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Abstract

The role of Tumor necrosis factor-o (TNF-a) in contributing to allergen induced airway
remodeling in asthma is unknown. In this study we have utilized a mouse model of chronic OVA
allergen induced airway remodeling to determine whether TNF p55/p75 receptor deficient mice
(abbreviated TNF-R KO) had reduced levels of airway remodeling. Chronic OVA challenged WT
mice had significantly increased levels of lung eosinophilic inflammation as well as features of
airway remodeling including increased peribronchial fibrosis, thickness of the peribronchial
smooth muscle layer, mucus expression, and deposition of extracellular matrix proteins. In
contrast, TNF-R KO mice had significantly reduced levels of major basic protein positive
peribronchial eosinophils and significantly reduced peribronchial fibrosis assessed by quantitating
the area of peribronchial trichrome staining and total lung collagen. In addition, TNF-R KO mice
had significantly reduced thickness of the peribronchial smooth muscle layer, area of peribronchial
a-smooth muscle actin immunostaining, and levels of the extracellular matrix protein fibronectin.
There was a non-significant trend for reduced mucus expression in TNF-R KO mice. Levels of
peribronchial cells immunostaining positive for TGF-B1 were significantly reduced in TNF-R KO
mice suggesting that reduced levels of TGF-B1 expression in TNF-R KO mice may contribute to
reduced airway remodeling. Overall, this study suggests an important role for TNF-a. in
contributing to many features of allergen induced airway remodeling including changes in levels
of peribronchial smooth muscle, subepithelial fibrosis, and deposition of extracellular matrix.
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1. Introduction

Tumor necrosis factor-a (TNF-a) is a pro-inflammatory cytokine that is expressed at
increased levels in the airway in asthmatics [1]. Although TNF-a is expressed in the airway
in asthma its role in the pathogenesis of asthma is uncertain based on conflicting results
from studies of inhibiting TNF-a in asthma [2]. In four randomized placebo controlled
studies which have examined the effect of inhibiting TNF-a in asthma, two studies have
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observed a benefit [3,4], while an additional two studies have not observed a benefit in
asthma outcomes [5,6]. The end-points of these clinical studies have included asthma
symptoms, asthma quality of life questionnaire, asthma exacerbations, FEV1, airway
hyperreactivity, and biomarkers of inflammation [3-6], but not airway remodeling which is
the focus of this pre-clinical study. Airway remodeling in asthma is characterized by
subepithelial fibrosis, increased extracellular matrix deposition, smooth muscle hyperplasia/
hypertrophy, and mucus metaplasia. The studies demonstrating a benefit of inhibiting TNF-
a in asthma have demonstrated reductions in the number of acute asthma exacerbations [4],
improvements in FEV1 [3], reductions in airway responsiveness [3], and improvements in
asthma quality of life [3]. In contrast, other studies have not noted improvement in these
same end-points [5,6]. At present no studies in humans or animal models have examined
whether inhibiting TNF-a reduces levels of airway remodeling a structural end-point
associated with asthma.

The potential relationship between asthma exacerbations, TNF-a, and airway remodeling is
suggested from several studies [1,3,7,8]. For example, symptomatic asthma exacerbations
are associated with both increased BAL levels of TNF-a [1], and increased levels of airway
remodeling [7,8]. The demonstration that inhibiting TNF-a in asthma can reduce asthma
exacerbations [3] provides support for studying whether inhibiting TNF-o reduces airway
remodeling. In this study we have utilized TNF p55/75 Receptor deficient mice (TNF-R
KO) which are deficient in both TNF-o receptors and thus unable to respond to TNF-a, to
determine whether TNF-a plays a role in allergen induced airway remodeling in a mouse
model of chronic OVA allergen induced airway remodeling.

