p <
0.001 when comparing cell-associated p24 anti-
gen with supernatant p24 antigen.

,
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FIG. 3. IL-IRa blocks IL-i-induced p24 antigen
production
Ul cells were cultured with different concentrations
of IL-IRa and then stimulated with 50 ng/ml IL-la
(0) or IL-113 (-). p24 antigen is depicted as the
mean ± SD of four samples. §p - 0.001 when com-

paring U1 cells pretreated with IL-IRa with cells not
treated with IL-IRa. p < 0.001 using analysis of
variance.

fected by incubation with 10 ,ug/ml IL-IRa (data
not shown). As depicted in Fig. 3, a 2-fold molar
excess of IL- I Ra inhibited IL- I (3-induced p24 an-

tigen production by 50% (p ' 0.001). At a 50-
fold molar excess, IL-IRa completely suppressed
IL-I,3-induced p24 antigen (p < 0.001).

IL-iRa Does Not Block PHA-Supernatant-,
TNFa-, or PMA-Induced HIV-1 Expression

PHA-supernatant (25% v/v) induced a 6-fold
rise in p24 antigen synthesis. Constitutive p24
antigen synthesis was 50 10 pg/ml in this
experiment. Ul cells stimulated with 10 ng/ml
TNFa or 10 7 M PMA produced 5,100 + 300
pg/ml and 22,000 + 3,800 pg/ml p24 antigen,
respectively. IL-I Ra, at a concentration of 10
,ug/ml, did not inhibit PHA-supernatant-, TNFa-,
or PMA-induced p24 antigen production (data
not shown).

IL-1 Increases NF-cB DNA Binding
Activity and IL-iRa Blocks This Effect

In order to determine whether the observed IL-
1(3-induced HIV replication was NF-KB depen-
dent, the electrophoretic mobility shift assay
(EMSA) was employed to measure the level of
transcriptionally active NF-KB in cells treated
with IL-1,3 and IL-IRa. The results presented in
Fig. 4 show that IL-1f3 (10 ng/ml) induced NF-KB

FIG. 4. IL-1 increases NF-KcB DNA binding
activity in Ui cells and IL-iRa blocks IL-1-
induced NF-KcB binding activity
Ul cells were stimulated with IL-1,3 (10 ng/ml)
and cultured for 3 hr in the presence of IL-IRa (1
,tg/ml). Gel mobility shift assays for NF-KB DNA
binding activity were performed using 20 jig of
nuclear extracts, a NF-KB probe and a NF-KB
consensus sequence as a competitor (20 ng). The
arrowhead indicates the region of NF-KB binding.
(Lane 1) Unbound probe; (Lane 2) unstimulated
Ul cells; (Lane 3) unstimulated Ul cells with
NF-KB competitor sequence; (Lane 4) Ul cells
with IL-1; (Lane 5) Ul cells with IL-I and com-
petitor; (Lane 6) Ul cells with IL-1Ra; (Lane 7)
Ul cells with IL-IRa and competitor; (Lane 8) Ul
cells with IL-1 and IL-iRa; (Lane 9) Ul cells with
IL-1, IL-IRa and competitor.

levels approximately two-fold above the un-

stimulated control (Lanes 2 and 4). IL- 1(3-in-
duced NF-KB activity was decreased in the pres-
ence of 1 ,tg/ml IL-IRa to levels seen with
unstimulated Ul cells (Lanes 2 and 8). EMSA
results were similar when either cellular or nu-

clear extracts were used (data not shown). Sim-
ilar results were obtained in three separate ex-

periments.

