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Synthesis of lipid A and its novel analogues for investigation of the structural and conformational
bases for their bioactivity

Y. Fujimoto1*, M. Akamatsu1, Y. Adachi1, Y. Fukase1, M. Kataoka1, Y. Suda2, K. Fukase1, S. Kusumoto1

1Department of Chemistry, Graduate School of Science, Osaka University, Toyonaka, Osaka 560-0043, Japan
2Department of Nanostructure and Advanced Materials, Graduate School of Science and Engineering, Kagoshima University,
Kagoshima 890-0065, Japan   *E-mail: yukarif@chem.sci.osaka-u.ac.jp

To elucidate the structural requirements for the endotoxic and antagonistic activity of lipid A derivatives, we have focused
on the effects of acyl moieties and also the acidic groups at the 1- and 4′-positions. Rubrivivax gelatinosus lipid A, that has
shorter (C10, C12) acyl groups than Escherichia coli lipid A and is characteristic with their symmetrical distribution on two
glucosamine residues, was synthesized. We also designed, based on molecular mechanics calculation, and synthesized lipid
A analogues possessing acidic amino acid residues, with different combinations of acyl groups, in place of the non-reducing
end glucosamine. The synthetic R. gelatinosus lipid A (C10, C12) showed potent antagonistic activity, although the natural
counterpart (C10, C12/C14) was reported to be endotoxic: the result may suggest only two methylene groups have a decisive
influence on the biological activity. Bioactivities of the synthetic analogues will be discussed in comparison with the results
of molecular modeling.

48
Synthesis of labeled lipid A for biofunctional analysis

K. Fukase*, E. Kimura, S. Murata, Y. Fujimoto, S. Kusumoto

Department of Chemistry, Graduate School of Science, Osaka University, Toyonaka, Osaka 560-0043, Japan
*E-mail: koichi@chem.sci.osaka-u.ac.jp

Previously, we synthesized several fluorescence-labeled lipid A analogues but they were found to show only very weak flu-
orescence and some even exhibited no endotoxic activity probably owing to strong aggregation induced by the hydrophobic
BODIPY® group employed as a fluorescent moiety. In the present study, we established a new method for synthesis of
labeled bioactive lipid A by using glucose as a hydrophilic linker for labeling. The method includes the following steps: (i)
preparation of lipid A derivatives possessing a reducing glucose tag; and (ii) introduction of a labeling group to the glucose
residue via the formation of a hydrazone under mild conditions. Several fluorescence-labeled and biotin-labeled lipid A
derivatives were efficiently synthesized without any damage to the phosphoryl and acyl groups. Alexa Fluor 568�-labeled
Escherichia coli lipid A derivatives thus prepared showed strong fluorescence and bioactivity.

49
Synthesis of chlamydial tetra- and penta-acyl lipid A

A. Zamyatina1, H. Sekljic2, H. Brade2, P. Kosma1*

1Dept Chemistry, University of Natural Resources and Applied Life Sciences (BOKU), Muthgasse 18, A-1190 Vienna, Austria
2Research Centre Borstel, Parkallee 22, D-23845 Borstel, Germany   *E-mail: paul.kosma@boku.ac.at

Chlamydiae are obligatory intracellular Gram-negative pathogens which are responsible for a variety of acute and chronic
diseases in animals and humans, such as urogenital infections and trachoma.1 Although chlamydial LPS is less active than
enterobacterial endotoxins, its role in local chronic infections and inflammatory processes needs to be clarified.2 Chlamydial
LPS is only available in minute quantities and the structural variability with respect to number, type and position of
fatty acyl groups makes it impossible to isolate homogeneous chlamydial lipid A. Based on the structural data on
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Chlamydia trachomatis serotype L2 LPS,3 chlamydial tetra-acyl lipid A and penta-acyl lipid A containing (R)-3-hydroxy-
eicosanoic acid residues has been synthesized and fully characterized by NMR and MS data. Purity has been demon-
strated by immunostaining with a lipid-A specific monoclonal antibody. Studies of their endotoxic activities and their
function as an acceptor for chlamydial CMP-Kdo transferases are currently in progress.

REFERENCES
1. Moulder JW. Microbiol Rev 1991; 55: 143. 3. Rund S et al. J Biol Chem 1999; 274: 16819.
2. Heine H et al. Eur J Biochem 2003; 270: 440.
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Biological activity of chlamydial lipopolysaccharide on mononuclear phagocytes

Y. Tsutsumi-Ishii1*, K. Shimada2, H. Daida2, R. Toman3, I. Nagaoka1

Departments of 1Host Defense and Biochemical Research, and 2Cardiology, Juntendo University, School of Medicine, Tokyo
113-8421, Japan
3Department of Rickettiology and Chlamydiology, Institute of Virology, Slovak Academy of Sciences, 84245 Bratislava, Slovak
Republic   *E-mail: ityuko@med.juntendo.ac.jp

Chronic Chlamydia pneumoniae infection is known to be a risk factor for atherosclerosis. Among Chlamydia-derived bioac-
tive components, lipopolysaccharide (LPS) is one of the most important virulence factors. LPS from C. pneumoniae is struc-
turally unique in that lipid A domain, a toxic center of LPS, has longer but less acyl chains than those of enterobacterial LPS.
Thus, we investigated the biological activity of chlamydial LPS using monocytes/macrophages as target cells. FACS analy-
sis showed that chlamydial LPS could bind to human peripheral monocytes and the murine macrophage-cell line RAW264.7
in CD14-dependent manner. In response to chlamydial LPS, human monocytes and RAW264.7 cells produced inflamma-
tory cytokines (TNF-α and IL-6). Furthermore, both LPS binding and cytokine production were significantly enhanced by
the presence of LPS-binding protein (LBP). Interestingly, although monocytes and RAW264.7 cells were much less respon-
sive to chlamydial LPS than Escherichia coli LPS, binding study indicated that both chlamydial LPS and E. coli LPS could
bind to recombinant LBP in a similar fashion. The difference in the affinity of chlamydial LPS and E. coli LPS to LBP and
CD14 will be discussed.

51
Biosynthesis of nucleotide-activated heptoses: new perspectives for structural biology and drug design

P. Kosma1*, A. Graziani1, E. Balla1, A. Zamyatina1, P. Messner2

1Department of Chemistry, University of Natural Resources and Applied Life Sciences (BOKU), Muthgasse 18, A-1190 Vienna, Austria
2Centre of NanoBiotechnology, BOKU, Gregor-Mendel-Str. 33, A-1180 Vienna, Austria   *E-mail: paul.kosma@boku.ac.at

Following the elucidation of the genetics and enzymology involved in the biosynthesis of ADP D- and L-glycero-β-D-
manno- as well as GDP D-glycero-α-D-manno-heptose, increased evidence has been obtained for the wide-spread
occurrence of these pathways, which are operative not only in the assembly of inner and outer core sugars, but also in
O-antigen and capsular polysaccharide as well as bacterial glycoprotein biosynthesis.1 Recently, the crystal structures
of ADP heptose epimerase (GmhD) and of the Escherichia coli heptosyl transferase II have been solved which serve
as defined targets for drug design.2,3 C-Glycosyl-heptose phosphates, heptosyl phosphonates and the corresponding
nucleotide analogs are being investigated as stable inhibitors of the biosynthetic pathways, comprising substrate and
transition state analogs for the epimerase, nucleotide and heptosyl transfer reaction.

REFERENCES
1. Valvano MA et al. Microbiology 2002; 148: 1979.
2. Deacon AM et al. Struct Folding Des 2000; 8: 453. 3. Lima CD et al. PDB-Code: 1NZT.

Supported by FWF (grant P14978-MOB).
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Alteration of molecular conformation for artificial chiral receptors by embedding into lipid A
membrane from Erwinia carotovora

Satoshi Fukuoka1*, Jörg Howe2, Michel H.J. Koch3, Klaus Brandenburg2, Jörg Andrä2, Junji Inanaga4

1National Institute of Advanced Industrial Science and Technology, Takamatsu 761-0395, Japan
2Forschungszentrum Borstel, D-23845 Borstel, Germany
3European Molecular Biology Laboratory, c/o DESY, D-22603 Hamburg, Germany
4Institute for Materials Chemistry and Engineering, Kyushu University, Fukuoka 812-8581, Japan   
*E-mail: fukuoka-s@aist.go.jp

We have studied the membrane function of lipid A as an embedding material for the artificial chiral receptors (binaphthyl deriv-
atives, BNA and BNAP). Lipid A from Erwinia carotovora FERM P-7576 differing in the number of phosphate groups was
used in aqueous dispersions. For the study, synchrotron radiation X-ray diffraction was applied for the elucidation of the aggre-
gate structures and Fourier-transform infrared spectroscopy for the gel-to-liquid crystalline phase transition of the acyl chains of
lipid A. The artificial receptors by themselves formed ordered aggregate structures in buffer, with a high periodicity for BNAP
but much lower for BNA. The mixed receptor:lipid A aggregates formed well-expressed three dimensional structures in partic-
ular for the dephospho-lipid A different from those of the pure compounds. In the case of receptor:monophosphoryl lipid A
mixtures, neither the lipid A nor the receptor changed their structures. This holds true similarly for the BNA:bisphosphoryl lipid
A mixture, whereas the BNAP:bisphosphoryl lipid A mixture again formed a well-defined aggregate structure, different from
those of the pure compounds. In this way, the number of the phosphate group of lipid A affected the molecular conformation of
the binaphthyl compounds as well as lipid A. Thus, we conclude that embedding into the lipid A membrane alters the space of
the artificial receptors for a guest molecule.

53
Physicochemical characterization and endotoxic activity of synthetic monophosphoryl analogues
of lipid A

Kent R. Myers1, David A. Johnson1, Jörg Andrä2, Jörg Howe2, Patrick Garidel3, Klaus Brandenburg2

1Corixa Corporation, Hamilton, MO 59840, USA
2Forschungszentrum Borstel, D-23845 Borstel, Germany
3Martin-Luther-Universität Halle, D-06108, Halle, Germany

It is known that variations in the lipid A moiety of endotoxically highly active LPS from enterobacteria may result in dramatic
changes in bioactivity. For example, the removal of only one acyl chain in Escherichia coli-type hexa-acyl lipid A causes a
reduction of cytokine induction in human mononuclear cells by 2�3 orders of magnitude, and the removal of one phosphate
causes an activity decrease by one order of magnitude. In this way, such well-directed reduction of the toxic effects of LPS may
lead to the development of lipid A-like compounds for clinical use as immunomodulators.

We have performed a physicochemical study of various synthetic diglucosamine phosphate or aminoalkyl glucosamine
phosphates with six acyl chains and systematic variations in their lengths, and have correlated the data to results in biological
test systems. The measurements comprise the determination of the gel-to-liquid crystalline phase transition of the acyl chains
via Fourier-transform infrared spectroscopy and differential scanning calorimetry, the aggregate structure of the compounds as
found by synchrotron radiation X-ray diffraction, their intercalation into target phospholipid liposomes induced by LBP, and
their ability to induce tumor necrosis factor-α (TNF-α) in human mononuclear cells.

The results show characteristic variations of the aggregate structures parallel to the differences in biological activity. In con-
trast, the acyl chain melting behavior does not correlate directly with the biological data except for a modulating effect.

54
Dephosphorylation of lipid A selectively reduces its activity to induce IL-1ββ production

K. Okemoto, K. Kawasaki, M. Nishijima

Dept of Biochemistry and Cell Biology, National Institute of Infectious Diseases, Toyama 1-23-1, Shinjuku-ku, Tokyo 162-8640, Japan

Lipopolysaccharide, a major component of the Gram-negative bacterial outer membrane, is known as endotoxin. Lipid A, a
membrane anchor portion of lipopolysaccharide, is responsible for the endotoxin activity and shows many inflammatory
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responses on macrophages, such as tumor necrosis factor-α (TNF-α) and interleukin-1β (IL-1β) secretion. Monophosphoryl
lipid A, which structurally lacks a phosphate residue of lipid A, is known as a non-toxic derivative of lipid A. Stimulation of
mouse peritoneal macrophages with monophosphoryl lipid A induced the synthesis of IL-1β precursor, but not secretion of
IL-1β from the macrophages. In the monophosphoryl lipid A-stimulated macrophages, IL-1β precursor was not processed to
the mature form. On the other hand, TNF-α was secreted from the monophosphoryl lipid A-stimulated macrophages. Caspase-
1, which catalyzes IL-1β precursor processing, was not activated in monophosphoryl lipid A-stimulated macrophages, but in
lipid A-stimulated cells. These results indicated that lack of caspase-1 activation leads to selective reduction of IL-1β secretion
in monophosphoryl lipid A-stimulated macrophages. Since caspase-1 has been shown to be essential for endotoxin shock, our
results suggest that lack of caspase-1 activation is responsible for reduced toxicity of monophosphoryl lipid A.

55
Cleavage and modification of the 1-phosphate group of Helicobacter pylori lipid A

An X. Tran1*, Mark J. Karbarz2, Christian R. Raetz2, Sarah C. McGrath3, Robert J. Cotter3, M. Stephen Trent1

1Department of Microbiology, James H. Quillen College of Medicine, Johnson City, Tennessee 37614, USA
2Department of Biochemistry, Duke University Medical Center, Durham, North Carolina 27710, USA
3Department of Pharmacology and Molecular Sciences, Johns Hopkins University, Baltimore, Maryland 21205, USA
*E-mail: Tranmike00@hotmail.com

This study describes the two-step enzymatic incorporation of phosphoethanolamine (pEtN) directly to the 1-position of
Helicobacter pylori lipid A. Using an in vitro assay system, we demonstrated the presence of lipid A 1-phosphatase activ-
ity in membranes of H. pylori and identified hp0021 as the structural gene encoding the enzyme. In addition, we have
determined the structural gene for the H. pylori lipid A pEtN transferase (Hp0022). Heterologous expression of Hp0021 in
Escherichia coli K-12 strains resulted in the highly selective removal of the 1-phosphate group. While expression of
Hp0022 alone in E. coli did not result in any lipid A modifications, dual expression of both Hp0021 and Hp0022 resulted
in the addition of a single pEtN group at the 1-position indicating that modification of the 1-phosphate of H. pylori lipid A
requires two enzymatic steps. Investigation of H. pylori strains lacking functional copies of hp0021 and hp0022 will be
necessary to determine if pEtN addition to H. pylori lipid A plays an important role in pathogenesis.

Supported by the National Institutes of Health Grants K22-AI53645 (to MST).

56
Physicochemical characterization of carboxymethyl lipid A derivatives in relation to biological activity

Ulrich Seydel1, Andra B. Schromm1, Lore Brade1, Sabine Gronow1, Jörg Andrä1, Mareike Müller1, Michel H.J. Koch2,
Koichi Fukase3, Mikayo Kataoka3, Masaya Hashimoto3, Shoichi Kusumoto3, Klaus Brandenburg1

1Forschungszentrum Borstel, D-23845 Borstel, Germany
2European Molecular Biology Laboratory, c/o DESY, Hamburg, Germany
3Department of Chemistry, Osaka University, Osaka, Japan

The �endotoxic principle� of LPS, lipid A, carries two negatively charged phosphate groups and six acyl chain residues in a
defined asymmetric distribution (corresponding to synthetic compound 506). Tetra-acyl lipid A (precursor IVa or synthetic
406), which lacks the two hydroxylated acyl chains, is agonistically completely inactive, but is a strong antagonist to bioac-
tive LPS when administered to the cells before LPS addition. The two negative charges of lipid A, represented by the two
phosphate groups, are essential for agonistic as well as for antagonistic activity and no highly active lipid A are known with
negative charges other than phosphate groups. We hypothesized that the phosphate groups could be substituted by other neg-
atively charged groups without changing the endotoxic properties of lipid A. To test this hypothesis, we synthesized car-
boxymethyl derivatives of hexa-acyl lipid A (CM-506 and Bis-CM-506) and of tetra-acyl lipid A (Bis-CM-406) and
correlated their physicochemical with their endotoxic properties. We found that, similarly to compounds 506 and 406 also
for their carboxymethyl derivatives a particular molecular (�endotoxic�) conformation and with that, a particular aggregate
structure is a prerequisite for high cytokine-inducing capacity and antagonistic activity, respectively. In other parameters
such as acyl chain melting behaviour, antibody binding, activity in the Limulus lysate assay, and partially the binding of Kdo
transferase, strong deviations from the properties of the phosphorylated compounds were observed. These data allow a bet-
ter understanding of endotoxic activity and its structural prerequisites.
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Physicochemical characterization and biological activity of lipo-oligosaccharides from Neisseria
meningitidis

Susu Zughaier1*, David S. Stephens1, Jörg Andrä2, Buko Lindner2, Klaus Brandenburg2

1Emory University and VAMC, Atlanta, Georgia, USA
*Research Center Borstel, D-23845 Borstel, Germany   *E-mail: szughai@emory.edu

The physicochemical characterization of Neisseria meningitidis lipopoly(oligo)saccharide (LOS) structures from the wild-
type serogroup B strain NMB and from genetically-defined mutants (orfA: KDO2-lipid A; and kdtA: lipid A) was assessed in
relation to bioactivity. Meningococcal KDO2-lipid A was the minimal structure required for optimal activation of the TNF-α
release from macrophages. Fourier-transform infrared spectroscopy showed that meningococcal lipid A has a drastically
reduced inclination angle of < 30° compared to meningococcal (KDO2-lipid A) that has a value of 50�55°. This indicates an
important role for the KDO moiety on the molecular conformation and bioactivity. The gel-to-liquid crystalline phase transi-
tion of the (β↔α) acyl chains in meningococcal lipid A structure was approximately 45°C in contrast to wild-type and KDO2-
lipid A meningococcal LOS that have a broad phase transition range of 15�30°C. X-ray diffraction experiments indicated that
meningococcal lipid A has a unilamellar aggregate structure, which is indicative of less active or inactive endotoxin.
Meningococcal lipid A was very weak agonist in stimulating human macrophages even at high doses. Finally, experiments
with fluorescence resonance energy transfer (FRET) showed that meningococcal LOS structures as well as lipid A was able
to incorporate into target cell membranes as prerequisite for agonistic as well as antagonistic activity.

58
Differential induction of the TLR4-MyD88-dependent and independent signaling pathways by
endotoxin

Susu Zughaier1* Shanta Zimmer1, Anup Datta2, Russell Carlson2, David Stephens1

1Emory University School of Medicine, and Department of Veterans Affairs Medical Center, Atlanta, Georgia, USA
2The Complex Carbohydrate Research Center, University of Georgia, Athens, Georgia, USA   *E-mail: szughai@emory.edu

The role of lipid A structure in the activation of the MyD88-dependent and independent signaling pathways in macrophage
were investigated. Highly purified meningococcal lipo-oligosaccharide (LOS) was a potent inducer of the MyD88-dependent
pathway molecules TNF-α, IL-1β, MCP-1, MIP-3α, and the MyD88-independent molecules IFN-β, nitric oxide and IP-10 at
picomolar concentrations. Escherichia coli 55:B5 and Vibrio cholerae lipopolysaccharide (LPS) at the same concentrations
induced TNF-α, IL-1β, MIP-3α, but did not induce significant amounts of IFN-β, nitric oxide and IP-10. In contrast,
Salmonella minnesota and Salmonella typhimurium LPS released significant amounts of IFN-β, nitric oxide and IP-10 but sig-
nificantly less TNF-α and MIP-3α in time-course and dose-response experiments when compared to meningococcal, E. coli
and V. cholerae LPS. Blocking the MyD88-dependent pathway by DNMyD88 resulted in significant reduction of TNF-α
release but did not influence nitric oxide release. IFN-β polyclonal antibody and IFN-α/β receptor 1 antibody significantly
reduced nitric oxide release. At physiologically relevant picomolar concentrations, meningococcal endotoxin activated both the
MyD88-dependent and independent signaling pathways in human macrophages. E. coli 55:B5 and V. cholerae LPS induced the
MyD88-dependent pathway while Salmonella LPS selectively activated the MyD88-independent pathway.

59
Expression of phosphorylcholine and N-acetylneuraminic acid on Haemophilus somnus lipo-
oligosaccharide

M. Howard1, S. Elswaafi1, A. Duncan1, W. Wakarchuk2, A.D. Cox2, E. Lorenz3, T.J. Inzana1*

1Virginia-Maryland Regional College of Veterinary Medicine, Virginia Polytechnic Institute and State University, Blacksburg,
VA 24061, USA
2Institute for Biological Sciences, National Research Council of Canada, Ottawa, Canada
3Wake Forest University Medical School, Winston-Salem, NC 27157, USA   *E-mail: tinzana@vt.edu

Haemophilus somnus is a Gram-negative, opportunistic pathogen of cattle. The lipo-oligosaccharide (LOS) of H. som-
nus contains a terminal lactosamine, in which the linkage undergoes phase variation between Gal(1-4)GlcNAc and
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Gal(1-3)GlcNAc. The outer core oligosaccharide can be decorated with N-acetylneuraminic acid (NeuAc), which
interferes with antibody binding, and phosphorylcholine (ChoP). The genes encoding for two sialyltransferases were
identified from the H. somnus genome sequence. One sialyltransferase was shown to preferentially sialylate Gal(1-
4)GlcNAc, while the other sialyltransferase preferentially sialylated Gal(1-3)GlcNAc. Induction of TLR4 signaling by
sialylated LOS was reduced 28% compared to non-sialylated LOS. The genes for expression of ChoP contained
homology to the lic1 locus of Haemophilus influenzae. The lic1A homologue (choline kinase) contained a repeat tract
of 5′-AACC-3′ indicating ChoP expression is phase variable. Following respiratory challenge of calves with H. som-
nus in which > 95% of the cells either expressed or did not express ChoP, the predominant population recovered from
the upper respiratory tract of all calves expressed ChoP, indicating ChoP played a role in epithelial cell colonization.
Furthermore, reactivity of ChoP with monoclonal antibody also varied through phase variation of the oligosaccharide
extending beyond ChoP. Therefore, H. somnus has conserved as well as novel methods to avoid host defenses.

Supported by USDA National Research Initiative Grant 2003-35204-13637.

60
Temperature dependence of the binding of endotoxins to the polycationic peptides polymyxin B
and its nonapeptide

Klaus Brandenburg1, Alexander David1, Jörg How1, Michel H.J. Koch2, Jörg Andrä1, Patrick Garidel3

1Forschungszentrum Borstel, D-23845 Borstel, Germany
2European Molecular Biology Laboratory EMBL c/o DESY, D-22603 Hamburg, Germany
3Martin-Luther-Universität Halle, D-06108 Halle/Saale, Germany

The interaction between endotoxins � free lipid A and various lipopolysaccharide (LPS) chemotypes with different
sugar chain lengths � and the polycationic peptides polymyxin B (PMB) and polymyxin nonapeptide (PMBN) has
been investigated by isothermal titration calorimetry (ITC) between 20�50°C. The results show a strong dependence
of the titration curves on the phase state of the endotoxins. In the gel phase (< 30°C for LPS and < 45°C for lipid A)
an endothermic reaction is observed, for which the driving force is an entropically driven endotoxin�polymyxin inter-
action, due to disruption of the ordered water and cation assembly in the lipid A backbone and adjacent molecules. In
the liquid crystalline phase (> 35°C for LPS and > 47°C for lipid A), an exothermic reaction takes place which is
mainly due to the strong electrostatic interaction of the polymyxins with the negative charges of the endotoxins, i.e.
the entropic change DS is much lower than in the gel phase. Whereas for endotoxins with short sugar chains (lipid A,
LPS Re, LPS Rc), the stoichiometry of the polymyxin binding corresponds to pure charge neutralization, for the com-
pounds with longer sugar chains (LPS Ra, LPS S-form) this is no longer valid, much higher peptide concentrations are
required to cause charge neutralization. This indicates a more complex interaction under participation of the sugar
moiety, due to steric changes and to the presence of further negative charges. This again can be related to the lower
susceptibility of the corresponding bacterial strains to antibiotics.

61
Francisella tularensis live vaccine strain lipopolysaccharide does not bind to lipopolysaccharide
binding protein

Jason H. Barker1,2, Jerrold Weiss1–3, Michael A. Apicella1–3, William M. Nauseef1–3

1Inflammation Program, Departments of 2Medicine and 3Microbiology, University of Iowa and Veterans Administration
Medical Center, Iowa City, Iowa, USA

Francisella tularensis is a facultative intracellular Gram-negative bacterium that can cause overwhelming sepsis at a
small inoculum. The lipopolysaccharide (LPS) of F. tularensis neither activates endotoxin-responsive human cells nor
antagonizes cell activation by potent LPS species. LPS binding to lipopolysaccharide binding protein (LBP) is the first
step in potent pro-inflammatory host responses to LPS. We hypothesized that the functionally inert properties of F.
tularensis LPS could be due to an inability to bind LBP. We investigated the binding of F. tularensis live vaccine strain
LPS to LBP using competition assays. In the initial experiments, LBP was adsorbed to a polystyrene plate, and we
measured binding of [3H]-lipo-oligosaccharide (LOS) from Neisseria meningitidis. Cold N. meningitidis LOS com-
peted with the [3H]-LOS, with a 10-fold excess of cold LOS inhibiting by 57% (SD ± 3%) [3H]-LOS binding to LBP
and a 100-fold excess inhibiting by 79% (± 6%). By contrast, F. tularensis LPS showed no competition at a 10-fold
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excess and inhibited by only 23% (± 12%) and 30% (± 6%) at 100 and 1000-fold excesses, respectively. Because
adsorbed LBP may not mimic LBP in its more physiological soluble form, we conducted an immune capture assay in
which adsorbed polyclonal antibody to LBP pulled down LBP�[3H]-LOS complexes. When cold LOS was co-incu-
bated with LBP and [3H]-LOS, a 10-fold excess of cold LOS fully abrogated formation of LBP�[3H]-LOS complexes.
By contrast, 10- and 100-fold excesses of F. tularensis LPS had no effect on formation of LBP-[3H]-LOS complexes.
Thus, F. tularensis LPS shows little or no binding to LBP. This inability to bind LBP may explain why F. tularensis
LPS does not interact with host LPS-sensing machinery.

JHB is supported by an Associate Investigator Award from the United States Veterans Administration; supported in part by NIH P0144642.
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Susceptibility of LPS mutants of Actinobacillus pleuropneumoniae to cationic antimicrobial
peptides

M. Jacques1*, M. Ramjeet1, A.D. Cox2, F. St Michael2, V. Deslandes1, J. Labrie1, M. Gottschalk1

1GREMIP, Faculté de médecine vétérinaire, Université de Montréal, St-Hyacinthe, QC, Canada J2S 7C6
2Institute for Biological Sciences, National Research Council, Ottawa, ON, Canada K1A 0R6
*E-mail: mario.jacques@umontreal.ca

Actinobacillus pleuropneumoniae is an important pathogen of swine. We previously reported that lipopolysaccharides
(LPSs) are involved in the adherence of A. pleuropneumoniae to host respiratory tract cells. Rough LPS and core LPS
mutants of A. pleuropneumoniae serotype 1 were generated by using a mini-Tn10 transposon mutagenesis system, and the
gene affected by the transposon was identified in each of these mutants. The purpose of the present study was to evaluate the
susceptibility of various A. pleuropneumoniae LPS mutants to cationic antimicrobial peptides which are important compo-
nents of the innate immune response. We determined the minimal inhibitory concentration of the peptides polymyxin B, pro-
tamine, cecropin P1, melittin, protegrin-1, and mastoparan. A rough LPS mutant of A. pleuropneumoniae exhibited the same
susceptibility to these cationic peptides as that of the wild-type (WT) parent strain 4074 Nalr. On the other hand, three core
LPS mutants were more susceptible to cationic peptides than the WT strain. Structural analysis of the LPS from all mutants
was performed. Our data indicate that an intact outer core is required for optimal protection of A. pleuropneumoniae against
the antimicrobial activity of cationic peptides. It would be most interesting to infect pigs experimentally with the core LPS
mutants and compare their virulence with that of the WT strain.

Supported by a grant from the Natural Sciences and Engineering Research Council of Canada DGPIN003428.
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Helicobacter varies LPS antigenic structure to evade surfactant protein D

Wafa Khamri1, Anthony P. Moran2, Mulugeta L. Worku1, Q. Najma Karim1, Marjorie M. Walker1, John A. Ferris2,
Ben J. Appelmelk3, Paul Eggleton4, Kenneth B.M. Reid5, Mark R. Thursz1

1Faculty of Medicine, Imperial College, St Mary’s Campus, London W2 1NY, UK
2Department of Microbiology, National University of Ireland, Galway, Ireland
3Department of Medical Microbiology, VUMC Vrije Universiteit Medical Center, Van Der Boechorststraat 7, 1081 BT
Amsterdam The Netherlands
4Peninsula Medical School, Exeter, Devon EX1 2LU, UK
5MRC Immunochemistry Unit, University of Oxford, University of Oxford, South Parks Road, Oxford OX1 3QU, UK

Helicobacter pylori is a common human gastric pathogen. Surfactant protein D (SP-D), a component of mucosal innate immu-
nity, binds H. pylori causing aggregation of the organism. H. pylori establishes persistent infection raising the question of how the
organism escapes SP-D. This study investigated the relationship between SP-D binding and LPS antigenic structure in vitro and
in vivo to reveal potential mechanisms of bacterial persistence. Using laboratory strain J178, an SP-D �escape variant� J178V was
isolated through several rounds of SP-D agglutination, filtration and culture. Structural analysis of LPS extracted from J178 and
J178V revealed changes in the degree of fucosylation in the O chain. Sequencing of the LPS biosynthesis genes identified a cyto-
sine deletion in a poly-C tract of the fucosyltransferase A (fucT 1) gene leading to a premature stop codon in J178. Reversible
switching of LPS antigenic structure was demonstrated indicating that SP-D evasion is a phase-variable phenomenon. SP-D-
binding H. pylori strains in vivo are predominant in the mucus. We hypothesize that H. pylori has developed a strategy for evad-
ing the SP-D-mediated immune response through phase variation, which contributes to the persistence of this gastric pathogen.
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Construction of a deep-rough mutant in Burkholderia cepacia – characteristics of its LPS

S. Gronow1*, A. Blumenthal2, B. Lindner3, C. Noah1, H. Brade1

Divisions of 1Medical and Biochemical Microbiology, 2Molecular Infection Biology and 3Biophysics, Research Center Borstel,
Leibniz-Center for Medicine and Biosciences, D-23845 Borstel, Germany   *E-mail: sgronow@fz-borstel.de

Burkholderia cepacia is a bacterium with increasing importance as a pathogen in patients with cystic fibrosis. The deep-
rough mutant Ko2b was generated from B. cepacia type-strain ATCC 25416 by insertion of a kanamycin resistance
cassette into the gene waaC encoding heptosyltransferase I. Mass spectrometric analysis of the de-O-acylated
lipopolysaccharide (LPS) of the mutant showed that it consisted of a bisphosphorylated glucosamine backbone with
two 3-hydroxyhexadecanoic acids in amide-linkage, 4-amino-4-deoxyarabinose residues on both phosphates and a
core oligosaccharide of the sequence 4-amino-4-deoxyarabinose - D-glycero-D-talo-oct-2-ulosonic acid (Ko) - 3-
deoxy-D-manno-oct-2-ulosonic acid (Kdo). The mutant allowed investigations on the biosynthesis of the LPS as well
as on its role in human infections. Mutant Ko2b showed no difference in its ability to invade human macrophages as
compared to the wild-type. Furthermore, isolated LPS of both strains induced the production of tumor necrosis factor
α from macrophages to the same extent. Thus, the truncation of the LPS did not decrease the biological activity of the
mutant or its LPS in these aspects.

Supported by the Deutsche Forschungsgemeinschaft (SFB470/A1).
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Structural analysis of KDO region of core oligosaccharides isolated from smooth Plesiomonas
shigelloides and Hafnia alvei lipopolysaccharides

C. Lugowski1*, T. Niedziela1, J. Lukasiewicz1, M. Dzieciatkowska1, M. Kaszowska1, W. Jachymek1, L. Kenne2

1L. Hirszfeld Institute of Immunology and Experimental Therapy, PL-53-114 Wroclaw, Poland
2Swedish University of Agricultural Sciences, SE-750 07 Uppsala, Sweden   *E-mail: lugowski@iitd.pan.wroc.pl

Plesiomonas shigelloides and Hafnia alvei are Gram-negative bacteria and opportunistic pathogens in immunocom-
promised hosts and especially neonates. As the lipopolysaccharide (LPS) core modulates the biological and physical
properties of endotoxin, the main virulence factor of these bacteria, it is of interest to determine the structure of this
part of LPS isolated from smooth, pathogenic bacterial strains. The structure of the carbohydrate backbone of the core-
lipid A region was determined in oligosaccharides obtained from de-acylated LPS. The products of alkaline de-acyla-
tion of LPS containing uronic acids are usually very complex and difficult to separate. The oligosaccharides suitable
for structural analysis contain KDO that forms complexes with serotonin similarly to sialic acid. In this study, immo-
bilized serotonin was used for one-step isolation of KDO oligosaccharides from the reaction mixture by affinity chro-
matography. The structural studies on pure oligosaccharide preparations were done by the use of NMR spectroscopy
and MALDI-TOF mass spectrometry. It was found that analyzed H. alvei strains produce LPS with non-typical core
structure. Besides KDO oligosaccharide linked directly to the lipid A part, an additional, substituted KDO molecule is
situated on LPS core hexose region.

Supported by grants 3P04A 09 122 and 2P05A 054 from the State Committee for Scientific Research, Poland.
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The complete structure of Plesiomonas shigelloides O74 lipopolysaccharide and the
immunodominant epitope within its O-antigen.

T. Niedziela1*, M. Dzieciatkowska1, S. Dag2, J. Lukasiewicz1, M. Kaszowska1, W. Jachymek1, L. Kenne2, C. Lugowski1

1L. Hirszfeld Institute of Immunology and Experimental Therapy, PL-53-114 Wroclaw, Poland
2Swedish University of Agricultural Sciences, SE-750 07 Uppsala, Sweden
*E-mail: Tomasz.Niedziela@iitd.pan.wroc.pl

Plesiomonas shigelloides is a Gram-negative bacterium, responsible for infections originating from the surface water conta-
mination and an opportunistic pathogen in humans. The O-antigen defines the biological and physical properties of the
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lipopolysaccharide (LPS) and is important in the pathogen�host interactions. As the structural data on the P. shigelloides O-
antigens is scarce, the P. shigelloides O74 (CNCTC 144/92) LPS � the O-specific chain, the core, the lipid A and the link-
ages between them � was analyzed using NMR spectroscopy, MALDI-TOF mass spectrometry and chemical analysis. We
conclude that the O-specific chain is built of a trisaccharide repeating unit, consisting of →3)-α-L-Rhap, →3)-α-D-
FucpNAc and →2)-β-D-Quip3NHR, where R = 3-hydroxy-2,3-dimethyl-5-oxo-pyrrolidine-2-carboxylic acid, and the core
is a novel octasaccharide devoid of phosphate residues. The structure of the O-antigen was confirmed directly on bacteria
and isolated LPS, using the HR-MAS NMR technique. STD NMR experiments were used to identify the contribution of the
structural elements in the O-antigen to the immunodominant epitope defined by anti-LPS antibodies.

Supported by grants 3P04A 09 122 and 2P05A 054 from the State Committee for Scientific Research, Poland.
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Structural analysis of Plesiomonas shigelloides lipid A molecules using MALDI-TOF and ESI
mass spectrometry
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Biological activity of endotoxins depends mainly on lipid A structure and is modulated by the core oligosaccharide and O-
specific chain. Chemical analysis of endotoxins, especially lipid A part, is an important step in the studies on the biologi-
cal activity-structure relationship. Contrary to the detailed serotyping of Plesiomonas shigelloides,1 lipopolysaccharide �
main surface antigen and virulence factor � isolated from these bacteria seems to be poorly characterised. Preliminary
results concerning lipid A structure of P. shigelloides 113/92 showed that it is built of glucosamine backbone substituted
with two phosphate groups at the 1 and 4′ positions. The disaccharide backbone is substituted by 14:0(3-OH) fatty acids at
positions 2, 2′ and 12:0(3-OH) at positions 3, 3′ and secondary ester bound 12:0 and 14:0.

As previously shown,2�5 it is possible to determine the distribution of fatty acids in lipid A by combining data from
negative and positive ion mode MS analysis and considering rules of fragmentation depending on the ionisation tech-
nique. The strategy based on ESI MSn and MALDI-TOF MS was used in comparative structural analysis of intact
lipids A isolated from five strains of P. shigelloides, associated with human waterborn intestinal and extra-intestinal
infections. Now, we report on the structures and microheterogeneity of lipid A among those strains.

REFERENCES
1. Aldova E. System Appl Microbiol 1992; 15: 70�75. 4. Sforza S et al. J Mass Spec 2004; 39: 378�383.
2. Chan S, Reinhold NV. Anal Biochem 1994; 218: 63�73. 5. Chang-Soo L et al. J Mass Spec 2004; 39: 514�525.
3. Gudlavaletti SK, Forsberg LS. J Biol Chem 2003; 278: 3957.
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Structure of the O-polysaccharide and serological studies of the lipopolysaccharide of Proteus
penneri 60 classified into a new Proteus serogroup O70

Z. Sidorczyk1*, K. Zych1, A. Perepelov2, A. Baranowska1, A. Zablotni1, A.S. Shashkov2, Y.A. Knirel2
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LPS of Proteus penneri strain 60 was studied by chemical analyses and different variants of NMR spectroscopy, and the
following structure of the linear pentasaccharide-phosphate repeating unit of the O-polysaccharide was established:

Rabbit polyclonal O-antiserum against P. penneri 60 reacted with both core and O-polysaccharide moieties of the
homologous LPS. Based on the unique O-polysaccharide structure and serological data, we propose to classify P. pen-
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neri 60 into a new, separate Proteus serogroup O70. A weak cross-reactivity of P. penneri 60 O-antiserum with the
LPS of Proteus vulgaris O8, O15 and O19 was observed and will be discussed in view of the chemical structures of
the O-polysaccharides.

Supported by grants: KBN, Poland; No. 2 PO5A 085 26; RFBR, Russia, No. 02-04-48767; FLSS and YS projects MK-
226.2003.03 and NSh.1557.2003.3.
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Structure and serological studies of the O-polysaccharide of Proteus penneri 75: epitopes and
subgroups of Proteus serogroup O73

Z. Sidorczyk1*, K. Zych1, A. Perepelov2, A. Baranowska1, A. Zablotni1, Y.A. Knirel2
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The O-specific polysaccharide of the lipopolysaccharide of Proteus penneri strain 75 consists of tetrasaccharide-
ribitol phosphate repeating units and resembles ribitol teichoic acids of Gram-positive bacteria. The following struc-
ture of the polysaccharide was elucidated by chemical methods and 1H and 13C NMR spectroscopy:

The O-polysaccharide of P. penneri 128 has the same structure, and a similar structure has been established earlier for the O-
polysaccharide of P. penneri strains 48, 90 and 103. Serological studies with rabbit polyclonal O-antisera showed that the two
groups of strains could be classified into one Proteus serogroup, O73, as two subgroups 73a, 73b (for P. penneri 75 and 128) and
73a,73c (for P. penneri 48, 90 and 103). Epitopes responsible for the cross-reactivity of P. penneri O73 strains and a related
strain of Proteus mirabilis O20 were tentatively defined.

