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The Role of Endogenous IL-18 in HIV-1 Production

in Infected Peripheral Blood Mononuclear Cells

Hee Jung Choi

Department of Internal Medicine, Ewha Womans University College of Medicine
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Introduction

Interleukin (IL)-18 is an interferon y (JFN-7) in-
ducing factor important in the generation of the T helper
type 1(Thl) response'™
tributes to human immunodeficiency virus type 1 (HIV-

. The Thl response likely con-

1) containment in vitro and in vivo™®. In a previous
report, we showed that exogenous IL-18 added to peri-
pheral blood mononuclear cells(PBMC) immediately
after infection with either monocyte (M) - or T cell (T)-
tropic virus inhibited HIV-1 production in 4-day cultures.
This IL-18 inhibition was mediated through induction of
IFN- 7 synthesis and by reduced cell surface CD4 ex-
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pression”. Since HIV-1 suppression was also observed
in 4-day infected cultures when IL-18 was added exclu-
sively during the 2 days prior to infection with virus, the
IL.-18 inhibitory effect was likely operative during the
early phases of PBMC infection.

IL-18 binding protein (IL-18BP) is a constitutively
expressed and secreted soluble protein, which was puri-
fied from human urine and sequenced®. IL-18BP binds
and neutralizes IL-18 and specifically reduces its various
biological activities®. Having established an HIV-1 in-
hibitory effect for exogenously added IL-18 in infected
PBMC cultures, we used IL-18BP to examine the HIV-1
effect of endogenous IL-18 synthesized by the PBMC.

Results

1. IL-18BP specifically neutralizes the biological
activity of IL-18 in Ul cells

To assess the effect of endogenous IL-18 in vitro, we

used recombinant human IL-18BP in these investi-

gations. TL-18BPis a naturally occurting specific IL-18——

inhibitor". To verify that IL-18BP specifically neutralized
1L-18 biological activity, we used Ul cells. In previous
studies, we showed that IL-18 induced HIV-1 production
in this chronically infected cell line, and HIV-1 induction
involved activation of p38 mitogen-activated protein
kinase (MAPK) ', U1 cells were cultured for 2 days in
medium alone, stimulated with either IL-18 or with a
hyperosmotic concentration of NaCl, or cultured with

each stimulus in the presence of 50nM IL-18BP (Fig, 1).

Cells exposed to medium alone for 2 days produced 262
+45pg/ml p24 antigen(Ag) . Cells stimulated using IL-
18 at 0.5nM had increased 2-day p24 Ag levels of
2,750 = 723pg/ml, a mean 9.5-fold increase compared to
cultures conducted in medium alone. In cultures stimu-
lated using 0.5nM IL-18 in the presence of 50nM IL-
18BP, the mean IL-18-induced HIV-1 fell by 95% (from
2,750 £ 723pg/ml to 397+ 64pg/ml) . We previously de-
monstrated an HIV-1-stimulating effect for NaCl-induced
hyperosmolarity”. The addition of 60mM NaCl increased
p24 to 1,650+ 160pg/ml, a 5.3-fold increase compared
to medium alone. HIV-1 stimulation using hyperosmotic
NaCl was not significantly affected by the presence of
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Fig. 1. IL-18BP specifically neutralizes IL-18 biological
activity in U1 cells. U1 cells were cuitured in me-
dium alone, or were stimulated with a 0.5nM
concentration of IL-18 or with the addition of 60
mM NaCl, as indicated. IL-18BP (60nM final con-
centration) was added 1h before each stimulus
In cultures conducted with both a stimulus and
JL-18BP. After 2 days of incubation, the cultures
were lysed and HIV-1 p24 antigen concentr-
ations measured. The results are presented as
mean t SEM p24 antigen concentrations from

-threeseparate-experments S

50nM IL-18BP (2,038 =283pg/ml p24 Ag). These re-
sults (Fig. 1) show that IL-18BP has no effect on osmotic
stress-induced HIV-1 production.