IL-1 Induces HIV-1 Expression via
the IL-IRI

IL-IRa blocks the binding of IL-1 to both the
IL-IRI (30) and the IL-IRII (13). To determine if
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FIG. 5. Anti-IL-IRI monoclonal antibody in-
hibits IL-1-induced p24 antigen production
U1 cells were incubated with different concentra-
tions of anti-IL-IRI antibody. After 90 min, either
RPMI or IL-1 3 (50 ng/ml) was added to the cultures.
p24 antigen is depicted as the mean ± SD of four
samples. *p = 0.05 when comparing Ul cells pre-
treated with anti-IL-IRI antibody with cells not treated
with antibody. p = 0.01 using analysis of variance.

the IL-IRI mediated IL-1-induced increases of
p24 antigen levels in Ul cells, these cells were
preincubated with murine anti-human IL-I RI
monoclonal antibody prior to stimulation with
IL-I (3 (Fig. 5). Antibody alone did not stimulate
an increase in HIV-1 expression. However, anti-
IL-1RI antibody inhibited IL-i-induced p24 an-
tigen production in a concentration-dependent
manner (p = 0.001). At a concentration of 5
,g/ml, this antibody reduced p24 antigen syn-
thesis by 42% (p = 0.05).

Antibody to the IL-IRII Blocks the
Binding of IL-1 to Ul Cells, but Does Not
Inhibit IL- 1-Induced HIV- 1 Expression
Human monocytes can be induced to express
large amounts of IL-IRII (5). We therefore ex-
amined whether anti-human IL-IRII monoclo-
nal antibody could inhibit IL- 1-induced p24 an-
tigen production. As shown in Fig. 6, 2.5 ,ug/ml
anti-IL-I RII antibody blocked the binding of
125IL-la to Ul cells by 98%. However, as de-
picted in the inset, 10 jig/ml of this antibody did
not inhibit IL- I a-induced p24 antigen synthesis.
Similar results were obtained using IL-1(3 as the
stimulant (data not shown).

IL-1 Enhances TNFca-Induced HIV-1
Expression
Folks et al. (17) demonstrated that TNFa in-
creases HIV-1 expression. Since IL-1 and TNFa

80
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,t 200-
0.

0

Cells anti- IL-1 IL-1
IL-1 Ril Ab + Ab

0 0.1 1 2.5 5 10 20 40
anti-IL-1R11 Ab ( ,ug/ml)

FIG. 6. Anti-IL-IRII monoclonal antibody
blocks the binding of radiolabeled IL-1 to Ul
cells, but does not inhibit IL-i-induced p24
antigen production
U1 cells (107) were preincubated for 2 hr at 4°C
with different concentrations of anti-IL-IRII anti-
body prior to the addition of -100 pM 125IL-lca.
After another 2 hr at 40C, specific binding was
determined. Nonspecific binding (which was mea-
sured in the presence of 10 ,uM of IL-IRa) was
37% of total binding. The inset shows Ul cells
preincubated with RPMI or 10 ,tg/ml anti-IL-IRII
prior to stimulation with 50 ng/ml IL- Ia. p24 anti-
gen is depicted as the mean ± SD of four samples.

often act synergistically (31), we investigated the
effect of a combination of IL-1(3 and TNFa on
p24 antigen synthesis. As depicted in Fig. 7A, Ul
cells were treated with IL- 13 (5 ng/ml) immedi-
ately prior to stimulation with increasing con-
centrations of TNFa. Cells stimulated with IL- 1(3
alone synthesized 42 ± 5 pg/ml p24 antigen. At
concentrations of exogenous TNFa equal to or
greater than 10 ng/ml, IL-1(3 significantly en-
hanced TNFa-induced p24 antigen synthesis,
giving approximately a 40% increase in p24 an-
tigen expression at 100 ng/ml TNFa. Pretreat-
ment for 24 hr with IL- 1( also enhanced TNFa-
induced HIV-1 expression (Fig. 7B). Cells
cultured with IL-1l3 (5 ng/ml) and then stimu-
lated for 24 hr with TNFa (10 ng/ml) contained
2.4-fold more p24 antigen than controls treated
with TNFa alone (p < 0.01). Therefore, IL-1(3
enhances TNFa-induced HIV- 1 expression when
added before or simultaneously with TNFa.

