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Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a major cause of morbidity and mortality, 

affecting approximately 10% of the adult world population. In the most recent version of 

the Global Initiative for COPD (GOLD) working group, COPD has been defined as:

“Chronic obstructive pulmonary disease (COPD) is a preventable and treatable disease 

with some significant extra-pulmonary effects that may contribute to the severity in 

individual patients. Its pulmonary component is characterized by airflow limitation that 

is not fully reversible. The airflow limitation is usually progressive and associated with an 

abnormal inflammatory response of the lung to noxious particles or gases”.1

Due to unlimited cigarette smoking (the major cause of COPD) in the past decades 

and the long-lasting effects of cigarette smoking, COPD is expected to become the 

third cause of death world-wide in the next decades and thus a major and increasing 

economic burden for society, irrespective of the success of attempts to limit exposure to 

cigarette smoke.2;3 Understanding the pathogenesis of COPD in terms of the (causative) 

links between cigarette smoke exposure, airway inflammation and the development of 

chronic airflow obstruction should eventually lead to new strategies for the treatment 

and prevention of COPD.

COPD comprises a heterogeneous group of respiratory conditions related to abnormalities 

in the large and small airways and to alveolar destruction. These abnormalities can be 

defined in structural terms (e.g. emphysema), pathological terms (bronchiolitis), clinical 

terms (chronic bronchitis) or functional terms (irreversible airflow limitation, gas exchange 

abnormalities and rapid decline in lung function). Clinically, COPD is characterized by 

slowly progressive airflow limitation, resulting in symptoms of dyspnea and limited 

exercise tolerance, with coughing and production of sputum and by the incidence of 

disease exacerbations, partly due to infections. A decreased value of one lung function 

parameter: the ratio of Forced Expiratory Volume in the first second (FEV1) over Forced 

Vital Capacity (FVC) below the value of 0.70, has been used to define COPD in functional 

terms, while the FEV1 itself (as % of the predicted value) is used to characterize severity.1 

With progression of the disease, there is a gradual loss of quality of life, which is related 

to the severity of the disease, and is associated with the incidence of exacerbations.4;5 

These exacerbations itself have a negative influence on the patient’s quality of life, are 

a likely contributor to the enhanced decline in lung function, and carry a major risk for 

hospitalizations and mortality, both on the short term and the long term.6;7

The major cause of COPD is the smoking of cigarettes, be it that approximately in only 

20% of all adult smokers a clinically significant COPD develops.8-10 With increasing 

age and with increasing smoke exposure, the incidence of COPD in smokers, based on 

symptoms but predominantly on lung function criteria, can increase up to 50%.11 Mild 

COPD does not always inevitably evolve into moderate or severe disease in the long 
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term.12;13 Smoking cessation benefits patients with existing COPD for multiple reasons, 

though reducing the excess mortality, hospital admissions and the excessive decline in 

lung function to some extent only.14;15

Factors have been identified that determine the risk of development of the disease and 

progression of the disease. Besides cigarette smoking, indoor and outdoor air pollution 

and occupational exposure can contribute to the induction of COPD and to maintenance 

of the disease.1;16 

Since most smokers do not develop COPD, attempts have been made to identify risk 

factors for the development and progression of COPD and hereby the susceptible 

minority. This has been approached by searching for specific clinical, dietary, genetic or 

inflammatory risk factors for the development of, or progression of COPD.17-19 To date 

this search has not been successful. The extensive search for genetic susceptibility has 

resulted in only one firmly established genetic risk factor: α-1 anti-trypsin deficiency.20 

However, this deficiency, which leads to a disturbed protease-antiprotease balance 

and likely hereby to tissue destruction and emphysema, is present only in a very small 

proportion (approximately 2%) of patients with COPD. Polymorphisms in other genes, like 

those encoding for other potentially relevant enzymes, such as glutathion S-transferase 

P1 (an enzyme involved in detoxifying cigarette smoke constituents), superoxide 

dismutase (involved in the oxidant / antioxidant balance), microsomal epoxide hydrolase 

(involved in detoxifying cigarette smoke epoxides), metalloproteinases (involved in 

enhanced lung tissue breakdown), glutamate-cysteine ligase (involved in the oxidant / 

antioxidant balance) and for inflammatory and immune parameters such as the vitamin 

D-binding protein, tumor necrosis factor (TNF)-α, interleukins (IL) such as IL–1, IL-4 and 

IL-13 have all been suggested to be linked to the occurrence of COPD, to its severity, or 

to a poorer prognosis.21-33 So far, however, none of these genes have been established 

firmly as predisposing factors. The limited prognostic value of these separate genetic 

factors indicate that most likely multiple genes, in conjunction with environmental factors 

ultimately determine the clinical expression of the disease.34

In an attempt to explain the differences in response to cigarette smoke exposure and 

the ongoing inflammation after quitting smoking, an autoimmune component within 

COPD has been suggested.35 One supportive finding hereof is the recent observation of 

circulating antibodies against (fractions of) bronchial epithelial cells, which were found 

more often in plasma of patients with COPD than in control subjects.36 

Besides the slowly progressive airflow limitation, accompanied by an increase in 

symptoms, patients with COPD experience exacerbations of the disease with temporarily 

increased dyspnea and sputum production. There is evidence to support a precipitating 

role of infections with both viral and bacterial pathogens in many exacerbations of 
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COPD, but whether and how these infections also have a disease modifying effect in 

COPD on the long run is far from clear. Besides a potential role for micro-organisms in 

exacerbations, the presence of respiratory syncytial virus and of hepatitis C has been 

proposed to be linked to faster lung function decline.37;38 A latent adenovirus infection 

of airway epithelial cells has been suggested to play a role in maintaining a status of 

enhanced inflammation,39;40 and (in an animal model) caused corticosteroids to loose 

their anti-inflammatory effect.41 Additionally, in sputum of patients with COPD, compared 

to healthy subjects, more often Epstein Barr virus DNA was detectable.42 Furthermore, 

pathogens like Chlamydia and Pneumocystis species have been reported to be associated 

with the chronicity of COPD.43;44 

Patients with COPD may become persistently colonized with bacteria like Haemophilus 

influenzae 45-47 and persisting strains may induce a different inflammatory response than 

non-persisting strains.48;49 The presence of lower airway bacterial colonization does not 

prove their direct role in the pathogenesis of COPD and its exacerbations; patients with 

COPD may be simply more prone to experience exacerbations due to the facilitating role 

of inefficient mucociliary clearance, caused by cigarette smoking. On the other hand, 

chronic infections may also be representative of an impaired defense mechanism which 

is not able to eradicate the microbes,39;46 and a vicious circle is present of infections, 

leading to epithelial damage, which itself facilitates subsequent infections. Taken together, 

these data suggest that concomitant infections with viruses and/or bacteria may play an 

important role in the development of COPD.

Assessment of inflammation in COPD

In the early 1970’s it was shown that peripheral airways in young smokers showed signs of 

inflammation, mainly of neutrophilic origin.50 As a result of increased research activities, 

the knowledge of the inflammatory processes in the airways of patients with COPD has 

increased considerably over the past decades. However, knowledge of the variability in 

inflammation during clinically stable conditions is still scarce, which is probably related to 

the lack of standardization of the different methods to investigate airway inflammation. 

No single inflammatory parameter has been identified to date which strongly relates to 

the severity of COPD or predicts the success of (anti-inflammatory) treatments. 

To assess airway inflammation, several sampling techniques have been developed, 

providing information on different areas or compartments within the lungs. Flexible 

bronchoscopy enables direct access to the larger airways, and this method can be used 

to perform bronchial lavage and broncho-alveolar lavage allowing harvesting of cells 

and soluble mediators, present in or on the surface of the airway mucosa and epithelial 

lining fluid.51;52 Epithelial lining fluid can also be obtained directly via fluid absorbing 

probes. In addition, brushed material and biopsies can be taken from the mucosa and 

epithelium in (mainly) the larger airways.53 Samples from lung parenchyma and of 
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peripheral airways can be obtained during surgical procedures in patients (irrespective of 

concomitant COPD), who developed localized malignancies and in patients with severe 

COPD undergoing lung volume reduction surgery.54;55 The surgical method can provide 

larger sized biopsies allowing in depth immunohistochemical staining, but select patients 

with predominantly either mild to moderate or very severe disease. These methods are 

all invasive techniques potentially causing considerable distress of patients, and therefore 

there has been an urge to develop less invasive methods.

 Many patients with COPD spontaneously produce sputum, especially during exacerbations, 

analysis hereof yields information on the presence of cells and mediators from the small 

and large airways.56 Inducing sputum by exposure to nebulized (hypertonic) saline provides 

material also from patients who do not produce sputum spontaneously. Standardization 

of sampling and processing of spontaneous and particularly induced sputum has been 

a further and major step forward in studying inflammatory processes in the airways 

in COPD.57;58 Repeatability of assessing inflammatory parameters in induced sputum 

(mainly while analyzing selected sputum plugs) has been documented to some extent 

in patients with asthma, COPD and in healthy subjects,57;59-63 but information on the 

intra-patient and inter-patient variability and the (short-term and long-term) repeatability 

of inflammatory parameters in whole sputum samples in patients with COPD is lacking. 

Some methodological aspects of analyzing induced sputum samples have not been fully 

elucidated either, such as the (potential) differences in applying the “whole sputum sample” 

methodology versus the “selected sputum plug” methodology, validation of the criteria 

of declaring a sputum sample as “valid” or “invalid” based on a certain % of squamous 

cell contamination and the magnitude of the potential contamination of whole sputum 

samples with non-sputum fluids. The two different approaches used to analyze induced 

sputum samples: the whole sputum sample or selecting plugs from the expectorate, 

can have effects on the analysis of sputum constituents.64 The selected plugs method 

discards the soluble fraction of sputum while the whole sample methodology carries 

the risk of admixture and thus contamination with other fluids such as upper airway 

secretions or saliva. This potential contamination is usually investigated via squamous 

epithelial cell counts in the sputum sample; a fixed cut-off value of either 20%, 50% and 

most often 80% is used to designate a sputum sample as being “valid” or not.65-68 It can 

be envisaged that such contamination with other fluids will lead to dilution of the sputum 

sample and thus to lower levels of soluble inflammatory parameters and the number of 

inflammatory cells, but the extent of this dilution has not been quantified in detail. 

A relatively new, and therefore not yet explored extensively, non-invasive approach is the 

analysis of exhaled air.69 In exhaled air and in exhaled breath condensate many compounds 

can be detected which may be produced in the airways and which may reflect ongoing 

inflammation, including volatile compounds like nitric oxide (NO), reactive oxygen species 

such as hydrogen peroxide, and larger molecules like hydrocarbons and proteins.69;70 
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Using these different techniques samples from different parts of the lung parenchyma 

and airways can be obtained, providing supplementary, though potentially different 

information on the inflammatory processes.71 For example, biopsies of the airway mucosa 

taken during bronchoscopy are taken from the large airways, sputum is originating 

from both large and smaller airways, bronchoalveolar lavage will provide information 

on ongoing inflammatory processes in the alveoli and the smallest airways and exhaled 

breath condensate reflects inflammation from alveoli to larger airways. 

Despite the obvious limitations of sampling only a single or a limited number of 

compartments, it may provide specific information about the different clinical 

manifestations of COPD. So, increased secretory activity of the bronchial glands present in 

the larger airways is likely associated with symptoms of chronic bronchitis, abnormalities 

in the peripheral airways underlie the chronic obstructive bronchitis associated with 

expiratory flow limitation, and alveolar abnormalities and destruction of the extracellular 

matrix represent the emphysematous component of COPD. It is of utmost importance 

to realize that data on inflammatory parameters in one compartment at one moment in 

time, provides only limited and temporal information on what is most likely a dynamic 

system of trafficking of inflammatory cells between the different compartments, driven 

by various mediators. For instance, the striking differences in neutrophil counts between 

samples from closely related pulmonary compartments (sputum versus bronchoalveolar 

lavage and biopsies) suggests differential trafficking of these cells from the vasculature 

through the connective tissue and the mucosa towards the airway lumen.71;72 Also, 

lymphocytes obtained from lung tissue have a more differentiated phenotype than those 

isolated from peripheral blood.73 

Although COPD is primarily a disease of the airways, other organs can be affected as 

well. Systemic manifestations can be present, in its most prominent form present as 

progressive weight loss and muscle wasting, having an independent association with 

increased mortality.74 Such observations can form the basis for a concept in which the 

airways and the systemic circulation represent different but connected “compartments” 

of the inflammatory processes underlying the clinical signs and symptoms of COPD.71 

Support for this view can be found in direct and indirect signs of inflammation in the 

peripheral circulation, such as high levels of acute phase proteins, cytokines and lipid 

peroxides, but also in an enhanced ex vivo inflammatory activity of leukocytes from 

patients with COPD.74;75 

Characteristics of inflammation in COPD

Though smoking a single cigarette has only limited detrimental effects,76;77 chronic 

cigarette smoking leads to a non-specific inflammatory infiltrate in the airways and the 

lung parenchyma, consisting of neutrophils, macrophages and T-lymphocytes, which will 

be described below in more detail.50;78 In persons who smoke and who have developed 
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COPD these inflammatory changes are more prominent; moreover, inflammation does 

not subside rapidly after stopping smoking.54;79-81 The precise sequence of events in an 

individual smoker that offsets the enhanced inflammation and leads to the development 

of irreversible chronic airway obstruction is not clear. 

The inflammation in the airways in COPD has not an uniform character. Some elements 

contributing to the inflammatory process are several cells (neutrophils, eosinophils, 

T-lymphocytes and structural cells such as epithelial cells), cytokines, chemotactic agents, 

proteolytic enzymes (neutrophil elastase, granzymes, matrix metalloproteinases) and 

reactive oxygen species. Support for the contribution of these elements can be found 

in the observed associations between disease severity or other disease characteristics 

and the characteristics of the airway inflammation, like the number or the activation 

state of inflammatory cells and the presence and concentration of soluble mediators. 

So the presence of neutrophils in higher quantities or in a more activated state,78;82-84 

higher numbers of eosinophils,82;85 and lymphocytes86;87 in sputum, and the protein leak 

from blood into sputum56;82;88 were all found to correlate with the degree of airflow 

limitation. In addition, a high neutrophil content in sputum was associated with a more 

rapid decline in lung function in previous years89. Also, a high eosinophil count in sputum 

was in some studies associated with a clinical response to corticosteroid treatment.90-92 

One prospective study linking the airway inflammation with long-term changes in lung 

function showed that neutrophilic inflammation at baseline, assessed with levels of 

myeloperoxidase (MPO), leukotriene B4 (LTB4) and interleukin 8 (IL-8) in sputum were 

related to some extent with the subsequent long term decline in large airway function 

and (especially) in smaller airways function.93

The inflammatory process is dynamic, both in time and with respect to an exchange 

between the different compartments. Inflammatory cells migrate from the peripheral 

circulation into the airway mucosa and from there into the airway lumen, attracted by the 

chemotactic factors, with their transport facilitated by endothelial adhesion molecules. 

The characteristics of the inflammation changes during exacerbations, both qualitatively 

and quantitatively from the state in the stable situation.94 The temporal, intermittent 

or permanent presence of infectious organisms, like Haemophilus influenzae modulates 

inflammatory reactions.49;95 Inflammatory cells that are in an active state in the lumen 

of the alveoli or on the surface of the smaller airways may achieve a change in their 

activation state when being transported to the larger airways by mucociliary clearance.96 

Similarly, cells, present in blood or the airway mucosa, may loose or gain their activity 

after trafficking to the airway lumen.72 

The most extensively studied and probably most relevant inflammatory parameters in 

COPD are described in some more detail below.

C H A P T E R   1
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Neutrophils

A contribution of neutrophilic granulocytes to the pathogenesis of COPD has been 

postulated decades ago because of their abundant presence in sputum and in airway 

biopsies, and their ability to release tissue destructive proteases.50;83 Neutrophils play an 

important role in the defense mechanism against microbes and are able to kill ingested 

organisms with a variety of enzymes that are released in the phagosome.97 Upon 

extracellular release these enzymes may harm the airway tissue and the extracellular 

matrix. Neutrophils may constitute up to 80 % of all cells in sputum produced by COPD 

patients and this fraction is two-fold to four-fold higher than in sputum of asthmatic 

patients and of healthy smoking subjects.57;72;82 The proportion of neutrophils is however 

not that high in lavage fluid which is sampled from more peripheral airways and from 

the alveoli.72;83;96 Airway neutrophilia is likely caused and maintained by cytokines and 

chemokines like TNF-a and interleukin-8 (IL-8)98-100 and neutrophil chemotactic factors like 

leukotriene B4 (LTB4) produced by the epithelial cells and inflammatory cells. In bronchial 

biopsies of patients with COPD epithelial cells express increased amounts of the adhesion 

molecule ICAM-1 which is involved in neutrophil influx.101 The presence in induced sputum 

of markers of neutrophil activation such as myeloperoxidase (MPO), human neutrophil 

lipocalin and neutrophil elastase indicates an increased activation state of the neutrophils 

and extracellular release.84;88 Higher levels of MPO in sputum are associated with a more 

severely disturbed lung function.88;93 During exacerbations, TNFα, IL-8, and MPO are 

present in increased amounts in sputum and higher levels of IL-8 in sputum in stable 

disease were associated with an increased exacerbation frequency.46;102;103 Remarkably, 

neutrophils obtained from the systemic circulation of patients with stable COPD are also 

in an activated state.104 

Eosinophils

Historically, eosinophils have not been linked to COPD; in airway secretions of patients 

with COPD, eosinophils are usually present in low to very low numbers. Additionally, 

it has been suggested that, when present, eosinophils of COPD patients may be less 

activated than those of asthmatic patients.105;106 Still, compared to healthy subjects, 

an increased number of eosinophils was observed in the sub-epithelial airway tissue 

of patients with COPD. Moreover, elevated levels of eosinophil cationic protein (ECP) 

in sputum in stable COPD indicate that eosinophils are actually activated.72;107 In 

COPD patients, increased serum-IgE levels and/or blood eosinophil counts have been 

found to be associated with a favorable response to inhaled ß2-agonists and systemic 

steroids,91;108;109 but also with an unfavorable enhanced decline in lung function.110;111 

These observations suggest that COPD patients with airway eosinophilia may represent 

a different phenotype of COPD. This airway eosinophilia in some patients may be of a 

temporal nature since airway eosinophilia increases during COPD exacerbations, both 

in airway secretions and in tissue biopsies.112;113 This points to a different, especially 
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eosinophilic, inflammation during exacerbations.90;91;109 Whether eosinophils are also 

present in higher numbers in the weeks prior to an exacerbation is not known yet. Likely, 

this supplementary eosinophilic inflammation during an exacerbation responds differently 

to (anti-inflammatory) treatments than the inflammation in stable disease. High eosinophil 

numbers in sputum in stable COPD may appear to be predictive for a beneficial clinical 

effect of corticosteroids.90-92;114;115 Collectively, these findings point to a subtype or 

specific phenotype of COPD, characterized by either a continuous or a temporal airway 

eosinophilia, which may be more responsive to corticosteroid treatment. 

Lymphocytes

Lymphocytes may also be involved in COPD, especially CD8+ T- lymphocytes, as an increased 

presence of CD8+ T lymphocytes has been demonstrated in lung tissue of COPD patients 

and in smokers who have not (yet) developed COPD.54;72;79;86;87;116 In some studies, 

the number of CD8+ T-lymphocytes was found to be related to the degree of airflow 

limitation,86;87;106 but in one study the number of lymphocytes in the airway epithelium 

was shown to be more strongly related to the extent of cigarette smoke exposure.116 

Cytotoxic CD8+ T lymphocytes play an important role in normal immunological defense, 

in particular with respect to the killing of virus-infected or otherwise altered or injured 

cells. It may be hypothesized that these cytotoxic effector cells are directed against the 

airway epithelium which is altered by noxious injuries such as cigarette smoke and/or 

active or latent viral infections. In addition, CD8+ T-lymphocytes may contribute to the 

initiation and perpetuation of neutrophilic airway inflammation because of their ability to 

secrete the neutrophil chemotactic cytokine IL-8. Proteolytic granzymes from cytotoxic 

T-lymphocytes may be introduced intracellularly, inducing apoptosis of airway epithelial 

cells. Granzymes, when released extracellularly, may act as chemotactic mediators, 

affecting the extracellular matrix in the lungs,117;118 and may induce neurotoxiticy.119 

However, only scarce information is available on the presence of granzyme containing 

inflammatory cells such as CD8+ T-lymphocytes in airway tissue,120 or of granzymes in 

airway fluids, such as in bronchoalveolar lavage fluid or sputum,121 and its relation to 

severity of COPD. 

Epithelial cells

The airway epithelium is a physical barrier against foreign particles and organisms, but has 

also a role in directing and modulating inflammatory responses. Bronchial epithelial cells 

can react with the production of pro-inflammatory cytokines (a.o. leading to a neutrophilic 

influx) such as IL-6 or IL-8 in response to a number of stimuli, such as exposure to cigarette 

smoke, temperature gradients, osmolarity changes, TNF-α, granzyme A, Fas ligation and 

certain strains of bacterial airways pathogens like Haemophilus influenzae. 49;117;122-126 

Epithelial cells of patients with COPD, as compared to those of healthy controls, may 

be more sensitive in this respect. Corticosteroids may affect the production of some 

cytokines by epithelial cells.125 It has also been suggested that epithelial cells infected with 
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adenovirus may induce or maintain the vicious circle of a high inflammatory state.127;128 In 

addition, damaged epithelial cells may also be a source for an adapted immune response, 

which could lead to continued inflammation, despite smoking cessation.36 

Proteases

The physical structure of the lung parenchyma is based upon both elastic and non-elastic 

fibers. The integrity of this structure is maintained in a delicate balance of degradation 

and synthesis. Disturbance of this balance may lead to a destruction of the alveolar walls 

and emphysema or to fibrosis.129 Important proteolytic enzymes are elastase, trypsin 

and a series of matrix metalloproteinases (MMP’s) which are present in higher quantities 

in lung tissue, sputum and lavage fluid of patients with COPD.88;114;130-132 The presence 

of MMP’s in the peripheral airways was correlated with the degree of airflow limitation 

(FEV1) and with the radiologically assessed emphysema severity.133 Many proteases are 

counterbalanced by a number of specific antiproteases, like α1-antitrypsin, secretory 

antileukoprotease and various tissue inhibitors of metalloproteases. Components of 

cigarette smoke can inactivate these antiproteases like α1-antitrypsin, thereby disturbing 

this balance. Several MMP’s are present in high quantities in lung tissue of patients 

with COPD, and alveolar macrophages of COPD patients are more prone to release 

MMP’s.129;134 MMP-12 levels in sputum of patients with COPD are higher than those 

in sputum healthy smokers and healthy non-smokers, importantly, MMP-12 levels were 

also high in COPD patients who were ex-smokers.131 Macrophages immunostaining for 

MMP-12 were more abundant in induced sputum and in BAL of patients with COPD 

than in healthy smokers and a relationship between the exposure to cigarette smoke (as 

packyears) and the proportion of MMP+ macrophages has been reported.135 Degradation 

products of elastin were found in higher quantities in the urine of patients with COPD, 

especially during exacerbations.136 Potentially harmful enzymes released by neutrophils, 

like neutrophil elastase are present in sputum of COPD patients in larger quantities than 

in healthy subjects.100 The presence in the airway lumen of enzymes such as granzymes 

which are involved in the process of cell apoptosis may also be linked to enhanced 

tissue breakdown and loss of lung function.121 Interestingly, an increased secretion of 

anti-proteases has been reported during systemic corticosteroid therapy.137 Inhibition 

of neutrophil elastase by a specific inhibitor was found to decrease smoke-induced 

emphysema in a guinea pig model138 and to decrease inhaled elastase-induced damage 

in a rat model of COPD.139 The release of MMP’s from alveolar macrophages in vitro was 

found to be reduced by the corticosteroid dexamethasone.134

Oxidative stress

Inflammatory cells such as neutrophils produce reactive oxygen species to kill bacteria. In 

addition, cigarette smoke contains high quantities of oxidants, like oxygen radicals.140;141 

In plasma, lung lavage fluid, exhaled air and urine of patients with COPD, reactive oxygen 

species and other products of oxidative stress have been identified, including isoprostane 
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F2α–III and lipid peroxides.70;140;142;143 It has been suggested that reduced glutathione, an 

endogeneous antioxidant, important as protective agent against oxygen radicals and other 

oxidants, is reduced or even becomes depleted in patients with several lung diseases.144 

Upon stimulation, peripheral blood neutrophils and alveolar macrophages of patients with 

COPD were shown to be able to produce more superoxide anions than cells from healthy 

(smoking) subjects.104 During infections, alveolar macrophages may additionally produce 

such reactive oxygen species locally, leading to further tissue damage. An intriguing 

finding in this respect is the detection of increased amounts of hydrogen peroxide in the 

condensate of exhaled air of COPD patients, especially during exacerbations in patients 

with unstable COPD.70 On this basis, detection of oxidant markers in exhaled air has been 

advocated as a non-invasive method to monitor inflammatory reactions in the airways.69 

Effects of treatment on inflammation in COPD 

Although clinical effects of the different treatments in COPD have been studied in 

great detail and on a large scale during long-term treatment, only a limited series and 

mainly small scale studies have been performed, investigating the effects of treatments 

on airway inflammation. Most of the latter studies were performed with systemic and 

inhaled corticosteroids.145-147 

Studies with inhaled glucocorticosteroids have shown inconsistent results, and when 

some markers were influenced in one study, other studies were not able to reproduce 

these findings. This may be the consequence of studying small patient numbers, 

heterogeneity of patient material and lack of knowledge on variability and repeatability 

of the assessment of inflammatory parameters, leading to underpowered studies. Short 

term treatment with systemic glucocorticosteroids reduced sputum eosinophilia and 

ECP levels in patients with COPD.90;114;145 In some studies, also a reduction in sputum 

neutrophilia,145;148-152 as well as a decrease in sputum eosinophilia was observed.115;145;153 

In a meta-analysis of a series of small-scale studies an overall effect (reduction) on both 

sputum neutrophilia and eosinophilia was concluded.154 Inhaled corticosteroid treatment 

was also shown to modestly reduce the content of hydrogen peroxide in exhaled breath 

condensate.155 In bronchial biopsy studies a slight reduction in the CD8+/CD4+ ratio,156;157 

as well as a decrease in mucosal mast cells have been observed.157 Decreases have been 

found in circulating and sputum IL-8 levels,151;158 MPO levels in sputum151 and plasma 

protein leakage.137;159;160 Also, modest beneficial effects were shown on the protease – 

antiprotease imbalance.149 Interestingly, corticosteroids may also be capable of reducing 

angiogenesis.161 Corticosteroids were shown to reduce neutrophil chemotactic activity 

when cells were incubated in vitro162 and to affect inhaled ozone-induced neutrophilic 

inflammation in patients with asthma.163 Despite an inhibition of neutrophil apoptosis, 

glucocorticosteroids were shown not to influence IL-8 production by neutrophils in 

vitro.164 
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In studies, investigating bronchial biopsies, inhaled corticosteroid treatment (alone or in 

combination with β2-agonists) has been reported to affect the number of lymphocytes in 

the airway epithelium.147;152;165;166 

Systemic inflammation, visualized by raised levels of C-reactive protein (CRP) was 

suppressed by inhaled corticosteroid treatment in one study,167 but was not affected 

in another study, where a closer link was observed between clinical improvement after 

inhaled corticosteroids (be it after short-term treatment) and changes in surfactant 

protein D.168

During in vitro experiments, epithelial cells were shown to respond to glucocorticosteroids 

with a decreased production of IL-8 and GM-CSF.169 Additionally, glucocorticosteroids 

have been suggested to protect cultured epithelial cells against elastase-induced 

damage and against viral infections.170;171 Apoptosis of epithelial cells was reduced 

by glucocorticosteroids at low concentrations in one study, but was induced at high 

concentrations in another study.172;173 

Only a very limited number of studies has been devoted to the anti-inflammatory effects 

of non-steroid drugs in COPD. N-Acetyl-Cysteine (NAC, also used as a mucolytic agent in 

COPD) has some antioxidant properties,140 and one study indicated a decrease in exhaled 

hydrogen peroxide after long-term NAC treatment.174 Inhaled tiotropium was shown 

to have no significant effect on inflammatory parameters, assessed in induced sputum, 

despite significantly reducing exacerbation frequency.175 Theophylline induced a small 

reduction in sputum neutrophil count, in IL-8, in MPO levels and in the amount of reactive 

nitrogen species in sputum of patients with COPD.153;176 The specific phosphodiesterase 

inhibitor cilomilast reduced the presence of CD8+ T-lymphocytes in the airway 

epithelium.177 A second phosphodiesterase inhibitor, roflumilast, reduced absolute cell 

numbers and levels of inflammatory mediators, however without affecting relative cell 

counts.178 Supplementation of α1-antitrypsin in a small scale study has lead to a reduction 

in elastase activity and also to a reduction in LTB4 levels in sputum and a trend towards a 

reduction in MPO and IL-8 levels.179 Treatment with macrolide antibiotics was suggested 

to have an additional, non-antibacterial effect, supplementary to reducing the bacterial 

load. One study showed oral clarithromycin to improve quality of life in patients with 

severe COPD,180 and one study indicated azithromycin to improve macrophage phagocytic 

function.181 These antibiotics were reported to reduce the activity of MMP’s.182;183 

Effects of treatment on COPD, clinical effects

Long term management of COPD is aimed at multiple targets.184 Besides treating the 

disease manifestations in the airways, smoking cessation should be assisted by extensive 

non-pharmacological and pharmacological treatments.185;186 The reduction in exposure 

to cigarette smoke has been shown to limit the excess decline in lung function and 
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the inflammatory processes to some extent.14 Additionally, a physical rehabilitation 

program using anabolic steroids may induce an improvement in the physical condition 

and a reduction of skeletal muscle wasting, one of the non-pulmonary features of severe 

COPD.187 

Symptomatic treatment of dyspnea in COPD is achieved by maximal bronchodilator 

treatment such as with short-acting and long-acting β2-adrenergic and anticholinergic 

agents. Especially long-acting bronchodilators have proven to be very effective, and 

concomitantly improve quality of life.188-191 These effects were observed in patients with 

and without short-term reversibility in airflow obstruction.192;193 

Additional aims in the treatment of COPD include the suppression of inflammation and 

the prevention and treatment of exacerbations (see below). Treatment of COPD via 

suppression of the underlying inflammation with corticosteroids was attempted first with 

systemic corticosteroids, aimed to influence lung function or symptoms on the short 

term.194;195 The response rate, however, was small and quite heterogeneous and a positive 

response to treatment, defined as a certain improvement in lung function, was observed 

in 10% to 50% of COPD patients. The large differences between the different studies on 

clinical parameters may be related to differences in patient selection such as the cigarette 

smoke exposure, age, baseline lung function and reversibility in airflow obstruction. The 

choice of FEV1 as primary outcome parameter in the long term follow-up studies may 

have restricted the potential for demonstrating beneficial effects, since in COPD lung 

function parameters, specific for small airways, are generally relatively more disturbed 

than parameters for large airways function, and thus may also be more susceptible to 

detect changes.147;192 However, FEV1 is regarded as the golden standard in assessing 

severity of disease and the annual decline in FEV1 is regarded as the optimal parameter to 

describe the course of disease.1 

Initially, small-scale short-term studies investigated effects of inhaled corticosteroids 

on symptoms and on lung function parameters, later studies assessed airway 

hyperresponsiveness as well. These studies showed some positive effects on symptoms 

and lung function, however, the effects were limited, and in retrospect these studies must 

be regarded as being underpowered, since in the majority of studies the effects were 

not statistically significant.158;196-198 A first retrospective study suggested that long-term 

treatment with high doses of systemic corticosteroids attenuated the annual decline in 

lung function.199 However, later studies indicated that continuous use of systemic steroids 

may be associated with a worse survival, especially in severe COPD.200 Studies, in which 

inhaled treatment was given for many months, showed some effect on lung function 

and on the incidence of exacerbations.146;201 Later, positive effects on lung function or 

lung function decline and on the incidence of exacerbations were documented in larger- 

scaled studies lasting 2 to 3 years of treatment.202;203 At starting inhaled corticosteroid 
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treatment in patients with COPD, in general, a modest improvement in lung function was 

observed after the first 6 months, followed by a small reduction of the annual decline in 

lung function.202-205 

Several meta-analyses discussed, rejected, confirmed and substantiated these long-term 

effects of inhaled corticosteroids, with or without additional long-acting bronchodilator 

treatment.206-210 In these meta-analyses the extra decline in lung function in patients 

with COPD, compared to healthy subjects is reduced by approximately 10 ml/year, 

which is equivalent with 30% of the excess decline, observed in patients with COPD. 

The most recent analysis of a large-scale study indicated a limitation of the decline in 

FEV1 with 13 and 16 ml/year respectively over 3 years of treatment with respectively 

fluticasone propionate and the combination of fluticasone propionate with salmeterol.205 

These effects, observed in these large scale studies and in meta-analyses are valid for 

groups of patients fulfilling the usually strict inclusion criteria of these studies such as 

FEV1 values below 50% or 60% of predicted. Unfortunately, to date, the individuals or 

specific sub-populations having the worst prognosis have not been identified, other than 

those with a high exacerbation frequency over the last years, which could predict further 

exacerbations, and those with a low lung function, which was related to further decline 

in lung function. In particular, these studies have not identified individuals who are most 

likely to benefit clinically of the treatment. Partially, strict inclusion criteria, such as a lung 

function below a certain level and absent reversibility of airflow obstruction in these 

large scale studies, prevent extrapolation of study results to patients with e.g. better lung 

function or partial reversibility. This selection bias complicates interpretation of the data 

and the institution of treatment guidelines, since only a minority of patients in clinical 

practice fulfils the inclusion criteria applied in these landmark studies.211 

Expecting that inhaled corticosteroids could be effective in a subgroup of patients, 

though with unknown characteristics, effects of systemic corticosteroid treatment on 

lung function parameters have been evaluated prior to commencing long-term inhaled 

corticosteroid treatment. This “test treatment” was given in an attempt to select potential 

“responders” to long-term inhaled corticosteroid treatment. To date none of these 

studies had a positive outcome.194;212 Therefore, it might be fruitful to further analyze 

the above mentioned large scale studies with respect to clinical characteristics of those 

patient sub-populations, benefiting least or most of long-term treatment with inhaled 

corticosteroids. Also, other ways of identifying potential responders may be undertaken, 

such as characterizing patients, based on their individual inflammatory profile.

Whether prescribing inhaled corticosteroids to those COPD patients, who were hospitalized 

for an exacerbation of COPD, will reduce further hospitalizations and mortality requires 

further investigation. Though initial analyses pointed to both a reduction in mortality and 

morbidity by starting inhaled corticosteroid therapy after hospitalizations, later analyses 
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of the same data showed a smaller positive effect of such therapy.213;214 In a subsequent 

meta-analysis of all available prospective long-term study data, it was concluded that 

the reduction in mortality was statistically significant and amounted to 25% over the 

observation period.208

Reports in which the effects of inhaled corticosteroids were studied in combination 

with long-acting bronchodilators confirmed the beneficial effects on lung function 

decline, exacerbation frequency and potentially mortality of corticosteroid treatment 

alone.204;205;215-217

To date, investigations have offered only some clues as to why glucocorticosteroids 

with their impressive short-term and long-term anti-inflammatory effects and disease 

modifying effect in asthma have shown only such a limited short-term success in COPD. 

This relative ineffectiveness of glucocorticosteroids in COPD holds true both for the 

limited ability to suppress the ongoing inflammation as well as for the limited ability 

to significantly influence or normalize the clinical course of the disease.202;203 The 

observation, that in asthmatics glucocorticosteroids were less effective when the patient 

was a smoker,218;219 could be understood as one explanation for their ineffectiveness 

in (cigarette smoke related-) COPD,220 but could not explain the observation that 

inflammation and relative corticosteroid unresponsiveness persist in COPD after smoking 

cessation. Additionally, in asthmatics, smoking cessation only partially reversed the relative 

insensitivity to corticosteroids.221 One hypothesis underlying the relative ineffectiveness 

of corticosteroids in smokers is based on irreversible inactivation of histone deacetylase 

in smokers (and COPD patients with increased oxidative stress), which leads to decreased 

transcription of specific corticosteroid-specific mRNA and thereby to reduced synthesis of 

anti-inflammatory proteins.220 

Treatment with inhaled corticosteroids may be relatively ineffective in COPD, partly 

because of the dose being sub-optimal. Early studies suggested some dose-response 

relationship for inhaled corticosteroids in COPD,206 and patients with moderate to severe 

airflow obstruction might be unable to inhale optimally through certain inhalers, resulting 

in low lung deposition, requiring an increase in nominal dose for an optimal effect.222-224 

In contrast, other studies showed that irrespective of limitations in expiratory lung 

function, patients with severe COPD were not so much restricted in inspiratory lung 

function as they were in expiratory lung function, and were able to benefit from inhaled 

treatment.225;226 In patients with asthma, lung deposition of inhaled corticosteroids from 

certain inhalers was indeed affected when expiratory lung function was affected.223;227 

Further studies are required to establish whether the doses of inhaled corticosteroids 

which have been used in most studies are high enough to reach adequate tissue levels of 

the corticosteroids. 
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An alternative explanation for the low efficacy of inhaled corticosteroids was sought in the 

suggested presence of the inactive β subtype of the glucocorticosteroid receptor.228;229 

When present, this inactive β subtype will bind the corticosteroid and will form an inactive 

glucocorticosteroid-receptor complex. As a consequence, the active α subtype can not 

bind the corticosteroid and clinical effects may be reduced. 