2. IL-18BP added to PBMC after infection with
HIV-1 inhibits virus production

Previously, we showed that exogenous IL-18 added to
PBMC after infection with HIV-1 significantly inhibited
p24 production in 4-day cultures”. To extend these ob-
servations, we examined the role of post-infection endo-
genous IL-18 in HIV-1 production. In Fig. 2A, PBMC
were infected with T-tropic HIV-1, and the infected
cells were cultured in the absence (spontaneous) or in the
presence of IL-18BP. After 4 days of culture, spontaneous
p24 Ag concentration was 696 == 88pg/ml, which was set
at 100%. IL-18BP at 0.05, 0.5, 5, or 50nM reduced 4-
day p24 Ag levels by 11%, 8%, 12%, or 40%, respecti-
vely, compared to spontaneous (medium alone) cultures
(Fig. 2A). Fifty nM IL-18BP significantly inhibited p24
production compared to spontaneous cultures. In contrast
to the p24 results, none of the IL-18BP concentrations
tested affected the mean IFN-7 levels (compared to
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Fig. 2. IL-18BP added after PBMC infection inhibits HIV-1 production. After PBMC were infected with T-tropic HIV-1, a
fime 0 sample was obtained, and the PBMC were incubated for 4 days in the absence (spontaneous, spont)
or in the presence of IL-18BP. Concentrations of the added IL-18BP are shown under the horizontal axes. After
4 days, concentrations of p24 anfigen(A) and IFN- ¥ (B) were determined in the lysed cultures. The results for
each donor were calculated as percent p24 production, and percent IFN-y production, with the values
obtained in spontaneous cultures set at 100%. Results are presented as mean £ SEM percent production in
PBMC from seven donors. =+ : p<0.01 compared fo 100% (spontaneous) using ANOVA.
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Fig. 3. Pre-incubation of PBMC with IL-18BP augments HIV-T production in 4-day cultures. During the 2 days prior to
infection with HIV-1, PBMC were incubated in the absence (spontaneous, spont), or in the presence of 50nM
IL-18BP. PBMC from three donors were infected with M-fropic HIV-1(A and B), and PBMC from three different
donors were infected with T-tropic virus (C and D). Affer PBMC infection with HIV-1, a time 0 aliquot of freshly
infected cells was obtained. The infected PBMC were then incubated for 4 days without exogenous IL-188P,
The concentrations of p24 antigen (A and C) and of IFN- ¥ (B and D) were determined in the lysed cultures.
Results are presented as mean+SEM percent p24 antigen production or IFN-y production(compared
to spontaneous, set at 100%) in the lysed PBMC cultures. * : p<0.05, compared to 100% (spontaneous) by
Student’s t-test.

spontaneous) measured in the same PBMC cultures  exclusion and formazan production, no IL-18BP effect
(Fig. 2B). was observed on viability or on cellular proliferation in

We examined IL-18BP for effects on HIV-1-infected  4-day infected PBMC cultures in three separate experi-
PBMC viability and proliferation. Using both trypan blue  ments (data not shown).
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3. IL-18BP added to PBMC prior to infection
with HIV-1 increases virus production

We demonstrated that exogenous IL-18 inhibited HIV-
1 production in infected PBMC when IL-18 was added
for 2 days prior to infection”. We expanded these studies
to determine the effect of blocking endogenous IL-18
using IL-18BP in PBMC under similar conditions. PBMC
isolated from individual donors were incubated in me-
dium alone, or incubated with 50nM IL-18BP for 2 days
prior to infection with HIV-1. After infection and washing,
infected PBMC werc cultured in medium alone (no IL-
18BP) for 4 days. Results for PBMC infected with M-
tropic HIV-1 are depicted in Figs. 3A, B. Spontancous
4-day cultures contained 6,858 £4,618pg/ml p24 Ag
(set at 100% in Fig. 3A). Two days of pre-infection ex-
posure to IL-18 BP resulted in a 2.4-fold increase in p24
Ag after 4 days of culture, which achieved statistical
significance (p<0.05) . In Fig. 3B, IFN- 7 concentrations
were measured in the same cultures shown in Fig. 3A.
11.-18BP increased IFN- ¢ production by 1.3-fold com-

-pared-to-spontaneous-cultures (254 = 169pg/ml-IEN-y ..

set at 100%) , which was not statistically significant.

