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To investigate the mechanisms underlying superantigen (SAg) stimulation, we analyzed the effect of SAg on
monocyte responses with or without lipopolysaccharide (LPS). Addition of gamma interferon (IFN-g) to
unstimulated cultures induced a marked increase in the number of CD801 monocytes, which was inhibited by
LPS through the action of interleukin-10. However, CD801 monocytes began to increase before IFN-g pro-
duction, observed after 9 h of stimulation with staphylococcal enterotoxin B (SEB). SEB selectively increased
the number of apoptotic CD802 monocytes, whereas LPS-treated monocytes were resistant to the apoptotic
action of SEB. This SEB-induced killing was abrogated by anti-CD95 monoclonal antibody (MAb) ZB4 and
anti-CD95 ligand (CD95L) MAb NOK2, suggesting a CD95-based pathway of apoptosis. Furthermore, the
numbers of SEB-induced CD801 monocytes were partially decreased by anti-CD119 (IFN-g receptor) MAb and
by anti-CD95L (NOK2) MAb. The CD30 expression of CD27high T cells induced by SEB was increased by
agonistic anti-CD95 (CH11) MAb. Together, our findings showed that SEB-induced monocyte apoptosis is
closely associated with the enrichment of CD801 monocytes generated before IFN-g production, followed by
up-regulation of CD80 by IFN-g, and that LPS has negative effects in both cases. These results also suggested
that induction of monocyte apoptosis is an important mechanism by which SAg exerts its anti-inflammatory effects.

Activation of T cells is initiated by the interaction between
T-cell receptor (TCR) on T cells and bacterial superantigen
(SAg) bound to class II major histocompatibility complex on
monocytes (13, 16). Previously, we reported evidence for SAg-
mediated modulatory effects on the human immune response
characterized by signaling molecules (CD27 and CD30) on
SAg-activated T cells (12). CD27 and CD30 are lymphocyte-
specific members of the tumor necrosis factor (TNF) receptor
superfamily (10, 22). Interactions between accessory molecules
on T cells and their ligands on monocytes can play critical roles
in determining the T-cell response that occurs following TCR
stimulation with SAg (17). CD28 and CD152 (CTLA-4) are
known to be important for receptors on T cells that bind two
related ligands, CD80 and CD86, on monocytes (8, 9). While
CD28 can provide important costimulatory signals for T-cell
activation, CD152 functions to down-regulate T-cell activities
(3). SAg was shown to activate T cells (CD27high CD301) via
mainly CD28-CD80 interaction in addition to TCR-class II
major histocompatibility complex interaction (12, 17).

Lipopolysaccharide (LPS) is the major component of the
outer membrane of gram-negative bacteria and mediates a
number of biological processes, including modulation of T-cell
functions (12, 18). We showed that LPS selectively down-reg-
ulates CD27high CD301 T cells induced by SAg in a dose-
dependent manner, attributable to failure of cell-cell interac-
tion of responding T cells in the peripheral blood with viable
accessory monocytes, indicating a role of costimulatory inter-
actions strongly associated with CD28 interaction with CD80

(12). That is, the decrease in number of SAg-induced CD801

monocytes 1 day after addition of LPS resulted in insufficient
delivery of positive signals to T cells via CD28-CD80 interac-
tion. Subsequently, when CD152 appeared late (2 days) on
activated T cells, the number of CD801 monocytes recovered
upon LPS treatment. Therefore, significant levels of expression
of CD152 on activated T cells (CD301) might have resulted in
these cells being much more sensitive to CD152-dependent
down-regulation of CD27high CD301 T cells. These results also
suggested that the LPS released from the gram-negative flora
of the host’s gastrointestinal tract or oral cavity under physio-
logical conditions may induce down-regulation of functional
receptors expressed by SAg-activated T cells, leading to the
inability of T cells to respond to overactivation signals via the
CD27-CD27 ligand (CD27L) (CD70) or CD30-CD30L
(CD153) interaction (10, 22).

