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Excessive release of proinflammatory cytokines from cells stimulated with lipopolysaccharide (LPS) or
staphylococcal exotoxin (SE) mediates the pathophysiologic manifestations of septic shock. Tricyclodecan-9-yl
(D609), an inhibitor of phosphatidylcholine-specific phospholipase C, suppressed LPS- or SE-induced cyto-
kines and chemokines in human peripheral blood mononuclear cells. These data suggest a potential role for
D609 in the treatment of septic shock.

Lipopolysaccharide (LPS) and staphylococcal exotoxins (SE)
are among the most common etiological agents causing septic
shock (2, 10, 18). Although these bacterial products interact
with host cells through different receptors, they trigger exces-
sive systemic release of inflammatory cytokines, resulting in
septic shock. LPS from gram-negative bacteria binds to serum
LPS-binding protein, which then facilitates its binding to the
cell surface protein CD14 on monocytes/macrophages and
other cells (21). The subsequent interaction of LPS-CD14
complex with Toll-like receptors on these cells initiates trans-
membrane signaling and cellular activation to secrete cyto-
kines and chemokines (15).

Staphylococcal toxic shock syndrome toxin 1 (TSST-1), and
the structurally related enterotoxins, are bacterial exotoxins
that bind directly to major histocompatibility complex class II
molecules on antigen-presenting cells (APC) (4, 8, 19) and
stimulate T cells expressing specific Vb elements (5, 9). These
toxins are called superantigens because of their ability to poly-
clonally activate large populations of T cells (10). Interaction
of SE with APC and T cells also results in hyperproduction of
cytokines and chemokines, which is responsible for the patho-
genesis of toxic shock (16). These cytokines include tumor
necrosis factor alpha (TNF-a), gamma interferon (IFN-g), and
interleukin 1 (IL-1), proinflammatory mediators with potent
immunoenhancing effects (12). In addition, levels of circulating
TNF-a and IL-1 correlate with the clinical symptoms of sepsis
or septic shock (3).

In the last decade, numerous clinical trials conducted with
antagonists to key mediators such as TNF-a (1, 7) or IL-1 (6)
have not yielded significant therapeutic benefits for septic pa-
tients partly because sepsis is not the result of the release of
any one cytokine. Thus, inhibitors that suppress multiple
proinflammatory cytokines may be more efficacious for the
treatment of septic shock. Recent studies show tricyclodecan-
9-yl (D609), a specific inhibitor of phosphatidylcholine-specific

phospholipase C (PC-PLC), protects mice from lethal shock
induced either by TNF-a, LPS, or staphylococcal enterotoxin B
(SEB) (14). Surprisingly, D609 did not reduce the SEB-in-
duced IL-1, TNF-a, or IFN-g levels in these animals (14). The
proposed mechanism of action of D609 is via blockade of the
cytotoxic action of TNF-a. In another study, D609 improved
the survival of mice with LPS-induced shock (20), accompa-
nied by a reduction in the levels of IL-1 and IL-6, but not
TNF-a, in serum. In the present study, the modulatory effect of
D609 on various cytokines and chemokines induced by both
bacterial LPS and superantigens in human peripheral blood
mononuclear cells (PBMC) was further examined in vitro.

Purified SEB and TSST-1 were obtained from Toxin Tech-
nology (Sarasota, Fla.). The endotoxin content of these prep-
arations was ,1 ng of endotoxin/mg of protein, as determined
by the Limulus amoebocyte lysate assay (BioWhittaker, Walk-
ersville, Md.). LPS (Escherichia coli O55:B5) was obtained
from Difco (Detroit, Mich.). Recombinant human TNF-a
(rhTNF-a), antibodies against hTNF-a, peroxidase-conjugated
anti-rabbit immunoglobulin G (IgG), and peroxidase-conju-
gated anti-goat IgG were obtained from Boehringer Mann-
heim (Indianapolis, Ind.). Recombinant monocyte chemotactic
protein 1 (MCP-1), macrophage inflammatory protein 1a
(MIPg-1a) and MIP-1b, and antibodies against hIL-1b, hIL-6,
hMIP-1a, and MIP-1b were purchased from R&D Systems
(Minneapolis, Minn.). rhIL-1b was kindly provided by J. Op-
penheim (National Cancer Institute, Frederick, Md.). rhIFN-g
and rhIL-6 were obtained from Collaborative Research (Bos-
ton, Mass.). Antibodies against hIFN-g and MCP-1 were ob-
tained from Pharmingen (San Diego, Calif.). D609 was pur-
chased from Alexis (San Diego, Calif.) and dissolved in
phosphate-buffered saline, pH 7.4. All other reagents were
from Sigma (St. Louis, Mo.).