Results for similar experiments using PBMC infected
with T-tropic HIV-1 are shown in Figs. 3C, D. Fig. 3C
shows that 2 days of exposure of PBMC to 50nM IL-
18BP prior to infection increased 4-day p24 Ag produ-
ction by 0.8-fold (p<0.05), compared to spontancous
cultures (16,217 % 10,570pg/ml p24, set at 100%) . In the
same samples, spontancous IFN- 7 production was un-
affected by the presence of IL-18BP in the cultures
(Fig. 3D).

4. IL-18BP docs not affect expression of HIV-
1 co-receptors

In prior studics, we showed that exogenous IL-18
reduced expression of the cell-surface HIV-1 co-receptor
CD4 in PBMC”. We analyzed cell surface expression of
the HIV-1 co-receptors CD4 and CCRS in uninfected
PBMC by flow cytometry. PBMC were incubated for 4
days in the absence or in the presence of 50nM IL-18BP.
Neither the cxpression of CD4, nor that of CCR-5, was
affected by IL-18BP in threc separate experiments (data
not shown) .

5. Soluble TNF receptor p55(sTNFRpS5) added
to PBMC after infection with HIV-1 does not
affect virus production

Neutralizing TL-18 by adding IL-18BP to HIV-1-

infected PBMC after infection with virus inhibited 4-day
p24 production (Fig. 2A) . These results indicate an HIV-
1-inducing effect of endogenous IL-18. Since IL-18 and
TNF- @ activate similar signal transduction molecules

following receptor engagement'''”

, endogenous TNF-
@ may also stimulate HIV-1 production in these cultures.
To assess the effect of endogenous TNF- 2 on HIV-1
production, we cultured HIV-1-infected PBMC in the
absence, or in the presence, of TNF- o blockade using
neutralizing amount of sTNFRp55. Fig. 4 shows the
results from these experiments, conducted using aliquots
of the same PBMC shown in Fig. 2. The PBMC were
infected with T-tropic virus and cultured after infection
without (spontancous, set at 100%), or with 10 x g/ml
sTNFRp55 for 4 days. As shown, exposure of the in-
fected PBMC to sTNFRp55 did not significantly affect

——HIV-1-production-in-the-4-day-cultures.—The-biological

activity of the sSTNFRpS55 was established by showing

180 -
g |
I}
Y 100 A
8
[}
R
[=
I}
2
c 50 +
s}
g
o
0 JL T T
L Spont STNFRpPSS

Fig. 4. sSTNFRpS55 added after PBMC Infection does not
affect HIV-1 production. Aliquots of the T-tropic
HIV-1-infected PBMC from the same seven do-
nors shown In Fig. 2A were used. Immediately
after Infection, a time 0 sample of infected cells
was collected for each donor, and the PBMC were
cultured in the absence (spontaneous, spont),
or In the presence of 10 ;. g/mi sTNFRpS5. After 4
days, the percent production of p24 antigen was
determined in the culture lysates(spontaneous
cultures set at 100%) . Results are shown as mean
+SEM.
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that this TNF inhibitor reversed TNF- ¢ -induced HIV-1
production in Ul cells in three separate experiments
(data not shown) .

Discussion

To investigate the role of endogenous IL-18 in HIV-1
production in primary cells, we used recombinant human
IL-18BP. First, we assessed the specificity of the IL-18BP
effect using U1 cells. IL-18 increases HIV-1 production
in chronically infected U1 cells”. As shown in Fig. 1,
IL-18BP at a 100-fold molar excess, nearly completely
neutralized IL-18-induced HIV-1 production. In contrast,
IL-18BP did not affect HIV-1 production in response to
hyperosmolar stress due to excess NaCl'>'®. Therefore,
IL-18BP is a highly specific inhibitor of IL-18-induced
p24.

