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– 13 –General introduction

Definition and clinical hallmarks of copd 

Chronic Obstructive Pulmonary Disease (COPD) is world-wide highly prevalent and the 
only major disease with increasing mortality rates (1). The World Health Organization has 
listed COPD as the fifth leading cause of death in the world and predicted it to be the 
third most common disease by the year 2020 (www.who.int/whr/2002). The prevalence of 
COPD in the Netherlands in the year 2000 was 328.600 inhabitants based on registration 
by general practitioners (www.rivm.nl). According to the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) guidelines (2), COPD is defined as 

“a disease state characterised by airflow limitation that is not fully reversible. The airflow 
limitation is usually progressive and associated with an abnormal inflammatory response of the 
lungs to noxious particles or gases. Symptoms of COPD include cough, sputum production, and 
dyspnea on exertion. Episodes of acute worsening of these symptoms often occur”. 

Airflow limitation is specified as a Forced Expiratory Volume in one second (FEV1)/
Forced Vital Capacity (FVC) ratio below 70%. In addition, COPD is divided in four severity 
stages from mild to very severe (GOLD I-IV) based on FEV1 % predicted (table 1). GOLD 
stage 0 represents a group of individuals who have no airflow limitation, but do have res-
piratory symptoms and are considered to have an increased risk to develop COPD later 
in life. 

Table 1: GOLD classification of severity of COPD 

GOLD stage Characteristics 
0; At Risk Normal Spirometry

Chronic symptoms (cough, sputum production)
•
•

I; Mild COPD Fev1/FVC < 70%
Postbd FEV1 > 80% predicted
With or without chronic symptoms 

•
•
•

II; Moderate COPD Fev1/FVC < 70%
 Postbd 50% < FEV1 < 80% predicted
  With or without chronic symptoms

•
•
•

III; Severe COPD Fev1/FVC < 70%
Postbd 30% < FEV1 < 50% predicted
With or without chronic symptoms

•
•
•

IV; Very Severe COPD Fev1/FVC < 70%
 Postbd FEV1 < 30% predicted or FEV1 < 50% 
predicted plus chronic respiratory failure

•
•

Definition of abbreviations:  
GOLD = Global Initiative for Chronic Obstructive Lung Disease;  
COPD = Chronic Obstructive Pulmonary Disease;  
Postbd = Postbronchodilator;  
Fev1 = Forced expiratory volume in one second;  
Fev1/FVC = Ratio of FEV1 and Forced vital capacity
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Up to two thirds of patients with COPD have airway hyperresponsiveness (AHR) (3), even 
those with mild airway obstruction. AHR is defined as an exaggerated bronchoconstrictive 
response of the airways to non-specific stimuli, such as perfume and cold air. It is usually 
measured by inhalation of methacholine, a stimulus of cholinergic receptors that induces 
airway smooth muscle contraction. AHR is important in relation to the development of 
COPD, given its independent association with an increased risk of developing respiratory 
symptoms, accelerated lung function loss, as well as mortality due to COPD in a general 
adult population (4-6). Moreover, the severity of AHR is associated with accelerated decline 
of Fev1 in established COPD (7). The exact pathophysiologic mechanism of AHR is unclear, 
but it is thought to result from an inflammatory process in the airways in addition to geo-
metric changes due to airway smooth muscle hypertrophy, mucus hyper secretion, and loss 
of alveolar attachments (8).

Risk factors and pathogenesis of copd

There is no doubt that cigarette smoking is the single most important risk factor for the 
development of COPD in the industrialised world. However, there is a wide range in 
disease severity, irrespective of the number of pack-years smoking. Furthermore, only a 
minority of smokers develops the disease, suggesting that besides smoking an underlying 
individual susceptibility plays a role in the development of the disease. A conclusive genetic 
factor that has been implicated in the pathogenesis of COPD is the gene that encodes for 
α1-antitrypsin, an inhibitor of the proteolytic enzyme elastase. More recently, some other 
genes have been proposed to play a role in the development of airway obstruction, e.g. a  
Tumor Necrosis Factor (TNF)-α gene (9-12) and A Disintegrin and Metalloprotease (ADAM) 
33 gene (13). 