We further investigated the regulation of induction of CD80
molecules on human monocytes by SAg and/or LPS. The in-
duction of CD80 is up-regulated by exogenous gamma inter-
feron (IFN-g), but the time course of IFN-g production on
staphylococcal enterotoxin B (SEB) stimulation is different
from those of the generation of CD801 monocytes. Further-
more, before IFN-g production, CD80 is selectively enriched
by increased monocyte apoptosis by SEB via a CD95 (Fas)-
based pathway, which is inhibited by LPS or cytokines secreted
from monocytes upon stimulation with LPS. Their mode of
action provides valuable insight into the constant struggle be-
tween microbes and the immune system.

MATERIALS AND METHODS

MAbs and reagents. For surface markers, anti-CD3 (Leu-4) and anti-CD80
(L307.4) monoclonal antibodies (MAbs) were purchased from Becton Dickinson
(Mountain View, Calif.). Anti-CD14 (IOM2 [Immunotech, Marseille, France]
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and MY4 [Coulter, Hialeah, Fla.]) MAbs were purchased from the sources
shown. The MAbs against CD86 (IT2.2) and anti-CD95 (DX2) were obtained
from PharMingen (San Diego, Calif.). Anti-CD27 (M-T271) and anti-CD30
(Ki-1) MAbs were purchased from Ancell Co. (Bayport, Minn.). Fluorochrome-
conjugated goat anti-mouse immunoglobulin G’s (IgGs) were obtained from
Southern Biotechnology Associates (Birmingham, Ala.). SEB, toxic shock syn-
drome toxin 1 (TSST-1), and LPS (from Escherichia coli O55:B5) were pur-
chased from Sigma Chemical Co. (St. Louis, Mo.). SEB purified by a combina-
tion of ion-exchange chromatography and gel filtration was also used.
Recombinant human TNF-a, IFN-g, interleukin-1b (IL-1b), IL-4, and IL-10
were supplied by R & D systems (Minneapolis, Minn.). Neutralizing or blocking
anti-IL-12 (C8.6), anti-CD119 (IFN-g receptor a chain) (Genzyme, Cambridge,
Mass.), anti-CD95 (ZB4; Coulter), and anti-CD95L (NOK2; PharMingen)
MAbs and control mouse IgGs (IgG1 and IgG2a) and IgM (PharMingen) were
purchased from the sources shown. Agonistic anti-CD95 (CH11) MAb was
obtained from Coulter. Purified SPM-2 (Streptococcus pyogenes mitogen 2) was
isolated from culture supernatants of S. pyogenes type 12 (ATCC 12353) as
described previously (20).

Cell isolation and activation. Peripheral blood mononuclear cells (PBMC)
were isolated by Lympholyte-H (Cedarlane Laboratories, Hornby, Ontario, Can-
ada) density centrifugation of heparinized blood from healthy volunteers. PBMC
were plated at 2 3 105 cells/well in 96-well plates (Falcon; Becton Dickinson) in
RPMI 1640 medium containing 10% heat-inactivated fetal calf serum. In some
cases, monocytes were enriched by 90-min adherence to culture plates and
washed twice with phosphate-buffered saline. Cells were then incubated with
various stimuli (SEB, TSST-1, SPM-2, CH11 MAb, and/or LPS, each at 0.1 to 1
mg/ml) or various cytokines (TNF-a, 10 ng/ml; IFN-g, 100 U/ml; IL-1b, 10 ng/ml;
IL-4, 10 ng/ml; IL-10, 10 ng/ml) for 18 h before assay of CD801 monocytes or up
to the indicated time points to examine the time course of CD80 induction or for
72 h before assay of CD27 induction on T cells. Blocking antibodies (anti-IL-12,
anti-CD95, anti-CD95L, and anti-CD119 MAbs) or control antibody of appro-
priate IgG isotype or IgM were added at a concentration of 1 to 10 mg/ml 1 h
before stimulation.

Monocyte apoptosis. Staining of monocytes with annexin V and propidium
iodide (PI) was performed using an apoptosis detection kit (Trevigen Inc.,
Gaithersburg, Md.) in accordance with the manufacturer’s instructions to quan-
titatively determine the percentage of cells undergoing apoptosis. Briefly, cells
cultured for 3 h were washed with phosphate-buffered saline and resuspended in
the binding buffer provided. Phycoerythrin (PE)-conjugated anti-CD14 (IOM2)
MAb (30 min) and fluorescein isothiocyanate (FITC)-conjugated annexin V (15
min) were incubated with monocytes in the dark. The monocyte population was
selected by gating of CD14-positive cells and analyzed for apoptosis by flow
cytometry. Monocyte death induced by different agents (after 18 h) was deter-
mined by PI uptake of cells stained with FITC-conjugated anti-CD14 (MY4)
MAb.

