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ChapterChapter I 

ChronicChronic bronchitis 

Chronicc bronchitis refers to a condition of chronic or recurrent increase in the volume of 

bronchiall secretions sufficient to cause expectoration. Already in ancient times chronic 

respiratoryy disorders characterized by cough, sputum production, shortness of breath and/or 

wheezee were recognized [1]. In modern times, chronic (obstructive) bronchitis is one of the 

mostt common respiratory diseases of the developed world, which represents a major health 

problemm and a considerable socio-economic burden. In Great Britain in the late 1980s [2], 

thee prevalence of chronic bronchitis in men and women was 15-20% and about 8%, 

respectively. . 

Chronicc bronchitis is defined by the British Medical Research Council [3] as a productive 

coughh on most days for at least three consecutive months of the year during two or more 

successivee years. Chronic bronchitis may be associated with irreversible airflow limitation, 

i.e.. chronic obstructive pulmonary disease (COPD) [3]. COPD is defined by the American 

Thoracicc Society (ATS) as "characterized by airway obstruction that does not change 

markedlyy over periods of several months of observation" [4,5]. COPD is in fact a generic 

termm covering several clinical syndromes with the common component of a degree of fixed 

airfloww limitation. In addition to obstructive chronic bronchitis, COPD also comprises 

emphysemaa and peripheral airway disease [4,5]. 

NaturalNatural history of chronic bronchitis and COPD 

Bothh chronic bronchitis and COPD are smoking-related disorders, however, less than half 

off heavy smokers develop mucus hypersecretion [6-8]. Mucus hypersecretion in smokers 

iss associated with the degree of cigarette consumption [6,9], and cessation of smoking 

resultss in a marked reduction in sputum production in chronic bronchitis patients [6,8,9]. 

Inn most smokers, the anual decline in lung function, as estimated among others by 

measuringg the forced expiratory volume in one second (FEV1), is similar to the decline 

expectedd from normal age regressions [7,8]. A subset (15-20%) of smokers, however, will 

developp chronic airway obstruction [6-8]. In these patients the annual decline in FEV1 is 

correlatedd with the degree of cigarette consumption [6,7,10]. Cessation of smoking is 

consideredd to slow-down the rate of progression of airway obstruction, since the annual 

declinee of FEV1 in ex-smokers is similar to lifelong non-smokers [7]. 

Thee presence of chronic bronchitis in addition to irreversible airflow limitation in COPD 

patientss was demonstrated by Vestbo and coworkers [11] to be associated with a more rapid 

declinee in FEV1. Other studies, however, failed to show such a correlation [6,7,12], or 

demonstratedd only a very limited additive effect of the presence of mucus hypersecretion 
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GeneralGeneral introduction 

too the decline in FEV1 in these patients [13]. It was suggested, therefore, that mucus 

hypersecretionn and airway obstruction, although both considered the consequence of 

smoking,, represent two distinct phenomena [7,12]. 

AirwayAirway pathology in non-obstructive and obstructive chronic bronchitis 

Thee characteristic pathological findings in the airways of chronic bronchitis patients are 

goblett cell metaplasia, and hypertrophy of submucosal glands with an increased ratio of 

mucouss to serous acini [14-16]. In addition, the surface epithelium may show squamous 

celll metaplasia with ulceration and epithelial shedding [14,1 7-19]. In obstructive chronic 

bronchitiss also an increase in smooth muscle mass and in the deposition of collagen 

beneathh the basement membrane can be demonstrated which may result in (reversible) 

airwayy constriction and fixed airway obstruction, respectively [14,1 7,20-23]. 

Thee inflammatory cells infiltrating the airway wall in both non-obstructive and 

obstructivee chronic bronchitis consist of lymphocytes, plasma cells, macrophages, 

eosinophils,, mast cells, and neutrophils [24-27]. 

NeutrophilsNeutrophils in non-obstructive and obstructive chronic bronchitis 

AA role for neutrophils in the pathophysiology of non-obstructive and obstructive chronic 

bronchitiss is particularly suggested by studies analysing bronchoalveolar lavage fluid (BALF) 

andd sputum. Increased numbers of neutrophils and high levels of myeloperoxidase (MPO), 

aa marker of neutrophil activation, can be detected in BALF of these patients [24,28-30]. The 

numberr of neutrophils was demonstrated to be associated with smoking history, sputum 

production,, and airway obstruction [28,30]. High numbers of neutrophils and increased 

levelss of MPO can also be detected in sputum samples of chronic bronchitis patients, 

especiallyy during exacerbations [31-331. 

Mediatorss involved in the recruitment of neutrophils are particularly interleukin-8 (IL-8) 

[34-37]] and leukotriene B4 (LTB4) [32,38,39]. IL-8 can be produced locally in the airways 

byy epithelial cells [40-42], macrophages [36,43] and neutrophils [44-46]. In BALF and 

sputumm samples of non-obstructive and obstructive chronic bronchitis patients, high levels 

off IL-8 can be detected [29,34,47,48]. Like IL-8, LTB4 can be produced locally by epithelial 

cellss [49], macrophages [50,51] and neutrophils [52]. LTB4 has been implicated as the 

majorr chemoattractant responsible for neutrophil recruitment in alpha-1 -antitrypsin (a1 AT) 

deficiencyy [33,51,53,54]. Alpha-1-Antitrypsin is the main inhibitor of most neutrophil 

proteasess in the lung, and its deficiency is classically associated with the early onset of 

emphysemaa in smokers [53,55,56]. The potential role of LTB4 in the generation of airway 
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inflammationn in subjects without <x1 AT deficiency is less well studied. Recent reports have 

indicated,, however, that LTB4 may be of significant importance in (obstructive) chronic 

bronchitiss too [32,39]. High levels of LTB4 were detected in sputum samples of obstructive 

chronicc bronchitis patients, in particular during acute bacterial exacerbations [32]. 

Thee recruitment of neutrophils to the lung is considered to be an important factor in the 

pathophysiologyy of smoking-induced non-obstructive and obstructive chronic bronchitis 

[53,54].. The azurophilic granules of mature polymorphonuclear leucocytes contain the 

proteasess neutrophil elastase, cathepsin G and proteinase 3. In animal models, these 

proteasess were demonstrated to induce bronchial disease and/or emphysematous lesions 

[57,58].. The concentration within the azurophilic granules of neutrophil elastase is 

approximatelyy 5 mM [59,60]. During activation of the cells, these granules are exocytosed 

andd the granular protease is released in an active form. The local concentration of just 

releasedd elastase is much higher than the concentration of its inhibitor a1AT in the plasma 

(300 u.M) and the interstitium of the lung (approximately 80% of plasma concentration [61]). 

Thiss major disparity in concentration close to the cells is considered to explain why 

neutrophilss are able to digest connective tissue even in the presence of normal or even high 

levelss of a1 AT [59]. However, as the enzyme diffuses away from the cell, its concentration 

fallss exponentially until it equals that of the surrounding inhibitors. This overall process is 

consideredd to enable normal neutrophil penetration through connective tissue matrix 

duringg migration from the circulation, while limiting the area of damage [54]. In case of an 

a1ATT deficiency, a local inactivation of a1AT by oxidation [62-65], or an enhanced 

recruitmentt of neutrophils, this restriction of connective tissue degradation only close to the 

cellss is lost. As a consequence more extensive connective tissue destruction is likely to 

occurr [53,54,66]. Furthermore, free neutrophil elastase can induce mucus secretion [67-69], 

andd the recruitment of even more neutrophils by the induction of the release of IL-8 and 

LTB44 in resident cells [40,51]. Therefore, neutrophil elastase is likely to contribute to the 

pathophysiologyy of non-obstructive and obstructive chronic bronchitis. 

EffectsEffects of cigarette smoking 

Cigarettee smoking is not only associated with airway inflammation in patients with chronic 

bronchitiss and/or COPD. Niewoehner and coworkers demonstrated in young healthy 

smokers,, at autopsy, pathological changes in the peripheral airways of all subjects 

characterizedd by the accumulation of inflammatory (mononuclear) cells and denuded 

epitheliumm [70]. Long-term smoking even in healthy subjects was demonstrated to be 

associatedd with mucus hypersecretion, metaplasia of squamous and goblet cells, smooth 
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musclee hypertrophy, and bronchiolar wall inflammation and fibrosis [19,21-23,71,72]. 

Smokingg of cigarettes is associated with the accumulation of neutrophils and 

macrophagess in the lung [27,73-75]. In the BALF of healthy smokers, elastase activity 

derivedd from neutrophils and macrophages can be detected [76,77]. Alveolar macrophages 

isolatedd from BALF of smokers were demonstrated to release a chemotactic factor for 

neutrophilss [73]. In addition, in a proportion of healthy smokers increased concentrations 

off IL-8 in BALF were detected, that were associated with increased chemotactic activity for 

neutrophilss [78]. Furthermore, nicotine may contribute directly to neutrophil recruitment 

[79],, and may prolong local neutrophil survival by suppressing apoptosis [80]. 

InIn vitro, cigarette smoke induced the release of a chemotactic activity for neutrophils by 

isolatedd human alveolar macrophages [73], and cultured bovine bronchial epithelial cells 

[81].. In human bronchial epithelial cells, cigarette smoke induced the release of IL-8 [82]. 

Furthermore,, alveolar macrophages may also contribute to the pathophysiology of 

smoking-relatedd emphysema by the release of proteases, particularly metalloproteases 

(MMPs)) [83-85]. Increased levels of various MMPs were demonstrated in human lungs with 

emphysemaa compared with lungs without [85]. In addition, various studies on smoke-

inducedd lung disease in animal models indicated that macrophage-derived proteolytic 

activityy might be implicated in the development of emphysema [86-91]. 

Thee effects of smoking to the lung are attributed in part to the effects of oxygen radicals 

presentt in high concentrations in cigarette smoke [62,92,93]. Oxidants were demonstrated 

too increase epithelial permeability [94,95], to induce mucus secretion in guinea pig 

respiratoryy epithelial cells [96], and to impair ciliary function [97]. Oxidants may cause 

damagee to DNA, lipids, and proteins [98,99]. In addition, oxygen radicals may inactivate 

a1ATT [62-65], the main inhibitor of neutrophil elastase in the lung [55,100]. 

ChronicChronic respiratory tract infection with nonencapsulated Haemophilus influenzae 

Nonencapsulatedd H. influenzae is a Gram-negative bacterium that is a normal 

nasopharyngeall commensal only present in humans, that may cause mucosal infections of 

thee upper and lower respiratory tract [101-105]. Carriage in the nasopharynx was 

demonstratedd in 30-50% of healthy individuals [102-104]. In patients with (obstructive) 

chronicc bronchitis, nonencapsulated H. influenzae may cause chronic or recurrent 

infectionss of the lower respiratory tract despite high levels of strain-specific antibodies and 

complement,, and large numbers of neutrophils in the airways [106,107]. Clinical isolates 

fromm these patients were analysed phenotypically and genotypically. Phenotypical analysis 

wass based on major outer membrane protein (MOMP) subtyptng [108] and genotypical on 
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DNAA fingerprinting after restriction endonuclease digestion [109] and randomly amplified 

polymorphicc DNA analysis [110]. These analyses revealed that some H. influenzae strains 

persistedd in the airways for longer periods of time, whereas others were isolated only once 

[107].. This indicates that chronic infections in these patients may be due to persistence of 

aa specific (persisting) H. influenzae strain or to recurrent infections with different, unrelated 

(nonpersisting)) strains. 

Chronicc bacterial infections in chronic bronchitis and COPD patients are considered to 

bee the consequence of altered local conditions induced by chronic airway inflammation 

[111].. Airway inflammation in these patients is associated with epithelial damage 

[18,112,113],, impaired mucociliary clearance [112,114], mucus hypersecretion [67-69], 

plasmaa protein exudation [115-117], and in COPD also with airway obstruction [17,118]. 

Alll of these factors are considered to promote bacterial adherence, infection and persistence 

[111]. . 

Inn organ cultures from resected human adenoids [119] and nasal turbinates [120], 

H.H. influenzae did not adhere to undamaged ciliated epithelial cells, but did adhere very 

welll to mucus, damaged epithelial cells and to exposed extracellular matrix components. 

Attachmentt of bacteria to mucosal surfaces is considered to be the first step in infection and 

bacteriall persistence [119-121]. 

Inn addition to adherence to the ECM components [120,122], H. influenzae strains can 

bindd plasminogen [123], that can be activated by tissue-type plasminogen activator (t-PA) 

too plasmin [122,124]. Deposition of plasminogen on the ECM and subsequent formation 

off plasmin is essential for normal repair processes of mucosal surfaces after injuries 

[125,126].. Plasmin generated on and bound to H. influenzae was demonstrated by Virkola 

andd coworkers [122] to degrade laminin, fibronectin and an ECM from human endothelial 

cells,, and to potentiate bacterial penetration through a basement membrane preperation 

reconstitutedd on membrane filters. This suggests that in addition to adherence to exposed 

ECMM components, H. influenzae is able to bind to locally present plasminogen and to 

penetratee into the subepithelial layers by local degradation of the ECM. 

InIn vitro, H, influenzae also penetrated through epithelial cell layers of the human 

pulmonaryy mucoepidermoid carcinoma-derived cell line H292 [127]. Although strains that 

weree adherent to H292 cells showed greater penetration (paracytosis), adherence was not 

ann absolute prerequisit for bacterial penetration [127]. Passage was demonstrated, however, 

too be dependent on the synthesis of a specific bacterial protein (paracytin) [128]. 

Penetrationn of H. influenzae in epithelial cell layers of H292 cells resulted in shielding the 

bacteriaa from killing by antibody dependent defense mechanisms and by antibiotics [129]. 
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InIn vivo, in sections of airways of chronic bronchitis patients infected with H. influenzae 

accumulationn of bacteria between and underneath epithelial cells was demonstrated 

[130,131],, indicating that this mechanism may be a factor of importance in local bacterial 

persistence. . 

Duringg persistence, H. influenzae may show antigenic variation of outer membrane 

proteinss [106,132,133]. Antigenic variation is considered to be the consequence of 

immunologicall pressure leading to selection of MOMP variants [134]. This antigenic 

variationn allows escape from immune surveillance and is thus considered to be another 

essentiall aspect of bacterial persistence [134-137]. 

RoleRole of nonencapsulated H. influenzae in exacerbations 

Patientss with non-obstructive and obstructive chronic bronchitis experience episodic 

exacerbations,, characterized by increased cough and sputum production, increased sputum 

purulence,, and shortness of breath [101]. The presence of bacteria, like H. influenzae, 

StreptococcusStreptococcus pneumonia and Moraxella (Branhamella) catarrhalis in sputum cultures was 

demonstratedd to be associated with exacerbations and sputum purulence in these patients 

[101,138-141].. Stockley and coworkers observed that during exacerbations in obstructive 

chronicc bronchitis, a positive bacterial culture was obtained in more than 80% of cases if 

thee sputum was purulent, as compared to about 40% positive cultures in non-purulent, 

mucoidd samples [142]. These microorganisms, however, can also be isolated from upto 

40%% of sputum samples of these patients during a clinically stable phase of their disease 

[101-103,106,107,139,142,143],, and all bacteria involved can also be cultured from the 

throatt of most (healthy) individuals [101,104,138,144]. Thus, the presence itself does not 

implicatee a direct causal relationship between microorganisms and exacerbations. 

Inn an attempt to assess the role of bacteria in the pathophysiology of exacerbations in 

thesee patients, antibody responses were studied [101]. In studies concerning H. influenzae, 

however,, the antigenic heterogeneity of H, influenzae [145-147] was not taken into 

account.. Exacerbations in patients with chronic bronchitis and COPD were demonstrated 

too be associated with endogenous (antigenic variant) and exogenous reinfections (new, 

unrelatedd strain) with H. influenzae [107]. Since, however, in most studies just one strain, 

nott derived from the patients studied, was used as source of antigen, the results of these 

studiess [106,148-153] remain inconclusive. 

AA role of acute bacterial infections in the pathogenesis of at least part of the 

exacerbationss is suggested by several studies on the prophylactic use of antibiotics in 

patientss with chronic bronchitis [154-157]. Prophylactic use of antibiotics in these studies 
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reducedd the rate of infectious exacerbations in these patients, especially in those suffering 

fromm frequent exacerbations. Additionally, in most studies also a reduction in days lost from 

workk due to an exacerbation was demonstrated. Furthermore, in two out of five studies that 

failedd to show an effect of antibiotic prophylaxis on the rate of exacerbations [158-162], a 

significantt effect on the time lost from work in the antibiotic group was shown [158,160]. 

Also,, the positive effect of antibiotic treatment of exacerbations points to at least a 

contributionn of bacteria, like H. influenzae, in the pathogenesis of exacerbations in these 

patients,, since patients suffering from exacerbations associated with purulent sputum were 

shownn to benefit most from antibiotic treatment [101,163,164]. 

Duringg acute bacterial infections in non-obstructive and obstructive chronic bronchitis 

patientss there is an influx of neutrophils [31,32], associated with detectable activity of 

neutrophill elastase and enhanced plasma protein exudation [115,165,166]. Furthermore, 

ann increase was demonstrated in the local secretion of secretory IgA (slgA) [137], that may 

preventt the adherence of H. influenzae to airway epithelial eels [167,168]. The 

inflammatoryy response is aimed at eradication of bacteria from the airways and should 

preventt bacterial adherence, invasiveness, and persistence. On the other hand, as discussed 

before,, the increased local airway inflammation may also facilitate bacterial persistence. 

InteractionInteraction between viral and bacterial respiratory tract infections 

Virall respiratory tract infections were demonstrated to be associated with exacerbations in 

chronicc bronchitis and COPD patients, and were suggested to be the cause of part of the 

exacerbationss observed [139,143,169-171]. In addition, viral respiratory tract infections are 

alsoo considered to predispose to a bacterial infection [1 72-175]. 

Influenzaa virus infection is well known for the occurrence of secondary bacterial 

pneumoniaa in humans [176-178], but also respiratory tract infection with other viruses were 

reportedd to be associated with bacterial infections [1 74,179]. Adherence of H. influenzae, 

StreptococcusStreptococcus pneumoniae and Staphylococcus aureus to human pharyngeal epithelial 

cellss infected with influenza virus was demonstrated to be increased as compared to 

controlss [180]. Furthermore, among others influenza, adeno, and parainfluenza viruses, 

weree demonstrated to cause damage to airway epithelial cells in animal models 

[172,173,181,182].. Influenza virus infection in humans induces damage to ciliated 

epitheliall cells of the trachea and bronchi [181]. In mice, an influenza virus infection was 

shownn to cause damage to ciliated airway epithelial cells that was associated with an 

increasedd adherence of Pseudomonas aeruginosa to damaged cells [173]. Also 

H.H. influenzae was shown to adhere very well to damaged epithelial cells and exposed 
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extracellularr matrix components [119,120,122]. Already about a century ago the 

associationn of H. influenzae with influenza was noticed. In 1892 Pfeiffer claimed that 

H.H. influenzae was the causative agent of influenza, since it was frequently cultured from 

sputumm samples of patients suffering from influenza [183], an association that is now still 

rememberedd in its name. 

Bacteriall infections secondary to viral respiratory tract infection are known for their 

potentiall clinical severity [172,174,176-178]. This may be due to altered local conditions 

thatt predispose for bacterial infection and that may favour bacterial virulence since normal 

locall defense is impaired. In mice, parainfluenza virus infection was demonstrated to 

decreasee the capacity to clear bacteria from the lungs, and to facilitate the occurrence of 

pneumoniaa caused by a subsequent inoculation with H. influenzae type b [184]. 

H.H. influenzae infections in the pathogenesis of (obstructive) chronic bronchitis 

Pulmonaryy function may worsen temporary during exacerbations in patients with 

(obstructive)) chronic bronchitis and COPD, however, the role of acute and chronic bacterial 

infectionss in the pathogenesis of these disorders is far from clear [101,138]. 

Althoughh acute respiratory tract infections in patients with non-obstructive and 

obstructivee chronic bronchitis are associated with an enhanced influx of neutrophils and 

detectablee elastase activity [31,32,165], most studies designed to assess the annual decline 

off the FEV1 in COPD [7-10] concluded that there was no correlation between recurrent 

respiratoryy tract infections and the decline in pulmonary function [7-9]. In one study only, 

frequentt lower respiratory tract infections were associated with a more rapid decline in 

pulmonaryy function [10]. However, in this study a considerable number of patients with a1 -

antitrypsinn deficiency were included. In this condition the proteinase-antiproteinase balance 

iss considered crucial in the development of emphysema [53-55,100]. Therefore, the 

neutrophill elastase activity [165] that is associated with the recruitment of neutrophils 

duringg acute respiratory tract infections [31,32] may have a more severe impact on the 

progressionn of the disease in these patients, which might explain the more rapid decline in 

FEV11 observed in this study. 

Whetherr chronic infection with H. influenzae contributes to the pathogenesis of 

(obstructive)) chronic bronchitis is also still under debate [101,138]. Data from in vitro 

studiess and animal models indicate that H. influenzae may aggravate the local inflammatory 

processs by the induction of inflammatory mediators, like interleukin (lL)-6 and IL-8 in 

airwayy epithelial cells [42]. H. influenzae can cause damage to the airway epithelium 

[120,185],, and can release components that induce mucus secretion [186] and impair 
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mucociliaryy clearance [187-189]. The potential interplay between microorganism and host 

iss the basis of a vicious circle hypothesis, that has been proposed to explain the role of 

bacteriaa in the pathogenesis of bronchiectasis [190,191]. In this hypothesis, the 

microorganismm is considered not just to reside locally in the airways of these patients, but 

too be crucial in the pathogenesis. It was suggested that similar mechanisms might be 

operativee in chronic bronchitis and COPD [101]. Since airway inflammation in COPD was 

demonstratedd to be associated with airway obstruction [28,30], this may implicate that 

persistentt H. influenzae plays a role in causing irreversible airway obstruction in these 

patientss by aggravating local airway inflammation [101]. 

TherapeuticTherapeutic interventions 

Antibioticc treatment reduces sputum purulence and bacterial numbers. The effects, 

however,, are just temporary as infection flares up shortly after cessation of treatment [192-

194].. Strains of H. influenzae were demonstrated to persist in the airways of patients with 

nonobstructivee and obstructive chronic bronchitis despite antibiotic treatment [107,139]. 

Sincee local airway inflammation is considered a crucial factor in bacterial persistence, 

itt might be argued that reduction of local airway inflammation may reduce bacterial 

persistence. . 

Inhaledd corticosteroids have proven to be effective in the treatment of asthma by 

reducingg airway obstruction, bronchial hyperresponsiveness and local airway inflammation 

[117,195-197].. Inhaled corticosteroids are also widely used in the treatment chronic 

bronchitiss and COPD. In various studies, treatment with (inhaled) corticosteroids was 

demonstratedd to improve pulmonary function [198-202] and to slow down the annual 

declinee in FEV1 [202,203]. In addition, corticosteroids were demonstrated to reduce the 

ratee of severe exacerbations [202] and to reduce local airway inflammation 

[117,198,204,205]] in non-infected patients with chronic bronchitis and COPD. However, 

otherss failed to show benefit from treatment [206-209], and it was suggested that 

corticosteroidd reversibility in COPD is related to features of asthma being present in these 

patientss [199,201,210,211]. Therefore, the role of inhaled corticosteroids in the treatment 

off chronic bronchitis and COPD is far from elucidated yet [211-213]. 

Corticosteroidss modulate gene expression by various mechanisms [214]. Corticosteroids 

weree shown to reduce among others the synthesis of pro-inflammatory cytokines, like tumor 

necrosiss factor-a (TNF-a) [42], IL-6 [42,215] and IL-8 [42,216] in cultured airway epithelial 

cells.. In cultured human bronchial epithelial cells, hydrocortisone inhibited the release of 

IL-6,, IL-8 and TNF-a induced by lipopolysaccharide isolated from H. influenzae [42]. 
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Inn  several large trials, the mucolytic agent N-acety I cysteine (NAC) was demonstrated to 

reducee the rate of infectious exacerbations in patients with chronic bronchitis [217-221]. 

