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Abstract

Objective and design Toll-like receptor 4 (TLR4) plays
important roles in the recognition of lipopolysaccharide
(LPS) and the activation of inflammatory cascade. In this
study, we evaluated the effect of TAK-242, a selective
TLR4 signal transduction inhibitor, on acute lung injury

(ALID).
Materials and methods C57BL/6] mice were intrave-
nously treated with TAK-242 15 min before the

intratracheal administration of LPS or Pam3CSK4, a syn-
thetic lipopeptide. Six hours after the challenge,
bronchoalveolar lavage fluid was obtained for a differential
cell count and the measurement of cytokine and myelo-
peroxidase levels. Lung permeability and nuclear factor-xB
(NF-xB) DNA binding activity were also evaluated.

Results TAK-242 effectively attenuated the neutrophil
accumulation and activation in the lungs, the increase in
lung permeability, production of inflammatory mediators,
and NF-xB DNA-binding activity induced by the LPS
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challenge. In contrast, TAK-242 did not suppress inflam-
matory changes induced by Pam3CSK4.

Conclusion TAK-242 may be a promising therapeutic
agent for ALI, especially injuries associated with pneu-
monia caused by Gram-negative bacteria.

Keywords Toll-like receptor 4 - Endotoxin -
Acute lung injury - Rodent - NF-xB

Introduction

Over the last few decades, several studies have indicated
that the survival rate for patients with acute lung injury
(ALI) or acute respiratory distress syndrome (ARDS) has
improved, although the mortality rate remains high, rang-
ing between 25 and 40% [1]. ALI/ARDS may occur in
association with direct lung injury, including pneumonia,
aspiration of gastric contents, and inhalation of noxious
gas, or indirect lung injury, such as sepsis, blood transfu-
sions and shock. Among the various predisposing factors,
severe pneumonia is one of the most common causes [2].
Experimental endotoxin (lipopolysaccharide; LPS) admin-
istration via the tracheal route has been extensively used to
study the pathogenesis of ALI/ARDS following severe
pneumonia [3].

Toll-like receptors (TLRs) have been shown to play an
essential role in the activation of innate immunity by rec-
ognizing specific patterns of microbial components [4].
Among the TLRs, TLR4 recognizes LPS, triggers the
activation of an intracellular signaling pathway involving
nuclear factor-kB (NF-xB), and results in the upregulation
of adhesion molecules and inflammatory mediators, such as
cytokines and chemokines. TLR4 mutant (C3H/HeJ) mice
have been shown to be hyporesponsive to LPS [5] and do
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not develop ALI after being challenged with aerosolized
LPS [6]. Conversely, the overexpression of TLR4 in
transgenic mice augmented the responses to inhaled LPS,
including bronchoconstriction, the production of tumor
necrosis factor (TNF) and keratinocyte-derived chemokine
(KC), lung epithelial and endothelial cell damage, and the
recruitment of neutrophils in the lung [7].

To date, many clinical trials have been conducted to
examine the efficacy of blocking a single inflammatory
mediator in patients with ALI/ARDS, but none of them
have shown a sufficient efficacy for clinical application
[8, 9]. Since these outcomes could be due to the combined
contribution of various pathogenic mediators, we hypoth-
esized that a treatment strategy aimed at inhibiting the
upstream inflammatory signaling pathway, such as TLR4,
might be reasonable. In fact, a synthetic lipid A analogue
that functions as a TLR4 antagonist reportedly showed
protective effects against septic shock in mice [10].

TAK-242, a selective TLR4 signal transduction inhibi-
tor, has been shown to suppress LPS-induced inflammatory
responses in vitro [11] and lethality after systemic LPS
challenge in vivo [12]. In this study, we evaluated the
effect of TAK-242 using a murine model of ALI induced
by an intratracheal LPS challenge. We examined inflam-
matory cell recruitment; lung permeability; the levels of
pro-inflammatory cytokines, chemokines, myeloperoxidase
(MPO) in bronchoalveolar lavage (BAL) fluid; and NF-xB
DNA-binding activity. In addition, to elucidate whether the
effect of TAK-242 is specifically through the inhibition of
the TLR4 pathway, we evaluated the effect of TAK-242
treatment on the inflammatory cell accumulation and
cytokine production in the lungs following an intratracheal
challenge of Pam3CSK4, a potent activator of TLR2/TLR1
pathway.

