
OPEN

ORIGINAL ARTICLE

MyD88–BLT2-dependent cascade contributes to
LPS-induced interleukin-6 production in mouse
macrophage

A-Jin Lee1, Kyung-Jin Cho1 and Jae-Hong Kim

Endotoxic responses to bacterial lipopolysaccharide (LPS) are triggered by Toll-like receptor 4 (TLR4) and involve the production

of inflammatory mediators, including interleukin-6 (IL-6), by macrophages. The detailed mechanism of IL-6 production by

macrophages in response to LPS has remained unclear, however. We now show that LPS induces IL-6 synthesis in mouse

peritoneal macrophages via the leukotriene B4 receptor BLT2. Our results suggest that TLR4–MyD88 signaling functions

upstream of BLT2 and that the generation of reactive oxygen species (ROS) by NADPH oxidase 1 (Nox1) and consequent

activation of the transcription factor nuclear factor (NF)-κB function downstream of BLT2 in this response. These results suggest

that a TLR4–MyD88–BLT2–Nox1–ROS–NF-κB pathway contributes to the synthesis of IL-6 in LPS-stimulated mouse

macrophages.
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INTRODUCTION

Sepsis, a chronic systemic inflammatory response syndrome, is
a leading cause of death in critically ill patients.1 Despite
significant advances in critical care, there is still no Food and
Drug Administration-approved pharmacological therapy
applicable to patients indicating the urgent need to further
elucidate the molecular pathways or new players leading to the
pathology of endotoxic shock. The most lethal form of sepsis,
endotoxic shock, is caused by lipopolysaccharide (LPS) released
from the surface of replicating Gram-negative bacteria into the
circulation, where it is recognized by various immune cells,
including macrophages.2 The interaction of LPS with macro-
phages triggers the production of various pro-inflammatory
cytokines, including tumor necrosis factor-α, interleukin (IL)-
1β and IL-6, contributing to the pathogenesis of endotoxic
shock.3,4 The production of IL-6 is a hallmark of endotoxic
shock, with high levels of this cytokine in affected individuals
being associated with mortality. Despite the central role of IL-6
in endotoxin-induced inflammatory pathogenesis, however, the
signaling events responsible for triggering IL-6 production by
LPS in macrophages have still remained unclear.

Toll-like receptor 4 (TLR4) is a pathogen-recognition
receptor that has a key role in the recognition of LPS and in
eliciting the subsequent inflammatory response.5 The

interaction of LPS with TLR4 triggers the recruitment of the
cytoplasmic adaptor protein MyD88 (myeloid differentiation
factor 88) and the consequent activation of nuclear factor
(NF)-κB, which induces the expression of pro-inflammatory
cytokine genes, such as IL-6.6 This TLR4–MyD88 pathway has
been thought to have an important role in LPS-induced IL-6
synthesis.7,8 Also, previous studies have shown that mice
deficient in cytosolic phospholipase A2 (cPLA2) manifest
reduced synthesis of IL-6 during experimental sepsis and that
LPS-induced IL-6 production in macrophages is regulated
through activation of cPLA2 mediated by p38 mitogen-
activated protein kinase (MAPK),9,10 suggesting that cPLA2

signaling also contributes to the LPS-induced production of
IL-6 in macrophages. The downstream components of this
cPLA2 signaling pathway have remained unclear, however.

We have now found that BLT2, a leukotriene B4 receptor-2,
functions downstream of cPLA2 in the induction of IL-6
synthesis by LPS in mouse macrophages and that BLT2
expression is upregulated by LPS in a MyD88-dependent
manner. The levels of the BLT2 ligands leukotriene B4
(LTB4) and 12(S)-hydroxyeicosatetraenoic acid (12(S)-HETE)
as well as of their biosynthetic enzymes 5-lipoxygenase (5-LO)
and 12-lipoxygenase (12-LO) are all increased by LPS in
macrophages. In addition, the generation of reactive oxygen
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species (ROS) by NADPH oxidase 1 (Nox1) was found to
occur downstream of BLT2, contributing to IL-6 production
via activation of NF-κB. Together, our observations suggest
that a TLR4–MyD88–cPLA2–BLT2–Nox1–ROS–NF-κB path-
way greatly contributes to the synthesis of IL-6 in LPS-
stimulated mouse macrophages. Targeting this pathway might
prove beneficial for endotoxin-induced lung inflammation
therapy.

