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The pyrogenic response to supernatant fluids obtained from human peripheral blood mononuclear cells
(PBMC) stimulated with staphylococcal enterotoxin A (SEA) was characteristic of a response to an endogenous
pyrogen in that it was brief and monophasic and was destroyed by heating supernatant fluids at 70°C for 30
min. The febrile responses were in parallel with the levels of interleukin-1 (IL-1), tumor necrosis factor (TNF),
interferon-g (IFN-g), IL-2, and IL-6 in supernatant fluids obtained from PBMC treated with SEA. Both the
pyrogenicity and the levels of IL-1, TNF, IFN-g, IL-2, and IL-6 in supernatant fluids started to rise at 6 to 18 h
and reached their peak levels at 24 to 96 h after SEA incubation. Both the fever and the increased levels of IL-1,
TNF, IFN-g, IL-2, and IL-6 in supernatant fluids obtained from the SEA-stimulated PBMC were decreased by
incubating SEA-PBMC with anisomycin (a protein synthesis inhibitor), aminoguanidine (an inhibitor of induc-
ible nitric oxide synthase [NOS]), or dexamethasone (an inhibitor of NOS). The febrile response to superna-
tant fluids obtained from the SEA-stimulated PBMC was attenuated by adding either anti-IL-1b, anti-TNF-a,
or anti-IFN-g monoclonal antibody (MAb) to supernatant fluids. The antipyretic effects exerted by anti-IL-1b
MAb were greater than those exerted by anti-TNF-a or anti-IFN-g MAb. The data suggest that SEA acts through
the NOS mechanisms in PBMC to stimulate synthesis of pyrogenic cytokines (in particular, the IL-1b).

The staphylococcal enterotoxins (SE) are secreted by a vari-
ance of Staphylococcus aureus and cause most common staph-
ylococcal food poisoning and staphylococcus-associated toxic
shock syndrome in humans and primates (1, 9, 15, 17, 19). The
SE are classified into different toxin serotypes, such as SEA,
SEB, SEC1, SEC2, and SEE (30). The SE, S. aureus toxic
shock syndrome toxin 1, and group A streptococcal pyrogenic
exotoxins are commonly considered superantigens because of
their effects on the immune system (12, 14). The SE are 26- to
30-kDa proteins that bind with major histocompatibility class
II molecules on antigen-presenting cells and stimulate T cells
bearing Vbs on their receptor variable region (1, 5, 7). Intra-
venous administration of SEA is shown to produce fever, leth-
argy, shock, and death in cats, rabbits, and monkeys (3, 9, 17,
23, 26). In addition, our recent results demonstrate that the
febrile responses are associated with increased levels of circu-
lating interleukin-2 (IL-2), interferon (IFN), and tumor necro-
sis factor (TNF) in rabbits.

Other lines of evidence have shown that macrophages, neu-
trophils, endothelial cells, and hepatocytes are able to synthe-
size nitric oxide (NO) from L-arginine (24). Using arginine
analogues such as NG-monomethyl-L-arginine and amino-
guanidine (AG) to inhibit NO production, investigators have
shown that NO mediates a variety of physiological events rang-
ing from neurotransmission to the antimicrobial activity exhib-
ited by mononuclear phagocytes in vitro (20). Our recent re-
sults have also demonstrated that febrile responses induced by
intravenous injection of SEA are attenuated by pretreatment
with AG (11). However, it was not known whether the NO

pathway in peripheral blood mononuclear cells (PBMC) rep-
resent an important mechanism for modulation of SEA-in-
duced synthesis or release of pyrogenic cytokines. In order to
address the question properly, experiments were carried out to
assess the pyrogenic responses in rabbits to intravenous injec-
tion of supernatant fluids obtained from PBMC treated with
SEA alone or SEA plus inhibitors of NO synthase such as AG
and dexamethasone (8, 27). At the same time, levels of IL-1,
TNF, IFN-g, IL-2, and IL-6 in the supernatant fluids were
assessed in vitro. Furthermore, the effects of adding the anti-
IL-1b, anti-TNF-a, and anti-IFN-g monoclonal antibody (MAb)
to the supernatant fluids from SEA-treated human PBMC on
the pyrogenic responses to intravenous administration of the
supernatant fluids were assessed in rabbits.