Sponsored by grants: KBN, Poland, No. 2 PO5A 085 26; RFBR, Russia, No. 02-04-48767; and YS project MK-226.2003.03.
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Characterization of LPS from the emerging human gastric pathogen, Helicobacter bizzozeronii
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Information on the LPS of non-Helicobacter pylori helicobacters is limited, hence this investigation was undertaken to charac-
terize Helicobacter bizzozeronii LPS. Electrophoresis (SDS-PAGE) of LPS with silver staining showed production of predom-
inantly low-molecular-mass LPS, although a less intensely staining, high-molecular-mass O-chain band was observed also.
Unlike H. pylori LPS, no reactivity of anti-Lewis or anti-blood group antibodies was observed in immunoblotting with H. biz-
zozeronii LPS, indicating the absence of such molecular mimicry. Only 1 of 6 polyclonal antisera against the core of H. pylori
LPS reacted with H. bizzozeronii LPS in serodot analysis, but not in Western blotting, indicating the occurrence of a shared epi-
tope and the importance of antigen format for epitope recognition. Gel chromatography after mild acid hydrolysis of H. biz-
zozeronii LPS confirmed the predominance of a core oligosaccharide, rather than O-chain, consistent with the occurrence of
low-molecular-mass LPS. The isolated core OS was subjected to detailed structural determination using NMR spectroscopy,
mass spectrometry, and classical sugar methylation analysis. The established structure of the H. bizzozeronii core differs strik-
ingly to that of H. pylori, only resembling that of H. pylori in the inner core. Epitopes unique to H. bizzozeronii LPS are likely
to be present and thus could prove of diagnostic potential.
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Lewis expression on LPS of Japanese Helicobacter pylori-associated cancer strains and
importance of serological test format for detection

A.P. Moran1*, A.V. Perepelov2,3, Y.A. Knirel2,3, K-i. Amano4, J.J. McGovern1, P-E. Jansson3

1Department of Microbiology, National University of Ireland, Galway, Ireland
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Expression of Lewis (Le) antigens, particularly Ley, in the O-chains of Helicobacter pylori LPSs, has been implicated in gener-
ation of autoreactive antibodies contributing to gastric atrophy, a precursor of gastric cancer. Previously, both highly and weakly
antigenic epitopes were detected in the O-chains of Japanese H. pylori isolates, but no correlation between these epitopes and
Le presence was found in serological investigations. This study was undertaken to chemically determine whether Le and related
antigens were present in two such Japanese cancer isolates (CA8 and CA9). Isolated O-chains and core oligosaccharides were
subjected to sugar compositional and methylation-linkage analysis, and analysis by NMR and mass spectrometry. Both LPS
produced O-chains of poly-N-acetyllactosamine that carried Lex, Ley and H-1 in CA8, but only Ley and H-1 in CA9. The LPS
core structure was identical in both isolates. Depending on antibody source and test format, extensive serological probing using
dot blotting, Western blotting and ELISA with anti-Le and anti-blood group antibodies from various commercial sources
detected the same determinants as seen in chemical analytical studies. Collectively, the data show the presence of Ley and
related antigens in Japanese cancer isolates and the dependence of immune recognition on antigen test format.
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Difference in the reactivity of Helicobacter pylori-lipopolysaccharides with patient sera in Poland and
Japan

K. Amano1*, C. Sawataishi1, M. Chmiela2, W. Kaca3
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Previously, we reported that LPS isolated from Helicobacter pylori Japanese strains were classified into 3 groups, highly (HAE)
and weakly antigenic epitopes (WAE) having LPS and rough typed LPS on the basis of the reactivity with patient sera. In this
study, we examined the reactivity of LPS isolated from 12 H. pylori Polish strains with Japanese and Polish patient sera positive
to H. pylori by SDS-PAGE with immunoblotting. Three LPSs showed the semi-rough patterns by SDS-PAGE with silver stain
and no reaction with any sera. The remaining 9 LPSs have ladder bands. Of these, 2 LPSs reacted with the HAE-positive
Japanese sera, and one LPS reacted with the WAE-positive Japanese sera. Six LPSs did not react with any Japanese sera. These
Polish LPSs, except 3 semi-rough typed LPSs, were reacted with H. pylori-positive Polish sera each with different pattern. On
the other hand, in the reactivity with the anti-Lewis (Le) antibodies, 3 LPSs were reacted with anti-Lex antibody, 5 LPSs with
anti-Ley antibody, 2 LPSs with anti-Leb antibody, and 1 LPS with anti-H1 antibody. Collectively, Polish LPSs were reacted with
Polish patient sera more than the Japanese sera, and it is necessary to classify Polish LPS based on the reactivity with Polish
patient sera and with anti-Lewis antigen antibodies.
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Adaptation of Lewis antigen expression in LPS of Helicobacter pylori from experimentally
infected rhesus monkeys

A.P. Moran1*, J.A. Ferris1, A.V. Perepelov2,3, M.J. Blaser4, N.A. Kocharova2,3, Y.A. Knirel2,3, H-P. Wirth4, P-E. Jansson3
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Expression of Lewis antigens (Lex and Ley) in Helicobacter pylori LPS has been hypothesized to be related to human
Lewis phenotype, consistent with selection of host-adapted bacterial populations. To understand the molecular complexity
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of this adaptation, infection studies were performed using rhesus monkeys of non-secretor, Le(a+,b�), or secretor, Le(a�,b+), sta-
tus. LPS of the inoculating strain (J166) and three isolates (98-149 and 98-169, non-secretor monkey; 98-181, secretor mon-
key), recovered 40-weeks post-colonization, were studied. First, LPS was probed with anti-Lewis and blood group antibodies.
Second, acid-liberated saccharide chains of LPS were subjected to detailed structural determination using NMR spectroscopy,
mass spectrometry, and sugar methylation analysis. All strains produced an O-chain of N-acetyllactosamine (LacNAc) units,
some of which were fucosylated, yielding internal Lex units (J166, 54%; 98-149, 69%; 98-169, 65%; 98-181, ~30%). Isolate
98-181 produced O-chains whose majority (~70%) of LacNAc units carried glucose (at C-4 od galactose). Terminal units of O-
chains differed (J166, Ley or H-1 antigen predominated over an unknown fucose-containing determinant (U) and Lex; 98-149,
Lex and U; 98-169, only Lex; 98-181, only Ley). Therefore, greater expression of internal/terminal Lex units occurred in non-
secretor monkey isolates, but lower internal expression of Lex with terminal Ley in the secretor monkey isolate.
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Relevance of Lewis epitopes on outer membrane vesicles of Helicobacter pylori to autoantibody
production

A.P. Moran*, H. Annuk, J.A. Ferris, S.O. Hynes

Department of Microbiology, National University of Ireland, Galway, Ireland   *E-mail: anthony.moran@nuigalway.ie

Helicobacter pylori extrudes protein- and LPS-containing outer membrane vesicles (OMVs) from its cell surface which have
been postulated to act in delivery of virulence factors to the host. The aim of this study was to characterize the expression of LPS
on the surface of these OMVs and, in particular, expression of Lewis (Le) antigens by LPS, and their association with autoanti-
body production in the host. Using transmission electron microscopy of stained thin-sections, OMV production was observed
in biopsies, and by H. pylori culture collection strains and clinical isolates grown in liquid and solid culture media. Immuno-
electronmicroscopy with anti-Le antibodies revealed expression of Ley epitopes both on the bacterial cell surface and OMVs.
Immunoblotting of LPS from bacterial cells and OMVs confirmed the expression of Lex and Ley epitopes. Using ELISA, high
antibody reactivity was detected in sera of 10 H. pylori-positive patients with gastric cancer but not in 10 H. pylori-negative con-
trols. Following OMV absorption, this anti-Le reactivity decreased but not completely in some samples (70�100%). Likewise,
cancer patient sera exhibited autoreactive anti-canicular antibodies to human gastric mucosa in immunohistochemistry, which
were reduced, but not completed ablated, after absorption with OMVs. Thus, other protein-based host epitopes are likely
involved in autoreactivity.
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Pseudomonas aeruginosa glycosyltransferases WbpLXYZ: molecular cloning, overexpression,
purification and first characterization

Michael Ramm*, Elisabeth Zentgraf

Hans-Knoell-Institute for Natural Products Research, Beutenbergstrasse 11a, 07745 Jena, Germany   
*E-mail: michael.ramm@hki-jena.de

The Gram-negative opportunistic pathogen Pseudomonas aeruginosa synthesizes two different types of LPS O-antigen,
A-band and B-band. A-band O-antigen is a homopolymer of D-rhamnose whereas B-band O-antigens are structurally
diverse heteropolysaccharides determining 20 serotypes classified in the International Antigenic Typing Scheme. In the
course of chronic lung infections, an antigen shift occurs: immunological active B-band LPS is replaced by less antigenic
A-band LPS.1

In our aim to evaluate suitable targets for a new anti-infective treatment strategy, we investigated the biosynthesis of A-
band specific D-rhamnan. Starting from GDP-D-mannose the activated building unit GDP-D-rhamnose is provided by the
activity of Gmd and Rmd. Polymerization is initiated by transfer of one GlcNAc-moiety to the highly lipophilic membrane
anchor undecaprenylphosphate catalyzed by WbpL. Subsequently, D-rhamnosyl units are transferred successive to this pri-
mary acceptor by the action of rhamnosyltransferases WbpX, WbpY and WbpZ in a highly co-ordinated mode.2

We cloned and overexpressed the appropriate genes wbpXYZ from clinical isolates of P. aeruginosa in Escherichia coli.
All three enzymes remained in the insoluble fraction after cell disruption and were solubilized by addition of detergents.
Due to a N-terminal His6-tag, we were able to purify the putative rhamnosyltransferases by Ni-NTA affinity chromatogra-
phy to near homogeneity.
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In contrast, WbpL is a highly hydrophobic protein with presumably 11 membrane spanning domains. Various attempts
to express His6-tagged WbpL in E. coli failed. Solubility-enhancing protein fusions with MalE and NusA resulted in
insufficient amounts for activity assays. Data will be presented about our efforts to synthesize WbpL in a cell-free expres-
sion system based on E. coli S30-extracts.

REFERENCES
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Characterization of a galactosyltransferase gene, lgtH, in the biosynthesis of lipo-oligosaccharide
(LOS) in Neisseria meningitidis

C-M. Tsai*, P. Zhu, R. Boykins
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*E-mail: tsai@cber.fda.gov

The genetic locus with a cluster of glycosyltransferase genes, lgtABE/H, is responsible for the biosynthesis of lacto-N-
neotetraosyl chain of LOS in Neisseria meningitidis. To characterize the function of lgtH, a recombinant plasmid of
the gene was constructed by insertion of kanamycin resistance cassette into the coding region of lgtH. Group B N.
meningitidis strain 6275 (lgtABH, L3 LOS) was transformed by electroporation for construction of the lgtH isogenic
mutant. The mutant LOS had a reduction in molecular weight on SDS-PAGE gel and lost reactivity with an L3 anti-
body on immunoblot. Sugar analysis showed that galactose (Gal) was missing in the mutant LOS compared to the
wild-type LOS. MALDI-TOF mass spectrometry showed that the O-deacylated mutant LOS had a major component
with a mass of 2389 corresponding to Glc.Hep2.GlcNAc.PEA2.Kdo2.-lipid A and that the wild-type one had two major
components with mass of 3330 and 3039 corresponding to Gal.GlcNAc.Gal.Glc.Hep2.GlcNAc.PEA3.Kdo2.lipid A ±
NeuNAc. These results show that the lgtH gene encodes a galactosyltransferase that uses the LOS acceptor truncated
at Glc of the lacto-N-neotetraosyl chain.
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Proteomic and functional analyses of membrane blebs isolated from Neisseria meningitides
serogroup B

J. Eastvold1, D.S. Zhang1, D. Post2, A. Teghanemt1, B.W. Gibson2, J.P. Weiss1

1Department of Medicine and Microbiology and The Inflammation program, University of Iowa and Iowa City VAMC,
Coralville, IA 52241, USA
2Buck Institute for Age Research, Novato, CA 94945, USA

We used an acetate auxotroph of Neisseria meningitides serogoup B to facilitate metabolic labeling of bacterial endo-
toxin (lipo-oligosaccharide, LOS) and compared interactions of purified LOS aggregates and of membrane-associated
endotoxin with LBP, CD14 and endotoxin-responsive cells. Membrane blebs constitutively shed into the bacterial cul-
ture medium were purified by differential centrifugation and gel sieving chromatography. The endotoxin, phospho-
lipid and protein composition of the recovered blebs indicate that the blebs derive from the bacterial outer membrane.
Proteomic analysis revealed an unusual enrichment in highly cationic proteins (pI > 9) proteins. Both purified LOS
aggregates and blebs activated monocytes and endothelial cells in a LBP, CD14 and TLR4/MD-2 dependent fashion,
but the blebs were 3�10 times less potent when normalized for the amount of endotoxin added. Differences in potency
correlated with differences in efficiency of LBP-dependent delivery to and extraction of endotoxin by CD14. Both
membrane phospholipids and endotoxin were extracted by LBP/sCD14 treatment, but only LOS:sCD14 reacted with
MD-2 and triggered TLR4-dependent cell activation. These findings indicate that the pro-inflammatory potency of
endotoxin may be regulated by its association with neighboring outer membrane molecules as well as by its intrinsic
structural properties.

Supported in part by US Public Health Service Grant P0144642.
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Antibiotic-induced release of Shiga toxin and endotoxin from Shigella dysenteriae type 1

Kazi M. Jamil1*, M.A. Salam1, F. Qadri1, F. Hassan2, T. Yokochi2
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Twenty clinical isolates of Shigella dysenteriae type 1 were tested for release of endotoxin and Shiga toxin (STX) in
vitro in response to ciprofloxacin, imipenem, ceftriaxone, ceftazidime, and mecillinam. STX in the medium was mea-
sured using a monoclonal antibody based indirect sandwich ELISA procedure, and endotoxin levels were measured by
Limulus amebocyte lysate (LAL) assay. Morphological changes in the bacteria were examined under light microscopy
after treatment with the respective antibiotics. The median levels of STX released in response to imipenem,
ciprofloxacin, mecillinam, ceftazidime, ceftriaxone, and in control after 6 h of incubation were 110.68, 66.78, 62.87,
29.87, 18.8, and 0 ng/ml, respectively. Endotoxin release in response to ceftazidime, ceftriaxone, ciprofloxacin,
imipenem, mecillinam and in the control were 2.35, 1.84, 1.75, 1.31, 0.78, 1.36 x 105 EU/ml, respectively. Endotoxin
levels were higher than control (P < 0.002) with ceftriaxone and ceftazidime, lower than control with mecillinam (P <
0.04), and comparable with control in case of ciprofloxacin and imipenem. Microscopy revealed long filamentous
changes in the bacteria when treated with ceftriaxone, ceftazidime, or ciprofloxacin; rod-shaped changes with
nalidixic acid; and round-shaped transformation with imipenem or mecillinam. Further investigation is warranted to
determine if similar effects of antibiotics are observed in vivo.

Supported by United States Agency for International Development (USAID).
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New methods for the extraction, purification and quick characterization of bacterial endotoxins
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A quick and easy way to extract rough-type endotoxins at room temperature was developed using ammonium isobu-
tyrate. Few steps of filtration and dialysis are required to obtain LPSs in good yields. Preparations to be used for bio-
logical tests were further purified by a new method. Each of the methods could be performed in 24 h and avoided the
use of phenol. The resulting LPSs induced IL-1β, IL-6 and TNF while only activating macrophages from wild-type or
TLR2�/� but not TLR4�/� mice. Furthermore, using the NF-κB luciferase reporter gene assay, these LPSs activated
human MD2-TLR4 transfected HEK293 cells but not hTLR2 transfected HEK293 cells, confirming the degree of
purity of the endotoxins. The purification method uses mineral acid added to a mixture of solvents to dissociate the
non-covalent bonds existing between LPS and contaminants such as lipoproteins. This treatment can be followed by
conventional enzymatic procedures when necessary. The method is broadly applicable to different Gram-negative
bacteria. A mini extraction procedure was also devised for SDS-PAGE samples as well as a quick hydrolytic proce-
dure for obtaining lipid A directly from bacterial cells and giving spectra in less than 24 h. These mini experiments are
ideal for detecting structural modifications due to culture conditions or strain variability.
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A rapid and sensitive assay to detect circulating endotoxin in children with diarrhea

H. Tamura1*, N. Ogura1, T. Ahmed2, F. Hassan3, T. Yokochi3
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The levels of circulating endotoxin in sera were determined with a kinetic assay using endotoxin-specific chro-
mogenic Limulus reagent combined with alkaline pretreatment (Endospec ES test-MK) from children hospitalized due
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to diarrhea in the International Center for Diarrhoeal Disease Research, Dhaka, Bangladesh. A significant level of
endotoxin was determined in the sera from 23 of 42 subjects (54%), and the serum endotoxin levels with higher than
100 pg/ml were detected in 10 patients (23%). None of 32 healthy controls had any significant level of endotoxin.
Three patients with malnutrition as well as diarrhea had extremely high levels of endotoxin exceeding 1000 pg/ml.
However, comparison between the two groups on a statistical basis suggested that there was no significant difference
in the serum endotoxin level between patients with and without severe malnutrition. Antibiotic therapy markedly
reduced the level of endotoxin and improved the general condition of most patients. Non-survivors (n = 5) had higher
levels of endotoxin with Gram-negative bacteremia before antibiotic therapy than survivors (n = 37), suggesting that
a high level of circulating endotoxin might be a useful marker as a diagnostic aid to early treatment and management
for diarrheal diseases.

81
A quarter of a century for endotoxin assay: role of ‘internal standard’ revisited

H. Fukui1*, M. Fujimoto1, S. Tsujita1, M. Matsumoto1, H. Kitano1, Ch. Bode2, JCn. Bode3

1Third Department of Internal Medicine, Nara Medical University, 634-8522, Japan
2Physiology of Nutrition, Hohenheim University, Stuttgart, Germany
3Department of Internal Medicine, Robert-Bosch-Krankenhaus, Stuttgart, Germany
*E-mail: hfukui@aramed-u.ac.jp

Twenty-five years have passed since the development of a quantitative endotoxin assay using a synthetic chromogenic sub-
strate for the endotoxin-sensitive Limulus enzyme. The turbidometric endotoxin assay by Limulus lysate has also been
improved to enable quantitative assay. Endotoxin-specific chromogenic substrate developed in Japan has added more accu-
racy to the assay. However, popular interest in endotoxemia has recently declined because of the poor detection rate of endo-
toxin in the clinical situation. The major problem is that an optimal method for eliminating plasma inhibitors has not yet been
established. We have stressed the necessity of an internal standard for checking recovery in all endotoxin assay system. In
order to improve the recovery of endotoxin in the dilution and heating method, we added a detergent, Tween 80, after heat-
ing the plasma. Large amounts of endotoxin lost in the precipitate fraction by the perchloric acid method have been success-
fully recovered by adding triethylamine. The internal standard is essential for checking optimal pH conditions by this acid
and neutralizing system. We have reported the clinical significance of endotoxemia by several endotoxin-specific assay sys-
tems with this internal standard. In this paper, we would like to focus on this important point again in the newly-developed
endotoxin assay system.

82
A cell line assay system for predicting the response of human blood to endotoxin

A. Yamamoto*, M. Ochiai, K. Kamachi, M. Kataoka, H. Toyoizumi, Y. Arakawa, Y. Horiuchi

Department of Bacterial Pathogenesis and Infection Control, National Institute of Infectious Diseases, Tokyo 208-0011, Japan
*E-mail: yama-aki@nih.go.jp

There are parenteral drugs that augment in vivo action of endotoxin. It is necessary to regulate overall toxic action of contami-
nated endotoxin by a clinically relevant test method for the safety of such drugs. Although responses of human peripheral blood
cells (hPBC) to endotoxins to produce tumour necrosis factor-α (TNF-α) interleukin 6 (IL-6) and IL-1β showed considerable
variations depending on endotoxin and also on source individuals of blood, the responses to each of the endotoxins evaluated
relatively to that to Japanese Pharmacopeia endotoxin reference standard (RSE) were found to be highly reproducible irrespec-
tive of hPBC sources. The evaluation procedure according to the relative responsiveness to various endotoxins was shown to be
highly effective to detect difference in responsiveness among the endotoxin test, the pyrogen test and the cytokine induction in
hPBC. When eight human monocytoid cell lines were examined, only THP-1 and 28SC cells showed a significant dose-depen-
dent IL-6 production. However, THP-1 failed to show consistency with hPBC in responses to the panel of endotoxins. 28SC
cells showed appropriate consistency with hPBC not only in the responses to the endotoxins but also in detecting the effect of
human interferons to augment endotoxin to induce IL-6.
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A quantitative in vitro assay for detecting biological activity of endotoxin using rabbit peripheral blood

M. Ochiai*, M. Kataoka, H. Toyoizumi, A. Yamamoto, K. Kamachi, Y. Arakawa, Y. Horiuchi

Department of Bacterial Pathogenesis and Infection Control, National Institute of Infectious Diseases, Tokyo 208-0011, Japan
*E-mail: masakio@nih.go.jp

The pyrogen test and the bacterial endotoxin test (the LAL test) have been playing crucial roles in detecting endotoxin contam-
ination in parenteral drugs. The current test methods, however, have disadvantages such as requiring a large number of animals
or an inadequacy in direct evaluation of in vivo activity of endotoxin. We attempted to establish a new assay method that can
overcome the shortcomings of the current assay methods. We standardized the in vitro assay method by the use of prostaglandin
E2 induction from peripheral blood of rabbits for detecting activity of endotoxin. A linear dose-response regression from
approximately 0.15 to 5.0 EU/ml of Japanese Pharmacopoeia Endotoxin Reference Standard was attained by the in vitro assay.
The assay showed a fine correlation with the pyrogen test but not with the LAL test, when endotoxins from various bacterial
sources were tested. The in vitro prostaglandin E2 induction test using rabbit blood was, therefore, suggested to be the appropri-
ate test method for guaranteeing the same level of safety of parenteral drugs as by the pyrogen test.

84
Pseudomonas LPS, a most prominent contamination of water samples is vastly overestimated by
LAL with regard to pyrogenicity

O. Dehus, T. Hartung, C. Hermann*

Biochemical Pharmacology, University of Konstanz, 78464 Konstanz, Germany   *E-mail: corinna.hermann@uni-konstanz.de

We have compared the immune stimulatory potency of 11 different LPSs using human whole blood incubations. LPS from
Escherichia coli, Klebsiella pneumoniae, Salmonella abortus equi, Salmonella enteritidis, Salmonella typhimurium,
Salmonella typhosa, Serratia marcescens and Shigella flexneri equipotently induced the release of all investigated cytokines. In
contrast, 1000-fold more LPS from Pseudomonas aeruginosa and Vibrio cholerae were still less potent in inducing TNF, IL-1β,
IL-10 and IFN-γ but induced huge amounts of IL-8. All LPSs showed clear TLR4-dependence except for the LPS from P.
aeruginosa which was TLR4 and TLR2 dependent. Since P. aeruginosa is an important source of LPS contamination able to
grow in water at 4°C, its mechanisms of cytokine release were further investigated. Repurification of the commercial LPS
preparation by phenol re-extraction led to a complete loss of the TLR2 dependency, indicating contamination with lipoproteins.
The Limulus amebocyte assay revealed that LPS from P. aeruginosa is 5-fold less potent than an E. coli LPS. This leads to an
enormous overestimation of pyrogen burden, since the biological activity of highly pure LPS from P. aeruginosa was about
1000-fold weaker than the one of the reference preparation, as confirmed by monocyte activation in human whole blood.

85
An antimicrobial peptide amplifies LPS-induced exocytosis of horseshoe crab hemocytes

S. Ariki*, A. Ozaki, K. Koori, T. Osaki, K. Motoyama, K. Inamori, S. Kawabata

Department of Biology, Faculty of Sciences, Kyushu University, Fukuoka 812-8581, Japan
*E-mail: sarikscb@mbox.nc.kyushu-u.ac.jp

LPS-induced exocytosis of granular hemocytes is a key component of the horseshoe crab�s innate immunity to infectious
micro-organisms; stimulation by LPS induces the secretion of various defense molecules from hemocytes. Using a newly estab-
lished assay for exocytosis, we clearly show that a granular protein called factor C, an LPS-recognizing serine protease zymo-
gen that initiates the hemolymph coagulation cascade, also exists on the hemocyte surface as a biosensor for LPS. Our data also
demonstrate that the proteolytic activity of factor C is both necessary and sufficient to trigger exocytosis through a het-
erotrimeric G protein-mediating signaling pathway (Ariki et al. Proc Natl Acad Sci USA 2004; 101: 953�958). Recently, we
found an amplifying mechanism in LPS-induced exocytosis of hemocytes. In the absence of LPS, an antimicrobial peptide
tachyplesin, a major component of exocytosed fluid, induced exocytosis of hemocytes. A phospholipase C inhibitor U-73122
and a G protein inhibitor pertussis toxin inhibited tachyplesin-induced exocytosis. Furthermore, surface plasmon resonance
analysis showed that tachyplesin directly interacts with G protein, indicating that tachyplesin-induced exocytosis occurs
through a G protein-mediating signaling pathway. Tachyplesin functions not only as an antimicrobial substance, but also as an
amplifier of LPS-induced exocytosis at injured sites.

Supported by a Grant-in-Aid for Scientific Research on Priority Area 839 from MEXT of Japan (to SK).
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86
Apolipoprotein CI augments the inflammatory response to LPS and correlates with improved
infection-related survival in mice and humans

Jimmy F.P. Berbée1,2*, Emile F. Schippers3, Caroline C. van der Hoogt1,2, Jaap T. van Dissel3, Irma A.J.M. Bakker-
Woudenberg5, Louis M. Havekes1,2,4, Patrick C.N. Rensen1,2

1TNO-Prevention and Health, Gaubius Laboratory, Zernikedreef 9, 2333 CK, Leiden, The Netherlands
Departments of 2General Internal Medicine, 3Infectious Diseases, and 4Cardiology, LUMC, Leiden, The Netherlands
5Department of Medical Microbiology, Erasmus MC, Rotterdam, The Netherlands   *E-mail: JFP.Berbee@pg.tno.nl

We recently discovered that plasma apolipoprotein CI (apoCI) contains an important LPS-binding motif, and now evaluated
whether apoCI can modulate the response to LPS in mice and humans. Pre-incubation of [125I]-LPS with apoCI (1:1 molar ratio)
greatly prolonged the plasma residence of LPS in mice by preventing the association of [125I]-LPS with the liver (9.4 ± 0.9 vs 68.2
± 2.3%), and increased the LPS (25 µg/kg)-induced TNF-α response 4-fold (10.8 ± 4.5 vs 2.8 ± 1.7 ng/ml, P < 0.001). Likewise,
human apoCI-expressing (APOC1) mice had a 7-fold increased LPS-induced TNF-α response as compared to controls (28.2 ±
9.1 vs 4.1 ± 2.3 ng/ml, P < 0.001). Also, in patients undergoing cardiac surgery with cardiopulmonary bypass, a significant posi-
tive correlation was found between apoCI and endotoxemia-induced peri- and postoperative TNF-α levels (P = 0.004; n = 58).
ApoCI protected against infection-related mortality, as APOC1 mice showed increased survival after pulmonary infection with
Klebsiella pneumoniae (42%) as compared to wild-type (29%) and apoCI-deficient mice (8%). Moreover, survivors from infec-
tion-related febrile illness (n = 270) had 36% increased apoCI levels upon hospitalization, as compared to non-survivors (n = 29;
5.83 ± 0.17 vs 4.28 ± 0.42 mg/dl, P < 0.01). We conclude that apoCI may have a physiological role in facilitating an efficient
attack towards bacterial infections in mice and humans by providing an increased pro-inflammatory response to LPS.

Supported by the Leiden University Medical Center (Gisela Thier Fellowship to PCN Rensen) and the Netherlands Organisation
for Scientific Research (NWO RIDE grant 014-90-001 and NWO VIDI grant 917.36.351).

87
Novel LPS-binding cyclic peptides and cytokine-binding peptides

A. Yamamoto1, M. Ochiai1, Y. Horiuchi1, M.F. Suzuki2*, T. Kobayashi2, H. Omi2, T. Takagi3, M. Niwa4

1Dept of Bacterial Pathogenesis and Infection Control, National Institute of Infectious Diseases, Tokyo 208-0011, Japan
2PEPTIDE DOOR Co., Ltd, Gunma 370-0073, Japan
3Graduate School of Life Sciences, Tohoku University, Miyagi 980-8578, Japan
4Osaka-City University Medical School (emeritus), Osaka 558-8585, Japan   *E-mail: pep-szkmstg@peptide-door.com

Although various LPS-binding proteins and peptides have been reported, no appropriate therapeutic agents for sepsis have been
identified, so far. We attempted to make a new approach of isolating LPS-binding peptides and cytokine-binding peptides using
phage-display method. We established libraries of phages displaying cyclic peptides with random sequences of 4�12 amino
acids, whose cysteine residues were covalently bound to form S�S bonds. We screened the libraries to isolate phages with sig-
nificant affinity to lipid A, and LPS to synthesize possible LPS-binding peptides according to the DNA sequence of the phages.
We also attempted to isolate peptides that bind to cytokines. The procedure is expected to be effective in searching for novel
LPS-binding peptide and cytokine-binding peptide sequences and structures. We have isolated several kinds of peptide of 14
amino acids with 4�12 circularized amino acids to identify peptides that have a significant level of affinity to LPS. We also have
isolated several kinds of linear peptide of 7�12 amino acids to identify peptides that have a significant level of affinity to
cytokines. We are further evaluating those peptides for their practical applicability for medical or therapeutic purposes.

88
Serum factor other than LBP is necessary for soluble MD-2 to gain its function as a part of the
LPS receptor

T. Ohnishi*, M. Muroi, K. Tanamoto

Department of Microbiology, National Institute of Health Sciences, 1-18-1 Kamiyoga, Setagaya, Tokyo 158-8501, Japan
*E-mail: ohnisi@nihs.go.jp

To clarify the nature of soluble MD-2 (sMD-2), we purified sMD-2 from yeast transfected with human MD-2 and studied
the effect of sMD-2 on the activation of NF-κB in response to LPS in HEK293 cells. When the cells expressing TLR4, MD-2
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and CD14 were stimulated with LPS in DMEM containing 10% FCS, the activation of NF-κB was observed without the
addition of sMD-2. Although the cells expressing TLR4 and CD14 did not respond to LPS stimulation in DMEM contain-
ing 10% FCS, those cells conferred the response when sMD-2 was added to the medium. In a serum-free medium contain-
ing LBP, LPS-induced activation of NF-κB was observed in cells expressing TLR4, MD-2 and CD14 either with or without
the addition of sMD-2; however, the cells expressing only TLR4 and CD14 did not respond to LPS stimulation even with
sMD-2. When cells expressing TLR4 and CD14 were pre-incubated with sMD-2 in DMEM containing 10% FCS, these
cells responded to LPS stimulation in serum-free DMEM containing LBP. Taken together, these results suggest that sMD-2
is transferred to cell surface in the presence of a serum factor other than LBP.

†89
Soluble MD-2 activity in plasma from patients with severe sepsis and septic shock

Jérôme Pugin1*, Sabine Stern-Voeffray1, Bruno Daubeuf2, Greg Elson2, Irène Dunn-Siegrist1

1University Hospital of Geneva, and Faculty of Medicine of Geneva, Switzerland
2NovImmune S.A., Geneva, Switzerland   *E-mail: jerome.pugin@medecine.unige.ch

We have found that plasma from patients with severe sepsis and septic shock but not normal plasma supports LPS activa-
tion of epithelial cells expressing TLR4. Recombinant soluble MD-2 complemented normal plasma, and allowed LPS acti-
vation of epithelial cells to levels measured with �septic� plasma, whereas soluble MD-2 depleted plasma lost its effects.
The same �MD-2 activity� was found in urine from a patient with septic shock and in lung edema fluids from ARDS
patients. The addition of LBP and soluble CD14 to soluble MD-2 increased the LPS-dependent activation of cells bearing
TLR4, but were not sufficient to support LPS activation of TLR4-expressing epithelial cells. An anti-MD-2 monoclonal
antibody blocked LPS activation of TLR4-expressing cells only in the presence of septic plasma or septic urine. Septic
plasma was also markedly more efficient in supporting LPS activation of human primary endothelial cells, an effect that
was soluble MD-2 independent, but required LBP and soluble CD14. These results suggest that septic plasma containing
soluble MD-2 leaking into the extravascular space supports LPS activation of TLR4-expressing epithelial cells. We there-
fore propose that soluble MD-2 is an important mediator of organ inflammation during sepsis.

90
A region of human MD-2 required for the antagonistic activity of lipid IVa

M. Muroi, K. Tanamoto

Division of Microbiology, National Institute of Health Sciences, Tokyo 158-8501, Japan   *E-mail: muroi@nihs.go.jp

A synthetic lipid A precursor, lipid IVa, activates murine macrophages while it functions as a lipopolysaccharide (LPS)-antag-
onist in human macrophages, and MD-2 participates in this species-specific activity. We explored amino acid regions of human
(h)MD-2 required for the antagonistic activity in HEK293 cells. Lipid IVa stimulated an NF-κB-dependent reporter activity in
cells expressing mouse (m)CD14, mToll-like receptor and mMD-2 but was almost inactive and functioned as an LPS-antago-
nist when mMD-2 was replaced with hMD-2. The amino acid sequence of mMD-2 was divided into 6 regions and each region
was replaced with the corresponding hMD-2 sequence. The activity of lipid IVa and a synthetic Escherichia coli-type lipid A
(compound 506) as well as the antagonistic activity of lipid IVa were examined with these mutants and we found that an MD-2
mutant in which amino acids 57�73 were replaced with the human sequence exhibited the human phenotype. MD-2 mutants in
which each amino acid in this region was individually replaced with the human sequence exhibited the mouse phenotype. These
results indicate that amino acids 57�73 of human MD-2 is involved in the antagonistic activity of lipid IVa.

91
TLR4 variant Asp299Gly induces hyporesponsiveness to LPS in human epithelial cells

Tsuyoshi Shuto1, Kana Tokuomi1, Kousuke Kato1, Takashi Furuta2, Suganya Viriyakosol2, Tsukasa Okiyoneda1, Mary
Ann Suico1, Hirofumi Kai1

1Department of Molecular Medicine, Graduate School of Pharmaceutical Sciences, Kumamoto University, Japan
2Department of Pathology, University of California, San Diego, California, USA

Toll-like receptor 4 (TLR4) has gained importance as a receptor for the recognition of lipopolysaccharide (LPS) in both
blood cells and epithelial cells. It has been recently reported that two commonly occurring mutations in the human TLR4
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gene (Asp299Gly and Thr399Ile) are associated with hyporesponsiveness to inhaled LPS as well as with increased risk of
Gram-negative bacteraemia in sepsis patients. However, the importance of these variants during the LPS responses in
epithelial cells is largely unknown. In this study, we investigated the nature of TLR4 variants (Asp299Gly, Thr399Ile and
Asp299Gly/Thr399Ile) in human epithelial cells. Functional analysis of these TLR4 variants in HeLa cells was performed
by RT-PCR using IL-8 specific primer and luciferase assay using IL-8 promoter construct. Here, we show that LPS
treatment increased IL-8 mRNA expression and IL-8 promoter activity in wild-type and Thr399Ile-expressing cells
but not in Asp299Gly- and Asp299Gly/Thr399Ile-expressing cells, suggesting that the Asp299Gly variant might be
important for the responsiveness to LPS in human epithelial cells. To investigate whether expression of TLR4 variants
itself can affect the endogenous TLR4 surface expression, we transfected the CHO cells, which stably express TLR4,
MD-2 and CD14 (TLR4/MD-2/CD14-CHO cells), with TLR4 variants. Surprisingly, transfection of the cells with
Asp299Gly and Asp299Gly/Thr399Ile but not wild-type and Thr399Ile reduced the endogenous expression of TLR4
in TLR4/MD-2/CD14-CHO cells. Taken together, TLR4 variants Asp299Gly and Asp299Gly/Thr399Ile might have a
dominant-negative effect on endogenous expression of TLR4 in human epithelial cells and these effects might be
important for hyporesponsiveness of these variants to LPS.

92
The tetraspanins CD37 and CD81 are involved in LPS signaling

Jennifer Reiners, Arnd Lentschat, Zane Orinska, Silvia Bulfone-Paus, Artur J. Ulmer, Holger Heine*

Department of Immunology and Cell Biology, Research Center Borstel, 23845 Borstel, Germany
*E-mail: hheine@fz-borstel.de

Stimulation with lipopolysaccharide (LPS) induces an innate immune receptor complex consisting of several molecules includ-
ing TLR-4, CD14, CD11/18 and CD81, which belongs to the tetraspanin superfamily (TM4SF). TM4SF proteins, including
CD37, CD53 and CD151, have been shown to associate with a variety of membrane proteins and receptor complexes. The role
of CD81 as a scaffolding protein which increases the stability of functional complexes by assembling specific proteins has been
suggested and might be important for the stability of the LPS receptor complex, since CD81-deficient mice are less susceptible
to LPS-induced shock. Because members of the TM4SF have been shown to form a network, we wanted to investigate if CD37
is involved in LPS signaling as well. Corresponding to CD81-deficient mice, LPS-induced macrophages from CD37-deficient
mice showed a decreased TNF-α response which was almost reduced to background levels in CD37/CD81 double deficient
mice. However, LPS-induced activation of MAP kinases such as p38 and ERK were comparable to the wild-type control. Thus,
the absence of CD37 and CD81 does not lead to a general defect of LPS signaling. Taken together, our data suggest a specific
role for TM4SF proteins in the LPS receptor complex and LPS-induced cytokine production.

Supported by DFG grant SFB367, project C5.

93
Expression of Toll-like receptor 4 and tumor necrosis factor-αα in rat macrophages

T. Kitazawa*, Y. Nakatani, M. Fujimoto, N. Tamura, H. Fukui

Third Department of Internal Medicine, Nara Medical University, Nara 634-8522, Japan
*E-mail: ooyamatohp@yahoo.co.jp

It has recently been shown that Toll-like receptor (TLR) 4 of macrophages is responsible for signal transduction leading to pro-
duction of tumor necrosis factor (TNF)-α in response to lipopolysaccharide (LPS). As our previous study revealed differences
of TNF-α production among various rat macrophages, we examined the expression of TNF-α mRNA and TLR4 mRNA in rat
Kupffer cells, splenic macrophages and alveolar macrophages. Kupffer cells, splenic macrophages and alveolar macrophages
separated from male Wistar rats were incubated with 0, 10, 100, 1000 ng/ml LPS for 3 h. Total RNA was extracted from these
cells. TNF-α mRNA and TLR4 mRNA were determined through reverse transcription polymerase chain reaction (RT-PCR).
The PCR products were size-fractionated by a 2% agarose gel electrophoresis, and DNA bands were visualized by staining the
gel with ethidium bromide. TNF-α mRNA expression was greatest in alveolar macrophages, although TLR4 mRNA expres-
sion was not different among these cells. TNF-α mRNA tended to be increased and TLR4 mRNA expression tended to be
decreased with higher LPS concentration in all macrophages. Although it has been believed that LPS-stimulated TNF-α pro-
duction of macrophages was mostly TLR4 dependent, our results suggest that expression of TLR4 mRNA and TNF-α mRNA
was not always parallel in these macrophages.
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Endotoxin-stimulated tumor necrosis factor-αα production by various macrophages in rats with
acute alcohol loading

T. Kitazawa*, Y. Nakatani, M. Fujimoto, N. Tamura, H. Fukui

Third Department of Internal Medicine, Nara Medical University, Nara 634-8522, Japan   *E-mail: ooyamatohp@yahoo.co.jp

It is suggested that endotoxin, pro-inflammatory cytokines and lipopolysaccharide binding protein (LBP) play an
important role in the development of alcoholic liver disease. In order to know the pathophysiological roles of various
macrophages in alcoholic liver diseases, we examined the production of TNF-α by rat Kupffer cells, splenic
macrophages and alveolar macrophages with acute alcohol loading in the presence or absence of LBP. Kupffer cells,
splenic macrophages and alveolar macrophages were isolated from male Wistar rats given 5 mg/g body weight of
ethanol intraperitoneally after an hour. The production of TNF-α by these cells incubated with 1000 ng/ml endotoxin
in the presence or absence of LBP (1% rat serum) was determined. Acute alcohol loading did not affect the production
of TNF-α by Kupffer cells. With acute alcohol loading, splenic macrophages tended to produce TNF-α more.
Alveolar macrophages produced more TNF-α than Kupffer cells, and although the production of TNF-α by alveolar
macrophages tended to be suppressed by acute alcohol loading, the production of TNF-α by alveolar macrophages
still remained high in the presence of rat serum. There is a possibility that splenic macrophages and alveolar
macrophages may be related to excessive production of TNF-α in acute alcoholics with endotoxemia.