MATERIALS AND METHODS

Reagents
LPS (Escherichia coli serotype O55:B5), thioglycollate medium,
dimethyl sulfoxide, diphenyleneiodonium (DPI) and N-acetylcysteine
(NAC) were obtained from Sigma (St Louis, MO, USA). 2',7'-
Dichlorofluorescein diacetate was from Molecular Probes (Eugene,
OR, USA); baicalein, AACOCF3, AA861 and Bay11-7082 were from
Calbiochem (La Jolla, CA, USA); and SB203580 was from Calbiochem
(San Diego, CA, USA).

Cell culture and isolation of mouse peritoneal macrophages
Raw 264.7 mouse macrophages (American Type Culture Collection,
Manassas, VA, USA) were maintained under a humidified atmosphere
of 5% CO2 at 37 °C in RPMI 1640 medium supplemented with 10%
fetal bovine serum, 0.1mM nonessential amino acids and antibiotic–
antimycotic solution (Invitrogen, Grand Island, NY, USA). Mouse
peritoneal macrophages were isolated from peritoneal fluid harvested
4 days after intraperitoneal injection of the animals with 2ml of 10%
thioglycollate medium. Cells isolated from the fluid by centrifugation
at 1000 r.p.m. for 5min at room temperature were seeded in complete
RPMI 1640 medium and allowed to attach to culture plates for 4 h,
after which the non-adherent cells were removed by vigorous washing
with phosphate-buffered saline. The adherent cells were stained with
fluoresecin isothiocyanate–conjugated rat monoclonal antibodies to
mouse CD11b or an immunoglobulin G2a isotype control antibody
(BD Pharm Lyse; BD Biosciences, San Diego, CA, USA) and then
analyzed by flow cytometry (FACSCalibur instrument; Becton Dick-
inson, Frankin Lakes, NJ, USA). The purity of the peritoneal
macrophage preparations was usually 492%. The cells were allowed
to attach to the bottom of culture plates for 24 h and then incubated in
medium containing 0.5% fetal bovine serum for 6 h before exposure
to test agents in the same medium for the indicated times.

Semiquantitative and quantitative reverse transcriptase PCR
analysis
Total RNA was extracted from cells or homogenized lung tissue with
the use of Easy Blue (Intron, Sungnam, Korea), and portions (2 μg) of
the RNA were subjected to reverse transcriptase with M-MLV reverse
transcriptase (Beams Bio, Kyunggi, Korea) followed by semi-
quantitative PCR analysis with a PCR PreMix Kit (Intron) under
conditions found to be optimal for linear amplification of glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) cDNA. The primers
(forward and reverse, respectively) included 5′-ACTGGCCTGAGC
AACTAGGA-3′ and 5′-CGTGCCACTACCTGTAGCAA-3′ for My-
D88, 5′-AATGCCCAGGATCGAGGT-3′ and 5′-GATGGAAGCAAA
GGGAGTGA-3′ for Nox1, and 5′-CACGGCCTTCCCTACTTCA-3′
and 5′-TCTGGCTTTGTCTTTCTTGTTATC-3′ for IL-6. The primer
for BLT2 was described previously.11,12 The specificity of all primers
was confirmed by sequencing of the PCR products. Real-time PCR
analysis was performed with the use of LightCycler 480 SYBR Green I

Master (Roche Diagnostics, Mannheim, Germany). All data were
normalized by the abundance of GAPDH.