MATERIALS AND METHODS

Preparation of PBMC. Human PBMC were obtained from freshly collected
buffy coat fractions from healthy donors at the Tainan Blood Bank Center
(Tainan City, Taiwan, Republic of China). They were isolated by centrifugation
over a Ficoll-Paque (Pharmacia, Uppsala, Sweden) density gradient at room
temperature for 30 min in a Sorvall RT6000B (DuPont). The cells collected at
the interface were washed three times with serum-free RPMI 1640 (GIBCO
BRL, Grand Island, N.Y.) and subsequently resuspended in serum-free AIM-V
medium (GIBCO BRL) containing 100 U of penicillin and 100 mg of strepto-
mycin per ml. The PBMC at different concentrations were incubated with dif-
ferent concentrations of tested agents in a 37°C incubator. After different periods
of incubation, the PBMC supernatant fluids were harvested by centrifugation
(1,200 rpm) and stored at 280°C until experimentation.

Animals and pyrogen assay. Adult male New Zealand White rabbits, weighing
between 2.0 and 3.2 kg at the start of the study, were used. The pyrogen assay was
carried out with unanesthetized animals restrained in rabbit stocks. Between
experiments the animals were housed individually at an ambient temperature of
22 6 1°C with a 12-h light-dark cycle, with the lights being switched on at 0600 h.
Animal chow and water were allowed ad libitum. Experiments were conducted
between 0900 and 2000 h, with each animal being used at an interval of not less
than 13 days. Throughout the experiment, colonic temperatures were measured
every minute with a copper constantan thermocouple connected to a thermom-
eter (HR1300; Yokogawa, Tokyo, Japan). The colonic temperature of each
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animal was allowed to stabilize for at least 90 min before any injections. Only
animals whose body temperatures were stable and in the range of 38.6 to 39.7°C
were used to determine the effect of drug application.

Reagents. All drug solutions were prepared in pyrogen-free glassware that was
heated for 5 h before use. All solutions were passed through 0.22-mm-pore-size
Millipore bacterial filters. Sterile SEA (Sigma Chemical Co., St. Louis, Mo.) was
made up in 0.9% saline solution. Anisomycin (Sigma) was dissolved in 15%
ethanol and then diluted to the required concentration with saline. Dexameth-
asone (Sigma), aminoguanidine (RBI, Natick, Mass.), and polymyxin B (Merck,
Darmstadt, Germany) were dissolved in saline. All of the SEA solutions used in
this study did not induce gelation in the Limulus amebocyte lysate test, so any
contamination with endotoxin was below the level of 25 pg/ml. The experimental
culture medium used was serum-free AIM-V medium (GIBCO BRL) containing
50 mg of gentamicin (Sigma) per ml. Monoclonal mouse anti-human (anti-h),
interleukin-1b (anti-IL-1b), anti-h TNF-a (anti-TNF-a), and anti-h IFN-g (anti-
IFN-g) were obtained from R&D (Minneapolis, Minn.), while an isotype-
matched mouse immunoglobulin G1 (IgG1) control MAb was purchased from
Chemicon International, Inc. (Temecula, Calif.).

IFN bioassay. IFN activity in supernatant samples from drug-treated or vehi-
cle-treated animals was tested by examining the vesicular stomatitis virus (Indi-
ana strain) cytopathic effect on FL cells (10). IFN titers were expressed as units
per milliliter and were defined as the reciprocal value of the dilution of sample
that showed a 50% reduction in cytopathic effect. The reference IFN titer was
determined, and the end point of the samples was adjusted. An internal labora-
tory standard human lymphoblastoid IFN (Wellcome Foundation, Ltd., London,
England) was included in each assay for the present experiments. Reference
human IFN (Ga23-902-530) obtained from The National Institute of Allergy and
Infectious Diseases, National Institutes of Health, was used for calibration.