Measurement of cytokines. IL-1b, IL-4, IL-10, TNF-a, and IFN-g were deter-
mined in supernatants of cultured cells for defined periods using enzyme-linked
immunosorbent assays (ELISAs) developed by Endogen Inc. (Woburn, Mass.).
Assays were performed according to the manufacturer’s specifications. All sam-
ples were assayed in triplicate. The lower limits of detection, as determined using
standard curves, were set as follows: for IFN-g, IL-1b, IL-10, and TNF-a, ,20
pg/ml; for IL-4, ,10 pg/ml. Standard cytokine preparations (defined concentra-
tion of recombinant cytokine) were used as internal controls in all tests.

Flow cytometry. The methods used for immunofluorescence staining in con-
junction with single- or two-color flow cytometry and for counting of fluorescein-
positive cells were described previously (1). For triple staining, cells were incu-
bated with FITC-, PE-, and peridinin chlorophyll protein-conjugated MAbs at
saturating concentrations at 4°C for 30 min and then washed twice. Cells were
then analyzed using a FACScalibur (Becton Dickinson). Fluorochrome-conju-
gated murine IgG isotypes of unrelated specificities were used as controls. Gates
were set around the monocyte or lymphocyte populations, and a total of 20,000
cells/sample were analyzed.

Statistical analysis. Data are given as means 6 standard deviations (SD).
Significance between the control group and a treated group was examined with
the unpaired Student’s t test. P values less than 0.05 were regarded as significant.

RESULTS

Time course of induction of CD801 monocytes by SEB. To
investigate the time course of CD80 induction, PBMC were
stimulated with SEB. At the indicated time points, cells were
harvested and stained with FITC-conjugated anti-CD14 and

PE-conjugated anti-CD80 MAbs. Representative results of
surface expression analysis are shown in Fig. 1. The expression
of CD80 was induced after 3 h of stimulation and peaked after
15 h of stimulation. The increase in number of CD801 mono-
cytes was accompanied by an increase in fluorescence intensity
(data not shown). A slight increase in medium alone was ob-
served after 15 h of culture.

Effects of LPS on SAg-induced CD801 monocytes. Varia-
tions by SAg and/or LPS in the percentages of CD801 mono-
cytes were assessed by evaluating approximately 2 3 104 mono-
cytes. Figure 2 shows the effects of SAg and LPS on the
induction of CD801 monocytes. After 18-h exposure of PBMC
to 1 mg of SEB, SPM-2, or TSST-1 per ml, the percentages of
CD801 monocytes in CD141 populations increased to 39.7%
(SEB), 32.5% (SPM-2), or 45.6% (TSST-1) compared with the
untreated control (4.0%). However, LPS at 1 mg/ml in cultures
with SAg decreased CD801 monocytes to 42% (SEB), 56%

FIG. 1. Time course of induction of CD801 monocytes by SEB.
PBMC (106/ml) were cultured with SEB (1 mg/ml) for 3, 6, 9, or 15 h,
and harvested at the indicated time points. After staining with FITC-
conjugated anti-CD14 MAb and PE-conjugated anti-CD80 MAb, a
total of 2 3 104 monocytes were analyzed to determine the CD801

population. A representative result from three different donors is
shown.

FIG. 2. Effects of LPS on SAg-induced CD801 monocytes. PBMC
were stimulated with SEB, SPM-2, or TSST-1 (1 mg/ml) with or with-
out LPS (1 mg/ml) for 18 h. After staining with FITC-conjugated
anti-CD14 MAb and PE-conjugated anti-CD80 MAb, cells were ana-
lyzed to determine the CD801 population. Percentages of CD801

monocytes are expressed as means 6 SD of three different donors. p,
P , 0.01 versus medium control; pp, P , 0.01 versus SAg treatment
without LPS.
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(SPM-2), or 44% (TSST-1) of the value with SAg alone,
whereas no significant effect was observed in monocytes
treated with LPS alone (Fig. 2).

