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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 
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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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