The potential for TNF-a to contribute to airway remodeling is suggested from studies
demonstrating that TNF-a contributes to remodeling in diseases other than asthma including
proliferative retinopathy [9], cardiac remodeling [10], and remodeling of blood vessels and
lymphatics in the lung [11]. For example, in an in vitro model of proliferative retinopathy,
TNF-a is an important inducer of epithelial mesenchymal associated fibrotic focus
formation [9]. In this proliferative retinopathy model, TNF-a triggers increased CD44
expression (the principal receptor for hyaluronic acid) and the subsequent formation of a
membrane spanning complex interaction (i.e. hyaluronic acid-CD44-moesin) which is
required for activation of TGF-p signaling [9]. As TGF-B1 has been implicated as
contributing to airway remodeling in mouse models [12,13], as well as in human studies of
asthmatics [14], the potential importance of TNF-a to airway remodeling in asthma through
either activating TGF-p signaling and/or alternate mechanisms needs further study. In
addition, in mouse models of cardiac remodeling, TNF-o. induces expression of matrix
metalloproteases, and TNF deficient mice have reduced collagenase activity [10]. Thus, in
this study we have utilized TNF-R deficient mice to determine whether TNF-a contributes
to features of allergen induced airway remodeling including peribronchial fibrosis and
smooth muscle changes in a mouse model.

2. Materials and Methods

2.1 Mouse Model of Chronic OVA-induced Eosinophilic Inflammation and Airway

Remodeling

The mouse model of OVA induced airway remodeling has previously been described
[15,16]. In brief, eight- to ten-wk-old TNF p55/75 receptor deficient mice (n=16/group)
[17,18] and WT mice (n=16/group) on a background of C57/Black were immunized sc on
days 0, 7, 14, and 21 with 25 pg of OVA (grade V, Sigma) adsorbed to 1 mg of alum
(Aldrich) in 200 pl of normal saline. Intranasal OVA challenges (20 ug/50 pl in PBS) were
administered on days 27, 29, and 31 under isoflurane (Vedco, St. Joseph, MO) anesthesia.
Intranasal OVA challenges were then repeated twice a week for 4 weeks. Age- and sex-
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matched control mice were sensitized but not challenged with OVA during the study. Mice
were sacrificed 24h after the final OVA challenge and bronchoalveolar lavage (BAL) fluid
was collected by lavaging the lung with 1 mL PBS via a tracheal catheter [15,16]. Lungs
from the different experimental groups were processed as a batch for either histological
staining or immunostaining under identical conditions. Stained and immunostained slides
were all quantified under identical light microscope conditions, including magnification
(x20), gain, camera position, and background illumination. All animal experimental
protocols were approved by the University of California, San Diego Animal Subjects
Committee.

2.2 BAL and peribronchial eosinophils

BAL was collected by lavaging the lung with 1 mL PBS via a tracheal catheter as previously
described [15,16]. BAL was centrifuged, the supernatant was collected and frozen at —80°C,
and cells were re-suspended in 1 mL PBS. Total leukocytes were counted using a
hemocytometer. To perform differential cell counts, 200 pL re-suspended BAL cells was
cytospun onto microscope slides and air-dried. Slides were stained with Wright-Giemsa and
differential cell counts were performed under a light microscope [15,16].

Lung sections were processed for major basic protein (MBP) immunohistochemistry as
previously described [15,16], using an anti-mouse MBP Ab (kindly provided by James Lee
PhD, Mayo Clinic, Scottsdale, Arizona). The number of individual cells staining positive for
MBP in the peribronchial space were counted using a light microscope. Results are
expressed as the number of peribronchial cells staining positive for MBP per bronchiole
with 150-200 um of internal diameter. At least ten bronchioles were counted in each slide.

2.3 Peribronchial trichrome staining

Lungs in the different groups of mice were equivalently inflated with an intratracheal
injection of the same volume of 4% paraformaldehyde solution (Sigma Chemicals, St.
Louis, MO) to preserve the pulmonary architecture. The area of peribronchial trichrome
staining in paraffin-embedded lungs was outlined and quantified under a light microscope
(Leica DMLS, Leica Microsystems) attached to an image analysis system (Image-Pro plus,
Media Cybernetics) as previously described [15,16]. Results are expressed as the area of
trichrome staining per um length of basement membrane of bronchioles 150-200 um of
internal diameter.