TNF bioassay. TNF activity in supernatant samples was measured by an in
vitro cytotoxicity assay with TNF-sensitive L.P3 cells (a kind gift from H. Fuji-
wara, Biomedical Research Center, Osaka University Medical School, Osaka,
Japan) as previously described (10) with slight modifications. Briefly, 2.5 3 104

cells were plated in 96-well microplates (Nunc, Roskilde, Denmark) in RPMI
1640 (GIBCO BRL) containing 10% fetal bovine serum (FBS; GIBCO BRL)
and incubated in a humidified atmosphere of 5% CO2 at 37°C for 4 h. After
incubation, samples (100 ml) in a series of dilutions or recombinant human
TNF-b (R&D), as an internal reference, were added to the wells, followed by the
addition of 50 ml of actinomycin D (Sigma) at a final concentration of 1.6 mg/ml.
After 24 h of incubation, the cells were washed with saline, stained with 0.05%
crystal violet for 30 min, and then eluted with 50% ethanol in a 0.1% acetic acid
solution. The microplates were read at 590 nm on a Multiskan photometer
(MR5000; Dynatech, McLean, Va.). The sensitivity of the TNF bioassay was 0.3
U/ml.

IL-1 bioassay. IL-1 was measured with the IL-1-dependent murine T-cell line
D10N4M (a kind gift from C. C. Chao, Neuroimmunology and Host Defense
Laboratory, Minneapolis Medical Research Foundation, Minneapolis, Minn.) as
previously described (10, 28). Briefly, the D10N4M cells were maintained in
RPMI 1640 (GIBCO BRL) with 10% FBS (GIBCO BRL), recombinant human
IL-2 (20 ng/ml; R&D), recombinant human IL-1b (40 pg/ml; R&D), 50 mM
2-mercaptoethanol (Serva, Heidelberg, Germany), and concanavalin A (3 mg/ml;
Sigma) and were fed every 3 days before being assayed. The serially diluted
supernatant samples or recombinant human IL-1b (50 ml) as an internal refer-
ence was added to each microplate well (Nunc), followed by the addition of 50
ml of washed D10N4M cells (2 3 105/ml). After 72 h of incubation, the cells were
pulsed with 0.5 mCi of [3H]thymidine (6.7 Ci/mmol; DuPont NEN, Boston,
Mass.) per well for 4 h. The cells were harvested on glass fiber filters with an
automatic cell harvester (Cambridge, Watertown, Mass.). The radioactivity in-
corporated was assayed in a liquid scintillation counter (LS 5000TA; Beckman,
Fullerton, Calif.).

IL-2 bioassay. IL-2 activity was measured with the IL-2-dependent CTLL-2
cell line (a kind gift from C. C. Chao) as previously described (2). Briefly, the
CTLL-2 cells were maintained in RPMI 1640 (GIBCO BRL) with 10% FBS
(GIBCO BRL), recombinant human IL-2 (20 U/ml; R&D), 50 mM 2-mercap-
toethanol (Serva), and 50 mg of gentamicin (Sigma) per ml and were fed every
3 days before being assayed. The serially diluted supernatant samples or recom-
binant human IL-2 (50 ml; R&D) was incubated with 2 3 105 of CTLL-2 cells per
ml (50 ml). After 24 h of incubation at 37°C, each well was pulsed with 0.5 mCi
of [3H]thymidine (DuPont NEN) for 6 h. The cells were harvested on glass fiber
filters with an automatic cell harvester (Cambridge). The radioactivity incorpo-
rated was assayed in a liquid scintillation counter (LS 5000TA; Beckman).

IL-6 bioassay. The IL-6 activity was measured with the IL-6-dependent cell
line 7TD1 as previously described (33). This cell line was kindly provided by