The pathogenesis of COPD has been extensively studied and at least three important 
processes are believed to play a role in the development and progression of the disease: an 
imbalance in 1) proteases and anti-proteases, 2) oxidants and anti-oxidants, and 3) an in-
crease in both pulmonary- and systemic inflammation. Since inflammation is one of the main 
topics of this thesis, this will be discussed more extensively in the following paragraph.

Inflammation in copd

Pulmonary inflammation
An ongoing inflammatory process is present in central and peripheral airways, and in lung 
tissue of patients with COPD. In the current thesis, airway inflammation is assessed by 
inflammatory cells in induced sputum, bronchial biopsy samples, and bronchoalveolar lavage 
(BAL) fluid. Sputum is thought to reflect predominantly luminal inflammation in central 
airways, bronchial biopsies represent mucosal inflammation in central airways, and BAL fluid 
reflects luminal inflammation in peripheral airways and alveoli (14;15). In addition, in one study 
of this thesis we have assessed airway inflammation in central and peripheral airways from 
surgical resection material of patients with COPD and controls without airflow limitation. 
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Central and peripheral airways are distinguished by the presence of cartilage and luminal 
diameter. Central airways have cartilage in their walls, whereas peripheral airways do not. 
Moreover, more or less arbitrarily, central airways have been delimited as greater than 
2 mm and peripheral airways as less than 2 mm in internal diameter. It is generally assumed 
that inflammation in central airways contributes to symptoms such as cough and mucus 
hypersecretion, whereas inflammation and fibrosis of peripheral airways and surrounding 
parenchyma is thought to be the major mechanism underlying airflow limitation in COPD. 
Many cells have been reported to be involved in the pathogenesis of COPD; the various 
inflammatory cell types in COPD will be discussed below. 

neutrophils 
Neutrophils are the most studied cells in COPD. Nevertheless, their exact role is yet un-
clear. Numbers of neutrophils are increased in sputum (16) and BAL fluid (17) of patients 
with COPD. Activated neutrophils can lead to tissue damage by the release of proteins and 
oxidants, such as neutrophil elastase, matrix metalloproteases, and oxygen radicals such as 
o2

- and myeloperoxidases (MPO). Cross-sectional studies have demonstrated an associa-
tion between increased numbers of mucosal neutrophils in central airways and more severe 
airflow limitation in patients with COPD (18). In addition, numbers of neutrophils are higher 
in the airway smooth muscle of peripheral airways from smokers with COPD than in non-
smokers without airflow limitation (19).

Macrophages 
Macrophages may play a pivotal role in the inflammatory process in COPD. Several 
studies have demonstrated an increase in their numbers in sputum, BAL fluid, and lung 
parenchyma from patients with COPD (20;21). In addition, higher numbers of these cells 
are associated with more severe airflow limitation (18). Levels of monocyte chemotactic  
peptide-1, a monocyte-selective chemokine, are increased in sputum and BAL fluid of 
patients with COPD (22;23), with increased expression in macrophages (24). Activated 
alveolar macrophages stimulate inflammation through the secretion of a broad array of 
mediators including elastolytic enzymes such as matrix metalloproteases (MMPs), cathepsins, 
and neutrophil elastase (25;26). Interestingly, macrophages from patients with COPD secrete 
more inflammatory proteins and have a greater elastolytic activity than those from normal 
smokers (27-29). The latter is even further increased after exposure to cigarette smoke 
(29). Conversely, macrophages can also contribute to the resolution of the inflammatory 
response by the release of anti-inflammatory proteins, such as transforming growth factor-ß 
(TGF-ß) and tissue inhibitors of MMPs (20;30). However, it has been demonstrated that the 
anti-inflammatory capacity of macrophages from patients with COPD is reduced compared 
to smokers without airflow limitation (31). 

Lymphocytes
T lymphocytes, and in particular CD8+ lymphocytes are thought to play an important role 
in the pathogenesis of COPD. Both CD4+ and CD8+ lymphocytes are increased in surgi-
cal specimens from patients with severe COPD (32). In addition, CD8+ lymphocytes are 
increased in the airway wall of smokers with COPD (33;34) and higher numbers are cor-
related with more severe airflow limitation (35). T lymphocytes may (in)directly lead to lung 
damage by the release of cytokines. Activated CD4+ cells are able to secrete interferon-γ, 
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the most potent macrophage-activating cytokine, and CD8+ cells are able to produce cy-
tokines such as TNF-α, which enhances neutrophil chemotaxis and migration.