2.4 Lung collagen assay

The amount of lung collagen was measured in lung homogenates as previously described in
this laboratory [15,16] with a collagen assay Kit that uses a dye reagent that selectively binds
to the [Gly-X-Y]n tripeptide sequence of mammalian collagens (Accurate Chemical and
Scientific Co, Westbury, NY). In all experiments, a collagen standard was used to calibrate
the assay.

2.5 Peribronchial Smooth Muscle Layer

The thickness of the airway smooth muscle layer was measured both by image analysis as
well as by a-smooth muscle actin immunohistochemistry as previously described [15,16]. In
brief, the thickness of the smooth muscle layer (the transverse diameter) was measured from
the innermost aspect to the outermost aspect of the smooth muscle layer. The smooth muscle
layer thickness in at least 10 bronchioles of similar size (150-200 um) was counted on each
slide. Lung sections were also immunostained with an anti-a-smooth muscle actin primary
antibody (Sigma-Aldrich) to detect peribronchial smooth muscle cells as previously
described in this laboratory [15,16]. Species- and isotype-matched Abs were used as
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controls in place of the primary Ab. The area of peribronchial a-smooth muscle actin
staining in paraffin-embedded lungs was outlined and quantified under a light microscope
(Leica DMLYS) attached to an image analysis system (Image-Pro plus) as previously
described [15,16]. Results are expressed as the area of peribronchial a-smooth muscle actin
staining per um length of basement membrane of bronchioles 150-200 pum of internal
diameter.

2.6 Airway mucus expression

To quantitate the level of mucus expression in the airway, the number of periodic acid Schiff
(PAS) - positive and PAS-negative epithelial cells in individual bronchioles were counted as
previously described in this laboratory [15,16]. At least ten bronchioles were counted in
each slide. Results are expressed as the percentage of PAS-positive cells per bronchiole,
which is calculated from the number of PAS-positive epithelial cells per bronchus divided
by the total number of epithelial cells of each bronchiole.

2.7 Detection of extracellular matrix protein fibronectin

Lung sections were processed for fibronectin immunohistochemistry using a rabbit anti-
mouse fibronectin Ab (Abcam, Cambridge, MA). The area of peribronchial fibronectin
staining was outlined and quantified under a light microscope (Leica DMLS) attached to an
image analysis system (Image-Pro plus) as described for trichrome staining. Results are
expressed as the area of fibronectin staining per um length of basement membrane of
bronchioles 150-200 pum of internal diameter.

2.8 Peribronchial TGF-B1 + cells

The number of peribronchial TGFp-1+ cells were quantitated by immunohistochemistry
using an anti-TGF-B1 Ab as previously described in this laboratory [15,16]. Co-expression
of TGF-B1 and MBP+ eosinophils was detected with immunofluorescence microscopy as
previously described [11] using the anti-TGF-B1 Ab and anti-MBP Ab. The anti-MBP Ab
was detected with an HRP labeled secondary Ab (alexa 546, red color), while the anti-TGF-
B1Ab was detected with a different HRP labeled secondary Ab (alexa 488, green color).
Cells co-expressing bFGF and TGF-B1 have a merged yellow color.

2.9 OVA specific IgE

Levels of OVA specific IgE were measured in serum from WT and TNF-R KO mice on two
occasions, the first on experiment day 0 and the second following completion of all chronic
OVA challenges on the day of mouse sacrifice. OVA specific IgE was measured by ELISA
(AbD Serotec, Oxford, UK).

2.10 BAL IL-5

BAL IL-5 was measured by ELISA (R&D, Minneapolis, MN).

2.11 Statistical Analysis

Results in the different groups of mice were compared by ANOVA using the non-parametric
Kruskal-Wallis test followed by post-testing using Dunn's multiple comparison of means.
All results are presented as mean + SEM. A statistical software package (Graph Pad Prism,
San Diego, CA) was used for the analysis. P values of < 0.05 were considered statistically
significant.