FIG. 1. (A) Mean changes (6SEM) in the peak elevations of colonic tem-
perature (DTco) and FI in rabbits treated with supernatant fluids obtained from
PBMC (107 cells/ml) treated for 72 h with either AIM-V medium (1 ml/kg) or
SEA (1 ng/ml) (E, n 5 10). Either 0.125 ml (h, n 5 5), 0.5 ml (F, n 5 5), 1 ml
(‚, n 5 5), or 2 ml (Œ, n 5 5) of the supernatant fluids per kg was administered
i.v. p, P , 0.05, significantly different from corresponding control values (AIM-V
medium control group) (ANOVA). (B) Mean changes (6SEM) in peak eleva-
tions of colonic temperature (DTco) and FI in rabbits treated with supernatant
fluids obtained from PBMC (107 cells/ml) treated for 72 h with AIM-V medium
(E, n 5 5), 1 ng of SEA (Œ, n 5 5) per ml, or 1 ng of SEA per ml plus 50 mg of
polymyxin B per ml (‚, n 5 5). The supernatant fluids (1 ml/kg) were adminis-
tered i.v. into rabbits. (C) Mean changes (6SEM) in peak elevations of colonic
temperature (DTco) and FI in rabbits treated with nonheated supernatant fluids

obtained from PBMC (107 cells/ml) treated for 72 h with either AIM-V medium
(E, n 5 5) or SEA (1 ng/ml; Œ, n 5 5), as well as with the heated supernatant
fluids (70°C for 30 min) obtained from PBMC (107 cells/ml) treated for 72 h with
SEA (1 ng/ml) (‚, n 5 5). The supernatant fluids (1 ml/kg) were administered i.v.
into rabbits. p, P , 0.05, significantly different from corresponding control values
(nonheated SEA group, Œ) (ANOVA).
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J. Van Snick (Ludwig Institute for Cancer Research, Brussels, Belgium). Briefly,
7TD1 cells were cultured in RPMI 1640 (GIBCO BRL) containing 10% FBS, 2
ng of recombinant human IL-6 (R&D) per ml, and 50 mM 2-mercaptoethanol
(Serva). Supernatant samples in serial dilutions or recombinant human IL-6 was
added to each well of the microplates (Nunc), followed by the addition of washed
7TD1 cells (2 3 103 cells/well) in AIM-V medium (GIBCO BRL). The cells were
incubated at 37°C in a CO2 incubator. After 3 days of incubation, each well was
pulsed with 0.5 mCi of [3H]thymidine (DuPont NEN) for 6 h. The cells were
harvested on glass fiber filters with an automatic cell harvester (Cambridge). The
radioactivity incorporated was assayed in a liquid scintillation counter (LS
5000TA; Beckman).

Statistical analysis. Animals were permitted at an ambient temperature of
24°C for at least 90 min to attain thermal balance before drugs were adminis-
tered. The maximal elevation of colon temperature over the preinjection value
(D°C) and the fever index (FI), the area under the curve produced in the 2-h
period after the injection of drugs, in terms of degrees centigrade per 2 h were
calculated (16). Results are expressed as the means 6 the standard errors of the
means (SEM) for n experiments. The results were compared by one-way analysis
of variance (ANOVA), followed by Duncan’s test when appropriate. A P value
of ,0.05 was considered significant.

RESULTS

Pyrogenic response to SEA-stimulated PBMC supernatant
fluids. To ascertain whether SEA can act through PBMC to
induce a pyrogenic response, supernatant fluids obtained from
PBMC (107 cells/ml) treated for 72 h with SEA (1 ng/ml) were
given intravenously (i.v.) to the rabbits. As shown in Fig. 1A,
i.v. administration of supernatant fluids (0.125 to 2.0 ml/kg of
body weight) produced dose-related fever. The colon temper-
ature began to rise at 3 to 5 min after i.v. injection of super-
natant fluids, peaked at 60 min, and returned to a preinjec-
tion level at 6 h. To exclude the possible contamination of
endotoxin, the pyrogenic response to supernatant fluids from
PBMC stimulated with SEA alone or SEA plus polymyxin B
(50 mg/ml, an agent capable of blocking the activities of the
lipid A portion of endotoxin) was assessed in rabbits. It was