IL-i-Induced HIV-1 Expression Is
Mediated in Part by TNF
Monocytes stimulated with IL-I synthesize TNF
(32). To determine the contribution of endog-
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FIG. 7. IL-1 enhances TNFa-induced p24
antigen production
(A) Ul cells were treated with RPMI (0) or 5
ng/ml IL- Io (0) immediately prior to the addition
of different concentrations of TNFa. After 24 hr,
p24 antigen concentrations were determined by
ELISA. (B) Ul cells were cultured in the absence
or presence of 5 ng/ml IL-i 3 for 24 hr before the
addition of 10 ng/ml TNFa. All cultures were as-

sayed for p24 antigen 24 hr following the addi-
tion of TNFa. tp c 0.01 and §p < 0.001 when
comparing cells stimulated with both IL-Il,3 and
TNFa with cells stimulated with TNFa alone.

enously synthesized TNF to IL-1-induced p24
antigen production, U1 cells were incubated with
50 ng/ml IL-1 in the presence of rhTBP- 1
(Fig. 8). rhTBP-1 inhibited IL-la- and IL-i13-
induced p24 antigen production by 27% (p <
0.001) and 24% (p = 0.001), respectively.

DISCUSSION
IL-1 is an inflammatory mediator capable of af-
fecting nearly all mammalian cells. After binding
to cells possessing both IL- IRs, IL- I activates nu-

Cells IL-la IL-15
alone

FIG. 8. rhTBP-1 inhibits IL-i-induced p24
antigen production
Ul cells were incubated in the absence (open
bars) or presence (hatched bars) of rhTBP- 1 (2.5
,tg/ml) prior to stimulation with 50 ng/ml IL-1.
p24 antigen is depicted as the mean ± SD of four
samples. §p s 0.001 when comparing Ul cells
treated with rhTBP- 1 with cells not treated with
rhTBP- 1.

clear factors (33), stimulates transcription of
proto-oncogenes (34), and induces cytokine syn-
thesis (35). As reported here, IL-1 can also in-
crease viral expression in the chronically HIV- 1-
infected promonocytic Ul cell line.

While there is well-established evidence that
IL-I exerts its effects via the IL-i RI, recent stud-
ies suggest that the IL-I RII does not mediate
signal transduction (10,11). Since U1 cells pos-
sess both the IL-IRI and the IL-IRII, we used
these cells to investigate the different roles of the
two IL- IRs. Our data demonstrate that even
though monoclonal antibody directed against
the IL- I RII blocked IL- I from binding to U 1 cells,
this antibody did not affect IL-I-induced p24
antigen production. In contrast, monoclonal an-
tibody to the IL-i RI inhibited IL-I-induced p24
antigen synthesis. The lack of complete inhibi-
tion by anti-IL-i RI may be due in part to induc-
tion of HIV- 1 by IL- 1 -induced TNF. Taken
together, these findings demonstrate that the IL-
IRII does not participate in signal transduction
either alone or in cooperation with the IL- IRI in
this experimental system. This is in agreement
with recently published data by Poli et al. (24).

By binding IL- I and therefore preventing its
association with the IL-i RI, the IL-1RII might
function as a downregulator of the immune re-
sponse in conditions characterized by overpro-
duction of IL- 1. For example, during sepsis, neu-
trophils express an increased number of IL-1RII
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(36). Thus, the IL-IRII might act as a scavenger
of excess IL-1. In contrast to other studies (24),
we were unable to demonstrate this phenome-
non in our system despite proving that anti-IL-
1RII blocked IL-1 binding to the receptor. One
possible explanation for these differences is that
the ratio of IL- I to IL- I receptors, which differed
in these two studies, is an important factor.
Whether there is already an increase in IL-IRII
expression during asymptomatic HIV- 1 infection
is unknown. However, we do have evidence that
plasma IL- IRa levels are elevated in both asymp-
tomatic and symptomatic HIV- 1 -seropositive pa-
tients as compared with healthy HIV- 1 -seroneg-
ative controls (manuscript in preparation).