To date, little effort has been made to select or adapt treatment in COPD based on 

the patient’s individual inflammatory profile. However, one study showed that adjusting 

(corticosteroid) treatment using sputum eosinophil counts was successful in lowering the 

incidence of exacerbations.230 

Anti-inflammatory effects of other COPD treatments have been studied to a limited 

extent. Long-acting bronchodilators, such as the long-acting β2-agonists salmeterol and 

formoterol (especially in the combination with inhaled corticosteroids) and the long-

acting anticholinergic agent tiotropium are extremely beneficial in relieving airflow 

limitation and also have been reported to have some beneficial effect on the incidence 

of exacerbations.175;191;204;215-217;231 Only limited data on the anti-inflammatory effects 

of bronchodilators is available. Rather, the effects of β2-agonists seem to be indirect by 

enhancing the effects of corticosteroids intracellularly.232 Treatment with oral N-acetyl 

cysteine was shown to reduce exhaled hydrogen peroxide,174 possibly due to the 

antioxidant properties of N-acetyl cysteine.233 

Concerning other and newer pharmacological agents, one study has shown a 

bronchodilating effect of a single dose of the oral leukotriene receptor antagonist 

zafirlukast in patients with COPD,234 and short term studies showed an effect on lung 

function of the phosphodiesterase inhibitor cilomilast.177;235 A 6 months study with 

cilomilast showed a modest 40 ml difference in FEV1 but more importantly a clinically 

relevant difference in quality of life and in exacerbation frequency.236 Other specific agents 

in development for the treatment of COPD are 5-lipoxygenase inhibitors, leukotriene 

(LTB4) antagonists,237 newer mucolytics,238 other phosphodiesterase inhibitors,239 

neutrophil elastase inhibitors240 and MMP inhibitors.241 Extensive clinical studies with a 

combined dopamine-2 agonist/ β2-agonist aiming at additional suppression of dyspnea 

and of inflammation did not result in a supplementary clinically relevant improvement, 

beyond bronchodilation, in patients with COPD.242;243 New and specific agents directed 

towards TNFα, like infliximab and etanercept which are successfully used in patients 

with other inflammatory diseases, like rheumatoid arthritis and Crohn’s disease were 

also tested in patients with COPD, despite their potential of facilitating pulmonary 

infections.244;245 The first two studies did not show a relevant clinical effect of infliximab 

in patients with COPD.246;247 In addition, stimulating alveolair repair with retinoids did 

not result in a clinically meaningful improvement in lung function parameters in patients 

with emphysema.248
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Treatment with statins for other and usually concomitant smoking-related diseases such 

as hypertension and hypercholesterolemia (which probably resulted in a reduced systemic 

inflammation) and treatment with inhaled corticosteroids both reduced mortality of 

COPD patients following hospitalization for an exacerbation of COPD, these effects were 

additive.249 

The limited clinical effect of pharmacological treatments of COPD on the long term 

has intensified attempts to elucidate the complex inflammatory reactions. This should 

ultimately lead to individually targeted treatments and novel therapies, aimed at 

influencing the most crucial steps in the inflammatory cascade.250;251 At present, the 

selection of patients who would benefit most of corticosteroid or any other treatment 

is at best described as “trial and error”, in the current guidelines on the treatment of 

COPD, corticosteroids are advised for patients with severe to very severe COPD based 

on the rather arbitrary value for FEV1 of 50% of predicted or the frequency of prior 

exacerbations,184 but not on individual inflammatory characteristics. An in depth search 

for parameters, which can predict responders to (corticosteroid) treatment, is therefore 

needed. Knowing that the inflammation in COPD is very heterogeneous within and 

between patients, there would be many ways to influence inflammation and thus there 

is hope that in the future specific agents can be developed which significantly alter the 

long-term prognosis of COPD.

Exacerbations of COPD and their treatment

An exacerbation of COPD may be elicited by different causes: a bacterial or viral infection, 

air pollution or other and unknown causes. They are characterized by increased symptoms 

such as sputum production, sputum purulence and dyspnea, and usually they require 

intensification of medical treatment, such as with corticosteroids and antibiotics. In 

severe cases, exacerbations may require hospitalization. Of importance, hospitalizations 

for COPD exacerbations are associated with a high mortality in the year thereafter.7 

Exacerbations may be paralleled with a change in the airway inflammation.252 During 

exacerbations, inflammatory reactions in the airways are more severe and have a different 

characteristic, predominantly eosinophilic,94 and there are signs of an increased systemic 

inflammation,253;254 which may take weeks or months to normalize. Differences between 

patients in systemic inflammation in the stable phase may predict the occurrence or 

frequency of exacerbations on the long-term, but studies in this field have yielded 

conflicting results, probably due to the multiplicity of parameters investigated and due to 

differences in selection of patients.102;255-257 

Treatment of COPD exacerbations itself consist of bronchodilators, corticosteroids and, 

when indicated, antibiotics. Corticosteroids are routinely given intravenously or orally and 

are very effective.258 This efficacy may be due to the different characteristics of the 

inflammation during exacerbations as compared to stable disease, as described above. A 
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recent study suggest that treatment with a high dosed inhaled budesonide/formoterol 

combination was equally effective in reducing airway eosinophilia and improving lung 

function as treatment with an oral corticosteroid.259 

Prevention of exacerbations is of great importance since every exacerbation carries the risk 

of severe complications, hospitalizations and mortality, and attributes to the decreased 

quality of life in patients with COPD.7 With an incidence of severe exacerbations of 

approximately once per year and with large differences in exacerbation frequency among 

patients, identification a priori of patients most at risk is difficult. Therefore, usually large-

scale and long-term clinical studies are required when investigating (effects of interventions 

in) exacerbations of COPD. Long-term treatment with inhaled corticosteroids, with or 

without additional long-acting bronchodilator treatment, has shown in most studies to 

reduce the incidence of exacerbations by up to 30% and to decrease the severity of 

exacerbations.204;215;217 Additionally, withdrawal from inhaled corticosteroid treatment 

may trigger an exacerbation or may reveal patients who were benefiting of inhaled 

corticosteroid treatment, this complicates the interpretation of studies with corticosteroid-

free periods.260;261 Treatment with the long-acting anticholinergic agent tiotropium has 

also been shown to reduce the incidence of exacerbations,175;231 an effect suggested to 

be obtained by improved airway mechanics such as decreased hyperinflation,262 since it 

was also observed after lung volume reduction surgery in patients with severe COPD.263 

Adjusting corticosteroid treatment towards normalizing sputum eosinophilia was recently 

shown to significantly reduce the incidence of severe COPD exacerbations.230 

In contrast to earlier and small-scale studies, the most recent long-term and large-scale 

study with oral N-acetyl-cysteine did not show a beneficial effect of this treatment on 

exacerbation frequency.264 A similar negative finding was made with an analogue of 

N-acetyl-cysteine, having a higher bioavailability.265

Aims and scope of the studies in this thesis

The studies presented in this thesis were directed to address some issues concerning the 

development and treatment of COPD. Three independent studies formed the basis of the 

results, described in the chapters in this thesis. 

The first study (Chapters 2, 3, 4 and 5) was aimed to answer several questions around 

the efficacy of inhaled corticosteroids in the treatment of COPD. The first question herein 

was whether there is an effect of the inhaled corticosteroid budesonide on inflammatory 

parameters in COPD, and whether such an effect is associated with effects on lung 

function and symptoms. The second question was whether these effects of inhaled 

corticosteroid treatment could be predicted by a prior assessment of the effects of a test 

treatment with a systemic glucocorticosteroid. From previous studies it was known that 
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assessing the effects of such a test treatment on lung function parameters did not help 

in predicting the response to inhaled corticosteroids. Therefore, in the present study the 

effects of systemic corticosteroids on inflammatory parameters were investigated with 

respect to their predictive value for future inhaled corticosteroid treatment. The third 

question was whether the effects of inhaled corticosteroid treatment could be predicted 

from patient characteristics such as lung function data or from the characteristics of the 

airway inflammation.

The second study (Chapter 6) addressed another issue concerning the efficacy of 

inhaled corticosteroids and aimed to investigate whether the lack of effects of inhaled 

corticosteroids in COPD could be explained by the pharmacokinetic profile of inhaled 

corticosteroids. Inhaled corticosteroids could reach predominantly the larger airways in 

patients with COPD and could hereby have reached too low levels in the smaller airways 

and the airway epithelium to induce an anti-inflammatory effect. The participants in this 

study were patients, subjected to surgical removal of a local pulmonary malignancy. The 

tissue levels of two inhaled corticosteroids were to be determined at certain time points 

following inhalation. For one of these inhaled corticosteroids (budesonide) the presence 

of corticosteroid esters was also investigated, since esterification of budesonide was 

documented previously in nasal tissue and in animal lung tissue and esterification in the 

airways was assumed to attribute to prolonging the presence of inhaled budesonide in 

airway tissue. 

The third study (Chapter 7) was directed to investigate why only a minority of smoking 

individuals developed COPD, more specifically: to relate airway inflammation, assessed 

via immunostaining of biopsies, to the development of airflow obstruction. A group of 

subjects was selected, who had been exposed to cigarette smoke to a variable extent. 

These subjects, with a planned surgical removal of a localized pulmonary malignancy, 

were considered to form a group of subjects who all had the potency to develop COPD. 

Only a minority of these subjects was expected to have a current clinical diagnosis of 

COPD. Differences in the inflammatory profile in the airways and in the resected lung 

tissue of subjects with and without COPD (based on the GOLD lung function criteria) 

were to be investigated. Differences could point to the mechanism by which the chronic 

cigarette smoke exposure induced COPD in some subjects or could point to aspects of 

inflammation which were not affected in those subjects who did not (yet) developed 

COPD. The presence of CD8+ T-lymphocytes was to be investigated in the airway mucosa 

and was to be related to airflow limitation and cigarette smoke exposure. Additionally, 

the presence of CD8+ T-lymphocytes and of cytotoxic granzymes in airway mucosa and 

in the airway lumen (assessed via induced sputum) was to be investigated and related to 

airflow obstruction. 
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In order to make valid conclusions on the data obtained on inflammatory markers in 

induced sputum, which is an attractive and rather non-invasive method of obtaining 

information on the inflammatory status of the airways, an analysis was made on the 

repeatability of assessing inflammatory markers in induced sputum in patients with 

COPD (Chapter 3). Some data was already known on repeatability, but mainly assessed 

in healthy volunteers and in patients with asthma and predominantly using the selected 

plugs method. The analysis of the large set of data, obtained in the above mentioned first 

study could provide additional information on the repeatability of obtaining information 

on the inflammatory processes in patients with COPD via collecting induced sputum and 

analyzed as whole sputum sample. 

Whole sputum samples may be contaminated in a variable way with saliva, with upper 

airway secretions and other sources of squamous epithelial cells. Therefore, only sputum 

samples with squamous epithelial cell content in the sputum sample below a certain 

cut-off value (usually 80%) have generally been considered to represent valid samples 

originating mainly from the lower airways. This contamination and cut-off value were 

challenged in a statistical analysis of the sputum data obtained in the first study and of 

sputum data obtained in a previously conducted study in asthma patients, executed in 

the same laboratory, in order to provide a rationale for declaring sputum samples valid 

and to assess the level of contamination in a quantitative way (Chapter 4). 

In several published clinical studies in COPD, an unexpected and disproportionally 

high withdrawal rate at the start of the study was seen, when treatment with inhaled 

corticosteroids was stopped. An analysis was therefore performed on the withdrawal of 

patients in the first study (Chapter 5). It was speculated, that those patients who are most 

likely to respond to inhaled corticosteroid treatment are also the patients who experience 

an exacerbation of COPD and were subsequently withdrawn. Selective withdrawal of 

those “relatively corticosteroid-sensitive” patients would affect the interpretation of 

subsequent intervention studies, since performed on the remaining patients which could 

be considered to be less corticosteroid sensitive. Using the data from the first study, the 

(inflammatory) characteristics of the two groups of patients, those who were withdrawn 

because of an exacerbation and those who did not, were to be compared in an attempt 

to explain the limited effects of inhaled corticosteroids in studies in COPD by selective 

withdrawal. An explorative analysis was to be made attempting to predict the occurrence 

of the exacerbation in the run-in period of the first study based on the (inflammatory) 

characteristics. 
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Abstract 

A beneficial effect of long-term corticosteroid treatment in patients with COPD may be 

linked to suppressing inflammation, in particular neutrophilic inflammation. 

Effects on neutrophilic and eosinophilic inflammation and on lung function of long-

term inhaled budesonide treatment (800 μg daily, 6 months, double-blind, randomised, 

cross-over versus placebo) were studied and compared to the effects of 3 weeks oral 

prednisolone (30 mg daily) in 19 patients with COPD (mean age 63 y, FEV1 65% of 

predicted). 

Neither treatment influenced neutrophilic inflammation. Inhaled budesonide compared 

to placebo significantly reduced sputum % eosinophils at 3 months (-42%, p=0.036), 

but not significantly at 6 months (-31%, p=0.78). Eosinophil count per g sputum was 

decreased with 30% at 3 months (p=0.09) and with 9% at 6 months (p=0.78). FEV1 

was slightly higher after 6 months budesonide (+2.5% predicted, p=0.09). Prednisolone 

significantly reduced sputum % eosinophils (-87%, p=0.007), but did not affect eosinophil 

count per g sputum and did not improve FEV1 (-0.6% predicted, p=0.40). 

A higher baseline FEV1 (%) correlated with effects of budesonide on FEV1 (p<0.001), 

effects on sputum interleukin-8 and eosinophil cationic protein (both p<0.05) and tended 

to correlate with effects on sputum % eosinophils (p=0.056). Baseline inflammatory data 

and effects of prednisolone did not correlate with effects of budesonide.

Effects of inhaled budesonide in COPD are not restricted to patients with 

severe disease and may be linked to a suppression of eosinophilic inflammation. 

Investigating effects of prednisolone has no predictive value for long-term treatment.  
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Introduction

Chronic obstructive pulmonary disease (COPD) is probably a heterogeneous complex 

of different disease entities that are characterized by airway inflammation and lead to 

progressive and irreversible airway obstruction.1 Inhaled corticosteroids are expected to 

suppress this inflammation and are prescribed to many COPD patients, especially those 

with severe airflow limitation or showing frequent exacerbations.2 This is based upon 

results obtained in large-scale clinical studies.3-5 The effect of corticosteroids may be 

related to the transient sputum eosinophilia during COPD exacerbations,6;7 and the 

suppressive effects of corticosteroids on eosinophilic inflammation in general, such as in 

asthma.8 However, the most prominent inflammatory cell in the airway lumen of COPD 

patients in stable disease is the neutrophilic granulocyte, the increased presence of which 

in the airways is associated with enhanced loss of lung function.9 Though neutrophilic 

inflammation is considered to be rather unresponsive to corticosteroid treatment, a small 

effect of long-term treatment with inhaled corticosteroids on the progressive decrease in 

lung function has been substantiated.10 

Several small-scale short-term studies and a recent meta-analysis showed an effect 

of inhaled corticosteroids on sputum neutrophilia or sputum eosinophilia.11-13. The 

heterogeneous effects of inhaled corticosteroids on COPD, observed in different studies 

are likely related to heterogeneity in patient selection and hereby to heterogeneity in 

inflammation. 

The primary aim of the present study was to document the effect of long-term inhaled 

corticosteroid treatment on neutrophilic and eosinophilic inflammation in COPD patients 

and additionally whether these effects can be predicted by documenting the anti-

inflammatory effects of a short course of oral prednisolone. Although previous studies 

showed that assessing the effects of a short course with a systemic corticosteroid 

could not be used as a predictor of clinical effects of long-term treatment with inhaled 

corticosteroids on lung function in individual patients,14 this may be different for 

inflammatory parameters. A secondary aim was studying the impact of the severity of 

airflow limitation as a clinical predictor of the anti-inflammatory effects. Based on the 

effect on exacerbation frequency being most prominent in the more severely affected 

patients one might expect the most outspoken anti-inflammatory effects to occur in this 

patient group as well.
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Methods 

Subjects

Patients had clinically stable, smoking-related COPD.1 At enrolment, patients were aged 

> 45, had > 15 Pack-Years, a pre-bronchodilator FEV1 > 1.0 L and > 30% of predicted,15 

a post-bronchodilator FEV1/VC < 0.70 and reversibility < 12% of predicted. Excluded 

were patients with a history of asthma, allergy, a positive blood RAST test for common 

aero-allergens or α-1-antitrypsin deficiency. Written informed consent was obtained; the 

study was conducted according to the declaration of Helsinki after approval by the local 

medical ethics committee.

Study design

The study (Figure 1) consisted of a run-in period of 8 weeks, a prednisolone treatment 

period of 3 weeks (30 mg once daily), a wash-out period of 3 weeks and two randomised, 

cross-over, double-blind, inhaled treatment periods of 6 months each with 400 μg 

budesonide or placebo twice daily (Pulmicort® Turbuhaler®, AstraZeneca). Lung function 

(spirometry and body box measurements, before and after β2) was assessed, a blood 

sample was drawn for standard haematology and clinical chemistry and induced sputum 

was collected before and after each period and halfway inhaled treatment periods. 

placebo budesonide

run-in prednisolone wash-out 
budesonide placebo

Week 0 8 11 14                27 40                53                 66
n = 29 22 20 19 17                                     17

Figure 1. Study design. Inhaled budesonide and placebo were given in a double blind, randomised, 
cross-over fashion. The number of patients at the different stages in the study is shown

Sputum induction and analysis of sputum parameters.

After β2-agonist inhalation, sputum was induced by hypertonic saline (3 consecutive 

periods of 5 minutes inhalation with 3%, 4% and 5% saline respectively).16 Whole sputum 

was liquefied with dithiotreitol. Differential cell counts were performed on minimally 500 

non-squamous cells, samples with > 80% squamous cells were excluded from statistical 

analyses. Soluble inflammatory markers consisted of myeloperoxidase (MPO), interleukin 

(IL)-8, eosinophil cationic protein (ECP). Respiratory membrane permeability was estimated 

from levels of alpha-2-macroglobulin and albumin in sputum. 
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Data analysis

Data obtained at the end of the exacerbation-free and glucocorticosteroid-free run-in 

period was defined as “baseline”. The budesonide effect was the difference between 

values after 6 months inhaled budesonide and placebo treatment. The prednisolone 

effect was the difference between values after three weeks prednisolone and at baseline. 

A clinically relevant “response” to corticosteroids was defined as an increase in FEV1 of 

12% and minimally 200 ml.17 Student’s t-test and non-parametric tests were used for 

comparisons, all inflammatory data except % neutrophils was not normally distributed. 

For normally distributed data the absolute differences were calculated, for non-normally 

distributed data ratios were calculated. For 0% eosinophils arbitrarily 0.1% was assigned 

when calculating ratios. Data obtained within 2 weeks prior to, or within 4 weeks 

after an exacerbation was not used in the analyses. When this was the case for data 

after 6 months’ treatment, the 3 months’ data were used instead (this was applied in 

3 patients, all on placebo, the decision for exclusion was made prior to unblinding the 

data). The sample size of the study was determined for the primary parameter sputum 

% neutrophils. On the basis of an expected effect size of 15% and a standard deviation 

of 8% in a previously published study,11 16 patients were calculated to be needed, using 

an alpha of 5% and a beta of 80%. Neutrophil and eosinophil counts were primarily 

expressed as percentage of non-squamous cell count and not as absolute cell count per 

g sputum for the better repeatability of the % values.18  

Additionally an analysis was performed in search for baseline data that predicted the clinical 

response in FEV1. This was done by correlation analysis using baseline data (Pearson’s and 

Spearman’s correlation tests) and in a post hoc analysis, based on findings presented 

after commencing the present study,19-21 by dividing the study population in two groups 

by median values of FEV1 as % predicted, reversibility in % predicted and sputum % 

eosinophils at baseline and by comparing the effects in current- and ex-smokers. 

Results 

Baseline and Run-in data

Nineteen patients (13 male) were enrolled in the inhaled treatment phase of the study 

(Table 1). Similar numbers had GOLD-stage 1, 2 or 3 and reversibility in FEV1 was small 

(mean 4.8% predicted). Ten additional patients were enrolled but had to be withdrawn 

before randomisation, mainly due to one or more exacerbations in the corticosteroid-free 

run-in phase of the study. Two patients did not complete the inhaled treatment periods: 

one was withdrawn after an exacerbation and one withdrew consent. Baseline sputum 

neutrophil % count correlated significantly with FEV1 % predicted (rho= -0.50, p=0.021). 

No such relation existed between FEV1 and other sputum inflammatory parameters. 
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Median sputum % eosinophils increased during the corticosteroid-free run-in period 

(Figure 2).

Inhaled budesonide effects on inflammation

There were no statistically significant differences in sputum % neutrophil counts after 

inhaled treatments (Table 2). There were, however, differences in % eosinophils (Figure 

2). After 3 months’ budesonide treatment, median sputum % eosinophils was 42% 

lower than after 3 months placebo (median 1.1% versus 1.9%, p=0.036). From 3 to 6 

months treatment, % eosinophils remained low under budesonide, but the % eosinophils 

Table 1. Demographic and baseline data of the patients. 

Male / female 13 / 6

Age (yrs) 63.1 ± 6.2 (51 - 75)  

Current-/ex-smoker 13 / 6

Body Mass Index (kg/m2) 25.1 ± 4.5 (18 - 34)

Pack-years 37.4 ± 17.8 (17 - 90)

Inhaled corticosteroid user / non-user 12 / 7

FEV1 (L) 1.97 ± 0.88 (0.91 – 3.94)

FEV1 (% predicted) 65.1 ± 22.0 (34 - 98)

FEV1–reversibility (% predicted) 4.8 ± 4.1 ( -0.3 – 11.3)

FEV1/VC 0.48 ± 0.15 (0.25 – 0.69)

FEF50 (% predicted) 25.3 ± 16.3 (8.1 – 57.3)

GOLD-stage 1 / 2 / 3 7 / 7 / 5

Peripheral blood % eosinophils 2.2 ± 1.3 (0.3 – 5.7)

Data expressed as mean ± SD (range) or in actual numbers of all 19 patients, measured at enrolment. 
Lung function data are post-bronchodilator values. FEF50: forced expiratory flow at 50% of VC; 
FEV1: forced expiratory volume in one second; GOLD: global initiative for chronic obstructive lung 
disease; VC: vital capacity; 

 

 

Figure 2. Box-plots on sputum % 
eosinophils (logarithmic scale) at Entry 
in the study, at Baseline (B-L), after 
Prednisolone, after Wash-Out (W-O), 
after Placebo (Pla), after Budesonide 
(Bud) and at Exacerbations. Combined 
data after 3 and 6 months’ budesonide 
and placebo treatment and all 
exacerbations where sputum data was 
collected. 
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decreased under placebo and there remained a non-significant 31% difference (median 

1.1% versus 1.6%, p=0.78). Eosinophil count per g sputum was 29% lower at 3 months 

(p=0.09) and 9% lower at 6 months (p=0.78). No significant differences were observed 

in median sputum levels of ECP, MPO, IL-8, α-2-macroglobulin and albumin. No relevant 

period effects or treatment–order effects were detected with respect to inflammatory 

parameters. 

Inhaled budesonide effects on lung function. 

After treatment with budesonide, compared to placebo, there were modest differences 

in lung function (Table 3). Of the 17 patients who completed the entire study, 3 patients 

(18%) were classified as “responder”, based on a clinically relevant difference in post-

bronchodilator FEV1. The mean difference for all patients in post-bronchodilator FEV1 at 

6 months was 75 ml (p=0.16) or 2.5% of predicted (p=0.091) in favour of budesonide 

treatment. There was no period effect (p=0.59) but a trend for a treatment-order effect 

(p=0.07) existed for the differences in FEV1, fitting with an ongoing decline in lung 

function during placebo treatment. The difference in post-bronchodilator FEV1 became 

82 ml (p=0.12) or 2.7% predicted (p=0.063) after correction for treatment sequence. 

The difference in pre-bronchodilator FEV1 after 6 months treatment was statistically 

significant: 140 ml (p=0.041) or 5.2% predicted (p=0.030). Other spirometry and body 

plethysmography parameters did not differ significantly (data not shown). 

Figure 3. Relation between baseline FEV1 (post-bronchodilator, % predicted) and budesonide-
treatment induced changes in sputum % eosinophils (rho = –0.53, p=0.056), levels of MPO (rho 
= –0.46, p=0.076), IL-8 (rho = –0.58, p=0.025) and ECP (rho = –0.64, p=0.010), expressed as the 
ratio of the values after 6 months budesonide / after 6 months placebo treatment. A lower ratio 
represents a beneficial effect of budesonide.
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Table 2. Effects of oral prednisolone and inhaled budesonide on inflammatory parameters in 
induced sputum.

start
prednisolone 

3 weeks 
prednisolone wash-out

p-value start
vs 3 weeks 

p-value 3 weeks
vs wash-out

Non-squamous TCC (106/g) 0.96 (0.47-3.67) 2.19 (0.68-4.52) 1.36 (0.75-4.15) 0.41 0.51

Neutrophils (%) 74.5 (64.2-85.4) 82.6 (68.5-89.0) 74.4(61.5-83.5) 0.26 0.22

Neutrophils (106/g) 0.67 (0.25-2.72) 1.25 (0.46-4.03) 0.86 (0.46-3.14) 0.26 0.38

Eosinophils (%) 1.6 (0.8-3.4) 0.2 (0.0-0.7) 1.0 (0.3-2.4) 0.007 0.033

Eosinophils (103/g) 15.2 (4.3-53.4) 15.2 (5.7-40.1) 14.6 (8.6-37.3) 0.21 0.12

MPO (μg/g) 7.2 (1.8-22.6) 10.2 (4.0-42.8) 7.0 (1.7-69.0) 0.72 0.97

IL-8 (ng/g) 4.6 (1.6-13.7) 3.1 (1.6-15.0) 4.7 (1.6-35.8) 0.43 0.81

ECP (ng/g) 287 (33-431) 140 (98-460) 220 (42-1921) 0.39 0.70

3 months
budesonide

6 months 
budesonide

3 months 
placebo

6 months
placebo

p-value 3 months
budesonide vs 

placebo

p-value 6 months
budesonide vs 

placebo

Non-squamous TCC (106/g) 1.71 (0.68-3.78) 1.98 (0.85-3.53) 1.72 (1.32-3.81) 1.32 (0.95-4.63) 0.70 0.80

Neutrophils (%) 81.0 (68.7-86.6) 77.4 (64.5-88.1) 71.8 (62.2-88.4) 82.1 (64.2-87.1) 0.15 0.71

Neutrophils (106/g) 1.40 (0.50-2.80) 1.40 (0.63-2.63) 1.20 (0.70-3.60) 0.90 (0.60-4.08) 0.75 0.73

Eosinophils (%) 1.1 (0.30-1.75) 1.1 (0.25-3.45) 1.9 (0.60-6.65) 1.6 (0.20-4.20) 0.036 0.78

Eosinophils (103/g) 37.6 (16.2-44.2) 26.6 (10.6-103) 53.6 (18.1-159) 29.1 (16.0-75.9) 0.093 0.78

MPO (μg/g) 11.1 (3.5-19.7) 18.2 (4.0-47.5) 10.1 (4.3-32.4) 8.3 (2.5-24.4) 0.88 0.21

IL-8 (ng/g) 6.6 (2.4-32.7) 10.7 (3.2-19.1) 5.9 (3.1-31.2) 6.1 (2.0-13.8) 0.72 0.21

ECP (ng/g) 200 (113-699) 421 (78-1039) 470 (122-924) 412 (211-738) 1.00 0.87

Values are shown as median (interquartile range) and per g sputum for the 17 patients who 
completed the study; wash-out: 3 weeks after completion of prednisolone treatment; p-values from 
Mann-Whitney tests; TCC: Total Cell Count; % neutrophils and eosinophils as % of non-squamous 
cells; MPO: Myeloperoxidase; IL-8: Interleukin-8; ECP: Eosinophil Cationic Protein 

Table 3. Effects of oral prednisolone and inhaled budesonide on lung function

start 
prednisolone

3 weeks 
prednisolone

 wash-out p-value
start vs 3 weeks

p-value 3 weeks vs 
wash-out

FEV1 (% pred, pre) 58.6±18.6 57.8±19.6 58.4±20.9 0.43 0.73

FEV1 (% pred, post) 63.0±20.7 62.4±20.4 62.8±21.8 0.40 0.67

3 months
budesonide

6 months 
budesonide

3 months 
placebo

6 months
placebo

p-value 3 months
budesonide vs 

placebo

p-value 6 months
budesonide vs 

placebo

FEV1 (% pred, pre) 57.3±18.9 57.6±21.7 55.7±18.1 52.4±15.7 0.20 0.030

FEV1 (% pred, post) 61.7±20.0 62.1±22.4 60.9±19.4 59.6±18.0 0.32 0.091

Values are shown as mean ± SD for the 17 patients who completed the study, pre- and post 
bronchodilator; p-values from t-tests; wash-out: 3 weeks after completion of prednisolone treatment; 
pred: predicted normal. 
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Inhaled budesonide effects on other 
parameters

After 6 months’ inhaled budesonide treatment 

absolute and relative eosinophil counts in 

peripheral blood were significantly reduced, but at 

3 months no significant differences were observed 

(data not shown). Total white blood cell count and 

% neutrophil count in blood were higher, absolute 

and % eosinophil count and % lymphocyte count 

were lower after 6 months budesonide treatment 

compared to placebo. No significant differences 

were observed in plasma levels of CRP (median 

5.0 and 3.0 mg/l after 6 months’ treatment with 

placebo and budesonide respectively, p=0.39).

Relationship between lung function and 
inflammation 

The difference in post-bronchodilator FEV1 as 

% of predicted after 6 months treatment was 

significantly correlated with baseline FEV1 as % 

of predicted (r=0.77, p<0.001). In addition, the 

changes in most inflammatory parameters in 

sputum at 6 months were also related to baseline 

FEV1 (Figure 3). This was the case for changes in 

sputum ECP (rho= -0.643, p=0.010), in sputum 

IL-8 (rho= -0.58, p=0.025) and a tendency was 

observed for changes in sputum % eosinophils 

(rho= -0.53, p=0.056) and in sputum MPO (rho= 

-0.47, p=0.076). As a consequence, the change 

in FEV1 was also significantly correlated with the 

changes in these inflammatory parameters (data 

not shown). 

The magnitude of inflammation at baseline was not 

significantly related with the effects of budesonide 

on FEV1 and inflammation (detailed data not 

shown, for baseline sputum % eosinophils versus 

effect on FEV1: p >0.4). The study population 

was divided post hoc19;20 in two groups around 

the median for baseline FEV1 (median 62.6 % 

predicted), reversibility in FEV1 (median 2.22% 

Table 2. Effects of oral prednisolone and inhaled budesonide on inflammatory parameters in 
induced sputum.

start
prednisolone 

3 weeks 
prednisolone wash-out

p-value start
vs 3 weeks 

p-value 3 weeks
vs wash-out

Non-squamous TCC (106/g) 0.96 (0.47-3.67) 2.19 (0.68-4.52) 1.36 (0.75-4.15) 0.41 0.51

Neutrophils (%) 74.5 (64.2-85.4) 82.6 (68.5-89.0) 74.4(61.5-83.5) 0.26 0.22

Neutrophils (106/g) 0.67 (0.25-2.72) 1.25 (0.46-4.03) 0.86 (0.46-3.14) 0.26 0.38

Eosinophils (%) 1.6 (0.8-3.4) 0.2 (0.0-0.7) 1.0 (0.3-2.4) 0.007 0.033

Eosinophils (103/g) 15.2 (4.3-53.4) 15.2 (5.7-40.1) 14.6 (8.6-37.3) 0.21 0.12

MPO (μg/g) 7.2 (1.8-22.6) 10.2 (4.0-42.8) 7.0 (1.7-69.0) 0.72 0.97

IL-8 (ng/g) 4.6 (1.6-13.7) 3.1 (1.6-15.0) 4.7 (1.6-35.8) 0.43 0.81

ECP (ng/g) 287 (33-431) 140 (98-460) 220 (42-1921) 0.39 0.70

3 months
budesonide

6 months 
budesonide

3 months 
placebo

6 months
placebo

p-value 3 months
budesonide vs 

placebo

p-value 6 months
budesonide vs 

placebo

Non-squamous TCC (106/g) 1.71 (0.68-3.78) 1.98 (0.85-3.53) 1.72 (1.32-3.81) 1.32 (0.95-4.63) 0.70 0.80

Neutrophils (%) 81.0 (68.7-86.6) 77.4 (64.5-88.1) 71.8 (62.2-88.4) 82.1 (64.2-87.1) 0.15 0.71

Neutrophils (106/g) 1.40 (0.50-2.80) 1.40 (0.63-2.63) 1.20 (0.70-3.60) 0.90 (0.60-4.08) 0.75 0.73

Eosinophils (%) 1.1 (0.30-1.75) 1.1 (0.25-3.45) 1.9 (0.60-6.65) 1.6 (0.20-4.20) 0.036 0.78

Eosinophils (103/g) 37.6 (16.2-44.2) 26.6 (10.6-103) 53.6 (18.1-159) 29.1 (16.0-75.9) 0.093 0.78

MPO (μg/g) 11.1 (3.5-19.7) 18.2 (4.0-47.5) 10.1 (4.3-32.4) 8.3 (2.5-24.4) 0.88 0.21

IL-8 (ng/g) 6.6 (2.4-32.7) 10.7 (3.2-19.1) 5.9 (3.1-31.2) 6.1 (2.0-13.8) 0.72 0.21

ECP (ng/g) 200 (113-699) 421 (78-1039) 470 (122-924) 412 (211-738) 1.00 0.87

Values are shown as median (interquartile range) and per g sputum for the 17 patients who 
completed the study; wash-out: 3 weeks after completion of prednisolone treatment; p-values from 
Mann-Whitney tests; TCC: Total Cell Count; % neutrophils and eosinophils as % of non-squamous 
cells; MPO: Myeloperoxidase; IL-8: Interleukin-8; ECP: Eosinophil Cationic Protein 

Table 3. Effects of oral prednisolone and inhaled budesonide on lung function

start 
prednisolone

3 weeks 
prednisolone

 wash-out p-value
start vs 3 weeks

p-value 3 weeks vs 
wash-out

FEV1 (% pred, pre) 58.6±18.6 57.8±19.6 58.4±20.9 0.43 0.73

FEV1 (% pred, post) 63.0±20.7 62.4±20.4 62.8±21.8 0.40 0.67

3 months
budesonide

6 months 
budesonide

3 months 
placebo

6 months
placebo

p-value 3 months
budesonide vs 

placebo

p-value 6 months
budesonide vs 

placebo

FEV1 (% pred, pre) 57.3±18.9 57.6±21.7 55.7±18.1 52.4±15.7 0.20 0.030

FEV1 (% pred, post) 61.7±20.0 62.1±22.4 60.9±19.4 59.6±18.0 0.32 0.091

Values are shown as mean ± SD for the 17 patients who completed the study, pre- and post 
bronchodilator; p-values from t-tests; wash-out: 3 weeks after completion of prednisolone treatment; 
pred: predicted normal. 
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predicted), sputum % eosinophils (median 1.6%) and smoking habit. The group with 

the highest baseline FEV1 showed the best response in FEV1 to budesonide (+5.6 versus 

–0.9% predicted, p=0.014) as did the group with the largest degree of reversibility 

(+5.6% versus –0.2% predicted, p=0.034). A higher baseline sputum % eosinophils 

was not significantly related with a better response to budesonide (+4.2% versus +1.1% 

predicted, p=0.30). The effects of budesonide on inflammatory parameters and on FEV1 

did not differ significantly between current smokers and ex-smokers (all p>0.2).

Prednisolone effects  

Prednisolone treatment did not decrease but rather slightly increased sputum % 

neutrophils (p=0.48, Table 2). Sputum % eosinophils decreased with 87%, from a 

median 1.6% to 0.2 % (p=0.007, Figure 2). Sputum eosinophil count per g sputum was 

unchanged by prednisolone treatment (p=0.21) and other sputum parameters did not 

change significantly. Prednisolone markedly affected parameters in peripheral blood: 

total leukocyte count and % neutrophils increased significantly while % lymphocytes and 

% eosinophils decreased significantly as did CRP plasma levels (data not shown). After the 

wash-out period most values returned to those obtained prior to prednisolone treatment, 

though eosinophil counts did not completely return to baseline values in 3 weeks (Table 

2). Prednisolone treatment did not influence lung function (Table 3) and none of the 19 

patients could be classified as a “responder”. 

Relation between prednisolone and budesonide effects

There were no significant correlations between the effects of prednisolone and 

budesonide on inflammatory parameters in blood and sputum (detailed data not shown), 

in particular not with respect to the effects on sputum % eosinophils (rho=0.19, p=0.52). 

The effect of prednisolone on FEV1 did not correlate with that of budesonide (r= -0.30, 

p=0.24).

Exacerbations

Eight of the initial 29 patients experienced at least one exacerbation in the first four 

weeks of the run-in period and required medical intervention before they entered the 

actual prospective inhaled treatment phase or had to be withdrawn. These 8 patients 

had more severe disease than the 21 patients completing the run-in period without an 

exacerbation (FEV1 50.8 versus 68.1% predicted, p=0.037), they tended to have higher 

sputum eosinophil counts (1.6% versus 0.6%, p=0.20) and had significant higher blood 

% eosinophil counts (3.4% versus 2.0%, p=0.045). During the twelve months of blind 

inhaled treatment 18 exacerbations were observed, requiring antibiotic treatment, 9 

of 18 were classified as severe, necessitating treatment with systemic corticosteroids: 

3 during budesonide (3 patients) and 6 during placebo (4 patients). The proportion of 

exacerbations requiring systemic corticosteroid treatment was higher during placebo than 

during budesonide (6 of 8 versus 3 of 10, p<0.05). During the entire study, 8 sputum 
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samples were obtained within 2 weeks before or 4 weeks after an exacerbation, of which 

4 during blind treatment. These data were excluded from the statistical comparisons: 3 

samples after 6 months placebo (sputum % eosinophils 8.1%, 25.8% and 19.8%) and 

1 sample after 3 months budesonide (sputum % eosinophils 1.8%). Median sputum % 

eosinophil count in all 8 samples around exacerbations was 5.5%, remarkably higher 

than values obtained during stable disease (Figure 2). 

Discussion

The present study is the first study evaluating anti-inflammatory and clinical effects 

of long-term inhaled steroid treatment in COPD patients in a cross-over design. In the 

present group of patients with strictly defined smoking-related COPD and covering a 

broad spectrum of severity (GOLD 1 to 3), no effect was found of long-term inhaled 

budesonide on sputum neutrophilia. However, reductions were found on sputum 

eosinophils and on functional impairment (FEV1). These anti-inflammatory effects and 

functional improvements were modest, went in parallel and appeared to be confined to a 

subgroup of patients with a milder disease in terms of irreversible functional impairment 

at enrolment. However, since the latter observation was not the primary aim of our study 

this finding must be interpreted with caution and need confirmation in larger studies. 

None of the inflammatory parameters was found to be predictive of the effects of long-

term inhaled budesonide treatment. In line with two recent short-term studies,19;20 

higher sputum eosinophilia at baseline tended to correlate to a larger clinical response 

to the inhaled glucocorticosteroid. In the present study this relation failed to reach 

statistical significance, likely due to low % eosinophil counts at enrolment or to selective 

withdrawal of patients with highest % eosinophil counts in the run-in phase where 

glucocorticosteroids were withdrawn. No evidence was found for a predictive value of 

assessing the short-term (clinical or anti-inflammatory) effects of oral prednisolone to the 

clinical or anti-inflammatory effects of long-term inhaled budesonide treatment.