FIG. 2. Changes in the release of pyrogenic cytokines from SEA-treated PBMC over time. Mean changes (6SEM) in the peak elevations of colonic temperature
(DTco) in rabbits treated with supernatant fluids obtained from PBMC (107 cells/ml) treated for 6, 24, 48, 72, or 96 h with AIM-V medium or SEA (1 ng/ml). The
supernatant fluids (1 ml/kg) were administered i.v. into rabbits as follows: medium control (E, n 5 5), 6 h (Œ, n 5 5), 24 h (‚, n 5 5), 48 h (F, n 5 5), 72 h (h, n 5
5), and 96 h (■, n 5 5) (A), and the concentrations of IL-1 (B), TNF (C), IFN-g (D), IL-2 (E), and IL-6 (F) in the supernatant fluids obtained from PBMC (107 cells/ml)
treated for 1, 3, 6, 18, 24, 48, 72, 96, or 120 h with AIM-V medium (‚, n 5 5) or SEA (1 ng/ml) (Œ, n 5 5) were as indicated.
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found that polymyxin B was unable to affect the pyrogenic
response to supernatant fluids from SEA-stimulated PBMC
(Fig. 1B). In addition, the pyrogenic response to supernatant
fluids was completely abolished after heating the supernatant
fluids at 70°C for 30 min (Fig. 1C). In the present study, 3 to 7
days elapsed between the times of exposure of PBMC to SEA
and the times of exposure of rabbits to the fluids.

Cytokine production by SEA-stimulated PBMC. To deter-
mine the ability of SEA to stimulate the release of intermedi-
ate pyrogenic cytokines, cytokine production in supernatant
fluids obtained from PBMC treated with SEA was assayed at
different incubation times. As shown in Fig. 2, both the colonic
temperature (Tco) and the levels of IL-1, TNF, IFN-g, and
IL-6 in supernatant fluids began to rise at 6 h, and they reached
their peak levels at 72 to 96 h after the start of SEA-PBMC
incubation. On the other hand, the level of IL-2 in supernatant
fluids began to rise at 6 h, reached its peak level at 18 to 24 h,
and almost returned to normal levels at 96 h after incubation.
In addition, Table 1 shows that cytokine production by SEA-
stimulated PBMC is PBMC number dependent. Over the cell
number range of 104 to 107 cells/ml, both the cytokine produc-
tion and FI are cell number dependent. Furthermore, over the
dose range of 0.001 to 1 ng of SEA per ml, supernatant fluids
from the SEA-stimulated PBMC (107 cells/ml) displayed dose-
related fever and endogenous cytokine release (Table 2).

Effects of cytokine-specific MAbs on the pyrogenic response
to supernatant fluids from SEA-stimulated PBMC. To deter-
mine whether the pyrogenic response is mediated by a specific
cytokine in supernatant fluids from SEA-stimulated PBMC, we
added several cytokine-specific MAbs to supernatant fluids at

37°C for 30 min before they were administered i.v. into rabbits.
As shown in Fig. 3, MAbs to TNF-a or IFN-g had a very weak
neutralizing or antipyretic effect. However, anti-IL-1b MAb
alone or a combination of anti-IL-1b, anti-TNF-a, and anti-
IFN-g MAbs abrogated almost completely the pyrogenic re-
sponse to supernatant fluids. The antipyretic effect exerted by
anti-IL-1b MAb was greater than that exerted by the anti-
TNF-a or anti-IFN-g MAb (P ,0.05; ANOVA). IgG1 control
MAb did not affect the pyrogenic response to supernatant
fluids from the SEA-stimulated PBMC.

Effect of anisomycin, dexamethasone, or AG on fever re-
sponse and levels of cytokines in supernatant fluids from SEA-
stimulated PBMC. In this series of experiments, PBMC (107

cells/ml) was incubated with SEA (1 ng/ml) plus vehicle, aniso-
mycin (0.4 mg/ml), dexamethasone (4 mg/ml), or AG (100 mg/
ml) for 72 h. As shown in Table 3, either anisomycin, dexa-
methasone, or AG attenuated the ability of SEA to induce the
febrile response in rabbits and the pyrogenic-cytokine synthesis
in supernatant fluids.

