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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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– 14 – General introduction

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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– 15 –General introduction

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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– 16 – General introduction

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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– 17 –General introduction

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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– 18 – General introduction

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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– 19 – 19 –– –General introduction

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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– 20 – General introduction

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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Abstract

Chronic obstructive pulmonary disease (COPD) is associated with an abnormal inflammatory 
response of the lungs to noxious particles or gases. The inflammatory response appears not 
to be restricted to the lungs solely, but also affects extra-pulmonary tissues. In addition, the 
majority of patients with COPD demonstrates airway hyperresponsiveness (AHR), which is 
associated with accelerated lung function decline. The exact pathophysiological mechanism 
underlying AHR is as yet unclear. We investigated whether the severity of AHR in COPD 
is associated with airway and systemic inflammation. We therefore included 114 patients 
with COPD, performed a methacholine provocation test and determined differential cell 
counts in induced sputum and peripheral blood. A complete dataset was available for 102 
patients (postbronchodilator FEV1 63 ± 9 % predicted (mean ± SD), FEV1/IVC 49 ± 9 %). 
In a multiple linear regression analysis, more severe AHR was independently associated 
with higher numbers of sputum inflammatory cells (p=0.004), female gender (p<0.001), 
and lower postbronchodilator FEV1/IVC (p=0.002). No significant associations were found 
with the number or percentage of inflammatory cells in blood. This study demonstrates 
for the first time that the severity of AHR in COPD is positively associated with airway 
inflammation in induced sputum, thereby giving more insight in the pathophysiological 
mechanism underlying hyperresponsiveness in COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is characterised by progressive airflow 
limitation and associated with an abnormal inflammatory response of the lungs to noxious 
particles or gases (1). The inflammatory response in the airways and parenchyma is domi-
nated by neutrophils, macrophages, T lymphocytes (mainly CD8+ cells), and B lymphocytes 
(2-4). 

Up to two thirds of patients with Chronic Obstructive Pulmonary Disease (COPD) 
demonstrate airway hyperresponsiveness (AHR) (5), even patients with mild airway ob-
struction. AHR, the exaggerated bronchoconstrictive response of the airways to non-spe-
cific stimuli, is important in COPD given its 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 (6-8). Moreover, the severity of AHR is associated with accelerated 
decline of forced expiratory volume in one second (FEV1) in established COPD (9).

The exact pathophysiologic mechanism of AHR is unclear, but it is thought to result from 
an inflammatory process in the airways in addition to geometric changes of the airways due 
to airway smooth muscle hypertrophy, mucus hypersecretion, and loss of alveolar attach-
ments. Nevertheless, in a population of 33 smokers with COPD, Willemse et al. did not find 
a significant association between inflammation in sputum and AHR to both methacholine 
and adenosine-5-monophosphate (AMP) (10). The limited number of patients and the rath-
er mild disease of the included patients does not rule out such a relationship however. 

Nowadays, it is widely accepted that the inflammatory process in COPD is not re-
stricted to the lungs solely (11-14). It also affects extra-pulmonary tissues either by a direct 
effect of released cytokines and chemokines in the blood compartment, or indirectly via 
(pre)activation of peripheral inflammatory cells. Epidemiological studies demonstrated that 
higher levels of C-reactive protein and haptoglobin, both markers of systemic inflamma-
tion, are positively associated with the presence of AHR in a general population (15;16). 
To our knowledge, the relation between AHR and systemic inflammation in patients with 
COPD has not been investigated previously. This study investigated whether severity of 
AHR in COPD is associated with airway and systemic inflammation. We performed a cross-
sectional study of our cohort of 114 well characterised patients with moderate to severe 
COPD (17). 

Methods

Patients
One-hundred-and-fourteen patients with COPD participating in the GLUCOLD study 
(17) were included. Patient characteristics have been described in detail before (17). In 
brief, all patients had irreversible airflow limitation and chronic respiratory symptoms, and 
were current or ex-smokers with at least 10 pack-years of smoking. Patients did not use 
a course of inhaled or oral corticosteroids within 3 months, or maintenance treatment with 
these drugs within 6 months prior to randomisation. None of the patients had a history of 
asthma. The study was approved by the local university medical centre ethics committees 
and all participants gave their written informed consent.
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study design
The present study had a cross-sectional design, consisting of baseline measurements of the 
GLUCOLD study (17). At visit 1, spirometry was performed before and after inhalation of 
salbutamol and blood was collected. At visit 2, a provocation test with methacholine was 
performed. Finally, at the third visit, hypertonic saline-induced sputum was collected. Inhaled 
bronchodilator use was withheld for at least 8 hrs prior to visit 1 and 2. All visits were per-
formed within six weeks.

Pulmonary function tests
Pulmonary function tests have been described in detail previously (17). Spirometry and 
reversibility to salbutamol were measured. Methacholine challenge tests were performed 
according to the 2-minute tidal breathing method (18). The response was expressed as the 
provocative concentration of methacholine causing a 20% fall in FEV1 (PC20). 

sputum induction and processing
Sputum induction and processing were performed according to a validated technique (19) 
and have been described in detail previously (17).

Peripheral blood measurements
Blood measurements included the total numbers of leukocytes, cell differential counts, and 
total serum IgE concentrations by fluoroimmunoassay (FEIA) using the Pharmacia CAP 
system (Pharmacia Diagnostics, Uppsula, Sweden). 

statistical analysis
Calculations of PC20 were performed with the base-2 logarithm (2log), as this reflects dou-
bling concentrations and normalises the distribution. Patients responding with more than 
20% fall in FEV1 after inhalation of the first dose of methacholine were assigned a PC20 value 
of 0.019, being half the lowest concentration applied. Patients responding with more than a 
20% fall in FEV1 after inhalation of saline were assigned a PC20 value of 0.01, being a quarter 
of the lowest concentration applied. Finally, patients not responding to the highest concen-
tration of methacholine were assigned a value of 78.4, being twice the highest concentration 
applied. Means and standard deviations or medians with interquartile ranges (IQR) of vari-
ables were calculated. When appropriate, variables were normalised by logarithmical trans-
formation before statistical analysis. We performed univariate analyses of PC20 with baseline 
characteristics, and the number of inflammatory cells (and their subsets) in both blood and 
sputum by Mann-Whitney U tests and Spearman’s rank correlation tests. Subsequently, 
multiple linear regression analysis was performed with 2log PC20 as dependent variable and 
inflammatory cells (and their subsets) in both blood and sputum as independent variables, 
and adjusted for age, gender, current smoking, and lung function.
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Results

Clinical findings
A complete dataset was available from 102 out of 114 patients with COPD. Twelve patients 
did not have a complete dataset: a methacholine provocation test was not performed 
because of baseline FEV1< 1.2 litre in 3 patients, in 8 patients the sputum sample had to be 
disregarded since it contained > 80% squamous cells, and the serum IgE level was missing in 
1 patient. Results from the remaining 102 patients were included in the presented analyses. 
Based on their postbronchodilator (postbd.) FEV1 % predicted (pred.) and postbd. FEV1/
inspiratory vital capacity (IVC)(%), all patients were classified as having moderate to severe 
COPD according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 
criteria (GOLD stage II and III) (1). Baseline characteristics are summarised in table 1. Table 
2 shows the number and percentage of inflammatory cells in sputum and peripheral blood 
of the 102 patients included in the present study.

Table 1. Baseline characteristics (n=102)*

Gender (M/F) 88/14

Age (years) 61.2 ± 7.9

Current smokers (y/N) 64/38

Packyears ‡ 41.5 (31.4-53.8)

Fev1 (L/s) 1.8 ± 0.4

Postbd. FEV1 (L/s) 2.0 ± 0.5

Fev1 (% predicted) 56.1 ± 10.0

Postbd. FEV1 (% predicted) 63.2 ± 8.8

Reversibility (% predicted) 7.0 ± 4.8

Fev1/IVC (%) 46.6 ± 8.7

Postbd. FEV1/IVC (%) 48.6 ± 8.6

pc20 methacholine (mg/ml) ** 0.59 (0.01-78.4)

Serum IgE (IU/ml) ‡ 37.0 (11.0-128.8)

*  Data are presented as mean ± standard deviation, unless stated otherwise; ‡ median (25th-75th percentile); 
** geometric mean (range). Definition of abbreviations: FEV1 = forced expiratory volume in one second; 
% predicted = percentage of predicted value; Postbd. = postbronchodilator; FEV1/IVC = forced expiratory 
volume in one second/inspiratory vital capacity; PC20 methacholine = the provocative concentration of 
methacholine causing a decrease in FEV1 of 20%.
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Table 2: Inflammatory cells in induced sputum and peripheral blood (n=102)* 

Absolute numbers (104/ml) Percentage

induced sputum

Total cell count ‡ 150.4 (77.9-313.1) -

Neutrophils 109.9 (46.7-232.1) 73.1 (59.5-80.7)

Macrophages 34.6 (19.3-62.4) 23.0 (15.9-33.3)

Lymphocytes 2.7 (1.1-6.9) 1.8 (1.2-2.4)

Eosinophils 1.7 (0.3-4.5) 1.1 (0.3-2.2)

Epithelial cells 1.5 (0.6-3.8) 1.0 (0.3-2.3)

Absolute numbers (109/L) Percentage

Peripheral blood

Leukocytes 7.1 (6.0-7.9) -

Neutrophils 4.2 (3.7-4.7 59.4 (52.3-66.7)

Lymphocytes 2.1 (1.6-2.4 29.1 (22.5-34.5)

Monocytes 0.6 (0.5-0.7) 8.8 (7.4-10.2)

Eosinophils 0.15 (0.1-0.2) 2.2 (1.1-3.3)

Basophils 0.04 (0.02-0.06) 0.5 (0.3-0.8)

*  Data are presented as median (25th-75th percentile); ‡ total cell count refers to the total number of non-
squamous cells in sputum

Relation between inflammatory cells and PC20 methacholine
A lower PC20 was significantly associated with higher numbers of inflammatory cells per ml 
sputum (total cell count rs= -0.35, p<0.001; neutrophils rs= -0.37, p<0.001; macrophages 
rs= -0.25, p=0.01; lymphocytes rs= -0.29, p=0.003; eosinophils rs= -0.26, p=0.01; figure 1 
and table 3), as well as a lower percentage of sputum macrophages (rs= 0.23, p<0.05) and 
a higher percentage of sputum neutrophils (rs= -0.31, p<0.05). We did not find a significant 
association between PC20 and any of the inflammatory cells in blood (table 3). In addition, 
women had a significantly lower PC20 than men (geometric mean 0.17 mg/ml versus 0.73 
mg/ml, p=0.005; figure 2) and a lower PC20 was significantly associated with older age (rs= 
-0.27, p =0.01; table 3) and lower lung function (postbd. FEV1 (% pred) rs=0.19, p=0.05; 
postbd. FEV1/IVC (%) rs=0.37, p<0.001; table 3). We found no significant association be-
tween PC20 and smoking status, pack-years, or total serum IgE. 
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Figure 1:
The relation between the total number of inflammatory cells in sputum and the severity of airway 
hyperresponsiveness 

Figure 2:
The level of airway hyperresponsiveness for females and males. Horizontal bars represent the median.  
pc20 methacholine = the provocative concentration of methacholine causing a decrease in FEV1 of 20%. 

Proefschrift Margot Gosman.indd   41 27-08-2006   13:20:23



– 42 – Enhanced airway hyperresponsiveness is associated with airway inflammation in COPD

Table 3: Univariate correlations with PC20 methacholine (n=102)* 

induced sputum (104/ml)

Total cell count ‡ rs = -0.35, p < 0.001

Neutrophils rs = -0.37, p < 0.001

Macrophages rs = -0.25, p = 0.01

Lymphocytes rs = -0.29, p = 0.003

Eosinophils rs = -0.26, p = 0.01

Epithelial cells rs = -0.17, p = 0.08

Peripheral blood (109/L)

Leukocytes rs = 0.07, p = 0.48

Neutrophils rs = 0.01, p = 0.90

Lymphocytes rs = 0.15, p = 0.13

Monocytes rs = -0.003, p = 0.97

Eosinophils rs =0.01, p = 0.90

Basophils rs = -0.004, p = 0.97

Baseline characteristics 

Age rs = -0.27, p = 0.01

Postbd. FEV1 (% predicted) rs = 0.19, p = 0.05

Postbd. FEV1/VC (%) rs = 0.37, p < 0.001

Pack-years rs = 0.05, p = 0.59

Serum IgE (IE/ml) rs = 0.10, p = 0.32

*    Total cell count refers to the total number of non-squamous cells in sputum. Definition of abbreviations: rs = 
Spearman’s rank correlation coefficient; Postbd. = postbronchodilator; FEV1 = forced expiratory volume in one 
second; % predicted = percentage of predicted value; FEV1/IVC = FEV1/inspiratory vital capacity 
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Multiple linear regression analysis on the relation between inflammatory cells and PC20 
methacholine 
Multiple linear regression analysis confirmed the association of a lower PC20 with a higher 
total cell count per ml sputum. We found that gender and lung function were also signifi-
cantly associated with PC20 (table 4). When we replaced total cell count one by one by 
absolute values of differential counts, we found that higher numbers of sputum neutrophils 
and lymphocytes contributed significantly to a lower PC20 (regression coefficient (B) (95% 
confidence interval (CI)) = -1.38 (-2.35 to -0.42), p=0.005 and B = -1. 03 (-1.81 to -0.25), 
p = 0.01, respectively). Moreover, sputum macrophages tended to contribute to the model 
(B = -1.10 (-2.23 to -0.03), p=0.06). When we expressed sputum cell counts as a percent-
age of the total cell count, none of the sputum cell subsets contributed significantly to the 
model. 

Table 4: Multiple linear regression analysis with 2 log PC20 methacholine (n=102)*

B (95% Ci) p-value  
Female gender -2.68 (-4.08 to -1.28) p < 0.001
Age -0.03 (-0.10 to 0.03) p = 0.33
Current smoking 0.29 (-0.75 to 1.33) p = 0.58
Postbd. FEV1/VC (%) 0.10 (0.04 to 0.15) p = 0.002
Total sputum cell count (104/ml) -1.62 (-2.71 to -0.53) p = 0.004

 *  Data are presented as regression coefficient (95% confidence interval)

discussion

In the present study, we demonstrate that higher numbers of sputum inflammatory cells 
are associated with more severe airway hyperresponsiveness in patients with moderate to 
severe COPD. We found no relation between the number or percentage of inflammatory 
cells in blood and severity of hyperresponsiveness. Finally, we confirm previous findings that 
female gender and more severe airflow limitation are independently associated with more 
severe hyperresponsiveness in COPD (5;10;20). These results indicate that local airway 
inflammation, but not systemic inflammation, is associated with more severe AHR. 

To our knowledge, this is the first study to demonstrate that more severe AHR to 
methacholine in COPD is associated with increased numbers of inflammatory cells in spu-
tum. Our current findings are not in keeping with previous observations in 33 smokers 
with COPD, showing no significant association between cell (differential) counts in sputum 
and AHR to both methacholine and AMP (10). These seemingly discordant findings may be 
caused by a lack of power in the former study or by the fact that the subjects studied by 
Willemse et al. were younger and had milder disease, i.e. less severe airway obstruction and 
hyperresponsiveness to methacholine (geometric mean and range of PC20 methacholine in 
their and our population respectively 2.5 (0.018-78.2) and 0.59 (0.01-78.4) mg/ml). In con-
trast to the positive association of AHR severity with inflammatory cell counts in sputum, 
we did not find such an association in blood. As far as we know, no study regarding the 
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relation of inflammatory cells in blood with AHR in a population of patients with COPD has 
been published before. We confirm findings from previous studies in that more severe AHR 
in COPD is associated with female gender and more severe airflow limitation (5;10;20). 
Thus, the present study establishes that the severity of AHR in patients with COPD is as-
sociated with female gender and level of airway obstruction and extends these findings by 
demonstrating an independent relationship of severity of AHR with higher inflammatory 
cell counts in sputum, but not in peripheral blood. 

We included a large group of well-characterised patients with stable COPD. Since only 
a small proportion of our subjects was female, this could have diminished the ability to de-
tect gender differences. Nevertheless, we observed a significant association between more 
severe AHR and female gender. Methodological errors may affect the outcome of any study, 
and thus ours. To reduce this as much as possible, patients had to fulfil the following condi-
tions. Our patients were not using inhaled steroids for at least six months or oral steroids 
for at least three months prior to randomisation, and none of them had a clinical diagnosis 
of asthma. Patients were only allowed to use short-acting bronchodilators, which were 
withheld for at least 8 hrs prior to spirometry and methacholine provocation. Furthermore, 
spirometry, methacholine provocation test, sputum induction, and differential cell counts 
were performed by experienced technicians according to validated protocols (18;19) in the 
same order in each patient. Taken together, it seems unlikely that our results are affected by 
methodological errors.

How to interpret these data? It has been suggested that the presence and severity of 
hyperresponsiveness in COPD is a surrogate marker for the level of airway obstruction 
and of no pathophysiologic importance. Nevertheless, the Lung Health Study reported that 
approximately two-thirds of the patients with early or mild COPD, and therefore with only 
mild airway obstruction have increased AHR (5). The exact pathophysiologic mechanism 
underlying AHR is yet unknown. It is plausible that narrowing of the airway lumen and 
thickening of the airway wall contribute to the severity of AHR by an increase in airway 
resistance and loss of elastic recoil. Interestingly, in the present study we demonstrated an 
independent positive association between the severity of AHR and airway inflammation, a 
new finding. Our data show that not one specific cell type but the total load of inflammatory 
sputum cells is associated with the severity of AHR. This suggests that a cascade of cell 
mediators contributes to the severity of AHR, rather than the release of one particular cell 
product. The release of different cell mediators could thus lead to airway smooth muscle 
contraction and airway structural changes by airway oedema, mucus hyper secretion, and 
airway wall thickening. Alternatively, one may hypothesise that an underlying mechanism exists 
which is responsible for both the severity of AHR and the severity of airway inflammation. 
For instance, the degradation of decorin, an extracellular matrix component, into peptides 
may enhance airway obstruction and thereby AHR, and at the same time stimulate further 
airway inflammation (21). yet the latter is only speculative and further research is needed to 
elucidate the underlying pathologic mechanisms.

 Systemic inflammation is increasingly being recognised to play a role in COPD. Markers 
of inflammation, such as CRP, tumor necrosis factor-α, and adhesion molecules on neu-
trophils have been shown to be increased in patients with COPD compared to controls 
(11-14). This could be either due to a direct effect of cytokines and chemokines which are 
released from the lung into the blood compartment, or indirectly via activation of circulating 
inflammatory cells. We found no association between the severity of AHR and the number 
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of inflammatory cells in blood within our group of COPD patients. Several reasons could 
be responsible for the lack of such an association e.g. it may well be that inflammatory cells 
in blood do not contribute to the severity of AHR, or that the activation state of these cells 
is more important in AHR than the number of cells. In addition, one could argue that the 
range of the number of peripheral blood cells in this particular group of COPD patients is 
too small to detect such an association.

In conclusion, the results of this study show for the first time that the severity of airway 
hyperresponsiveness is positively associated with airway inflammation in induced sputum of 
patients with COPD, thereby giving more insight in the pathophysiological mechanism un-
derlying airway hyperresponsiveness in COPD. Future studies are needed to assess whether 
a reduction in airway inflammation is associated with improvement in airway hyperrespon-
siveness in patients with COPD.
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Abstract 

Chronic obstructive pulmonary disease (COPD) is a respiratory disorder with increasing 
prevalence and mortality. It is associated with airway obstruction, increased airway 
hyperresponsiveness (AHR), and ongoing airway and lung inflammation dominated by CD8+ 
lymphocytes and neutrophils. Single nucleotide polymorphisms (SNPs) in A Disintegrin And 
Metalloprotease 33 (ADAM33) gene have been associated with AHR and with COPD. We 
assessed whether SNPs in ADAM33 are associated with the severity of AHR and airway 
inflammation in COPD. Eight SNPs in ADAM33 (F+1, Q-1, S_1, S_2, ST+5, T_1, T_2, V_4) were 
genotyped in 111 patients with COPD (96 males, 69 current smokers, mean age 62 years 
(SD=8), median pack-years 42 (IQR 31-55), mean postbronchodilator FEV1% predicted 63 
(SD=9)). PC20 methacholine, sputum, and bronchial biopsies were collected. Patients with 
the ST+5 AA-genotype had more severe AHR, higher numbers of sputum inflammatory 
cells and CD8+ cells in bronchial biopsies than patients with the GG-genotype (p=0.03, 
p=0.05, p=0.01, respectively). CD8+ cell numbers were lower in subjects carrying the minor 
allele of SNP T_1 and T_2, and homozygous minor variants of SNP S_2 compared to the 
wild-type (p=0.02, p=0.01, p=0.02, respectively). This is the first study demonstrating that 
SNPs in a gene that confers susceptibility to COPD in the general population, i.e. ADAM33, 
are associated with AHR and airway inflammation in COPD. These findings constitute an 
important step forward in linking gene polymorphisms with COPD pathophysiology, thereby 
possibly contributing to better future treatments for this progressive and disabling disease.
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Introduction

Chronic obstructive pulmonary disease (COPD) is world-wide highly prevalent and the 
only disease with increasing mortality rates (1). The disease is characterized by irreversible 
airflow limitation and associated with an influx of neutrophils, macrophages, and CD8+ 
T lymphocytes in the airways (2;3). A majority of COPD patients demonstrates airway 
hyperresponsiveness (AHR) (4), an exaggerated airway response to non-specific stimuli 
resulting in airway obstruction. The severity of AHR is positively associated with inflammation 
in lung tissue (5) and numbers of CD8+ cells in bronchial biopsies in COPD (6). One study 
reported an association of AHR with sputum inflammatory cells in COPD (7), whereas 
another study did not find this association (8)

Cigarette smoking is by far the most important risk factor for COPD but 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 
genetic constitution plays a role in the development and severity of COPD. A Disintegrin 
And Metalloprotease 33 (ADAM33) gene is a gene of putative interest for COPD. It was 
first identified as a susceptibility gene for asthma and AHR (9), and subsequently as a 
susceptibility gene for COPD in a general population (10). It furthermore is associated with 
accelerated lung function decline in a general (10) and asthma population (11). 

ADAM33 belongs to the ADAM family of membrane-anchored metalloproteases which 
play a role in a variety of processes such as cell fusion, adhesion, and signalling (12;13). 
ADAM33 is expressed in both airways smooth muscle cells and lung fibroblasts. Although 
the overall substrates and function of ADAM33 are yet unknown, it has been shown to be 
able to cleave α2-macroglobulin (14;15), which plays a role in pulmonary defence. It is sug-
gested that ADAM33 is involved in tissue remodelling (16), a physiologic process intricately 
related to airway inflammation, hyperresponsiveness and airway obstruction.

The aim of this study was to test the hypothesis that SNPs in ADAM33 are associated 
with the severity of both airway hyperresponsiveness and airway inflammation in sputum 
and bronchial biopsies of patients with COPD. 

Methods and materials 

The extended version of the methods section is available in the online data supplement. 
One-hundred-and-fourteen patients with COPD participating in the GLUCOLD study 
were included (17). Patient characteristics have been described in detail previously (17). In 
brief, all patients had irreversible airflow limitation and chronic respiratory symptoms, and 
were current or ex-smokers with at least 10 pack-years of smoking. Patients did not use 
a course of inhaled or oral corticosteroids within 3 months, or maintenance treatment with 
these drugs within 6 months prior to randomisation. None of the patients had a history of 
asthma. The medical ethics committees of the Leiden University Medical Centre and the 
Groningen University Medical Centre approved the study, and all patients gave their written 
informed consent.

Pulmonary function tests have been described previously (17). Spirometry and reversibility 
to salbutamol were measured. Methacholine challenge tests were performed with the  
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2-minute tidal breathing method (18) and expressed as the provocative concentration of 
methacholine causing a 20% fall in FEV1 (PC20). 

Sputum induction and whole sample processing were performed according to a vali-
dated technique (19), as described in detail previously (17).

Details on biopsy collection, processing and immunohistology have been published pre-
viously (20). In brief, we collected the two best biopsies out of four paraffin embedded 
biopsies per patient, and used specific antibodies against T lymphocytes (CD3, CD4, and 
CD8), macrophages (CD68), neutrophil elastase (NE), mast cell tryptase (AA1), and eosi-
nophils (EG2). 

DNA was extracted from peripheral blood. Genotyping was performed as described 
previously (10) using primers and probes from Applied Biosystems TaqMan® SNP Genotyping 
Assays (Nieuwekerk aan de IJssel, The Netherlands).

Figure 1 shows the 8 SNPs in ADAM33 genotyped: F+1 (G/A), Q-1 (C/T), S_1 (Val-Iso), 
S_2 (G/C), ST+5 (A/G), T_1 (Met-Thr), T_2 (Pro-Ser), V_4 (C/G). We based the selection 
of the SNPs on previous associations with AHR, excess decline in FEV1, and/or presence of 
COPD (9-11;21;22). 

Figure 1:
The exon intron structure of ADAM33 (the eight genotyped SNPs are indicated above the gene) and the 
domain organisation of ADAM33

We used Arlequin (version 2.000) to test whether SNPs were in Hardy Weinberg 
equilibrium and linkage disequilibrium (LD). We investigated whether ADAM33 SNPs are 
associated with PC20 and number and subset of inflammatory cells in sputum and bronchial 
biopsies. Our primary genetic model for all SNPs was a dominant model (homozygotes 
and heterozygotes for the minor allele being compared as a group with homozygotes for 
the major allele). Additionally, SNPs with a minor allele frequency of > 0.30 were entered in 
1) a codominant model (three genotype groups per SNP separately) and 2) a recessive 
model (homozygotes and heterozygotes for the major allele being compared as a group 
with homozygotes for the minor allele). PC20 and inflammatory cells in sputum, and 
bronchial biopsies were log transformed to obtain a normal distribution. We performed 
univariate analyses using t-test and ANOVA. Multiple linear regression analyses were 
performed to investigate the association of polymorphisms in ADAM33 with PC20, sputum 
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inflammatory cells, and inflammatory cells in biopsies as dependent variables. Independent 
variables included in the model were gender, smoking status, lung function, genotype, and 
the interaction of smoking status and genotype. 

Results 

Results of univariate analyses and multiple regression analyses assuming a recessive model 
are shown in the online data supplement. Multiple regression analyses assuming a dominant 
and codominant model are presented below. The low number of subjects per haplotype did 
not allow haplotype analysis.