Cytokine production after treatment with SAg or LPS. To
examine the influence of SAg or LPS on cytokine production,
we performed ELISAs at intervals of 3 h in culture superna-
tants from the same donor as in Fig. 1. PBMC were incubated
with SAg or LPS for up to 18 h. As shown in Fig. 3, no increase
in IFN-g production was evident at early incubation time
points in cultures treated with SAg, and an increase was ob-
served at 9 h of stimulation. In SPM-2-stimulated cultures, low
levels of IFN-g were observed at 18 h of stimulation compared
with SEB and TSST-1 stimulation. Significant levels of IL-1b,
IL-10, and TNF-a production were observed in cultures stim-
ulated with LPS, but IL-4 under these conditions was only
minimally secreted in response to SEB after 18 h of stimulation
(Table 1).

Effects of IFN-g on induction of CD801 monocytes. We
investigated the roles of cytokines in induction of CD80 on
monocytes. PBMC were cultured with IFN-g, IL-4, IL-10, IL-
1b, or TNF-a for 18 h. As shown in Fig. 4, IFN-g showed
significant enhancement of CD80 induction on unstimulated
monocytes, and addition of anti-CD119 and anti-IL-12 MAbs
1 h before stimulation partially inhibited SEB-induced CD801

monocytes. Addition of LPS or IL-10 to PBMC treated with
IFN-g caused a marked decrease in CD80 induction. CD80
inhibition was significantly observed when culture was per-

formed in the presence of IL-4 (24.6% 6 3.1%) but not IL-1b
or TNF-a with IFN-g. CD86 was used as a control, and its
expression was not significantly altered by these treatments
(data not shown).

SEB-induced monocyte apoptosis. We observed that exoge-
nous IFN-g up-regulates CD801 monocytes. However, there
was a discrepancy in the time courses of IFN-g production and
CD80 induction by SEB. Monocytes undergo apoptosis when
cultured in vitro, and addition of LPS prevents apoptosis for
maintenance of viability of these cells (15). We investigated
whether SEB enhances monocyte apoptosis, accompanied by
enrichment of CD801 monocytes, and LPS has negative effects
on the action of SEB. When analyzed after 6 h of culture
without any stimulation, monocytes were consistently found to
be positive for CD95 and CD95L expression. We reasoned that
if SEB treatment enhances monocyte apoptosis via the CD95-
mediated pathway, antagonistic MAb against CD95 or CD95L
would inhibit SEB-induced monocyte death.

PBMC were pretreated with anti-CD95 (ZB4) or anti-
CD95L (NOK2) MAb for 1 h before treatment with SEB.
After 3 h of cell culture, monocyte apoptosis was determined
by annexin V binding with phosphatidylserine, whereas after
longer (1-day) culture, cells with morphological features of
apoptosis such as cytoplasm hypervacuolization showed PI
staining in the monocyte cultures (15). T cells were resistant to
apoptosis 1 day after SEB stimulation (data not shown). How-
ever, in the absence of any exogenous stimuli, the percentage
of annexin V1 monocytes was 35.5%. The incidence of SEB-
induced apoptosis, 53.7%, was reduced to 25.6 or 22.3% in
monocytes treated with anti-CD95 or anti-CD95L MAb, re-
spectively (Fig. 5). Although cells could express phosphatidyl-
serine without being committed to die, SEB increased the
number of PI1 monocytes after 18 h. LPS abrogated the apo-

FIG. 3. Time course of IFN-g production by SAg. PBMC from the
same donor as in Fig. 1 were cultured with SAg (1 mg/ml) or LPS (1
mg/ml) for 3, 6, 9, or 18 h. IFN-g contents of the supernatants were
determined by ELISA. All samples were assayed in triplicate, and the
results are expressed as means 6 SD.

FIG. 4. Effects of IFN-g on induction of CD801 monocytes. PBMC
were cultured with anti-CD119 MAb (10 mg/ml), anti-IL-12 MAb (10
mg/ml), or control mouse IgG1 (10 mg/ml) before 1 h of SEB stimu-
lation (1 mg/ml) or with IFN-g (100 U/ml) in combination with LPS (1
mg/ml) or IL-10 (10 ng/ml). After 18 h of stimulation, cells were stained
with FITC-conjugated anti-CD14 MAb and PE-conjugated anti-CD80
MAb. Percentages of CD801 monocytes are expressed as means 6 SD
of three different donors. p, P , 0.01 versus medium control; pp, P ,
0.01 versus SEB treatment; ppp, P , 0.01 versus IFN-g treatment.

