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Abstract

We have investigated gene and protein expression of ST2/ST2L in a murine alveolar macrophage (AM) cell line, MH-S, reacting
to inflammatory stimuli in vitro and in the lung tissue of an acute lung injury model in vivo. We have also analyzed the effect of
soluble ST2 protein on inflammatory response of MH-S cells. Lipopolysaccharide (LPS) and proinflammatory cytokines such as IL-
1B, IL-6, and TNF-a induced ST2 mRNA expression in MH-S cells. In an acute lung injury model, protein and mRNA expression
levels of ST2 increased to the maximal level at 24-72h after the LPS challenge. Furthermore, pretreatment with ST2 protein sig-
nificantly reduced the protein production and gene expression of IL-1a, IL-6, and TNF-a in LPS-stimulated MH-S cells in vitro.
These results suggest that increases in endogenous ST2 protein in AM, which is induced by inflammatory stimuli, such as LPS and
proinflammatory cytokines, may modulate acute lung inflammation.

© 2002 Elsevier Science (USA). All rights reserved.
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The ST2 gene, also known as T1 and Fit-1, was origi-
nally identified as a gene induced by serum stimulation of
fibroblasts [1-3] and was classified as a member of the
interleukin (IL)-1 receptor family. Three distinct types of
ST2 gene products, a soluble secreted form (ST2), a
transmembrane receptor form (ST2L), and a variant form
(ST2V), have been cloned so far [1,4,5]. ST2 is expressed
predominantly on helper T-lymphocyte type 2 (Th2)[6,7],
and studies using either anti-ST2L antibody or ST2-de-
ficient mice have demonstrated important roles for this
molecule in regulating Th1/Th2-associated immune re-

* Abbreviations: 1L, interleukin; Th, helper T-lymphocyte; TNF,
tumor necrosis factor; BAL, bronchoalveolar lavage; LPS, lipopoly-
saccharide; ARDS, adult respiratory distress syndrome; ELISA,
enzyme-linked immunosorbent assay; RT-PCR, reverse transcrip-
tion-polymerase chain reaction; TLR, Toll-like receptor; MyD88,
myeloid differentiation factor 88; IRAK, IL-1 receptor-associated
kinase; TRAF, TNF receptor-associated factor; AM, alveolar macro-
phage; PMN, polymorphonuclear neutrophils; NF, nuclear factor;
PMA, phorbol myristate acetate; Ca, Ca ionophore (A23187).
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sponses in pulmonary experimental models, such as al-
lergen-induced airway inflammation models or
pulmonary granuloma models induced by parasitic in-
fection [8—10]. We have recently reported that serum ST2
protein levels increased in patients with acute exacerba-
tion of atopic asthma [11,12], which is characteristic of
Th2-mediated eosinophilic airway inflammation [13,14].
The recent demonstration of mRNA encoding ST2/ST2L
in murine mast cells, in monoblastic cell lines, and in
megakaryoblastic cell lines raises the possibility that cells
other than Th2 cells may also express the ST2/ST2L gene
[6,15]. Furthermore, both genes were detected in the hu-
man lung in analyses of the tissue distribution of ST2/
ST2L mRNA [16], but ST2/ST2L gene expression in lung
structural cells including bronchial or alveolar epithelial
cells, endothelial cells, lung fibroblasts, and the like has
yet to be analyzed.

Besides the regulation of disease outcome through
the modulation of Th1/Th2 bias, there is indirect ev-
idence to suggest that ST2 gene products may also be
involved in inflammatory responses. Proinflammatory
stimuli including tumor necrosis factor (TNF)-a, IL-
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lo, and IL-1B induced ST2 expression in murine
BALB/c-3T3 cells [17]. ST2L expression was detected
in human monocytes after lipopolysaccharide (LPS)
stimulation in vitro and in the muscle and spleen of
mice after systemic administration of LPS [18]. These
findings led us to test ST2/ST2L expression in LPS-
induced pulmonary inflammation, specifically acute
lung injury, because one form of acute lung injury
that often results from sepsis is the adult respiratory
distress syndrome (ARDS), which is clinically impor-
tant [19]. Although many factors are involved in the
development of ARDS, the local release of cytokines
by alveolar macrophage (AM) is of importance in the
pathogenesis of ARDS [20]. AM responds to LPS,
which is released during sepsis, by releasing large
amounts of inflammatory mediators, and a prolonged
release of cytokines by AM has been associated with a
more adverse outcome in patients with this disease
[21]. Therefore, it is very important to evaluate the
role and function of ST2/ST2L expression in regula-
tion of cytokine production in AM in response to
proinflammatory stimuli.

