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Inhaled corticosteroids decrease vascularity of the bronchial
mucosa in patients with asthma
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Summary

Background Increased vascularity in airway mucosa is a distinctive feature of airway
remodelling in asthma. While corticosteroids have proved most effective in modifying
airway inflammation, the effect of inhaled corticosteroids on increased airway mucosal
vascularity in asthmatics has been little studied.

Objective We examined the effect of inhaled corticosteroid on airway vascularity in
bronchial biopsy specimens taken from asthmatic patients.

Subjects and methods We studied bronchial biopsies from 28 asthmatic patients before
and after treatment with inhaled beclomethasone dipropionate (BDP) 800 pg/daily, or
placebo, for 6 months in a double-blind manner. Biopsy specimens were evaluated for
number of vessels and percentage of area occupied by vessels, using computerized image
analysis after staining for type IV collagen in vessel walls. Specimens were also examined
for extent of collagen III in the subepithelial basement membrane. In addition, we
compared asthmatic specimens with biopsy specimens taken from non-asthmatic control
subjects.

Results There was a significant increase in number of vessels (P < 0.01) and percent
vascularity (P < 0.001) in the submucosa of asthmatic patients compared with control
subjects. After 6 months of treatment, we observed significant improvements in forced
expiratory volume in 1 s (FEV;), FEV,% and airway responsiveness (P < 0.05, each) in
the BDP treatment group compared with the placebo group. This was accompanied by
significant decreases in both vessel number and percent vascularity in the airways of BDP-
treated patients (P < 0.05, each). We also observed a significant correlation between
change in percent vascularity and change in collagen III thickness in the BDP-treated
patients (r¢ = 0.90, P < 0.001). Furthermore, the change in percent vascularity was
inversely correlated with both FEV, (r; = —0.49, P < 0.05) and airway responsiveness
(rs = —0.36, P < 0.05).

Conclusion These findings suggest that inhaled corticosteroid treatment of asthma
reduced airway wall vascularity during airway remodelling.

Keywords: airway inflammation, airway wall remodelling, airway responsiveness, airway
vascularity, bronchial asthma, inhaled corticosteroids
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Introduction

Structural alteration of airway walls is an essential feature
of asthma, and includes extracellular matrix remodelling,
epithelial desquamation [1], goblet cell hyperplasia [2],
collagen deposition below the basement membrane [3],
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smooth muscle hypertrophy/hyperplasia [4], and micro-
vascular leakage and vasodilation. It has been long
recognized that in fatal asthma, the airway mucosa is
oedematous and contains dilated, congested blood vessels
[5]. Morphometric studies have confirmed these early
observations and have shown that enlarged, congested
mucosal blood vessels contribute to airway wall remodel-
ling in asthma [6]. The inflammatory process includes
microvascular leakage, which may again be enhanced by
structural change [7]. Recently, it was reported that both the
number and percentage of vessels in biopsy specimens
taken from asthmatic patients were increased compared
with control subjects [8]. It is possible that increased vessel
numbers and vascular enlargement, and consequent thick-
ening of the airway wall mucosa, may lead to narrowing of
the bronchial lumen.

Inhaled corticosteroids are currently the most effective
anti-inflammatory medication for the treatment of asthma.
Furthermore, circumstantial evidence has linked the use of
inhaled corticosteroids with reversal of some of the
structural changes associated with asthma [9—11]. Gluco-
corticoids have anti-angiogenic activity [12,13], and the
mechanism of this effect appears to be related to basement
membrane turnover, which is determined, in part, by the
proteolytic activity associated with proliferating vessels.
However, the effect of corticosteroids on increased airway
mucosal vascularity observed in asthma has been little
studied.

The present study was designed to examine the effects of
inhaled corticosteroid treatment on airway vascularity in
bronchial biopsy specimens taken from asthmatic subjects.
We also examined the relationship between airway
vascularity and thickness of subepithelial basement mem-
brane, pulmonary function, and airway responsiveness.