95
Effect of alcohol and serum on endotoxin-stimulated secretion of tumor necrosis factor (TNF)-αα
by macrophages

Y. Nakatani*, T. Kitazawa, M. Fujimoto, N. Tamura, M. Uemura, H. Fukui

Third Department of Internal Medicine, Nara Medical University, Nara 634-8522, Japan
*E-mail: ynktn@maia.eonet.ne.jp

Much interest has been focused on an association between endotoxin (LPS), pro-inflammatory cytokines, LPS bind-
ing proteins and the progression of alcoholic liver diseases. Until now the effect of LPS on macrophages has been
investigated in the absence of serum factors, which may influence LPS action in vivo. In order to know the patho-
physiological roles of macrophages in alcoholic liver diseases, we examined the effect of ethanol on LPS-stimulated
TNF-α secretion of rat Kupffer cells, alveolar macrophages and peritoneal macrophages in the presence or absence of
normal rat serum. In the absence of serum, addition of ethanol (10�100 mM) suppressed TNF-α secretion of alveolar
macrophages. Kupffer cells and peritoneal macrophages were less affected. An addition of 1% rat serum led to marked
enhancement (7�24-fold) of TNF-α secretion of all macrophages either with or without ethanol in the medium.
Although ethanol tended to suppress TNF-α secretion of these cells, alveolar macrophages were less affected in the
presence of serum. These results suggest that: (i) serum LPS binding proteins enhance TNF-α secretion by
macrophages; and (ii) the alveolar macrophages are important for excessive secretion of TNF-α in alcoholics, which
may contribute to the development of multiple organ failure.

†96
Synergistic transcriptional activation of inflammatory genes by NF-κκB and IκκB-ζζ, a nuclear
protein induced by LPS

Susumu Matsuo1*, Soh Yamazaki1, Koichiro Takeshige1, Tatsushi Muta1,2

1Department of Molecular and Cellular Biochemistry, Graduate School of Medical Sciences, Kyushu University, Fukuoka
812-8582, Japan
2PRESTO, Japan Science and Technology Agency, Japan   *E-mail: sumatsuo@biochem2.med.kyushu-u.ac.jp

IκB-ζ, a nuclear protein with the ankyrin-repeats, is strongly induced by microbial components stimulating Toll-like
receptors (TLRs), such as LPS, and IL-1β. Recent studies have demonstrated that IκB-ζ plays a crucial role in expres-
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sion of inflammatory genes including IL-6 upon activation of TLR/IL-1R signaling pathways. Here, we show that co-
expression of IκB-ζ and the NF-κB p50 subunit in HEK293 cells synergistically activates transcription of human β-
defensin 2 gene, whereas it inhibits NF-κB-mediated transcription of the IL-8 gene. Reporter analyses of the
β-defensin 2 promoter showed that a fragment spanning �205 to +50 of the gene was essential for the IκB-ζ-mediated
activation. Mutations at an NF-κB site in the fragment abolished the activation. However, IκB-ζ acted as an NF-κB
inhibitor on a promoter constructed with the NF-κB site alone, suggesting that IκB-ζ-mediated transcriptional activa-
tion requires another cis-element(s). A mutation at a C/EBP site adjacent to the NF-κB site in the promoter completely
eliminated the stimulating activity of IκB-ζ. Furthermore, we found that genes that require IκB-ζ in their expression
also harbor a C/EBP site(s) in their promoters. These results suggest that IκB-ζ acts as a transcriptional activator by
forming a complex with NF-κB on promoters harboring NF-κB and C/EBP sites.

†97
Molecular dissection of IκκB-ζζ, a transcriptional regulator induced by activation of innate
immunity

Masaiwa Motoyama1*, Soh Yamazaki1, Koichiro Takeshige1, Tatsushi Muta1,2

1Department of Molecular and Cellular Biochemistry, Graduate School of Medical Sciences, Kyushu University, Fukuoka
812-8582, Japan
2PRESTO, Japan Science and Technology Agency, Japan
*E-mail: masaione@biochem2.med.kyushu-u.ac.jp

IκB-ζ is an inducible nuclear protein, which we found in lipopolysaccharide (LPS)-stimulated macrophages. Overexpressed
IκB-ζ inhibits NF-κB reporter activities by interacting with NF-κB via the C-terminal ankyrin-repeats. In the present study,
we constructed a series of deletion mutants of IκB-ζ and analyzed their functions, focusing on the roles of the N-terminal
region with no homology to other proteins. Indirect immunofluorescent studies demonstrated the presence of the nuclear
localization signal in the region of amino acids 153�187. The GAL4-UAS reporter assay revealed that GAL4-fusion pro-
teins containing amino acids 188�456 of IκB-ζ exhibited transcriptional activation activity. Interestingly, the activity was
not detected in the full-length or a longer fragment of IκB-ζ with the C-terminal ankyrin repeats. On the other hand, we
detected the GAL4-dependent transcriptional activity when a GAL4-fusion protein of the NF-κB p50 subunit was co-
expressed with the full-length IκB-ζ, neither of which alone exhibited the activity. Wild-type IκB-ζ, but not a splicing vari-
ant lacking 236�429, augmented IL-6 production by LPS-stimulated NIH3T3 cells. These results indicate that IκB-ζ
harbors latent transcriptional activation activity, and the activity is expressed upon interaction between IκB-ζ and the NF-κB
p50 subunit, which would be crucial for the activation and regulation of innate immunity.

98
Differential regulation of human and murine iNOS expression in response to lipopolysaccharide

K. Sugiyama*, M. Muroi, K. Tanamoto

Division of Microbiology, National Institute of Health Sciences, Tokyo 158-8501, Japan
*E-mail: sugiyama@nihs.go.jp

It is known that mouse macrophages produce nitric oxide (NO) in response to lipopolysaccharide (LPS) stimulation; how-
ever, LPS stimulation is not enough to stimulate the production in human macrophages. We explored this differential
regulation in the RAW 264 murine macrophage cell line and the THP-1 human monocyte cell line. Since NO produc-
tion in response to LPS is regulated by the transcriptional expression of inducible NO synthase (iNOS), 1.6�1.8 kb
fragments of human (h) and mouse (m) iNOS promoter regions were inserted upstream of a luciferase reporter vector
and reporter activity in response to LPS stimulation was examined. When each reporter was transfected into RAW 264
cells, LPS stimulation caused a remarkable induction of both hiNOS and miNOS promoter activity. However, when
transfected into THP-1 cells, almost no induction was observed in both reporter constructs. These results suggest that
human macrophages lack transcription factors that are induced in mouse macrophages in response to LPS stimulation.
We are now attempting to identify the difference in transcription factors induced by LPS stimulation.
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The enhancing action of D-galactosamine on lipopolysaccharide-induced nitric oxide production
in RAW 264.7 macrophage cells

A. Morikawa*, N. Koide, M.M. Mu, M.F. Hassan, M.S. Islam, H. Ito, I. Mori, T. Yoshida, T. Yokochi

Department of Microbiology and Immunology, Aichi Medical University School of Medicine, Nagakute, Aichi 480-1195,
Japan   *E-mail: morikawa@aichi-med-u.ac.jp

The effect of D-galactosamine (D-GalN) on nitric oxide (NO) production in lipopolysaccharide (LPS)-stimulated RAW
264.7 macrophage cells was examined. D-GalN augmented the production of NO, but not tumor necrosis factor (TNF)-α in
LPS-stimulated RAW 264.7 cells. Pretreatment of D-GalN augmented the NO production whereas its post-treatment did not.
D-GalN augmented the NO production in RAW 264.7 cells stimulated with either TNF-α and interferon-γ. The augmenta-
tion of LPS-induced NO production by D-GalN was due to enhanced expressions of an inducible type of NO synthase
mRNA and proteins. Intracellular reactive oxygen species (ROS) were exclusively generated in RAW 264.7 cells stimulated
with D-GalN and LPS. Scavenging of intracellular ROS abrogated the augmentation of NO production. It was, therefore,
suggested that D-GalN might augment LPS-induced NO production through the generation of intracellular ROS.

†100
Inhibition of mitogen and stress-activated protein kinase 1/2 induces mitochondria-mediated
apoptotic cell death in lipopolysaccharide-stimulated RAW 264.7 macrophage cells

Mya Mya Mu1, N. Koide1, F. Hassan1, S. Islam1, T. Sugiyama2, H. Ito1, I. Mori1, T. Yoshida1, T. Yokochi1

1Department of Microbiology, Aichi Medical University, Aichi 480-1195, Japan
2Department of Microbiology, Gifu Pharmaceutical University, Gifu 502-8585, Japan

The effect of inhibition of mitogen and stress-activated protein kinases 1/2 (MSK1/2) on lipopolysaccharide (LPS)-stimulated
RAW 264.7 macrophage cells was investigated. Pretreatment of Ro 31-8220, an inhibitor of MSK1/2, induced cell death in
LPS-stimulated RAW 264.7 cells. On the other hand, calphostin C, another inhibitor of protein kinase C, did not cause cell
death. The cell death was not mediated by the release of pro-inflammatory mediators from LPS-stimulated RAW 264.7 cells.
The cell death was accompanied by DNA fragmentation and annexin V binding, suggesting apoptotic cell death. Further, sev-
eral caspase inhibitors did not prevent LPS-induced cell death of Ro 31-8220-pretreated RAW 264.7 cells. The nuclear translo-
cation of apoptosis-inducing factor (AIF) was detected in Ro 31-8220-pretreated cells after LPS stimulation. The cell death was
due to mitochondrial damage. Ro 31-8220 exclusively inhibited the phosphorylation of cAMP-responsive element binding pro-
tein (CREB) as the substrate of MSK1/2. RAW 264.7 cells transfected with the dominant negative MSK1 clones underwent cell
death in response to LPS. Therefore, it was suggested that MSK1/2 might play a critical role in the survival of LPS-stimulated
RAW 264.7 cells.

101
LPS inhibits doxorubicin-induced apoptosis through the inhibition of p53 activation

F. Hassan*, S. Islam, M.M. Mu, H. Ito, N. Koide, I. Mori, T. Yoshida, T. Yokochi

Department of Microbiology and Immunology, Aichi Medical University School of Medicine, Nagakute, Aichi 480-1195,
Japan   *E-mail: hassan@aichi-med-u.ac.jp

The effect of LPS on doxorubicin-induced cell death was studied in RAW 264.7 cells. LPS at 10 ng/ml prevented the
cell death and the inhibition was roughly dose-dependent. Doxorubicin-induced cell death was characterized by DNA
fragmentation and activation of caspase 3, suggesting apoptotic cell death. LPS inhibited DNA fragmentation and cas-
pase 3 activation. CpG DNA also inhibited doxorubicin-induced apoptosis whereas tumor necrosis factor-α and inter-
feron-γ did not. The apoptosis was prevented by the addition of LPS at 1 h after treatment with doxorubicin. LPS
inhibited doxorubicin-induced p53 accumulation and stabilization and the activation of caspase 3. On the other hand,
the inhibition of doxorubicin-induced apoptosis by LPS was independent on mitogen-activated protein kinases,
nuclear factor-κB and AKT kinase or the cytotoxic action. The detailed mechanism of the inhibition of doxorubicin-
induced apoptosis by LPS will be discussed.
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102
Modified pattern of proteins reflecting the anti-apoptotic activity of lipopolysaccharides in
primary mouse B lymphocytes

V. Souvannavong, N. Saidji, R. Chaby*

Endotoxin Group, UMR-8619, Centre National de la Recherche Scientifique, University of Paris-Sud, 91405 Orsay, France
*E-mail: richard.chaby@bbmpc.u-psud.fr

Lipopolysaccharides (LPSs) are potent polyclonal activators of B cells. Recently, we have shown the capability of LPS to
inhibit both spontaneous and drug-induced apoptosis in B lymphocytes. Cell death by apoptosis plays an essential role in
the development and maintenance of homeostasis of the immune system, its dysfunction leading to various pathologies
such as lymphomas or autoimmune diseases. In this report, to better understand the signaling pathways involved in the
anti-apoptotic activity of LPSs, we investigated the mechanisms of LPS-induced inhibitory kappa B (IκB) expression and
NF-κB translocation. As shown by immunoblotting analysis, LPS induced a time-dependent degradation of IκBβ and
IκBε isoforms, preferentially to IκBα, and nuclear translocation of NF-κB p52 and c-Rel. In addition, LPS led to reduced
levels of the active form of caspase 3, whereas an increased synthesis of the anti-apoptotic protein Bcl-2 was observed.
These results suggest that LPS acts at a pre-mitochondrial stage of the intrinsic apoptotic pathway. Further studies, carried
out with B cells from TLR4 defective mice, showed that LPS had no effect on apoptosis, on IκBβ degradation, and on Bcl-
2 synthesis, whereas IL-4 maintains its anti-apoptotic activity, thus suggesting that a TLR4-dependent signaling is required
for the anti-apoptotic activity of LPS.

103
MARCKS-LPS interaction in epithelial cells and its effect on actin filament depolymerization

M. Mancek1, B. Japelj1, A. Majerle1, J. Andrae2, K. Brandenburg2, M. Triantafilou3, K. Triantafilou3, R. Jerala1

1National Institute of Chemistry, Llubljana, Slovenia
2Forschungszentrum Borstel, Germany
3University of Sussex, UK

Transcription of myristoylated alanine-rich C-kinase substrate (MARCKS) and its homologue, MARCKS-related pro-
tein (MRP), is significantly increased on stimulation by bacterial lipopolysaccharide (LPS). MARCKS contains the
lysine-rich effector domain, which mediates the cross-talk between signal transduction pathways involving cellular
membrane, protein kinase C, calmodulin and actin. We report that MARCKS from murine brain and human MRP
binds to LPS with high affinity. The effector domain of MARCKS binds specifically to LPS and inhibits TNF-α secre-
tion by mononuclear cells stimulated by LPS. Direct intracellular interaction between MARCKS and internalised LPS
was detected by FRET effect in human epithelial cells. FRET was confirmed by the increased fluorescence of donor
(MARCKS-GFP) after photobleaching of the acceptor (rhodamine-LPS). LPS-binding site of MARCKS was mapped
to the heptapeptide KRFSFKK within the MARCKS effector domain using high resolution NMR. This LPS binding
site of MARCKS overlaps with the actin-binding site. The consequence of this overlap is that the addition of LPS pre-
vents polymerization and bundling of actin by MARCKS and depolymerizes F-actin. These findings suggest that
direct interaction between MARCKS and LPS may be part of the cellular response to he internalised LPS, significant
particularly in cells exposed to high levels of LPS, such as epithelial cells.

104
LPS-induced IL-18 in mouse peritoneal cells; the induced amount is very small but it plays an
important role as a mediator

M. Matsuura*, S. Saito, Y. Hirai

Department of Infection and Immunity, Jichi Medical School, Tochigi, 329-0498, Japan   *E-mail: mmatsuur@jichi.ac.jp

We have demonstrated that interferon (IFN)-γ is produced by mouse peritoneal cells upon LPS stimulation and con-
tributes largely to nitric oxide (NO) production. In the production of IFN-γ, participation of IL-18 was suggested but
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detection of LPS-induced IL-18 was not easy. To detect significant amount of IL-18 (> 100 pg/ml), LPS-stimulated
culture supernatants were concentrated and detected 200�800 pg/ml in 10-fold concentrated samples. Compared to the
amount of LPS-induced IL-12 and IFN-γ (in the order of ng/ml), that of IL-18 was revealed to be very small. IL-18 is
secreted from the cells as an active form via processing by caspase-1. In the presence of an inhibitor of caspase-1, the
LPS-induced IL-18 production was markedly reduced. The inhibitor also reduced the production of IFN-γ and NO,
while scarcely reduced that of IL-12. Similar results were obtained by the use of anti-IL-18-receptor antibody. When
the cells were cultured in the presence of IL-12 at 2.5 ng/ml, supplement of IL-18 at 20 or 100 pg/ml was enough to
induce synergistic effect on production of substantial amounts of IFN-γ and NO. These results indicated that LPS
induces only a small amount of IL-18; nevertheless, it plays an important role as a mediator.

105
The role of lysophosphatidylcholine acyltransferase in leukocyte responses to lipopolysaccharide

Simon K. Jackson*, Joan Parton

Department of Medical Microbiology, School of Medicine, Cardiff University, Heath Park, Cardiff CF14 4XN, UK
*E-mail: jacksonsk@cardiff.ac.uk

Mononuclear phagocytes play a pivotal role in the progression of sepsis by producing inflammatory mediators including
TNF-α in response to bacterial lipopolysaccharide (LPS). Monocytes and macrophages can be made sensitive to LPS by treat-
ment with IFN-γ (priming) and our previous studies showed this correlates with changes in monocyte membrane phospho-
lipid composition, particularly in phosphatidylcholine, mediated by acyltransferases.

We report that IFN-γ can selectively activate lysophosphatidylcholine acyltransferase (LPCAT) but not lysophos-
phatidic acid acyltransferase in monocytic cells. Acyltransferase activity was measured by incorporation of radiola-
belled fatty acyl CoA into lysophospholipid acceptors. Furthermore, specific inhibitors of LPCAT were found to
inhibit (> 90%) the TNF-α and IL-6 production upon LPS challenge in both primed and unprimed cells. This inhibi-
tion of inflammatory cytokines with LPCAT inhibitors was also demonstrated in peripheral blood monocytes. The
inhibition was not dependent on lysophosphatidylcholine (lysoPC) as blocking the lysoPC receptor (G2A) had no
effect on the inhibition of cytokines. Our recent data indicate that LPCAT may influence LPS receptor aggregation in
the membrane by controlling the accessibility to lipid raft domains.

These data suggest an important role for LPCAT in the response of leukocytes to LPS and that inhibition of LPCAT
activity may have anti-inflammatory therapeutic potential.

106
The effect of synthetic Kdo on human spermatozoa

H. Hakimi1, I. Geary1, A.A. Pacey2, A. Eley1*

1Division of Genomic Medicine and 2Division of Clinical Sciences (south), University of Sheffield Medical School, Sheffield, UK
*E-mail: a.r.eley@sheffield.ac.uk

We know that LPS is spermicidal and our data suggest that this is primarily due to lipid A. The aim of this work was
to evaluate if synthetic Kdo was spermicidal, had immune stimulatory activity, signalled via TLRs and induced apop-
tosis. The effects of lipid A and Kdo were assessed with and without anti-CD14 and polymyxin B. HeLa transfection
assays were used for TLR activity. IFN-γ induced THP-1 cells were investigated for TNF-α activity. Finally, sperm
apoptosis and caspase activity were assessed by flow cytometry and fluorimetry respectively, with and without
inhibitors. Kdo was shown to be as spermicidal as lipid A but unlike lipid A was not affected by anti-CD14 or
polymyxin B. Lipid A signalled via TLR4 whilst Kdo did not signal via TLR2 or TLR4. TNF-α production was activated
by lipid A but not by Kdo. Both lipid A and Kdo induced sperm apoptosis which was primarily caspase-mediated. Kdo
is spermicidal and produces death by caspase-mediated apoptosis as does lipid A. However, unlike lipid A, Kdo does
not interact via CD14, signal via TLRs or activate TNF-α production. In conclusion, although Kdo induces apoptosis,
it would appear that activation is via a different route to lipid A.

Supported by the Iranian Government

328 8th International Endotoxin Society Conference, Kyoto, Japan, 2004



107
Treponemal glycoconjugate inhibits LPS-induced cell activation by blocking LPS-binding protein
and CD14 functions

Y. Asai*, M. Hashimoto, T. Ogawa

Department of Oral Microbiology, Asahi University School of Dentistry, Gifu 501-0296, Japan
*E-mail: yasu@dent.asahi-u.ac.jp

In this study, we found that a glycoconjugate preparation obtained from Treponema medium (Tm-Gp), an intermedi-
ate-sized oral Treponema, diminished the activation of a human monocytic cell line, Mono Mac 6, induced by LPS,
but not that induced by TNF-α. NF-κB activation in Ba/F3 cells expressing mouse Toll-like receptor (TLR) 4 and
MD-2 stimulated with LPS and its active center lipid A, but not with Taxol, was definitely inhibited by Tm-Gp, which
was dependent on CD14/LPS-binding protein (LBP). Tm-Gp blocked the binding of LPS to immobilized CD14 and
immobilized LBP, and also inhibited nitric oxide production by a mouse macrophage cell line, J774-A1, stimulated
with peptidoglycan as well as LPS, but not with poly(I:C) RNA or CpG DNA, in the presence of FBS. Tm-Gp con-
sisted of a glycoconjugate (Tm-GC) and a polysaccharide (Tm-PS), where Tm-GC was Tm-PS combined with phos-
phatidylglycerol (PG). Further, we demonstrated that PG was the major inhibitory molecule in Tm-Gp. These results
indicate that T. medium contains a glycoconjugate possessing an inhibitory effect on TLR-mediated cell activation by
interacting with LBP and CD14.

Supported by grants-in-aid for scientific research from Japan Society for young scientists (B) from the Ministry of Education,
Culture, Sports, Science and Technology (14771014 and 15791052).

108
A novel endotoxin antagonist – Helicobacter pylori lipopolysaccharide attenuates endotoxicity

B. Ho1*, L.H. Ong2, S.Y. Lui1, J.L. Ding2

1Department of Microbiology, National University of Singapore, Singapore 117597
2Department of Biological Sciences, National University of Singapore, Singapore 117543
*E-mail: michob@nus.edu.sg

Endotoxin or lipopolysaccharide (LPS) is found on the outer membrane of Gram-negative bacteria. Its toxicophore,
lipid A, is responsible for the pathophysiology associated with Gram-negative bacterial endotoxaemia. Helicobacter
pylori LPS/lipid A, however, exhibits attenuated endotoxicity due to structural deviations from the endotoxic LPS. At
nanomolar concentrations, the ENC50 of H. pylori LPS /lipid A, suppresses Escherichia coli endotoxin-induced hTNF-
α production and inhibits LAL activation. Using two-dimensional gel electrophoresis, the proteome profiles of
macrophages treated with various LPS regimens showed that H. pylori LPS/lipid A was able to neutralize E. coli LPS-
induced endotoxic challenge. H. pylori LPS attenuated the up-regulation of several signal transduction proteins,
implying that H. pylori LPS acts as an antagonist to suppress the induction of the pro-inflammatory signal transduc-
tion intermediates such that progress towards inflammation, apoptosis or sepsis is pre-empted. Since H. pylori
LPS/lipid A is minimally cytotoxic, non-haemagglutinating and non-haemolytic, it is a good candidate for the devel-
opment of anti-endotoxin agents, purportedly to treat Gram-negative bacterial endotoxaemia.

109
Inhibition of cell activation: shedding new light on antagonism

Mareike Mueller1, Klaus Brandenburg1, Shoichi Kusumoto2, Lynn Hawkins3, Ulrich Seydel1, Andra B.
Schromm4

1Divisions of Biophysics, Research Center Borstel, Borstel, Germany
2Department of Chemistry, Osaka University, Osaka, Japan
3Department of Medical Chemistry, Eisai Research Institute, Andover, USA
Immunobiophysics Research Group, Immunobiophysics Research Group, Research Center Borstel, Borstel, Germany

The tetra-acylated precursor of lipid A, lipid IVa, corresponding to synthetic compound 406, is an established antago-
nist for the LPS-induced immune cell activation in humans. The molecular mechanisms underlying this antagonistic

Abstracts of poster presentations 329



action of lipid IVa are not fully understood. It is generally accepted that the antagonist competes with LPS for the bind-
ing to soluble or membrane-bound proteins involved in LPS-induced cell activation such as LBP, CD14, and TLR4.
Here, we present data showing that compound 406 is not only antagonistically active in molar excess, but even when
less than 0.1% of the amount of biologically active LPS is administered to the cells prior or simultaneously to stimu-
lation with LPS. Similar observations have been made with other LPS-antagonists such as synthetic compound E5531
or phospholipids. These findings are not consistent with a competitive model of antagonism. The surprising observa-
tion that antagonists not only antagonizes cell activation by LPS but also by the cytokine interleukin (IL)-1, suggests
a more general principle of antagonism. We will present data supporting a so-called co-operative model, suggesting
that the antagonist is intercalated into cell membranes by LPS-binding protein (LBP) where it may lead to a distur-
bance of the formation of the signaling complex, eventually leading to inhibition of the production of cytokines.

This work was financially supported by DFG (SFB367 project B8, Schr621/2-1 to ABS).

110
Phage display method for isolating novel LPS-binding peptides

A. Yamamoto1, M. Ochiai1, Y. Horiuchi1, M.F. Suzuki2*, M. Matsumoto2, T. Takagi3, M. Niwa4

1Department of Bacterial Pathogenesis and Infection Control, National Institute of Infectious Diseases, Tokyo 208-0011, Japan
2PEPTIDE DOOR Co., Ltd, Gunma 370-0073, Japan
3Graduate School of Life Sciences, Tohoku University, Miyagi 980-8578, Japan
4Osaka-City University Medical School (emeritus), Osaka 558-8585, Japan   *E-mail: pep-szkmstg@peptide-door.com

Although various LPS-binding proteins and peptides have been reported, no appropriate therapeutic agents for sepsis
have been identified, so far. We attempted to make a new approach of isolating LPS-binding peptides using phage-dis-
play method. We established libraries of phages displaying random sequences of linear peptides of 5, 7 and 12 amino
acids or cyclic peptides of 4�12 amino acids. We screened the libraries to isolate phages with significant affinity to
lipid A or LPS to synthesize possible LPS-binding peptides according to the DNA sequence of the phages. The proce-
dure is expected to be effective in searching for novel LPS-binding peptide sequences and structures. We have isolated
several kinds of linear peptide of seven amino acids to identify a peptide that have a significant level of affinity to
LPS. The peptide neutralized, in a dose-dependent manner, LAL activity and the activity of LPS to induce IL-6 from
28SC cells that have the similar responsiveness to LPS to that of human peripheral blood cells. We are further attempt-
ing to isolate linear and cyclic peptides with much higher affinity to LPS.

111
Limulus innate immune molecule for development of novel endotoxin diagnostics, endotoxin
clearance and endotoxin antagonist

Jeak Ling Ding1, Bow Ho2

Departments of 1Biological Sciences and 2Microbiology, National University of Singapore, 14 Science Drive 4, Singapore
117543

After nearly three decades of conventional endotoxin testing methods using the Limulus amoebocyte lysate (LAL), the
problems associated with LAL are finally resolved by a recent breakthrough in genetic engineering of factor C, an
innate immune serine protease, which is activated by Gram-negative bacteria or nanograms of LPS to trigger the coagula-
tion cascade in the horseshoe crab blood. Recombinant factor C (rFC) has a remarkable sensitivity to LPS (0.001 EU/ml).
Thus, rFC serves as a novel, environmentally-friendly and standardised source of �LAL� for sensitive and specific detec-
tion of LPS. Based on rFC, a novel microassay has been commercialized (PyroGene®, Cambrex Inc., USA), as a high
throughput diagnostic kit for endotoxin in pharmaceuticals and parenterals. Furthermore, being capable of binding both
free and bound LPS/lipid A with high affinity, sushi peptides derived from rFC are highly efficacious in the removal of
LPS from contaminated fluids. Additionally, the sushi peptides effectively neutralize the endotoxicity, thus offering poten-
tials for development into antimicrobial peptides.

Supported by grant LS/99/004 (National Science & Technology Board, A*STAR)
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112
Efficacy of endotoxin-absorption therapy against septic shock

K. Aatagi, N. Tokuhira, A. Ujiro, H. Shimaoka

Department of ICU, Osaka City General Hospital, Osaka 534-0021, Japan

Endotoxin plays a role in the development of septic shock caused by Gram-negative bacteria. In Japan, polymyxin B-attached
fibers are used clinically to neutralize the biological activity of lipid A. Since hemodynamic improvement is not seen in all
cases, it cannot be assumed that endotoxin absorption therapy will be effective against all cases of septic shock.
Methods: The blood endotoxin level was more than 1 pg/ml in 20 of these cases. These 20 cases were separated into two
groups: the negative-postabsorption group in which the blood endotoxin level decreased to less than 1 pg/ml after endo-
toxin-absorption therapy; and the positive-postabsorption group in which the blood level stayed above 1 pg/ml after the
therapy. Blood pressure, cardiac index and the dose of catecholamine, before and after therapy and the survival rate after
28 days were compared between the two groups.
Results: After endotoxin-absorption therapy, the mean blood pressure increased significantly to 86.4 ± 6.3 mmHg from 67.9 ±
11.4 mmHg in the negative-postabsorption group, whereas it showed no change in the positive-postabsorption group. After the
therapy, the endotoxin level became undetectable in many cases, and patients in the negative-postabsorption group recovered
earlier from shock, with a significantly higher rate of survival.

113
Research on the adsorption of endotoxin by new polymer lignophenol

Y. Ding1, X. Cheng2

1Fuzhou Xinbei Biochemical Industrial Co., Ltd
2Institute of Polymer Science, Fujian Normal University

Endotoxin is composed of lipopolysaccharide, the outer cell-wall component of Gram-negative bacteria. Endotoxin leads
organism to fever, in serious case it can cause patient shock. Endotoxin is very stable to heat or organic solvents, and the usual
sterile operation is difficult to remove endotoxin. Our research shows that lignophenol, which was separated from milled wood
in phase-separative reaction system composed of phenol derivative and concentrated acid, can adsorb endotoxin. At room tem-
perature, 50 mg lignophenol can adsorb 1000�2000 EU in aqueous solution. The adsorbed endotoxin was released when
organic solvent was added to the system. Separated lignophenol from the lignophenol�endotoxin complex can adsorb endo-
toxin again. It is hoped that lignophenol will become a functional material for removing endotoxin in the medical industry.

114
Enhancement of the bactericidal and LPS-neutralizing activities of guinea pig CAP11-derived
antibacterial peptide by amino acid substitutions

D. Okuda1*, S. Yomogida1, H. Tamura2, I. Nagaoka1

1Department of Host Defense and Biochemical Research, Juntendo University, School of Medicine, Tokyo 113-8421, Japan
2Seikagaku Corporation, Tokyo 103-0023, Japan   *E-mail: okuda@med.juntendo.ac.jp

Mammalian myeloid and epithelial cell express several antibacterial peptides (defensins and cathelicidins) that contribute to the
innate host defense by killing invading micro-organisms. CAP11 (cationic antibacterial polypeptide of 11 kDa) isolated from
guinea pig neutrophils was shown to possess potent bactericidal and LPS-neutralizing activities. Recently, we have character-
ized the biologically active region of CAP11, and revealed that an 18mer peptide of CAP11 (1�18) is the most potent among
various derivatives; however, its bactericidal and LPS-neutralizing activities were much lower than those of native CAP11. In
this study, we tried to enhance the biological activity of CAP11 (1�18) by substituting amino acids. A novel peptide, CAP11
(1�18m2), whose hydrophobicity and positive charge were modified by the amino acid substitutions, exhibited more potent
bactericidal activities against Staphylococcus aureus and Escherichia coli, and more strongly inhibited the LPS-binding to
CD14+ RAW264.7 cells, than CAP11. Notably, the biological activity of CAP11 (1�18m2) was about 10-fold greater than that
of CAP11. Moreover, CAP11 (1�18m2) completely killed both methicillin-sensitive S. aureus (MSSA) and methicillin-resis-
tant S. aureus (MRSA) even at 0.1 µg/ml. Thus, the bactericidal and LPS-neutralizing activities of CAP11-derived antibacter-
ial peptides could be enhanced by the modification of their hydrophobicity and positive charge.
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115
Modulation of lipopolysaccharide-induced suppression of neutrophil apoptosis by antibacterial
cathelicidin peptide CAP11

I. Nagaoka1*, S. Yomogida1, H. Tamura2, M. Hirata3

1Department of Host Defense and Biochemical Research, Juntendo University, School of Medicine, Tokyo 113-8421, Japan
2Seikagaku Corporation, Tokyo 103-0023, Japan
3Institute of Ohtaka Enzyme Co., Hokkaido 047-0193, Japan    *E-mail: nagaokai@med.juntendo.ac.jp

Peptide antibiotics possess potent antimicrobial activities against invading micro-organisms and contribute to innate
host defense. We previously revealed that antibacterial cathelicidin CAP11 exerts protective actions against endotoxin
shock model. During Gram-negative bacterial sepsis, LPS activates neutrophils and their apoptosis is suppressed.
Prolonged presence of activated neutrophils causes uncontrolled release of toxic metabolites, leading to the systemic
tissue injury. To evaluate a therapeutic potential of CAP11 for Gram-negative sepsis, we here investigated the action
of CAP11 on LPS-induced suppression of neutrophil apoptosis. LPS suppressed neutrophil apoptosis, accompanied
with NF-κB activation, ERK phosphorylation, Bcl-XL expression and caspase 3 inhibition. Interestingly, CAP11
reversed the actions of LPS to trigger these changes, and induced neutrophil apoptosis. Furthermore, LPS activated
monocytes to produce anti-apoptotic cytokines (IL-1β, TNF-α and IL-8) and suppressed neutrophil apoptosis.
Importantly, CAP11 inhibited the cytokine production from monocytes, thereby inducing neutrophil apoptosis.
Finally, CAP11 strongly suppressed LPS-binding to neutrophils and monocytes. Thus, CAP11 is able to block the
LPS-induced prolongation of neutrophil survival via the suppression of anti-apoptotic signaling in neutrophils and
cytokine production from monocytes by inhibiting LPS-binding to target cells. CAP11 is expected to have a therapeu-
tic potential in Gram-negative sepsis to induce neutrophil apoptosis, thereby possibly attenuating tissue injury.

116
Enhancement of endotoxin neutralization by coupling of a C12-alkyl chain to a lactoferricin-
derived peptide

Jörg Andrä1*, Karl Lohner2, Sylvie Blondelle3, Roman Jerala4, Ignacio Moriyon5, Michel H.J. Koch6, Patrick Garidel7,
Klaus Brandenburg1

1Leibniz-Center for Medicine and Biosciences, Division of Biophysics, Research Center Borstel, Parkallee 10, D-23845
Borstel, Germany
2Institut für Biophysik und Röntgenstrukturforschung, 8042 Graz, Austria
3Torrey Pines Institute for Molecular Studies, San Diego, CA 92121, USA
4National Institute of Chemistry, 1000 Ljubljana, Slovenia
5Dep. de Microbiologia, Universidad de Navarra, 31008 Pamplona, Spain
6European Molecular Biology Laboratory, 22603 Hamburg, Germany
7Institut für Physikalische Chemie, Martin-Luther-Universität Halle/Wittenberg, 06108 Halle/Saale, Germany
*E-mail: jandrae@fz-borstel.de

Peptide acylation, which mimicks the structure of the natural lipopeptide polymyxin B, increases antimicrobial and endo-
toxin neutralizing activities. The interaction of the lactoferricin-derived peptide LF11 and its N-terminally acylated
analog, lauryl-LF11, with different chemotypes of lipopolysaccharide (LPS Re, Ra and S-form) was investigated bio-
physically and related to the peptide�s biological activities. Lauryl-LF11 shows a much stronger inhibition of LPS-
induced cytokine induction in human mononuclear cells than LF11. Although the peptide:LPS interaction is
essentially of electrostatic nature, the lauryl-modified peptide displays a strong hydrophobic component. Such a fea-
ture might than explain the fact that saturation of the peptide binding takes place at a much lower peptide:LPS ratio for
LF11 than for lauryl-LF11 and that an overcompensation of the negative LPS backbone charges is observed for lauryl-
LF11. The influence of LF11 on the phase transition of LPS is negligible for LPS Re, but clearly fluidizing for LPS
Ra. In contrast, lauryl-LF11 causes a cholesterol-like effect in the two chemotypes, fluidizing of the acyl chains in the
gel and rigidifying in the liquid crystalline phase. Both peptides convert the unilamellar/cubic aggregate structure of
lipid A into a multilamellar one. These data contribute to the understanding of the mechanisms of the peptide-medi-
ated neutralization of endotoxin.

Supported by grant ANEPID (QLK2-CT-2002-01001) fr.
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Structure/function studies on endotoxin-neutralizing and antibacterial peptides derived from NK-lysin

Jörg Andrä1*, Rainer Bartels2, Ignacio Moriyon3, Michel H.J. Koch4, Klaus Brandenburg1

1Leibniz-Center for Medicine and Biosciences, Division of Biophysics, Research Center Borstel, Parkallee 10, 23845 Borstel, Germany
2Leibniz-Center for Medicine and Biosciences, Division of Structural Biochemistry, Research Center Borstel, 23845 Borstel, Germany
3Dep. de Microbiologia, Universidad de Navarra, 31008 Pamplona, Spain
4European Molecular Biology Laboratory, 22603 Hamburg, Germany   *E-mail: jandrae@fz-borstel.de

Increasing resistance of pathogenic bacteria against antibiotics is a severe problem in health care. In addition, classi-
cal antibiotics may release the most important pathogenicity factor of Gram-negative bacteria, lipopolysaccharide
(LPS, endotoxin) during the process of killing bacteria thus promoting endotoxic shock. Natural antimicrobial pep-
tides and derivatives thereof have emerged as promising candidates for �new antibiotics� with novel mechanisms of
action. We have designed antibiotic and anti-sepsis peptides based on NK-lysin, an antibacterial protein of mammalian
immune cells. The most promising candidate, NK-2, a peptide of 27 amino acid residues, adopts an amphipathic, α-
helical secondary structure and interacts specifically with membranes of negatively charged lipids. NK-2 is active
against Gram-positive and Gram-negative bacteria, but is itself of low hemolytic activity and cytotoxicity. For struc-
ture/function analyses and further improvement, we synthesized shorter versions of the peptide NK-2 and screened
their antibacterial, cytotoxic and LPS-neutralizing activities. These biological data correlate nicely with results
obtained from biophysical studies (i.e. FTIR, SAXS, calorimetry, surface potential) with bacterial and eukaryotic
membrane mimetics, including charged and uncharged phospholipids, and lipopolysaccharides of varying sugar
lengths, and thus facilitate the deduction of a molecular model of the peptide/lipid interaction.

Supported by grant ANEPID (QLK2-CT-2002-01001) from the EU.

118
Binding and neutralization of LPS/lipid A by argininosuccinate synthase, a rate-limiting enzyme
in urea cycle and NO-citrulline cycle – analysis of its binding region

M. Satoh*, T. Shinoda, M. Yamazaki

Faculty of Pharmaceutical Sciences, Teikyo University, Sagamiko, Kanagawa 199-0195, Japan
*E-mail: moto-sth@pharm.teikyo-u.ac.jp

Liver is thought to be a pivotal organ to eliminate LPS from the circulation. Pursuing the molecule(s) from liver that interact
with LPS/lipid A, we found that a cytosolic urea cycle enzyme, argininosuccinate synthase (AS) binds LPS/lipid A and blocks
its biological activity. Alternatively, LPS/lipid A blocked the enzyme activity dose-dependently. The binding site(s) for
LPS/lipid A in AS was then investigated by analysis of proteolytic fragments of AS purified from mouse liver. Several frag-
ments that bind LPS were first determined by 2D-PAGE analysis (native with LPS followed by SDS-treatment) of total peptide
mixture. Sequence analysis revealed that LPS-interacting peptide bands commonly contain Thr210�Arg304. Another analysis
carried out on peptide fragments separated by RP-HPLC revealed that fragments Tyr113�Lys140, Asn158�Lys176 represent
LPS-blocking activities. Since these regions are reportedly to compose the substrate-binding site of the enzyme, the blocking of
enzyme activity by LPS/lipid A supports that these regions interact with LPS/lipid A. While the sequences are rich in hydropho-
bic and basic amino acids, the patterns are different from LPS-binding sites of CAP18, BPI, and LBP.