Inn addition, in some studies pulmonary function improved upon treatement with NAC 

[218,222].. Furthermore, the use of NAC in chronic bronchitis patients was associated with 

fewerr positive bacterial cultures of BALF [223]. 

NACC has been shown to reduce cough frequency, and to facilitate sputum evacuation 

byy the reduction of the viscosity of the sputum [217,222]. By the enhancement of the 

mucociliaryy clearance NAC may reduce infection and bacterial persistence. However, NAC 

maymay also act as an antioxidant by providing cysteine for the intracellular production of 

gluthatione,, an important physiological anti-oxidant [62,224]. This may have implications 

forr bacterial persistence, since NAC was demonstrated to enhance the phagocytotic activity 

off neutrophils in vitro, by protection of the Fc-y-receptor from oxidative damage [224,225]. 

OutlineOutline of this thesis 

Recurrentt and chronic infections of the lower respiratory tract with bacteria like 

H.H. influenzae are prominent in chronic bronchitis patients. Little is known about the course 

off infections with H. influenzae, possible differences between strains of H. influenzae and 

onn the contribution of H. influenzae to airway inflammation. Therefore, in the studies 

presentedd in this thesis, we employed both ex vivo and in vitro approaches to study various 

aspectss of H. influenzae in relation to airway inflammation. 

Previously,, we have demonstrated persistence of H. influenzae in an obstructive chronic 

bronchitiss population, consisting mostly of non-smoking patients living in a home for the 

elderlyy [107]. Now (Chapter 2), we studied bacterial persistence in a well-defined chronic 

bronchitiss population, most of whom were (ex-)smokers, all selected from the outpatient 

clinicc of our hospital. We also studied whether exacerbations in these patients coincide 

withh the occurrence of endogenous or exogenous reinfection with H. influenzae, as was 

demonstratedd before in the previously mentioned population [107]. Since bacterial 

infectionss in chronic bronchitis patients are considered to be the consequence of the 

ongoingg inflammatory process [111], we aimed to reduce local airway inflammation in 

chronicc bronchitis patients. Therefore, chronic bronchitis patients with a documented 

historyy of recurrent infections with H. influenzae were treated with either an inhaled 

corticosteroidd (budesonide), oral N-acetylcysteine or placebo for three months. The effect 

off treatment on bacterial persistence and local airway inflammation was studied. 

Althoughh infection of the airways with H. influenzae is considered to be the 

consequencee of altered local conditions [111], the mechanism of bacterial persistence is 
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stilll far from clear. Since an inflammatory response is elicited against invading bacteria to 

eradicatee bacteria from the airways, we hypothesized that strains that persisted for longer 

periodss of time differ from non-persisting strains in the way they induce a local 

inflammatoryy response. Therefore, we studied the release of pro-inflammatory mediators 

(IL-66 and IL-8) in airway epithelial cells induced by persisting and nonpersisting clinical 

chronicc bronchitis isolates {Chapter 3). In these studies also an initial analysis of the 

bacteriall component(s) inducing the release of the pro-inflammatory mediators was 

performed. . 

Sincee adherence to ECM components and plasminogen receptor expression may 

promotee bacterial persistence, strains causing persisting infections may differ from 

nonpersistingg strains in their ability to adhere to ECM components. Therefore, we studied 

adherencee to ECM proteins of persisting and nonpersisting clinical chronic bronchitis 

isolatess (Chapter 4). 

Wee also studied local airway inflammation in patients with non-obstructive and 

obstructivee chronic bronchitis chronically infected with H. influenzae, and compared these 

dataa with those obtained in a non-infected, but otherwise similar COPD population 

[48,111 7] (Chapter 5). 

Ass viral airway infections may contribute to exacerbations in chronic bronchitis and 

COPDD patients with chronic H. influenzae airway infections, we also studied the impact 

off a viral infection on the regulation of IL-6 and IL-8 expression in airway epithelial cells 

(Chapterr 6). 
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Abstrac t t 

AA six months follow-up study was performed to study the presence of Haemophilus 

influenzaeinfluenzae (H. influenzae) in chronic bronchitis (CB) patients with a documented history 

off recurrent infections with H. influenzae. The isolated H. influenzae strains were analyzed 

genotypicallyy and for major outer membrane protein variation to determine persistence of 

aa distinct strain. Persistence of H. influenzae is facilitated by airway inflammation. Thus, it 

wass reasoned that reduction of airway inflammation may reduce bacterial persistence. This 

wass studied in a double-blind, placebo-controlled clinical trial. After a 4 week run-in 

period,, the patients were treated with inhaled budesonide (BUD; 800 u.g bid; n = 7), oral 

N-acetylcysteinee (NAC; 600 mg tid; n = 7) or placebo (n = 5) for 12 weeks. Airway 

inflammationn was assessed by the analysis of the sputum sol phase of spontaneously 

expectoratedd sputum. 

Wee demonstrated that the airways of these CB patients were persistently infected with 

H.H. influenzae. We observed either persistence of a distinct strain (with or without antigenic 

variants),, recurrent infections with unrelated strains, or a combination of both. 

Exacerbationss coincided with an endogenous reinfection (antigenic variant of the previously 

culturedd strain) or an exogenous reinfection (unrelated strain) in part of the patients. In the 

others,, distinct strains were present both before and after an exacerbation. The number of 

H.H. influenzae-poslt'we sputum samples did not change significantly upon active treatment 

withh either BUD or NAC. Antigenic variation occurred in all groups in a similar frequency. 

Inn the NAC-treated group, however, slightly more new, unrelated strains were cultured after 

treatmentt compared to the other groups. Local airway inflammation as assessed by plasma 

proteinn exudation, interleukin-8 levels, and neutrophil content did not change upon either 

treatment.. This is the first report describing the dynamics of H. influenzae infection in 

typicall CB patients. Furthermore, it appears that the tested medication does not markedly 

changee the dynamics of H. influenzae infection in CB. 

Introductio n n 

Chronicc infections of the lower respiratory tract with nonencapsulated Haemophilus 

influenzaeinfluenzae are prominent in chronic bronchitis patients [1,2]. Despite high levels of specific 

antibodiess in the lower airways and antibiotic treatment, sputum cultures in these patients 

remainn positive for H. influenzae [3,4]. We have previously demonstrated by analyses of 
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bacteriall isolates from patients with chronic obstructive pulmonary disease (COPD), 

phenotypicallyy by major outer membrane protein (MOMP) subtyping [5] and genotypically 

byy DNA fingerprinting after restriction endonuclease digestion [6], that some H. influenzae 

strainss persisted in the airways for many months whereas others were isolated only once 

[4].. During persistence, H. influenzae may show antigenic variation of MOMPs [3,4,7,8], 

whichh allows escape from immune surveillance and thus is considered an essential aspect 

off bacterial persistence [9-11]. This indicates that chronic H. influenzae infections in these 

patientss may be due to persistence of a specific strain that may show antigenic variation, 

orr to recurrent infections with different H. influenzae strains. Since, however, most of the 

COPDD patients in which we studied persistence of H. influenzae previously [4], were non-

smokerssmokers living in a home for the elderly, these patients probably represented a selected 

populationn with relatively advanced airway disease. Furthermore, we have previously 

demonstratedd in a small group of COPD patients that exacerbations in these patients 

coincidedd with the occurrence of either an antigenic variant of the strain that was cultured 

beforee (endogenous reinfection) or a new, unrelated strain (exogenous reinfection). These 

patientss were, however, not chronically infected, but had a history of exacerbations 

intermingledd with periods free of infection [4]. 

Locall airway inflammation [12,13] is considered to facilitate bacterial infection in 

chronicc bronchitis patients [14], among others by reducing ciliary function [15,16], by 

inducingg mucus hypersecretion [17,18] and by causing damage to the airway epithelium 

[15].. In a model consisting of resected human nasal turbinates, Read and coworkers [19] 

havee demonstrated that H. influenzae adhered only to epithelial cells and extracellular 

matrixx components after the epithelium was damaged. This indicates that local 

inflammationn may promote bacterial adherence thus enabling infection and persistence. 

Inhaledd corticosteroids are widely used in the treatment of patients with inflammatory 

airwayss disease. The role of inhaled corticosteroids in the treatment of chronic bronchitis 

andd COPD is not fully elucidated [20], however, in patients with smoking-related chronic 

bronchitiss without bacterial infection inhaled corticosteroids have been shown to reduce 

locall airway inflammation [21-23]. Anti-inflammatory treatment may prevent adherence of 

H.H. influenzae, and thus its persistence by reducing epithelial damage. 

Treatmentt with oral N-acetylcysteine (NAC) has been shown to facilitate sputum 

expectorationn by reducing sputum viscosity and purulence [24,25]. In several large trials, 

NACC was shown to cause a reduction in the rate of infectious exacerbations in patients with 

chronicc bronchitis [26]. In addition, Riise and colleagues [27] have shown that chronic 

bronchitiss patients treated with NAC had significantly fewer positive bacterial cultures of 
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bronchoalveolarr lavage fluid. 

Thee aim of this study was to elucidate the role of persistence of H. influenzae in CB 

patientss with a documented history of recurrent infections with H. influenzae, selected from 

thee out-patient clinic of our hospital. We also studied bacterial persistence in relation to the 

occurrencee of excerbations in these patients. 

Sincee reduction of local airway inflammation may reduce bacterial persistence, we 

assessedd the effect of an inhaled corticosteroid (budesonide; BUD) and oral NAC on 

persistencee of H, influenzae. Bacterial persistence was assessed by MOMP analysis and 

randomm amplified polymorphic DNA (RAPD) analysis [28]. We used RAPD analysis as 

genotypingg method instead of DNA fingerprinting after restriction enzyme analysis, since 

interpretationn of RAPD analysis is easier and more reliable [28]. Local airway inflammation 

waswas determined by analysis inflammatory indices in the sol phase (SSP) of spontaneously 

producedd sputum. Analysis of such indicators in SSP derived from clinically stable patients 

withh obstructive pulmonary disease was previously demonstrated to be a reliable and 

reproduciblee method to assess inflammation in the airways [23,29,30]. 

Material ss  and Method s 

StudyStudy design 

Patientss were selected from the outpatient clinic of our hospital. All patients had a history 

off chronic bronchitis as defined by a productive cough on most days for at least three 

monthss of the year during 2 or more consecutive years [31]. In addition, all patients had a 

documentedd history of recurrent infections of the lower respiratory tract with H. influenzae, 

withh at least three positive sputum cultures during the year preceeding the study, and 

monthlyy in the two month period prior to the start of the study. Patients with radiographic 

evidencee of bronchiectases or a subnormal level of IgA, IgM or IgG-subclasses were 

excluded.. All patients were clinically stable. Patients who needed antibiotic treatment 

withinn 6 weeks before the study were excluded. Treatment with oral and inhaled 

corticosteroidss and NAC was stopped at least 6 weeks before the start of the study. 

Medicationss allowed were: (32-agonists, ipratropium bromide and theophylline. The study 

protocoll was approved by the Medical Ethics Committee of our hospital and all patients 

gavee written informed consent. 

Too study the effect of treatment, a double-blind, placebo-controlled study was designed. 

Att the end of a 4 week run-in period, patients were randomized to receive treatment for 12 
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weekss with either budesonide 800 ug two times daily and placebo effervescent tablets 

(BUD-group;; n = 7), N-acetylcysteine 600 mg three times daily and placebo inhalations 

(NAC-group;; n = 7) or a placebo for both (PLAC-group; n = 5). Budesonide was delivered by 

aa Nebuhaler spacer device (Astra Draco, Lund, Sweden), N-acetylcysteine as effervescent 

tablets.. With a 4 week interval sputum was collected for bacteriological examination. At 

thee start and the end of the treatment period a 24 hour sputum sample was collected, and 

aa blood sample was taken to obtain serum. 

Inn case of an exacerbation, defined as an increase in cough and sputum production in 

combinationn with fever and/or dyspnea, antibiotic treatment with amoxicillin (750 mg three 

timess daily) or doxycyclin (200 mg on the first day, then 100 mg daily) was prescribed for 

onee week. 

BacteriologicalBacteriological analysis of sputum samples 

Sputumm samples were cultured for the presence of H. influenzae and other pathogens as 

describedd before [4-6]. In addition, smears of sputum specimens were stained 

immunochemicallyy (immunoperoxidase) for the presence of H. influenzae using 

monoclonall antibody 8BD9 directed against outer membrane protein P6 of H. influenzae, 

ass described previously [32]. H. influenzae was identified by its dependence for growth 

factorss X and V and its inability to convert 5-aminolevulanic acid to porphyrins [33]. Further 

genotypicc characterization of five individual colonies from each sputum sample was 

performedd by randomly amplified polymorphic DNA (RAPD) analysis with the primers 

ERIC11 and ERIC2 as described before [28]. The RAPD patterns obtained were shown to be 

strainn specific. In addition, from each strain the major outer membrane protein (MOMP) 

patternn was analyzed to detect MOMP variation as described previously [5]. 

SputumSputum sol phase analysis 

Thee patients collected sputum at home over a 24-hour period the day before visiting the 

hospitall as described before [23,29,30]. The sputum sol phase (SSP) was separated from the 

sputumm gel phase (SGP) by centrifugation at 50,000 x g at C for 90 min. The sputum sol 

phasee was stored in aliquots at C until analysis. The concentrations of albumin (ALB, 

677 kD) and a2-macroglobulin (A2M, 725 kD) were used as parameters for exudation of 

plasmaa proteins into the airway lumen [23,29]. The SSP-to-serum ratio (Q-protein) for each 

proteinn was calculated to correct for the variations in protein concentrations in the blood 

[23,29].. Also the relative coefficient of excretion (RCE) of proteins from serum to sputum 

wass determined [29,34]. The excretion of A2M was compared with that of ALB 
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(QA2M/QALB).. The RCE is considered to reflect the loss of size selectivity of the respiratory 

membranee that occurs during inflammation [29,34]. ALB and A2M were determined by 

immunoturbidimetryy and ELISA, respectively [29,35]. lnterleukin-8 (IL-8) was determined 

byy ELISA, according to Hack et al. [36], The peroxidase activity of myeloperoxidase (MPO) 

wass determined as a marker of neutrophilic inflammation, essentially according the method 

describedd by Grisham et al. [30,37]. 

StatisticalStatistical analyses 

Forr the treatment study, differences in baseline characteristics (pre-randomization) and in 

thee effects of treatment between the three groups were analyzed using a parametric one-

wayy analysis of variance (ANOVA) or Kruskall-Wallis' non-parametric test (KW-test), as 

appropriate.. In case of an over all statistical difference, the differences between two groups 

weree further analyzed using either the Student's t test or the Mann-Whitney U test (MWU-

test).. P-values for pairwise comparisons were corrected for multiple comparisons using 

Bonferronii 's or Dunn 's multiple comparisons test, respectively. The effects within each 

treatmentt group were analyzed by the parametric Student's t test for pairs or the non-

parametricc Wilcoxon signed-ranks test (WSR-test), as indicated in the text. The effects of 

treatmentt on the detection of H. influenzae in sputum samples, and bacterial persistence 

wass analyzed using the Chi-square test (x2-test), and if indicated the non-parametric Sign 

test.. An effect was arbitrally defined as at least two H. /nf/uenzae-negative sputum samples 

duringg the treatment period. Spearman rank correlation coefficients (rho) were calculated 

forr QALB and QA2M. A p-value of less than 0.05 was considered statistically significant. 

Results s 

PatientPatient characteristics 

Baselinee characteristics of the three groups of patients are summarized in Table 1. Patients 

inn the three groups did not differ with respect to baseline chracteristics. All patients had a 

historyy of purulent sputum for prolonged periods of time and the periods free of infection 

were,, if existing, short. 

LongitudinalLongitudinal analysis of H. influenzae strains 

Inn most patients the sputum samples obtained during the entire follow-up period were 

positivee for the presence of H. influenzae, either by culture or by immunoperoxidase 
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stainingg (IP-staining), independent of treatment. Figure 1 shows the data for each individual 

patient.. During the 6 months follow-up we obtained 119 sputum samples. H. influenzae 

wass isolated from 83 sputa (70%). In addition, in 11 samples that were culture negative, the 

presencee of H. influenzae could be demonstrated by immunoperoxidase staining (9%). 

Analysiss of colonies from each sputum sample indicated that all but one patient (patient 4; 

Figuree 1) were infected by one H. influenzae strain at the time. 

Tablee 1. Patient characteristics of the three study groups 

Number r 
Sexx (F/M) 
Agee (yr) 
Current/ex-smoker r 
FEV,, (%-predicted)* 

PLAC-group p 
5 5 

2/4 4 
61.0(5.4) ) 

2/2 2 
73.44 (9.4) 

BUD-group p 
7 7 

4/3 3 
61.11 (2.0) 

2/4 4 
65.77 (9.7) 

NAC-group p 
7 7 

5/2 2 
50.88 (5.8) 

3/2 2 
80.00 (6.6) 

Dataa are expressed as mean, and SEM in parenthesis. 
** FEV, post-bronchodiiatation; spirometry according to standardized guidelines [40]. 

Byy using RAPD and protein analysis, MOMP variation was identified in 5 patients (6 strains) 

duringg the study period (Figure 1). In patient 4, two variants were present at the start of the 

studyy that both persisted for many months. The occurrence of an antigenic variant 

coincidedd with an exacerbation in one patient (patient 6), and occurred unrelated to 

exacerbationss in the other patients (patient 5, 11, and 14; Figure 1). 

Ninee exacerbations neccesitating treatment were documented in 8 patients (Figure 1). 

Exacerbationss in these patients coincided with an endogenous reinfection in 1 patient 

(patientt 6) and an exogenous reinfection in 2 patients (patient 2 and 18). In 2 patients 

(patientt 10 and 11) sputum cultures became negative upon antibiotic treatment throughout 

thee subsequent follow-up period. In the other 3 patients the same strain could be cultured 

bothh before and directly after the exacerbation that occurred (patient 7, 12 and 16). 
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Figur ee 1. Persistence and variability of H. influenzae strains from sputum samples of the 19 patients 
(patientss 1-19) during the study period. PLAC-group: patients 1-5, BUD-group: patients 6-12, and 
NAC-group:: patients 13-19. Distinct H. influenzae strains characterized by differences in major 
outerr membrane protein (MOMP) and randomly amplified polymorphic DNA (RAPD) analysis 
patternss are identified by numbers. MOMP variant strains (with distinct MOMP and indistinguisable 
RAPDD patterns) are identified by additional letter. Time points at which sputum specimens were 
processedd are indicated by A; sputa with positive immunoperoxidase staining results for 
H.H. influenzae are indicated by + ; Hi: sputum culture positive for H. influenzae, strain not 
characterizedd further. Prescribed therapy in case of an exacerbation: A, amoxicillin, D, doxycyclin, 
P,, prednisolone. 
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EffectEffect of treatment on bacterial persistence 

Thee proportion of H. inf/uenzae-positive sputum samples during the run-in period did not 

differr between the three treatment groups (Figure 1). During the active treatment period, in 

thee PLAC-group 1 out of 5 patients had at least two sputum samples negative for 

H.. influenzae, compared to 1 out of 7 in the BUD-group, and 4 out 7 in the NAC-group 

(Figuree 1). The difference between the three groups showed a tendency towards statistical 

significancee (p = 0.15/ %
2 -test), and was associated with NAC treatment (p = 0.13, Sign test). 

Inn the NAC-group, in the wash-out period in all sputum samples from the patients that had 

negativee sputum samples during the treatment period, H. influenzae could be demonstrated 

againn (Figure 1). 

Analysess of the isolated bacteria were performed to determine whether the patients 

remainedd infected with the original strains, or whether these bacteria were replaced by 

'new'' strains. Of the 17 patients with positive sputum cultures both in the run-in period and 

afterr the treatment period, 10 patients still harboured the same strain after the treatment 

period,, and in 8 a 'new', unrelated strain was detected (Figure 1). Although NAC treatment 

wass associated with the occurrence of relatively more new strains, the differences between 

thee groups were not statistically significant. 

EffectEffect of treatment on sputum sol phase parameters 

Thee effect of budesonide and N-acetylcysteine on the degree of local airway inflammation 

wass assessed in 18 patients by analysis of SSP. From two patients (BUD-group: patient 11, 

andd NAC-group: patient 18) no adequate 24h-sputum sample was obtained before and/or 

afterr the treatment period. 

Fromm 16 patients (PLAC-group n = 5, BUD-group n = 6, NAC-group n - 5) we were able 

too collect adequate amounts of sputum (> 1 g/24 h) before and after the treatment period 

too perform all analyses in SSP. From the remaining patient (NAC-group: patient 15), we 

couldd only assess the effect of treatment on QALB. Baseline values of QALB (n = 17), 

QA2M,, QA2M/QALB, IL-8 and MPO were similar in the three groups (Table 2). The QALB 

andd QA2M values were highly correlated, both before and after treatment (Spearman rho 

0.900 and 0.94, respectively, p<0.0001). Although in the NAC-group the median values of 

bothh QALB and QA2M were somewhat higher after treatment, the effects of treatment on 

QALBB and QA2M did not differ significantly between the three groups (both p>0.20, KW-

test).. Treatment with BUD or NAC had no effect on the RCE, and the changes upon 

treatmentt did not differ between the three groups (p = 0.86; Table 2), suggesting that the 

degreee of protein leakage into the airway lumen had not changed. Neither MPO activity, 
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determinedd as indicator of neutrophilic inflammation, nor IL-8 concentration, as indicator 

off neutrophil chemotactic activity in the sputum sol phase, changed upon upon treatment 

withh BUD or NAC {Table 2). 

Tablee 2. Sputum sol phase parameters before and at the end of the 12 weeks treatment period 

PLAC-group p 
<nn = 5) 

BUD-group p 
(nn = 6) 

NAC-group p 
(nn = 5)* 

before e after r before e after r before e after r 
QALB B 

QA2M M 

10.5 5 
(3.6-70.0) ) 

5.40 0 

9.5 5 
(1.5-24.7) ) 

4.33 3 

7.2 2 
(2.7-41.5) ) 

3.72 2 

6.2 2 
(2.6-98.5) ) 

2.04 4 

10.6 6 
(3.1-18.6) ) 

3.33 3 

17.7 7 
(3.9-26.1) ) 

7.69 9 
(0.14-20.64)) (0.27-10.77) (0.26-11.62) (0.44-37.90) (0.38-11.62) (0.61-18.35) 

RCE E 

IL-8 8 

0.300 0.44 0.44 
(0.04-0.52)) (0.05-0.52) (0.10-0.58) 

57.6 6 37.1 1 56.0 0 

0.36 6 
(0.09-0.99) ) 

34.5 5 
(pg/ml)) (12.6-211.0) (11.2-186.0) (26.0-250.9) (17.7-311.0) 

MPOO 33.7 47.0 31.0 13.3 
(nM)) (4.7-164.0) (4.0-276.0) (10.0-114.4) (8.4-770.0) 

0.333 0.35 
(0.06-0.43)) (0.16-0.70) 

136.00 145.0 
(13.5-344.0)) (28.0-326.9) 

40.00 210.0 
(5.0-465.0)) (10.0-363.3) 

Valuess are presented as median, and range in parenthesis. *QALB: n = 6 (see text). 

Discussio n n 

Bacteriologicall analyses of subsequent sputum samples showed that H. influenzae caused 

persistentt infections in the airways of chronic bronchitis patients. We observed long-term 

persistencee of distinct strains as well as strains showing antigenic variation. Also, bacteria! 

strainss persisted despite antibiotic treatment. These findings are consistent with an earlier 

studyy [4]. In this earlier study, however, most patients were non-smokers living in a home 

forr the elderly [4]. In the current study, most patients were (ex-)smokers, all selected from 

thee outpatient clinic of our hospital. In addition, in the current study we ruled out the 

presencee of bronchiectasis or a humoral immunodeficiency. Therefore, the current study 

extendss our previous findings for persistence and antigenic variation of H. influenzae in the 

airways,, to a genuine chronic bronchitis population. 
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Betweenn the earlier and the present study there is also a remarkable difference. In the 

earlierr study [4], we demonstrated that the occurrence of an exacerbation in obstructive 

chronicc bronchitis patients coincided with reinfection by H. influenzae, by a H. influenzae 

strainn related to the previous strain, or by a nonrelated H. influenzae strain. In contrast, in 

thee present study, exacerbations in part of the patients coincided without an apparent 

reinfection,, as the same strain was cultured both before and after an exacerbation. This 

indicatess that exacerbations, at least in these patients, were provoked by factors other than 

aa change in the phenotype of H. influenzae. It does, however, not exclude that 

H.H. influenzae is involved in the pathogenesis of exacerbations in these chronically infected 

chronicc bronchitis patients. 

