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The IL-1 type 1 receptor is required for the
development of LPS-induced airways disease
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Background: The contribution of IL-1b signaling through the

IL-1 type 1 receptor (IL-1R1) to the development of persistent

LPS-induced airway disease has not been investigated.

Objective: To determine the importance of signaling through

the IL-1 type 1 receptor in the development of LPS-induced

airway disease.

Methods: We exposed IL-1R1–deficient (C57BL/6IL-1RI–/–) mice

to an aerosol of LPS or filtered air for 1 day, 1 week, or 4 weeks.

Results: After 4 weeks of LPS inhalation, C57BL/6IL-1RI–/– mice

failed to develop significant submucosal thickening, whereas

C57BL/6 mice had significantly thickened submucosa in small,

medium, and large airways compared with those of unexposed

control mice. Cell proliferation in the airways of both the

1-week and 4-week LPS-exposed C57BL/6IL-1RI–/– mice was

significantly reduced compared with LPS-exposed C57BL/6

mice. mRNA for type III a-3 procollagen was significantly

elevated over baseline in C57BL/6 yet remained unchanged

compared with baseline in C57BL/6IL-1RI–/– mice after 1 week

or 4 weeks of LPS inhalation. mRNA for tissue inhibitor of

metalloprotease 1 in C57BL/6 mice in the 1-week and 4-week

groups was significantly elevated over both control mice and

C57BL/6IL-1RI–/– mice.

Conclusion: These data support the hypothesis that signaling

through the IL-1 receptor modulates extracellular matrix

homeostasis in response to inhaled LPS.

Clinical implications: Attenuating IL-1R1–mediated signaling

might be an effective therapy against the development of

airway remodeling in chronic inflammatory diseases. (J Allergy

Clin Immunol nnnn;nnn:nnn-nnn.)
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Subchronic inhalation of endotoxin lipopolysaccha-
rides (LPSs) in mice causes persistent airway disease with
many classic features of asthma including reversible
airflow obstruction and inflammation, airway remodeling,
and persistent airway hyperreactivity1,2 and is used to
model human grain dust–induced airway disease. We
have shown that neutrophilic inflammation is critical to
this process and that IL-1b is produced abundantly in
the lung during subchronic LPS inhalation challenge.1,2

However, the mechanistic contribution of IL-1b to this
process remains to be elucidated.

The ability to respond to LPS in mice and in human
beings is imparted by the Toll-like receptor 4 (TLR4).3,4

TLR4 and the IL-1 type 1 receptor (IL-1R1) are both mem-
bers of an expanding family of receptors defined by the
Toll/IL-1 receptor domain that occurs in the cytoplasmic
domain of these receptors.5 Both TLR4 and IL-1R1 acti-
vate downstream kinases and transcription factors result-
ing in nuclear factor-kB–mediated gene transcription.
Both receptors require MyD88, IL-1 receptor–associated
kinase, TNF receptor–associated factor 6, and NF-kB–
inducing kinase (NIK) to activate NF-kB.6,7 Mice
rendered deficient in TLR4 either through a naturally
occurring point mutation (C3H/HeJ)8 or through a targeted
gene deletion (TLR4–/–) are unresponsive to inhaled LPS.9

Mice with a targeted deletion of the IL-1R1 have a normal
response to acute LPS inhalation,10 yet IL-1b is typically
associated with a proinflammatory phenotype, and LPS
exposure in mice increases expression of IL-1b mRNA
and protein in the lung.11 In addition, it has been shown
that intratracheal administration of an adenoviral vector
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containing the cDNA for human IL-1b induces TGF-b
protein expression and consequent airway fibrosis in
rats,12 suggesting an important role for IL-1b in the
fibroproliferative process. We therefore asked whether
C57BL/6IL-1R1–/– mice would develop persistent LPS-
induced airway disease. To address this question, we ex-
posed C57BL/6 and C57BL/6IL-1R1–/– mice to an aerosol
of endotoxin for 5 days or 4 weeks.

METHODS

Experimental animals

Twelve male C57BL/6 mice and 12 male C57BL/6IL-1R1–/– mice

at 8 weeks of age were exposed to aerosolized LPS for 4 hours per

day for either 1 week (1-week group) or 4 weeks followed by a

3-day recovery period (4-week group). Six C57BL/6 mice and six

C57BL/6IL-1R1–/– mice were sacrificed at each time point (1 week

and 3 days after 4 weeks of exposure). Twelve male C57BL/6 mice

and 12 male C57BL/6IL-1R1–/– mice were used as controls and were

exposed to filtered air alone.