Materials and methods
Materials

TAK-242, ethyl (6R)-6-[N-(2-chloro-4-fluorophenyl)sulfa-
moyl]cyclohex-1-ene-1-carboxylate (molecular weight;
362 Da), was synthesized at Takeda Pharmaceutical
Company Limited (Osaka, Japan). TAK-242 was dissolved
in a fat emulsion. Pam3CSK4, (5)-[2,3-Bis (palmitoyloxy)-
(2-RS)-propyl]-N-palmitoyl-(R)-Cys-(S)-Ser-(S)-Lys4-OH-
3HCI] was purchased from InvivoGen (San Diego, CA).

Mice
Eight-week-old male C57BL/6J mice were obtained from

Charles River Laboratories Japan (Yokohama, Japan).
Mice were given free access to water and standard rodent

chow and were housed in pathogen-free cages. All animal
experiments were approved by the Animal Care and Use
Committee of Keio University School of Medicine.

Murine model of lung injury

Mice were anesthetized using intraperitoneal ketamine
(50 mg/kg) and xylazine (5 mg/kg). During the following
procedures, mice were spontaneously breathing. The tra-
chea was exposed surgically and punctuated with a 24-
gauge angiocatheter to instill 0.3 mg/kg of LPS from
Escherichia coli O55:B5 (Sigma-Aldrich, St. Louis, MO)
or phosphate-buffered saline (PBS) into the left lung. Fif-
teen minutes before the intratracheal administration of
LPS, the animals received an intravenous injection of 0.3,
1.0, or 3.0 mg/kg of TAK-242 (LPS + TAK groups) or the
vehicle alone (LPS control group) via the tail vein. The
sham group animals received an intravenous injection of
vehicle alone followed by the intratracheal administration
of PBS.

In another series, mice were challenged intratracheally
with 0.25 mg/kg of Pam3CSK4 15 min after an intrave-
nous injection of 3.0 mg/kg of TAK-242 (Pam3 4 TAK
group) or the vehicle alone (Pam3 control group) via the
tail vein.

Bronchoalveolar lavage

Six hours after intratracheal instillation, the mice were
euthanized with deep anesthesia using intraperitoneal
pentobarbital sodium (50 mg/kg). The trachea was exposed
and cannulated with a 20-gauge angiocatheter. Both lungs
were lavaged with two separate 0.7-mL volumes of ice-
cold PBS. The BAL fluid was centrifuged at 400x g for
10 min at 4°C to pellet the cell fraction, and the superna-
tant was stored at —80°C until the measurements of the
cytokines, chemokines, MPO, and human serum albumin
(HSA) levels to calculate the permeability index. The cell
pellet was resuspended in 400 pL of cold saline, and the
total cell counts were determined using a hemacytometer.
Differential cell counts were performed using cytocentri-
fuge smears stained with Diff-Quik (Sysmex, Kobe, Japan).

Measurement of proinflammatory mediators in
bronchoalveolar lavage fluid

BAL fluid was assayed for TNF-o, interleukin (IL)-1p,
IL-6, macrophage inflammatory protein (MIP)-2 and KC
using a multiplex cytokine bead array system (Bio-Plex ™;
Bio-Rad, Hercules, CA) according to the manufacturer’s
instructions. The reaction mixture was read using the
Bio-Plex protein array reader, and the data were analyzed
using the Bio-Plex Manager software program. Interferon-
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gamma inducible protein (IP)-10 (CXCL10) in BAL fluid
was quantified using an ELISA kit (R&D Systems,
Minneapolis, MN). MPO in the BAL fluid was assayed
using an ELISA kit (Hycult Biotechnology, Uden, The
Netherlands).