Subjects and methods

Subjects

Twenty-eight non-smoking subjects with asthma were
recruited for this study. Asthma was diagnosed according
to the criteria of the American Thoracic Society [14].
Asthmatic patients had a clear history of asthma, required
intermittent inhaled (3,-agonist therapy, and had documen-
ted reversible airway obstruction (20% improvement in
forced expiratory volume in 1s (FEV,) either sponta-
neously or after administration of (3,-agonist). Atopy was
defined as a positive skin prick test (weal >3 mm in
diameter in the presence of positive histamine and negative
diluent controls) to one or more of the common aeroaller-
gen extracts. Of the 28 subjects, seven were non-atopic.
The duration of asthma ranged from 1 to 21 years. None of
the patients received inhaled or oral corticosteroids or any

other anti-inflammatory drugs, such as sodium cromogly-
cate or nedocromil sodium, in the previous 3 months and
inhaled {3,-agonist was the only bronchodilator used. Nine
healthy subjects were used for the control group, and were
non-atopic, had never suffered from airway disease, and
were all non-smokers. No subjects had any upper or lower
respiratory infections for at least 2 weeks before entering
the study. The Ethics Committee of Toho University
School of Medicine approved this study, and written
informed consent was obtained from each subject.

Study design

Seven days after the initial visit, patients returned, having
omitted inhaled {3,-agonist for at least the previous 12 h.
Spirometry was performed, and airway methacholine
responsiveness measured using an Astograph device
(TCK-6000 CV; Chest MI. Co., Tokyo, Japan) according
to the method of Takishima et al. [15]. Bronchial
hyperresponsiveness was evaluated as the minimum
cumulative dose (Dy,;,) of methacholine for which the
reciprocal of respiratory resistance decreased linearly. Dy,
was calculated so that 1 unit Dy, equalled 1 min of
inhalation of aerosol solution at 1.0 mg/mL. A previous
study reported a significant correlation between bronchial
hyperresponsiveness as measured by Dy, and values
obtained by conventional methods [16]. Subjects returned
7 days later and underwent fibreoptic bronchoscopy.
Patients were randomly assigned to one of two parallel
treatment groups. Each patient received a 6-month course
of either beclomethasone dipropionate (BDP) (Glaxo
Wellcome, Tokyo, Japan) 400 wg administered twice daily
by means of a metered-dose inhaler, or a matched placebo.
Six months later, patients returned to the Hospital for repeat
measurements of spirometric values and airway respon-
siveness and examination by fibreoptic bronchoscopy.

Fibreoptic bronchoscopy

Premedication was provided by intramuscular injection of
0.5 mg atropine sulphate and 15 mg pentazocine. Throats
were anaesthetized with 4% lidocaine spray, and 200 pg
salbutamol (Glaxo Wellcome) inhaled to prevent broncho-
constriction. A bronchoscope (BF type 1T-30; Olympus
Co., Tokyo, Japan) was then inserted through the mouth.
The pharynx, trachea and bronchi were anaesthetized with
2% lidocaine, and oxygen at 4 L/min administered through
nasal cannulae throughout the procedure. Biopsy forceps
(FB-15C; Olympus) were used to collect two to three
biopsy specimens from the spur of a basal segment
bronchus in the right lower lobe and from the subcarina
of the right upper lobe. Inhalation of 200 pg of salbutamol
was given after the procedure.
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Sample processing

Biopsy specimens were mounted in OCT compound (Miles
Scientific, Napierville, IL, USA), frozen rapidly in dry ice
and acetone, and stored at —70°C until use. Cryostat serial
sections (4 pm) were cut, fixed in acetone, and stained with
haematoxylin and eosin for conventional histological exam-
ination. Sections were immunostained using the alkaline
phosphatase—anti-alkaline  phosphatase  system (Dako,
Glostrup, Denmark) according to the manufacturer’s instruc-
tions, and developed with the fast red substrate. Finally,
sections were rinsed with distilled water, counterstained with
Mayer’s haematoxylin, dried by brief consecutive dips in ethyl
alcohol followed by xylene, and coverslips mounted. Control
slides were prepared by substitution with PBS and incubation
with an irrelevant mouse mAb of the same isotype and
concentration. Blood vessels were highlighted by staining the
basement membrane supporting the endothelium for anti-
collagen type IV (Monosan, Uden, The Netherlands; dilution
1:20). Subepithelial basement membrane was stained with
mADb to detect the thickness of type III collagen deposition
(Heyl Vertriebs GmbH & Co., Berlin, Germany; dilution 1:50).

