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ABSTRACT: We have investigated whether mast cells are associated with bronchodilator

responsiveness and airway vascular changes in chronic obstructive pulmonary disease (COPD)

airways. We have previously shown that the reticular basement membrane is hypervascular and

the lamina propria is hypovascular in COPD.

Bronchial biopsies from 32 COPD subjects, 15 smokers with normal lung function and 17

controls, were immunostained for factor VIII, mast cell tryptase and chymase antibodies. Mast

cells in the airway smooth muscle, the reticular basement membrane and the underlying lamina

propria were quantitated.

41% of COPD subjects had significant bronchodilator responsiveness, but this was not related

to smooth muscle mast cell numbers. The reticular basement membrane had greater mast cell

density in all groups compared with controls (p,0.01). In this compartment, perivascular mast cell

density was related to hypervascularity. Lamina propria mast cell density was increased only in

COPD (p,0.05). Perivascular mast cell density in the lamina propria was not related to its

decreased vessel density.

Bronchodilator responsiveness in COPD is not related to large airway smooth muscle mast

cells of either type; both reticular basement membrane and lamina propria mast cells are

increased in COPD patients, and perivascular mast cells may be involved in increased

angiogenesis in the reticular basement membrane.

KEYWORDS: Airway remodelling, airway vessels, bronchodilator responsiveness, chronic

obstructive pulmonary disease, mast cells

M
ast cells are secretory cells that are
replete with granules containing a wide
variety of bioactive agents including

pro-inflammatory, pro-fibrotic, pro-angiogenic
(e.g. vascular endothelial growth factor (VEGF))
and anti-angiogenic factors [1].

Mast cells are thought to contribute to broncho-
constriction, mucus secretion, mucosal oedema,
bronchial hyperreactivity (BHR), inflammation,
angiogenesis and airway remodelling in asthma
[2–5]. In particular, an increase in the number of
airway smooth muscle (ASM) layer mast cells has
been suggested to be related to asthmatic BHR [3].
Bronchodilator responsiveness (BDR) has been
shown to be related to BHR [6] and is probably
based on similar underlying mechanisms.

It is generally held that, by definition, airway
obstruction in chronic obstructive pulmonary dis-
ease (COPD) is irreversible. However, significant

BDR is in fact present in a large subgroup of
patients with COPD, although they are mainly
screened out from therapeutic studies [7, 8]. Some
investigators have suggested that this BDR feature
in COPD is related to ‘‘asthma-like’’ pathology, i.e.
an overlap syndrome [9–11]. A substantial number
of COPD subjects have been shown to have BHR
[12, 13] with a significant correlation between BDR
and BHR [14]. Therefore, given the relationships
between both BHR and BDR in asthma and COPD,
it is relevant to examine the smooth muscle layer in
COPD airways for the number and type of mast
cells, and its relationship to BDR in this setting.

Most cellular mediators can only effectively
function close to the cells of origin to effect
nearby target cells [3, 15]. We have previously
reported hypervascularity in the reticular base-
ment membrane (Rbm) and hypovascularity of
the lamina propria (LP) in the airways of current
smokers with COPD (S-COPD) and to some
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extent smokers with normal lung function (S-N) [16]. We
questioned whether these vascular changes could be associated
with alterations in the number of mast cells in these com-
partments, especially in close apposition to vessels. We hypo-
thesised that 1) patients with COPD who show BDR have
higher mast cell numbers in the ASM layer; and 2) mast cells
are increased in the Rbm and decreased in the LP, especially
around blood vessels, in current smokers.

METHODS
We analysed endobronchial airway biopsies from 64 subjects
including 17 S-COPD, 15 ex-smokers with COPD (ES-COPD),
15 S-N and 17 healthy nonsmoking controls (H-N) to examine
airway wall vascularity and mast cell density. Global Initiative
for Chronic Obstructive Lung Disease guidelines were used for
defining COPD [17]. All COPD subjects were on relief
anticholinergics only. Subjects with other types of respiratory
diseases, those with recent exacerbations or who had used
systemic or inhalational steroids during the last 12 weeks were
excluded. Study subjects had little if any chronic bronchitis.