The role of B lymphocytes in COPD has recently attracted attention long after Bosken 
et al. reported that their numbers are increased in central and peripheral airways of patients 
with COPD, compared with controls without airflow limitation (36). Hogg et al. showed 
that the accumulated volume of B lymphocytes in small airways is positively associated 
with the severity of the disease (37). Although their exact role is unclear, higher numbers 
of B lymphocytes can result from a local inflammatory process, from an altered T-helper  
(Th)1-Th2 balance, or can reflect an antigen specific reaction. The latter may be against 
respiratory pathogens, such as viruses or bacteria, extracellular matrix products, or cigarette 
smoke constituents.  

Eosinophils
The role of eosinophils in the pathogenesis of stable COPD is still a matter of debate. 
The lung, together with the gastro-intestinal system, constitutes the main residence for 
eosinophils. Some studies report an increase in their number in both airways and lavage of 
patients with stable COPD (17;38), although others do not confirm this (39-41). Levels of 
eotaxin, a chemo-attractant for eosinophils produced by epithelial cells, are higher in spu-
tum from patients with COPD than in healthy controls (42). Theoretically, eosinophils could 
cause damage by the release of mediators, such as eosinophil cationic protein and per-
oxidases, and by the production of cytokines and free oxygen species. Interestingly, several 
studies have demonstrated that the number of eosinophils in sputum predicts the response 
to oral and inhaled corticosteroids in patients with COPD (43;44). Finally, numbers of eosi-
nophils in sputum and bronchial biopsies are increased during an exacerbation in patients 
with COPD (45;46).

Mast cells
The exact role of mast cells in COPD is yet unknown. Several studies have previously 
demonstrated higher numbers of mast cells in patients with COPD, than in subjects with-
out airflow limitation (47-49). The spectrum of mediators released by activated mast cells 
is diverse and includes cytokines, growth factors, and potent proteases such as tryptase, 
known to increase mucus production in the airways. Increased mucus production in com-
bination with decreased mucus clearance may increase the likelihood or severity of COPD 
exacerbations.

Epithelial cells
Alveolar and airway epithelial cells can be activated by cigarette smoke to secrete a variety 
of inflammatory mediators and proteases, such as TNF-α, TGF-ß, and interleukin-8 (IL-8) 
(50-52). Primary epithelial cells from patients with COPD secrete higher levels of IL-8 than 
smokers without airflow limitation (53). In addition, airway epithelial cells have an important 
role in pulmonary defence by the secretion of so-called defensins and other peptides with 
antimicrobial effects (54). 

Finally, lung fibroblasts and airway smooth muscle cells have an important role in the 
inflammatory process in patients with COPD, but are beyond the scope of this thesis. 

Systemic inflammation
It is widely accepted that COPD is a multi-component disease with extra-pulmonary mani-
festations such as systemic inflammation (55). The latter could be due to a spill over of pulmo-
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nary cytokines and chemokines into the blood compartment, or result from (pre)activation 
of peripheral inflammatory cells. Several studies have demonstrated higher numbers of 
circulating leukocytes in patients with COPD than in healthy controls (56;57). Moreover, a 
large epidemiological study has demonstrated that lower lung function is associated with 
higher numbers of blood leukocytes, independent of smoking (58). In vitro experiments have 
shown increased production of reactive oxygen species by blood neutrophils from patients 
with stable COPD, compared to smoking and non-smoking controls (59). However, there 
were no significant differences in elastase and MPO release by blood neutrophils between 
patients with emphysema and healthy controls (60). With respect to lymphocytes, the per-
centage of CD8+ cells in blood was significantly higher in ex-smokers with COPD than in 
non-smoking healthy controls (61), compatible with the observed increase in CD8+ cell 
numbers in the airway wall of patients with COPD (33;35). Moreover, blood lymphocytes 
isolated from patients with COPD show increased activity of cytochrome oxidase which 
plays a role in lymphocyte apoptosis (62). Taken together, these results direct towards a 
change in both the number and function of peripheral inflammatory cells in patients with 
COPD. 

