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SUMMARY: We analyzed by immunohistochemistry the distribution of types I, 11, 1, 1V, V, and VIl collagens, laminin, and
fibronectin in the bronchial biopsy specimens of nonasthmatic subjects with seasonal allergic rhinitis (7 = 8) and compared

these results with those found in mild stable allergic asthmatics

{n = 6) and normal controls (n = 5). The content of type |

and Il collagens was increased in rhinitic subjects compared with controls. These collagens were focally deposited in the
reticular basement membrane area. Three subjects with allergic rhinitis had no fibronectin deposition in their basement
membrane, as in controls, whereas the other five had a focal fibronectin deposition. In asthmatic patients, type | and Il

collagens and fibronectin were more abundant and more u

niformly distributed underneath the basement membrane than

they were in rhinitic subjects. Expression of type Il, 1V, V, and VIl collagens and laminin were similar in the three groups.
Eiectron microscopic and immunohistochemical analyses of bronchial mucosa showed a network of myofibroblasts beneath
the epithelium in rhinitis as in asthma subjects. These data show that the irregularly distributed subepithelial fibrosis
observed in subjects with allergic rhinitis results from the deposition of type | and lli collagens and fibronectin, probably
produced by bronchial myofibroblasts. These results suggest the presence of an active structural remodeling in the lower
airways of allergic rhinitic subjects that is similar in nature to that seen in asthma, although less marked. (Lab Invest 1996,

75:735-744).

llergic rhinitis is a common inflammatory disease
Aof the nasal mucosa (Naclerio, 1991). Compared
with nonatopic individuals, subjects with allergic rhi-
nitis generally show an increased airway responsive-
ness and may have an increased risk of developing
symptomatic asthma (Eggleston, 1988; Settipane- et
al, 1994; Townley et al, 1975). In a previous study, we
reported that allergic subjects with seasonal pollen-
induced rhinitis had airway alterations on bronchial
biopsy samples somewhat simitar to those observed
in asthmatic subjects. These changes consisted of
cellular infiltration, mucosal edema, increased epithe-
lial desquamation, and focal basement membrane
thickening corresponding to an irregularly distributed
subepithelial fibrosis (Boulet et al, 1995). These fea-
tures persisted out of the pollen season.
Ultrastructural and immunohistologic studies of
bronchial biopsy specimens obtained from subjects
with asthma show that the apparent basement mem-
brane thickening, defined as subepithelial fibrosis, is
caused by the deposition of fibrillar collagen, which
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leads to an increase in the depth and density of the
lamina reticularis (Roche et al, 1989). In normal sub-
jects, the bronchial basement membrane is composed
of laminin and type IV collagen, to which epithelial
cells are attached. The subepithelial fibrosis seen in
asthmatic subjects is mainly caused by the abnormal
deposition of type I and Hl collagens and fibronectin
(Roche, 1991). Brewster et al (1990) showed that this
collagen layer contained myofibroblasts and sug-
gested that these cells were probably responsible for
the subepithelial fibrosis observed in asthma. A good
correlation was found between the degree of fibrosis
and the number of myofibroblasts.

The pathophysiologic significance of this subepithe-
lial collagen deposition is unknown, but it may repre-
sent a long-term and progressive remodeling process
secondary to the ongoing airway inflammation. The
irregularly deposited collagen observed under the
basement membrane of subjects with allergic rhinitis
may represent an early stage of this phenomenon and
possibly involves constituents somewhat different
from those observed in asthma. This study was,
therefore, undertaken to evaluate the nature of the
subepithelial fibrosis observed in subjects with allergic
rhinitis as compared with those found in asthmatic
subjects and normal controls.
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Results
Subjects’ Characteristics

