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We examined the molecular mechanism of DT-5461-induced LPS antagonism in
human peripheral blood monocytes. Dose-response studies revealed that
LPS-induced IL-1 and TNF-a production was apparcnily totally suppressed in a
competitive manner by a 10-fold cxcess of DT-5461. A 10-fold excess of DT-5461
significantly blocked the binding of FITC-LPS to the monocytes. DT-5461
suppressed IL-1 and TNF-a mRNA expression in LPS-activated monocytes.
Western blots showed that DT-5461 suppressed the LPS-induced tyrosine

phosphorylation of p42™°*/ERK2. These results suggested that the competitive
binding inhibition and repression of early intracellular signaling involved in

DT-5461-mediated LPS antagonism. & 1995 academic press, Inc.

LPS, a major constituent of the outer membrane of gram-negative bacteria, has

been implicated as a major factor in the pathogenesis of endotoxemia and a lipid A
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component represents the active center responsible for most of the
pathophysiological effects of LPS (1). The interaction of LPS with cells,
especially monocytes/macrophages, causes cellular activation with the subsequent
synthesis and secretion of numerous endogenous inflammatory mediators such as
IL-1 and TNF-a (1, 2). These mediators are majors effectors in the pathogenesis
of septic shock and bacterially mediated local tissue destruction (1, 2). CD14 has
been primarily shown to function as a receptor for a complex of LPS and LBP (3).
LPS binding to CD14 causes the rapid tyrosine phosphorylation of several
intracellular proteins, and this process is essential to LPS-induced cytokine
production in monocytes/macrophages (4, 5, 6, 7).

Several lipid A-like compounds act as LPS antagonists in various human and
murine cellular systems and reduce LPS-induced lethality in some animal models
(8, 9, 10). We showed that a synthetic lipid A analogue, DT-5461, spcecifically
antagonized the LPS activation of monocytes/macrophages to produce IL-1 and
TNF-a, and LPS antagonism by DT-5461 conferred protection from LPS-induced
lethality in a murine endotoxemia model (11).

In this study we assessed the molccular mechanism involved in LPS

antagonism by DT-5461 in human peripheral blood monocytes.

MATERIALS AND METHODS

Reagents. LPS from £. coli 0127:B8 and FITC-LPS were purchased from Difco
Laboratories (Detroit, M1, U.S.A.). DT-5461 (11) were provided by Daiichi
Pharmaceutical Co. Ltd. (Tokyo, Japan). HRP coupled-recombinant anti-
phosphotyrosine mAb (clone RC-20) was purchased from Transduction
Laboratories (Lexington, Kentucky, U.S.A.). Anti-MAPK (ERK2) was purchased
from UBI (New York, NY, U.S.A.).

Cells. Human peripheral blood monocytes were separated from leukocyte
concentrates from healthy donors by density gradient centrifugation with
Ficoll-Hypaque as described preivously (11). The monocytes (1 x 10°/well) were
cultured for 24 h at 37 °C with or without LPS (1 pug/ml) in the presence or
absence of DT-5461 (0.1-10 pg/ml) in 1 m! of RPMI-1640 medium containing 7.5
% HAB. Cell-free supernatants were obtained as described previously (11), then
stored at -20 °C before use.

Cytokine assay. IL-1 or TNF-a activity in the culture supernatants were
measured by bioassay as described previously (11).

Competitive binding assay. The monocytes (1 x 10°) were mixed with 1 pg
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/ml of FITC-LPS and various concentrations of DT-5461 (1-100 pg/ml) in 0.2 ml
of PBS in the presence or absence of 7.5 % HAB, and incubated for 30 min at 37
°C. Binding of FITC-LPS to the cells was detected as described previously (11)
using a FACS flow cytometer (FACScan; Becton Dickinson Electric Laboratories,
Mountain View, CA) and CElIQuest Software.

Nothern blotting. Human pcripheral blood monocytes (5 x 10%/well) were
stimulated with or without LPS (1 pg/ml) in the presence or absence of DT-5461
(10 ug/ml) for 4 h at 37 °C. The procedure for the preparation of Nothern blots
and the probes used in the detection of human IL-1B, TNF-a and f-actin mRNA
species have been described previously (12, 13). B-actin was included as an
housekeeping gene to control for RNA loading between lanes, as described
previously (12).

