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Abstract

Caveolin-1 has emerged as a critical regulator of signaling pathways involved in lung fibrosis and
inflammation. Therefore, we investigated whether caveolin-1 is deficient in asthmatic patients and
in a murine model of asthma. Immunohistochemical analyses of endobronchial biopsies showed a
remarkable loss of caveolin-1 in the lungs of asthmatic patients compared to controls. This loss
was most evident in bronchial epithelial cells, and associated with an increase in the expression of
extracellular matrix proteins collagen I, tenascin, and periostin. Cultured primary bronchial
epithelial cells of asthmatics had lower caveolin-1 expression compared to control cells. In
addition, caveolin-1 expression was significantly decreased in peripheral blood monocytes from
asthma patients. The loss of caveolin-1 was also observed in a mouse model for asthma (mice
sensitized and challenged with aspergillus fumigatus). To our knowledge, this is the first
demonstration that the regulatory protein caveolin-1 is reduced in patients with asthma.
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Introduction

Caveolin-1 (cav-1) is the major structural protein of plasma membrane caveolae and is also
associated with the membranes of other organelles. Cav-1 is a master regulatory protein in
that it binds to and thereby inhibits the function of kinases in several major families
including PKC, MAPK, Src, and G proteinl2 and regulates signaling and cell functions
induced by the major pro-fibrotic cytokine, TGFB.3-4 Cav-1 plays a central role in interstitial
lung diseases such as scleroderma (SSc) and idiopathic pulmonary fibrosis (IPF).2-3 Cav-1 is
underexpressed in SSc and IPF fibroblasts resulting in overexpression of collagen, and it is
underexperessed in SSc monocytes resulting in hypermigration® 5. It is also underexpressed
in various cell types in mice in which fibrosis has been induced using bleomycin. Moreover,
the pathology of bleomycin treatment can be reversed by treating the mice with the
caveolin-1 scaffolding domain peptide which restores caveolin-1 function to cell deficient in
caveolin-18. In a murine model of asthma, cav-1 levels were decreased in the lungs of mice
sensitized and challenged with ovalbumin®: 7.

In the current study, our goals were to: 1) Determine whether cav-1 is reduced in patients
with asthma, 2) Identify the cell type(s) in which loss of cav-1 occurs, 3) Identify ECM
proteins whose expression is enhanced concomitant with the loss of cav-1, and 4) Determine
whether cav-1 is also lost in a murine model of asthma in which mice are sensitized and
challenged with Aspergillus fumigatus (A/).

Methods

Patients
Six patients with mild to severe asthma and six controls were recruited under an IRB-
approved protocol. Patients and controls were well-matched in terms of age, gender
distribution, and race with ~50% of subjects African American. All patients had a positive
skin test to at least one perennial aeroallergen. Endobronchial biopsy sections from five
patients with mild to moderate persistent asthma and from five control subjects were
obtained from the National Jewish Medical Center (Denver, CO).

Mice

In accord with an IACUC-approved protocol, six Balb/c female mice were sensitized to Af
with an intraperitoneal injection of 200 pg Af(mixture of mycelia extract and culture
filtrate, Greer, NC), then challenged with intranasal Af(200 g /10 I PBS), three days/
week for 4 weeks.8 Six control mice were sensitized and challenged with saline.

Primary antibodies used

Rabbit anti-cav-1 (Santa Cruz sc-894), rabbit anti-collagen (PhosphoSolutions 322-COLT),
rabbit anti-periostin (PhosphoSolutions 1621-PERI) and rabbit anti-tenascin (Millipore
AB19011).
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Results

Caveolin-1 levels are reduced and ECM protein levels are increased in asthmatic lungs

Caveolin-1 staining intensity in endobronchial biopsy sections was decreased in four out of
five asthmatics examined (Fig. 1A). When compared to three control subjects, this decrease
was highly significant (p < 0.002). This loss was most evident in the bronchial epithelial
cells. The loss of caveolin-1 was associated with basement membrane thickening and a
major increase in collagen, tenascin, and periostin deposition (Figs. 1B, C and D). Again,
these data were statistically significant or approached significance (p < 0.005, 0.05, and 0.08
respectively). To determine whether this loss of caveolin-1 was also replicated in a mouse
model system for asthma, caveolin-1 staining intensity was compared in the lungs of A~
sensitized and challenged mice, and in non-sensitized controls (Fig. 1E). A highly
significant decrease in caveolin-1 expression (p < 0.001, n = 6) occurred that was associated
with hypercellularity and peribronchial fibrosis (data not shown).

To determine whether the reduced level of caveolin-1 in asthmatic bronchial epithelial cells
is maintained in vitro, cells derived from asthmatics and control subjects were cultured and
caveolin-1 levels determined by Western blotting. Indeed, the level of caveolin-1 was
significantly lower (p < 0.03) in asthmatic cells (Fig. 2 right) indicating that these cell stably
underexpress caveolin-1.