Treatment of patients with COPD 

Smoking cessation is the only therapeutic intervention so far, shown to reduce COPD 
progression, but is a difficult task, even more so in patients with COPD (63). Current phar-
macological treatments, such as bronchodilators and inhaled corticosteroids (ICS), do not 
reduce COPD progression. Nevertheless, they have a beneficial effect on clinical outcome 
parameters such as lung function, symptoms, health status, exacerbation frequency, and 
mortality (64-70). Therefore, GOLD guidelines recommend bronchodilators as first-line 
pharmacological therapy in patients with COPD and advise addition of ICS for patients with 
more severe disease and/or frequent exacerbations (2). In the following paragraph, we will 
more extensively discuss the effects of bronchodilators, ICS, and combination therapy of 
these drugs on clinical and inflammatory parameters in patients with COPD. 

Bronchodilators
Inhaled bronchodilators are central to symptomatic treatment for COPD and are given on 
an as-needed base in case of persistent or worsening symptoms, or are prescribed on a 
regular base to prevent and reduce symptoms. Two groups of inhaled bronchodilators are 
distinguished i.e. ß2-agonists and anticholinergics. In addition to their bronchodilatory effect, 
they effectively reduce some aspects of airway inflammation in vitro (71;72). Moreover, these 
anti-inflammatory effects have been confirmed in a number of in vivo studies comprising 
healthy volunteers and patients with mild asthma (73;74).

The effects of salbutamol, a short-acting ß2-agonist, have been reviewed in a meta-
analysis including 13 studies of therapeutic intervention of at least one week duration in 
patients with COPD (75). This analysis demonstrated that treatment with salbutamol results 
in a slight, but significant reduction in airflow limitation and an increase in peakflow when 
compared to placebo. In addition, daily breathlessness reduced during active treatment 
when compared to placebo. 
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The long-acting ß2-agonist (LABA) salmeterol improves health status (76), symptoms 
(66), and reduces lung hyperinflation (64) compared to placebo. Some studies have shown 
that salmeterol is superior to both the short-acting anticholinergic ipratropiumbromide and 
placebo in reducing airflow limitation and time to first exacerbation (65), although others 
do not confirm this (77). Salmeterol inhibits inflammatory responses by neutrophils and 
mononuclear cells in vitro (71;72), and in mouse models of lung inflammation in vivo (78). In 
addition, this ß2-agonist exerts anti-inflammatory effects in healthy volunteers exposed to 
lipopolysaccharide (73) and in patients with mild asthma (74). The effect of salmeterol on 
inflammation in patients with COPD is yet unknown.

Finally, tiotropium, a long-acting anticholinergic agent, has shown to improve FEV1 com-
pared to placebo in patients with COPD (79). A 6-month study in patients with COPD 
suggested that tiotropium is superior to salmeterol in improving FEV1, dyspnea, and health 
status (80). 

Inhaled corticosteroids 
ICS are recommended for patients with more severe airflow limitation and/or frequent 
exacerbations (2). After binding to the intracellular glucocorticoid receptor, these drugs re-
press gene transcription of pro-inflammatory cytokines and proteins, and upregulate genes 
coding for anti-inflammatory cytokines. 

ICS do not affect the rate of decline in lung function, but produce a small increase 
of postbronchodilator FEV1 in the first months which is sustained during follow-up 
(66;67). The ICS fluticasone provides a significant improvement in prebronchodilator 
Fev1 and symptoms in patients with mild to severe COPD (68), and long-term treatment  
(> 12 months) additionally reduces mortality (70). Moreover, a number of individual studies 
has demonstrated that ICS reduce exacerbation rates in COPD (66;69), and these findings 
have been confirmed in meta-analyses of pooled data (81;82), particularly in patients with 
more severe COPD. However, Suissa and co-workers suggested in a recent publication that 
the observed beneficial effects of ICS on exacerbations are the result of improper statistical 
analysis techniques (83). Study results on the effects of ICS on AHR in COPD show variable 
results, i.e. no effect (84) or a positive effect (85). 

In contrast to their clinical efficacy, effects of ICS on airway inflammation in COPD appear 
to be limited. So far, ICS have been suggested to reduce the percentage of neutrophils 
in BAL fluid (86) and the number of bronchial mast cells (87), but have no effect on 
the number of bronchial CD8+ lymphocytes and macrophages, or the number of sputum 
neutrophils (87-89).

Combination therapy
Treatment with a combination of ICS and LABA is increasingly used in patients with COPD. 
Each individual component has shown to have beneficial clinical effects, and some in vitro and 
in vivo data suggest an additive, or even synergistic effect of combination therapy (90-93). 