Quantification

To avoid observer bias, all microscopic slides were coded
before analysis by one observer and read blindly. A
computerized colourimetric image analyser (Win ROOF;
Mitani Corp., Fukui, Japan) was used to quantify tissue
collagen type IV expression. The entire submucosal area
beneath the epithelial basement membrane on the colour
monitor was outlined by means of an electronic mouse cursor.
Vessel numbers were counted in the submucosal area
excluding mucosal glands and smooth muscle, and divided
by the submucosal area examined to determine the number of
vessels per mm? of submucosa. All structures internal to the
vessel endothelial basement membrane were evaluated as
vascular areas. For each subject, total vascular area was divided
by the submucosal area examined to determine percent
vascularity. Mean vessel size was estimated by dividing the
total vascular area by the total number of vessels for each
subject. Subepithelial basement membrane thickness was
calculated between each point on the superficial limit and the
closest point on the deeper border of specific immunoreactivity
in the basement membrane. Repeatability was assessed by
measuring thickness at regular intervals of 200 wm along the
length of each section. The final result was the mean of the
measurements performed on each biopsy specimen.

Statistical analysis

All data are expressed as means (range). The Mann—
Whitney U-test was used for statistical comparison of

non-parametric variables for asthmatic and control groups,
and Student’s t-test used for normally distributed data.
Results for clinical data were normally distributed and
analysed using Student’s #-test for within-group compar-
isons and the two-sample #-test for between asthmatic group
comparisons. The number of vessels, percent vascularity,
and thickness of subepithelial basement membrane exhib-
ited positively skewed distributions, so were analysed as
paired data using the Wilcoxon matched pairs signed rank
test. For between-group comparisons, the Mann—Whitney
U-test was performed on the delta values (before treatment
minus after treatment) for the two treatment groups.
Changes in vessel number, percent vascularity, and
subepithelial basement membrane thickness were also
compared by t-test, with Turkey-type multiple correction
for multiple comparisons. Intra-observer reproducibility
was assessed using the coefficient of variation, with the
same observer performing at least three replicate measure-
ments of morphometric parameters. The mean coefficient of
variation for repeated measurements ranged from 4% to
12% for number of vessels, 3% to 15% for percent
vascularity, and 5% to 18% for subepithelial basement
membrane thickness. Correlations between individual data
were tested for significance using the Spearman rank
correlation test. Probability (P) values <0.05 were
considered significant.

Results

Fourteen subjects in the BDP group and 14 subjects in the
placebo group completed the study. There were no
significant differences between the two groups in sex,
age, duration of asthma, FEV, or airway responsiveness.

Clinical data

Asthmatic patients had significantly lower FEV,, FEV %,
and D,,;, compared with control subjects (Table 1). There
were significant improvements in FEV; (P < 0.01),
FEV % (P < 0.05), and D,;;, (P < 0.01) in BDP-treated,
but not placebo-treated, patients. Compared with the
placebo-treated group, there were significant improvements
in FEV, FEV %, and D,;, (P < 0.05, each) in the BDP-
treated group (Table 2).

Bronchial biopsy specimens

When comparing asthmatic and control groups, significant
increases were observed both in vessel number (334 mm 2,
range 101-814 mmfz, vs. 210 mmfz, range 112-
380 mm 2, respectively; P < 0.01) and percent vascular-
ity (10.1%, range 2.8—18.7%, vs. 3.4%, range 1.4-5.7%,

respectively; P << 0.001). There was no significant

© 2001 Blackwell Science Ltd, Clinical and Experimental Allergy, 31, 722-730



Corticosteroids decrease vascularity in asthma 725

Table 1. Subjects’ characteristics

Asthmatic patients Control subjects

(n = 28) n=9)
No. (M:F) 17:11 5:4
Age (years) 29 (14-56) 36 (23-49)
FEV, (L) 2.58 (1.34-3.49)* 3.59 (2.78-4.76)
FEV, (% predicted) 71.5 (54.2-85.3)** 95.6 (89.2-102.0)
Dpin (unit) 1.25 (0.34-3.22)** >50

Values are mean (range).