Prevalence of ADAM33 snPs 
DNA was available from 111 out of 114 COPD patients. Clinical characteristics are pre-
sented in table 1. All genotyped SNPs were in Hardy Weinberg equilibrium and in significant 
LD. Table 2 shows the prevalence of the 8 SNPs. SNPs ST+5, F+1, and S_2 had a minor 
allele frequency > 0.30, therefore these SNPs were analyzed both in a dominant model and 
codominant model. The frequency of SNP ST+5 in our group was 50% for each allele. We 
use the term AA-genotype for the wild-type and GG-genotype for the homozygous mutant 
genotype, as previously published (22).

Table 1: Clinical characteristics *

n = 111

Male/female 96/15

Age (years) 61.5 ± 7.7

Current smokers, n (%) 69 (62) 

Smoking history (pack-years) ‡ 42.0 (31.3-54.5)

Fev1 (% pred.) 56.4 ± 9.8

Fev1/IVC (%) 49.9 ± 8.5

Postbd. FEV1 (% pred.) 63.2 ± 8.8

Postbd. FEV1/IVC (%) 50.7 ± 8.5

pc20 methacholine (mg/ml) 0.5 (0.2-2.4)

*  Data are presented as mean ± standard deviation or; ‡ median (25th-75th percentile). Definition of 
abbreviations: FEV1 = forced expiratory volume in one second; % pred = percentage of predicted value; 
Postbd. = postbronchodilator; FEV1/IVC = FEV1/inspiratory vital capacity; PC20 methacholine = the provocative 
concentration of methacholine causing a decrease in FEV1 of 20%.
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Table 2: Prevalence of ADAM33 SNPs in patients with COPD*
SNP COPD % (n) SNP COPD % (n)

F+1
gg 34.9 (38)

ST+5
aa 23.7 (26)

ga 46.8 (51) ag 53.6 (59)
aa 18.3 (20) gg 22.7 (25)

Q-1
tt 67.3 (70)

T_1
tt 80.3 (86)

tc 28.9 (30) tc 17.8 (19)
cc 3.8 (4) cc 1.9 (2)

S_1
gg 72.9 (78)

T_2
gg 80.8 (88)

ga 26.2 (28) ga 17.4 (19)
aa 0.9 (1) aa 1.8 (2)

S_2
gg 44.6 (45)

V_4
cc 51.0 (55)

gc 44.6 (45) cg 44.4 (48)
cc 10.8 (11) gg 4.6 (5)

*  DNA was available from 111 out of 114 COPD patients. Different numbers for the SNP genotypes (ranging 
from 101 to 110) are due to missing genotype data.

Multivariate association of ADAM33 snPs with aHr 

Dominant model 
Subjects with a G-allele for SNP ST+5 had a significantly higher PC20 compared to the AA-
genotype (geometric mean (gm) 0.61 versus 0.27 mg/ml, p=0.04). SNPs F+1, Q-1, S_1, S_2, 
T_1, T_2, and V_4 were not significantly associated with level of AHR. 

Codominant model 
Subjects with the GG-genotype for SNP ST+5 had a significantly higher PC20 compared to 
the AA-genotype (figure 2a). SNPs F+1 and S_2 were not significantly associated with level 
of AHR. 

Multivariate association of ADAM33 SNPs with inflammatory cells in sputum

Dominant model 
Patients with one or more G-alleles of SNP ST+5 had a significantly lower total cell count 
in sputum than the AA-genotype (gm 176 versus 287*104 cells/ml; p=0.04). Individuals with 
minor alleles for SNPs F+1, Q-1, S_2 had lower numbers of sputum neutrophils compared 
to the wild-type for those SNPs (F+1 gm 103.0 versus 134.9*104 cells/ml; p=0.05; Q-1 
gm 84.5 versus 122.5*104 cells/ml, p=0.01; S_2 gm 94.0 versus 127.9*104 cells/ml, p=0.02). 
SNPs S_1, T_1, T_2, and V_4 were not significantly associated with the number of sputum 
inflammatory cells. 

Codominant model 
Patients with the GG-genotype for SNP ST+5 had a significantly lower total cell count in 
sputum than the AA-genotype, and subjects with the AG-genotype tended to have a lower 
total cell count (figure 2b).Heterozygous individuals for SNP S_2 had higher numbers of 
sputum macrophages than the wild-type (S_2 GG: gm (95% CI) 27.7*104/ml (20.3-37.8); GC: 
39.5*104/ml (28.7-54.5), p=0.03; CC: 29.6*104/ml (17.6-49.7); p=0.80). Heterozygous individ-
uals for SNP S_2 had also lower numbers of neutrophils (S_2 GG: gm (95% CI) 127.9*104/ml 
(97.5-168.3); GC: 93.3*104/ml (70.5-123.9), p=0.03; CC: 97.1*104/ml (61.5-153.5); p=0.24).
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Multivariate association of ADAM33 SNPs with inflammatory cells in bronchial biopsies

Dominant model 
Individuals with a minor allele for SNPs T_1 and T_2 had a significantly lower number of 
CD8+ cells than the wild-type (T_1: p=0.02; T_2: p=0.01). We only present the results of 
SNP T_2 in figure 3a given the fact that SNPs T_1 and T_2 are almost in full LD and the 
association of these SNPs with the number of CD8+ cells in bronchial biopsies was similar. 

Codominant model 
Patients with the GG-genotype for SNP ST+5 had significantly lower numbers of CD8+ 
cells in bronchial biopsies than the AA-genotype (figure 2c). Homozygous individuals for the 
minor allele of SNP S_2 had significantly lower numbers of CD8+ cells in bronchial biopsies 
compared to the wild-type (figure 3b) and lower numbers of plasma cells (S_2 GG: gm 
(95% CI) 13.5/0.1 mm2 (8.9-20.7); GC: 11.8/0.1 mm2 (7.7-18.2), p=0.54; CC: 6.5/0.1 mm2 
(3.3-12.9); p=0.04). Heterozygous subjects for SNP S_2 had significantly lower numbers of 
CD4+ cells compared with the wild-type (S_2 GG: gm (95% CI) 28.5/0.1 mm2 (19.9-41.0); 
GC: 21.8/0.1 mm2 (16.9-28.2), p=0.04; CC: 25.6/0.1 mm2 (17.0-38.3); p=0.59). No signifi-
cant associations were found with SNP F+1. 

We did not find a consistent, significant interaction between smoking status and geno-
type in any of the previously described models.

Figure 2: 
Association of ADAM33 SNP ST+5 with airway hyperresponsiveness  
(PC20 methacholine), sputum inflammatory cells, and CD8+ cells in bronchial biopsies in patients with COPD
a. PC20 methacholine per SNP ST+5 genotype 
b. Total sputum cell count per SNP ST+5 genotype* 
c. The number of CD8+ cells in bronchial biopsies per SNP ST+5 genotype
* Total sputum cell count refers to the total of non-squamous cells in induced sputum.
Squares represent the geometric mean; vertical bars represent the 95% confidence interval (95% CI).  
Different numbers for the SNP genotypes are due to missing genotype data.
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Figure 3:
Association of SNPs in ADAM33 with the number of CD8+ cells in bronchial biopsies in COPD
a. Per genotype for SNP T_2 
b. Per genotype for SNP S_2
Squares represent the geometric mean; vertical bars represent the 95% confidence interval (95% CI). Different 
numbers for the SNP genotypes are due to missing genotype data.

Discussion

The important message of this study is that SNPs in ADAM33 are associated with the 
pathophysiology of COPD. Patients with the AA-genotype for SNP ST+5 had more severe 
AHR, higher numbers of sputum inflammatory cells, and higher numbers of CD8+ cells in 
bronchial biopsies than those with the GG-genotype. Moreover, individuals with the minor 
allele of SNP T_1 and T_2, and homozygous individuals for the minor allele of SNP S_2 
had significantly lower numbers of CD8+ cells in bronchial biopsies, cells relevant to the 
pathology of COPD. 

Prevalences of the ADAM33 SNPs found in our COPD population are comparable 
to those recently reported by van Diemen et al (10). We also confirm their findings that 
minor alleles for SNPs F+1, S_1, and S_2 are more prevalent in patients with COPD than 
in healthy subjects. Regarding SNP Q-1 we demonstrate a significantly higher prevalence 
of the minor allele in patients with COPD compared with healthy controls, whereas van 
Diemen et al. demonstrated a trend in the same direction (see online data supplement). In 
addition, we found a higher prevalence for the A-allele in SNP ST+5 in patients with COPD. 
As far as we know, this is the first study suggesting that a COPD susceptibility gene is also 
associated with the pathophysiological process in COPD.

ADAM33 is member of the ADAM family, a group of membrane-anchored 
metalloproteases which contain both a disintegrin and a metalloprotease domain and is 
expressed in multiple tissues, including lung tissue (12;13;23). Since its function has not 
been unravelled yet, we can only speculate about its role in COPD. It is conceivable that 
ADAM33 plays a role in both remodelling and inflammation by shedding growth factors, 
cytokines, and their receptors from the cell surface. If a SNP alters ADAM33 function 
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to increased protein production this may thus result in enhanced airway inflammation. 
Alternatively, when ADAM33 has a diminishing effect on the release of pro-inflammatory 
cytokines, inflammation would increase by a decrease in ADAM33 production or function. 
The same could be true for the role of ADAM33 in airway remodelling, in case an 
alteration in ADAM33 results in an increase in growth factors resulting in proliferation 
of airway smooth muscle cells and lung fibroblasts. Whatever the functions of ADAM33 
turn out to be, our data suggests that it is associated with inflammation and AHR.  
  We demonstrated an association between ADAM33 and the severity of AHR in COPD. 
AHR is important to COPD given its association with accelerated FEV1 decline (24) and 
increased risk of COPD mortality (25). The exact pathophysiology underlying AHR is 
unclear, but it is thought to result from an inflammatory process in the airways in addition 
to geometric changes due to airway remodelling. As discussed above, it is possible that 
ADAM33 plays a role in both these processes thereby contributing to the severity of AHR.  
 ADAM33 SNP ST+5 is associated with the total sputum cell count in our COPD 
population. When we replaced this by numbers of sputum neutrophils or macrophages, 
we found significant associations with SNPs S_2, F+1, and Q-1 but not with the other 
SNPs. This suggests that not one specific cell type was predominantly accounting for the 
association of total cell count with SNP ST+5. Several studies have shown an increase in the 
number of neutrophils and macrophages and concentrations of pro-inflammatory cytokines 
like interleukin-8 (IL-8) and tumor necrosis factor-α (TNF-α) in induced sputum of patients 
with COPD (26-28). Intuitively one would think that the severity of AHR is associated with 
the degree of inflammation and in fact, we previously did demonstrate an independent, 
positive association between severity of AHR and total sputum cell counts in these COPD 
patients (29): perhaps ADAM33 is the missing link.

O’Shaughnessy et al. demonstrated an increased number of neutrophils and CD8+ 
lymphocytes in bronchial biopsies of smokers with airflow limitation, and this increase was 
inversely associated with level of lung function (30). The authors therefore hypothesized 
that individuals with a genetic predisposition for a higher number of CD8+ cells were more 
susceptible to a further increase in CD8+ cells which might finally result in airflow limitation. 
Interestingly, we found an association of SNP ST+5 with both presence of COPD (see 
online data supplement) and the number of CD8+ cells within our COPD patients. 

ADAM33 has previously been associated with asthma in some (9;21;22), but not all 
studies (31;32). We would like to emphasise that we are confident that our COPD patients 
genuinely have COPD and no asthma given the fact they all had moderate to severe air-
flow limitation after bronchodilation, ≥10 pack-years of smoking, and no history of doctor 
diagnosed asthma. We selected 8 SNPs in ADAM33 based on previous literature. One 
could argue that we did not genotype all known SNPs in ADAM33. However, we did find 
consistent and significant associations between the genotyped SNPs and the severity of 
AHR and airway inflammation in our COPD population, indicating linkage of ADAM33 with 
pathophysiological features of COPD. 

A potential criticism of our study is that the sample size of 111 patients with COPD is 
relatively small. From a practical point of view, biopsy studies are very demanding and the 
issue of sample size would especially be of concern in case we did not find any associations. 
However, we did find significant associations between ADAM33 and features of COPD. We 
set out with the a priori hypothesis that the same SNPs in ADAM33 previously shown to be 
associated with COPD, are also associated with its pathophysiology. In order to investigate 
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our hypothesis, we performed a number of analyses to assess the association of ADAM33 
with hyperresponsiveness and airway inflammation and found associations of moderate 
significance. This has impact on the interpretation of the results. One could raise the issue of 
multiple testing being responsible for the current results and that we should have adjusted 
for this in our analyses. We do not agree with this for a number of reasons. Firstly, the inde-
pendent variables in our analyses (e.g. sputum total cell count and differential cell count) are 
mutually related, indicating that a rigid statistical procedure like e.g. a Bonferroni correction 
for multiple testing would not do justice to their biologically linked nature. Secondly, we 
did not randomly test for associations between ADAM33 and features of COPD but had a 
predefined hypothesis based on previous literature. 

ADAM33 is a highly polymorphic gene containing at least 58 SNPs of which we investi-
gated 8, based on previous literature (9-11;21;22). We found an association of SNP ST+5 
with the severity of AHR and airway inflammation in induced sputum and bronchial biopsies 
in COPD. The ST+5 SNP is an intron SNP between the S-exon (transmembrane region) 
and the T-exon (which includes a SH3 domain and a phosporylation site). This may have 
functional relevance, since non-coding introns can exert their effect by influencing alterna-
tive splicing, splicing efficiency, or messenger RNA turnover. 

We furthermore found an association of SNP S_2 with the inflammatory cell profile 
in sputum and the number of inflammatory cells in bronchial biopsies. A higher number of 
airway wall CD8+ cells is associated with more severe AHR (6), by itself a risk factor for ac-
celerated lung function loss (24). Van Diemen et al. (10) showed an association of the minor 
allele of SNP S_2 with accelerated lung function decline in a general population and of the 
minor allele of SNP T_2 with presence of COPD. yet in the present study the minor alleles 
of these SNPs were associated with a lower number of CD8+ cells. How can we reconcile 
these seemingly discordant findings? SNP S_2, a silent mutation, is located in the S-exon and 
SNP T_2 is located in the T-exon. Both SNPs are in close proximity to SNP ST+5. The signifi-
cant LD between SNPs S_2, ST+5, and T_2 may suggest that the part of ADAM33 involved 
in genetic susceptibility and pathophysiology of COPD lies in the 3’ region. Alternatively, it 
still may be either at a different location within ADAM33 or at an adjacent gene. Our study 
was not designed to address this question and clearly, it needs further research. 

In conclusion, our study confirms ADAM33 as a COPD susceptibility gene and is the first 
to extend this observation by demonstrating an association of ADAM33 with the severity 
of both airway hyperresponsiveness and airway inflammation in COPD-affected individuals. 
These findings constitute an important step forward in linking gene polymorphisms with 
COPD pathophysiology, thereby possibly contributing to better future treatments for this 
progressive and disabling disease.
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Extended methods

statistical analysis
We used Arlequin (version 2.000) to test whether SNPs were in Hardy Weinberg equi-
librium and linkage disequilibrium (LD). We investigated whether ADAM33 SNPs are as-
sociated with PC20 and number and subset of inflammatory cells in sputum and bronchial 
biopsies. Our primary genetic model for all SNPs was a dominant model (homozygotes 
and heterozygotes for the minor allele being compared as a group with homozygotes for 
the major allele). Additionally, SNPs with a minor allele frequency of > 0.30 were entered in  
1) a codominant model (three genotype groups per SNP separately) and 2) a recessive 
model (homozygotes and heterozygotes for the major allele being compared as a group 
with homozygotes for the minor allele). PC20, sputum inflammatory cells, and inflammatory 
cells in bronchial biopsies were log transformed to obtain a normal distribution. We per-
formed univariate analyses using t-test and ANOVA. Multiple linear regression analyses were 
performed to investigate the association of polymorphisms in ADAM33 with PC20, sputum 
inflammatory cells, and inflammatory cells in biopsies as dependent variables. Independent 
variables included in the model were gender, smoking status, lung function, genotype, and 
the interaction of smoking status and genotype. We entered sputum total cell count (cen-
tred around the mean of the total population) to the model when analysing the differential 
cell count in sputum, and the number of CD3+ cells (centred around the mean of the total 
population) when analysing CD4+ and CD8+ cells in bronchial biopsies. 

Extended results 

Univariate association of ADAM33 snPs with aHr
To provide our readership with all information, we show below the results of the dominant, 
codominant, and recessive genetic models.

Dominant model 
Subjects with a G-allele for SNP ST+5 had a significantly higher PC20 compared to the AA-
genotype (geometric mean (gm) 0.74 versus 0.27 mg/ml, p=0.02). SNPs F+1, Q-1, S_1, S_2, 
T_1, T_2, and V_4 were not significantly associated with AHR.

Codominant model 
There was a significant difference in PC20 methacholine between the three genotypes for 
SNP ST+5 (AA: gm 0.27 mg/ml; AG: 0.64 mg/ml; GG: 1.04 mg/ml; p=0.04). SNPs F+1 and 
S_2 were not significantly associated with AHR. 

recessive model 
Homozygous individuals for the minor allele of SNP S_2 had a significantly lower PC20 than 
subjects with one or more major alleles (gm 0.26 versus 0.72 mg/ml, p=0.008). SNPs F+1 
and ST+5 were not significantly associated with AHR.
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Univariate association of ADAM33 SNPs with inflammatory cells in sputum

Dominant model 
Patients with a G-allele for SNP ST+5 had a significantly lower total sputum cell count com-
pared to the AA-genotype (gm 121 versus 204*104 cells/ml; p=0.04). SNPs F+1, Q-1, S_1, 
S_2, T_1, T_2, and V_4 were not significantly associated with sputum inflammatory cells.

Codominant model 
SNPs F+1, S_2, and ST+5 were not significantly associated with inflammatory cells in 
sputum.

recessive model 
SNPs F+1, S_2, and ST+5 were not significantly associated with inflammatory cells in 
sputum.

Univariate association of ADAM33 SNPs with inflammatory cells in bronchial biopsies

Dominant model 
Individuals with a minor allele for SNP S_2 had lower numbers of CD4+ cells than the wild-
type for that SNP (gm 41.9 versus 56.1 /0.1 mm2, p=0.05). 

Codominant model 
There was a significant difference between the three genotypes for SNP ST+5 and SNP 
S_2 in the number of CD8+ cells in bronchial biopsies (gm ST+5 AA: 27.7/0.1 mm2; AG: 
21.6/0.1 mm2; GG: 8.2/0.1 mm2, p=0.003; S_2 GG: 21.8/0.1 mm2; GC: 20.4/0.1 mm2; CC: 
6.2/0.1 mm2; p=0.03). No significant associations were found with SNP F+1. 

recessive model 
Homozygous individuals for the G-allele of SNP ST+5 had a significantly lower number of 
CD8+ cells and a significantly higher number of eosinophils, compared to individuals with 
one or more A-alleles for SNP ST+5 (gm 8.2 versus 23.3, p=0.03 and gm 2.4 versus 0.8/0.1 
mm2, p=0.04, respectively). 

Multivariate association of ADAM33 SNPs with AHR and inflammatory cells in sputum 
and bronchial biopsies, assuming a recessive model
For completeness, we present below the outcome of the multivariate linear regression 
analyses assuming a recessive model.

SNPs F+1, S_2, and ST+5 were not significantly associated with PC20, total sputum cell 
count, or sputum differential cell counts. The number of CD8+ cells in bronchial biopsies 
was significantly lower in individuals with the GG-genotype for SNP ST+5 compared with 
individuals with one or more A-alleles in SNP ST+5 (gm (95% CI) 7.7 (3.9-13.5) versus 
18.7/0.1mm2 (12.3-28.3), p=0.002), lower in individuals with the CC-genotype for SNP S_2 
compared with individuals with one or more G-alleles in SNP S_2 (5.3 (2.4-12.0) versus 
16.5/0.1 mm2 (10.5-26.0), p= 0.007), and lower in individuals with the AA-genotype in SNP 
F+1 compared with individuals with one or more G-alleles in SNP F+1 (8.3 (4.4-15.4) 
versus 17.0/0.1 mm2 (11.1-26.0), p=0.02). The number of eosinophils in bronchial biopsies 
was significantly higher in individuals with the GG-genotype for SNP ST+5 compared with 
individuals with one or more A-alleles in SNP ST+5 (3.5 (1.2-9.8) versus 1.2/ 0.1 mm2 (0.6-
2.5), p=0.04)
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Differences in snP prevalence between patients with CoPD and controls
Previously, it has been demonstrated by Van Diemen et al. that SNPs in ADAM33 are as-
sociated with the presence of COPD in a general population (1). In addition to the data 
presented in the current manuscript with regard to the association of ADAM33 with air-
way hyperresponsiveness and airway inflammation in patients with COPD, we compared 
the distribution of ADAM33 SNPs of our COPD patients with that of a population based 
control group. 

As a control group, we selected 1097 Caucasians of Dutch descent without airflow 
limitation (FEV1> 80% pred, and FEV1/forced vital capacity> 70%) from the Vlagtwedde-
Vlaardingen cohort (2;3). Genotyping of the control group has been previously described 
in detail (1). Differences in prevalence of rare alleles of SNPs between the COPD patients 
described in the current manuscript and controls were tested using chi-square tests. 

DNA was available from 1097 controls. All genotyped SNPs were in Hardy Weinberg 
equilibrium and in significant linkage disequilibrium. Clinical characteristics of the controls 
are presented in table E1. Table E2 shows that the prevalence of the minor allele of SNPs 
F+1, Q-1, S_1, and S_2 was significantly higher in the COPD group than the control group 
(p=0.04, p=0.03, p=0.003, and p=0.02, respectively), whereas the prevalence of the minor 
allele of SNP ST+5 was lower (p=0.02). The prevalence of SNPs T_1, T_2, and V_4 was not 
significantly different between both groups. With these findings, we confirm the findings 
by Van Diemen et al. (1) i.e. minor alleles for SNPs F+1, S_1, and S_2 are more often 
prevalent in patients with COPD than in subjects without airflow limitation. Regarding SNP 
Q-1 we found a significantly higher prevalence of the minor allele in patients with COPD 
compared with healthy controls, whereas Van Diemen et al. demonstrated a trend in the 
same direction. In addition, we found a higher prevalence for the A-allele in SNP ST+5 in 
patients with COPD.

Table E1: Clinical characteristics of the population based control group*

Controls

Number 1097

Male/female 535/562

Age (years) 50.8 ± 9.5

Current smokers, n (%) 378 (34)

Smoking history (pack-years) ‡ 6.6 (0-18.4)

Fev1 (% pred.) 94.9 ± 11.3

Fev1/IVC (%) 75.8 ± 6.1

*  Data are presented as mean ± standard deviation or; ‡ median (25th-75th percentile). Definition of 
abbreviations: FEV1 = forced expiratory volume in one second; % pred = percentage of predicted value; FEV1/
ivc = Fev1/inspiratory vital capacity.  
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Table E2: Prevalence of genotypes in COPD patients and controls* 

SNP COPD
 % (n)

Controls
% (n)

P value 
Df=2 SNP COPD

% (n)
Controls
 % (n)

P value 
Df=2

F+1
gg 34.9 (38) 46.1 (491) 0.04

ST+5
aa 23.7 (26) 17.7 (193) 0.02

ga 46.8 (51) 42.1 (455) ag 53.6 (59) 46.9 (511)
aa 18.3 (20) 11.8 (128) gg 22.7 (25) 35.4 (386)

Q-1
tt 67.3 (70) 77.9 (844) 0.03

T_1
tt 80.3 (86) 77.2(795) 0.70

tc 28.9 (30) 20.3 (220) tc 17.8 (19) 21.2 (219)
cc 3.8 (4) 1.8 (19) cc 1.9 (2) 1.6 (17)

S_1
gg 72.9 (78) 85.3 (934) 0.003

T_2
gg 80.8 (88) 76.7 (817) 0.56

ga 26.2 (28) 14.1 (154) ga 17.4 (19) 21.8 (232)
aa 0.9 (1) 0.6 (7) aa 1.8 (2) 1.5 (16)

S_2
gg 44.6 (45) 58.5 (626) 0.02

V_4
cc 51.0 (55) 58.2 (631) 0.26

gc 44.6 (45) 34.9 (374) cg 44.4 (48) 36.4 (394)
cc 10.8 (11) 6.6 (71) gg 4.6 (5) 5.4 (58)

*  Different numbers for the SNP genotypes are due to missing genotype data. 
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Abstract 

Recently, it has been shown that the accumulated volume of B-cells in small airways is 
increased in COPD GOLD stage 3 and 4. Little is known about the number of B-cells in 
large airways in COPD. We hypothesised that the number of B-cells in bronchial biopsies 
of large airways is higher in patients with COPD than in controls without airflow limitation, 
and higher in more severe COPD. We therefore collected bronchial biopsies from 114 
COPD patients (postbronchodilator FEV1 63 ± 9 % predicted (mean ± SD), FEV1/IVC 48 
± 9 %) and 28 controls (postbronchodilator FEV1 108 ± 12 % predicted, FEV1/IVC 78 ± 4 
%). Paraffin sections were stained for B-cells (CD20+) and their number was determined in 
the subepithelial area (excluding muscle, glands, and vessels). B-cell numbers were higher in 
patients with COPD versus controls (8.5 versus 3.9/mm2; p=0.007) and higher in patients 
with GOLD severity stage 3 (n=11) than stage 2 (n=103) (22.3 versus 7.8/mm2; p=0.004). 
No relation was found between the number of B-cells and clinical characteristics within 
the COPD group. We suggest that these increased B-cell numbers may have an important 
contribution to the pathogenesis of COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is characterised by an abnormal inflam-
matory response of the lungs to noxious particles or gases. In addition, there seems to be 
an abnormal and insufficient tissue repair to counteract the destructive effects of cigarette 
smoke and accompanying inflammation. The inflammation persists even after smoking ces-
sation (1). Altogether, this results in epithelial changes, airway wall fibrosis, and emphyse-
matous lesions in lung parenchyma. Although exposure to cigarette smoke is the main risk 
factor for the development of COPD in the industrialised world, only a minority of smokers 
develops the disease indicating that other factors must play a role. 

Recently, the hypothesis of an autoimmune component in the pathogenesis of COPD 
was forwarded (2). Such an autoimmune response could include activation of (autoreactive) 
B-cells (3). Additionally, it has recently been shown that the accumulated volume of B-cells in 
small airways is increased in GOLD stage 3 and stage 4 COPD (4). These small airways can 
only be assessed in surgical resection material. Little is known about the number of B-cells 
in central airways of patients with COPD. We therefore evaluated the presence of B-cells 
in bronchial biopsies and hypothesised that the number of B-cells in central airway biopsies 
is higher in patients with COPD than in smoking and ex-smoking controls without airflow 
limitation and higher in more severe COPD.