With respect to the interpretation of our findings, especially the effects on airway 

eosinophils, it is highly relevant that patients were recruited according to strictly defined 

criteria for a diagnosis of COPD, though ranging in severity of airflow obstruction. As in 

previous studies, a correlation was observed between the severity of COPD in terms of 

FEV1 and the % of neutrophils in sputum.9;22

This study was primarily designed to investigate treatment effects on neutrophilic 

inflammation. However, we found no suppressive effects of either corticosteroid treatment 

on parameters of neutrophilic inflammation but an opposite trend. These observations 

are in contrast to some previous studies which described marked effects of corticosteroid 
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treatment on neutrophilic inflammation,11;23-25 but in line with other studies showing no 

such effects.19;26-30 The recent meta-analysis of a larger series of studies indicates that 

by increasing the data set by pooling the data of these potentially contradicting studies, 

inhaled corticosteroid treatment was shown to reduce both neutrophil and eosinophil 

counts in sputum.13

During budesonide treatment, a tendency to a lower incidence of severe exacerbations 

was observed and a shift towards less severe exacerbations, in line with other, large-

scale studies.31-33 In the few sputum samples obtained close to exacerbations, sputum 

% eosinophils was rather high. This provides further circumstantial evidence for a 

relation between exacerbations and eosinophils, hereby suggesting that budesonide may 

have influenced exacerbations by suppressing eosinophilic inflammation. The reported 

effects of long-term treatment with inhaled corticosteroids on decline in lung function, 

exacerbation frequency and mortality3;10;33;34 might therefore be attributed to an effect 

on eosinophilic inflammation rather than to suppression of neutrophilic inflammation.

The patients who had to be withdrawn from the study in the corticosteroid-free run-

in period due to repeated exacerbations had higher eosinophil counts at enrolment 

and their exclusion may have led to a selective withdrawal of patients who were the 

most corticosteroid sensitive.4;35 In the remaining patients no immediate increase in 

exacerbations was observed when switching from active to placebo inhaled treatment. 

Probably in combination with the strict inclusion criteria, median sputum eosinophil count 

was rather low at baseline. In a number of other studies in COPD, sputum % eosinophils 

was much higher,11;19;20;30;36;37, leaving more room for a reduction by treatment.

The present study extends current knowledge that also documenting the effects on 

inflammation (besides those on lung function) of a test treatment with oral prednisolone 

has no value in selecting COPD patients for long-term inhaled treatment. This negative 

outcome is of clinical importance. No overall effect of oral prednisolone was observed 

and not a single patient who completed the prednisolone period could be classified as 

“responder”, using a predetermined difference in FEV1 of 12% (minimally 200 ml),17;38 

a proportion much lower than in previous studies, which varied between 10% and 

50%14;30;39-42 and may be related to our strict selection criteria.      

At first sight the absence of a functional response to prednisolone seems to be in contrast 

to the effect of prednisolone on sputum % eosinophils. However, the 6-fold decrease in 

median % eosinophils after prednisolone was accompanied by unchanged numbers of 

eosinophils per gram sputum. Obviously, a reduction in sputum eosinophils may require 

more than 3 weeks before affecting lung function. 
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Some (potential) limitations of this study need to be discussed. The sample size estimation 

was based upon an anticipated decrease in sputum % neutrophils,11 and therefore may 

have been underpowered for other parameters like sputum % eosinophils and FEV1. 

It must be realized, that concentrations of inflammatory markers in induced sputum 

will represent an integral of probably a heterogeneous expression of these markers in 

various lung regions. This needs not necessarily be a disadvantage, but may contribute 

to variability. In our hands, within-patients variability of most inflammatory parameters 

is approximately 2- to 3-fold for most parameters,18 making the current sample size 

sufficient to detect the 42% decrease in % eosinophils at 3 months but not sufficient to 

detect the 31% difference at 6 months. 

The present study used a randomised cross-over design for the inhaled treatment periods 

in order to minimise the variability. We recently reported between-patients variability to 

be twice as large as within-patients variability.18 Such a cross-over design carries the risk 

of carry-over effects, these effects were however not observed for the inflammatory 

parameters. A carry-over effect was present for FEV1 and was attributed to an ongoing 

decline in lung function during placebo treatment. The recent meta-analysis indicated 

that 2 – 3 months treatment is sufficient for a suppression of airway inflammation in 

COPD.13 The long duration of the study had also a drawback, since due to the occurrence 

of exacerbations some data was missing after 6 months’ placebo treatment, that data 

had to be replaced with the 3 months’ data. 

The present findings suggested that an “eosinophilic component” of the inflammatory 

process in the airways is of importance in COPD, even in carefully selected patients in 

whom on clinical grounds any “asthmatic component” has been ruled out. The differences 

between placebo and budesonide treatment in sputum % eosinophil counts tended to 

be correlated with the differences in FEV1. Additionally, confirming other studies,6;7 % 

eosinophil count in sputum was rather high in the samples which could be obtained in 

the vicinity of exacerbations. 

A remarkable finding was the discrepancy in the effect of budesonide compared to 

placebo on sputum eosinophils at 3 and 6 months. At 3 months the 42% difference 

was significant, but the 31% differences at 6 months not. This may be a chance finding 

in either direction, since the study was not primarily powered on sputum eosinophils. 

The effect of budesonide may also be temporal. However, the latter is unlikely since the 

difference between budesonide and placebo from 3 to 6 months diminished due to a 

decrease in eosinophils under placebo, not due to an increase under budesonide. More 

likely, the exclusion of sputum data obtained in the vicinity of exacerbations favoured the 

placebo treatment since the excluded samples obtained under placebo treatment had 

high % eosinophil counts. 
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The present findings do not provide easy to apply tools for a more individualised 

selection of COPD patients for inhaled corticosteroid therapy based on the assessment 

of their inflammatory profile in a single measurement during stable disease or based 

on a prednisolone test treatment. Rather, they underscore the heterogeneity of COPD 

with respect to the characteristics of airway inflammation during stable disease and 

exacerbations and the clinical response to corticosteroid therapy. The observed anti-

inflammatory effects and functional improvements by long-term treatment with 

budesonide may be confined to those with a specific COPD in terms of higher baseline 

FEV1 as % of predicted, airflow reversibility and sputum eosinophil counts. 

At present, inhaled corticosteroids are indicated in COPD patients at the more severe end 

of the disease spectrum (FEV1 < 50%), in whom they have been shown to prevent up to 

30 % of severe exacerbations.2;3 We hypothesize that at least part of this effect of inhaled 

corticosteroids on exacerbations is based upon the suppression of a supplementary 

eosinophilic inflammation during or immediately prior to exacerbations of COPD. It is 

obvious that this hypothesis needs confirmation from a study specifically designed to 

answer such a research question.
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Abstract

The limited anti-inflammatory efficacy of glucocorticosteroids in chronic obstructive 

pulmonary disease (COPD) may be related to a reduced local expression of the 

glucocorticosteroid receptor α (GRα) which mediates the anti-inflammatory action of 

glucocorticosteroids, and/or an enhanced local expression of the glucocorticosteroid 

receptor β (GRβ), which competes with GR activity. 

In a pilot study we aimed to assess the presence of GRα mRNA and GRβ mRNA by a 

semi-quantitative PCR relative to transcripts of a house-keeping gene, β2-microglobulin 

mRNA, in epithelial cells from a single brush and in bronchoalveolar lavage cells or 

purified alveolar macrophages from 14 patients with mild to moderate COPD (mean age 

66 y, mean FEV1 66% of predicted). 

GRα mRNA was detectable in both epithelial BAL cells and alveolar macrophages, 

provided β2-microglobulin mRNA could be detected in 23 PCR cycles. GRβ mRNA was 

not detected in these samples, which was not due to a technical error, as GRβ mRNA in 

CemC7 cells was detected. GRβ mRNA expression was at least 18-fold lower, compared 

to that of GRα. 

In conclusion, quantitative assessment of GRα but not of GRβ mRNA in airway epithelial 

cells and alveolar macrophages is feasible on material obtained respectively by a single 

brush and by a lavage. These preliminary data indicate that GRβ mRNA expression 

in the airways of patients with COPD is much lower compared to that of GRα and 

therefore enhanced expression of GRβ is unlikely to underlie the limited effects of 

glucocorticosteroids in COPD .

C H A P T E R   2, Addendum

62



Glucocorticosteroid α and β mRNA in COPD

Introduction 

Chronic obstructive pulmonary disease (COPD) is an inflammatory airways disease 

characterized by progressive and irreversible airway obstruction, potentially affecting 

10% of the world population.1;2 The anti-inflammatory effects of glucocorticosteroids 

in COPD are limited, in marked contrast to that for asthma, another major inflammatory 

airways disease.3  

Glucocorticosteroids act by binding to the intracellular glucocorticosteroid receptor (GR) 

of which two forms, GRα and GRβ, exist.4 Binding of the glucocorticosteroid to GRα 

exerts an anti-inflammatory effect. GRβ lacks the binding site for glucocorticosteroids, 

but inhibits the action of GRα. Therefore, the efficacy of glucocorticosteroids may be 

attenuated by a reduced GRα expression, 5;6 and/or by a relative abundance of the 

inactive GRβ.7 In a previous study,8 with steroid-naïve COPD patients, using Northern 

blot analyses on material obtained by 10 bronchial brushes per patient, reduced GRα 

mRNA levels in airway epithelial cells were found, and the GRα/GRβ ratio was high 

(approximately 1.7), though similar to that of controls. Both airway epithelial cells and 

alveolar macrophages are considered to drive airway inflammation in COPD, and thus 

are potential targets for glucocorticosteroids. As part of a larger study investigating the 

clinical and anti-inflammatory effects of systemic and inhaled corticosteroids in patients 

with COPD,9 we performed a pilot study to determine whether GRα and GRβ mRNA 

could be determined in airway epithelial cells, obtained by a single brush, and in alveolar 

macrophages, obtained by bronchoalveolar lavage fluid.

Methods

Fourteen out of 19 patients with clinically stable, smoking-related COPD, who participated 

in a glucocorticosteroid intervention study,9 agreed to two additional visits with a 

bronchoscopy, with bronchoalveolar lavage and subsequent epithelial brush. These 

bronchoscopies were performed as described earlier,10 before and after three-weeks, 

open, oral prednisolone treatment period (30 mg once daily), which was performed after 

an initial run-in period of eight weeks in which all corticosteroids were withheld. Written 

informed consent was obtained from all patients and the study was conducted according 

to the declaration of Helsinki and after approval by the local medical ethics committee.

Portions 4 to 7 out of eight successive 20 ml lavages with prewarmed 0.9% saline 

were pooled and centrifuged at 500 g at 4°C. The cell pellet was resuspended in 1-2 

ml phosphate-buffered saline (PBS; pH7.2), after which a cell count was performed 

using a Bürker-Turk chamber, and 4 cytospins (20,000 cells per slide) were made for 

cell differentiation. The remainder of the cells, when sufficient in number (>2x106), 

were subjected to FACS sorting of alveolar macrophages by auto-fluorescence in a gate 
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containing CD15 and HLA-DR expressing cells. Otherwise, BAL cells were used without 

sorting. Cells obtained by brush were resuspended in 5 ml of cold 0.5 % (w/v) bovine 

serum albumin and 0.02% (w/v) K-EDTA-containing PBS by vortexing, counted and 

collected by centrifugation. Subsequently, cells were treated with Trizol (Invitrogen) and 

RNA was purified according to the recommended procedure. Single stranded cDNA was 

synthesized from total RNA using 250 ng of oligo(dT)15 and 50 Units of Superscript 

II (Gibco/BRL) in a final 25 μl. Expression of GRα, GRβ and β2-microglobulin (β2M) 

mRNA (to normalize for variable RNA input) were analyzed by quantitative real-time PCR 

(Lightcycler: Roche), in which conditions were optimized so that the amplification for each 

mRNA (GRα, GRβ and β2M) was comparable, allowing semi-quantitative comparison. 

Two μl of cDNA was used in the PCR reaction (2 μl SYBR green; 4,8, 2.8 or 3.2 μl 25 mM 

MgCl2 (for GRα, GRβ and β2M, respectively) and 1 μl of each primer (0.1 μg/μl)) in a 20 

μl final volume. PCR conditions were: for GRα: 35 cycles of 45 sec. 95°C, 2 sec. 95 °C, 10 

sec. 52 °C and 30 sec. 72 °C; for GRβ: 39 cycles of 45 sec. 95 °C, 2 sec. 95 °C, 10 sec. 56 

°C, 15 sec. 72 °C, and for β2M: 32 cycles of 30 sec. 95 °C, 2 sec. 95 °C, 10 sec. 57 °C and 

10 sec. 72 °C. The following primers were used: 5’-TGG-AGA-TCA-TAT-AGA-CAA-TCA-3’ 

(GRα forward); 5’-TCA-CTT-TTG-ATG-AAA-CAG-AAG-3’ (GRα reverse); 5’-GCT-GTA-TGT-

TTC-CTC-TGA-GTT-A-3’ (GRβ forward); 5’-TTT-TTG-AGC-GCC-AAG-ATT-GTT-G-3’ (GRβ 

reverse), 5’-CCA-GCA-GAG-AAT-GGA-AAG-TC-3’ (β2M forward), 5’-GAT-GCT-GCT-TAC-

ATG-TCT-CG-3’ (β2M reverse). Whether the resulting products were single products was 

verified by melting curves. The quantity of GR and β2M mRNA is expressed in threshold 

cycle values (Ct-values), which is the number of amplification cycles to reach a detectable 

mRNA amount (fluorescence set at 1). The GR Ct value was subsequently corrected for 

variable RNA input by deducing the corresponding β2M Ct value. A Ct-value of one unit 

lower corresponds with a two-fold higher gene expression. RNA from CemC7 (GRβ-

expressing cell line) was used to generate cDNA for the GRβ standard curves and RNA 

from NCI-H292 airway epithelial-like cells was used to generate cDNA for GRα and β2M 

standard curves. In separate experiments the 507 bp, 324 bp and 268 bp rt-PCR products 

for GRα, GRβ and β2M, respectively, were purified on 2% agarose gel, cut-out, purified 

and served as standard curve material.

Results

Patients

Characteristics of patients are summarized in Table 1. One patient refused the second 

bronchoscopy procedure, but, in general, the bronchoscopy, the lavage and brush 

were well tolerated. Two patients experienced an airway infection a few days after the 

bronchoscopy, both after prednisolone treatment.   
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GRα and GRβ in airway epithelial cells 

Brush material from 11 out of 14 patients obtained before, and from 7 out of 13 patients 

obtained after prednisolone treatment was sufficient to allow quantification of β2M (Ct 

<32). In 8 of these 11 patients and in 2 of the 7 patients, respectively, also GRα mRNA 

could be determined (Ct <35; see Figure 1). GRα mRNA could not be quantified in samples 

with a β2M Ct value >23. In the two samples obtained after prednisolone treatment the 

amount of GRα mRNA was somewhat higher (i.e. lower Ct values) than in the 8 samples 

obtained prior to prednisolone treatment, but no paired data was available of the same 

patient before and after treatment. 

GRβ mRNA could not be detected in any of the samples (Ct <39), whereas GRβ mRNA 

was detectable in RNA from CemC7 cells. The smallest difference between the quantity 

Table 1. Demographic and baseline data of the patients. 

Male / female 10 / 4

Age (yrs) 63.0 ± 6.7 (51 – 74)

Current-/ex-smoker 11 / 3

Pack-years 37.1 ± 20.0 (17 – 90)

ICS-user / non-user 9 / 5

FEV1 (L) 2.07 ± 0.99 (0.91 – 3.94)

FEV1 (% pred.) 66.4 ± 22.0 (34 – 98)

FEV1–reversibility (% pred.) 4.8 ± 4.4 ( -0.3 – 11.3)

FEV1 / VC 0.46 ± 0.15 (0.25 – 0.69) 

GOLD-stage 1 / 2 / 3 5 / 6 / 3

Data expressed as mean ± SD (range) or in actual numbers. ICS: inhaled corticosteroid; lung function 
data are post-bronchodilator values, measured prior to the ICS-free run-in period; FEV1: forced 
expiratory volume in one second; pred: predicted; GOLD: global initiative for chronic obstructive 
lung disease; VC: vital capacity; 

Figure 1. Expression of Glucocorticosteroid 
Receptor α-mRNA in bronchial brush material 
before and after three weeks prednisolone 
treatment, and corrected for variable RNA 
input. 
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of GRβ mRNA and GRα mRNA was 4.21 Ct, indicating that the quantity of GRβ mRNA 

was at least 18-fold lower than the quantity of GRα mRNA in these samples.

GRα and GRβ in alveolar macrophages

BAL cells were predominantly macrophages (median 91% before and 90% after 

prednisolone treatment). In unpurified BAL cells, β2M mRNA was detectable in 8 out of 

9 samples, and GRα mRNA was detectable in 4 of these 8 samples (Figure 2). A β2M Ct 

value of <24 was generally required to detect GRα mRNA, although one sample with a 

Ct value of 17.37 failed to reveal GRα mRNA. For purified alveolar macrophages, in 6 out 

of 20 samples β2M mRNA was detectable and in 5 of these 6 samples also GRα mRNA 

(in samples with β2M Ct values of <23; Figure 2). We had one paired sample, before and 

after glucocorticosteroid treatment, showing similar quantities of GRα mRNA.

GRβ was not detectable in any of the samples; in samples with detectable GRα mRNA, 

the smallest difference between GRα mRNA and GRβ mRNA was 6.06 Ct units for the 

BAL cells and 7.38 Ct units for alveolar macrophages, indicating that the quantity of GRβ 

mRNA was at least 67-fold respectively 167-fold lower than that of GRα mRNA. 

 

8

10

12

14

16

18

1 2Before                          After

Ct Figure 2. Expression of Glucocorticosteroid 
Receptor α-mRNA in BAL cells (open 
symbols) and sorted alveolar macrophages 
(filled symbols) before and after three 
weeks prednisolone treatment, and 
corrected for variable RNA input. For one 
patient we had paired data (dashed line). 

Discussion

In the present study we found that GRα mRNA was detectable in epithelial cells obtained 

by a single brush, in BAL cells as well as in purified alveolar macrophages, provided 

that enough RNA was obtained to yield a β2M Ct value of <23. GRβ mRNA was not 

detectable in any of these samples. We exclude a technical error in the detection of GRβ 

mRNA, since the positive controls yielded a GRβ signal. The PCR assays for GRα, GRβ 

and β2M cDNA have been optimized, so that the amplification for each of these cDNA 

was comparable, which facilitates a direct but relative quantitative comparison. This 

indicates that GRβ mRNA compared to GRα mRNA is at least 18-fold lower in epithelial 

cells and 67-fold lower in BAL cells. These relative quantities in airway epithelial cells are 
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markedly lower than the values reported previously.8 The most likely explanation is that 

this difference is due to the large methodological differences. 

Assuming that mRNA levels for the GRs corresponded with GR protein levels and despite 

the limited number of samples with detectable GRα and GRβ, we conclude that the lack 

of effect of glucocorticosteroids in COPD is unlikely to be due to the competitive presence 

of GRβ in the airway epithelium. This contrasts with previously published data,8 where 

the GRβ could be detected in airway tissue of patients with COPD. Additionally, though 

we had paired data before and after prednisolone treatment for one patient only, the 

present data does not support a decreased presence of GRα after systemic corticosteroid 

treatment or a change in the relative presence of GRα and GRβ. However, more recent 

data, published after completing the present study, supports the present observation: in 

inflammatory bowel disease, glucocorticosteroid response was not linked to increased 

expression of GRβ,11 and in healthy subjects the ratio of the two GR isoforms was not 

related to sensitivity to dexamethasone induced adrenal suppression.12 In the future, 

the assessment of GRα and GRβ mRNA may be carried out preferably on slightly more 

material than analyzed here. In addition, it will be essential to also detect protein levels 

for both GRα and GRβ, as the proteins are directly responsible for the anti-inflammatory 

effects of glucocorticosteroids.
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Abstract 

Rationale: Limited information is available on repeatability of inflammatory parameters in 

whole induced sputum (IS) samples from patients with COPD.

Objectives: To study short-term and long-term repeatability in induced sputum samples 

in 22 patients with moderate to severe, stable COPD (mean age 64 yr, mean FEV1 1.91 

L = 65% of predicted). Samples were collected on 71 occasions, twice within 1 to 7 

days (mean 3.8 days) and on 12 occasions twice with an interval of 3 months while 

clinically stable. Cell differentials, markers of neutrophilic and eosinophilic inflammation, 

respiratory membrane permeability and size-selective permeation were assessed. 

Findings: Parameters of permeability and of size-selective permeation, % eosinophils 

and % neutrophils showed the best short-term repeatability with intra-class correlation 

coefficients (Ri) of 0.61 to 0.90, followed by total cell count (TCC) with Ri of 0.52. 

Repeatability of soluble cell activation markers was less satisfactory (Ri 0.34 to 0.52). 

Mean short-term within-patient variability for TCC and permeability was approximately 

2-fold and for cell activation markers 3-fold; mean between-patients variability was 

twice as high. Inducing sputum slightly enhanced eosinophil numbers and % neutrophils 

and decreased % macrophages in successive IS samples. Long-term repeatability was 

comparable to short term repeatability but variability increased.

Conclusions: Repeatability of parameters assessed in whole sputum is similar as reported 

previously for sputum plugs. In COPD an induced sputum procedure has a minor pro-

inflammatory effect. The current data facilitates power calculations but also indicates 

that studies using inflammatory markers in sputum may easily be underpowered.
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Introduction

Analysis of induced sputum (IS), which is produced after inhaling nebulized hypertonic 

saline, has been introduced as a safe and non-invasive method for the assessment of 

airway inflammation in airway diseases1-4. In asthma, the number of eosinophils in IS 

has been used successfully to adjust corticosteroid treatment, leading to a reduction of 

the number of exacerbations5;6. IS analysis has also been used to predict the response 

to corticosteroid treatment in asthma patients7 as well as in patients with chronic 

obstructive pulmonary disease (COPD)8-10. Standardization of the methods for induction, 

collection and analysis of IS samples has consolidated and extended the use of the IS 

procedure11-14. The validity of IS analyses strongly depends on the repeatability of the 

inflammatory parameters derived from it15;16. Repeatability has predominantly been 

studied in IS samples from patients with asthma and healthy subjects 2;17-19. So far, long-

term repeatability has not been studied and two studies have investigated short-term 

repeatability of sputum parameters in COPD, either with a 2-weeks or a 4-weeks interval, 

both during placebo treatment20;21. Both previous studies used the selected sputum plugs 

methodology, intended to minimize contamination or dilution with among others saliva. 

However, selecting plugs excludes the epithelial lining fluid and the soluble phase of the 

sputum which also contains inflammatory mediators and carries the risk of selection bias. 

Therefore, analysis of whole sputum samples has become an accepted alternative11, with 

satisfactory repeatability in IS samples collected from asthmatics19. The present report 

extends the previous studies by documenting repeatability of inflammatory parameters 

in whole IS samples from COPD patients collected twice within a one-week interval and 

within a 3-months interval. 

Methods and Materials

Subjects

Patients with clinically stable, smoking-related COPD as described by the Global Initiative 

for Chronic Obstructive Lung Disease (GOLD)22, were selected from the out-patients 

clinic and by advertisements in local newspapers. They were asked to participate in 

a 16-months study into the effects of systemic and inhaled glucocorticosteroids on 

parameters of airway inflammation, lung function and exacerbations in COPD23. In line 

with the most recent version of GOLD24, candidate patients were aged 40-75 years 

at entry, had middle-age onset of symptoms, a cigarette consumption of at least 15 

Pack-Years, a post-bronchodilator FEV1/Vital Capacity (VC) ratio smaller than 0.7022 and 

reversibility in Forced Expiratory Volume in the first second (FEV1) < 11% of predicted25. 

COPD severity was classified by the post-bronchodilator FEV1, according to the GOLD 
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criteria24. Excluded were patients with a history of asthma, a known allergy and those 

with a known α-1-antitrypsin deficiency. 

Study design

Written informed consent was obtained from all patients and the study was conducted 

according to the declaration of Helsinki and after approval by the local medical ethics 

committee. Spirometry was measured before and after inhaling 400 μg of salbutamol or 

1000 μg of terbutaline, hereafter the IS procedure started. For the short-term repeatability, 

data was used from patients who underwent the IS procedure twice, separated by an 

interval of 1 to 7 days. A blood sample was drawn for the assessment of albumin (Alb) 

and alpha-2-macroglobulin (A2M) in serum, usually on the day of the first IS sampling. 

Treatment was kept unchanged and the patient’s condition had to be stable for at least 3 

weeks prior to, and in between the two assessments. Additional sets of duplicate IS and 

one blood sampling were obtained with one to seven months interval up to a maximum 

of four duplicate procedures per patient. Treatment for COPD differed in subsequent 

duplicate sets of samplings, the visits with duplicate sampling were firstly conducted after 

a corticosteroid-free wash-out (17 evaluable paired samples), subsequently after 3 weeks 

oral prednisolone treatment (30 mg daily, 15 samples), and thereafter in a randomized 

and double blind manner after 6 months inhaled budesonide treatment (800 μg daily, 

10 samples) and after 6 months inhaled placebo treatment (13 samples). For the short-

term repeatability the first set of evaluable paired samples was used. For the long-term 

repeatability a single IS sample was obtained after 3 months inhaled placebo treatment 

and compared to the first of the two samples obtained after 6 months placebo treatment 

(12 sets of samples were evaluable). 

Sputum induction and analysis of sputum

After β2-agonist inhalation, sputum was induced by nebulizing increasing concentrations 

of hypertonic saline (3%, 4% and 5%, respectively) during three consecutive periods of 

5 minutes13;26. The procedure was interrupted as soon as an adequate sputum volume 

(minimally 1 ml) was obtained. After careful mouth-rinsing and nose-blowing, sputum 

was collected, weighted and liquefied on ice with an equal volume of 10 mM dithiotreitol 

(DTT). When after 15 min of DTT treatment sputum was still viscous, sputum was 

liquefied with 150 U/ml of DNAse type I (Sigma). Cytospins were prepared for differential 

counts after staining with Jenner-Giemsa and Diff Quik (Dade Behring, Leusden, The 

Netherlands). Differential cell counts were performed in minimally 500 non-squamous 

cells and cell viability had to be >90%. The liquid phase was aliquoted and stored at 

-80°C until analysis. Serum aliquots were stored at -80°C. 

Soluble inflammatory markers were measured, investigating neutrophilic inflammation 

(myeloperoxidase (MPO) and interleukin (IL)-8), eosinophilic inflammation (eosinophil 

cationic protein (ECP)) and respiratory membrane permeability (the content of A2M and 

Alb in sputum and the ratio of the A2M and Alb content in sputum over that in serum 
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(Q-A2M and Q-Alb)). The quotient of these two Q-values is the Relative Coefficient 

of Excretion (RCE), representing the size selective permeation, since A2M is a 11-fold 

larger molecule than Alb. ECP, MPO and A2M were determined with ELISA, with lower 

limits of detection of 50 pg/ml, 1 ng/ml and 10 ng/ml respectively, being two-fold the 

background absorbance27-29. For the IL-8 ELISA the antibody pair from R+D Systems was 

used (MAB 208 and BAF 208, lower limit of detection 1 pg/ml). Alb was determined 

using an immunoturbidimetric analysis (BN ProSpec, Dade Behring, lower limit of 

detection 2 μg/ml). The assays were (after dilution of samples) not affected by DTT. The 

inter-assay coefficient of variation for all applied assays of soluble parameters was below 

10%. Sputum samples with 80% or more squamous cells were considered not evaluable 

because of contamination with saliva and were excluded30. 

Statistical analysis

Due to obvious non-normal distribution of most sputum data, which disappeared after 

logarithmic transformation (Skewness <1.0), these data were base-10 log-transformed 

before statistical analyses. This transformation was applied for cell counts expressed 

per gram sputum, soluble markers and % eosinophil count20. Other differential counts 

showed normal distribution. Values for % eosinophils below 0.2% and zero values 

were arbitrarily assigned 0.1% to allow logarithmic transformation and an estimation of 

absolute eosinophil counts (1 of 42 samples in the assessment of short-term repeatability 

and 1 of 24 samples in the assessment of long-term repeatability). Inflammatory data 

are shown as median and range. Repeatability was graphically presented as proposed 

by Bland and Altman16. Analysis of short-term repeatability was based upon one (the 

first) duplicate pair of samples per patient. Repeatability is expressed as the intraclass 

correlation coefficient (Ri), which is the quotient of the between-subjects variance and 

the total variance (between-subjects + within-subjects)15. This parameter requires a 

normal distribution of the data and a Ri value of > 0.6 represents a good repeatability15. 

The within-patient variability of parameters was expressed as the standard deviation of 

the absolute difference between paired values (log-transformed when applicable)20. The 

between-patients variability of parameters was expressed as the standard deviation of the 

values obtained for the first IS sample of each patient (log-transformed when applicable). 

A systematic effect of the first sputum induction procedure on the results obtained in 

the second sampling, obtained within one week, was investigated firstly by comparing 

the data by Student’s paired t-test (on log-transformed data), using all available duplicate 

samples, irrespective of the treatment under which they were obtained. Secondly, a 

potential temporal effect of the first induced sputum procedure on the results of the 

second one was evaluated by studying the relationship between the length of the 

interval from the first to the second sampling and the change in the parameter in the 

samples from the first to the second sample with Spearman’s test. Thirdly an ANOVA 

was performed on the difference between the inflammatory parameters on the two 

paired visits and the type of treatment given in between the two sampling days. An 
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explorative analysis was performed comparing repeatability (intraclass correlation 

coefficients) under each of the four different conditions (wash-out, prednisolone, inhaled 

budesonide, inhaled placebo) by ANOVA using all available paired samples. Similarly, an 

explorative analysis was performed by ANOVA investigating differences in short-term 

repeatability between the group of patients who also participated in the analysis of long-

term repeatability (n=12) and the group who had no such long-term data (n=9), mainly 

due to withdrawal from the study due to exacerbations. Two-sided p-values ≤ 0.05 were 

considered statistically significant. SPSS for PC was used for the statistical analyses. No 

power analysis was performed beforehand since the present report describes a post-hoc 

analysis of data from the long-term parent study for which approximately 20 enrolled 

patients were required of whom 16 had to complete the study23. 

Results

Patients

Samples were obtained from 22 patients with mild to severe COPD (FEV1 34% to 98% 

of predicted) with minimal reversibility (mean 4.7% of predicted). The detailed patient 

characteristics are shown in Table 1. A total of 154 induced sputum samples were analyzed 

(71 sample pairs and 12 single assessments). The IS procedure was well tolerated. Twenty-

one of the 154 samples (14%), affecting 16 of the 71 sample pairs, contained more than 

80% squamous epithelial cells or contained a surplus of indiscernible cells. These sample 

pairs were excluded, leaving 55 paired samples from 21 patients for analyses investigating 

the possible temporal effects of the first IS procedure. Only the first set of paired samples, 

obtained from 21 patients  (separated by a mean 2.5 days, range 1 – 7), was used for 

the analysis of short-term variability and repeatability (9 after corticosteroid wash-out, 7 

after inhaled placebo, 4 after inhaled budesonide and 1 after oral prednisolone). In 12 

patients, samples were available after both 3 and 6 months of inhaled placebo treatment 

for the analysis of long-term variability and repeatability. Mean FEV1 at commencing the 

induced sputum procedure did not differ significantly between study conditions.

Short-term variability and repeatability of differential cell counts

Within-patient variability for Total Cell Count (TCC), non-squamous TCC, absolute 

neutrophil count and % eosinophil count was approximately 0.3 in the log-transformed 

data (equivalent with a 2-fold difference, Table 2). Eosinophil counts in 103 /g sputum 

showed the largest mean within-patient variability: 0.5 in log-transformed data, which 

is equivalent to a 3-fold difference. The between-patients variability of cell counts was 

approximately twice as high as the within-patients variability and was maximally 1000-fold 

for  the cell counts expressed in 103 /g sputum. The repeatability is shown graphically in 

Bland and Altman plots in Figure 1. Repeatability, expressed as the intraclass correlation 
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Table 1. Demographic and baseline data of patients at enrolment into the study. 

Male / female 14 / 6

Age (years) 63.6 (6.2)

Current- / ex-smoker 15 / 6

Body Mass Index (kg/m2) 24.5 (4.8)

Pack-years 36.4 (17.6)

FEV1 (L) 1.91 (0.83)

FEV1 (% predicted) 65.2 (21.6)

FEV1–reversibility (% predicted) 4.7 (3.8)

FEV1 / VC 0.48 (0.15)

Mild / Moderate / Severe COPD 8 / 8 / 6

Data expressed as mean (SD) or absolute numbers. Lung function data are post-bronchodilator values; 
Body Mass Index as weight/length2; FEV1: forced expiratory volume in the first second; VC: vital 
capacity. 

Figure 1. Bland and Altman plots for (a) non-
squamous Total Cell Count (106 cells/g sputum), 
(b) neutrophil count (%) and (c) eosinophil 
count (%) assessed in two induced sputum 
samples collected with a 1 to 7 days interval. 
Log-transformed data are shown for Total Cell 
Count and % eosinophil count and the lines 
represent the mean difference ± 2 SD.
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coefficients (Ri) ranged from 0.14 to 0.72, with the lowest values for % lymphocytes 

and the highest for % eosinophils. Repeatability for differential cell counts was better 

than that for cell counts per gram sputum. Ri values for TCC and for % neutrophils, 

eosinophils, macrophages and monocytes were all above the value of 0.6 indicating 

good repeatability15 (Table 2). 

Short-term variability and repeatability of soluble markers

Within-patient variability of permeability parameters was approximately 1.5 to 2-fold (0.2 

– 0.3 in log-transformed data), showing the smallest variability for RCE (Table 2). For the 

cell activation markers ECP and MPO the variability was approximately 3-fold (0.4 - 0.5 in 

log-transformed data). The Bland and Altman plots are shown in Figure 2 and Figure 3. 

Mean between-patients variability was approximately twice as large as the mean within-

patients variability (Table 2). Ri-values for soluble parameters ranged from 0.34 to 0.70 

with parameters of permeability having the highest Ri values. (Table 2).

Table 2. Repeatability and variability of inflammatory parameters in two consecutive sputum 
samples, collected with a 1 to 7 day interval. 

First sample Second sample Ri Within-patient 
variability*

Between-patients 
variability#

Total Cell Count (106 /g) 2.37 (0.39-25.6) 2.46 (0.43-27.8) 0.61 0.230 0.459

Non-squamous TCC (106 /g) 1.58 (0.02-25.3) 2.03 (0.25-27.3) 0.52 0.287 0.556

Squamous epithelial cells (%) 18.0 (1.2-77.1) 12.9 (0.6-79.4) 0.28 19.6 % 23.5 %

Neutrophils (%) 70.4 (43.2-94.2) 78.6 (37.8-92.2) 0.61 9.6 % 15.3 %

Eosinophils (%) 1.2 (0.2-25.8) 1.2 (0-13.6) 0.72 0.312 0.604

Macrophages (%) 21.0 (3.2-48.4) 13.0 (2.8-48.6) 0.69 7.8 % 14.1 %

Lymphocytes (%) 0.8 (0-5.8) 0.6 (0-4.8) 0.14 1.4 % 1.5 %

Neutrophil count (106 /g) 1.18 (0.11-23.2) 1.55 (0.20-25.2) 0.52 0.306 0.580

Eosinophil count (103 /g) 18.9 (0.4-1178) 50.2 (1.9-432) 0.35 0.549 0.773

Macrophage count (106 /g) 0.37 (0.01-2.5) 0.33 (0.009-1.5) 0.51 0.369 0.630

MPO (μg/g) 10.6 (0.3–354) 8.6 (1.1-356) 0.47 0.544 0.754

IL-8 (ng/g) 5.7 (0.36-221) 7.5 (0.26-415) 0.34 0.676 0.781

ECP (ng/g ) 456 (6-4264) 330 (12-13100) 0.52 0.552 0.804

Albumin (μg/g) 101 (1.5-852) 127 (2.1-1200) 0.70 0.367 0.737

alpha-2-Macroglobulin (μg/g) 1.1 (0.20-15.3) 1.3 (0.56-16.1) 0.60 0.315 0.533

Q-Albumin (x 1000) 2.4 (0.04-19.7) 2.8 (0.05-29.7) 0.70 0.367 0.735

Q-alpha-2-Macroglobulin (x1000) 0.72 (0.07-8.3) 0.83 (0.14-6.7) 0.62 0.315 0.555

RCE 0.39 (0.06-16.8) 0.51 (0.01-11.9) 0.90 0.142 0.595

Data are expressed as median (range) for sets with paired samples in 21 patients; Q: quotient of sputum/
serum levels; MPO: myeloperoxidase; ECP: eosinophil cationic protein; IL-8: interleukin-8; Alb: albumin; 
RCE: relative coefficient of excretion; Ri: intraclass correlation coefficient; *within-patients variability is 
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Table 2. Repeatability and variability of inflammatory parameters in two consecutive sputum 
samples, collected with a 1 to 7 day interval. 

First sample Second sample Ri Within-patient 
variability*

Between-patients 
variability#

Total Cell Count (106 /g) 2.37 (0.39-25.6) 2.46 (0.43-27.8) 0.61 0.230 0.459

Non-squamous TCC (106 /g) 1.58 (0.02-25.3) 2.03 (0.25-27.3) 0.52 0.287 0.556

Squamous epithelial cells (%) 18.0 (1.2-77.1) 12.9 (0.6-79.4) 0.28 19.6 % 23.5 %

Neutrophils (%) 70.4 (43.2-94.2) 78.6 (37.8-92.2) 0.61 9.6 % 15.3 %

Eosinophils (%) 1.2 (0.2-25.8) 1.2 (0-13.6) 0.72 0.312 0.604

Macrophages (%) 21.0 (3.2-48.4) 13.0 (2.8-48.6) 0.69 7.8 % 14.1 %

Lymphocytes (%) 0.8 (0-5.8) 0.6 (0-4.8) 0.14 1.4 % 1.5 %

Neutrophil count (106 /g) 1.18 (0.11-23.2) 1.55 (0.20-25.2) 0.52 0.306 0.580

Eosinophil count (103 /g) 18.9 (0.4-1178) 50.2 (1.9-432) 0.35 0.549 0.773

Macrophage count (106 /g) 0.37 (0.01-2.5) 0.33 (0.009-1.5) 0.51 0.369 0.630

MPO (μg/g) 10.6 (0.3–354) 8.6 (1.1-356) 0.47 0.544 0.754

IL-8 (ng/g) 5.7 (0.36-221) 7.5 (0.26-415) 0.34 0.676 0.781

ECP (ng/g ) 456 (6-4264) 330 (12-13100) 0.52 0.552 0.804

Albumin (μg/g) 101 (1.5-852) 127 (2.1-1200) 0.70 0.367 0.737

alpha-2-Macroglobulin (μg/g) 1.1 (0.20-15.3) 1.3 (0.56-16.1) 0.60 0.315 0.533

Q-Albumin (x 1000) 2.4 (0.04-19.7) 2.8 (0.05-29.7) 0.70 0.367 0.735

Q-alpha-2-Macroglobulin (x1000) 0.72 (0.07-8.3) 0.83 (0.14-6.7) 0.62 0.315 0.555

RCE 0.39 (0.06-16.8) 0.51 (0.01-11.9) 0.90 0.142 0.595

Data are expressed as median (range) for sets with paired samples in 21 patients; Q: quotient of sputum/
serum levels; MPO: myeloperoxidase; ECP: eosinophil cationic protein; IL-8: interleukin-8; Alb: albumin; 
RCE: relative coefficient of excretion; Ri: intraclass correlation coefficient; *within-patients variability is 

Short-term repeatability under different study conditions

Repeatability, expressed as the intraclass correlation coefficient, of the cellular and soluble 

parameters under the four different circumstances and treatments: the corticosteroid-

free wash-out (n=17 sets with paired data), oral prednisolone treatment (n=15), inhaled 

budesonide treatment (n=10), and inhaled placebo treatment (n=13), did not differ 

significantly (p=0.84). Short-term repeatability was statistically significant better in the 12 

patients who also provided data for the long-term repeatability than in the 9 patients who 

were withdrawn from the parent study, mainly due to COPD exacerbations (p=0.033).  