The study was approved by the human research ethics com-
mittee (Tasmania, Australia) network. All subjects provided
written informed consent.

Pulmonary function tests were performed according to Euro-
pean Respiratory Society/American Thoracic Society (ATS)
guidelines [18]. BDR was defined according to ATS criteria, i.e.
an increase of o12% and 200 mL from baseline forced expiratory
volume in 1 s (FEV1) after 200 mg inhaled salbutamol [7].

Details of bronchoscopies and taking endobronchial biopsies
have been described previously [16]. Eight biopsies from
segmental bronchi in the right lower lobes were obtained from
each individual. No complications were encountered.

Tissue processing
Of the biopsies, four were fixed in 4% neutral buffered
formalin for 2 h and subsequently processed into paraffin
through graded alcohol and xylene using a Leica (Leica
Microsystems, Wetzlar, Germany) ASP 200 tissue processor.
3-mm sections were cut from individual paraffin blocks, stained
with haematoxylin and eosin and morphologically assessed
for suitability for immunostaining, being chosen to minimise
tangential sectioning of the epithelium and to provide greatest
length of epithelium. Two 3-mm sections, separated by a mi-
nimum of 50 mm from such blocks, were collected on each
slide. Following removal of wax and hydration through des-
cending grades of ethanol, sections were immunostained for
mast cells using monoclonal mouse anti-human mast cell
tryptase antibody (Anti AA1, Dako M7052 (Dako, Cambridge,
UK), 1 in 1,500 for 20 min at 22uC) or monoclonal mouse anti-
human chymase (Abcam ab2377 clone CC1 (ABCAM, Cam-
bridge, MA, USA) at 1/100 dilution for 1 h at 22uC); (all
antibodies were diluted using Dako diluent S0809). Serial
sections were treated with mouse immunoglobulin G1 isotype
control (Dako X0931 at equivalent concentrations and condi-
tions). A positive tissue control was included in all immuno-
staining. Endogenous peroxidase was quenched using 3%
hydrogen peroxide in water for 15 min prior to addition of
primary antibodies and the sections being stained for mast cell
tryptase were treated with 0.025% type VIII protease (Sigma

P-5380; Sigma-Aldrich, St Louis, MO, USA) in PBS for 3 min at
37uC to expose antigens. Subsequent to primary antibodies,
Dako EnVision+ (Dako K4001) was applied to the sections for
30 min. The sections were then incubated with diaminobenzi-
dine (Dako) as chromogen for 10 min. For sections stained for
mast cell tryptase, immunostaining with monoclonal mouse
anti-human von Willebrand factor (Dako M0616; 1/50 for 2 h
at 22uC) was undertaken for vessel staining. This antibody was
elaborated using a ‘‘RealTM’’ (Dako 5005) biotinylated link
followed by ‘‘RealTM’’ (Dako K5355) streptavidin-labelled alk-
aline phosphatase for 20 min each. Antibodies were visualised
using permanent red (Dako K0640). Mayer’s haematoxylin was
used to elaborate nuclei and eosin counterstaining was used to
discriminate the smooth muscle fibres from surrounding tissue
in the immunostained slides.

Measurements
Sections were randomised and coded independently of the
histologist who examined them, blinded to diagnosis and order.
Tissue examination was performed using a computer-assisted
image analysis tool (Image-Pro version 5.1; Media Cybernetics,
Bethesda, MD, USA) at 6400 magnification. As many non-
overlapping pictures as possible were taken from each slide, and
eight of these separate fields were randomly chosen for enu-
meration. Only tissue samples with intact epithelium and base-
ment membrane were selected for examination of the Rbm and
LP (fig. 1). As prospective criteria, developed after pilot studies
on our material, the amount of smooth muscle available for mast
cell analysis had to be sufficient to constitute 30% of the length
immediately below the LP, and to have definite muscle bundles
present. In general, this constituted ,0.03 mm of smooth muscle
per slide, which is less than described by BRIGHTLING et al. [3],
although the specifics given were somewhat ambivalent.