Lung permeability index

Mice were given 10 mg/kg of HSA dissolved in 100 pL of
saline intravenously, 1 h before euthanasia. At the time of
sacrifice, the blood was drawn from the inferior vena cava.
The permeability index was defined as the ratio of the HSA
concentration in the BAL fluid to that in the plasma,
presented as a percentage. The HSA concentration was
measured using an immunoassay with a Human Albumin
ELISA  Quantitation  Kit (Bethyl Laboratories,
Montgomery, TX). The lower limit of detection was 5 ng/
mL.

NF-xB (p65) DNA-binding activity in the lung
Nuclear protein extraction

After performing BAL, the left lungs were harvested and
snap frozen in liquid nitrogen and then stored at —80°C
until analysis. The lungs were homogenized in 2 mL of ice-
cold Buffer A (10 mM HEPES, 1.5 mM MgCl,, 10 mM
KCI, 0.5 mM DTT, 0.5 mM PMSF) with a 0.1% volume of
Nonidet P-40 and a protease inhibitor cocktail (I mg/mL
leupeptin, 1 mg/mL aprotinin, 10 mg/mL soy bean trypsin
inhibitor, 1 mg/mL pepstatin). Following 10 min of incu-
bation on ice, the homogenates were centrifuged at 850x g
for 10 min at 4°C. The pellets were resuspended in 2 mL of
Buffer A and centrifuged at 1,200xg for 10 min at 4°C.
The crude nuclear pellets were resuspended in 40 mL of
Buffer B (20 mM HEPES, 1.5 mM MgCl,, 0.42 M NaC(l,
0.2 mM EDTA, 25% vol/vol glycerol, 0.5 mM DTT,
0.5 mM PMSF) with a protease inhibitor cocktail
(as described above) and incubated for 30 min on ice.
Nuclear extracts were recovered following centrifugation
at 20,000x g for 15 min at 4°C and stored at —80°C. The
protein concentration of the nuclear extracts was deter-
mined using a BCA Protein Assay Kit (Pierce, Rockford,
IL) with bovine serum albumin used as a standard.

NF-kB (p65) DNA-binding activity assay

NF-«B (p65) DNA-binding activity was examined using
the TransAM™ ELISA kit (Active Motif, Carlsbad, CA)
according to the manufacturer’s protocol. In brief, 0.5 pg
of nuclear extract was subjected to the binding of NF-«xB to
an immobilized consensus sequence (5'-GGGACTTTC
C-3) in a 96-well plate, and the primary and secondary

antibodies were added. After the colorimetric reaction, the
samples were measured in a spectrophotometer at the
wavelength of 450 nm. Recombinant NF-xB p65 (Active
Motif) was used as a protein standard. The DNA binding
specificity was assessed using wild-type or mutated
oligonucleotides.

Statistical analysis

Data are presented as the mean + SEM. All statistical
analyses were carried out using SAS software (version 6.1,
SAS Institute, Cary, NC). Differences in the differential
cell counts, permeability index and mediator levels in the
BAL fluid in vehicle-treated versus TAK-242-treated
groups were analyzed using a one-tailed Williams or one-
tailed Shirley—Williams test. We chose these tests for
analysis because Williams’ test is more powerful than
Dunnett’s test for dose-related data [13, 14]. Differences
between the sham and vehicle-treated groups were ana-
lyzed using a Student or Welch ¢ test and were considered
statistically significant when P < 0.05.

Results

Inhibitory effect of TAK-242 on inflammatory cell
recruitment to the lung

Mice were treated with 0.3 mg/kg of LPS administered into
the left lung; 6 h later, BAL fluid was obtained and used to
perform a differential cell count. The total cell and neu-
trophil counts are shown in Fig. la, b. LPS instillation
induced a significant increase in inflammatory cell
recruitment into the alveolar space, compared with the
instillation of PBS. Treatment with 3.0 mg/kg of TAK-242
effectively suppressed the total cell count in BAL fluid,
compared with the control group (P < 0.01; Fig. 1a). It
also markedly reduced the recruitment of neutrophils into
the alveolar space (P < 0.01; Fig. 1b).