Previous studies have demonstrated that combination therapy in patients with moderate 
to (very) severe COPD results in significantly greater improvement in lung function than 
monotherapy with either of these drugs (69;94;95). In addition, combination therapy 
resulted in fewer exacerbations (69) and a clinically significant improvement in quality of life 
compared to placebo (69;95). So far, no studies have investigated the effect of combination 
therapy on the severity of AHR.
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Recently, just before finishing this thesis, Barnes and co-workers investigated the effect 
of treatment with fluticasone/salmeterol on markers of bronchial inflammation in patients 
with moderate to severe COPD (96). These authors demonstrated a reduction in the 
number of sputum neutrophils and eosinophils, and a decrease in bronchial CD4+ and 
CD8+ lymphocytes after 12 weeks treatment with fluticasone/salmeterol, compared to 
placebo. These cellular changes were accompanied by a reduction in exacerbation rate and 
an increase in prebronchodilator FEV1. However, the results in the fluticasone/salmeterol 
group were not compared with effects of fluticasone monotherapy. 

Aims of the studies

Most of the data described in the current thesis result from the Groningen Leiden Universities 
Corticosteroids in Obstructive Lung Disease study (the GLUCOLD study). The GLUCOLD 
study is a two-centre, randomised, double-blind, four armed, placebo-controlled, parallel-
group study. It was designed to investigate the effect of ICS, either or not in combination 
with a LABA, in patients with COPD. In this study, we included one-hundred-and-fourteen 
patients with moderate to severe COPD and randomised them to either ICS monotherapy 
(fluticasone 500 μg BID), combination therapy with ICS and LABA (fluticasone/salmeterol 
500/50 μg BID), or placebo twice daily during 30-month treatment. After 6 months of 
treatment, the fluticasone group was divided in two separate groups: half of the patients in 
this group carried on using fluticasone, and half of them started using placebo (figure 1). 

Figure 1:
Design of the GLUCOLD study

We chose this particular design to clarify whether short-term ICS treatment will suffice, 
or whether long-term treatment is required to preserve any clinical, functional, and/or 
pathological benefits of ICS. This choice was based on the observation that ICS improve 
FEV1 during the first 2-6 month of treatment, but have no effect on subsequent lung function 
decline (66;67). In addition, we investigated whether treatment with a combination of ICS 
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and LABA is superior to therapy with ICS alone on clinical, functional, and/or pathological 
outcome in COPD. Previous studies have already demonstrated that combination therapy in 
patients with moderate to (very) severe COPD results in a significantly greater improvement 
in lung function and a reduction in exacerbation rate than monotherapy with either of these 
drugs (69;81;94;95). However, so far no studies have compared the effect of combination 
therapy with ICS monotherapy on parameters of AHR and airway inflammation. 

Participants of the GLUCOLD study were seen at the out-patient clinic every three 
months in order to collect information from spirometry, symptoms, and health status ques-
tionnaires. In addition, at baseline, and after 6 and 30 months of treatment more extensive 
measurements were performed, including a methacholine provocation test, sputum induc-
tion, and bronchoscopy with bronchial biopsy sampling (table 2). The studies described in 
this thesis concern both baseline- and longitudinal data after 6 months of treatment.

Table 2: Measurements during the GLUCOLD Study

Every three months Baseline, and after 6 and 30 months of 
treatment

Spirometry Spirometry

- Body plethysmography

Symptoms Symptoms

Health status questionnaires Health status questionnaires

- Peripheral blood

- AHR to methacholine

- Sputum induction

- Bronchoscopy and bronchial biopsies

Definition of abbreviations:  
GLUCOLD = Groningen Leiden Universities Corticosteroids in Obstructive Lung Disease;  
AHR = Airway hyperresponsiveness

The current thesis focuses on two important pathophysiological features of COPD i.e. 
AHR and the inflammatory process that is present in the airways, as well as in the systemic 
compartment. In Chapter 2, we studied the relationship between these pathophysiological 
hallmarks of COPD. We investigated the relation between the severity of AHR and both 
airway- and systemic inflammation in patients with moderate to severe COPD, using base-
line data of the GLUCOLD study. In Chapter 3, we questioned whether AHR and airway 
inflammation in COPD have an communal, underlying genetic constitution. To this aim, we 
investigated whether polymorphisms in the ADAM33 gene are associated with AHR and 
airway inflammation in COPD. ADAM33 gained our interest since previous studies dem-
onstrated an association between this gene and AHR in a family cohort of asthma (97). 
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Moreover, our research group previously demonstrated an association between ADAM33 
and presence of COPD in a large, general population cohort (13).