We recently demonstrated that exogenous 11.-18 added
to PBMC after infection with HIV-1 inhibited viral
production measured after 4 days of culture”. This IL-
18 inhibitory effect was associated with increased IFN-
y production. Using neutralizing anti-IFN- 7 antibody,
we showed that the IL-18-induced IFN- 7y was respon-
sible for the I1.-18 inhibitory effect of HIV-1. With these
results as background, we predicted that IL-18BP-in-
duced IL-18 neutralization after cells were infected with
virus would increase HIV-1 production in 4-day infected
PBMC cultures. Also, since our prior investigations de-
monstrated significant IL-18-induced IFN- 7 synthesis,
we anticipated an IL-18BP-induced reduction in IFN-
concentration. Surprisingly, IL-18BP inhibited HIV-1
production (Fig. 2A), indicating that endogenous IL.-18
functioned as an HIV-1 inducer in these experiments.
Furthermore, the HIV-1 inhibition was not associated
with any significant change in IFN- 7 production in IL-
18BP-containing cultures.

What accounts for this discrepancy between the HIV-
1 suppressive effect of exogenous IL-18, and the HIV-1
stimulatory effect of endogenous IL-18? After cells are
infected with HIV-1, there may be a balance between a
direct 1L-18 HIV-1 stimulatory effect(Fig. 2), and an
indirect IL-18 suppressive HIV-1 effect mediated by the
synthesis of IFN- 7 7. The inability of endogenous IL-18
blockade to affect IFN-y synthesis (Fig. 2B) indicates

that endogenous IL-18 did not affect IFN- 7 production.
The amount of endogenous IL-18 in the infected PBMC
cultures may have been insufficient to activate signaling
pathways responsible for IFN- 7 synthesis, and the un-
opposed IL-18 direct effect stimulated HIV-1 production.
Using exogenous IL-18, the HIV-1 suppressive effect of
the induced IFN-7 may supercede the direct HIV-1-
stimulating activity of endogenous IL-18. A direct HIV-
1 inducing effect for IL-18 has been reported elsewhere.
In chronically HIV-1-infected promonocytic Ul cells,
IL-18 induced HIV-1 (Fig. 1), and IL-18-induced NF-
#B activation contributed to this increased virus produ-
ction”. It is noteworthy that Ul cells do not produce
IFN- 7 in response to IL-18 exposure (our unpublished
observation), and this may, in part, explain the IL-18
stimulatory effect on HIV-1 production in these cells.

Previously, we showed that exogenous IL-18 added to
PBMC during the 2 days before HIV-1 infection inhi-
bited p24 production measured 4 days after infection.
Inhibition was observed despite the absence of exogenous
IL-18 added after infection with virus”. Using similar
conditions, blockade of endogenous IL-18 biological
activity using IL-18BP during the 2 days before HIV-1
infection augmented virus production. This effect was
observed when PBMC were infected with either M- or
T-tropic virus (Fig. 3A, C, respectively). These data
indicate that endogenous IL-18 activity prior to infection
of cells with virus was antiretroviral. It is interesting that
the IL-18BP-induced augmentation in HIV-1 production
was more pronounced in cells infected with the M-tropic
virus (Fig. 3A) than with the T-tropic virus (Fig. 3C).
Since the PBMC used for M-tropic virus infection were
different from the PBMC used for T-tropic virus in-
fection, a direct comparison between IL-18BP effect and
virus strain is not possible. However, our results imply
enhanced HIV-1-suppressive effect of endogenous IL-
18 in cells infected with M-tropic virus.