Int Immunopharmacol. Author manuscript; available in PMC 2012 August 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Choetal.

3. Results

Page 5

3.1 Chronic OVA challenged TNF-R deficient mice have reduced levels of BAL eosinophils
and peribronchial eosinophils

Chronic OVA challenge in WT mice induced a significant increase in the number of BAL
eosinophils (p<0.0001)(WT OVA vs WT no OVA)(Fig 1A), as well as a significant increase
in the number of peribronchial eosinophils (p<0.0001)(WT OVA vs WT no OVA)(Fig 1B)
compared to non-OVA challenged mice. The humber of BAL eosinophils in chronic OVA
challenged TNF-R deficient mice were significantly lower than that in chronic OVA
challenged WT mice (19.1 + 5.4 vs 43.4 + 5.4 BAL eosinophils x 104)(TNF-R deficient
OVA vs WT OVA)(p=0.02)(Fig 1A). Similarly, the number of peribronchial eosinophils in
chronic OVA challenged TNF-R deficient mice were significantly lower than that in chronic
OVA challenged WT mice (37.5 £ 2.8 vs 69.8 + 5.6 MBP+ eosinophils/bronchus)(TNF-R
deficient OVA vs WT OVA)(p<0.0001)(Fig 1B).

3.2 Chronic OVA challenged TNF-R deficient mice have reduced levels of peribronchial

fibrosis

Chronic OVA challenge in WT mice induced a significant increase in levels of peribronchial
fibrosis as assessed by either increases in lung collagen (p<0.0001)(WT OVA vs WT no
OVA)(Fig 2A), or the area of peribronchial trichrome staining (p<0.0001)(WT OVA vs WT
no OVA)(Fig 2B) compared to non-OVA challenged mice. The amount of lung collagen in
chronic OVA challenged TNF-R deficient mice was significantly lower than that in chronic
OVA challenged WT mice (1,212 + 146 vs 1,817 £ 186 pg collagen/lung)(TNF-R deficient
OVA vs WT OVA)(p<0.001)(Fig 2A).The area of peribronchial trichrome staining was also
significantly lower in chronic OVA challenged TNF-R deficient mice compared to chronic
OVA challenged WT mice (p<0.001)(Fig 2B).

3.3 Chronic OVA challenged TNF-R deficient mice have reduced levels of the extracellular
matrix protein fibronectin

Chronic OVA challenge in WT mice induced a significant increase in the area of
peribronchial immunostaining of the extracellular matrix protein fibronectin compared to
non-OVA challenged mice (Fig 3 A-D). The area of peribronchial fibronectin
immunostaining in chronic OVA challenged TNF-R deficient mice was significantly lower
than that of chronic OVA challenged WT mice (p<0.0001)(Fig 3 E).

3.4 Chronic OVA challenged TNF-R deficient mice have reduced numbers of peribronchial
TGF-B1+ cells

Chronic OVA challenge in WT mice induced a significant increase in the number of
peribronchial cells immunostaining positive for TGF-B1 compared to non-OVA challenged
WT mice (p<0.0001)(Fig 4). Immunofluorescence microscopy demonstrated that the vast
majority of peribronchial TGF-p1+ cells were MBP+ (Figure 5). The number of
peribronchial cells immunostaining positive for TGF-B1 in chronic OVA challenged TNF-R
deficient mice was significantly lower than that of chronic OVA challenged WT mice
(p<0.0001)(Fig 4).