Dpin. Airway hyperresponsiveness as the minimum cumulative unit is equal to 1 min of
1.0 mg/mL aerosol inhalation of methacholine.
*P < 0.01; **P < 0.001 compared with control subjects.

difference in mean vessel size between asthmatics and
controls (309 Mmz, range 80-669 Mmz, vs. 240 pmz, range
120-356 Mmz, respectively). At baseline, there were no
significant differences between patients who were to receive
BDP or placebo treatments in either number of vessels or
percent vascularity. After treatment, BDP significantly
reduced the number of vessels from 314 mm ™2 (range
114-560 mm %) to 254 mm 2 (range 93-672 mm 2)
(P < 0.05). However, the number of vessels remained
unchanged after placebo treatment, from 353 mm ™~ (range
101-814 mm ™ ?) to 354 mm 2 (range 183-641 mm ?).
The difference between BDP and placebo treatment in
number of vessels was statistically significant (P < 0.05;
Table 3). Within the BDP-treated group there was a
significant reduction in percent vascularity from 10.4%
(range 2.8—18.7%) to 4.3% (range 2.3-12.9%; P < 0.01)
from baseline to post-treatment, respectively. Within the
placebo-treated group, there was no significant change in
percent vascularity from 9.8% (range 3.5-16.0%) to
9.9% (range 3.7-17.0%), from before to after treatment,

respectively. The difference in percent vascularity
between the two groups was statistically significant
(P < 0.05; Table 3).

An example of positive staining for anti-collagen IV in
biopsy specimens before and after treatment with BDP, and
in control subject is shown in Fig. 1. In the BDP-treated
group, a significant correlation was observed between the
size of blood vessels and the change in percent vascularity
(rs < 0.74, P <0.01). BDP significantly reduced the
thickness of subepithelial collagen III staining, from
11.3 pm (range 5.3-15.2 pm) to 8.4 pm (range 5.2—
11.0 pm) (P < 0.01). In contrast, staining thickness
remained unchanged in the placebo-treated group, from
10.1 pm (range 5.5—15.2 pwm) before treatment to 10.2 wm
(range 5.5-14.9 wm) after treatment. The difference
between BDP and placebo treatments was statistically
significant (P < 0.01). Moreover, a significant correlation
was found between change in subepithelial basement
membrane thickness and change in percent vascularity in
the BDP-treated group (ry < 0.90, P < 0.001, Fig. 2). No

Table 2. Clinical data before and after treatment with beclomethasone dipropionate (BDP) or placebo

BDP Placebo
Before After Before After
No. (M:F) 14 (9:5) 14 (8:6)
Age (years) 29 (17-56) 30 (14-50)
Duration (years) 6.7 (1-16) 5.5 (1-21)

FEV, (L)

FEV, (% predicted)

Dmin (unit)

2.62 (1.34-3.49)
71.1 (57.9-85.3)
1.38 (0.34-2.29)

3.15 (1.84-4.06)**§
79.5 (69.0-95.1)*§
2.74 (0.68-5.10)%*§

2.54 (1.92-3.26)
72.1 (54.2-85.3)
1.12 (0.28-3.22)

2.48 (1.80-3.29)
70.1 (52.4-84.0)
1.03 (0.20-2.35)

Values are mean (range).

Dpins Airway hyper-responsiveness as the minimum cumulative unit is equal to 1 min of 1.0 mg/mL aerosol inhalation of methacholine.
*P < 0.05; **P < 0.01 for comparison between values before and after treatment (within group); §P < 0.05 for comparison of treatment
effects on values (before minus after treatment) for BDP vs. placebo.
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Table 3. Effect of inhaled corticosteroid on vascularity of bronchial mucosa in patients with asthma and control subjects