Long-term variability and repeatability 

Within-patient variability was somewhat larger with a 3 months interval than with a one-

week interval for cell differentials but similar or smaller for TCC and soluble markers (Table 

3). Repeatability was quite similar on the long term as on the short term (Table 3). Ri-values 

the standard deviation of the absolute difference of the (base-10 logarithmic transformed) data and 
of non-transformed relative counts as presented above;# between-patients variability is the standard 
deviation of the (log-transformed) data from the first sample. 
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for TCC, % eosinophil count and for soluble parameters (except ECP) were acceptable 

(above 0.60) but Ri values were below 0.60 for other differential cell counts. 

Effect of the first induced sputum sampling on the parameters in the 
second sample

Numerically there were small differences in the levels for most parameters in the two 

subsequent IS samples (Table 4). Only the slight decrease in % macrophages (from 16.5% 

in the first to 14.0% in the second sample) reached statistically significance (p<0.05). 

There was a tendency for a parallel increase in % neutrophils (from 76.6% to 79.6%, 

p=0.067) and in % eosinophils (from 0.8% to 1.2%, p=0.068). 

Figure 2. Bland and Altman plots for (a) A2M 
(μg/g sputum), (b) Albumin (μg/g sputum) 
and (c) RCE, assessed in two induced sputum 
samples collected with a 1 to 7 days interval. 
Log-transformed data are shown and the lines 
represent the mean difference ± 2 SD.

Figure 3. Bland and Altman plots for (a) MPO 
(μg/g sputum), (b) IL-8 (ng/g sputum) and (c) ECP 
(ng/g sputum) assessed in two induced sputum 
samples collected with a 1 to 7 days interval. 
Log-transformed data are shown and the lines 
represent the mean difference ± 2 SD.
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Repeatability of inflammatory parameters in induced sputum of COPD patients

Table 3. Repeatability and variability of inflammatory parameters in two consecutive sputum 
samples, collected with a 3 months interval 

3 months 6 months Ri Within-patient 
variability*

Total Cell Count (106 /g) 1.95 2.17 0.89 0.137

Non-squamous TCC (106 /g) 1.72 1.32 0.82 0.208

Squamous epithelial cells (%) 15.1 17.5 0.18 15.9 %

Neutrophils (%) 71.8 82.1 0.46 15.6 %

Eosinophils (%) 1.90 1.60 0.67 0.371

Macrophages (%) 17.8 12.4 0.50 12.5 %

Lymphocytes (%) 0.90 0.80 0.29 0.8 %

Neutrophil count (106 /g) 1.20 0.90 0.81 0.209

Eosinophil count (103 /g) 53.6 29.1 0.55 0.533

Macrophage count (106 /g) 0.30 0.28 0.61 0.326

MPO (μg/g) 10.1 8.3 0.76 0.350

IL-8 (ng/g) 5.9 6.1 0.83 0.249

ECP (ng/g ) 470 412 0.47 0.534

Albumin (μg/g) 126 156 0.57 0.335

alpha-2-Macroglobulin (μg/g) 2.41 1.32 0.66 0.307

Q-Albumin (x 1000) 3.02 2.25 0.57 0.340

Q-alpha-2-Macroglobulin (x1000) 0.94 0.76 0.62 0.286

RCE 0.31 0.31 0.68 0.201

Data are expressed as medians for sets with paired samples from 12 patients obtained after 3 and 6 
months inhaled placebo treatment; Q: quotient of sputum/serum levels; MPO: myeloperoxidase; ECP: 
eosinophil cationic protein; IL-8: interleukin-8; Alb: albumin; RCE: relative coefficient of excretion; Ri: 
intraclass correlation coefficient; *within-patients variability is the standard deviation of the absolute 
difference of the (base-10 logarithmic transformed) data and of non-transformed relative counts as 
presented above. 

There was no detectable relation between the duration of the interval between sputum 

sampling and the difference in levels of cellular or soluble parameters from the first to the 

second of the duplicate samples. There was also no detectable influence of the type of 

treatment in between the two paired sampling days and the differences in inflammatory 

parameters from the first to the second sampling (all p>0.5).  

Discussion

The present study documents the short-term and long-term repeatability of inflammatory 

parameters in induced whole sputum samples from clinically stable COPD patients with 

a wide range of disease severity. The intra-class correlation coefficients (Ri, the measure 
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of repeatability) ranged from 0.14 to 0.90 on the short-term, indicative of repeatability 

ranging from rather poor to very good. Total cell count, % neutrophils, % eosinophils 

and the soluble parameters for permeability were most repeatable having the lowest 

measurement errors for consecutive samples collected within a one week’s interval. A 

prerequisite for interpreting these results was that the induced sputum procedure itself 

had no effect on the results of the second induced sputum test. An important secondary 

observation from our study was therefore that the IS procedure in patients with COPD 

induced very limited and clinically irrelevant changes in the cell numbers and levels of 

inflammatory markers, hereby allowing repeated sampling within one week while 

monitoring COPD. Additionally, in a sub-set of patients in an unchanged clinical condition 

under placebo treatment, the long-term repeatability and variability was assessed with a 

Table 4. Effect of obtaining induced sputum on inflammatory parameters in a second sputum 
sample, collected with a 1 to 7 day interval. 

First sample Second sample  Difference
(p-value)

Total Cell Count (106 /g) 2.33 (0.04-39.1) 2.29 (0.19-35.5) 0.57

Non-squamous TCC (106/g) 1.58 (0.02-39.0) 1.78 (0.08-35.3) 0.94

Epithelial cells (%) 18.0 (0.2-77.1) 12.9 (0.6-79.4) 0.24

Neutrophil count (106 /g) 1.18 (0.02-35.7) 1.17 (0.07-34.0) 0.61

Eosinophil count (103 /g) 15.1 (0-2377) 28.3 (0-1716) 0.24

Macrophage count (106 /g) 0.30 (0.004-2.7) 0.28 (0.004-2.4) 0.47

Neutrophils (%) 76.6 (42.2-95.2) 79.6 (36.8-96.6) 0.067

Eosinophils (%) 0.8 (0 -25.8) 1.2 (0 -13.6) 0.068

Monocytes (%) 1.8 (0 -7.2) 1.6 (0 -7.0) 0.62

Macrophages (%) 16.5 (3.0-48.4) 14.0 (2.6-48.6) 0.041

Lymphocytes (%) 0.8 (0-5.8) 0.8 (0-4.8) 0.097

MPO (μg/g) 10.2 (0.28-354) 9.3 (0.66-388) 0.21

IL-8 (ng/g) 5.2 (0.36-248) 5.8 (0.26-665) 0.11

ECP (ng/g ) 316 (6 –23576) 320 (12-24320) 0.055

Albumin (μg/g) 103 (1.5-2960) 90 (2.1-2640) 0.70

alpha-2-Macroglobulin (μg/g) 1.0 (0.08-100) 1.3 (0.11-39) 0.54

Q-Albumin (x 1000) 2.6 (0.04-76) 2.6 (0.04-76) 0.70

Q-alpha-2-Macroglobulin (x 1000) 0.52 (0.02-50) 0.61 (0.03-23) 0.54

RCE 0.32 (0.04-22) 0.37 (0.02-12) 0.47

Data are expressed as median (range) for 55 paired samples in 21 patients. P-values for the difference 
between paired samples from log-transformed or not-transformed (% neutrophils, % monocytes, % 
macrophages and % lymphocytes) data. Q: quotient of sputum/serum levels; MPO: myeloperoxidase; 
ECP: eosinophil cationic protein; IL-8: interleukin-8; RCE: relative coefficient of excretion (Q-Alpha2-
macroglobulin / Q-Albumin).
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3 months interval between sampling. This resulted in similar repeatability and somewhat 

larger variability compared to the short-term variability.

Short-term repeatability of differential cell counts in the present study was similar to that, 

determined in two previous studies in COPD using the selected plugs methodology20;21. 

Additionally, the treatment which was given in between the duplicate samplings did not 

significantly affect repeatability. This suggests that the whole sputum methodology can 

be used as an alternative for the more laborious selected sputum plugs methodology. It 

must be noted, that Beeh et al. did not use log-transformed cell counts, while in the present 

study both absolute cell counts and % eosinophils required logarithmic transformation to 

become normally distributed, as is required for the calculation of repeatability15. A poor 

repeatability of % lymphocyte count was observed for both their and our study and may 

be attributed to the low numbers of these cells and difficulties in accurately identifying 

lymphocytes. Repeatability of A2M and Alb, as markers of permeability, was high on the 

short-term, whereas repeatability of soluble cell activation markers like IL-8, MPO and 

ECP  was less satisfactory. Repeatability of IL-8 and ECP was somewhat lower than that 

previously reported using the selected plug method. Still, the similar outcomes with the 

two approaches, whole sputum versus selected plugs, indicate that the method of IS 

work-up is not critical for the repeatability of most parameters. 

A study specifically designed to assess repeatability applying more strictly standardized 

conditions is likely to have shown improved repeatability. For example, by using a fixed 

number of days between the subsequent samplings and by continuation of exposure to 

three periods of 5 minutes of nebulized saline in all patients irrespective of the volume of 

sputum obtained. The latter aspect in the induced sputum procedure was recommended 

after the start of the present study and within the present long-term study methodology 

was kept constant11. The variable duration of the exposure to saline is probably of lesser 

importance for within-patients comparisons than for between-patients comparisons 

since individual patients in the present study usually produced a satisfactory quantity of 

sputum after a similar duration of exposure to saline. The withdrawal of patients from the 

parent study (mainly due to COPD exacerbations) may have lead to selective withdrawal 

of the most instable patients and hereby to exclusion of data with largest variability in 

the analysis of long-term repeatability. In an explorative analysis it was shown that in the 

subgroup of 12 patients with more stable disease (defined as those who completed the 

6 months’ inhaled placebo treatment period) short-term repeatability was better than 

in the 9 patients who were later withdrawn from the study. This indicates that clinically 

instable patients have also more fluctuating airway inflammation. This also suggests that 

selective withdrawal may affect sample size planning of future COPD studies. 

Despite these potential methodological shortcomings, our study indicates good 

repeatability. A 2-fold to 3-fold variation was found for most parameters, which must be 

attributed  to biological intra-individual variation as assay variability was below 10% for 

all variables. The observed  variability data can be used for power calculations of studies 
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evaluating sputum data of COPD patients, using the formula n = 16 x (SD2 / Dif2) per 

group in which SD is the standard deviation of the variability and Dif the difference to be 

expected between groups or treatments31. The within-patient variability is approximately 

two-fold for TCC, neutrophil cell count and permeability and approximately three-fold 

for cell activation markers. Therefore, a theoretical cross-over study in COPD patients 

investigating an intervention capable of inducing a two-fold reduction or increase of 

a certain parameter in sputum would necessitate a sample size of 16 to 36 patients. 

Obviously, a small surplus of patients must be enrolled to compensate for withdrawal 

of patients and to compensate for the exclusion of samples with a high % squamous 

cells. In our study this comprised 14% of the samples. Taking into consideration that 

the between-patients variability is approximately twice as high as the within-patient 

variability, parallel and cross-sectional studies will require larger numbers of patients, 

as do interventions with a smaller effect than two-fold. Though cell differential showed 

somewhat larger variability on the long term than on the short term, other parameters 

showed the same or even smaller variability on the long term. 

A secondary objective of the present study was to investigate the potential influence 

of performing an IS test on the parameters assessed in a second IS test. Obviously, this 

was a prerequisite for the primary aim of investigating short-term repeatability. The 

results indicate that there was a small reduction in percentage of macrophages, and 

a trend for an increase in the percentage of neutrophils and eosinophils in response 

to a previous IS procedure. Numerically, the overall effects were rather limited and no 

detectable influence was observed of the length of the interval. Additionally, whether 

or not a corticosteroid treatment was given in between the two paired sampling days 

did not affect the outcome. Previous studies into repeated IS procedures in asthmatics 

or healthy subjects showed larger effects of one or a few days’ interval with an increase 

in % neutrophils and % eosinophils and ECP17-19;32. These effects were larger than those 

observed in the present study, which is most likely due to the generally longer interval 

between successive IS procedures in the present study and high % neutrophils in the first 

IS test, leaving little room for further increase. No difference in neutrophil counts was 

seen when asthmatics were tested twice with 1 week-interval33, or in COPD patients with 

a two-week or a four-week interval between successive IS tests20;21. In a recent study in 

healthy smokers an increase in neutrophils after a sputum induction was observed lasting 

one day and an increase in eosinophils was observed lasting two days32. Taken together, 

these results suggest that prior induction of sputum has (if any) a small and short-lasting 

effect on the outcomes of a second IS sample in patients with COPD as included in the 

present study. 

In conclusion, repeatability of the measurement of cell counts and soluble inflammatory 

parameters in IS of patients with COPD is generally acceptable to good when using the 

whole sputum sample methodology. Prior sputum induction does not, or only minimally 

influences inflammatory parameters, hereby allowing repeated sputum sampling within 
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one week. The current findings provide values to size future studies with induced sputum 

in COPD to investigate airway inflammation and to quantify the effects of therapeutic 

interventions.
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Abstract  

Background: Biomarkers in induced sputum samples are increasingly important in 

phenotyping and monitoring of patients with asthma and COPD. Whole induced sputum 

samples, however, are contaminated with saliva as reflected by the presence of squamous 

epithelial cells. We aimed to improve the validity of sputum biomarkers in asthma and 

COPD by taking contamination into account. 

Methods: Total and differential cell counts, levels of soluble markers of inflammation 

(myeloperoxidase, interleukin-8 and eosinophil cationic protein) and airway permeability 

(alpha-2-macroglobulin and albumin) in 482 sputum samples, i.e. 247 samples of 29 

COPD patients (mean age: 64 yr; FEV1 predicted: 61%) and 235 samples of 25 asthma 

patients (25 yr; FEV1:102%) were related to squamous cells. 

Results: For sputum samples with ≤90% squamous cells, absolute cell numbers (TCC) 

and levels of soluble parameters showed inverse log-linear relationships with percentage 

squamous cells, indicative of dilution, in COPD and asthma. TCC and soluble parameters 

were calculated to be reduced 8- and 1.4 to 3.2-, and 2.5- and 1.3 to 2.1-fold in samples 

with 48% and 20% (i.e. median %) squamous cells in asthma and COPD, respectively. 

These log-linear relationships enabled correction of sputum data for saliva contamination, 

reducing variability of sputum parameters, and improving repeatability of sputum 

parameters (improved intraclass correlation coefficients) and the discriminative power in 

two former patient studies. 

Conclusions: These findings show that adjustment for percentage squamous cells 

significantly improved validity of biomarkers in whole induced sputum in asthma and 

COPD, advancing the implementation of cellular and molecular monitoring in airway 

disease.
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Background

Analysis of induced sputum, which is produced by subjects after being exposed to nebulized 

saline, is a safe and relatively non-invasive method to assess airway inflammation and 

effects of interventions1-5. Standardization of methods for sputum induction, collection 

and analyses has consolidated and extended its use 6-10. The analysis of sputum, however, 

is complicated by the potential contamination with secretions from the upper airways 

and oral cavity, such as saliva. The presence of squamous epithelial cells in whole sputum 

samples is considered an indicator of contamination with saliva and various percentages 

of squamous cells (15%, 20%, 50% and most often 80% of total cell count) have been 

taken to designate sputa valid or invalid for further use6;11-17. In studies assessing cell 

numbers and inflammatory parameters in paired sputum and saliva samples, saliva was 

found to contain low cell numbers (predominantly squamous epithelial cells), a low protein 

content and very low amounts of soluble inflammatory markers, compared to sputum 
18;19. Thus contamination of sputum with saliva primarily leads to dilution reducing the 

amounts of soluble parameters and the number of inflammatory cells per g sputum, but 

to which extent is unknown. Provided that saliva contains predominantly squamous cells, 

contamination with saliva will not affect cell differentials for non-squamous inflammatory 

cells. Contamination with large quantities of squamous cells, however, can physically 

obscure the detection of inflammatory cells on cytospin slides and thus prohibit accurate 

assessment of cell differentials. 

It is not clear whether any parameter and, if so, which parameter in sputum samples can 

serve as a measure of dilution by saliva. Previously, albumin content in airway secretions 

has been taken as a measure of dilution, based on relative stable albumin levels in serum 

and limited variation in permeation across the epithelial barrier at stable disease20;21. 

However, correction for albumin in sputum is controversial since albumin permeation may 

fluctuate with disease severity and treatment. We reasoned (i) that dilution of sputum 

samples by saliva proportionally reduces values of sputum parameters and hypothesized 

(ii) that squamous epithelial cells in sputum samples can serve as a measure of dilution. 

Therefore, levels of cellular and soluble parameters were expressed relative to squamous 

cells for a large set of whole sputum samples from asthma and COPD patients obtained 

in two clinical studies22;23. Percentage (≤90%) of squamous cells and inflammatory 

parameters were correlated in a log-linear fashion, which facilitated correction of sputum 

samples for dilution by saliva. This correction improved the repeatability of sputum 

parameters and the discriminative power in two former studies.
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Methods

Subjects and data sets

Data sets from two prospective clinical studies 22;23, one with asthma and one with COPD 

patients, were analyzed. COPD patients participated in a 16-months study and samples 

(maximally 14) were obtained after placebo or systemic and inhaled corticosteroid 

treatment and some during exacerbations, referred to as different study conditions in 

the text. Patients were between 40 and 75 years, with middle-age onset of symptoms, 

a cigarette consumption of ≥ 15 Pack-Years, a FEV1/VC ratio ≤ 0.70 and FEV1 reversibility 

≤ 11% of predicted. Asthma patients participated in a 6-weeks study and samples 

(maximally 10) were obtained after treatment with an inhaled corticosteroid and a long-

acting beta-agonist or placebo, before and after allergen provocation 22, also referred to 

in the text as different study conditions. Patients were between 18 and 50 years, never- 

or ex-smokers with ≤ 10 Pack-years, with a FEV1 ≥ 80% of predicted and PC20 histamine ≤ 

8 mg/ml. Both studies were approved by the medical ethics committee of the Academic 

Medical Center; written informed consent was obtained.

Statistical analyses

Sputum data (except % neutrophils and % squamous cells) were base 10 log-transformed 

prior to all analyses in order to obtain normal distributions. Values of 0% eosinophils were 

arbitrarily assigned 0.05% before log-transformation. Non-squamous Total Cell Count in 

9 samples with 100% squamous cells were arbitrarily assigned 0.01x106/g. Differences in 

the presence of squamous cells and albumin content under the different study conditions 

(for explanation see Subjects and data sets) were checked by one-way analysis of variance 

of % squamous cells and of albumin levels over the study conditions within each patient 

group. Pearson’s test was used to correlate inflammatory parameters, linear regression was 

performed on the data (log-transformed when appropriate) versus percentage squamous 

cells and versus log-transformed albumin levels. Bonferroni’s correction was applied to 

compensate for multiplicity when analyzing 8 parameters from the same sputum sample. 

P-values below 0.00625 were considered statistically significant. An explorative Mixed 

Models analysis was performed post hoc to investigate whether incorporating multiple 

samples from the same patient (despite sampling under different study conditions) had 

a significant impact on the correlation between non-squamous total cell count and % 

squamous cells. Similarly, an explorative analysis was performed with only one sample, 

i.e. the first sample, per patient.

On basis of the observed correlations we were able to correct sputum parameters for 

dilution by saliva. A regression coefficient was calculated for each parameter. We used the 

formula y = a + b.x  to calculate the theoretical (log-transformed) value of the parameter 

in non-diluted sputum at 0% squamous cells (y), from the (log-transformed) measured 

value of the parameter (a), the (positive) regression coefficient for that parameter (b) and 
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the % of squamous cells (x). The extent of dilution was calculated with 10b.x. Regression 

coefficients were also calculated for the relation between log-transformed inflammatory 

parameters and log-transformed albumin levels and the magnitude of dilution was 

determined relative to log-transformed albumin levels over the range from the 5th to 

the 95th percentile (2.5 to 628 μg/g sputum). For graphic display, data is also shown 

within ten subsets of data points of equal size for increasing % squamous cells (cut-off 

values 4.0, 8.7, 14.4, 23.0, 30.0, 45.0, 63.0, 78.4 and 90.0%) and for increasing albumin 

content (cut-off values 3.3, 7.1, 14.9, 26.3, 41.8, 61.1, 88.3, 142.0 and 281.7 μg/g). 

In the post-hoc analyses, repeatability (intraclass correlation coefficient), within-patients 

variability (standard deviation of the absolute difference between the two samples of the 

log-transformed data) and the between-patients variability (standard deviation of log-

transformed data in the first sample) before and after correction for the dilution on the 

basis of % squamous cells were tested by t-test. 

Results

Patients 

Data of 247 and 235 induced sputum samples, from 29 patients with COPD and 25 with 

asthma respectively, were analyzed. Patient characteristics and baseline sputum data are 

given in Table 1. 

Percentage squamous epithelial cells.

The median % squamous epithelial cells was higher in samples from asthma patients 

than from COPD patients (48% versus 20%, p<0.001): 22% of asthma samples and 15% 

of COPD samples contained ≥80% squamous cells. In 9 samples (all from 4 patients 

with COPD) there was a surplus of non-discernible, mainly squamous cells, for which % 

squamous cells was arbitrarily set at 100%. The % squamous cells in subsequent samples 

from most patients differed widely, but for some patients the % squamous cells were 

similar in all samples (see supplemental figures S1 and S2). There were no significant 

differences in % squamous cells in samples obtained under different study conditions 

(see ‘Subjects and data sets’ in Methods; p=0.38 and p=0.48 for asthma and COPD, 

respectively; see supplemental figures S3 and S4). 

Absolute and relative cell counts

Non-squamous Total Cell Count (TCC) decreased significantly in a log-linear mode with 

increasing % squamous cells, both for COPD samples (r = -0.82, p<0.001; Figure 1A) and 

asthma samples (r = -0.85, p<0.001, Figure 1B). The regression lines for log-transformed 

TCC versus % squamous cells showed regression coefficients of -0.020 (95% Confidence 

Interval (CI): -0.022, -0.018) for COPD samples and -0.017 (95% CI: -0.018, -0.016) for 
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asthma samples (see Methods). These regression coefficients allowed us to calculate the 

theoretical TCC at 0% squamous cells (i.e. no contamination with saliva), and the extent 

of dilution of the samples (see Methods). For TCC we calculated a 100-fold dilution (95% 

C.I. 63 – 126-fold) in samples with 100% squamous cells relative to samples with 0% 

squamous cells for COPD samples and a 50-fold dilution (95% C.I. 40 – 63-fold) for 

asthma samples (Table 2). For an ‘average’ sample, i.e. a sample at the median value of 

% squamous cells, there was a 8-fold dilution of TCC in asthma samples and a 2.5-fold 

dilution of TCC in COPD samples compared to samples with 0% squamous cells. 

A post hoc Mixed Model analysis showed that correction for taking multiple samples 

from the same patient yielded similar log-linear relationships as shown in Figures 1A and 

B, with a regression coefficient of –0.0189 (p <0.001), corresponding with a 78-fold 

dilution at 100% squamous cells and non-significant differences in regression coefficients 

between patients with COPD or asthma (p=0.21). Similar significant relationships as 

shown in Figures 1A and B were found when the analysis was restricted to the parameter 

values for the first sputum sample of each patient (r= -0.70 for COPD and r= -0.90 for 

asthma, both p<0.001, see supplemental figure S5).

Table 1. Demographic and baseline sputum data of patients at enrolment into the study.

 COPD Asthma

Male / female 21/8 8/17

Age (yrs) 64.7 (51 - 76) 25.2 (19 - 35)

FEV1 (% predicted) 61.1 (29 - 97) 102.0 (79 - 120)

Total Cell Count (106 /g sputum)

- including squamous cells 1.90 (0.30 – 21.8) 1.04 (0.25 – 3.64)

- excluding squamous cells 0.98 (0.11 – 21.5) 0.58 (0.02 – 3.48)

Squamous cells 

-% 19.6 (1.2 – 91.3) 48.0 (3.6 – 95.1)

-106 / g sputum 0.35 (0.02  – 4.15) 0.33 (0.10 – 1.12)

Neutrophils (% of non-squamous cells) 70.6 (31.1 – 96.5) 30.0 (4.1 – 83.5)

Eosinophils (% of non-squamous cells) 1.2 (0.1 – 21.6) 5.2 (0 – 72.2)

Myeloperoxidase (μg/g sputum) 9.4 (0.4 – 188) 0.74 (0.16 – 10.5)

Interleukin-8 (ng/g sputum) 5.0 (0.4 – 174) 0.25 (0.10 – 1.73)

Eosinophil Cationic Protein (μg/g sputum) 322 (10 – 38260) 57.0 (4.8 – 322)

Albumin (μg/g sputum) 59.2 (1.6 – 2379) 30.6 (0.89 – 97.4)

alpha-2-Macroglobulin (μg/g sputum) 1.10 (0.34 – 50.4) 1.35 (0.21 – 8.92)

Data expressed as absolute numbers or mean (range) for age and FEV1 and for all sputum data 
as median (95% Confidence Interval), obtained in a stable state without corticosteroid treatment; 
FEV1: post-bronchodilator forced expiratory volume in the first second.
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Figure 2. Eosinophil count (%, log-transformed) 
expressed as a function of % squamous cells in 
sputum samples as individual data from patients 
with COPD (A, top) and from patients with 
asthma (B, middle), and grouped in ten equal 
sized subsets with increasing % squamous cells 
(C, bottom). Values of 0% eosinophils have 
been assigned arbitrarily the value of 0.05%.

Figure 1. Non-squamous Total Cell Count 
(106/g sputum, log-transformed) expressed 
as a function of % squamous cells in sputum 
samples as individual data from patients with 
COPD (A, top) and from patients with asthma 
(B, middle), and grouped in ten equal sized 
subsets with increasing % squamous cells (C, 
bottom).
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The box-plot figure indicates that variation of TCC data per subset is similar for all decades 

with increasing % squamous cells (see Methods) except for the subset with % squamous 

cells above 90%, both in COPD and asthma (Figure 1C). 

The % neutrophils did not significantly change with increasing % squamous cells, both for 

COPD (r = 0.002, p = 0.97) and asthma samples (r = 0.05, p = 0.48). The % eosinophils 

slightly decreased with increasing % squamous cells (r = -0.25 and -0.34, for COPD and 

asthma samples respectively, both p<0.001, Figure 2). However, this was mainly due 

to samples with >90% squamous cells containing no eosinophils at all. Excluding these 

samples, % eosinophils marginally, decreased with increasing % squamous cells (r = -0.16, 

p=0.017 and r= -0.14, p=0.039, respectively for COPD and asthma).

Soluble inflammatory markers

Log-transformed data for MPO, IL-8, ECP, A2M and albumin showed linear decreases 

with increasing % squamous cells. Data for ECP and MPO are shown in Figure 3 and 4 

and are representative of other markers. Fold-dilution for soluble parameters at 100 % 

squamous cells relative to 0% squamous cells are shown in Table 2. We could not calculate 

fold-dilution for IL-8 for asthma as in half of these samples the IL-8 level was below 

the detection limit. Samples with undetectable IL-8, however, had significantly higher % 

squamous cell counts than samples with detectable IL-8 (mean 55% versus 45%, t-test 

p<0.01). At median squamous cell counts the fold-dilution for soluble parameters ranged 

between 1.4 and 3.2-fold in asthma, in COPD between 1.3 and 2.1-fold. 

Table 2. Calculated maximal dilution of inflammatory parameters in sputum samples with 100% 
squamous cells. 

COPD Asthma 

Non-squamous Total Cell Count 100 (63 – 158) 50 (40 – 63)

% Neutrophils N/A N/A

% Eosinophils 4.0 (2.0 – 10) #, *  7.9 (4.0 – 16) #, *

Albumin (Alb) 10 (6.3 – 20) 3.2 (2.0 – 6.3)

alpha-2-Macroglobulin (A2M) 4.0 (2.5 – 7.9) 2.5 (1.6 – 5.0)

Myeloperoxidase (MPO) 20 (13 – 40) 2.0 (1.6 – 3.2)

Interleukin-8 (IL-8) 25 (10 – 50)  N/A

Eosinophil Cationic Protein (ECP) 40 (20 - 79) 10 (6.3 – 16)

Data from 247 COPD samples and 235 asthma samples, dilution expressed as n-fold decrease (95% 
Confidence Interval) at 100% squamous cells relative to 0% squamous cells; % neutrophils and % 
eosinophils as % of non-squamous cells; N/A: not applicable, as there is no significant correlation 
with % squamous cells; #: data expressed as absolute decrease and 95% Confidence Interval; *: 
relation became non-significant (N/A) when restricted to samples with <90% squamous cells.
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Figure 3. Eosinophil cationic protein (ECP) levels 
(g/g sputum, log-transformed) expressed as a 
function of % squamous cells in sputum samples 
as individual data from patients with COPD (A, 
top) and from patients with asthma (B, middle), 
and grouped in ten equal sized subsets with 
increasing % squamous cells (C, bottom).

Figure 4. Myeloperoxidase (MPO) levels (g/g 
sputum, log-transformed) expressed as a 
function of % squamous cells in sputum samples 
as individual data from patients with COPD (A, 
top) and from patients with asthma (B, middle), 
and grouped in ten equal sized subsets with 
increasing % squamous cells (C, bottom).
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Correction using % squamous cells

In line with the negative correlation between inflammatory markers and % squamous cells 

for dilution by saliva we found a positive correlation between inflammatory parameters 

and albumin levels. This indicates that albumin may too be taken as a surrogate marker of 

dilution with saliva. We argued that correction for dilution on basis of % squamous cells 

(see Methods) would make parameters independent of albumin levels, which was found. 

(Figure 5, top versus bottom). In contrast to our findings for % squamous cells, albumin 

levels tended to differ between study conditions (p=0.066 and p=0.095 for COPD and 

asthma samples, respectively). 

Figure 5. Effect of correction for dilution on the relationship between non-squamous total cell 
count (TCC, 106/g sputum, log-transformed, left), eosinophil cationic protein (ECP, g/g sputum, 
log-transformed, middle), and myeloperoxidase (MPO, g/g sputum, log-transformed, right) with 
albumin level (g/g, log-transformed, split in ten equal subsets of equal size with increasing albumin 
level), in sputum samples from patients with COPD (open bars) and asthma (filled bars). Top: 
without correction, bottom: with correction using % squamous cells (see Methods).
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Table 3. Repeatability of sputum data without and with correction for dilution using % squamous 
cells 

Ri Within-
patient 

variability*

Between-
patients 

variability#

Ri after 
correction$

Within-
patient 

variability 
after 

correction$

Between-
patients 

variability 
after 

correction$

Non-squamous TCC (106 /g¶) 0.52 0.287 0.556 0.70 0.156 0.391

Neutrophil count (106 /g) 0.52 0.306 0.580 0.70 0.193 0.438

Eosinophil count (103 /g) 0.35 0.549 0.773 0.62 0.390 0.685

Macrophage count (106 /g) 0.51 0.369 0.630 0.57 0.303 0.494

Myeloperoxidase (μg/g) 0.47 0.544 0.754 0.63 0.354 0.653

Interleukin-8 (ng/g) 0.34 0.676 0.781 0.46 0.384 0.611

Eosinophil Cationic Protein 
(ng/g)

0.52 0.552 0.804 0.74 0.323 0.705

Albumin (μg/g) 0.70 0.367 0.737 0.86 0.211 0.722

alpha-2-Macroglobulin (μg/g) 0.60 0.315 0.533 0.81 0.211 0.593

Data from sets with paired samples from 21 COPD patients obtained within one week; Ri: intraclass 
correlation coefficient; *:within-patients variability is the standard deviation of the absolute difference 
of the base-10 logarithmic transformed data;#:between-patients variability is the standard deviation 
of the log-transformed data from the first sample; $:correction for dilution by adding to the log-
transformed data the value of “ % squamous cells x 0.0155 ”; ¶:gram sputum.

Post-hoc analyses

To determine the effect of correcting sputum data for contamination with saliva we 

re-analyzed data from a previously published study24 on repeatability of sputum data.  

In that study, sputum was obtained twice within one week in 21 clinically stable COPD 

patients. The total number of sputa in this sub-analysis comprised 17% of the COPD 

sputa that were used for the correlation studies. Nine inflammatory parameters were 

studied: non-squamous TCC, numbers of neutrophils, eosinophils and macrophages per 

g sputum, levels of MPO, IL-8, ECP, A2M and Alb. Data were corrected for % squamous 

cells with a mean regression coefficient of 0.0155 (see Methods). Correction resulted in a 

markedly improved repeatability (higher intraclass correlation coefficients), and in smaller 

within-patients and between-patients variability (all p<0.01) (Table 3). A second post-hoc 

analysis was done on data from an intervention study on an allergen challenge in allergic 

asthma patients22. Data were obtained from 43% of the asthma sputa of the correlation 

study. The effect of intervention on the number of eosinophils and ECP levels per g 

sputum were analyzed before and after correction. Previously we observed no difference 

(p=0.3) after single-dose pretreatment with salmeterol/fluticasone propionate compared 

to fluticasone alone22. After correcting the data for dilution we observed a tendency 

(p=0.06) towards a reduced increase of sputum eosinophil counts at 24 hours following 

the allergen provocation in patients treated with salmeterol/fluticasone as compared to 

with fluticasone alone. 
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Discussion 

Contamination of whole induced sputum samples with saliva, as reflected by the presence 

of squamous epithelial cells, leads to exclusion of sputum samples and biases the analyses 

of sputum biomarkers. To assess whether squamous cells can serve as a quantitative 

measure of contamination of sputum samples with saliva, we retrospectively analyzed 

data from 247 and 235 sputum samples from COPD and asthma patients respectively. 

We found inverse log-linear relationships for both non-squamous absolute cell numbers 

(TCC) and soluble inflammatory parameters with % squamous epithelial cells. These linear 

relationships facilitated correction of sputum samples for contamination which resulted 

in an enhanced repeatability and reduced variability of biomarkers, and enhanced the 

discriminative power of the sputum parameters. Our analyses further provide a rationale 

for designating sputum samples with ≤90% squamous epithelial cells as valid. 

Saliva contains squamous epithelial cells and only low amounts of proteins and virtually no 

inflammatory cells18;19. In fact, the number of inflammatory cells was previously estimated 

to be 40-fold lower in saliva than in sputum, while ECP levels were 9-fold lower in saliva19. 

Thus, contamination of sputum with saliva predominantly dilutes sputum. Previously, 

albumin content has been taken as a measure of dilution of airway secretions20;21;25. 

Indeed, we found that lower values of sputum albumin were correlated with lower values 

of other inflammatory parameters in sputum. And further, when TCC was corrected for 

dilution using % squamous cells, the strength of the relationship of TCC with albumin 

content was largely reduced (Figure 5), indicating that increasing % squamous cells and 

decreasing albumin content can serve both as measures of dilution. Correction for albumin 

in sputum, however, is controversial since albumin permeation may differ with disease 

severity and treatment. Indeed, we found a tendency for albumin content to vary with 

study conditions (see ‘Subjects and data sets’ in Methods). Therefore, we propose that % 

squamous cells provides a better measure of dilution of whole induced sputum samples by 

saliva than albumin content. 

In sputum samples with >90% squamous cells the variation of sputum parameters, in 

particular that of cellular parameters, was larger than in samples with ≤90% squamous 

cells. This indicates that, for samples with >90% squamous cells, parameters are not only 

affected by dilution but also by other factors, which enhance the variation. Previously 

a cut-off level of 80% squamous cells was proposed as the presence of large amounts 

of squamous cells physically obscure the counting of other cells and thus reduce the 

accuracy17. We report a higher, 90% cut-off level which may relate to our extended 

procedure for counting cells (see Methods). The validity of a cut-off value of 90% is 

reinforced by cell differentials that remain virtually unaffected in sputum samples with 

up to 90% squamous cells. Therefore we propose that, following our cell count protocol, 

samples with ≤90% squamous cells are valid for statistical analyses. By adopting 90% as 

cut-off level, the number of samples in our study deemed invalid was reduced markedly 
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in comparison to the widely used cut-off level of 80% squamous cells: from 14.6 % to 8.9 

% excluded samples for COPD and from 21.7 % to 11.5 % respectively for asthma. 

The dilution of an ‘average’ sputum sample by saliva is far smaller than that calculated 

for a sputum sample with 100% squamous cells (Table 2), but still is considerable: for a 

sample with median % squamous cells a 8-fold and 2.5-fold dilution in total cell counts 

was calculated for asthma and COPD, respectively, and a maximal 3-fold dilution for 

soluble markers both for asthma and COPD. Overall, the extent of dilution of sputum in 

an “average” sample at median % squamous cells was larger in asthma than in COPD 

samples even though maximal dilution, calculated to occur at 100% squamous cells, was 

larger within COPD than in asthma samples.

 

We applied this novel approach to re-evaluate two clinical studies from our institution. 

Sputum data from samples with ≤90% squamous cells were included and data were 

corrected for dilution. In the parent COPD study assessing repeatability of sputum 

parameters in two subsequent sputum samples from clinically stable patients 24, correction 

for dilution increased repeatability and decreased both within-patients variability and 

between-patients variability (Table 3). In the parent asthma study22, investigating the 

effects of two therapeutic interventions on allergen-induced inflammation, correction led 

to a reduced variability of parameters and improved the power of the study, revealing 

a tendency (p=0.06) for a difference between treatments, which was not found before 

(p=0.3). Taken together, we have shown that when the % squamous cells is taken as 

a measure of dilution by saliva such a correction enhances the discriminative power of 

sputum parameters.

Variation of sputum parameters depends on variable dilution, on biological variation over 

time in individual subjects and on differences due to the condition of the patient, such 

as (corticosteroid) treatment, stable disease, exacerbation or allergen provocation. To 

limit biological variation we analyzed data from multiple sputum samples from a limited 

number of patients rather than one sputum sample from many patients. With respect 

to the variation due to differences in the condition of the patient, retrospective analysis 

indicated that these different conditions did not underlie the observed relationship 

between sputum parameters and % squamous epithelial cells. Furthermore, we also 

showed that a similar correlation was found when only single samples for each patient 

were analyzed. Therefore, we propose that the observed relationships are reflecting 

dilution of sputum and are not biased by the inclusion of multiple samples from each 

patient.

Apart from dilution by saliva, saline that is being used to induce sputum expectoration may 

also contribute to dilution. Our data do not allow us to estimate the extent of dilution by 

saline. A previous study, however, showed that the chloride content of sputum samples 

obtained after induction by hypertonic saline was only slightly higher than in samples 
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obtained after induction by isotonic saline, indicating that only a small proportion of the 

sputum sample originated from the nebulized saline15. Moreover, dilution with saline 

would lead to decreased levels of inflammatory parameters with an unaltered percentage 

of squamous cells. Thus we propose that the inverse relationship between % squamous 

cells and inflammatory markers reflects dilution of induced whole sputum samples 

predominantly by saliva. 