Methods

Patients 
A total of 142 patients was included; 114 clinically stable patients with COPD participating 
in an ongoing study (the GLUCOLD study) (5) and 28 controls without airflow limitation. 
All participants met the following criteria: age between 45 and 75 years, ex- or current 
smoker with ≥ 10 pack-years, and no history of asthma. Furthermore, patients with COPD 
had irreversible airflow limitation i.e. postbronchodilator forced expiratory volume in 1 
second (FEV1) and FEV1/inspiratory vital capacity (IVC) < 90 % confidence interval of the 
predicted value, FEV1 ≥ 1.3 L and > 20 % of the predicted value,  as well as one or more 
of the following symptoms: chronic cough, chronic sputum production, or dyspnoea on 
exertion. Patients did not use a course of steroids during the last 3 months, and did not 
have maintenance treatment with inhaled or oral steroids during the last 6 months prior to 
randomisation. The study was approved by the medical ethics committee of both university 
hospitals. All participants gave their written informed consent.

Pulmonary function tests
Spirometry was performed as described previously (5). Airway responsiveness was meas-
ured as the provocative concentration of methacholine causing a 20% fall in FEV1 (PC20) 
using the 2-minute tidal breathing method. In four patients with COPD, a PC20 was not 
performed because of an FEV1 < 1.2 litre. Two controls were unable to complete the test 
because of discomfort.
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Biopsies and immunohistology
Bronchial biopsies were collected by flexible bronchoscopy from the lower lobe sub seg-
mental carinae after local anaesthesia with lidocaine. Four biopsies per patient were col-
lected from each patient. For the current analysis, we selected the best paraffin biopsy out 
of these four (i.e. of sufficient volume, and without crushing artefacts, or large blood clots) 
and then stained one paraffin section of 4 µm per patient with monoclonal anti-CD20 
(L26, DAKO, Glostrup, Denmark), using an immunoperoxidase streptavidin-biotin method 
(LSAB+ Kit, DAKO). 3-Amino-9-ethyl carbazole together with H2o2 (AEC+

 Substrate-Chro-
mogen, DAKO) was used as a substrate. Computer-aided image analysis was performed to 
determine and mark the total subepithelial surface area of each bronchial section thereby 
excluding the area occupied by muscle, glands, and vessels. The number of CD20+ cells in 
the marked area was counted by the same, blinded observer using light microscopy and 
was expressed per mm2 subepithelial area. Clusters of CD20+ cells, defined as a collection 
of cells in which individual cells could not be discriminated and therefore counted, were not 
included in the total CD20+ cell counts, but were documented separately. Finally, a random 
selection of 30 sections was recounted to determine the intra-observer variation. 

statistical analysis
Comparisons between groups were performed using the non-parametric Mann-Whitney 
U test. Correlations were calculated by Spearman’s rank correlation test. Intra-observer 
variation was assessed by the intraclass correlation coefficient (6), which reflects the level of 
agreement for repeat counts by the same observer. 

Results 

Clinical findings
We included 114 patients with clinically stable COPD (GOLD stage 2, n = 103; GOLD 
stage 3, n = 11) (7), and 28 controls without airflow limitation. Patient characteristics are 
presented in table 1. Patients with COPD were significantly older, had more pack-years, a 
lower PC20 methacholine, were more often male and more often ex-smoker than control 
subjects (all p<0.05).

Biopsy findings
The biopsy material of one COPD patient was excluded because of poor quality. From the 
other 113 COPD subjects and 28 control subjects, a section of a bronchial biopsy with a 
median (interquartile range (IQR)) subepithelial surface area of 1.43 mm2 (1.03-1.81) and 
0.94 mm2 (0.62-1.08), respectively (p<0.05), was stained for B-cells. Figure 1 illustrates the 
CD20+ staining of a bronchial section from a COPD patient. The intra-observer variation 
assessed by the intraclass variation coefficient was 0.98.
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Table 1: patient characteristics *

COPD (n=114) Controls (n=28)
Male/female † 99/15 11/17
Age (years) 62 ± 8 51 ± 4
Current-/ex-smokers† 72/42 27/1
Smoking history (pack-years) ‡ 42 (31-55) 31 (25-37)
Postbd. FEV1 (% pred.) 63 ± 9 108 ± 12
Postbd. FEV1/IVC (%) 48 ± 9 78 ± 4
pc20 methacholine (mg/ml)** 0.6 ± 2.8 26.7 ± 1.7

*  Data are presented as mean ± SD, unless stated otherwise; † numbers; ‡ median (25th-75th percentile); 
**geometric mean ± doubling dose. Definition of abbreviations: Postbd. = postbronchodilator; FEV1 = forced 
expiratory volume in one second; % pred = percentage of predicted value; FEV1/IVC = FEV1/inspiratory vital 
capacity; PC20 methacholine = the provocative concentration of methacholine that causes a decrease in FEV1 
of 20%.

Figure 1: 
CD20+ B-cells in a bronchial biopsy from a patient with COPD (immunoperoxidase, original magnification 200x). 
Scale bar = 100 µm. 

We observed 1-3 clusters of CD20+ cells in bronchial sections of 8 (7%) COPD pa-
tients and of 2 (7%) controls. The observed clusters did not resemble bronchus-associated 
lymphoid tissue, as judged by the absence of centroblasts and centrocytes. 

The number of CD20+ cells/mm2 subepithelial area was significantly higher in patients 
with COPD than in controls (median (IQR) 8.5 (3.8-18.3) versus 3.9 (1.6-10.3)/mm2 respec-
tively, p=0.007; figure 2a). Results were similar when only current smokers (with and with-
out COPD) were considered (8.1 (3.7-14.5) versus 3.6 (1.5-10.5)/mm2, respectively, p=0.04; 
figure 2b). Within the COPD group, the number of CD20+ cells tended to be higher in 
ex-smokers than in current smokers (9.6 (5.1-42.5) versus 8.1 (3.7-14.5)/mm2, respectively, 
p=0.06; figure 2c). Excluding the 10 subjects with CD20+ clusters did not affect the results 
(data not shown).

relation with CoPD severity and other clinical characteristics
B-cell numbers were significantly higher in individuals with COPD stage 3 than stage 2 
(22.3 (11.8-60.7) versus 7.8 (3.6-16.9)/mm2, respectively, p=0.004; figure 2a) and higher 
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with COPD stage 2 than in controls (7.8 (3.6-16.9) versus 3.9 (1.6-10.3)/mm2, respec-
tively, p=0.02; figure 2a). Within the total group of both patients with COPD and controls, 
higher numbers of CD20+ cells correlated with lower values of postbronchodilator FEV1/VC 
(%) (rs = -0.18, p=0.03) and more severe airway hyperresponsiveness (AHR) (rs = -0.19, 
p=0.03) and tended to correlate with lower values of postbronchodilator FEV1 % pred. 
(rs = -0.15, p=0.08). The number of CD20+ cells was not significantly related with age or 
pack-years, and was not different between sexes. Within the group of COPD patients the 
number of CD20+ cells per mm2 subepithelial area showed no significant correlation with 
any of these variables. 

Figure 2:
The number of B-cells (CD20+) per mm2 subepithelial area in bronchial biopsies of
A. Controls versus patients with stage 2 COPD versus patients with stage 3 COPD
B. Current smokers without COPD versus current smokers with COPD
C. Ex-smokers with COPD versus current smokers with COPD
The horizontal bar represents the median.

discussion

In the present study, we demonstrated that the number of B-cells in bronchial biopsies 
of central airways is higher in patients with moderate to severe COPD than in controls 
without airflow limitation. These results were similar when only currently smoking subjects 
were considered. 

 We have investigated the number of B-cells in central airways in a large number of 
COPD patients and controls. Our findings contrast with the results of O’Shaugnessy and 
co-workers, who did not find a difference in the number of B-cells in bronchial biopsies 
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of large airways between patients with COPD and healthy non-smoking controls (8). They 
included 29 individuals, whereas we investigated 114 COPD patients and 28 controls, thus 
having more power to observe differences in B-cell numbers. In resected lung tissue, Bosken 
and co-workers demonstrated more B-cells in the adventitial layer of small airways in smok-
ers with airflow limitation versus smokers without airflow limitation (9). In lung tissue, Hogg 
et al, recently showed an increase in the accumulated volume of B-cells in small airways 
with increasing severity of COPD. These B-cells were partially arranged in follicles (4). B-
cell clusters were present in bronchial biopsies of only 7% of our total study population, 
whereas Hogg et al. demonstrated B-cell follicles to be present in approximately 5-35% of 
the small airway examined. There are two important differences between the current study 
and Hogg’s study. Firstly, demographic characteristics of the study subjects were different. 
Our COPD patients had less severe COPD than the subjects in the other study. Hogg  et al. 
demonstrated that the number of B-cell follicles is increased in stage 3 and stage 4, COPD 
whereas most of our COPD patients had COPD stage 2 (n = 103) and a minority had 
COPD stage 3 (n = 11). Secondly, perhaps the most crucial difference is that we studied 
large airways using bronchial biopsies, while Hogg et al. examined small airways in resected 
lung tissue. It is important to emphasise that we studied a different compartment and that 
bronchial biopsies in general are small and do not extend very deep into the airway wall. 
Although it may very well be that B-cells in large airways do not show arrangement of B-
cells in follicles similar to small airways, the use of mucosal biopsies is not adequate to obtain 
this particular information. Nevertheless, our study shows additional new data on significant 
differences in numbers of B-cells that are not aggregated in follicles, which extends and sup-
ports the previously published data.  

There are a few issues in our study that need to be addressed. Our controls did not 
perfectly match the group of COPD patients. The latter were older, more often male, and 
had more pack-years. The fact that B-cell numbers did not correlate with age, gender or 
pack-years argues against the reasoning that these differences will have biased our results. 
Additionally, our COPD patients had a lower PC20 than our controls. In the Lung Health 
study, it has been documented that approximately two thirds of patients with COPD have 
increased AHR (10). Within the total study population (COPD and controls), we found a 
weak but significant association between PC20 and the number of B-cells. However, within 
the COPD group no such association was present. This probably implies that the association 
between PC20 and B-cells in our study population is due to the differences in PC20  and 
B-cells between COPD patients and controls per se, rather than by an actual association of 
pc20 and B-cells. A previous study of 34 smokers with COPD demonstrated no association 
between the severity of AHR and the number of B-cells in bronchial biopsies (11). Taken 
together, we do not expect that the difference in PC20 between our COPD patients and 
controls has biased our results. The fact that a higher percentage of patients with COPD 
were ex-smokers than of controls did not influence the outcome of our analysis, since 
the results were similar when only current smoking subjects were included. Ideally, one 
would collect multiple sections from multiple biopsies of each individual to better reflect 
the heterogeneity of the inflammatory response in COPD (12), but this is not always 
possible given the scarcity of pathological material. We examined one histological section 
per subject for the current analysis, but we included a large number of subjects in the 
current study and this should compensate for the overall variation. Moreover, we believe 
that the fact of having examined one histological section instead of more would especially 
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be of concern in case we did not find any differences in B-cell numbers between the 
two groups. If our histological sections were not representative for the level of airway 
inflammation in our subjects, for reason of variability the power to detect differences 
would diminish, increasing the risk of finding false-negative results. However, we did 
demonstrate a difference in B-cell numbers between the two groups in the current study. 
Higher numbers of B-cells can result from, e.g. a local inflammatory process, an altered 
T helper (Th)1-Th2 balance, or can reflect an antigen specific reaction. We can not 
currently exclude the first possibility, i.e. that these B-cells are part of an innate response or 
represent a bystander effect in an inflammatory process. There is no conclusive literature 
available assessing a Th1-Th2 imbalance in airway tissue, and inconsistent results have been 
reported in blood (13). Regarding an antigen-specific role of these B-cells in COPD, it is 
tempting to speculate that they are directed against respiratory pathogens, such as viruses 
or bacteria (14), possibly resulting from stimulation by microbial superantigens (15). Such 
stimulation leads to the activation and proliferation of different clones of B-cells. We did 
not collect information regarding respiratory infections, for example by sputum culture 
from our patients. However, we do not regard this as a full explanation for the presence of 
B-cells since we recently also observed markedly more B-cells in mice with smoke-induced 
emphysema when compared to control littermates, while all these mice were kept under 
the same controlled conditions (16). An alternative explanation for the accumulation of 
B-cells in airway walls may be a local antigen specific reaction to components of cigarette 
smoke. This could then be a consequence of an underlying mechanism that predisposes the 
susceptible smoker to a more pronounced B-cell reaction directed at smoke constituents 
than a non-susceptible smoker. Related to the latter is a final possible explanation that the 
B-cell reaction is against one or more constituents normally present in the airway wall, such 
as extracellular matrix molecules, that may have been changed or broken down as a result 
of smoke exposure. These altered structures could then behave like auto-antigens, fitting in 
with the auto-immune hypothesis that has been put forward as a component of COPD-
pathogenesis (3). The proposed concept of antigen specificity would be supported by 
further analyses to determine whether a clonal expansion of localised B-cells can be found. 
This could be done by performing variable heavy gene analysis after laser micro-dissection 
of the B-cells. Additionally, blotting of lung homogenate or specific extra cellular matrix 
components with serum from patients with COPD might provide additional information 
on possible antigen specificity.

Similar to the results in small airways by Hogg and co-workers (4), we found a significant 
difference in the number of B-cells between the different COPD severity stages (GOLD), 
although the organisation of the B-cells was partially different between Hogg’s study and 
ours. The association of B-cell numbers and COPD severity stages is certainly compatible 
with a pathogenetic role of these B-cells and is, therefore, very interesting, but we do not 
think this association proves such a role.  

In conclusion, we demonstrate higher numbers of B-cells in bronchial biopsies from 
central airways of COPD patients than of (ex-)smokers without airflow limitation. We hy-
pothesise that B-cells have a role in the pathogenesis of the disease. Further identification of 
antigen specificity of these B-cells should aid in defining their role in COPD.
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Abstract 

Inhaled corticosteroids and long-acting ß2-agonists are recommended as maintenance 
therapy in COPD given their separate and supplemental clinical efficacy. We tested whether 
fluticasone propionate (FP) reduces airway inflammation in COPD and whether salmeterol 
augments this. One-hundred-and fourteen patients with moderate to severe COPD were 
randomized to FP 500 µg BID, fluticasone propionate/salmeterol (FSC) 500/50 µg BID, 
or placebo during 6-months double-blind treatment. Bronchial biopsies, induced sputum, 
pc20 methacholine, and lung function were obtained at baseline and 6 months. Eighty-two 
patients (FP n=42; FSC n=19; placebo n=21) with a complete dataset were included in 
a multiple linear regression analysis. After 6 months, numbers of bronchial CD3+, CD4+, 
CD8+, and mast cells were significantly lower with FP and FSC (cell counts in percentage 
of placebo): FP CD3+ -49.9%, p=0.001; CD4+ -64.6%, p<0.001; CD8+ -47.5%, p=0.001; 
mast cells -40.7%, p=0.001; FSC CD3+ -55.3%, p=0.001; CD4+ -62.0%, p=0.003; CD8+ -
41.7%, p=0.01; mast cells -48.0%, p<0.001. FSC increased bronchial neutrophils compared 
to placebo (+104.6%, p=0.009) and FP (+79.0%, p=0.02). Both active treatments increased 
2log PC20 methacholine (FP +1.47 doubling doses, p=0.02; FSC +1.59, p=0.049). Neither 
treatment had a significant effect on sputum inflammatory cells or lung function, except for 
a decrease in lung hyperinflation by fluticasone/salmeterol. In conclusion, FP and FSC during 
6 months reduce bronchial T lymphocyte and mast cell infiltration, and improve airway 
hyperresponsiveness in COPD. FSC additionally improves hyperinflation. Future studies 
need to assess whether these changes persist and are associated with clinical benefits 
during longer term treatment with these drugs. 
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Introduction

Chronic obstructive pulmonary disease (COPD) is worldwide the only major disease with 
increasing mortality rates (1). Clinical hallmarks of COPD are a never fully reversible and 
usually progressive airflow limitation (2). Moreover, the majority of patients demonstrates 
airway hyperresponsiveness (AHR) (3), which is associated with accelerated lung function 
loss (4). This highly prevalent disease is characterized by an abnormal inflammatory re-
sponse in the airways to noxious particles and gases, which is dominated by neutrophils, 
macrophages, T lymphocytes (mainly CD8+ cells), and B lymphocytes (5-7). In addition, spu-
tum CD8+ cells in patients with COPD have increased cytotoxicity (8) and the number of 
bronchial CD8+ cells is positively associated with the severity of the disease (5;9). 

International guidelines recommend bronchodilators, such as long-acting ß2-agonists, 
as first-line pharmacological therapy in patients with COPD (2) since they improve air-
way obstruction, symptoms, and health status (10-12), and reduce lung hyperinflation (13). 
Moreover, addition of inhaled corticosteroids (ICS) is advised for patients with more severe 
COPD and/or frequent exacerbations (2). This is supported by clinical improvements, i.e. 
short-term treatment (6 months) with the ICS fluticasone provides a significant improve-
ment in prebronchodilator FEV1 and symptoms in patients with mild to severe COPD (14), 
and long-term treatment (> 12 months) additionally improves exacerbation rates (15;16) 
and reduces mortality in moderate to very severe COPD (17). Individual studies do not 
report significant effects of ICS on lung function decline, but demonstrate that ICS produce 
a small increase of postbronchodilator FEV1 in the first months which is sustained during 
follow-up (15;18). One meta-analysis suggested that decline in FEV1 is diminished, yet with 
an extremely small effect (19). Study results on the effects of ICS on AHR in COPD show 
variable results, i.e. no effect (20) or a positive effect (21). 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 bronchoalveolar lavage (22) and the 
number of bronchial mast cells, yet without an effect on the number of bronchial CD8+ 
lymphocytes and macrophages or the number of sputum neutrophils (23-25). 

Treatment with a combination of ICS and long-acting β2-agonists in patients with 
moderate to (very) severe COPD resulted in significantly greater improvement in lung 
function than monotherapy with either of these drugs (16;26;27). In addition, combined 
therapy resulted in fewer exacerbations (16) and a clinically significant improvement in 
quality of life compared to placebo (16;27). To our knowledge, no studies have investigated 
the effect of combination therapy on the severity of AHR, and only one recent study 
assessed its effect on airway inflammation in COPD (28). It demonstrated a decrease in 
several inflammatory cells, including the number of sputum neutrophils and bronchial CD4+ 
and CD8+ cells, after three months treatment with fluticasone/salmeterol versus placebo, 
accompanied by an improvement in prebronchodilator FEV1. However, these results were 
not compared with effects of fluticasone monotherapy. 

The aim of the present study was to compare the effect of six months treatment with 
fluticasone monotherapy (FP) with fluticasone/salmeterol combination therapy (FSC) and 
placebo on inflammatory cell counts in bronchial biopsies and induced sputum, airway hy-
perresponsiveness, and lung function in patients with COPD. 
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Methods and materials

The extended version of the methods is available in the online data supplement (ODS). 
One-hundred-and-fourteen patients with clinically stable COPD were included (29). Pa-
tients had irreversible airflow limitation, were current or ex-smokers with > 10 pack-years 
smoking, and had no history of asthma. They did not use a course of inhaled or oral corticos-
teroids within 3 months, or maintenance treatment with these drugs within 6 months prior to 
randomization. The study was approved by the local university medical center ethics com-
mittees; all participants gave their written informed consent. 

The GLUCOLD study is a two-center, randomized, double-blind, placebo-controlled, 
parallel-group study (figure E1 ODS). Baseline measurements included spirometry, body 
plethysmography, bronchial responsiveness to methacholine, sputum induction, and bron-
choscopy with bronchial biopsies. Subsequently, half of our patients were randomized to FP 
(500 µg), a quarter to FSC (500/50 µg) (Seretidetm/Advairtm), and a quarter to placebo via 
the Diskus device twice daily for 6 months. After six months treatment all measurements 
were repeated. 

Paraffin embedded bronchial biopsies were cut in 4µm thick sections. The two mor-
phological best biopsies per patient were selected for analysis. We used specific antibodies 
against T lymphocytes (CD3, CD4, CD8), macrophages (CD68), neutrophil elastase (NE), 
mast cell tryptase (AA1), and eosinophils (EG2). Fully automated inflammatory cell counting 
procedures were performed according to previously described methods (30). Numbers of 
sub-epithelial positively staining inflammatory cells were counted per biopsy section, and 
expressed as the mean number of cells/0.1 mm2 of the two biopsies.

Sputum induction and whole sample processing were performed according to a vali-
dated technique (31), as described in detail previously (29).

Pulmonary function tests have been described previously (29). Study medication was 
withheld for at least 24 hrs and inhaled bronchodilator use for at least 8 hours, prior to 
measuring lung function and airway hyperresponsiveness. Methacholine challenge tests were 
performed with the 2-minute tidal breathing method (32) and expressed as the provocative 
concentration of methacholine causing a 20% fall in FEV1 (PC20). 

Treatment effects were analyzed by statistical evaluation of the per-protocol groups, 
defined as all randomized patients fulfilling the following criteria: matching inclusion/exclu-
sion criteria, no major protocol violations, compliance with study medication regimen (> 
70% of the prescribed dose over 6 months), and primary outcome variables i.e. neutrophils, 
eosinophils, macrophages, and CD8+ lymphocytes in biopsies available at baseline and after 
6 months. Four patients in the placebo group had a compliance rate of below 70%, but were 
included in the analysis. Excluding these four patients did not affect the results. Multiple linear 
regression analyses were performed to investigate the differences after 6 months treatment 
between fluticasone, fluticasone/salmeterol, and placebo on the outcome variables, with 
adjustment for the baseline value of the outcome parameter. Other independent variables 
included in the model were age, gender, pack-years, and smoking status. All cell counts were 
logarithmically transformed in order to obtain normally distributed regression residuals. 
By exponentiating the resulting regression coefficients, the estimated cell-counts for the 
actively treated groups were expressed as percentage of the estimated cell counts in the 
placebo-group (see ODS). 

Proefschrift Margot Gosman.indd   94 27-08-2006   13:21:08



– 95 –Fluticasone with/without salmeterol: effect on inflammation in COPD

Results 

Patients 
From the 114 patients with moderate to severe COPD who were randomized to receive 
study medication, 82 patients were evaluable for the present analysis. The remaining patients 
did not match the per-protocol analysis criteria (figure 1). The percentage of non-evaluable 
patients per treatment group was not different between the treatment groups and there 
were no significant differences in baseline characteristics between the non-evaluable and 
evaluable patients, except that the latter were more often male (75% versus 91%, p=0.03). 

Figure 1:  
The number of evaluable and non-evaluable patients per treatment group. * Four patients in the placebo group 
had a compliance rate < 70% (66%, 54%, 50%, and 46% , respectively) but were included in the present analysis.

Patient characteristics of the 82 evaluable patients at baseline and after 6 months of 
treatment are shown in table 1. All patients were classified as having stage II and III COPD 
according to Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria (2), 
and the majority consisted of currently smoking, middle-aged males. There were no signifi-
cant differences in patients characteristics between the three treatment groups at baseline, 
apart from a higher residual volume/total lung capacity (RV/TLC) ratio in the FSC group 
compared to placebo (p=0.02) and a higher forced residual capacity (FRC) as percent of 
the predicted value (% pred) in the FSC group compared to the FP group (p=0.01). 

Multivariate analysis on the effect of treatment on bronchial inflammatory cells 
Table 2 shows the number of bronchial inflammatory cells at baseline and after 6 months 
per treatment group. After 6 months, the number of CD3+, CD4+, and C8+ lymphocytes 
in bronchial biopsies were significantly lower in the actively treated groups compared with 
placebo, as shown by the regression analysis (adjusted for baseline values): CD3+ FP: -
49.9% [95% confidence interval: -66.4;-25.2], p=0.001 FSC: -55.3% [-72.2;-28.0], p=0.001; 
CD4+ FP: -64.6% [-79.0;-40.2], p<0.001 FSC: -62.0% [-79.5;-29.4], p=0.003; CD8+ FP: -47.5% 
[-63.2;-25.3], p=0.001 FSC: -41.7% [-61.7;-11.1], p=0.01 (figure 2a). The number of CD3+, 
CD4+, and CD8+ cells after 6 months did not significantly differ between the two active 
treatment groups (FSC versus FP: p=0.58, p=0.80, and p=0.57, respectively). There was a 
significant reduction in the number of mast cells in both active treatment groups compared 
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with placebo (FP: -40.7% [-55.7;-20.6], p=0.001 FSC: -48.0% [-63.3;-26.4], p<0.001; figure 
2a), but not compared with each other (FSC versus FP: p=0.39). Treatment with fluticasone/
salmeterol tended to reduce the CD4+/CD8+ ratio compared with placebo (FSC: = -37.1% 
[-60.6;+0.3], p=0.05; figure 2a) but not compared with fluticasone monotherapy (p=0.43), 
whereas fluticasone monotherapy had no significantly different effect on the CD4+/CD8+ 
ratio compared to placebo (FP: -25.7% [-49.7;+9.9], p=0.13; figure 2a). The number of 
neutrophils after 6 months was significantly higher in the fluticasone/salmeterol group both 
compared with placebo (+104.6% [+20.6;+247.3], p=0.009; figure 2b) and fluticasone 
monotherapy (+79.0% [+11.9;+186.6], p=0.02); fluticasone monotherapy had no significant 
effect on the number of bronchial neutrophils (+14.3% [-27.1;+79.1], p=0.56; figure 2b). 
Finally, we did not find any significant effects of the active treatments versus placebo or 
versus each other on the number of bronchial eosinophils or macrophages.