RNA interference
Cells were transfected with MyD88 or BLT2 (Bioneer, Daejeon, Korea)
or with Nox1 small interfering RNAs (siRNAs; Invitrogen) with the
use a MP-100 Microporator (Digital Bio, Seoul, Korea). In brief, cells
(1× 106) in 100 μl of resuspension buffer containing test or control
(scrambled) siRNAs (50 nM) were subjected to electroporation with
two pulses of 1500 V for 20ms (peritoneal macrophages) or one pulse
of 1500 V for 40ms (Raw 264.7 cells). All cells were then cultured in
complete medium but without antibiotics for 24 h before analysis or
experiments.

Forced expression of MyD88 or BLT2
Cells (1× 106) were transiently transfected with 2 μg of expression
vectors for human MyD88 (pCMV-Flag-MyD88, kindly provided by T
Renno)13 or with the corresponding empty vector (pCMV-Flag), with
the use of an MP-100 Microporator (Digital Bio).

Measurement of IL-6, LTB4 and 12(S)-HETE
Conditioned medium from macrophage incubations was immediately
frozen and lyophilized. The amounts of IL-6 (BD Biosciences) and of
LTB4 and 12(S)-HETE (Assay Designs, Ann Arbor, MI, USA) were
quantified with the use of enzyme-linked immunosorbent assay kits.

Preparation of cell lysates and immunoblot analysis
The phosphate-buffered saline-washed cells were lysed into a lysis
buffer (20 mM Tris-HCl (pH 7.5), 150mM NaCl, 0.5% Nonidet P-40,
5mM EDTA, 1% Triton X-100, 100mM phenylmethylsulfonyl
fluoride, 1 mM sodium orthovanadate, leupeptin (2 μgml− 1), aproti-
nin (2 μg ml− 1)) at 4 °C and heated at 95 °C for 5 min. The lysates
were then subjected to sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, and the separated proteins were transferred
electrophoretically to a polyvinylidene difluoride membrane for
90min at 100 V. The membrane was exposed for 1 h to
Tris-buffered saline containing 0.05% Tween 20 and 5% dried nonfat
milk before incubation overnight at 4 °C with primary antibodies at
a dilution of 1:2000 (or 1:4000 in the case of those to β-actin) in
Tris-buffered saline containing 0.05% Tween 20. The membrane was
then incubated for 2 h at room temperature with horseradish
peroxidise-conjugated secondary antibodies before detection of
immune complexes with the use of an enhanced chemiluminescence
kit (Amersham Biosciences, Little Chalfont, UK). Antibodies to
cPLA2, 5-LO or 12-LO were from Santa Cruz Biotechnology (Santa
Cruz, CA, USA), and antibodies to p38, phospho-p38, IκBα, to
phospho-IκBα or β-actin (loading control) were obtained from Cell
Signaling Technology (Danvers, MA, USA). Size estimates for proteins
were obtained using molecular weight standards from Thermo
scientific (Rockford, IL, USA).

Measurement of ROS
Cells were incubated for final 20min with the ROS-sensitive fluor-
ophore 2',7'-dichlorofluorescein diacetate (10 μM), washed with
phosphate-buffered saline and immediately analyzed for intracellular
ROS levels by measurement of DCF fluorescence with a flow
cytometer (FACSCalibur).
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Statistical analysis
Data are presented as means± SD and were analyzed by one-way
analysis of variance or Student’s t-test for comparisons among
multiple or between two groups, respectively. A P-value of o0.05
was considered statistically significant.

RESULTS

Role of BLT2 in LPS-induced IL-6 synthesis in macrophages
Consistent with previous observations,10 the expression of IL-6
at both mRNA and protein levels in mouse peritoneal
macrophages was increased by LPS in a time-dependent
manner (Figures 1a and b). The abundance of BLT2 mRNA
was also markedly increased in these cells by LPS (Figure 1a).
We next examined whether BLT2 contributes to LPS-induced
IL-6 synthesis. Depletion of BLT2 with a specific siRNA
(Figures 1c and d) greatly attenuated LPS-induced IL-6
expression. Together, these data suggested that BLT2 has a
critical role in LPS-induced IL-6 synthesis in mouse
macrophages. Interestingly, we found that BLT2 inhibition
had no effect on LPS-induced expression of tumor necrosis
factor-α or IL-1β (data not shown), suggesting that LPS-
induced IL-6 synthesis is preferentially regulated through a
BLT2-dependent mechanism.