The log-linear regression coefficients and thus also the fold-dilution differed between 

sputum parameters (Table 2). These differences between sputum parameters may be 

explained by assuming that saliva contains different levels of sputum parameters. In 

addition, but not excluding the previous explanation, sputum parameters may display 

differential interactions with mucin structures, influencing the diffusion rate of components 

during transport of sputum in the airways. Diffusion of A2M, a large protein with a 

molecular mass of 725 kDa, is restricted by the tight mucin network, as a consequence 

of which the fold-decrease is relatively low. In fact, A2M levels were markedly higher 

in the gel phase as opposed to the soluble phase of spontaneous sputum in COPD 
26;27. Also the charge of the protein may affect its diffusion rate, like positively charged 

proteins interacting with negative (sulphur groups) charges on mucins. Interestingly, ECP, 

a cationic protein, shows a steeper decline with increasing % squamous cells in sputum 

samples from COPD patients than in that from asthma patients (Table 2). Non-squamous 

cell counts decreased markedly with increasing % squamous cells, which may indicate 

that although some cells may be entangled by sputum, the larger part may be associated 

with the surface of sputum plugs allowing their easy removal. As yet we can merely 

speculate about the exact process of dilution that underlies the log-linear relationships 

between sputum parameters and % squamous cells. 

In conclusion, our data are compatible with % squamous cells being a marker of dilution 

of sputum for whole induced sputum samples with ≤ 90% squamous cells. Correction 

for dilution increases the repeatability and decreases the variation of sputum biomarkers, 

thereby enhancing the discriminative power of sputum parameters. It is important to 

realize that this correction has a profound effect also for sputum biomarkers of samples 

with a low to median % of squamous cells and not only for those samples with high 

percentages of squamous cells. By providing a rationale for determining sputum samples 

valid or invalid, the number of invalid samples will be reduced and because of reduced 

variability the effects of interventions may be more easily distinguished as was exemplified 

by our post-hoc analyses. In all adjustment for percentage squamous cells significantly 

improved validity of biomarkers in whole induced sputum in asthma and COPD, and may 

improve usage of biomarkers in phenotyping and monitoring patients with asthma and 

COPD.
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Supplementary figures

Figure S1. Non-squamous Total Cell Count (106/g sputum, log-transformed) expressed as a function 
of % squamous cells in sputum samples from 29 patients with COPD (triangles) and from 25 patients 
with asthma (circles), obtained at enrolment in the study. Pearson’s r = 0.79, p<0.001.

Supplementary figures

107



 

 
 
 

 
 

 
 

 

Figure S2. Non-squamous Total Cell Count (106/g sputum, log-transformed) expressed as a function 
of % squamous cells in sputum samples in individual patients with COPD who had at least two 
samples. 
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Supplementary figures

Figure S2, continued. Non-squamous Total Cell Count (106/g sputum, log-transformed) expressed 
as a function of % squamous cells in sputum samples in individual patients with COPD who had at 
least two samples. 
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Figure S3. Non-squamous Total Cell Count (106/g sputum, log-transformed) expressed as a function 
of % squamous cells in sputum samples in individual patients with asthma who had at least two 
samples.
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Figure S3, continued. Non-squamous Total Cell Count (106/g sputum, log-transformed) expressed 
as a function of % squamous cells in sputum samples in individual patients with asthma who had 
at least two samples.
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Figure S4. Squamous Cell count (%, Boxplots) in sputum samples from COPD patients collected 
under different study conditions :At entry (n=31), after Run-in (n=67), after prednisolone (n=42), 
after inhaled budesonide (n=49),after inhaled placebo (n=43) or immediate before or after an 
exacerbation(n=15). Differences between conditions not significant(p=0.48).

Figure S5. Squamous Cell count (%, Boxplots) in sputum samples from asthma patients collected 
under different study conditions : At entry (n=25), after Run-in (n=63), 6 or 24 hours after allergen 
challenge (n=99) or 1 week after allergen challenge (n=47). Differences between conditions not 
significant (p=0.38).
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Abstract

During a two-months corticosteroid-free run-in period prior to a long-term intervention 

study, 8 of 29 patients with stable COPD experienced an exacerbation within 1 to 4 

weeks after enrolment. We analysed retrospectively whether clinical and inflammatory 

parameters in blood and induced sputum at enrolment were associated with the imminent 

exacerbation. 

At enrolment, cell differentials were obtained in induced sputum and blood, and markers 

of neutrophilic (myeloperoxidase: MPO; interleukin-8: IL-8) and eosinophilic (eosinophil 

cationic protein: ECP) inflammation and of airway permeability (quotient of α-2-

macroglobulin levels in sputum and serum: Q-A2M) were assessed. 

The patients had a mean age of 64 y, a mean FEV1 of 1.86 L (equivalent with 63 % of 

predicted), and showed a mean β2-agonist reversibility of 4.4 % predicted.

GOLD stage 2 or 3 was a risk factor as 8 of 20 patients (40%) had an early exacerbation 

compared to none of 9 with stage 1 (p=0.01). Median blood eosinophil count was 

significantly higher in those with an exacerbation (p=0.03); a value above the median 

value for the entire study group was associated with a 13-fold increased risk of 

experiencing an exacerbation (95% C.I. 1.3 - 128, p=0.01). The four-fold higher median 

sputum eosinophil count (67 versus 15 x 103/g) approached significance (p=0.08). No 

significant differences were found for other inflammatory sputum parameters between 

patient groups. However, in 3 patients with an early exacerbation Q-A2M values and 

sputum ECP and MPO levels were at least 10-fold higher than for the other patients 

with an early exacerbation. Patients with early exacerbations showed either extensive or 

moderate inflammation, suggestive of two subgroups. 

In conclusion, we hypothesize that, in addition to disease severity, high blood eosinophil 

counts and potentially also high sputum eosinophil counts are risk factors for an imminent 

exacerbation in patients with COPD. 
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Introduction

Chronic obstructive pulmonary disease (COPD) is an inflammatory airways disease 

characterized by progressive and irreversible airway obstruction. COPD affects about 10% 

of the world population and its incidence is increasing.1 There is considerable interest in 

exacerbations of COPD, which reduce the patient’s health status for weeks to months 

and consequently constitute a major portion of health care costs.2;3 Furthermore, both 

the incidence of severe exacerbations and of hospitalisations for an exacerbation are 

associated with future hospitalisations and to mortality.4-6 In general, patients with 

more severe disease, patients who previously experienced exacerbations and those who 

were previously hospitalised for an exacerbation are reported to most likely experience 

additional exacerbations.4 Long-term treatment with inhaled corticosteroids was found to 

significantly reduce exacerbation frequency in moderate to severe COPD, be it with only 

a modest effect on the progression of airway obstruction.7-12 The mechanisms underlying 

this effect of corticosteroids on exacerbation frequency is unknown, particularly as the 

hallmark of airway inflammation in COPD, neutrophilic inflammation, is considered less 

responsive to corticosteroid treatment.13-15 Corticosteroids are however known to inhibit 

eosinophilic inflammation, which may be relevant for COPD, as sputum eosinophilia 

during COPD exacerbations has been reported.16;17  

In a longitudinal study, investigating the long-term effects of corticosteroids on parameters 

of airway inflammation in blood and induced sputum and effects on clinical indices and 

exacerbations,18 patients with stable COPD were enrolled in a 2-months run-in period 

without corticosteroid treatment. We observed a high incidence of exacerbations within 

one month after enrolment. To provide a clue as to the underlying pathophysiological 

mechanism leading to these exacerbations, we analysed retrospectively whether patient 

characteristics and/or inflammatory parameters as assessed at enrolment in induced 

sputum and in blood were associated with the occurrence of an early exacerbation. 

Methods

Subjects

Patients had clinically stable, smoking-related COPD. In line with the GOLD criteria, 

candidate patients were aged 40-75 years at entry, had middle-age onset of symptoms, 

a cigarette consumption of at least 15 Pack-Years, a pre-bronchodilator FEV1 > 1.0 L 

and >30% of predicted and a post-bronchodilator FEV1/VC ratio smaller than 0.70.1;19 

Reversibility in FEV1 was below 11% of predicted.19 Excluded were patients with a history 

of asthma, a known allergy, those with a positive blood RAST test to four common 

allergens or a known α-1-antitrypsin deficiency. For safety reasons, patients with unstable 

or serious concomitant diseases and (potential) pregnancy were excluded. Written 
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informed consent was obtained from all patients and the study was conducted according 

to the declaration of Helsinki and after approval by the local medical ethics committee.

Study design

Within one week after enrolment a medical examination, a sputum induction procedure 

and extensive pulmonary function tests were performed. Reversibility was assessed after 

inhaling 4 puffs of 0.25 mg of the β2-agonist terbutaline via a spacer device. Dyspnea 

was assessed with the Borg dyspnoea score, ranging from 0 to 10.20 Symptom severity 

and health status was assessed with the Clinical COPD Questionnaire (CCQ), ranging 0 

to 6.21 The patients were withdrawn from the use of corticosteroids and were asked to 

return for a second visit after two months. They were supplied with written instructions 

on allowed (bronchodilators) and disallowed (corticosteroids) bronchopulmonary 

medication. An exacerbation of COPD was defined according to Burge et al, as an 

increase in symptoms, necessitating treatment with systemic corticosteroids, with or 

without antibiotic treatment.22 

Sputum induction and analysis of sputum and peripheral blood

After prior inhalation of the β2-agonist, sputum was induced by nebulizing hypertonic 

saline, 3%, 4% and 5% each during 5 minutes.23 After careful mouth-rinsing and nose-

blowing, sputum was collected and kept on ice, weighted and liquefied with dithiotreitol. 

Sputum cells were collected by centrifugation, counted and cytospins were prepared for 

differential counts in minimally 500 non-squamous cells. The liquid phase was aliquoted 

and stored at -80°C until further analysis. An EDTA blood sample was taken and serum 

was stored in aliquots at -80°C.   

Soluble inflammatory markers were chosen to represent neutrophilic inflammation 

(myeloperoxidase (MPO) and interleukin (IL)-8), eosinophilic inflammation (eosinophil 

cationic protein (ECP)) and airway permeability (the ratio of α-2-macroglobulin (A2M) 

levels in sputum and in serum and the same ratio for albumin (Alb): Q-A2M and Q-Alb 

respectively).24;25  A2M, ECP, IL-5, IL-8 and MPO were determined with ELISA.26 Alb was 

determined using an immunoturbidometric analysis. Cell counts from sputum samples 

with 80% or more squamous cells were excluded from the statistical analyses.27 

Statistical analysis

Continuous variables were compared using a t-test or Mann-Whitney U test as appropriate, 

categorical variables using the Fisher’s exact test. Due to non-normal distribution of 

sputum data, which remained after logarithmic transformation, all inflammation data were 

compared between groups using non-parametric tests. Positive sputum eosinophilia was 

defined as a sputum % eosinophil count of 3.0% or more.28 Odd Ratios were calculated 

and presented with 95% confidence interval (C.I.). SPSS-PC version 12 was used for the 

statistical analyses and two-sided p-values ≤ 0.05 were considered statistically significant. 
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The sample size of the study population was determined for the parent study, the present 

analysis was performed post hoc. 

Results

Exacerbations.

Twenty nine clinically stable patients with mild to severe COPD (Table 1), 20 of whom used 

inhaled corticosteroids (ICS) in a dose ranging from 0.2 to 1.6 mg daily, were enrolled into 

the 2-months run-in period and refrained from corticosteroid treatment. Eight patients, 

7 after withdrawal of their ICS and 1 without previous ICS-treatment, developed an 

exacerbation after 7 to 29 days (mean 20 days) of the 60 days run-in period. 

Patient characteristics

The demographic and other characteristics at baseline for the 8 patients with an early 

exacerbation and the 21 patients without an exacerbation are shown in Table 1. 

Based on previous studies, it was to be expected that patients with more severe COPD 

according to the degree of airway obstruction had a higher risk of experiencing an early 

exacerbation. Differences in FEV1 and FEV1/VC between the two groups were indeed 

statistically significant (p=0.04 and p=0.05 respectively), whereas the difference in FEF50 

almost reached significance (p=0.07). None of the 9 patients with GOLD stage 1 (i.e. 

FEV1 above 80% of predicted) had an exacerbation in contrast to 3 (27.3%) of the 11 

patients with GOLD stage 2 and 5 (55.6%) of the 9 patients with GOLD stage 3 (Figure 

1). As a consequence, patients with GOLD stage 2 or 3 had a significant higher chance 

of experiencing an exacerbation than those with stage 1 (OR 1.7, 95% C.I. 1.2 – 2.4, 

p=0.026). Other indices of disease severity like the Borg dyspnoea score and the health 

status, assessed with the CCQ showed only a trend towards more severe disease in those 

with an early exacerbation.  

0

10

20

30

40

50

60

70

GOLD 1 GOLD 2 GOLD 3

%
 w

it
h

 e
xa

ce
rb

at
io

n

Figure 1. Proportion of patients with 
GOLD stage 1, 2 and 3 experiencing an 
exacerbation within 2 months after being 
enrolled in the study.
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We also anticipated that patients who were taken off ICS would have a higher risk of 

developing an early exacerbation since the ICS treatment was to be stopped.29;30 There 

was a four-fold higher risk for an early exacerbation in patients using ICS until enrolment 

in the study, although this did not reach statistical significance (OR 4.3, 95% C.I. 0.44 – 

41.8, p=0.20, Figure 2). For no other demographic or clinical parameter an association 

with an early exacerbation was found.

Inflammatory parameters

Inflammatory parameters determined in induced sputum and in peripheral blood are 

summarized in Table 2. In 5 of the 29 sputum samples (of four patients without and one 

subject with an exacerbation) the sputum squamous cell count was > 80%, leading to 

exclusion of the sputum data from the statistical analyses.

Table 1. Demographic and baseline data of the patients at enrolment into the study, separated in 
those with and without an early exacerbation. 

N=8 with N=21 without p-value

Male / female 7 / 1 13 / 8 0.19

Age (yrs) 64.1 (7.6) 63.9 (6.5) 0.93

Current-/ex-smoker 3 / 5 14 / 7 0.42

BMI (kg/m2) 28.5 (8.1) 24.4 (4.9) 0.11 

Pack-years 33.8 (14.3) 35.2  (17.9) 0.84

ICS-user / non-user 7 / 1 13 / 8 0.19

ICS dose (mg/d) 0.83 (0.58) 0.49 (0.46) 0.14

FEV1 (L) 1.59  (0.39) 1.97  (0.84) 0.24

FEV1 (% pred.) 50.8 (10.0) 68.1  (21.4) 0.037

FEV1–reversibility (%pred.) 3.5  (3.4) 4.7  (3.7) 0.43

FEV1 /VC 0.38  (0.12) 0.50 (0.14) 0.050

FEF50 (% pred) 15.0 (9.0) 25.8 (15.1) 0.070

GOLD-stage 1 / 2 / 3 0 / 3 / 5 9 / 8 / 4 0.010 

DLCO (% pred.) 55.2 (17.5) 64.1 (18.7) 0.30

KCO (% pred) 68.7 (26.9) 72.7 (23.8) 0.73 

sGaw (kPa /l/s) 0.78 (0.16) 1.10 (0.71) 0.26

Borg dyspnoea score 3.3 (0.5) 2.6 (1.4) 0.21

CCQ score 2.6 (1.2) 2.2 (0.8) 0.30

Data expressed as mean (SD) or numbers.  Lung function data are post-bronchodilator values; 
BMI: body mass index as weight/length2; FEV1: forced expiratory volume in one second; pred: 
predicted; GOLD: global initiative for chronic obstructive lung disease; VC: vital capacity; FEF50: 
forced expiratory flow at 50% of VC; DLCO: diffusion capacity of the lung for carbon monoxide; KCO: 
CO transfer factor (DLCO/VA), ICS: inhaled corticosteroid; CCQ: Clinical COPD Questionnaire. P-values 
from Student’s or Fisher’s test as appropriate, are given for the comparison between patients with 
and without an early exacerbation, those in bold printing are <0.05.
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Table 2. Inflammatory parameters in sputum and peripheral blood from patients at the start of the 
observation period, and presented separately for those with and without an early exacerbation.

N=8 with N=21 without p-value

Induced sputum

Total Cell Count (106 /g) 1.63 (1.28-6.10) 2.0 (1.2-3.3) 0.92

Neutrophil count (106 /g) 1.3 (1.0-4.7) 1.4 (0.9-2.2) 0.73

Eosinophil count (103 /g) 67 (8-373) 15 (6-26) 0.08

Neutrophils (%) 80.8 (66.8-97.2) 76.0 (61.5-86.2) 0.41

Eosinophils (%) 1.6 (0.5-11.2) 0.6 (0.2-2.3) 0.21

MPO (μg/g) 9.1 (2.9-152.3) 16.4 (3.6-36.9) 0.70

IL-8 (ng/g) 3.9 (1.2-47.5) 5.0 (2.7-27.2) 0.92

ECP (μg/g) 0.39 (0.10-25.3) 0.33 (0.07-1.15) 0.44

Albumin (μg/g) 130 (15.8-873) 25 (6.5-131) 0.33

α-2-Macroglobulin (μg/g) 3.8 (0.8-35.4) 1.2 (0.8-2.8) 0.16

Peripheral blood

Leucocyte count (109/L) 7.8 (6.1-9.4) 7.9 (6.5-8.5) 0.94

Eosinophil count (106/L) 219 (207-273) 130 (83-201) 0.029

Neutrophils (%) 56.9 (47.3-68.3) 60.9 (54.8-67.5) 0.38

Eosinophils (%) 3.4 (2.1-4.3) 2.0 (1.1-2.9) 0.045

Albumin (mg/ml) 43.1 (42.1-47.1) 43.8 (40.5-45.4) 0.63

α-2-Macroglobulin (mg/ml) 2.95 (2.23-4.30) 2.61 (2.37-3.39) 0.56

IL-8 (pg/ml) 4.7 (<1 – 5.9) 1.2 (<1 – 6.6) 0.76

CRP (mg/ml) 3.5 (2.3 – 9.5) 4.0 (2.0 – 9.5) 0.96

Permeability

Q-Albumin (x 1000) 3.1 (0.3-18.8) 0.57 (0.15-2.9) 0.29

Q- α-2-Macroglobulin (x 1000) 1.2 (0.3-11.1) 0.42 (0.33-1.20) 0.24

RCE 0.69 (0.33-1.46) 0.85 (0.23-2.35) 0.96

Data expressed as median (Inter Quartile Range); p-values from Mann-Whitney tests, bold printing 
p values <0.05; MPO: myeloperoxidase; ECP: eosinophil cationic protein; IL-8: interleukin-8; Q-values 
are the quotient of sputum / serum levels of albumin and alpha-2-macroglobulin; RCE: relative 
coefficient of excretion, the quotient of Q-alpha-2-macroglobulin / Q-Albumin.  

Figure 2. Proportion of patients staying 
exacerbation-free after being enrolled 
in the study, as per ICS treatment until 
being enrolled in the study.
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Patients with an imminent exacerbation in comparison to those without an exacerbation 

showed higher median values for many parameters, especially eosinophilic markers, but 

not for neutrophilic markers. However, only the difference in sputum eosinophil count 

tended to statistical significance (p=0.08). Sputum eosinophil counts above 3.0 % tended 

to be associated with an early exacerbation, but this was not statistically significant (O.R. 

5.6, 95% C.I. 0.7 – 46, p=0.12). In line with sputum eosinophilia, in these patients with 

an early exacerbation, there was a statistically significant 1.5-fold higher median absolute 

and relative eosinophil count in peripheral blood of the patients who experienced an 

early exacerbation (p=0.028 and p=0.047, respectively; Figure 3). A peripheral blood 

eosinophil count above the calculated median value of 160x106/L for the entire group of 

29 patients was associated with an Odd Ratio of 13.0 to experience an early exacerbation 

(95% C.I. 1.3 – 128, p=0.01). It must be noted that peripheral blood eosinophil counts 

for all patients were within the normal range. There were no differences in the serum 

levels of IL-8 and C-Reactive Protein (CRP).

As IL-5 is considered a pro-eosinophilic factor, we also assessed plasma IL-5 levels but 

found no detectable levels of IL-5 in plasma in patients from either group.

It may be argued that the extent of inflammation rises just before an exacerbation 

becomes clinically manifest. However, within the group of eight patients with an early 

exacerbation there was no sign of a more extended inflammation in those with the 

shortest interval until the exacerbation.

The median values for cell counts and for most of the soluble parameters were similar 

in the group of patients who experienced an exacerbation, but the range was large. 

The latter was a result of a non-homogeneous and apparently dichotomous distribution 

of these parameters in this group (Figure 4). For three of the eight patients with an 

imminent exacerbation we found high levels of MPO and particularly of ECP, as well 

as increased values of Q-A2M. In contrast, the levels of these parameters in the other 

patients with an imminent exacerbation were in the lower range of the values observed 

for the patients without exacerbation. 
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Figure 3. Peripheral blood eosinophil count 
(106/l) for enrolled COPD patients. Open 
symbols represent patients who stayed 
exacerbation-free for 2 months, filled (grey 
and black) symbols represent subjects who 
experienced an exacerbation within one 
month, p=0.030. The grey-filled symbols 
represent patients with relatively high levels 
of inflammatory markers in sputum.

C H A P T E R   5

120



Inflammatory parameters and imminent exacerbations

Discussion

Although patients were enrolled in the study during a clinically stable phase of their 

disease, 8 of 29 COPD patients experienced an exacerbation requiring medical intervention 

within four weeks of a corticosteroid-free two months’ follow-up period. This prompted 

us to retrospectively analyse demographic, clinical and inflammatory parameters at 

enrolment in relation to these early exacerbations. We observed significantly higher blood 

eosinophil counts for the group of patients with an imminent exacerbation and a trend 

towards higher sputum eosinophil counts. Interestingly, we found that levels of most 

inflammatory markers in induced sputum did not significantly relate to the occurrence of 

an early exacerbation. 

In our study, patients with more severe disease as based on lung function criteria, i.e. 

GOLD stage 2 or 3,31 had a significant 1.7-fold higher chance of experiencing an early 

exacerbation than patients with milder disease. Also, patients who used ICS prior to 

the study had a (non-significant) 4-fold higher chance of experiencing an exacerbation 

as compared to those not using ICS. These findings are in line with other studies into 

COPD.30;32-34 Especially the re-analysis of the ISOLDE study indicated a lower FEV1 and 

previous ICS use as risk factors for early exacerbations after ICS withdrawal,32 while 

additional studies pointed also to low FEV1, higher reversibility and systemic levels of 

fibrinogen or serum Amyloid A being related with early exacerbations.35-37

In the present study, patients with asthma were carefully excluded; only older subjects 

with a significant smoking history, an abnormal FEV1/VC ratio, limited reversibility and 

absent allergy were included. Therefore, we consider the present findings not biased by 
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Figure 4. Concentration of MPO (μg/g), ECP (ng/g), IL-8 (ng/g) in induced sputum and the value 
of Q-A2M (x1000). Note the logarithmic scale. Open symbols represent patients who stayed 
exacerbation-free for 2 months, filled (grey and black) symbols represent subjects who experienced 
an exacerbation within one month. The grey-filled symbols represent the 3 patients with relative 
high levels of all inflammatory markers in sputum.
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underlying allergy or asthma and thus representative of COPD, despite the associations 

with for eosinophil counts. 

The current results indicate that stable COPD patients prior to an exacerbation have 

relatively high blood eosinophil counts and maybe also increased sputum eosinophil 

counts. The mechanisms underlying these high eosinophil counts is unknown, but at least 

it does not relate to elevated (detectable) systemic IL-5 levels. Furthermore, there seems 

to be no strong relation between the high eosinophil counts and the extent of airway 

inflammation, particularly sputum ECP levels, indicating that the high eosinophil numbers 

are not related to airway inflammation per se. A possible explanation is that patients 

with intrinsically high circulating eosinophil numbers may develop a more profound 

eosinophilic airway inflammation upon an appropriate trigger for an exacerbation. This is 

in line with some earlier studies, where sputum eosinophilia was observed during COPD 

exacerbations,16;17 although this was not confirmed in a later study.38 It is tempting to 

speculate that, at least in some COPD patients, ICS treatment prevents escalation of 

eosinophilic airway inflammation and so may reduce exacerbation frequency. In the 

present study, no sputum was collected during the exacerbations and thus we can not 

clarify whether eosinophilic airway inflammation increased prior to the exacerbation. A 

recent study in which treatment was titrated directed at low sputum eosinophil counts 

resulted in a lower incidence of exacerbations than during regular treatment of COPD.39 

An earlier reported association between high sputum IL-8 levels and a higher frequency of 

COPD exacerbations,38 led us to hypothesize that airway inflammation in stable disease 

is more pronounced in patients experiencing an early exacerbation, who may also be 

the patients with more frequent exacerbations. Additionally, some studies reported 

a decrease in the neutrophilic inflammation markers MPO and IL-8 by corticosteroid 

treatment.40;41 In the present study median numbers of inflammatory cells and median 

levels of most soluble markers, including IL-8, were similar in the groups that did or 

did not exacerbate shortly hereafter. Solely the eosinophil numbers and parameters of 

airway permeability showed more extended inflammation in those with an imminent 

exacerbation. But due to the large intra-individual variation, the differences with the 

group that did not exacerbate did not reach statistical significance. For 3 out of these 

8 patients, however, we showed markedly increased levels of MPO and ECP and values 

of Q-A2M. The levels for most of the inflammatory parameters measured in sputum 

from these 3 patients were very high compared to that for patients not having an early 

exacerbation. The remaining patients with an early exacerbation had levels of these 

parameters in the lower range of those found for patients without an early exacerbation. 

These findings are suggestive of two subpopulations of patients with an imminent 

exacerbation: one with high levels of inflammatory parameters and one with levels, 

similar to those for patients with COPD without an imminent exacerbation. Whether the 

cause of these exacerbations (only corticosteroid withdrawal or a microbial infection) 
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or whether the clinical course differed between these apparent subpopulations is 

unknown. Larger studies are needed to clarify this. Several studies investigated systemic 

inflammation and its relation to imminent COPD exacerbations and suggested that levels 

of fibrinogen, serum Amyloid A or CRP may be linked to upcoming exacerbation or 

recurrence of exacerbations.36;37;42 In the present study no such association was found 

for serum IL-8 and CRP.

Sputum was not frozen before liquification and aliquoting, and thus ECP and MPO in the 

soluble phase reflect activation of eosinophils and neutrophils, respectively, rather than 

the number of cells present. Inflammation leads to damage of the airway mucosa and 

consequently to an increased exudation of serum proteins such as albumin and A2M into 

the airway lumen. Due to its molecular size, leakage of A2M into the airway lumen is 

low in non-inflamed airways and increases during inflammation.25 An increased presence 

of A2M in sputum and a high quotient of the concentrations of A2M in sputum over 

serum indicate increased airway permeability. Thus, the 3 patients with an imminent 

exacerbation and with high levels of ECP and MPO and high values for Q-A2M, had 

a prominent inflammatory process in their airways, despite inhaled corticosteroid 

treatment, suggestive of more extensive local damage than in the other COPD patients 

with or without an imminent exacerbation. In fact, the other patients with an imminent 

exacerbation, including the only exacerbating patient without prior inhaled corticosteroid 

treatment had levels of ECP and MPO and values for A2M in the low range of those 

for patients with no early exacerbation, suggestive of a milder airway inflammation and 

limited local damage prior to the exacerbation.  

IL-8 is a potent chemoattractant of neutrophils and under certain conditions also of 

eosinophils, and thus IL-8 can drive neutrophilic and eosinophilic inflammation.43 The 

apparent dichotomy between inflammatory parameters for the two subpopulations of 

patients with an imminent exacerbation is also seen for IL-8 levels in sputum, suggestive 

of a key role for IL-8 in driving inflammation for both subgroups. Levels of IL-8 and those 

for the other inflammatory markers were found in samples that were collected only 

at the time that the majority of the patients were still using ICS, albeit with unknown 

compliance and different doses. Therefore, we can not assess whether and, if so, in 

which patients there was an effective inhibition of IL-8 production by ICS which was 

found in other studies.40 It would be of interest to determine whether IL-8 levels increase 

upon withdrawal of ICS in the patients with an imminent exacerbation.

In conclusion, despite its small size, the present study indicates that relatively high 

eosinophil counts in blood and sputum in clinically stable patients with COPD are related 

to an enhanced risk of developing an exacerbation. The extent of airway inflammation 

in stable disease per se did not correlate with the occurrence of an early exacerbation, 

but the large differences in airway inflammation between individual patients with 
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an imminent exacerbation are suggestive of two subgroups of patients with an early 

exacerbation. These findings need to be addressed in a larger and prospective study with 

frequent sputum sampling, possibly hereby allowing the identification of patients at risk 

of developing an exacerbation.
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Abstract

Aims: Budesonide, unlike fluticasone propionate, undergoes fatty acid esterification in 

the lungs, and there is a need to characterize fully the distribution and fate of the two 

drugs after inhalation in humans.

Methods: This open-label, randomized study was performed in adults undergoing whole 

lung or lobar resection resulting from lung cancer. Patients were given single 1000 μg 

doses of both budesonide and fluticasone propionate via dry powder inhalers before 

surgery. Tissue samples from peripheral and central lung, an ex-vivo bronchial brush 

sample and intercostal muscle, together with plasma samples, were taken during surgery 

and analyzed by liquid chromatography plus tandem mass spectrometry.

Results: Lung tissue samples were obtained from 22 patients at surgery, 1 to 43 hours 

after drug dosing. Budesonide was detectable from earliest sampling in central and 

peripheral lung tissue up to 10 hours (in 6 of 22 samples), fluticasone propionate up to 

22 hours after inhalation (in 16 of 22 samples), and budesonide oleate up to 43 hours 

after inhalation (in 21 of 22 samples). Budesonide, but not fluticasone propionate, 

was detected in intercostal muscle for up to 10 hours after inhalation. Bronchial brush 

samples showed the presence of fluticasone propionate for up to 18 hours, suggesting 

the presence of undissolved drug powder particles in the airway lumen.

Conclusion: Sustained retention of esterified budesonide in the lungs supports the 

prolonged duration of action of budesonide and suitability for once-daily administration. 
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Introduction

Corticosteroids are noted for their anti-inflammatory effects in a variety of disease states, 

but efforts to develop agents that have selective intracellular actions on inflammatory but 

not on endocrine processes have not as yet been successful. Avoidance or minimization 

of unwanted endocrine effects with anti-inflammatory corticosteroids has therefore been 

achieved by targeting affected tissues directly by using local delivery. As a result, topical 

corticosteroids, delivered by inhalation devices, are now regarded as the most effective 

form of treatment for asthma and rhinitis 1,2.

The aim of inhaled administration of corticosteroids in respiratory disease is to achieve high 

local concentrations of active drug in the lungs while limiting systemic exposure. Thus, 

inhaled corticosteroids should preferentially combine a high fraction of the dose that 

reaches the airways with a low swallowed fraction3. Additionally, inhaled corticosteroids 

should achieve high levels of airway binding with long duration of retention in the 

airway, rapid systemic elimination, and low extra-pulmonary tissue retention to minimize 

systemic load4.

Budesonide is an inhaled corticosteroid developed for its high ratio of topical to systemic 

activity5,6. The clinical properties and pharmacokinetic characteristics of this agent have 

been investigated extensively, and research and clinical experience have demonstrated 

that budesonide is effective when given once daily in mild asthma7,8. These early 

observations of prolonged duration of action were followed by tracheal superfusion 

and inhalation experiments in animals which showed the retention of budesonide in 

airway tissue to be markedly longer than might be expected on the basis of the drug’s 

lipophilicity alone9. Prolongation of local retention of budesonide fatty acid esters is a 

promising potential explanation for the sustained efficacy of budesonide after once-daily 

inhalation, particularly as these observations conflict with what might be expected in 

light of the relatively short plasma elimination half-life of the drug (around 4.5 hours)10.

Kinetic studies in animals have shown that budesonide undergoes rapid, extensive and 

reversible intracellular esterification with long chain fatty acids in airway tissue9,11. After 

inhalation or intratracheal instillation of radioactive budesonide, approximately 80% of 

bound radioactivity is found as esters (predominantly oleate) within 20 minutes9. Very 

high rates of esterification have also been noted in in vitro studies with human bronchial 

epithelial cells12. This is a novel finding with budesonide and contrasts fluticasone 

propionate, which does not undergo esterification11. Indeed, although fluticasone 

propionate has a considerably longer plasma elimination half-life than budesonide (12.5 

hours)10, it has been suggested to be unsuitable for once-daily administration13. Recent 

animal studies suggest that esterification may also occur for ciclesonide14.

The clinical relevance of these findings is underlined by reports of marked retention of 

budesonide in the lungs of patients undergoing surgical resection – concentrations of 

budesonide in lung tissue were approximately nine times higher than those in plasma 

when simultaneously obtained between 1 and 6 hours after inhalation15. Retention of 
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fluticasone propionate in lung tissue has also been shown16, however, with predominant 

deposition in central airways in patients with viscous airways or poor lung function.

These apparent contrasting data illustrate the need to characterize fully the central and 

peripheral lung deposition patterns of these two corticosteroids, and to determine the 

presence and relative proportions of fluticasone propionate, budesonide and its fatty acid 

conjugates in lung tissue, skeletal muscle, and plasma. The present study was performed 

to address these issues by examining tissue and plasma samples from patients with lung 

cancer undergoing surgical resection who had received budesonide and fluticasone 

propionate via dry powder inhalation devices prior to surgery.

Methods

Patients and study design

This was an open-label, single dose, randomized study performed in patients who were 

scheduled to undergo whole lung or lobar resection for lung cancer. The study was 

planned to enrol 25 patients to ensure an evaluable cohort of at least 20 patients. Patients 

were excluded if they had hypersensitivity to corticosteroids, were pregnant (known or 

likely) or lactating, had evidence of other major illness or organ dysfunction that might 

affect study outcomes, were taking other steroid medication (including hormonal 

contraception), had taken part in another study in the preceding 3 months, or had a 

condition that might affect the disposition of study drugs.

At study entry, all patients underwent physical examination and pulmonary function 

tests. Routine perfusion and ventilation scans were performed in order to establish that 

the resected lung tissue was well ventilated and perfused. Lung function was measured 

in terms of forced expiratory volume in 1 second (FEV1), and vital capacity (VC). Training 

in the use of dry powder inhalers (Turbuhaler® and Diskus®) was also given. Written 

and informed consent was obtained from all participants and the local medical ethics 

committee approved the study.

Study drug administration

Drug doses were based on the highest dosages recommended in clinical practice in 

order to facilitate the detection of fluticasone propionate and budesonide and its esters. 

Tissue samples from two patients who did not receive any study drugs were also taken 

for use in assay development and to act as bioanalytical controls. Each patient inhaled 

single 1000 μg doses of both budesonide (five inhalations of 200 μg) and fluticasone 

propionate (four inhalations of 250 μg) in random order within 5 minutes of each other 

from 1 to 43 hours before surgery. The inhalation times were planned prior to surgery 

(1–6, 6–12, 12–18, 18–24, or >24 hours before surgery).
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Other medication

Concomitant medication was used as necessary for each patient at the investigator’s 

discretion and was recorded. Medication used routinely for surgery included paracetamol, 

the synthetic opioid sufentanil, epidural bupivacaine, prophylactic antibiotic therapy with 

cefazolin, the antiemetic ondansetron, and an inhaled short-acting β2-agonist.

Tissue and plasma samples analyses

A small sample of intercostal muscle was taken immediately after the chest was opened, 

and from unaffected and well-ventilated parts of the resected lung lobe samples of 

central and peripheral tissue were taken. In the resected material, large airways were 

gently brushed to obtain superficial bronchial brush samples. Plasma samples were taken 

immediately before drug inhalation, 20 minutes thereafter, 24 hours after drug inhalation 

and at the time of ligation of the pulmonary artery. Thus at this time further blood flow 

through the parts which were later resected was stopped. Samples were centrifuged 

at 1300 g for 10 minutes and immediately frozen at –70°C until analysis. Extracts were 

analyzed by liquid chromatography plus tandem mass spectrometry with atmospheric 

pressure chemical ionization.

The tissue (approximately 0.8 g) was extracted in Teflon vessels with 3 mL of 99.5% 

ethanol containing internal standards for budesonide, its fatty esters budesonide palmitate 

and budesonide oleate, and for fluticasone propionate. The tissue was homogenized 

together with a steel ball in a MicroDismembrator U at 2000 rpm for 4–8 minutes. The 

samples were then extracted in a microwave oven for 30 minutes at 90°C.

After extraction, the samples were allowed to cool down before mixing on vortex-mixer 

and centrifuged for 5 minutes at 3600 g. The vessels were put in a freezer at -20°C to 

precipitate over night. The day after the samples were once more centrifuged for 15 

minutes at 3600 g and 1 mL of the supernatant was transferred to injection vials and 900 

μL was injected to the liquid chromatograph system where the analytes were cleaned 

up and fractions collected. 300 μL of each fraction were transferred to injection vials for 

injection on the LC-MS/MS system. The bronchial brush specimen was shaken into 4 mL 

of culture medium and immediately frozen and stored at –80°C. The samples were then 

treated and analysed as for the other tissue samples. For the plasma samples, internal 

standards were added to the samples (1 mL) and the samples were transferred to Isolut 

MFC C18 solid phase extraction columns. The samples were washed with water/methanol 

and eluted with acetonitrile. The extracts were evaporated to dryness and reconstituted 

with 200 μL methanol prior to injections to the liquid chromatography system.

The timing of fraction collection was verified before and after the run with a radiolabelled 

solution (3H-budesonide, 3H-BP, 3H-fluticasone propionate) on the LC-FlowOne-system. 

The extracted sample (900 μl) was injected and 2.5 minutes fractions were collected 

around the retention time for budesonide/fluticasone propionate and the budesonide 

esters, respectively. The two purified fractions were then pooled for further analysis. 
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Quantification was carried out using a Thermo Finnigan TSQ7000 mass spectrometer 

equipped with Thermo Finnigan Atmospheric Pressure Ionisation interface (API II) using 

APCI negative ion mode. A gradient HPLC system with ethanol/water/acetic acid as mobile 

phase was used and analysis was done in selected reaction monitoring (SRM)-mode using 

argon as the collision gas. The quantification was based on the use of internal standards. 

The lower limit of quantification (LOQ) in the extract was 1.0 pmol for budesonide and 

fluticasone propionate, and 0.5 pmol for the budesonide esters. For a typical sample of 

0.8 g this corresponds to 1.25 and 0.625 pmol/g tissue, respectively. For plasma samples, 

the LOQ for fluticasone propionate was 0.01 nmol/L and that for budesonide was 0.025 

nmol/L. Unfortunately, budesonide esters in plasma could not be assessed accurately at 

the expected levels.