The number and cross-sectional area of vessels in the Rbm, and
separately up to 150 mm from the antilumenal border of the

Epithelium

Rbm

LP

SM

SM

FIGURE 1. A section of a bronchial biopsy to demonstrate the anatomy:

epithelium, reticular basement membrane (Rbm), lamina propria (LP) and smooth

muscle layer (SM). Haematoxylin and eosin and antitryptase staining, magnification

6400. Scale bar520 mm.
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Rbm in the LP (figs 2 and 3), were quantitated and normalised
to the length of the Rbm and the area of LP, respectively [16].
As the results corroborated previous observations [16], i.e.
hypervascularity in the Rbm and hypovascularity in the LP,
these data are not reported. The numbers of tryptase-positive
mast cells (MCT) in the Rbm (fig. 3) and the LP (figs 2 and 3)
were counted and normalised to the area of the Rbm and LP to
calculate the density of mast cells per square millimetre of
tissue. The number of MCT and chymase-positive mast cells
(MCTC) in the ASM (fig. 4) were counted and divided by the
surface area of compartment examined. Using an image
analysis tool, a perimeter with a width of 10 mm was drawn
around the margin of each vessel in the Rbm and LP, and the
density of mast cells per square millimetre of tissue in this
perimeter compartment was measured. Given the relative size
of mast cells (usually 8–10 mm in diameter, but up to 20 mm) to
the perivascular area of interest, any mast cell that was even
partially located within this perimeter or in contact with the
perimeter, was counted as being perivascular.

Analysis
Nonparametric ANOVA (Kruskal–Wallis) tested differences
between all study groups, with post hoc analyses for between
two groups comparisons performed using Mann–Whitney U-
tests when analysis revealed a significant difference according
to a priori hypothesis. Spearman correlations were used to test
relationships. All analyses were performed by PASW statistics
18 (formerly SPSS Inc., Chicago, IL, USA) for Windows. Two-
tailed p-values ,0.05 were considered significant.

RESULTS
60 out of 64 subjects had enough tissue for both the Rbm and
LP measurements. 39 out of 49 subjects who were included in
the analysis for ASM measurements had adequate tissue per
protocol (see Methods section for details). Table 1 shows the

demographics of the participants. 41% of S-COPD and 40% of
ES-COPD had BDR according to ATS criteria (41% overall).
47% of S-COPD and 69% of ES-COPD suffered from mild
COPD and the rest from moderate COPD (Chi-squared p50.2)
[17] . 42% of COPD with BDR and 67% of COPD with no BDR
had mild disease and the rest had moderate disease (Chi-
squared p50.2). Median post-bronchodilator change of FEV1

was 250 mL for all COPD subjects, 340 mL for COPD with
BDR and 120 mL for COPD with no BDR.

65% of MCT in the ASM layer were stained positively for
chymase. The density of ASM layer MCT was not significantly
different between COPD with BDR, COPD with no BDR and
H-N groups (nonparametric ANOVA, p50.8) (fig. 5), and
there was no difference in the density of MCTC between
COPD with BDR versus COPD with no BDR (median (range) 28
(0–69) versus 47 (0–142), respectively; p50.3).

The average density of mast cells and perivascular mast cell
density was significantly increased in the Rbm of the S-N, S-
COPD and ES-COPD groups compared with H-N (nonpara-
metric ANOVA test p,0.001 and p,0.01, respectively). S-N
had also significantly increased perivascular mast cell density
compared with ES-COPD (fig. 6).

The average density of mast cells in the LP was significantly
increased in the S-COPD and ES-COPD groups compared with
H-N (fig. 7). However, the density of perivascular mast cells
was not significantly different between groups (fig. 7).

Correlations
No correlations were found between BDR (either as absolute
change or % change in FEV1) and ASM mast cell density (either
MCT or MCTC) in both COPD groups (r values between -0.01

Epithelium

FIGURE 2. A bronchial biopsy stained with anti-factor VIII and anti-tryptase

antibodies to detect vessels (black arrows) and mast cells (blue arrows), respectively.

Some mast cells are demonstrated around vessels in the lamina propria. Magni-

fication 6400. Scale bar520 mm.