Rhinitic subjects were aged 20 to 36 years (mean,
27.5 = 1.9 years) and had normal airway responsive-
ness to methacholine with a geometric mean PC,, of
25.9 = 1.1 (range, 11 to 128) (Table 1). One subject
had a PC,, of 11 mg/mi™", but he had no history of
asthma. All had a history of recurrent rhinoconjuncti-
vitis during the pollen season and had positive allergic
skin tests to tree, grass, and/or ragweed pollens. Six
subjects were also sensitized to house dust. The
group of mild allergic asthmatic subjects were aged 20
to 25 years (mean, 21.5 + 0.8 years). They had normal
expiratory flows (mean percentage predicted, 96.3 +
3.1) and a geometric mean PC,, of 4.0 = 2.2 mg/m
(range, 0.56 to 6.3). Normal controls were aged 21 to
27 years with a geometric mean PC,, of 99.4 mg/ml.

Collagen Distribution in the Subepithelial Area of
Asthmatic, Rhinitic, and Normal Subjects

Bronchial biopsy specimens of asthmatic subjects
showed a strong collagen type | staining in the sub-
epithelial area, in-which a dense band of collagen was
uniformly deposited (Fig. 14). Collagen type | was also
observed in the interstitium, but the staining was less
intense. In rhinitic subjects, the distribution of type |
collagen was focal under the basement membrane
(Fig. 1B). In normal controls, there was no deposition
of this collagen in the subepithelial area (Fig. 1C).
Basement membrane of asthmatic subjects presented
an uniform accumulation of type Il collagen (Fig. 2A),
whereas in rhinitic subjects, type Il collagen was
focally observed under the basement membrane (Fig.
2B). In normal bronchial mucosa, there was no depo-
sition of type 1ll collagen (Fig. 2C).

The maximal thickness of the focal collagen depo-
sition observed in rhinitic subjects’ bronchial base-
ment membranes was similar to the collagen deposi-
tion thickness of those of asthmatic subjects, with
respective means of 16.9 = 3.6 um and 13.5 = 4.5 um
for type | collagen and 18.4 + 4.4 um and 12.8 + 4.6
wm for type Il collagen. On the other hand, the

Table 1. Subjects’ Characteristics

minimal thickness of collagen deposition in rhinitic
subjects was comparable with normal controls’ val-
ues, with respective means of 5.4 = 1.4 umand 7.8 +
1.9 um for type I collagen and 6.5 = 1.4 um and 8.4 =
3.4 um for type ill collagen (Fig. 3). Types I, IV, V, and
VIl collagens and laminin were present in the same
proportion in the three groups (data not shown).

Fibronectin Distribution under the Basement Membrane

Fibronectin was regularly deposited underneath the
basement membrane of asthmatic patients (Fig. 4A),
and its mean thickness was 13.8 = 4.5 um. In rhinitic
subjects, the distribution of fibronectin under the
basement membrane showed two profiles, one similar
to normal controls (n = 3) with no fibronectin deposi-
tion in their basement membrane (Fig. 4B) and one
(n = 5) with a focal deposition of fibronectin (Fig. 4D)
whose maximal thickness (11.1 = 9.2 um) was similar
to values of asthmatic subjects and minimal thickness
(6.7 = 1.0 um) close to normal controls’ values (Fig. 3).
There was no accumulation of fibronectin in the base-
ment membranes of normal subjects (Fig. 4C).

No correlation was found between collagen or fi-
bronectin deposit thickness in the basement mem-
brane and PC,, or baseline FEV, in the three groups
studied.

Myofibrobiast Analysis

Electron microscopic analysis of asthmatic and rhinitic
biopsy specimens showed elongated myofibroblasts
containing microfilament bundles with abundant
polyribosomes. These myofibroblasts were found at
the deep margin of the collagen layer in the basement
membrane in both asthmatic and rhinitic subjects
(Figs. 5A and 6). In these subjects, iImmunoperoxidase
staining of sections with PR,D, showed positive ceiis
beneath the bronchial epithelium under the collage-
nous band (Fig. 5B), which suggests an association
between myofibroblasts and collagen deposition.
These cells were positive for a smooth muscle actin,
and some were also positive for desmin and vimentin.