The accuracy of the analytical techniques used was on average 99%, 97%, 101% and 

89% for budesonide, fluticasone propionate, budesonide palmitate and budesonide 

oleate, respectively. The method typically generates and combines within and between 

day variations and the total coefficient of variation for the tissue samples was on average 

7.6%, 12.6%, 8.3% and 17.8% for budesonide, fluticasone propionate, budesonide 

palmitate and budesonide oleate, respectively.

Budesonide levels below the LOQ were arbitrarily assigned ½ the LOQ to prevent loosing 

the information that corticosteroid levels were low. Mean and Standard Deviation are 

shown, including these arbitrary data.

Tolerability

Adverse events were also monitored, with a serious event being defined as one that 

resulted in death, was life-threatening, required or prolonged hospitalization, resulted 

in persistent or significant disability or incapacity, or was a congenital anomaly or birth 

defect. Only serious adverse events or those that resulted in withdrawal from the study 

were reported.

Results

Of 28 patients randomized, 22 were men and 6 were women. Their average age was 61.4 

years, with a range of 43 to 79 years. All were Caucasian. Two patients were controls (i.e 

they did not receive study medication). Lung tissue samples after corticosteroid inhalation 

were obtained from 22 patients, all of whom provided data for both study drugs. In the 

other 4 patients the operation was cancelled (2 patients), postponed for one week (1 

patient) or prednisone treatment was given preoperatively. Most of the patients were 

ex-smokers with a significant smoking history (Table 1). Median FEV1 was 2.62 L (range 

1.46–5.1 L), equivalent to 89% predicted (range 55–130%).
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The number of patients sampled at each pre-planned inhalation time prior to surgery 

were 1–6 hours (N=6), 6–12 hours (N=3), 12–18 hours (N=5), 18–24 hours (N=6), and 

>24 (N=2).

Tissue and plasma levels

Tissue concentrations of budesonide, budesonide oleate and fluticasone propionate are 

shown in Figure 1. Budesonide was detectable in central and peripheral lung tissue for 

about 10 hours after inhalation (in tissue from 6 of the 22 patients), and budesonide 

oleate was measurable from the time of the earliest samples to the latest at 43 hours 

after inhalation and was detectable in 21 of the 22 patients (not detectable in the patient 

sampled at 29 hours). Budesonide palmitate was found in a single sample of central lung 

tissue, but not in any peripheral lung tissue samples. Budesonide, the parent compound, 

was present in intercostal muscle samples for up to 10 hours after dosing (7 of the 

22 patients), but at lower concentrations than those found in lung tissue (Table 2). 

Budesonide oleate and fluticasone propionate could not be detected in intercostal muscle 

samples. Only one bronchial brush sample (taken 2 hours after inhalation) was found to 

contain budesonide and budesonide oleate. Fluticasone propionate was detectable in 

central and peripheral lung tissue for 22 hours (in 16 of the 22 patients), and six bronchial 

brush samples showed measurable quantities of fluticasone propionate for up to 18 

hours after drug inhalation. Concentrations of budesonide and fluticasone propionate 

Table 1. Demographic and disease data (randomized patients).

Characteristic Category All patients

Gender Male 22

Female 6

Age (years) Mean 61.4

Range 43–79

BMI (kg/m2) Mean 26.4

Range 19–43

Smoking status Never 1

Previously 17

Occasional 1

Habitual 9

Pack-years Median 40

Range 0–80

FEV1 (L) Mean 2.69

Range 1.46–5.1

FEV1 (% predicted) Mean 89.1

Range 55–130

BMI, body mass index; FEV1, forced expiratory volume in 1 second.
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in plasma declined over time. With three data points per patient, individual elimination 

data could not be accurately calculated. However, from the mean plasma concentrations, 

elimination half-lives of budesonide and fluticasone propionate of approximately 3 and 

14 hours, respectively, were estimated. Plasma concentrations of fluticasone propionate 
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Figure 1. Concentrations of (a) 
budesonide, (b) budesonide oleate and 
(c) fluticasone propionate in central and 
peripheral lung tissue, in brush samples 
and intercostal muscle from the time 
of inhalation to 22 hours afterwards. 
A sample obtained at 29 hours had no 
detectable corticosteroid levels, a further 
sample at 43 hours contained detectable 
budesonide-oleate in peripheral lung 
tissue. Tissue concentrations are shown on 
logarithmic scales. Dotted line represents 
limit of quantification.
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Table 2. Tissue concentrations of budesonide, budesonide oleate and fluticasone propionate, 
obtained 1 to 43 hours after a single inhalation 

Mean tissue concentrations,  pmol/g 
[number of values above LOQ] (range)

Compound

budesonide budesonide oleate fluticasone 
propionate

Interval 1-6 hours (n=6)

Brush 1.31 [1] 0.84 [1] 0.82 [1]

(BQL-4.73) (BQL-3.48) (BQL-1.78)

Central 17.15 [5] 17.73 [6] 87.27 [5]

(BQL-61.70) (2.41-58.60) (BQL-459.00)

Peripheral 4.33 [5] 3.96 [6] 18.49 [6]

(BQL-14.60) (2.02-9.34) (2.07-40.30)

Muscle 3.08 [6] BQL[0] BQL[0]

(1.68-6.45)

Interval 6-12 hours (n=3)

Brush BQL [0] BQL[0] 173.48 [2]

(BQL-506.00)

Central 0.86 [1] 1.85 [3] 5.99 [2]

(BQL-1.33) (0.64-2.88) (BQL-12.00)

Peripheral 1.21 [1] 2.41 [3] 10.47 [3]

(BQL-2.37) (0.98-4.74) (3.76-21.20)

Muscle 0.98 [1] BQL[0] BQL[0]

(BQL-1.70)

Interval 12-18 hours (n=5)

Brush BQL[0] BQL[0] 2.00 [2]

(BQL-6.84)

Central BQL[0] 2.20 [0] 27.80 [4]

(BQL-4.35) (BQL-96.30)

Peripheral BQL[0] 2.24 [5] 8.56[4] 

(0.68-3.31) (BQL-26.70)

Muscle BQL[0] BQL[0] BQL[0]

Interval 18-24 hours (n=6)

Brush BQL[0] BQL[0] BQL[0]

Central BQL[0] 1.94 [4] 0.94 [1]

(BQL-5.25) (BQL-2.51)

Peripheral BQL[0] 2.18 [6] 2.06 [3]

(0.98-4.76) (BQL-4.59)

Muscle BQL[0] BQL[0] BQL[0]

Interval >24 hours (n=2)

Brush BQL[0] BQL[0] BQL[0]

Central BQL[0] BQL[0] BQL[0]

Peripheral BQL[0] 0.50 [1] BQL[0]

(BQL-0.68)

Muscle BQL[0] BQL[0] BQL[0]

BQL – below the lower limit of quantification
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could be followed for approximately 24 hours in most patients, and plasma concentrations 

of budesonide remained above the LOQ for at least 24 hours after inhalation. 

Analysis of individual plasma profiles showed greater inter-individual variability for 

fluticasone propionate than for budesonide (Figure 2). Evaluation of fluticasone propionate 

curves revealed two apparent anomalies: in one patient, the plasma concentration of 

drug at ligation of the pulmonary artery (22 hours after dosing) was 1 nmol/L, which was 

much greater than the corresponding value in any other patient; moreover, one further 

patient had a 24-hour plasma concentration of 0.285 nmol/L despite having a value 

below the LOQ for fluticasone propionate at ligation (23.5 hours after dosing).

Tolerability

There were no serious adverse events, and none of the 26 patients who received study 

medication were withdrawn.

Figure 2. Individual plasma concentration-time curves for (a) budesonide and (b) fluticasone 
propionate. Dotted line represents limit of quantification.
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Discussion

This is the first study performed in humans prospectively to determine the profiles of 

budesonide and its fatty acid conjugates in a variety of respiratory tissues and in plasma, 

and to compare these with distribution and retention data for fluticasone propionate. 

Because the study was performed in the clinical setting with tissues taken from living 

patients, the results have ‘real world’ relevance.

The present study builds logically on the findings of Van den Bosch and colleagues15, who 

showed in the early 1990s that plasma concentrations of budesonide after inhalation 

were one-ninth of those in lung tissue when sampled between 1 and 6 hours after 

inhalation. Similar to our study, Van den Bosch and coworkers15 studied tissue taken 

from patients undergoing lobar or whole lung resection, but it should be noted that the 

process of esterification of budesonide had not been described at this time. In addition, 

the distinction between peripheral and central lung tissue was not made in the earlier 

study. Notwithstanding these differences, examination of our semi-logarithmic plots for 

budesonide concentrations in lung tissue and comparing this with plasma data suggest 

differences in concentration in the present patients to be of a similar order over the first 

6 hours after inhalation to those observed by Van den Bosch and colleagues15.

Fatty acid esters of budesonide were formed rapidly after inhalation of the drug (detectable 

in lung tissue from 1 hour after administration) and were present in all samples (except one 

at 29 hours) up to the latest, collected at 43 hours after inhalation. The rapid formation 

of esters concurs with the findings of Miller-Larsson and colleagues9, who showed 70 to 

80% of bound radioactivity to be in an esterified form within 20 minutes of inhalation or 

intratracheal administration of radiolabelled budesonide in rats. Inspection of the present 

data also shows that concentrations of budesonide oleate generally exceed those of 

parent budesonide in lung tissue. This observation is consistent with the results of Jendbro 

and coworkers17, who showed accumulation of budesonide oleate in rat tracheal tissue, 

which gave rise to more persistent and higher concentrations of active budesonide than 

were seen in tissues in which esterification did not take place. Budesonide and budesonide 

oleate had respective concentrations 2- and 10–50-times greater in airway tissue than 

in muscle after intravenous administration in rats17. In contrast, a pilot study in humans 

suggested similar concentrations of budesonide and budesonide oleate in lung tissue18. 

In that study, tissue samples were collected for other purposes, and it is likely that those 

results were affected by less stringent sample handling and preparation problems.

This study is also the first to compare concentrations of budesonide and fluticasone 

propionate in human lung tissue. Fluticasone propionate has a considerably longer overall 

plasma half-life than budesonide after inhalation, but a review of randomized, double-

blind, controlled studies in patients with mild-to-moderate asthma concluded that the 

duration of action of fluticasone propionate was not sufficient to allow for once-daily 
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administration13. This appears to conflict with what might be expected on the basis of the 

results of the present study, in which measurable concentrations of fluticasone propionate 

were present in the lungs for 22 hours. In addition, Esmailpour and colleagues16 showed 

prolonged retention (for up to 21 hours) of fluticasone propionate in the lungs of 17 

patients undergoing lung resection. It is possible that the discrepancy between apparently 

prolonged airway retention and lack of 24-hour efficacy for fluticasone propionate may be 

related to the high lipophilicity of fluticasone propionate, which may cause only relatively 

small proportions of drug to be dissolved and absorbed into the airway tissue and by 

that be available for interaction with intracellular glucocorticoid receptors. Under this 

hypothesis, the major fraction of drug would remain undissolved and would be eventually 

cleared by mucociliary action. This requires further investigation, as analytical methods 

used to date do not distinguish between undissolved drug in the airway lumen and 

dissolved drug in the epithelial lining fluid that that can access intracellular glucocorticoid 

receptors. However, our data are clearly suggestive for the presence of undissolved 

fluticasone propionate, but not budesonide, drug powder particles in the airway lumen. 

The alternative explanation – that fluticasone propionate is present intracellularly in 

epithelial lining cells to a significantly greater extent than budesonide and its esters – 

would not be compatible with the much more rapid dissolution of budesonide19 and 

prompt intracellular esterification and retention of budesonide esters20.

Esmailpour and colleagues16 found that two of three patients with viscous mucus in 

the upper airways had very high concentrations of fluticasone propionate (approximately 

20 ng/g) in central lung tissue. Although in the present study it was not possible to obtain 

samples of bronchial lining fluid because of airway collapse after resection, bronchial 

brushings provided detectable concentrations of fluticasone propionate in six patients for 

up to 18 hours after inhalation, which is indicative of retention of undissolved drug powder 

in the airways. High variability of individual plasma concentration profiles of fluticasone 

propionate relative to those of budesonide in our study are indicative of variable rates of 

dissolution of fluticasone propionate in the airways. This is further supported by earlier 

findings showing that when dissolved fluticasone propionate was administered into the 

airways (human nose or rat trachea), its airway concentration declined much more rapidly 

than that of budesonide9,21.

Intracellular esterification is not observed with fluticasone propionate, but is specific for 

budesonide and ciclesonide11,14,22. Fatty acid conjugates of budesonide appear to form 

an intracellular depot of budesonide from which the drug is released over an extended 

period through the action of intracellular lipases. The presence of esterified budesonide 

in lung tissue over a prolonged period (up to 43 hours) in our study is in accordance with 

this hypothesis and would explain the prolongation of duration of action of budesonide 

over that expected from this drug’s general pharmacokinetics and moderate lipophilicity. 

The higher LOQ of parent budesonide in the tissue (1.25 pmol/g) than that of budesonide 
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esters (0.625 pmol/g) did not allow the concentration of parent budesonide to be 

followed beyond 10 hours after inhalation. However, the concentration of 1.25 pmol/g 

is more than double the value of in vitro affinity of budesonide for the glucocorticoid 

receptor (0.5 nmol/L)23, indicating that budesonide concentrations were high enough 

for 50% saturation of the glucocorticoid receptor in lung tissue for more than 10 hours. 

In vitro studies suggest that fatty acid conjugates of budesonide have very low affinity 

for glucocorticoid receptors24.

There were differences between the present study and previous findings in results 

pertaining to regional deposition of fluticasone propionate. Earlier results showed 

concentrations of drug in central lung tissue to be three to four times higher than those 

in peripheral lung samples16. This was not observed in the present cohort of patients, 

with individual data showing wide variation between patients and inhalation times. Only 

3 of 12 patients with detectable fluticasone propionate concentrations in both central 

and peripheral lung tissue has a central:peripheral ratio of >1.5. Factors playing a role 

here may have included differences in formulation (Esmailpour and colleagues16 used 

delivery via pressurized metered dose inhaler and spacer), differing definitions of central 

and peripheral tissue, and differences in quality of inhaler technique between studies.

The detection of budesonide, but not budesonide oleate or fluticasone propionate, in 

intercostal muscle tissue up to approximately 10 hours after inhalation is most likely to 

reflect redistribution from plasma. Higher initial plasma concentrations of budesonide 

and more rapid elimination relative to that of fluticasone propionate reflect the difference 

between the two drugs in terms of general pharmacokinetics such as a smaller volume of 

distribution and shorter elimination half life for budesonide10.

In this study, like in the previous lung tissue concentration studies with fluticasone 

propionate and budesonide15,16, only single doses were given of each steroid. It is not 

known to which extent repeated dosing would affect lung concentrations. Plasma levels 

of fluticasone propionate double after one week’s treatment as compared with a single 

dose10. For budesonide, accumulation is much more limited10, which further underscores 

the difference in pharmacokinetics between the two steroids. Whether the accumulation 

of fluticasone propionate in plasma after repeated dosing is a result of lung retention is 

not known, but is unlikely to be an important explanation since plasma half-life is virtually 

identical after inhalation as after intravenous dosing of the drug10.

The clinical relevance of these findings is underlined by the apparent effect of esterification 

on the duration of action of budesonide after inhalation. Accumulating data indicate 

that the esterification of budesonide investigated in the present study is responsible 

for the extended duration of action of the drug in the airways that permits once-daily 

administration in mild asthma, as summarised by Selroos and colleagues25.
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In conclusion, budesonide oleate is formed rapidly in vivo in human airways after 

inhalation of parent drug and is detectable in lung tissue for almost 2 days after a single 

inhalation. Esterification takes place intracellularly within the lungs, and the sustained 

action of budesonide is probably explained by this fatty acid conjugation. The presence of 

fluticasone propionate in lung tissue for up to 22 hours after inhalation appears to be the 

result of undissolved drug in the airway lumen not accessible to intracellular glucocorticoid 

receptors. Future research that might shed further light on these issues would include 

studies of extracellular and intracellular distribution of inhaled corticosteroids and their 

metabolites or conjugates, together with further study of central and peripheral lung 

deposition.
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Abstract

Severity of airflow limitation following cigarette smoking is related to increased numbers 

of cytotoxic CD8+ T-lymphocytes (CD8+TLs) in the lungs. These cells contain proteolytic 

granzymes that may contribute to tissue damage upon extracellular release. 

The present study investigated the relation between numbers of CD8+TLs containing 

granzyme B in peripheral airways, phenotypes of CD8+TLs in lung tissue and that of 

granzyme B levels in the airway lumen (induced sputum) to the degree of airflow 

limitation. Lung tissue was obtained after lobectomy from 27 subjects, mean FEV1 88% of 

predicted, 11 with COPD. Slides were co-immunostained for CD8 and granzyme B. In 10 

of these subjects lung mononuclear cells (LMC) were isolated and immuno-phenotyped 

by flow cytometry. 

The number of lung tissue granzyme B+ CD8+TLs and sputum levels of granzyme B were 

significantly correlated with FEV1 as % predicted (p ≤0.05). Flow cytometry revealed 

higher % CD8+ in LMC compared to peripheral blood lymphocytes (61% versus 44%, p 

= 0.078), a more activated phenotype (less CD45RA+: 16% versus 77%, p < 0.001) and a 

more differentiated phenotype (more CD45RO+CD28– : 31% versus 13%, p < 0.001). 

The relation between granzyme B+ CD8+TLs in airway mucosa and of granzyme B in 

sputum with the degree of airflow limitation suggests a contribution of extracellular 

granzyme B, released by CD8+TLs, to the development of COPD. 
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Introduction

Cigarette smoking is the most important cause of chronic obstructive pulmonary 

disease (COPD).1 To date it is not understood why only a minority of approximately 20% 

of all smokers develop COPD. It is likely that there is a genetic predisposition for the 

development of COPD,2 leading to a different inflammatory response in the airways to 

irritants such as cigarette smoke and ultimately to irreversible airway wall remodelling 

(obstructive bronchitis) and tissue destruction (emphysema) in susceptible individuals. In 

the latter, the inflammation may become self-perpetual,3;4 since both inflammation and 

enhanced decline in lung function largely persist after a long period of sustained quitting 

smoking.5-7 

Neutrophils and their activation products, abundantly present in sputum and 

bronchoalveolar lavage of patients with COPD,8 are considered to play an important role in 

the destruction of pulmonary tissue by the release of proteases, such as neutrophil elastase 

(NE). The role of other potential effector cells such as cytotoxic T-lymphocytes in airway 

inflammation and the development of structural changes leading to COPD is less well 

defined.9 Effector CD8+ T-lymphocytes (CD8+TLs) can permeabilize and induce apoptosis 

of target cells by specialized granules containing cytotoxic proteins such as perforins and 

granzymes. Perforins are able to create transmembrane pores through which granzymes 

are released into target cells leading to apoptotic cell death. Granzymes, however, can 

also affect pulmonary extracellular matrix by degrading collagen.10 In several studies, 

the number of cytotoxic CD8+TLs present in the mucosa of large as well as small airways 

of (ex-)smokers were found to be related to the severity of airflow limitation,9;11 and 

upon cessation of smoking, CD8+TL numbers decreased.6 Treatment with fluticasone/

salmeterol simultaneously reduced CD8+TL numbers in the airways and improved COPD 

clinically.12 Sputum from smokers with COPD contained more CD8+TLs than sputum from 

smokers without COPD, more of these CD8+TLs expressed perforin and ex-vivo they 

displayed a higher cytotoxic potential.13 Altogether, these data suggest that CD8+TLs and 

therefore their proteolytic enzymes may contribute to tissue remodelling in smokers with 

COPD. This may be exerted by inducing excessive apoptosis of matrix cells and/or upon 

extracellular “leakage” of enzymes, leading to destruction of the extracellular matrix.14 

It was hypothesized that in smokers with COPD CD8+TLs contribute to tissue remodelling 

and subsequent airway obstruction through the action of granzymes. To support this 

hypothesis a transversal study was performed in which granzyme B containing CD8+TLs 

in the mucosa of peripheral airways were quantified and free granzymes were assessed 

in sputum of current and ex-smokers. These data were related to the degree of airflow 

limitation as FEV1 in % predicted, as a measure for the degree of tissue remodelling. In 

addition, in a subgroup, the phenotype of tissue-residing CD8+TLs isolated from total lung 

tissue homogenate was compared to that from isolated peripheral blood lymphocytes.
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Methods 

Subjects and study design

Written informed consent was obtained from all patients and the study was conducted 

according to the declaration of Helsinki and after approval by the local medical ethics 

committee. Enrolled were patients who had no history of asthma, no significant 

co-morbidity or recent systemic glucocorticosteroid treatment, nor any sign of an 

airway infection in the preceding 2 weeks and who were scheduled for lobectomy for a 

small localized peripheral tumour. Standard pre- and post-bronchodilator lung function 

measurements15 were performed, post-bronchodilator data were used in the analyses. 

The Clinical COPD Questionnaire (CCQ) was used to assess health status.16 The day before 

the operation an induced sputum sample was obtained for a leukocyte differential count 

and assessment of soluble inflammatory markers and a blood sample was obtained for a 

differential leukocyte count. 

Biopsy, immunostaining of lung tissue and flow cytometry

From the lung tissue remaining after pathology assessments a large block of tissue, 

distinct from the tumour, was cut and laminated for visual inspection. In a subgroup, 

a remaining block of approximately 1.5 cm3 was removed for isolation of lung 

mononuclear cells for flow cytometry (see below). Preservation of the larger block was 

started with infiltration of formalin by needle and syringe to preserve tissue structure, 

before overnight preservation in formalin. The next day 6 sub-pleural tissue blocks of 

approximately 2x2x0.5 cm were cut and imbedded in paraffin. Consecutive sections of 

5 μm were stained with either hematoxylin-eosin, antibodies to CD3 (DAKO /M7254 

(DAKO, Glostrup, DK), CD4 (Neomarkers MS-1528-S), CD8 (DAKO /M7103), CD68 

(DAKO /M876), Elastase (DAKO /M752) or double-stained to CD8 (DAKO C8/144B) and 

Granzyme B (GRB-7 (Monosan, Uden, NL). At least 5 airways (diameter maximally 2 mm) 

were investigated quantitatively, representing a surface of mucosa which had in total 

approximately 5 mm length of basement membrane.17 The surface of the epithelium and 

of the sub-epithelium and the length of the basement membrane were calculated from 

digital photographs, made through a Leica microscope at 200 x magnification connected 

to a Roper Coolsnap digital camera and processed using Image Pro Plus 5.0 software. The 

number of positively staining cells was expressed per mm2 surface of the airway mucosa, 

being the sum of the epithelium and the sub-epithelium. To decrease variability,17 the 

total number of cells and the total area in all assessed airways from a patient were used 

to calculate the number of cells per mm2. The slides were analysed in a blinded fashion, 

without knowledge of the clinical condition of the patient.

Lung mononuclear cells (LMC) were isolated as described previously.18 In brief: the tissue 

block was sliced into about 1 mm3 pieces and incubated with DNAse and thereafter 
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collagenase. After homogenisation, density gradient centrifugation yielded approximately 

107 LMC per patient. Peripheral blood mononuclear cells (PBMC) were obtained by density 

gradient centrifugation of heparinised venous blood samples. Erythrocyte counts of the 

cell suspensions were always <5%. For the flow cytometric analyses PBMC and LMC 

(0.5x106 cells) were incubated with anti-CD3-APC (BD Pharmingen, San Jose, CA, USA), 

anti-CD4-PerCP (BD), anti-CD8-PerCPCy5 (BD), anti-CD16-FITC (Sanquin, Amsterdam, The 

Netherlands), anti-CD27-FITC (Sanquin), anti-CD28-PE (BD), anti-CD45RA-PE (Coulter), 

anti-CD45RO-RPECy5 (BD) and anti-CD56-FITC (BD). Cells were labelled and washed 

with buffer according to manufacturers instructions. Intracellular granzyme B staining 

was performed by incubating 0.5x106 cells with the appropriate cell surface antibody-

fluorochrome, washing, fixation and permeabilisation (Fixation/Permeabilisation solution, 

BD) and incubation with anti-granzyme-B-PE (Sanquin) antibodies. 

Sputum induction and analysis of sputum

Sputum was induced and analysed as described previously.19 In brief, after inhaling a 

β2-agonist, hypertonic saline (subsequently 3%, 4% and 5%) was inhaled during three 

periods of 5 minutes or until an adequate sample of minimally 1 ml was obtained. After 

careful mouth-rinsing and nose-blowing, sputum was collected and the whole sample 

liquefied on ice with an equal volume of 10 mM dithiotreitol. Cytospins were prepared 

for differential counts after staining with Jenner-Giemsa and Diff Quick. Differential cell 

counts were performed in minimally 500 non-squamous cells. Liquified sputum samples 

were stored at -80°C until analysis. Soluble inflammatory markers were measured, 

investigating neutrophilic inflammation (myeloperoxidase (MPO) and interleukin (IL)-8), 

eosinophilic inflammation (eosinophil cationic protein (ECP)), proteolytic enzymes 

(neutrophil elastase (NE), granzyme A and granzyme B) and respiratory membrane 

permeability (the level of α2-macroglobulin (A2M) in sputum). NE was determined by 

sandwich ELISA using a polyclonal rabbit antihuman elastase IgG with a detection limit 

of 0.1 ng/ml (performed by the group of Prof. P.S. Hiemstra, Leiden, The Netherlands),20 

granzyme A and granzyme B were measured by ELISA (Sanquin, the Netherlands), both 

with a lower limit of quantification of 4 pg/ml. Sputum samples with 80% or more 

squamous cells were excluded.21 

Statistical analysis

Biopsy data and data from flow cytometry showed a normal distribution, but all sputum 

data showed a non-normal distribution (skewness >1) which generally disappeared 

after logarithmic transformation (except % neutrophils). A patient was considered to 

have COPD when postbronchodilator FEV1/FVC was <0.70.1 The number of granzyme 

B+ CD8+TLs per mm2 in the immunostaining was calculated from the % of CD8+ cells 

staining positive for granzyme B in the double staining and the number of CD8+TLs per 

mm2 in the separate immunostaining for CD8. Levels of granzyme B below the detection 

limit were set at 2 pg/ml, being half the lower limit of detection. Student’s t-test and 

149



the non-parametric Mann-Whitney U test were used for comparisons and Pearson’s r 

for correlations. Two-sided p-values ≤0.05 were considered statistically significant. SPSS-

PC version 14.0 was used for the statistical analyses. No power analysis was performed 

beforehand since the present study had primarily an explorative nature.

Results

Twenty-seven patients were enrolled, from November 2001 to January 2005. One patient 

could not produce a sputum sample and four patients produced sputum samples with 

>80% squamous cells, which were not used further. From 8 patients insufficient lung 

tissue was available for immunostaining, therefore, biopsy data is shown for 19 patients 

of whom 18 had valid sputum. Flow cytometry of both lung tissue cells and of PBMC 

could be performed in 10 of these 19 patients. Demographic data of the subgroups with 

data from immunostaining (n=19) and flow cytometry (n=10) were comparable to those 

of the total group (n=27, Table 1). 

The patients were predominantly male and middle-aged and had a broad range in 

smoking history. Of the 27 patients, 7 patients (26%) were known with a clinical diagnosis 

Table 1. Demographic data

All 
patients

Immunostaining 
subset

Flow cytometry 
subset

Number (Males / Females) 22 / 5 16 / 3 9 /1 

Age (y) 64.5 (46 – 80) 61.6 (46 – 77) 62. 9 (46 – 77)

Body Mass Index (kg/m2) 25.6 (17 – 34) 25.5 (17 – 34) 24.9 (17 – 34)

Ex- / Current smoker 14 / 13 10 / 9 5 / 5

PackYears 34.3 (1 – 80) 33.1 (1 – 80) 28.5 ( 1 – 50)

FEV1 (L) 2.65 (1.36 – 4.24) 2.80 ( 1.50 – 4.24) 2.96 (1.72 – 4.24)

FEV1 (% of predicted) 87.7 (48 – 127) 88.3 (48 – 127) 90.3 (71 – 127)

FEV1/FVC 0.68 (0.34 – 0.88) 0.69 (0.34 – 0.88) 0.70 ( 0.45 – 0.85)

Reversibility in FEV1 (% predicted) 2.0 (-12 – 10) 1.0 (-12 – 10) 1.9 ( -2.1 – 7.4) 

FEF50 (% of predicted) 57.2 (14 – 133) 63.8 (29 – 133) 65.1 (29 – 133)

Dco (% of predicted) 73.1 (40 – 110) 73.9 (40 – 110) 80.3 (54 – 110)

CCQ 1.0 (0.0 – 3.9) 1.1 (0.0 – 3.6) 0.9 (0.4 – 2.1)

COPD present ( yes /no ) 11 / 16 8 / 11 5 / 5

GOLD stage ( 1 / 2 / 3 ) 1 / 9 / 1 1 / 6 / 1 1 / 4 / 0

Data presented as numbers or as mean (range); lung function data are post-bronchodilator; FEV1: 
forced expiratory volume in the first second; FVC: forced vital capacity; FEF50: forced expiratory flow 
at 50% of FVC; Dco: carbon monoxide diffusion coefficient; COPD: chronic obstructive pulmonary 
disease, based on FEV1/FVC <0.70; GOLD: global initiative for COPD.
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of COPD but in total 11 patients (41%) had a FEV1/FVC ratio <0.7 and were thus classified 

as having COPD. The group of patients with COPD was slightly older (66 versus 63 years) 

and had somewhat higher mean number of packyears than the group without COPD 

(41 versus 30). For the study population as a whole, mean FEV1 was 88% of predicted, 

mean FEF50 was 57% of predicted and mean Dco was 73% of predicted. The number 

of packyears was inversely correlated with lung function, significantly for FEV1 as % of 

predicted ( r = -0.53, p = 0.015) and for FEF5075 as % of predicted (r = -0.50, p = 0.009), 

and tended to do so for Dco as % of predicted (r = -0.44, p = 0.062).

Immunostaining and flow cytometry

The results of the immunostaining are shown in Table 2, immunostaining for CD8+ and 

the co-immunostaining from three patients is shown in the Appendix. The number of 

CD8+TLs in the airway mucosa tended to be higher in patients with COPD, compared 

to those not having COPD (mean 386 versus 250 cells/mm2, p = 0.067). The number of 

CD8+TLs per mm2 was significantly correlated with FEV1 as % of predicted (r = -0.55, p 

= 0.015), but did not differ between current and ex-smokers (315 versus 300 per mm2, 

p = 0.84) and was not related to the number of packyears (r = 0.08, p = 0.76). Similar, 

the number of granzyme B+ CD8+TLs per mm2 tended to differ between smokers with 

and without COPD (80 versus 40 per mm2, p=0.061) and showed a significant relation 

to FEV1 as % of predicted (r = -0.46, p = 0.050, Figure 1). The number of granzyme B+ 

CD8+TLs did not differ between current and ex-smokers (65 versus 50 per mm2 p = 0.51) 

and was not related to the number of packyears (r = 0.15, p = 0.54).

The number of NE+ cells in the airway mucosa was not different in smokers with or 

without COPD (408 versus 307 per mm2, p=0.49), was not related to FEV1 as % of 

Table 2 Results from immunostaining

All patients COPD (N=8) No COPD (N=11) p-value

Surface (mm2) 0.608 (0.199) 0.528 (0.210) 0.666 (0.177) 0.14

Basement membrane (mm) 6.55 (1.40) 6.02 (1.58) 6.93 (1.19) 0.17

CD3+ cells (/mm2) 569 (252) 646 (255) 513 (246) 0.27

CD4+ cells (/mm2) 348 (208) 351 (204) 345 (220) 0.96

CD8+ cells (/mm2) 307 (161) 386 (188) 250 (116) 0.067

CD68+ cells (/mm2) 439 (281) 452 (309) 430 (275) 0.87

NE+ cells (/mm2) 350 (299) 408 (430) 308 (164) 0.49

CD4+ / CD8+ ratio 1.45 (1.11) 1.19 (0.78) 1.65 (1.36) 0.40

CD8+ / CD3+ ratio 0.60 (0.52) 0.67 (0.43) 0.54 (0.23) 0.40

Granzyme B+ CD8+ cells (%) 17.7 (16.6) 18.8 (6.2) 16.9 (9.0) 0.61

Granzyme B+ CD8+ cells (/mm2) 56.8 (46.5) 80.0 (61.9) 40.0 (21.6) 0.061

Data presented as mean (SD); n=19 patients (8 with and 11 without COPD); p-values from t-test; 
COPD: chronic obstructive pulmonary disease, based on FEV1/FVC <0.70
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Table 3. Flow cytometry analysis of lung mononuclear cells and of peripheral blood mononuclear 
cells 

Lung Blood p-value

CD3+ * 65.8 (13.4); 42 – 88 79.4 (9.8); 55 – 90 0.006

CD4+ * 34.7 (11.4); 22 – 64 52.2 (9.5); 41 – 66 0.002

CD8+ * 31.0 (9.1); 18 – 50 24.2 (10.0);11 – 42 0.017

CD4+ /CD8+ 1.21 (0.55); 0.6 – 2.6 2.66 (1.57);1.0 – 6.3 0.016

NK+ * 16.5 (9.0); 2 – 30 13.1 (7.7); 3 – 33 0.20

Granzyme B+ as % of CD8+ 60.9 (18.3); 34 – 88 43.7 (17.2); 8 – 67 0.078

CD45RA+ as % of CD8+ 15.6 (8.8); 3 – 29 76.5 (9.4); 60 – 89 <0.001

CD45RO+CD28- as % of CD8+ 30.8 (8.8); 10 – 40 13.0 (6.9): 2 – 24 <0.001

data from 10 patients (5 with COPD and 5 without), expressed as mean (SD); range; *: as % of 
cells within mononuclear cells; NK cells as CD16+CD56+ cells; p-values from paired t-tests for lung 
versus blood cells.

predicted (r = -0.16, p = 0.53) and was not significantly different in current smokers 

versus ex-smokers (312 versus 384 per mm2, p=0.61). The number of NE+ cells did not 

correlate statistically significant with the number of packyears (r = 0.42, p = 0.075).

In the 10 patients (5 with and 5 without COPD) from whom tissue samples were adequate 

for the isolation of LMC, the % of CD8+ cells within total LMC was statistically significant 

higher than in PBMC (31% versus 24%, p = 0.017, Table 3). The % of granzyme B+ 

cells within CD8+TLs was numerically, but not statistically significant, higher in lung 

compared to blood (61% versus 44%, p = 0.078. Figure 2). Also, lung CD8+TLs had 

a more differentiated phenotype (higher % of CD45RO+CD28-) and a more activated 

phenotype (lower % CD45RA+) than those in blood (31% versus 13%, p = 0.005 and 

16% versus 77%, p = 0.005, respectively for LMC versus PBMC, Figure 2).

Figure 1. Relation of number of 
Granzyme B+ CD8+ T-lymphocytes per 
mm2 airway mucosa with FEV1 (as 
% of predicted normal) in 9 current 
smokers (circles) and 10 ex-smokers 
(triangles): r = -0.46, p = 0.050. 
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Notwithstanding the differences in the mean % of granzyme B+ CD8+TLs from 

immunostaining and from flow cytometry of LMC (18% versus 61%), and despite the 

small number of data pairs (10), within the same patient these percentages correlated 

quite well (r = 0.65, p = 0.040).

Sputum analysis

The results of the sputum analysis are shown in Table 4. Sputum differential cell counts 

showed, as expected in this sample of (ex)smokers, a high proportion of neutrophils 

(median 84%) and low proportions of both eosinophils (median 0.5%) and lymphocytes 

(median 0.8%). There were no significant differences in sputum inflammatory parameters 

between smokers with and without COPD. However, sputum granzyme B levels were 9-fold 
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Figure 2. Proportion of CD8+ lymphocytes in peripheral blood and in lung tissue cells being granzyme 
B+, CD45RA+ and CD45RO+CD28-.

 

  

Figure 3. Relation of sputum granzyme 
B levels with FEV1 (as % of predicted) 
in 12 current smokers (circles) and 10 
ex-smokers (triangles): r = -0.45, p = 
0.037. Samples with undetectable low 
values have been arbitrarily assigned 2 
pg/ml, being the lower limit of detection 
(dashed line). 
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higher in smokers with COPD, compared to those without COPD (p=0.16) and granzyme 

B levels had a significant relation with FEV1 as % of predicted (r = -0.45, p = 0.037, Figure 

3). Granzyme B levels were not different in the current versus the ex-smokers (p=0.69) 

and were not related to the number of packyears (r = 0.18, p = 0.43). Granzyme A was 

detectable in 10 sputum samples only and the two-fold difference between patients with 

or without COPD was not statistically significant (97 versus 47 pg/ml, p = 0.12).

There was no significant correlation between the numbers of granzyme B+ CD8+TLs in 

airway mucosa and the content of granzyme B in sputum (r = 0.05, p = 0.84).

Table 4. Data from analysis of induced sputum and blood 

Sputum All 
patients

COPD 
(n=9)

No COPD
(n=13)

p-value

Total Cell Count (106/g sputum) 2.33 (0.57 – 10.6) 2.79 (0.75 – 10.6) 2.30 (0.57 – 7.17) 0.27

Squamous cells (%) 29 (1 – 79)  27 (8 – 71) 31 (1 – 79) 0.76

Total Cell Count (nonsquamous) 
(106/g sputum)

1.55 (0.30 – 6.45)  2.51 (0.30 – 6.31) 1.31 (0.32 – 6.45) 0.37

Neutrophils (%) 84.4 (19.1 – 98.1)  72.2 (19.2 – 93.2) 86.6 (59.5 – 98.1) 0.13

Eosinophils (%) 0.5 (0 – 12.7)  0.5 (0.1 – 12.7) 0.4 (0 – 10.3) 0.40

Lymphocytes (%) 0.8 (0 – 6.1)  0.7 (0.3 – 3.3) 0.8 ( 0.1– 6.1) 0.66

Macrophages (%) 14.5 (1.8 – 77.5)  15.4 (5.2 – 77.5) 11.1 (1.8 – 30.9) 0.27

Neutrophils (106/g sputum) 1.27 (0.19 – 5.99)  1.30 (0.21 – 5.88) 1.25 (0.19 – 5.99) 0.82

Lymphocytes (106/g sputum) 0.016 (0 – 0.16)  0.017 (0 – 0.16) 0.014 (0 – 0.10) 0.76

MPO (μg /ml) 2.6 (0.4 – 45.9)  2.8 (0.4 – 45.9) 2.4 (0.4 – 17.0) 0.57

IL-8 (ng/ml) 3.5 (0.2 – 90.1)  3.9 (0.5 – 90.1) 3.5 (0.2 – 46.9) 0.37

ECP (ng/ml) 69.3 (7.4 – 12000) 62.8 (23.6 –  12000) 71.0 (7.4 – 890) 0.66

A2M (μg/ml) 2.33 (0.2 – 13.3) 3.20 (0.4 – 13.3) 2.13 (0.2 – 5.4) 0.10

Neutrophil Elastase (ng/ml) 417 (45 – 24500)  485 (45 –24500) 417 (59 – 5520) 0.61

Granzyme A (pg/ml) 51.5 (5 – 498)  97 (7 – 498) 47 ( 5 – 70) 0.12

Granzyme B (pg/ml) 28 (2 – 7240)  203 (2 – 7240) 23 (2 – 230) 0.16

Peripheral Blood

White blood cell count (109/l) 8.2 (2.5) 8.1 (2.4) 8.3 (2.6) 0.85

% neutrophils 62.9 (10.5) 58.6 (10.1) 66.3 (10.0) 0.13

% eosinophils 1.5 (1.0) 1.7 (1.0) 1.4 (1.0) 0.56

% lymphocytes 26.2 (8.6) 27.5 (8.6) 25.2 (9.0) 0.59

neutrophils (109/l) 5.0 (1.9) 4.3 (1.3) 5.6 (2.2) 0.15

eosinophils (109/l) 0.13 (0.11) 0.13 (0.11) 0.13 (0.12) 0.95

lymphocytes (109/l) 2.0 (0.7) 2.1 (1.0) 2.0 (0.5) 0.79

Data presented as median (range) from 22 patients for sputum (9 with and 13 without COPD) and as mean 
(SD, range) in n=27 for blood (11 with and 16 without COPD); p-values from Mann-Whitney U tests for 
sputum parameters and from t-tests for peripheral blood parameters.  
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Discussion 

We investigated the relation between the numbers of granzyme B positive CD8+TLs in 

the walls of small airways, and the concentration of free granzymes in induced sputum, 

in samples of ex- and current smokers with a variable number of packyears on the one 

hand, and the degree of airflow limitation, quantified as postbronchodilator FEV1, on the 

other. Our most remarkable finding was an unique and strong correlation between the 

sputum levels of extracellular granzyme B and FEV1. In addition, a similar correlation was 

present between FEV1 and the number of CD8+TLs containing granules with granzyme B 

in the airway mucosa. Interestingly, no such relationships were observed for neutrophils 

and neutrophil elastase, suggestive of a more prominent role of granzymes in tissue 

destruction in COPD.