DISCUSSION

The data presented here demonstrate that the pyrogenic
response to supernatant fluids from SEA-stimulated human
PBMC was characteristic of a response to endogenous pyrogen
in that it was brief and monophasic and was destroyed by heat-
ing supernatant fluids at 70°C for 30 min. The i.v. administra-
tion of supernatant fluids from SEA-treated human PBMC
caused a dose-, time-, and cell number-dependent fever in
rabbits. This fever pattern is unlikely to be due to the residue

TABLE 1. Cytokine production in supernatant fluids obtained from PBMC (104 to 107 cells/ml) treated with AIM-V medium or
SEA (1 ng/ml) and FI induced by the supernatant fluids (1 ml/kg, i.v.) in rabbitsa

Treatment
(cells/ml)b

Cytokine production (U/ml, mean 6 SEM)
FI (°C/2 h)

IL-1 IL-2 IL-6 TNF IFN

AIM-V medium
104 17.0 6 1.4 2.8 6 0.4 0.3 6 0.1 0.5 6 0.1 2.5 6 0.4 0.15 6 0.06
105 17.2 6 3.2 2.7 6 0.5 0.6 6 0.1 1.3 6 0.3 1.5 6 0.2 0.14 6 0.05
106 20.2 6 1.2 2.5 6 0.3 0.6 6 0.3 1.5 6 0.4 2.0 6 0.7 0.17 6 0.07
107 24.2 6 2.4 1.7 6 0.6 0.5 6 0.2 1.1 6 0.5 3.5 6 1.1 0.19 6 0.07

SEA (1 ng/ml)
104 104.2 6 26.0b 3.4 6 0.5 1.5 6 0.2 1.0 6 0.2 3.5 6 0.4 0.16 6 0.06
105 156.0 6 15.0b 4.4 6 0.3 6.7 6 0.4b 32.7 6 0.2b 12.1 6 2.0b 0.62 6 0.07b

106 622.3 6 52.1b 11.0 6 0.6b 14.1 6 0.7b 96.0 6 9.0b 52.1 6 6.2b 1.04 6 0.09b

107 2,015.1 6 59.2b 29.2 6 1.8b 29.7 6 1.5b 183.0 6 17.0b 112.0 6 1.1b 1.22 6 0.15b

a After 72 h of incubation, the supernatant fluids were collected for cytokine analysis and for pyrogen tests. Data represent the means (6SEM) of results of triplicate
cultures and are representative of results in the three separate experiments. There were eight rabbits in each treatment group.

b Significantly different from the corresponding control values (AIM-V medium group): P , 0.05 (ANOVA).

TABLE 2. Cytokine production in the supernatant fluids obtained from PBMC (107 cells/ml) treated with AIM-V medium or
various concentrations of SEA and the FI induced by the supernatant fluids (1 ml/kg, i.v.) in rabbitsa

Treatment
(ng/ml)

Cytokine production (U/ml, mean 6 SEM) FI (°C/2 h)
(n)IL-1 IL-2 IL-6 TNF IFN

AIM-V medium 4 6 1.2 1 6 0.2 0.9 6 0.2 1.2 6 0.3 2 6 0.2 0.16 6 0.08 (8)
SEA (1.0) 2,432 6 131.2b 20 6 2.3b 20 6 3.4b 189 6 26.6b 111 6 11.2b 1.36 6 0.13b (6)
SEA (0.1) 2,339 6 294.0b 18 6 1.6b 10 6 0.4b 158 6 19.0b 123 6 21.0b 1.00 6 0.12b (6)
SEA (0.01) 2,007 6 95.3b 17 6 0.8b 8 6 0.9b 138 6 20.3b 95 6 5.9b 0.96 6 0.08b (6)
SEA (0.001) 850 6 90.6b 9 6 0.6b 7 6 0.7b 111 6 3.8b 81 6 7.2b 0.65 6 0.08b (6)

a After 72 h of incubation, the supernatant fluids were collected for cytokine analysis and for pyrogen tests. Data represent the means (6SEM) of results of triplicate
cultures and are representative of results in the three separate experiments. n, number of rabbits tested.

b Significantly different from the corresponding control values (AIM-V medium group): P , 0.05 (ANOVA).
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SEA present in supernatant fluids, since we have previously
demonstrated that such a low dose of SEA is below the pyro-
genic threshold (10). Our preliminary studies have also shown
that adding SEA antibody to supernatant fluids obtained from
human PBMC treated with SEA failed to inhibit the ability of
supernatant fluids to induce fever in rabbits. Moreover, the
present results showed that addition of polymyxin B (an anti-
biotic inhibiting many of biological activities of endotoxin) into
supernatant fluids did not reduce the fever response in rabbits
to supernatant fluids obtained from human PBMC treated with
SEA. These data suggest that the fever induced by supernatant
fluids obtained from PBMC treated with SEA is brought about
by some certain kinds of endogenous pyrogenic substances
released rather than SEA itself or endotoxin contamination.