In the present study, we have investigated gene ex-
pression of ST2/ST2L in various lung structural cells
and a murine AM cell line, MH-S, responding to pro-
inflammatory stimuli in vitro, and their expression in the
lung in a murine model of LPS-induced acute lung in-
jury. We have also analyzed the effect of soluble ST2
protein on the inflammatory response of MH-S cells.

Materials and methods

Mice, cells, and reagents. Female BALB/c mice, 6-8 weeks of age,
were purchased from Japan SLC (Tochigi, Japan) and housed in an
animal facility of the Jichi Medical School. All animal experiments
were conducted in accordance with principles stated in the “Guide for
the Care and Use of Laboratory Animals.” (NIH publication 86-23,
National Institutes of Health, Bethesda, MD, 1985.) The NHBE
(bronchial epithelial cell), HPAEC (pulmonary arterial endothelial
cell), HPSMC (pulmonary smooth muscle cell), and NHLF (lung fi-
broblast) were purchased from Biowhittaker (Walkersville, MD). The
MH-S (murine AM) and A549 (type II alveolar epithelial cells) were
obtained from American Type Culture Collection (Rockville, MD).
Human AMs were obtained from healthy volunteers by bronchoal-
veolar lavage (BAL). This protocol was approved by our Institutional
Review Board for human studies and informed consent was obtained
from all subjects. LPS from Escherichia coli and mouse recombinant
proteins of IL-1B, IL-6, and TNF-a were purchased from Sigma (St.
Louis, MO).

LPS-induced acute lung injury model. After mice were anesthetized
by intraperitoneal administration of 0.2ml of 10% pentobarbital so-
dium solution (Nembutal; Abbott Laboratories, North Chicago, IL),
100 pg/kg LPS in 60 pl saline was administered intranasally as previ-
ously described [22,23]. Control mice were administered intranasally
with 60 pl LPS-free saline. BAL was performed according to a stan-
dard protocol [8] and lung tissue was excised for RNA extraction.

Measurement of murine ST2 protein and cytokine levels. The levels
of soluble murine ST2 protein in serum or BAL fluid (BALF) were
measured by a sandwich enzyme-linked immunosorbent assay (ELI-

SA) using commercially available reagents as rat monoclonal antibody
against mouse T1/ST2 protein (MD Biosciences, Ziirich, Switzerland),
anti-murine ST2 rabbit polyclonal antibody, horseradish peroxidase-
labeled antibody against rabbit IgG, and o-phenylenediamine-0.01%
H,0,. The levels of IL-la, IL-6, and TNF-o were measured by a
sandwich ELISA kit (IL-la: Amersham Biosciences, Piscataway, NJ;
IL-6 and TNF-o: Biosource International, Camarillo, CA).

Analysis of mRNA expression for cytokines, ST2, and ST2L by re-
verse transcription-polymerase chain reaction. The RNA extraction and
RT-PCR were performed as previously described [6]. The PCR prod-
ucts of murine IL-la, 1L-6, TNF-a, ST2, ST2L, Toll-like receptor
(TLR) 2, TLR4, MD2, myeloid differentiation factor 88 (MyD88), IL-
1 receptor-associated kinase (IRAK), TNF receptor-associated factor
(TRAF)-6, and B-actin were fragments of 264, 600, 331, 266, 222, 389,
356, 284, 349, 417, 316, and 477 bp in length, respectively, and the PCR
products of human ST2, ST2L, and B-actin were fragments of 659, 454,
and 547 bp in length, respectively.

In vitro treatment with soluble ST2 protein of LPS-stimulated cells.
For in vitro experiments, MH-S cells were plated in 24-well plates at
5 x 10° cells/well in 1 ml complete medium overnight. Cells were then
treated with soluble ST2 protein or medium for 3h followed by
stimulation with LPS or medium alone. At the indicated time, samples
of culture supernatants or RNA were stored at —80 °C.

Statistical analysis. Data are expressed as means = SEM. Multiple
comparisons among all groups were performed by one-way factorial
analysis of variance (ANOVA) followed by post hoc tests. P < 0.05
was considered statistically significant.