3.5 Chronic OVA challenged TNF-R deficient mice have reduced smooth muscle thickness

Chronic OVA challenge in WT mice induced a significant increase in the thickness of the
peribronchial smooth muscle layer (p<0.0001)(WT OVA vs WT no OVA)(Fig 6A)
compared to non-OVA challenged WT mice. TNF-R deficient mice challenged chronically
with OV had a significant reduction in the thickness of the peribronchial smooth muscle
layer compared to OVA challenged WT mice (p<0.0001)(Fig 6A).
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In addition to measuring the thickness of the smooth muscle layer we also determined the
area of peribronchial a-smooth muscle actin immunostaining. Chronic OVA challenge
induced a significant increase in the area of peribronchial a-smooth muscle actin
immunostaining compared to non-OVA challenged mice (1.92 + 0.09 vs 0.52 + 0.04 um?/
um circumference of bronchiole) (p<0.0001*)(figure 6B). TNF-R deficient mice challenged
chronically with OVA had a significant reduction in the area of peribronchial a-smooth
muscle actin immunostaining compared to OVA challenged WT mice (p<0.0001%)(Fig 6B).

3.6 Chronic OVA challenged TNF-R deficient mice and levels of airway mucus

Chronic OVA challenge in WT mice induced a significant increase in the number of PAS+
mucus cells (p<0.0001)(WT OVA vs WT no OVA)(Fig 6C) compared to non-OVA
challenged mice. TNF-R deficient mice challenged with OVA had a non-significant trend
for reduction in the percentage of PAS+ mucus cells compared to OVA challenged WT mice
(8.3+1.9vs 12.1 +2.8 % PAS positive cells)(TNF-R deficient OVA vs WT OVA) (p=
0.44)(Fig 6C).

3.7 OVA specific IgE

3.8 BAL IL-5

Measurement of OVA specific IgE levels in serum in TNF-R KO and WT mice
demonstrated that TNF-R KO mice had a 7.4 fold increase in OVA specific IgE (day 0 vs
final day of chronic OV A protocol), whereas WT mice had a 11. 5 fold increase in OVA
specific IgE during this same time period (p=ns WT vs TNF-R KO).

Chronic OVA challenge induced a significant increase in levels of BAL IL-5 in WT mice
(192.0 £45.9vs 11.5 £ 2.7 pg/ml) (OVA vs no OVA)(p=0.001) (Fig 7). TNF-R KO mice
subjected to chronic OVA challenge had significantly reduced levels of BAL IL-5 (69.6 +
8.0 vs 192.0 + 45.9 pg/ml) (TNF-R KO OVA vs WT OVA)(p= 0.003) (Fig 7).

4. Discussion

In this study we have demonstrated that TNF plays an important role in allergen induced
airway remodeling as TNF-R deficient mice had significantly reduced levels of structural
remodeling changes (peribronchial fibrosis, smooth muscle changes), and deposition of
extracellular matrix proteins compared to WT mice. In addition, we demonstrated that TNF-
R deficient mice have significantly reduced levels of eosinophils and peribronchial cells
expressing TGF-B1 suggesting that reduced inflammation and reduced expression of pro-
fibrotic growth factors contributed to reduced airway remodeling in TNF-R deficient mice.

We have previously used intravital videomicroscopy to demonstrate that eosinophil
tethering as well as firm adhesion to endothelium in TNF-R deficient mice is significantly
reduced in acute allergen challenged TNF-R deficient mice and that this is associated with
reduced tissue recruitment of eosinophils [18]. TNFa is an important stimulus for the
expression of endothelial cell adhesion molecules, including intercellular adhesion molecule
(ICAM)-1, vascular cell adhesion molecule (VCAM)-1, E-selectin, and in the mouse P-
selectin [19-21] This effect of TNF-a on endothelial cell adhesion molecule expression is
mediated through the TNF-R p55 as evidenced from in vivo studies demonstrating reduced
expression of endothelial cell adhesion molecules including VCAM-1 and E-selectin in TNF
challenged TNF-R p55 deficient mice [20]. As studies have demonstrated reduced levels of
airway remodeling as well as reduced levels of TGF-B1 both in mice deficient in eosinophils
[15], and in human asthmatics treated with an anti-1L-5 Ab [14], the reduced eosinophilic
inflammation and TGF-B1 expression in TNF-R deficient mice could account for the
reduced remodeling in these mutant mice. This study demonstrated that both airway
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inflammation and airway remodeling were reduced. However, the study design is unable to
determine whether the reduced remodeling is a consequence of the reduced inflammation. In
addition, this study is unable to determine the direct target of TNF in remodeling as TNF-R1
and TNF-R2 receptors are expressed on most cell types including inflammatory cells and
structural cells such as smooth muscle and fibroblasts.