LPS preparation and aerosol exposures

LPS was purchased as purified lyophilized powder (25 mg;

30,000,000 EU/mg; lot 110K4060), prepared by phenol extraction

from Escherichia coli serotype 0111:B4 from Sigma (St Louis, Mo).

LPS was reconstituted with 10 mL sterile HBSS, and stock aliquots

(2.5 mg/mL) were stored at –208C. Immediately before use, 160 mL

LPS stock (4.7 mg; 7,000,000 EU) was diluted in 75 mL HBSS for

nebulization.

Mice were placed in stainless steel wire cage exposure racks in a

20-L chamber. Animals were exposed for 4 hours. LPS solution was

aerosolized with a Collison 6-Jet Nebulizer (model CN-25; BGI Inc,

Waltham, Mass) with all output directed to the exposure chamber.

Filtered and dehumidified air was supplied to the nebulizer at 20-psi

gauge pressure. The exposure chamber was vented at a flow rate of

28.0 L/min.

LPS assay

The airborne concentration of LPS was assessed by sampling 0.30

to 0.40 m3 of air drawn from the exposure chamber through 25-mm

binder-free glass fiber filters (Gelman Sciences, Ann Arbor, Mich)

held within a 25-mm polypropylene inline air-sampling filter holder

(Gelman Sciences). Filters were placed in pyrogen-free petri dishes

with 2 mL sterile PBS containing 0.05% Tween-20 (Sigma) and

then placed on a rotating shaker at room temperature for 1 hour.

Aliquots of the wash solution were serially diluted in pyrogen-free

water and tested for endotoxin by using a chromogenic Limulus ame-

bocyte lysate assay (QCL-1000; BioWhittaker, Walkersville, Md)

according to the manufacturer’s instructions.

Whole lung lavage

Mice were euthanized by CO2 inhalation, and bilateral thoracot-

omy was performed. Lungs were lavaged with 6.0 mL sterile saline,

1 mL at a time, at a pressure of 20 cm H2O. Processing of the lavage

fluid has been described previously.13 Briefly, the lavage fluid was

centrifuged for 5 minutes at 200g. The supernatant was decanted

and stored at –708C for further use. The cell pellet was resuspended

with HBSS (without calcium or magnesium), and a small aliquot of

this suspension was used to count total lavaged cells per animal by

using a hemocytometer. One hundred microliters of the cell suspen-

sion was spun onto a slide using a cytocentrifuge (Shanden, Southern

Sewickley, Pa). Cells were stained with Hema-3 (Biochemical

Sciences Inc, Swedesboro, NJ) stain for differential, air-dried, and
covered with a coverslip with Cytoseal (Stephens Scientific,

Kalamazoo, Mich).

Tissue preparation

After whole lung lavage, the lungs were perfused with saline

through the pulmonary artery, and the whole right lung was removed

and snap-frozen in liquid nitrogen and stored at –708C. Freshly

prepared ice-cold 4% paraformaldehyde (Fisher Scientific,

Pittsburgh, Pa) in 13PBS (pH 7.4) was instilled through the tracheal

cannula into the right lung at a constant pressure of 20 cm H2O. The

trachea was clamped, and the lung was fixed overnight at 48C in 4%

paraformaldehyde. This tissue was embedded in paraffin; sections 5

to 6 mm thick were cut and placed on positively charged slides

(Super Frost Plus; Fisher Scientific, Pittsburgh, Pa).

Bronchoalveolar lavage leukocyte superoxide
anion assay

Superoxide anion (O2
–) generation by BAL leukocytes was quan-

tified as previously described.14 Briefly, animals were lavaged 6

hours after the beginning of LPS inhalation, and BAL leukocytes

were enumerated. For each animal, 3.3 3 105 BAL leukocytes

were assayed for O2
– generation induced by buffer, phorbol myristate

acetate (PMA), and formyl-Met-Leu-Phe (fMLP).