Results
ST2 and ST2L mRNA expression in various cells

We first analyzed ST2 and ST2L mRNA expression
of human lung structural cells including A549, NHBE,
HPAEC, HPSMC, NHLF, and AM (Fig. 1). A wide
range of ST2 mRNA expression was detected in all the
above cells in the absence of stimulation, but the ex-
pression levels were relatively low. When stimulated
with PMA and A23187 (PMA/Ca), ST2 mRNA ex-
pression in all cells was enhanced to a similar extent. In
contrast, ST2L mRNA expression, which varied with
cells, showed three patterns: undetectable gene expres-
sion even after stimulation with PMA/Ca as shown in
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Fig. 1. ST2 and ST2L mRNA expressions in lung structural cells.
A549, NHBE, HPAEC, HPSMC, NHLF cells, human AM obtained
by BAL from two healthy volunteers, and a murine AM cell line,
MH-S, were cultured in 1 ml RPMI 1640 medium for 6h with or
without PMA (50 ng/ml) plus A23187 (200 ng/ml). The cDNA samples
obtained by RT-PCR for ST2, ST2L, and B-actin were loaded on a
3.0% agarose gel. Abbreviations: PMA, phorbol myristate acetate; Ca,
A23187 (Ca ionophore).
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A549; undetectable or low levels of gene expression
enhanced with stimulation as shown in NHBE,
HPSMC, NHLF, and AM; and detectable gene ex-
pression without stimulation downregulated following
the addition of PMA/Ca as shown in HPAEC. In a
murine AM cell line, MH-S, very low level of expression
of ST2 mRNA increased after stimulation with PMA/
Ca, whereas the ST2L mRNA was constitutively ex-
pressed and remained unchanged after stimulation.

ST2 and ST2L mRNA expression of MH-S cells stim-
ulated with LPS or proinflammatory cytokines

To determine the relevance of ST2 or ST2L expression
in inflammatory responses, we investigated whether LPS
or proinflammatory cytokine induces ST2 or ST2L ex-
pression in MH-S cells. As shown in Fig. 2, ST2 mRNA
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Fig. 2. Kinetics of ST2 and ST2L mRNA expressions in MH-S cells after
stimulation with LPS or cytokines. (A) MH-S cells (non-stimulated
control) were treated with LPS (1 pg/ml), IL-1p (10 ng/ml), IL-6 (10 ng/
ml), or TNF-o (10 ng/ml) for the indicated times, and the cDNA samples
obtained by RT-PCR for ST2, ST2L, and B-actin were loaded on a 3.0%
agarose gel. Similar results were obtained in three separate experiments.
“No stim.” means that there was no stimulation with LPS or cytokines.
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expression in MH-S cells was greatly enhanced 3-6 h after
the addition of LPS, IL-1B or TNF-a, or 12h after
stimulation with IL-6. In contrast, LPS and cytokines had
minimal effect on the expression of ST2L mRNA. There
was essentially no difference in the ST2L mRNA expres-
sion of MH-S cells in response to LPS, IL-1p, IL-6, or
TNF-o compared to non-stimulated MH-S cells.

ST2, ST2L, and cytokine expression in an LPS-induced
acute lung injury model

The results demonstrating that LPS induce ST2
mRNA expression in vitro led us to test the ST2 ex-
pression in an in vivo model of LPS-induced acute lung
inflammation. In this model, intranasal instillation of
LPS in mice resulted in a huge influx of polymorpho-
nuclear neutrophils (PMN) into the lung (Figs. 3A and
B). A significant increase in BALF PMN was detected as
soon as 3h after LPS challenge, with a peak at 24h
followed by a decrease to the basal level by 120h. AM
and lymphocyte counts in BALF also increased but with
a lower range and different kinetics peaking at 24-72h
and 72 h, respectively (Figs. 3A and B).

We also examined the production of proinflamma-
tory cytokines such as IL-1p, IL-6, and TNF-a in BALF
at different times in this model (Fig. 3C). BALF IL-1B
levels increased to the maximal level 24h after LPS
challenge, followed by a decrease to the basal level by
120 h. IL-6 and TNF-a levels in BALF significantly in-
creased as early as 3 h after the LPS administration, with
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Fig. 3. Kinetics of numbers (A) and percentages (B) of total or differential cells, and soluble ST2 and cytokine protein levels (C) in BALF in the LPS-
induced acute lung injury model. (A,B) BALF was collected and cell differentiation was determined at the indicated time before (LPS(-)) and after
intranasal administration of LPS (or saline) as described in Materials and methods. (C) The concentrations of soluble IL-1f, IL-6, TNF-a, and ST2
in BALF were measured by ELISA. @, LPS; O, saline (control). Mean values + SEM are shown for cumulative data from three independent ex-
periments (3—4 mice per experiment). *p < 0.05, fp < 0.01 or Ip < 0.005 versus LPS(-) or control group. Abbreviation: TCC, total cell counts; AM,

alveolar macrophage; Neut, PMN; Ly, lymphocyte.