Previous murine studies investigating the role of TNF-o in asthma have demonstrated an
important role for TNF-a in contributing to acute allergen [22-24] or acute toluene
diisocyanate [25] induced eosinophilic lung inflammation, Th2 cytokine production, and
airway responsiveness The potential sources of TNF-a in asthma include macrophages [26],
mast cells [23,24], and eosinophils [27]. TNF-a may contribute to allergen induced airway
inflammation in asthma as IgE dependent stimulation of lung tissue [26], or alveolar
macrophages [26] induces expression of TNF-a. Studies of mice deficient in the ability of
mast cells to express TNF-a have demonstrated an essential role for mast cell derived TNF-
a to eosinophilic lung inflammation, Th2 cytokine production, and airway responsiveness
[23,24]. In this study, we extend these observations to demonstrate that following chronic
allergen challenge TNF-R deficient mice not only have reduced recruitment of eosinophils
as demonstrated in studies of acute allergen challenge in TNF-R deficient mice [18], but also
have reduced levels of structural remodeling changes (peribronchial fibrosis, smooth muscle
changes), deposition of extracellular matrix proteins, and numbers of peribronchial TGF-
B1+ cells compared to WT mice.

In summary, this study has utilized TNF-R deficient mice to demonstrate an important role
for TNF-a in airway remodeling in a mouse model of chronic allergic inflammation. The
reduced eosinophilic airway inflammation and reduced number of peribronchial TGF-1+
cells in TNF-R deficient mice suggest that reduced recruitment of eosinophils expressing
TGF-B1 may be one mechanism contributing to reduced remodeling in TNF-R deficient
mice. However, studies in mouse models may not necessarily predict inflammation and
remodeling outcomes in human allergic asthmatics with established sensitization to
allergens, Human studies have not yet investigated whether inhibiting TNF-a influences
levels of airway remodeling. Further studies are thus needed in human asthmatic subjects
with airway remodeling to determine whether targeting TNF-o will influence the
progression of airway remodeling.
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Figure 1. Levels of BAL and lung eosinophils in TNF-R deficient vs WT mice

TNF-R deficient or WT mice were subjected to chronic OVA challenge. Non-OVA
challenged mice served as a control. Eosinophils in bronchoalveolar lavage (BAL) were
quantitated in cytospin slides stained with Wright-Giemsa, whereas eosinophils in lung
sections were quantitated by immunostaining with an anti-MBP Ab. Chronic OVA
challenge in WT mice induced a significant increase in BAL eosinophils (p<0.0001*)(Fig
1A), and peribronchial eosinophils (p<0.0001*)(Fig 1B)(WT no OVA vs WT OVA). Levels
of eosinophils in chronic OVA challenged TNF-R deficient mice were significantly reduced
compared to WT mice challenged with OVA in the BAL (p= 0.02%)(Fig 1A) and lung
(p<0.0001%)(Fig 1B)(n=16 mice/group).
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Figure 2. Levels of peribronchial fibrosis in TNF-R deficient vs WT mice

TNF-R deficient or WT mice were subjected to chronic OVA challenge. Non-OVA
challenged mice served as a control. Levels of peribronchial fibrosis were quantitated by
assaying collagen levels in lungs (Fig 2A), as well as by quantitating the area of
peribronchial trichrome staining by image analysis (Fig 2B). Chronic OVA challenge in WT
mice induced a significant increase in lung collagen (p<0.0001*)(Fig 2A), and in the area of
peribronchial trichrome staining (p<0.0001*)(Fig 2B)(WT no OVA vs WT OVA). Levels of
lung collagen (p<0.001%)(Fig 2A) as well as the area of peribronchial trichrome staining
(p<0.001%)(Fig 2B), were significantly reduced in chronic OVA challenged TNF-R deficient
mice compared to WT mice challenged with OVA (n=16 mice/group).
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Figure 3. Levels of peribronchial fibronectin in TNF-R deficient vs WT mice