119
Protein-bound polysaccharide isolated from basidiomycetes inhibits LPS-induced cell activation
and prevents endotoxin shock

T. Ogawa1*, Y. Asai1, K. Takaori2, T. Yamamoto3

1Department of Oral Microbiology, Asahi University School of Dentistry, Gifu 501-0296, Japan
2Department of General and Gastroenterological Surgery, Osaka Medical College, Osaka 569-8686, Japan
3Department of Surgery, Murakami Memorial Hospital, Gifu 500-8523, Japan   *E-mail: tomo527@dent.asahi-u.ac.jp

The protein-bound polysaccharide isolated from basidiomycetes (PSK) is a biological response modifier capable of
exhibiting various biological activities, such as antitumor and antimicrobial effects. In the present study, we demonstrated
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that PSK suppressed IL-6 production in murine peritoneal macrophages stimulated with LPS and its synthetic lipid A
(compound 506). Nitric oxide production and p38 mitogen-associated protein kinase phosphorylation induced in the
murine macrophage cell line J774-A1 by LPS and compound 506 were also inhibited by PSK. Further, PSK distinctly
suppressed NF-κB activation in Ba/F3 cells expressing mouse Toll-like receptor 4 and MD-2, following stimulation
with LPS and compound 506, however, not with Taxol. These PSK-induced inhibitory actions were caused by inhibi-
tion of the physical associations of LPS with LPS-binding protein (LBP) and CD14. PSK also protected mice from
LPS-induced lethality, presumably by down-regulating IL-6 and TNF-α concentrations in serum. These findings indi-
cate that PSK, which also has an ability to regulate LBP/CD14 functions, may be useful for clinical control of endo-
toxic sepsis.

120
LPLUNC1 is a secreted product of airway epithelia with proposed innate immune functions

J.A. Bartlett1*, C. Wohlford-Lenane2, H.P. Jia2, J.P. Weiss3,4, P.B. McCray Jr1,2

1Genetics PhD Program and Departments of 2Pediatrics, 3Internal Medicine, and 4Microbiology, University of Iowa, Iowa
City, IA 52242, USA    *E-mail: jennifer-bartlett@uiowa.edu

We used cDNA library sequencing and expression profiling to identify novel transcripts in primary air-liquid interface
cultures of human airway epithelia (HAE). We identified two transcripts, termed PLUNC (Palate, Lung, Nasal
Epithelium Clone) and LPLUNC1 (long PLUNC1), as among the most abundant messages in these cells. Both are
members of the lipid transfer/lipopolysaccharide binding protein (LT/LBP) family of proteins; in particular, they share
homology with bactericidal/permeability increasing protein (BPI), which exhibits both antibacterial and endotoxin-
binding properties. Current studies focus on expression and activity of LPLUNC1. We hypothesized that LPLUNC1 is
a secreted protein involved in the innate immune responses of airway epithelia. RT-PCR and microarray screening
confirmed that PLUNC and LPLUNC1 are highly expressed LT/LBP family members in HAE. Consistent with a pos-
sible role in host defense responses, in situ hybridization localized LPLUNC1 mRNA expression to the surface epithe-
lium and submucosal glands of the conducting airway, and Western blotting with a polyclonal LPLUNC1 antibody
detected LPLUNC1 protein in washings from regions of the conducting airways including HAE apical secretions and
BAL fluid. Ongoing experiments are evaluating antimicrobial properties of LPLUNC1 as well as its ability to associ-
ate with endotoxin.

Supported by NIH.

121
Novel effects of scavenger receptor ligands on bactericidal/permeability-increasing protein (BPI)-
mediated delivery of purified endotoxin to human CD14+ monocytes

J. Hume, D-S. Zhang, A. Teghanemt, T.L. Gioannini, J. Weiss*

Departments of Medicine and Microbiology and The Inflammation Program and the Iowa City VAMC, University of Iowa,
Iowa City, Iowa, USA   *E-mail: jerrold-weiss@uiowa.edu

Using fluorescent (BODIPY-FL)- and metabolically [14C]-labeled meningococcal lipo-oligosaccharide (LOS), we demon-
strate that BPI promotes association of purified endotoxin with human CD14+ monocytes in a CD14-independent manner.
BPI-dependent delivery of LOS to monocytes was greatest at low BPI/LOS molar ratios (1:20) and reduced at higher
BPI/LOS ratios. Decreased BPI-dependent uptake of LOS at higher BPI/LOS molar ratios paralleled decreased net negative
charge of the BPI:LOS aggregates suggesting that cell association of BPI:LOS aggregates depended on the polyanionic
properties of the aggregates. Several polyanionic scavenger receptor (SR) ligands (e.g. polyI, polyG, dextran sulfate), but not
other polyanions, potently increased BPI-dependent delivery of LOS to CD14+ monocytes at low SR ligand concentrations
(1�10 µg/ml) but not at higher concentrations (> 100 µg/ml). The enhancing effects of the SR ligands on BPI-dependent
delivery of LOS to monocytes depended on high BPI/LOS molar ratios (up to 1:1) and the polycationic N-terminal domain
of BPI. Increased BPI-dependent delivery of LOS to monocytes did not stimulate cell activation but promoted AOAH-like
deacylation of LOS. In summary, BPI promotes clearance and partial detoxification of endotoxin by human CD14+ mono-
cytes in a manner that can be significantly regulated by the presence of scavenger receptor ligands.

Supported in part by US Public Health Service Grant DK05472.
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A complex of soluble TLR4 and MD-2 blocks LPS activity in vitro

K. Brandl*, T. Glück, B. Salzberger, P. Hartmann, W. Falk

Department of Internal Medicine I, University of Regensburg, D-93042 Regensburg, Germany
*E-mail: katharina.brandl@klinik.uni-regensburg.de

The evolutionary conserved Toll-like receptor (TLR) family as specific pathogen recognition molecules and signal trans-
ducers is critical for the activity of the innate immune system. Because TLR-induced signaling is involved in infectious
diseases, chronic inflammatory diseases and sepsis, we aimed at modulating TLR-signaling via ligand-binding soluble
receptors. TLR2 and TLR4 recognize Gram-positive and Gram-negative cell wall structures, respectively. Therefore, in
our current study, we prepared the mouse recombinant fusion proteins mrsTLR2�IgGFc (T2Fc) and mrsTLR4�IgGFc
(T4Fc) in Drosophila melanogaster Schneider 2 (S2) cells to modulate signaling through these membrane-bound TLRs.
To determine the function of soluble TLRs, IL-6 concentrations were measured after stimulation of mouse macrophage
cell line cells RAW 264.7 with the proper ligands. Surprisingly, T2Fc had a positive synergistic effect on (S)-[2,3-
bis(palmitoyloxy)-(2-RS)-propyl]-N-palmitoyl-(R)-Cys-(S)-Ser-(S)-Lys4-OH] (Pam3Cys)-induced IL-6 production,
whereas T4Fc had no influence on IL-6 levels induced with purified lipopolysaccharide (LPS). Because MD-2 is required
for efficient stimulation of membrane TLR4, we prepared tagged MD-2 to generate a T4Fc/MD-2 complex. This complex
blocked LPS activity in vitro and might thus represent a new therapeutic option in sepsis.

Supported by a BMBF grant (Bundesministerium für Wissenschaft, Bildung, Forschung und Technologie, Germany) Klinische
Forschergruppe Infektiolgie; Grant number 01 KI 9952.

123
C-reactive protein: an acute-phase pathogen recognition receptor for bacterial clearance

Patricia M.L. Ng1*, Sandra S.H. Tan1, Bow Ho2, Jeak Ling Ding1

Departments of 1Biological Sciences and 2Microbiology, National University of Singapore, Singapore 117543
*E-mail: scip0166@nus.edu.sg

The horseshoe crab possesses a powerful innate immune system capable of clearing Gram-negative bacterial infec-
tions at dosages that would have been lethal to mice. This suggests the existence of extracellular frontline defense
molecules that recognize LPS, resulting in rapid bacterial clearance. LPS-affinity chromatography of the cell-free
hemolymph of the horseshoe crab isolated a repertoire of LPS-binding proteins, of which C-reactive protein (CRP) is
the major component. The chromatogram suggests that CRP binds most proximally to LPS. Cloning of CRP revealed
multiple CRP genes. This was confirmed by immunochemical characterization of the purified CRP isoforms from the
cell-free hemolymph of naïve and infected horseshoe crabs. Two-dimensional electrophoresis revealed 6 predominant
CRP isoforms. The relative ratios of these CRP isoforms remain unchanged during infection. In vivo, a pre-existing
pool of CRP was rapidly consumed during the first hour of bacterial infection. However, the CRP gene expression was
up-regulated and the protein was replenished within 6 h post-infection. We propose that CRP plays an important role
in the frontline defense against Gram-negative bacteria and its consumption during infection must thus be rapidly
replaced by up-regulation of both CRP-1 and CRP-2 genes.

P.M.L. Ng is a research scholar supported by the Singapore Millennium Foundation. S.S.H. Tan is a research scholar supported
by the National University of Singapore. This work was supported by a BMRC grant from the A*STAR, Singapore.
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124
The acute phase protein haptoglobin prevents hemoglobin-induced dispersion of LPS aggregates
and suppresses the hemoglobin-mediated enhancement of cellular activation by LPS

C. Alexander1*, U. Buwitt-Beckmann2, J-P. Mach3, R.M. Gorczynski4, L. Brade1, S. Gronow1, A.J. Ulmer2, T. Wälli5, 
U. Zähringer1, E.Th. Rietschel1, O. Westphal5

1Department of Immunochemistry and Biochemical Microbiology and 2Department of Immunology and Cell Biology, Research
Center Borstel, Leibniz-Center for Medicine and Biosciences, D-23845 Borstel, Germany
3Institute of Biochemistry, University of Lausanne, CH-1066 Epalinges, Switzerland
4Departments of Surgery and Immunology, The Toronto Hospital University Health Network, Toronto M5G 2C4, Ontario, Canada
5Clinique La Prairie, CH-1815 Clarens-Montreux, Switzerland   *E-mail: calexander@fz-borstel.de

Hemolytically released hemoglobin (Hb) represents a major source of iron required for systemic growth of Gram-negative
and Gram-positive bacteria. The acute phase protein haptoglobin (Hp) is the central high affinity ligand for extracellular
hemoglobin in serum and initiates the clearance of cell-free hemoglobin by macrophages via the Hb-Hp scavenger recep-
tor CD163. Aside from its primary function in oxygen transport, hemoglobin has been shown to induce the dispersion of
lipopolysaccharide (LPS) aggregates and changes in LPS conformation. In addition, Hb has been found to enhance LPS-
induced cellular activation in vitro as well as the toxicity of LPS in a murine model of septic shock. This immunomodula-
tory function of extracellular hemoglobin has been discussed to provide an additional increase in sensitivity in the early
immunodetection of LPS during Gram-negative bacteremia. Here, we report that the binding of haptoglobin to hemoglo-
bin prevents the LPS disaggregation activity of Hb and suppresses the Hb-mediated enhancement of LPS-induced human
monocyte activation in vitro. During systemic infections by Gram-negative bacteria haptoglobin may have an additional
protective function in dampening an otherwise excessive and potentially harmful enhancement of LPS-induced intravas-
cular immunoreactions by haemolytically released hemoglobin.

Supported by Clinique La Prairie Research.

125
An endotoxin:sCD14 complex is the preferred substrate for acyloxyacylhydrolase

T.L. Gioannini1,3, A. Teghanemt1, D.S. Zhang1, J.P. Weiss1,2

Departments of 1Internal Medicine, 2Microbiology and 3Biochemistry, The Inflammation Program, Carver College of
Medicine, University of Iowa and Veterans’ Administration Medical Center, Iowa City, Iowa, USA

The removal of secondary fatty acyl chains contained in the lipid A component of endotoxin by treatment with the enzyme
acyloxyacylhydrolase (AOAH), greatly modifies the pro-inflammatory potency of endotoxin from Gram-negative bacte-
ria. While AOAH in intact host cells works efficiently against both isolated endotoxin and intact Gram-negative bacteria,
purified enzyme requires low pH and detergent. To address the physiological form of the endotoxin substrate, we have
compared the efficiency of AOAH to release metabolically labeled radioactive fatty acids from endotoxin isolated from
Neisseria meningitidis (LOS) presented either as aggregates or as isolated, purified complexes with endotoxin-binding
proteins (sCD14 or MD-2) that are necessary intermediates in endotoxin-dependent activation of TLR4. The experiments
were carried out in balanced Hanks� buffer salt solution containing HEPES and 0.1% albumin. As judged by time and
[AOAH] requirements, LOS:sCD14 was > 10 times more readily deacylated by AOAH than were LOS aggregates. In con-
trast, there is no apparent activity of AOAH on LOS presented as LOS:MD-2. These results support the suggestion that the
lipid portion of endotoxin is deeply buried within a pocket of MD-2 and, thus, is rendered inaccessible to AOAH. The reac-
tivity of LOS:sCD14 emphasizes the accessibility of the lipid A portion of LOS when bound to CD14, consistent with the
need for albumin in its formation and stabilization. Our studies suggest the efficiency of deacylation of endotoxin by cel-
lular AOAH may depend upon the transfer of endotoxin to mCD14, i.e. formation of an endotoxin:mCD14 complex.

Supported in part by NIH P0144642.
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High-density lipoprotein (HDL) suppresses the inhibitory activity of LPS binding protein (LBP)

Patricia A. Thompson, Richard L. Kitchens

Department of Internal Medicine, The University of Texas Southwestern Medical Center, 5323 Harry Hines Blvd, Dallas, TX
75390-9113, USA    *E-mail: richard.kitchens @ UTSouthwestern.edu

LBP plays a major role in initiating cell responses to LPS by rapidly transferring LPS to CD14. LBP also plays a role
in controlling responses to LPS, and it can inhibit responses to LPS in a concentration-dependent manner by at least
three mechanisms: (i) LBP can transfer LPS to HDL; (ii) LBP can promote the formation of large LPS-LBP aggre-
gates that have decreased ability to stimulate cells; and (iii) LBP can inhibit responses to LPS that has already bound
to mCD14 by removing LPS from mCD14 (J Biol Chem 2003; 278: 28367). We found that when THP-1 monocytes
were incubated with a constant amount of LPS in serum-free medium, low concentrations of LBP promoted cytokine
production, whereas high concentrations inhibited cytokine production as was previously reported in mouse
macrophages. When these assays were performed in the presence of native HDL (nHDL), we found that the nHDL
suppressed the inhibitory activity of LBP. In contrast, LDL did not suppress the inhibitory activity of LBP. nHDL was
not contaminated with LPS. Thus, nHDL appears to suppress either mechanisms (ii) or (iii). We hypothesize that the
ability of nHDL to modulate LBP activity is determined by an apolipoprotein that is uniquely present in nHDL.

Supported by NIAID grant #AI45896.

127
Involvement of lipid rafts in lipopolysaccharide-induced down-regulation of surface TLR4
expression in TLR4/MD-2/CD14-CHO cells

Koske Kato1, Tsuyoshi Shuto1, Yoko Mori1, Suganya Viriyakosol2, Tsukasa Okiyoneda1, Hidetoshi Arima1, Mary Ann
Suico1, Hirofumi Kai1

1Department of Molecular Medicine, Graduate School of Pharmaceutical Sciences, Kumamoto University, Japan
2Department of Pathology, University of California, San Diego, California, USA

Lipopolysaccharide (LPS) induces inflammatory activation through Toll-like receptor 4 (TLR4)/MD-2/CD14 complex.
Although LPS is a potent cellular activator, repeated challenge may lead to temporary insensitivity of both blood cells and
epithelial cells toward subsequent LPS stimulation (so-called LPS tolerance). Down-regulation of surface TLR4 expres-
sion has been considered as one of the reasons for LPS tolerance. To determine the molecular mechanisms responsible for
LPS-induced down-regulation of surface TLR4 expression in epithelial cells, we established the stable transfectants that
overexpress TLR4/MD-2 or TLR4/MD-2/CD14 in CHO cells. Expression level of surface TLR4 was determined by
biotinylation experiment and flow cytometry using anti-TLR4 antibody. Here, we show that LPS treatment (1 µg/ml, 3 h)
decreased surface TLR4 expression in TLR4/MD-2/CD14-CHO cells, but not in TLR4/MD-2-CHO cells, suggesting that
CD14 expression is required for LPS-induced TLR4 down-regulation. To identify the pathway involved in LPS-induced
TLR4 down-regulation, we treated the cells with or without inhibitors that impede the formation of lipid rafts (filipin, nys-
tatin) and inhibit clathrin-mediated internalization (chlorpromazine, sucrose). Pretreatment of the cells with filipin and nys-
tatin reduced LPS-induced TLR4 down-regulation. On the other hand, chlorpromazine and sucrose treatment did not affect
TLR4 internalization. Taken together, the function of lipid rafts is required for LPS-induced TLR4 down-regulation and
this down-regulation might be important for LPS tolerance in epithelial cells.

128
A general role of cAMP-elevating agents in suppression of pro-inflammatory responses to LPS in
human whole blood and Kupffer cells

Maria K. Dahle1, Anders E. Myhre1, Øystein Mathiesen2, Ansgar O. Aasen1, Jacob E. Wang1

1Institute for Surgical Research and 2Department of Surgery, Rikshospitalet University Hospital, Oslo N-0027, Norway

Circulating and tissue macrophages respond to bacteria by a pro-inflammatory cytokine burst in order to mobilize
defence mechanisms. To avoid overwhelming inflammation that may lead to sepsis, several natural mechanisms of
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counter-regulating inflammatory cytokine production by macrophages exist. Among them is the corresponding pro-
duction of anti-inflammatory cytokines, as well as induction of intracellular cAMP signaling.

In order to map the effects of the cAMP signaling pathway in macrophages on cytokine responses to lipopolysac-
charide (LPS), we have pre-treated whole human blood and primary cultures of human Kupffer cells with cAMP ana-
logue (8-CPT-cAMP) or various cAMP elevating drugs (rolipram, forskolin, isoproterenol or PGE2), and measured
pro- and anti-inflammatory cytokine release by ELISA. We demonstrate that cAMP-elevating drugs apart from
forskolin clearly limit the production of TNF-α (P < 0.01), but also the release of IL-6 (P < 0.05), with no reduction
of IL-10 or G-CSF levels in either human whole blood or Kupffer cell cultures. Prolonged incubation with 8-CPT-
cAMP slightly elevates G-CSF, IL-6 and IL-8 levels in unstimulated whole blood, but not in Kupffer cell cultures. The
study clearly indicates that a variety of cAMP elevating agents suppresses pro-inflammatory responses to bacteria in
the two main macrophage populations of the body.

129
Negative regulation of LPS-induced IL-12 p40 production in RAW264.7 cells by activation of GA-
12 repressor element through overactivation of ERK1/2

S. Saito*, M. Matsuura, Y. Hirai

Department of Infection and Immunity, Jichi Medical School, Tochigi 329-0498, Japan
*E-mail: sinsaito@jichi.ac.jp

We have been studying the LPS-induced pathway for IL-12 production by mouse macrophage cells. In response to
LPS stimulation, murine peritoneal macrophages produced IL-12 p70, an active form of IL-12 and a heterodimer of
p35 and p40 subunits, but murine macrophage cell lines, such as J774.1 and RAW264.7 cells did not. Both of these
cell lines produced no IL-12 p35 subunit, and J774.1 cells produced high IL-12 p40 subunit, while RAW264.7 cells
produced only slightly. These results suggested that some negative regulation mechanisms against LPS-induced IL-12
p40 subunit production are functioning in RAW264.7 cells. RAW264.7 cells activated ERK1/2 more strongly than
J774.1 cells in response to LPS stimulation. Treatment with U0126, a synthetic inhibitor of MEK1/2 (upstream
kinases of ERK1/2), enhanced LPS-induced IL-12 p40 subunit production in RAW264.7 cells. Strong binding of
GAP-12 to a potent novel repressor element, GA-12, in the IL-12 p40 promoter, was detected in LPS-stimulated
RAW264.7 cells and the effect was abolished by pretreatment with U0126. Taken together, these results indicated that
strong activation of ERK1/2 in LPS-stimulated macrophages might inhibit IL-12 p40 subunit production through the
increased binding of GAP-12 to GA-12 repressor element in the IL-12 p40 promoter.

130
MEK inhibition (PD98059) does not block LPS tolerance inhibition of macrophage ERK

M.A. West, A. Remenschneider, N. Du, W. Heagy

Northwestern University, Evanston, Illinois, USA

Bacterial lipopolysaccharide (LPS) activates macrophage release of inflammatory cytokines that participate in devel-
opment of SIRS/sepsis. Macrophages previously exposed to LPS develop endotoxin tolerance (impaired LPS-depen-
dent signal transduction [decreased ERK] and cytokine release [TNF]). We hypothesized that MEK inhibition would
prevent expression of impaired ERK activation in LPS-tolerant macrophages.
Methods: In vitro RAW 264.7 macrophages were pretreated (PreRx) for 24 h with medium, or 10 ng/ml Escherichia
coli O111B4 LPS. Medium was discarded and macrophages were re-challenged with 0�100 ng/ml LPS ± 10 µM
PD98059 to block phosphorylation of ERK (Western blot of phospho or total ERK in cell lysates 30 min after LPS).
Supernatant TNF was determined at 3 h using ELISA (pg/ml ± SEM). Statistics by ANOVA and Student�s t-test.
Results: Western blot showed impaired phospho ERK activation by macrophage PreRx with LPS vs. medium (naïve).
PD98059 did not block this signaling defect in LPS-tolerant cells. Total ERK was not altered by LPS PreRx, ± PD98059.
PD90859 inhibited TNF release in naïve cells, which was also inhibited in LPS-tolerant cells.
Conclusion: MEK is required for LPS-stimulated TNF secretion but is not necessary for expression of impaired ERK acti-
vation in LPS-tolerant macrophages.
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131
Liquid perfluorochemical attenuates inflammatory response in lipopolysaccharide-treated RAW
264.7 macrophages: involvement of inhibition of nuclear factor-κκb activation

Tz-Chong Chou

Department of Physiology and Biophysics, National Defense Medical Center, Taipei, Taiwan, Republic of China   
E-mail: tcchou@ms5.hinet.net

It has been reported that partial liquid ventilation with perfluorochemicals (PFCs) may have an inflammatory effect.
Overproduction of nitric oxide (NO) derived from inducible nitric oxide synthase (iNOS) may account for the inflammation.
The purpose of this study was to test whether FC-77, a type of PFC, inhibits NO production and iNOS expression in
lipopolysaccharide (LPS)-treated RAW 264.7 macrophages. RAW 264.7 macrophages were incubated with FC-77 (10%,
30%, v/v) for 24 h in the presence of LPS (1 µg/ml). We demonstrated that FC-77 significantly (P < 0.01) inhibited LPS-
induced nitrite, a stable metabolite of NO, production, iNOS induction and pro-inflammatory cytokines formation including
tumor necrosis factor-α, interleukin-6 and interleukin-1β as well as intracellular peroxides formation but enhanced the anti-
inflammatory cytokine, interleukin-10, production compared with that of LPS-treated control cells. In addition, FC-77 also
attenuated the nuclear factor-κB (NF-κB) activation accompanied by preventing degradation of cytosolic IκBα in LPS-
treated RAW 264.7 macrophages. In conclusion, the inhibitory effect of FC-77 on LPS-induced NO release and iNOS expres-
sion in macrophages most probably by reducing pro-/anti-inflammatory cytokines ratio, free radical formation and NF-κB
activation. These findings may provide an additional explanation for the anti-inflammatory activity of PFC.

132
Peroxisome proliferator-activated receptor gamma; a counter-regulatory pathway for bacterial
endotoxin and sepsis induced inflammation

James Cook1, Basilia Zingarelli2

1Department of Physiology/Neuroscience, Medical University of South Carolina, Charleston, South Carolina, USA
2Division of Critical Care Medicine, Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio, USA

Peroxisome proliferator-activated receptor gamma (PPARγ) is a nuclear receptor that functions directly as a transcrip-
tion factor to control gene regulation. We hypothesized that the inflammatory response to bacterial endotoxin (LPS)
may be counter-regulated through a pathway mediated by PPARγ. In in vitro studies in rat macrophages LPS and heat
killed Escherichia coli induce production of inflammatory mediators, which are preceded by phosphorylation of ERK,
and IκBβ degradation. Treatment of the cells with PPARγ ligands, such as the cyclopentenone prostaglandin 15-
deoxy-∆12,14-prostaglandin J2 (15d-PGJ2) and thiazolidinediones significantly inhibit the inflammatory response. Also,
15d-PGJ2 reduces phosphorylation of ERK and increases cellular IκBα content. In in vitro human umbilical vein
endothelial cells and human coronary artery endothelial cells treatment with 15d-PGJ2 reduces LPS-induced expres-
sion of intercellular adhesion molecule-1 (ICAM-1), E-selectin, and VCAM. Consistent with these findings, in in vivo
studies activation of PPARγby putative ligands ameliorates polymicrobial sepsis induced by cecal ligation puncture in
rats. Specifically, PPARγ ligands ameliorated hypotension, reduced neutrophil infiltration in lung, colon and liver, and
reduced cytokine production. These data support the hypothesis that PPARγ is an anti-inflammatory pathway and that
selective PPARγ ligands may represent new therapeutic strategies to treat endotoxemia and polymicrobial sepsis.

Supported by grant NIH R01 G.

133
Piceatannol prevents lipopolysaccharide (LPS)-induced nitric oxide (NO) production and nuclear
factor (NF)-κκB activation through inhibiting IκκB kinase (IKK)

S. Islam*, F. Hassan, M.M. Mu, H. Ito, N. Koide, I. Mori, T. Yoshida, T. Yokochi

Department of Microbiology and Immunology, Aichi Medical University School of Medicine, Nagakute, Aichi 480-1195,
Japan   *E-mail: khuku_75@yahoo.com

The effect of anti-cancer drug piceatannol, a derivative of resveratrol, on LPS-induced NO production was examined.
Piceatannol significantly inhibited NO production in LPS-stimulated RAW 264.7 cells. The inhibition was due to the reduced
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expression of an inducible isoform of NO synthase. The inhibitory effect of piceatannol was mediated by down-regulation of
LPS-induced NF-κB activation, but not by its cytotoxic action. Piceatannol inhibited IκB kinase (IKK)-α and IKK-β phospho-
rylation, and subsequently IκBα phosphorylation in LPS-stimulated RAW 264.7 cells. On the other hand, piceatannol did not
affect the activation of mitogen-activated protein kinases including extracellular signal regulated kinase 1/2, p38 and stress-acti-
vated protein kinase/c-Jun NH2-terminal kinase. Piceatannol inhibited the phosphorylation of Akt and Raf-1 molecules, which
regulated the activation of IKK-α and IKK-β phosphorylation. The inhibitory mechanism of piceatannol on LPS-induced NO
production will be discussed.

Supported in part by a Grant-in-Aid for Scientific Research (KAKENHI 14570247).

134
The inhibitory action of activated protein C (APC) on LPS-induced nitric oxide (NO) production
in RAW264.7 macrophage cells

K. Takahashi*, A. Morikawa, M.M. Mu, F. Hassan, S. Islam, N. Koide, H. Ito, T. Yokochi

Dept Microbiology and Immunology, Aichi Medical University, Aichi 480-1195, Japan  *E-mail: kazukot@aichi-med-u.ac.jp

The effect of APC, an anti-coagulant factor, on LPS-induced NO and tumor necrosis factor (TNF)-α production in RAW
264.7 murine macrophage cells was studied. APC reduced LPS-induced NO and TNF-α production in a concentration-
dependent manner. LPS-induced NO production was inhibited by the pretreatment with APC 24 h before LPS stimulation
and the post-treatment at 6 h after LPS stimulation. The expression of an inducible-type NO synthase (iNOS) was
markedly down-regulated by APC. There was no significant difference in LPS binding between APC-pretreated and
untreated cells. APC did not affect the viability of LPS-stimulated RAW 264.7 cells. APC inhibited LPS-induced nuclear
factor (NF)-κB activation. APC prevented the phosphorylation of IκBα. The inhibitory action of APC on NO and TNF-α
production in LPS-stimulated macrophages might be due to the impaired expression of iNOS through insufficient activa-
tion of NF-κB. APC might be useful for prevention of endotoxic shock.

135
Inhibition of LPS-induced nitric oxide and cytokine production in RAW 264 cells by 2-aminopurine

T. Sugiyama1*, N. Koide2, H. Mori1, T. Yokochi2

1Division of Microbiology, Department of Public Health Pharmacy, Gifu Pharmaceutical University, Gifu 502-8585, Japan
2Department of Microbiology, Aichi Medical University, Aichi 480-1195, Japan   *E-mail: sugiyama@gifu-pu.ac.jp

Lipopolysaccharide (LPS) induces the expression of inducible nitric oxide synthase (iNOS), followed by the large amount
of nitric oxide (NO) production, through TLR4 in murine macrophages. Both MyD88-dependent and independent (TRIF-
dependent) signals are necessary for iNOS expression. TIRAP, which is an adaptor molecule of TLR2 and TLR4 and up-
regulates MyD88-dependent signaling, activates double stranded RNA-dependent protein kinase (PKR). We examined the
effect of 2-aminopurine (AP), originally described as a specific inhibitor for PKR, on LPS-induced NO and cytokine pro-
duction in RAW 264 murine macrophage-like cell line. 2-AP significantly reduced NO production and the expression of
iNOS, TNF-α and IL-6. The activation of nuclear factor-κB partially inhibited by 2-AP and no inhibition was observed on
the degradation of IκB. On the other hand, 2-AP significantly reduced the mRNA expression of IFN-stimulated genes
including IFN-β, IP-10, IRG-1 and iNOS. Further, exogenous IFN-β retained NO production in LPS-stimulated and 2-AP
treated cells. These data suggest that 2-AP inhibited IFN-β production induced by LPS, resulting in the inhibition of NO
production.

This study was partially supported by the Grant-in-Aid for Scientific Research 16590367 from the Ministry of Education, Science,
Sports and Culture of Japan.
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136
Inhibitory effects of antifungal agent amphotericin B on LPS-induced nitric oxide synthesis in
mouse macrophages

H. Kikuchi

Department of Endodontics, Meikai University School of Dentistry, Saitama 350-0283, Japan
E-mail: kikuchi@dent.meikai.ac.jp

Amphotericin B is a well-known antifungal agent and has been reported to possess immunomodulating properties.
The aim of the present study was to investigate the efficacy of amphotericin B as an inhibitor of lipopolysaccharide
(LPS)-induced nitric oxide (NO) production in mouse macrophages. The mouse macrophage like cell-line RAW 264.7
was used in this study. LPS-induced expression of iNOS mRNA and production of NO, and lipid A-induced produc-
tion of NO were all completely inhibited by treatment with amphotericin B. Interestingly, LPS-induced formation of
osteoclasts and stimulation of vascular permeability in mouse skin were also inhibited by amphotericin B treatment.
These results suggest that amphotericin B is a potent inhibitor of LPS-induced NO synthesis in mouse macrophages.
Based on these observations, amphotericin B may prove to be an effective anti-inflammatory agent against LPS-stim-
ulated periodontal destruction in periapical and periodontal diseases.

137
Inhibition of LPS-induced macrophage activation by flavonoids luteolin and quercetin

K. Kawaguchi1*, Y. Seki2, M. Kaneko2, H. Takimoto2, Y. Kumazawa2

1Medicinal Plant Garden, School of Pharmaceutical Sciences, Kitasato University, Sagamihara 228-8555, Japan
2Department of Biosciences, School of Science and Graduate School for Fundamental Life Science, Kitasato University,
Sagamihara 228-8555, Japan   *E-mail: kawaguch@clas.kitasato-u.ac.jp

Flavonoids, phenolic compounds widely present in plants, are able to modify biological responses by their anti-oxi-
dant, anti-inflammatory, and anti-allergic activities. We reported some flavonoids had suppressive effects on LPS-
induced TNF production in murine macrophages. Here we show inhibitory mechanisms of flavonoids luteolin (LUT)
and quercetin (QUR) on LPS-induced cytokine production by bone marrow-derived (BM)-macrophages. Pretreatment
of BM-macrophages with either LUT or QUR resulted in significant suppression of LPS-induced TNF-α and IL-6
production. These suppressive phenomena were due to the inhibition of IκB degradation before NF-κB activation and
phosphorylation of p38 and Akt in the MAP kinase pathway. In addition, TNF-α-induced NF-κB activation and apop-
tosis were blocked by pretreatment with LUT and QUE. On the other hand, they did not show any effects on PMA-
induced NF-κB activation and actinomycin D-induced apoptosis. LPS stimulation caused accumulation of lipid raft
demonstrable by binding of FITC-cholera toxin B subunit to ganglioside GM1 using confocal laser microscopy.
Treatment with LUT and QUR inhibited LPS-induced accumulation of lipid raft. Taken together, LUT and QUR
inhibit the fluidity of cell membrane as well as activation of LPS- and TNF-α-induced signal transduction.

138
Quercetin attenuates endotoxin-induced hepatotoxicity in rats: possible antioxidant mechanism

Sangeeta Pilkhwal, Anurag Khuad, Naveen Tirkey*, Kanwaljit Chopra

Pharmacology Division, University Institute of Pharmaceutical Sciences, Panjab University, Chandigarh-160014, India
*E-mail: naveentirkey@yahoo.com

Lipopolysaccharide (LPS) causes various pathophysiological changes that lead to septic shock and multiple organ
failure. Endotoxin accumulates in tissues rich in cells of the reticulo-endothelial system such as liver and spleen. The
interaction of LPS with macrophages, neutrophils and Kupffer cells results in generation of hydrogen peroxide, super-
oxide anion, hydroxyl radical and singlet oxygen. Exogenous administration of antioxidants such as coenzyme Q10 or
α-tocopherol has shown to protect against tissue damage resulting from endotoxemia. Quercetin, a potent antioxidant,
is one of the polyphenolic flavonoids found richly in onions, red wine and green tea. In vitro and animal studies have
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shown that quercetin inhibits degranulation of mast cells, basophils and neutrophils. Thus the present study was aimed
at investigating the protective effect of quercetin in endotoxin-induced hepatotoxicity. The rats were challenged with
LPS 1 mg/kg i.p. and sacrificed after 6 h. Liver function tests (SGOT, SGPT, total bilirubin and total protein) were
estimated in serum. Oxidative stress in liver was measured using lipoperoxide (MDA) levels, glutathione (GSH) con-
tent and superoxide dismutase (SOD). Quercetin (25 mg/kg i.p for 2 weeks prior to LPS challenge) significantly atten-
uated LPS-induced liver dysfunction and hepatic oxidative stress. The results of the present study indicate that
quercetin demonstrates the hepatoprotective effect mainly due to its antioxidant mechanism.

139
Quercetin attenuates endotoxin induced sickness behaviour and oxidative stress in brain

Sangeeta Pilkhwal, Naveen Tirkey*, Anurag Khuad, Kanwaljit Chopra

Pharmacology Division, University Institute of Pharmaceutical Sciences, Panjab University, Chandigarh-160014, India
*E-mail: naveentirkey@yahoo.com

Immune activation, either by cytokines or endotoxin, elicits a constellation of non-specific symptoms such as weak-
ness, malaise, listlessness, fatigue, adipsia, anorexia, depression, and anxiety collectively termed �sickness behav-
iour�. In most plants, quercetin and its sugar conjugates not only are the most abundantly distributed flavonoids but
also represent the largest proportion of the flavonols in the plant kingdom. Quercetin acts as a potent antioxidant due
to its ability to block the action of xanthine oxidase, chelation of iron and direct scavenging of hydroxyl radicals. The
present study was designed to investigate the effect of chronic treatment with quercetin (25 mg/kg i.p. for 15 days) on
lipopolysaccharide (LPS)-induced sickness behaviour and oxidative stress produced in brain. The hypothesis was
tested through the analysis of LPS-induced behavioural changes in rats, in plus maze and open field paradigms. Other
parameters such as feeding and water consumption, weight loss and organ weight index were also estimated.
Oxidative stress was estimated by measuring the level of MDA and reduced glutathione in brain homogenates.
Administration of LPS induced reduction in appetite, body weight, suppressed locomotor and exploratory activity and
induced an anxiogenic response in the rodents. LPS also elicited a marked oxidative stress in brains of rats as is evi-
dent by increased MDA levels and decreased levels of glutathione in whole brain homogenates. Quercetin signifi-
cantly attenuated LPS-induced oxidative stress in the brain and all other manifestations of sickness behaviour.

140
Protective role of metallothionein in acute lung injury induced by bacterial endotoxin in mice

K-i. Inoue, H. Takano, T. Yoshikawa, R. Yanagisawa, M. Sato, A. Shimada, M. Sawada, K. Nakamura, 
C. Sanbongi, C. Tohyama

National Institute for Environmental Studies, Tsukuba, Japan

Metallothionein (MT) is a protein that can be induced by inflammatory mediators and participate in cytoprotection.
However, its role in inflammation remains to be established. We determined whether intrinsic MT protects against
acute inflammatory lung injury induced by bacterial endotoxin in MT-I/II knock out (�/�) and wild-type (WT) mice.
MT�/� mice were more susceptible than WT mice to lung inflammation and especially to lung edema, which were
induced by intratracheal challenge with lipopolysaccharide (LPS, 125 µg/kg). After LPS challenge, MT deficiency
enhanced vacuolar degeneration of pulmonary endothelial cells and type I alveolar epithelial cells, and caused focal
loss of the basement membrane. LPS treatment induced no significant differences in the enhanced expression of pro-
inflammatory cytokines and chemokines nor in the activation of nuclear factor-κB (NF-κB) pathway in the lung
between the two genotypes. Lipid peroxide levels in the lungs were significantly higher in LPS-treated MT�/� mice
than in LPS-treated WT mice. These results indicate that endogenous MT is a protective molecule against acute lung
injury related to LPS. The effects are possibly mediated via the enhancement of pulmonary endothelial and epithelial
integrity, not via the inhibition of NF-κB pathway.
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Glutamine-induced heme oxygenase-1 protects against intestinal tissue injury in acute
endotoxemia

T. Takahashi*, K. Uehara, H. Fujii, M.H. Shimizu, E. Ohmori, K. Maeshima, K. Inoue, T. Kawakami, K. Morita

Department of Anesthesiology and Resuscitology, Okayama University Medical School, Okayama, 700-8558, Japan
*E-mail: takatoru@cc.okayama-u.ac.jp

Objective: To investigate whether glutamine (Gln) pretreatment improves the intestinal injury in rats with acute endo-
toxemia by virtue of its site-specific heme oxygenase-1 (HO)-1 induction in the lower intestinal tract.
Interventions: Acute endotoxemia was induced in rats by intraperitoneal injection of lipopolysaccharide (LPS; 10
mg/kg). Rats were also treated with Gln (0.75 g/kg) dissolved in lactated Ringer�s solution via tail vein.
Measurements and Main Results: Gln treatment itself markedly induced HO-1 mRNA and protein in the mucosal
epithelial cells in the ileum and colon, whereas its expression in the duodenum and jejunum was not influenced by the
treatment. Gln treatment before LPS administration significantly ameliorated LPS-induced mucosal injury, inflamma-
tion, and apoptosis in the lower intestine, as judged by significant decreases in TNF-α gene expression, histological
damage scores and expression of activated caspase-3 and an increase in gene expression of Bcl-2. In contrast, treat-
ment with tin mesoporphyrin, a specific inhibitor of heme oxygenase activity, abolished the beneficial effect of Gln
pretreatment.
Conclusions: Gln pretreatment significantly ameliorates intestinal tissue injury in rats of acute endotoxemia by virtue
of its specific HO-1 induction in mucosal epithelial cells of the lower intestine. HO-1 induction may protect intestinal
cells from oxidative damage by LPS via its anti-apoptotic property.