Inn the present study, we also included treatment with either BUD or NAC for 12 weeks 

too assess whether treatment had an effect on bacterial persistence and/or antigenic variation. 

Wee could not demonstrate a statistically significant effect on the detection of H. influenzae 

inn sputum samples, on bacterial persistence or on antigenic variation. Bacterial persistence 

andd antigenic variation were observed in all three groups in a frequency consistent with that 

observedd in earlier studies [3,4,6,8]. 

Inn the NAC-group, however, compared to the PLAC- and the BUD-group, active 

treatmentt was associated with an effect on the detection of H. influenzae in the sputum 

samples,, that showed a tendency to statistical significance. In addition, relatively more 

'new',, unrelated strains were isolated in the NAC-group during the treatment and 

subsequentt wash-out period compared to the two other groups. These results may point to 

ann effect of NAC treatment upon persistence of H. influenzae, in line with the findings by 

Riisee and coworkers [27]. The reduced numbers of H. influenzae-posW'we sputum samples, 

however,, may have been seriously biased, since two patients (17 and 18) had 

H.H. /'nf/uenzae-negative sputum samples before the actual start of treatment and the sputa 

remainedd negative throughout the treatment period. On the other hand, compared to the 

treatmentt period during the subsequent wash-out period in all sputum samples 

H.H. influenzae was detected, which is in support of an effect of NAC treatment on bacterial 

persistence.. These observations warrant a future study with much larger numbers of patients 

too further examine the effects of NAC on persistence of H. influenzae in chronic bronchitis 

patients. . 

Reductionn of airway inflammation by treatment with either BUD or NAC may reduce 

bacteriall persistence. On the other hand, it may be envisaged that reduction of local 

inflammatoryy processes which are aimed at eradication of bacteria from the airways, may 

inn fact promote bacterial persistence. The lack of effect of either treatment on the antigenic 
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variationn is, however, suggestive for an unaltered selective pressure by antibacterial defense 

mechanismss [38]. In addition, we could not demonstrate an effect of either BUD or NAC 

onn the sputum to serum ratio of albumin and a2-macroglobulin, as well as on the relative 

coefficientt of excretion; parameters considered to reflect the degree of local airway 

inflammationn [29,34,39]. Also, the IL-8 concentration and the MPO activity in the sputum 

soll phase were unchanged upon either treatment. In line with the current concept this lack 

off an anti-inflammatory effect by either treatment, coincided with a lack of an effect on 

bacteriall persistence and antigenic variation. 

Inn conclusion, in the present study we demonstrated that the airways of chronic 

bronchitiss patients were persistently infected with H. influenzae. These chronic infections 

weree caused by either persistence of a distinct strain (with or without antigenic variants), 

exogenouss reinfections or a combination of both. Our observations on bacterial persistence 

inn relation to exacerbations, indicate that exacerbations are associated with a change in 

bacteriall phenotype in part of the patients only. Finally, treatment for 12 weeks with either 

budesonidee or N-acetylcysteine did not affect airway inflammation, bacterial persistence 

and/orr antigenic variation in this limited number of patients. However, our data indicate 

thatt NAC may reduce bacterial persistence and warrant a large (multicentre) study. 
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Abstrac t t 

Nonencapsulatedd Haemophilus influenzae strains isolated from patients with chronic 

bronchitiss can be divided into those that persist in the lower respiratory tract and those that 

doo not. We tested the hypothesis that persisting and nonpersisting strains differ in the extent 

too which they activate epithelial cells to produce two potent inflammatory mediators, 

interleukinn (IL-)6 and IL-8. 

AA suspension of 107 and 108 colony forming units (cfu)-ml' of H. influenzae, persisting 

andd nonpersisting, induced a dose- and time-dependent production of IL-6 and IL-8 by the 

humann pulmonary mucoepidermoid carcinoma-derived cell line H292, but levels of IL-6 

weree lower after exposure to persisting H. influenzae (p<0.05). IL-8 production showed 

aa similar trend (p<0.02; analysis of variance). H. influenzae bacteria that adhered to H292 

cellss were equally distributed over persisting and nonpersisting isolates and induced IL-6 

andd IL-8 levels similar to their nonadhering counterparts. The difference between persisting 

andd nonpersisting H. influenzae was not due to cytotoxic, antimetabolic or antiproliferative 

effectss on H292 cells. Furthermore, pre-exposure of cells to persisting and nonpersisting 

isolatess did not block subsequent IL-ip-induced IL-6 production. 

Wee conclude that persisting clinical isolates induce less IL-6 and IL-8 in H292 cells than 

nonpersistingg isolates, probably because they excrete lower amounts of a stimulus of H292 

cells.. The stimulus is heat stable, hydrophilic and nonproteinous and probably not 

lipopolysaccharidee alone. These findings support the suggestion that some strains of 

HaemophilusHaemophilus influenzae that persist in the airways of patients, may do so because they 

inducee only a weak inflammatory response. 

Introductio n n 

Nonencapsulatedd Haemophilus influenzae are, either intermittently or continuously, 

isolatedd from sputum samples of a majority of patients with chronic obstructive pulmonary 

diseasee (COPD) [1-5]. Analysis of bacterial isolates from patients with COPD, by major 

outerr membrane protein (MOMP) subtyping [6] and deoxyribonucleic acid (DNA) 

fingerprintingg after restriction endonuclease digestion [7], revealed that some H. influenzae 

strainss persisted for many months (referred to as persisting strains), whereas other strains 

weree isolated only once (referred to as nonpersisting strains) [5]. The basis for this difference 

betweenn strains is unknown, but is likely to entail both bacterial and host factors. 
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Thee interplay between H. influenzae and the airway mucosa in inflammatory airways 

diseasee is complex and involves several cell types. Bacterial staining of sections of airways 

fromm patients infected with H. influenzae showed accumulation of bacteria between and 

underneathh epithelial cells [8,9]. In addition, in vitro studies indicated that H. influenzae 

adheress to epithelial cells via specific interactions [10,11]. These findings have suggested 

aa role for airway epithelial cells in the pathophysiology of H. influenzae colonization. 

Airwayy epithelial cells, both in vitro [12-14] and in vivo [15,16], respond to adequate 

stimulationn by the expression of inflammatory mediators, such as interleukin (IL-)6 and IL-8. 

Inn fact, it was shown recently that H. influenzae-óer'weó lipopolysaccharide, at high 

concentrations,, stimulated airway epithelial cells to release IL-6 and IL-8 [14]. IL-6 is a 

pleiotropicc mediator implicated, among others, in immunoglobulin synthesis [17], and IL-8 

mediatess the recruitment of neutrophilic granulocytes [18-20]. Both immunoglobulins and 

neutrophilicc granulocytes contribute to the killing of H. influenzae [21]. 

Wee hypothesized that persisting and nonpersisting H. influenzae strains differ in their 

abilityy to excert an effect on their local environment. In this hypothesis, we expected 

persistingg strains to be less offensive than nonpersisting strains. Persisting and nonpersisting 

H.H. influenzae strains isolated from chronic bronchitis patients were compared for the 

inductionn of IL-6 and IL-8 production by a human lung epithelial cell line. H292 cells were 

chosenn as they originate from a continuous cell line derived from a pulmonary 

mucoepidermoidd carcinoma. H292 cells show characteristics of differentiation as they 

expresss muc-2, indicative of its mucoid character [22], and tight junctions and desmosomes 

[23],, which suggest a polarized phenotype. Furthermore, H. influenzae adheres to H292 

cellss and subsequently transmigrates across H292 monolayers [23]. 

Wee also assessed whether any difference in the induction of IL-6 and IL-8 could be 

relatedd to adherence of H. influenzae to H292 cells [23], to cytotoxic properties displayed 

byy H. influenzae [11], and to the release of a stimulus. In addition, the induction of IL-6 and 

IL-88 by H. influenzae isolated from patients having signs of lower respiratory tract infection 

andd strains isolated from the throat of healthy carriers was compared. 

Material ss  and Method s 

EpithelialEpithelial cell culture 

H2922 cells (American Type Culture Collection CRL 1848, Rockville, MA, USA), were 

maintainedd in RPMI-1640 medium (Gibco BRL, Paisley, UK) with 0.5 mM glutamic acid 
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{Merck,, Darmstadt, Germany), and 10% heat-inactivated foetal calf serum (Gibco BRL), at 

CC in a humidified atmosphere of air with 5% C02 . For experiments, confluent H292 

cellss were exposed in 2 ml of culture medium in 12-well plates (Costar, Badhoevedorp, The 

Netherlands). . 

Bacteria Bacteria 

Nonencapsulatedd H. influenzae (n = 15) were isolated from sputum samples of patients with 

chronicc bronchitis and characterized as described previously [5,7]. H. influenzae strains 

weree considered persisting (n = 9) when they were cultured for at least 6 months from 

variouss sputum samples from a patient. Nonpersisting H. influenzae strains (n = 6) were 

culturedd only on one occasion during a monthly follow-up for at least 6 months. 

Nonencapsulatedd carrier strains (n = 9) were obtained from throat swabs of healthy 

individuals.. All clinical isolates were used within two passages of the original isolation. 

IncubationIncubation of epithelial cells with H. influenzae 

Bacteriaa were grown overnight on chocolate agar plates at C in a C0 2 incubator and 

weree subsequently suspended in complete culture medium to a concentration of 109 colony 

formingg units (cfu)-mL1 as determined from the optical density of the suspension at 530 nm, 

andd colony counting of serial dilutions as a reference. H292 cells were exposed to either 

106,, 107, 108 or 109 (cfu)-ml', in culture medium supplemented with 25 mM Hepes. At 

variouss time intervals culture medium was collected and stored at C until determination 

off IL-6 and IL-8. Chloramphenicol (CAM) was added to the medium at 3 ug-ml'1. This 

concentrationn was bacteriostatic since bacterial growth was inhibited without killing them 

overr a period of 24 h, as assessed by cfu countings with serial dilutions of bacterial 

suspensions.. Interleukin-1{3 (IL-1 f3) (Genzyme, Cambridge, MA, USA) was used at 100 

U-ml'' to study the effect of CAM on IL-6 and IL-8 production by the cells. To assess 

epitheliall cell damage after 20 and 40 h of exposure to bacteria, the release of cytoplasmic 

lactatee dehydrogenase (LDH) was measured as described previously [24]. The release of 

LDHH is expressed as a percentage (mean+SEM of triplicate experiments) of total LDH as 

determinedd after cell lysis with 0 .1% (v/v) Triton X-100 (Merck). In some experiments, 

formationn of formazan from the tetrazolium salt 3-(4,5 dimethylthiazol-2-yl)-2,5-diphenyl-

tetrazoliumm bromide (MTT) (Sigma, St. Louis, MO, USA) was quantified as a measure of cell 

viabilityy and cell proliferation [25]. The formazan levels were expressed as percentage of 

formazanformazan formation by cells not exposed to bacteria M of triplicate experiments). 

Too study the capacity of H. influenzae to inhibit IL-6 production by H292 cells, H292 cells 
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weree exposed for 24 h to bacteria, then washed three times with phosphate-buffered saline 

(PBS)) to remove bacteria, incubated again for 4 h with culture medium without exogenous 

stimulus,, and subsequently exposed to IL-ip (100 U-ml"1) in fresh medium. Culture medium 

wass collected 15 h later to determine IL-6. 

BacterialBacterial adherence to H292 cells 

Adherencee of H. influenzae to H292 cells were determined as described [23]. Bacteria were 

consideredd adherent when at least 50 bacteria-cell-1 could be counted. Bacteria were 

consideredd nonadherent and intermediate when less than 5 bacteria or 5-50 bacteria-cell

couldd be counted, respectively. The influence of CAM present in the cell culture medium 

onn adherence was studied by comparing the adherence of the CAM-sensitive, adhering 

(nonpersisting)) isolate A950009 with the adherence of the adhering but CAM-insensitive 

laboratoryy strain QC 2174 (maximal inhibitory concentration (MIC): 8 jag-ml'1). 

CharacterizationCharacterization of the bacterial stimulus 

Bacteriaa were grown in brain heart infusion broth (BHI) supplemented with hemin and 

nicotinamidee adenine dinucleotide (10 mg-L"1 each), with shaking (120 revolutions per 

minutee (rpm)) at C in a humidified atmosphere of air with 5% C02 . Samples were taken 

att 6 h, after which the medium was separated from bacteria by centrifugation at 5,000 x g 

forr 15 min, and subsequently filtered through a filter with a 0.2 u.m pore size (Schleicher 

andd Schuell, Dassel, Germany). The culture filtrate was dialysed overnight against PBS. To 

denaturee protein, the filtrate was boiled for 5 min or exposed to 5% trichloroacetic acid 

(TCA;; Merck) for 5 min at C followed by centrifugation. The resulting acid supernatant 

wass dialysed overnight against PBS before further analysis. Lipopolysaccharide was 

removedd by binding to polymyxin B immobilized to agarose (Boehringer Mannheim, 

Mannheim,, Germany) for 18 h at room temperature followed by centrifugation to pellet the 

agarosee beads. Lipids were removed by extraction with a mixture of chloroform and 

diethyletherr (1:1), followed by centrifugation to separate the aqueous phase from the lipid 

phase.. Subsequently, the aqueous phase was exposed to a flow of nitrogen to remove traces 

off ether and chloroform. 

DeterminationDetermination of pro-inflammatory mediators 

IL-66 and IL-8 were determined by enzyme-linked immunosorbent assay (ELISA), essentially 

accordingg to Helle et al. [26] and to Hack et al. [27], respectively. 
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StatisticalStatistical analysis 

Thee induction of IL-6 and IL-8 production by each strain was determined in three to six 

independentt experiments performed in duplicate. The IL-6 and IL-8 levels were expressed 

ass the . The nonparametric Mann-Whitney U-test (MWU-test) and the Wilcoxon 

signed-rankss test (WSR-test) were used for comparison between different groups and 

differentt experimental conditions, as indicated in the text. The three groups of isolates were 

comparedd using the Kruskall-Wallis test. Bonferroni's correction for the risk of mass 

significancee with multiple comparisons between the three groups was performed. 

Analysiss of variance (ANOVA) [28] was used to account for experimental differences 

betweenn days in the induction of IL-6 and IL-8 production by persisting, nonpersisting and 

throatt isolates. The day and the type of strain were used as fixed factors, and the individual 

strainn as random factor. The IL-6 and IL-8 data were logarithmically transformed before 

analysis.. Restricted maximum likelihood was used to fit the data. The p-values were 

calculatedd from the Wald test. In pairwise comparisons between types, a p-value adjusted 

forr multiple comparisons was calculated according to the Hommel procedure [29]. Residual 

analysess were performed to check some assumptions (normality of between and within 

strainn residuals and constancy of between and within SD) as well as to identify outliers. The 

statisticall packages BMDP386 and BMDP-PC90 (BMPD Statistical Software, Inc., Los 

Angeles,, CA, USA) were used for the calculations. 

Thee Spearman rank correlation test was used to assess the correlation between the 

inductionn of IL-6 and IL-8 by H. influenzae. 

AA p-value of less than 0.05 was considered significant. 

Result s s 

EffectEffect of chloramphenicol on IL-6 and IL-8 production in H292 cells 

Inn the absence of bacteria, H292 cells spontaneously released 23+3 pg-ml'1 of IL-6 (n = 6; 

duplicatee experiments) and 161 2 pg-ml1 of IL-8 (n = 3; duplicate experiments) over 24 

h.. To be able to determine the dose-dependent induction of IL-6 en IL-8 by bacterial strains, 

thee H292 culture medium was supplemented with 3 (ig-ml1 chloramphenicol (CAM). In the 

absencee and presence of CAM, H292 cells stimulated for 7 h with IL-1B (n = 6) released 

394+266 pg-ml"1 and 5 pg-ml"' of IL-6, respectively, and 5 pg-ml"1 and 

11 0 pg-ml1 of IL-8, respectively. Furthermore, the amounts of IL-6 and IL-8 produced 

52 2 



PropertiesProperties of H. influenzae isolates 

afterr 24 h exposure of H292 cells to 107 cfu-ml"1 in the presence of C A M were similar to 

thosee in the absence of C A M (Table 1). 

Tablee 1. Interleukin (IL-)6and IL-8 production by H292 cells induced by TO7 colony forming units 
(cfu)-ml"11 of various H. influenzae isolates in the absence or presence of chloramphenicol (CAM) 
inn the culture medium 

IL-66 IL-8 
pg-ml"11 pg-ml"' 

Withoutt CAM 100(30-1000) 2015(860-7615) 
Withh CAM 200(40-450) 1758(710-2640) 

Valuess are presented as median, and range in parenthesis. All experiments were performed in 
duplicate.. For IL-6 there were 12 isolates (four persisting, four nonpersisting and four throat isolates) 
(Wilcoxonn Sign Rank (WSR)-test: p = 0.25). For IL-8 there were four throat isolates (WSR-test: 
p-0.64). . 

Figuree 1. Time-dependent production of interleukin (IL)-6 (A) and interleukin (IL)-8 (B) by H292 cells 
exposedd to H. influenzae (persisting isolate A950004 and nonpersisting isolate A950005). Confluent 
H2922 cells were exposed to 10" cfu-ml"' (D), 108 cfu-ml"' ) or no bacteria . Each point 
representss the D of triplicate experiments. 
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Dose-dependentDose-dependent induction of IL-6 and IL-8 

H2922 cells were exposed to 106, 107, 108 or 109 cfu-ml"1 of 12 different H. influenzae 

strainss for 24 h in the presence of CAM. Exposure of H292 cells to 106 cfu-ml1 did not, or 

onlyy to a small extent, result in the production of IL-6 and IL-8. Exposure of cells to 109 

cfu-ml"11 resulted in the production of 100 pg-ml1 of IL-6 at the most. However, in the 

presencee of 109 cfu-ml1 the culture medium acidified rapidly and the epithelial cells 

detachedd from the culture plates within 24 h. After exposure to 107 and 108 cfu-ml1 of 

H.H. influenzae, both IL-6 and IL-8 were produced and increased during at least 20 h. Figure 

11 shows time courses of IL-6 and IL-8 production by H292 cells upon exposure to 107 and 

1088 cfu-ml"1 of strains A950004 (persisting) and A950005 (nonpersisting), which are 

representativee of the 12 isolates tested. It is of interest to note that levels of IL-6 and IL-8 

inducedd by 108 cfu-ml' of both strains during the first 20 h of exposure are usually higher 

thann those induced by 107 cfu-ml"1 . Epithelial cells exposed to 107 or 108 cfu-ml"1 during 

200 h remained, like unexposed cells, apparently normal as assessed by light microscopy, 

andd the pH of the culture medium remained between 7 and 8. After 40 h of exposure to 108 

cfu-ml"1,, but not with 107 cfu-ml'1, the culture medium acidified. In further experiments, IL-6 

andd IL-8 were determined in samples taken after 20-24 h of exposure to 107 or 108 cfu-ml"1. 

ComparisonComparison of IL-6 and IL-8 levels induced by persisting and nonpersisting 

H.H. influenzae 

Thee induction of IL-6 and IL-8 by the various bronchitis isolates, i.e. nine persisting and six 

nonpersistingg strains, was compared with nine throat isolates from healthy individuals. The 

dataa for IL-6 production are depicted in Figure 2. Some strains evoked maximal IL-6 

productionn at 107 cfu-ml"1, others at 108 cfu-ml'1 and some induced similar levels at 107 and 

1088 cfu-ml1, irrespective of whether persisting, nonpersisting or throat isolates were 

exposedd to the H292 cells. Statistical analysis of the IL-6 levels induced by exposure to 

H.. influenzae showed that persisting strains were relatively weak inducers of IL-6 

productionn compared to nonpersisting strains, both evaluated for 107 cfu-ml"1 (MWU-test: 

pp < 0.05) and for the number of cfu-ml' causing maximal production of IL-6 (p < 0.05). The 

levelss of IL-6 induced by throat isolates at 107 cfu-ml"1 and the maximal production did not 

differr significantly from those induced by persisting and nonpersisting isolates from 

bronchitiss patients, although they tended to be higher than persisting isolates. 

Thee data for IL-8 production are depicted in Figure 3. The levels of IL-8 induced by 108 

cfu-ml"11 of all strains (median 2059 pg-ml"1, range 495-4049) were significantly higher 

comparedd to those induced by 107 cfu-ml1 of all strains (median 1011, range: 404-3145 
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p g r n l ' )) (WSR-test: p < 0 . 0 0 1 ) . Analysis of the IL-8 levels induced by the three groups of 

isolatess revealed only a slight tendency for persisting strains to induce lower levels than 

nonpersistingg strains w i thout reaching statistical significance. 

Thee differences in the maximal induction of IL-6 between the three groups of strains was 

analysedd by A N O V A and were found to be highly significant (Table 2, p < 0.005). 

Figuree 2. Production of 
interleukinn (IL)-6 after 24 h of 
exposuree to H. influenzae as 
aa function of inoculum: a) 
ninee persisting strains; b) six 
nonpersistingg strains; and c) 
ninee throat isolates. Means 
obtainedd for individual 
strainss of 3-6 separate 
experimentss in duplicate are 
shown. . 

 : adhering bacteria; 
o:: nonadhering bacteria; 
*:: adherence not determined, 
cfu:: colony forming units. 

Figuree 3. Production of 
interleukinn (IL)-8 after 24 h of 
exposuree to H. influenzae as 
aa function of inoculum: a) 
ninee persisting strains; b) six 
nonpersistingg strains; and c) 
ninee throat isolates. Means 
obtainedd for individual 
strainss of 3-6 separate 
experimentss in duplicate are 
shown. . 

 : adhering bacteria; 
o-,, nonadhering bacteria; 
*:: adherence not determined. 
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Tablee 2. Maximal interleukin (IL-)6 production by H292 cells in the presence of 107 or 108 colony 
formingg units (cfu)-ml'1 of nine persisting, six nonpersisting and nine throat isolates of H. influenzae, 
adjustedd for differences between days with analysis of variance after logarithmic transformation of 
thee data 

hi.hi. influenzae 

Persisting g 
Nonpersisting g 
Throat t 

LL-6 6 
production* * 

9 9 
6 6 
9 9 

SEMM of difference 
withh strain 

Non--
persisting g 

0.32 2 

Throat t 

0.27 7 
0.33 3 

p-va a 

Unadjusted d 

0.017 7 
0.0015 5 

ue+ + 

Hommel l 
adjusted d 

0.017 7 
0.0030 0 

*:: values presented as the M of the natural logarithm of the values in pg-ml_1; 
++ : comparison with persisting strain. 

Bothh throat isolates and nonpersisting bronchitis isolates induced significantly higher levels 

off IL-6 compared to the persisting bronchitis isolates. Essentially the same results were 

obtainedd in the analysis of persisting, nonpersisting and throat isolates for the induction of 

IL-66 w i th 107 cfu-ml*1. A similar analysis was also carried out for IL-8 (Table 3). 

Tablee 3. Maximal interleukin (IL-)8 production by H292 cells in the presence of 107 or 108 colony 
formingg units (cfu)ml"1 of nine persisting, six nonpersisting and nine throat isolates of H. influenzae, 
adjustedd for differences between days with analysis of variance (ANOVA) after logarithmic 
transformationn of the data 

H.H. influenzae 

Persisting g 
Nonpersisting g 
Throat t 

IL-8 8 
production* * 
7.01+0.20 0 

6 6 
7 7 

SEMM of difference 
withh strain 

Non--
persisting g 

0.32 2 

Throat t 

0.27 7 
0.33 3 

P--

Unadd justed 

0.0061 1 
0.030 0 

va a ue+ + 

Hommel l 
adjusted d 

0.012 2 
0.030 0 

*:: values presented as the M of the natural logarithm of the values in pg-ml"1; 
++ : comparison with persisting strain. 