The results shown in Fig. 3, and those of our prior
studies”, suggest that endogenous or exogenous IL-18
inhibits HIV-1 production during the easrly stages of viral
infection. However, there are two important differences
between the IL-18BP-induced effect, and that of exo-
genous IL-18 previously reported. First, exogenous IL-
18 induced significant IFN- y production compared to
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spontaneous cultures, whereas IL-18BP did not signifi-
cantly change IFN- 7 levels (Fig. 3B, D)”. This obser-
vation was unexpected, since we anticipated decreased
IFN-y production due to neutralization of endogenous
11.-18 using IL-18BP. The amount of endogenous IL-18
produced by the PBMC may have been too small to
induce significant IFN- 7 . Therefore, blockade of IL-18
activity using IL-18BP would not affect IFN-7 pro-
duction. Since IL-18BP did not affect IFN- 7 production,
it is suggested that endogenous IL-18 possesses an HIV-
1-suppressive effect which is independent of IFN-y .
Second, blockade of endogenous IL-18 using IL-18BP
did not affect cell surface CD4 HIV-1 co-receptor expre-
ssion in the present investigations (data not shown),
whereas exogenous IL-18 reduced CD4 expression in
our prior studies”. Thus, endogenous IL-18 inhibited
HIV-1 by a mechanism unrelated to down-regulation of
cell surface CD4. Exogenous IL-18-induced down-re-
gulation of CD4 was probably mediated by intermediate
IL-18-induced IFN- 7 . This hypothesis is supported by
-studies-showing-that-exogenous TEN- y_down-regulated .
cell surface CD4 molecules'”. Since IL-18BP did not
affect IFN- 7 synthesis, this may explain the lack of IL-
18BP effect on CD4 expression. Overall, both endo-
genous and cxogenous [L-18 inhibit PBMC HIV-1
production when present prior to infection with virus,
even though several biological effects of exogenous and
endogenous IL-18 differ.

Reports examining signaling events initiated by IL-18
have demonstrated similaritics with TNF- « -induced
signaling. For example, IL-18 and TNF-«& can each
activate MAPKs and p56"* signaling molecules''*™®,
TNF- @ stimulates HIV-1 production in Ul cells and in
a T cell line'?”, and TNF- & -induced HIV-1 increase
was associated with enhanced binding of activated NF-
«B to the HIV-1 long terminal repeat'”'*?". We have
previously shown that IL-18, like TNF- ¢, induced HIV-
1 production in U1 cells, and the increase was associated
with enhanced NF- #B activation”. On the other hand,
differences in the biological activities of IL-18 and
TNF- ¢ have been reported. These differences are un-
derscored by the dissimilar phenotypes of IL-18 and

2)22

s L MM e . R
TNE- a -deficient mice”***", Given these considerations,

it is unclear whether the HIV-1 cffects of endogenous

TL-18 and of endogenous TNF-a would be similar or
discordant. PBMC first infected with T-tropic HIV-1
were cultured in the presence of IL-18-inhibiting IL-
18BP(Fig. 2), or with TNF- ¢ -ncutralizing concen-
trations of the TNF- & -inhibitor sTNFRp55 (Fig. 4).
Since the same HIV-1-infected PBMC donors were used
for the IL-18BP containing cultures and for the sTN-
FRp55 containing cultures, the results can be directly
compared. While IL-18 blockade reduced 4-day HIV-1
production, TNF- a blockade did not alter HIV-1 pro-
duction {each compared to HIV-1 in spontaneous cul-
tures) . Therefore, endogenous IL-18 originating from
the infected PBMC had a stimulatory role on HIV-1,
which contrasted with an absent HIV-1 effect of endo-
genous TNF- o . These results demonstrate different roles
for endogenous IL-18 and endogenous TNF- ¢ after
HIV-1 infection in PBMC cultures.

The study of TL-18 function in HIV-1 infected patients
is in its earliest stages. Torre et al*” showed that in-
creased IL-18 levels correlate with the clinical stage of

_HIV-1_disease._This_report es;gbl_i,s_hgs endogenous IL-

18 production in the presence of HIV-1 infection in
patients, supporting the biological relevance of our in
vitro study. However, it is uncertain whether increased
endogenous JL-18 associated with HIV-1 disease pro-
gression is adaptive or maladaptive. Furthermore, the
effect of induced IL-18 during HIV-1 infection may be a
function of induced IFN- 7 synthesis, and whether IL-
18 is present before of after cells are infected with virus.