142
Effect of pioglitazone on endotoxin-induced decreases in hepatic drug-metabolizing enzyme
activity and expression of CYP3A2 and CYP2C11

J. Ueyama1*, K. Kitaichi1, M. Nadai2, M. Iwase3, M. Miyoshi1, H. Kanazawa4, R. Suzuki5, K. Takagi1, 
T. Hasegawa1

1Department of Medical Technology, Nagoya University School of Health Sciences, 1-1-20 Daikominami, Higashi-ku, Nagoya
461-8673, Japan
2Faculty of Pharmaceutical Sciences, Meijo University, 150 Yagotoyama, Tanpaku-ku, Nagoya 468-8503, Japan
3Department of Integrated Medicine, Toyota Memorial Hospital, 1-1 Heiwa-cho, Toyota, Aichi 471-0821, Japan
4Department of Anatomy, Toyama Medical & Pharmaceutical University, 2630 Sugitani, Toyama 930-0194, Japan
5Department of Clinical Laboratory, Nagoya University Hospital, 65 Tsuruma-cho, Showa-ku, Nagoya 466-8560, Japan
*E-mail: ueyama@met.nagoya-u.ac.jp

It has been reported that peroxisome proliferator-activated receptor-γ (PPAR-γ) ligands ameliorate the expression of
inducible nitric oxide synthase (iNOS) by endotoxin. In the present study, we investigated the effect of pioglitazone, a
potent PPAR-γ ligand, on the endotoxin-induced reduction of hepatic drug-metabolizing enzyme activity and on the
down-regulation of the expression of hepatic cytochrome P450 (CYP) 3A2 and CYP2C11 proteins in rats. Endotoxin
(1 mg/kg) significantly decreased hepatic drug-metabolizing enzyme activity in vivo, as represented by the systemic
clearance of antipyrine and protein levels of CYP3A2 and CYP2C11 24 h after intraperitoneal injection. Pretreatment
with pioglitazone (10 mg/kg, 4 times at 10-min intervals) significantly protected the endotoxin-induced decreases in
the systemic clearance of antipyrine and protein levels of CYP3A2, but not CYP2C11, with no biochemical and
histopathological changes in the liver. Pioglitazone alone had no effect on the systemic clearance of antipyrine and
protein levels of CYP3A2 or CYP2C11. Pioglitazone significantly protected endotoxin-induced overexpression of
inducible nitric oxide synthase in the liver, but not the overproduction of nitric oxide (NO) in plasma. It is unlikely that
the protective effect of pioglitazone against endotoxin-induced decreases in the hepatic drug-metabolizing enzyme
activity and protein levels of CYP3A2 in the liver is due to the inhibition of the overproduction of NO.
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143
Protective effects of combination of propofol and low-dose dexamethasone on conscious rats
treated with endotoxin

C.M. Tsao1,3, S.T. Ho2, C.C. Wu3*
1Department of Anesthesiology, Taipei Veterans General Hospital and School of Medicine, National Yang-Ming University,
Taipei 112, R.O.C., Taiwan
Departments of 2Anesthesiology and 3Pharmacology, National Defense Medical Center, Taipei 114, R.O.C., Taiwan
*E-mail: ccwu@mail.ndmctsgh.edu.tw

Our previous studies reported that: (i) propofol, in addition to its mild antioxidant effect, attenuates the liver dysfunc-
tion caused by endotoxin; and (ii) the low-dose dexamethasone not only exerts anti-inflammatory effects but also
attenuates renal dysfunction caused by endotoxin. In this study, we examined the therapeutic effect by combining
propofol and low-dose dexamethasone (0.1 mg/kg) in conscious rats with endotoxemia. Intravenous injection of rats
with endotoxin (10 mg/kg lipopolysaccharide; LPS) caused hypotension, vascular hyporeactivity and tachycardia as
well as significant organ injury. The combined therapy of propofol and low-dose dexamethasone protected the con-
scious LPS-rat from circulatory failure, liver and renal dysfunction, metabolic acidosis, and inflammatory processes in
lung and kidney tissues. These protective effects may be attributed to the attenuation of plasma TNF-α, inhibition of
tissue NO production, decreases of tissue superoxide levels and myeloperoxidase activity. In addition, the survival rate
at 22 h was significantly increased after this combined therapy when compared to the LPS group. These results sug-
gest that inhibition of inflammatory responses, suppression of free radical release and amelioration of organ dysfunc-
tion contribute to the beneficial effect of combined treatment in conscious endotoxemic rats.

Supported by the Grants from Ministry of Defense and National Science Council.

144
Protective role of IL-6 in pulmonary hemorrhage induced by bacterial endotoxin

K-i. Inoue, H. Takano, R. Yanagisawa, M. Sakurai, A. Shimala, T. Morita, M. Sato, S. Yoshino, T. Yoshikawa, C. Tohyama

National Institute for Environmental Studies, Tsukuba, Japan

The present study elucidated the role of interleukin-6 (IL-6) in hemostatic and coagulatory changes during severe
inflammation induced by intraperitoneal administration of lipopolysaccharide (LPS: 1 mg/kg) using IL-6 null (�/�)
mice. After LPS challenge, IL-6�/� mice revealed significant prolongation of prothrombin time and partial thrombo-
plastin time and a decrease in platelet counts as compared with wild type mice. LPS treatment induced marked pul-
monary hemorrhage with neutrophilic inflammation in IL-6�/� mice, in contrast, only mild neutrophilic infiltration in
WT mice. The protein levels of pro-inflammatory mediators, such as IL-1β, macrophage inflammatory protein-1α,
macrophage chemoattractant protein-1, and keratinocyte chemoattractant, in the lungs were significantly greater in IL-
6�/� mice than in WT mice after LPS challenge. These results directly indicate that IL-6 is protective against coagula-
tory and hemostatic disturbance and subsequent pulmonary hemorrhage induced by bacterial endotoxin, at least partly,
via the modulation of pro-inflammatory processes.

145
Influence of fructose-1,6-diphosphate on endotoxin-induced lung injuries in sheep

A. Markov, E. Warren, D. Sauls, H. Cohly, T. Skelton

Division of Cardiology, University of Mississippi Medical Center, 2500 North State Street, Jackson, Mississippi 39216, USA

Lung injury induced by Escherichia coli endotoxin (LPS) is characterized by pulmonary edema hypertension and increased
microvascular permeability resulting in the formation of pulmonary. Although the role of the neutrophils in the genesis of per-
meability edema appears to be predominant, relevant studies suggest involvement of other immune cells. Fructose-1,6-
diphosphate (FDP) is reported to suppress neutrophil generation of oxyradicals as well as to attenuate expression and secretion
of inflammatory cytokines (IL-1β, IL-6, TNF-α, NF-κB). Therefore, the effects of FDP on pulmonary and systemic hemody-
namics, lung lymph protein clearance and leukocyte counts during 4 h of endotoxemia were studied in anesthetized sheep (n
= 18). Some of the animals underwent thoracotomy and mediastinal lymphatic node was cannulated. Following stabilization,
all sheep received E. coli endotoxin 5 µg/kg i.v. infusion over 30 min. Concomitantly with the endotoxin infusion, half of the
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animals were selected randomly to receive an i.v. bolus of FDP (10%) 50 mg/kg followed by a continuous infusion of 5
mg/kg/min for 4 h; the rest were treated in the same manner with glucose 10% in 0.9% NaCl. Pulmonary artery pressure (PAP)
and resistance in the glucose group increased from 20.8 ± 1.6 to 36.7 ± 3.2 mmHg (P < 0.007) and from 531 ± 114 to 1137 ± 80
dynes/s/cm�5, respectively (P < 0.005). Despite an increase during endotoxin infusion, these parameters in the FDP group
returned to control values. There were no differences in left ventricular pressures, cardiac output, heart rate and arterial oxygen
tension between the groups. In the glucose group, lymph protein clearance was higher (P < 0.01) and blood leukocyte count
lower (P < 0.02). The wet/dry lung tissue weight ratio (g/g) for the glucose group was 5.6 ± 0.04 and for the FDP-treated group
was 4.76 ± 0.06 (P < 0.0005). It was concluded that FDP treatment attenuated significantly the characteristic pulmonary hyper-
tension, lung lymph protein clearance and pulmonary vascular leakage seen in sheep infused with endotoxin probably by mod-
ulating the pro-inflammatory response of cells of the innate immune system.

146
The protective effect of protamine on murine endotoxin shock

S.R. Wang1,2*, D.T. Lin1, J. Tseng1, Y.J. Chang1, S.F. Kuo3

1Department of Medical Education & Research, Changhua Christian Hospital, Changhua 500, Taiwan; 2Department of
Internal Medicine, Chung Shan Medical University Hospital, Taichung, Taiwan; and 3Laboratory Medicine, Changhua
Christian Hospital, Changhua 500, Taiwan   *E-mail: cshy737@csh.org.tw

Protamine is used clinically to neutralize the anti-coagulation effect of heparin. Its effect on mortality of LPS-injected BALB/c
mice was studied. Various doses of protamine were intraperitoneally injected 24 h prior to LPS injection. The survival rates
were significantly increased from 37% in vehicle group to 76% (P < 0.01) at 3.0 mg/mouse of protamine in a dose-related
manner. For time course studies, protamine was effective when injected 48 h or 24 h before LPS injection, and was ineffective
when injected 12 h, 4 h, and 0 h before LPS injection. For a possible effect on coagulation, blood was obtained daily up to 5
days after protamine injection. The plasma fibrinogen, prothrombin time, and activated thromboplastin time were statistically
not different between groups of protamine and vehicle control. In conclusion, protamine has a protective effect on murine
endotoxin shock when injected 24 h before LPS injection. The protection seems not to be related to coagulation system.

147
Effects of L-glutamine and L-asparagine on mouse survival with endotoxin shock

D.T. Lin*, S.R. Wang

Department of Medical Education & Research, Changhua Christian Hospital, Changhua 500, Taiwan   
*E-mail: 98333@cch.org.tw

L-glutamine was reported able to protect mice against endotoxin-induced mortality. The protective effects of L-glutamine-
related compounds, i.e. L-asparagine, L-glutamate, and L-aspartate were studied. Escherichia coli lipopolysaccharide (LPS)
was injected simultaneously with L-glutamine (10 mg) or vehicle, into each group of 20 BALB/c mice. The same procedure
was conducted for L-asparagine, L-glutamate, L-aspartate, and L-lysine. The survival rate of vehicle-control was 20%, and L-
glutamine was 85% (P < 0.001), L-asparagine 90% (P < 0.001), L-glutamate 65% (P < 0.05), L-aspartate 60% (P = 0.05), and
L-lysine 15% (P > 0.5). The doses for optimal protection from L-glutamine and L-asparagine were 1 mg and 10 mg per mouse,
respectively. There was a protective effect when L-glutamine or L-asparagine was injected prior to LPS injection or 1 h after
LPS, but not 3 h after LPS. In conclusion, L-glutamine, L-asparagine, L-glutamate, and L-aspartate, but not L-lysine, can specif-
ically protect mouse against endotoxin shock. L-glutamine and L-asparagine have the best protective effect. This effect was
abolished when the amino acid was given 3 h after LPS.

148
Macrophage activation by trehalose 6, 6′′-dimycolate (TDM) and related glycolipids via Toll-like receptor 2

H. Takimoto1*, I. Yano2, Y. Kumazawa1

1Department of Biosciences, School of Science and Graduate School of Fundamental Life Science, Kitasato University,
Sagamihara 228-8555, Japan
2Japan BCG Institute, Tokyo, Japan    *E-mail: takimoto@jet.sci.kitasato-u.ac.jp

TDM, present in the envelope of Mycobacterium tuberculosis and related bacteria, has various immunomodulating
activities. The mechanisms by which TDM and mycolic acid-containing glycolipids activate macrophages via Toll-
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like receptors (TLRs) are unclear. When peritoneal macrophages were stimulated for 24 h with TDM, prepared from M.
tuberculosis Aoyama B and coated on the surface of plastic wells, TNF-α levels were significantly higher in culture super-
natants of macrophages from TLR4-deficient C57BL/10ScCr (B10Cr) than the wild-type C57BL/10ScSn (B10Sn) mice. In
cultures of macrophages from TLR2 knockout mice, TDM-induced TNF-α production was significantly reduced compared
with that from B10Sn mice. TDM from M. tuberculosis exhibited stronger TNF-α-inducing activity than TDM from
Rhodococcus spp. and related glycolipids such as trehalose monomycolate (TMM) and glucose monomycolate (GMM). The
carbon chain length of mycolic acid in rhodococcal glycolipids is approximately half of that in M. tuberculosis. Regarding
activation of NF-κB in HEK293 cells overexpressed mouse TLR2, both TDM exhibited very weak activity. Among com-
pounds tested, the strongest NF-κB activation was detected in TLR2-transfectant stimulated with rhodococcal TMM. Taken
together, macrophage activation by TDM and mycolic acid-containing glycolipids seems to occur via the interaction with
TLR2 and TLR6. Therefore, we are investigating whether cytokine gene expression in macrophages and dendritic cells
induced by TDM and related glycolipids is mediated by MAPK and NF-κB signaling pathway.

149
Binding specificity of Dectin-1 to 1,3-ββ-glucans and its role for cellular activation

Y. Adachi1*, T. Ishii1, Y. Ikeda1, T. Harada1, H. Tamura2, J. Aketagawa2, S. Tanaka2, N. Ohno1

1Laboratory for Immunopharmacology of Microbial Products, Tokyo University of Pharmacy and Life Science, 
Tokyo 192-0392, Japan
2Seikagaku Corporation, Tokyo 207-0021, Japan   *E-mail: adachiyo@ps.toyaku.ac.jp

Dectin-1 is a high affinity β-glucan receptor expressed on dendritic cells and macrophages. Since co-ligation of
Dectin-1 and TLR2 by zymosan, a complex of 1,3-β-glucan and unknown TLR2-ligand, gives enhanced NF-κB acti-
vation, Dectin-1 may modulate immunostimulatory activity of the leukocytes. Characterization of the biological role
of Dectin-1 on the recognition of β-glucans and the subsequent immunological activities was examined by using
Dectin-1 mutants and specific mAbs. Critical moiety of Dectin-1 for recognition was on β-sheet 4 region of typical C-
type lectin carbohydrate recognition domain. This mutation resulted in decreased NF-κB activation in response to
zymosan. Expression level of Dectin-1 protein on BMDC varied in mouse strains. The high responder strain showed
higher expression of Dectin-1. Treatment with the blocking mAb also decreased the effects of β-glucans on cytokine
production and anti-tumor activity. These results suggest that Dectin-1 is important receptor for inducing various
immunostimulatory activities of 1,3-β-glucans.

150
Structure and innate immune response of lipoteichoic acids from Listeria monocytogenes

Gunthard Stübs1, Siegfried Morath2, Buko Lindner3, Ralf R. Schumann1, Thomas Hartung2*

1Institut für Mikrobiologie und Hygiene, Charité – Universitätsmedizin Berlin, D-10117 Berlin, Germany
2Department of Biochemical Pharmacology, University of Konstanz, D-78457 Konstanz, Germany
3Department of Immunochemistry and Biochemical Microbiology, Division of Biophysics, Research Center Borstel, D-23845
Borstel, Germany   *E-mail: Thomas.Hartung@uni-konstanz.de

The Gram-positive bacterium Listeria monocytogenes is a facultative intracellular human pathogen that causes listeriosis in
immune suppressed patients, pregnant women and their unborn babies. Lipoteichoic acids (LTAs) are cell membrane
anchored amphiphiles recognized by the innate immune system via Toll-like receptor 2 (TLR-2). We prepared LTA from
Listeria using butanol extraction and hydrophobic interaction chromatography leading to two distinct microheterogeneic
isolates varying in chain length. The chemical structure was elucidated by gas chromatography, one- and two-dimensional
nuclear magnetic resonance and mass spectrometry. Listerial LTA activates murine macrophages in a TLR2 dependent fash-
ion as shown in knockout mice and has similar activity towards human monocytes and whole blood as compared to staphy-
lococcal LTA. In these assays, the listerial LTA containing a longer polyglycerolphosphate was more potent than the variant
with the shorter one. De-alanylated LTA exhibited a significantly reduced activity but D-alanine residues were not essential
for signaling. The glycolipid anchor, obtained by degrading the entire polyglycerolphosphate, was only slightly active rep-
resenting the minimal active structure with the fatty acids being essential for receptor binding. Elucidation of the struc-
ture�function relationship of listerial LTA will improve our understanding of Listeria pathogenesis and will possibly lead to
novel intervention strategies in listeriosis.

Supported by the Deutsche Forschungsgemeinschaft SPP 1110.
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Isolation and characterization of lipoteichoic acid from Streptococcus pneumoniae

Christian Draing1, Siegfried Morath1, Armin Geyer2, Giuseppe Teti3, Thomas Hartung1, Sonja von Aulock1

1Biochemical Pharmacology, University of Konstanz, Germany
2Faculty of Chemistry, University of Marburg, Germany
3Institute of Microbiology, University of Messina, Italy

Streptococcus pneumoniae causes pneumonia in elderly people and meningitis in children. According to the literature,
pneumococcal lipoteichoic acid (LTA) has a completely different chemical structure to that of Staphylococcus aureus: the
polyglycerophosphate in the backbone is replaced by polyribitol phosphate carrying phosphorylcholine and not D-alanine,
which plays a central role in the biological activity of staphylococcal LTA. We were able to isolate LAL-negative LTA
from Str. pneumoniae by butanol-extraction, which is more gentle than the previously used chloroform-methanol extrac-
tion: 1 g lyophilised bacteria resulted in 10 mg LTA. Dose response curves of pneumococcal and staphylococcal LTA in
human whole blood induced a similar cytokine pattern (e.g. for TNF, IL-10 and IL-8). Neither LTA induced a significant
release of IFN-γ or was inhibited by the endotoxin-specific LAL-F protein. Stimulation of bone marrow-derived
macrophages of wild-type and knockout mice showed that LTA from Str. pneumoniae was Toll-like receptor (TLR)2 and
not TLR4-dependent. First NMR data of the pneumococcal LTA indicate the presence of bound D-alanine, which might
explain the similarities in the biological activity of pneumococcal and staphylococcal LTA.

152
JNK is involved in the induction of COX-2 by lipoteichoic acid from Staphylococcus aureus in
human pulmonary epithelial cells

Hui-Chiu Chang, Wen-Chun Hung

Institute of Biomedical Sciences, National Sun Yat-Sen University, Kaohsiung 804, Taiwan

In this study, we address the molecular mechanism of lipoteichoic acid (LTA)-induced cyclooxygenase-2 (COX-2)
expression. Promoter activity assays demonstrated that LTA from Staphylococcus aureus stimulated COX-2 promoter
activity in a dose-dependent manner in human pulmonary epithelial cells. Reverse transcriptase-polymerase chain
reaction (RT-PCR) analysis showed that COX-2 mRNA level was increased after LTA treatment. Thus, LTA stimu-
lates COX-2 expression via transcriptional activation. We also tried to elucidate the signaling pathways by which LTA
activates COX-2. Jun N-terminal kinase (JNK) inhibitor SP600125, but not extracellular signal-regulated kinase
(ERK) inhibitor PD98059, suppressed LTA-induced COX-2 promoter activity. In addition, dominant-negative JNK
also blocked the induction of COX-2 by LTA. Collectively, our results suggest that JNK is involved in the induction of
COX-2 by lipoteichoic acid from S. aureus in human pulmonary epithelial cells.

153
Comparison of cytokine-inducing active components in the LTA fraction obtained with 1-butanol
extraction from Enterococcus hirae and Staphylococcus aureus

Y. Suda1,2*, R. Kaseya1, M. Akimaru1, Y. Fukada1, K. Aoyama2, T. Okuno2, T. Tamura2, T. Kirikae3, F. Kirikae3, 
N. Eiraku4, H. Morioka4, Y. Fujimoto5, K. Fukase5, S. Kusumoto5, M. Hashimoto1

1Department of Nanostructures & Advanced Materials, Kagoshima University, Kagoshima 890-0065, Japan
2Department of Bacteriology, Hyogo College of Medicine, Hyogo 663-8501, Japan
3Department of Tropical Medicine & Infectious Diseases, International Medical Center of Japan, Tokyo 162-8655 Japan
4Kagoshima University Health Services Center, Kagoshima 890-8580, Japan
5Department of Chemistry, Osaka University, Osaka 560-0043, Japan   *E-mail: ysuda@eng.kagoshima-u.ac.jp

Lipoteichoic acid (LTA) is a macromolecular cell-surface glycoconjugate of Gram-positive bacteria. We previously
reported that purified LTA obtained with hot-phenol extraction from Enterococcus hirae had no immunostimulating
activity, but another glycolipid (AF-EH) co-existing in the LTA fraction had the activity. However, Hartung et al.
recently reported that LTA from Staphylococcus aureus extracted with 1-butanol possessed the activity. In this study,
we compared both LTA obtained with butanol extraction. LTA of E. hirae ATCC 9790 (EH-B40) and S. aureus DSM
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20231 (SA-B40) were obtained with butanol extraction followed by hydrophobic chromatography. Cytokine inducing activ-
ity was evaluated using human PBMCs. The yield of EH-B40 from starting bacteria was almost identical to that of AF-EH.
AF-EH, EH-B40 and SA-B40 showed similar SDS-PAGE profiles stained with Alcian Blue, and possessed a similar extent
of IL-6 and TNF-α inducing activities. These activities were all inhibited by mAbEH1, which is a mouse anti-AF-EH mAb
neutralizing the activity of AF-EH. Neutral glycolipids, which we synthesized according to the proposed structures in both
LTA, failed to induce these cytokines. From these facts, it is suggested that essential partial structure(s) for the activity are
shared in both LTA and more structure in addition to the neutral glycolipid is needed.

154
Toll-like receptor 2-dependent NF-κκB activation in response to Porphyromonas gingivalis FimA
precursor lipoprotein

M. Shoji1, A. Yoshimura2*, M. Naito1, H. Yoshioka2, Y. Hara2, D.T. Golenbock3, K. Nakayama1

1Division of Microbiology and Oral Infection and 2Division of Periodontology, Nagasaki University Graduate School of
Biomedical Sciences, Nagasaki 852-8588, Japan
3Division of Infectious Diseases and Immunology, University of Massachusetts Medical School, Worcester, MA 01605, USA
*E-mail: ayoshi@net.nagasaki-u.ac.jp

Porphyromonas gingivalis is an etiologically important pathogen for periodontal diseases. A cell surface component,
fimbriae, is important to adhere to host mucosal surface and has been reported to induce the activation of inflamma-
tory cells and gingival epithelial cells through TLRs. To investigate the relationship between the structure and the bio-
logical activities of fimbriae, we prepared rFimA(1-383)-His tag, rFimA(47-383)-His tag, and GST-fusion-derived
rFimA(47-383) proteins and exposed to NF-κB-dependent CHO/CD14 and CHO/CD14/TLR2 reporter cells.
Following the removal of LPS with Triton X-114 treatment, none of those FimA proteins activated CHO/CD14
reporter cells. However, rFimA with the intact N-terminal prosequence (rFimA(1-383)-His tag), but not the mature
form proteins (rFimA(47-383)-His tag, rFimA(47-383)-GST) activated CHO/CD14/TLR2 cells. Since it has been
reported that N-terminal cysteine residue (C-28) of precursor FimA was modified with diacylglycerol, we prepared a
mutant in which Cys-28 was substituted with Ala (rFimA[C19A](1-383)-His tag). [3H]-Palmitic acid labeling
revealed that rFimA with the intact N-terminal prosequence, but not the mutant rFimA[C19A], was lipidated and the
mutant rFimA[C19A] failed to activate CHO/CD14/TLR2 cells. These data indicated that the precursor lipoprotein of
P. gingivalis FimA was recognized by TLR2.

Supported by the Grants-in-Aid from the Ministry of Education, Science, Sports, Culture and Technology, Japan 16390614.

155
Lipopolysaccharide (LPS) binding protein (LBP) mediates innate immune responses by
triacylated and diacylated lipopeptides

N.W.J. Schröder1,2*, H. Heine3, C. Alexander3, M. Manukyan3, J. Eckert2, L. Hamann2, U.B. Göbel2, R.R. Schumann2

1Institute for Microbiology and Hygiene, Charité Medical Center, Berlin 10117, Germany
2Present address: Pediatrics Infectious Diseases, Cedars Sinai Medical Center, Los Angeles 90048, USA
3Research Center Borstel, Borstel 23845, Germany   *E-mail: nicolas.schroeder@cshs.org

Lipopolysaccharide (LPS) binding protein (LBP) is an acute phase protein synthesized predominantly in the liver. It
binds LPS of Gram-negative bacteria and transfers it via a CD14-enhanced mechanism to a receptor complex includ-
ing Toll-like receptor (TLR)-4 and MD-2, initiating the release of pro-inflammatory cytokines. Lipoproteins and
lipopeptides have repeatedly been shown to act as potent cytokine inducers, interacting with TLR2, in synergy with
TLR1 or TLR6. In this study, we show that these compounds also interact with LBP and CD14. We employed triacylated
lipopeptides, corresponding to lipoproteins of B. burgdorferi, mycobacteria and Escherichia coli, as well as diacylated
lipopeptides, corresponding to, for example, MALP-2 of Mycoplasma spp. Responsiveness of human mononuclear
cells to these compounds was greatly enhanced in the presence of human LBP. Binding of lipopeptides to LBP as well
as competitive inhibition of this interaction by LPS was demonstrated in a microplate assay. Furthermore, we were
able to show that LBP transfers lipopeptides to CD14 on human monocytes employing FACS analysis. These results
support that LBP is a pattern recognition receptor transferring a variety of bacterial ligands including the two major
types of lipopeptides, to CD14 present in different receptor complexes.
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Structure-activity relationship of signaling by synthetic lipopeptides through TLR2/TLR6 and
TLR2/TLR1 heterodimers

A.J. Ulmer1*, U. Buwitt-Beckmann1, H. Heine1, G. Jung3, R. Brock4, S. Akira5, K-H. Wiesmüller2

1Department of Immunology and Cell Biology, Research Center Borstel, 23845 Borstel, Germany
2EMC Microcollections GmbH, 72070 Tübingen, Germany
3Institute of Organic Chemistry, and 4Institute for Cell Biology, University of Tübingen, 72076 Tübingen, Germany
5Department of Host Defense, Research Institute for Microbial Diseases, Osaka University, Osaka 565-0871 Japan
*E-mail: ajulmer@fz-borstel.de

Bacterial lipoproteins are known to induce signaling in cells of the innate immune system through Toll-like receptor-
(TLR)2/TLR1 or TLR2/TLR6 heterodimers. They are composed of di-O-acylated or triacylated S-(2,3-dihydroxypropyl)-
cysteinyl residues N-terminally coupled to distinct polypeptides. Currently, it is thought that triacylated lipopeptides, like
the synthetic Pam3CSK4, are recognized by TLR2/TLR1 heterodimers, whereas diacylated lipopeptides, like MALP2
(Pam2CGNNDESNISFKEK), induce signaling through TLR2/TLR6 heterodimers. However, we have now found that not
only triacylated lipopeptides, but also diacylated lipopeptides like Pam2CSK4 and the C-terminally elongated MALP2
derivative Pam2CGNNDESNISFKEK-SK4 (MALP2-SK4) induce cell activation in a TLR6-independent manner.
Furthermore, we have confirmed that activation of murine spleen cells by Pam3CSK4 is at least in part TLR1-dependent,
whereas Pam2CSK4 and MALP2-SK4 signal through TLR2 in a TLR6 as well as in a TLR1-independent manner. Finally
we have characterised the N-acyl residue on receptor specificity. The TLR6-dependent MALP2 becomes TLR6-indepen-
dent when an N-acyl residue of at least ten carbons such as decanoic acid is incorporated. Additionally, we have observed
that these triacylated MALP2 derivatives are signaling independently of TLR1. Our results indicate that both the lipid and
the peptide part of lipoproteins take part in the specificity of recognition by TLR2 heterodimers.

Supported by the BioChance program of the BMBF.

157
Molecular interactions of lipopeptides with CD14 and TLR2

Holger Heine1*, Maria Manukyan1, Kathy Triantafilou2, Martha Triantafilou2, Alan Mackie3, Nadra Nilsen4, 
Terje Espevik4, Karl-Heinz Wiesmüller5, Artur J. Ulmer1

1Department of Immunology and Cell Biology, Research Center Borstel, 23845 Borstel, Germany
2School of Life Sciences, University of Sussex, Falmer, Brighton BN1 9QG, UK
3Department of Food Material Science, Institute of Food Research, Norwich NR4 7UA, UK
4Institute of Cancer Research and Molecular Biology, NTNU, 7489 Trondheim, Norway
5EMC Microcollections GmbH, 72070 Tübingen, Germany
*E-mail: hheine@fz-borstel.de

Bacterial lipoproteins (LPs) activate innate immune cells through the pattern recognition receptor TLR2. However, the
molecular mechanisms of LP recognition are not yet clear. We used a FLAG-labeled derivative of the synthetic
lipopeptide Pam3CSK4 to study the roles of CD14 and TLR2 in binding and signaling of LP. Although the activity of
Pam3CSK4-FLAG was TLR2 dependent, binding could only be detected to CD14. However, partial co-localization of
Pam3CSK4-FLAG and TLR2 could be revealed by confocal microscopy. To further study molecular associations we
used fluorescence resonance energy transfer (FRET) imaging technique and could show that CD14 and Pam3CSK4-
FLAG associate with TLR2 after Pam3CSK4-FLAG binding. This association could be blocked by anti-TLR2 mAb or
unlabeled Pam3CSK4 and is not seen when the inactive monoacylated PamCSK4-FLAG derivative or other TLR lig-
ands were used. In addition, fluorescence recovery after photobleaching (FRAP) analysis revealed that after
Pam3CSK4-FLAG stimulation TLR2 mobility is decreased, indicating the formation of a low mobile TLR2 signaling
complex due to its association with intracellular adaptor molecules. Thus, LP binding to CD14 is the first step in the
LP recognition and signaling cascade inducing molecular associations of CD14 and LP with TLR2 and formation of
the TLR2 signaling complex.

Supported by grants of the DFG to HH (He2758/3-1; SFB367 C5) and by the BioChance program of the Federal Ministry of
Education and Research to KHW, AJ.
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Membrane-anchored CD14 is important for the induction of interleukin-8 by lipopolysaccharide
and peptidoglycan in uroepithelial cells

S. Yokota1*, T. Shimizu2, T. Tsukamoto2, N. Fujii1

1Department of Microbiology, Sapporo Medical University School of Medicine, Sapporo 060-8556, Japan
2Department of Urology, Sapporo Medical University School of Medicine, Sapporo 060-8543, Japan
*E-mail: syokota@sapmed.ac.jp

We investigated the induction of interleukin-8 (IL-8) by bacterial lipopolysaccharide (LPS) and peptidoglycan (PGN) in four
bladder cancer cell lines � T24, 5637, UM-UC-3 and HT1197. T24 and 5637 cells strongly induced IL-8 after stimulation with
LPS or PGN, whereas UM-UC-3 and HT1197 cells did so very weakly. The expression of CD14 at the mRNA, total cellular
protein and cell surface protein levels varied among these cell lines, but the expression levels of Toll-like receptors 2 (TLR2)
and 4 (TLR4) were not significantly different. The CD14 expression levels were found to correlate with the inducibility of IL-
8 by LPS or PGN. Treatment of T24 and 5637 cells with phosphatidylinositol-specific phospholipase C to eliminate CD14 from
the cell surface dramatically suppressed the induction of IL-8. On the other hand, UM-UC-3 cells transfected with CD14 cDNA
expressed membrane-anchored CD14 and shared more efficient induction compared with untransfected control. These results
suggest that the presence of the membrane-anchored, but not the soluble, form of CD14 is a strong factor in IL-8 induction in
bladder epithelial cells in response to bacterial components. The presence of the membrane-anchored form of CD14 may thus
be a determinant for the inflammatory response of uroepithelial cells.

†159
Double-stranded RNA-mediated TLR3 activation is enhanced by CD14

H-K. Lee, S. Dunzendorfer, P.S. Tobias

The Scripps Research Institute, Department of Immunology, IMM-12

A synthetic mimic of viral double-stranded RNA (dsRNA), polyinosine-polycytidylic acid (pIpC), activates Toll-like receptor
3 (TLR3), and subsequently induces production of cytokines including type I interferons. We found that bone-marrow derived
macrophages from CD14-deficient (CD14�/�) mice exhibited impaired responses to pIpC. Furthermore, pIpC-mediated TLR3
activation in HEK293 cells was enhanced by co-transfected CD14. To further investigate how CD14 is associated with pIpC-
mediated TLR3 activation, we made 200 bp short, homogeneous fragments of pIpC (pIpCsf). These fragments maintain the
inflammatory activity of the larger commercial pIpC. pIpCsf were then labeled with [32P] or Alexa Fluor 488 (AF488) and
used for ligand uptake and intracellular localization studies. [32P]-pIpCsf uptake occurred in CHO/CD14 and
CHO/CD14+TLR3 cells but not in CHO/TLR3 or CHO/Vector cells, showing that uptake of pIpCsf is TLR3-independent but
CD14-dependent. Similarly, deconvolution confocal microscopy revealed that AF488-pIpCsf internalization was dependent
on CD14. However, AF488-pIpCsf-mediated cellular activation required TLR3. Using FACS and microscopic analyses, we
observed that TLR3 was primarily localized intracellularly. Upon CD14-mediated internalization of AF488-pIpCsf, nuclear
translocation of the NF-κB p65 subunit was detected as was co-localization of AF488-pIpCsf and TLR3, suggesting that
TLR3 initiates signal propagation intracellularly.

160
PolyG-flanked palindromic CpG DNA activates STAT1 and NF-κκB through the p38 MAPK
pathway to induce autocrine IFN-αα/ββ-independent production of IFN-αα, IP-10, and MIP-1αα in
human plasmacytoid dendritic cells

Y. Osawa1*, R. Takauji2, S. Iho3, H. Kitagawa4, H. Takatsuka2, T. Matsuki2, S. Fujieda1, S. Yamamoto5

Departments of 1Otorhinolaryngology-Head and Neck Cancer, 2Forensic Medicine, and 3Pathological Sciences, Fukui University,
Fukui 910-1193, Japan
4Chemicals Development Group, EMORI & Co., LTD, Fukui 918-8510, Japan
5Department of Bacterial Pathogenesis and Infection Control, National Institute of Infectious Diseases, Tokyo 208-0011, Japan
*E-mail: fukuoka@fmsrsa.fukui-med.ac.jp

Unmethylated CpG DNA induces Th1-dominant immune responses in vertebrates. We demonstrate here the sequence
of CpG DNA, which activates human PDC, and its signaling mechanisms. Poly G-flanked palindromic CpG DNA
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(designated as palGACGA) is identified as a potent ligand for TLR9 in PDC, to produce IFN-α, IP-10, and MIP-1α,
in a manner independent of autocrine stimulation of IFNAR. palGACGA activates ISGF3 components (STAT1,
STAT2, and IRF-9), IRF-7, and NF-κB p65/p50, accompanied with the phosphorylation of p38 MAPK. Pre-treatment
of PDC with p38 MAPK inhibitor decreases the STAT1 phosphorylation, IRF-7 expression, and NF-κB activity, with
the concurrent reduction of IFN-α, IP-10, and MIP-1α. Only the blockage of NF-κB activation alone also inhibits
these gene expressions. Interception of endocytosis and endosomal maturation with the scavenger receptor ligands
and chloroquine, respectively, prevents the palGACGA-induced expression of IFN-α, IP-10, and MIP-1α. With these
results, we propose that, in PDC, palGACGA up-taken and recognized by TLR9 activates both ISGF3 components
and NF-κB through the p38 MAPK. These pathways would cause, respectively and/or co-operatively, transcription of
the genes which possess the ISRE and/or κB sites in their promoters, thereby inducing IFN-α, IP-10, and MIP-1α, in
a manner independent of autocrine activation of IFNAR.

Supported by JSPS. KAKENHI 13670266 and 16590355, and JHSF. International Collaborative Research Projects.
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In search of the TLR2 activity in peptidoglycan from Staphylococcus aureus

S. Inamura1*, Eva Woelk2, Holger Heine2, Ulrich Zähringer1

1Division of Immunochemistry, and 2Junior Research Group Innate Immunity, Research Center Borstel, 23845 Borstel, Germany
*E-mail: sinamura@fz-borstel.de

TLR2 has been reported to interact with a broad panel of structurally non related molecules such as peptidoglycan
(PG), lipoteichoic acid (LTA), lipoproteins, lipopolysaccharide, zymosan, and different proteins. In order to investi-
gate the PG-mediated TLR2 activity in more detail, we purified and analyzed soluble PG (sPG) from Staphylococcus
aureus. Gel permeation chromatography of TLR2-active fractions showed two characteristic TLR2-active bands in
SDS-PAGE (10 kDa and 15 kDa), which were further purified by preparative SDS-PAGE followed by electro-elution.
GC-MS analysis showed that both fractions lacked GlcNAc and MurNAc, thus indicating another molecule to medi-
ate TLR2 activity which was still expressed in both fractions. We further investigated if contaminating LTA was
responsible for TLR2 activity. Upon hydrophobic interaction chromatography, in fractions, co-eluting with reference
LTA, neither LTA components (glycerol, phosphate, i-17:0) nor TLR2 activity was observed, thus ruling out LTA
being responsible for the TLR2 activity. Further progress towards the identification of the TLR2 active molecule(s)
will be presented.

Supported by the DFG grant SPP 1110 (Innate Immunity).

162
Recognition of 6-O-acylated muramyl dipeptides carrying lipid A-type or branched-type fatty
acid by murine macrophages

Y. Kumazawa*, K. Ando, H. Takimoto

Department of Biosciences, School of Science and Graduate School of Fundamental Life Science, Kitasato University,
Sagamihara 228-8555, Japan
*E-mail: kumazawa@jet.sci.kitasato-u.ac.jp

In pattern recognition of pathogens by TLRs, the structural requirement for their recognition is not yet clear. TLR2 and
TLR4 recognize peptidoglycan (PGN) and glycolipids present in the cell wall of Gram-positive bacteria, and
lipopolysaccharide (LPS) located in outer membrane of Gram-negative bacteria, respectively. Muramyl dipeptide
(MDP), the minimum structure of PGN for expressing adjuvant activity, is recognized by an intracellular receptor
NOD2. Mycolic acid is a characteristic branched fatty acid and a representative constituent of mycobacterial glycol-
ipids such as trehalose dimycolate (TDM), which is recognized by TLR2. On the other hand, lipid A, a lipid part of
LPS, consisting of acyloxyacyl group, is recognized by TLR4. Here we examined, among TLR2, TLR4 or NOD2,
which receptor can recognize 6-O-acylated MDP carrying branched-acyl or acyloxyacy groups. When peritoneal exu-
dates macrophages (PEM), obtained from C57BL/10ScSn (Sn, wild-type) mice, were stimulated with chemically syn-
thesized 6-O-acylated MDP (branched-type 6-O-B30-MDP (Me) and GMD309 with acyoxyacyl group, gifts from
Prof. M. Kiso and A. Hasegawa), both compounds caused significant levels of TNF-α production. In cultures of
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TLR2�/� and TLR4�/� PEM, GMD-309 exhibited TNF-α-inducing activity but 6-O-B30-MDP(Me) did not. Regarding
IL-6 production, both compounds showed significant activity in cultures of not only Sn but also TLR2�/� and TLR4�/�

PEM, indicating that both compounds are not recognized by TLR2 and TLR4. To confirm recognition by NOD2, we
are investigating using NOD2-knock-down cells.

163
Systematic functional analysis of NOD2 reveals regulatory mechanisms and critical residues
involved in muramyl dipeptide recognition

M. Chamaillard*, T. Tanabe, Y. Ogura, L. Zhu, S. Qui, J. Masumoto, P. Ghosh, A. Moran, M. Predergast, G. Tromp,
C.J. Williams, N. Inohara, G. Nuñex

Department of Pathology, University of Michigan, Ann Arbor, MI 48109, USA   *E-mail: mathiasc@med.umich.edu

164
Nod1 mediates p38 and p42/44 MAP kinase activation and IL-8 secretion induced by
intracellular bacteria

Bastian Opitz1*, Anja Püschel1, Stefanie Förster1, Wiebke Beermann1, Bernd Schmeck1, Trinad Chakraborty2, 
Norbert Suttorp1, Stefan Hippenstiel1

1Department of Internal Medicine/Infectious Diseases, Charité University Medicine Berlin, 13353 Berlin, Germany
2Institute for Medical Microbiology, Justus-Liebig University of Giessen, D-35392, Giessen, Germany
*E-mail: bastian.opitz@charite.de

Nod proteins have recently been shown to serve as cytosolic pattern recognition molecules. While Nod1 detects pep-
tidoglycan containing meso-diaminopimelic acid, Nod2 recognizes a muramyldipeptide which is conserved in all
kinds of peptidoglycans. To further examine intracytosolic immune recognition, we used Listeria monocytogenes as
an organism particularly amenable for studying innate immunity to intracellular pathogens. In contrast, Listeria
innocua very poorly invades human cells, and was therefore used as a control.