Table 1.  Patient characteristics at baseline and after 6 months of treatment per treatment 
group*

Placebo (n=21) fluticasone (n=42) fluticasone/Salmeterol 
(n=19)

Baseline 6 months Baseline 6 months Baseline 6 months

Clinical characteristics

Male gender, n (%) 19 (90.5) - 38 (90.5) - 18 (94.7) -

Age (yrs) 60.3 ± 7.7 - 62.3 ± 6.9 - 63.0 ± 7.4 -

Current smoker, n (%) 13 (61.9) 13 (61.9) 23 (54.8) 20 (47.6) 14 (73.7) 13 (68.4)

Pack years 43.1 ± 15.9 43.4 ± 15.9 43.8 ± 16.6 44.1 ± 16.6 45.9 ± 27.5 46.3 ± 27.5

Lung function

Postbd FEV1 (% pred) 61.5 ± 8.6 61.1 ± 9.9 63.8 ± 9.6 64.4 ± 10.3 60.1 ± 10.8 59.8 ± 12.4

Fev1 reversibility (% pred) 7.2 ± 4.2 - 6.9 ± 4.6 - 5.9 ± 6.1 -

Postbd FEV1/IVC (%) 46.5 ± 9.1 46.3 ± 10.6 49.0 ± 8.7 49.1 ± 9.5 45.4 ± 9.2 46.0 ± 8.3

pc20 methacholine (mg/ml) 0.5 (3.9) 0.4 (6.6) 0.6 (6.1) 1.4 (8.3) 0.5 (8.9) 1.8 (9.0)

RV/TLC (%) 45.3 ± 5.0 47.8 ± 9.9 47.9 ± 8.5 47.3 ± 7.5 51.1 ± 8.9** 46.2 ± 8.9

FRC (% pred) 142.8 ± 19.5 147.0 ± 22.6 134.2 ± 24.3 136.8 ± 25.1 151.6 ± 25.2† 139.5 ± 24.6

*  Data are presented as mean ± standard deviation or (for PC20 methacholine) geometric mean (% sd);  
** p = 0.02 compared to placebo; † p = 0.01 compared to fluticasone. Definition of abbreviations: Postbd 
= postbronchodilator; FEV1 = forced expiratory volume in one second; % pred = percentage of predicted 
value; FEV1/IVC = forced expiratory volume in one second/inspiratory vital capacity; PC20 methacholine = the 
provocative concentration of methacholine that causes a decrease in FEV1 of 20%; RV/TLC = residual volume/
total lung capacity; FRC = forced residual capacity
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Table 2. The number of bronchial inflammatory cells per 0.1 mm2 sub-epithelial area at 
baseline and after 6 months treatment per treatment group *

Placebo (n = 21) Fluticasone (n = 42) Fluticasone/Salmeterol 
 (n = 19)

Baseline 6 months Baseline 6 months Baseline 6 months

CD3+ cells 155.0 (42.7-479.6) 56.0 (32.1-125.6) 120.8 (38.5-265.0) 26.0 (8.1-110.8) 94.5 (24.0-241.0) 33.0 (3.5-74.5)

CD4+ cells 45.0 (7.9-391.4) 34.5 (7.1-127.1) 58.0 (18.2-204.8) 10.3 (2.7-132.9) 42.5 (15.5-354.0) 11.5 (3.0-75.5)

CD8+ cells 17.0 (3.2-188.9) 13.0 (2.4-57.5) 21.0 (1.3-130.4) 5.3 (1.1-43.5) 17.0 (4.0-103.0) 8.5 (0.0-25.5)

Neutrophils 5.5 (1.5-72.7) 3.5 (0.6-27.3) 3.5 (0.5-32.4) 5.8 (0.5-21.4) 5.0 (0.5-27.0) 10.0 (2.0-34.0)

Macrophages 8.0 (1.7-218.4) 6.5 (1.0-35.0) 10.3 (2.6-38.2) 4.0 (1.0-27.1) 8.5 (1.0-59.5) 4.5 (0.5-26.5)

Mast cells 23.5 (12.6-55.4) 11.0 (3.1-18.4) 23.5 (10.5-63.2) 6.3 (0.5-13.4) 26.0 (12.0-102.5) 6.0 (0.0-12.5)

Eosinophils 1.5 (0.0-221.6) 0.5 (0.0-38.2) 1.8 (0.0-57.4) 0.0 (0.0-2.4) 1.0 (0.0-14.0) 0.0 (0.0-24.0)

* Data are presented as median (5th-95th percentile)

a. b.
Figure 2: 
Bronchial inflammatory cells after 6 months treatment in the fluticasone monotherapy group (solid line) and 
the fluticasone/salmeterol group (dashed line). Figures represent the outcome of a multivariate linear regression 
analysis on the logarithmically transformed cell counts at 6 months, adjusted for baseline cell counts, age, gender, 
pack-years, and smoking status. Data are presented as percentage of the 6 months cell counts in the placebo 
group. Black squares represent the exponentiated regression coefficient B; vertical bars represent the 95% 
confidence interval.
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Multivariate analysis on the effect of treatment on sputum inflammatory cells
Table 3 shows the number and percentage of inflammatory cells in sputum at baseline and 
after 6 months per treatment group. Multiple linear regression analysis showed no signifi-
cant differences between the treatment groups for the total number of sputum cells or the 
sputum cell differential count.

Table 3:  The number and percentage of sputum inflammatory cells at baseline and after 6 
months treatment per treatment group *

Placebo (n = 21) fluticasone (n = 42) fluticasone/Salmeterol  
(n = 19)

Baseline 6 months Baseline 6 months Baseline 6 months

Numbers  
(104/ml)

Total cell count ** 191.1(15.6-1170.7) 93.9 (17.8-1188.0) 149.1 (30.2-725.6) 109.3 (16.2-618.3) 138.8 (24.3-882.2) 93.8 (19.3-1482.8)

Neutrophils 128.6 (6.1-903.8) 52.1 (10.8-906.4) 105.5 (11.9-640.6) 62.5 (7.6-477.3) 89.5 (4.5-651.1) 70.6 (13.3-1220.3)

Lymphocytes 2.7 (0.2-25.8) 2.0 (0.0-21.4) 2.2 (0.3-22.4) 2.3 (0.1-15.5) 1.9 (0.1-24.7) 2.6 (0.0-50.1)

Macrophages 35.2 (3.5-231.8) 17.6 (0.9-229.3) 39.6 (6.7-230.2) 30.8 (1.2-147.0) 30.4 (4.5-165.0) 24.6 (2.8-247.2)

Eosinophils 1.0 (0.0-7.7) 0.9 (0.0-34.9) 2.4 (0.0-13.4) 1.2 (0.0-9.7) 1.4 (0.0-32.6) 0.9 (0.0-8.4)

Percentage (%) 

Neutrophils 67.3 (26.8-94.7) 68.2 (28.3-97.7) 72.8 (34.8-86.5) 67.2 (26.7-91.5) 72.9 (18.5-91.0) 77.5 (32.8-90.3)

Lymphocytes 1.8 (0.5-4.2) 1.7 (0.0-8.2) 2.0 (0.5-6.0) 1.8 (0.5-5.3) 1.4 (0.2-4.0) 2.0 (0.0-4.7)

Macrophages 23.3 (3.0-69.8) 23.0 (2.0-55.8) 22.3 (8.7-46.7) 23.5 (2.8-55.3) 21.7 (5.8-75.3) 18.5 (7.8-61.5)

Eosinophils 0.5 (0.0-3.7) 0.8 (0.0-8.8) 1.3 (0.0-10.8) 1.0 (0.0-4.7) 1.3 (0.0-3.7) 0.7 (0.0-5.7)

*  Data are presented as median (5th-95th percentile); 
**  total cell count refers to the total number of non-squamous cells in induced sputum

Multivariate analysis on the effect of treatment on airway hyperresponsiveness and lung 
function
Lung function measurements at baseline and after 6 months treatment for each treatment 
group are demonstrated in table 1. Multiple linear regression analysis demonstrated a sig-
nificant increase of 2log PC20 methacholine in both active treatment groups compared with 
placebo (FP: B = +1.47 [+0.20;+2.74] doubling dose, p=0.02 FSC: B = +1.59 [+0.01;+3.18] 
doubling dose, p=0.049), without a significant difference between active treatments (FSC 
versus FP: p=0.86). Additional adjustment for FEV1 % pred, either pre-or postbronchodilator, 
did not affect these results.

There were no significant differences in prebronchodilator FEV1 % pred, postbronchodi-
lator FEV1 % pred, and postbronchodilator FEV1/IVC between the three groups after six 
months of treatment. 

After adjustment for baseline values, RV/TLC after 6 months was significantly smaller 
in the FSC group compared with placebo (B = -5.3 [-9.6;-1.1], p=0.01) and tended to be 
smaller compared with FP monotherapy (B = -3.5 [-7.2;+0.2], p=0.06). In addition, FRC % 
predicted after 6 months was significantly smaller in the FSC group both compared with 
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placebo (B = -14.6 [-22.7;-6.4], p=0.001) and FP monotherapy (B = -11.2 [-18.7;-3.7], 
p=0.004). FP had no significant effect on either RV/TLC or FRC % pred compared to pla-
cebo (p=0.30 and p=0.33, respectively). 

discussion

The present study in patients with moderate to severe COPD demonstrates that 6 months 
treatment with fluticasone or fluticasone/salmeterol both reduce the total number of bron-
chial T lymphocytes, T lymphocyte subsets, and mast cells as compared to placebo, but 
neither affects inflammatory cells in sputum. In addition, fluticasone/salmeterol treatment 
increases the number of bronchial neutrophils. Both treatments improve airway hyperre-
sponsiveness compared to placebo, without an effect on airflow limitation. Finally, combina-
tion therapy with fluticasone/salmeterol improves lung hyperinflation, both compared with 
placebo and fluticasone monotherapy. 

To our knowledge, this is the first study comparing the effects of inhaled corticosteroids 
alone and in combination with a long-acting β2-agonist, on bronchial inflammatory cells in 
patients with COPD. Previously, Hattotuwa et al. (24) compared FP and Barnes et al. (28) 
compared FSC with placebo on bronchial airway inflammation. The strength of the current 
study is that we compared the two active treatment strategies, i.e. FP monotherapy and FSC 
combination therapy with placebo. We found a decrease in bronchial CD3+, CD4+, CD8+, 
and mast cells in both the FP and FSC group. Hattotuwa et al. (24) observed a decrease in 
bronchial mast cells and the CD8+/CD4+ ratio after FP treatment, but no significant effect 
on the number of lymphocytes. The discrepancy in findings may be explained by either a 
higher power of the current study (42 subjects in our FP group versus 16 subjects in the 
other study), or a longer duration of treatment (6 months and 3 months treatment, respec-
tively). Interestingly, we find similar results with FSC treatment as Barnes et al, although we 
had a smaller number of subjects (19 versus 55 subjects) and treated patients longer (6 
versus 3 months treatment). Taken together, these results suggest that the anti-inflammatory 
effects of FSC after 3 months treatment persist after 6 months treatment. Importantly, our 
data show that the effects that Barnes et al. attributed to treatment with combined FSC in 
similar doses, are also found with FP alone. This could suggest that the reported supplemen-
tal clinical efficacy of combination therapy on e.g. exacerbations (16), can not be explained 
by an effect on inflammatory markers that we have assessed in the present study. A possible 
advantage of FSC therapy over FP monotherapy might be that combination therapy has 
an earlier onset of effect on bronchial inflammatory cells. However, we need to emphasize 
that this can not be deducted from the data as described in the present study and needs 
further investigation. 

We found higher numbers of bronchial CD4+ than CD8+ cells. Although it is generally 
assumed that CD8+ cells outnumber CD4+ cells in bronchial biopsies of patients with 
COPD, several other studies have also reported a predominance of CD4+ over CD8+ 
cells (20;33;34). A possible explanation for the discrepancies in the literature is the use of 
different antibodies in various COPD studies. Alternatively, differences in duration of the 
steroid free period before entry in the study may play a role. We would like to emphasize 
that, whatever the exact reason turns out to be, this does not affect our results, since we 
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determined the reduction in the number of bronchial cells before and after treatment, using 
the same validated methods. 

T lymphocytes, and in particular CD8+ lymphocytes are thought to play a key role in 
the pathogenesis of COPD. Both CD4+ and CD8+ cells are increased in surgical specimens 
from patients with severe COPD (35). In addition, CD8+ lymphocytes are increased in the 
airway wall of smokers with COPD (36;37) and higher numbers are correlated with more 
severe airflow limitation (9). T lymphocytes may (in)directly lead to lung damage by the 
release of cytokines. Activated CD4+ cells are able to secrete interferon-γ, the most potent 
macrophage-activating cytokine, and CD8+ cells are able to produce cytokines, such as 
tumor necrosis factor-α , which enhances neutrophil chemotaxis and migration. Assuming 
that lymphocytes have a detrimental effect in COPD, a decrease in their number may thus 
be beneficial. FP is probably responsible for the reduction in bronchial lymphocytes in the 
current study, since we had similar findings in the FP and FSC group. This reduction could be 
due to a stimulatory effect of FP on resident T cell apoptosis (38) or due to an inhibitory 
effect on lymphocyte recruitment, via the suppression of cytokine and chemokine produc-
tion in epithelial and other structural cells in the lung (39-41). 

In addition to the effect on lymphocytes, we found a decrease in the number of mast 
cells by both active treatments. The exact role of mast cells in COPD is yet unknown. 
Others and ourselves have previously demonstrated higher numbers of mast cells in 
patients with COPD than in smokers without airflow limitation (37;42-44). 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 combination with decreased mucus clearance may increase 
the likelihood or severity of COPD exacerbations. This could be one underlying mechanism 
of the known beneficial effects of ICS on exacerbations in long-term studies (15). 

Surprisingly, numbers of bronchial neutrophils increased in the FSC group compared 
to both placebo and FP monotherapy. Other studies have suggested an inhibitory effect of 
salmeterol on neutrophils (45;46), yet we seem to find the opposite. The reason for the 
increase in neutrophils is unclear, as is its clinical implication. This finding certainly warrants 
replication and observations after longer term treatment. 

In the current study, sputum inflammatory cells were not affected by active treatment. 
Barnes et al. found a significant reduction of eosinophils and neutrophils in sputum by FSC 
(28). However, the latter finding could be primarily attributed to an increase of these cells 
in the placebo group, possibly caused by the short steroid-withdrawal period (4 weeks) 
before randomization in their study. Our steroid withdrawal period was longer (at least 6 
months in those using steroids prior to the study), which may explain the absence of such 
an increase of sputum cells in our placebo group. A recent meta-analysis demonstrated 
that prolonged therapy with inhaled corticosteroids (cumulative dose >60 mg) effectively 
reduces sputum inflammatory cells in stable COPD (47). However, the summarized effect 
of long-term treatment could be largely ascribed to the outcome of one study (48), 
demonstrating a decrease in sputum neutrophils and an increase in sputum macrophages 
after treatment with budesonide. We found significant changes in bronchial inflammatory 
cells, but no changes in sputum inflammation. This can be due to several reasons. Firstly, 
sputum may represent a different lung compartment than bronchial biopsies. Secondly, we 
did not measure the same inflammatory cell types in sputum and in bronchial biopsies. In 
particular, we did not measure sputum CD4+, CD8+, and mast cells since their numbers in 
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sputum are usually too low. Thus, the effect of ICS on sputum inflammatory cells in COPD 
has not been fully established. 

In the current study, the severity of airway hyperresponsiveness was improved in both 
active treatment groups compared to placebo. This is in line with results from the Lung 
Health Study using triamcinolone (21), and in contrast to Verhoeven et al. using similar doses 
of fluticasone in COPD (20). The latter discrepancy might be explained by the fact that 
patients in Verhoeven’s study had milder hyperresponsiveness than ours, leaving less room 
for improvement. Airway hyperresponsiveness is thought to result from an inflammatory 
process in the airways in addition to geometric changes due to airway smooth muscle 
hypertrophy, mucus hypersecretion, and loss of alveolar attachments (49). The improvement 
in airway hyperresponsiveness in both active treatment groups may result from the reduction 
in airway wall inflammation, and decreased mast cell numbers with associated reduction in 
mucus secretion.

Fluticasone/salmeterol improved lung hyperinflation both compared to placebo and flu-
ticasone monotherapy. This may have important implications for COPD patients, since this 
may improve exercise tolerance, an important feature for daily living in COPD. Moreover, 
the degree of lung hyperinflation is an independent predictor of all-cause and respiratory 
mortality in patients with COPD (50). Opposite to other, larger studies, we found no effect 
of the active treatments on pre- or postbronchodilator FEV1 (14;15). However, it needs to 
be emphasized that the current study was not designed to assess the effect of treatment on 
lung function, but used the severity of airway inflammation as primary outcome. 

In conclusion, this study is the first to compare effects of FP alone and in combination 
with salmeterol on airway inflammation in patients with moderate to severe COPD. Our 
results demonstrate that both FP monotherapy and FSC during 6 months reduce bronchial 
inflammation and improve the severity of airway hyperresponsiveness, but have no effect on 
sputum inflammatory cells, or the severity of airflow limitation in patients with moderate to 
severe COPD. Unexpectedly, FSC increased the number of bronchial neutrophils, a finding 
that needs further confirmation. In addition, FSC improves lung hyperinflation both com-
pared to placebo and FP monotherapy. Future studies are needed to assess whether the 
overall reduction in bronchial inflammation and airway hyperresponsiveness persists and is 
associated with clinical benefits during longer term treatment with these drugs. 
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Extended Methods and Materials

Patients
One-hundred-and-fourteen patients with COPD were included in this GLUCOLD study 
(E1). Patient characteristics have been described in detail before (E1). In brief, they had 
irreversible airflow limitation and chronic respiratory symptoms, and were current or ex-
smokers with at least 10 pack-years of smoking. Patients were in clinically stable condition 
for at least two months, and had no symptoms of respiratory tract infection for at least 
two weeks prior to inclusion in the study. They did not use a course of inhaled or oral 
corticosteroids within 3 months, or maintenance treatment with these drugs within 6 months 
prior to randomization. None of the subjects had a history of asthma. The study was 
approved by the local university medical center ethics committees and all participants gave 
their written informed consent. 

Design
The GLUCOLD study is a two-center, randomized, double-blind, placebo-controlled, 
parallel-group study (see figure E1). The currently presented results concern data at 
baseline and after six months treatment. Study methods have been described in detail 
before (E1). Baseline measurements were performed in clinically stable patients and 
included spirometry before and after inhalation of 400 µg salbutamol, lung volumes by 
body plethysmography, bronchial responsiveness to methacholine, sputum induction, and 
bronchoscopy with bronchial biopsies. All baseline measurements were performed within 
six weeks. Subsequently, half of our patients were randomized to fluticasone (FP) 500 µg, a 
quarter to fluticasone/salmeterol (FSC) 500/50 µg, and a quarter to placebo via the Diskus 
device twice daily for 6 months. Patients were allowed to use ipratropiumbromide 40 µg and 
salbutamol 200 µg as-needed. Randomization was stratified by gender, smoking status, FEV1/
IVC (forced expiratory volume in 1 second/inspiratory vital capacity), PC20 methacholine 
(provocative concentration of methacholine causing a 20% decrease in FEV1 from baseline), 
and site of investigation (Leiden or Groningen). After six months of treatment all baseline 
measurements were repeated. In case of an exacerbation of COPD symptoms requiring 
treatment with antibiotics and/or oral prednisolone, patients had to be stable for at least 
two months before the following clinic visit was scheduled. 

Figure E1: 
Design of the GLUCOLD study.
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Efficacy measurements
The primary efficacy measurements were predefined as the change in the number of 
neutrophils, eosinophils, macrophages, and CD8+ cells in bronchial biopsy specimens for the 
comparisons of each active treatment (FP and FSC) with placebo and for FSC versus FP. 

Other efficacy measurements included changes in the number of mast cells, CD3+ and 

CD4+ cells in bronchial biopsies, total sputum cell count, sputum differential cell count, 2log 
pc20 methacholine, lung volumes, and lung function.

Biopsy processing, immunohistology, and analysis
Details on biopsy processing, immunohistology, and analysis have been published previously 
(E2). In brief, paraffin embedded biopsies were cut in 4 µm thick sections and haematoxylin/
eosin staining was used for evaluation and selection of the two morphological best biopsies 
per patient for analysis (without crushing artifacts, large blood clots, or only epithelial 
scrapings). We used specific antibodies against T lymphocytes (CD3, CD4, and CD8), 
macrophages (CD68), neutrophil elastase (NE), mast cell tryptase (AA1), and eosinophils 
(EG2). Fully automated inflammatory cell counting procedures were performed according 

to previously described validated methods (E3). The number of sub-epithelial positively 
staining inflammatory cells was counted within the largest possible area of maximal 125 
µm deep beneath the basement membrane, per biopsy section, and expressed as the mean 
number of cells/0.1 mm2 of the two biopsies.

sputum induction and processing
Sputum induction and whole sample processing were performed according to a validated 
technique (E4), as described in detail previously (E1).

spirometry, lung volumes and airway hyperresponsiveness
Pulmonary function tests have been described previously (E1). Use of study medication 
was withheld for at least 24 hrs and inhaled bronchodilator use for at least 8 hours, prior 
to measuring lung function and airway hyperresponsiveness. Spirometry and reversibility to 
400 µg salbutamol were measured. Total lung capacity (TLC) and residual volume (RV) were 

measured using a constant-volume body plethysmograph (E5). Methacholine challenge tests 
were performed with the 2-minute tidal breathing method (E6) and expressed as the pro-
vocative concentration of methacholine causing a 20% fall in FEV1 (PC20). 

study medication compliance 
Compliance with study medication was defined as use of at least 70% of the prescribed 
treatment dose over six months of treatment and was checked by the investigators by 
documenting the number of used puffs per returned Diskus study medication for each 
patient.

statistical analysis
Treatment effects were analyzed by statistical evaluation of the per-protocol (PP) groups. 
We deliberately used the PP analysis instead of the intention to treat analysis, since we were 
specifically interested in the effect of study medication on airway pathology. The PP popula-
tion was defined as all randomized patients fulfilling the following criteria: matching inclusion/
exclusion criteria, no major protocol violations, compliance with study medication regimen, 
and primary outcome variables available at baseline and after 6 months. Four patients in the 
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placebo group had a compliance rate of below 70% (66%, 54%, 50%, and 46%, respectively) 
but were included in the analysis. Excluding these four patients did not affect the results.

Mean values and standard deviations (SD) were computed for normally distributed 
variables. Cell counts and other variables that did not show a normal distribution were pre-
sented as medians with 5%-95% percentile. Differences in baseline measurements between 
the three treatment groups were analyzed using one-way ANOVA and Kruskal Wallis tests 
and in case any differences were present, Student’s t-tests and Mann-Whitney U tests were 
performed. Multiple linear regression analyses were performed to investigate the differences 
after 6 months treatment between FP, FSC, and placebo on the outcome variables, with 
adjustment for the baseline value of the outcome parameter. Other independent variables 
included in the model were age, gender, pack-years, and smoking status. All cell counts were 
logarithmically transformed in order to obtain normally distributed regression residuals. By 
exponentiating the resulting regression coefficients, the estimated cell-counts for the actively 
treated groups were expressed as percentage of the estimated cell counts in the placebo-
group. For example, a regression coefficient (B) of -0.69 means that the ratio of the number 
of cells in the treatment group and the placebo group is e-0.69, i.e. 50.1%. This indicates that 
the cell count in the treatment group is (100% - 50.1%) = 49.9% lower than in the placebo 
group. We used SPSS 12.0 (SPSS Inc, Chicago, IL) software for statistical analysis. 
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Abstract

Chronic obstructive pulmonary disease (COPD) is a multi-component disease with both 
airway and systemic inflammation. We therefore investigated whether inflammatory cells 
in blood are associated with those in central and peripheral airways in stable COPD. 
We studied 114 patients with COPD, and determined total and differential cell counts 
in peripheral blood, induced sputum, bronchial biopsies, and bronchoalveolar lavage. 
A complete dataset was available for 60 patients postbronchodilator (FEV1=64 ± 9 % 
predicted (mean ± SD)). Differential cell counts in blood were not associated with those in 
sputum, biopsies, or lavage, with the exception of eosinophils. Eosinophil numbers in blood 
correlated significantly with those in sputum (rs= 0.33, p=0.01) and biopsies (rs= 0.42, 
p=0.001), and tended to correlate with those in lavage (rs= 0.23, p=0.08). Percentages of 
eosinophils in blood correlated significantly with those in sputum (rs= 0.30, p=0.02) and 
lavage (rs= 0.28, p=0.03). In conclusion, the eosinophil is the only leukocyte subset which 
numbers in blood associate with numbers in central and peripheral airways in moderate 
to severe COPD. Future research needs to assess whether longitudinal changes in blood 
eosinophils are associated with similar alterations in eosinophilic inflammation in central 
and peripheral airways, possibly opening avenues for monitoring responses to treatment in 
COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is characterised by an abnormal inflam-
matory response of the lungs to noxious particles or gases (1). This inflammatory response 
is dominated by neutrophils, macrophages, T lymphocytes (mainly CD8+ cells), and B lym-
phocytes (2-4) and has been thoroughly studied by assessing inflammatory cells and mark-
ers in induced sputum, bronchial biopsies, and bronchoalveolar lavage (BAL) fluid. Bronchial 
biopsies represent mucosal inflammation in central airways, sputum predominantly luminal 
inflammation in central airways, and BAL fluid reflects luminal inflammation in peripheral 
airways and alveoli. 

Bronchoscopy is required to collect biopsy samples and BAL fluid. It is an invasive proce-
dure and thus less attractive for large follow-up studies investigating e.g. the effect of treat-
ment on airway inflammation. Sputum induction is relatively safe and easy to perform (5) 
but is still time-consuming and not all patients are able to expectorate an adequate sputum 
sample. 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 specific features of 
systemic inflammation (6). 

The collection of peripheral blood is a very safe and simple procedure and could pos-
sibly provide a tool to monitor changes in airway inflammation. However, as far as we know, 
the association between systemic inflammation on the one hand and inflammation in both 
central and peripheral airways on the other hand has not been investigated in patients with 
COPD previously. 

The aim of the present study 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. We therefore investigated the total number of leukocytes and leukocyte sub-
sets in these three compartments in our large cohort of well characterised patients with 
moderate to severe COPD.  

Methods

Patients
One-hundred-and-fourteen patients with COPD participating in the GLUCOLD study (7) 
were studied. Patient characteristics have been described in detail before (7). In brief, all 
patients had not fully reversible airflow limitation and chronic respiratory symptoms, and 
were current or ex-smokers (quit > 1 month) with at least 10 pack-years of smoking. 
Patients with a history of asthma, alpha-1-antitrypsin deficiency, or other clinically active lung 
disease were not permitted to the study. Patients did not use a course of inhaled or oral 
corticosteroids within 3 months, or maintenance treatment with these drugs within 6 months 
prior to randomisation. They were allowed to use short-acting bronchodilators, and were in 
clinically stable condition. The study was approved by the two local university medical centre 
ethics committees and all participants gave their written informed consent. The present 
study uses cross-sectional information of the baseline measurements of the GLUCOLD 
study, including four visits within 6 weeks. Visit 1 included lung function measurements and 
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peripheral blood collection, at visit 2 a provocation test with methacholine was performed, 
visit 3 included sputum induction, and at visit 4 a bronchoscopy was performed including 
collection of bronchial biopsies and BAL fluid. 