Inhibitory effects of TAK-242 on cytokine, chemokine
and MPO levels in BAL fluid

Six hours after LPS instillation, BAL fluid was recovered
and the concentration of TNF-a, IL-1p4, IL-6, KC, MIP2,
IP-10, and MPO in the BAL fluid was measured. LPS
instillation markedly increased the levels of these inflam-
matory cytokines and chemokines in the alveolar space
(Fig. 2a—f). The MPO level in the BAL fluid was also
significantly enhanced after LPS instillation, indicating
neutrophil degranulation in the alveolar space (Fig. 2g).
TAK-242 markedly inhibited the LPS-induced increase in
TNF-o in a dose-dependent manner, compared with the
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Fig. 1 Inhibitory effect of TLR4 signaling blockade on inflammatory
cell recruitment into the lung. Mice received an intravenous injection
of 0.3, 1.0, or 3.0 mg/kg of TAK-242 (treatment groups, n = 6 for
each group) or vehicle (control group, n = 6), followed by the
administration of 0.3 mg/kg of LPS into the left lung; 6 h later, BAL
fluid was obtained and used to perform a differential cell count.

control group (Fig. 2a). Especially, 3.0 mg/kg of TAK-242
suppressed the elevation of TNF-o by 95%. Lower doses of
TAK-242 (0.3 and 1.0 mg/kg) also suppressed the eleva-
tion in the TNF-o level by 55 and 80%, respectively,
compared with the control group (Fig. 2a). In the mice
treated with 3.0 mg/kg of TAK-242, the LPS-induced
elevation of the IL-1pf level in the BAL fluid was reduced
by 60% (Fig. 2b). Lower doses of TAK-242 also reduced
the level of IL-1f significantly (Fig. 2b). Treatment with
1.0 and 3.0 mg/kg of TAK-242 inhibited the elevation of
IL-6 by 66 and 83%, respectively, compared with the
control group (Fig. 2c). KC and MIP-2, murine homologs
of the CXC chemokine family, are known to function as
neutrophil chemoattractants and activators [15]. Treatment
with 3.0 mg/kg of TAK-242 significantly inhibited the
upregulation of KC and MIP-2 by 70 and 60%, respec-
tively, compared with the control group (Fig. 2d, e). The
level of IP-10, another CXC chemokine, was significantly
decreased by TAK-242 treatment in a dose-dependent
manner (Fig. 2f). Especially, 3.0 mg/kg of TAK-242
decreased the level of IP-10 to a level similar to that in the
sham group. Treatment with 1.0 mg/kg of TAK-242 also
inhibited the LPS-induced elevation of IP-10 by 85%,
compared with the control group. A dose of 0.3 mg/kg of
TAK-242 suppressed the upregulation of IP-10 by 50%, but
the difference did not reach statistical significance. The
administration of 3.0 mg/kg of TAK-242 markedly
reduced the MPO level in the BAL fluid (P < 0.01), sug-
gesting that TAK-242 might inhibit the degranulation of
neutrophils (Fig. 2g). Although 0.3 and 1.0 mg/kg of TAK-
242 suppressed the level of MPO in the BAL fluid by 30
and 50% respectively, compared with the control group,
the difference did not reach statistical significance.
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a TAK-242 (3.0 mg/kg) effectively suppressed the total cell number,
compared with the control group. b TAK-242 (3.0 mg/kg) dramat-
ically reduced the recruitment of neutrophils into the alveolar space.
Values are the mean £ SD. *P < 0.025 (one-tailed Williams test)
compared with the control group (gray bar)