TABLE 1. Effects of SEB and LPS on cytokine production

Treatmenta
Cytokine production (pg/ml)b

IL-4 IL-1b IL-10 TNF-a

None ,10 ,20 ,20 ,20
LPS ,10 1,013 6 28 549 6 55 1,534 6 74
SEB 16 6 1 49 6 2 171 6 11 132 6 4

a PBMC (106/ml) were cultured with SEB (1 mg/ml) or LPS (1 mg/ml) for
defined periods.

b IL-4 (18 h), IL-1b (6 h), IL-10 (9 h), and TNF-a (6 h) contents of the
supernatants were determined by ELISA. All samples were assayed in triplicate,
and the results are expressed as means 6 SD.
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ptotic effect of SEB, whereas no significant changes in PI
staining were observed in monocytes treated with LPS com-
pared with untreated controls (data not shown).

Effects of LPS and cytokines on monocyte apoptosis. The
functional roles of cytokines in monocyte apoptosis during the
first 3 h of culture were investigated. PBMC were cultured in
the presence of LPS or IL-1b, TNF-a, IFN-g, IL-4, or IL-10
with SEB. As shown in Fig. 6, LPS had an inhibitory effect on
SEB-induced apoptosis. With IL-1b and TNF-a, we also ob-
served an inhibitory effect in SEB-treated monocytes. When
IFN-g, IL-4, and IL-10 were added, no inhibitory changes were

seen in the numbers of annexin V1 monocytes compared with
SEB-treated cultures (data not shown). These results sug-
gested that LPS and the derived cytokines (IL-1b and TNF-a),
when added from the start of culture, have inhibitory effects on
monocyte apoptosis caused by SEB.

Enrichment of CD801 monocytes by apoptosis. The differ-
ences in apoptosis between CD802 and CD801 monocytes
were evaluated by flow cytometry using annexin V, although
surface CD95 was expressed at similar levels on CD802 and
CD801 monocytes (mean fluorescence intensity [MFI] ranging
from 11.7 to 14.1). Figure 7A shows that CD802 monocytes
expressed annexin V binding at high frequency when PBMC
were cultured with SEB for 6 h, whereas low binding was
observed in the CD801 monocytes, suggesting that the amount
of surface CD95 on monocytes may not have contributed to the
occurrence of apoptosis.

To further investigate the effects of incubation with an an-
tiapoptotic MAb on induction of CD801 monocytes by SEB,
PBMC were cultured with SEB and anti-CD95L (NOK2) MAb
either alone or in combination. After treatment with anti-
CD95L MAb, the level of induction of CD801 monocytes by
SEB was significantly lower than in cells treated with SEB
alone (Fig. 7B).

Effects of apoptosis on SEB-activated T cells. The ability of
monocyte apoptosis to regulate SEB-activated T cells that ex-
pressed CD27high and CD30 was confirmed by stimulating
PBMC with SEB for 72 h in the presence of blocking antibody
(NOK2) or stimulating antibody (CH11) and by measuring the
cytometric profiles (Fig. 8). Although significant changes in the
percentages of CD27high T cells were not observed by treat-
ment with NOK2, T cells treated with CH11 showed a slight
increase of CD27high (Fig. 8A). Similarly, there was significant
effect of CH11 MAb on the induction of CD30 expression on

FIG. 5. Effects of antagonistic MAbs on SEB-induced apoptosis of
monocytes. PBMC were pretreated with anti-CD95 MAb (ZB4, 1
mg/ml), anti-CD95L MAb (NOK2, 1 mg/ml) or control mouse IgG
(IgG1 plus IgG2a, 1 mg/ml) before 1 h of stimulation with SEB (1
mg/ml). For binding with annexin V, cells were harvested after 3 h of
stimulation, washed, and then stained for 30 min with PE-conjugated
anti-CD14 MAb and for 15 min with FITC-conjugated annexin V. The
percentage of apoptotic monocytes was then measured by flow cytom-
etry. The results represent means 6 SD of three different donors. p,
P , 0.01 versus medium control; pp, P , 0.01 versus SEB treatment.