Morphometry (quantitative analysis)

Morphometry was performed applying standard methods previ-

ously described.1 Briefly, the area of the submucosa was calculated

by using measurements of the external airway and basement mem-

brane perimeter. Airways profiles were divided into 3 relatively equal

groups determined by airway short diameter: small airways (0-90

mm), medium airways (>90-129 mm), and large airways (>129

mm). For every airway measured, submucosal area was normalized

to the length of the adjacent basement membrane. To minimize the

error that might arise from tangential sectioning, any airway profiles

showing a length-to-width ratio greater than 2.5 were not used for

analysis. The mean value of submucosal area standardized to length

of basement membrane was calculated for each airway size for each

study animal. These values were used to calculate means 6 SEMs for

each airway size for each study group.

Immunohistochemistry

Bromo-deoxy-uridine (BrdU) immunohistochemistry was per-

formed as described previously2 using a rat monoclonal anti-BrdU

antibody at a dilution of 1:100 (Accurate Chemical and Scientific,

Westbury, NY).

Quantitative analysis of cell proliferation

One BrdU-stained histological section from each animal was

prepared as described. Digital images were acquired and categorized

with respect to size as described in morphometry of all airways in

each BrdU-stained histological section from each animal. All airway

submucosal cells in each airway image were counted. Separate counts

of BrdU-positive submucosal cells were also kept. The mean percent

positive cells per airway was calculated for each airway size for each

study animal. These values were used to calculate means 6 SEMs for

each airway size for each study group.

ELISA

ELISA kits for TNF-a, IL-1b, and IL-6 were purchased from

R&D Systems (Minneapolis, Minn). The ELISA kit for TGF-b was

purchased from Promega (Madison, Wis). Standard curves were run

with each ELISA. The lower limit of detection for each protein was as

follows: 5.1 pg/mL for TNF-a, 3.0 pg/mL for IL-1b, 10 pg/mL for

IL-6, and 15.6 pg/mL for TGF-b.
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Quantitative PCR

Total RNA (50 ng/reaction) was reversed-transcribed into cDNA

and amplified in a buffer containing SYBR Green (Applied Biosys-

tems, Foster City, Calif). PCR primers were specific for mouse pro-

a 3 type III collagen (forward: CCCTGGTCCACAAGGATTACA;

reverse: CTCCAGGTGCACCAGAATCA) and tissue inhibitor of

metalloprotease 1 (TIMP-1; forward: ATAGCTTCCAGTAAGGC

CTGTAGCT; reverse: GTACCGGATATCTGCGGCATT). TFIID

(forward: ACGGACAACTGCGTTGATTTT; reverse: ACTTAG

CTGGGAAGCCCAAC) primers were used as an internal control.

Samples were run in triplicate, and the mean value was normalized

to the internal control.

Statistical analyses

All data are expressed as means 6 SEMs. Primary comparisons

were between the physiological and biological responses in C57BL/

6IL-1R1–/– mice and their background control strains (C57BL/6). Total

and differential cell counts from whole lung lavage, the airway re-

sponsiveness to inhaled methacholine challenge, and cytokine levels

were compared between C57BL/6IL-1R1–/– mice and C57BL/6 mice.

mRNA analyses compared pro-a 3 type III collagen and TIMP-

1 from LPS-exposed mice with that from air-exposed mice. The dif-

ferences between variables in each comparison were analyzed by

ANOVA or Mann-Whitney U test where appropriate. Probability

values of P < .05 were considered statistically significant.

RESULTS

Inflammation of the lower respiratory tract

Air-exposed C57BL/6IL-1R1–/– mice and C57BL/6 mice
have the same number of resident cells in the lung, the ma-
jority of which are macrophages (Fig 1). Inflammation of
the lower respiratory tract was not different between
C57BL/6IL-1R1–/– mice and C57BL/6 mice at any time
during the course of the LPS exposure. However, 3 days
after the end of the last LPS inhalation exposure,
C57BL/6IL-1R1–/– mice had a significantly reduced con-
centration of inflammatory cells in the lower respiratory
tract compared with C57BL/6 mice (Fig 1, A). There
was no difference in the differential counts of these inflam-
matory cells in terms of either percent neutrophils (Fig 1,
B) or percent macrophages (Fig 1, C) at any time.

Cytokine concentration in whole lung
lavage fluid

Although the concentration of IL-1b was similar in
C57BL/6IL-1R1–/– mice and C57BL/6 mice throughout the
LPS inhalation exposure, C57BL/6IL-1R1–/– mice had sig-
nificantly lower concentrations of TNF-a at 1 day and
1 week of exposure and of IL-6 at 1 week and 4 weeks
in the lavage fluid than C57BL/6 mice (Fig 2). At baseline
and in both strains of mice exposed to LPS for 4 weeks and
then recovered for 3 days, there was no detectable TNF-a,
IL-1b, or IL-6 in whole lung lavage fluid.