Thee maximal IL-8 product ion differed significantly between the three groups (p<0 .02) . 

Afterr Hommel adjustment, the differences between nonpersisting and persisting bronchitis 

isolatess and between throat isolates and persisting isolates were both statistically significant 
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(Tablee 3). The suboptimal levels of IL-8 induced by 107 cfu-ml"' were similar for the three 

groups,, but tended to be higher for nonpersisting than persisting isolates (Hommel adjusted: 

p-0.13). . 

Thee mean levels of IL-6 and IL-8 induced by 107 cfu-ml"1 of all 24 isolates, irrespective 

off their source or persistency, were significantly correlated (Spearman rho 0.62, p < 0.002; 

dataa not shown). In contrast, no significant correlation was present if cells were exposed to 

1088 cfu-ml"1 of these isolates (rho 0.38, p = 0.07; data not shown). 

EffectEffect of bacteria on viability and proliferation of H292 cells 

H2922 cells were incubated for 20 and 40 h with 107 and 108 cfu-ml_1 of five H. influenzae 

strains,, inducing different levels of IL-6 and IL-8. Table 4 summarizes the characteristics of 

twoo persisting, two nonpersisting and one throat isolate, with respect to the induction of IL-

66 and IL-8. At 20 h, both for 107 and 108 cfu-ml"1, the LDH release induced by either strain 

wass less than 4% of total LDH. After 40 h of incubation with 107 cfu-ml"1, all strains induced 

4.514.2%% LDH release and for 108 cfu-ml'1 the release was 7.6+3.6%. At 20 h, formazan 

formationn was 61.2 3.4% for 107 cfu-ml"' and 50.3+4.6% for 108 cfu-ml"' (WSR-test: 

pp = 0.06) of control values. At 40 h, formazan formation was 79.2111.5% and % 

forr 107 and 108 cfu-ml', respectively (WSR-test: p = 0.13). The presence of CAM did not 

influencee the formazan formation in H292 cells not exposed to bacteria. Differences 

betweenn strains in LDH release and formazan formation were not observed, whilst 

inductionn of IL-6 and IL-8 differed between the strains (Table 4). 

Tablee 4. Interleukin (IL-)6 and IL-8 production after 20 h and 40 h of exposure to H. influenzae 

Strai n n 

A950003 * * 

A950004 * * 

A950005 + + 

A950006 + + 

A930065 r r 

Inoculu m m 
cfu-ml" 1 1 

107 7 

108 8 

107 7 

108 8 

107 7 

10s s 

107 7 

108 8 

107 7 

10s s 

IL-6pg --

200 h 
161+2 5 5 
41812 2 2 
1001 8 8 
1541 8 8 

23611 9 9 
29411 7 7 
33911 3 3 
42911 3 3 
279+1 1 1 
54011 5 5 

ml' ' ' 

400 h 
1583+6 2 2 
49312 5 5 
28813 3 3 
22612 4 4 
43712 7 7 
20012 2 2 
75311 1 1 
39311 4 4 
117516 8 8 
48914 6 6 

IL- 88 pg-ml" 1 

200 h 
47413 2 2 
750112 1 1 
33511 6 6 
48011 3 3 

1659111 2 2 
148016 9 9 
200814 8 8 
1547113 3 3 

91113 6 6 
1307117 0 0 

400 h 
174318 9 9 

1852113 4 4 
233518 8 8 
134915 6 6 

3302117 4 4 
1575115 5 5 
318718 8 8 
183517 8 8 
99615 2 2 

1620+11 2 2 

Dataa are presented as meaniSEM values from six independent experiments. *: persisting strain; 
nonpersistingg strain;T: throat strain. 
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BacterialBacterial adherence and production of IL-6 and IL-8 

Thee bacterial strains in the panel tested were either adherent or nonadherent. There was an 

equall distribution of adhering and nonadhering strains over persisting and nonpersisting 

isolatess (Figures 2 and 3). The effect of CAM on the adherence was analysed for 

H.H. influenzae strain A950009. A two-fold decrease in adherence was observed (52+16 

bacteria-cell"11 in the absence of CAM and 1 in the presence of CAM, respectively) after 

incubationn with 108 c f u m l ' . This reduction was not due to a direct effect of CAM on 

adherence,, because the adherence of the CAM-resistant strain QC21 74 was not influenced 

byy CAM 9 compared to 8 bacteria-cell-', in the absence and presence of CAM, 

respectively).. Subsequently, we evaluated IL-6 and IL-8 production induced by 107 cfu-ml"1 

off 12 strains adhering to H292 cells and by 11 nonadhering strains. The levels of IL-6 and 

IL-88 production induced by adhering and nonadhering strains were similar (IL-6, adhering 

strains:: median 201, range 76-701 pg-ml'; nonadhering strains: median 264, range 54-584 

pg-ml"1;; MWU-test: p = 0.98; IL-8, adhering strains: median 1010, range 497-2716 pg-ml"1; 

nonadheringg strains: median 1450, range 404-3145 pg-ml"1; MWU-test: p = 0.83). Also, no 

differencee was found in the analysis of maximal levels of IL-6 and IL-8 induced by adhering 

andd nonadhering strains (data not shown). 

PersistingPersisting H. influenzae isolates did not affect the capacity of H292 cells to 

produceproduce IL-6 

H2922 cells were incubated for 24 h to 107 and 108 cfu-ml1 with either a persisting 

(A950004)) or nonpersisting strain (A9500O5), after which IL-1p was added to the cell 

culturee medium. The results, summarized in Table 5, show that IL-6 production by H292 

cellss was not hampered after pre-exposure to bacteria for 24 h, and that there was no 

differencee between persisting and nonpersisting H. influenzae. 

Tablee 5. Effect of bacterial pre-exposure of H292 cells on IL-1B-induced IL-6 production 

Strain n 

A950004* * 

A950005+ + 

Noo bacteria 

Inoculum m 
cfu-ml"' ' 

107 7 

108 8 

107 7 

108 8 

--

IL-66 production 
Beforee IL-1B* AfterlL-10* 

pg-ml'' pg-ml-1 

198+133 1640,1520 
22 2580,1650 

351+333 1530,1780 
62811900 2980,2420 

23+22 1320,1200 

*:*: IL-6 production after 24 h exposure to bacteria, meanlsd of quadruplicate experiments; *: IL-6 
productionproduction after 15 h exposure to IL-1p (100 Uml"1), duplicate experiments; *: persisting strain; +: 
nonpersistingg strain. 
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InitialInitial characterization of bacterial components) that induced cytokine production 

byby H292 cells 

H2922 cells were exposed for 20 h to the culture filtrates of the persisting strain A950004 

andd the nonpersisting strain A950005. Exposure of H292 cells for 20 h to the culture filtrate 

(1:100 diluted) of the persisting strain A950004 and the nonpersisting strain A950005 

inducedd the production of 6 pg-ml' (n = 4, duplicate experiments), and 314+70 

pg-ml"11 (n = 4, duplicate experiments), respectively, compared to the release of 23+3 pg-ml"1 

inn the control experiments (n = 6, duplicate experiments). The stimulating component(s) 

weree not extracted with chloroform-ether, indicating that they were not associated with the 

lipidd fraction. Boiling and TCA-precipitation also had no effect on the activity of the culture 

filtrate,, practically ruling out a protein being responsible for the cytokine induction. 

However,, the activity was partially reduced by incubation with immobilized polymyxin B 

(Figuree 4). 

200 0 

« « 
CO O 

I I 

0} 0} 
i_ _ 
CD D 

100 0 

V\ V\ 

nonee 100 C TCA C/e C/e Poly B 

aqueouss lipid 

Figuree 4. Production of 
interleukinn (IL)-6 after 20 h of 
exposuree to H. influenzae culture 
filtrates.. Bacterial products 
releasedd in brain heart infusion 
brothh (BHI) were treated by 
boilingg , 5% 
trichloroaceticc acid (TCA), 
chloroformdiethyletherr (CDE) or 
polymyxinn B (poly B), as 
describedd in Materials and 
Methods.. CDE/aq: aqueous phase; 
CDE/li:: lipid phase. Values are 

MM of two independent 
duplicatee experiments, expressed 
ass the percentage of the IL-6 levels 
inducedd by untreated culture 
filtrates.. Background IL-6 
inductionss was subtracted. 

 : A950004; : A950005. 

Discussion n 

Inn the present study, we assessed whether persisting and nonpersisting H. influenzae 

isolatess from patients with chronic bronchitis differ, particularly in the induction of IL-6 and 

IL-88 production by epithelial cells. All isolates induced IL-6 and IL-8 production in a time 
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andd dose-dependent fashion. Both a straightforward statistical analysis and a more extensive 

analysiss showed that persisting isolates induced lower levels of IL-6 than nonpersisting 

isolates.. For the IL-8 induction by persisting isolates in comparison to nonpersisting isolates 

theree was a similar tendency, but not as clear cut as for IL-6. Levels of IL-6 and IL-8 induced 

byy throat isolates from healthy carriers overlapped with those from chronic bronchitis 

isolatess (Figures 2 and 3). 

Too be able to compare the various H. influenzae isolates for their ability to induce IL-6 

andd IL-8 production by H292 cells, we had to control the bacterial load during exposure 

too the H292 cells [14]. By using CAM at 3 u.g-ml"' we prevented bacterial replication 

withoutt killing the bacteria. In addition, IL-lp-induced IL-6 and IL-8 production by H292 

cellss was similar in the absence and presence of CAM, suggesting that IL-6 and IL-8 

productionn by H292 cells was not modulated in the presence of CAM. Also, exposure of 

H2922 cells to 107 cfu-ml"1 of H. influenzae in the absence or presence of CAM yielded 

similarr amounts of IL-6 and of IL-8, indicating that, in general, the induction of IL-6 and IL-8 

byy H. influenzae was not affected by the presence of CAM, at least during a 24 h exposure. 

CAMM did not directly affect the adherence of H. influenzae to H292 cells. The observed 

reductionn in adherence with CAM-sensitive strains is probably the consequence of reduced 

growthh of bacteria on the cells, since the adherence experiments involve a 6 h incubation 

[23].. Taken together, we have no indications that inclusion of CAM would bias comparison 

off the various isolates. 

Usingg 1 06 to 109 cfu-ml'' of H. influenzae strains we found a pronounced IL-6 and IL-8 

productionn only with 107 and 108 cfu-ml'1. IL-6 and IL-8 levels increased during at least 

20-244 h of exposure. Between 20-24 h of bacterial exposure to H292 cells, particularly 

withh 108 cfu-ml'1, IL-6 and IL-8 levels were similar or reduced in comparison to those 

obtainedd after the initial 20 h of exposure (Figure 1, Table 4). With 107 cfu-ml'1, IL-6 levels 

usuallyy increased further after 20 h of exposure. This difference may be explained in part 

byy limited cellular damage induced by 108 cfu-ml1 as evidenced by the increased release 

off cellular LDH and a reduced formazan formation after 40 h of exposure to 108 cfu-ml'1 

butt not upon exposure to 107 cfu-ml'\ Since there was no cellular damage induced after 20 

hh of exposure to bacteria, and levels of IL-6 and IL-8 had not reached plateau levels, we 

comparedd the various strains for the induction of IL-6 and IL-8 after 20-24 h of exposure 

too H. influenzae. 

Thee numbers of cfu-ml"1 we tested occur in clinical sputum samples (4x104-4x107 

cfu-ml"1;; [30]. Since these values of cfu-ml'1 induced IL-6 and IL-8 production in vitro, this 

mayy indicate that H. influenzae may induce IL-6 and IL-8 in vivo, thus contributing to the 
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eradicationn of H. influenzae [21]. Nevertheless, extrapolation of the present findings to the 

interactionss of H. influenzae with airway epithelial cells in vivo should be performed with 

caution. . 

Thee induction of IL-6 and IL-8 by isolates correlated significantly for 107 cfu-ml"1 

suggestingg that the same stimulus induces IL-6 and IL-8 production by H292 cells. The 

reasonn for the more obvious differences between strains for the induction of IL-6 than for 

IL-88 are unknown, but may be due to differences in the regulation of the IL-8 response by 

H2922 cells. The initial characterization of the stimulus indicated that it is released by the 

bacteriaa and that it is probably not a lipid or protein. A polysaccharide can be excluded 

sincee these H. influenzae strains are unencapsulated, LPS or LPS-bound component(s) [31] 

aree responsible for a major part of the interleukin induction, since approximately 70% of 

thee activity was removed by polymyxin B. The remaining activity may be caused by a 

secondd stimulus, which is also neither a protein nor a lipid. Therefore, we propose that 

persistingg and nonpersisting isolates differ in their ability to induce IL-6 and IL-8 because 

theyy differ in the excretion of a (complex) stimulus. 

Futuree studies should be directed to further characterization of the bacterial stimulus that 

inducess IL-6 and IL-8 production by H292 cells. This would allow quantitative comparison 

off persisting and nonpersisting isolates and also assessment of IL-6 and IL-8 induction by 

thiss stimulus in cultured primary airway epithelium. 

Inn conclusion, H. influenzae isolates that differ clinically, i.e. persisting versus 

nonpersisting,, differ in the induction of IL-6 and IL-8 by H292 cells. We suggest that 

persistingg isolates generate lower amounts of a stimulus that activates epithelial cells to 

producee IL-6 and IL-8, which may, at least in part, contribute to their persistence. It is likely 

thatt H. influenzae isolates in the lower respiratory tract originate from the upper airways, 

especiallyy the nasopharynx, the natural habitat for H. influenzae. If anything, our results for 

throatt isolates from healthy carriers may point to the possibility that persisting H. influenzae 

strainss are selected from throat strains that induce low levels of IL-6 and IL-8. 
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Abstrac t t 

Thee adherence of clinical isolates of nonencapsulated Haemophilus influenzae strains 

fromm patients with chronic bronchitis to distinct immobilized extracellular matrix 

componentss was determined. With selected strains the induction of plasmin formation 

byy these isolates was studied. The strains could be divided into two groups: strains that 

showedd a very high level of adherence to laminin and type I collagen, as well as 

adhesionn to fibronectin and strains that showed only a moderate level of adhesion to 

lamininn and a low level of adhesion to fibronectin. Plasmin formation was demonstrated 

forr three out of eight isolates. Persisting and nonpersisting strains did not differ 

quantitativelyy or qualitatively with respect to the level of adhesiveness to the distinct 

matrixx proteins and in their ability to induce plasmin formation. 

Introductio n n 

Chronicc Haemophilus influenzae infections are prominent in the airways of patients 

withh chronic bronchitis and chronic obstructive pulmonary disease (COPD) [1,2]. 

Persistencee of H. influenzae strains for many months and reinfections with 'new', 

unrelatedd strains are frequently observed in these patients [3,4]. These infections are 

associatedd with a local inflammatory response [2,3,5], epithelial damage and exposure 

off the underlying extracellular matrix (ECM) [6-8]. In patients infected with H. influenzae 

accumulationn of bacteria was observed between and underneath epithelial cells [9,10]. 

Readd et al. [11] have demonstrated in a model consisting of resected human nasal 

turbinatess that H. influenzae not only adhered to epithelial cells after damaging these 

cells,, but also to the exposed extracellular matrix. 

Manyy pathogenic bacteria, including H. influenzae, express surface proteins that 

enablee them to adhere to the ECM and its components via specific interactions [12-14]. 

Wee have previously demonstrated that also distinct nonencapsulated H, influenzae 

strainss were able to adhere to the ECM and ECM components, like laminin, fibronectin 

andd various collagens [1 5]. 

Inn addition to adherence to ECM components, nonencapsulated H. influenzae strains 

cann bind plasminogen [16] that can be activated by tissue-type plasminogen activator (t-

PA)) [15,17]. Plasmin generated on nonencapsulated H. influenzae plasminogen 

receptorss was demonstrated to degrade ECM components [15] and to potentiate 
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bacteriall penetration through a basement membrane preparation reconstituted on 

membranee filters [15]. 

Thesee results suggest that binding of H. influenzae to the ECM and degradation of the 

ECMM may promote local bacterial persistence and spread through subepithelial layers. 

Spreadd of H. influenzae into lung tissue was observed in explants of lungs from 

persistentlyy infected patients with cystic fibrosis and COPD undergoing lung 

transplantationn [10]. 

Sincee these results suggest that binding to the ECM might be an important step in the 

pathogenesiss of persisting infections in patients with chronic bronchitis and COPD, we 

determinedd whether clinical isolates of H. influenzae from chronic bronchitis patients 

adheredd to ECM components. In addition, the induction of plasm in formation by these 

strainss was analyzed. 

Materialss and Methods 

CharacteristicsCharacteristics of patients and bacterial strains 

Nonencapsulatedd H. influenzae were isolated from sputum samples of patients with 

chronicc bronchitis during a monthly follow-up. All patients had a history of chronic 

bronchitiss as defined by a productive cough on most days of the year for at least 3 

monthss of the year during two or more consecutive years [18]. In addition, all patients 

hadd culture proven chronic or recurrent infections with H. influenzae. H. influenzae 

wass identified by its dependence for growth factors X and V and its inability to convert 

8-aminolevulanicc acid to porphyrins [19]. The strains were characterized phenotypically 

byy major outer membrane protein (MOMP) subtyping as described previously [20]. In 

addition,, genotypic characterization was performed by randomly amplified polymorphic 

DNAA (RAPD) analysis with the primers ERIC1 and ERIC2 as described before [21]. The 

RAPDD patterns obtained were shown to be strain specific. Strains (n = 11) with a distinct 

MOMPP pattern were considered persisting since they were cultured for at least 6 months 

fromm various, consecutive sputum samples from a patient. Strains (n = 8) were 

consideredd nonpersisting since they were cultured only on one occasion during a 

monthlyy follow-up for at least 6 months and, in addition, phenotypically and 

genotypicallyy different strains were cultured before and after that period. All clinical 

isolatess were used within two passages of the original isolation. 
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CultureCulture conditions 

Thee strains were cultured overnight at C on chocolate agar plates in a humidified 

atmospheree supplemented with 5% CO2. Bacteria from the agar plates were inoculated 

intoo brain-heart infusion broth supplemented with 1% IsoVitalex (BBL Microbiology 

Systems,, Cockeysville, MD, USA) and 40 mg/L hemin (Sigma, St. Louis, MO, USA). 

Afterr overnight culturing, bacteria were collected by centrifugation (10,000 x g, 10 min) 

andd washed twice with PBS, pH 7.1 [15]. 

AdherenceAdherence tests 

Bacteriall adherence to ECM proteins coated on glass was tested as described before 

[15,22].. Bacteria were used at a concentration of 5 x 107 to 109 cells/mL. The surface 

concentration,, 2.5 pmol of type I, IV, and V collagens (Sigma), laminin (Upstate 

Biotechnology,, Lake Placid, NY, USA), and human plasma fibronectin (Collaborative 

Research)) was achieved as described [22]. Control proteins fetuin and albumin (BSA; 

Sigma)) were coated on glass from a solution containing 25 |ig of the protein ml'1. 

Adherentt bacteria were visualized as described before [15] after staining with methylene 

blue,, in an Olympus (Olympus Optical Co., Hamburg, Germany) microscope equipped 

withh a charged couple device camera (4912-5000: Cohu, San Diego, CA, USA) and 

imagess were digitized using an LG-3 (Scion, Frederick, MD, USA) scientific frame 

grabberr and Macintosh 7100/80 MHz computer using the public domain NIH Image 

1.555 program (written by W. Rasband, National Institute of Health, Bethesda, MD, 

USA).. The number of bacteria in 20 microscopic fields of 1.6x104 ^m2 was determined 

usingg density slicing. 

PlasminogenPlasminogen activation 

Kineticc measurements of plasminogen activation were performed as described before 

[17,23,24],, The bacterial densities were 2x108 and 4x108 m l ' ; plasminogen (Biopool, 

Umea,, Sweden) was tested at 20 ug mi"1, t-PA (Biopool) was tested at 50 ng ml"1, the 

chromogenicc plasmin substrate S-2251 (Kabivitrum, Stockholm, Sweden) was tested at 

0.455 mM and the plasminogen activation inhibitor e-aminocaproic acid (EACA; Sigma, 

St.. Louis, MO, USA) was tested at 1 mM, in a test volume of 200 ul. After incubation 90 

minn at , the OD405 of the supernatant was measured. For these experiments we 

usedd eight isolates, four persisting (5581, 5612, 7807 and A850048) and four 

nonpersistingg (0664, 4564, 7087 and 8754) strains that were tested in two independent 

experiments. . 
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Result s s 

AdherenceAdherence of persisting and nonpersisting H. influenzae to ECM components 

Adherencee of the different bacterial isolates to isolated components of the mammalian 

ECMM coated on glass, studied in two independent experiments, is summarized in 

Tablee 1. Adherence to fetuin (a highly glycosylated protein) and BSA (a nonglycosylated 

protein)) were used as controls. None of the strains adhered to BSA, whereas some 

strainss showed a very low level of adherence ( - t o +) to fetuin. Adherence to ECM 

components,, but not to control proteins was shown to be concentration dependent. 

Withh respect to adherence to the matrix components two distinct adherence profiles 

weree observed. The first group showed strong adhesion (2+ to 5 + ) to laminin and type 

II collagen and adhesion (1 + to 3 + ) to fibronectin. Furthermore, most of the strains in 

thiss group adhered also to type V and to a lesser extent type IV collagen. Compared to 

thiss group, the second group showed a weaker adhesion to both laminin (1 + to 3 + ) 

andd fibronectin (- to 2 + ) and no or only a very weak adhesion to the collagens (- to 

11 +). Four of 11 persisting strains (A860516, 6888, 6653 and 2890) and four of eight 

nonpersistingg strains (5170, 8754, 7087 and 0664) showed characteristics of the first 

typee (Table 1). Persisting and nonpersisting strains did not differ quantitatively or 

qualitativelyy in the way they adhered to the specific ECM components. 

PlasminogenPlasminogen activation 

Wee examined whether clinical isolates of H. influenzae were able to induce 

plasminogenn activation. Therefore, we studied the plasmin formation by four persisting 

andd four nonpersisting isolates. Plasmin formation could only be demonstrated by the 

persistingg strains 5581 and A850048 and the nonpersisting strain 4564. They all 

belongedd to the group of strains weakly adhering to laminin. Plasmin formation could 

nott be demonstrated with any of the strains that showed a strong adherence to laminin 

andd collagen I (0664, 7087 and 8754). These data indicate that distinct H. influenzae 

strainss isolated from sputum samples of chronic bronchitis patients may express 

plasminogenn receptors on their surface independent of whether the bacteria are 

persistingg or nonpersisting. 
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Tablee 1. Adherence of H. influenzae isolates (n = 19: 5x108 bacteria ml') to ECM components 
andd controls 

Strai n n 

A86051 6 6 

517 0 0 

875 4 4 

708 7 7 

688 8 8 

665 3 3 

289 0 0 

066 4 4 

640 9 9 

A85004 8 8 

5581 1 

A85005 8 8 

A85007 6 6 

A85008 1 1 

891 5 5 

996 5 5 

456 4 4 

561 2 2 

780 7 7 

P/NP* * 

P P 

NP P 

NP P 

NP P 

P P 

P P 

P P 

NP P 

NP P 

NP P 

P P 

P P 

P P 

P P 

NP P 

NP P 

NP P 

P P 

P P 

Lamini n n 

++ +  +  +  + 

++ +  +  +  + 

++ +  +  + 

++ +  +  + 

++ +  +  + 

++ +  + 

++ +  + 

++ +  + 

++ +  + 

++ + 

++ + 

++ + 

++ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

FN N 
+ + 

++ + 

++ + 

++ +  + 

+ + 

++ + 

++ + 

+ + 

++ + 

+ + 

+ + 

+ + 

± ± 

+ + 

+ + 

+ + 

± ± 

+ + 

--

Coll  1 

++ +  +  + 

++ +  + +  + 

++ +  +  + 

++ +  +  + 

++ +  +  + 

++ +  + 

++ + 

++ + 

+ + 

+ + 

± ± 

--

--
+ + 

+ + 

--

+ + 

+ + 

--

Coll  I V 

± ± 

+ + 

+ + 

--
± ± 

--
--
--
--
--
--
--
--
--
--
--
--

--

--

Coll  V 
± ± 

+ + 

++ + 

++ +  + 

+ + 

++ + 

+ + 

++ + 

--

--

--

--

--

+ + 

--

--

--

--

--

FET T 
--
± ± 

+ + 

± ± 

--

--
+ + 

--

--

--

--
+ + 

--

--

--

--

--

--

--

BSA A 
--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

--

Bacteriaa per field: - : 0-500, : 500-999, +: 1000-, + + : 2000-, + + +: 3000-, + + + +: 
4000-,, and + + + + +: >5000. FN: fibronectin; FET: fetuin; Col: collagen; BSA: bovine serum 
albumin;; "P: persisting and NP: nonpersisting strain. 