Sex FEV, PCyo

(F/M) Age (years) (% pred) FVC (% pred) (mg/mi)
Allergic rhinitis 377 275 +19° 111.0 = 4.67 107.9 = 437 259 =1.1°
Allergic asthma 4/2 215=038 896.3 = 3.1 89225 4022
Normal controls 2/3 240 =11 96.0+59 98.2 = 5.1 994 =12

7 Expressed as mean = sem.
PGy expressed as geometric mean + sem.

Laboratory Investigation @ November 1996 » Volume 75 o Number 5




Figure 1.

Airway remodeling in allergic rhinitis

oy sy

Type | coliagen detection in bronchial mucosa of asthmatic, rhinitic, and normal subjects. Immunoreactivity appears in red. Bronchial biopsies of asthmatic subjects
(A) show a strong and uniform type | collagen staining in the basement membrane area {arrows). The staining is present but less intense in the interstitium. In rhinitic
subjects (B), the immunoreactivity for type | collagen is focally distributed in the subepithelium (arrows show the thinnest and thickest zones measured on this
specimen). Normal controls show no accumulation of collagen type | in the basement membrane (C) (x400). A control section processed without primary antibody

shows no background staining (D) (200).

Discussion

The main purpose of this study was to demonstrate
that nonasthmatic allergic rhinitic subjects showed
structural airway changes and to compare the extent
of this phenomenon in allergic asthmatic and normal
nonatopic subjects. We found that the content of type
| and Il collagens was increased and focally distrib-
uted in rhinitic subjects compared with controls. Most
rhinitic subjects (five of eight) presented an increased
focal fibronectin deposition. In the asthmatic subjects,
types | and Il collagens and fibronectin were abun-
dantly and uniformly distributed underneath the base-
ment membrane. These data show that the focally
distributed subepithelial fibrosis observed in rhinitic
subjects is similar in nature to the one observed in
asthmatic subjects. The structural changes observed
in rhinitic bronchial mucosa can be considered inter-
mediate between what is found in normal and asth-
matic airways. They may represent the first stage of
airway repair and remodeling processes promoted by
the underlying airway inflammation, which may con-
tribute to the development of changes in airway func-
tion over time.

in a previous study, we showed that, compared with
other times, allergic rhinitic subjects had increased
airway responsiveness 1o methacholine during the

polien season but that the total inflammatory cell
counts on bronchial biopsy samples and the airway
wall thickness were unchanged (Boulet et al, 1995). In
this study, we chose to evaluate the rhinitic group out
of polien season to ensure that all groups were in a
stable phase. We believe, however, that subepithelial
fibrosis is a long and progressive process that could
increase over many years, with minimal fluctuation in
and out pollen season within a year.

Types IV and Vi collagens and laminin constitute
the basic framework of the normal basement mem-
brane. Laitinen et al (1993) reported that asthmatic
patients showed a significantly thicker area of colla-
gen Vil immunoreactivity in their basement mem-
branes. We found no modification of this component
in mild astnmatic subjects, but this observation does
not preclude the possibility that this collagen type
varies with the severity or duration of asthma.

interstitial collagens are deposited by activated fi-
broblasts, namely myofibroblasts. These cells are lo-
cated in the lamina reticularis of the basement mem-
brane. The number of myofibroblasts correlates with
the depth of the basement membrane collagen layer,
which suggests that they are involved in the airway
repair mechanisms and are probably responsible for
the observed subepithelial collagen deposition in
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Figure 2.