Upregulation of BLT2 ligands in LPS-stimulated
macrophages
Ligands for BLT2 include eicosanoids such as LTB4, 12(S)-
HETE and 12(S)-hydroxyheptadeca-5Z,8E,10E-trienoic acid.14

The synthesis of LTB4 and 12(S)-HETE from arachidonic acid
is catalyzed by 5-LO and 12-LO, respectively.15 To examine
whether these BLT2 ligands contribute to LPS-induced IL-6
synthesis in macrophages, we first determined the amounts of
LTB4 and 12(S)-HETE. They were increased in a time-
dependent manner following LPS stimulation in mouse peri-
toneal macrophages (Figure 2a). These effects of LPS were
attenuated by prior exposure of the cells to the 5-LO inhibitor
AA861 or the 12-LO inhibitor baicalein, respectively
(Figure 2b). In addition, the cPLA2 inhibitor AACOCF3
suppressed the LPS-induced production of both these BLT2
ligands (Figure 2b). LPS-induced IL-6 expression at the mRNA
and protein levels was also significantly attenuated by the
inhibitors of 5-LO, 12-LO and cPLA2 in both peritoneal
macrophages (Figures 2c and d) and Raw 264.7 cells (data
not shown). Furthermore, the amounts of 5-LO and 12-LO
were markedly increased in response to LPS stimulation in Raw
264.7 cells (Figure 2e). In addition, activation of cPLA2, as
revealed by its phosphorylation at Ser505, was evident at 15min
and maximal at 30 min, whereas the total abundance of cPLA2

remained unchanged (Figure 2f). Together, these results
suggested that LPS-induced generation of the BLT2 ligands
LTB4 and 12(S)-HETE via the consecutive action of cPLA2 and
that either 5-LO or 12-LO is required for the upregulation of
IL-6 synthesis by this bacterial component.

MyD88 functions upstream of LTB4/12(S)-HETE–BLT2 in
LPS-induced IL-6 synthesis
Previous studies indicated that TLR4 and the cytoplasmic
adaptor protein MyD88 mediate LPS-induced IL-6 synthesis.7

We therefore next tested whether the upregulation of BLT2 and
5-LO/12-LO in mouse macrophages is dependent on MyD88.
Depletion of MyD88 by siRNA transfection resulted in marked
attenuation of the LPS-induced increase in the abundance of
BLT2 mRNA in both peritoneal macrophages (Figure 3a) and
Raw 264.7 cells (Figure 3b). Depletion of MyD88 also inhibited
the LPS-induced increases in the amounts of 5-LO and 12-LO
(Figure 3c) as well as in the level of cPLA2 phosphorylation
(Figure 3d) in Raw 264.7 cells. Consistent with these results,
the LPS-induced generation of LTB4 and 12(S)-HETE in
mouse peritoneal macrophages was significantly inhibited by
transfection with MyD88 siRNA (Figures 3e and f). Further-
more, knockdown of MyD88 suppressed the LPS-induced
expression of IL-6 at both the mRNA and protein levels
(Figures 3g and h). We then examined the effects of transient
transfection of cells with a MyD88 expression plasmid.13

Overexpression of MyD88 alone increased the levels of 5-LO
and 12-LO as well as the extent of cPLA2 phosphorylation in
Raw 264.7 cells (Figure 3i). In addition, the production of LTB4
and 12(S)-HETE was significantly increased by forced expres-
sion of MyD88 (Figures 3j and k). Finally, the amounts of
BLT2 mRNA as well as IL-6 mRNA and protein were all