K. Oshikawa et al. | Biochemical and Biophysical Research Communications 299 (2002) 18-24

a peak at 6 h followed by a decline to the basal level by
120 h. In contrast, the kinetics of soluble ST2 protein
levels in BALF were different from those of the proin-
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Fig. 4. Kinetics of ST2, ST2L, or cytokine mRNA expressions of the
lung tissue in the LPS-induced acute lung injury model. (A) Total
RNA was extracted from the lung at the indicated time before
(LPS(-)) and after intranasal administration of LPS as described in
Materials and methods. The cDNA samples obtained by RT-PCR for
ST2, ST2L, IL-1B, IL-6, TNF-a, or B-actin were loaded on a 3.0%
agarose gel. The data shown are representative of three independent
experiments (3-4 mice per experiment). (B) Densitometric analyses of
ST2, ST2L, IL-1pB, IL-6, and TNF-oo mRNA expressions in the lung
tissues were carried out. The relative levels designate the ratio obtained
from the density of the band of ST2, ST2L, or cytokine mRNA ex-
pression standardized with that of the B-actin mRNA expression level.
The mean relative densities+SEM are shown for cumulative data
from three independent experiments (3-4 mice per experiment).
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flammatory cytokines (Fig. 3C). BALF ST2 protein
levels did not increase up to 6 h after the LPS adminis-
tration and they then increased to the peak level at 24 h,
followed by a slow decrease. However, the BALF ST2
levels still retained approximately 60% of its maximal
level at 120h. Thus kinetic analysis showed that pro-
duction in BALF ST2 levels was more delayed than that
of proinflammatory cytokines levels in an LPS-induced
acute lung injury model.

We next investigated the kinetics of mRNA expres-
sion of ST2, ST2L, or proinflammatory cytokines in the
lung after the intranasal administration of LPS by RT-
PCR (Fig. 4). Inducible expressions of ST2, IL-1p, IL-6,
and TNF-o mRNA in the lung were observed after post-
LPS inoculation, while ST2LL. mRNA expression in the
lung was constitutively detected without the LPS chal-
lenge and unchanged even after the challenge (Fig. 4A).
Densitometric analyses clearly demonstrated that
mRNA expression of proinflammatory cytokines in-
creased rapidly to the maximal levels at 3 h after the LPS
instillation and that the enhanced expression lasted up
to 6-24 h, whereas ST2 mRNA was upregulated with a
peak at 24 h and the enhanced expression continued up
to 72h post-challenge in this model (Fig. 4B). These
data of the kinetics of gene expression have a similar
trend to the protein kinetics (Fig. 3C) in that the peak in
expressions of proinflammatory cytokines occurred
earlier than the peak in ST2 expressions.

Effect of soluble ST2 protein on proinflammatory cytokine
production from LPS-stimulated MH-S cells in vitro

To elucidate the function of ST2 in acute lung in-
flammation, we investigated the effects of ST2 protein
on LPS-induced proinflammatory cytokine production
from murine AM in vitro. MH-S cells were pretreated
with recombinant ST2 protein or medium alone and
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Fig. 5. Effects of soluble ST2 protein on LPS-induced production of IL-1a (A), IL-6 (B), and TNF-o (C) from MH-S cells in vitro. MH-S cells were
pretreated with either 500 ng/ml of soluble ST2 protein or medium alone for 3 h and then were left unstimulated or were stimulated with LPS (1 pg/
ml) in vitro for up to 24 h. Culture supernatants were harvested at the indicated time, and concentrations of IL-1a, IL-6, and TNF-o were measured
by ELISA. The mean cytokine concentrations = SEM are shown for the cumulative data from three independent experiments. “sST2”” means soluble
ST2 protein. *p = 0.073, 1p < 0.005, {p < 0.0001, §p = 0.224, qp < 0.058, **p < 0.001, and {f p < 0.01.
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Fig. 6. Effects of soluble ST2 protein on LPS-induced mRNA ex-
pression of IL-1a (A), IL-6 (B), and TNF-a (C) of MH-S cells in vitro.
MH-S cells were pretreated with either 500 ng/ml of soluble ST2 pro-
tein or medium alone for 3 h and then were left unstimulated or were
stimulated with LPS (1 pg/ml) in vitro for up to 12 h. Total RNA was
extracted from MH-S cells at 3 and 12 h after the LPS treatment, and
the cDNA samples obtained by RT-PCR for IL-1a, IL-6, TNF-a, or -
actin were loaded on a 3.0% agarose gel. The data shown are repre-
sentative of three independent experiments.