Pulmonary function tests
Pulmonary function tests have been described in detail previously (7). Pre- and postbron-
chodilator (400 µg salbutamol) spirometry was measured. 

Peripheral blood measurements
Blood measurements included the total numbers of leukocytes, cell differential counts, and 
total serum IgE concentrations by fluoroimmunoassay (FEIA) using the Pharmacia CAP 
system (Pharmacia Diagnostics, Uppsala, Sweden). 

sputum induction and processing
Sputum induction and processing were performed according to the validated “full sample” 
technique (8) and have been described in detail previously (7).

Bronchoalveolar lavage, biopsies, and immunohistology
Fibre optic bronchoscopy was performed using a standardised protocol according to re-
cent recommendations (9), and has been described in detail previously (10). In the first 73 
patients we performed BAL before biopsies were taken. Thereafter, the BAL procedure was 
stopped because of medical ethical considerations, since 4 patients experienced a serious 
adverse event possibly related to the BAL (pleural pain, fever, pneumonia, short-term cardiac 
ischemia). BAL was carried out and processed according to previously described recommen-
dations (11;12). Patients were in supine position during the procedure. First, 50 ml of NaCl 
0.9% at 30ºC was instilled, which was retrieved after 10 seconds of dwelling with gentle suction 
at 20 cm water pressure or less. This portion was not used for analysis. Thereafter, 3 times 50 
ml of saline was instilled with dwelling times of 10 seconds. Each portion of saline was directly 
recovered as much as possible and collected in a tube, before the next 50 ml was instilled. Col-
lected BAL was immediately stored on ice and transported to the laboratory within 15 min 
after collection. BAL processing and differential cell counts were performed analogous to the 
methods described for sputum processing, with the major exception that no DTT/Sputolysin 
was used for homogenisation. In addition, if required, lysis of red blood cells was performed 
before processing. A BAL sample was considered adequate when the amount of fluid instilled 
was at least 100 ml, and recovered BAL fluid was at least 10 ml (excluding the first portion). 

Details on biopsy processing, immunohistology, and analysis have been published previ-
ously (10). In brief, paraffin embedded biopsies were cut in 4 µm thick sections and hae-
matoxylin/eosin staining was used for evaluation and selection of the two morphological 
best biopsies per patient for analysis (without crushing artefacts, large blood clots, or only 
epithelial scrapings). We used specific antibodies against T lymphocytes (CD3), macrophages 
(CD68), neutrophil elastase (NE), and eosinophils (EG2). Fully automated inflammatory cell 
counting procedures were performed according to previously described validated methods 
(13). The number of sub-epithelial positively staining inflammatory cells was counted within 
the largest possible area of maximal 125 µm deep beneath the basement membrane, per bi-
opsy section, and expressed as the mean number of cells per 0.1 mm2 of the two biopsies.
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statistical analysis
Means and standard deviations or medians with interquartile ranges (IQR) of variables were 
calculated. The present analysis included all patients with a complete dataset (i.e. total and 
differential cell count available for peripheral blood, induced sputum, bronchial biopsies, and 
BAL). Differences in baseline characteristics between the group of included and excluded 
subjects were investigated using the Chi-square test, Student T-test and Mann-Whitney U-
test. Correlations between cell variables were analysed using Spearman’s rank correlation 
coefficient (rs). Absolute cell numbers (expressed as 106 cells.mL-1 or cells.0.1mm-2) were 
used in the comparison of blood with sputum, BAL, and bronchial biopsies. Differential cell 
percentages were used in the comparison of blood with sputum and BAL (expressed as a 
percentage of leucocytes in blood, or as a percentage of total non-squamous cells in sputum 
and BAL). Monocytes in blood were compared with macrophages in induced sputum, bron-
chial biopsies, and BAL. SPSS 12.0 (SPSS Inc., Chicago, IL) software was used for statistical 
analysis. A p-value of less than .05 was considered significant.

Results

Clinical findings
We collected BAL from 73 out of 114 patients, as previously mentioned. From these 73 
patients, 60 subjects had a complete dataset and were included in the present analysis. Base-
line characteristics were similar between patients with a complete dataset and those with-
out, except that the latter showed higher reversibility to salbutamol (table 1). All patients 
were classified as having stage II and III COPD according to Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) criteria (14) and the majority were current smoking, 
middle-aged males. 

Blood versus induced sputum
Neutrophils accounted for most of the cells in both blood and induced sputum (table 2). 
There was a positive correlation between eosinophils in blood and eosinophils in sputum, 
either expressed as the number of cells (rs 0.33 p=0.01; figure 1a) or as percentage (rs 0.30, 
p=0.02; figure 1b). No significant correlation existed between the numbers or percentages 
of neutrophils, monocytes/macrophages, or lymphocytes in blood and sputum.

Blood versus bronchial biopsy samples
Differential cell counts in biopsy samples per 0.1 mm2 are shown in table 3. Lymphocytes (CD3+) 
were the predominant cells in bronchial biopsy samples. There was a positive correlation between 
the number of eosinophils in blood and the number of eosinophils (EG2+) in bronchial biopsies 
(rs 0.42, p=0.001; figure 2). No significant correlations existed between the number of neutrophils, 
monocytes/macrophages, or lymphocytes in blood and bronchial biopsies.

Blood versus bronchoalveolar lavage fluid
Macrophages were the predominant cells in bronchoalveolar lavage fluid (table 2). 
Eosinophils in blood tended to correlate with eosinophils in BAL when expressed as 
absolute numbers (rs 0.23, p=0.08; figure 3a) and correlated significantly when expressed as 
percentage (rs 0.28, p=0.03; figure 3b). There were no significant correlations between the 
number or percentage of neutrophils, monocytes/macrophages, or lymphocytes in blood 
and bronchoalveolar lavage.
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Table 1: Patient characteristics *
Complete dataset No complete dataset 

Subjects, n 60 54
Male gender, n (%) 51 (85 %) 48 (89%)
Age (yrs) 60.6 ± 7.7 62.7 ± 7.6
Current smoker, n (%) 38 (63%) 34 (63%)
Pack years 41.4 (31.4-56.1) 42.0 (31.2-52.5)
Postbd FEV1 (% pred) 64.2 ± 8.8 61.6 ± 8.6
Fev1 reversibility (% pred) 5.7 ± 4.7** 8.1 ± 4.9
Postbd FEV1/IVC (%) 49.2 ± 9.3 47.1 ± 7.6
pc20 methacholine (mg/ml) 0.6 (0.2-2.8) 0.5 (0.2-1.5)
Serum IgE (IU/ml) 56.0 (12.0-144.0) 28.5 (11.0-98.8)

*  Data are presented as mean ± standard deviation or median (interquartile range);  
** p=0.01 compared to excluded subjects. Definition of abbreviations: Postbd = postbronchodilator; FEV1 
= forced expiratory volume in one second; % pred = percentage of predicted value; FEV1/IVC = ratio of 
forced expiratory volume in one second and inspiratory vital capacity; PC20 methacholine = the provocative 
concentration of methacholine that causes a decrease in FEV1 of 20%. 

Table 2: The number and percentage of inflammatory cells in blood, induced sputum, and 
bronchoalveolar lavage (n=60) *

Peripheral blood induced sputum Bronchoalveolar lavage
Numbers (106.mL-1)
Total cell count ** 7.1 (6.3-7.9) 1.6 (0.8-3.1) 0.2 (0.1-0.6)
Neutrophils 4.1 (3.4-5.1) 1.0 (0.6-2.3) 0.007 (0.002-0.02)
Lymphocytes 2.0 (1.6-2.3) 0.02 (0.01-0.07) 0.005 (0.002-0.01)
Macrophages ‡ 0.6 (0.5-0.7) 0.3 (0.1-0.7) 0.2 (0.08-0.5)
Eosinophils 0.2 (0.1-0.2) 0.02 (0.01-0.05) 0.001 (0.0-0.001)
Epithelial cells - 0.01 (0.01-0.04) 0.002 (0.0-0.01)
Percentage (%) 
Neutrophils 61.2 (51.9-66.2) 73.3 (60.0-81.1) 2.3 (1.1-7.9)
Lymphocytes 28.1 (22.2-34.5) 1.7 (1.2-2.2) 1.5 (0.8-4.9)
Macrophages ‡ 8.6 (7.4-9.6) 21.6 (13.6-33.1) 92.2 (76.6-96.4)
Eosinophils 2.1 (1.0-3.4) 1.3 (0.3-2.2) 0.2 (0.0-0.7)
Epithelial cells - 1.2 (0.3-2.3) 0.7 (0.2-3.8)

*  Data are presented as median (25th-75th percentile); ** total cell count refers to the number of leukocytes 
in peripheral blood and total non-squamous cells in induced sputum and bronchoalveolar lavage; percentage 
of leukocytes in blood, and percentage of total non-squamous cells in induced sputum and bronchoalveolar 
lavage; ‡ monocytes in peripheral blood.

Table 3:  The number of bronchial inflammatory cells per 0.1 mm-2 sub-epithelial area in 
patients with chronic obstructive pulmonary disease (n=60) *

Bronchial biopsy
Lymphocytes (CD3+) 117.5 (72.6-186.0)
Macrophages (CD68+) 8.6 (4.6-11.9)
Neutrophils (NE+) 4.0 (2.0-8.4)
Eosinophils (EG2+) 1.0 (0.5-3.0)

* Data are presented as median (25th-75th percentile) 
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a. b.

Figure 1: 
relation between eosinophils in blood and sputum for 
a. the total number of cells (.106 mL-1) and b. the percentage of the total non-squamous cells; rs represents the 
Spearman’s rank correlation coefficient.

Figure 2: 
relation between eosinophils in blood (.106 mL-1) and eosinophils in bronchial biopsies (0.1 mm-2); rs represents 
the Spearman’s rank correlation coefficient.

a. b.

Figure 3: 
relation between eosinophils in blood and bronchoalveolar lavage for a. the total number of cells (.106 mL-1) and 
b. the percentage of total non-squamous cells; rs represents the Spearman’s rank correlation coefficient.
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discussion

In the present study, we demonstrate that the eosinophil is the only leukocyte subset which 
numbers in blood associate with numbers in sputum, bronchial biopsies, and BAL fluid in 
patients with moderate to severe COPD. This implies that cellular inflammation in blood in 
general is not representative for cellular inflammation in the airways. The eosinophil seems to 
be an exception and further studies have to assess whether (changes in) blood eosinophils 
provide a tool to monitor the airway inflammatory process in patients with COPD. 

Our study is the first to investigate the relationship between the numbers and subsets 
of leukocytes as a marker of systemic inflammation with those in central- and peripheral 
airways in patients with COPD. In asthma, numbers of eosinophils in blood are associated 
with those in sputum, both before and after treatment with inhaled corticocosteriods (15). 
In addition, in patients with mild asthma there is no significant relation between lymphocyte 
subsets in blood on the one hand, and in BAL and sputum on the other hand (16). Previous 
studies in patients with COPD have investigated the association between inflammatory cells 
within the different lung compartments and demonstrated no association between cell dif-
ferential counts in sputum with those in bronchial wash, BAL or bronchial biopsies (17;18). 
However, none of these studies assessed the number of inflammatory cells in blood. 

We would like to emphasise that we have ruled out factors that could possibly inter-
fere with the “natural” airway inflammatory process in this particular group of patients. All 
patients were in clinically stable condition, and none of them had maintenance treatment 
with inhaled or oral steroids in the past six months, or a course of steroids in the past 3 
months prior to randomisation. We collected and processed our blood, sputum, biopsy and 
BAL samples according to standardized and validated procedures in order to minimise the 
confounding influence of i.e. diluting fluids on these samples. Finally, we are confident that 
our participants genuinely have COPD given the fact they all had moderate to severe air-
flow limitation after bronchodilation, at least 10 pack years of smoking (on average 42 pack 
years), and no history of doctor diagnosed asthma. 

The association between inflammatory cells in blood with those in central and peripheral 
airways can be influenced by several factors. First, transendothelial migration plays a role. In 
order to pass from the blood circulation to the airways, cells need to adhere to and then 
migrate across the pulmonary microvasculature. This is an active and selective process in 
which chemokines and adhesion molecules have been suggested to play an important role. 
Second, the velocity at which cells travel through the airway wall is important. Blood cells 
that have arrived in the airway wall can either reside there for a longer period of time or 
quickly migrate through the airway wall into the lumen. It is conceivable that in case the cell 
“flux” takes place at greater velocities, the probability of finding an association between cell 
numbers in blood and the airway wall diminishes. Third, selective cell apoptosis affects the 
association between cell numbers in blood with those in central and peripheral airways. 
Finally, the efficacy of bronchoalveolar clearance may differ between inflammatory cells, 
and could thus affect associations between inflammatory cells in blood and biopsies on 
the one hand, and airway intraluminal cells on the other hand. All together, these processes 
influence the association between cell numbers in blood and those in central and peripheral 
airways. 
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Keeping the previous in mind, how to interpret the currently described findings? The 
fact that we found no association between blood and airways for neutrophils, monocytes/
macrophages, or lymphocytes might be due to their particular role in COPD. Indeed, 
several studies have demonstrated an increase in the numbers of these cells in patients 
with COPD compared with controls (2-4) and higher numbers are associated with more 
severe airflow limitation (3;19;20). Adhesion molecules such as E-selectin and intercellular 
adhesion molecule-1 (ICAM-1) are up regulated in patients with COPD compared with 
controls (21), and stimulate recruitment of neutrophils from the blood circulation into 
the airways. In addition, interleukin-8 is increased in patients with COPD and is a potent 
neutrophil recruiting and activating chemokine (22;23). Previous studies have demonstrated 
that alveolar macrophages from smokers show increased proliferation and reduced 
cell apoptosis in the lung (24). Moreover, the number of CD4+ and CD8+ lymphocytes 
expressing transcription factors such as nuclear factor-kappa B (NF-κB) is increased in 
patients with COPD compared to controls (25). Nuclear expression of NF-κB can modulate 
the transcription of a variety of cytokines, such as ICAM-1. Taken together, these data show 
that both the migration of neutrophils, monocytes/macrophages, and lymphocytes from 
blood into the airways and their “fate” in the airways is a cell specific process. Thus, this could 
explain the discrepancy between the number of these cells in blood with their number in 
sputum, BAL, and bronchial biopsies. 

In contrast to our findings with respect to neutrophils, monocytes/macrophages, and 
lymphocytes, we found a significant association between higher numbers of eosinophils 
in blood and higher numbers of these cells in central and peripheral airways. The lung, 
together with the gastro-intestinal system, constitutes the main residence for eosinophils 
but their role in stable COPD is still a matter of debate. Theoretically, eosinophils could 
cause damage by the release of mediators, such as eosinophil cationic protein (ECP) and 
peroxidases, and by the production of cytokines and free oxygen species. Other arguments 
in favour of a particular role for eosinophils in stable COPD are the results of several 
studies demonstrating that the number of eosinophils in sputum predicts the response 
to treatment with corticosteroids (26;27). In addition, a study in 25 patients with COPD 
demonstrated that numbers of eosinophils and levels of ECP in BAL are significantly higher 
in patients responding to treatment with prednisolone, than in those not responding (28). 

There is not much data available as to monitoring of COPD with inflammatory pa-
rameters in blood. One study investigated the effect of double-blind treatment with either 
budesonide or prednisolone in a mixed population, comprising patients with asthma and 
19 patients with COPD, during and after exacerbation (29). The authors suggested that 
changes in blood eosinophils after treatment better reflect changes in FEV1 in asthmatics 
than in patients with COPD. It is not clear which severity of COPD was studied. In addition, 
the small number of subjects, the heterogeneous treatment, and the absence of insight in 
the improvement in FEV1 with treatment, clearly warrant further investigation to assess the 
role of monitoring COPD with inflammatory cells in blood. 

In conclusion, the current study is the first to demonstrate that the eosinophil is the only 
leukocyte subset of which numbers in blood associate with numbers in sputum, bronchial 
biopsies, and bronchoalveolar lavage fluid in patients with moderate to severe COPD. Thus, 
although most inflammatory cells in peripheral blood do not provide a tool to monitor the 
ongoing airway inflammation in patients with clinically stable COPD, eosinophils seem to 
be an exception. Future research is warranted to assess whether longitudinal changes in 

Proefschrift Margot Gosman.indd   127 27-08-2006   13:21:54



– 128 – Association of blood and airway inflammation in COPD

blood eosinophils after an intervention with i.e. corticosteroids are associated with similar 
alterations in eosinophilic inflammation in central and peripheral airways, possibly opening 
avenues for monitoring a response to treatment in patients with COPD.
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Abstract

In asthma, chymase positive mast cell (MC-C) numbers are positively associated with airflow 
limitation. In COPD, the distribution of MC-C and tryptase positive mast cells (MC-T) 
in central and peripheral airways, and their relation with lung function, is unknown. We 
compared MC-T and MC-C distributions in COPD and controls without airflow limitation, 
and determined their relation with lung function. Lung tissue sections from 19 COPD 
patients (median [interquartile range] FEV1 % predicted 56 [23-75]) and 10 controls were 
stained for tryptase and chymase. Numbers of MC-T and MC-C were determined in seven 
regions of central and peripheral airways. COPD patients had lower MC-T numbers in 
the subepithelial area of central airways than controls. In COPD, higher MC-T numbers in 
the epithelium and subepithelial area of peripheral airways correlated with higher FEV1/
VC (Spearman’s rho (rs) 0.47, p=0.05 and rs 0.48, p=0.05, respectively), and higher MC-C 
numbers in airway smooth muscle of peripheral airways correlated with higher FEV1 % 
predicted (rs 0.57, p=0.02).  We conclude that more MC-T and MC-C in peripheral airways 
correlate with better lung function in COPD patients. It is yet unknown whether this reflects 
a protective association of mast cells with COPD pathogenesis, or represents increased 
degranulation of these cells. 
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Introduction

Chronic obstructive pulmonary disease (COPD) is characterised by a usually progressive 
airflow limitation and is associated with an abnormal inflammatory pulmonary response to 
noxious particles or gases (1). The inflammatory response is present in both central and 
peripheral airways of patients with COPD, and is dominated by neutrophils, macrophages,  
T lymphocytes (mainly CD8+ cells), and B lymphocytes (2-4). In addition, some, (5;6) but not 
all studies (7;8), have demonstrated higher numbers of mast cells in patients with COPD 
than in controls without airflow limitation. The exact role of mast cells in COPD is yet un-
known. Theoretically, they could play a role in the pathogenesis of the disease by the release 
of various mediators including potent proteases, such as tryptase and chymase. Also, mast 
cells can induce collagen production (9) and fibroblast proliferation (10;11). Tryptase, a mast 
cell specific protease, is present in all human mast cells. In addition, a subset of mast cells 
also contains chymase.

In 20 patients with severe asthma, Balzar and co-workers recently evaluated the number 
of chymase and tryptase positive mast cells in various regions of both central and peripheral 
airways (12). These authors demonstrated that higher numbers of chymase positive mast 
cells in peripheral airways are associated with less severe airflow limitation and suggested 
that these cells are protective for lung function in patients with asthma. 

To our knowledge, the distribution of chymase and tryptase positive mast cells in central 
and peripheral airways, and their relation with lung function in patients with COPD has not 
been investigated previously. This study did so and compared this with results in controls 
without airflow limitation. 

Methods

subjects and tissue collection 
Tissue samples were collected from 29 individuals: 19 patients with COPD and 10 controls 
without airflow limitation. Patients with COPD (10 males, median [interquartile range] age 
62 [54-72], pack years 30 [26-39] ) were former- or current smokers (15 and 3 patients, 
respectively; the smoking status of 1 COPD patient was unknown). They had mild to very 
severe COPD according to the Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) criteria (GOLD stage I, II, III, IV in 3, 8, 1, and 7 patients, respectively) (13). Their 
forced expiratory volume in one second (FEV1) as percentage of the predicted value (% 
pred) was 56 [23-75], with an FEV1/vital capacity (VC) ratio of 50% [30-59]. Patients had no 
α1-antitrypsin deficiency. Thirteen out of 19 patients with COPD were treated with oral and/
or inhaled corticosteroids. None of the COPD patients had symptoms of chronic bronchitis. 
Controls without airflow limitation (8 males, age 56 [47-70], pack years 30 [25-60] ) were 
former (n=4) or current (n=4) smokers. The smoking status of 2 controls was unknown. None 
of the controls was treated with either oral or inhaled corticosteroids. The median [range] 
Fev1 % pred of the control group was 103 [90-106], with an FEV1/VC ratio of 73% [72-77]. 
Lung function data were missing from one control, a 43-year-old male organ donor, from 
whom we obtained lung tissue that had not been used for transplantation because of logistic 
(unilateral transplantation) reasons. Additional investigations by an experienced pulmonary 
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pathologist (WT) showed no signs of COPD, nor of any other significant pathology in lung 
tissue. All other tissue samples from both patients with COPD and controls were obtained 
from subjects undergoing partial resection, (bi)lobectomy, or pneumonectomy for pulmonary 
carcinoma. Lung tissue was always taken as distant as possible from the tumor, or from non-
involved lobes. The study protocol was consistent with national ethical and professional 
guidelines (“Code of Conduct; Dutch Federation of Biomedical Scientific Societies”;  
(http://www.federa.org)).

tissue processing / immunohistochemistry
Immunohistochemistry was performed on 3 μm formalin fixed, paraffin embedded lung tis-
sue sections. Consecutive tissue sections were stained for tryptase (AA1, DAKO, Glostrup, 
Denmark) and chymase (CC1, Abcam, Cambridge, UK), using an immuno-alkaline phos-
phatase method with goat-anti-mouse immunoglobulin conjugated to alkaline phosphatase 
as a second step, and Fast Red / Napthol AS-Mx as a chromogen providing a bright red 
reaction product. To be able to delineate the different compartments as reproducible as 
possible, a double staining was performed. After the chymase or tryptase staining, slides 
were subsequently incubated with a mixture of mouse monoclonal antibodies detecting 
anti-smooth-muscle actin (Progen, Heidelberg, Germany; clone ASM-1) and pan-keratin 
(AE1-AE3, Boehringer Mannheim, Mannheim, Germany). As a detection step, slides were 
incubated with rabbit anti-mouse immunoglobulin conjugated to peroxidase. 3’3’amino-
benzidin together with H2o2 was used as a chromogen, providing a gold-brown reaction 
product. This double staining procedure with subsequent incubation steps allowed easy 
identification of mast cells with clear demarcation of smooth muscle area and of epithelial 
delineation of bronchial epithelium, as well as outer limit of adventitia by (mainly type 2) 
alveolar epithelial cells.

Definition of lung regions and morphometric analysis
We examined 1 central airway and, depending on the availability, 1 to 5 peripheral airways 
in tissue samples from each subject. Central airways were defined as cartilaginous airways, 
maximum from the third generation. Three central airway regions were analyzed separately: 
1) the epithelium; 2) the subepithelial area, the area between the bronchial epithelium and 
the concentric smooth muscle layer ; and 3) the airway smooth muscle.

Peripheral airways were defined as airways with a circumferential size of max. 6 mm, 
and a variation of maximal versus minimal diameter that was not more than two-fold. Four 
peripheral airway regions were analyzed separately: 1) epithelium; 2) the subepithelial area; 
3) the airway smooth muscle; and 4) the adventitia, the area outside the smooth muscle to 
the connection points of the surrounding parenchyma

The areas of the described compartments were measured using the Leica QuantiMed 
morphometric system (Leica Microsystems, Lübeck, Germany) and chymase and tryptase 
positive, nucleated cells were counted manually within each area. 

Finally, a random selection of 10% of all tryptase sections was recounted to determine 
the intraclass correlation coefficient, which reflects the level of agreement for repeat counts 
by the same observer. 

statistical analysis
Means and standard deviations or medians with interquartile ranges (IQR) of variables were 
calculated. The number of chymase and tryptase positive mast cells was expressed per mm 
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length of the basement membrane (epithelium) or mm2 area (subepithelial area, airway 
smooth muscle, and adventitia). As previously mentioned, the number of peripheral airways 
examined ranged from 1 to 5 per subject, depending on the availability. In case two or more 
peripheral airways from one subject were examined, we used the mean cell concentration 
of all peripheral airways from this subject for statistical analysis. Differences between groups 
were tested using Chi-Square or Mann-Whitney U-tests. Correlations between cell con-
centrations and lung function (expressed as FEV1 % pred and FEV1/VC) were analysed using 
Spearman’s rank correlation coefficient (rs). SPSS 12.0 (SPSS Inc., Chicago, IL) software was 
used for statistical analysis. A p-value of less than .05 was considered significant. 

Results

Patient characteristics
Consequent to our inclusion criteria, patients with COPD had significantly lower FEV1 (% 
pred) and FEV1/VC values than controls without airflow limitation (both p < 0.001). There 
were no significant differences between patients with COPD and controls with respect to 
gender, smoking status, or pack-years (all p > 0.05). 

Morphometric analysis 

Central airways 
The median [IQR] length of epithelium analysed in the total study population was 7.5 mm 
[7.3-7.6]. The median tissue area analysed was 0.7 mm2 [0.5-1.2] for the subepithelial area, 
and 0.6 mm2 [0.4-0.9] for airway smooth muscle. 

Peripheral airways 
The length of epithelium per tissue section analysed in the total study population was 2.3 
mm [2.0-2.8] per peripheral airway. The median tissue area analysed was 0.02 mm2 [0.02-
0.04] for the subepithelial area, 0.02 mm2 [0.01-0.03] for airway smooth muscle, and 0.1 
mm2 [0.1-0.2] for the adventitia. There were no significant differences between patients with 
COPD and controls with respect to the tissue area analysed (all p>0.05). 

Distribution of mast cells in central and peripheral airways in patients with CoPD and 
controls
The intra-observer correlation assessed by the intraclass correlation coefficient was 0.96.

tryptase positive mast cells 
The distribution of tryptase positive mast cells (MC-T) in the different regions of central and 
peripheral airways from patients with COPD and controls is shown in table 1a. In central 
airways, the concentration of MC-T was highest in the subepithelial area in both patients 
with COPD and controls. In peripheral airways, the concentration of MC-T was highest in 
the adventitia followed by the subepithelial area, both in patients with COPD and controls. 

The concentration of MC-T was significantly lower in the subepithelial area of central 
airways from patients with COPD than from controls (53.7/mm2 [25.7-120.8] versus 108.8/
mm2 [83.9-190.2], respectively, p=0.04). There were no significant differences between pa-
tients with COPD and controls with respect to the concentration of MC-T in any of the 
other regions of central and peripheral airways. 