FIG. 6. Effects of LPS and cytokines on monocyte apoptosis in-
duced by SEB. PBMC were stimulated with SEB (1 mg/ml) in medium
alone or in medium containing IL-1b (10 ng/ml), TNF-a (10 ng/ml), or
LPS (1 mg/ml) for 3 h. After staining with PE-conjugated anti-CD14
MAb followed by addition of FITC-conjugated annexin V, the per-
centage of apoptotic monocytes was measured by flow cytometry. The
results represent means 6 SD of three different donors. p, P , 0.05
versus medium control; pp, P , 0.05 versus SEB treatment.

FIG. 7. Enrichment of CD801 monocytes by apoptosis. (A) PBMC
were stimulated with SEB (1 mg/ml). After 6 h, cells were stained with
PE-conjugated anti-CD80 MAb and with FITC-conjugated annexin V.
The gate was set around the monocyte population. The annexin V1

CD802 monocytes (25.1 to 27.3%) are expressed as 100%. The results
represent means 6 SD of three different donors. p, P , 0.05 versus
CD802 cells. (B) After addition of anti-CD95L MAb (NOK2, 1 mg/ml)
before 1 h of stimulation with SEB (1 mg/ml), PBMC were stimulated
for 18 h and stained with FITC-conjugated anti-CD14 MAb and PE-
conjugated anti-CD80 MAb. Percentages of CD801 monocytes are
expressed as means 6 SD of three different donors. p, P , 0.01 versus
medium control; pp, P , 0.01 versus SEB treatment.
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CD27high T cells, suggesting enhancing effects of monocyte
apoptosis on activation of T cells by SEB (Fig. 8B).

DISCUSSION

In addition to cytokine induction, stimulation with SEB can
lead to monocyte activation, as detected by enhanced induc-
tion of surface CD80 expression, and monocyte apoptosis, as
detected by enhanced induction of annexin V- and PI-positive
cells. Since these responses were very poor in the absence of T
cells, purified monocytes were unable to fully substitute for the
PBMC population when stimulated with SEB (data not
shown). However, our recent findings (12) along with the re-
sults presented here indicate that LPS has a negative effect on
T-cell activation by decreasing CD801 monocytes and that

LPS suppresses directly or indirectly monocyte apoptosis
through intracellular signals that bring about blockade of the
activation of caspase-3 (7). Moreover, antiapoptotic MAb
(NOK2) influenced the ability of SEB to induce CD801 mono-
cytes together with inhibition of monocyte apoptosis (Fig. 7B).
This apparent coupling of monocyte apoptosis and generation
of CD801 monocytes led to the hypothesis that the early effect
exerted by SEB involves selective induction of monocyte apo-
ptosis (Fig. 7A), allowing the enrichment of CD801 monocytes
generated before IFN-g production, and SEB action proceeds
to up-regulation of CD80 by IFN-g. This is supported by our
observation that CD80 expression of THP-1 cells was associ-
ated with the selective apoptosis when induced by etoposide
(H. Rikiishi and K. Kudo, unpublished observation).

In the presence of SEB, a progressive increase in the number
of annexin V-positive monocytes was observed, leading to the
appearance of phosphatidylserine on around 50% of the total
monocyte population (Fig. 5), suggesting a proper ratio for
interaction of residual monocytes with responding T cells bear-
ing appropriate Vb elements of TCR via CD28 and CD80. We
demonstrated diminished induction of SEB-mediated mono-
cyte apoptosis after pretreatment with antagonistic anti-CD95
or anti-CD95L MAb. Therefore, we concluded that there is a
CD95-mediated effect of SEB on monocyte apoptosis (11, 26).
The lack of complete inhibition by these MAbs may explain
why caspase activation appears to be initiated even during cell
isolation. Although T cells have been shown to up-regulate
CD95L in response to SEB and to be able to delete monocytes
through a CD95-mediated mechanism (2, 27), the levels of
CD95L on T cells were low even when cultured with SEB.
Instead, soluble CD95L (sCD95L) could be efficiently secreted
from SEB-activated T cells or monocytes (data not shown).
However, sCD95L is thought to be much less cytotoxic than
membrane-bound CD95L (19). These results indicated that in
addition to the cytotoxicity of sCD95L, the interaction between
CD95 and CD95L on monocytes is largely responsible for the
SEB induction of apoptosis that occurs upon monocytes.
Moreover, we investigated whether these events are affected by
the actions of various cytokines induced by SEB or LPS (6, 14,
21). Significant antiapoptotic effects of exogenous IL-1b or
TNF-a on SEB-treated monocytes (Fig. 6) implied that LPS
inhibition of apoptosis is required for apoptosis-associated
modulation via intracellular signals mediated by these cyto-
kines in monocytes (7). It is also possible that LPS directly
induces expression of the cytoprotective proteins via a CD14-
dependent pathway requiring activation of NF-kB.