In conclusion, using specific IL-18 neutralization with
IL-18BP, we discovered a role for endogenous IL-18 in
HIV-1 production in infected PBMC. In PBMC already
infected with HIV-1, endogenous IL-18 stimulated virus
production. On the other hand, uninfected PBMC ex-
posed to endogenous IL-18, followed by infection with
HIV-1, revealed an inhibitory IL-18 effect. This pre-
infection IL-18 inhibitory effect indicated IL-18 suppre-
ssion operative during the early stages of viral infection.
None of the HIV-1 effects due to endogenous IL-18 were
attributable to changes in IFN- 7 synthesis. The amount
of IL-18 produced endogenously may have been insuffi-
cient to induce IFN- 7 . This contrasted with our prior
studies demonstrating significant IFN- 7 synthesis in
response to exogenous IL-18”., Therefore, although IL-
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18 is a known IFN- 7 inducing factor, the effects of
endogenous IL-18 we observed are likely independent
of intermediate TFN- 7 synthesis. Other investigators
have also described IFN-y independent IL-18 activi-
ties™2. The effects of endogenous IL-18 inhibition were
not replicated by blocking endogenous TNF- ¢ activity,
underscoring differences in function between these two
cytokines. IL-18, with both pro-inflammatory and Th-1-
inducing activities, has unique effects on HIV-1 produ-
ction.

Materials and Methods

1. Reagents

Recombinant human I1.-18 was supplied by Dr. Tariq
Ghayur (BASF Corp., Worcester, MA). Ultrapure cry-
stalline NaCl (Aldrich, St. Louis, MO) was dissolved in
pyrogen-free water at a stock concentration of 2M. The
solution was autoclaved for 1h to inactivate pyrogens, as
previously described.16 Recombinant human IL-18BP
was purified to homogeneity from a Chinese hamster
ovary cell line(Serono, Randolph, MA)®. The sTN-
FRp55 is a construct of two recombinant TNF receptor
extracellular p55 molecules linked by polyethylene
glycol (Amgen, Boulder, CO). T-tropic HIV-1 strain
AO18A was obtained from the National Institutes of
Health(NIH) AIDS Research and Reference Reagent
Program, National Institute of Allergy and Infectious
Diseases (NIAID) ™. A clinically-derived M-tropic HIV-
1 isolate was provided by Daniel R. Kuritzkes (University

Y2 These two viral

of Colorado Health Sciences Center
strains were expanded in HIV-1-negative PBMC and
titered by end-point infectivity®*?, Medium for U1 cell
cultures consisted of RPMI 1640 medium (Mediatech,
Herndon, VA) containing 2.5mM L-glutamine, 25mM
HEPES, 10% (vol/vol) heat-inactivated foetal calf serum
(FCS, Life Technologies, Grand Island, NY), and 100
U/ml penicillin and 100 ¢ g/ml streptomycin (Life Tech-
nologies) . R3 medium consisted of RPMI 1640 medium
containing 2.5mM L-glutamine, 25mM HEPES, 20%
(volfvol) BCS, 5% (volfvol) IL-2(Hemagen, Waltham,
MA), and 100U/mi penicillin and 100 s g/ml strepto-
mycin.