Immunoprecipitation and Western blotting. The monocytes (5 x 10°/well)
were stimulated with or without LPS (1 pg/ml) in the presence or absence of
DT-5461 (10 pg/ml) for 20 min at 37 °C. Cell lysis and immunoprecipitation with
anti-MAPK performed exactly as described previously (6). Immunoblotting was
carried with HRP-coupled anti-phosphotyrosine mAb (clone RC-20) according to
Ref. 7. The immunorcactive proteins were visualized using an ECL detection
system (Amersham International, Buckinghamshire, U.K.).

RESULTS

We showed that DT-5461 exhibited low LPS agonistic activity towards IL-1
and TNF-a release but antagonized LPS-mediated increases in this responses in
human peripheral blood monocytes (11). We examined the the dose response
relation of the antagonistic effect of DT-5461 on LPS-induced these cytokines
secrction (Fig.1). DT-5461 significantly inhibited LPS-inducecd IL-1 and TNF-«
release in a concentration-dependent manner. These results indicated that complete
antagonism on LPS-induced IL-1 and TNF-a production were established at a
10-fold excess of DT-5461. We also examined effect of DT-5461 on LPS-induced

IL-1B and TNF-a mRNA expression. Figure 2 showes that incubating the
monocytes with DT-5461 significantly suppressed the expression of LPS-induced

IL-18 and TNF-a mRNA to the control levels.

We investigated the competitive inhibition of DT-5461 on FITC-LPS binding
to the monocytes (Table 1). Flow cytometry showed that DT-5461 reduced the
FITC-LPS binding to the monocytes in serum-free condition in a concentration

dependent manner. The increasingly high concentrations of DT-5461 also caused a
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Figure 1. Effect of DT-5461 on LPS-induced production of IL-1 and TNF-a
in human peripheral blood monocytes. Human peripheral blood monocytes (1 x
10°/well) were cultured with or without increasing concentrations of DT-5461
(open circle) or the mixture of DT-5461 and 1 ug/ml LPS (closed circle) for 24 h
at 37 °C. The supernatants were collected and assayed for IL-1 (A) or TNF-a (B).

IL-1B

TNF-o
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Figure 2. Effect of DT-5461 on LPS-induced IL-1p and TNF-a mRNA
expression in human peripheral blood monocytes. Human peripheral blood
monocytes (5 x 10°/well) were cultured with medium alone (lane 1), 1 pg/ml LPS
(lane 2), 10 pg/ml DT-5461 (lane 3) or a mixture of LPS and DT-5461 (lane 4) for
4 h at 37 °C. The cells were then lysed, and total RNA extracts prepared.
Equivalent amounts of RNA (3 pg/lane) were size fractionated by denaturing
agarose gel electrophoresis, then blotted onto Nytran membranes. The blots were
then sequentially hybridized with radiolabeled cDNA probes specific for human
IL-1p, TNF-a, and B-actin.
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Table 1. Influence of DT-5461 on the binding of FITC-LPS to human peripheral
blood monocytes

Treatment Competitor Concentration M.F.L
(ug/ml) without serum with serum
Untreated - --- 4.80 5.29
FITC-LPS --- 17.80 25.12
DT-5461 1 15.51 (18 %) 20.50 (26 %)
10 13.60 (32 %) 16.40 (43 %)
100 8.38 (72 %) 9.49 (79 %)

Thioglycollate-elicited murine peritoneal macrophages (1 x 10°) were cultured with or without
FITC-LPS (1 pg/ml) and the indicated concentrations of unlabeled DT-5461 in the presence or
absence of 7.5 % HAB for 30 min at 37 °C. The binding of FITC-LPS to murine peritoneal
macrophages was measured by FACS analysis.

The values in parentheses represent % inhibition compared with FITC-LPS treated cells.

marked reduction of the FITC-LPS binding although the binding of FITC-LPS to
the cells were significantly enhanced in serum condition.