Here we show that L. monocytogenes but not L. innocua substantially induce IL-8 production in human endothelial cells
(HUVEC). siRNA experiments in HUVEC and Nod1-overexpression experiments in HEK293 cells demonstrate that
Nod1 is critically involved in the chemokine secretion and NF-κB activation initiated by L. monocytogenes. Moreover, we
show for the first time that Nod1 mediated activation of the MAP kinases p38 and p42/44, and TAK1 might be involved in
the Nod1-dependent p38 activation induced by L. monocytogenes. Finally, L. monocytogenes- and Nod1-induced IL-8 pro-
duction was blocked by a specific p38 inhibitor. In conclusion, L. monocytogenes induced a Nod1-dependent activation of
MAP kinases and NF-κB, which resulted in IL-8 production in HUVEC. Thus Nod1 is an important component of a gen-
eralized intracytoplasmic surveillance pathway detecting intracellular pathogens such as L. monocytogenes.

Supported by grants given by the Bundesministerium für Bildung und Forschung to SH (NBL3. CAP-NETZ) and to NS (CAP-NETZ).
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Up-regulation of PGRPs by chemically synthesized pathogen-associated molecular patterns in oral
epithelial cells

A. Uehara1*, S. Kurata2, Y. Fujimoto3, K. Fukase3, S. Kusumoto3, K. Shibata4, S. Sugawara1, H. Takada1

1Graduate School of Dentistry and 2Graduate School of Pharmaceutical Science, Tohoku University, Sendai, Japan
3Graduate School of Science, Osaka University, Osaka, Japan
4Hokkaido University Graduate School of Dentistry, Sapporo, Japan   *E-mail: kyoro@mail.tains.tohoku.ac.jp

Peptidoglycan recognition proteins (PGRPs), a family of pattern recognition receptor molecules in innate immunity
conserved from insects to mammals, recognize bacterial cell wall peptidoglycan (PGN). In human, four kinds of
PGRPs (PGRP-L, -Iα, -Iβ, and -S) have been cloned. In this study, we examined the possible regulation of PGRP
expression in oral epithelial cells upon stimulation with chemically synthesized pathogen-associated molecular patterns
(PAMPs): tri-acyl lipopeptide (Pam3CSSNA), lipid A (LA-15-PP), diaminopimelic acid containing desmuramyl peptides
(DMPs), and muramyldipeptide (MDP). These synthetic PAMPs markedly up-regulated PGRPs, but not pro-inflammatory

352 8th International Endotoxin Society Conference, Kyoto, Japan, 2004



cytokines, in the cells. Suppression of TLR2, TLR4, NOD1 and NOD2 specifically inhibited the up-regulation of
PGRP induced by Pam3CSSNA, LA-15-PP, DMPs, and MDP, respectively. These findings suggested that bacterial
PAMPs induced the expression of PGRPs in oral epithelial cells, and the PGRPs are involved in host defense against
bacterial invasion without accompanying inflammatory responses.

166
Recognition of monomeric and polymeric Gram-negative peptidoglycan and signal transduction
by the Drosophila microbial recognition receptor PGRP-LC

T. Kaneko*, D. Golenbock, N. Silverman

Division of Infectious Disease, Department of Medicine, University of Massachusetts Medical School, Worcester, MA 01605, USA
*E-mail: Takashi.Kaneko@umassmed.edu

Insects rely solely on innate immune responses to combat pathogenic micro-organisms. These responses include the
stimulation of extracellular proteases leading to melanization and coagulation, and the activation of intracellular sig-
naling pathways driving antimicrobial peptide production. In Drosophila, the IMD pathway specifically controls
antimicrobial peptide induction in response to Gram-negative bacteria. In this study, we demonstrate that the
Drosophila IMD pathway is remarkably sensitive to both polymeric and monomeric Gram-negative peptidoglycan,
while much less sensitive to Gram-positive peptidoglycan. RNAi experiments revealed that different PGRP-LC iso-
forms are required to detect polymeric and monomeric peptidoglycans. Overexpression of PGRP-LC activates the
IMD pathway and induces antimicrobial peptide expression. Using this assay, we have identified a single region
within the cytoplasmic domain of PGRP-LC required for signal transduction. This region includes a short motif with
similarity to the RHIM domain in mammalian RIP and TRIF proteins. In addition, we have found that IMD binds the
a different region of the PGRP-LC cytoplasmic domain. However, pathway activation, by overexpression of PGRP-
LC, does not require this IMD-interacting region. These results suggest that an unknown regulatory/signaling mecha-
nism is involved in the activation of the IMD pathway by. PGRP-LC

167
Synergy of peptidoglycan recognition protein (PGRP)-LE with PGRP-LC in Drosophila immunity

S. Kurata, A. Takenhena, S. Mita, A. Kotani, Y. Oshima

Graduate School of Pharmaceutical Sciences, Tohuku University

In innate immunity, pattern recognition molecules recognize cell wall components of micro-organisms and activate
subsequent immune responses, such as the induction of antimicrobial peptides and melanization in Drosophila. The
diaminopimelic acid (DAP)-type peptidoglycan is a potent inducer of the IMD-dependent induction of antibacterial
peptides. Peptidoglycan recognition protein (PGRP)-family members act as pattern recognition molecules. Loss-of-
function mutations of PGRP-LC affect the IMD-dependent induction of antibacterial peptides and resistance to Gram-
negative bacteria, whereas PGRP-LE binds to the DAP-type peptidoglycan and the gain-of-function mutation induces
constitutive activation of both the IMD pathway and melanization. Here, we generated PGRP-LE null mutants and
report that PGRP-LE acts both upstream and in parallel with PGRP-LC in the IMD pathway and shows synergy with
PGRP-LC in response to E. coli and B. megaterium infections, which have the DAP-type peptidoglycan. Moreover,
PGRP-LE is required for infection-dependent activation of melanization in Drosophila. A role for PGRP-LE in the
epithelial induction of antimicrobial peptides is also suggested.

168
Recombinant C-reactive protein from the horseshoe crab is a potent pathogen recognition receptor (PRR)

Sandra S.H. Tan1*, Patricia M.L. Ng1, Bow Ho2, Jeak Ling Ding1

Departments of 1Biological Sciences and 2Microbiology, National University of Singapore, Singapore 117543
*E-mail: g0306139@nus.edu.sg

C-reactive protein (CRP) was found to be the predominant PRR which recognizes endotoxin in the cell-free hemolymph of the
horseshoe crab. Native CRP-2 had previously been shown to exhibit agglutination activity against the polysialic capsule of
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Escherichia coli K1 but its role in bacterial clearance is not well-characterised. The antimicrobial activity of recombinant CRP-2
(rCRP-2) was tested against Pseudomonas aeruginosa, E. coli and Staphylococcus aureus. At nanomolar concentrations, rCRP-
2 was able to agglutinate 107 CFU bacteria. However, the rCRP-2 was 5 times more capable of inhibiting growth of the bacteria.
This bacteriostatic effect was observed for 6 h, demonstrating that rCRP-2 is stable with prolonged antibacterial potency. In addi-
tion, rCRP-2 exhibited higher specificity for Gram-negative bacteria. Pull-down experiments suggest that rCRP-2 interacts with
hemocyanin, and proteins of 35 kDa and 40 kDa found in the cell-free hemolymph. This interaction was enhanced in the pres-
ence of calcium and upon infection. We propose that rCRP-2 and its interacting partners are important for effective bacterial clear-
ance and this ensemble of proteins contribute to the powerful innate immune system of the horseshoe crab.

S.S.H. Tan is a research scholar supported by the National University of Singapore. P.M.L. Ng is a research scholar supported by
the Singapore Millennium Foundation. This work was supported by a BMRC grant from the A*STAR, Singapore.

169
Innate immunity, hemostasis and embryonic development inter-related through serine protease
cascades

Jeak Ling Ding1, Bow Ho2

Depts of 1Biological Sciences and 2Microbiology, National University of Singapore, 14 Science Drive 4, Singapore 117543

Innate immunity, which predates adaptive immunity is the frontline defense which the host mounts against microbial pathogen
invasion. Being present in all multicellular organisms, the innate defense uses genome-encoded receptors, to distinguish self
from non-self. Invertebrate innate immunity employs several mechanisms to recognize and eliminate pathogens: (i) hemostasis
to immobilize the invading microbes; (ii) lectin-induced complement pathway to opsonize the pathogen; (iii) melanization to
oxidatively kill the invading pathogens; and (iv) rapid synthesis of potent antimicrobial peptides. Serine proteases play signifi-
cant roles in these mechanisms, although evidence on their functions remains dismal and scattered, and only several members
have been characterized, for example, the serine protease cascade in Drosophila dorsoventral patterning; the Limulus blood
clotting cascade; and the silk worm prophenoloxidase cascade. Here, we seek to clarify the functional significance of serine pro-
teases in various invertebrates. We provide compelling evidence to suggest that the serine protease cascades are integrated to
play significant roles in inter-relating and networking fundamental biological processes such as early embryonic development,
hemostasis and innate immune defense.

Supported by grant LS/99/004 (National Science & Technology Board, A).

170
Protease-activated receptors-mediated endothelial activation and anti-inflammatory effects of
protease inhibitors

Makoto Shimozawa1, Norimasa Yoshida2, Kazuhiro Katada1, Masaki Kuroda1, Nami Nakabe1, Satoshi Kokura3,
Hiroshi Ichikawa4, Yuji Naito2, Toshikazu Yoshikawa1

1Inflammation and Immunology, 2Molecular Gastroenterology and Hepatology, and 3Biomedical Safety Science, Graduate
School of Medical Science, Kyoto Prefectural University of Medicine, Kyoto, Japan
4Department of Food Science and Nutritional Health, The Faculty Human Environment, Kyoto Prefectural University, Kyoto, Japan

Introduction: Protease-activated receptors are part of the family of G-protein coupled receptors (PAR1 for thrombin and PAR2 for
trypsin). The objectives of the present study were to determine the status of expression of PAR on human aortic endothelial cells
(HAEC), to examine the increase in expression of IL-8 and ICAM-1 on HAEC by activating PAR, and to determine effects of
nafamostat mesilate and gabexate mesilate, serine protease inhibitors, on up-regulation of these pro-inflammatory factors.
Materials, Methods and Results: mRNA by RT-PCR and protein of PAR1 and PAR2 by Western blotting were consti-
tutively expressed on HAEC without stimulants. Incubation of HAEC with PAR1, PAR2 agonist, thrombin or trypsin
increased the expression of ICAM-1 and the production of IL-8 by ELISA in the concentration-dependent manner.
Nafamostat mesilate and gabexate mesilate inhibited the expression of ICAM-1 and the production of IL-8 on HAEC
treated with thrombin or trypsin, but didn�t with PAR1 agonist peptide or PAR2 agonist peptide.
Conclusions: These results suggest that activation of PAR1 and PAR2 by thrombin and trypsin resulted in increase in
ICAM-1 and IL-8 from HAEC and that nafamostat mesilate and gabexate mesilate can protect against PAR-mediated
endothelial cell activation by inhibiting activity of thrombin and trypsin.
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171
Hepatoprotective, antiproliferative and NO regulatory effects of leaf extracts from Toona sinensis

H.F. Chiu1*, H.L. Lin1, J.H. Yeh1, T.C. Chou3, Y.C. Yang1, H.K. Hsu2

Departments of 1Pharmacology and 2Physiology, College of Medicine, Kaoshuing Medical University, 100 Shin-Chuan 1st
Road, Kaohsiung 807, Taiwan, ROC
3Graduate Institute of Medical Sciences, National Defense Medical Center, No. 161, Min-Chuan E. Rd., Sec. 6, Taipei, Taiwan, ROC
*E-mail: huifen@cc.kmu.edu.tw

Toona sinensis is a broadleaf tree. The leaves and young shoots have been used as a vegetable in China for thousands
of years. The leaves and stems of this plant have been used for the treatment of enteritis, dysentery and itch in oriental
medicine. In the present study, we estimated the effect of T. sinensis on CCl4-induced acute hepatotoxicity., It is shown
that T. sinensis exerts a significant dose-dependent decline effect on serum SGOT and SGPT promotion. We found
that T. sinensis leaf extracts possessed inhibitory effect on human hepatoma cell proliferation (HepG2 and 2.2.15
cells). Our results also demonstrated the cytotoxic effect of T. sinensis on various cancer cell lines with MTT and
methylene blue calorimetric methods. The apoptotic cell genomic DNA strand breaks induced by T. sinensis were
stained with the TUNEL assay. The apoptotic signal nitric oxide (NO) has a multi-regulated role in cell proliferation.
In hepatocytes, NO can inhibit the main mediators of cell death � caspase protease. T. sinensis may change the intra-
cellular lipopolysaccharide (LPS)-induced NO level; high NO concentrations may lead to the formation of toxic reac-
tion products such as dinitrogen peroxynitrite that may induce hepatoma cell apoptosis.

172
Ligand-regulated chimeric receptor approach reveals the diversity of Toll-like receptor function
originating from transmembrane and cytoplasmic domains

T. Nishiya*, A.L. DeFranco

Department of Microbiology and Immunology, University of California, San Francisco, CA 94143-0414, USA
*E-mail: nishiya@itsa.ucsf.edu

The functional differences between Toll-like receptors (TLRs) were studied by creating ligand-regulated chimeric receptors
composed of the extracellular region of TLR4 and the transmembrane and cytoplasmic regions of other TLRs. They were
expressed in bone marrow-derived macrophages from TLR4-deficient mice. Interestingly, the chimeras between TLR4 and
either TLR3, TLR7, TLR8, or TLR9 localized intracellularly. LPS, a ligand for these chimeras, induced the production of pro-
inflammatory cytokines as well as the activation of NF-κB and MAP kinases in TLR4�/� macrophages expressing TLR4,
TLR4/TLR5, or TLR4/TLR8 but not TLR4/TLR1, TLR4/TLR2, or TLR4/TLR6 chimeras. Co-expression of unresponsive
chimeras in some combinations (chimera with TLR1+TLR2 or TLR2+TLR6 but not TLR1+TLR6) resulted in LPS-respon-
siveness. The activity of the TLR2+TLR6 chimera pair was much higher than that of the TLR1+TLR2 pair, indicating the bet-
ter function of the signaling domain of TLR6. Finally, LPS induced effective IFN-γ production and subsequent STAT1
phosphorylation in macrophages expressing full-length TLR4 but not other cell surface TLR chimeras. Taken together, these
results suggest that the functions of TLRs are diversified not only in their extracellular regions for ligand recognition but also in
their transmembrane/cytoplasmic regions for subcellular localization and signaling properties.

Supported in part by National Institutes of Health Grants AI33442 and AI20038 (to ALD).

173
MyD88 stabilizes mRNA for TNF and IP-10 by TIR domain-independent mechanisms

A. Ding, D. Sun

Weill Medical College of Cornell University

MyD88 plays a crucial role in transducing signals of TLRs to initiate innate immune responses. It is not known how a defect in
MyD88 affects IFN-γresponses. IP-10 and TNF gene expression was greatly reduced in MyD88-null macrophages in response
to LPS-free IFN-γ, as compared with wild-type cells. Phosphorylation and nuclear translocation of STAT1 were not defective in
MyD88-null cells. Nuclear run-on assays revealed identical transcription initiation rates between mutant and wild-type
macrophages. Half-lives of TNF and IP-10 mRNA were reduced to 50% in the mutant. When co-transfected with luciferase
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reporter constructs containing the 3′-UTR of TNF or IP-10 genes, MyD88 or IRAK1 increased luciferase activity in RAW
264.7 cells; while TRIF, RIP1, MKK3, MKK4 or ASK1 had no effect. The N-terminal portion of MyD88, which contains only
a death domain, conferred this activity. The TIR domain of MyD88 was inactive, as were death domain containing molecules
FADD and TRADD. MyD88- or IRAK1-induced luciferase activity of TNF-3′-UTR-containing constructs was inhibited by
dominant negative p38 (DN-p38), but not by DN-JNK1. Thus, MyD88 appears to stabilize cytokine mRNAs by activating p38
via IRAK1. In contrast to all previously described functions of MyD88, the mRNA stabilizing effect of MyD88 does not require
its TIR domain, suggesting that this novel activity is independent of extracellular signals.

174
Mastoparan, a G-protein agonist peptide, differentially modulates TLR4- and TLR2-mediated
signaling in human endothelial cells and murine macrophages

Arnd Lentschat1*, Hisae Karahashi3, Kathrin S. Michelsen3, Lisa Thomas3, Wenxuan Zhang3, Stefanie N. Vogel2,
Moshe Arditi3

1Leibniz-Center for Medicine and Biosciences, Borstel, Parkallee 1-40, Germany
2Department of Microbiology and Immunology, University of Maryland, Baltimore, 655 W. Baltimore St, 13-009, Baltimore,
MD 21201, USA
3Pediatric Infectious Diseases, Cedars-Sinai Medical Center, 8700 W. Beverly Blvd, Los Angeles, CA 90048, USA
*E-mail: alentsch@fz-borstel.de

Previous studies have implicated a role for heterotrimeric G protein-coupled signaling in B cells, monocytes, and macrophages
stimulated with lipopolysaccharide (LPS) and have shown that G proteins co-immunoprecipitate with membrane-bound CD14.
In this study, we have extended these observations in human dermal microvessel endothelial cells (HMECs) and in murine
macrophages to define further the role of heterotrimeric G proteins in TLR signaling. Using mastoparan, to disrupt G protein-
coupled signaling, we identified a G protein-dependent signaling pathway in HMECs stimulated with TLR4 agonists that is
necessary for the activation of p38, NF-κB and IL-6 transactivation. In murine macrophages, G protein dysregulation by
mastoparan resulted in inhibition of LPS-induced signaling leading to both MyD88-dependent and MyD88-independent gene
expression. In addition to inhibition of TLR4-mediated mitogen-activated protein kinase (MAPK) phosphorylation in
macrophages, mastoparan blunted IRAK-1 kinase activity induced by LPS, yet failed to affect phosphorylation of Akt by
phophoinositol-3-kinase (PI3 kinase). These data confirm the importance of heterotrimeric G proteins in TLR4-mediated
responses in cells that utilize either soluble or membrane-associated CD14 and reveal a level of TLR and signaling pathway
specificity not previously appreciated.

This work was supported by National Institutes of Health grants AI-18797 (SNV) and HL-66436 (MA).

175
Porphyromonas gingivalis and Escherichia coli LPS differentialy activate human gingival
fibroblasts and alter EGF and P2X7 nucleotide receptor expression

Beatriz H. Quinchia-Rios*, Arturo Guadarrama, Paul J. Bertics

Department of Biomolecular Chemistry, University of Wisconsin, 1300 University Ave, Madison, WI 53706, USA
*E-mail: quinchiarios@wisc.edu

Porphyromonas gingivalis LPS is associated with the development of rapid progressive periodontitis (RPP), which is
a group of inflammatory diseases that promote the accelerated destruction of the periodontum. Furthermore, EGF
action and the cytolytic release of nucleotides are important features of RPP, and gingival fibroblasts express LPS
receptors (TLR2, TLR4) as well as EGF and nucleotide (P2X7) receptors. To study the crosstalk between these recep-
tors, we generated a life-expanded (hTERT-transduced) human gingival fibroblast cell line (QHGF). Exposure of
QHGF to P. gingivalis LPS and EGF for 24 h leads to a down-regulation of EGF receptor expression by ~90%,
whereas stimulation with P. gingivalis LPS alone induces ~5-fold up-regulation of P2X7. Additionally, P. gingivalis
LPS promotes a rapid degradation of the NF-κB endogenous inhibitor IκBα in QHGF, whereas P. gingivalis LPS
poorly enhances IκBα degradation in murine RAW 264.7 macrophages. Conversely, Escherichia coli LPS stimulates
a modest decrease of IκBα levels in QHGF, as opposed to a most robust response in RAW 264.7 macrophages.
Therefore, QHGF differ from macrophages in their responsiveness to EGF, nucleotides and LPS. We hypothesize that
P. gingivalis LPS-induced modulation of EGF and P2X7 receptor expression and signaling in QHGF is critical for the
death/survival responses characteristic of RPP.
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176
Synergistic activation of human monocytic cells by NOD-ligands and TLR-ligands

A. Uehara1*, S. Yang1, Y. Fujimoto2, K. Fukase2, S. Kusumoto2, K. Shibata3, S. Sugawara1, H. Takada1

1Tohoku University Graduate School of Dentistry, Sendai, Japan
2Graduate School of Science, Osaka University, Osaka, Japan
3Hokkaido University Graduate School of Dentistry, Sapporo, Japan   *E-mail: kyoro@mail.tains.tohoku.ac.jp

Two types of synthetic peptidoglycan fragments, diaminopimelic acid (DAP)-containing desmuramylpeptides (DMPs) and
muramyldipeptide (MDP), induced secretion of interleukin (IL)-8 in a dose-dependent manner in human monocytic THP-1
cells, although high concentrations of compounds are required as compared with chemically synthesized Toll-like receptor
(TLR) agonists mimicking bacterial components; TLR2 agonistic lipopeptide (Pam3CSSNA), TLR4 agonistic lipid A (LA-15-
PP), and TLR9 agonistic bacterial CpG DNA. We found marked synergistic IL-8 secretion induced by MDP or DMPs in com-
bination with TLR agonists. Suppression of NOD1 and NOD2 specifically inhibited the synergistic IL-8 secretion induced by
DMP and MDP in combination with these TLR agonists, respectively. These findings indicated that NOD2 and NOD1 are
responsible for the synergistic effects of MDP and DMPs with TLR agonists, and suggested that in host innate immune
responses to invading bacteria, combinatory dual signaling through extracellular TLRs and intracellular NODs might lead to the
synergistic activation of host cells.

177
NOD1-agonistic desmuramylpeptide (DMP) as well as NOD2-agonistic muramyldipeptide (MDP)
induced endotoxin hypersensitivity in mice in a Toll-like receptor (TLR) 2-independent manner

M. Hagiwara1*, S. Yokoyama1, A. Uehara1, R. Kamijo2, G. Miyata1, S. Satomi1, K. Shibata3, O. Takeuchi4, S. Akira4, 
H. Takada1

1Tohoku University, 980-8575, Japan
2Showa University, Japan
3Hokkaido University, Japan
4Osaka University, Japan   *E-mail: dent-yt@mail.tains.tohoku.ac.jp

Mice primed with intravenous injection of DMP FK156 (Fujisawa) or MDP showed enhanced production of serum
cytokines upon challenge injection (4�6 h after) of LPS or synthetic lipid A. The priming activity of MDP was also
observed in TLR2 knockout and IFN-gamma-R knockout mice, but not in C3H/HeJ mice. In contrast, MDP-primed
C3H/HeJ mice, but not TLR2 knockout mice, showed an enhanced response to a synthetic lipopeptide, Pam3CSSNA.
MDP administration increased the mRNA expression of MyD88 and TLR4 in the liver, lungs and spleen, but not in
peripheral blood cells in the C57BL/6 mice, and increased TLR4 expression in their splenocytes. In accordance with
these findings, in the MDP-primed mice, TNF-α mRNA expression in the organs was markedly increased upon endo-
toxin challenge. These findings suggest that NOD-agonist primed mice show enhanced responses to TLR ligands
through enhanced TLR-MyD88 signaling in a TLR-independent manner.

178
Alpha-galactosylceramide (GalCer) enhances LPS-induced nitric oxide (NO) production in
murine peritoneal cells

H. Ito1*, A. Morikawa1, N. Koide1, T. Ishikawa2, S. Kakumu2, K. Ando3, H. Moriwaki4, T. Yokochi1

1Department of Microbiology and 2Division of Gastroenterology, Department of Internal Medicine, Aichi Medical University,
Aichi 480-1195, Japan
3Goto Clinic, Gifu 503-0899, Japan
4First Department of Internal Medicine, Gifu University School of Medicine, Gifu 501-1194, Japan  *E-mail: hito@aichi-med-u.ac.jp

GalCer is a specific ligand for T cell receptor (TCR)-Vα14 and is known to activate NKT cells expressing TCR-Vα14. In
this study, we examined the effects of GalCer in LPS-induced NO production in in vitro cultures of murine peritoneal
macrophages and spleen cells. Simultaneous treatment with LPS and GalCer enhanced LPS-induced NO production in the
culture of peritoneal macrophages but not spleen cells. GalCer alone did not affect LPS-induced NO production in peritoneal
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macrophages. GalCer slightly enhanced LPS-induced NO production in RAW 264.7 macrophage cells. GalCer did not
enhance LPS-induced tumor necrosis factor-α production in peritoneal cells. There was no marked difference in interferon-
γ production in LPS-stimulated peritoneal macrophages in the presence or absence of GalCer. The detailed mechanism of
the enhancing action of GalCer on LPS-induced NO production will be discussed.

179
The serum antibody response and protective efficacy of a detoxified Escherichia coli (J5 mutant)
lipopolysaccharide/group B meningococcal outer membrane protein (J5 dLPS/OMP) vaccine for
sepsis is enhanced by CpG oligonucleotide adjuvant (CpG)

Alan Cross1*, Steven Opal2, J. Palardy2, Wilbur Chen1, A.K. Bhattacharjee3

1Center for Vaccine Development, University of Maryland, Baltimore, Baltimore, MD 21201, USA
2Memorial Hospital of Rhode Island, Pawtucket, Rhode Island, USA
3Walter Reed Army Institute of Research, Silver Spring, Maryland, USA   *E-mail: across@medicine.umaryland.edu

Whereas the J5 dLPS/OMP vaccine in animals induced > 20-fold increases in serum IgG levels to J5 LPS, we observed a
mean 3-fold increase in human subjects in a recent phase I clinical study of this vaccine. We, therefore, examined the ability
of CpG to increase this response. Outbred mice were given vaccine alone, vaccine + CpG or CpG alone and cecal liga-
tion/puncture (CLP) was performed 21 days later. Two weeks after the last dose of vaccine (i.e. before CLP), the CpG-only
group had < 1 mcg/ml of anti-J5 LPS IgG. The vaccine + CpG group had 475 ± 415 mcg/ml versus 151 ± 239 mcg/ml for
the vaccine alone (P = 0.003). At 48 h after CLP, both groups had a significant decrement in J5 LPS-specific but not in total
IgG. While 0/9 of the CpG control group survived, in the vaccine-only group, 14/15 mice survived versus 15/15 in the vac-
cine + CpG group. Both vaccine groups had lower levels of circulating cytokines than CpG controls; however, the CpG +
vaccine group had the lowest level of LPS and bacteria in the peritoneum, suggesting that the vaccine + CpG may protect
against a more severe sepsis. We conclude that vaccine + CpG merits testing in human subjects.

Supported by NIH grant AI42181.

180
Higher induction of histamine-forming enzyme, histidine decarboxylase (HDC), in various tissues
in muramyldipeptide-primed mice upon intravenous injection of endotoxin

H. Funayama*, L. Huang, Y. Endo, H. Takada

Department of Microbiology and Immunology, Tohoku University Graduate School of Dentistry, Sendai 980-8575, Japan
*E-mail: hiromi-f@mail.tains.tohoku.ac.jp

We reported previously that: (i) intravenous injection of lipopolysaccharide (LPS) into mice induced histidine decarboxylase
(HDC), with a resultant elevation of histamine levels in various tissues; and that (ii) pretreatment of mice with
muramyldipeptide (MDP; 4�6 h prior) induced endotoxin hypersensitivity. Here, we examined whether NOD2-agonistic
MDP and NOD1-agonistic desmuramylpeptides (DMPs, FK156 and FK565; Fujisawa Pharmaceuticals) increased HDC pro-
duction in response to endotoxin in BALB/c mice. MDP alone scarcely induced HDC, while DMPs significantly induced HDC
in the lungs and liver. Higher induction of HDC in various tissues, especially in the lungs, was observed in MDP- or FK156-
primed mice, in response to endotoxic LPS and synthetic lipid A, than in non-primed mice, while simultaneous administration
of MDP and endotoxin was inactive in this respect. Further studies are being conducted to examine the possible priming activ-
ities of NOD1 and NOD2 agonists in combination with various Toll-like receptor agonists derived from bacteria.

181
Synergy of CpG-oligonucleotides with muramyldipeptide in cytokine induction

V. Lorenz, S. Traub, A. Dalpke, T. Hartung, C. Hermann*

Biochemical Pharmacology, University of Konstanz, 78464 Konstanz, Germany
Marburg Institute of Medical Microbiology, Philipps-University, 35037 Marburg, Germany
*E-mail: corinna.hermann@uni-konstanz.de

Muropeptides, as well as CpG-oligonucleotides (ODN), which imitate bacterial DNA, modulate inflammatory responses. In
peripheral blood mononuclear cells no significant cytokine release could be induced by CpG (2006-PT) or MDP alone, but
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a significant synergy of 100 nM MDP with 2 µM CpG (TNF:CpG: 160 ± 30 pg/ml vs MDP: 50 ± 20 pg/ml vs
CpG+MDP: 3770 ± 1120 pg/ml) was found, which was only little sequence-specific but also occurred with the control
GpC oligonucleotide (TNF:GpC: 290 ± 110 pg/ml vs. GpC+MDP: 2890 ± 1060 pg/ml). The synergistic effect was not
TLR4-dependent as confirmed by bone marrow cells from C3H/HeJ mice, excluding endotoxin contaminations of
MDP or CpG. To investigate the role of sequence and thioat-modification for the synergism, a panel of ODN, which
differed in length (48-, 36-, 24- [referred as CpG], 12- and 6-ODN) and sequence (3′12-ODN, 5′12-ODN and 24-
ODN-polyA), as well as DNA, isolated from Escherichia coli, was investigated. Our results showed that except for the
6-ODN all ODNs, as well as 1 ng/ml bacterial DNA, synergized with MDP, although a 10-fold higher concentration
of the 12-ODN and polyA were necessary, indicating that a minimum length is necessary and that the CpG motif opti-
mizes the effect.

182
Cytokine production of mouse CD5+ B cell hybridoma in response to LPS and IFN-γγ

N. Koide1*, T. Sugiyama2, A. Morikawa1, H. Ito1, T. Yoshida1, T. Yokochi1

1Department of Microbiology and Immunology, Aichi Medical University, Aichi 480-1195, Japan
2Department of Microbiology, Gifu Pharmaceutical University, Gifu 502-8585, Japan   *E-mail: nao777nk@aichi-med-u.ac.jp

The mouse TH2.52 B cell line is a hybridoma between mouse splenic B cells and mouse B lymphoma, which possesses
the typical phenotype of B1 cells including CD5 expression. In the present study, we characterized the cytokine produc-
tion of TH2.52 cells in response to LPS and/or IFN-γ. LPS induced the production of TNF-α and IL-6 in TH2.52 cells,
like B2 cells. On the other hand, IFN-γ induced IL-2, IL-4, IL-6, TNF-α and nitric oxide. Further, TH2.52 cells became
dendritic and phagocytic in response to IFN-γ, suggesting the transition to macrophage-like cells. This transition was
inhibited by the addition of IL-4. Taken together, TH2.52 cells behave like B cells under LPS stimulation and like
macrophages under IFN-γ stimulation. IL-4, a Th2 cytokine, counteracted the action of IFN-γ, a Th1 cytokine. B1 cells
might play a role in humoral and cell-mediated immunity in LPS and IFN-γ stimulation, respectively.

183
Exposure to CpG-ODN exacerbates the inflammatory response and augments intestinal
permeability caused by systemic hypotension via an IFN-γγ dependent route

M. Luyer1*, W. Buurman1, M. Hadfoune1, C. van’t Veer3, J. Jacobs2, C. Dejong1, J. Greve1

1Department of Surgery, University of Maastricht, The Netherlands
2Department of Medical Microbiology, University Hospital Maastricht, The Netherlands
3Laboratory for Experimental Internal Medicine, Academic Medical Centre Amsterdam, University of Amsterdam, 
The Netherlands   *E-mail: m.luyer@ah.unimaas.nl

The effects of in vivo exposure to CpG-ODN on the inflammatory response and gut barrier function were studied in rats
compromised by hemorrhagic shock. In addition, we defined responsiveness of peritoneal macrophages from CpG-
treated animals to endotoxin (LPS), lipoteichoic acid (LTA) and CpG-ODN ex vivo. TNF-α concentrations were signifi-
cantly elevated in supernatant of peritoneal macrophages from CpG-treated rats upon stimulation with 1 and 10 ng/ml
LPS, 1 and 10 µg/ml LTA and low dose CpG-ODN (1 µM) compared to control rats. Subjecting these CpG-ODN treated
rats to hemorrhagic shock markedly increased circulating IFN-γ, TNF-α, IL-6 and nitrite and caused a defective IL-10
response compared with control shock-rats. Additionally, administration of CpG-ODN impaired gut barrier function and
further augmented shock-induced intestinal permeability for HRP and bacterial translocation to distant organs.
Interestingly, administration of anti-IFN-γ significantly ameliorated the excessive inflammatory response caused by
CpG-ODN, restored the IL-10 response and reduced intestinal permeability for HRP and bacterial translocation to distant
organs. In conclusion, these results indicate that CpG-ODN impairs gut barrier function and enhanced responsiveness of
macrophages. Furthermore, pretreatment with CpG-ODN induces a �two-hit� phenomenon in animals compromised by
hemorrhagic shock via an IFN-γ dependent route.
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†184
The host defence peptide LL-37 is a multi-functional immunomodulator which interacts directly
with the effector cells of the innate immune response

Dawn M.E. Bowdish1*, Donald J. Davidson2, Y. Elaine Lau1, Greg Doho1, David P. Speert3, R.E.W. Hancock1

1Department of Microbiology, University of British Columbia, Vancouver, British Columbia, Canada V6Y 1Z3
2MRC Centre for Inflammation, Edinburgh University Medical School, T, British Columbia, Canada V5Z 4H4
3B.C. Research Institute for Children’s and Women’s Health, 950 West 28th Avenue, Vancouver, British Columbia, 
Canada V5Z 4H4   *E-mail: dawn@cmdr.ubc.ca

LL-37 is a cationic peptide that is found primarily in the granules of neutrophils. Originally identified as an �antimicrobial� pep-
tide, it now appears that LL-37 may be a broad spectrum immunomodulator. LL-37 is a potent anti-endotoxic agent which
blocks the release of pro-inflammatory cytokines produced by primary monocytes or monocyte-like cell lines upon stimulation
with lipopolysaccharide. LL-37 also induces transcription and release of the chemokines IL-8, MCP-1 and MCP-3 in animal
models and primary monocytes. Such results indicate that LL-37 may interact directly with the effector cells of the innate
immune response; however, this interaction has not been well-characterized. In this study, we demonstrate that LL-37 induces
phosphorylation of the mitogen activated protein kinases, p38 and ERK1/2 in a serum-dependent manner in primary monocytes
and an airway epithelial cell line but not in T or B cells. In the presence of serum, LL-37 associates with monocytes and epithe-
lial cells. Activation of these kinases is required for transcription of a number of chemokine genes and the release of IL-8.
Phosphorylation of ERK1/2 and p38 does not occur in the absence of serum and may require the presence of serum components
such as high density lipoproteins. This study demonstrates that LL-37 interacts with the cells of the innate immune response and
activates kinases involved in growth, differentiation and proliferation.

Supported by a grant from Genome Prairie and Genome BC.

185
Hsp-27 significantly alters dendritic cell emergence from precursor macrophages

Krzysztof Laudanski, Carol L. Miller-Graziano

Department of Surgery, University of Rochester Medical School, 601 Elmwood Ave, Rochester, NY 14642, USA

Large heat-shock proteins(Hsp) have been reported to bind to TLR4, inducing maturation of monocyte-originated dendritic
cells (DCs), thus providing an important link between innate and acquired immunity. Here, we attempted to examine a role of
small Hsp-27 vs Hsp-60 in the emergence of DCs considering unique biological activities of small Hsp. Human macrophages
were isolated with Ficoll-Hypaque followed by magnetic beads. DCs were generated with IL-4 and GM-CSF (4+G) for 5 days
alone or with Hsp-27 or Hsp-60. To prevent any LPS contamination, polymyxin B was added to all cultures. After 5 days, cells
were assessed for CD1a, CD83, CD209, CD14 and MLR reaction, to determine their antigen-presenting cell capability.
Alternatively, macrophages were stimulated with Hsp-27, or left unstimulated overnight and evaluated for M-CSFR, GM-
CSFR, IL-4R and IL-6R, important receptors for the differentiation of 4+G stimulated macrophages into DCs. In contrast to
Hsp-60, Hsp-27 significantly reduced emergence of DCs (Mean ± SE % CD1a; 4+G = 47.8 ± 6.6; 4+G+Hsp-27 = 27.2 ± 6.6;
4+G+Hsp-60 = 40.9 ± 16.1). In overnight experiments, Hsp-27 down-regulated M-CSFR and IL-6R whereas the expression of
GM-CSFR and IL-4R was increased with a concomitantly enhanced appearance of IL-4-induced CD209 on DCs. We conclude
that Hsp-27 has the unique capability of inhibiting macrophage to DC differentiation but its action is mediated by an alternative
mechanism to Hsp-27-mediated cytokine receptor expression.

186
Innate immunity to the pathogenic fungus Coccidioides posadasii is dependent on TLR2 and Dectin-1

Suganya Viriyakosol1,2, Joshua Fierer1–3, Gordon D. Brown4, Theo N. Kirkland1–3

1Veterans Medical Research Foundation, Veterans Affairs San Diego Healthcare System and Departments of 2Pathology and
3Medicine, University of California San Diego, San Diego, CA 92161, USA
4Institute of Infectious Disease and Molecular Medicine, University of Cape Town, Observatory 7925, South Africa

Coccidioides posadasii is a pathogenic fungus that causes endemic and epidemic coccidioidomycosis in the deserts of
North, Central, and South America. Innate immune mechanisms against the organism are not well understood. Here
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we show that elicited mouse peritoneal macrophages respond to spherules (the tissue form of the fungus) by produc-
ing pro-inflammatory cytokines as measured by quantitative polymerase chain reaction of cellular transcripts as well
as by ELISA assays of secreted protein. We examined the contribution of Toll-like receptors (TLRs), CD14 and
MyD88 in macrophage responses to FKS by comparing cytokine responses of elicited macrophages from different
knockout mice. Elicited mouse peritoneal macrophage from TLR2�/� and MyD88�/� produced significantly less TNF-
α, MIP-2 and IL-6 following activation with spherules than the wild-type macrophages. In contrast, C3H/HeJ mice,
which have a point mutation in TLR4, as well as TLR4�/� mice exhibited no defect in cytokine production as compared
to the control mice. We also investigated the role of the macrophage β-glucan receptor, Dectin-1. RAW 264.7
macrophages overexpressing Dectin-1 produced more cytokines in respond to FKS, live spherules and purified β-glu-
can than control RAW cells. Blockage of Dectin-1 with antibodies inhibited cytokine production in elicited mouse
peritoneal macrophages. Taken together, these results show that cytokine responses in mouse peritoneal macrophages
to C. posadasii spherules are dependent on TLR2, MyD88 and Dectin-1.

Supported by NIH Grants AI37232, AI19149 and the California Healthcare Foundation.

187
Early innate immune responses to filarial parasites and endosymbiotic Wolbachia are
predominantly dependent on TLR2

A.G. Hise1, I. Gillette-Ferguson1, E. Pearlman1, J.W. Kazura1, D. Golenbock2

1Center for Global Health & Diseases, Case Western Reserve University
2Division of Infectious Diseases and Immunology, University of Massachusetts Medical School

Lymphatic filariasis is caused by infection with Brugia malayi, Brugia timori and Wuchereria bancrofti and is a major
health problem in tropical regions of the world with over 120 million infected individuals. The pathological conse-
quences of infection are primarily acute and chronic lymphedema of the extremities (elephantiasis) and testicular
hydroceles; however, not all infected individuals manifest severe disease. The host factors contributing to this variable
disease presentation are unclear but may involve innate immunity. Wolbachia bacteria are found in most filarial para-
sites of importance to human health (B. malayi, W. bancrofti, O. volvulus). The obligate symbiotic organisms are con-
centrated in intracytoplasmic vacuoles within the hypodermal lateral cords and female reproductive organs and are
transmitted in a matrilinear fashion. Filarial reproduction and molting are dependent on the presence of the bacteria,
although the mechanisms of the symbiosis are not yet known.