2. Ul cells

U1 cells were obtained from the NIH AIDS Research
and Reference Reagent Program, NIAID. Ul cells are
derived from U937 promonocytic cells infected with
HIV-1 which contain two integrated copies of proviral
HIV-1 DNA®". When in log phase growth, Ul cells
were pelleted and resuspended in fresh medium at 2 X
10° per ml and the cell viability was assessed using
trypan blue exclusion (>95% viable for all experiments) .
All cultures were conducted in 24-well polystyrene tissue
culture plates (BD Falcon, Franklin Lakes, NJ) using
cells initially added at 1 X 10 per ml in a final volume
of 0.5ml. U1 cells were cultured in medium alone {con-
trol) , in the presence of stimulus alone, or with IL-18BP
added 1 hr prior to stimulus. After 2 days of culture
(37°C, 5% CO,), Triton-X-100(1% vol/vol final con-
centration) was added to each culture and the lysed
cultures frozen at —70°C until assay.

3. Isolation and infection of PBMC

These studies were approved by the Institutional Re-
view Board of the Univérsity of Colorado Health Sci-
ences Center, and informed consent was obtained. Thirty
milliliter aliquots of plateletpheresis residual blood were
collected from healthy volunteers, layered over 20ml of
Histopaque 1077 (Sigma, St. Louis, MO) in 50ml poly-
propylene tubes (BD Falcon), and centrifuged at room
temperature for 30min at 400 X g'¥. The PBMC layer
was aspirated and washed twice in calcium- and magne-
sium-free phosphate buffered saline (Life Technologies) .

For experiments designed to assess the HIV-1 effect
of IL-18BP and sSTNFRp55 added to PBMC after infe-
ction with virus, freshly-obtained PBMC were incubated
for 48h with R3 medium containing additional 5%
(volfvol) TL-2 and 3.3 # g/ml PHA. PBMC were then
infected with T-tropic virus using 250 tissue culture
infectious doses (TCID) s, of virus per 1 10° cells. Virus
was added to cells in each tube for 3h at 37°C, 5% CO,
as described'”. After infection and washing, a 250 «1
aliquot of infected PBMC was obtained, an additional
250 ££1 R3 medium containing Triton-X-100(1% vol/vol
final concentration) was added, and this time 0 sample
was frozen at —70°C until assay. Two-hundred fifty 21
of the remaining infected PBMC were then placed into
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wells of a 24-well polystyrene tissue culture plate. Each
well then received an additional 250 11 of R3 medium
alone (spontaneous cultures)}, 250 ¢ 1 of medium con-
taining [L-18BP(0.05, 0.5, 5, or 50nM final concentr-
ation), or 250 #£1 of medium containing STNFRp55 (10
1 g/ml final concentration) . Cultures were incubated at
37°C in 5% CO, for 4 days, after which Triton-X-100
(1% vol/vol final concentration) was added to each well
and the cultures were frozen (—70°C) until assay.
Separate experiments were designed to assess the effect
of PBMC pre-incubated with IL-18BP prior to infection
with HIV-1. For these studies, uninfected cells obtained
from each donor were suspended at 1 X 10° per ml in R3
medium supplemented with an additional 5% (vol/vol)
IL-2 and 3.3 ;£ g/ml PHA (Sigma). PBMC suspensions
from each donor were divided into two separate Sml
polypropylene tubes in medium alone, or in medium
containing 50nM IL-18BP. These two tubes were incu-
bated for 2 days(37°C, 5% CO,) prior to infection with
HIV-1. After incubation, an aliquot of PBMC suspension

performed using the same protocol described above,
except that the cells were infected with T-tropic HIV-1.

4, Measurement of p24 Ag and cytokines.

Quantification of HIV-1 p24 Ag was performed using
an ELISA kit with a lower limit of detection of 7.8pg/
ml (Coulter Corp., Miami, FL}. IFN-7 was quantified
using electrochemiluminescence (ECL)***¥, The ECL-
determined concentration of IFN- ¥ was measured using
an Origen Analyzer and special software (Igen, Gaither-
sburg, MD), with a lower limit of detection of 12pg/ml.
The presence of 1% vol/vol Triton-X-100 did not affect
the levels of p24 Ag or IFN- 7 measured using ELISA
or ECL.