TNF-R deficient or WT mice were subjected to chronic OVA challenge. Non-OVA
challenged mice served as a control. Lung sections were immunostained with an anti-
fibronectin Ab and the area of peribronchial fibronectin immunostaining determined by
image analysis in WT mice (Fig 3A non-OVA,; Fig 3B OVA) and TNF-R KO mice (Fig 3C
non-OVA; Fig 3D OVA). Chronic OVA challenge in WT mice induced a significant
increase the area of peribronchial fibronectin immunostaining (p<0.0001*)(Fig 3 E)(WT no
OVA vs WT OVA). The area of peribronchial fibronectin immunostaining was significantly
reduced in chronic OVA challenged TNF-R deficient compared to chronic OVA challenged
WT mice (p<0.0001%)(Fig 3E)(n=16 mice/group).
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Figure 4. Levels of peribronchial TGF-g1+ cells in TNF-R deficient vs WT mice

TNF-R deficient or WT mice were subjected to chronic OVA challenge. Non-OVA
challenged mice served as a control. Lung sections were immunostained with an anti-TGF-
B1 Ab and the number of peribronchial TGF-B1+ cells determined by image analysis.
Chronic OVA challenge in WT mice induced a significant increase in the number of
peribronchial TGF-p1+ cells (p<0.0001*)(WT no OVA vs WT OVA). The number of
peribronchial TGF-p1+ cells were significantly reduced in chronic OVA challenged TNF-R
deficient mice compared to WT mice challenged chronically with OVA (p<0.0001%)(n=16
mice/group).
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Figure 5. Detection of peribronchial cells co-expressing MBP and TGF-p1

Lung sections from WT mice which had been subjected to chronic OVA challenge were
immunostained with both an anti-MBP Ab and an anti-TGF-p1 Ab. Mice chronically
challenged with OVA had peribronchial cells expressing MBP (immunofluoresce red in
figure 5A) as well as peribronchial cells expressing TGF-B1 (immunofluoresce green in
figure 5B). Peribronchial cells co-expressing both MBP and TGF-1 immunofluoresce
yellow (figure 5C).
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Figure 6. Peribronchial smooth muscle and mucus in TNF-R deficient vs WT mice

TNF-R deficient or WT mice were subjected to chronic OVA challenge. Non-OVA
challenged mice served as a control. The thickness of the peribronchial smooth muscle layer
(Fig 6A), the area of a-smooth muscle actin immunostaining (Fig 6B), and the level of
mucus expression (Fig 6C) was quantitated in lung sections. Chronic OVA challenge in WT
mice induced a significant increase in the thickness of the peribronchial smooth muscle layer
(p<0.0001*)(Fig 6A), the area of a-smooth muscle actin immunostaining (p<0.0001*)(Fig
6B), and the number of PAS+ mucus cells (p<0.0001*)(Fig 6C)(WT no OVA vs WT OVA).
In chronic OVA challenged TNF-R deficient mice the thickness of the peribronchial smooth
muscle layer (p<0.0001)(Fig 6A) and the area of a-smooth muscle actin immunostaining
(p<0.0001%)(Fig 6B) were significantly reduced compared to WT mice challenged
chronically with OVA. There was no significant difference in mucus expression between
chronic OVA challenged WT and chronic OVA challenged TNF-R KO mice (p=0.44) (n=16
mice/group).
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Figure 7. BAL IL-5 levels in TNF-R deficient vs WT mice

BAL IL-5 levels were measured by ELISA. Chronic OVA challenge induced a significant

increase in levels of BAL IL-5 in WT mice (OVA vs no OVA)(p=0.001). TNF-R KO mice
subjected to chronic OVA challenge had significantly reduced levels of BAL IL-5 (TNF-R
KO OVA vs WT OVA)(p= 0.003).
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