Effect of TAK-242 on LPS-induced increase in lung
permeability

The permeability index was calculated as the BAL fluid-to-
plasma ratio of the concentration of human albumin that
was injected intravenously 1 h before sacrifice. Thus, this
index reflects pulmonary endothelial and alveolar septal
permeability. The permeability index in the control group
was significantly higher than that in the sham group
(0.048 £ 0.011 vs. 0.002 £ 0.001%; P < 0.01), and
treatment with TAK-242 (3.0 mg/kg) significantly sup-
pressed the elevation of this index, compared with the
control group (0.015 £ 0.005 vs. 0.048 + 0.011%;
P < 0.01) (Fig.3). Although 1.0 mg/kg of TAK-242
decreased the permeability index by 40%, no significant
differences in this index were seen between the control
group and those treated with 0.3 or 1.0 mg/kg of TAK-242.
We observed the exhibition of the animals carefully, but no
difference was observed after the instillation.

Inhibitory effect of TAK-242 on NF-xB DNA-binding
activity in the lung

To evaluate the effect of TAK-242 on the LPS-induced
upregulation of the NF-xB signaling pathway in the lung,
nuclear extracts of lung homogenates were analyzed using
the TransAM™ ELISA kit. Because the most frequently
activated form of NF-xB in TLR signaling is a heterodimer
composed of Rel A(p65)-p50 [16] and p50 lacks the tran-
scription activation domain, we used p65 as a marker of
NF-kB activation. As shown in Fig. 4, LPS stimulation
induced high levels of NF-xB DNA-binding activity.
Treatment with 1.0 and 3.0 mg/kg of TAK-242 showed a
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Fig. 3 Effect of TLR4 signaling blockade on LPS-induced increase
in lung permeability. The permeability index was calculated as the
BAL fluid-to-plasma ratio of the concentration of human serum
albumin injected intravenously 1 h before sacrifice. Treatment with
3.0 mg/kg of TAK-242 significantly suppressed the elevation of this
index, compared with the control group. Values are the mean £ SD;
n = 6 for each treatment group and vehicle. *P < 0.025 (one-tailed
Shirley—Williams test) compared with the control group (gray bar)
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Fig. 4 Inhibitory effect of TLR4 signaling blockade on NF-xB DNA-
binding activity in the lung. To evaluate the effect of TAK-242 on the
LPS-induced upregulation of the NF-«xB signal pathway in the lung,
nuclear extracts of lung homogenates were analyzed using the
TransAM™ ELISA kit. TAK-242-treatment (1.0 and 3.0 mg/kg)
produced a marked reduction in LPS-induced DNA-protein complex
binding activity. Values are the mean *+ SD; n = 6-7 for each
treatment group and vehicle. *P < 0.025 (one-tailed Williams test)
compared with the control group (gray bar)

marked reduction in LPS-induced DNA—protein complex
binding activity (Fig. 4). A lower dose (0.3 mg/kg) of
TAK-242 did not significantly change the NF-xB DNA-
binding activity. Additionally, the binding was specific,
since the wild-type consensus oligonucleotide prevented
NF-xkB binding to the probe immobilized on the plate;
conversely, the mutated oligonucleotide had no effects on
NF-«xB binding (data not shown).

Effects of TAK-242 in Pam3CSK4-induced lung
inflammation

To elucidate whether the effect of TAK-242 is specifically
through the inhibition of TLR4 pathway, we evaluated the
effect of TAK-242 on the inflammatory cell accumulation
and cytokine production in the lungs following an intra-
tracheal challenge of Pam3CSK4, a potent activator of
TLR2/TLR1 pathway. Pam3CSK4 induced marked infil-
tration of inflammatory cells into the alveolar space
(Fig. 5a, b) as well as inflammatory mediator production
including IL-1f, IL-6 and KC (Fig. 6a—c). Treatment with
TAK-242 did not inhibit the infiltration of inflammatory
cells and the release of inflammatory mediators into the
alveolar space elicited by Pam3CSK4.