Early studies of innate immune activation by the filarial worms focused on the role of TLR4. Using human TLR
transfected HEK cell lines as well as mouse strains deficient in TLR2, TLR4 and MyD88, we show that inflammatory
responses to soluble Brugia filarial extracts containing Wolbachia are instead primarily dependent on TLR2.
Responses are also dependent on MyD88. These finding have important implications for future studies aimed at iden-
tifying host factors that contribute to the pathogenesis of clinical filarial diseases.

†188
Cross-talk between Nod1, Nod2 and Toll-like receptors (TLRs) for cytokine production by
macrophages in response to Gram-positive bacteria

R. Kapétanovic1, M-A. Nahori1, V. Balloy2, D.J. Philpott3, J-M. Cavaillon1, M. Adib-Conquy1*

1UP Cytokines & Inflammation, Institut Pasteur, 28 rue du Dr Roux, 75015 Paris, France
2Unité de Défense Innée et Inflammation, INSERM E336, Institut Pasteur, Paris, France
3G5 Immunité Innée & Signalisation, Institut Pasteur, Paris, France   *E-mail: madib@pasteur.fr

TLRs are molecules with highly conserved structures involved in the sensing of microbial-derived compounds. Nod1 and Nod2
belong to a family of intracytoplasmic receptors and recognize distinct peptidoglycan-derived muropeptides. Macrophages pos-
sess phagocytic properties and their response to whole bacteria may be initiated both by TLRs at the cell surface, and intracellu-
larly by Nod proteins. We compared the role of these receptors following interaction of whole bacteria with macrophages and
analyzed pro- and anti-inflammatory cytokine production. Using knockout mice, we determined that TLR4 and TLR2 contribu-
tion was predominant in the induction of TNF and IL-10 by Gram-negative bacteria. In contrast, the absence of TLR2 (and/or
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TLR4) did not affect the response to Gram-positive bacteria. However, in the case of TLR2/4�/� mice, the phagocytic property of
macrophages was essential to cytokine production in response to heat-killed Staphylococcus aureus (HKSA) that was profoundly
inhibited by cytochalasine D. By transfecting RAW 264.7 cells with dominant negative forms of Nod1 and Nod2, we showed that
Nod molecules contribute to NF-κB activation and cytokine production in response to HKSA. Finally, LPS and HKSA up-regu-
late the expression of Nod1 and/or Nod2 mRNA, demonstrating a cross-talk between Nods and TLRs at the transcriptional level.

189
Pattern recognition receptor deficiency compromises host resistance to pneumonic tularemia

T.J. Sellati*, M. Malik, C.S. Bakshi, Kathleen Johnson

Center for Immunology and Microbial Disease, Albany Medical College, Albany, NY 12208-3479, USA
*E-mail: sellatt@mail.amc.edu

Background: Francisella tularensis, a category A select agent, is extremely infectious, easily disseminated and causes signifi-
cant illness and death. Mechanisms underlying tularemia pathogenesis remain ill-defined. Herein, we demonstrate that CD14,
TLR2, and TLR4 (pattern recognition receptors, PRRs) mitigate host responses to F. tularensis LVS.
Methods: Wild-type and PRR�/� mice were intranasally infected, tissues were harvested for histological evaluation and enumer-
ation of bacteria, and sera was collected to measure cytokine/chemokine and antibody levels.
Results: PRR�/� mice were more susceptible and succumbed to infection more rapidly compared with controls. Control and
PRR�/� mice had pulmonary lesions composed primarily of neutrophils and alveolar macrophages; however, the lungs of PRR�/�

mice were significantly more inflamed and had higher bacterial burdens. Remarkably, although the pro-inflammatory cytokines
TNF-α, IFN-γ, and MCP-1 were elevated in infected mice, no significant differences were observed between control and
PRR�/� mice. The pattern of humoral immunity was complex and varied in different PRR�/� mice. CD14�/� mice exhibited lower
francisellae-specific IgM but an IgG response comparable to controls, whereas TLR4�/� mice showed significantly higher IgG
levels compared to controls.
Conclusions: PRR signaling mitigates the clinical course and severity of pneumonic tularemia and elucidation of downstream
events may identify novel immunotherapeutic targets.

Supported by a NIH/NIAID grant 1P01AI056320-010002.

190
Peripheral immunity in patients with hepatitis C virus (HCV) infection: different roles of
endotoxins (LPS) and ββ-glucans

L. Amati1*, D. Leogrande1, M.A. Finkelman2, H. Tamura3, E. Jirillo1,4

1National Institute for Digestive Diseases,– Castellana Grotte, Italy
2Associates of Cape Cod, Inc., East Falmouth, MA 02536, USA
3Seikagaku Company, Tokyo, Japan   
4Immunology, University of Bari, Bari, Italy     *E-mail: amati_luigi@libero.it

HCV+ patients are characterized by depressed phagocytosis and killing of polymorphs and monocytes and T-cell mediated
antibacterial activity. Here, we report that a very high percentage of HCV-patients are endotoxemic and β-glucanemic. We spec-
ulated that deficits of the innate immunity might facilitate entry of Gram-negative bacteria and fungi into the HCV+ host. On this
basis, HCV-patients were subdivided into two subsets: LPS+/β-glucan+ and LPS�/β-glucan+. In the LPS�/β-glucan+ subset, we
found a different pattern of peripheral immune response, when data were compared to those from the LPS+/β-glucan+ counter-
part. In fact, here we describe in the LPS�/β-glucan+ patients an expansion of the T regulatory cells (CD4+CD25+ cells), which
correlates with a reduced frequency of TNF-α+ and IL-1β+ monocytes. In the same patients, we detected a reduction of CD8+

memory cells, likely including cytolytic lymphocytes which are specific for HCV viral epitopes. These laboratory findings
coincide with less hepatic damage, e.g. lower values of transaminases and of total and direct bilirubin in comparison with
LPS+/β-glucan+ individuals. In conclusion, β-glucans, if present in the host and, according to their serum concentration, may
exert an anti-inflammatory activity in the course of HCV disease.

Supported by a grant from Ministero della.
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191
MyD88 is pivotal for the early inflammatory response and subsequent bacterial clearance in
Chlamydia pneumoniae pneumonia

Y. Naiki1*, W. Zhang1, A. Slepenkin3, Y.Y. Zhou2, K.S. Michelsen1, M.H. Wong1, S. Chen1, Y. Bulut1, N.W.J. Schröder1,
R. Alsabeh2, E.M. Peterson3, M. Arditi1

Departments of 1Pediatrics Infectious Diseases and 2Pathology & Laboratory Medicine, Cedars-Sinai Medical Center, David
Geffen School of Medicine at the University of California Los Angeles, Los Angeles, CA 90048, USA
3Department of Pathology, University of California Irvine, Irvine, CA 92697, USA
*E-mail: yoshikazu.naiki@cshs.org

Chlamydia pneumoniae is an important respiratory tract pathogen that is associated with a wide range of respiratory tract infec-
tion and a number of chronic diseases. Recently, C. pneumoniae has been associated with coronary artery disease and athero-
sclerosis. In this study, we investigate the involvement of Toll-like receptor (TLR) signaling in C. pneumoniae induced
pneumonia. MyD88-deficient mice are severely impaired in their ability to mount an acute inflammatory response toward C.
pneumoniae as compared to wild-type and TLR4-deficient mice. Albeit a comparable bacterial burden in the lungs of infected
mice 5 days after infection, MyD88-deficient mice show only minor sign of pneumonia and reduced expression of inflamma-
tory mediators. In contrast, TLR4-deficient mice show indistinguishable signs of pneumonia compared to wild-type mice. In
contrast, MyD88-deficient mice are unable to clear bacteria and show a severe, chronic inflammation with elevated systemic
IL-1β and local IL-1β and IFN-γconcentrations leading to decreased survival 14 days after infection with C. pneumoniae while
wild-type and TLR4-deficient mice recovered from acute pneumonia. These data indicate that MyD88 is essential to recognize
C. pneumoniae infection and initiate an effective immune response leading to the clearance of bacteria from infected lungs.

192
Impaired hepatic granuloma formation with normal host defense in MyD88-deficient mice

H. Takatsuka1,4*, S. Yamamoto4, S. Iho2, Y. Osawa3, R. Iida1, E. Tsubota1, H. Yamanouchi5, H. Hemmi6, S. Akira6, 
T. Matsuki1

Departments of 1Forensic Medicine, 2Immunology and Medical Zoology, and 3Otorhinolaryngology Head and Neck Surgery, Fukui
University, Fukui 910-1193, Japan
4Department of Bacterial Pathogencity and Infection Control, National Institute of Infectious Diseases, Tokyo 208-0011, Japan
5Division of Legal Medicine, Niigata University Graduate School of Medical and Dental Science, 1-757 Niigata 951-8510, Japan
6Department of Host Defense, Research Institute for Microbial Diseases, Osaka University, Osaka 565-0871, Japan
*E-mail: htakkun-nii@umin.ac.jp

Granulomas are characterized histologically by a nodular collection of macrophages with occasional admixture of epithelioid
cells, multinucleated giant cells, and other immunocompetent cells. Cytokines and chemokines play important roles in the
recruitment of these cells in granulomas, and MyD88 plays a major role in TLR/IL-1 receptor family signaling. In the present
study, the roles of MyD88 on hepatic granuloma formation and host defense against BCG were examined. MyD88-deficient
(MyD88�/�) and wild-type (MyD88+/+) mice were infected with BCG via the tail vein. The number and the size of hepatic
granulomas of MyD88�/� mice were remarkably decreased. Immunohistochemical examination using two kinds of mono-
clonal antibodies to macrophages, BM8 and Mac-1, showed that BM8 or Mac-1 positive cells decreased within and out of
granulomas in the MyD88�/� mice. The mRNA levels of IL-1β, TNF-α, IFN-β and iNOS in the hepatic tissue were lower in the
MyD88�/� mice. Otherwise, the colony assay showed that there was no significant difference between MyD88�/� and MyD88+/+

mice. These results indicate that signaling through MyD88 is important for the normal development of hepatic granulomas, but
that MyD88 does not influence the host defense of BCG infection.

Supported by JSPS, KAKENHI 13670266 and 16590355.
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193
Endotoxin-independent induction of innate immunity by IL-2 expressing recombinant Salmonella
typhimurium

B.K. al-Ramadi1*, A. Ullah1, G. Bashir1, M.J. Fernanadez-Cabezudo2

Departments of 1Medical Microbiology and 2Biochemistry, Faculty of Medicine, UAE University, Al-Ain, UAE
*E-mail: ramadi.b@uaeu.ac.ae

Attenuated Salmonella strains are excellent vectors for the delivery of immunogenic proteins from a host of
pathogens. The ability to fine-tune the immune response to these multivalent vaccines would be a distinct advantage.
We studied the effect of expressing IL-2 by a recombinant Salmonella typhimurium strain (designated GIDIL2) on
host immunity. Accumulated evidence has demonstrated that administration of GIDIL2, but not the parental strain,
leads to the rapid induction of innate immune responses, including activation of NK cells and neutrophils and a con-
comitant up-regulation of NOS2 gene expression and NO production. This occurred independently of LPS-respon-
siveness and IFN-γ production, demonstrating its independence of the typical LPS/IFN-γ activation pathway.
Importantly, GIDIL2-induced innate immunity afforded protection against lethal homologous and heterologous chal-
lenges and this protection was abrogated in mice receiving a NOS2 inhibitor. These findings demonstrate that expres-
sion of IL-2 has a profound influence on the early immune response and highlight the importance of innate immunity
in the control of early bacterial proliferation.

Supported by grants from the FMHS Research Committee, UAE University.

194
Sublethal infection of C57BL/6 mice with Salmonella typhimurium leads to an increase in TLR1,
TLR2 and TLR9 mRNA as well as a decrease in TLR6 mRNA levels

Sabine Tötemeyer1, Pete Kaiser2, Tomoko Smyth1, Duncan J. Maskell1, Clare E. Bryant1

1Department of Clinical Veterinary Medicine, University of Cambridge, UK
2Institute for Animal Health, Compton, UK

Toll-like receptors (TLRs) selectively recognise pathogen-associated molecular patterns (PAMPs) produced by either
Gram-negative or Gram-positive bacteria to initiate an innate immune response. We have investigated the expression
of TLRs 1, 2, 4, 5, 6 and 9, the TLR4 associated molecule MD2, adapter molecules MyD88 and TIRAP/Mal as well
as the inflammatory mediators inducible nitric oxide synthase (iNOS) and tumour necrosis factor α (TNF-α) by real
time PCR in C57/BL6 mice. The mice were infected with Salmonella enterica Typhimurium (S. typhimurium) M525P.
This resulted in a sub-lethal infection with bacterial numbers reaching a plateau from days 4�7 onwards. In general,
higher basal RNA levels were observed in spleen compared to liver. During infection, RNA expression levels in
spleen were unchanged, except for a reduction in TLR6 mRNA expression. In contrast, in liver the RNA levels of
TLR1, TLR2, TLR9, iNOS and TNF-α show a large increase in response to infection.

195
A non-tolerizing dose of Gram-negative bacterial lipopolysaccharide primes anti-bacterial host
defenses: a model for the role of endotoxin in innate immunity

A. Cross1*, V. Joshi1, D. Kalvakolanu2, J. Hasday1

Departments of 1Medicine, and 2Microbiology, University of Maryland, Baltimore, Baltimore, MD 21201, USA
*E-mail: across@medicine.umaryland.edu

We previously observed that LPS-hyporesponsive C3H/HeJ mice were highly susceptible to lethal infection with
Escherichia coli O18:K1, but administration of TNF and IL-1 restored antibacterial host defenses (ABHDs). To further test the
hypothesis that LPS-responsiveness is required for ABHD, we gave a single, relatively low dose (35 mcg) of LPS i.p.
to outbred mice and challenged them at 48 h with 3�5 LD50 of E. coli. Compared to controls, LPS-treated mice had
improved clearance of E. coli from the blood, increased bacterial killing and enhanced survival. This LPS dose did not
prevent lethality when 500 mcg of LPS was given i.p. at 48 h. In contrast, when an LPS regimen was administered that
did prevent death after that same lethal LPS dose, there was no enhanced ABHD. When mice were pretreated with a
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greater but sublethal dose of LPS, there was no enhanced ABHD. We conclude that LPS primes ABHD in a dose-
dependent manner and by a mechanism independent of tolerance induction. By examining the innate host responses
over the spectrum of beneficial (priming of ABHD) to lethal doses of LPS, it may be possible to identify those host
innate immune responses that initially become dysregulated during the development of sepsis.

Supported by NIH grant RO1 AI40568.

†196
CD154 is essential for protection against Gram-negative Salmonella infections

B.K. al-Ramadi1*, A. Ullah1, M.J. Fernanadez-Cabezudo2, R.A. Flavell3

Departments of 1Medical Microbiology and 2Biochemistry, Faculty of Medicine, UAE University, Al-Ain, UAE
3Section of Immunobiology, Yale University School of Medicine, New Haven, CT, USA    *E-mail: ramadi.b@uaeu.ac.ae

Salmonellae are intracellular pathogens which, upon infection, reside inside the host�s phagocytes. Activation of
macrophages during the acute phase of the disease is essential for early control of bacterial replication and subsequent devel-
opment of Th1 immunity. In this study, we assessed the requirements for the initiation of anti-Salmonella immune responses
by using mice deficient in CD154 protein (CD154�/�). Our findings demonstrate that compared to C57BL/6 controls,
CD154�/� mice were highly susceptible to an infection by an attenuated strain of Salmonella enterica serovar Typhimurium,
as evidenced by a significantly decreased survival rate. Moreover, the production of IL-12, TNF-α, IFN-γ and NO was
markedly decreased in CD154�/� mice. The heightened susceptibility to infection was not due to a substantial increase in sys-
temic bacterial burden but, instead, was associated with considerable histopathological liver damage, brought about as a
result of defective macrophage recruitment. We conclude that direct recognition of Salmonella by host�s macrophages is
insufficient for protection, and that intercellular communications via the CD40�CD154 pathway play a critical role in the
induction type 1 cytokine responses and protection against primary Salmonella infections.

Supported by grants from the FMHS Research Committee, UAE University.

197
Correlation between LPS-resistance and the resistance toward cytotoxic effects of Salmonella
infection in mouse macrophages

F. Amano1,2*, H. Karahashi1,2, S. Terai1, T. Toyomura1, K. Waku1, S. Hasegawa1

1Department of Hygienic Chemistry, Osaka University of Pharmaceutical Sciences, Osaka 569-1094, Japan
2Department of Biochemistry and Cell Biology, National Institute of Infectious Diseases, Tokyo 162-8640, Japan
*E-mail: amano@gly.oups.ac.jp

LPS induced macrophage cell death in the presence of a protein synthesis inhibitor, cycloheximide (CHX). However, the
macrophages with altered or no responsiveness to LPS did not die. In this study, we examined relationships between the
LPS-induced cell death and the cytotoxicity during Salmonella infection in JA-4 cells, a subline of J774.1 macrophage-like
cell line, and LPS1916 cells, an LPS-resistant mutant originated from JA-4, and also in peritoneal macrophages from
C3H/HeN and C3H/HeJ mice. As shown previously, JA-4 cells and C3H/HeN macrophages released lactate dehydrogenase
(LDH) after incubation with both LPS and CHX at 37°C for 4 h, while LPS1916 cells or C3H/HeJ macrophages did not. In
JA-4 cells, Salmonella typhimurium infection induced apoptosis, as revealed by caspase-3 activation and TUNEL staining,
followed by LDH release. Incorporation of [35S]-methionine/cysteine into the macrophages was also inhibited by S.
typhimurium infection, suggesting that LPS from Salmonella together with protein synthesis inhibition might be involved in
the induction of the macrophage cell death. However, S. typhimurium infection induced LDH release similarly in the
LPS1916 mutant cell line, C3H/HeN as well as C3H/HeJ mouse macrophages. These results suggest that LPS-resistance of
macrophages is not closely correlated with the resistance of the macrophages toward S. typhimurium infection.

Supported by the scientific funds from the Japan Health Science Foundation 51050, and a Grant-in-Aid for High Technology
Research from the Ministry of Education, Science, Sports and Culture, Japan.
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Effects of dexamethasone on Salmonella infection in vivo

Tomoko Smyth, Sabine Tötemeyer, Duncan J. Maskell, Clare E. Bryant

Department of Veterinary Medicine, University of Cambridge, Madingley Road, Cambridge CB3 0ES, UK

Dexamethasone is a glucocorticoid analogue that has anti-inflammatory effects and is sometimes used to treat sepsis.
It inhibits production of pro-inflammatory mediators such as nitric oxide, tumour necrosis factor α and prostaglandins.
Various studies have shown that glucocorticoids inhibit lipopolysaccharide-induced inflammation, but little has been
published on the effect of glucocorticoids on Salmonella infection in which lipopolysaccharide plays a key role. In this
study, we pre-treated male Balb/c mice by subcutaneous implantation of pellets that release dexamethasone at a con-
stant rate over 21 days and infected with Salmonella enterica serovar Typhimurium strain M525P. The bacterial load
in spleen and liver were analysed at various time points. We found that dexamethasone promotes bacterial growth dur-
ing the early phase of infection and, depending on the dexamethasone dose, the bacterial growth reaches a plateau at
higher bacterial load per organ than in placebo-treated mice. This suggests that glucocorticoids are permitting acceler-
ated bacterial growth by inhibiting the lipopolysaccharide-stimulated early innate immune response that controls
infective load. We are currently conducting RT-PCR and Western blotting analyses for inflammatory mediators to
investigate this hypothesis. Glucocorticoids also inhibit neutrophil recruitment therefore we are also analysing blood
smears and organ sections to study lesion formation and leukocyte profiles.

Supported by the Wellcome Trust.

199
Differential induction of SOCS3 by JAK/STAT-dependent and independent pathways during sepsis

C.S. Chung1*, Y. Chen1, L. Doughty2, A. Ayala1

Departments of 1Surgery, and 2Pediatrics, Brown University/Rhode Island Hospital, Providence, RI 02903, USA
*E-mail: cchung@lifespan.org

The suppressor of cytokine signaling (SOCS) proteins have been identified as an important feed-back regulative
mechanism in immune system. Studies indicate that SOCS proteins can be induced via traditional JAK/STAT (by
cytokines/hormones) and TLR (by microbes) pathways. Our previous data showed that SOCS3 protein was up-regu-
lated in various cells/tissues after polymicrobial sepsis induced by cecal ligation and puncture (CLP). However, the
lack of TLR4/MyD88 signaling only partially decreased SOCS3 expression in a tissue-selective manner. Therefore,
the aim of this study was to determine the contribution of the JAK/STAT vs TLR/MyD88 pathways on SOCS3 induc-
tion in sepsis. STAT1�/�, MyD88�/� and their background mice were subjected to CLP or sham-CLP procedure. 24-h
later, SOCS3 expression was determined by Western blot in peritoneal leukocytes, spleen and lung harvested from
these mice. Our results show that, in MyD88�/� mice, SOCS3 was down-regulated in peritoneal leukocytes but no
change in spleen and lung compared to background after CLP. To the contrary, SOCS3 was partially decreased in peri-
toneal leukocytes and strongly diminished in both spleen and lung in septic STAT1�/� mice. These data suggest that
microbial stimulation of SOCS3 expression via TLR4 signalling is tissue-limited in septic mice and additive upon
basal JAK/STAT activation.

Supported by the National Institute of Health-GM46354.

200
Preventative effects of Ca2+ channel blockers on TNF-αα induced cytotoxicity approached from
endotoxin challenge

S. Sakaguchi1, S. Furusawa2

1First Department of Hygienic Chemistry and 2Cancer Research Institute, Tohuku Pharmaceutical University, Japan

We examined the role of intracellular Ca2+ in the mechanism of the preventive effects of the Ca2+-channel blockers
against TNF-α induced cytotoxicity during endotoxemia. The membrane protein damage in liver was found mostly in
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the molecular weight (MW) range 60�150 kDa in endotoxemic mice, and was markedly injured near 140 kDa (MW of
Ca2+-ATPase in liver plasma membrane). These findings suggest that the depression of Ca2+-ATPase activity in liver
plasma membrane damage caused by free radicals in endotoxemic mice brings about a decline in exclusion of Ca2+

from liver cytoplasm. The administration of verapamil (10 mg/kg, s.c.) clearly prevented the liver lipid peroxide for-
mation arising from endotoxin challenge. Cellular Ca2+ has been shown to be a key messenger involved in the initia-
tion and triggering of cell death. It seems that intracellular Ca2+ may modulate not only oxidative stress, but also
cellular function in endotoxemia. Treatment with verapamil (30 µM) markedly inhibited endotoxin(1 µg/ml)-induced
TNF-α production in J774A.1 cells. On the other hand, the preventative effect of verapamil (1�10 µM) on the cyto-
toxicity of TNF-α in L929 cells was concentration-dependent. Similarly, the short-acting Ca2+-channel blocker
nicardipine(1�10 µM) significantly inhibited the TNF-α induced cytotoxicity. On the other hand, 10 µM amlodipine
(long-acting Ca2+-channel blocker) clearly inhibited this process. These findings suggest a preventive effect of Ca2+-
channel blockers on TNF-α induced cytotoxicity in fibroblast cells through Ca2+ mobilization by these drugs.

201
Effect of prostaglandin E receptor subtype EP4 selective agonist on endotoxin-stimulated
secretion of tumor necrosis factor-αα by macrophages in acute ethanol-loaded rats

Y. Nakatani*, T. Kitazawa, M. Fujimoto, N. Tamura, M. Uemura, H. Fukui

Third Department of Internal Medicine, Nara Medical University, Nara 634-8522, Japan
*E-mail: ynktn@maia.eonet.ne.jp

Endotoxin and pro-inflammatory cytokines from activated macrophages are considered to play an important role in
the progression of alcoholic liver disease and multiple organ failure. Recently, a prostaglandin receptor subtype EP4
agonist with cytoprotective effect has been developed. In this study, we examined the efficacy of an EP4 agonist
ONO-AE1-437 on endotoxin-stimulated tumor necrosis factor (TNF)-α secretion of Kupffer cells, splenic
macrophages and alveolar macrophages in control and acute ethanol-loaded rats (5 mg/g body weight ethanol,
intraperitoneally). After the preculture in the medium containing 0, 0.1, 1, 10, 100 nmol/l of ONO-AE1-437, TNF-α
secretion of these cells stimulated by 100 ng/ml lipopolysaccharide (Escherichia coli O55:B5) was determined for 3
h. The amount of TNF-α secreted from alveolar macrophages was highest both in the control and acute ethanol-loaded
rats. Acute ethanol load enhances TNF-α secretion of splenic macrophages. The addition of ONO-AE1-437 signifi-
cantly inhibited TNF-α secretion of Kupffer cells and splenic macrophages both in the control and acute ethanol-
loaded rats. Alveolar macrophages were less affected. These results suggested that an EP4 agonist ONO-AE1-437
suppressed excess TNF-α secretion from macrophages stimulated by endotoxin and decreased endotoxin-related
organ disturbance in patients with severe alcoholic hepatitis.

202
Prolonged Toll-like receptor stimulation leads to down-regulation of IRAK-4 protein

F. Hatao1,2*, M. Muroi1, N. Hiki2, T. Ogawa2, Y. Mimura2, M. Kaminishi2, K. Tanamoto1

1Division of Microbiology, National Institute of Health Sciences, Tokyo 158-8501, Japan
2Department of Metabolic Care and Gastrointestinal Surgery, Graduate School of Medicine, University of Tokyo, Tokyo 113-
8655, Japan   *E-mail: chobi@qb3.so-net.ne.jp

Interleukin-1 receptor-associated kinase (IRAK)-4 is a key mediator in the Toll-like receptor (TLR) signaling. We
found that stimulation of TLR2, TLR4, or TLR9 caused a decrease in IRAK-4 protein without affecting its mRNA
level in a mouse macrophage cell line, RAW 264. The decrease in IRAK-4 was accompanied by the appearance of a
smaller molecular weight protein (32 kDa) that was recognized by an anti-IRAK-4 antibody raised against the C-ter-
minal region. The decrease in IRAK-4 and the appearance of the 32 kDa protein occurred with slower kinetics than the
activation of IRAK-1, and were suppressed by inhibitors of the proteasome, inducible IκBα phosphorylation or pro-
tein synthesis. These results indicate that prolonged stimulation of TLRs causes a down-regulation of IRAK-4 protein,
which may be mediated through cleavage of IRAK-4 by a protease induced by the activation of NF-κB.
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Revisiting cross-tolerance with highly purified LPS

C. Fitting1, M. Adib-Conquy1, A. Tirsoaga1, M. Caroff2, J-M. Cavaillon1

1UP Cytokines & Inflammation, Institut Pasteur, 28 rue Dr Roux, 75015 Paris, France
2Equipe Endotoxines, UMR 8619 CNRS, Université Paris-Sud, Orsay, France
*E-mail: jmcavail@pasteur.fr

Knowledge about endotoxin tolerance and cross-tolerance between LPS and different TLR ligands have been essentially
achieved with conventional LPS, extracted according to the Westphal�s method, and purified according conventional methods.
However, more recent investigations with highly purified LPS led to contradictory results. We compared the cross-tolerance
phenomenon with conventional Escherichia coli LPS (Sigma) and a highly purified E. coli LPS. We ensured that conventional
LPS activates both peritoneal macrophages from TLR2�/� and TLR4�/� mice while highly purified LPS was only active on
TLR2�/� macrophages. Human monocytes were pre-treated overnight with TLR ligands (tolerization), washed and challenged
for the next 24 h with TLR ligands and TNF production was assessed in the supernatants. Conventional LPS was tolerizing
human monocytes for a further challenge with both LPS. In contrast, highly purified LPS had (depending upon concentrations)
weak or no capacity to tolerize monocytes to a challenge with conventional LPS. Pre-treatment of human monocytes with spe-
cific TLR2 ligands (Pam3CysSK4 or Pam2CysSK4) moderately tolerized human monocytes to both LPSs. In contrast, pre-treat-
ment with conventional and highly purified LPS led to divergent results in response to a challenge with TLR2 ligands.

204
TLR3 ligand stimulation induces unique dendritic cells with cross tolerance to LPS but not TLR9
ligands

H. Tsujimoto1,2*, P.A. Efron1, T. Matsumoto1, S.K. Tschoeke1, S. Ono2, L.L. Moldawer1, H. Mochizuki2

1Department of Surgery, University of Florida College of Medicine, 32610, USA
2Department of Surgery I, National Defense Medical College, 359-8613, Japan   *E-mail: tsujihi@surgery.ufl.edu

Prior exposure to TLR ligands can lead to cross tolerance with the desensitization of immune cells to a subsequent LPS challenge.
We investigated whether TLR3 or TLR4 ligand stimulation (dsRNA, poly(I:C) and LPS, respectively) induced cross tolerance of
dendritic cells (DCs), by examining their expression of TLRs, as well as their subsequent response to TLR4 (LPS) and TLR9
(CpG-DNA) specific ligands. Both LPS and poly(I:C) significantly down-regulated TLR4/MD-2 DC cell surface expression on
immature DCs. While poly(I:C) significantly up-regulated cell surface, but not intracellular, TLR9 expression, LPS significantly
increased intracellular, but not cell surface, TLR9 expression. As expected, LPS-treated DCs displayed tolerance to subsequent
LPS and CpG-DNA stimulation with those DCs secreting significantly decreased levels of IL-12 p40 and p70. However,
poly(I:C)-treated DCs retained the ability to produce IL-12 with subsequent CpG-DNA, but not LPS stimulation. Inhibition of DC
endocytosis with chloroquine completely inhibited IL-12 and IL-10 production by LPS-treated DCs in response to subsequent
CpG DNA-stimulation, while it failed to delete their production in poly(I:C)-treated DCs. These results suggest that poly(I:C) may
induce a novel DC phenotype that preserves the capacity of cytokine production to subsequent CpG DNA-stimulation.

Supported by in part by R01 GM-40686 and the T32 GM-08721 training grant (PAE), funded by the National Institute of General
Medical Sciences.

204A
IL-10 released by concomitant TLR2 stimulation blocks the induction of a subset of Th1
cytokines that are specifically induced by TLR4 or TLR3 in human dendritic cells

Fabio Re1,2*, Jack L. Strominger1

1Department of Cancer Immunology and AIDS, Dana-Farber Cancer Institute, Boston, MA 02115, USA
2Department of Molecular Sciences, University of Tennessee Health Science Center, Memphis, TN 38163, USA
*E-mail: fre@utmem.edu

Recognition of microbial products through Toll-like receptors (TLRs) triggers the expression of several cytokines that
regulate innate and adaptive immunity. Signaling by various TLRs is not equivalent and leads to differential gene
induction. This study analyzed the response of human dendritic cells (DCs) and PBMCs stimulated with agonists of
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TLR2, TLR3, TLR4, TLR5, and TLR7, first individually and then in combination. Several cytokines were equally
induced by all TLR agonists, but four genes, IFN-β, IP-10, IL-12p35 and IL-15 showed a very restricted pattern of
induction. Thus, each TLR appears to possess a distinctive ability to activate DCs or PBMCs suggesting that TLR-
mediated responses cannot be simply catalogued as resembling either TLR2 (MyD88-dependent) or TLR4 (MyD88-
independent), and that other signaling modalities may exist. The analysis of DC and PBMC activation by
combinations of TLR agonists revealed that TLR2 agonists are able to block the induction of IP-10, IL-12p35, and
IFN-γ but not IL-15 and IFN-β, by TLR3 and TLR4. TLR2 stimulation led to rapid release of IL-10 that is responsi-
ble for inhibition of IP-10 and IL-12p35 induction. Cross-talk between different TLRs may modify the primary
responses of TLRs to their agonist, adding a further level of complexity to the regulation of innate immunity.

Supported by NIH Grant R21 AI 54665-02.

205
Yersinia V antigen induces both TLR homo- and heterotolerance in an IL-10-involving manner

D. Reithmeier-Rost1, S. Bierschenk1, N. Filippova2, J. Schröder-Braunstein3, A. Sing1*

1Max von Pettenkofer-Institut, Ludwig-Maximilians-University, 80336 Munich, Germany
2Tver Medical Academy, Tver, Russia
3Institut für Immunologie, University of Heidelberg, Im Neuenheimer Feld 305, 69120 Heidelberg, Germany
*E-mail: sing@m3401.mpk.med.uni-muenchen.de

The virulence antigen (LcrV) of pathogenic Yersiniae, a released non-lipidated protein, is able to �silence� macrophages
against a second stimulus with the TLR2-agonist zymosan A in a CD14- and TLR2-dependent fashion via IL-10 induction.
Moreover, injection of LcrV into mice leads to LPS tolerance. In this study, we analysed the potential of LcrV as an inducer
of TLR homo- and heterotolerance, i.e. tolerance against a challenge stimulus using the same or a different TLR as LcrV. We
show that rLcrV induces a refractory state both in human MonoMac 6 and in murine peritoneal macrophages against itself
(autotolerance) as well as against the TLR2- and TLR4-agonistic stimuli bacterial lipoprotein Pam3Cys and LPS, respec-
tively. This LcrV-induced immunotolerance is most likely not due to changes in TLR2 or TLR4 expression as shown by
FACS analysis and Western blot. In contrast, LcrV-mediated IL-10 production is of prominent importance for LcrV-induced
immunotolerance, since LcrV-induced auto-, homo- and heterotolerance is highly impaired in IL-10�/� macrophages.
Moreover, the involvement of IL-10 in TLR homo- and heterotolerance induction seems to be a more general phenomenon
as shown by experiments using different TLR agonists in IL-10�/� macrophages.

This work was supported in part by the Deutsche Forschungsgemeinschaft (SI 546/3-1).

206
Toll-like receptor 4-deficiency reduces atherosclerosis and alters plaque phenotype in ApoE null
mice without changing circulating cholesterol levels

Kathrin S. Michelsen1*, Michelle H. Wong1, Wenxuan Zhang1, Juliana Yano2, Terence M. Doherty2, Prediman K.
Shah2, Moshe Arditi1

1Division of Pediatric Infectious Diseases and 2Division of Cardiology, Cedars-Sinai Medical Center, UCLA School of
Medicine, Los Angeles, CA 90048, USA   *E-mail: kathrin.michelsen@cshs.org

Toll-like receptors (TLRs) play an essential role in recognition of micro-organisms and in the initiation of an innate
immune response. Recently, TLR expression has been reported in murine and human lipid-rich atherosclerotic lesions but
the causal role of TLR or the common TLR-signaling molecule MyD88 signaling in atherogenesis remains unclear. To
determine whether TLR4 is causally related to atherogenesis we generated double knockout mice by crossing ApoE�/� with
TLR4�/� mice. Mice were fed with a high cholesterol diet for 6 months. Extent of aortic atherosclerosis was measured in en-
face aorta preparations after oil-red O staining. Aortic sinus lipid, macrophage content and COX-2 expression was mea-
sured after oil-red O staining and immunohistochemistry. TLR4-deficiency was associated with a nearly 25% reduction in
aortic atherosclerosis, a 55% reduction in lipid content of aortic sinus plaques, reduced macrophage infiltration into aortic
sinus plaques and reduced expression of COX-2 in aortic sinus plaques. TLR4-deficiency had no significant effect on cho-
lesterol levels or lipid profiles. Serum concentration of the chemokine MCP-1 was significantly reduced in ApoE�/�,
TLR4�/� mice. These data suggest an important role for TLR4 and the innate immune system in the development of ather-
osclerotic plaques in a murine model of hypercholesterolemia induced atherosclerosis.
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Generalized chronic periodontitis is associated with single nucleotide polymorphisms (SNPs) of
Toll-like receptor (TLR) 4 in humans

N.W.J. Schröder1,2*, D. Meister2, V. Wolff2, C. Christan3, D. Kaner3, P. Purucker3, C. Hermann4, A. Moter2, V. Haban2,
U.B. Göbel2, R.R. Schumann2

1Institute for Microbiology and Hygiene, Charité Medical Center, Berlin 10117, Germany
2Present address: Pediatrics Infectious Diseases, Cedars Sinai Medical Center, Los Angeles, CA 90048, USA
3Department of Periodontology and Synoptic Dentistry, Charité Medical Center, Berlin 13353, Germany
4Biochemical Pharmacology, University of Constance, Constance 78457, Germany
*E-mail: nicolas.schroeder@cshs.org

Periodontitis is an inflammatory disease affecting the connective tissue surrounding the teeth, eventually leading to
tooth loss. A number of pathogens implicated in the pathogenesis of chronic periodontitis have been shown to interact
with Toll-like receptors (TLRs) leading to the release of pro-inflammatory cytokines, such as IL-1 and TNF-α, which
have been shown to aggravate disease. In this study, we investigated whether genetic variations of TLR2 and TLR4 act
as risk factors for periodontitis. We investigated 197 individuals suffering from generalized periodontitis for the pres-
ence of the polymorphisms Asp299Gly and Thr399Ile of TLR4 as well as Arg753Gln of TLR2. We found a signifi-
cantly higher frequency of SNPs of TLR4 as compared to matched controls (odds ratio 3.650;, 95% CI 1.573�8.467;
P ≤ 0.0001), while no difference was observed for TLR2. TLR4 SNPs were correlated with chronic periodontitis
(odds ratio 5.562; 95% CI 2.199�14.04; P 0.0001), but not with aggressive periodontitis. This observation was not
dependent on smoking status. These data demonstrate that genetic variants of TLR4 act as risk factors for the devel-
opment of generalized chronic periodontitis in humans.

208
Human newborn blood monocytes demonstrate low TNF-αα but high IL-6 responses to an array
of Toll-like receptor ligands: role of a low-molecular weight plasma inhibitor of TNF-αα release

Ofer Levy1,2, Melissa Coughlin1, Rene M. Roy1, Steven B. Mizel3, A. Phillip West3, Kol A. Zarember4, Paul J.
Godowski4, Michael R. Wessels1,2

1Infectious Diseases, Children’s Hospital, Boston and 2Harvard Medical School, Boston, MA, USA
3Department of Microbiology and Immunology, Wake Forest University School of Medicine, Winston-Salem, NC 27157, USA
4Department of Immunology, Genentech, Inc., South San Francisco, CA, USA

Human newborns suffer a relatively high frequency and severity of microbial infection and are prone to leukopenia in
the face of overwhelming bacterial sepsis, yet the mechanisms underlying their susceptibility are incompletely
defined. We have discovered a marked 1�3 log impairment in Toll-like receptor agonist-induced release of the pro-
inflammatory cytokine TNF-α by human newborn blood monocytes in response to tri-acylated and di-acylated bacte-
rial lipopeptides (TLRs 1/2 and 2/6, respectively), LPS (TLR4), flagellin (TLR5), and imiquimod (TLR7). In marked
contrast, TLR agonist-induced release of IL-6, a cytokine with anti-inflammatory and Th2-polarizing properties, was
greater in neonates than adults. Studies of the kinetics of cytokine release and a neutralizing anti-IL-6 mAb suggest
that low TLR agonist-induced TNF-α release is not due the presence of high IL-6 concentrations. Remarkably,
unstimulated newborn plasma confers substantially reduced BLP-, LPS-, and imiquimod-induced TNF-α release on
adult monocytes, reflecting the presence in neonatal blood plasma of a soluble, low-molecular weight factor (< 10
kDa) that inhibits TLR agonist-induced TNF-α release. The polarization of neonatal mononuclear cells towards IL-6
release coupled with limited TNF-α release to many TLR agonists is likely to profoundly modulate innate and adap-
tive immune responses in human newborns.
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209
Deficient cytokine responses in human IRAK-4 mutant primary cells are secondary to
dysregulated TIR-IRAK-TRAF6 signalling and defective, cell-type specific MAPK responses

Donald J. Davidson1,2*, A. Currie3, R. Ma1, C. Rosenberger1, D. Bowdish4, P. Campsall1, A. Puel5, C. Picard5, 
R. Devon1, J-L. Casanova5, D. Speert1

1B.C. Research Institute, University of British Columbia, Vancouver, Canada V5Z 4H4
2MRC Centre for Inflammation Research, University of Edinburgh, Edinburgh EH8 9AG, UK
3University Department of Medicine, QEII Medical Centre, Western Australia 6009, Australia
4Department of Microbiology and Immunology, University of British Columbia, Vancouver, Canada V6T 1Z4
5Laboratoire de Génétique Humaine des Maladies Infectieuses, INSERM U550, Faculté de Médecine Necker-Enfants
Malades, 75015 Paris, France
*E-mail: ddavidso@interchange.ubc.ca

Pattern recognition by Toll-like receptors (TLRs) is important in initiating protective immune responses. IRAK-4 is
required for various responses to TLR and interleukin-1 receptor (IL-1R) signalling via Toll-IL-1R (TIR) domains, but its
precise role remains unclear. We describe a child homozygous for the Q293X mutation in IRAK-4, presenting with recur-
rent Streptococcus pneumoniae bacteremia. We demonstrate that despite profoundly deficient cytokine responses, our
patient�s cells retain partial TIR signalling. We describe cell-type specific defects in response to LPS, IL-1β and TNF-α
in peripheral blood mononuclear cells and primary fibroblasts, suggesting possible differences in the role of IRAK-4 in
these cell types. Defective cytokine responses to these agonists were observed to fall into two categories: (i) failure of
transcription (e.g. IL-6); and (ii) transcription with failure to translate (e.g. IL-8), and were correlated with phosphorylation
of IκBα, p38 and JNK, and NF-κB nuclear translocation. Finally, using IRAK-4 deficient leukocytes, we demonstrate a
hyperphosphorylative capacity of IRAK-1 in unstimulated cells, diminished in response to LPS exposure, and abnor-
mal osteoclastogenesis in monocytes exposed to MCSF in the absence of RANKL. Thus, we present evidence of dys-
regulated TIR-IRAK-TRAF6 signalling secondary to IRAK-4 mutation, with defective, cell-type specific MAPK
responses and consequent deficient cytokine responses.