Type 1 collagen detection in bronchial mucosa of asthmatic (A). rhinitic (B), and normal (C) subjects. Arrows indicate the deposition of type Il collagen in the
subepithelial areas of asthmatic and rhinitic subjects. In rhinitic subjects, the immunoreactivity for type 111 collagen is focally distributed in the basement membrane,
and the overall thickness of the collagen band is intermediate between those observed in normal and asthmatic subjects. (x400).

asthma (Brewster et al, 1990). The increased airway
collagen content may, therefore, be the result of the
chronic allergic inflammatory process, although its
role as a potential contributor to changes in airway
function or as a protective mechanism against airway
narrowing is uncertain. Microenvironment-derived
stimuli, such as cytokines and growth factors released
by inflammatory cells, may be responsible for the
differentiation and the proliferation of myofibroblasts.
Another possibility is that airway changes in collagen
and the extracellular matrix contribute to the inflam-
matory process (Gauldie et al, 1992).
Immunoperoxidase staining of myofibroblasts by
PR,D; showed that, in rhinitic subjects, myofibro-
blasts were localized in the subepithelial area in which
the collagen was deposited. Interestingly, these myo-
fibroblasts were positive for desmin, an intermediate
filament expressed by smooth muscle cells. This is
consistent with the observations of Skalli et al (1989),
who reported that myofibroblasts from diverse pathol-
ogies were heterogeneous in their content of this
intermediate filament protein. They distinguished two
groups of lesions: normal healing granulation contain-
ing only vimentin-positive cells and hypertrophic scars
and fibromatoses in which vimentin- and desmin-
positive cells were seen. They suggested that myofi-
broblasts of pathologic conditions, characterized by a
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tissue chronic retraction, express immunochemical
features indicative of smooth muscle differentiation.

The accumulation of fibronectin in the basement
membrane of asthmatic subjects suggests that this
protein may play an important role in the airway repair
process. Fibronectin has been reported to mediate
fibroblast recruitment (Postlethwaite et al, 1981) and
direct cellular attachment (Fukuda et al, 1984), leading
to wound healing. It possesses multiple domains
recognized by integrins, including the alternately
spliced connecting segment domain, which interacts
with «, B, integrin. Neeley et al (1994) demonstrated
that «,B, integrin selectively mediates adhesion of
eosinophils to fibronectin and augments stimulated
eosinophil degranulation. The relationship between
the deposition of fibronectin in the' asthmatic base-
ment membrane and eosinophils remains to be deter-
mined. In rhinitic subjects, fibronectin content identi-
fied two subpopulations, one with no fibronectin
accumulation in the basement membrane and the
second with a focal deposition of fibronectin. The
healing process may be more active in the second
group, and the first group possibly represents an early
stage of repair with a collagen deposition but no
fibronectin,

The focal deposition of types | and Il collagens in
rhinitic subjects may contribute to the development of
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Figure 3.

Thicknesses of types | and 1l collagens and fibronectin in the bronchial
basement membrane area. A, asthma; R, rhinitis; Max, thickest collagen or
fibronectin area: Min, thinner collagen or fibronectin area; N, normal. Differ-
ences among groups reported using letters, p < 0.0001 (ANOVA).

airway hyperresponsiveness that appears in some
rhinitic subjects. In a global comparison analysis of
subjects with either allergic or occupational asthma,
chronic cough, allergic rhinitis, and normal controls,
we reported that the degree of subepithelial collagen
deposition correlated with the degree of airway re-
sponsiveness to methacholine (Boulet et al, 1993).
Airway fibrosis may be a determinant or a marker ofa
process that leads to the development of hyperre-
sponsiveness (Bousquet et al, 1992).

Airway remodeling in allergic rhinteis

A mild reduction in the apparent basement mem-
brane thickness has been described after withdrawal
from sensitizing exposure in asthmatic subjects (Trigg
et al, 1994; Jeffery et al, 1992). Corticosteroids are,
however, generally considered ineffective in reducing
this subepithelial fibrosis although they may reduce
inflammation and airway responsiveness (Djukanovic
et al, 1991; Juniper et al, 1990). Lundgren (1977)
demonstrated that asthmatic subjects who used in-
haled corticosteroids for many years had no signifi-
cant inflammation but still had hyperresponsiveness
and subepithelial fibrosis. This suggests that bronchial
fibrosis, once established, cannot be significantly re-
versed. We do not, however, know whether airway
wall remodeling of nonasthmatic rhinitic subjects
could be reversible or stopped with corticosteroid
treatment or adequate allergen avoidance.