Epithelium
a)

c) d)

b)
Epithelium

FIGURE 3. Mast cells in the a) and b) lamina propria and c) and d) reticular

basement membrane (Rbm). a) Vessels stained by anti-factor VIII antibody (black

arrow) and anti-tryptase for mast cells (blue arrows) in the lamina propria.

Magnification 6400. b) Higher magnification (6630) of the same area in a). c and

d) Mast cells in the Rbm (blue arrows). c) A vessel stained with anti-factor VIII

antibody can also be seen in the Rbm (black arrow). Scale bars520 mm.
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and -0.3). However, only in the non-BDR COPD group was MCT
density in the ASM correlated with FEV1 % predicted (r50.5,
p,0.05), and MCTC density in the ASM was correlated quite
strongly and positively with forced vital capacity (FVC) (r50.8,
p,0.01) and FVC % predicted (r50.7, p,0.05), and correlated
negatively with the FEV1/FVC ratio (r5 -0.6, p,0.05).

Perivascular mast cell density in the Rbm correlated positively
with number and area of vessels in S-COPD (r50.8, p,0.01
and r50.7, p,0.01 for number and area of vessels, respec-
tively), in ES-COPD (r50.7, p,0.05 and r50.6, p,0.05) and in
the S-N groups (r50.8, p,0.01 and r50.9, p,0.001). Total mast
cell density (but not perivascular density) in the LP correlated

negatively with the area of vessels in this compartment only in
the S-COPD group (r5 -0.5, p,0.05). Age was on average
greater in the COPD groups, although with substantial overlap
with the other groups. Furthermore, there was no suggestion
of a relationship between age (either within groups or for the
whole dataset), and any variables of interest in our study (as
examples, in both COPD groups combined, for age versus Rbm
mast cells, r5 -0.02, p50.9; for age versus LP mast cells, r5 -0.2,
p50.4).

DISCUSSION
Our main airway pathophysiological findings can be summari-
sed as follows.

First, there was no relation between mast cell density in the
ASM in COPD subjects and variation in BDR for either tryptase

b)

a)

FIGURE 4. Mast cells in airway smooth muscle layer. a) Smooth muscle layer

deep in the mucosa in a section of a biopsy of the airway with mast cells stained

using the anti-tryptase antibody. Magnification 6400. b) The inset is magnified to

show mast cells within the bulk of smooth muscle (blue arrows). A vessel can also

be seen (black arrow) stained with anti-factor VIII antibody. Magnification 61000.

Scale bars520 mm.

TABLE 1 Demographics

Groups H-N S-N S-COPD ES-COPD

Subjects n 17 15 17 15

Age* yrs 49 (20–68) 46 (30–65) 60 (46–69) 61 (53–69)

Female//male 11/6 4/11 7/10 5/10

Pack-yrs

smoking

0 35 (11–57) 44 (18–82) 50 (18–151)

FEV1/FVC#% 82 (71–88) 78 (70–96) 59 (46–68) 62 (38–68)

FEV1% pred 107 (86–140) 93 (78–125) 79 (55–100) 83 (55–112)

DFEV1% 8 (0–30) 10 (2–17)

Data are presented as median (range), unless otherwise stated. H-N: healthy

and nonsmoking controls; S-N: smokers with normal lung function; S-COPD:

smokers with chronic obstructive pulmonary disease; ES-COPD: ex-smokers

with COPD; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; %

pred: % predicted. #: post-bronchodilator values. *: p,0.05 (nonparametric

ANOVA).
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or chymase cellular subtypes. Secondly, increased perivascular
mast cell density in the Rbm, found especially in current
smokers, was positively related to Rbm hypervascularity.
Thirdly, average mast cell density in the hypovascular LP was
increased in both COPD groups compared with the control
group, but not in normal smokers; however, perivascular mast
cell density was not different between groups, and was not
related to vessel number in the LP. Fourthly, in COPD subjects
without BDR, there was a positive relationship between mast
cell density and better airway function.