We demonstrated that IFN-g exerts regulatory effects on
CD80 induction in monocytes, using anti-CD119 MAb and
exogenous IFN-g (28). Large amounts of IFN-g were pro-
duced from stimulated T cells as a result of CD28-CD80 co-
stimulation (9), showing that CD801 monocytes generated be-
fore IFN-g production contribute to IFN-g production via
CD28-mediated signals. Since the negative regulation of IFN-g
responses by LPS and IL-10 occurred at least via down-mod-
ulation of CD80 expression, it is likely that stimulation with
LPS or IL-10 induced by LPS inhibited the induction of
CD801 monocytes through suppression of Stat-1 activation
and transcriptional activity in response to IFN-g (4, 24, 28).
IL-4 has antagonistic effects on IFN-g functions via molecular
mechanisms differing from those of IL-10 (5, 25). More re-

FIG. 8. Effects of apoptosis on SEB-activated T cells. PBMC were
pretreated with anti-CD95L MAb (NOK2, 1 mg/ml), anti-CD95 MAb
(CH11, 500 ng/ml), or control mouse IgG (IgG2a plus IgM, 1 mg/ml)
before 1 h of stimulation with SEB (1 mg/ml). (A) After 72 h, cells were
stained with FITC-conjugated anti-CD27 MAb and PE-conjugated
anti-CD3 MAb. Percentages of CD27high T cells are expressed as
means 6 SD of three different donors. p, P , 0.01 versus medium
control. (B) After triple staining, cells were analyzed on a FACScalibur
for CD3, CD27, and CD30 expression. Data represent the MFI of
CD30 in the CD27high T cells. The MFI of the negative control anti-
bodies was subtracted, and the results are expressed as means 6 SD of
three different donors. p, P , 0.01 versus SEB treatment.
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cently, it was shown that CD80 expression on T cells is inhib-
ited by IL-4 and enhanced when IL-4 is neutralized or when T
cells are unable to respond to the differentiating signals of IL-4
(23). IL-4 showed no modulatory effect on CD80 expression in
untreated monocytes, but IL-4 affected induction of CD80 by
IFN-g, supporting the antagonistic effect of IL-4 on IFN-g
function in influencing CD80 expression. However, the mod-
ulatory effect of endogenous IL-4 is unclear because IL-4 is
only minimally secreted in response to SEB (Table 1).

In summary, T cells become activated by SEB treatment and
produce IFN-g. SEB-mediated signals (sCD95L secretion or
modulation of proapoptotic or antiapoptotic factors) enhance
selective monocyte apoptosis, which enriches CD801 mono-
cytes generated before IFN-g production. Thereafter, IFN-g
can act on monocytes to up-regulate CD80, further enhancing
T-cell stimulation and leading to the induction of CD27high

CD301 T cells by SEB. LPS induces production of IL-1b,
TNF-a, and IL-10 from monocytes. The intracellular signals
mediated by LPS or IL-1b and TNF-a block SEB-mediated
apoptosis, and IL-10 induces transient reduction of CD80 that
increases after 48 h (12), lending credence to the hypothesis
that modulation of apoptosis and CD801 phenotype in mono-
cytes observed following SEB and/or LPS treatment are tightly
regulated by a complex network of signals provided by several
factors. Our results also suggested that induction of apoptosis
in human monocytes appears to be an important mechanism by
which SAg exerts its anti-inflammatory effects and SAg pro-
motes persistence of the organism during colonization and in
the early stages of infection. In the absence of LPS, the mono-
cyte apoptosis induced by SAg may regulate cell number at
inflammatory sites and reduce the release of toxic mediators
into the systemic circulation.
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