Caveolin-1 levels are reduced in asthmatic monocytes

Given that caveolin-1 levels are reduced in both the affected lung tissue and in circulating
monocytes in scleroderma patients®, we determined whether asthmatic monocytes also
exhibit reduced caveolin-1 expression. Indeed, as in scleroderma, the level of caveolin-1 was
significantly reduced (p < 0.001, n=6) in asthmatic monocytes compared to control
monocytes (Fig. 2 left).

Discussion

To our knowledge this is the first report of loss of caveolin-1 in human subjects with asthma.
The loss of caveolin-1 affected both bronchial epithelial cells and peripheral blood
monocytes and was associated with enhanced deposition of ECM proteins. We also
demonstrated loss of caveolin-1 following Afchallenge in an A£sensitized chronic murine
model of asthma. Previous studies suggest that the loss of caveolin-1 may lead to the
overexpression of ECM proteins in that the reduced levels of caveolin-1 in scleroderma lung
fibroblasts results in the hyperactivation of MAP kinases and increased collagen
production.8 Based on previous studies in which the loss of caveolin-1 from scleroderma
monocytes was shown to enhance their expression of CXCR4 and migration towards
CXCL12 via a MAP kinase-mediated pathway®, we propose that the loss of caveolin-1 from
monocytes may play a role in the pathology of asthma by promoting their migration into
damaged lung tissue.

These observations also raise the possibility that asthma may be treated with a novel drug
based on the caveolin-1 scaffolding domain peptide (CSD) which can restore caveolin-1
function to cells deficient in caveolin-1. This approach has already been shown to be
effective in vitro (reversing the overexpression of collagen by scleroderma lung fibroblasts
and the hypermigration of scleroderma monocytes) and in vivo (reversing inflammation and
fibrosis in mice treated with bleomycin)®: 9. It is also noteworthy that asthmatic airway
epithelial cells overproduce pro-inflammatory cytokines (IL-6, IL-8 and GM-CSF), T2
amplifying cytokines (TSLP, IL-33 and IL-25), profibrogenic growth factors (TGF-p and
FGF-2) 10-12 ‘and the ECM protein periostinl3. Given that the production of most, and
perhaps all, of these effectors is regulated by MAP kinases,14-15 that MAP kinase activity is
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regulated by caveolin-1, and that we show here that asthmatic airway epithelial cells are
deficient in cav-1, we predict that the CSD peptide will reverse the overproduction of these
pro-asthmatic effectors as part of its beneficial effect on asthma patients.
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Figure 1. Caveolin-1 and ECM protein expression in human asthma lung tissue and in a murine
model of allergic asthma

A-D: Representative images of GMA-embedded human endobronchial lung biopsy sections
from Control and Asthmatic subjects were stained with anti-cav-1 (A), anti-collagen (B),
anti-tenascin (C) and anti-periostin (D), followed by appropriate secondary antibodies (green
for A; red for B-D) and counterstained with the nuclear stain DAPI (blue). E: Representative
images of anti-cav-1 stained formalin-fixed, paraffin-embedded sections from saline
sensitized and challenged mice (left) and Afsensitized and challenged mice (right). In A
through E, staining intensity was quantified by densitometry using Image J1.32 NIH
software (five images per human subject, four subjects in each category). Average staining
intensity £ s.e.m. is expressed in arbitrary units and shown to the right of each set of
micrographs. The statistical significance of these data was determined using Student’s t-test.
Key: Af Aspergillus fumigatus.
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Figure 2. Caveolin-1 expression isreduced in asthmatic peripheral blood monocytes and
bronchial epithelial cells

Peripheral blood monocytes were isolated by adhesion®from six subjects in each category.,
Phenotypic analysis showed the populations to be >75% monocytes. Asthmatic and Control
primary human bronchial epithelial cells were purchased from Lonza, cultured following the
manufacturer’s instructions, and used in experiments between passages 3 and 5. Extracts of
asthmatic peripheral blood monocytes, asthmatic bronchial epithelial cells, and control cells
were prepared as previously described®12 and Western blotted with anti-cav-1 and anti-
GAPDH which served as a loading control. Cav-1 expression is reduced in asthmatic
monocytes (left) and bronchial epithelial cells (right). Representative blots are shown
containing three independent Control and three independent Asthmatic monocyte extracts
and triplicate wells of bronchial epithelial cells. Intensity of signals in images from six
subjects or wells in each category was quantified by densitometry using Image J1.32 NIH
software and is expressed in arbitrary units and shown below each Western blot. The
statistical significance of these data was determined using Student’s t-test.
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