We examined the role of protein tyrosine phosphorylation in DT-5461-induced
antagonism. LPS increased the tyrosine phosphorylation of protein with apparent
molecular mass of 42 kDa in monocytes when compared with that of the normal
cells or DT-5461-treated cells, and incubating monocytes with DT-5461 repressed
increased protein tyrosine phosphorylation in LPS-treated cells (data not shown).
We also found that p42™*/ERK2 was phosphorylated on tyrosine in monocytes
incubated with LPS (Fig.3), indicating that LPS-induced tyrosine
phosphoproteins of 42 kDa is p42™**/ERK2. DT-5461 repressed the LPS-induced
tyrosine phosphorylation of p42™***/ERK2 in the monocyte (Fig.3).

DISCUSSION

The results reported here demonstrated the molecular mechanism of DT-5461-
mediated LPS antagonism in human peripheral blood monocytes. We showed that
IL-1 and TNF-a production were inhibited by DT-5461 not only at the level of
IL-1 and TNF-a synthesis, but also at the level of mRNA for IL-1p and TNF-a
(Fig.1 and 2). These findings indicated that the antagonistic effect of DT-5461 on

LPS-induced cytokine production is regulated ai the transcriptional level.
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Figure 3. DT-5461 inhibits LPS-induced tyrosine phosphorylation of
p42™**/ERK2 in human peripheral blood monocytes. Human peripheral blood
monocytes (5 x 10°/well) were cultured with medium alone (lane 1), 1 pg/mi LPS
(lane 2), 10 pg/ml DT-5461 (lane 3) or a mixture of LPS and DT-5461 (lane 4) for
20 min at 37 °C. The cell lysates were immunoprecipitated with anti-MAPK. The
immunoprecipitated fractions were immunoblotted with HRP-conjugated anti-

phosphotyrosine mAb, and the tyrosine phosphoproteins were visualized by ECL.

The antagonistic effect of lipid A-related compounds is associated with
prevention of the LPS-CD14 interaction by competing with LPS for binding of
either LBP or CD14 (9, 10, 12). We showed that the binding of FITC-LPS to the
monocytes was suppressed by DT-5461 not only in serum-{ree but in serum
condition. On the other hand, PE-labeled anti-human CD14 mAb binding to the
monocytes was significantly inhibited by DT-5461 (data not shown), indicating
that the binding of DT-5461 as well as LPS to monocytes is mediated by CD14.
These findings support the notion that the LPS antagonism of DT-5461 is partly
due to competion with LPS for binding LBP and/or cellular target molecules,
including CD14.

The functional antagonism may not be strictly correlated with competition of
deacylated LPS or lipid A-rclated compounds with LPS for cell-surface binding
(10). We found that DT-5461 completely antagonized LPS-induced cytokine
release when LPS binding was prevented by approximately 40 % (Table 1). The
suppression of LPS activity indicated that receptor antagonism cannot explain the
mechanism of DT-5461-mediated LPS antagonism. Early intracellular signaling
involved in lipid A-based compounds-mediated endotoxin antagonism has not been
still clarified. We found that incubating monocytes with DT-5461 prevented the
LPS-induced tyrosine phosphorylation of p42™°*/ERK2 (Fig.3). Novogrodsky et
al. (14) have reported that the tyrphostin AG 126 family suppressed the
LPS-induced production of TNF-a in murine peritoneal macrophages, and that
this suppression correlates with the ability of these agents to block LPS-induced

protein tyrosine phosphorylation. DT-5461-mediated repression of LPS-induced

372



Vol. 216, No. 1, 1995 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

signal transduction pathway, including MAPK cascade, leading to subsequent
gene expression is partially responsible for endotoxin antagonism. The mechanism
by which DT-5461 suppressed the LPS-induced tyrosine phosphorylation of
p42™P*/ERK?2 remains unclear. The signal transduction elicited by ligating
DT-5461 to an appropriate cellular receptor including CD14 may negatively
regulate the LPS-elicited intracellular signaling, such as MAPK cascade. Further
study is required to examine this possibility.

The present study regarding the molecular mechanism of endotoxin antagonism
should deepen the understanding of LPS-elicited signal transduction pathways and
the potential use of lipid A-based LPS antagonists in the therapy of endotoxemia

and septicemia.
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