Previous observations that the density of CD8+TLs in the mucosa of both central and 

peripheral airways is related to the severity of airflow limitation in smokers,9;11 has led 

to the hypothesis that these cells are involved in the pathogenesis of COPD. However, 

the underlying mechanisms have not been fully elucidated. Recent data suggest that 

COPD has an autoimmune component3;4 and CD8+TLs have a well established role in 

the pathogenesis of autoimmunity.22 CD8+TLs do contain granzymes which, during 

the cognate interaction between the CD8+TL and their target cell, are released into the 

cytoplasm of the target cell. Here, however, we found high amounts of extracellular 

granzyme B in sputum, which may have been spilled over during the interaction of 

CD8+TLs with their target cells, or which may have been released directly by CD8+TLs by 

an unknown mechanism. It has been recognized that free granzyme B can contribute to 

tissue remodelling by proteolytic degradation of collagen and proteoglycans.10;23;24 Also, 

a number of cell surface receptors (i.e. protease activated receptors) can be cleaved by 

proteinases, which may trigger inflammatory processes.25 Together, these data point to 

granzyme B as a potential orchestrator of inflammation and remodelling.26;27 In view of 

the current findings it will be important to determine whether this extracellular granzyme 

B is enzymatically active in COPD. Taking previous and our data on the phenotype of 

pulmonary CD8+TLs into account, it appears that the extracellular granzyme B in sputum 

originates from the activated and differentiated cytotoxic CD8+TLs located within the 

mucosa of peripheral airways. Another potential source for granzymes are NK cells, 

although we observed almost no granzyme B staining outside the CD8+TLs, i.e. besides 

some in type II alveolar cells (data not shown) as observed previously.28 In the present 

and in a previous study, however, NK cells were found in markedly lower numbers than 

CD8+ cells.29 In comparison to our flow cytometry data for total lung mononuclear cells, 

our immunostaining of the airway mucosa underestimated (18 vs. 61%) the fraction 

of CD8+TLs being granzyme B positive, which may hold for NK cells and explain why 

granzyme B+ NK cells remained unrecognised.
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Our data adds to previous observations on granzymes and cytotoxicity in airway samples 

in the context of the pathophysiology of COPD, such as higher granzyme B levels in 

bronchoalveolar lavage fluid  being related to the apoptosis of bronchial epithelial 

cells.30 Since lymphocytes require perforins for the intracellular release of granzymes 

to exert cytotoxic effects, the recent observation that airway-derived lymphocytes of 

COPD patients express more perforins than those of healthy smokers, supports the 

aforementioned data with respect to granzyme B.31 Further support for the role of 

granzymes comes from the observation that at the alveolar level, type II pneumocytes 

of patients with very severe COPD contain larger amounts of granzyme A than those 

of ex- and current smokers without COPD.28 Contrary to our findings with respect to 

CD8+TLs, in that study no increase in tissue granzyme B expression was found in severe 

COPD patients. The precise role of the proteases such as the granzymes and NE in the 

pathophysiology of the different phenotypes of COPD remains to be elucidated.

It must be acknowledged that our sample of smokers with a lung carcinoma may 

represent a special phenotype, limiting the extent to which our data can be generalized. 

A large proportion (41%) could be classified as having COPD on the basis of lung function 

criteria (GOLD), and 26% had a clinical diagnosis of COPD,   both larger proportions than 

the 20% usually referred to.1 In addition, we found the number of NE+ cells in the airway 

mucosa to be only slightly higher than that of CD8+ cells, while findings in a previous 

study suggested a more outspoken presence of NE+ cells.29 In our opinion it is unlikely 

that the more prominent presence of CD8+ cells in the airway mucosa in our patients 

was related to the presence of the tumour, since the tissue samples were taken far away 

from the tumour location, and there was no diffuse infiltration of the lung tissue with 

lymphocytes, but rather increased presence of these in the airway mucosa. In addition, 

we found no relationship between airflow limitation and either airway neutrophilia or 

sputum NE in contrast to CD8+TLs and granzyme B.

The results of our flow cytometry analysis of total lung mononuclear cells must be 

interpreted with caution due to the low numbers of subjects, precluding for instance 

comparison of data between subjects with or without COPD. The data mainly allowed 

a within-subject comparison between the phenotypic analysis of blood and lung-derived 

mononuclear cells, showing that lung derived cells have a more activated and differentiated 

phenotype, and a trend towards a higher percentage of Granzyme B+ CD8+TLs. A 

potential advantage of flow cytometry analysis is a more detailed phenotyping of lung 

residing lymphocytes. A disadvantage of our current approach is that cell numbers can 

not be expressed per unit of tissue volume or weight, additionally, the exact location of 

residence of the lymphocytes is unknown. However, In the tissue slides we analysed, 

only few CD8+TLs were observed outside the airway walls, in accordance with the higher 

density of these cells in the airway mucosa compared to alveolar walls, as reported by 

others.11;32 That indicates that the majority of lung tissue isolated CD8+TLs originated from 
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the airway mucosa. Support for this can be found in the observed correlation between 

the % of granzyme B+ positive CD8+TLs in the immunostaining versus flow cytometry. 

In view of the latter, in future studies of this kind it may be worthwhile to combine 

immunostaining with flow cytometry analyses to allow more in depth phenotyping of 

tissue-residing T cells.

Due to the cross-sectional design of our study, no definite conclusions on cause and effect 

relationships may be drawn. More direct evidence can be obtained from longitudinal 

studies in smokers at risk showing that specific inflammatory changes precede the 

development of airflow limitation. That we found no relationship between CD8+TLs 

and granzyme B in sputum versus smoking history argues in favour of a contribution 

of these elements of airway inflammation in smokers to the pathophysiology of COPD. 

Although we found very high concentrations of granzyme B in sputum of some patients 

and a significant relationship with FEV1, there was a wide between-patient variability, 

underscoring the heterogeneity in COPD phenotypes. In this respect, in future studies 

sputum granzyme concentrations and the proteolytic activity of the granzymes need to 

be determined at multiple time points, for example in sputum samples in order to get a 

better impression of the relationship with the clinical course of COPD patients.

In conclusion, we found an association between, in some cases large amounts of, free 

granzyme B within the airways as well as numbers of granzyme B+ CD8+ T-lymphocytes 

in the mucosa of small airways and airflow limitation in a specific sample of smokers, 

suggestive for a cause and effect relationship.
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Results of immunostaining for CD8 
and in a double staining for CD8 
and granzyme B in three subjects

Appendix





Supplementary figures

Figure A1. Top: immunostaining for CD8 (dark brown). Bottom: immunostaining for CD8 (blue) 
and granzyme B (red). Material from a patient with COPD (54 years, male, current smoker, 45 
packyears, FEV1 71 % of predicted, mean 571 CD8+ T-lymphocytes per mm2, mean 30% of CD8+ 
T-lymphocytes was granzyme B+).
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Figure A2. Top: immunostaining for CD8 (dark brown). Bottom: immunostaining for CD8 (blue) 
and granzyme B (red). 
Material from a patient with COPD (65 years, male, current smoker, 30 packyears, FEV1 48 % 
of predicted, mean 655 CD8+ T-lymphocytes per mm2, mean 30% of CD8+  T-lymphocytes was 
granzyme B+).
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Supplementary figures

Figure A3. Top: immunostaining for CD8 (dark brown). Bottom: immunostaining for CD8 (blue) 
and granzyme B (red). 
Material from a patient without COPD (70 years, male, ex-smoker, 17 packyears, FEV1 114 % 
of predicted, mean 183 CD8+ T-lymphocytes per mm2, mean 17% of CD8+ T-lymphocytes was 
granzyme B+).
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General Discussion

Inflammation and chronic obstructive pulmonary disease

The mechanisms involved in the development of chronic obstructive pulmonary disease 

(COPD) are still not well-understood and there is no real cure of COPD to date.1 The 

studies, described in this thesis have added further knowledge on the best use of 

induced sputum to assess airway inflammation in COPD non-invasively, on the way CD8+ 

T lymphocytes contribute to the pathophysiology of COPD, on the anti-inflammatory and 

clinical effects of inhaled corticosteroids and on the relation between the latter two.

Similar to previous observations, in the present studies the magnitude and nature of the 

inflammatory reactions in the airways of smokers and of patients with COPD were found 

to be related to the degree of airflow limitation. It must, however, be kept in mind that this 

way of classification of severity, solely on the FEV1 as % of predicted may underestimate 

the rate of decline in airflow limitation in relatively young subjects, since a FEV1 of 60% 

at an age of 45 indicates a more rapid decline compared to the same 60% in subjects 

aged 70. Within this limitation, in the studies in this thesis, FEV1 as % of predicted was 

found to be correlated with the % of neutrophils in induced sputum (Chapter 2), with 

the number of CD8+ T-lymphocytes in airway mucosa and with the level of granzyme B 

in sputum (Chapter 7 for the latter two). These associations do not provide proof for a 

cause (inflammation) - effect (low FEV1) relationship. Direct evidence of such a kind can 

only be obtained in prospective, longitudinal studies in subjects at risk (i.e. smokers) 

or patients with established COPD, looking for (changes in) inflammatory parameters 

that precede or predict the (further) development of airflow limitation. Within such a 

design also the rate of decline in FEV1 may be estimated, accommodating the other 

limitation mentioned above. More indirect evidence should also come from intervention 

studies focusing on simultaneous changes in clinical and inflammatory parameters,2 for 

example as was recently shown for surfactant protein D.3 In the small-sized budesonide 

intervention study, described in Chapter 2, no relation between baseline inflammatory 

characteristics and clinical effects of 6 months’ treatment with inhaled budesonide 

was observed. Nevertheless, despite the small size of that study, improvements in lung 

function and in some inflammatory parameters went in parallel. Statistically significant 

relationships were found for sputum % eosinophils, IL-8 and ECP (for % eosinophils 

shown in Figure 1 below). 
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The exact mechanisms behind these clinical effects of inhaled budesonide (as improvement 

in FEV1) are not completely known, but possibly include a reduction of airway edema due 

to vasoconstriction, an improvement in the barrier function of the airway epithelium 

leading to reduced permeability, and especially a reduced influx of inflammatory cells 

(such as eosinophils) towards the airway mucosa. 

While designing and performing the budesonide treatment study, presented in Chapter 

2, several other clinical studies were published, investigating the effect of inhaled 

corticosteroids on inflammatory parameters in COPD.4-7 The results in these studies were 

partly confirmed by the findings in the study in Chapter 2 and partly showed conflicting 

data. A later meta-analysis of several short-term studies concluded some effect on 

sputum eosinophil numbers and sputum neutrophil numbers.8 In the two largest studies, 

analyzing both induced sputum and bronchial biopsies, reduced inflammatory cell 

numbers (especially lymphocytes) in the airway mucosa were observed, and some effects 

were observed on inflammatory parameters in sputum (reduced numbers of neutrophils 

and eosinophils).6;7 It is tempting to conclude that these effects of inhaled corticosteroids 

on inflammation and on clinical outcomes have a cause - effect relationship, but proof 

for this is lacking. 

Clinical effects of corticosteroids in COPD

Simultaneous with the conduct of the studies in this thesis, other studies were published, 

investigating lung function in COPD patients during treatment with inhaled corticosteroids. 

These studies showed that such treatment is firstly capable of improving lung function 

during the first few months of treatment and secondly of partly affecting the long term 

decline in lung function.9;10 This latter effect was later estimated to be approximately 

one third of the additional COPD- or smoking-related decline on top of the physiological 

age-related decline.11;12 Inhaled corticosteroid treatment was also shown to affect the 

incidence of COPD exacerbations10 and was suggested to affect long-term mortality in 

COPD.13;14 

There is a strong heterogeneity in the effects, observed in the series of published clinical 

studies with inhaled corticosteroids in COPD. A few of the possible explanations for this 

heterogeneity (discussed in more detail below) are: the dose of the inhaled corticosteroids 

may have been too low; the inhaled drug did not reach the lower airways; there was 

an imbalance in the ratio of the active and inactive isoforms of the glucocorticosteroid 

receptor in the airways; the patient group was too small, too heterogeneous or not well-

characterized; the study design led to selective withdrawal of treatment-responding 

patients; certain selection criteria (such as absence of reversibility) restricted the inclusion 

of responding patients; or the treatment duration was too short to show an effect on 

long-term decline in lung function. Obviously, one extreme ultimate explanation could also 

be that the complex inflammatory processes in COPD which lead to tissue destruction, 
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may actually be (almost) completely unresponsive to corticosteroid treatment, and the 

occasional positive findings occurred by chance alone.

Clinically, COPD is a heterogeneous syndrome with multiple phenotypes. During the 

past few years it has become evident that these different phenotypes may respond 

differently to treatments. By studying unselected or poorly characterized patients the risk 

of inconclusive results is increased. Thus, the beneficial effects in a certain “responding” 

subgroup of COPD patients can be obscured by lack of effect in a larger subgroup of 

non-responders. For example, in clinical studies with corticosteroids the concomitant 

treatment is restricted, and the use of other corticosteroids is usually temporarily stopped. 

When this corticosteroid treatment had an effect in some patients, withdrawal of 

previous medication can lead to disease deterioration, followed by withdrawal from the 

study and consequently to a biased patient population of predominantly non-responders 

in the remaining participants in the intervention study.15 This may have affected the 

results of the study in Chapter 2 as explained in Chapter 5. Also, strict inclusion criteria 

concerning reversibility in airflow obstruction will have excluded those patients with 

some concomitant asthma, but will also have excluded those patients who clinically 

improved after inhaled corticosteroid treatment, as can be concluded from the study in 

Chapter 2. Obviously, lack of knowledge on variability of all clinical outcome parameters 

in the study population and especially an underestimate of this variability will have led 

to underpowered studies. The study in Chapter 2 may have been underpowered for the 

detection of effects on sputum eosinophilia, since the study size was determined for the 

detection of an effect on sputum neutrophils. 

In an early meta-analysis of the corticosteroid studies in COPD, available at the time 

of starting the studies in this thesis, it was suggested that the dose of the inhaled 

corticosteroids in COPD could have been too low in a number of studies.16 The dose which 

was considered to be clinically effective was assumed to be at least 800 μg budesonide 

per day or an equivalent dose of other corticosteroids. A higher dose was expected to 

give adverse effects on the long term, and therefore the dose of budesonide applied in 

later long-term studies as well as in the study in this thesis (Chapter 2) was set at 800 μg 

budesonide per day. 

Inhaled corticosteroids, when given through dry powder inhalers may not reach the lower 

airways due to insufficient inspiratory flow, generated by COPD patients.17 In the study 

presented in this thesis in Chapter 6, we found that the lung tissue levels of two inhaled 

corticosteroids are higher than those required for adequate glucocorticosteroid receptor 

binding. The levels remained high for a long time after inhalation, enabling once daily 

or twice daily treatment for budesonide. It must be noted that besides tissue levels of 

the parent drug also formation of local metabolites is relevant, since, while budesonide 

tissue levels decreased, budesonide-esters (which are formed within the epithelium and 
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gradually release budesonide18) remained high for a long time. In contrast, for fluticasone 

propionate, the suggestion has been made that “tissue levels” do not reflect the amount 

of drug available for glucocorticosteroid receptor binding, because of the presence of 

undissolved drug powder particles on top of the airway mucosa, especially in cases of 

excessive mucus.19

One alternative explanation for the limited clinical effects of corticosteroids in COPD 

may be that in the airways of patients with COPD the glucocorticosteroid receptor 

exist predominantly in the ineffective β isoform, rather than in the active α isoform.20 

In a small-sized pilot study, performed alongside the efficacy study of inhaled and 

oral corticosteroids (Chapter 2), the quantity of mRNA of these two isoforms of the 

glucocorticosteroid receptor was investigated in airway cells (Addendum to Chapter 2): 

epithelium (obtained by brushing) and alveolar macrophages (obtained by bronchoalveolar 

lavage), before and after three weeks oral prednisolone treatment. No mRNA of the 

inactive β form of the glucocorticosteroid receptor could be detected. However, based 

on the lower level of quantification, if present, this β isoform would be present in at least 

18-fold lower quantities than the active α isoform, indicating that absence of significant 

clinical effects of corticosteroid treatment in COPD can not be explained by a dominant 

presence of inactive glucocorticosteroid receptors. These results are in contrast to an 

earlier report where mRNA of the two isoforms was found in similar quantities.21 Likely, 

the discrepancies are due to large differences in present methodology compared to the 

previous study. 

When planning a clinical study the sample size estimation is always performed with a 

delicate balance in mind. A too large sample size is unethical and unnecessary expensive, 

but a too small sample size is likely to provide inconclusive data and on these grounds 

unethical as well. At first, the primary parameters have to be defined, realizing that for 

secondary parameters the study may be either over-sized or (more likely) undersized. Lack 

of knowledge of the primary parameters (e.g. the expected value in the control group, 

the effects of the intervention and the variability herein) within the study population 

being investigated complicates the planning of clinical studies and may necessitate trial 

size adaptation during the conduct of the study.14 For example, the long-term decline 

in FEV1 under placebo treatment in the first long-term study in mild to moderate COPD 

was 69 ml/year,9 whereas in the most recent study in COPD patients with a much more 

severe disease (lower FEV1 as % predicted at enrolment), the decline under placebo was 

much less: 55 ml/year.12 Also, in clinical studies investigating the effects of interventions 

on the incidence of COPD exacerbations usually patients are selected, who already 

previously experienced exacerbations, or who have a low lung function, in order to 

increase the exacerbation frequency and to increase the possibility to detect an effect 

of the intervention with a study population as small as possible. Similar, in studies where 

an effect is investigated on the long-term decline in lung function, preferentially those 
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patients are to be selected who have a low lung function as % of predicted, and thus 

already have experienced an enhanced decline in lung function. These selection criteria 

of low lung function and past exacerbation frequency in these landmark studies may 

complicate extrapolation to other patient groups. 

Insufficient characterization of the patient population in terms of inclusion criteria will 

lead to a heterogeneous population and will therefore complicate the interpretation of 

the results of clinical studies in COPD. In most published studies requirements were COPD-

related symptoms, a minimum cigarette smoke exposure and a certain degree of airflow 

limitation, as well as absence of signs of a concomitant or previous asthma. Concerning 

reversibility in airflow limitation, different definitions and different levels of reversibility 

are used, either expressed in ml, in % of the initial value or in % of predicted. The strict 

selection criteria in most clinical studies have led to exclusion of a large proportion of 

patients with obvious clinical COPD22 but with some reversibility. This restriction leads to 

limitations in generalizing the clinical study findings and application in clinical practice. 

The study in this thesis focused on a well-defined phenotype of COPD and strict criteria 

were defined to exclude patients with concomitant allergy, asthma and reversibility; at 

the same time, patients with a wide range in disease severity were selected (Chapter 

2). Overall, the clinical effect of 6 months’ treatment with inhaled budesonide on lung 

function parameters and symptoms was small and reached statistical significance only 

for some parameters, most likely because the power calculation was performed for a 

different parameter (% neutrophils in sputum). The level of improvement in lung function 

after 6 months was related to the magnitude of reversibility and, unexpectedly, also to 

the level of airflow limitation. Patients with the best FEV1 at enrolment improved most. 

These observations indicate, that the large proportion of patients with COPD who do 

not fulfill the more strict inclusion criteria of the long term intervention studies (usually 

a FEV1 below 50% or 60% of predicted or limited reversibility) might benefit of inhaled 

corticosteroids as well or even more.

Another difficult issue in the design of long term intervention studies is the withdrawal of 

medication in the run-in period. Usually, a run-in period with a minimum of allowed medical 

treatments is designed to assess correct and “clean” baseline values of several parameters. 

The data, observed under the subsequent treatment, is compared to this baseline data. 

However, during withdrawal of corticosteroid treatment, COPD patients may deteriorate 

clinically and such a deterioration may lead to a COPD exacerbation, requiring medical 

intervention, leading to withdrawal from the study. In part, this is a statistical dilemma, 

since with a frequency of one exacerbation per year for COPD patients in general, some 

exacerbations may occur in the run-in period by chance. The incidence of exacerbations 

and withdrawals in most studies is however larger than this chance incidence and in the 

study in this thesis such a high withdrawal was also observed (Chapter 5). The occurrence 

of exacerbations was found to be related to a prominent eosinophilic inflammation. These 
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patients, who deteriorate upon withdrawal of corticosteroid treatment in the run-in period, 

can be assumed to be responsive to corticosteroid treatment. Therefore, in many studies, 

including the study in this thesis, the withdrawal of these patients will have resulted in a 

limited potential for observing beneficial effects of the inhaled corticosteroid treatment in 

the subsequent intervention study.15

The duration of treatment is of great importance in COPD studies since COPD is a slowly 

progressive disease. The efficacy of treatments reversing bronchoconstriction and 

symptoms can be analyzed in a matter of weeks, but the effects on the long term obviously 

need to be studied under long-term treatments. For a correct estimate of the individual 

decline in lung function over time, many observations over multiple years are required. 

In the first large-scale long-term study on the decline in lung function it was observed 

that initially, corticosteroid treatment induced an increase in FEV1 (later referred to as a 

“shoulder”), peaking at 6 months. A correct estimate of the effect of interventions on the 

long-term decline has therefore to take place after this shoulder.9;12 In the study in Chapter 

2 the effects of inhaled budesonide were studied for six months and thus until the peak 

of this shoulder. Therefore, no conclusions can be drawn for longer-term treatment, such 

as whether the present observation that patients with the best lung function at baseline 

responded most to treatment at 6 months, will also hold for longer term treatment. 

Assessing inflammation and anti-inflammatory effects of corticosteroids

The studies presented in this thesis have provided supplementary information on 

methodological aspects of assessing airway inflammation via collection of induced 

sputum. Repeatability of inflammatory parameters in whole sputum samples, both on 

the short-term and on the long-term, has been documented for patients with COPD 

(Chapter 3). Variability appeared to be large, both between subjects and within subjects. 

Based on the present data on repeatability and variability of induced sputum parameters, 

projections could be made for the statistical power of intervention studies. Generally 

speaking, 20 to 30 patients need to be enrolled in a clinical study in order to document 

a two-fold increase or decrease in a single inflammatory parameter in induced sputum 

and much more patients are needed, when the effect size is smaller. Repeatability of 

inflammatory parameters in whole sputum samples was similar to repeatability, previously 

documented in sputum samples, analyzed via the selected plugs methodology.23;24 A 

second important observation on methodological aspects of analyzing induced sputum 

samples is that the content of squamous epithelial cells within a whole sputum sample 

is a quantitative marker for contamination of the sputum sample with other fluids from 

the throat, mouth or nose (Chapter 4). In most studies, when the % of squamous cells 

within the total cell count in a sputum sample was below a certain cut-off value (usually 

80%), the sample was used in the analysis, when % squamous cells was higher, the 

sample was discarded. Knowing that this % of squamous epithelial cells is a quantitative 

marker of contamination, this % of squamous epithelial cells could be used to correct 
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the observed values of inflammatory parameters for this contamination. This correction 

was applied, consequently, repeatability was enhanced and variability reduced in two 

sets of data: the data on repeatability in Chapter 3 and the data from a separate study 

in patients with asthma.25 At low % of squamous cells, the magnitude of contamination 

is limited and correction not necessary, but at higher % squamous cells, the magnitude 

of contamination can be very high. The differential count within the non-squamous Total 

Cell Count was not affected by contamination and the study in Chapter 4 showed that a 

differential count can be made, up to a value of 90% squamous epithelial cells, instead 

of up to other, arbitrary, cut-off values such as 20%, 50% or 80%. Herewith a smaller 

number of samples is rejected and discarded as being invalid for statistical analysis of 

differential cell counts.

At present, based on the studies presented in this thesis, no specific marker within 

the multitude of cellular and soluble markers has been identified which can be related 

with certainty to the clinical effect of inhaled corticosteroids. However, two cell types 

in the lungs and airways appear linked in some way to the clinical effects of inhaled 

corticosteroids: eosinophils and CD8+ T-lymphocytes. 

Eosinophils, since increased numbers of these cells in airway specimen are related to 

the incidence of exacerbation of COPD and higher numbers of eosinophils seem to be 

related with an imminent exacerbation (as shown in Chapter 5). Also, since the incidence 

of exacerbations is linked with the prognosis of the disease and since in the study in 

Chapter 2 a decrease in sputum eosinophil numbers was paralleled with an improvement 

in FEV1. Importantly, inhaled corticosteroids are able to reduce airway eosinophilia 

as well as exacerbation frequency, this may be linked.8;26-28 Additionally, a treatment 

algorithm directed at controlling sputum eosinophilia is able to decrease the frequency of 

exacerbations in COPD.29 

CD8+ T-lymphocytes, since in a large number of studies (including the study in Chapter 

7) an increased presence of CD8+ T-lymphocytes in the airway mucosa was linked to 

the severity of airflow limitation and since in some prospective studies with inhaled 

corticosteroids (be it combined with a long-acting bronchodilator) a reduction of the 

number of CD8+ T-lymphocytes in the airways was observed.4-6 In the corticosteroid 

intervention study in Chapter 2 of this thesis, no effect on lymphocyte numbers in sputum 

was detected (data not shown), probably due to the very low numbers of lymphocytes 

in sputum, additionally, subsets of lymphocytes were not quantified. The importance of 

CD8+ T-lymphocytes is underlined by the new and interesting observation, reported in 

this thesis, that the level of the proteolytic granzyme B in the airway lumen, sampled via 

induced sputum, and likely derived from the CD8+ T-lymphocytes in the airway mucosa, 

was also related to the severity of airflow limitation (Chapter 7). This granzyme is normally 

present intracellularly in, among other cells, CD8+ T-lymphocytes. One of the functions of 

granzyme is lysis of virus-infected cells. Previous studies have found associations between 

loss of lung function and the number of CD8+ T-lymphocytes in the airways. Our data 
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confirmed this association and suggest that extracellular release of this proteolytic 

enzyme could have contributed to remodeling of the airway mucosa and loss of lung 

function since the number of CD8+ T-lymphocytes containing granules with granzyme B 

in the walls of small airways as well as the concentration of granzyme B in sputum were 

related to lung function. 

The observations with respect to the importance of CD8+ T lymphocytes and eosinophils 

contrast to that of neutrophils. Unlike induced sputum, where neutrophils are the 

most prominently present cell type in patients with COPD, in the airway mucosa of 

smokers who participated in the study in Chapter 7, similar numbers of neutrophils and 

lymphocytes were present. In patients with a more severe degree of airflow limitation 

and a clinical diagnosis of COPD, such as in Chapter 2 and in multiple previous studies, the 

magnitude of airflow limitation was correlated to the number of neutrophils in sputum. 

In contrast, in Chapter 7, in (ex-)smokers of whom a minority has COPD, this relationship 

between sputum % neutrophils and airflow limitation was not observed. Similarly, in the 

study in Chapter 7 no such relation with airflow limitation was observed for the level in 

sputum of the proteolytic neutrophil elastase, which is considered to contribute to the 

pathophysiology in COPD. In most studies, no consistent decrease of airway neutrophilia 

by inhaled corticosteroids has been found, though a meta-analysis concluded some effect 

on sputum neutrophil numbers.8 The observation of a significant and large reduction in 

neutrophil numbers in sputum after inhaled corticosteroid therapy was found in only one 

earlier study,30 these results may thus also consist of a chance finding. Of importance, 

this study formed the basis of the power calculation for the corticosteroid intervention 

study in Chapter 2, in which no reduction in sputum neutrophil numbers was observed. 

A “test treatment” for COPD?

In the study in Chapter 2 the effects of a systemic corticosteroid and of an inhaled 

corticosteroid were studied and compared. Simultaneously, the effects on inflammatory 

parameters and on clinical parameters were investigated, be it in a relatively small group 

of patients - though with a specific and well-defined phenotype, selected on the absence 

of “allergic”, “reversible” and “asthmatic” characteristics. A first observation was that 

in the studied population, the systemic corticosteroid hardly influenced parameters of 

inflammation (except for % eosinophils in blood and in induced sputum). Moreover, 

it did not have a significant clinical effect. The second observation was that inhaled 

corticosteroid therapy influenced inflammatory parameters to a lesser degree (only a 

small effect on sputum eosinophilia) than did systemic corticosteroid treatment but 

did have some clinical effect after six months of treatment. The effect of systemic 

corticosteroid treatment on inflammation was not predictive for the effects of inhaled 

corticosteroid treatment, precluding its use as “test treatment” to identify those COPD 

patients who are more likely to respond to long-term treatment. Neither could patients 

be identified for whom such treatment had no benefit. Previous studies have documented 
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that the effects (or lack of effects) of a systemic corticosteroid on clinical parameters 

appear to be unsuitable to predict the clinical effects of inhaled corticosteroids.10;31;32 

In the present study, this paradigm is extended by documenting the effects of the test 

treatment on inflammatory parameters. It cannot be excluded that with the relatively low 

number of patients studied, the actual effects of the test treatment were too small to 

reach statistically significance. However, the actual effects observed with the number of 

patients studied were that small, so that the effects may be clinically irrelevant. It could 

also be imagined that in our study either the duration of treatment with the systemic 

corticosteroid was too short to influence the key steps in the inflammatory cascade to 

obtain clinical improvement, or that the effects of inhaled and systemic corticosteroid 

treatments on inflammation in the airways are to a certain level different, due to the 

potentially very high local concentrations in the target organ after inhalation. The study 

in Chapter 6 in which lung tissue levels of inhaled corticosteroids were assessed provide 

some support for the latter explanation. The observed effect of the inhaled corticosteroid 

on sputum eosinophilia may have a relation with the long-term clinical effect, since the 

inhaled corticosteroid treatment also influenced (severity of) exacerbations, and these 

exacerbations went in parallel with increased eosinophilia in sputum.

Future research and treatment 

Observing the multitude of inflammatory reactions, the largely irreversible remodeling 

of the airways, the limited effect of current anti-inflammatory treatments, used so far, 

the complexity of interactions between the different cells and between the different 

compartments in which inflammation is being investigated, it will be obvious that there 

are potentially many ways to influence the inflammatory processes in COPD. However, at 

the same time it is very unlikely that inhibiting or blocking a single cell or mediator will lead 

to a disease remission or restoration of remodeling. In such heterogeneous inflammatory 

reactions, many pathways can be taken as target for intervention in order to potentially 

influence the disease. Of importance, with existing or newly developed agents that are 

specific and powerful in vitro antagonists or inhibitors of single mediators, the relative 

importance of these separate mediators can be elucidated.33-35 

Not all tools to assess airway inflammation have been validated in full, such as the 

analysis of exhaled breath, being non-invasive but requiring further standardization 

and the assessment of repeatability and variability in COPD. Furthermore, existing 

tools should be used to investigate differences in inflammatory profile in patients with 

different phenotypes of COPD, such as recently done for chronic bronchitis.36 The next 

step would be to extend current knowledge on the differences in response concerning 

clinical and inflammatory parameters based on patient characteristics. Meta analyses 

have shown that inhaled corticosteroids are able to reduce the long-term decline and to 

improve the long-term survival of patients with COPD.13 These effects were confirmed 

later in specifically designed studies.12;14 Similar meta-analyses should also provide more 
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insight in the effects of corticosteroids on inflammatory parameters in different patient 

populations with COPD. 

For short-term treatment of symptoms and bronchoconstriction, existing and novel 

bronchodilators will be used, such as β2–agonists and anticholinergics, or a combination 

of these, with a prolonged duration of action and newer agents with other modes of 

action. Probably, these compounds will continue to positively modify the quality of life 

of patients with COPD. Long-term management of COPD will have to focus also on other 

goals, such as reducing the decline in lung function, prevention of further remodeling 

of the small airways, prevention of exacerbations, reducing co-morbidity and reducing 

the mortality, such as associated with hospitalizations for exacerbations. Though 

activities, directed at a reduction of cigarette smoking, will take a long time to result in 

a decreased prevalence of COPD, intensive stop-smoking programs should be performed 

and extended, using both pharmacological and psychological tools,37 and commencing 

cigarette smoking in young people should be prevented by all means.

Treatment with corticosteroids likely affects several aspects of COPD. On the short 

term, reducing edema in the airway mucosa may have a small effect on lung function 

parameters, this may reflect the modest effect on lung function parameters in the first 

months of treatment, also referred to as the “shoulder”. On the longer term, treatment 

with inhaled corticosteroids likely reduces airway eosinophilia. This may both be the 

constant eosinophilia in some patients and may be the temporary eosinophilia which is 

observed during COPD exacerbations and perhaps also prior to exacerbations. By reducing 

the eosinophilia the exacerbation may be reduced in severity and may be handled with 

fewer therapeutic interventions. And since every severe exacerbation may induce some 

irreversible damage to the airways and since every severe exacerbation carries the risk for 

mortality on the short and intermediate term, reducing the occurrence of exacerbation 

may have induced the observed effects on mortality and the long term decline in lung 

function.12;14 

In the inflammatory cascade multiple targets for intervention can be imagined: prevention 

of the activation and influx of inflammatory cells, prevention of their degranulation, 

antagonizing the effects of the granulocyte products, preventing or counteracting the 

local production of chemotactic factors like TNFα, IL-8 and LTB4 and of reactive oxygen 

and nitrogen species and influencing the disturbed proteases/antiproteases balance.38-40 

Pro-inflammatory cytokines may be blocked using specific monoclonal antibodies.41 

Phosphodiesterases play an important role in several aspects of inflammation. Inhibition 

of one or more of the various phosphodiesterase subtypes may have a role in stabilizing 

inflammatory cells and prevent the release of mediators. Theophylline is the classical 

example of a phosphodiesterase inhibitor, but subtype selective inhibitors have been 

developed, showing some anti-inflammatory effect.35;42 It has also been suggested that 
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theophylline can be used to reverse that part of the relative refractoriness to inhaled 

corticosteroids, which is attributed to decreased histone deacetylase activity, caused by 

smoking or oxidative stress.43

The neutrophilic granulocyte forms a target since its proteolytic enzymes such as elastase 

are involved in the destruction of the lung parenchyma. β-Adrenergic bronchodilators 

have been shown in vitro to have some anti-inflammatory effect by stabilizing neutrophils, 

an effect of uncertain clinical relevance however.44 Interestingly, corticosteroids are 

reported to be relatively ineffective towards neutrophils, at least in vitro. Therefore, influx 

of neutrophils into the airways may be inhibited by antagonizing one or more of the 

chemotactic mediators involved. 

The imbalance in proteases / antiproteases presents an additional target for intervention.45 

By preventing further degradation of the extracellular matrix, progression of the disease 

may be diminished.46 In animal studies an inhibitor of metalloproteinases was capable of 

preventing smoke-induced emphysema and airway remodelling.33 

Antioxidants, agents that are able to neutralize reactive oxygen and nitrogen species, 

either by itself or via an enhanced synthesis of glutathion (like N-acetyl-cysteine or future 

more powerful agents) have a potential for influencing that oxidative stress.

An effect of these potential agents in vitro is no guarantee for an effect in vivo, because 

of the complexity of the inflammatory cascade. Investigating the effects of such specific 

agents as well as of nonspecific anti-inflammatory agents on a multitude of inflammatory 

markers may shed light on the cause and effect relationship of the different inflammatory 

cells and mediators and differentiating the most promising targets from “innocent 

bystanders”.

Of potentially highest importance for the treatment of individual patients with COPD is the 

identification of markers, which can be used to predict the patient’s individual prognosis 

of COPD and/or the effects of therapeutic interventions. This may differ between the 

different phenotypes of COPD, as characterized on the basis of their inflammatory 

profile.47 Directing treatment of COPD at lowering sputum eosinophilia proved successful 

in one study.29 Monitoring the effects of specific treatments on inflammation in individual 

patients may provide insight into the differences in therapeutic response between patients 

and may even be used to optimize treatment in individual patients.48 Linking effects on 

inflammation to clinical outcomes may identify the key steps in the inflammatory cascade 

as potential targets for intervention.49

With sputum induction being standardized and available for routine use and being a tool 

to collect information on airway inflammation, it has become feasible to perform large 
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scale studies, which require multiple centers. Analysis of exhaled breath may provide the 

same information. Hereby, routine assessment of the inflammatory profile of individual 

patients may open the gate to individualized treatments, especially with future drugs, 

able to modulate specific inflammatory pathways. However, until that date treatment 

should be directed at multiple targets to provide maximal symptomatic relief and an 

optimal prevention of further deterioration of patients with COPD.
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Summary

The studies in the present thesis were performed to address some questions concerning 

the development and treatment of Chronic Obstructive Pulmonary Disease (abbreviated 

as COPD). 

In Chapter 1 a general introduction is given on the inflammatory reactions in COPD, 

their relationship with long-term cigarette smoke exposure and its probable contribution 

to the development of COPD. As a likely consequence of these inflammatory reactions, 

irreversible damage is inflicted to the airways, which becomes apparent as a decline 

in lung function. This decline is faster than the ageing-related decline in subjects who 

do not smoke. Additionally, current treatments of COPD are described, with a focus on 

influencing inflammation and with a focus on the clinical effects of corticosteroids. Also, 

the aims of the studies, presented in this thesis, are described.