Indeed, as shown in our previous results (10), the febrile
responses were associated with the circulating levels of IFN,
TNF, and IL-2 after the i.v. administration of SEA. Both body
temperature and levels of IFN, TNF, and IL-2 in serum simul-
taneously started to rise at 1 to 2 h and reached their peak
values at 3 to 5 h after SEA injection. The SEA-induced fever
and elevated levels of these cytokines in serum were attenu-

ated by pretreatment with systemic administration of anisomy-
cin (a protein synthesis inhibitor) or dexamethasone (an effec-
tive anti-inflammatory and immunosuppressive agent) in
rabbits. In the present study, the febrile responses in rabbits to
supernatant fluids from SEA-stimulated human PBMC were
also in parallel with levels of IL-1, TNF, IFN-g, IL-2, and IL-6
in supernatant fluids. It was found that both the body temper-
ature and the levels of IL-1, TNF, IFN-g, and IL-6 in super-
natant fluids began to rise at 6 h and reached their peak levels
at 72 to 96 h after the start of SEA-PBMC incubation. On the
other hand, the level of IL-2 in supernatant fluids rose at 6 h,
peaked at 18 to 24 h, and returned to a normal level at 96 h
after SEA-PBMC incubation. Both the fever in rabbits to su-
pernatant fluids and the increased levels of IL-1, TNF, IFN-g,
IL-2, and IL-6 in supernatant fluids from the SEA-stimulated
PBMC were decreased by incubation of the SEA-stimulated
human PBMC with either anisomycin or dexamethasone. The
results have been confirmed by our recent study in which the
rabbit PBMC were treated with SEA and then the concentra-
tions of cytokines in the supernatant fluids and the pyrogenic
responses to the supernatant fluids were checked in vitro and
in vivo, respectively (S.-J. Won et al., unpublished data). Ap-
parently, there is no discrepancy between human and rabbit
PBMC in terms of pyrogenic cytokine production responses to
SEA. The present results further showed that adding anti-
IL-1b MAb, but not adding anti-TNF-a or anti-IFN-g MAb,
into supernatant fluids from PBMC treated with SEA almost
completely abolished the pyrogenic activity exerted by the su-
pernatant fluids in vivo. The antipyretic action of MAb to
IL-1b was greater than that exerted by MAb to TNF-a or
IFN-g. The data are consistent with the concept that IL-1b
represents an important mediator for fever induced by lipo-
polysaccharide (29) or SEA.

It has been shown that NO is likely to function both as a
direct effector and as an immunoregulatory molecule (25, 32).
NO is a short-lived biological mediator produced by NO syn-
thase in a wide variety of mammalian cells (6, 22). NO is able
to inhibit the production of IFN-g and IL-1b by Th1 cells (20,
32) and is likely to be an essential mediator for superantigen-
induced cytokine production of human cells (18, 31). Prelimi-
nary experiments (S.-J. Won and M.-T. Lin, unpublished data)
found that levels of pyrogenic cytokines and NO products in
supernatant fluids obtained from rabbit or human PBMC treat-
ed with SEA were simultaneously increased. The increased lev-
els of cytokines and NO products in supernatant fluids were
decreased by incubation of the SEA-stimulated PBMC with
either anisomycin, dexamethasone (an inhibitor of NOS) (27),
or AG (a selective inhibitor of inducible NOS) (8) in vitro.
These observations prompted us to think that NO mediates