Human PBMC were isolated by Ficoll-Hypaque density gra-
dient centrifugation of heparinized blood from normal human
donors. PBMC (106 cells/ml) were cultured at 37°C in 24-well
plates containing RPMI 1640 medium and 10% heat-inacti-
vated fetal bovine serum. Cells were incubated with either SEB
(150 ng/ml), TSST-1 (150 ng/ml), or LPS (100 ng/ml) for 16 h,
and the supernatants were harvested and analyzed for IL-1b,
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FIG. 1. Dose-response inhibition of IL-1b, TNF-a, IL-6, and IFN-g production (A) and of MCP-1, MIP-1a, and MIP-1b production (B) by
PBMC stimulated with 150 ng of SEB/ml in the presence of various D609 concentrations. Values represent means 6 standard errors of the means
for duplicate samples from two experiments. Inhibition at all concentrations of D609, with the exception of 0.01 mM, was statistically significant
by comparison to control SEB-stimulated cells (P , 0.02).
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TNF-a, IL-6, IFN-g, MCP-1, MIP-1a, and MIP-1b. Cytokines
and chemokines were measured by an enzyme-linked immu-
nosorbent assay (ELISA) with cytokine- or chemokine-specific
antibodies according to the manufacturer’s instructions (11,
13). Human recombinant cytokines and chemokines (20 to
1,000 pg/ml) were used as standards for calibration on each
plate. The detection limit of each assay was 20 pg/ml. The
cytokine and chemokine data were expressed as the mean
reading 6 standard deviation (SD) for duplicate samples.
D609, when present, was added simultaneously with the stim-
ulating agent. Cytotoxicity was measured by the release of
lactate dehydrogenase (LDH) from the cytosol into the culture
supernatant. LDH was quantitated by a colorimetric cytotox-

icity kit (Boehringer Mannheim) according to the instructions
of the manufacturer. The maximum amount of releasable
LDH (100%) was obtained by lysing cells with 1% Triton
X-100. Apoptotic cell death was determined by ELISA of
cytoplasmic histone-associated-DNA fragments after pro-
grammed cell death (Cell Death ELISA; Boehringer Mann-
heim) according to the manufacturer’s instructions. T-cell pro-
liferation assays were performed with PBMC (105 cells/well),
plated in triplicate with SEB or TSST-1 (150 ng/ml), with or
without D609, for 48 h at 37°C in 96-well microtiter plates.
Cells were pulsed with 1 mCi of [3H]thymidine (New England
Nuclear, Boston, Mass.)/well during the last 5 h of culture as
described previously (11). Cells were harvested onto glass fiber

FIG. 2. Inhibition of production of IL-1b, TNF-a, IL-6, and IFN-g (A) and of MCP-1, MIP-1a, and MIP-1b (B) by PBMC stimulated with
either SEB (150 ng/ml), TSST-1 (150 ng/ml), or LPS (100 ng/ml) in the presence of 0.2 mM D609. Values represent means 6 standard errors of
the means for PBMC cultures from 12 blood donors for experiments with SEB and TSST, and a subset of 3 donors for LPS. Results are statistically
significant (P , 0.02) between SE and SE-plus-D609 samples and between LPS and LPS-plus-D609 samples. N/A, not applicable.
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filters, and incorporated [3H]thymidine was measured by liquid
scintillation. All data were analyzed for significant differences
by Student’s t test with Stata (Stata Corp., College Station,
Tex.). Differences between the D609-treated group and un-
treated controls were considered significant if P was ,0.02.