Discussio n n 

Inn this study we have demonstrated that part of the chronic bronchitis isolates adhered 

stronglyy to immobilized extracellular matrix proteins, indicating that binding of 

H.H. influenzae to exposed ECM components may contribute to bacterial adherence, an 

essentiall step in the pathogenesis of airway infection in patients with chronic bronchitis 

andd COPD. 

Thee high level of adherence to various ECM components, especially laminin and 

collagenn I, indicate that these components are important recognition sites for 

H.H. influenzae. Laminin is part of the basement membrane, which forms under 

physiologicall conditions a gel-like structure resembling in structure the lamina densa 
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zonee of the basement membranes [25]. Collagen I is a fibrillar collagen. In this respect, 

H.H. influenzae adherence resembles the adherence of Yersinia enterocolitica through 

YadA,, a critical surface protein involved in invasion [26]. It is tempting to speculate that 

H.H. influenzae has a similar mechanism to adhere to and penetrate epithelial cell layers 

beforee these bacteria find a subepithelial niche to persist. Since, however, part of the 

persistingg strains showed only a low level of adherence to the matrix proteins tested, our 

resultss indicate that this type of adherence may facilitate penetration of H. influenzae 

intoo subepithelial tissues, but is not a prerequisite for local persistence of bacteria in 

chronicc bronchitis and COPD patients. On the other hand, we cannot exclude that the 

nonadheringg (persisting) strains may bind to other receptors of the ECM not tested. 

Candidatee adhesins of H. influenzae are fimbriae, high molecular mass proteins (HMW) 

11 and 2, Hia protein and Hap protein. These adhesins mediate also binding to epithelial 

cellss [13,14]. Since we have previously demonstrated that two nonfimbriated 

nonencapsulatedd H. influenzae strains adhered efficiently to ECM proteins, like laminin, 

fibronectinn and various collagens, fimbriae are not likely to be involved [15]. HMW1 

proteinn binds to cellular glycosaminoglycans [27] and might therefore be a candidate 

adhesin.. However, strain A850081 not adhering to ECM components (Table 1) 

expressedd HMW1, adhered to epithelial cells through a HMW1 specific mechanism and 

wass demonstrated to be positive in PCR for the hmw 1 gene (unpublished observation). 

Sincee H. influenzae also expresses the other adhesins, adherence to matrix proteins is 

onee of the mechanisms H. influenzae is using to attach to the airway mucosa. 

Ourr studies on plasmin formation by clinical H. influenzae isolates indicate that 

distinctt strains may express plasminogen receptors on their surface. Interestingly, these 

strainss did show only a weak adherence to the matrix proteins. Plasmin formation could 

nott be demonstrated by any of the strains adhering strongly to the matrix components. 

Thesee results indicate that adherence to ECM and binding of plasminogen are 

independentt phenotypes, or that one excludes the other. Plasmin formation was not 

restrictedd to persisting or nonpersisting isolates. Previously, we have shown that 

plasminogenn binding increased the penetration potential of H. influenzae in all cases 

[15],, thereby suggesting that plasminogen binding and subsequent plasmin formation 

aree required for invasion of bacteria in the underlying tissues. 

Inn conclusion, we demonstrated that clinical isolates of H. influenzae vary in the 

levell of adherence to immobilized extracellular matrix components and in their ability 

too induce plasminogen activation. Plasminogen activation was observed only for 

nonadheringg strains. Persisting strains did not differ from nonpersisting strains, indicating 
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thatt other mechanisms must be operative for the local persistence of H. influenzae 

observedd in patients w i th chronic bronchitis and COPD. 
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Abstract t 

Nonencapsulatedd Haemophilus influenzae often causes chronic infections of the lower 

respiratoryy tract in both nonobstructive and obstructive chronic bronchitis. We assessed 

airwayy inflammation in clinically stable, chronically H. /nf/uenzae-infected patients with 

nonobstructivee (CB-HI, n = 10) and in patients with obstructive chronic bronchitis 

(COPD-HI,, n=10) by analyses of the sol phase of spontaneously expectorated sputum 

(SSP).. As compared with the CB-HI group, the COPD-HI group had significantly higher 

(p<0.05)) levels of myeloperoxidase (MPO) and tumor necrosis factor (TNF)-a in their 

SSP,, whereas the degree of plasma protein leakage (SSP-to-serum ratio of plasma 

proteins)) and the levels of interleukin (IL)-8, secretory IgA, and lactoferrin were similar 

inn the two groups. These findings point to differences in pathophysiology in CB-HI and 

COPD-HII patients. The high level of TNF-a in the SSP of COPD-HI patients is in accord 

withh the proposed role of TNF-a in the development of airway obstruction in COPD 

patients.. In apparent contradiction, low levels of TNF-a were found in the SSP of 

noninfectedd but otherwise similar COPD patients (n=9). This finding, however, does 

nott exclude an exaggerated TNF-a response to infection or another stimulus in the 

airwayss of COPD patients. The SSP levels of MPO and IL-8, and the degree of plasma 

proteinn leakage in the COPD-HI group, were retrospectively compared with and found 

significantlyy higher than those of noninfected COPD patients, suggesting a more marked 

inflammatoryy response in COPD-HI. Whether this reflects a direct cause-and-effect 

relationshipp should be addressed in a future long-term prospective study involving 

repeatedd measurements in the same patients. 

Introductio n n 

Chronicc bronchitis (CB) refers to a condition of chronic or recurrent increase in the 

volumee of bronchial secretions sufficient to cause expectoration [1,2]. CB can be 

associatedd with chronic airway obstruction (i.e., chronic obstructive pulmonary disease 

[COPD])) [1,2]. Both nonobstructive and obstructive CB are characterized by chronic 

inflammationn of the airway wall, increased permeability of the airway mucosal 

microvasculaturee and epithelium, and hypertrophy of airway submucosal glands [3-5]. 

Inn both patients with nonobstructive and those with obstructive CB, nonencapsulated 

HaemophilusHaemophilus influenzae in particular frequently causes recurrent or persistent infections 
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off the lower respiratory tract [6-8]. In vitro studies and studies employing animal models 

havee indicated that H. influenzae may stimulate local inflammatory processes by 

inducingg inflammatory mediators [9,10] and by causing epithelial damage [11,12]. In the 

presentt study, we sought to assess airway inflammation in patients with nonobstructive 

andd obstructive CB who were chronically infected with H. influenzae. Because other 

bacteriall species frequently occur in the airways of CB patients [6], which may induce a 

differentt inflammatory response [13], we studied patients in whom there was no 

indicationn of an infection with other bacterial species than H. influenzae. 

Airwayy inflammation in nonobstructive and obstructive CB without an evident 

bacteriall airway infection is characterized by airway neutrophilia [4,14,15], which has 

beenn shown to be correlated with airflow obstruction in COPD patients [14,15]. 

Additionally,, tumor necrosis factor (TNF)-a has been implicated in the pathogenesis of 

chronicc airway obstruction [16], since relatively high levels of this cytokine were 

detectedd in induced sputum samples from smokers with chronic airway obstruction as 

comparedd with smokers without obstruction. Moreover, the TNF2 allele, which has 

beenn implicated in greater TNF-a production, has been found at a higher frequency in 

smokerss with obstructive chronic bronchitis [1 7]. 

Inn previous studies, we have shown that analysis of the sputum sol phase (SSP) of 

spontaneouslyy expectorated sputum can be used to assess parameters of airway 

inflammationn [18,19]. Here we report a study comparing airway inflammation as 

evaluatedd by analysis of spontaneously expectorated sputum from chronically infected 

CBB patients with and without airway obstruction. Myeloperoxidase (MPO), interleukin 

(IL)-8,, TNF-a, plasma protein leakage, and secretion of products from epithelial cells 

weree measured as markers of inflammation in the SSP. We also studied whether levels 

off inflammatory indices in the SSP correlated with those in the sputum gel phase (SGP), 

ass had previously been found in analyses of sputum from noninfected COPD patients 

[18].. Furthermore, we determined TNF-a levels in the SSP of noninfected COPD 

patientss [19,20] in order to compare them with those in the SSP of infected but 

otherwisee similar COPD patients. 
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Material ss  and Method s 

Patients Patients 

Patientss were selected from the outpatient clinic of our hospital. Chronic bronchitis was 

definedd as the production of sputum on most days for at least 3 months of the year 

duringg the previous 2 years [1]. COPD was defined according to the American Thoracic 

Societyy (ATS) guidelines [2]. Ten patients with nonobstructive CB and 10 patients with 

CBB and irreversible airway obstruction, all chronically infected with H. influenzae, 

participatedd in the study. The patients had spontaneous sputum production of at least 1 

g/244 h. The patients with obstructive CB had airway obstruction (FEVi<80% predicted 

and/orr a ratio of FEVi to VC<75% predicted) that was not reversible by inhalation of a 

bronchodilatorr [2]. Spirometry was performed on all patients, using a water-sealed 

spirometerr according to standardized guidelines [21]. All patients had a history of 

chronicc or recurrent infections of the lower respiratory tract with H. influenzae, with at 

leastt three positive sputum cultures during the year preceeding the study, and monthly 

positivee sputum cultures in the 3 months prior to the study. Although these patients had 

alsoo had sputum cultures positive for other respiratory pathogens over the course of 

time,, patients with sputum cultures positive for other pathogens in the 3 months before 

thee present study were excluded. Patients with radiographic evidence of bronchiectasis 

orr a subnormal level of any IgA, IgM, or IgG subclass were also excluded. All patients 

weree clinically stable. Patients who needed antibiotic treatment within 6 weeks before 

thee study were excluded. Systemic and/or inhaled corticosteroids were stopped at least 

66 weeks before the collection of sputum. Patients were allowed to use inhaled B2-

agonistss and anticholinergic drugs, and theophylline and/or N-acetylcysteine during the 

study. . 

Thee noninfected COPD patients had originally been recruited for another study 

[19,20].. Apart from the absence of infection of the lower respiratory tract, the selection 

criteriaa for the noninfected COPD patients were identical to those for the infected 

COPDD patients. Lower respiratory tract infections were excluded in the noninfected 

patientss through use of the same techniques used for confirming infection in the infected 

patients.. The noninfected patients had no history of chronic or recurrent infections of 

thee lower respiratory tract, and had had four consecutive sputum cultures negative over 

aa period of at least 10 weeks before sputum was collected for the study. 

Thee study was approved by the Medical Ethics Committee of the Academic Medical 

Center,, Amsterdam, and informed consent was obtained from all of the subjects. 
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SputumSputum collection and processing 

Patientss collected sputum at home over a 24-hour period directly before visiting our 

hospitall for lung function tests, as previously described [18,19]. They were instructed to 

minimizee the collection of saliva (i.e., to rinse the mouth with water before 

expectoratingg sputum). The sputum was stored immediately by the patient at C in 

thee freezing compartment of the patient's home refrigerator, and was brought to the 

laboratoryy in a Perspex canister with ice to keep it cold [18,19]. A venous blood sample 

wass taken at the same visit. A separate, fresh sputum sample was also obtained at the 

visit,, and was used for semiquantitative bacteriologie culture according to the guidelines 

off the American Society for Microbiology (ASM) [22]. Sputum samples that showed 

significantt upper respiratory tract contamination were excluded. To that end, two smears 

fromm each sputum sample were reviewed according to ASM guidelines [22], and 

sampless that contained a mean of >10 squamous cells per low-power field (x10 

objective)) were excluded. The presence of H. influenzae was assessed by culturing a 

sputumm sample on chocolate agar and by immunostaining a smear of sputum with the 

specificc monoclonal antibody 8BD9 [23]. H. influenzae was further identified by its 

dependencee on growth factors X and V and its inability to convert 5-aminolevulanic acid 

too porphyrins [24]. 

Thee 24-h sputum samples were thawed and the SSP was separated from the SGP by 

centrifugationn at 50,000 x g at C for 90 min [18,19]. The SSP and SGP were stored in 

aliquotss at C until analysis. The SGP was solubilized with dithiothreitol (DTT; Sigma 

Chemicall Company, St. Louis, MO, USA) and deoxyribonuclease (DNAse; Sigma) 

[18,19]. . 

AnalysisAnalysis of inflammatory parameters in sputum 

Interleukinn (IL)-8 was quantitated with an enzyme-linked immunosorbent assay (ELISA) 

[20].. TNF-a in the SSP was determined with the Medgenix TNF-a enzyme-amplified 

sensitivityy immunoassay kit (Biosource, Fleurus, Belgium). As a standard, we used 

recombinantt human (rh)TNF-a. The recovery of rhTNF-a in SSP was % 

(mean+SEM).. The peroxidase activity of MPO in the SSP was determined as a marker of 

neutrophilicc inflammation [20,25]. The concentrations of albumin (Alb; molecular 

masss =67 kD), and a2-macroglobulin (A2M; molecular mass = 725 kD) were determined 

forr the study of plasma protein exudation [18,19,26]. The SSP-to-serum ratio (Q-protein) 

wass calculated for each protein, thereby correcting for the variation in protein 

concentrationss in the blood [18,19]. We also determined the relative coefficient of 
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excretionn (RCE) (= QA2M/QAlb) of proteins from serum into the SSP, with an increase 

inn RCE reflecting the loss of size selectivity of the respiratory membrane [18,27]. 

Lactoferrinn [28], and secretory IgA (slgA) [29,30] were used as markers for activation of 

epitheliall cells. Both of these latter substances were measured with ELISAs [31]. All 

assayss used in the study had previously been validated for analysis of sputum [18-20]. 

Referencee samples were used in all assays to allow comparison of current with previous 

measurements. . 

TNF-a,, MPO, Alb, and A2M were also assayed in DTT-treated SSP and SGP [18,19], 

andd the protein levels in total sputum were calculated as follows: (SSP fraction x 

[protein]ssp)) + (SGP fraction x [protein]scp). In these assays, MPO was determined as 

antigen.. ELISA plates were coated in the same way as for the MPO activity assay [20,25], 

andd standards and SSP samples were incubated for 2 h. After a wash, bound MPO was 

detectedd with biotinylated rabbit anti-human MPO in combination with streptavidin-

poly-horseradishh peroxidase (CLB, Amsterdam, The Netherlands). To this end, rabbit 

antihumann MPO (A 398; DAKO, Glostrup, Denmark) was biotinylated with N-

succinimidyl-long-chainn biotin (Pierce Chemical Company, Rockford, Illinois) according 

too the manufacturer's instructions. As shown previously, DTT did not affect these assays 

[18,19].. The measurement of IL-8 was adversely affected by DTT treatment in our assay, 

andd the SGP could therefore not be analyzed for IL-8. For the assay of TNF-a in SSP-DTT 

andd SGP-DTT, we applied the Cyto-Sets antibody pairs (Biosource, Etten-Leur, The 

Netherlands).. This TNF-a assay was not affected by DTT. 

StatisticalStatistical analysis 

Differencess between the patient groups were analyzed with a parametric one-way 

analysiss of variance (ANOVA) or with the nonparametric Kruskall-Wallis one-way 

ANOVAA test <KW test), as appropriate. In cases of an overall statistical difference, the 

differencess between two groups were further analyzed, using either Student's t test or 

thee Mann-Whitney U test (MWU test). Values of p for pairwise comparisons were 

correctedd for multiple comparisons through the use of Bonferroni's or Dunn's multiple 

comparisonss test, as appropriate. Differences between parameters within a group of 

patientss were analyzed with Wilcoxon's signed-ranks test (WSR test). Spearman's rank 

correlationn test was used to assess correlations between parameters. A value of p<0.05 

wass considered significant. 

80 0 



InflammationInflammation in infected chronic bronchitis 

Result s s 

AnalysesAnalyses of the SSP of H. influenzae-infected CB patients 

Sputumm from 10 chronical ly H. /nf/uenzae-infected patients w i th nonobstructive CB 

(CB-HI)) and 10 chronical ly H. mrVuenzae-infected patients w i th obstructive chronic 

bronchitiss (COPD-HI) was analyzed. The characteristics of the patients are listed in 

Tablee 1. The nonobstructive and the obstructive CB patients d id not differ wi th respect 

too age, amount of sputum expectorated in 24 h, or relative amount of their SSP. The CB-

HII patients were selected on the basis of normal results of spirometry. These patient's 

FEVii (% predicted) differed significantly from that of the COPD-HI group ( p < 0 . 0 0 1 , 

Student'ss t test). The bacterial load, based on semiquantitative sputum cultures, was 

similarr in both groups of patients, and was estimated as moderate to abundant, or about 

10 4 t oo 10 5 c fu /m l . 

Tablee 1. Patient characteristics of the study groups 

Number r 
Sex,, F/M 
Age,, yr 
FEV,,, % predicted* 
Current/ex-smoker r 
24-hh sputum weight, g 
SSF F 

CB-HI I 
10 0 
6/4 4 

52.44 (5.0) 
99.22 (4.4)* 

3/4 4 
8.33 (3.0) 

0.588 (0.07) 

COPD-HI I 
10 0 
3/7 7 

62.88 (2.5) 
65.0(7.1) ) 

5/4 4 
10.7(2.2) ) 

0.488 (0.06) 

COPD D 
9 9 

3/6 6 
58.99 (2.0) 
57.66 (2.9) 

7/2 2 
11.7(3.0) ) 

0.555 (0.04) 

CB-HII =chronic bronchitis with chronic Haemophilus influenzae infection; COPD = chronic 
obstructivee pulmonary disease; COPD-HI =chronic obstructive pulmonary disease with chronic 
HaemophilusHaemophilus influenzae infection; F = female; M = male; SSF = sputum sol fraction. Data are 
expressedd as mean (SEM). *FEVi after-bronchodilation. t p<0 .001 compared with COPD-HI. 

Thee M P O levels in the SSP, assessed as a parameter of neutrophi l ic inf lammation, were 

significantlyy higher in the COPD-HI than in the CB-HI group (Figure 1A; p < 0 . 0 5 , M W U 

test).. High levels of IL-8 were detected in the SSP of both groups (Figure 1B). The levels 

off TNF-a in the SSP of the COPD-HI group were significantly higher than in that of the 

CB-HII group (Figure 2; p < 0 . 0 5 , M W U test). For comparison, TNF-a levels were 

determinedd in the SSP of nine noninfected COPD patients [19,20]. The patient 

characteristicss of these noninfected (indicated as COPD) patients were similar to those 
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off the infected COPD-HI patients (Table 1). TNF-a levels were significantly lower in the 

SSPP of the noninfected COPD patients than in that of either group of infected patients 

(Figuree 2; COPD-HI : p < 0 . 0 0 1 ; CB-HI: p < 0 . 0 5 , M W U test). 
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Figuree 1. (A) MPO (nM) and (B) IL-8 (ng/ml) levels in the SSP of CB-HI (n = 10) and COPD-HI 
(nn = 10) patients. Horizontal bars indicate median values. 
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Figuree 2. TNF-a (pg/ml) in the SSP of CB-HI (n = 10), COPD-HI (n = 10), and COPD (n-9) 
patients.. Horizontal bars indicate median values. 
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Thee Q protein values for the COPD-HI and CB-HI groups are presented in Table 2. The 

QAlbb (67 kD) values were significantly higher than the QA2M (725 kD) values (both 

p < 0 . 0 1 ,, WSR test), which is in accord with the greater permeation across the airway 

mucosaa of molecules with a small molecular mass (Alb) than of molecules with a high 

molecularr mass (A2M) [32], Neither the Q proteins values nor the RCE values (Table 2) 

differedd between the two groups of patients. 

Tablee 2. Plasma protein exudation and levels of slgA and lactoferrin in the sputum sol phase 

QAlb b 
QA2M M 
RCEE (QA2M/QAlb) 
slgA,, mg/L 
Lactoferrin,, mg/L 

CB-HI I 
10.3(4.4-41.5) ) 
3.44 (0.5-20.7) 

0.27(0.06-1.23) ) 
144(60-359) ) 
1522 (49-289) 

COPD-HI I 
10.9(3.8-26.1) ) 
4.33 (0.5-12.6) 

0.49(0.13-0.92) ) 
1088 (21-1017) 
119(24-263) ) 

CB-HII =chronic bronchitis with chronic Haemophilus influenzae infection; COPD-HI = chronic 
obstructivee pulmonary disease with chronic Haemophilus influenzae infection; QA2M = ratio of 
cu-macroglobulinn in sputum sol phase to a2-macroglobulin in serum; QAlb = ratio of albumin in 
sputumm sol phase to albumin in serum; RCE = relative coefficient of excretion of proteins from 
serumm into the sputum sol phase (QA2M/QAlb); slgA - secretory immunoglobulin A. Values are 
presentedd as median (range). 

Thee levels of secretory IgA (slgA) and lactoferrin, assessed as markers of secretion by 

airwayy epithelial cells, did not differ in the SSP of the COPD-HI and CB-HI groups 

(Tablee 2). The levels of slgA and lactoferrin were significantly correlated with each other 

withinn each group (CB-HI: r = 0.71; COPD-HI: r = 0.65, both p<0.05 by Spearman's 

rankk correlation test). 

Inn both groups, the levels of TNF-a were correlated with the RCE, with the correlation 

beingg statistically significant in the COPD-HI group (CB-HI: r = 0.61, p = 0.07; COPD-HI: 

rr = 0.75, p<0.05; Spearman's rank correlation test). The levels of MPO in the SSP also 

showedd a correlation with the RCE, which tended to be significant in the CB-HI group 

(CB-HI:: r = 0.58, p = 0.08; COPD-HI: r = 0.49, p = 0.16; Spearman's rank correlation test). 

DistributionDistribution of proteins between the SSP and the SGP 

Thee distribution of MPO, Alb, and A2M between the SSP and the SGP has been studied 

previouslyy in sputum from noninfected patients [18,19], but not in sputum from infected 
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patients.. In the present study, sufficient sputum was available from 16 patients 

chronical lyy infected w i th H. influenzae to permit these addit ional analyses (CB-HI: n = 8; 

COPD-H I :: n = 8 ) {Tab le3) . 

Tablee 3. Proteins* in dithiothreitol-treated sputum sol and gel phases and in sputum 

CB-HII (n -8 ) COPD-HI (n = 8) 
MPO^ ^ 

SSP-DTTT 7.7(2.2-152) 19.7(2.4-263) 
SGP-DTTT 174(68-260) t 333 (19-620)* 
Sputumm 54(2.0-25.3)* 242 (9-535)* 

Alb b 
SSP-DTTT 421(322-2330) 410(315-1040) 
SGP-DTTT 502(292-1774) 618(330-1045) 
Sputumm 632(290-2010) 540(330-1045) 

A2M M 
SSP-DTTT 14.2(4.9-129) 16.0(2.0-27.5) 
SGP-DTTT 49.3(11.4-144) 32.7(3.5-50.5)* 
Sputumm 33.9(9.1-104) 28.1(2.6-44.3)* 

RCE E 
SSP-DTTT 0.39(0.26-2.04) 0.50(0.14-1.06) 
Sputumm 0.78 (0.39-3.96)* 0.95 (0.29-1.57)* 

A2MM = a2-macroglobulin; Alb = albumin; CB-HI =chronic bronchitis with chronic Haemophilus 
influenzaeinfluenzae infection; COPD-HI =chronic obstructive pulmonary disease with chronic 
HaemophilusHaemophilus influenzae infection; MPO= myeloperoxidase; RCE = relative coefficient of 
excretionn of proteins from serum into the sputm sol phase; SGP-DTT = dithiothreitol-treated 
sputumm gel phase; SSP-DTT = dithiothreitol-treated sputum sol phase. 
Valuess are presented as median (range). * in mg/L; t p<0 .05 , WSR test, compared with levels in 
SSP-DTT;; * p < 0 . 0 1 , WSR test, compared with levels in SSP-DTT; § MPO in CB-HI group, 
analyzedd in seven patients. 