Proefschrift Margot Gosman.indd   139 27-08-2006   13:22:01



– 140 – Association of mast cells with lung function in COPD

Chymase positive mast cells 
The distribution of chymase positive mast cells (MC-C) in the different regions of central 
and peripheral airways from patients with COPD and controls is shown in table 1b. Just as 
for MC-T, the concentration of MC-C was highest in the subepithelial area of central airways 
in both patients with COPD and controls. In peripheral airways, the concentration of MC-C 
was highest in the adventitia followed by the subepithelial area, in both patients with COPD 
and controls. 

There were no significant differences between patients with COPD and controls with 
respect to the concentration of MC-C in any of the regions of both central and peripheral 
airways. Exclusion of 1 control subject with missing lung function data did not affect any of 
the results. 

Table 1a.  The concentration of tryptase positive mast cells per region for patients with COPD 
and controls *

COPD (n=19) Controls (n=10)
Central airways
Epithelium (cells/mm) 0.0 [0.0-0.1] 0.07 [0.0-0.9]
Subepithelial area (cells/mm2) ‡ 53.7 [25.7-120.8] 108.8 [83.9-190.2]
Airway smooth muscle (cells/mm2) 20.1 [10.5-33.3] 32.5 [15.8-49.9]
Peripheral airways 
Epithelium (cells/mm) 0.0 [0.0-0.2] 0.0 [0.0-0.9]
Subepithelial area (cells/mm2) 184.6 [100.4-282.3] 247.9 [73.9-548.2]
Airway smooth muscle (cells/mm2) 18.4 [0.0-47.6] 12.6 [0.0-36.9]
Adventitia (cells/mm2) 214.9 [107.2-327.2] 279.4 [79.2-646.9]

Table 1b.  The concentration of chymase positive mast cells per region for patients with COPD 
and controls *

COPD (n=19) Controls (n=10)
Central airway samples
Epithelium (cells/mm) 0.0 [0.0-0.3] 0.0 [0.0-0.0]
Subepithelial area (cells/mm2) 11.0 [4.5-28.3] 18.1 [8.2-28.9]
Airway smooth muscle (cells/mm2) 3.5 [0.0-6.0] 10.6 [2.7-15.2]
Peripheral airways 
Epithelium (cells/mm) 0.0 [0.0-0.2] 0.0 [0.0-0.0]
Subepithelial area (cells/mm2) 54.5 [0.0-160.0] 19.4 [0.0-71.8]
Airway smooth muscle (cells/mm2) 0.0 [0.0-50.7] 0.0 [0.0-54.1]
Adventitial layer (cells/mm2) 68.5 [13.2-162.7] 128.0 [44.1-184.0]

* Data are presented as median [interquartile range]; ‡ p = 0.04 versus controls 

relation between mast cells and lung function in patients with CoPD

tryptase positive mast cells 
Within the group of COPD patients, higher numbers of MC-T in the epithelium and in 
the subepithelial area of peripheral airways correlated significantly with higher values of  
Fev1/VC (rs 0.47, p=0.05 and rs 0.48, p=0.05, respectively; figure 1a and 1b), but not with 
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Fev1 % pred (rs 0.29, p=0.25 and rs 0.34, p=0.17, respectively). In addition, higher numbers 
of MC-T in the adventitia of peripheral airways tended to correlate with higher values of 
Fev1/VC (rs 0.41, p=0.09) and FEV1 % pred (rs 0.43, p=0.08). 

We found no significant correlations between the number of MC-T in any of the other 
airway regions and lung function (either expressed as FEV1 % pred or FEV1/VC).

a. b.
Figure 1:
The relation between the concentration of tryptase positive mast cells and lung function in patients with COPD 
for 
1a. MC-T in the epithelium of peripheral airways and FEV1/VC (%)
1b. MC-T in the subepithelial area of peripheral airways with FEV1/VC (%)
Fev1/VC = the ratio of the forced expiratory volume in one second and vital capacity; MC-T = tryptase positive 
mast cells

Chymase positive mast cells
Within the group of COPD patients, higher numbers of MC-C in the smooth airway mus-
cle of peripheral airways correlated significantly with higher values of FEV1 % pred (rs 0.57, 
p=0.02; figure 2), but not with FEV1/VC (rs 0.35, p=0.17). In addition, higher numbers of 
MC-C in the adventitia of peripheral airways tended to correlate positively with FEV1 % 
pred (rs 0.43, p=0.08). 

We found no significant correlations between the number of MC-C in any of the other 
airway regions and lung function (either expressed as FEV1 % pred or FEV1/VC).

Figure 2:
The relation between the concentration of chymase positive mast cells in peripheral airways smooth muscle 
with FEV1 % predicted in patients with COPD; FEV1 = forced expiratory volume in one second; % predicted = 
percentage of the predicted value; MC-C = chymase positive mast cells.
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discussion

In the present study, we demonstrate that the distribution of tryptase and chymase posi-
tive mast cells in the airways is similar between patients with COPD and controls without 
airflow limitation. In central airways, the concentration of either tryptase and chymase posi-
tive mast cells is highest in the subepithelial area. In peripheral airways, the concentration 
is highest in the adventitia, followed by the subepithelial area. In addition, a lower number 
of tryptase positive mast cells was observed in the subepithelial area of central airways in 
patients with COPD compared to controls, but there were no other significant differences 
in mast cell numbers between our COPD patients and control group. Finally, the current 
study demonstrates that a higher number of tryptase and chymase positive mast cells in a 
number of regions from peripheral airways is associated with less severe airflow limitation in 
patients with mild to very severe COPD. Such a relation was not observed for the number 
of mast cells in central airways. 

A number of previous studies has focused on mast cells in the airways of patients with 
COPD (5;14). However, these studies did not investigate both central and peripheral air-
ways, nor did they assess the relation of mast cells and their specific granule contents with 
lung function. We observed no difference in the number of MC-T in peripheral airways 
between patients with COPD and controls. In contrast, Grashoff et al. demonstrated higher 
numbers of MC-T in patients with COPD than in controls without airflow limitation in 
the epithelium of peripheral airways, but not in the remainder of the airway wall (5). These 
seeming incongruent findings may be explained by the fact the definition of COPD and 
controls was different in both studies. We adhered to current guidelines (13), taking both 
Fev1 and FEV1/VC into account, whereas Grashoff ’s study, which was conducted before 
these guidelines were introduced, selected groups solely based on FEV1. Compatible with 
our findings, a study in a heterogeneous population comprising 29 current smokers with 
and without airflow limitation, showed no correlation between MC-T in central airways and 
Fev1 (14). The number of MC-T in peripheral airways was not assessed. The current findings 
are largely in keeping with results from a recent study in patients with severe asthma (12). 
The latter demonstrated an association between higher numbers of MC-C in peripheral air-
ways and less severe airflow limitation (12). However, in contrast to our findings, the asthma 
study did not observe such a relation for the number of MC-T and lung function. Thus, the 
present study is the first to report the relation of tryptase and chymase positive mast cells 
in central and peripheral airways with lung function in patients with COPD. 

There are a few considerations when interpreting our results. Some studies (14), but 
not all (15), have shown higher numbers of airway mast cells in current smokers compared 
to ex- or never smokers. In the current study, a significant difference was observed in the 
concentration of mast cells between patients with COPD and controls, i.e. a lower number 
of MC-T in the subepithelial area of central airways in the COPD group. We can not exclude 
the possibility that this finding is influenced by the higher percentage of current smokers in 
the control group compared to the COPD group, although the difference in smoking status 
between the two groups was not statistically significant. In addition, a substantial proportion 
(68%) of our COPD patients was treated with corticosteroids versus none of the controls 
(p < 0.001). This might have affected our results, since previous literature has demonstrated 
that treatment with corticosteroids reduces the number of mast cells in central airways of 
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patients with COPD (16;17). Therefore, we performed a subgroup analysis excluding all 
COPD patients treated with corticosteroids. This provided similar results as those presented 
above, although the inter-group difference in subepithelial MC-T in central airways was 
reduced to a trend (p = 0.09), probably due to a loss of power. Another point which might 
have had an impact on our results, is that we used lung tissue that was obtained during 
surgery for lung cancer. To limit effects of a tumor on airflow limitation and inflammation, 
we only included patients with a peripherally localised tumor, and only lung tissue as far as 
possible from the tumor was selected. Taken together, we feel that the results as described 
above are valid. 

How to put the present results in the perspective of the underlying pathophysiology of 
COPD? The significant relation of MC-T and MC-C with airflow limitation was present in 
peripheral and not in central airways from patients with COPD. This is compatible with the 
widely accepted hypothesis that peripheral airways are the major site of airflow limitation in 
COPD (18). In line with a previous study in severe asthmatics (12) but yet to our surprise, 
the relation between mast cell numbers and lung function was positive. This may either 
reflect a protective role of mast cells in the pathogenesis of COPD, or in contrast, it may 
represent a risk factor if lower numbers of MC-T and MC-C reflect increased degranulation 
of mast cells, leaving them undetected in an immunohistochemical approach (19). The latter 
is in keeping with previous findings in asthma showing that the proportion of degranulated 
mast cells is higher in peripheral airways from patients with asthma than in controls (20). 

We realise that several arguments exist against a protective role for mast cells in COPD, 
considering their ability to secrete a broad spectrum of mediators, such as proteinases and 
cytokines, including interleukin-8 (IL-8)(21) and tumor necrosis factor (TNF)-α. Both IL-8 
and TNF-α are thought to play an important role in the development of neutrophilic airway 
inflammation in patients with COPD (22-24), which is in turn associated with more severe 
airflow limitation (8). Indeed, in general, mast cells have shown to have detrimental effects 
in various inflammatory conditions (25-27). However, in renal inflammatory disease, mice 
models have shown that mast cells are associated with a protective role in e.g. the devel-
opment of glomerulonephritis (28). Mast cells may benefit lung function by the ability of 
tryptase to enhance epithelial cell proliferation (29), which could lead to an improvement in 
epithelial integrity. In addition, chymase may have a favourable effect on airway smooth mus-
cle hyperplasia and thus peripheral airway resistance in patients with COPD, by inhibiting 
airway smooth muscle proliferation (30). Finally, mast cells can contribute to fibroblast prolif-
eration and collagen production (9-11). This might increase extracellular matrix production, 
which could counteract the effects of emphysematous destruction including peribronchial 
attachments, in a subset of patients with COPD. 

In conclusion, in our view, the strength of the current study is that it is the first to inves-
tigate the distribution of tryptase and chymase positive mast cells in central and peripheral 
airways, and their relation with airflow limitation in patients with COPD. It remains to be 
clarified whether our findings reflect a beneficial or a detrimental effect of mast cells, or 
even a combination of both, on lung function in patients with COPD. 
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Summary of the studies in this thesis

Chronic obstructive pulmonary disease (COPD) is a complex chronic inflammatory lung 
disorder that is mainly caused by tobacco smoking and environmental pollutants, and ex-
pected to be the third most important cause of death by 2020, and the fifth leading cause of 
disability-adjusted life years lost (1). It has a large impact on the economic and social burden 
throughout the world. There is no cure for patients with COPD so far. In order to develop 
new and effective therapies, one needs to understand the pathophysiological mechanisms 
underlying COPD. Two important components of COPD that contribute to its clinical dis-
ability, are the presence of airway hyperresponsiveness (AHR) and (extra)pulmonary in-
flammation. 

in Chapter 2, we studied the relation between the severity of AHR and inflammatory 
cells in both sputum and peripheral blood from a large group of patients with moderate to 
severe COPD. 
The results of this study demonstrate that:

Higher numbers of inflammatory cells in induced sputum are associated with more 
severe AHR to methacholine in COPD. This association is independent of lung 
function, gender, smoking status, pack-years, or total serum IgE. 
Not one specific cell type, but the total load of inflammatory cells in sputum 
contributes to the severity of AHR in COPD. This suggests that a cascade of cell 
mediators contributes to the severity of AHR, rather than the release of one particular 
cell product. The release of different cell mediators could lead to airway smooth 
muscle contraction and structural changes by airway oedema, mucus hypersecretion, 
and airway wall thickening. Alternatively, there may be a communal underlying 
mechanism responsible for the severity of both AHR and airway inflammation. 
Inflammatory cells in blood are not associated with the severity of AHR in COPD. 
The lack of such an association can be due to several reasons, e.g. it may well be that 
inflammatory cells in blood do not contribute to the severity of AHR, or that the 
activation state of these cells is more important in AHR than the number of cells.
Consistent with previous studies (2;3), females with COPD have more severe AHR 
than males with COPD, independent of their level of airway obstruction. In addition, 
more severe airflow limitation is associated with more severe AHR in patients with 
moderate to severe COPD. 

We conclude that the severity of AHR is positively associated with airway inflammation in 
induced sputum of patients with COPD, thereby giving more insight into the pathophysi-
ological mechanisms underlying AHR. 

In order to further elucidate the mechanisms underlying AHR and airway inflammation, 
we investigated whether single nucleotide polymorphisms (SNPs) in the ADAM33 gene are 
associated with the severity of AHR and airway inflammation in COPD. This gene gained 
our interest since it has been previously associated with AHR in an asthma population (4), 
and presence of COPD in a general population cohort (5). 
The main results of this study as described in Chapter 3, are: 

snps in ADAM33 are associated with the severity of AHR in COPD. 
snps in ADAM33 are associated with airway inflammation as measured in both 
sputum and bronchial biopsies of patients with COPD.

•

•

•

•

•
•
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Although the function of SNPs in ADAM33 has not been unraveled yet, it is conceivable that 
its protein product plays a role in both remodelling and inflammation in COPD by shedding 
growth factors, cytokines, and their receptors from the cell surface. Remodelling and inflam-
mation are thought to play an important role in the severity of AHR. Indeed, as described 
in chapter 2, we found an independent, positive association between severity of AHR and 
total sputum cell counts: perhaps ADAM33 is the missing link.
Secondary to our initial analyses, we compared the distribution of ADAM33 SNPs of our 
COPD patients with that of a population based control group. 
This additional analysis demonstrated that:

Consistent with previous literature (5), SNPs in ADAM33 are associated with presence 
of COPD.

We conclude that SNPs in ADAM33 not only confer susceptibility to COPD in the general 
population, but are also associated with the severity of AHR and airway inflammation in 
established COPD. 

Exposure to cigarette smoke is the single most important risk factor for the development 
of COPD in the industrialised world. Nevertheless, only a minority of smokers develops 
the disease, indicating that other factors must play a role. One of these factors could be 
an underlying genetic constitution, as described in chapter 3. Additionally, Agusti and co-
workers forwarded the hypothesis of an autoimmune component in the pathogenesis of 
COPD (6), which could include activation of (autoreactive) B-cells (7). This hypothesis is 
compatible with the observation that the accumulated volume of B-cells in small airways is 
positively associated with severity of COPD (8). We were interested if numbers of B-cells 
in central airways are higher in patients with COPD than in controls, and whether they are 
associated with COPD severity. In Chapter 4, we determined the number of B-cells in 
central airways of patients with COPD and controls without airflow limitation. 
This study shows that:

Numbers of B-cells in central airways are higher in patients with moderate to severe 
COPD than in (ex)smoking controls without airflow limitation. These results are similar 
when only current smokers (with and without COPD) are considered.

Higher B-cells numbers can result from e.g. a local inflammatory process, an altered Th1-Th2 
balance, or can reflect an antigen specific reaction. With regard to the latter, it is tempting to 
speculate that they are directed against respiratory pathogens, such as viruses or bacteria 
(9). An alternative explanation for the accumulation of B-cells in airway walls is a local 
antigen specific reaction to components of cigarette smoke. Finally, one could suggest that 
the B-cell reaction is against one or more constituents normally present in the airway wall, 
like extracellular matrix molecules, that may have been changed or broken down as a result 
of smoke exposure. These altered structures could then behave like auto-antigens, fitting in 
with the previously mentioned auto-immune hypothesis (6;7). 

Patients with severe COPD (GOLD stage 3) have higher numbers of B-cells in central 
airways than those with moderate disease (GOLD stage 2). 

 The association of B-cell numbers and COPD severity stages is certainly compatible with 
a pathogenetic role of these B-cells, but does not prove such a role. We conclude that the 
number of bronchial B cells is higher in patients with COPD than in controls without airflow 
limitation, and is higher with more severe airflow limitation in COPD. We hypothesise that B-
cells have a role in the pathogenesis of the disease, but their exact role still needs to be esta-
blished. Further identification of antigen specificity of these B-cells should aid in this process.

•

•

•
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The prominent inflammatory process in the lungs of patients with COPD is targeted by 
treatment with inhaled corticosteroids (ICS). Although these drugs have proven to be of 
clinical importance (10-14), their effects on the inflammatory process in COPD appear to 
be limited. Previous studies have demonstrated that treatment with a combination of long-
acting bronchodilators (LABA) and ICS is superior to monotherapy with either of these 
drugs in improving lung function (15-17), but these studies did not assess their effects on 
airway inflammation. In Chapter 5, we describe the outcome of the first study comparing 
the effects of ICS as monotherapy (fluticasone) and in combination with LABA (fluticasone/
salmeterol) versus placebo on airway inflammation and clinical outcomes in patients with 
moderate to severe COPD. 
The main results of this study with respect to airway inflammation, are:

Both fluticasone monotherapy and fluticasone/salmeterol during 6 months reduce 
bronchial inflammation i.e. T lymphocytes and mast cells, in patients with moderate to 
severe COPD compared to placebo. It is likely that fluticasone is responsible for this 
reduction, possibly by a stimulatory effect on resident T cell apoptosis (18), or due to 
an inhibitory effect on lymphocyte recruitment via the suppression of cytokine and 
chemokine production in epithelial and other structural cells in the lung (19-21). 
Unexpectedly, we demonstrate that fluticasone/salmeterol increases the number of 
bronchial neutrophils, whereas previous studies have suggested an inhibitory effect of 
salmeterol on neutrophils (22;23). The reason for the increase in neutrophils is unclear 
as is its clinical implication, and warrants further investigation. 
Sputum inflammatory cells are not affected by treatment with either fluticasone 
or fluticasone/salmeterol. This seems to be in conflict with our findings in biopsies. 
However, it is important to realise that sputum may represent a different lung 
compartment than bronchial biopsies, and that we did not measure the same 
inflammatory cell types in sputum and in bronchial biopsies. In particular, we did not 
measure sputum CD4+ and CD8+ lymphocytes, or mast cells since their numbers in 
sputum are usually too low. 

The main results of the study with respect to clinical outcomes, are:
Both fluticasone monotherapy and fluticasone/salmeterol improve the severity of 
airway hyperresponsiveness compared to placebo. This improvement within 6 months 
treatment may result from a general reduction in bronchial inflammation and/or from 
a decrease in mast cells in particular, via a reduction in mucus secretion.
Fluticasone/salmeterol reduces lung hyperinflation both compared to placebo and 
fluticasone monotherapy. This finding is of clinical importance since reduced lung 
hyperinflation may lead to a better exercise tolerance in patients with COPD.

We conclude that treatment with fluticasone or fluticasone/salmeterol is equally effective in 
reducing bronchial inflammation in patients with moderate to severe COPD. This suggests 
that the supplemental clinical efficacy of combination therapy, as shown in previous studies 
(15;17), can not be explained by an effect on inflammatory cells. 

Biopsy studies as described in chapter 5 of this thesis are very demanding, both from a 
patient’s and researchers’ point of view. Sputum induction is an alternative tool to study the 
inflammatory process in central airways in COPD. It is a relatively safe and easy to perform 
method (24), but is still time-consuming and not all patients are able to expectorate an 
adequate sputum sample. In this respect, it would be much easier to assess parameters of 
inflammation in peripheral blood. In Chapter 6, we investigated the relationship between 

•

•

•

•

•
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inflammatory cells in blood with those in induced sputum, bronchial biopsy samples, and 
bronchoalveolar lavage fluid in patients with COPD.
This study has the following results:

The eosinophil is the only leukocyte subset of which the numbers in blood associate 
with numbers in sputum, bronchial biopsies, and bronchoalveolar lavage fluid in 
patients with moderate to severe COPD. 
Accordingly, numbers and percentages of neutrophils, monocytes/macrophages, or 
lymphocytes in blood do not associate with those in sputum, bronchial biopsies, and 
bronchoalveolar lavage fluid.

The association between inflammatory cells in blood with those in central and peripheral 
airways can be influenced by several factors e.g. transendothelial migration, the velocity at 
which cells travel through the airway wall, and selective cell apoptosis. The fact that we found 
no association between blood and airways for neutrophils, monocytes/macrophages, or 
lymphocytes might be due to their particular role in COPD. The relevant role of eosinophils 
in stable COPD still has to be established. Theoretically, they could cause damage by the 
release of mediators and the production of cytokines and free oxygen species. The associa-
tions found in the current study might direct towards a general feature of eosinophils to 
more easily migrate from one compartment to another.
We conclude that most inflammatory cells in peripheral blood do not provide a tool to 
monitor the ongoing airway inflammation in patients with clinically stable COPD. However, 
in our study eosinophils appear to be the exception to the rule. Future research is war-
ranted to assess whether longitudinal changes in blood eosinophils after an intervention 
with i.e. corticosteroids are associated with similar alterations in eosinophilic inflammation 
in central and peripheral airways, possibly opening avenues for monitoring a response to 
treatment in patients with COPD.

Finally, in Chapter 7, we evaluated the distribution of chymase and tryptase positive mast 
cells in central and peripheral airways of patients with COPD and controls without airflow 
limitation. In addition, we determined the relation between the numbers of these cells and 
the severity of airflow limitation in patients with COPD. We decided to conduct this study, 
the only investigation in this thesis that does not involve data from the GLUCOLD study, 
after a recent publication by Balzar and co-workers (25). These authors 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 patients with COPD. 
The main results of this study are:

The distribution of tryptase and chymase positive mast cells in the airways is similar 
between patients with COPD and controls without airflow limitation. In central airways, 
the concentration of either tryptase and chymase positive mast cells is highest in the 
subepithelial area. In peripheral airways, the concentration is highest in the adventitia, 
followed by the subepithelial area.
There are no significant differences in the concentration of mast cells between patients 
with COPD and controls without airflow limitation, apart from a lower number of tryptase 
positive mast cells in the subepithelium of central airways from patients with COPD.
Higher numbers of tryptase and chymase positive mast cells in a number of regions 
from peripheral airways are associated with less severe airflow limitation in patients 

•

•

•

•

•
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with mild to very severe COPD. Such a relation is not present for the number of mast 
cells in central airways. In line with a previous study in severe asthmatics (25) but yet 
to our surprise, the relation between mast cell numbers and lung function was positive. 
This finding may either reflect a protective role of mast cells in the pathogenesis of 
COPD, or in contrast, it may represent a risk factor if lower numbers of MC-T and 
MC-C reflect increased degranulation of mast cells, leaving them undetected in an 
immunohistochemical approach (26). 

In conclusion, in our view, the strength of the current study is that it is the first to investi-
gate the distribution of tryptase and chymase positive mast cells in central and peripheral 
airways, and their relation with airflow limitation in patients with COPD. It remains to be 
clarified whether our findings reflect a beneficial or a detrimental effect of mast cells on lung 
function in patients with COPD. 
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Main conclusions of the studies in this thesis

The number of inflammatory cells in sputum is an independent predictor for the 
severity of airway hyperresponsiveness in patients with COPD.
ADAM33 is the first gene that is associated with both susceptibility to COPD and 
pathophysiological features of the disease.
Numbers of B-cells are increased in central airways of patients with COPD, and are 
higher in more severe disease. 
Treatment with fluticasone or fluticasone/salmeterol during 6 months effectively 
reduces several aspects of bronchial inflammation in patients with moderate to severe 
COPD.
Both fluticasone and fluticasone/salmeterol improve airway hyperresponsiveness in 
patients with COPD. Fluticasone/salmeterol is superior to fluticasone alone in reducing 
lung hyperinflation.
The eosinophil is the only leukocyte subset of which the numbers in blood associate 
with numbers in central and peripheral airways in patients with moderate to severe 
COPD. 
Mast cells in peripheral but not in central airways, are associated with lung function in 
patients with a varying degree of COPD severity. 

•

•
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General discussion and future perspectives

The relation between airway hyperresponsiveness and inflammation in COPD
Airway hyperresponsiveness (AHR) and airway inflammation are both important features 
of Chronic Obstructive Pulmonary Disease (COPD). The exact role of AHR in COPD has 
been a matter of debate for many decennia. Some researchers suggest that the presence 
of AHR is solely due to airway geometry, and in contrast to asthma of no pathophysiologic 
importance in COPD. In contrast, others have stated that AHR reflects specific alterations 
in airway epithelial and inflammatory cells, and the autonomic nerve system in patients with 
COPD (27-29). The assumption that AHR is some type of surrogate marker for the severity 
of airflow limitation is primarily based on the association of AHR with baseline FEV1 : a 20% 
reduction in FEV1 is easier reached in patients with severe obstruction than in subjects with 
milder or no obstruction (27). However, there are several arguments against the assumption 
that airway geometry is the only factor underlying AHR in COPD. First, in the Lung Health 
study was reported that approximately two-third of patients with early or mild COPD, 
and therefore with only mild obstruction, have AHR (3). Second, AHR is an important 
predictor of progression of airway obstruction in persistent smokers with early COPD, 
independent of the baseline level of FEV1 (30). Third, the presence of AHR is associated 
with the development and remission of respiratory symptoms in a general population with 
normal lung function (31). Finally, our study in COPD, as described in chapter 2, shows 
that more severe AHR is associated with a higher number of inflammatory cells in sputum, 
independent of baseline lung function. 

The association between AHR and airway inflammation is interesting, and it is challenging 
to speculate about the possible underlying mechanisms. Increased airway wall inflammation 
with the release of various cell mediators could lead to airway smooth muscle contraction 
and airway structural changes. Structural changes in COPD include mucus hypersecretion, 
remodelling of the airway wall, loss of alveolar attachments, and a decrease in elastic lung 
recoil. Mucus hypersecretion and airway wall thickening increase airway resistance, which 
is even more pronounced during airway smooth muscle shortening. Indeed, a study in 77 
smokers with COPD showed that increased airway wall thickness is independently associ-
ated with more severe AHR (32). The loss of alveolar attachments impairs the capacity of 
these attachments to prevent excessive airway narrowing by opposing the bronchocon-
strictive force of airway smooth muscle. Finally, a decrease in elastic lung recoil due to the 
destruction of lung parenchyma decreases the capacity to generate a driving expiratory 
flow. Taken together, these changes can affect the mechanical properties of the airways, 
thereby influencing the severity of airway obstruction after inhalation of a bronchoconstric-
tive stimulus.