Further studies are necessary to evaluate the clinical
and histopathologic evolution of nonasthmatic rhinitic
subjects to study the relationships between the ap-
pearance of airway hyperresponsiveness or symptom-
atic asthma and the development of bronchial subep-
ithelial fibrosis.

In conclusion, we showed that the irregularly dis-
tributed subepithelial fibrosis observed in subjects
with allergic rhinitis results from the deposition of
types | and lll collagens and fibronectin, probably after
inflammation-induced bronchial myofibroblasts acti-
vation. This suggests the presence of an active struc-
tural remodeling in the lower airways of nonasthmatic
allergic rhinitic subjects, which may possibly contrib-
ute to the development of asthma over time.

Methods
Subjects

Eight subjects {three women, five men) with recurrent
seasonal allergic rhinitis and no past or present history
of asthma volunteered for this study. They had not
used nasal topic corticosteroids within the last 3
months. Bronchial biopsy samples of subjects with
rhinitis were compared with those of a group of six
subjects with mild seasonal allergic asthma (four
women, two men) and a control group of five normal
subjects (two women, three men). The diagnosis of
asthma was based on the American Thoracic Society
(1987) criteria. Asthma was controlled by an inhaled B,
agonist on demand. None had used inhaled cortico-
steroids or an other anti-inflammatory medication in
the past. The normal subjects had no history of
asthma or atopy, negative skin prick tests, and normal
pulmonary function tests. All subjects were nonsmok-
ers, and none had a respiratory condition other than
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Figure 4.

Fibronectin detection in bronchial tissues of asthmatic (A), rhinitic (B and D), and normal subjects (C). Arrows indicate the distribution of fibronectin underneath the

basement membrane of asthmatic subjects. The rhinitic group shows two populations: one (B) without fibranectin accumnulation in the basement membrane (x200)

and another (D) with focal deposition of fibranectin (arrows). No fibronectin deposition was detected in the basement membrane of normal subjects (C) (x400).

asthma or rhinitis. The study was approved by our
local ethics committee, and all subjects provided
written informed consent,

Baseline Evaluation

All subjects had spirometry and airway responsive-
ness to inhaled methacholine assessment according
to standardized procedures out of the pollen season
(Juniper et al, 1991). Briefly, during methacholine
challenges, aerosols were generated with a Wright
nebulizer (Roxon, Montreal, Quebec, Canada) and
inhaled at tidal breathing for periods of 2 minutes
{output, 0.13 mi/minutes "), PC,o was determined by
interpolation of the last two points of the dose-
response curve. Skin prick tests were performed with
a battery of common inhaled allergens. Atopy was
considered to be present if there was at least one
positive response (=3 mm wheal at 10 minutes) to the
tested allergens.

Bronchoscopy and Bronchial Biopsy Specimens

No subjects had any evidence of respiratory infection
for at least 4 weeks before the endoscopies. For
rhinitic subjects, bicpsies were performed out of the
pollen season. Before the bronchoscopy, asthmatic
subjects received a 200-p.g dose of inhaled salbuta-
mol via a metered-dose inhaler. For all subjects, the

Laboratory Investigation » November 1996 » Volume 75 o Number 5

procedure was performed under oxygen at 5 mil/
minutes ~' by nasal catheter. After local anesthesia of
the throat, larynx, and bronchi with 2% and 4%
xylocaine, the flexible bronchoscope (Olympus OES
10 fiberscope, Olympus Optical Company, Ltd, Tokyo,
Japan) was introduced into the bronchial tree, and 8 to
10 tissue samples were taken from the carinae of lobar
and segmental bronchi on both sides using conven-
tional forceps. Vital signs, electrocardiograph output,
and oximetry were recorded throughout the procedure.