Thee levels of M P O in DTT-treated SSP (SSP-DTT) and DTT-treated SGP (SGP-DTT) were 

signif icantlyy correlated wi th one another (r = 0 .51 , p < 0 . 0 5 , n = 15; Spearman's rank 

correlat ionn test). In both groups, the MPO levels in SGP-DTT were significantly higher 

thann those in SSP-DTT {Table 3). The average sputum-to-SSP ratios of M P O in the 

nonobstruct ivee and obstructive CB patients were similar (CB-HI =9 .2 and COPD-

Hll = 9.7). 

Thee levels of A lb and A 2 M in SSP-DTT and SGP-DTT were also significantly 

correlatedd (Alb: r = 0 . 7 1 , p < 0 . 0 0 5 ; A2M: r = 0.74, p < 0 . 0 0 1 ; n = 16, Spearman's rank 

correlat ionn test). The levels of A lb in SSP-DTT and SGP-DTT were similar, whereas the 
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levelss of A2M in SGP-DTT were slightly higher than those in SSP-DTT (Table 3). This 

differencee was statistically significant only in the COPD-HI group (Table 3). As a 

consequence,, total sputum levels of Alb did not differ from those in SSP-DTT, whereas 

thee total sputum levels of A2M were higher than those in SSP-DTT. In both groups, the 

RCEE in total sputum was significantly higher than the RCE in SSP-DTT (Table 3), whereas 

neitherr RCESPUTUM, nor RCESSP-DTT differed in the two groups. 

Inn addition, we analyzed the distribution of TNF-a in sputum from nine patients (CB-

Hl:: n = 4; COPD-HI: n = 5). The levels of TNF-a in the SGP were lower than in the SSP, 

andd the average sputum-to-SSP ratios were similar in both subgroups of patients (CB-HI: 

0.7;; COPD-HI: 0.6). 

Discussio n n 

Thee results of our study indicate that patients with CB and irreversible airway 

obstructionn who have chronic H. influenzae airway infection have higher levels of MPO 

andd TNF-a in their sputum than do chronically H. /nf/uenzae-infected CB patients 

withoutt airway obstruction. In contrast, other parameters of local airway inflammation 

andd epithelial cell activation (i.e., the degree of plasma protein exudation and the levels 

off IL-8, slgA, and lactoferrin) were similar in these two groups of patients. 

Ourr observations of the levels of TNF-a are of particular interest. TNF-a was 

implicatedd in the pathogenesis of COPD by Keatings and coworkers [16], who detected 

higherr levels of TNF-a in induced sputum samples from COPD patients than in sputum 

sampless from healthy smokers, patients with asthma, and nonsmoking healthy controls. 

Thee high levels TNF-a in the COPD-HI patients as compared with those of the CB-HI 

patientss in our study would appear to support this proposal. In this respect, it is of 

interestt whether the two CB-HI patients in our study who had high levels of TNF-a in 

thee SSP, both of whom were relatively young smokers (39 and 36 years), will develop 

airwayy obstruction over time. On the other hand, although the TNF-a levels in the SSP 

weree much higher in the chronically infected COPD than in the noninfected COPD 

patientss in our study, the degree of airway obstruction was similar in the two groups 

(19,20].. This finding indicates that TNF-a is present in low concentrations in the SSP of 

clinicallyy stable noninfected COPD patients, but does not exclude an exaggerated 

TNF-aa response to infection or another stimulus in these patients. 
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Ass in the case of the TNF-a data for the CB-HI group, there were two outliers for the 

MPOO data. The patient with the highest TNF-a level also had the highest MPO level, but 

thee two other outliers occurred in different patients. These outliers did not cause the 

observedd differences between the CB-HI and COPD-HI patients. 

Wee found that in both subgroups of infected CB patients, levels of TNF-a and MPO 

weree correlated with the RCE, a parameter considered to reflect the loss of size 

selectivityy of the respiratory membrane [18,19]. However, neither plasma protein 

exudation,, nor the RCE differed between the two groups of chronically infected patients. 

Sincee the subject's sputum had been stored at C before separation of the sol from 

thee gel phase, the increased levels of TNF-a in the SSP of the COPD-HI patients may 

reflectt increments in the number of TNF-a-containing cells or higher intracellular levels 

off TNF-a, rather than reflecting the release of TNF-a by these cells. Likewise, the 

increasedd levels of MPO may not reflect activation of neutrophils, but only the presence 

off these cells. Therefore, TNF-a and MPO may not have contributed fully to the extent 

off inflammation and epithelial-cell activation in the COPD-HI patients. Analysis of 

inducedd sputum may allow differentiation of released from intracellular TNF-a and 

MPO.. However, direct comparison of induced and spontaneously expectorated sputum 

cannott be made, because induced sputum appears to contain a higher proportion of 

viablee cells than does spontaneously expectorated sputum [33]. Although this is an 

importantt issue for resolution in future studies, our results indicate that COPD-HI 

patientss have a local increase in the levels of TNF-a and MPO in their SSP, and/or a 

locall increase in the numbers of cells containing TNF-a and MPO, which points to 

differencess in the pathophysiology of CB-HI and COPD-HI. 

Analysiss of inflammatory parameters in the SSP of spontaneously expectorated 24-h 

sputumm has been previously validated for sputum from noninfected COPD patients [18]. 

Inn our study, analysis of sputum collected from clinically stable COPD patients at two 

subsequentt visits with a 2-week interval yielded highly reproducible findings despite 

possiblee variations in collection and storage of sputum by the patients. Also, analysis of 

thee SSP was found to adequately reflect that of total sputum (i.e., SSP + SGP) from 

noninfectedd COPD patients [18]. We analyzed sputum from chronically H. influenzae-

infectedd CB patients with and without chronic airway obstruction. In both groups of 

infectedd CB patients, the SGP contained significantly higher levels of MPO and A2M 

thann did the SSP, whereas the levels of Alb in the SGP and SSP were similar. Levels of 

TNF-aa were higher in the SSP than in the SGP. The distribution of the foregoing proteins 

betweenn the SGP and the SSP did not differ in the CB-HI and COPD-HI groups. 
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However,, the distribution of proteins between the SGP and S5P of infected COPD 

patientss was clearly different from that observed for noninfected COPD patients [18,19]. 

MPOO and A2M were retained in greater quantity in the SGP of infected than of 

noninfectedd COPD patients [18,19]. Considered collectively, this shows that analysis of 

thee SSP from chronically H. /nf/uenzae-infected patients with both nonobstructive and 

obstructivee CB adequately reflects the levels of proteins in total sputum. Furthermore, 

becausee of the observed differences in distribution of proteins in the SGP and SSP of 

infectedd as opposed to noninfected patients, our findings also indicate the need for 

cautionn in direct comparisons of levels of proteins in the SSP of different groups of 

patients. . 

Littlee is known about the effect of chronic airway infection on local airway 

inflammationn in COPD. The characteristics of the noninfected COPD patients [19,20], 

whosee SSP we analyzed for TNF-a were similar to those of the infected COPD patients 

inn our study. Because we assessed the same parameters in the SSP of the noninfected 

andd infected COPD patients, using the same methodology and the same standards 

[19,20],, we were able to compare inflammatory parameters in the SSP of these two 

groupss of patients. We found significantly lower levels of MPO (COPD: median = 12.7 

nM;; range = 5.6 to 36.6 nM [19] and IL-8 (COPD: median = 16.3 ng/ml; range = 9.3 to 

56.77 ng/ml [20]), as well as of TNF-a, in the noninfected COPD group than in the 

COPD-HII group (both p < 0.001, MWU test). Moreover, the parameters of plasma 

proteinn leakage QAlb (COPD: median = 4.28; range = 3.39 to 10.90) and QA2M (COPD: 

mediann = 0.80; range = 0.40 to 5.66), as well as the RCE (COPD: median = 0.13; 

rangee = 0.07 to 0.52), were significantly lower in the noninfected COPD patients [19] 

thann in the COPD-H! group (all p<0.05, MWU test). This indicates that local airway 

inflammationn and inflammatory damage are greater in chronically infected COPD 

patientss than in noninfected COPD patients. Because of the different distribution of 

inflammatoryy markers between the SSP and SGP of sputum from infected and 

noninfectedd patients, caution is advised in reaching conclusions based on analyses only 

off the SSP. However, we found that levels of MPO and A2M in both the SSP and the 

SGPP of infected patients were higher than those in the respective sputum phases of 

noninfectedd patients, indicating that differences in MPO and QA2M/QAIb in the total 

sputumm of infected versus noninfected COPD patients are even greater. 

Whetherr the more pronounced airway inflammation in chronically infected COPD 

patientss results in a more rapid decline of lung function remains unknown [6,34]. In 

onlyy one of four prospective studies was it concluded that more frequent episodes of 
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acutee infection were associated with a more rapid decline in lung function [6]. 

Furthermore,, little is known about the impact of recurrent and persistent bacterial airway 

infectionss on the decline in lung function in COPD patients [6,34,35]. The differences 

betweenn noninfected and infected COPD patients that we found in levels of the 

proinflammatoryy mediator TNF-a may also represent a primary difference between these 

twoo groups. It could be envisaged that COPD patients with an exaggerated production 

off TNF-a have greater airway inflammation, as a result of which H. influenzae can more 

easilyy colonize these patients' airways [6,34,36]. Despite these clear differences 

betweenn infected and noninfected COPD patients, the data in the present study are 

basedd on relatively small numbers of patients and, except for TNF-a, on comparison 

withh historic data [19,20]. Our findings are an incentive for a larger, and prospective 

studyy on the role of bacterial infections in airway inflammation in COPD patients. 

Inn summary, we have shown that local airway inflammation as assessed by the 

analysiss of spontaneously expectorated sputum differs in chronically H. influenzae-

infectedd patients with nonobstructive CB and those with obstructive CB. Specifically, 

higherr levels of TNF-a and MPO in the airways of the patients with obstructive CB point 

too differences in the pathophysiology of CB-HI and COPD-HI. It remains to be 

determinedd whether similar differences are evident in bacterial infections other than 

withh H. influenzae. This is of interest because patients with CB often experience airway 

infectionss with other bacterial pathogens [6]. Comparison with the noninfected COPD 

patientt group suggests that airway inflammation is more pronounced in chronically 

infectedd COPD patients. Whether this reflects a direct cause-and-effect relationship for 

inflammationn in the two groups should be addressed in a future, long-term prospective 

studyy involving repeated measurements in the same individual patient. Furthermore, in 

vieww of the observed differences in airway inflammation, further studies are warranted 

too determine whether recurrent and/or persistent bacterial infections are associated with 

aa more rapid decline of lung function in COPD patients. 
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Abstract t 

Thee mechanisms by which viral airway infections potentiate airway inflammation are not 

fullyy understood. Expression of the pro-inflammatory mediators IL-8 and, to a lesser extent, 

IL-66 by respiratory syncytial virus (RSV)-infected airway epithelial cells has been studied in 

detail,, but comparative data for other negative-sense single-stranded RNA viruses are 

missing.. In addition, it is not known whether the IL-8 and IL-6 responses to a second 

stimuluss is altered in virus-infected cells. Therefore, regulation of IL-8 and IL-6 expression 

byy parainfluenza type 4 virus (PIV 4)-infected NCI-H292 cells was studied. PIV 4 rapidly 

inducedd sustained DNA-binding activities for NF-KB and AP-1, implicated in IL-8 gene 

transcription.. NF-KB DNA-binding activity was biphasic and correlated with the biphasic 

IL-88 mRNA expression. The second phase of IL-8 mRNA expression, which appears due to 

virall replication, corresponded also with a transiently reduced IL-8 mRNA degradation. PIV 

4-inducedd IL-6 mRNA expression was also biphasic and depended on a sustained C/EBP 

DNA-bindingg activity and a reduced IL-6 mRNA degradation. The dose-response curves for 

IL-88 and IL-6 with TNF-a as a stimulus are indicative of exaggerated responses by PIV 4-

infectedd NCI-H292 cells. The sustained transcriptional activity and prolonged half life of IL-

88 and IL-6 mRNA may at least in part, potentiate airway inflammation induced by 

parainfluenzaa type 4 and likely other negative-sense single-stranded RNA viruses. 

Introductio n n 

Virall infections of the respiratory tract can induce acute but transient inflammatory 

responsess and airway hyperresponsiveness in healthy persons [1,2]. Also, exacerbations of 

asthmaa and chronic obstructive pulmonary disease (COPD) are associated with viral airway 

infectionss [3,4]. For atopic asthmatic subjects this was corroborated in a study with 

experimentall rhinovirus-16 infection, where an increase in airway hypersensitivity was 

paralleledd by an increased release of the pro-inflammatory mediator IL-8 [5]. These and 

otherr findings have led to the consideration that viral airway infection potentiates airway 

inflammationn and, possibly indirectly, airway hyperresponsiveness. 

Thee mechanisms by which viral airway infections flare up airway inflammation are not 

fullyy understood, and may be determined at large by the infecting viral species. The 

majorityy of respiratory viruses belong to the single-stranded RNA viruses, comprising both 

positive-sensee RNA viruses (rhino- and corona-viruses) as well as negative-sense RNA 
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virusess (respiratory syncytial, influenza and parainfluenza viruses) [6]. All of these single-

strandedd RNA respiratory viruses target airway epithelial cells (AEC), which are considered 

ann important local source of pro-inflammatory mediators such as IL-8 and IL-6. The 

mechanismm by which respiratory syncytial virus (RSV) induce pro-inflammatory mediators 

hass been studied in great detail,, particularly the induction of IL-8 in A549 cells, i.e. alveolar 

typee ll-like cells [7-14]. RSV induced both IL-8 and IL-6 [8,9]. IL-8 production was regulated 

transcriptionallyy and depended on the transcription factors NF-KB and C/EBP [10,11], or AP-

11 instead of C/EBP [12]. No changes in IL-8 mRNA degradation were observed, at least not 

shortlyy after infection [7]. Surprisingly, NF-KB activity remained high, which was a 

consequencee of viral replication [13,14]. In apparent contradiction with the sustained NF-

KBB activity, IL-8 mRNA expression was biphasic with a markedly reduced IL-8 mRNA 

expressionn 6 h after infection [7]. Whether the regulation of IL-8 expression by RSV is 

representativee of that by the other negative-sense single-stranded RNA viruses is unknown. 

Givenn the similar pathophysiology evoked by negative-sense single-stranded RNA viruses, 

aa detailed study into the regulation of IL-8 expression in airway epithelial cells infected with 

anotherr negative-sense RNA-virus may identify relevant underlying mechanisms. 

Thee increased airway inflammation during viral airway infection is, at least in part, 

explainedd by virus-induced IL-8 and IL-6 production of airway epithelial cells. Whether viral 

infectionn affect airway epithelial cells so that the regulation of the IL-8 and IL-6 response is 

modulated,, is unknown. Our previous studies [15-17] into IL-8 and IL-6 mRNA and protein 

expressionn by NCI-H292 airway epithelial-like cells, have revealed that IL-8 and IL-6 mRNA 

degradationn is an important means to limit IL-8 and IL-6 production. More importantly, a 

reducedd IL-8 and IL-6 mRNA degradation resulted in exaggerated IL-8 and IL-6 responses 

too stimuli, as indicated by leftward-shifted and steeper dose-response curves [17, van 

Wissenn et al, submitted). Similar findings were obtained with Calu-3 cells, another 

polarizedd airway epithelial cell line, and in primary human bronchial epithelial cells [1 7]. 

Thus,, a reduced IL-8 and IL-6 mRNA degradation in airway epithelial cells may potentiate 

airwayy inflammation. At present, there are no data to suggest that virus infection of airway 

epitheliall cells reduce IL-8 mRNA degradation. A recent study with RSV, however, 

indicatedd that RANTES was induced at least in part by a reduced degradation of the 

encodingg mRNA [18]. 

Heree we report our studies into the mechanisms involved in IL-8 and IL-6 induction by 

thee negative-sense RNA virus, parainfluenza type 4 (PIV 4). A second objective of the study 

wass to determine whether infection of NCI-H292 cells with PIV 4 had an effect on IL-8 and 

IL-66 responses induced by a second stimulus. Like for RSV, the IL-8 and also the IL-6 mRNA 
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responsee to PIV 4 infection were biphasic, which may be due, at least in part, by 

modulationn of IL-8 and IL-6 mRNA degradation. In addition, we show that viral infection 

resultss in an exaggerated IL-8 and, to a lesser extent, IL-6 response to a second stimulus. 

Material ss  and Method s 

CellCell culture 
NCI-H2922 cells (CRL 1848; ATCC, Rockville, MD, USA), a human lung-derived 

mucoepidermoidd adenocarcinoma cell line, was maintained as described previously [16]. 

ViralViral stock 

Parainfluenzaa virus type 4a (strain M-25) was obtained from the ATCC (VR-1378). For 

experimentss we have used both ATCC viral stocks as well as stocks prepared ourselves. To 

thatt end, 50 to 80% confluent NCI-H292 cells in 250 cm2 culture flasks were washed with 

phosphate-bufferedd saline (PBS; pH 7.4), and exposed for 5 min to PBS containing 1.5 

/yg/mll of trypsin. Subsequently, medium was removed and cells were exposed to 5 ml of 

PBSS containing 40yul viral stock. After 1 h at room temperature, medium without FCS, but 

withh 1.5 jug/ml of trypsin was added and left for 48 h. Then medium was removed and 

monolayerss were washed 3 times with warm PBS. Three ml of culture medium without 

trypsinn and FCS were added and cells were disrupted by three cycles of freezing and 

thawing.. Cellular debris was removed by low speed centrifugation in a table centrifuge 

(30000 rpm, 10 min). Aliquots of clarified supernatants were stored C until use. 

Thesee stocks of virus were used throughout this study. Infection of NCI-H292 cells with 

PIVV 4 induced a weak cytopathic effect (large multi-nucleated cells that became less 

adherent)) but usually only after more than a week of infection. The induction of IL-8 and 

IL-66 shortly after infection were taken as internal controls for uniformity of the viral stocks. 

PIVV 4 stocks were confirmed to induce the aggregation of guinea pig erythrocytes. 

ExperimentalExperimental set up 

NCI-H2922 cells were grown to 50 to 80% confluency. Medium was removed, and cells 

weree washed twice with warm PBS. Then, monolayers were exposed for 1 h at room 

temperaturee to PIV 4 (0.1 ml of the viral stock/cm') in PBS. Subsequently, medium with FCS 

waswas added and experiments were carried out as indicated. Culture supernatants were stored 

att C until IL-6 and/or IL-8 was determined. The cell layers were inspected by light 
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microscopyy for morphological aspects. None of the conditions resulted in shedding of 

adherentt cells or morphological changes. Each condition was tested in triplicate and 

experimentss were carried out at least three times unless specified otherwise. 

Inn some experiments, NCI-H292 cells were exposed to ultraviolet (UV)-irradiated viral 

stocks,, in which virus at C was exposed for 5 to 30 min at 5 cm distance from a 240 

nmm UV source. 

AssaysAssays for IL-8 and IL-6 protein and mRNA 

IL-88 and IL-6 cytokines were quantified by ELISA, as described [15,16]. IL-6, IL-8 and 

GAPDHH mRNA were assessed on Northern and dot blots as described [15,16]. mRNA 

stabilityy experiments were performed using the transcription inhibitor Actinomycin D 

(Boehringerr Mannheim, Mannheim, Germany) at a final concentration of 10 /vg/ml. 

DetectionDetection of PIV 4 antigen 

NCI-H2922 cells exposed to PIV 4 were scraped with a rubber policeman from the tissue-

culturee plate and brought onto a microscope slide. After air drying, cells were fixed in 

acetonee at room temperature for 10 min. Aspecific binding sites were blocked with 1 % (v/v) 

normall goat serum in PBS. After 10 min, cells were washed twice with PBS and incubated 

withh 1 in 10 dilution of mouse anti-parainfluenza 4 {MAB877; Chemicon, Veenendaal, The 

Netherlands)) for 30 min at . After two wash steps with PBS, cells were incubated for 

300 min with goat anti-mouse IgG-FITC (Fab)2' diluted 1 in 50 with PBS. After two wash 

stepss with PBS, cells were examined with a fluorescence microscope. 

Transfection Transfection 

NCI-H2922 cells at 70% confluence were transfected transiently with 3 /vg of 

chloramphenicoll acetyltransferase (CAT) reporter vectors using the calcium/phosphate 

precipitationn method as reported before [15,16]. Fourty hours after transfection, medium 

wass removed and the monolayers were infected with PIV 4 or not. After 8 h, monolayers 

weree washed twice with cold PBS and cytoplasmic proteins extracted using an hypotonic 

celtt lysis buffer containing Triton X-100. Cell debris was removed by centrifugation. Soluble 

proteinn was determined using the bicinchoninic acid protein assay (Pierce, Rockford, IL, 

USA).. CAT protein was determined with ELISA (Boehringer Mannheim) and expressed to 

totall protein. 

Thee series of 5' deleted IL-6 promoter CAT constructs were obtained from Drs. K. Wong 

andd W.M. Rom (Bellevue Hospital Center, New-York) [15]. The IL-8 promoter CAT 
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constructss were obtained from Drs N. Mukaida and K. Matsushima (Cancer Research 

Institute,, Kanazawa, Japan) [16]. 

NuclearNuclear extract preparation and EMSAs 

Nuclearr extracts were prepared as described before [15,16]. Protein recovery was measured 

withh the Bio-Rad Protein Assay kit (Hercules, CA, USA). Four /vg of nuclear extracts (in 10 

fj\)fj\) were incubated 15 min at room temperature with 1 fj\ of radiolabeled oligonucleotide 

probess ( -0 .25 ng, -25000 cpm), 7 JJ\ of a buffer composed of 20 mM Hepes pH 8.0, 50 

mMM KCI, 0.5 mM EDTA, 1 mM DTT, 0.1 % <v/v) NP40, 0.5 mM PMSF, 1 mg/ml bovine 

serumm albumine, 5% (v/v) glycerol and 2 JJ\ of 1 mg/ml poly(dl-dC)-poly(dl-dC) (Pharmacia, 

Uppsala,, Sweden). Reaction mixtures were separated on 4% non-denaturing 

polyacrylamidee gels at 230 V at room temperature in 0.5 X TBE buffer. After drying, gels 

weree exposed to X-ray films. Oligonucleotides used in EMSA were the following: NF-KB: 

5'-ATCGTGGAATTTCCTCTGAC-3';; AP-1: S'-GTGTGATGACTCAGGTTTGO', distal C/EBP: 

5*-TCACATTGCACAATCTTA-3';; proximal C/EBP: 5'-AAGATTTAT CAAATGTG-3'. 

Result s s 

PIVPIV 4 induces IL-8 and IL-6 release by H292 cells 

Studiess by Castells and colleagues [19] have shown that parainfluenza viruses readily infect 

andd replicate in NCI-H292 cells. In the present study we used parainfluenza type 4, which 

causess no cytopathic effects during the first 96 h after exposure to NCI-H292 cells (not 

shown). . 