The inflammatory process in the lungs of patients with COPD involves many cell types. 
Neutrophils, macrophages, and CD8+ lymphocytes are thought to play a key role in the 
pathogenesis of COPD. In addition, it has been shown that the accumulated volume of 
B-cells in small airways is increased in COPD GOLD stage III and IV (37). However, little is 
known about the number of B-cells in large airways in COPD. In Chapter 4, we investigated 
whether a difference exists in the number of B-cells in bronchial biopsies from patients with 
COPD compared to controls without airflow limitation. We hypothesised that the number 
of B-cells in bronchial biopsies of large airways was higher in patients with COPD than in 
controls, and higher in more severe COPD. 

Since inflammation is such a prominent feature of COPD, anti-inflammatory therapy 
with e.g. ICS seems rational. Previous studies have already demonstrated a beneficial effect 
of these drugs on clinical outcome (66-69), but their effects on airway inflammation appear 
to be limited. In addition, treatment with a combination of ICS and LABA is rapidly gaining 
interest in COPD due to their suggested additive, or even synergistic effect on airway in-
flammation. In Chapter 5, we describe the results of the first study comparing the effects of 
6 months ICS alone and in combination with LABA versus placebo on airway inflammation 
in patients with moderate to severe COPD.

Airway inflammation is usually assessed in induced sputum, bronchial biopsies, or BAL 
fluid. Bronchoscopy is required to collect biopsy samples and BAL fluid, but is an invasive 
procedure. Sputum induction is relatively safe and easy to perform but is still time-consuming 
and not all patients are able to expectorate an adequate sputum sample (98). In this respect, 
it would be much easier to assess parameters of inflammation in peripheral blood. This is 
compatible with the widely accepted hypothesis that COPD is a multi-component disease 
with extra-pulmonary manifestations such as systemic inflammation (55). Therefore, the 
aim of the study in Chapter 6 was to assess the relationship between inflammatory cells 
in blood with those in induced sputum, bronchial biopsy samples, and BAL fluid in patients 
with COPD.

Chapter 7 is the only investigation in this thesis that does not involve data from the 
GLUCOLD study. We decided to conduct this study after Balzar and co-workers (99) 
demonstrated an association between higher numbers of chymase positive mast cells and 
less severe airway obstruction in small airways of patients with severe asthma. Although the 
inflammatory process in asthma differs from that in COPD, we thought this finding was 
interesting enough to further investigate the possible presence of such a relationship in pa-
tients with COPD. Therefore, we investigated whether the number of chymase and tryptase 
positive mast cells in large and small airways from patients with COPD is associated with 
the severity of airflow limitation. 

Finally, in Chapter 8 of this thesis, a summary and general discussion are given, as well 
as future perspectives. 
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In conclusion, the following research questions were addressed in the current thesis:

Is the severity of airway hyperresponsiveness associated with inflammatory cells in 
peripheral blood and induced sputum, as markers of systemic and airway inflammation, 
in patients with COPD?
Are single nucleotide polymorphisms in A Disintegrin and Metalloprotease 33 gene 
associated with the severity of airway hyperresponsiveness and airway inflammation in 
sputum and bronchial biopsies of patients with COPD?
Is there a difference in the number of B-cells in bronchial biopsies between patients 
with COPD and asymptomatic smokers? Is the number of bronchial B-cells associated 
with disease severity in COPD? 
What is the effect of six months treatment with a combination of fluticasone 
and salmeterol compared with fluticasone monotherapy and placebo on airway 
inflammation in bronchial biopsies and induced sputum, airway hyperresponsiveness, 
and lung function in patients with COPD?
Does peripheral blood provide a tool to monitor the ongoing airway inflammation in 
patients with COPD? In other words, are inflammatory cells in blood associated with 
those in induced sputum, bronchial biopsy samples, and bronchoalveolar lavage in 
COPD?
What is the distribution of chymase and tryptase positive mast cells in central and 
peripheral airways from patients with COPD and controls without airflow limitation? 
Does a relation exist between numbers of these cells and the severity of airflow 
limitation in patients with a varying degree of COPD severity? 

•

•

•

•

•

•
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