Alternatively, one may hypothesise that an underlying mechanism exists which is respon-
sible for both the severity of AHR and the severity of airway inflammation. For instance, 
the degradation of decorin, an extracellular matrix component, into peptides may enhance 
airway obstruction and thereby AHR, and at the same time stimulate further airway inflam-
mation (33). Moreover, we demonstrate in chapter 3 of this thesis that the association be-
tween AHR and airway inflammation might be due to a communal, genetic constitution i.e. 
polymorphisms in the ADAM33 gene. The exact role of ADAM33 has not been established 
yet. However, it is conceivable that this protein, like other members of the ADAM family, 
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plays a role in both remodelling and inflammation by shedding growth factors, cytokines, 
and their receptors from the cell surface. If a polymorphism alters ADAM33 function to 
increased protein production this may thus result in enhanced airway inflammation. Alterna-
tively, when ADAM33 has an inhibiting effect on the release of pro-inflammatory cytokines, 
inflammation can be expected to increase by a decrease in ADAM33 production or func-
tion. The same could be true for the role of ADAM33 in airway remodelling, since both air-
way inflammation and – remodelling are thought to be important factors underlying AHR in 
COPD, as discussed above. In case an alteration in ADAM33 results in an increase in growth 
factors, this may result in proliferation of airway smooth muscle cells and lung fibroblasts, 
thereby enhancing airway and lung tissue remodelling. 

The cross-sectional association between AHR and airway inflammation, as described in 
chapter 2 of this thesis, raises the question whether a reduction in airway inflammation is 
accompanied by an improvement in AHR. In chapter 5 we investigated whether treatment 
with the inhaled corticosteroid fluticasone (FP), either or not in combination with the long-
acting β2-agonist (LABA) salmeterol, improves AHR and airway inflammation in patients 
with moderate to severe COPD. This study demonstrated that FP and fluticasone/salmeter-
ol (FSC) are equally effective in improving AHR and reducing several aspects of bronchial 
inflammation, thus lending support to an association of inflammation and AHR. We found 
no effect of these treatments on any aspect of sputum inflammation, yet our cross-sectional 
analysis showed an association between more severe AHR and higher numbers of inflam-
matory cells in sputum (chapter 2), and in contrast no association between AHR and inflam-
matory cells in bronchial biopsies (34). 

How can we reconcile these seemingly contradicting results? Previous studies in patients 
with COPD have demonstrated no association between inflammatory cells in sputum with 
those in bronchial biopsies, suggesting that sputum is derived from a different compartment 
than bronchial biopsies (35;36). Willemse and co-workers showed an increase in a broad 
range of inflammatory cells in sputum after 1 year smoking cessation in patients with COPD, 
but no change in inflammatory cells in bronchial biopsies (37). An explanation for the incon-
gruent findings with regard to sputum inflammation on the one hand and bronchial inflam-
mation on the other hand, may be that the transport of cells from the bronchial mucosa 
to the airway lumen is an active and cell specific process, which is regulated by different 
mechanisms. Secondly, it may be that sputum functions as some sort of “waste-bin”. In that 
case, inflammatory cells are transported from the airway wall into the airway lumen, and 
then are eliminated. Thus, this could explain our observation that an improvement in AHR is 
accompanied by a reduction in bronchial inflammation, but not in sputum inflammation.  

Considering the previous paragraphs, we believe that a number of studies are of par-
ticular interest to further clarify the association between AHR and airway inflammation in 
COPD. First, it would be of great importance to investigate whether the observed benefi-
cial effects on AHR and inflammation after 6 months treatment, persist during longer term 
treatment. Indeed, we expect to be able to answer this question within the near future by 
analysing the results of the Groningen Leiden Universities Corticosteroids in Obstructive 
Lung Disease (GLUCOLD) study after 30 months treatment. Second, our findings with 
regard to the association of ADAM33 with AHR and airway inflammation warrant replica-
tion, both in patients with a similar degree of obstruction and in patients with milder or 
more severe disease. A next step would be to study the expression and function of SNPs 
in ADAM33 in bronchial biopsies and lung tissue, or to investigate small interfering RNA, 
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which represses gene expression, in isolated cells of patients with COPD, as well as healthy 
controls. Hopefully, this provides us with more information regarding the specific role of 
ADAM33 in COPD in association with AHR. Finally, it would be very challenging to inves-
tigate whether the response to treatment with inhaled corticosteroids (ICS) is associated 
with certain variants in ADAM33. 

We acknowledge that the studies stated above are very demanding. However, their out-
come could lead to an important step forward in linking gene polymorphisms with COPD 
pathophysiology, thereby contributing to better future treatments for this progressive and 
disabling disease. 

the clinical implication of our study results in the treatment of patients with CoPD 
In chapter 5, we describe the results of the GLUCOLD study: the first study evaluating 
the effect of FP alone and in combination with salmeterol on markers of inflammation, 
AHR, and lung function in patients with moderate to severe COPD. We showed that both 
treatment regimens reduce several aspects of bronchial inflammation and improve AHR. In 
addition, therapy with FSC improves lung hyperinflation, both compared to placebo and FP 
monotherapy. The next question is thus to discuss if and how patients benefit from these 
changes. 

In daily life, patients with AHR are bothered by symptoms, such as dyspnea and chest 
tightness after exposure to e.g. cold air, perfume, and cigarette smoke. Dyspnea is strongly 
associated with health related quality of life in COPD (38). A study in subjects with 
respiratory symptoms who were recruited from 10 general practices in the Netherlands, 
demonstrated that the presence of AHR is significantly related to seeking medical help 
at the general practice (39). In addition, more severe AHR is associated with accelerated 
decline of FEV1 in COPD (30). Lung hyperinflation has shown to increase breathlessness 
and reduce exercise tolerance in patients with COPD (40;41). The latter can have a major 
impact on daily life, since patients are not longer able to carry out the activities that they 
used to do (42;43). Moreover, reduction of exercise tolerance may lead to a decrease in 
activities of daily living with subsequent loss of condition, which may enhance dyspnea again 
(44;45). Considering the above, an improvement in AHR and lung hyperinflation may have 
direct beneficial effects on clinical outcome in patients with COPD.

The effect of a reduction in bronchial inflammation on clinical parameters in patients 
with COPD is less clear, but is worth speculating about. One of the mechanisms by which 
a decrease in airway inflammation may lead to better clinical outcome, is the occurrence of 
COPD exacerbations. Several studies have demonstrated a relation between exacerbations 
of COPD symptoms and increased airway inflammation (46-48). Exacerbations are in turn 
associated with significant reductions in quality of life (49). In case a reduction in airway 
inflammation prevents the occurrence of exacerbations, this may have a favourable effect 
on the decline in quality of life in patients with COPD. In addition, a reduction in the 
number of inflammatory cells may directly decrease COPD symptoms, such as mucus 
hypersecretion. As far as we know, no studies have assessed the relation between bronchial 
inflammation and health status in patients with COPD. However, a previous analysis of 
data from our GLUCOLD population demonstrated an independent relation between a 
higher proportion of macrophages in sputum and worse health status as measured by Sint 
George’s Respiratory Questionnaire (Stroband et al. 2006; submitted). Finally, a reduction 
in airway inflammation may lead to better clinical outcome in COPD via an effect on lung 

Proefschrift Margot Gosman.indd   159 27-08-2006   13:22:15



– 160 – Summary, general discussion, and future perspectives

function. Airway inflammatory markers are higher in patients with more severe airflow 
limitation (50), and are positively associated with subsequent lung function decline (51). 
More severe airflow limitation in its turn is associated with higher mortality rates from 
COPD (52). Interestingly, the reduction in airway inflammation in our study was, within the 
study period, not accompanied by an improvement in FEV1. The absence of an improvement 
in Fev1 after 6 months treatment with either FP or FSC is in contrast with results from other, 
larger studies (10;12). However, we need to emphasise that the GLUCOLD study was not 
designed to assess the effect of treatment on lung function and, as a consequence, has a too 
low number of participants to do so. In addition, assuming that treatment may improve lung 
function via a beneficial effect on the structural abnormalities in the airways of patients with 
COPD, one may argue that a follow-up period of 6 months is too short to detect such an 
improvement. Thus, we are very interested in the outcome of the GLUCOLD analyses after 
30 months treatment investigating whether the reduction in airway inflammation persists, 
and whether this reduction is accompanied by an improvement in FEV1 in the long-run. 

 In conclusion, as discussed in the previous paragraphs, it can be assumed that the 
observed changes in AHR, lung hyperinflation, and airway inflammation after active treat-
ment have a beneficial effect on e.g. symptoms, medical consumption, exercise tolerance, 
and disease progression in patients with COPD. The relation between airway inflammation 
and lung function after longer term treatment with FP and FSC in patients with COPD still 
needs to be established. This calls for future studies, including further analysis of the data 
collected during the GLUCOLD study. 

Current guidelines recommend maintenance treatment with ICS for individuals with 
more severe COPD, i.e. GOLD stage III or higher (53). The majority of patients participating 
in the GLUCOLD study have COPD GOLD stage II. According to the guidelines, these 
patients are therefore not considered to be candidates for maintenance treatment with 
these drugs. Nevertheless, we found several significant effects on inflammatory and clinical 
parameters after active treatment in this particular group, of which we assume that they 
are beneficial. Should we thus adapt our guidelines? This question is important, but difficult 
to answer. Obviously, additional studies are required to confirm our results and further 
analyses of the GLUCOLD data should give us more insight in the long-term effects of ICS 
on pathological and clinical outcome in COPD. Furthermore, the occurrence and severity 
of potential adverse events, such as bruising, hoarseness, and reduced bone density that 
may occur in case of long-term use should be included in our decision process (11;54). 
Finally, we need to take into account that once therapy with FP or FSC is started in patients 
with COPD, subsequent withdrawal of FP has shown to result in disease deterioration 
(55), and a more rapid onset and higher recurrence-risk of exacerbations (56). On the one 
hand, this suggests a key role for ICS in the management of COPD, on the other hand this 
demonstrates that the decision to start treatment with corticosteroids in a patient with 
COPD needs to be taken with consideration.

How can we monitor the effect of treatment with e.g. ICS alone, or in combination 
with a LABA on airway inflammation in an individual patient? Bronchoscopy is an invasive 
procedure and not suitable to perform on a regular basis. Sputum induction is time consuming 
and does not always yield an adequate sample. In chapter 6, we therefore studied the 
relationship between inflammatory cells in blood with those in induced sputum, bronchial 
biopsy samples, and bronchoalveolar lavage (BAL) fluid in patients with COPD in order to 
investigate if blood cells can be used as a tool to monitor airway inflammation. Surprisingly, 
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this study demonstrated that the eosinophil is the only leukocyte subset of which the 
numbers in blood associate with numbers in sputum, bronchial biopsies, and BAL fluid. The 
explanation for this is yet unclear, as is the exact role of eosinophils in the pathogenesis 
of stable COPD. The lung, together with the gastro-intestinal system, constitutes the main 
residence for eosinophils. Levels of eotaxin, a chemo-attractant for eosinophils produced 
by epithelial cells, are higher in sputum from patients with COPD than in healthy controls 
(57). In addition, some studies report an increase in eosinophil numbers in both airways 
and lavage of patients with stable COPD (58;59), although others do not (36;60;61). 
Increased numbers of eosinophils are generally reported during exacerbations of COPD 
(62;63). Theoretically, eosinophils could cause damage by the release of mediators such 
as eosinophil cationic protein (ECP) and peroxidases, and by the production of cytokines 
and free oxygen species. This may indeed occur since concentrations of ECP in sputum 
are significantly higher in patients with stable COPD than in asymptomatic smokers and 
non-smoking controls (57;63), and increase during a COPD exacerbation (63). Additional 
arguments in favour of a particular role for the eosinophil in COPD, include results of 
several studies demonstrating that the number of eosinophils in sputum predicts the 
response to corticosteroids in COPD. Pizzichini and co-workers showed in a single-blind 
study that patients with sputum eosinophilia have a greater improvement in FEV1 and 
health status after a short course of prednisone than those without (64). Brightling and 
co-workers extended these results by demonstrating in a double-blind study that FEV1 and 
health status improved progressively after prednisolone in patients with the lowest to the 
highest tertile of sputum eosinophil counts (65). These authors reported similar findings 
for the improvement in FEV1 after treatment with mometasone, an ICS (66). Intriguingly, 
in this study, the improvement in lung function was not accompanied by a reduction in 
sputum eosinophil counts. On the contrary, a similar study by Bacci et al. demonstrated that 
treatment with budesonide not only improved lung function, but also normalised sputum 
eosinophil counts (67). This inconsistency might be due to the fact that patients in the latter 
study were treated with high-dose ICS, whereas Brightling and co-workers used a relatively 
low dose. In conclusion, these studies imply that eosinophils can serve as a marker for the 
degree of steroid sensitivity of the underlying pathogenic mechanism, and could possibly 
have an active role in this process. 

Whatever the exact function of eosinophils in COPD turns out to be, the fact that we 
found an association between their numbers in blood with those in central and peripheral 
airways may direct towards a role of these cells in monitoring airway inflammation in COPD. 
We believe that future research is needed to assess whether longitudinal changes in blood 
eosinophils are associated with similar alterations in eosinophilic inflammation in central 
and peripheral airways, possibly opening avenues for monitoring a response to treatment 
in COPD. 

the gLUCoLD study and recommendations for future research
In the development of a clinical study, numerous choices are being made with regard to 
study design, methodology, and patient selection criteria, which can all affect the final study 
outcome. Obviously, this also applies to the GLUCOLD study. In the following paragraphs, 
we would like to discuss some of our choices and finish with a number of recommendations 
for future research. 
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The GLUCOLD study was designed as a randomised, double-blind, placebo-controlled, 
parallel-group study. The aim of the study was to investigate the effect of ICS, either or not 
in combination with a LABA, in patients with COPD. The major criteria for inclusion in the 
study were defined as follows: 1) patients had to be in clinically stable condition, 2) none of 
them had maintenance treatment with inhaled or oral steroids in the past six months, or 
a course of steroids in the past 3 months prior to inclusion in the study, 3) all patients had 
COPD GOLD stage II or III, and 4) none of the patients had a history of doctor diagnosed 
asthma. During the recruitment process, which took place in both the outpatient clinics of 
the two participating centres and surrounding general practices, it became clear that these 
patients are difficult to find, mainly because the majority of patients with moderate to 
severe COPD already had maintenance treatment with ICS. Ultimately, it took us 2 years 
of intensive recruiting, including 67,000 letters to potential participants and 8,000 screening 
lung function measurements, to include 114 patients in our study. Keeping this in mind, 
one could raise the question to what extent the participants of the GLUCOLD study are 
representative of the “average” patient with COPD. We believe this is a legitimate comment. 
However, we choose to investigate this particular study population for good reasons. The 
aim of our study was to compare the effects of ICS alone, and in combination with LABA on 
disease outcome in COPD, with a particular interest in the effects on airway inflammation. 
Therefore, we attempted to select a patient group with at least a certain inflammatory 
burden and without any factors that could possibly interfere with the “natural” airway 
inflammatory process. By defining the criteria as we did, we believe we have accomplished 
this. Moreover, with 114 patients the GLUCOLD study is still one of the largest biopsy 
studies world-wide.

Our strict criterion of including only steroid naive patients or patients without mainte-
nance treatment with ICS for at least 6 months, made the recruitment process more difficult. 
Nevertheless, we feel it has proven its usefulness. Barnes et al. demonstrated an increase in 
various airway inflammatory cells after a steroid withdrawal period of three months (68). 
We did not observe such increases in the current study. This could be due to the fact that 
a considerable proportion of our patients had never used maintenance treatment with ICS 
prior to randomisation, or may be due to the longer steroid free period of 6 months in our 
study . The latter could then imply that the effects of steroid withdrawal on airway inflamma-
tion in patients with COPD persist for at least three months, but disappear within 6 months 
after steroid withdrawal. These findings call for future research since they may have an major 
impact on the outcome of intervention studies with ICS in patients with COPD. 

We included both males and females, current and ex-smokers in the GLUCOLD 
study. Several studies have demonstrated that gender and smoking status play a role in 
the development, severity, and progression of COPD. With regard to the role of gender, a 
large study by Xu et al. demonstrated that female smokers had significantly lower mean 
values of FEV1 percentage predicted than male smokers (69). In contrast, female never-
smokers had better lung function than their male counterparts. Thereby, this study suggested 
that the adverse smoking effects on lung function are greater in females than in males. In 
addition, there is evidence for a clear difference in both prevalence and severity of AHR 
between males and females, i.e. the prevalence of AHR is higher in females than in males 
and in case AHR is present, females are more severe hyperresponsive (2;70). This gender 
difference with respect to the presence and severity of AHR may be of importance, since 
AHR is an independent risk factor for progressive airway obstruction in COPD (30). Finally, 
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hospitalisation for COPD, as a marker of disease severity, is more frequent in females than in 
males in a general population-based cohort (71). Taken together, these studies demonstrate 
that gender plays a role in the development and clinical outcome of COPD. 

Previous studies investigating the role of smoking status in COPD have shown that the 
rate of decline in lung function is higher in persistent smokers than in ex-smoking patients 
(72), and that smoking cessation has a beneficial effect on lung function decline (73;74). 
Longitudinal data showed a more than three-fold deterioration in AHR to methacholine 

in continuous smokers compared to sustained quitters (75). In addition, a prospective 
study in 14 patients with COPD demonstrated a significant improvement in AHR to both 
adenosine-5’-monophosphate and methacholine after 1-year smoking cessation. On the 
other hand, cross-sectional data demonstrate no differences in the severity of AHR to 
histamine or methacholine between smokers and ex-smokers with moderate COPD 
(76;77). Studies investigating the effect of smoking status on airway pathology, have showed 
some rather surprising results. A cross-sectional analysis of our GLUCOLD data showed 
significantly higher numbers of bronchial inflammatory cells in ex-smokers compared to 
current smokers with COPD (78). In addition, a longitudinal study investigating the effect 
of one-year smoking cessation in patients with COPD showed that airway inflammation 
persists in bronchial biopsies and increased in sputum, possibly as a result of tissue damage 
repair (79). Whatever the underlying mechanism may be, these data show that smoking 
status is, next to AHR, another predictor of clinical and pathological outcome of COPD.

In conclusion, the aforementioned studies demonstrate several differences in clinical 
and pathological parameters between males and females and current and ex-smokers 
with COPD. In addition, some studies have suggested that these characteristics also play 
a role in the effects of treatment with corticosteroids in patients with COPD, although 
others do not. A recent meta-analysis evaluating the effect of ICS on all-cause mortality in 
patients with COPD demonstrated that the beneficial effects of these drugs were especially 
noticeable in women and ex-smokers (80). On the other hand, Vestbo et al. found no 
differences between men and women with respect to the improvement in lung function 
and exacerbation rate after treatment with FSC (81). A large COPD trial including over 500 
patients showed that the improvement in FEV1 after a 14-day course with oral prednisolone 
was significantly greater in ex- than in current smokers (10). 

Given the above, it would be of great interest to investigate if gender or smoking status 
affect the effects of ICS, alone or in combination with a LABA, on airway pathology and clinical 
outcome in the GLUCOLD study. Unfortunately, the relatively small numbers of women 
and current smokers in our study population, in combination with the four arm design of 
the study did not allow stratification for these characteristics in the longitudinal analyses. 
Nevertheless, we believe this is a challenging topic that warrants further investigation.
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Van pathologie tot behandeling in COPD
met speciale aandacht voor ontstekingscellen en luchtweghyperreactiviteit

Definitie, klinische kenmerken en oorzaak van COPD
Dit proefschrift gaat over verschillende aspecten van de longaandoening COPD en het ef-
fect van de thans beschikbare behandeling op deze aandoening. COPD staat voor “chronic 
obstructive pulmonary disease”, letterlijk vertaald: chronische obstructieve longziekte. De 
ziekte COPD is een verzamelterm voor twee ziektebeelden, nl. chronische bronchitis en 
longemfyseem. Dat laatste wordt in de volksmond ook wel “de rek uit de long” genoemd. 

COPD wordt gekenmerkt door een versnelde achteruitgang van de longfunctie. De 
ziekte ontwikkelt zich in de loop der jaren en komt met name voor bij mensen boven de 
40-45 jaar. Patiënten met COPD hebben vaak last van hoesten, slijm opgeven en korta-
demigheid. De kortademigheid treedt aanvankelijk vooral op bij inspanning, maar in ver-
gevorderde stadia van COPD ook tijdens rust. 

COPD komt veel voor; Nederland telt ruim 300.000 patiënten met COPD en hun aan-
tal neemt nog steeds toe. De ziekte staat momenteel als nummer 5 op de wereldranglijst 
van meest voorkomende doodsoorzaak en in Nederland op nummer 3. Primaire oorzaak 
voor het ontstaan van COPD is het roken van tabak; 90% van alle COPD patiënten heeft 
gerookt of rookt nog steeds. Dit betekent echter niet dat iedere roker COPD ontwikkelt; 
naar schatting krijgt “slechts” 15-20% van alle rokers in de loop van zijn of haar leven met 
deze aandoening te maken. Een belangrijke, tot nu toe onopgehelderde, vraag is waarom 
sommige rokers de ziekte wel ontwikkelen en anderen niet. Eén van de factoren die hierbij 
mogelijk een rol speelt, is een genetische aanleg voor het ontwikkelen van de ziekte. In 
hoofdstuk 3 van dit proefschrift beschrijven wij de relatie tussen het zogenaamde ADAM33 
gen en de ernst van COPD. 

Veel patiënten met COPD hebben last van “overgevoelige luchtwegen” (luchtweghy-
perreactiviteit). Luchtweghyperreactiviteit uit zich door het optreden van kortademigheid 
na blootstelling aan bijvoorbeeld mistdruppels, bak- en parfumluchtjes en koude lucht. 
Eerder onderzoek heeft aangetoond dat de aanwezigheid van luchtweghyperreactiviteit 
bij patiënten met COPD een ongunstig effect heeft op het beloop van de longfunctie. 
Ofschoon de precieze oorzaak van luchtweghyperreactiviteit onbekend is, lijken factoren 
als een ontstekingsproces in de luchtwegen, een verdikking van de luchtwegwand en slijm-
vorming in de luchtwegen een rol te spelen. De aanwezigheid en ernst van luchtweghyper-
reactiviteit kan worden bepaald door het verrichten van een “provocatietest”. Tijdens een 
provocatietest ademt de patiënt een prikkelende stof in die de gladde spiertjes rond de 
luchtwegen doet samentrekken, resulterend in luchtwegvernauwing. Een voorbeeld van een 
prikkelende stof die bij provocatie testen wordt gebruikt is methacholine. Bij het uitvoeren 
van de test inhaleert de patiënt methacholine in een oplopende reeks van concentraties. 
Iedere keer wordt direct na het inademen van de methacholine de longfunctie gemeten. De 
test wordt beëindigd zodra de longfunctie met tenminste 20% is gedaald. Hoe ernstiger de 
luchtweghyperreactiviteit, hoe lager de concentratie prikkelende stof die nodig is om een 
longfunctiedaling te veroorzaken.

Ontsteking en COPD
Eerder onderzoek heeft aangetoond dat het aantal ontstekingscellen in de luchtwegen en 
longen van patiënten met COPD is verhoogd. Blootstelling aan tabaksrook speelt hierbij 
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een belangrijke rol. Inhalatie van tabaksrook irriteert de slijmvliesbekleding van de luchtwe-
gen en trekt ontstekingscellen aan naar de luchtwegen. Deze ontstekingscellen worden ter 
plaatse geactiveerd om de schadelijke stoffen van tabaksrook op te ruimen. De ontstekings-
reactie is in eerste instantie gunstig maar lijkt  zijn doel voorbij te schieten bij patiënten met 
COPD. Bij hen is de ontsteking namelijk zo hevig dat de ontstekingscellen de luchtwegen en 
het longweefsel beschadigen, in plaats van het te beschermen tegen de schadelijke werking 
van tabaksrook. 

Behandeling van CoPD
Stoppen met roken is de enige manier waarop de progressieve achteruitgang van de longfunctie 
bij COPD kan worden geremd. Stoppen met roken heeft bovendien een gunstig effect op 
luchtwegklachten. Tot nu toe is er geen therapie die de ziekte kan genezen of de afgenomen 
longfunctie kan herstellen. Wel zijn er medicijnen, onder andere luchtwegverwijders en 
inhalatiesteroïden, die de klachten kunnen verminderen. Luchtwegverwijders bewerkstelligen 
ontspanning van de kleine spiertjes rondom de luchtwegen en dragen zo bij aan een 
verbetering van klachten en kwaliteit van leven. Inhalatiesteroïden lijken met name een 
gunstig effect te hebben op het aantal exacerbaties dat een COPD patiënt doormaakt. 
Een exacerbatie is een periode waarin de luchtwegklachten zodanig zijn toegenomen dat 
medicamenteuze behandeling met een antibioticum- en/of prednisolonkuur nodig is.  

De gLUCoLD studie 
Inhalatiesteroïden worden veelvuldig worden voorgeschreven aan patiënten met 
COPD, o.a. vanwege het gunstig effect op het aantal exacerbaties. Het  precieze effect 
van deze middelen op bijvoorbeeld de ontsteking in de luchtwegen is echter onbekend. 
Bovendien is niet bekend hoe lang patiënten moeten worden behandeld alvorens een 
eventueel gunstig effect optreedt én of langdurige behandeling (gedurende bijvoorbeeld 30 
maanden) superieur is ten opzichte van kortdurende behandeling (gedurende bijvoorbeeld 
6 maanden). Tot slot is niet duidelijk of behandeling met een inhalatiesteroïd én een 
langwerkende luchtwegverwijder (combinatietherapie) beter is dan behandeling met 
alleen een inhalatiesteroïd (monotherapie). Bovenstaande vragen hebben wij getracht te 
beantwoorden met behulp van de GLUCOLD studie (GLUCOLD = Groningen Leiden 
Universities Corticosteroids in Obstructive Lung Disease), een gezamenlijk project van de 
universitair medische centra van Groningen en Leiden. Alle onderzoeken beschreven in dit 
proefschrift (behoudens hoofdstuk 7) betreffen data die afkomstig zijn van deze studie. 