FIG. 3. Mean changes (6SEM) in the peak elevations of colonic tempera-
ture (DTco) and FI in rabbits treated with supernatant fluids obtained from
PBMC (107 cells/ml) treated at 37°C for 30 min with AIM-V medium (E, n 5 5),
SEA (1 ng/ml) incubated with control antibody (Œ, n 5 5), SEA (1 ng/ml)
incubated with anti-IL-1b MAb (50 mg/ml) (‚, n 5 5), SEA (1 ng/ml) incubated
with anti-TNF-a MAb (50 mg/ml) (F, n 5 5), SEA (1 ng/ml) incubated with
anti-IFN-g MAb (50 mg/ml) (h, n 5 5), or SEA (1 ng/ml) incubated with
anti-IL-1b MAb (50 mg/ml) plus anti-TNF-a MAb (50 mg/ml) plus anti-IFN-g
MAb (50 mg/ml) (■, n 5 5). The supernatant fluids (1.2 ml/kg) were adminis-
tered i.v. into rabbits. p, Significantly different from corresponding control values
(SEA-treated PBMC incubated control antibody group) (P , 0.05; ANOVA).

TABLE 3. Effects of incubation of human PBMC (107 cells/ml) with SEA (1 ng/ml) plus vehicle, AG, dexamethasone, or
anisomycin for 72 h on both the cytokine contents in the supernatant fluids and on the FI in rabbitsa

Treatment
(mg/ml)

Cytokine production (U/ml, mean 6 SEM) FI (°C/2 h)
(n)IL-1 IL-2 IL-6 TNF IFN

AIM-V medium 10 6 2.1 2 6 1.2 1 6 0.3 4 6 1.6 11 6 1.4 0.14 6 0.04 (8)
SEA plus vehicle 2,312 6 70.3b 48 6 3.2b 38 6 3.2b 170 6 3.2b 278 6 15.1b 1.33 6 0.12b (6)
SEA plus AG (100) 593 6 39.2c 10 6 1.2c 2 6 0.4c 22 6 2.1c 85 6 12.3c 0.57 6 0.08c (6)
SEA plus Dex (4) 306 6 34.2c 4 6 0.6c 5 6 0.6c 17 6 3.2c 100 6 14.8c 0.42 6 0.10c (6)
SEA plus Ani (0.4) 501 6 62.1c 7 6 0.7c 16 6 2.7c 24 6 2.8c 110 6 14.2c 0.56 6 0.08c (6)

a Data represent the means (6SEM) of results of triplicate cultures and are representative of results in the three separate experiments. Dex, dexamethasone; Ani,
anisomycin.

b Significantly different from the corresponding control values (AIM-V medium group): P , 0.05 (ANOVA).
c Significantly different from the corresponding control values (SEA plus vehicle group): P , 0.05 (ANOVA).
d n, number of rabbits tested.
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SEA-induced pyrogenic cytokines synthesis in PBMC. In fact,
staphylococcal enterotoxins are a group of proteins produced
by S. aureus that cause fever, food poisoning, or septic shock in
humans (1, 15). Excess production of NO has also been impli-
cated in the pathogenesis of septic shock (13), inflammatory
and immunologically mediated diseases (21), and complica-
tions of diabetes (4). Thus, it appears that AG or dexametha-
sone inhibits the NO synthase, which appears to be responsible
for the excess production of NO linked to pyrogenic cytokine
production and these disease states (such as fever, septic shock, or
inflammatory and immunologically mediated diseases).

In summary, the present results show that the febrile
response to supernatant fluids from SEA-stimulated human
PBMC was associated with the levels of IL-1, TNF, IFN-g,
IL-2, and IL-6 in the supernatant fluids. Both the febrile re-
sponses and the increased levels of IL-1, TNF, IFN-g, IL-2,
and IL-6 in the supernatant fluids were decreased by adding
either anisomycin, dexamethasone, or AG into SEA-treated
PBMC. Furthermore, adding anti-IL-1b MAb, anti-IFN-g
MAb, or anti-TNF-a MAb to supernatant fluids significantly
decreased the pyrogenic response to supernatant fluids from
SEA-stimulated PBMC. The antipyretic actions exerted by
anti-IL-1b MAb were greater than those exerted by anti-TNF-
a MAb or anti-IFN-g MAb. The data suggest that SEA acts
through the NO synthase mechanisms in PBMC to stimulate
the synthesis or release of pyrogenic cytokines (in particular,
IL-1b).
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