Airspace leukocyte activation

Because we have previously shown that neutrophils are
an essential component of LPS-induced airways remod-
eling in mice,1 and because there is no difference between
C57BL/6 and C57BL/6IL-1R1–/– mice in inflammatory
cells in whole lung lavage during the course of the LPS
exposure, we asked whether BAL cells from both
C57BL/6 and C57BL/6IL-1R1–/– mice could be similarly
activated. To address this question, we exposed both
C57BL/6 and C57BL/6IL-1R1–/– mice to a single inhaled
LPS challenge and evaluated the ability of the BAL leu-
kocytes to produce oxygen radicals (Fig 3). Under these
conditions, greater than 95% of total BAL leukocytes
retrieved are neutrophils. At baseline (BAL leukocytes ex-
posed to buffer only), lavage cells from C57BL/6IL-1R1–/–

mice produce more superoxide than C57BL/6 lavage cells.
In response to the protein kinase C activator PMA, neutro-
phils from both C57BL/6 and C57BL/6IL-1R1–/– mice pro-
duced equal amounts of superoxide, showing that there is
not a primary defect in the ability to respond to stimulus or
to produce superoxide. However, in response to fMLP as
an indicator of a response to microbial products, C57BL/
6IL-1R1–/– mice had a significantly elevated superoxide
response compared with C57BL/6 mice (Fig 3).

Morphometry

Only C57BL/6 mice that had been exposed to LPS for
4 weeks developed significant submucosal thickening

FIG 1. Time course of lung lavage fluid mean concentration of total

cells (A), percent neutrophils (B), and percentage of macrophages

(C). Error bars are the SE. *P < .05.
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in small, medium, and large airways (Fig 4). The submu-
cosal area in the airways of the C57BL/6IL-1R1–/– mice
was not different from airways from C57BL/6 and
C57BL/6IL-1R1–/– air-exposed groups (Fig 4).

Airway submucosal cell proliferation

There was no difference in submucosal cell prolifera-
tion between air-exposed C57BL/6 and C57BL/6IL-1R1–/–

mice (Fig 5). After 1 week of LPS exposure, C57BL/6
mice had a significantly greater percentage of cells prolif-
erating in the submucosa than C57BL/6IL-1R1–/– mice,
although cell proliferation in the LPS-exposed C57BL/
6IL-1R1–/– mice was also significantly elevated over base-
line (Fig 5). Although submucosal cell proliferation in
C57BL/6 mice exposed to LPS for 4 weeks was signifi-
cantly elevated compared with air-exposed controls,
C57BL/6IL-1R1–/– mice had a similar percentage of cells
proliferating in the submucosa compared with air-exposed
controls (Fig 5).

Concentration of TGF-b1 in the lavage fluid

At baseline in both C57BL/6 and C57BL/6IL-1R1–/–

mice, TGF-b1 was below the limits of detection in whole

FIG 2. Time course of lung lavage fluid mean concentration of

TNF-a (A), IL-1b (B), and IL-6 (C). Error bars are the SE. *P < .05.
lung lavage fluid (data not shown). After a single acute
LPS inhalation, there was no difference in the total TGF-
b present in whole lung lavage fluid between C57BL/6
and C57BL/6IL-1R1–/– mice, and there was no detectable ac-
tive TGF-b in either group (Table I). After 1 week of LPS
inhalation, there was no difference in the concentration of
whole lung lavage total TGF-b protein between C57BL/6
and C57BL/6IL-1R1–/– mice (Table I); however, there
was more active TGF-b in C57BL/6IL-1R1–/– mice.
Immediately after the end of 4 weeks of exposure to LPS,
there was no difference between the groups in either total
or active TGF-b. Three days after the end of the last expo-
sure, however, C57BL/6IL-1R1–/– mice had significantly less
total TGF-b1 in whole lung lavage fluid than C57BL/6
mice (although active TGF-b1 was not different between
these 2 groups; Table I).