Immunohistochemistry

Tissue Processing. Each biopsy sample was imme-
diately placed in acetone containing the protease
inhibitors phenylmethylsulfonyl fluoride (2 mm) and
iodoacetamide (2 mwm) from Sigma Chemical Company
(St. Louis, Missouri) and cooled rapidly to —20°C.
They were then immersed in acetone at room temper-
ature for 15 minutes and transferred to methylbenzol
for another 15 minutes. The biopsy samples were then
immersed in glycolmethacrylate (GMA) monomer
(Polyscience, Warrington, Pennsylvania) at 4°G for 7
hours. During this time, the GMA solution was
changed three times. Finally, the tissue was embed-
ded in GMA resin prepared by mixing GMA monomer
and N, N-dimethylalanine in PEG 400 and benzoyl
peroxide and polymerized overnight at 4°C (Britten et




Figure 5.

Electron micrograph of a bronchial biopsy specimen from a rhinitic subject (A)
showing elongated myafibroblasts with contractile filaments (arrows)
(x2700). B, Immunoperoxidase staining with PR,D; of bronchial myofibro-
blasts on bronchiat biopsy specimens of a rhinitic subject. PR,D,-positive cells
are found beneath the branchial epithelium under the band of collagen (x200).

al, 1993). Samples embedded in GMA were stored at
—20°C in an airtight container. Sections (2 um) were cut
on an ultramicrotome (Leica Reichert Ultracut S, Wein,
Austria) and floated on water containing 0.02% ammo-
nia until they were fixed on poly-L-lysine-coated slides.

Immunostaining. The following antibodies (dilu-
tions), from Biodesign (Kennebunk, Maine), were
used: rabbit anti-human types |, I, lll, IV, and V
collagens and mouse anti-human collagen VIl (1:50).
Mouse anti-human fibronectin (1:400), monoclonal
anti-e smooth muscle actin (1:400), monoclonal anti-
desmin, a marker of smooth muscle cells (1 :400) from
Sigma Chemical Company, and PR;Ds, a monoclonal
antibody reported to label a 140-kd membrane com-
ponent of myofibroblasts and smooth muscle cells
(kindly provided by Imperial Cancer Research Tech-
nology, London, United Kingdom). Cross-reactions
were removed by immune absorption of these anti-
bodies on the other types of collagens, and specificity
was tested by immunohistochemistry on sections of
human skin.

The first bound antibody was detected using the
Vectastain Elite ABC kit from Vector Laboratories
(Burlingame, California). Briefly, sample peroxidase

Airway remodeling in allergic rhinitis

activity background was blocked by incubation with
0.3% H,0,, 0.1% sodium azide in Tris buffer solution
for 30 minutes and normal serum for 30 minutes. The
samples were then incubated overnight with primary
antibody (4°C), 1 hour with a biotinylated secondary
antibody (23°C), and 30 minutes with the avidin-biotin
complex (23°C). The slides were washed three times
with Tris buffer solution between steps. Bound anti-
bodies were detected with amino-ethylcarbazole sub-
strate until staining was visible on the microscope.
Reaction was stopped by washing in water, and
Mayer's hematoxylin was used for counterstaining.
Slides were mounted with Crystalmount (Biomeda,
Foster City, California). Irrelevant isotypic antibodies
served as negative controls.

Quantification of Immunohistochemical Stainings

The collagen content of bronchial mucosa was
determined for the three groups of subjects by
immunoperoxidase staining of serial sections. Each
type of collagen was identified using specific anti-
bodies. All slides were assigned a number, and
measurements were made independently by two
observers. A blinded observer measured the thick-
ness at regular intervals (fixed distance). The thick-
ness of types | and Ili collagens and of fibronectin in
the basement membrane area was measured by
calibrated image analysis (Mocha image analysis
software; Jandel Scientific, San Raphael, Califor-
nia). Eleven measurements were performed on an
unfolded area. The minimal and maximal thickness
values from each patient’s biopsy specimens were
then analyzed and compared with the values ob-
tained from normal and asthmatic subjects.