We found that IL-1 induces NF-KB DNA
binding activity in Ul cells. IL-IRa blocks this
effect, presumably because it prevents IL-I from
binding to the type I receptor (9). Several cyto-
kines, including TNF, are known to increase HIV
replication or HIV-LTR activity in association
with NF-KB induction (20,22). Increased HIV ex-
pression and NF-KB activity occur during mono-
cyte differentiation (37) and NF-KB activity is
induced by HIV infection of monocytes (38). Our
finding that IL-I induces NF-KB activity in asso-
ciation with increased HIV replication is in agree-
ment with these observations and with those of
others who examined the effects of IL- I on HIV-
LTR activity using a different assay system (22).
They stand in contrast to those of Poli et al. who
used an experimental system with Ul cells that
was similar to ours (24). We speculate that this
difference may relate to the concentrations of
IL-I that were used (10 ng/ml in our experi-
ments and 1 ng/ml in those of Poli et al.), or
other methodologic details that included cell
number, time of culture, method of cell lysis and
binding buffers.

Circulating TNFa levels are increased in
AIDS patients (39,40). As demonstrated here,
IL-1 enhances TNFa-induced HIV-1 expression.
In addition, IL-1 induces TNFa (32) and this
IL-i-induced TNFa contributes 27% of the total
amount of IL-i-induced p24 antigen synthesis,
as evidenced by blocking with rhTBP- 1. Previous
studies have also demonstrated a role for endo-
genous TNFa in HIV-1 expression. Tadmori et al.
(41) reported that anti-TNFa antibody suppressed
both the constitutive expression of the HIV- 1-long
terminal repeat in Epstein-Barr virus-transformed
B cells and expression induced by PMA in U937
cells. Anti-TNFa antibody has also been shown to
suppress PMA-induced reverse transcriptase activ-
ity in U1 cells (42). Using a chronically HIV-1-

infected CD4+ promyelocytic clone, Butera et al.
(43) found that the increase in reverse tran-
scriptase activity induced by TNFa pulse treatment
could be prevented by the subsequent addition of
anti-TNFa monoclonal antibodies. Thalidomide, a
selective inhibitor of TNFa synthesis, also inhibits
granulocyte-macrophage colony-stimulating factor
and IL-6-induced reverse transcriptase activity in
Ul cells (44).

While the magnitude of IL-I-induced HIV
replication in vitro is less than that observed with
TNF (approximately 10-fold less, data not
shown), there may nonetheless be important in
vivo effects of IL-1 on HIV disease progression.
This may occur because of differential produc-
tion of IL-I and TNF in vivo or differential ex-
pression of IL-I and TNF receptors or their nat-
urally occurring antagonists under different
conditions at different sites. Moreover, we have
demonstrated potentially important enhancing
effects of the concerted action of IL- I and TNF on
HIV- 1 replication and the induction of TNF by
IL- I in this system. It may therefore be important
to block the action of both these cytokines in
future therapeutic interventions of cytokine net-
works in HIV-1 seropositive persons. In this re-
gard, we have used specific cytokine antagonists
that are well tolerated in human volunteers (re-
viewed in Refs. 1 and 45), to block the effects of
IL-1 in these experiments. IL-IRa almost com-
pletely blocked the effects of IL-I on HIV-1 rep-
lication and NF-KB DNA binding activity.
rhTBP- 1 partially blocked the effects of IL-I on
HIV replication.

Our findings demonstrate that IL-1 induces
HIV- 1 expression in Ul cells via the IL- 1RI and that
this effect is mediated in part by TNF. IL-I also
induces NF-KB DNA binding activity. IL- IRa blocks
IL- 1-induced effects on both HIV- 1 replication and
NF-KB activity. The intricate autocrine, paracrine,
and juxtacrine effects of cytokines in HIV- 1 -sero-
positive persons at various stages of disease are not
fully known. It is possible that cytokine antagonists
may be of benefit in the treatment of these patients
to decrease HIV-1 replication at times when cyto-
kine production is increased.
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