NCI-H2922 cells were exposed to serial dilutions of the PIV 4 stock (see Material and 

Methods),, and IL-8 and IL-6 release over 24 h were determined (Figure 1). Exposure to PIV 

44 induced the release of both IL-8 and IL-6 in a dose-dependent manner. Exposure to heat-

inactivatedd PIV 4 (30 min, ) did not increase the release of IL-8 and IL-6 as compared 

too cells not exposed to virus. The PIV 4 stock was obtained by freeze-thawing of infected 

NCI-H2922 cells, and thus lysate also contains cytoplasmic contents. Lysate of non-infected 

cells,, as well as supernatant from a PIV 4 stock which was cleared from viral particles by 

centrifugationn (90 min at 50,000 x g), did not induce IL-8 and IL-6 above basal levels (data 

nott shown). These results indicate that live PIV 4 triggers the induction of IL-8 and IL-6, but 

thiss does not imply that NCI-H292 cells were actually infected by PIV 4. 
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Figuree 1. Production of IL-8 and IL-6 by NCI-H292 cells exposed to various doses of PIV 4. NCI-
H2922 cells were exposed to PIV 4 and heat-inactivated PIV 4 (HI PIV, 1 in 10 dilution tested only). 
244 h after intial exposure, supernatants were collected and IL-8 and IL-6 were determined by ELISA. 
Valuess represent the mean  SD of four experiments. *, p<0.05 as compared to control medium. 

NCI-H2922 cells exposed to PIV 4 displayed cytopathic effects, such as multi-nucleated cells, 

usuallyy one week after exposure. Furthermore, at 24 h but not at 1 h after exposure to PIV 

4,, PIV 4-antigen was detected in NCI-H292 cells by immunofluorescence (Figure 2). This 

indicatess that PIV 4 indeed infected and replicated in NCI-H292 cells. 

Inn subsequent experiments we used a 1 in 10 dilution of PIV 4 stock, unless indicated 

otherwise.. IL-8 and IL-6 release by H292 cells exposed to PIV 4 was followed over time 

(Figuree 3). PIV induced a constant release of IL-8 and IL-6 greater than that of the control 

att 6 and 24 h. This continuous release was sustained for at least 32 h. 
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Figur ee 2. Time-dependent detection of PIV 4 antigen in NCI-H292 cells. NCI-H292 cells were 
exposedd to PIV 4 (1 in 10 dilution) for 1 h (A) and 24 h (B). Cells were stained for PIV 4 antigen as 
describedd in Material and Methods. Isotype controls were negative. 
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BiphasicBiphasic IL-8 and IL-6 mRNA expression upon infection with PIV 4 

Too assess whether the continuously increased IL-8 and IL-6 release was paralleled by 

increasedd IL-8 and IL-6 mRNA steady state levels we determined the respective mRNAs in 

PIVV 4-infected cells over time (Figures 4A and B). PIV 4 induced a fast but transient increase 

off IL-8 and IL-6 mRNA levels, peaking at 1 h. At 4 h after initial exposure, IL-8 and IL-6 

mRNAA levels dropped to near basal levels. Subsequently, IL-8 and IL-6 mRNA levels 

increasedd transiently, peaked around 8 h and returned to basal levels between 16 to 24 h 

afterr initial exposure. The maximal mRNA fold-induction for the second peak was lower 

thann for the first peak, especially for IL-6 mRNA (n - 3). Heat inactivation of PIV 4 (HI PIV) 

priorr to exposure almost fully abolished IL-8 and IL-6 mRNA induction, in agreement with 

noo increased IL-8 and IL-6 production by heat-inactivated PIV 4 (Figure 1). UV irradiation 

disabless replication of single-stranded RNA viruses. Exposure of NCI-H292 cells to UV-

irradiatedd PIV 4 showed a normal first peak of IL-8 mRNA, but a markedly reduced second 

peakk (Figure 4C). 

Togetherr these findings indicate that IL-8 and IL-6 mRNA expression are regulated by 

twoo events. The first event appears related to initial interactions between PIV 4 and NCI-

H2922 cells, and which is lost by heat-inactivation of the virus. The second event appears 

relatedd to viral replication as both heat-inactivation and UV-irradiation markedly reduce the 

secondd peak of mRNA expression. 

Figur ee 3. Time course of IL-8 and IL-6 
releasee by NCI-H292 cells exposed to 
PIVV 4. NCI-H292 cells were exposed 
too PIV 4 (1 in 10 dilution). IL-6 (top 
panel)) and IL-8 (bottom panel) in 
supematantss were determined by 
ELISA.. Results represent the D 
off four experiments. Six and 24 h after 
exposure,, IL-8 and IL-6 production was 
significantlyy increased compared to 
cellss exposed to medium alone 
(*,, p<0.05). 

101 1 



ChapterChapter 6 

t(h) ) 

IL-6 6 

IL-8 8 

GAPDH H 

00 1 2 4 6 8 12 24 32 

tfff t t 

B B 

E E 

4 " " 

3--

2 --

H H 

nJ J 

nn D PIV 
TT « H I PIV 

11 | 1 | 1 | 1 1 1 | 1 | 1 I 1 1 

44 8 12 16 20 24 28 32 
timee point (h) 

44 8 12 16 20 24 28 32 
timee point (h) 

44 8 12 16 20 
timee point (h) 

Figur ee 4. Time course of IL-8 and IL-6 mRNA expression in NCI-H292 cells infected with PIV 4. 
NCI-H2922 cells were exposed to PIV 4 or heat-inactivated (HI PIV; 1 in 10 dilution). Total RNA was 
isolatedd at different time points and analysed. Northern blots were hybridized with IL-6, IL-8 and 
GAPDHH probes (panel A). Signals obtained after hybridization were quantified using a 
Phospholmager.. IL-8 and IL-6 mRNA levels normalized to GAPDH were expressed relative to that 
off resting cells (t= 0) (panel B). Similar results were obtained in three separate experiments. 
Panell C: As above, but NCI-H292 cells were exposed to PIV 4 and PIV 4 exposed to UV irradiation 
forr 5, 1 5 and 30 min (see Materials and Methods). 

102 2 



IL-8IL-8 and IL-6 induction by PIV 4 in NCI-H292 cells 

EffectEffect of PIV 4 on transcriptional activity of IL-8 and IL-6 promoters 

Thee effect of PIV 4 on IL-8 and IL-6 gene transcription was assessed by transient transfection 

off NCI-H292 cells with CAT reporter gene constructs containing various truncated and 

mutatedd portions of human IL-8 and IL-6 promoters. Transfected cells were exposed for 8 

hh either to medium or to PIV 4, after which CAT expression was determined in cell lysates. 

Ass shown in Figure 5A for the IL-6 promoter, the maximal response to PIV 4 as obtained 

withh the full length construct -1158-CAT was also found with -225-CAT construct, but lost 

withh the -109-CAT construct. This indicated that the AP-1 site (-282/-276)-CAT was not 

involvedd in PIV-mediated IL-6 gene induction. And secondly, the relevant transcriptional 

sitess were positioned in between position -224-CAT and -109-CAT from the IL-6 promoter. 

Disruptionn of the distal (-153/-145) or the proximal C/EBP (-83/-7S) sites in the -224-CAT 

constructt dramatically reduced CAT recovery, indicating that these two C/EBP sites played 

aa major role in IL-6 gene transcription. 

Forr the IL-8 promoter, the maximal response to PIV 4 was observed with the full length 

constructt -546-CAT and the deletion construct -133-CAT. Further deletion of the AP-1 site 

inn -94(A-70/-51)-CAT still resulted in CAT expression, although at a reduced level compared 

too that for the -546-CAT and -133-CAT constructs. CAT expression was abolished using -85-

CATT and when the C/EBP site or the NF-KB site from -94(A-70/-51)-CAT were mutated. This 

indicatedd that a minimal element containing the NF-KB and the C/EBP sites was required 

forr IL-8 gene transcription. Disruption of the NF-KB site in -133-CAT revealed that an intact 

NF-KBB site was essential for transcription. In contrast, mutation in the C/EBP site of-133-

CATT had no effect, whereas disruption of the AP-1 site slightly reduced CAT expression by 

PIVV 4. This suggested that AP-1 was also involved in IL-8 gene activation, but that the C/EBP 

sitee could replace the AP-1 site when it was missing. 

Thesee findings indicate that PIV 4-induced IL-8 gene expression is dependent on NF-KB 

andd either AP-1 or C/EBP, the latter two in order of dominance. PIV 4-induced IL-6 gene 

expressionn is strictly dependent on C/EBP. It is worth noting that PIV 4 increased CAT 

expressionn for both IL-8- and IL-6-promoter constructs only 2 to 3 times as compared to that 

inn cells without exposure to PIV 4. This indicates that PIV 4 induces a modest increase of 

genee transcription only. 
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Figuree 5. Transcriptional activity of the IL-8 
andd IL-6 promoters in response to PIV 4 
infectionn in NCI-H292 cells. NCI-H292 
cellss were transiently transfected with CAT 
expressionn vectors in which various 
truncatedd and mutated (mt) IL-6 (panel A) 
andd IL-8 promoter (panel B) regions were 
cloned.. A schematic presentation of the 5'-
flankingg region of the IL-6 and the IL-8 gene 
iss shown in the top of A) and B), 
respectively.. CAT protein expression in 
transfectedd cells cultured for 8 h with 
mediumm or PIV 4 (1 in 10 dilution) was 
assessedd by ELISA. CAT values were 
normalizedd to total protein. Results 
representt the average  SD of three 
experiments. . 

PIVPIV 4 induces nuclear AP-1, C/EBP and NF-KB activities 

Bandd shift assays w i th nuclear extracts obtained from NCI-H292 cells exposed to PIV 4 

weree performed to estimate relative levels of the relevant transcription factors. Specific 

DNA-prote inn complexes were detected in uninfected cells using oligonucleotides specific 

forr N F - K B , C/EBP and AP-1 sites (Figure 6). Exposure to PIV 4 rapidly increased (t= 12 min) 

alll of these complexes, particularly N F - K B and C/EBP (5-10 times), and to a lesser extent AP-

11 (2-3 times). DNA-prote in complexes were also high at 24 h after PIV exposure, which is 

surprisingg given that IL-8 and IL-6 mRNA expression had returned to basal levels (Figure 3). 
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Figur ee 6. Increased NF-KB, C/EBP and AP-1 activation in the nucleus of NCI-H292 cells in response 
too PIV 4 infection. Nuclear extracts were prepared from NCI-H292 cells infected with PIV 4 (1 in 
100 dilution) for different times. EMSA were performed with oligonucleotides specific for NF-KB, AP-
11 and C/EBP sites as indicated in Material and Methods. Specific retarded complexes (indicated by 
ann arrow) were identified by competition with unlabelled specific oligonucleotide (100x and 1x 
excess,, 2 lanes on the right, respectively), but not with an irrelevant oligonucleotide (not shown). 
Thesee results are representative of 4 to 6 experiments. 

Onlyy the levels of NF-KB appeared to parallel the induction of the second IL-8 mRNA peak 

betweenn 4 to 8 h after exposure to PIV 4. The amount of C/EBP even decreased between 

44 to 8 h after exposure to PIV 4, whereas that of AP-1 did not change. This suggests, 

particularlyy for IL-6 mRNA, that other than transcriptional processes are implicated in the 

inductionn of the second mRNA peak. Given the rapid degradation of IL-6 and IL-8 mRNA, 

modulationn of mRNA degradation may have a large impact on mRNA steady state levels. 

IL-8IL-8 and IL-6 mRNA stability in NCI-H292 cells exposed to PIV 4 

Too determine mRNA stability, mRNA synthesis was blocked in NCI-H292 cells with 

actinomycinn D at various time points after exposure to PIV 4. Subsequently, IL-8 and IL-6 

mRNAA levels were followed over time (Figure 7). 

Thee decrease of IL-8 and IL-6 mRNA was rapid at 1 h and 4 h after exposure to PIV 4, 

withh an estimated half life for both mRNAs of 30 min. Six h after exposure to PIV 4, both 
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IL-88 and IL-6 mRNA were more stable, wi th a half life of more than 2 h and 4 h, 

respectively.. On ly for IL-8 mRNA we could reliably determine the decrease at 8 and 11 h 

afterr viral exposure. Whereas IL-8 mRNA is still more stable at 8 h, at 11 h the half life is 

similarr to that at 1 h after exposure. 

Thiss transient stabilization of IL-8 mRNA and probably also for IL-6 mRNA, parallels the 

secondd peak of mRNA expression. This is intr iguing, as earlier studies have shown that 

stabil izationn of IL-6 and IL-8 mRNA results in exaggerated IL-6 and IL-8 responses as 

reflectedd by leftward-shifted and steeper dose-response curves [1 7]. 

PIVV 1 h PIV 6 h 

Act(h)) 0 .5 1 2 4 0 5 1 2 4 

lL"88 W W * * If" 

Figur ee 7. Modulation of IL-8 and IL-6 mRNA stability in NCI-H292 cells infected with PIV 4. NCI-
H2922 cells were infected with PIV 4 (1 in 10 dilution). At different times after infection (1, 4, 6, 8 
orr 11 h), actinomycin D (Act, 10 fjg/m\) was added to the cultures and RNA recovered after an 
additionall 0, 0.5, 1, 2 or 4 h of incubation. The extracted RNA was subjected to northern blot 
analysis.. Blots were hybridized with IL-6, IL-8 and GAPDH probes. A typical result for IL-8 is shown 
inn panel A. Signals obtained after hybridization were quantified using a Phospholmager. IL-8 and 
IL-66 mRNA levels normalized to GAPDH were expressed relative to the corresponding level before 
addingg actinomycin (t = 0) and plotted as a function of time (panel B). 
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ExaggeratedExaggerated IL-8 and IL-6 responses by PIV 4-infected NCI-H292 cells 

Wee analysed whether PIV 4-infected NCI-H292 cells exhibited an exaggerated response 

duringg the phase of mRNA stabilization (around 5 h after initial exposure). As a control we 

tookk NCI-H292 cells exposed to PIV 4 for 16 h. Figure 8 shows that 5 h after the addition 

off PIV 4, the IL-8 and IL-6 responses are exaggerated in response to TNF-a. At 16 h, the 

dosee response curves by infected and noninfected NCI-H292 cells are very similar, 

althoughh in some experiments we found a slightly exaggerated response by infected T cells. 

a a 

a. . 

TNF-a a 

Figuree 8. IL-8 and IL-6 release by PIV 4-infected NCI-H292 cells exposed to a concentration range 
off TNF-a. NCI-H292 cells were either exposed to PIV 4 (1 in 10 dilution; , or to no virus 
(o—o)) for 5 (A,C) and 16 h (B,D), after which cells were exposed for 8 h to TNF-a. IL-8 (top panels) 
andd IL-6 (lower panels) in supernatants were determined by ELISA. These results are representative 
off three experiments. 

Discussion n 

Comparisonn of the mechanism by which parainfluenza type 4 (PIV 4) induces IL-8 

expressionn in NCI-H292 cells with that of respiratory syncytial virus (RSV) in A549 cells 

revealss similarities, but also intriguing differences. Both of these negative-sense single-
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strandedd RNA viruses trigger the same transcription factors for IL-8 gene transcription, 

althoughh there are contradictory results for RSV on the contribution of C/EBP and AP-1 

[10,12].. NF-KB DNA-binding activity was induced within 12 to 15 min by both RSV [10] 

andd PIV 4. With PIV 4, we found a biphasic regulation of the NF-KB DNA-binding activity, 

withh a rapid increase and decrease within 30 min after the initial exposure, followed by a 

secondd and sustained increase upto 24 h after the initial exposure. Data from separate 

studiess with RSV showed a similar biphasic NF-KB DNA-binding activity, with a transient 

peakk of DNA-binding activity within 2 h after initial exposure [10], and again higher NF-KB 

DNA-bindingg activity at 24, 48 and 72 h [13,14]. The DNA-binding activities of the 

cooperativee transcription factors AP-1 and C/EBP (NF-IL6) were increased upon exposure 

too PIV 4 at 12 min after initial exposure, and remained high (upto 24 h), with an apparent 

smalll peak for C/EBP DNA-binding activity at 4 h. For RSV, an increased C/EBP DNA-

bindingg activity was found at 3 h [20], or 12 h [21] and was sustained for at least 36 h 

[20,21].. In contrast, in another study no increased C/EBP DNA-binding activity was found 

[10].. At 3 h, an increased AP-1 DNA-binding activity was found upon exposure to RSV [12]. 

Takenn together, in both RSV and PIV 4 infection, early and sustained activation of NF-KB 

iss a key feature. The sustained NF-KB DNA-binding activity, and indeed of AP-1 and C/EBP, 

inn case of the PIV 4 infection are in apparent contradiction with the reduced IL-8 (and IL-6) 

mRNAA steady state levels at 24 h. This indicates that either the transcription factors do not 

facilitatee transcription, or there is transcription, but IL-8 (and IL-6) mRNA degradation has 

beenn increased. In contrast to PIV 4 infection, RSV infection still gives rise to increased 

steadyy state levels of IL-8 mRNA at 24 h. This difference may relate to differences in viral 

replicationn and cytopathic effects between PIV 4 and RSV. A major reason for selecting 

parainfluenzaa type 4, was that PIV 4 does not induce cytopathic effects during the first days 

afterr infection. Previous studies have indicated that microtubular rearrangements in airway 

epitheliall cell can modify IL-8 expression [24]. Whether cytopathic effects give rise to 

similarr modulation of IL-8 expression is unknown as yet and, if so, whether this is relevant 

inn RSV infection, requires further investigation. 

Anotherr intriguing similarity with respect to regulation of NF-KB DNA-binding activity 

iss the biphasic expression, which appears to parallel IL-8 mRNA expression in RSV- and PIV 

4-infectedd cells (see ref. 7 and present study). A similar biphasic mRNA expression in RSV-

infectedd cells has been found for ICAM-1 [22]. Both earlier studies [7,13] and the present 

study,, indicate that the second IL-8 mRNA peak is related to viral replication. The origin of 

thee first peak is unclear but may reflect the initial interaction of virus and airway epithelial 

cells.. Exposure to heat-inactivated PIV 4, but not UV-irradiated PIV 4, resulted in a reduced 
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firstt IL-8 mRNA peak, which point to initial interactions as the triggering event of the first 

IL-88 mRNA peak. We cannot exclude, however, that epithelial-derived factors in our PIV 

44 stocks triggered the first IL-8 mRNA peak, as was indeed suggested for the biphasic IL-8 

mRNAA and NF-KB DNA-binding activity in RSV infection [23]. 

Thee present study clearly indicates that IL-8 mRNA degradation was modulated during 

PIVV 4 infection. IL-8 mRNA degradation in RSV-infected cells has not been studied in such 

detaill as here. This reduced degradation of IL-8 mRNA is likely to contribute to the second 

peakk of IL-8 mRNA during PIV 4 infection. 

IL-66 is also induced by exposure to virus and shares a number regulatory mechanisms 

withh IL-8. At large, the IL-6 promoter contains potential binding sites for the same 

transcriptionn factors implicated here in IL-8 gene trancription by PIV 4. In addition, both IL-

88 and IL-6 mRNA contain destabilizing motifs in their 3f-untranslated region, which target 

thesee mRNAs for rapid degradation. Despite the presence of NF-KB and AP-1 binding sites 

inn the IL-6 promoter, IL-6 gene transcription induced by PIV 4 appears to depend solely on 

C/EBP.. We can not exclude that this is specific for the NCI-H292 cells, but this finding 

underliness that despite similarities in promoter regions, different transcription factors may 

bee used for gene transcription. In line with this, RSV infection of nasal epithelial cells 

inducedd IL-8 but not IL-6 [25]. Parallel to the reduced degradation of IL-8 mRNA we found 

aa reduced IL-6 mRNA degradation. In fact, a reduced degradation of IL-6 mRNA clearly 

underliess the appearance of the second IL-6 mRNA peak as there was no modulation of 

C/EBPP DNA binding activity. It is tempting to speculate that the reduction of IL-8 and IL-6 

mRNAA degradation is mediated by the destabilizing AUUUA repeats. If so, this reduction 

off mRNA degradation may also apply to other AUUUA repeat-containing mRNAs and 

whichh encode a large number of epithelial mediators that are implicated in viral airway 

infections. . 

Ourr previous studies in IL-8 and IL-6 regulation have underlined the relevance of mRNA 

degradationn in limiting both the IL-8 and IL-6 response. A reduced IL-8 and IL-6 mRNA 

degradationn resulted in exaggerated responses as reflected by leftward-shifted and steeper 

dose-responsee curves [17; M. van Wissen et al., submitted). Given the observed modulation 

off IL-8 and IL-6 mRNA degradation we looked into IL-8 and IL-6 production as a function 

off the TNF-a dose. We found exaggerated responses for IL-8 and to a lesser extent IL-6, 

particularlyy at 5 h after exposure to PIV 4. We can conclude that viral infection of NCI-

H2922 cells amplifies the IL-8 and IL-6 response. This may be due to the reduced mRNA 

degradation,, but for IL-8 we cannot exclude a role for an increased transcriptional activity. 

Itt remains to be determined whether similar amplified responses occur upon infection with 
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otherr viral species. If so, it may be envisaged that this amplification could play an important 

rolee in the potentiation of airway inflammation with viral airway infection. Whether similar 

mechanismss are relevant in vivo remains to be studied. 
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Genera ll  discussio n 

Recurrentt and chronic infections of the lower respiratory tract with bacteria like 

HaemophilusHaemophilus influenzae are prominent in chronic bronchitis patients. These infections are 

consideredd to be the consequence of altered local conditions induced by chronic airway 

inflammationn [1]. Bacteria like H. influenzae, however, may also stimulate local 

inflammatoryy processes by inducing inflammatory mediators [2] and by causing epithelial 

damagee [3,4]. About the role of H. influenzae in airway inflammation, however, relatively 

littlee is known. Therefore, in our studies, we employed both ex vivo and in vitro approaches 

too study various aspects of H. influenzae in relation to airway inflammation. 

Inn Chapter 2 we studied the presence of H. influenzae strains within the lower 

respiratoryy tract of chronic bronchitis patients with a documented history of recurrent 

H.H. influenzae infections. For most of these patients, chronic infection of the airways with 

eitherr a persisting strain (with or without antigenic variation), consecutive unrelated strains, 

orr a combination of both was observed. These findings are consistent with a previous study 

fromm our group in patients with chronic obstructive pulmonary disease (COPD) who also 

hadd a documented history of lower respiratory tract infections with H. influenzae [5]. In this 

earlierr study, however, a substantial number of patients were non-smokers living in a home 

forr the elderly, and thus we cannot exclude that these patients represented a selected 

populationn with relatively advanced airway disease. In the present study, most of the 

patientss were (ex-)smokers, and all were selected from the outpatient clinic of our hospital. 

Inn addition, we ruled out the presence of bronchiectasis or a humoral immunodeficiency 

inn these patients. Therefore, our findings indicate that long-term persistence also occurs in 

airwayss from typical CB patients. Also, we showed that distinct bacterial strains could be 

demonstratedd despite antibiotic treatment, consistent with our earlier reports [5,6]. 

Ourr long-term follow-up of H. influenzae strains in the airways of these patients also 

revealedd a difference with the earlier study. In the earlier study [5], exacerbations were 

demonstratedd to coincide with endogenous and exogenous reinfections with H. influenzae. 

Thiss suggested that bacterial changes were causally linked to exacerbations observed in 

thesee patients. In the present study, however, we found that in the airways of a number of 

patientss distinct strains were demonstrated to be present both before and after an 

exacerbation.. Although this does not exclude that H. influenzae is involved in the 

pathogenesiss of exacerbations, it indicates at least that exacerbations in chronic bronchitis 

patientss are not always associated with a change in the bacterial phenotype. 
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Inn view of the concept that bacterial infections in chronic bronchitis patients are the 

consequencee of altered local conditions caused by chronic airway inflammation [1], we 

arguedd that reduction of the local inflammatory process might reduce bacterial infection. 

However,, we could not demonstrate an anti-inflammatory effect of treatment with either 

budesonidee or N-acety I cysteine (NAC) for a three months period. In line with the current 

concept,, we did not find an effect on bacterial persistence or antigenic variation by either 

treatment.. Reduction of airway inflammation upon treatment with inhaled corticosteroids 

hass been reported in non-infected obstructive chronic bronchitis, also in relatively small 

numberss of patients [7-9]. However, considering the relatively low number of patients in 

thee present study, it is difficult to draw conclusions about more subtle effects of treatment 

withh either budesonide or NAC on airway inflammation and bacterial persistence. 