Figure 1 LPS-induced IL-6 synthesis is dependent on BLT2 in
mouse macrophages. (a and b) Peritoneal macrophages were
stimulated with LPS (100 ngml−1) for the indicated times, after
which total RNA was isolated and subjected to RT-PCR analysis (a)
and IL-6 released into the culture medium was assayed (b). (c)
Peritoneal macrophages were transfected with control (siCont) or
BLT2 (siBLT2) siRNAs. After 24 h, the cells were incubated in the
absence or presence of LPS for 4 h, and total RNA was then
isolated and subjected to RT-PCR analysis. (d) Peritoneal
macrophages were transfected with control or BLT2 siRNAs,
incubated for 24 h and then stimulated with LPS for 12 h, after
which IL-6 released into the culture medium was assayed. All
quantitative data are means± s.d. from three independent
experiments. *Po0.05.
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increased by MyD88 overexpression in Raw264.7 cells or
primary peritoneal macrophages (Figures 3l and m). Together,
these results suggested that a cPLA2–LTB4/12(S)-HETE–BLT2
signaling cascade potentially is activated via MyD88 and
contributes to LPS-induced IL-6 synthesis in macrophages.

Nox1–ROS signaling functions downstream of BLT2 in LPS-
induced IL-6 synthesis
We previously showed that NADPH oxidase (Nox)-derived
ROS function as downstream mediators of BLT2 in various cell
types.16–18 ROS generation has also been found to be important
for LPS signaling in macrophages, and LPS-induced ROS
generation in these cells is attenuated by DPI, an inhibitor of
flavoenzymes, including Nox.19–21 We therefore investigated
whether BLT2-dependent, Nox-mediated ROS generation
might contribute to LPS-induced IL-6 synthesis in mouse
peritoneal macrophages. First, consistent with previous obser-
vations, we found that LPS induced ROS production in a
manner sensitive to DPI or NAC, a free radical scavenger, in
peritoneal macrophages (Figure 4a). DPI and NAC also each
inhibited LPS-induced IL-6 expression (Figures 4b and c),
implicating Nox-derived ROS generation in LPS signaling to
IL-6 synthesis. To determine which Nox isoforms contribute to

LPS-induced IL-6 production, we examined the effects of LPS
on Nox isoforms’ expression in peritoneal macrophages. LPS
induced the upregulation of Nox1 mRNA (Figure 4d) without
affecting the abundance of Nox2 or Nox4 mRNAs (data not
shown). Depletion of Nox1 by siRNA transfection resulted in
marked inhibition of LPS-induced IL-6 expression (Figures 4d
and e). It also reduced the extent of LPS-induced ROS
generation (Figure 4f).

On the basis of our previous observations showing that Nox
functions downstream of BLT2,17,18,22 we hypothesized that
LPS might upregulate Nox1 through BLT2 in its signaling to
IL-6 synthesis. Consistent with this notion, we observed that
LPS-induced Nox1 gene expression and ROS generation were
greatly attenuated by siRNA-mediated depletion of BLT2 in
both peritoneal macrophages (Figures 4g and h) and Raw 264.7
cells (data not shown). In addition, we examined the role of
MyD88 in LPS-induced Nox1 expression and ROS generation.
Transfection with MyD88 siRNA markedly inhibited LPS-
induced ROS generation and Nox1 gene expression in both
peritoneal macrophages (Figures 4i and j) and Raw 264.7 cells
(data not shown). Conversely, forced expression of MyD88
alone increased the abundance of Nox1 mRNA in peritoneal
macrophages (Figure 4k). Together, these results suggested that

Figure 2 LPS-induced IL-6 synthesis is dependent on 5-LO and 12-LO in mouse macrophages. (a) Peritoneal macrophages were
stimulated with LPS (100 ngml−1) for the indicated times, after which LTB4 and 12(S)-HETE released into the culture medium
were assayed. (b) Peritoneal macrophages were incubated first for 30min with AACOCF3 (20 μM), AA861 (10 μM), baicalein (20 μM) or
DMSO and then for 12 h in the absence or presence of LPS, after which LTB4 and 12(S)-HETE released into the culture medium were
assayed. (c) Peritoneal macrophages were incubated first for 30min with inhibitors as in panel (b) and then for 4 h in the absence or
presence of LPS, after which total RNA was isolated and subjected to semiquantitative RT-PCR analysis. (d) The culture supernatants of
peritoneal macrophages treated as in panel (b) were assayed for IL-6. (e and f) Raw 264.7 cells were stimulated with LPS for the
indicated times, after which cell lysates were subjected to immunoblot analysis. All quantitative data are means± s.d. from three
independent experiments. *Po0.05, **Po0.01.
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LPS-MyD88 signaling activates the BLT2–Nox1 cascade to
generate ROS that are required for IL-6 synthesis in
macrophages.