5. Cell viability

A toxic or cell-proliferative effect of IL-18BP was
assessed in 4-day HIV-1-infected PBMC cultures. PBMC
were infected with T-tropic HIV-1 as described above
and aliquoted into wells in a 96-well polystyrene tissue
culture plate at 1% 10° cells per ml in a final volume of

from each_Sml_tube_was_removed_for cell_count and __ 26041, Infected-PBMGC-were-cultured-in-the_absence_

assessment of cell viability using trypan blue exclusion
(>95% for each experiment) . PBMC from each of the
two 5ml tubes were then pelleted and infected with M-
tropic virus as described above. The infected PBMC
were washed in R3 medium to remove unbound virus.
The infected PBMC in each tube were then resuspended
at 2 X 10" per ml using fresh R3 medium. A single 250 121
aliquot of infected PBMC suspension was transferred
from each of the two tubes into separate 1.5ml poly-
propylene centrifuge tubes. Two hundred fifty x10of R3
medium containing Triton-X-100 (1% vol/vol final con-
centration) were added to each of these samples and the
samples frozen at —70°C. These samples were desig-
nated time 0. Two hundred fifty 1 of the remaining
infected PBMC suspension from each of the two tubes
were then transferred into scparate wells of a 24-well
polystyrene tissue culture plate, along with an additional
250 £1 of R3 medium. No cxogenous IL-18BP was
added. Cultures were incubated (37°C, 5% CO,) for 4
days, after which Triton-X-100(1% vol/vol) was added
to each culture-containing well, and the cultures were
frozen(—707C) until assay.

Using PBMC from separate donors, experiments were

(spontaneous) or in the presence of 50nM IL-18BP, and
the cultures were incubated for 4 days at 37°C, 5% CO,.
After incubation, each PBMC-containing well received
20 21 of CellTitier 96 AQueous One Solution Reagent
(Promega, Madison, WI). Using this reagent, the ca-
pacity of mitochondrial dehydrogenase in viable cells to
reduce tetrazolium compound to formazan was quan-
tified*®. After 2h of incubation, the amount of color in
the cultures was measured using an ELISA reader (Op-
tical density, determined at 490nm) . The optical density
values measured in spontaneous and in IL-18BP-con-
taining cultures were compared.

6. Flow cytometry

After isolated PBMC were cultured in R3 medium
supplemented with an additional 5% (vol/vol) IL-2 and
3.3 sg/ml PHA for 2 days, PBMC werc washed and
resuspended in fresh R3 medium. The PBMC were
incubated at 1% 10° cells/ml in R3 medium alone, or in
medium containing 50nM IL-18BP for 4 days as de-
scribed above except without HIV-1 infection. Aliquots
of 4-day PBMC cultures received fluorescein isothio-
cyanate (FITC) -conjugated anti-human CD4 monoclonal

Collection @ ewha



antibody (Mab, BD PharMingen), or phycoerythrin
(PE) -conjugated anti-human CCRS Mab (BD PharMin-
gen). After the PBMC were incubated with these Abs,
each of the aliquots received 7-aminoactinomycin D, a
marker used to assess cell viability. The viable PBMC
were then analyzed using an EPICS XL flow cytometer
(Beckman Coulter) as previously described”.

7. Statistical analysis

All data are presented as the mean £ SEM, and mean
differences were considered significant for p<0.05.
PBMC p24 and IFN- 7 results were converted to percent
production. For experiments conducted in each PBMC
donor, p24 measured at time 0(T=0 sample) was sub-
tracted from the p24 value measured in each additional
sample. The percent p24 production in each sample was
calculated using the following formula -

(sample p24 concentration) — (T=0 p24 concentration)
(spontaneous p24 concentration) — (T=0 p24 concentration)

X 100%

Using this calculation, the p24 measured in each sp-
ontaneous culture was set at 100%. The percent IFN- 7
production was calculated similarly. Group means were
compared using ANOVA with Fisher’s Least Significant
Difference, except where indicated in the text. For ex-
periments assessing 2-day pre-incubation with 1L-18BP
or STNFRpS5S5, the data were compared using Student’s
1-test.
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