Matrix protein gene expression

After either 1 or 4 weeks of inhalation of LPS, type III
a-3 procollagen mRNA in the whole lung tissue mRNA
was significantly elevated in C57BL/6 mice compared
with air-exposed controls (Fig 6, A). In contrast, type III
a-3 procollagen mRNA expression remained unchanged
in C57BL/6IL-1R1–/– mice from both the 1-week and 4-
week LPS-exposed groups. In both C57BL/6 and
C57BL/6IL-1R1–/– mice in the 1-week group, TIMP-1
mRNA expression was significantly elevated (Fig 6);
however, TIMP-1 mRNA expression was significantly
higher in the C57BL/6 mice. After 4 weeks of LPS inha-
lation, TIMP-1 mRNA expression remained significantly
elevated only in the LPS-exposed C57BL/6 mice.

DISCUSSION

The key finding of this study is that although the IL-1R1
is not essential to the acute response to inhaled LPS, it
is required for the development of airway remodeling
in chronic LPS-induced airways disease. We find that,
underlying this, cell proliferation is significantly reduced
in chronically LPS-exposed C57BL/6IL-1R1–/– mice

FIG 3. Superoxide production by lavaged neutrophils, at baseline

or stimulated with PMA or fMLP, from C57BL/6 and C57BL/6IL-1R1–/–

mice after a single LPS inhalation challenge. Error bars are the SE.

*P < .05.
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FIG 4. Stereologic measures of the submucosal area from small, medium, and large airways from C57BL/6 and

C57BL/6IL-1R1–/– mice exposed to LPS for 1 month and allowed to recover for 3 days. Data from age-matched

air-exposed C57BL/6 and C57BL/6IL-1R1–/– are also presented. Error bars are the SE. *P < .05.

FIG 5. BrdU labeling in small, medium, and large airway submucosa in C57BL/6 and C57BL/6IL-1R1–/– mice at

baseline, after 1 week, and in mice exposed to LPS for 4 weeks and allowed to recover for 3 days. Error

bars are the SE. #P < .05 compared with baseline; *P < .05 C57BL/6 compared with C57BL/6IL-1R1–/–.
TABLE I. Time course of TGF-b protein in whole lung lavage fluid

Baseline 1 Day 1 Week 4 Weeks Post

C57BL/6 Total ND 67.11 6 20.21 250.89 6 26.00 359.29 6 18.35 387.48 6 28.00

C57BL/6 Active ND ND 6.85 6 3.28 22.32 6 12.74 27.77 6 4.26

IL-1R12/2 Total ND 50.94 6 1.93 307.00 6 12.66 398.80 6 45.34 271.91 6 18.63*

IL-1R12/2 Active ND ND 31.76 6 8.25* 31.48 6 4.31 38.64 6 8.42

*P < .05 vs C57BL/6.

�TGF-b (pg/mL) in whole lung lavage fluid measured by ELISA (R & D; Minneapolis, Minn).

ND, None detected.
compared with exposed C57BL/6 mice, and that collagen
III and TIMP-1 are differentially expressed when compar-
ing LPS-exposed C57BL/6IL-1R1–/– mice and C57BL/6
mice. We have previously reported that neutrophils are
critical to LPS-induced airways remodeling.1 We show
here, however, that C57BL/6IL-1R1–/– mice are protected
from airway remodeling despite airspace neutrophils that
are equivalent in number and enhanced in oxidant-gener-
ating function. Thus, a second important finding of
this study is that IL-1R1 appears to modulate chronic air-
way remodeling through a neutrophil-independent
mechanism.
In the current study, we show that, although cellular
inflammation of the lower respiratory tract in the C57BL/
6IL-1R1–/– mice returns to baseline more quickly than in
C57BL/6 mice, C57BL/6 and C57BL/6IL-1R1–/– mice
have an equivalent number of lavageable neutrophils in
the lung (Fig 1, A and B) throughout the course of expo-
sure. Whole lung mRNA analysis (not shown) of neutro-
phil specific genes including neutrophil elastase and
myeloperoxidase was also equivalent between C57BL/6
and C57BL/6IL-1R1–/– mice, suggesting an equivalent
number of neutrophils in the interstitium of the lung.
Our findings of enhanced oxidant capacity of airspace
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neutrophils in C57BL/6IL-1R1–/– mice are consistent with a
recent study showing that TLR4-deficient mice have an
increased oxidant burden in the lung and decreased antiox-
idant capacity15 and further suggest that IL-1R1–mediated
signaling may also modulate oxidant/antioxidant balance
in the lung, and may regulate the inflammatory phenotype
triggered by inhaled LPS.