Voor de GLUCOLD studie werd een groot aantal deelnemers, 114 in totaal, met een 
matige tot ernstige vorm van COPD gerekruteerd. Deelnemers werden bij aanvang van 
de studie uitgebreid onderzocht om gegevens te verzamelen over luchtwegklachten, long-
functie, hyperreactiviteit en luchtwegontsteking. Luchtwegontsteking werd gemeten door 
het aantal ontstekingscellen te bepalen in slijm (sputum), in een zogenaamde longspoeling 
(lavage) en in kleine stukjes weefsel afkomstig van de luchtwegwand (biopt). Lavage en 
biopt kunnen uitsluitend worden verkregen door het verrichten van een kijkonderzoek van 
de longen (bronchoscopie); dit is een veilig maar belastend onderzoek voor de patiënt. Na 
deze onderzoeken werden de deelnemers door loting ingedeeld in één van de 4 behan-
delgroepen (figuur 1). Om de objectiviteit van het onderzoek te waarborgen, waren zowel 
deelnemers als onderzoekers niet op de hoogte van de behandelgroep waartoe een deel-
nemer behoorde. Vervolgens bezochten deelnemers gedurende 2,5 jaar, iedere 3 maanden 
de polikliniek longziekten. Een overzicht van de onderzoeken die tijdens een dergelijk po-
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liklinisch bezoek werden verricht is weergegeven in tabel 1. Zoals eerder vermeld werd de 
GLUCOLD studie primair ontworpen om het effect van medicijnen op het beloop van 
COPD te onderzoeken. Daarnaast hebben we ook veel geleerd over de ziekte op zich, 
omdat nooit eerder zoveel informatie, variërend van klachten tot luchtwegontsteking, van 
een zo groot aantal patiënten met COPD werd verzameld.

Figuur 1: 
Deelnemers werden bij aanvang van de GLUCOLD studie in 4 behandelgroepen ingedeeld.
groep a: placebo gedurende de hele studieperiode; 
groep b: een inhalatiesteroïd gedurende de eerste 6 maanden, daarna placebo; 
groep c: een inhalatiesteroïd gedurende de hele studieperiode; 
groep d: een inhalatiesteroïd én een luchtwegverwijder gedurende de hele studieperiode

Tabel 1. Overzicht van onderzoeken tijdens de GLUCOLD studie

Iedere 3 maanden Bij aanvang van de studie, na 6 maanden en na 30 
maanden behandeling

Longfunctiemetingen Uitgebreide longfunctiemetingen

Vragenlijsten over 
symptomen Vragenlijsten over symptomen

Vragenlijsten over kwaliteit 
van leven Vragenlijsten over kwaliteit van leven

- Afnemen van bloed

- Provocatietest (luchtweghyperreactiviteit)

- Sputuminductie

- Bronchoscopie
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Samenvatting van de onderzoeken in dit proefschrift 

Hoofdstuk 2: de relatie tussen ontsteking en hyperreactiviteit 
Een groot deel van de patiënten met COPD heeft klachten passend bij luchtweghyperreac-
tiviteit. Luchtweghyperreactiviteit is een belangrijk fenomeen omdat het het beloop van de 
ziekte ongunstig kan beïnvloeden. Ofschoon het precieze onderliggende mechanisme nog 
onbekend is, wordt aangenomen dat luchtweghyperreactiviteit tenminste ten dele  geas-
socieerd is met de ernst van het ontstekingsproces in de luchtwegen van patiënten met 
COPD. In hoofdstuk 2 van dit proefschrift hebben we onderzocht of er een relatie bestaat 
tussen het aantal en soort ontstekingscellen in het slijm van patiënten met COPD en de 
ernst van de luchtweghyperreactiviteit. Tevens hebben we onderzocht of zo´n relatie aan-
wezig is met het aantal ontstekingscellen in het bloed. De belangrijkste uitkomsten van dit 
onderzoek zijn:

Patiënten met een hoger aantal ontstekingscellen in het sputum hebben een ernstiger 
vorm van luchtweghyperreactiviteit.
Bij deze patiënten is niet zozeer een specifiek cel type, maar het totaal aantal 
ontstekingscellen in het sputum verhoogd. Dit suggereert dat verschillende stoffen 
die door deze ontstekingscellen worden uitgestoten bijdragen aan de mate van 
hyperreactiviteit, bijvoorbeeld doordat zij de productie van sputum verhogen of  
bijdragen aan vernauwing en verdikking van de luchtwegwand.
In tegenstelling tot onze bevindingen m.b.t. ontstekingscellen in sputum, vonden 
we geen relatie tussen het aantal ontstekingscellen in het bloed en de ernst van 
luchtweghyperreactiviteit. Enerzijds kan dit betekenen dat de ontstekingcellen in het 
bloed niet bijdragen aan de ernst van hyperreactiviteit, anderzijds zou het erop kunnen 
wijzen dat bijvoorbeeld de mate van activatie van deze cellen belangrijker is dan het 
absolute aantal cellen.

Ofschoon de precieze oorzaak van luchtweghyperreactiviteit ook met dit onderzoek niet  
is opgehelderd, geven deze resultaten ons meer inzicht in het  mechanisme dat aan dit 
belangrijke fenomeen ten grondslag ligt.

Hoofdstuk 3: de relatie tussen het ADAM33 gen en CoPD
Zoals eerder vermeld ontwikkelt “slechts” een deel van alle rokers COPD. Eén van de 
factoren die hierbij een rol zou kunnen spelen is een genetische aanleg. Eerder onderzoek 
heeft reeds aangetoond dat rokers met een bepaalde variant in het zogenaamde ADAM33 
gen een verhoogd risico hebben op het ontwikkelen van COPD, in vergelijking met rokers 
zonder deze genvariant. In hoofdstuk 3 hebben wij onderzocht of variaties in dit ADAM33 
gen ook verband houden met de ernst van het COPD. De ernst van de ziekte hebben we 
daarbij gedefinieerd als de mate van hyperreactiviteit en het aantal ontstekingscellen in 
zowel sputum als biopt. Deelnemers aan dit onderzoek hebben een buisje bloed afgestaan 
om te bepalen of er bij hen sprake was van één of meer varianten in het ADAM33 gen. De 
belangrijkste resultaten van dit onderzoek zijn de volgende:

Patiënten met één of meer varianten in het ADAM33 gen zijn ernstiger hyperreactief 
dan patiënten zonder deze genvariant(en).
Het aantal ontstekingscellen in het sputum van patiënten met deze genvariant(en) is 
verhoogd.

•

•

•
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Tevens is het aantal CD8+ cellen, waarvan we denken dat ze een belangrijke rol spelen 
in het ontstekingsproces bij COPD, verhoogd in de luchtwegwand van patiënten met 
deze genvariant(en).

De resultaten van dit onderzoek suggereren dat het ADAM33 gen niet alleen een rol speelt 
bij het ontwikkelen van COPD, maar ook bij de ernst van de ziekte. Dit is een belangrijke 
stap in het onderzoek naar de relatie tussen genetische factoren en COPD. Er moet echter 
nog veel werk worden gedaan. Allereerst moeten onze bevindingen worden bevestigd in 
andere onderzoekspopulaties om uit te sluiten dat onze bevindingen op toeval berusten, 
of alleen voor deze specifieke populatie gelden. Vervolgens zou meer basaal onderzoek 
moeten worden verricht om de exacte functie van het ADAM33 gen te bepalen. Hierbij 
moet dan ook worden onderzocht of de functie van het gen daadwerkelijk verandert indien 
er varianten in het gen aanwezig zijn. En “last but not least” moet de vertaalslag worden 
gemaakt naar de klinische praktijk, met andere woorden: op welke manier kunnen deze re-
sultaten in de toekomst bijdragen aan een betere behandeling van patiënten met COPD?    

Hoofdstuk 4: B-cellen in de luchtwegen van patiënten met COPD
Zoals eerder besproken irriteert tabaksrook de slijmvliesbekleding van de luchtwegen. Het 
lichaam probeert de schadelijke effecten van de tabaksrook vervolgens te beperken door 
ontstekingscellen te activeren in zowel luchtwegen als longweefsel. Deze ontstekingscellen 
hebben als taak hebben de schadelijke tabakstoffen op te ruimen. Bij patiënten met COPD 
lijkt deze, in eerste instantie gunstige, ontstekingsreactie zijn doel voorbij te schieten. Bij 
hen “ontspoort” de ontstekingsreactie en wordt zo hevig dat de ontstekingscellen de  
luchtwegen en het longweefsel beschadigen. De vraag is waardoor deze overdreven 
ontstekingsreactie ontstaat en in stand wordt gehouden. Sommige onderzoekers menen 
dat het komt doordat COPD een soort auto-immuun aandoening is. Bij een auto-immuun 
aandoening lijkt het afweer- of immuunsysteem zich te vergissen door lichaamseigen stoffen 
als “vreemd” te herkennen. Cellen die een belangrijke rol spelen bij de immuunreactie zijn 
de zogenaamde B-cellen. In hoofdstuk 4 hebben we onderzocht of het aantal B-cellen in 
de luchtwegen verschilt tussen patiënten met COPD en (ex)rokers zonder COPD. De 
belangrijkste uitkomst van dit onderzoek is dat patiënten met COPD een hoger aantal  
B-cellen in de luchtwegen hebben dan (ex)rokers zonder COPD. Verder is het aantal B-cellen 
bij patiënten met een ernstig afgenomen longfunctie hoger dan bij patiënten met een minder 
ernstig afgenomen longfunctie. Hoe kunnen we deze resultaten verklaren? Het verhoogd 
aantal B-cellen zou kunnen wijzen op een ontstekingsreactie gericht tegen bijvoorbeeld 
stukjes beschadigd longweefsel die door het lichaam, ten onrechte, als “vreemd” worden 
beschouwd.  In dat geval kan de ontstekingsreactie ontsporen doordat ontsteking tot meer 
weefselbeschadiging leidt, wat op zijn beurt weer tot een heviger ontstekingsreactie leidt, 
enz. enz. Aan de andere kant zou het zo kunnen zijn dat B-cellen geen specifieke functie 
hebben bij de ontstekingsreactie in de luchtwegen en het longweefsel van patiënten met 
COPD, maar dat een toename in hun aantal moet worden verklaard door een algemene 
toename van het aantal ontstekingscellen en niet van B-cellen in het bijzonder.

Hoofdstuk 5: het effect van medicamenteuze behandeling 
Eerder bespraken we al dat stoppen met roken de enige therapie is die de progressieve 
achteruitgang van de longfunctie remt bij patiënten met COPD. Medicijnen als luchtwegver-
wijders en inhalatiesteroïden worden frequent voorgeschreven vanwege hun bewezen gun-
stig effect op klachten en het aantal exacerbaties. Het precieze effect van deze medicijnen 

•
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op het ontstekingsproces in de luchtwegen en longen van patiënten met COPD is echter 
grotendeels onbekend. In hoofdstuk 5 van dit proefschrift hebben we onderzocht wat het 
effect is van behandeling met deze medicijnen bij patiënten met een matige tot ernstige 
vorm van COPD. Voor dit onderzoek hebben we 114 patiënten gedurende 6 maanden 
behandeld met: a. een niet werkzaam medicijn (placebo), b. een inhalatiesteroïd of c. een 
combinatie van een inhalatiesteroïd en een luchtwegverwijder. De belangrijkste uitkomsten 
van dit onderzoek zijn de volgende:

Behandeling met een inhalatiesteroïd of inhalatiesteroïd & luchtwegverwijder resulteert 
in een significante afname van het aantal CD3+, CD4+ en CD8+ lymfocyten in de 
luchtwegwand (biopt) van patiënten met COPD.
Geen van bovenstaande behandelingen heeft een wezenlijk effect op het aantal 
ontstekingscellen in het sputum.
Zowel behandeling met een inhalatiesteroïd als met een inhalatiesteroïd & 
luchtwegverwijder heeft een gunstig effect op de ernst van luchtweghyperreactiviteit.

Wat betekenen deze resultaten? CD3+, CD4+ en met name ook CD8+ lymfocyten zijn 
cellen die een belangrijke rol lijken te spelen in het ontstekingsproces bij COPD. Eerder 
onderzoek heeft aangetoond dat hun aantal in de luchtwegen van patiënten met COPD 
is verhoogd. We gaan er in het algemeen van uit dat deze cellen, doordat zij een variëteit 
aan schadelijke stoffen kunnen uitstoten, een ongunstig effect hebben op het ziektebeloop. 
In dat geval zou een afname in hun aantal gunstig kunnen zijn. Het is echter van belang 
ons te realiseren dat de exacte rol van deze cellen niet bekend is. De precieze implicatie 
van deze bevinding vereist derhalve nader onderzoek. De tweede belangrijke uitkomst 
is dat het aantal ontstekingscellen in het sputum niet is afgenomen na behandeling met 
bovengenoemde medicijnen. Hoe kan het dat het aantal cellen in de luchtwegen wel 
afneemt en in het sputum niet? Dit zou verklaard kunnen worden indien het sputum als een 
soort “vuilnisbak” functioneert. In dat geval zouden ontstekingscellen vanuit de luchtwegen 
naar het sputum migreren, om vervolgens met het sputum te worden uitgescheiden. Tot slot 
toont dit onderzoek aan dat de luchtweghyperreactiviteit verbetert na behandeling met de 
studie medicijnen. Vervolgonderzoek zal moeten aantonen of dit effect blijvend is én of het 
een gunstig effect heeft op het uiteindelijke ziektebeloop. We hopen tenminste een deel 
van bovenstaande vragen te kunnen beantwoorden na analyse van de resultaten na 2,5 jaar 
behandeling met deze medicijnen.  

Hoofdstuk 6: ontstekingscellen in het bloed en in de luchtwegen 
Om een indruk te krijgen van de aard en omvang van het ontstekingsproces bij patiënten 
met COPD, kan het aantal ontstekingscellen in sputum, biopt en lavage worden bepaald en 
gekwalificeerd. We nemen hierbij aan dat sputum representatief is voor het ontstekingsproces 
in de grote luchtwegen, dat biopten informatie geven over het ontstekingsproces in de 
wand van grote luchtwegen en dat lavage ons iets vertelt over de ontsteking in de kleine 
luchtwegen. Sputum kan worden verkregen door het verrichten van een zogenaamde 
sputum inductie. Hierbij inhaleren patiënten gedurende een aantal minuten een oplossing 
van zout water. Vervolgens wordt hen gevraagd een kleine hoeveelheid sputum op te 
hoesten. Ofschoon sputuminductie een veilig en relatief patiëntvriendelijk onderzoek is, 
neemt de procedure veel tijd in beslag en lukt het niet altijd om een goed sputum monster 
te verkrijgen. Biopt en lavage kunnen uitsluitend worden verkregen door het verrichten 
van een bronchoscopie. Dit is een veilig onderzoek dat veelvuldig wordt toegepast in de 
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kliniek, maar het is belastend voor de patiënt. Op zoek naar een patiëntvriendelijker en 
eenvoudiger methode om het ontstekingsproces in de luchtwegen in kaart te brengen en te 
vervolgen, hebben we in hoofdstuk 6 de relatie tussen het aantal ontstekingscellen in bloed 
en luchtwegen onderzocht. Hiervoor hebben we het aantal en het soort ontstekingscellen 
bepaald in bloed, sputum, biopt en lavage van 60 patiënten met COPD. Deze studie toont 
aan dat het aantal en soort ontstekingscellen in bloed niet representatief is voor het aantal 
en soort cellen in sputum, lavage en biopt. De enige uitzondering op deze regel is de 
zogenaamde eosinofiel. Dit is een celtype dat verhoogd is bij COPD exacerbaties, maar 
geen duidelijke rol lijkt te spelen tijdens de stabiele fase van de ziekte. De exacte reden 
waarom we juist voor de eosinofiel wél een relatie vinden is nog onduidelijk, maar zou 
verklaard kunnen worden doordat het aantal eosinofielen in zowel bloed als luchtwegen 
relatief laag is en weinig varieert. Samenvattend kunnen we concluderen dat het bepalen 
van ontstekingscellen in bloed géén alternatief is voor het bepalen van deze cellen in 
sputum, lavage en biopt. Vervolgonderzoek moet aantonen of veranderingen in het aantal 
ontstekingscellen in de luchtwegwand gepaard gaat met een zelfde soort veranderingen in 
het bloed.  

Hoofdstuk 7: mestcellen in de luchtwegen van patiënten met en zonder COPD
Het onderzoek dat in hoofdstuk 7 wordt beschreven is het enige onderzoek in dit proef-
schrift dat een andere studie betreft dan de GLUCOLD studie. Het beschrijft de rela-
tie tussen het aantal mestcellen, een specifiek type ontstekingscellen, in zowel kleine als 
grote luchtwegen en de longfunctie. We besloten dit onderzoek uit te voeren nadat eerder 
onderzoek bij patiënten met astma, een andere veelvoorkomende longaandoening, een 
relatie aantoonde tussen een hoger aantal mestcellen en een betere longfunctie. Om te 
onderzoeken of dit ook het geval is bij patiënten met COPD, verzamelden we weefselma-
teriaal van 19 COPD patiënten en 10 controles met een normale longfunctie. Het weef-
selmateriaal bevatte zowel kleine als grote luchtwegen en was voornamelijk afkomstig van 
patiënten die moesten worden geopereerd vanwege longkanker. De belangrijkste uitkomst 
van dit onderzoek is dat er, net zoals bij astma, een relatie bestaat tussen een hoger aantal 
mestcellen in de kleine luchtwegen en een betere longfunctie. Dit resultaat is opmerkelijk 
omdat we er in het algemeen vanuit gaan dat een verhoogd aantal mestcellen een ongunstig 
effect heeft op luchtwegen en longen. Mestcellen zijn in staat verschillende schadelijke stof-
fen uit te stoten, waaronder de zogenaamde proteases: enzymen die eiwitten afbreken. De 
uitstoting van dergelijke stoffen kan leiden tot afbraak van longweefsel en daarmee tot long-
schade. Maar, zoals altijd bij wetenschappelijk onderzoek, is het belangrijk niet te voorbarig 
te zijn met het trekken van conclusies. Want wat betekent deze bevinding nu eigenlijk? Er is 
een reeks aan mogelijkheden waarvan we een aantal zullen noemen. Enerzijds zou het zo 
kunnen zijn dat mestcellen inderdaad een gunstig effect hebben op de longfunctie. Dit zou 
kunnen worden verklaard doordat mestcellen, onder bepaalde omstandigheden, in staat zijn 
tot de productie van collagenen, eiwitten die de basisstructuur van het longweefsel vormen. 
Tevens kunnen mestcellen de zogenaamde epitheelcellen, cellen die de binnenkant van de 
luchtwegen bekleden, aanzetten tot vermenigvuldiging. Deze binnenbekleding is essentieel 
bij de afweer tegen o.a. bacteriën en virussen. Anderzijds zouden onze bevindingen op een 
heel ander mechanisme kunnen duiden. Om dit te begrijpen is wat meer achtergrondin-
formatie nodig over de manier waarop we het aantal mestcellen in de luchtwegen hebben 
bepaald. Voor het bepalen van het aantal mestcellen wordt een heel dun plakje (coupe) van 
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het weefsel gesneden. Aan dit dunne plakje weefsel wordt vervolgens een kleurstof toe-
gevoegd die uitsluitend de mestcellen rood kleurt en alle andere cellen ongemoeid laat. Dit 
is mogelijk doordat de kleurstof zich uitsluitend hecht aan de eerder besproken proteases, 
stoffen die specifiek zijn voor de mestcel. Eigenlijk kleuren we dus niet de mestcel zelf, maar 
de stoffen die zich in de mestcel bevinden. Op het moment dat mestcellen hun schadelijke 
proteases hebben uitgestoten, worden ze niet meer rood gekleurd. Het feit dat wij maar 
weinig mestcellen tellen bij patiënten met een relatief slechte longfunctie kan dus ook pas-
sen bij een onderschatting van het aantal cellen indien deze cellen, om wat voor reden dan 
ook, hun schadelijke inhoud al hebben uitgestoten en dus niet meer worden aangekleurd.

Samenvattend hebben de onderzoeken in dit proefschrift bijgedragen aan nieuw inzicht 
in twee belangrijke klinische kenmerken, namelijk luchtwegontsteking en luchtweghyper-
reactiviteit, van de veel voorkomende longaandoening COPD. Zoals altijd roepen nieuwe 
resultaten nieuwe vragen op. We hopen van harte dat toekomstig onderzoek zich hierop 
zal richten.    
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Dank!

U had het misschien nog niet geraden, maar de schaapjes op de omslag hebben wel degelijk 
met dit proefschrift te maken. Ze staan symbool voor Nieuw Zeeland; het land waar ik 
in 2001 naartoe vertrok om als student onderzoek te doen bij de Wellington Asthma 
Research Group. Het was mijn eerste kennismaking met het doen van wetenschappelijk 
onderzoek en het is een periode waar ik met veel plezier aan terug denk. 

De schaapjes hebben ook nog een andere betekenis: gedurende mijn carrière als 
promovendus heb ik ervaren dat promoveren veel meer inhoudt dan “sec” het bedrijven 
van de wetenschap. Misschien hadden de schaapjes geen vier, maar vijf poten moeten 
hebben…

Hoe dan ook, het proefschrift is nu af! Ik ben veel mensen dank verschuldigd voor hun 
bijdrage aan de totstandkoming ervan en wil een aantal van hen graag in het bijzonder 
noemen. 

Allereerst mijn dank aan alle deelnemers aan de GLUCOLD studie. Uw deelname heeft 
belangrijke informatie opgeleverd over de ziekte COPD en het effect van behandeling op 
deze aandoening. Uw inzet en de toewijding waarmee u stééds maar weer naar het zieken-
huis kwam voor nóg meer onderzoeken is bewonderenswaardig. Ik wens u het allerbeste 
voor de toekomst.

Mijn promotor, Prof. Dr. D.S. Postma. 

Beste Dirkje, 
Ik heb veel van je geleerd en bewonder je enorme enthousiasme voor de wetenschap. We 
moesten even aan elkaar wennen, maar bleken prima te kunnen samenwerken. Zeker de 
laatste periode, toen bekend werd dat ik uit Groningen zou vertrekken, heb je alles in het 
werk gesteld om de tijdige afronding van mijn proefschrift mogelijk te maken. Mijn oprechte 
dank daarvoor.

Mijn promotor, Prof. Dr. W. Timens. 

Beste Wim,
Jouw grote kennis van de pathologie was onmisbaar voor de totstandkoming van dit proef-
schrift. Ik heb het bijzonder op prijs gesteld dat ik altijd “even kon binnenvallen“ om je iets 
te vragen of om met elkaar van gedachten te wisselen. Hartelijk bedankt daarvoor. 

Mijn promotor, Prof. Dr. P.J. Sterk. 

Beste Peter, 
Jij en Dirkje zijn een voorbeeld van hoe plezierig samenwerking tussen twee centra, ieder 
met hun eigen werkwijze en ideeën, kan zijn. Je enthousiasme over de GLUCOLD studie 
was én is aanstekelijk. Ik heb je snelle en concrete commentaren op de manuscripten 
(met potlood want “dat werkt toch lekkerder”) erg gewaardeerd en wil je graag hartelijk 
bedanken voor alles wat je voor me hebt gedaan. 
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De GLUCOLD studie is een gezamenlijk project van Groningen en Leiden. Mijn collega 
onderzoekers in Leiden, Thérèse Lapperre en Jiska Snoeck-Stroband, wil ik graag hartelijk 
bedanken voor de plezierige samenwerking. Ik wens jullie veel succes met jullie eigen 
promotie!

Beste Huib en Nick, ik heb jullie betrokkenheid bij de studie en bij het schrijven van de 
manuscripten erg gewaardeerd. Verder wil ik jullie en Rob hartelijk bedanken voor het ver-
richten van de bronchoscopiën. 

Alle leden van de GLUCOLD studie groep: Henk T., Dorothea, Marike, Désiree, Judith, 
Maaike, Marjan, Wim, Mieke, Bram, Thys, Gezien, Nick, Huib, Maurits, Dirkje, Christa, Arco, Ilse, 
Karin, Jiska, Henk K., Jaap, Ingeborg, Jeanette, Pieter, Kirsten, Thérèse, Klaus, Annemarie, Joke, 
Peter, Jan, Annette, Hilly, Matthieu, Luuk en Thais, bedankt!

Graag dank ik GlaxoSmithKline, de Nederlandse Organisatie voor Wetenschappelijk 
Onderzoek, het Nederlands Astma Fonds, het Leids Universitair Medisch Centrum en de 
Rijksuniversiteit Groningen voor de subsidies die dit onderzoek mogelijk maakten.
Niek Vermue van GlaxoSmithKline: dank voor je interesse en betrokkenheid bij GLUCOLD!

Alle longartsen en longartsen in opleiding: bedankt voor de prima werkssfeer!

Trudy en Evelyn van het secretariaat: het was altijd gezellig even bij jullie binnen te lopen.
Evelyn, ik heb het erg gewaardeerd dat je altijd bereid was om nog “even” een klusje te 
doen.  

Alie Smidt van het endoscopie centrum in Groningen wil ik graag bedanken voor haar 
assistentie bij de bronchoscopiën.

Het verzamelen van data is slechts het begin van onderzoek. Daarna begint een intensief 
proces van het opschonen en analyseren ervan. De collega’s van de afdeling Epidemiologie 
ben ik veel dank verschuldigd voor hun onmisbare hulp hierbij. Marike, veel dank voor 
de plezierige samenwerking. Ik vind het stiekem nog steeds een beetje jammer dat die 
persconferentie in Kopenhagen ons geen wereldwijde roem heeft opgeleverd. Désirée, je 
hebt bergen werk verzet voor het GLUCOLD onderzoek. Ofschoon het soms leek alsof er 
geen eind aan kwam, ging je gewoon door. Zonder jou was dit proefschrift er niet geweest! 
Cleo, ik heb goede herinneringen aan onze, af en toe hilarische, analyse middagen voor 
hoofdstuk 3 en ben nog steeds erg blij dat we die allerlaatste Joshua-tree toch op foto 
hebben. Judith, jij hebt als “vliegende keep” de analyses voor hoofdstuk 6 gedaan. Je bent niet 
alleen een kei in je werk, maar ook nog eens geweldig om mee samen te werken. Dank! 
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De longfunctiemetingen van het GLUCOLD onderzoek werden verricht op de longfunctie-
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touw. Beste Karin, Martijn en Arco, jullie kundigheid en enthousiaste manier van benaderen 
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Lieve, lieve Jelle, de eerlijkheid gebiedt te zeggen dat jij, als enige in dit dankwoord, de 
afronding van dit proefschrift eerder hebt vertraagd dan versneld... Toch ben ik ontzettend 
blij dat ik je heb ontmoet en zie ik uit naar de komende vijftig jaar samen!
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