Total area (mm?) Vessels (mm™?) Vascularity (%) Vessel size (Mm2)
No. Before After Before After Before After Before
Asthma (BDP) 1 1.05 0.95 210 148 11.6 34 582.4
2 0.78 0.77 420 365 7.1 2.9 133.3
3 0.92 0.93 560 282 17.3 2.5 285.3
4 0.93 0.76 276 266 16.4 3.6 557.5
5 1.00 1.05 273 161 7.5 3.9 276.5
6 0.85 0.89 179 104 7.0 5.2 331.1
7 0.92 0.87 283 93 18.7 3.1 607.4
8 0.86 0.80 410 355 3.8 4.1 80.2
9 0.99 1.00 336 177 13.9 4.5 409.2
10 0.83 0.85 245 200 8.2 2.3 285.7
11 0.86 0.51 231 259 3.6 4.3 133.9
12 0.91 0.81 530 672 14.9 12.9 254.7
13 0.73 0.78 340 297 12.6 4.6 272.2
14 0.92 0.93 114 183 2.8 34 223.4
Mean 0.89 0.85 3145 254%§ 10.4%+ 4 .3%*§ 316.6
Asthma (placebo) 1 0.76 0.69 361 310 6.3 3.8 133.2
2 1.02 1.02 250 267 16.0 16.6 654.5
3 0.83 0.87 209 283 12.1 14.3 482.1
4 0.89 1.35 530 486 6.1 3.7 103.5
5 0.89 0.98 245 263 8.8 9.1 318.7
6 0.87 1.00 447 336 8.1 8.0 159.7
7 0.89 0.99 101 183 3.5 5.6 314.0
8 0.90 0.71 468 359 8.6 7.7 164.9
9 0.63 0.85 291 375 15.6 16.9 458.6
10 1.01 1.01 470 599 5.6 6.4 139.5
11 0.77 0.95 814 641 12.9 7.0 103.9
12 0.79 0.88 181 223 152 17.0 669.8
13 0.91 0.95 348 352 12.1 15.0 343.8
14 0.78 0.78 229 279 5.8 7.5 199.1
Mean 0.85 0.93 3535 354 9.8 9.9 303.2
Control 1 0.94 380 32 203.1
2 0.79 174 3.8 158.3
3 0.59 146 2.7 296.7
4 0.85 211 3.1 356.0
5 0.73 245 5.7 164.4
6 0.79 130 1.7 332.5
7 0.89 112 14 300.0
8 0.81 223 4.7 120.5
9 0.65 276 4.4 231.6
Mean 0.78 210 34 240.0

TP < 0.01; TP < 0.001: significant difference control subjects and the two other asthmatic patients.

*P < 0.05; #*P < 0.01: for comparison between values before and after treatment (within group).

§P < 0.05: for comparison of treatment effects on values (before minus after treatment) for beclomethasone dipropionate (BDP) vs.
placebo.
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Fig. 1. Bronchial biopsy specimens
stained with anti-collagen IV. (a) Vessels
before and (b) after treatment with
beclomethasone dipropionate (BDP) in
patient with asthma (no. 9), and (c) control
subject (no. 3).
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Fig. 2. Correlation between change in subepithelial basement
membrane thickness and change in percent vascularity in
bronchial mucosa in response to beclomethasone dipropionate
(BDP) (@) treatment with asthma.

significant correlation was observed between airway
responsiveness and vessel number or percent vascularity
in asthmatic patients. However, a significant inverse
correlation was observed between change in FEV, and
percent vascularity (ry = —0.49, P < 0.05) in asthmatic
patients. In addition, a significant inverse correlation was
found between change in D,,;, and percent vascularity
(re = —0.36, P < 0.05, Fig. 3).

Discussion

Our results indicate that inhaled corticosteroid treatment of
asthmatic patients significantly reduced bronchial mucosal
vascularity. Increased vessel number and increased percent
vascularity in asthmatic bronchial mucosa suggest that
angiogenesis is a component of the chronic inflammatory
response even in mild-to-moderate asthma. Several
endothelial-specific immunological markers, such as
CD31, CD34 and factor VIII, also showed positive staining
for mesenchymal components and immune cells. Although
type IV collagen antibody is not an endothelial-specific
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Fig. 3. Correlation between change in airway responsiveness and
change in percent vascularity in bronchial mucosa in response to
beclomethasone dipropionate (BDP) (@) or placebo (O) treatment
with asthma. D,;,, Airway responsiveness to methacholine.

marker, it is used to define the basal lamina around vessels
[17]. Blood vessel numbers recorded in our study were
greater than those described by others [6,18]. The higher
counts and greater sensitivity in our study may also have
been due to our technique, which excluded non-vascular
structures. The use of computer image analysis permitted
the counting of pixels within vessels as an accurate
measurement of submucosal area. The number of blood
vessels and percentage of vessel area determined in our
study were significantly greater than those reported by
Kuwano and colleagues [6]. These differences may be due
to the specimens being obtained at post mortem or by
surgical resection, as used in the Kuwano study, having
smaller airways compared with specimens sampled by
bronchoscopy, as in the present study. The use of {3,-
agonist in asthma is associated with vascular dilatation of
large-airway vessels, such as observed in canine studies
[19]. The asthmatic subjects in our study were premedi-
cated with salbutamol prior to bronchoscopy. Although
unlikely to be a major factor, it is possible that premedica-
tion may have contributed to airway-vessel dilatation in
asthmatic subjects. However, salbutamol would not lead to
increased vessel numbers, and there were no significant
correlations between vessel number or percent vascularity
in bronchial mucosa and airway responsiveness in asth-
matic patients. Orcida et al. [20] reported finding a
significant inverse correlation between the number of
blood vessels in bronchial mucosa and airway responsive-
ness in asthmatic patients, but noted that the percentage of
area occupied by vessels did not correlate with airway
responsiveness. The reason for this discrepancy from our
findings may be that factors other than increased vascular-
ity (e.g. degree of epithelial shedding and infiltration of
inflammatory cells, basement membrane thickness and
smooth muscle hypertrophy/hyperplasia) may also affect
airway responsiveness.