Supported by the Wellcome Trust UK 060168, Canadian Cystic Fibrosis Foundation, and Canadian Institutes of Health Research.

210
Innate immune responses of well-differentiated human airway epithelia – an informatics
approach

P.B. McCray Jr1,2*, C. Wohlford-Lenane1, A. McCoy1, H.P. Jia1, T.L. Scheetz3,4

1Department of Pediatrics, 2Genetics PhD Program, 3Department of Ophthalmology, and 4Department of Engineering,
University of Iowa, Iowa City, IA 52242, USA
*E-mail: paul-mccray@uiowa.edu

We prepared and sequenced a cDNA library from well-differentiated human airway epithelia and used this focused
gene set to make a custom Affymetrix genechip. This ~23,000 gene set includes ESTs not represented on commercial
arrays. Primary air-liquid interface epithelial cultures were treated for 24 h with a cocktail of IL-1, TNF-α, and IFN-γ
and mRNA harvested and prepared for microarray hybridization. Expression profiling revealed constitutive or
inducible expression of TLRs 1, 2, 3, 4, and 5. Expression levels for TLRs 2, 3, and 4 were induced in response to
cytokines. Many genes with known or putative innate immune function were identified with constitutive or inducible
expression. Two lipid transfer/LPS binding protein family members, PLUNC and LPLUNC1, showed constitutive,
high level expression. Genes expressed in basal and induced conditions included MHCI, MHCII, uteroglobin,
lipocalin-2, SLPI, β2-microglobulin, and C3. Inducible genes included STAT1, HBD-2, IL-8, CCL8, CCL20, CXCL9,
CXCL10, SERPINA3, SERPINB7, and DUOX2. Of 4330 ESTs not represented on commercial arrays, 1338 were
detected with a present call in both control and treated airway epithelia. Large scale expression profiling in airway
epithelia provides novel insights into the repertoire of responses of this mucosal surface, reflecting its dynamic role in
innate immunity.

Supported by the NIH.
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Flow stress inhibition of TLR2 expression in human coronary artery endothelial cells

Stefan Dunzendorfer, Hyun-Ku Lee, Peter S. Tobias*

Department of Immunology, La Jolla, CA 92037, USA   *E-mail: Tobias@scripps.edu

Innate immune system activation is associated with atherosclerotic lesion development. The specific sites of lesion
development are believed to be defined by the shear stress of blood flow. Consequently, we investigated the respon-
siveness of human coronary artery endothelial cells (HCAECs) to Toll-like receptor (TLR) 2 and TLR4 agonists in an
in vitro model of chronic laminar flow. HCAECs under chronic laminar flow were found to be normally responsive to
LPS (and TNF) in terms of E-selectin expression but were found to be hyporesponsive to stimulation with the specific
TLR2 ligands macrophage activating lipopeptide-2, PAM2-Cys and Lip19; this was observed to be due to down-regu-
lation of TLR2 transcription and protein expression. We found that laminar flow induced SP1 serine phosphorylation
by protein kinase CK2 and thereby blocked SP1 binding to the TLR2 promoter, which is required for TLR2 expres-
sion. This regulatory mechanism also blocked LPS and TNF induced TLR2 up-regulation in HCAECs and could be
important for suppression of other flow sensitive endothelial proteins. These results extend the role of flow in control-
ling endothelial responsiveness. Given the current evidence that Toll-like receptors are pro-atherogenic, flow suppres-
sion of TLR2 expression may be atheroprotective.

Supported by the NIH, the Austrian Science Fund , and the Max Kade Foundation.

212
TLR4 display on human monocytes is increased in septic patients

K. Brandl, T. Glück, C. Huber, B. Salzberger, W. Falk, P. Hartmann*

Department of Internal Medicine I, University of Regensburg, D-93042 Regensburg, Germany
*E-mail: pia.hartmann@klinik.uni-regensburg.de

Sepsis is a serious condition, most often occurring as a complication of bacterial infections. The Toll-like receptors
(TLR) 2 and TLR4 have been identified as key molecules in response to Gram-positive and Gram-negative bacteria.
This study aimed to assess possible alterations of the surface display of TLR2 and TLR4 on monocytes and granulo-
cytes derived from patients with sepsis in comparison with healthy controls. We have utilized flow-cytometry to deter-
mine the presence of TLR2 and TLR4 on the cell surface at baseline and in response to LPS (40 ng/ml) in vitro. We
found no significant differences of TLR2 display on monocytes and granulocytes from septic patients compared to
controls. Surface display of TLR4 on monocytes from septic patients at baseline was significantly higher than in
healthy controls but there was no further response to LPS, whereas controls showed a significant increase of TLR4
display on the cell surface after LPS stimulation. In contrast, TLR4 baseline cell surface display on granulocytes was
significantly lower in septic patients than in controls and there was no response to LPS in both groups. Our data sug-
gest a complex relationship between TLR4 display and bacterial challenge in vivo and in vitro.

Supported by a BMBF grant (Bundesministerium für Wissenschaft, Bildung, Forschung und Technologie, Germany) Klinische
Forschergruppe Infektiolgie; Grant number 01 KI 9952.

213
The expression of TLR2 and TLR4 during upper abdominal surgery

M. Ogata*, M. Ozaki, T. Kawasaki, K. Nandate

Department of Anesthesia, University of Occupational & Environmental Health, Kitakyusyu 807-8555, Japan
*E-mail: mogata@med.uoeh-u.ac.jp

We have demonstrated that surgical stress rapidly induced transient hyporesponsiveness of blood cells to endotoxin and that
monocyte mCD14 and HLA-DR expression reduced from the early period of surgery under general anesthesia. The aim of
this study was to examine the expressions of Toll-like receptor (TLR) 2 and TLR4 during surgery. After obtaining approval
from our committee on human research and informed consent, the blood samples were obtained from the patients of upper
abdominal surgery before incision (Pre-OP), at 2 h after incision (OPE2h), the end of surgery (Post-OPE) and 24 h
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after incision (OPE24h). The expression of TLRs was measured by monoclonal antibody staining and flow cytometry. Both
expression of TLR2 and TLR4 significantly decreased from OPE2h and recovered slightly at OPE24h. These results may in
part explain the impairment of endotoxin sensitivity and host-defense mechanisms during an operation.

Supported by Grant for Scientific Research (B) 143704990 from the Ministry of Education and Culture of Japan.

214
Soluble CD14, a new sepsis diagnostic marker

Y. Yaegashi1, S. Endo1, K. Yalnada1, N. Sato2, M. Kojika1, Y. Suzuki1, N. Shioya1, K. Shirakawa2, S. Furusako2

1Department of Critical Care Medicine, Iwate Medical University
2Discovery Research III, Mochida Pharmaceutical Co. Ltd

Introduction: For detection and detection of the severity of sepsis, we present a new form of soluble CD14, named
sCD14-ST, which was first discovered as a small molecular weight of CD14 specific for sepsis.
Methods: Using of antigens against 16 amino acid residue of h-CD14, sCD14-ST were found out recently. sCD14-ST ELISA
kit was developed as a two-step sandwich method using two types of anti-CD14 antibodies, and this kit detects only small size
sCD14 specifically. At the same time, CRP, endotoxin, IL-6, PCT or SOFA scores were evaluated to make utility contrast.
Results: Plasma levels of sCD14-ST were compared with sepsis (55 specimens), SIRS (80 specimens), or healthy control
(75 specimens). The median concentration of control, sepsis or SIRS were 19.6 (ng/ml), 723 and 41.4, respectively. By
receiver operating characteristic curve analysis, sCD14-ST was the best evaluating ability for sepsis diagnosis (sepsis
vs normal + SIRS; ROC area 0.865) in comparison with CRP, endotoxin, IL-6, PCT or SOFA scores. By clinical kinet-
ics analysis, sCD14-ST was waked up in early stage (< 6 h after onset), declined on parallel with SOFA scores.
Conclusion: sCD14-ST is a useful parameter for diagnosis.

215
In carrageenan-primed endotoxin shock model mice, the serum level of soluble CD14 correlates
to progression of the lethal toxicity

H. Hozumi*, Y. Adachi, N. Ohno

Laboratory for Immunopharmacology of Microbial Products, Tokyo University of Pharmacy and Life Science, Tokyo 192-
0392, Japan   *E-mail: hiroyasu_hozumi@hotmail.com

CD14 is expressed on monocytes and neutrophils and acts as recognizing protein for lipopolysaccharide (LPS). CD14
enhances sensitivity to LPS and involves to onset of endotoxin shock. There are some reports suggesting the relation-
ship between soluble CD14 (sCD14) and inflammatory diseases, but only few evidences are reported on serum levels
of sCD14 especially in mice. We constructed the assay system that measures the serum level of sCD14 by Western
blotting. Using this system, we elucidated that serum level of sCD14 increased in endotoxin shock model mouse,
which are primed and triggered with iota-carrageenan and LPS, respectively. The serum level of sCD14 increases
along with progression of the disease in the state. And all mice died within a day. On the other hand, in the mouse that
administered saline, carrageenan or LPS alone, we could not observe remarkable increase of the serum level of
sCD14. These groups did not show lethal toxicity. The results may suggest that increasing serum level of sCD14 con-
jecture the lethal toxicity in carrageenan-primed endotoxin shock.

216
Effect of nitric oxide on ββ-glucan/indomethacin induced septic shock

S. Nameda*, M. Saito, N.N. Miura, Y. Adachi, N. Ohno

Tokyo University of Pharmacy and Life Science, School of Pharmacy, Laboratory for Immunopharmacology of Microbial
Products, Tokyo 192-0392, Japan   *E-mail: nameda@ps.toyaku.ac.jp

We have previously shown that repeated administration of non-steroidal anti-inflammatory drugs (NSAIDs) to β-glucan, a bio-
logical response modifier, administered mice induced severe lethality. Lethality was strongly related to the translocation of
enterobacterial flora to the peritoneal cavity and mal-adjustment of the cytokine network. Several reports suggest nitric oxide
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(NO) plays an effective or detrimental role in septic shock. In the present study, we examined the effect of NO, an inflammatory
mediator, on β-glucan/indomethacin (IND) induced septic shock by inhibiting its synthesis with NG-nitro-L-arginine methyl
ester (L-NAME), a non-selective NO synthase (NOS) inhibitor. β-Glucan/IND treated mice enhanced lethal toxicity by admin-
istering L-NAME. Aminoguanidine, a selective inducible NOS inhibitor, induced similar toxicity. β-Glucan/IND and L-
NAME treated mice contained a significantly higher number of bacteria in various organs. Additionally, TNF-α, IL-1β, IL-6
syntheses were enhanced in peritoneal exuded cells culture and mice lead to liver injury. These results suggest that significant
failure of bactericidal activity of macrophages by administration of NOS inhibitor enhanced rate of enterobacterial invasion to
peritoneal cavity and resulting survival, and then mice result in systemic inflammatory response syndrome. The production of
NO, therefore, provides a protective function in β-glucan/IND induced sepsis.

217
Comparison between dobutamine and terbutaline in multiple organ dysfunction syndrome
(MODS) of peritonitis-induced septic shock in rats

M.T. Shih1, W.J. Liaw2, S.J. Chen3, C.C. Wu1*

Departments of 1Pharmacology, 2Anesthesiology, and 3Physiology, National Defense Medical Center, Taipei 114, Taiwan, ROC
*E-mail: ccwu@mail.ndmctsgh.edu.tw

Dobutamine (DB) and terbutaline (TB) are well used in clinics, in particular, dobutamine has been used in patients with shock.
Septic shock-induced MODS was performed by cecal ligation and puncture (CLP) in the Wistar rat. We evaluated effects of DB
(a β1-adrenoceptor agonist) and TB (a β2-adrenoceptor agonist) in CLP-induced sepsis rats. The changes of hemodynamics,
blood sugar, rectal temperature, blood gas (pH, PCO2, PO2, base excess (BE), HCO3

�), electrolytes, hepatic (GOT, GPT, ALB,
TP, LDH) and renal (BUN, CRE) function as well as the plasma nitrate (an indicator of NO) were examined. Animals were
divided into six groups, i.e. sham operation (SOP), SOP+DB, SOP+TB, CLP, CLP+DB and CLP+TB. SOP or CLP with or
without DB (0.3 mg/kg/min, at 3 h) or TB (0.3 mg/kg, at 3 h and 9 h) were administered intravenously. At 18 h after CLP, ani-
mals were sacrificed and lungs, livers and kidneys were excised to perform the pathological studies, iNOS expression analysis
and superoxide analysis, whereas thoracic aortas were used to analyze superoxide and the vascular reactivity to norepinephrine
(NE) and acetylcholine. Our results showed that TB, but not DB: (i) attenuated hyporeactivity to NE (both in vivo and ex vivo)
and delayed hypotension; (ii) reduced GPT, GOT, LDH, CRE, BUN and hypoglycemia and increased ALB and TP; and (iii)
diminished plasma NO and tissue O2

� levels, but had no significant effect on the changes of electrolytes in rats treated with CLP.
Thus, TB attenuates liver and kidney dysfunction and circulatory failure in rats with peritonitis-induced septic shock.

Supported by grants from Ministry of Defense and National Science Council.

218
Thaliporphine increases survival rate and prevents multiple organ dysfunction in LPS-induced
endotoxemia

Chin-Wei Chiao1*, Shoei-Sheng Lee2, Chin-Chen Wu3, Ming-Jai Su1

1Institute of Pharmacology, and 2Dept of Pharmacy, College of Medicine, National Taiwan University, Taipei 100, Taiwan
3Department of Pharmacology, National Defense Medical Center, Taipei 114, Taiwan    *E-mail: d89443006@ntu.edu.tw

We have investigated whether a phenolic aporphine alkaloid from the Chinese herb thaliporphine, an antioxidant with α-1
antagonist activities, has beneficial hemodynamic effects in endotoxemic rats and to delineate the mechanism by which
thaliporphine ameliorates the circulatory failure, multiple organ dysfunction and mortality caused by endotoxic shock.
Treatment of rats with thaliporphine significantly attenuated the delayed hypotension. But only high dose (1 mg/kg) of thali-
porphine could decrease the LPS-induced tachycardia. LPS induced increase of nitric oxide and superoxide anion produc-
tion was prevented by pretreatment with high-dose thaliporphine. Low dose (0.3 mg/kg) of thaliporphine significantly
decreased the NOS II protein expression induced by LPS in lung. LPS treatment resulted in a rapid increase of TNF-α and
IL-10 to peak levels at 60 min. However, only the increase of TNF-α was significantly reduced by pretreatment with thali-
porphine. Thaliporphine could prevent multiple organ dysfunction in LPS-rats. On the other hand, it also had partial trend to
stable the blood glucose level and to increase rectal temperature lowered by LPS. In survival study, our results demonstrated
that thaliporphine increased 72-h survival rate dose dependently. These results show that thaliporphine prevents endotoxin-
induced circulatory failure, multiple organ dysfunction, and increases survival rate. These beneficial effects may be related
to the suppression of TNF-α, nitric oxide and superoxide anion production.
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Effect of lipopolysaccharide(LPS) on the pharmacokinetics of digoxin in rats

T. Nishihori1*, A. Fujiwara1, F. Amano2, Y. Hirotani1, K. Tanaka1

Departments of 1Clinical Pharmacy & Pharmacokinetics, and 2Hygienic Chemistry, Osaka University of Pharmaceutical
Sciences, Osaka 569-1094, Japan   *E-mail: nisibori@gly.oups.ac.jp

Purpose: To understand the pharmacokinetics for drug treatment under various pathological conditions, we developed an endo-
toxin shock model and evaluated the pharmacokinetics of digoxin in the LPS-treated rats. 
Method: LPS (5 mg/kg) was injected intraperitoneally into Wistar/ST rats; after 1�5 days, digoxin (0.1 mg/kg) was adminis-
trated orally to the rats with or without LPS pre-treatment. Blood samples were collected after administration of digoxin, and
plasma digoxin concentration was measured by fluorescence polarization immunoassay.
Results: In this model, blood pressure, body temperature, TNF-α, and IL-1β were recovered to the original level within 1 day
after LPS-treatment. However, on days 1 and 2 after LPS-treatment, the peak plasma concentration (Cmax) of digoxin was sig-
nificantly higher (1.4- and 1.6-fold, respectively), and area under the concentration time curve (AUC) was significantly higher
(1.9- and 2.3-fold, respectively) than the untreated control. In addition, oral clearance (CL/F) decreased significantly (0.54- and
0.35-fold, respectively than the control). On day 3, CL/F decreased significantly (0.44-fold), while AUC and Cmax increased
slightly. However, on day 5, no difference was observed any more in Cmax, AUC, or CL/F to the control. 
Conclusion: Digoxin concentration is being increased under endotoxin shock even later than when the indicators of the shock
become recovered.

220
Cardiovascular effects of endotoxin derived from Escherichia coli vs Klebsiella pneumoniae

A. Matsushita1*, M. Iwase2, Y. Kato3, H. Kanazawa4, T. Hasegawa1, Y. Koike1, K. Hashimoto1, S. Ichihara1, K. Nagata1,
M. Yokota1

1Graduate School of Medicine, Nagoya University, Aichi 461-0047, Japan
2Toyota Memorial Hospital, Aichi 471-8513, Japan
3School of Health Science, Tottori University, Tottori 683-8503, Japan
4Department of Anatomy, Toyama Medical and Pharmaceutical University, Toyama 930-0194, Japan  *E-mail: tira@rf6.so-net.ne.jp

The purpose was to compare cardiovascular effects of endotoxin (LPS) derived from Escherichia coli and Klebsiella pneu-
moniae, and examine oxidative stress. Wistar rats were anesthetized by pentobarbital. Echocardiogram and blood pressure
(BP) were monitored after E. coli (10 mg/kg), K. pneumoniae (2 mg/kg), or saline. K. pneumoniae induced abrupt fall of BP
immediately, while E. coli induced two-peaked fall of BP. Both K. pneumoniae and E. coli induced a decreased LV dimen-
sion, an increased LV wall thickness and an enhanced LV fractional shortening. Echocardiographic findings were normal-
ized at 4 h after K. pneumoniae, while these persisted until 7 h after E. coli. Both echocardiographic changes and plasma
cardiac troponin T levels were greater in rats with K. pneumoniae than in rats with E. coli. Both edema and congestion were
evident in LV myocardium in rats with K. pneumoniae. Glutathione redox ratio showed increased oxidative stress in liver in
rats with K. pneumoniae, in spite of no change in LV myocardium in rats with either K. pneumoniae or E. coli. LPS from K.
pneumoniae and E. coli induced similar cardiovascular alterations characterized by a decrease in LV preload and a comen-
satory enhanced LV systolic function, while the extents were greater in rats with K. pneumoniae. Oxidative stress appears to
play little role in LPS-induced cardiovascular effects.

221
Profound functional and structural cardiovascular alterations induced by endotoxin derived
from Pseudomonas aeruginosa

K. Hayashi1*, M. Iwase2, Y. Kato3, A. Matsushita1, H. Kimata1, T. Hasegawa1, K. Hashimoto1, S. Ichihara1, K. Nagata1,
M. Yokota1

1Graduate School of Medicine, Nagoya University, Aichi 461-0047, Japan
2Toyota Memorial Hospital, Aichi 471-8513, Japan
3School of Health Science, Tottori University, Tottori 683-8503, Japan   *E-mail: keiko_h1110@yahoo.co.jp

Purpose: We examined functional and structural cardiovascular alterations induced by endotoxin (LPS) derived from
Pseudomonas aeruginosa.
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Methods and Results: LPS derived from P. aeruginosa (2 mg/kg, n = 22), or saline (n = 22) was administered to 8-
week-old male Wistar rats. Echocardiogram, arterial pressure (AP), plasma concentrations of tumor necrosis factor-α
(TNF-α), and troponin T (TnT) were monitored serially. Left ventricular (LV) systolic function as assessed by LV
fractional shortening (FS) was enhanced modestly early after LPS administration. Subsequently, LVFS was progres-
sively depressed after 4 h and accompanied by LV dilatation as well as elevated AP. Severe LV structural alterations
were evident characterized by an edema, congestion, and intramyocardial bleeding. Plasma TNF-α level was elevated
from 1 to 4 h after administration(0.5 h, 127.9 ± 34.75 pg/ml; 1 h, 882.1 ± 202.34 pg/ml; 2 h, 317.2 ± 119.90 pg/ml;,
3 h, 294.9 ± 119.55 pg/ml; 4 h, 47.2 ± 18.49 pg/ml). Plasma TnT level was increased (baseline, 0.005 ± 0.0 ng/ml; 1
h, 0.005 ± 0.0 ng/ml; 4 h, 0.160 ± 0.005 ng/ml; 7 h, 0.783 ± 0.531 ng/ml control not detected at any points).
Glutathione redox ratio was unchanged after administration of LPS.
Conclusion: Progressive functional and structural LV alterations was induced by LPS derived from P. aeruginosa in
spite of the absence of activated oxidative stress.

222
Components of diesel exhaust particles diversely enhance acute lung injury related to
lipopolysaccharide

R. Yanagisawa1*, H. Takano1,2, K. Inoue1, K. Uchiyama2, T. Yoshikawa2

1Pathophysiology Research Team, National Institute for Environmental Studies, Tsukuba 305-8506, Japan
2Inflammation and Immunology, Kyoto Prefectural University of Medicine, Kyoto 602-8566, Japan
*E-mail: yanagi@nies.go.jp

Diesel exhaust particles (DEP) synergistically aggravate acute lung injury related to lipopolysaccharide (LPS) in mice.
We examined the effects of the organic chemicals (DEP-OC) and the residual carbonaceous nuclei (washed DEP) in
DEP to identify the responsible components for synergistic aggravation. DEP-OC or washed DEP enhanced the infil-
tration of neutrophils in bronchoalveolar lavage fluid in the presence of LPS. Washed DEP combined with LPS syner-
gistically exacerbated pulmonary edema and induced alveolar hemorrhage, which was concomitant with the increase
in interleukin-1β, macrophage inflammatory protein-1α, macrophage chemoattractant protein-1, and keratinocyte
chemoattractant in lung, whereas DEP-OC combined with LPS did not. The gene expression for Toll-like receptors 2
and 4 was increased by the combined treatment with washed DEP and LPS. These results suggest that washed DEP
predominantly contribute to the aggravation of LPS-related lung injury rather than DEP-OC. The aggravation may be
mediated through the expression of pro-inflammatory molecules and Toll-like receptors.

223
Effects of components of diesel exhaust particles on systemic inflammatory response related to
acute lung injury in mice

M. Sakuri1, H. Takano1, K-I. Inoue1, R. Yanagisawa1, K. Hiyoshi1, N. Ueki1, T. Oda2, H. Tamura2, T. Yoshikawa3

1National Institute for Environmental Studies
2Seikagaku Corporation
3Inflammation & Immunology, Graduate School of Medical Science, Kyoto Prefectural University of Medicine

Previously, we have demonstrated the enhancement of acute lung injury related to bacterial endotoxin by components
of diesel exhaust particles (DEP; Yanagiswa et al. Thorax 2003; 58: 605). The present study elucidated the effects of
DEP components on systemic inflammatory response with circulatory translocation of lipopolysaccharide (LPS) after
the intratracheal challenge of LPS in vivo. ICR mice were administered intratracheally of vehicle, LPS, organic chem-
icals (DEP-OC), residual carbonaceous nuclei (washed DEP), DEP-OC + LPS, or washed DEP + LPS. Fibrinogen and
LPS levels in circulatory plasma were evaluated. LPS levels were evaluated using a kinetic LAL assay with endo-
toxin-specific chromogenic reagent (Endospec ES-test MK). LPS challenge significantly increased both fibrinogen
and LPS levels as compared to vehicle challenge. DEP-OC + LPS challenge further increased fibrinogen levels with
significance and LPS levels without significance as compared to LPS challenge. On the other hand, washed DEP +
LPS instillation significantly increased both values as compared to LPS instillation. In conclusion, inhalation of DEP
components aggravate translocation of LPS from respiratory system to circulatory system, which is prominently
shown by washed DEP rather than DEP-OC. DEP components may influence systemic inflammatory responses.
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LK-4, an analogue of dextromethorphan, prevents circulatory failure in rats with endotoxemia

Yen-Mei Lee*, Mao-Hsiung Yen

Department of Pharmacology, National Defense Medical Center, Taipei, Taiwan; PO Box 90048-504, NeiHu 114, Taipei
*E-mail: ymlee@mail.ndmctsgh.edu.tw

Dextromethorphan (DM), an antitussive agent, has been claimed to have anti-inflammatory and immunomodulatory
effects. LK-4, an analogue of DM, possesses greater potency of anticonvulsant/neuroprotective actions than DM has. Thus,
the aim of this study was to evaluate the effects of LK-4 on sepsis induced by i.v. administration of LPS in anesthetized
Wistar rats and by intraperitoneal administration to conscious ICR mice. LK-4 was treated at 30 min after LPS administra-
tion. DM (3 and 5 mg/kg, i.v.) significantly attenuated the deleterious hemodynamic changes (e.g. hypotension and tachy-
cardia) in rats treated with LPS. Meanwhile, LK-4 (3 mg/kg) significantly inhibited the elevation of plasma TNF-α
and IL-10 levels, as well as GOT and GPT, BUN and creatinine values caused by LPS. An overproduction of NO and
superoxide anions by LPS was also reduced by LK-4. The infiltration of neutrophils into the lung and liver from the 6-
h LPS-treated rats was also reduced by LK-4. LK-4 also significantly improved the survival rate in mice treated with
a lethal dose of LPS. In conclusion, the beneficial effects of LK-4 on LPS-induced sepsis result from its anti-inflam-
matory and antioxidant effects. LK-4 may act as a potential therapeutic agent for sepsis in the future.

225
Endotoxin clearance and its relationship to multiple organ disturbances in rats with liver
cirrhosis

Y. Nakatani*, H. Kitano, T. Kitazawa, M. Fujimoto, N. Tamura, M. Uemura, H. Fukui

Third Department of Internal Medicine, Nara Medical University, Nara 634-8522, Japan   
*E-mail: ynktn@maia.eonet.ne.jp

Little is known about the relation of endotoxemia and pro-inflammatory cytokinemia to multiple organ failure in liver
cirrhosis. Clearance of endotoxin and release of cytokines by various macrophages were studied in an experimental
model. Male Sprague-Dawley rats were given 0.04% thioacetamide orally for 6 months. Organ distribution of infused
[3H]-endotoxin was analyzed at 30 min or at 24 h. Secretion of tumor necrosis factor (TNF)-α and IL-10 by Kupffer
cells, splenic and alveolar macrophages (5 x 104 cells/ml) stimulated with 100 ng/ml lipopolysaccharide (Escherichia
coli O55:B5) from cirrhotic and control rats were determined. In cirrhotic rats, endotoxin clearance was disturbed and
serum TNF-α and creatinine were elevated at 24 h. TNF-α secretion of alveolar macrophages was significantly
greater than that of other macrophages both in cirrhotic and control rats. TNF-α and IL-10 release by the Kupffer cells
were decreased in cirrhotic rats compared with control rats. TNF-α release by alveolar and splenic macrophages was
increased in cirrhotic rats, although IL-10 release were not changed. In liver cirrhosis with bacterial translocation or
bacteremia, disturbed endotoxin clearance together with imbalance between pro-inflammatory and anti-inflammatory
cytokine release by macrophages may play an important role in the development of multiple organ disturbances.

226
Role of TGF-ββ1 in endotoxin-induced hepatic failure after 90% hepatectomy in rats

T. Kubota1*, S. Togo1, N. Yoshimoto1, T. Shimizu1, T. Morita1, I. Endo1, H. Sekido1, Y. Nagashima2, H. Shimada1

Departments of 1Gastroenterological Surgery and 2Molecular Pathology and Oncology, Yokohama City University Graduate
School of Medicine, Yokohama 236-0004 Japan   
*E-mail: kubotatoru@hotmail.com

Postoperative infections after hepatectomy sometimes lead to lethal hepatic failure, while the mechanism of the
hepatic failure remains unexplained. Wistar rats underwent 90% hepatectomy, and were then divided into three
groups: (i) the SAL group, injected with normal saline; (ii) the LPS group, injected with lipopolysaccharide (LPS)
every day for one week; and (iii) the LPS plus TGF-Ab (LPS+TGF-Ab) group, injected with LPS with anti-trans-
forming growth factor β1 (TGF-β1) antibody. We investigated survival rates, TGF-β1 expression in the liver, liver
regeneration by proliferating cell nuclear antigen labeling index, hepatocyte apoptosis by single stranded DNA labeling
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index, and perisinusoidal fibrosis using Masson�s trichrome staining. In survival rates, the LPS group (30.4%) was
significantly lower than the SAL group (84%) and tended to be lower than the LPS+TGF-Ab group (49.4%). Liver
regeneration in the LPS group was significantly lower than in the other groups. In the LPS group, apoptosis of hepa-
tocyte and perisinusoidal fibrosis were significantly more remarkable, and TGF-β1 expression was significantly
higher than in the SAL group. TGF-β1 enhanced by LPS plays an important role in the mechanism of hepatic failure
by infections after hepatectomy, especially in inhibition of liver regeneration, and induction of hepatocyte apoptosis
and perisinusoidal fibrosis.

227
Gene expression of liver regeneration after partial hepatectomy in mice lacking type 1 tumor
necrosis factor receptor

Tetsuya Shimizute1*, Shinji Togo1, Hirochika Makino1, Kuniya Tanaka1, Toru Kubota1, Yoji Nagasima2, Hiroshi Shimada1

Departments of 1Gastroenterological Surgery and 2Molecular Pathology and Oncology, Yokohama City University Graduate
School of Medicine, Yokohama,236-0004, Japan
*E-mail: tusimi@f4.dion.ne.jp

Aim: To investigate whether TNF-α is necessary for hepatocyte proliferation, we studied liver regeneration after partial
hepatectomy in mice lacking TNF receptor-1.
Methods: TNF receptor type-1 knockout mice and wild-type mice were subjected to two-thirds partial hepatectomy (PHx).
Riken cDNA microarray analysis was performed on liver samples from mice undergoing PHx to compare clearly differen-
tiated mouse PHx models (TNFR-1 knockout mice � K group, and wild-type mice � W group).
Results: The cumulative survival after PHx in K group was lower than in W group. The time to regain the liver weight in K
group was 14 days and 7 days in W group. The Ki67 expression in K group at 4 days was lower than in W group. LPS, Toll-
like receptor 4 precursor and MAPK 8 interacting protein in K group was higher than in W group. For cell cycle-regulated
genes, cyclin D1, NF-κB light chain and TNF receptor super family membrane 1a in K group was lower than in W group.
Conclusions: Lack of TNF-α signaling through TNFR-1 delays the initiation of liver regeneration after partial hepatectomy.
It is suggested that hepatocyte proliferation can be induced by an LPS-JNK pathway instead of TNF-α and IL-6.

228
Lack of manipulations of gastrointestinal tract predominantly attenuated postoperative
endotoxemia and further immune response after laparoscopic surgery in comparison to open
surgery

N. Hiki, N. Shimizu, H. Yamaguchi, K. Mamura, K. Kami, K. Terada, F. Hatao, K. Nozuki, S. Shimoyama, 
K-I. Mafume, M. Kaminishi

Department of Gastrointestinal Surgery, University of Tokyo, Tokyo, Japan

Our previous studies demonstrated that the loss of gut barrier function together with endotoxin translocation might be the
major cause for postoperative acute phase reactions after abdominal surgery. Small bowel manipulation during digestive
surgery initiates an endotoxin translocation and further inflammatory response in the intestine. The less surgical manipula-
tion of laparoscopic procedures may minimize trauma to the peritoneum; therefore, it could be decreasing the gut�s inflam-
matory response after surgery. We applied a swine gastrectomy model with different surgical techniques (OPEN: distal
gastrectomy with finger manipulation; NMP: operated as in the OPEN without finger manipulation; LADG: laparoscopi-
cally assisted gastrectomy) to compare the postoperative inflammatory reactions in the local or systemic sites. Plasma levels
of either endotoxin assayed with the Limulus amebocyte lysate test or pro-inflammatory cytokines (IL-1β, IL-6) determined
by ELISA of OPEN were significantly elevated compared with those of NMP or LADG. The cytokine mRNA levels were
measured by LightCycler Real-time PCR and were increased in the OPEN compared with the other two groups. This study
demonstrates for the first time that the lack of surgical manipulation during the laparoscopic surgery plays a pivotal role for
decreasing the postoperative endotoxemia and further inflammatory response.
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Inhibition of experimental asthma by innate immunity: role of indoleamine 2,3-dioxygenase

T. Hayashi1*, L. Beck1, C. Rossetto1, X. Gong1, O. Takikawa2, K. Takabayashi1, D.H. Broide1, D.A. Carson1, E. Raz1

1Department of Medicine, University of California, San Diego, CA 92093-0663, USA
2Graduate School of Medicine, Central Research Institute, Hokkaido University, Sapporo 060-8638, Japan
*E-mail: thayashi@ucsd.edu

Epidemiological evidence supports that reduced exposure to microbial stimuli plays a major role in the increasing
prevalence of Th1 (autoimmune diseases), and Th2 (allergic asthma) in Westernized countries. The mechanism for
this observation has not yet been completely determined. In this study, we show that the administration of certain Toll-
like receptor (TLR) ligands induces high levels of indoleamine 2,3-dioxygenase (IDO), which is the rate-limiting
enzyme of tryptophan catabolism, in various organs via the activation of innate immunity. Pulmonary IDO activity
induced by immunostimulatory sequence oligodeoxynucleotides (ISS-ODN), TLR-9 ligand, inhibits Th2-driven
experimental asthma by induction of apoptosis in the effecter Th2 cells in the lung. IDO activity expressed by resident
lung cells, i.e. epithelial cells, rather than by pulmonary dendritic cells (DCs) suppressed lung inflammation and air-
way hyper-reactivity. IDO activity induced by ISS-ODN in lungs also inhibits Th1-mediated lung inflammation. Our
findings provide evidence for a potential pathway by which the activation of innate immunity can inhibit adaptive Th
cell responses.

Supported by grants from the NIH AI40682, DK35108 and AR47360 (ER).

230
Burn injury and Gram-positive infection modulate PMN responses and microvascular
permeability to exacerbate host morbidity/mortality

Mohammed Sayeed, Masakatsu Goto, Nadeem Fazal, Zhihong Hu, Victoria M. Samonte

Dept of Surgery, Burn & Shock/Trauma Institute, Loyola University Stritch School of Medicine, Maywood, IL 60153, USA

Early inflammatory responses in burn patients (PMN activation and vascular permeability) evidently serve adaptive roles and
allow for resolution of inflammation without flagrant patient morbidity and mortality. However, infections superimposed on
burn-induced inflammation may cause such responses to contribute to multiple organ/system failure and death. We have exam-
ined blood and/or tissue PMN O2

�/elastase expression, apoptosis and vascular albumin permeability in rat models of burn injury
(30% TBSA, B), intra-abdominal Gram-positive (E. faecalis, EF) sepsis, and a burn plus E. faecalis (B+EF) injury condition.
While there was no significant effect of B or EF on animals� cardiovascular responses (CVRs) or survival, B+EF resulted in
gross disturbance in CVRs and a substantial animal mortality. We found f-MLP-stimulated O2

� production to be elevated
equally in PMNs from B and B+EF but not EF rats. Albumin transport (permeability) across intestinal/lung vasculature was
higher in EF and B+EF but not in B rats. These findings suggest that morbidity and mortality in B+EF rats was a result of com-
bination of exaggerated vascular permeability (mainly resulting from EF) and PMN activation (resulting mainly from B). Thus
morbidity and mortality in burn injury with Gram-positive infectious complication may be due to combination of effects of
PMN hyperactivation and disturbed vascular permeability that individually may be innocuous.

Supported by NIH grants, R01 GM53235 and R01GM56865.
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Hepatitis C virus

Godfrey Wamala*, Winnie Naluyima

Nsambya Hospital Home Care Department. PO Box 7146, Kampala, Uganda Post Code 006 or 256
*E-mail: godfrey004@yahoo.com

Hepatitis C is one of the five identified viruses which attack and damage the liver and is the most serious of all. However, hepati-
tis C is spread through receiving organs from donors whose blood contains hepatitis C virus, getting pricked with a needle that
has infected blood on it, frequently being exposed to blood products such as those used to treat hemophilia. Engaging in high
risk of sexual behavior, using an infected person�s toothbrush that may have blood on it, injecting illegal drugs.
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An infection of hepatitis C can be recognized by the following symptoms: loss of appetite, fatigue, fever-nausea, dark-yellow
urine and jaundice.

The chronic hepatitis C lies dormant for some time before symptoms appear and some patients with hepatitis C will have
symptoms that prompt them to seek medical attention, i.e. diarrhea, tenderness in the right upper quadrant of the body, and pain
in the stomach.

The treatment for hepatitis patients is interferon-α, roferon-A. Patients of hepatitis C must inject interferon themselves, 3
times a week; usually the drug reduces hepatitis C virus to low levels in the blood. However, combination therapies rather than
single drug may offer the best potential for effective treatment. A major study area is development of cell culture through
which scientists can study the virus outside the human body.

Supported by the Assistant Co-ordinator, Nsambya Hospital Home Care Department.
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Rapid detection of botulinum neurotoxin-F by capillary electrophoresis with laser-
induced fluorescence detector

G. Rajaseger1*, N. Vidhya1, M.A. Lee1, Hongping Wei2, S. Moochhala1

1DMERI, DSO National Laboratories, Singapore
2Nanonex Technology Pte Ltd, 19-05 Fortune Centre, 190 Middle Road, Singapore
*E-mail: grajaseg@dso.org.sg

A rapid assay was developed using the proteolytic activity of Botox/F to detect this toxin from biological and envi-
ronmental samples. The assay was developed using capillary electrophoresis (CE) to separate a 5-carboxyfluorescein-
N-hydroxysuccinimide ester (5-CF) labeled peptide that corresponds to residues 37�75 of VAMP protein and its
cleavage product by the Botox/F toxin. The optimum conditions for cleavage were found to be 34°C and pH 7.6. CE
separation was performed on a Prince CE-750 system equipped with ZETALIF laser-induced fluorescence detector.
Using a fused silica capillary of 75 µm ID x 365 µm OD x 80 cm length and a borate buffer (50 mM, pH 9.2) with
0.3% (w/w) polyethylene glycol, the 5-CF labeled peptide and its cleavage product were separated within 15 min. The
sensitivity of this method was found to be 0.05 ng/µl. The total analysis time for one sample is less than 1 h, which
provides significant improvements in terms of small sample volume per analysis, speed and sensitivity compared with
the standard mouse neutralization assay. Furthermore, since this method is based on the proteolytic activity of Botox,
it can directly tell whether the samples contain active Botox/F. This could be an additional advantage when compared
with the immunoassay methods.
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