then were left unstimulated or were stimulated with LPS
for the times indicated in Fig. 5. Concentrations of IL-
1o (MH-S cells do not produce IL-18), IL-6, and TNF-a
in culture supernatants were measured by ELISA.
Treatment with ST2 protein significantly inhibited IL-1o
and IL-6 production by LPS-stimulated MH-S cells
(Figs. 5A and B). Furthermore, LPS-induced produc-
tion of TNF-a by MH-S cells was also significantly
suppressed by pretreatment with ST2 protein, though
less inhibited than IL-1a or IL-6 (Fig. 5C). IL-10 levels
in culture supernatants were also measured, but no
difference was found among any of the treatment groups
(data not shown).

We next examined the effect of ST2 protein on
mRNA expression of proinflammatory cytokines in
LPS-stimulated MH-S cells by RT-PCR. As shown in
Fig. 6, pretreatment with ST2 protein repressed LPS-
induced mRNA expressions of IL-1a, IL-6, and TNF-o
at 3 and 12h, as compared to that with LPS treatment
alone (without ST2 pretreatment). Using the same RNA
samples, as shown in Fig. 6, we analyzed mRNA ex-
pression of TLR2, TLR4, MD-2, MyD88, IRAK, and
TRAF-6 by RT-PCR. However, no difference was ob-
served between treatment groups with LPS alone and
LPS plus ST2 protein (data not shown).

Discussion

The results of this study have demonstrated that ST2
gene and protein expression are induced in an AM cell
line, MH-S, in response to proinflammatory stimuli in-
cluding LPS, IL-1B, IL-6, or TNF-a or in the lung tissue
of an LPS-induced acute lung injury model, while ST2L
gene expression is constitutive in MH-S cells and does
not change between before and after stimulation with
LPS or proinflammatory cytokines. Furthermore, pre-

treatment with soluble ST2 protein resulted in the
downregulation in gene and protein expression of pro-
inflammatory cytokines including IL-la, IL-6, and
TNF-a in LPS-stimulated MH-S cells.

In the present study, the mRNA expression pattern of
ST2/ST2L in AM varied with each type of cell tested.
For example, human AM obtained from healthy vol-
unteers expressed predominantly ST2 mRNA in com-
parison with ST2L mRNA and both were enhanced
following treatment with PMA/Ca (Fig. 1); in murine
AM, MH-S, the ST2L gene was constitutively expressed,
whereas the ST2 gene was induced after stimulation
(Figs. 1 and 2). It is sometimes not appropriate to
compare results from human AM with those from
mouse AM cell line. Therefore, this might affect the
difference in the ST2/ST2L expression. Furthermore,
since some reports have shown that different expression
patterns of ST2/ST2L are observed in other macro-
phages, such as murine bone marrow-derived macro-
phages [17,24], the reasons for such differences in ST2/
ST2L gene expression in macrophages may be not only
species specific but also a result of the wide spectrum of
tissue macrophages, including bone marrow-derived,
alveolar, pleural, liver, and peritoneal macrophages,
that have functional heterogeneity of antigen-presenting
capacity, phagocytotic activity, or cytokine production
[25]. It is very intriguing to speculate that the ST2/ST2L
gene expression pattern in macrophages may change in
response to different surrounding circumstances and
immune responses.

To test whether inflammatory stimuli induce ST2 ex-
pression in vivo, we utilized a murine model of LPS-in-
duced acute lung injury. In this model, ST2 mRNA
expression and protein levels increased to maximal levels
at 24-72h and at 24 h post-LPS challenge, respectively,
but it is uncertain which cells, infiltrating, endogenous
cells, or both, express ST2 mRNA in this model. Since the
kinetic pattern of PMN and AM in BALF is similar to
that of ST2 expression (Figs. 3 and 4), increased ST2 levels
may originate from PMN and AM among cells infiltrating
into airways. Although lymphocytes also increased in
BALF with a peak at 72 h post-LPS challenge, they are
unlikely to be the source of ST2 in this LPS-induced lung
injury model, because LPS is reported to inhibit Th2
function [26], and in the lymphocyte population, ST2 is
preferentially expressed in Th2 but not Thl cells [6,7],
suggesting that ST2 expression derived from downregu-
lated Th2 can be negligible in this model.