In Chapter 2 the results of a randomized, controlled, cross-over corticosteroid-treatment 

study are described. Patients with a significant smoking history, having mild to severe 

COPD, limited reversibility in airflow limitation, and absent history of asthma or allergy, were 

studied. This study showed that treatment for 6 months with the inhaled corticosteroid 

budesonide had a small effect on lung function and modestly affected eosinophil count 

in induced sputum. The study also showed that improvements in lung function went 

in parallel with a decrease in inflammation. Of particular interest was the observation 

that in the presently studied group of patients, those with the best lung function (and 

those with the largest reversibility) improved most on inhaled corticosteroid therapy. This 

contrasted with international guidelines, such as GOLD, which state that mainly patients 

with a lung function (FEV1) below 50% of predicted will benefit from long-term inhaled 

corticosteroid treatment and thus should receive such treatment. A lower incidence of 

exacerbations was observed during active inhaled corticosteroid treatment compared to 

placebo, though the difference did not reach statistical significance. Of all exacerbations, 

the proportion requiring medical intervention was significantly lower during budesonide 

treatment. The effect on COPD exacerbations may be a consequence of reducing airway 

eosinophilia. 

A short course of treatment with a systemic glucocorticosteroid was not able to 

identify patients who benefited later from inhaled corticosteroid use. The effects of the 

prednisolone treatment on inflammation in individual patients did not predict the effects 

of long term inhaled corticosteroid treatment on inflammation or on clinical outcome 

parameters. 

In an addendum a small sub-study is described. One of the explanations for a limited 

effect of corticosteroids in COPD may be the relatively high presence of the non-

functional β-isoform of the glucocorticosteroid receptor, compared to the functional 

α-isoform. Before and after the systemic corticosteroid treatment the quantity of mRNA 

of the two isoforms was assessed in cells obtained by bronchoalveolar lavage (mainly 

alveolar macrophages) and by brushing the airways (mainly bronchial epithelial cells). It 
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appeared very difficult to obtain enough material to make a reliable estimate of the two 

isoforms of the glucocorticosteroid receptor. In a minority of the samples the α-isoform 

was quantified. The mRNA of the β-isoform could not be quantified in any of the samples 

and was therefore assumed to be present in at least a 18-fold lower quantity than the 

α-isoform. This observation implies that the presence of the non-functional β-isoform 

could not form an explanation for the relatively corticosteroid insensitivity of COPD.   

In Chapter 3 the results are shown of an in depth analysis of repeatability and variability of 

assessing inflammatory markers in induced sputum. Data were used from the prospective 

study on the effects of inhaled and systemic corticosteroids, which is described in 

Chapter 2. The analysis showed, that repeatability of assessing inflammatory parameters 

in induced sputum (obtained twice within one week and processed as the whole sputum 

sample) was good, and comparable to the previously reported repeatability of sputum, 

processed by the sputum plug method. Within-subject variability was approximately 

two-fold to three-fold for most parameters, and between-subjects variability was 

approximately two-fold higher than within-subjects variability. Long-term repeatability, 

using samples, obtained at 3 and 6 months placebo treatment, was only slightly less than 

the short term repeatability. From the present data extrapolations were made for the 

power calculation of intervention studies in COPD and it was concluded that minimally 

20 patients are required for detecting a two-fold decrease or increase in an inflammatory 

marker in induced sputum.

In Chapter 4 the assumption was challenged, that those induced sputum samples, 

containing more than 80% squamous epithelial cells, should be considered invalid for 

analysis. Such samples are generally considered contaminated with saliva or other fluids, 

while only samples with a lower % squamous cells are considered valid. Data from the 

prospective corticosteroid study in COPD was used (Chapter 2), together with data from 

patients with asthma, where sputum was collected alongside a study, investigating effects 

of treatments and allergen provocations. That level of 80% epithelial cells turned out to 

be too arbitrary, the present analysis showed that differential cell counts in samples with 

up to 90% squamous cells can be used. This adaptation will decrease the number of 

discarded sputum samples. 

Additionally, the % of non-squamous epithelial cells in an induced sputum sample was 

shown to be a quantitative measure of contamination (and thus dilution) of the sputum 

sample, leading to a proportional decrease in the level of the soluble inflammatory 

markers and in absolute cell counts in the sputum samples. From the linear relationship 

between the levels of the inflammatory markers and the proportion of squamous cells 

within the sample a formula was developed allowing correcting for this dilution. While 

applying this correction, variability of inflammatory data (as described in Chapter 3) 

decreased and repeatability improved. When applied, these adaptations may improve the 

power of future studies, investigating induced sputum.
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Summary

In Chapter 5 a retrospective statistical analysis was done on the characteristics of the 

patients who developed an exacerbation, early in the prospective study, described in 

Chapter 2. This analysis was done after observing that an unexpected high proportion of 

patients experienced a deterioration of their disease in the run-in phase of the prospective 

study. This deterioration ended in many patients in an overt COPD exacerbation. Of 

importance, in several patients this resulted in withdrawal from the prospective study. In 

that run-in phase of the study, previously clinically stable patients were followed for two 

months, while their inhaled corticosteroid treatment (which was given to the majority 

of patients before the study) was stopped. This occurrence of exacerbations could have 

been a chance finding, since patients had to be stable at enrolment in the study for at 

least a month prior to enrolment and the run-in period lasted 2 months. With a frequency 

of 1 exacerbation per year for an average COPD patient, there is a fair chance that some 

patients will have an exacerbation by chance alone during the two-months run-in period. 

But since the incidence of exacerbations was much higher than expected and since in all 

patients it occurred within the first 4 of the 8 weeks of that run-in period this explanation 

was rejected. Patients with most severe disease (the lowest lung function) had the highest 

chance of such an early exacerbations and the eosinophilic inflammation (in sputum and 

in peripheral blood) was most pronounced in the patients who developed an exacerbation 

in the 4 weeks thereafter. Seven of the 20 patients who received inhaled corticosteroid 

treatment before the run-in period experienced an exacerbation, compared to only one 

of the nine patients who received no inhaled corticosteroid treatment. This difference 

was however not statistically significant. 

The selective withdrawal of a specific type of COPD patients in the run-in period may 

have had an important influence on the effects observed under the subsequent study 

treatments, since it is likely that those patients, being most corticosteroid-sensitive, 

were excluded from participation, leaving the least responsive patients in the long-term 

study. This selective withdrawal may therefore have reduced the potential for detecting 

beneficial effects of the corticosteroid treatments.

In Chapter 6 the results of a study are described, in which the lung tissue concentrations 

of two inhaled corticosteroids were determined: budesonide and fluticasone propionate. 

Patients, subjected to lung surgery, inhaled a single dose of the inhaled corticosteroids 

prior to surgery and the corticosteroids were assessed in the parts of the lungs which 

remained after the operation. In addition, budesonide-esters were determined, 

compounds which were believed to be formed within the airway epithelium and 

which prolong the presence of budesonide in airway tissue. The study showed that 

both corticosteroids are detectable in lung tissue for many hours after inhalation and 

in concentrations high enough to occupy glucocorticosteroid receptors. Budesonide 

and budesonide-esters were detectable up to 10 hours and 43 hours, respectively, and 

fluticasone propionate up to 22 hours after inhalation. This enables a twice daily dosing 

of the inhaled corticosteroids and potentially a once daily dosing for budesonide, while 
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maintaining tissue levels high enough to influence inflammation. Though the single dose 

of the corticosteroids was rather high (1000 μg), during the steady state situation in the 

study in Chapter 2 a maintenance dose of 400 μg budesonide twice daily was given, 

and tissue concentrations of budesonide and budesonide-esters can be assumed to have 

been in the same order of magnitude and thus of clinical relevance. 

In Chapter 7 the results of a study are described, in which the relation was investigated 

between the presence of cytotoxic T-lymphocytes in lung tissue and the development 

of COPD. Lung tissue of patients (ex-smokers and current smokers) with an isolated 

malignancy in the lung was investigated postoperatively. Though only a minority of the 

selected (ex-)smokers was already known with a clinical diagnosis of COPD, 41% had 

COPD based on lung function criteria, which is much higher than the generally quoted 

15% to 20%. A higher number of cytotoxic CD8+ T-lymphocytes in the airway mucosa 

was related to lower lung function values, confirming earlier studies. Moreover, both the 

presence in the airway mucosa of CD8+ T-lymphocytes expressing granzyme B and the 

level of granzyme B in induced sputum were also related to loss in lung function. This 

may point to granzymes, released into the airway lumen, having an important role in 

tissue remodeling and hereby to the development of COPD.  

In Chapter 8, the general discussion, these observations are discussed in more detail and 

are brought into a broader perspective. 

In conclusion, the present studies confirm other studies in which inhaled corticosteroids 

were shown to have some, be it modest, effect in COPD, both concerning clinical effects 

as well as concerning an effect on airway inflammation. Small study sizes limits the 

potential for obtaining a statistically significant treatment effect in many studies, including 

the present study, and larger scale studies are required to make a more correct estimate 

of the effects of maintenance treatment. These studies must also be used as a tool in 

better characterizing patients who will benefit most from the therapeutic interventions. 

By applying strict inclusion criteria in clinical studies, such as those on (reversibility in) lung 

function, and by excluding the potentially most corticosteroid sensitive patients already at 

the start of the intervention studies (during corticosteroid withdrawal), these studies have 

limited possibilities to obtain significant treatment effects. Additionally, by these strict 

inclusion criteria the subsequent extrapolation of the research findings to the general 

population of COPD patients is limited. Inflammation in COPD is very heterogeneous 

and many cells and mediators are playing an important role in COPD, most prominently 

neutrophils, eosinophils, lymphocytes and proteolytic enzymes such as neutrophil elastase 

and the granzymes. Long term prospective studies rather than cross-sectional studies are 

required to fully elucidate the role of these cells and mediators either being secondary or 

the real cause in smokers of developing the devastating disease COPD.
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De onderzoeken die in dit proefschrift beschreven staan, zijn uitgevoerd om een aantal 

antwoorden te verkrijgen op vragen rond het ontstaan en de behandeling van chronisch 

obstructieve longziekten (in het engels afgekort tot COPD).  

In Hoofdstuk 1 is een algemene introductie geschreven over COPD zelf, over de 

ontstekingsreacties bij COPD, en over de relatie hiervan met het langdurig roken van 

sigaretten. Die ontstekingsreacties dragen waarschijnlijk bij aan de ontwikkeling 

van COPD, waarbij onomkeerbare schade is ontstaan en de longfunctie veel harder 

achteruitgaat dan bij niet rokende personen. De huidige behandeling van COPD wordt 

beschreven, waarbij de beïnvloeding van die ontstekingsreacties en de behandeling met 

corticosteroïden centraal staan. De doelstellingen van de studies in dit proefschrift staan 

ook hier beschreven. 

In Hoofdstuk 2 staan de resultaten beschreven van een onderzoek naar corticosteroïd 

behandelingen: een gerandomiseerde, dubbel-blinde en gekruiste studie. Patiënten 

met een relevante rookgeschiedenis, met mild tot ernstig COPD, weinig reversibiliteit 

in de luchtwegvernauwing en zonder astma of allergie in de voorgeschiedenis werden 

bestudeerd. Deze studie toonde aan dat 6 maanden behandelen met het inhalatie 

corticosteroïd budesonide kleine effecten had op de longfunctie en op het aantal 

eosinofiele cellen in het sputum. De studie toonde ook aan, dat verbeteringen in 

longfunctie gelijk opgingen met een afname van de ontstekingsreacties. Van bijzonder 

belang was de bevinding dat in deze studie de patiënten met de beste longfunctie 

bij het begin (en die met de meeste reversibiliteit) het meest verbeterden tijdens de 

behandeling met het inhalatiecorticosteroïd. Dat is in tegenspraak met de internationale 

richtlijnen, zoals die van “GOLD”, waarin staat dat voornamelijk patiënten met een slechte 

longfunctie (FEV1 kleiner dan 50% van de voorspelde waarde) baat zullen hebben van 

inhalatiecorticosteroïden en dus daarmee behandeld dienen te worden. In de huidige 

studie werd een lager aantal exacerbaties gezien tijdens de actieve corticosteroïd 

behandeling dan tijdens placebo, maar dat effect was niet statistisch significant. Wel 

was het gedeelte van de exacerbaties dat extra medische zorg nodig had, lager tijdens 

budesonide behandeling. Het effect op de COPD exacerbaties kan een gevolg zijn van 

het reduceren van het aantal eosinofiele cellen in de luchtwegen.

Een korte behandeling met corticosteroïd tabletten (prednisolon) was niet geschikt om die 

patiënten te identificeren, die later een gunstig effect van het geïnhaleerde corticosteroïd 

budesonide zouden vertonen. Het effect van prednisolon op de ontstekingsreacties bij 

individuele patiënten was niet voorspellend voor de grootte van het effect van langdurig 

budesonide gebruik op zowel longfunctie als ontstekingsparameters. 

In een addendum staat een kleine studie beschreven, die onderdeel uitmaakte van de 

lange termijn studie. Als één van de verklaringen voor het relatief kleine effect van 

corticosteroïden bij COPD is aangevoerd dat er relatief veel van de niet-functionele β 
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vorm van de glucocorticosteroïd receptor aanwezig is, ten opzichte van de actieve α 

vorm. 

Vóór en na de behandeling met het systemische corticosteroïd werd de hoeveelheid 

mRNA van de twee vormen van de receptor gemeten in cellen, verkregen na een lavage 

van de luchtwegen (voornamelijk alveolair macrofagen) en na het voorzichtig schrapen 

langs de luchtwegen (voornamelijk luchtwegepitheelcellen). Het bleek erg moeilijk te 

zijn om op deze manier voldoende celmateriaal te verkrijgen om een goede schatting te 

maken van de twee vormen van de glucocorticosteroïd receptor. In een minderheid van de 

monsters kon de hoeveelheid van de α-vorm bepaald worden. Het mRNA van de β-vorm 

kon in geen enkel monster in kwantitatieve zin worden aangetoond en de hoeveelheid 

mRNA hiervan moet daarom ten minste 18-voudig lager geweest zijn dan het mRNA 

van de α-vorm. Deze bevinding suggereert dat de aanwezigheid van de β-vorm niet de 

verklaring kan vormen voor de relatief bescheiden effecten van corticosteroid bij COPD.  

In Hoofdstuk 3 staan de resultaten beschreven van een uitgebreide analyse van de 

reproduceerbaarheid en de variabiliteit van het bepalen van ontstekingsfactoren in 

geïnduceerd sputum, dat opgehoest kan worden nadat personen een paar minuten 

lang een vernevelde zoutoplossing inademen. De gegevens van de studie in Hoofdstuk 

2 werden gebruikt. Deze analyse toonde aan, dat de reproduceerbaarheid van het 

bepalen van ontstekingsfactoren in geïnduceerd sputum (tweemaal verkregen binnen 

één week en daarna geanalyseerd als het hele sputum monster) goed is. Ook is de 

reproduceerbaarheid vergelijkbaar met eerder beschreven resultaten in sputum monsters 

waarvan alleen geselecteerde sputum proppen geanalyseerd zijn. De binnen-patiënten 

variabiliteit was ongeveer tweevoudig tot drievoudig en de tussen-patiënten variabilitieit 

was ongeveer twee keer zo groot. Op de lange termijn (de gegevens na 3 en 6 maanden 

placebo gebruik) was de reproduceerbaarheid maar iets minder goed dan die op de korte 

termijn. Op basis van deze gegevens werden berekeningen gemaakt worden over het 

aantal patiënten dat noodzakelijk is om verschillen te kunnen meten in ontstekingsfactoren 

bij patiënten met COPD. De conclusie was dat er minimaal 20 patiënten nodig zijn om 

een halvering of verdubbeling van een ontstekingsfactor in geïnduceerd sputum aan te 

kunnen tonen. 

In Hoofdstuk 4 is de aanname bekritiseerd, dat sputum monsters, waarin meer dan 

80% plaat-epitheelcellen aangetroffen worden, niet geschikt zouden zijn voor verdere 

analyse. Dit soort monsters wordt afgekeurd omdat er dan te veel speeksel of ander 

vocht bij het sputum uit de luchtwegen zou zitten, terwijl monsters met een lager % 

epitheelcellen wel geschikt werden bevonden. De gegevens van de corticosteroïd studie 

bij COPD (Hoofdstuk 2) zijn gebruikt, samen met de gegevens van een andere studie bij 

patiënten met astma, waar de effecten bestudeerd zijn van behandelingen en allergeen 

provocaties. Die waarde van 80% epitheelcellen bleek veel te arbitrair te zijn, de huidige 

analyse liet zien dat monsters met maximaal 90% epitheelcellen kunnen worden gebruikt 
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voor de analyse van cel differentiaal tellingen. Deze aanpassing zal het aantal sputum 

monsters dat nu terzijde gezet wordt laten verminderen. 

Daarnaast werd gevonden dat dit % van epitheelcellen ook als een kwantitatieve maat 

voor de verontreiniging (en dus verdunning) van het sputum monster kon worden 

beschouwd. Er werd namelijk een proportionele verlaging van de waarden van alle 

ontstekingsfactoren gevonden. Uit de lineaire relatie van dat % epitheelcellen met de 

waarden van de ontstekingsfactoren kon een simpele formule worden afgeleid waarmee 

gecorrigeerd kan worden voor die verdunning. Toen deze correctie werd gebruikt bij 

de gegevens over de reproduceerbaarheid uit Hoofdstuk 3 nam de variabiliteit van de 

ontstekingsfactoren af en de reproduceerbaarheid toe. Wanneer toegepast, kan met 

deze aanpassingen de statistische kracht van toekomstig onderzoek met geïnduceerd 

sputum worden vergroot. 

In Hoofdstuk 5 is met terugwerkende kracht een analyse verricht op de karakteristieken 

van de COPD patiënten die bij het begin van hun deelname aan de studie van Hoofdstuk 

2 verslechterden en een exacerbatie doormaakten. Dit werd gedaan omdat er een 

onverwacht hoog aantal patiënten sterk verslechterden in de aanloopfase van de 

studie. Deze verslechteringen eindigden voor veel patiënten met een duidelijke COPD 

exacerbatie. Voor een aantal patiënten leidde het zelfs tot uitval uit de studie. In die 

aanloopperiode van de studie werden stabiele patiënten twee maanden gevolgd, terwijl 

hun inhalatiecorticosteroïd behandeling gestopt werd (de meeste patiënten gebruikten 

dat vóór de studie). De exacerbaties konden natuurlijk per toeval gevonden zijn. De 

patiënten moesten vooraf een maand lang stabiel zijn en de aanloopperiode duurde 

twee maanden. Aangezien een doorsnee COPD patiënt één exacerbatie per 12 maanden 

doormaakt is er dus een redelijke kans is dat in een aanloop periode van 2 maanden 

een paar patiënten een exacerbatie meemaken, puur door toeval. Maar omdat het 

aantal exacerbaties veel groter was dan door toeval kon worden verwacht en omdat ze 

allemaal in de eerste 4 van de 8 weken van de aanloopperiode plaatsvonden werd deze 

verklaring verworpen. Er werd geconcludeerd dat de patiënten met de meest ernstige 

COPD (de laagste longfunctie waarden) de hoogste kans op zo’n exacerbatie hadden en 

dat de eosinofiele ontsteking (het hogere aantal witte bloedcellen in sputum en bloed) 

het meest uitgesproken was bij die patiënten die binnen 4 weken erna een exacerbatie 

meemaakten. Zeven van de 20 patiënten die al een inhalatiecorticosteroïd gebruikten 

vóór de aanloopperiode kregen een exacerbatie tegenover maar één van de negen 

patiënten die niet van te voren al een inhalatiecorticosteroïd gebruikten. Dit verschil was 

echter niet statistisch significant, daarom zou dit onderzoek uitgebreid moeten worden 

met meer patiënten om zekerheid hierover te verkrijgen. De selectieve uitval van een 

bepaald type patiënten uit de studie tijdens zo’n aanloopperiode kan een belangrijk effect 

gehad hebben op de uitkomsten in de verdere studie, want het is waarschijnlijk, dat die 

patiënten, die het meest gevoelig waren voor de gunstige effecten van corticosteroïden, 

nu uitgesloten zijn van verdere deelname, terwijl de patiënten die het minst gevoelig zijn, 
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overbleven in de lange termijn studie. Daarom kan deze selectieve uitval de mogelijkheid 

gereduceerd hebben om een gunstig effect van de corticosteroïden aan te tonen.  

In Hoofdstuk 6 staan de resultaten van een studie, waarin de concentratie van twee 

inhalatiecorticosteroïden in longweefsel is bestudeerd: budesonide en fluticason 

propionaat. Patiënten die een operatie zouden ondergaan waarbij een deel van de longen 

zou worden weggehaald, inhaleerden voorafgaand aan de operatie een éénmalige 

dosis van de corticosteroïden en na de operatie werd in het weggehaalde longweefsel 

gezocht naar de corticosteroïden. Ook werden budesonide-esters bepaald, stoffen 

waarvan verwacht werd dat ze zouden worden gevormd in het luchtwegepitheel en 

die de aanwezigheid van budesonide in dit longweefsel kunnen verlengen. De studie 

toonde aan, dat beide corticosteroïden in het longweefsel konden worden aangetoond 

gedurende vele uren na de inhalatie en dat de concentratie van de corticosteroïden hoog 

genoeg was om de glucocorticosteroïd receptoren te kunnen activeren. Budesonide en 

budesonide-esters waren aantoonbaar tot 10 uur en 43 uur respectievelijk, fluticason 

propionaat tot 22 uur na de inhalatie, zodat twee maal daags dosering van de 

inhalatiecorticosteroïden mogelijk is, voor budesonide zelfs een één maal daags doseren 

terwijl de concentratie in het longweefsel hoog genoeg blijft voor de beïnvloeding van 

ontstekingsreacties. De eenmalige dosering van de corticosteroïden was nogal hoog 

in deze studie (1000 microgram), maar tijdens de onderhoudsbehandeling in de studie 

van Hoofdstuk 2 werd elke dag twee maal daags 400 microgram gegeven en zal de 

concentratie van budesonide en budesonide esters in dezelfde orde van grootte geweest 

zijn en dus klinisch relevant. 

In Hoofdstuk 7 worden de resultaten van een studie beschreven, waarin de relatie is 

onderzocht van de aanwezigheid van cytotoxische T-lymfocyten in het longweefsel en 

de ontwikkeling van COPD. Weggehaald longweefsel van patiënten (rokers en ex-rokers) 

met een kleine longtumor werd na de operatie onderzocht. Hoewel maar een kleine 

minderheid van de patiënten al bekend was met een klinische diagnose van COPD, 

bleek maar liefst 41% van de patiënten COPD te hebben, gebaseerd op hun longfunctie 

waarden, dat is veel meer dan de algemeen genoemde 15% tot 20%. Een hoger aantal 

CD8 positieve cytotoxische T-lymfocyten in de luchtwegwand was gerelateerd aan een 

verlaagde longfunctie, net als in eerdere studies. Daarnaast, het aantal CD8 positieve 

T-lymfocyten dat ook granzyme B bevatte en het gehalte aan granzyme B in het sputum 

was gerelateerd aan het verlies aan longfunctie. Dit kan er op wijzen, dat granzymes 

in de luchtwegen een belangrijke rol hebben bij het weefselafbraak in de longen en 

daarmee met de ontwikkeling van COPD. 

In Hoofdstuk 8, de algemene discussie, worden deze bevindingen in groter detail 

besproken en met elkaar in verband gebracht. 
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Samengevat, de huidige studies bevestigen andere studies waarin inhalatie corticosteroïden 

een bescheiden maar meetbaar effect hebben bij COPD, zowel wat betreft longfunctie 

als de ontstekingsreacties in de luchtwegen. Het kleine aantal bestudeerde patiënten 

beperkte de mogelijkheden om statistisch significante behandeleffecten te vinden, 

zowel in veel eerdere studies als in de huidige studie, daarom zijn er met name 

grootschaliger studies nodig om correctere uitspraken te kunnen doen over de effecten 

van onderhoudsbehandeling. Die studies moeten ook gebruikt worden om beter díé 

patiënten te karakteriseren, die het meeste van bepaalde behandelingen zullen profiteren. 

Door het strikt toepassen van insluit-criteria in klinisch onderzoek, zoals die ten aanzien 

van (reversibiliteit in) longfunctie en door het uitsluiten van patiënten die mogelijk het 

meest gevoelig zijn voor corticosteroïd behandeling bij het begin van de interventie 

studies (in de corticosteroïd uitwas periode) krijgen deze studies een kleinere kans om 

behandelingseffecten aan te tonen. Ook is er door deze strikte insluitcriteria een kleinere 

mogelijkheid om de gevonden studieresultaten te kunnen extrapoleren naar de grotere 

populatie van COPD patiënten. De ontstekingsreacties bij COPD zijn erg heterogeen 

en veel cellen en mediatoren spelen een belangrijke rol, met name de neutrofiele en 

eosinofiele cellen, lymfocyten en de eiwit oplossende enzymen zoals neutrofiel elastase 

en de granzymen. Lange termijn onderzoek (meer nog dan doorsnede onderzoek) is 

nodig om de rol van deze cellen en mediatoren verder te ontrafelen en te bepalen wat 

secundair is of de primaire oorzaak van het ontwikkelen bij rokers van de slopende ziekte 

COPD.

197





Abbreviations





Abbreviations

A2M α2-Macroglobulin

Alb Albumin

ANOVA Analysis of variance

ATS American Thoracic Society

B2M β2-Microglobulin

BAL Bronchoalveolar lavage

BQL Below lower limit of quantification

BSA Bovine serum albumin

COPD Chronic obstructive pulmonary disease

CRP C-reactive protein

Ct Threshold cycles

Dco Diffusion coefficient for carbon monoxide

DNA Desoxyribonucleic acid

ECP Eosinophil cationic protein

ELISA Enzyme linked immunosorbant assay

ERS European Respiratory Society

FACS Fluorescence assisted cell sorter

FEF50 Forced expiratory flow at 50% of FVC

FEV1 Forced expiratory volume in the first second

FVC Forced vital capacity

GOLD Global initiative for chronic obstructive pulmonary disease

GRα Glucocorticosteroid receptor α
GRβ Glucocorticosteroid receptor β
ICS Inhaled corticosteroid

IgE Immunoglobulin E

IL Interleukin

IS Induced sputum

Kco Carbon monoxide transfer factor

LMC Lung mononuclear cells

LTB4 Leukotriene B4

LOQ Lower limit of quantification

MEF25-75 Mean forced expiratory flow between 25% and 75% of FVC

MMP Matrix metalloproteinase

MPO Myeloperoxidase

mRNA Messenger ribonucleic acid

OR Odds ratio

NAC N-acetyl cysteine

PBS Phosphate buffered saline
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PBMC Peripheral blood mononuclear cells

PCR Polymerase chain reaction

Q-A2M Quotient of α2-macroglobulin levels in sputum and serum

Q-Alb Quotient of albumin levels in sputum and serum

RCE Relative coefficient of excretion: Q-A2M / Q-Alb 

Ri Intraclass correlation coefficient

RNA Ribonucleic acid

sGaw Specific airway conductance

SPSS Statistical package for the social sciences

TNF-α Tumor necrosis factor α
TCC Total cell count

VC Vital Capacity
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Dankwoord

Eén van de eerst gelezen hoofdstukken uit een proefschrift en zeker één van de snelst 

geschreven hoofdstukken, mogelijk daardoor niet compleet, waarvoor dan bij voorbaat 

excuses. Geen echte onafhankelijke “peer-review”, en (dus?) een hoofdstuk dat niet 

herhaaldelijk werd afgewezen voor publicatie. Ik ben er (bijgeloof?) pas heel laat aan 

begonnen. En hoewel de titelpagina van dit proefschrift met slechts één auteurnaam 

anders doet vermoeden, dit proefschrift is echt niet een product van mij alleen.

Henk: heel veel dank, niet alleen voor de gastvrijheid in het AMC en het geduld met 

mijn traag voortschrijdende schrijverij, maar ook voor onze prettige en steeds leerzame 

gesprekken, ook al gevoerd voordat jij vanuit Groningen naar Amsterdam vertrok. Je 

weet veel en ik heb hopelijk genoeg van je opgestoken. En jij kent mij ook van binnen: 

ik heb zelfs de bronchoscopie en de broncho-alveolaire lavage door jou als prettig 

ervaren (of was het de codeïne waar ik averechts op reageer). Ik ben dus niet je eerste 

of snelste promovendus, waarschijnlijk ook niet de meest kneedbare, maar hopelijk wel 

een memorabele. 

René en René: ook jullie hebben heel veel geduld met mij moeten hebben, mijn 

eigenwijsheid heeft jullie ongetwijfeld grijze haren bezorgd. Vele malen heb ik de (volgens 

jullie overbodige) zinnen uit de manuscripten geschrapt om ze twee manuscriptversies 

later als nieuwe en slimme vondsten te presenteren. Jullie ervaring met het doen van 

onderzoek was een compleet andere dan de mijne bij de start van onze samenwerking. 

Ik heb (toch) heel veel van jullie geleerd en bij het dozijn afwijzingen wisten jullie me toch 

steeds weer op te beuren. Jullie inbreng en expertise was onontbeerlijk.

Petra: jij hebt de SLOC studie getrokken, statussen gescreend, patiënten gevraagd deel te 

nemen, de sputum inducties begeleid, de data verzameld en nog veel meer. Ook in het 

begin van de CD8 studie was jij het, die de patiënten liet deelnemen en alles verzamelde. 

Je was onmisbaar. 

De andere leden van de promotiecommissie: Ineke, Huib, Jan-Willem, Pieter, Richard en 

Sandrine: heel veel dank voor het kritisch lezen van de manuscripten en voor het zitting 

willen nemen in de commissie, ik voel me vereerd dat zo’n geleerd gezelschap zich over 

mijn “boekje” wil buigen.

 

Experimentele Immunologie (het oude SKIL): heel veel dank, ik heb er ELISA methodieken 

geleerd van Mieke, maar daar ben ik, geloof ik, geen ster in. Barbara, Marianne en Tamara, 

heel hartelijk dank voor het gedreven en zorgvuldig uitwerken van o.a. de honderden 

sputum sample ELISA’s, de mRNA’s en de FACS-en. Zonder jullie nauwkeurige werk had 

ik geen betrouwbare resultaten.
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Hans, Tony, Ruud, Michael, Jos, Joke en Hannie: jullie hebben binnen AstraZeneca het 

vertrouwen erin gehad dat mijn blijkbaar overtollige energie op deze manier nuttig 

gekanaliseerd kon worden. Het is een hele investering geworden om mij met een vrijwel 

“open eind” zo veel tijd vrij te laten maken voor het doen van dit onderzoek terwijl daar 

een onzekere “return on investment“ tegenover stond. Ik wist het wel, maar de rest mag 

het ook wel weten: het gaat niet alleen om geld binnen de farmaceutische industrie. Ik 

zal de 40+ uren nu weer over vijf werkdagen per week verdelen.  

De longartsen in het AMC (Carel, Chris, Els, Frank, Henk, Jaring, Liesbeth, Mia, Paul, 

Reindert, René en de “jongelui” in opleiding): ik heb het al wel eens eerder gezegd, 

dan nu ook maar op papier: jullie hebben een reuze tent. Er wordt hard gewerkt, goed 

opgeleid en opgevoed. Ook met de middelen die wel eens als ontoereikend worden 

gekenschetst, en ook in tijden van beddentekorten. Dank voor de gastvrijheid en het 

begrip voor de “twee-petten-problematiek” waar ik wel eens mee worstelde. En voor 

het “inwonen” bij o.a. Paul en Reindert. Mijn “rommel” en stapels papier konden er daar 

trouwens nog best wel bij. 

De longartsen in het AZM (Miel en destijds Jeske en Karen): die budesonide-spiegels 

studie was een heel bijzondere, niet alleen vanwege de studie opzet zelf, de lange duur 

ervan, maar nog meer met alle heisa ervoor, eromheen en erna. Het vergde van ons allen 

flink wat doorzettingsvermogen, bedankt voor de samenwerking en het “uitlenen” van 

deze studie voor mijn boekwerk.  

De longartsen uit de Amsterdamse regio, die ook hun best hebben gedaan om een paar 

patiënten voor mij te “ronselen”. 

De sponsoren: AstraZeneca en het Nederlands Astma Fonds, zonder financiële support 

zal de medische wetenschap veel langzamer vooruitkomen. 

Godelieve en Julia: we konden een gedeelte van onze gegevens en onze patiënten delen 

en hergebruiken, deze vorm van recyclen zou men meer moeten toepassen.

Arnold: jij hebt mijn basiscursus pathologie die ik volgde in 1974 aardig opgefrist en hebt 

me geleerd netjes en zorgvuldig te kijken, te tellen en te beschrijven.

Theo: je kennis over o.a. T-cellen en diverse laboratorium methodieken is indrukwekkend, 

dank voor het meewerken, meedenken en meeschrijven.

 

Hans Zaagsma, mijn eerste wetenschappelijk (en gepubliceerd) onderzoek deden wij 

samen, veel dank voor het kritisch lezen en becommentariëren van de inleiding en 

samenvatting. 
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Dirkje, los van de niet aflatende stimulerende woorden en de jarenlange samenwerking, 

bedankt voor de suggesties bij het “80%” publicatiemanuscript.

   

De patiënten: ik heb ze niet allemaal in het echt gezien (wel ken ik hun biologisch profiel 

in detail), zonder hen wordt het lastig om goed onderzoek te doen. Heel veel dank! 

Zij participeren voornamelijk om er andere mensen beter van te laten worden (en dan 

bedoel ik niet mijzelf) en offeren bloed en sputum op voor de wetenschap. Door al dat 

onderzoek komen er echt steeds betere (toegesneden) behandelingen of medicijnen. 

Hopelijk kunnen zij daar zelf dan ook nog van profiteren.  

 

De andere afdelingen in het AMC: ook daar kan ik niet over uit: longfunctie (zoals Carel, 

Erica, Niesje, Margôt, Saeeda en Selma), cardiothoracale chirurgie (Jaap), pathologie 

(Chris, Jan, Jos en Onno), klinische epidemiologie en biostatistiek (Barbara, Gerrit-Jan, 

Hans, Lotty, Petra), de apotheek (Arno en Willem): overal en steeds was ik welkom en 

werd er met liefde en geduld overlegd en meegewerkt aan die voor mij zo belangrijke 

projecten. 

The colleagues in Lund (Lars, Staffan and the many colleagues at the analytical 

department) for their collaboration in the “Maastricht study” and their efforts in getting 

the corticosteroid levels assessed in such minute quantities in lung tissue.

Het secretariaat longziekten met o.a. Jacquelien en Maria: jullie waren altijd behulpzaam, 

ook bij de vele interne verhuizingen die ik meemaakte. Na 4 jaar konden jullie zelfs een 

eigen sleutel voor me bemachtigen, een unicum voor een part-timer. Ik heb met plezier de 

kamer gedeeld met o.a. Daoud, Gerritjan, Gonny, Herre, Julia, Marianne, Paul, Reindert 

en Wessel. Jullie maakten dat ik me niet altijd een eenzaam schrijvende en rekenende 

zonderling hoefde te voelen.

 

En dan al die andere collega’s (ook van concurrerende bedrijven), al die kinderartsen en 

longartsen (met wie ik zo veel ander leuk onderzoek deed en doe, bij een aantal droeg ik 

bij aan hun eigen promotieonderzoek), vrienden en familie die opgewekt en opwekkend 

bleven vragen: “en, hoe gaat het met je studie?” Ik zal vast wel eens nors gereageerd 

hebben, maar heel erg veel dank voor al die warme belangstelling en het mee-leven. 

Hopelijk kan ik het een beetje goed maken met een flitsende promotieplechtigheid en 

dito feest erna.

Mijn ouders: die hebben mij geleerd om “waarom?” te blijven vragen, in dit boekje staan 

een paar “daaroms”. Friese of Apeldoornse stijfkoppigheid ( = “vasthoudendheid” ?) 

kreeg ik van hen mee. Onvoorwaardelijke steun kreeg ik overal en altijd. Jammer dat 

papa het helemaal niet meer mee kan maken dat mijn boekje afkwam (deels door dat 
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stomme roken van hem) en dat mama het niet bewust mee kan maken. Hopelijk vinden 

we bij AZ ook nog wat uit tegen Alzheimer. 

Mijn kinderen: die het deels spannend en eigenaardig vinden, want het levert financieel 

niets extra op, maar ook het intens meeleven en zelfs suggesties doen over een volgend 

tijdschrift na een zoveelste afwijzing: “dan probeer je toch gewoon de medische Donald 

Duck?”. Jullie hebben wat aandacht moeten missen, maar hopelijk een mooi voorbeeld 

gezien.

Woensdag is voor mij meer dan gewoon één dag van de week geworden: ik ben op 

woensdag geboren, er waren de scheikunde proefwerken in de laatste klas van de 

middelbare school die steevast uitmuntend afliepen, de danslessen waar ik Yvonne 

opduikelde, het is de dag waarop ik de zonsverduistering naast het AMC door een donker 

brilletje volgde en waarop ik bijna tien jaar lang ploeterde met dit “boekje” als resultaat, 

mijn proefschrift te verdedigen op een woensdag: hoe kan het ook anders.

En ja, dan aan het einde: Yvonne: dit zit er op. Geen ellendig vroege en lange dagen 

in het AMC meer en altijd die druk dat ik eigenlijk ’s avonds en in het weekeinde weer 

aan het typen moet in eenzame afzondering boven. Tijd voor een extra avond dansen, 

terrasjes, weekendjes weg, gewoon lui op de bank thuis of langere vakanties !        
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Curriculum Vitae

De schrijver van dit proefschrift werd op 31 maart 1954 in Delft geboren en volgde 

de lagere school in Amstelveen en de middelbare school in Amsterdam-Buitenveldert 

waar in 1971 het diploma HBS-B werd gehaald. De studie scheikunde werd aan de Vrije 

Universiteit in Amsterdam gevolgd, het kandidaats examen werd in 1974 behaald en het 

doctoraal examen “Organische scheikunde met hoofdvak farmacochemie” in 1978.  

Van 1978 tot 1982 werd bij Hoffmann – La Roche op de medische afdeling klinisch 

onderzoek op diverse terreinen begeleid, waarna in 1982 de overstap gemaakt werd 

naar Astra (later AstraZeneca) waar op respiratoir gebied een groot aantal onderzoeken 

begeleid werd, zowel met farmaceutische producten als zonder. 

Vanaf 1998 kon één dag per week vrijgemaakt worden voor het uitvoeren van het 

onderzoek dat in het voorliggende boekwerk beschreven staat en uitgevoerd kon worden 

in de gastvrije omgeving van het Academisch Medisch Centrum van Amsterdam onder 

algehele leiding van prof. dr. Henk-Marius Jansen. Daarnaast staat ook een onderzoek 

beschreven dat voornamelijk in het Academisch Ziekenhuis Maastricht werd uitgevoerd in 

samenwerking met prof. dr. Emiel F.M. Wouters. 

De schrijver is getrouwd met Yvonne en heeft drie kinderen: Jeske, Tjerk en Kirsten.    
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