Figure 1 shows that D609 blocks the production of cytokines
IL-1b, TNF-a, IL-6, and IFN-g and of chemokines MCP-1,
MIP-1a, and MIP-1b from PBMC incubated with 150 ng of
SEB/ml in a dose-dependent manner. Complete inhibition of
these cytokines and chemokines was observed at high doses of
D609 (0.5 mM). Similar dose-response inhibition by D609 was
observed at lower concentrations of SEB (1 and 10 ng/ml) and
LPS (10 and 100 ng/ml) (data not shown). Good cell viability
(.90%) was evident at low concentrations of D609 (,0.4 mM)
as judged by trypan blue exclusion, and subsequent experi-
ments were performed at 0.2 mM D609. Cytotoxicity was also
determined by LDH release at various concentrations of D609
at 16 and 48 h. No cytotoxicity was observed from 0.01 to 0.8
mM of D609, as LDH release was not different from that for
the medium control up to 0.8 mM D609. At 1 mM D609, 30%
of maximum LDH release was indicated. Cellular apotosis as
determined by histone-DNA complexes was absent at these
concentrations of D609.

The effect of D609 on cytokine and chemokine production
by TSST-1- or LPS-stimulated PBMC was compared with that
on SEB-stimulated cells from 12 blood donors (Fig. 2). Pro-
duction of IL-1b, TNF-a, IL-6, and IFN-g by TSST-1-stimu-
lated cells was inhibited 93, 68, 70, and 79%, respectively, by
0.2 mM D609. D609 also decreased the levels of MCP-1, MIP-
1a, and MIP-1b 97, 78, and 80%, respectively, in TSST-1-
stimulated PBMC. Inhibition of cytokines and chemokines in
SEB-stimulated cells was similar to that for TSST-stimulated
cells. With LPS-activated cells, IL-1b, TNF-a, IL-6, MCP-1,
MIP-1a, and MIP-1b production were blocked 33, 78, 41, 99,

61, and 59%, respectively, by D609. The inhibition of SEB-,
TSST-, or LPS-induced chemokines by D609 is probably direct,
since previous reports indicated that both SEB and LPS can
stimulate PBMC to release these chemokines directly (13, 22).

Because superantigens also cause T-cell proliferation, the
effect of D609 on SE-induced T-cell proliferation was investi-
gated. Figure 3 shows that D609 dose-dependently inhibited
SEB- and TSST-1-stimulated T-cell proliferation, achieving
99% inhibition at 0.1 mM D609.

This study demonstrated that D609 effectively inhibited
LPS-and superantigen-mediated production of cytokines and
chemokines by human PBMC in vitro. T-cell proliferation in-
duced by staphylococcal superantigens was also suppressed
completely. Downregulation of proinflammatory cytokines and
chemokines by D609 in LPS-, SEB-, and TSST-1-stimulated
PBMC suggested that D609 may affect the pathophysiology of
septic shock. These observations are in agreement with a re-
cent report that D609 inhibits LPS-induced TNF-a and IL-6
production in alveolar macrophages (17). Previous studies in-
dicated that D609 prevents LPS- and SEB-induced septic
shock but could not demonstrate a direct inhibition of the
same inflammatory cytokines in vivo (14, 20). Nevertheless, the
success of D609 in improving survival of murine septic shock in
these studies provides further evidence of the utility of this
therapeutic compound for septic shock. Discrepancies between
the inhibition of TNF-a by D609 in this study and the lack of
inhibition by D609 in mice exposed to LPS or SEB could be the
result of species differences in sensitivity to D609 and/or the
complexity of lethal septic shock in animal models. However,
the present findings with human PBMC showed that D609
inhibited multiple proinflammatory cytokines and chemokines
induced by bacterial LPS and superantigens, thus suggesting its
potential utility for treating human septic shock. It is likely that
D609 and other agents that block signal transduction pathways

FIG. 3. Inhibition of T-cell proliferation in PBMC stimulated with SEB or TSST-1 at 150 ng/ml by varying concentrations of D609. Values are
mean counts 6 standard errors of the means for triplicate cultures and represent five experiments. Results are statistically significant (P , 0.01)
between SE and SE-plus-D609 samples.
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of LPS-or SE-activated cells are more efficacious in countering
increased cytokine levels and the ill effects of these mediators.
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