Electron Microscopy

Samples for electron microscopy analysis were fixed
by immersion in Karnovsky's fluid, washed in cacody-
late buffer, osmicated, dehydrated in alcohol, and
embedded in epoxy resin. Half of the samples were
treated en bioc with uranyl acetate. All sections were
stained with lead citrate and analyzed using a Jeol 100
CX (Tokyo, Japan) electron microscope. Electron mi-
croscopic studies evaluated cellular alterations of ep-
ithelial and connective tissue cells and the presence of
myofibroblasts. In this study, we did not, however,
count these myofibroblasts or correlate their number
with the collagen thickness.

Statistical Analysis

Results are presented as the means = SEM. PCso
geometric mean values were calculated for each
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Figure 6.

Electron micrograph of a bronchiai biopsy specimen from a rhinitic subject (A) showing myofibroblasts (MF) along subepithelial collagen (arrow). E, epithelial cells.
(>5.000). 8 shows height magnification of electron micrograph of myofibroblast cytoplasm with filaments (arrow) (<25,000).

group. If PC,, was >128 mg/mi™", it was considered our three groups of subjects, and the maximal and
to be 128 mg/mli~". A one-way ANOVA was applied to minimal thicknesses were also evaluated in the rhinitic
the comparison of basement membrane thickness in groups, as it varied markedly from one site to the

Laboratory Investigation » November 1996  Volume 75 » Number 5




other. Values were transformed by their rank, as
normality and homogeneity of variance assumptions
were not encountered. Multiple comparisons were
preformed using Scheffé’s test. Differences between
groups were reported using letters. All tests were
performed at the 0.05 level of significance.

Acknowledgements

We are grateful to D. Cantin, H. Turcotte, and M.
Bélanger for technical assistance and to Imperial
Cancer Research Technology and Sir Walter Bodmer,
London, United Kingdom, for providing PR,D; .

References

American Thoracic Society (1987). Standards for the diagno-
sis and care of patients with chronic obstructive pulmonary
disease (COPD) and asthma. Am Rev Respir Dis 136:225-
244,

Boulet LP, Turcotte H, Boutet M, Milot J, Cété J, Malo JL,
Cartier A, Dugas M, and Laviolette M (1993). Correlations
between airway inflammation and responsiveness to metha-
choline in subjects with asthma, rhinitis, reactive airways
dysfunction syndrome (RADS), chronic cough and normals.
Eur Respir J 6(Suppl 17):265S.

Boulet LP, Turcotte H, Carrier G, Boutet M, and Laviolette M
(1995). Increased maximal airway response to methacholine
during seasonal allergic rhinitis in non-asthmatic subjects:
Relationships with airway wall thickness and inflammation.
Eur Respir J 8:913-921.

Bousquet J, Chanez P, Lacoste JY, White R, Vic P, Godard P,
and Michel FB (1992). Asthma: A disease remodeling the
airways. Allergy 47:3-11. ‘

Brewster CEP, Howarth PH, Djukanovic R, Wilson J, Holgate
ST, and Roche WR (1990). Myofibroblasts and subepithelial
fibrosis in bronchial asthma. Am J Respir Cell Mol Biol
3:507-511.

Britten KM, Howarth PH, and Roche WR (1993). Immunohis-
tochemistry on resin sections: A comparison of resin embed-
ding—Technique for a small mucosal biopsies. Biotech His-
tochem 68:271-280.

Djukanovic R, Wall A, Wiison JW, Walters C, Britten KM,
Wilson SJ, Church MK, Howarth PH, and Holgate ST (1991).

. The effect of inhaled beclomethasone dipropionate (BDP) on
airway mast cells, histamine and tryptase. Am Rev Respir Dis
143:627-632.

Eggleston PA (1988). Upper airway inflammatory diseases
and bronchial hyperresponsiveness. J Allergy Clin Immunol
81:1036-1041.