The pathophysiological significance of increased vascu-
larity in asthma is unclear. A model of airway wall
thickening proposed by Moreno et al. [21] suggested that
the small increase in airway wall area caused by oedema or
vascular engorgement might account for the increased
airway responsiveness seen upon bronchial provocation.
Mitzner and colleagues [22] have used a model of blood
engorgement of canine airways in vivo to demonstrate a
correlation between wall thickening and luminal narrowing.
Furthermore, in normal subjects a rapid intravenous
infusion of fluid heightened responsiveness to methacho-
line to within the asthmatic range [23]. Thus, the indirect
effect of oedema associated with vessel proliferation may
contribute to both the airway narrowing and subepithelial
injury typical of asthma.

Our study provides evidence that BDP reduced both
vessel number and percent vascularity of asthmatic airways
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compared with a placebo. While biopsy specimens taken
from the same area might affect the vascularity of the
second biopsy due to neovascularization, second biopsies
were undertaken after a period of 6 months. In addition,
neovascularization would tend to reduce the effect of BDP
and increase the number of vessels in the placebo group. In
the BDP-treated group, a significant correlation was
observed between blood vessel size and change in percent
vascularity. The decreasing effect of corticosteroid on
vascularity appeared to be more dependent on the level of
engorgement or dilatation of large blood vessels rather than
small vessels. This effect may be based on the finding that
more large vessels (> 300 pm?) have been identified in
asthmatics than in normal subjects [8]. As a significant
correlation was also found between change in subepithelial
basement membrane thickness and change in vascularity,
we demonstrated that inhaled corticosteroid decreased not
only the thickness of the subepithelium but also the
vascularity of asthmatic airways. Some of the cytokines
and growth factors [24] associated with airway inflamma-
tion play important roles in airway remodelling and may be
responsible for the increased number and percentage of
vessels in asthmatic airways. Vascular endothelial
growth factor (VEGF) is known to be a potent inducer
of angiogenesis and vascular hyperpermeability [25,26].
Also, tumour necrosis factor-alpha stimulation of
angiogenesis may occur by some indirect mechanism,
such as by stimulating other cells to produce
angiogenic factors [27]. In the presence of corticoster-
oids, platelet-activating factor- and platelet-derived
growth factor-induced transcription of VEGF mRNA
and the secretion of VEGF protein were down-
regulated [28]. This inhibitory effect of corticosteroids
on VEGF expression may explain the anti-angiogenic
effects of corticosteroids at a molecular level. However,
further study is needed to determine which angiogenic
factors are inhibited by corticosteroids.

The use of BDP resulted in marked clinical improvement
as measured by FEV, and airway responsiveness, a finding
consistent with the recognized efficacy of inhaled
corticosteroids for asthma [29,30]. Our results suggest
that the effect of inhaled corticosteroid on vascularity
may ameliorate both the airway narrowing and increased
airway responsiveness observed in asthma. Interestingly,
a significant inverse correlation was found between
change in percent vascularity of airways, before and
after treatment with BDP, and FEV, and methacholine
airway sensitivity. However, we observed no relationship
between change in vessel number and airway sensitivity.
One explanation for this finding may be that corticoster-
oids reduce vascular enlargement rather than vessel
numbers.

In conclusion, we have demonstrated that inhaled

corticosteroid reduced both vessel number and percentage
of vascular area in the bronchial mucosa of asthmatic
patients. Furthermore, change in percent vascularity
before and after treatment with BDP was correlated with
FEV, and airway responsiveness. These findings suggest
that the increased vascularity in asthmatic airways may
play an important role in the pathophysiology of asthma,
and that the ability of corticosteroids to decrease
vascularity may explain, in part, their therapeutic effects
in asthma.
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