NF-κB functions downstream of BLT2–Nox1–ROS in LPS-
induced IL-6 synthesis
ROS regulate the activity of NF-κB, a transcription factor
thought to have a key role in the upregulation of IL-6 in
macrophages.23 We also observed that LPS-induced IL-6
expression was greatly inhibited by the NF-κB inhibitor
Bay11-7082 in mouse peritoneal macrophages (Figures 5a
and b). In addition, BLT2 depletion resulted in marked
attenuation of LPS-induced phosphorylation and degradation
of the endogenous NF-κB inhibitor IκBα (Figure 5c). Further-
more, knockdown of Nox1 or treatment with DPI or NAC
markedly inhibited LPS-induced NF-κB activation in Raw

264.7 cells (Figures 5d and e), suggesting that LPS-induced
IL-6 synthesis in mouse macrophages is contributed predomi-
nantly through BLT2–Nox1–NF-κB signaling.

DISCUSSION

LPS is recognized by a variety of cells, including macrophages,
and elicits systemic and local host responses.24 Stimulation of
macrophages with LPS results in the production of various pro-
inflammatory cytokines, such as IL-6 as well as of lipid
mediators, such as leukotrienes.24,25 IL-6 is an important
mediator of the inflammatory response, with IL-6 levels being
increased in individuals with endotoxic shock and sepsis. The
mechanism by which LPS induces IL-6 production in macro-
phages has remained unclear, however, especially with regard
to the role of local mediators produced in the endotoxic
microenvironment. We have now shown that LPS-induced

Figure 3 TLR4–MyD88 signaling contributes to LPS-induced BLT2 activation and IL-6 production in mouse macrophages. (a and b)
Peritoneal macrophages (a) or Raw 264.7 cells (b) were transfected with control or MyD88 siRNAs, incubated for 24 h and stimulated
with LPS (100 ngml−1) for 4 h, after which total RNA was isolated and subjected to semiquantitative RT-PCR analysis. (c and d) Raw
264.7 cells were transfected with control or MyD88 siRNAs, incubated for 24 h and stimulated with LPS for 12 h (c) or 30min (d), after
which cell lysates were prepared and subjected to immunoblot analysis. (e–h) Peritoneal macrophages were transfected with control or
MyD88 siRNAs, incubated for 24 h and stimulated with LPS for 12 h (e, f, h) or 4 h (g), after which LTB4 (e), 12(S)-HETE (f) or IL-6
(h) released into the culture medium was assayed or total RNA was isolated and subjected to semiquantitative RT-PCR analysis. (i) Raw
264.7 cells were transfected with an expression plasmid for MyD88 and then incubated for 24 h, after which cell lysates were subjected
to immunoblot analysis with antibodies to the indicated proteins. (j–m) Peritoneal macrophages (j and l) or Raw 264.7 cells (k–m) were
transfected as in panel (i) and incubated for 24 h, after which LTB4 (j), 12(S)-HETE (k) or IL-6 (m) released into the culture medium was
assayed or total RNA was isolated and subjected to semiquantitative RT-PCR analysis. All quantitative data are means± s.d. from three
independent experiments. *Po0.05.
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IL-6 synthesis in mouse macrophages is significantly contrib-
uted by an LTB4–BLT2–ROS–NF-κB cascade, revealing a link
between LPS–MyD88 and the BLT2 signaling pathway.