Discussion

In this study, we demonstrated that TAK-242 inhibited
LPS-induced neutrophil recruitment and activation in the
lung and lessened the LPS-induced increase in lung
permeability. In addition, it attenuated the release of pro-
inflammatory mediators into the alveolar space and inhib-
ited the activation of the NF-xB signaling pathway. These
results suggest that TAK-242, a specific inhibitor of TLR4
signaling, might be effective for the alleviation of LPS-
induced lung injury. To the best of our knowledge, this is
the first report on the effect of a synthesized TLR4 sig-
naling inhibitor with a small molecular size on the
production of inflammatory mediators and tissue injury
after a locally administered inflammatory stimulus.

TLR4 has been shown to play a critical role in LPS
recognition and subsequent signal transduction [17]. The
activation of signaling requires CD14-bound LPS to adhere
to and to transactivate the TLR4-myeloid differentiation
protein (MD)-2 complex on the cell membrane [18-20].
TLR4 recruits four adaptor proteins, including myeloid
differentiation factor 88 (MyD88), Toll/IL-1 receptor
(TIR)-associated protein (TIRAP), TIR-domain-containing
adaptor protein-inducing IFN-y (TRIF) and TRIF-related
adaptor molecule (TRAM), with TIR domains. These
interactions trigger downstream signaling cascades leading
to the activation of NF-xB, which controls the induction of
pro-inflammatory cytokines and chemokines such as TNF-
o, IL-18, IL-6, IL-8, and IFN-y [21]. Therefore, to suppress
the inflammation cascade effectively, we hypothesized that
blocking a point upstream of TLR4 signaling might be
superior to blocking each mediator.

In the present study, TAK-242 effectively inhibited the
nuclear translocation of NF-xB and the release of TNF-a,
IL-18, IL-6, KC, MIP-2 and IP-10 in the alveolar space in a
dose-dependent manner. Although TAK-242 was reported
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to selectively suppress the TLR4 signal, commercial
preparations of LPS may have contamination that could
function as a TLR2 agonist [22, 23]. Therefore, we
evaluate whether the inhibitory effects of TAK-242 were
truly through inhibition of TLR4 signaling, using
Pam3CSK4 that represents the N-terminal part of bac-
terial lipopeptide. Pam3CSK4, a potent activator of
TLR2/TLRI1, is known as an important tool for studying
the TLR2-specific immune recognition mechanism

control
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because it is free of other contaminating bacterial com-
ponents [24]. We observed that intratracheal challenge of
Pam3CSK4 induced marked inflammatory cell accumu-
lation and release of inflammatory mediators into the
alveolar space. Since the TAK-242 treatment made no
change in the Pam3CSK4-induced inflammatory
response, we considered that the inhibitory effect of
TAK-242 on LPS-induced lung injury could be through
selective blockade of TLR4 signaling pathway.
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To date, the beneficial effects of inhibiting TLR4 sig-
naling have been shown in some experimental acute injury
models using TLR4 mutant mice [6] and a lipid A analogue
[10]. Since previous investigations have revealed no effect
of TAK-242 on the function of the extracellular compo-
nents (MD2 and CD14) and intracellular adaptor proteins
(MyDS88, TIRAP, TRIF and TRAM), the inhibitory effects
of TAK-242 are considered to be due to the inhibition of
signaling mediated by the intracellular domain of TLR4,
such as the TIR domain [11, 25]. Mutational analysis using
TLR4 mutants indicated that TAK-242 inhibits TLR4
signaling by binding to Cys747 in the intracellular domain
of TLR4 [26]. Because of the small molecular size of
362 Da, TAK-242 can penetrate into tissues and cells and
act directly on intracellular signaling pathways. TAK-242
inhibited MyD88-independent pathways as well as
MyD88-dependent pathways and its inhibitory effect was
largely unaffected by LPS concentration and types of
TLR4 ligands [26]. TAK-242 had no effect on the LPS-
induced conformational change of TLR4-MD-2 and TLR4
homodimerization. Therefore, TAK-242 might be effective
in a variety of clinical settings.