We show here that there is less lavageable TNF-a in
C57BL/6IL-1R1–/– mice at 1 day and 1 week and less IL-6 at
1 week and 4 weeks, suggesting that the IL-1R1 is impor-
tant in sustained expression of these proinflammatory pro-
teins. Taken together, our results suggest that signaling
initiated through the IL-1R1 is not completely functionally
redundant with signaling initiated by LPS through TLR4
despite significant sequence homology in the cytoplasmic
domain of these 2 proteins, and further suggest that IL-
1R1 deficiency alters the character of the inflammatory re-
sponse to inhaled LPS. The minimal differences between
C57BL/6 and C57BL/6IL-1R1–/– mice in lavageable active
or total TGF-b (Table I) suggest that IL-1R1 does not di-
rectly regulate production or expression of this critical
growth factor. However, it may be that IL-1R1 provides
a permissive signal for fibroproliferation in response to
TGF-b. Whether this is a direct result of signal transduc-
tion events initiated by the IL-1R1 or this is downstream
and dependent on further cytokine (or other gene) expres-
sion resulting from IL-1R1 initiated signaling remains to
be determined.

Recent studies have demonstrated that IL-13 induces
airway fibrosis,16 that it is a susceptibility locus for human
asthma,17 and that it can induce TGF-b–independent fi-
brosis.18 Because the differences we observed in TGF-b
between C57BL/6 and C57BL/6IL-1R1–/– mice are mini-
mal, we investigated whether IL-13 might be expressed
in the lungs of mice exposed to chronic LPS inhalation

FIG 6. Real-time quantitative PCR for expression of type III a-3

procollagen and TIMP1 mRNA expression in C57BL/6 and C57BL/

6IL-1R1–/– mouse lung after 1 week and 4 weeks. Dotted lines repre-

sent no change. Error bars are the SE. *P < .05 C57BL/6 compared

with C57BL/6IL-1R1–/–.
challenge. Whole lung mRNA analysis during the course
of chronic LPS-induced airway remodeling reveals no dif-
ferential expression of IL-13 or the IL-13 receptors (Brass
et al, unpublished data, February 2007). In addition, dur-
ing chronic LPS exposure, there was no detectable IL-13
protein in whole lung lavage in either C57BL/6 or
C57BL/6IL-1R1–/– mice (data not shown). Our data show
there is differential expression of both collagen III and
TIMP-1 in whole lung mRNA between C57BL/6 and
C57BL/6IL-1R1–/– mice. It has also been demonstrated
recently that IL-1 increases fibronectin production in
cultured rat cardiac fibroblasts,19 and another study
suggests that IL-1b may play a role in regulating collagen-
ase and elastase activities.20 In addition, IL-1R1 has been
shown to regulate expression of the urokinase plasminogen
activator receptor (uPAR),20,21 suggesting that IL-1 may
indirectly regulate the conversion of plasminogen to plas-
min, which has been shown to be important in regulation
of extracellular matrix homeostasis. uPAR expression is
significantly increased in fibroblasts from fibrotic lung tis-
sue compared with those from normal tissue,22 and uroki-
nase plasminogen activator binding to uPAR is mitogenic
for fibroblasts,22 suggesting a plausible mechanistic con-
nection between IL-1R1–mediated signaling and airway
remodeling. In support of this, plasminogen activator in-
hibitor (PAI)–1—deficient mice are protected from the fi-
broproliferative effects of bleomycin, and transgenic mice
overexpressing PAI-1 are more susceptible to these
effects.23 However, these studies have not evaluated IL-
1 protein expression or IL-1R1–mediated signal transduc-
tion. Furthermore, we have shown that PAI-1–deficient
mice are protected from the subchronic effects of LPS
inhalation.24 These findings and our data taken together
support the hypothesis that IL-1R1 may regulate TGF-
b–independent events such as extravascular coagulation.
This in turn could explain why there is measurably ele-
vated cell proliferation in the submucosa of C57BL/6IL-

1R1–/– mice but no significant increase in submucosal
thickening.

In summary, C57BL/6IL-1R1–/– mice are protected from
submucosal thickening associated with chronic LPS inha-
lation challenge. Our results suggest this protection is a re-
sult in part of a failure to increase collagen expression and
reduced expression of TIMP-1 as well as reduced cell pro-
liferation in the submucosal region. Thus, the absence of
significant submucosal thickening in C57BL/6IL-1R1–/–

mice suggests that blocking the effects of IL-1 in chronic
inflammatory airway diseases may be a viable therapy for
the prevention of airway remodeling.
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