LTB4 functions as a local pro-inflammatory lipid mediator,
acting predominantly in the pathogenic microenvironment. It
has a key role in pathological conditions, such as bronchial
asthma, rheumatoid arthritis, adult respiratory distress syn-
drome, as well as endotoxin shock.26–31 Leukotrienes trigger or
potentiate the synthesis of specific inflammatory cytokines in
distinct cell populations, and many cytokines affect cell
responsiveness to leukotrienes by modulating the expression

levels of their receptors.32 Cytokines and bioactive local lipid
metabolites such as LTB4 are thus thought to contribute to the
pathogenesis of acute and chronic pulmonary inflammation via
autocrine or paracrine activation of macrophages.33 LTB4
produced in response to platelet-activating factor was pre-
viously shown to stimulate IL-6 synthesis in human
monocytes.33 We have now shown that LPS increases BLT2
expression as well as the production of BLT2 ligands (LTB4 and
12(S)-HETE) and that BLT2 knockdown suppressed LPS-
induced IL-6 synthesis in mouse macrophages, indicating that
BLT2 and its ligands contribute to LPS-induced IL-6 synthesis

Figure 4 LPS-induced ROS generation and IL-6 synthesis are contributed by BLT2–Nox1 signaling in mouse peritoneal macrophages.
(a) Cells were incubated first for 30min with DPI (1 μM), NAC (1mM) or DMSO and then for 1 h in the absence or presence of LPS
(100 ngml−1). 2',7'-Dichlorofluorescein diacetate (10 μM) was added for the final 20min of the latter incubation, after which intracellular
ROS were measured by flow cytometric analysis of DCF fluorescence. (b) Cells were exposed as in panel (a) and then stimulated with LPS
for 4 h, after which total RNA was analyzed. (c) Cells were exposed as in panel (a) and then stimulated with LPS for 12 h, after which IL-6
released into the culture medium was assayed. (d) Cells were transfected with Nox1 or control siRNAs, incubated for 24 h and then
stimulated with LPS for 4 h, after which total RNA was analyzed. (e) Cells were transfected and incubated as in panel (d) were stimulated
with LPS for 12 h, after which IL-6 released into the culture medium was assayed. (f) Cells were transfected and incubated as in panel
(d) were stimulated with LPS for 1 h, after which ROS production was measured. (g and h) Cells were transfected with BLT2 or control
siRNAs, incubated for 24 h and then stimulated with LPS for 1 h (g) or 4 h (h), after which ROS production was measured (g) or total RNA
was analyzed (h). (i and j) Cells were transfected with MyD88 or control siRNAs, incubated for 24 h and stimulated with LPS for 1 h (i) or
4 h (j), after which ROS production was measured (i) or total RNA was analyzed (j). (k) Cells were transfected with an expression plasmid
for MyD88 or with the empty vector (pCMV) and incubated for 24 h, after which total RNA was analyzed. All quantitative data are
means± s.d. from three independent experiments. *Po0.05, **Po0.01.
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in these cells, most likely through autocrine or paracrine action
(Figure 5f). Consistent with the proposed contributing role of
BLT2 in the LPS-induced signaling to IL-6 synthesis, BLT2
overexpression alone resulted in a modest increase in IL-6
synthesis, and the addition of BLT2 ligands (LTB4 and 12(S)-
HETE) further enhanced IL-6 synthesis (data not shown).

In the endotoxic microenvironment, MyD88 was first
characterized as an essential component of LPS–TLR4 signaling
in the activation of innate immunity.34 The MyD88-dependent
pathway of LPS–TLR4 signaling was found to activate MAPKs,
including extracellular signal–regulated kinase, p38 and c-Jun
N-terminal kinase, with p38 being thought to be required

for LPS-induced activation of cPLA2 and lipid release.25

MyD88-deficient mice show resistance to LPS-induced
responses, including cytokine production by macrophages,
and MyD88− /− macrophages do not produce IL-6 in response
to LPS.35 Consistent with these previous observations, we
found that transfection of Raw 264.7 cells with MyD88 siRNA
inhibited LPS-induced p38 MAPK phosphorylation (Figure 6a)
and that the p38-specific inhibitor SB203580 attenuated the
LPS-induced phosphorylation of cPLA2 and upregulation of
IL-6 mRNA (Figures 6b and c). We also observed that LPS-
induced BLT2 gene expression, cPLA2 activation and the
production of BLT2 ligands (LTB4 and 12(S)-HETE) and