Some studies have reported ‘‘asthmatic features’’ in a sub-
group of COPD patients and suggested an overlapping asthma
phenotype [9–11]. However, in contrast to the findings in
asthma suggesting localisation of mast cells in the smooth
muscle [15], our study found no differential localisation of
mast cells in the ASM layer in COPD, and localisation was not
found specifically in those with more BDR, at least not in those
large airway biopsies under investigation. In general, airway
pathology is uniform throughout the airway system [19] and
it is unlikely that BDR is solely a small airway function, even
in COPD. We feel that the findings do suggest that the patho-
physiology of BDR is different between asthma and COPD,
though it would be reassuring to also have a repeat

pathophysiological correlation study involving small airway
tissue, though of course this would be logistically difficult.

There is a close relationship between BHR and BDR in asthma
[6], and they are likely to be related entities. This relationship
has also been shown in COPD, where baseline airway calibre is
less variable than asthma [14]. Similarly, REID et al. [8] did not
find any particular asthma-type eosinophilic inflammatory
feature which could differentiate COPD with BDR from COPD
with no BDR. Our findings are in keeping with other studies
that found no changes in ASM mast cells in COPD [20–22] and
no correlation between ASM mast cell number and BHR [22].

It has been shown that BDR is variable over time in COPD
subjects [23]. Bronchodilator reversibility and endobronchial
airway biopsies were performed within 24 h in our subjects,
and we feel it is reasonable to use our data from these two
procedures as representing a single epoch. It is unlikely that
the cellular or physiological picture would be very different
over 24 h in stable subjects with no change in clinical or
therapeutic status.

ASM mast cell densities, determined with both tryptase and
chymase staining, were correlated positively with lung function
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parameters. GOSMAN et al. [24] also found a similar positive
correlation between ASM mast cell density in small airways and
FEV1 % predicted, but they also found a positive correlation
between peripheral airway epithelial and subepithelial mast cell
density and the FEV1/FVC ratio. Overall, these data suggest
that mast cells are protective to the airways in COPD, or that
they are found particularly in earlier disease.

Our study revealed that perivascular mast cell density in the
Rbm was positively associated with the number and area of
vessels in that compartment, suggesting that mast cells may
play a role in angiogenesis and hypervascularity in the
bronchial Rbm in both smokers and COPD subjects. Our
previous report of increased vessel-associated VEGF in the
Rbm is compatible with this suggestion [16]. In the LP where
vessel numbers were decreased, overall mast cell density was
increased, but interestingly this was not the case in the
perivascular space, where they were relatively decreased
compared with the rest of the LP. We did find a negative
correlation between overall mast cell density and vascular
area, and future studies should investigate whether these cells
may be secreting anti-angiogenic factors [1].

Previous data on mast cells in COPD airways have given
mixed messages, but none have deliberately differentiated
between Rbm and LP compartments. GRASHOFF et al. [25]
studied small airways from current- and ex-smokers with
COPD and reported more mast cells in the epithelium, but not
in the remainder of the airway wall. However, a group in
Sweden found more mast cells in the epithelium, LP and ASM
in biopsies taken from the main tracheal carina in asympto-
matic smokers [26]. Others have not found an increase in
airway mast cells in COPD, but used smokers with or without
bronchitis as controls [27, 28]. Other studies that have found no
difference in mast cell numbers between S-COPD and S-N
have had very small numbers of participants, with the
possibility of type-2 statistical errors [29, 30].

Although our COPD subjects were generally older than those
in the H-N and S-N groups, there was great overlap, and no
suggestions of relationships between age and the outcomes of
interest in this study, either in the whole dataset or in any
subgroups. From 32 COPD subjects, only 25 had enough
appropriate tissue (as per prospective protocols) for comparing
ASM mast cell density between groups. This could raise a
question about the power of the study, but figure 5 makes it
clear that a type-2 statistical error is quite unlikely.

Conclusions
Our study did not find the ‘‘asthma-type’’ picture of
disproportionately more mast cell in the ASM layer in
bronchial biopsies from the subgroup of COPD with BDR.
Perivascular mast cell density was increased in the hyper-
vascular Rbm in both the S-N and COPD groups, though it
was predominantly a smoking-related effect. Mast cells
were increased in number in the LP in COPD groups, but
not in physiologically normal smokers, and were relatively
fewer around the numerically depleted LP vessels. Our
novel data suggest roles for mast cells in vascular airway
remodelling in COPD, and potentially in preservation of
airway function.
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