Airway remodeling in allergic rhinitis

Fukuda Y, Ferrans VJ, Schoenberger Cl, Rennard SI, and
Crystal RG (1984). Patterns of pulmonary structural remod-
eling after experimental paraquat toxicity: The morphogene-
sis of intraalveolar fibrosis. Am J Pathol 118:452- 475.

Gauldie J, Jordana N, Cox G, Ohtoshi T, Dolovich J, and
Denburg J (1992). Fibroblasts and other structural cells in
airway inflammation. Am Rev Respir Dis 145:514-817.

Jeffery PK, Godfrey RW, Adelroth E, Nelson F, Rogers A, and
Johansson SA (1992). Effects of treatment on airway inflam-
mation and thickening of basement membrane reticular col-
lagen in asthma. Am Rev Respir Dis 145:890-899.

Juniper EF, Cockcroft DW, and Hargreave FE (1991). Hista-
mine and methacholine inhalation tests: tidal breathing
method: Laboratory procedure and standardization. Can
Thorac Soc 5:37.

Juniper EF, Kline PA, Vanzieleghem MA, Ramsdale EH,
O'Byrne P, and Hargreave FE (1990). Effect of long-term
treatment with inhaled corticosteroids on airway hyper-
responsiveness and clinical asthma in nonsteroid-dependent
asthmatics. Am Rev Respir Dis 142:832-836.

Laitinen A, Altraia A, Sillastu H, and Laitinen LA (1993).
Distribution of collagen types lll, IV and VIl in bronchial
epithelial basement membrane of allergic asthmatics and of
healthy controls. J Allergy Clin Immunol 93:388A.

Lundgren R (1977). Scanning electron microscopic studies of
bronchial mucosa before and during treatment with be-
clomethasone dipropionate. Scand J Respir Dis 101:179-
187.

Naclerio RM (1991). Allergic rhinitis. N Engl J Med 325:860-
869.

Neeley SP, Hamann KJ, Dowling TL, McAllister KT, White SR,
and Leff AR (1994). Augmentation of stimulated eosinophil
degranulation by VLA-4 (CD49d)-mediated adhesion to fi-
bronectin. Am J Respir Cell Mol Biol 11:206-213.

Postlethwaite AE, Keski-Oja J, Balian G, and Kang AH (1981).
induction of fibroblast chemotaxis by fibronectin: Localisa-
tion of chemotactic region to a 140,000-molecular weight
non-gelatin-binding fragment. J Exp Med 153:494-499.

Roche WR (1991). Fibroblasts and asthma. Clin Exp Allergy
21:545-548.

Roche WR, Williams JH, Beasley R, and Holgate ST (1989).
Subepithelial fibrosis in the bronchi of asthmatics. Lancet
11:520-524.

Settipane RJ, Hagy GW, and Settipane GA (1994). Long-term
risk factors for developing asthma and allergic rhinitis: A
23-year follow-up study of college students. Allergy Proc
15:21-25.

Laboratory Investigation ® November 1996 ¢ Volume 75 o Number 5

743




744

Chuakir er al

Skalli O, Schiirch W, Seemayer T, Lagacé R, Montandon D,
Pittet B, and Gabbiani G (1989). Myofibroblasts from diverse
pathologic settings are heterogeneous in their content of
actin isoforms and intermediate filament proteins. Lab Invest
60:275-285.

Townley RG, Roy UY, Kolotkin BM, and Kang B (1975).
Bronchial sensitivity to methacholine in current and former
asthmatic and allergic rhinitis patients and control subjects. J
Allergy Clin Immunol 56:429-442.

Laboratory Investigation » November 1996 o Volume 75 ® Number 5

Trigg CJ, Manolitsas ND, and Wang J (1994). Placebo-
controlled immunopathologic study of four months of inhaled
corticosteroids in asthma. Am J Respir Crit Care Med
150:17-22.