The inflammatory cascade in ALI/ARDS is initiated by
several inflammatory mediators, including pro-inflamma-
tory cytokines and chemokines [27]. For example, TNF-«
and IL-1 are early response cytokines that are produced in
response to inflammatory stimuli, such as LPS or other
microbial products [28]. In this study, TAK-242 strongly
inhibited the production of these cytokines that promote the
production of other mediators by macrophage, endothelial
cells, fibroblasts, and epithelial cells.

In this study, we administered TAK-242 15 min before
the intratracheal instillation. We previously showed that
TAK-242 inhibited LPS lethality when administered 1 h
before or simultaneous with intravenous LPS [12]. In this
study, we examined whether TAK-242 is similarly effec-
tive on intratracheal stimuli. The time point of treatment
was chosen because TAK-242 is supposed to be distributed
in the whole body within 15 min.

Neutrophils have been recognized as important con-
tributors to the pathogenesis of ALI/ARDS [29-31].
In addition, LPS is known to induce a large influx of
neutrophils into the alveolar space [32]. In rodents, the two
most important chemokines for neutrophil recruitment into
the lung are KC and MIP-2 [15]. Since the production of
these chemokines was significantly inhibited in the groups
treated with TAK-242, we speculated that TAK-242 might
attenuate neutrophil accumulation mainly via this inhibi-
tory effect. In addition, TAK-242 treatment reduced the
level of MPO, a parameter of neutrophil activation, in BAL
fluid. It was indicated that TAK-242 might inhibit not only
neutrophil accumulation, but also activation or degranula-
tion in the alveolar space.

Since TAK-242 reduced the level of MPO in BAL fluid,
treatment with TAK-242 has been suggested to inhibit not
only neutrophil infiltration, but also activation or degran-
ulation in the alveolar space. However, whether the effect
of TAK-242 on neutrophil activation occurs through a
direct effect on neutrophils or via an inhibitory effect on
pro-inflammatory cytokines and chemokines remains to be
determined.

Another limitation of our study was that we used LPS,
not live bacteria, as an insult to induce lung injury. The
TLR4 signaling pathway is important for host defense,
especially against Gram-negative bacteria, as shown by the
impaired defense of TLR4 mutant mice with pneumonia
arising from infection with Klebsiella pneumoniae [33] and
Bordetella bronchiseptica [34]. However, not all studies
have shown that TLR4 is essential for adequate pulmonary
host defense. For example, TLR4 mutant mice showed no
difference in bacterial clearance following intranasal
inoculation with Legionella pneumophilia, compared with
a related substrain wild type for TLR4 [35]. TLR4 mutant
mice also showed reduced inflammatory responses with no
impairment in their ability to eliminate E. coli from the
lungs [36]. Therefore, TLR4 may not be necessary for lung
host defense against all Gram-negative bacteria, and we
think that the inhibitory effects of TAK-242 on TLR4
signaling observed in the present study were not overesti-
mated by our use of a lung injury model induced by LPS,
and not live bacteria. In addition, we did not examine the
effect of TAK-242 at later time points, because we focused
on its effect on acute phase of lung injury. A preliminary
experiment showed, however, a significant difference in
the cell count in BAL fluid that was collected 12 h after
LPS challenge [mean & 1 SEM for the mice without
TAK-242 treatment: 22.0 & 1.1 (><1O4 per mL), whereas
for those treated with 3.0 mg/kg of TAK-242: 8.5 £+ 3.2
(x10* per mL); P < 0.01]. It was suggested that TAK-242
treatment might exert a beneficial effect on LPS-induced
lung injury at later time points, which will be a subject of
future investigation.

In conclusion, TAK-242 suppressed the LPS-induced
production of inflammatory mediators, neutrophil recruit-
ment in the lung, and the development of lung injury in a
murine lung injury model. Neutrophils are responsible for
both host defense against bacterial pathogens and tissue
injury by releasing elastase and reactive oxygen species.
In the clinical practice, most of the patients with ALI are
treated with antibiotics. We think that, at least when bac-
terial activity is controlled by antibiotic therapy, blockade
of the TLR4 signaling pathway might attenuate neutrophil-
mediated lung injury rather than worsen bacterial infection.
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