Figure 5 BLT2 contributes to NF-κB activation in LPS-induced signaling to IL-6 synthesis in mouse macrophages. (a and b) Peritoneal
macrophages were incubated first for 30min with Bay11-7082 (10 μM) or DMSO and then for 4 h (a) or 12 h (b) in the absence or
presence of LPS (100 ngml−1), after which total RNA was isolated and subjected to semiquantitative RT-PCR analysis or IL-6 released
into the culture medium was assayed. Data in panel (b) are means± s.d. from three independent experiments. *Po0.05. (c) Raw 264.7
cells were transfected with BLT2 or control siRNAs, incubated for 24 h and then stimulated with LPS for 30min, after which cell lysates
were subjected to immunoblot analysis. (d) Raw 264.7 cells were incubated first for 30min with DPI (1 μM), NAC (1mM) or DMSO and
then for 30min in the absence or presence of LPS, after which cell lysates were subjected to immunoblot analysis as in panel (c). (e) Raw
264.7 cells were transfected with Nox1 or control siRNAs, incubated for 24 h and then stimulated with LPS for 30min, after which cell
lysates were subjected to immunoblot analysis as in panel (c). (f) Scheme for intracellular signaling responsible for LPS-induced IL-6
synthesis in macrophages.

Figure 6 MyD88-dependent activation of p38 MAPK mediates LPS-induced cPLA2 activation and IL-6 expression in mouse macrophages.
(a) Cells were transfected and stimulated with LPS for 30min. (b and c) Cells were incubated for 30min with SB203580 (10 μM) or
DMSO and then for 30min (b) or 4 h (c) with LPS.
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IL-6 were all inhibited by MyD88 knockdown, whereas forced
expression of MyD88 alone recapitulated all these effects of
LPS. These results suggest that LPS activates a link between
MyD88 and BLT2 signaling modules to elicit IL-6 production
in macrophages.

Inflammatory stimulants such as LPS induce the generation
of ROS, and the induction of ROS in macrophages by LPS is
thought to depend on Nox.19,21 We have now shown that Nox
expression and ROS generation are increased by LPS in
peritoneal macrophages. Whereas the basal level of Nox2 was
relatively high, that of Nox1 was low and Nox4 was undetect-
able. However, LPS induced a marked increase in the
abundance of Nox1 without affecting that of Nox2 or Nox4,
and transfection of cells with Nox1 siRNA attenuated LPS-
induced ROS generation as well as IL-6 production. In
addition, we found that LPS-induced upregulation of Nox1
mRNA and ROS production were markedly inhibited by
knockdown of MyD88 or BLT2. These data thus suggest that
Nox1-dependent generation of ROS functions downstream of
BLT2 in signaling from LPS to IL-6 synthesis in macrophages.
LPS triggers the activation of NF-κB, which has a central role in
the regulation of inflammation-related genes such as that for
IL-6.36,37 We have now shown that LPS-induced IL-6 synthesis
was attenuated by the selective NF-κB inhibitor Bay11-7082
and that activation of NF-κB was suppressed by the BLT2
knockdown in macrophages. In addition, DPI, NAC and Nox1
siRNA all inhibited LPS-induced NF-κB activation, suggesting
that LPS–BLT2–Nox1 signaling to IL-6 synthesis is contributed
by NF-κB.

In the present study, we have shown that MyD88–BLT2–
Nox1–NF-κB signal contributes to IL-6 production in mouse
macrophages. In conclusion, we have defined a previously
unsuspected role for BLT2-Nox1 signaling in the stimulation of
IL-6 synthesis by LPS in mouse macrophages. LPS upregulates
both the BLT2 expression and the production of BLT2 ligands,
resulting in enhanced ROS generation through upregulation of
Nox1 expression. The accumulation of ROS, in turn, activates
NF-κB and thereby triggers IL-6 gene expression. Our results
thus provide a valuable insight into the pathogenesis of
endotoxin-induced inflammatory pathogenesis.
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