The findings observed in Figs. 3 and 4, that ST2 ex-
pression was delayed in comparison with expression of
proinflammatory cytokines, suggest that proinflamma-
tory cytokines expressed in the early phase may induce
ST2 expression in this in vivo model, which was sup-
ported by in vitro results demonstrating that ST2 gene
expression was greatly enhanced by a 3-6 h treatment of
MHS-S cells with IL-1B, IL-6, or TNF-a (Fig. 2). These
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data are compatible with the results reported by Kumar
and colleagues, demonstrating that in a murine model
where mouse ears are exposed to UVB irradiation
leading to inflammation, the late expression of ST2
mRNA was induced by TNF-a and IL-1 in the inflamed
skin [18]. These two sets of results confirm that ST2
expression can be regulated by cytokines.

The results of kinetic analyses on cytokine and ST2
protein expression in BALF demonstrated that ST2
protein levels peaked at 24h and remained at 60% of
maximal levels even at 120 h, whereas proinflammatory
cytokine levels peaked at 6-24 h with a rapid decline to
baseline levels by 120h post-LPS challenge. Based on
these findings of such different kinetics, we hypothesized
that soluble ST2 protein may downregulate the expres-
sion of proinflammatory cytokines. This hypothesis can
be confirmed by the in vitro results that pretreatment with
ST2 protein downregulated protein and gene expression
of proinflammatory cytokines such as IL-1a, IL-6, and
TNF-a in LPS-stimulated MH-S cells (Figs. 5 and 6).
Based on these results, we believe that it is possible that the
observed increase in endogenous ST2 expression in mur-
ine AMs, which are induced by proinflammatory cyto-
kines produced from LPS-stimulated AM, may suppress
excessive production of proinflammatory cytokines
leading to acute lung injury in an autoregulative manner.

The underlying mechanism by which soluble ST2
protein suppresses the production of proinflammatory
cytokines remains unclear. The anti-inflammatory cy-
tokine IL-10 has been shown to suppress inflammatory
processes, but LPS-induced IL-10 levels from AM were
not altered by ST2 treatment in this study. Furthermore,
kinetic studies showed that ST2-mediated suppression
was apparent 3 h after LPS treatment at the protein le-
vel. Thus soluble ST2 protein is likely to act directly
rather than via an intermediate factor. Nuclear factor-
kB (NF-xB) is one of the critical transcription factors
required for the expression of inflammatory cytokines
that are involved in the pathogenesis of acute lung injury
[27]. Recent genetic and biochemical experiments have
highlighted the critical role of TLRs in LPS-induced
NF-kB activation [28,29]. on binding of LPS to TLRs,
specifically TLR2 and TLR4, via CDI14, a number of
molecules are recruited to the receptor to mediate NF-
kB activation, which include the adaptor molecule
MyD88, the protein kinase IRAK, and the adaptor
molecule TRAF-6, thus forming the receptor complex
[29], resulting in interaction of downstream molecules
and the subsequent activation of NF-«kB. To explain the
mechanism of the anti-inflammatory function of ST2
protein, we hypothesize that ST2 protein may give a
downregulating signal to some molecules that are in-
volved in the LPS signaling pathway. To test our hy-
pothesis, we analyzed mRNA expression in the
transduction signaling molecules by RT-PCR using the
same samples as those listed in Fig. 6, but we observed

no difference between treatment groups with LPS alone
versus LPS and ST2 protein. Sweet and colleagues have
reported that ST2-IgG fusion protein tends to suppress
TRL1 and TLR4 mRNA expression levels in LPS-
treated bone marrow-derived macrophages, but there is
no statistically significant difference in their expression
levels between treatment groups with LPS alone and
LPS plus ST2-IgG fusion protein [24]. Further analyses
are necessary to clarify the effect of ST2 protein on
signal transducer and transcription factors involved in
the LPS signaling pathway.

In summary, here we demonstrated that ST2 protein
and gene expression were induced by LPS and proin-
flammatory cytokines in a murine AM cell line in vitro
and in the lung tissue of a murine model of LPS-induced
acute lung injury. Furthermore, it is noteworthy that the
native form of soluble ST2 protein downregulated pro-
duction and gene expression of proinflammatory cyto-
kines in LPS-stimulated murine AM. These findings
suggest that soluble ST2 protein can have a therapeutic
potential for inflammatory diseases, especially acute
lung injury.
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