Thee mechanism of bacterial persistence is still far from clear. Possible explanations for 

persistencee include antigenic variation [10-14], and the ability of H. influenzae to persist 

intercellularlyy [15-17] as well as intracellularly [18]. In the studies described in Chapter 3, 

wee found that H. influenzae isolates that were effectively cleared from the airways induced 

thee release of high levels of the pro-inflammatory mediators interleukin(IL)-6 and IL-8 in 

H2922 airway epithelial cells. In contrast, strains that were shown to persist locally in the 

airwayss of chronic bronchitis patients for at least six months, induced a much lower IL-6 

andd IL-8 response in the airway epithelial cells. We propose that this may be an additional 

mechanismm in local bacterial persistence of H. influenzae in chronic bronchitis and COPD. 

Byy the induction of only a low inflammatory response in airway epithelial cells in vivo, 

bacteriaa descending into the lower airways may gain time to establish themselves. 

Thee reason for the difference in IL-6 and IL-8 induction by nonpersisting and persisting 

strainss is unknown. Previously, lipopolysaccharide (LPS) isolated from H. influenzae was 

demonstratedd to induce the production of inflammatory mediators in airway epithelial cells 

inin vitro [2]. In our studies, IL-6 and IL-8 production in our studies was demonstrated to be 

inducedd by factors released by the bacteria into the bacterial culture supernatant. By 

removingg LPS from the culture supernatant by polymyxin-B immobilized on beads, we lost 

thee capacity to induce IL-6 and IL-8 in H292 cells by bacterial culture supernatant. These 

resultss pointed to LPS as the factor responsible for the mediator release. However, LPS 

isolatedd from Escherichia coli and from H. influenzae, induced only low amounts of IL-6 

andd IL-8 in H292 cells even after exposure to relatively high concentrations of LPS 

(unpublishedd results). We cannot exclude conformational changes in LPS due to its isolation 

whichh could make LPS a less potent stimulus. An alternative explanation is that either a 

componentt bound to LPS, or a synergism between two factors, LPS and an as yet unknown 
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factorr are involved in the induction of the mediator release by the H292 cells. 

Peptidoglycanss might be candidates in this respect, since the induction of IL-6 and IL-8 by 

culturee supernatants was potentiated with a p-lactam antibiotic (ampicillin) in the medium 

duringg bacterial growth. Results of a representative experiment are shown in Figure 1. 
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Figuree 1. lnterleukin-6 production by H292 epithelial cells upon exposure for 6 hr to 10% (v/v) 
bacteriall culture supernatant of persisting strain 5324 (P), nonpersisting strain 61 73 (NP), or without 
bacteriaa (C). Values are expressed as mean of duplicate experiments. Bacteria were grown in Brain 
Heartt Infusion broth, supplemented with hemin and NAD (10 mg/L), with or without ampicillin ((A); 
200 mg/ml) for 6 hrs. Ampicillin was added after 3 h, while the culture showed exponential growth 
off the bacteria, as assessed by optical densitometry (OD530) of the culture broth. 

Bacteriaa grown in the presence of P-lactam antibiotics, by which transpeptidation and 

incorporationn of peptidoglycans into the cell wall by peptide-crosslinking are inhibited, 

typicallyy secrete soluble polymeric peptidoglycan fragments. The peptidoglycan 

compositionn of the cell wall of H. influenzae was demonstrated to be strain dependent and, 

inn addition, distinct fragments were demonstrated to exert different biological activities both 

inin vitro and in vivo [19-21]. Therefore, our studies warrant further studies into possible 

differencess in peptidoglycan composition of persisting and nonpersisting H. influenzae 

isolates. . 

Bindingg of H. influenzae to extracellular matrix (ECM) components may be another 

factorr involved in bacterial persistence [4,22,23]. Our results presented in Chapter 4 

indicatee that this is most probably a factor of limited importance. Although clinical isolates 

off H. influenzae were demonstrated to adhere to various ECM proteins, we could not 

demonstratee a difference with respect to adherence between persisting and non-persisting 

strains. . 
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Littlee was known about airway inflammation in chronically infected chronic bronchitis 

patients,, and about the contribution of chronic infections to airway inflammation in COPD. 

Ourr analyses on airway inflammation in COPD patients described in Chapter 5, indicate 

thatt chronic infection with H. influenzae in COPD patients is associated with a more 

markedd airway inflammation. As compared to non-infected COPD patients, in chronically 

infectedd COPD patients significantly higher levels of tumor necrosis factor-a (TNF-a), IL-8 

andd myeloperoxidase (MPO) were detected in sputum. Furthermore, chronic infection in 

COPDD patients was associated with a more pronounced plasma protein leakage, indicating 

aa more marked local inflammatory damage. Based on these findings it is tempting to suggest 

thatt the observed difference is caused by the chronic bacterial infection. Since these 

patientss often experience airway infections with other bacterial pathogens [24], it might be 

off interest to study whether bacterial infections other than H. influenzae are also associated 

withh a more marked airway inflammation. 

Thee observed differences in airway inflammation between infected and non-infected 

COPDD patients, however, may also represent a primary difference between the two groups 

off patients. It could be envisaged that COPD patients with an exaggerated TNF-a 

productionn have greater airway inflammation, as a result of which bacteria like 

H.H. influenzae can more easily colonize the airways of these patients [1,24,25]. This 

observationn should form an incentive for a study on TNF-a gene promotor polymorphism 

inn these groups of patients, especially since the TNF2 allele has been implicated in greater 

TNF-aa production [26,27]. Furthermore, since chronic airway obstruction in COPD is 

consideredd the consequence of airway inflammation, it may be suggested that chronic 

bacteriall infections in these patients will be associated with a more rapid decline in lung 

function.. The contribution of acute infections associated with exacerbations to the decline 

inn lung function in COPD seems limited [24]. About the contribution of recurrent and 

chronicc bacterial infections, however, little if anything is known. Therefore, our results also 

warrantt a large, prospective multi-center study on the impact of recurrent and chronic 

bacteriall infections on airway inflammation and the decline in lung function in COPD 

patients. . 

Ourr findings on airway inflammation in chronically infected obstructive and non-

obstructivee CB patients points to differences in pathophysiology. In this context, the high 

levelss of TNF-a in the chronically infected obstructive chronic bronchitis patients, as 

comparedd with the levels in non-obstructive chronic bronchitis patients, are of particular 

interest.. TNF-a has been implicated in the pathogenesis of chronic airway obstruction in 

smokerss [28,29]. In particular, in a Taiwanese population, the TNF2 allele has been found 
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att a higher frequency in smokers with obstructive chronic bronchitis [29]. Recently, two 

studiess in Caucasian populations have been published that could not confirm the previously 

observedd association between the TNF2 allele and the development of chronic airway 

obstructionn [30,31]. Also our findings are not in line with a role of TNF-a in the 

developmentt of chronic airway obstruction. TNF-a levels were much lower in the non-

infectedd COPD patients as compared with the chronically infected COPD patients, whereas 

airwayy obstruction was similar in both groups. We can not exclude, however, that TNF-a 

togetherr with other factors play a major role in the pathogenesis of chronic airway 

obstructionn in smokers. 

Exacerbationss in chronic bronchitis patients were demonstrated to be associated with 

bacteriall [24,32-35], as well as viral respiratory tract infections [5,6,36-38]. About the role 

off viral infections in the pathogenesis of exacerbations, however, relatively little is known. 

Inn Chapter 6, we showed that exposure of H292 airway epithelial cells to parainfluenza 

typee IV virus resulted in a dose-dependent production of IL-6 and IL-8. The induction was 

biphasicc in that there was a rapid transient expression of IL-6 and IL-8 mRNA, followed by 

aa second peak of mRNA expression. This second peak was due to a reduced degradation 

off IL-6 and IL-8 mRNA. Previously, we have shown that H292 airway epithelial cells in 

whichh mRNA degradation is reduced, show exaggerated IL-6 and IL-8 responses, 

exemplifiedd by leftward shifted and steeper dose-response curves [39]. Indeed we found an 

exaggeratedd IL-8 response to TNF-a. Of further interest is that the effect on the IL-6 response 

waswas less than that of IL-8. As IL-6 also has anti-inflammatory effects, the effect of a viral 

infectionn may promote inflammatory processes. Based on our findings, it may be 

hypothesizedd that during a viral respiratory tract infection the IL-8 response by epithelial 

cellss wil l become more responsive to secondary stimuli such as components of 

H.H. influenzae. As a consequence, there will be an increased production of IL-8 which may 

exacerbatee the inflammatory process. 
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Summar y y 

Chronicc bronchitis (CB) refers to a condition of chronic or recurrent increase in the volume 

off bronchial secretions sufficient to cause expectoration. CB can be associated with chronic 

airwayy obstruction (i.e. chronic obstructive pulmonary disease [COPD]). Both 

nonobstructivee and obstructive CB are characterized by chronic inflammation of the airway 

wall,, increased permeability of the airway mucosal microvasculature, and hypertrophy of 

submucosall glands. These altered local conditions are considered to favour bacterial airway 

infections.. In both nonobstructive and obstructive CB patients, in particular 

nonencapsulatedd Haemophilus influenzae frequently causes recurrent and chronic 

infectionss of the lower respiratory tract. These infections may be due to long-term 

persistencee of a distinct (persisting) strain or to recurrent infection with different 

(nonpersisting)) strains. Bacteria like H. influenzae, however, may also stimulate local 

inflammatoryy processes by inducing inflammatory mediators and by causing epithelial 

damage.. About the possible contribution of (chronic) bacterial infections to airway 

inflammation,, however, relatively little is known. Therefore, we employed both ex vivo and 

inin vitro approaches to study various aspects of H. influenzae in relation to airway 

inflammation. . 

Inn Chapter 2, we described our studies into the presence of H. influenzae in the airways 

off chronic bronchitis patients with a documented history of recurrent H. influenzae 

infections.. We demonstrated that the airways of most of these patients were chronically 

infectedd with either a persisting strain, consecutive unrelated nonpersisting strains, or a 

combinationn of both. The persisting strains were demonstrated to show antigenic variation 

inn their major outer membrane proteins (MOMPs). These observations were consistent with 

ann earlier study in less well-defined CB patients. In the earlier study, exacerbations in CB 

patientss were demonstrated to coincide with the occurrence of a new strain (exogenous 

reinfection)) or an antigenic variant (endogenous reinfection). In contrast, in the present 

studyy we found that in the airways of a number of patients distinct strains were 

demonstratedd to be present both before and after an exacerbation. 

Inn vieww of the concept that bacterial infections in CB patients are the consequence of the 

alteredd local conditions caused by chronic airway inflammation, we aimed to reduce local 

airwayy inflammation in these patients. Therefore, the patients were treated with an inhaled 

corticosteroidd (budesonide) or oral N-acetylcysteine (NAC) for 3 months. We could not 

demonstratee an effect of treatment with either budesonide or NAC on local airway 

inflammationn nor on bacterial persistence in these patients. 
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Inn the studies described in Chapter 3 and 4, we addressed mechanisms that might be 

implicatedd in bacterial persistence in the airways of CB patients. In Chapter 3, we showed 

thatt the induction of the pro-inflammatory mediators, interleukin (lL)-6 and IL-8, in airway 

epitheliall cells in vitro differed upon exposure to distinct clinical isolates of H. influenzae. 

Persistingg strains that had persisted for at least six months in the airways of CB, were shown 

too induce significantly lower amounts of both IL-6 and IL-8 as compared to nonpersisting 

strainss that were isolated in a series of analyses on one occasion only. An initial 

characterizationn of the stimulus indicated that it is released in the culture medium by the 

bacteria.. The stimulus was demonstrated to be heat stable, hydrophilic and non-proteinous. 

Wee suggested that lipopolysaccharides (LPS) and/or a component complexed to LPS are 

responsiblee for a major part of the interleukin induction, since approximately 70% of the 

activityy was removed by polymyxin B. Based on these studies, we proposed that persisting 

isolatess release a stimulus that activates epithelial cells to produce less IL-6 and IL-8 than 

thatt by nonpersisting isolates, which may contribute to the local persistence of persisting 

strains. . 

Inn Chapter 4 we described studies on the adherence of clinical isolates of H. influenzae 

too extracellular matrix (ECM) proteins. We demonstrated that the isolates could be divided 

intoo two groups, strains that adhered very well to tested ECM proteins, and strains that 

showedd only a very weak level of adherence to some ECM proteins. In addition, in the 

studiess described in Chapter 4, plasmin formation by part of the isolates tested was 

demonstrated,, indicating that these strains expressed plasminogen receptors on their 

surface.. Degradation of ECM components by plasmin generated on nonencapsulated 

H.H. influenzae plasminogen receptors may promote bacterial spread through subepithelial 

layerss and thereby bacterial persistence. Persisting strains and nonpersisting strains, 

however,, did not differ with respect to the adherence to ECM proteins and in their ability 

too induce plasmin formation. From these studies we concluded that although adherence to 

extracellularr matrix components, as well as plasminogen receptor expression on 

H.H. influenzae may contribute to local bacterial persistence they both seem, however, 

factorss of limited importance. 

Ourr studies on local airway inflammation in CB patients and on the contribution of 

chronicc H. influenzae infection to local airway inflammation in these patients, are 

describedd in Chapter 5. We demonstrated that local airway inflammation in chronically 

H.H. /'nf/uenzae-infected CB, as assessed by the analysis of spontaneously expectorated 

sputum,, differed between nonobstructive and obstructive patients. Higher levels of tumor 

necrosiss factor-a (TNF-a) and myeloperoxidase (MPO) were detected in the sputum sol 
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phasee of obstructive as compared to nonobstructive CB patients, pointing to differences in 

pathophysiology.. Since TNF-a has been implicated in the development of chronic airway 

obstructionn in smokers, the high levels of TNF-a in obstructive CB patients as compared to 

thee levels in nonobstructive patients are of particular interest. 

Inn addition, we compared airway inflammation in chronically infected and noninfected 

obstructivee CB patients. High levels of TNF-a were detected in SSP from infected as 

comparedd to noninfected obstructive CB patients. The SSP levels of IL-8, MPO, and the 

degreee of plasma protein leakage in the infected obstructive CB patients, were 

retrospectivelyy compared with and found significantly higher than those of noninfected 

obstructivee CB patients. This suggests that chronic infection in obstructive CB patients is 

associatedd with a more pronounced airway inflammation. In view of the concept that 

bacteriall infections in (obstructive) CB are the consequence of the local airway 

inflammation,, however, the observed differences in airway inflammation between infected 

andd noninfected obstructive CB patients may also represent a primary difference between 

thee two groups of patients. It could be envisaged that obstructive CB patients with an 

exaggeratedd TNF-a production have a more marked airway inflammation, as result of which 

bacteriaa like H. influenzae can more easily colonize the airways of these patients. 

Inn Chapter 6 we described studies into the effect of a parainfluenza type IV virus 

infectionn of H292 airway epithelial cells upon the regulation of the production of IL-6 and 

IL-8.. We demonstrated that virally infected cells become more responsive to stimuli, as 

shownn by an increased reactivity (higher response) and sensitivity (lower threshold) for IL-8 

andd to a lesser extent IL-6 response. This change in responsiveness of airway epithelial cells 

mayy play a role in the pathophysiology of CB patients, particularly during exacerbations. 

Finally,, in Chapter 7 our findings are discussed in the context of what has been known 

soo far and several foci of future study are proposed. 
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Samenvattin g g 

Bijj patiënten met chronische bronchitis is er sprake van een chronisch ontstekingsproces 

inn de luchtwegen. Kenmerken van ditt ontstekingsproces zijn onder andere een toegenomen 

lekkagee van plasma eiwitten naar de luchtwegen en een abnormale lokale secretie van 

eiwitten.. Dit geeft aanleiding tot een verhoogde secretie van slijm, resulterend in het voor 

chronischee bronchitis karakteristieke (semi-)permanente opgeven van slijm (sputum). Bij 

patiëntenn met chronische bronchitis kan tevens sprake zijn van chronische obstructie 

(vernauwing)) van de kleinere luchtwegen (chronisch obstructief longlijden [COPD]). De als 

gevolgg van de chronische ontsteking optredende veranderingen in het lokale milieu werken 

hett ontstaan van bacteriële luchtweginfecties in de hand. Bij patiënten met chronische 

bronchitiss is dan ook vaak sprake van recidiverende en chronische bacteriële infecties van 

dee lagere luchtwegen. Infecties met ongekapselde Haemophilus influenzae komen hierbij 

hett meest frequent voor. Deze chronische infecties kunnen worden veroorzaakt door een 

specifiekee stam die langdurig aanwezig blijft (persisterende stam), of door elkaar 

opvolgendee niet-verwante (niet-persisterende) stammen. Hoewel het optreden van de 

bacteriëlee infecties het gevolg is van de veranderde lokale omstandigheden, kunnen 

bacteriënn zoals H. influenzae het ontstekingsproces ook stimuleren. H. influenzae kan ter 

plekkee cellen stimuleren om specifieke produkten uit te scheiden die het ontstekingsproces 

versterkenn (ontstekingsmediatoren), zoals de interleukines (IU-6 en IL-8. Ook kan 

H.. influenzae schade veroorzaken aan de bekledende cellen van de luchtwegen, het 

luchtwegepitheel.. Over deze mogelijke bijdrage van (chronische) bacteriële infecties aan 

dee lokale ontsteking is echter nog weinig bekend. Dit was de aanleiding om een aantal 

aspectenn van H. influenzae te bestuderen in relatie tot de ontsteking van de lagere 

luchtwegen. . 

Inn Hoofdstuk 2 beschrijven we een studie naar de aanwezigheid van H. influenzae in 

dee lagere luchtwegen van chronische bronchitis patiënten bij wie in het recente verleden 

recidiverendee infecties met H. influenzae waren gedocumenteerd. Deze patiënten werden 

gerekruteerdd van de polikliniek van ons ziekenhuis. We hebben hierbij aangetoond dat de 

luchtwegenn van de meeste van deze patiënten gedurende de duur van de studie permanent 

geïnfecteerdd waren met ofwel een persisterende stam die continu aanwezig bleef, ofwel 

opeenvolgendee niet-verwante (niet-persisterende) stammen dan wel een combinatie van 

beide.. De persisterende stammen vertoonden soms (antigene) variatie in bepaalde 

buitenmembraann eiwitten, de zogenaamde major outer membrane proteins (MOMPs). 

Dezee bevindingen komen overeen met eerdere waarnemingen in minder goed 
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gedefinieerdee chronische bronchitis patiënten. In óeze eerdere studie hebben we 

aangetoondd dat exacerbaties in deze chronische bronchitis patiënten samengingen met het 

aantoonbaarr worden in het sputum van een andere H. influenzae stam. Dit betrof ofwel 

eenn niet-verwante stam (exogene herinfectie), ofwel een antigene variant van de tevoren 

aanwezigee stam (endogene herinfectie). In de huidige studie waren exacerbaties evenwel 

slechtss in een deel van de gevallen geassocieerd met een exogene of een endogene her-

infectie.. In een aantal patiënten was daarentegen een specifieke stam zowel voor als na de 

exacerbatiee aantoonbaar in het sputum. 

Uitgaandee van het concept dat infecties met bacteriën bij chronische bronchitis patiënten 

hett gevolg zijn van de veranderde lokale omstandigheden, veroorzaakt door de chronische 

ontstekingg van de luchtwegen, hebben we getracht de lokale ontsteking met behulp van 

bepaaldee medicijnen te verminderen. Hiervoor hebben we de chronische bronchitis 

patiëntenn gedurende drie maanden behandeld met het corticosteroid budesonide 

(ontstekingsremmer)) via inhalatie of met het mucolyticum (slijmoplossend middel) 

N-acetylcysteinee als bruistablet. Behandeling met deze middelen had echter geen 

aantoonbaarr effect op de lokale luchtwegontsteking of op de aanwezigheid van 

hi.hi. influenzae in deze patiënten. 

Inn de studies beschreven in Hoofdstuk 3 en 4, hebben we ons gericht op mechanismen 

diee mogelijk kunnen bijdragen aan het persisteren (aanwezig blijven) van bacteriën in de 

luchtwegenn van patiënten met chronische bronchitis. In het onderzoek beschreven in 

Hoofdstukk 3, hebben we aangetoond dat bepaalde, uit patiënten geïsoleerde, H. influenzae 

stammenn verschillen in het induceren van de produktie van bij ontsteking betrokken 

mediatorenn door luchtwegepitheel. Persisterende stammen, waarvan was aangetoond dat 

zee tenminste zes maanden aanwezig waren geweest in de luchtwegen, induceerden in een 

luchtwegepitheell cellijn het vrijkomen van belangrijk minder IL-6 en IL-8 dan niet-

persisterendee stammen die bij herhaalde kweken gedurende zes maanden slechts op een 

momentt aantoonbaar waren gebleken. Een eerste karakterisering van de stimulus gaf aan 

datt het een produkt is dat door de bacteriën wordt uitgescheiden in het kweekmedium. De 

stimuluss weerstaat koken, is oplosbaar in water en is naar alle waarschijnlijkheid geen 

eiwit.. Voorbehandeling van het kweekmedium met polymyxine B leidde er toe dat 

ongeveerr 70% van de activiteit van stimulus verdween. Dit doet ons vermoeden dat 

bepaaldee bacteriële membraan componenten, lipopolysacchariden (LPS) en/of een hieraan 

gekoppeldee component verantwoordelijk zijn voor de stimulatie. Gebaseerd op deze 

studiess concluderen we dat persisterende stammen een stimulus uitscheiden die epitheel 

cellenn aanzet tot de produktie van minder IL-6 en IL-8 dan niet-persisterende stammen. Dit 
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verschill ligt mogelijk mede ten grondslag aan het wel of niet lokaal persisteren van een 

bepaaldee H. Influenzae stam. 

Inn Hoofdstuk 4 beschrijven we onze studies naar de hechting van H. influenzae 

stammenn aan bepaalde eiwitten die onderdeel uitmaken van het steunapparaat van de long. 

Dezee eiwitten gelegen in de extracellulaire matrix (ECM) zijn normaal door het epitheel 

afgeschermd.. Bij beschadiging van het bekledende epitheel komen extracellulaire matrix 

eiwittenn bloot te liggen en bacteriën kunnen dan aan deze eiwitten hechten. We hebben 

aangetoondd dat de stammen verdeeld konden worden in twee groepen. Stammen die zeer 

goedd hechtten aan verschillende van de geteste extracellulaire matrix eiwitten en stammen 

diee slechts in zeer geringe mate hechtten aan enkele van de geteste eiwitten. Persisterende 

stammenn verschilden echter niet van niet-persisterende stammen in hun vermogen aan de 

getestee ECM eiwitten te hechten. Tevens hebben we bestudeerd in hoeverre H. influenzae 

eenn receptor op het oppervlak tot expressie brengt waaraan het eiwit-splitsende enzym 

plasminogeenn kan hechten. Plasminogeen gebonden aan deze receptor kan worden 

geactiveerdd tot piasmine. Piasmine kan extracellulaire matrix eiwitten afbreken en daarmee 

hett doordringen van de bacteriën in het subepitheliale weefsel bevorderen. Hoewel een 

deell van de stammen de plasminogeen receptor tot expressie lijkt te brengen, konden we 

ookk hier geen verschil aantonen tussen persisterende en niet-persisterende stammen. Op 

grondd van deze studies concludeerden we dat hoewel hechting aan ECM eiwitten, alsook 

expressiee van plasminogeen receptoren kan bijdragen aan lokale persistentie van bacteriën, 

beidee evenwel in dit verband van beperkt belang lijken. 

Inn Hoofdstuk 5 beschrijven we onze studies over de ontsteking in de luchtwegen van 

chronischee bronchitis patiënten en over de bijdrage van chronische infectie met 

H.H. influenzae aan de ontsteking in deze patiënten. De ontsteking werd bestudeerd door 

analysee van eiwitten betrokken bij het ontstekingsproces in de vloeibare fractie (sputum sol-

fasee [SSP]) van spontaan geproduceerd sputum. We hebben hierbij aangetoond dat de 

ontstekingg in de luchtwegen van chronisch met H. influenzae geïnfecteerde chronische 

bronchitiss patiënten verschilde afhankelijk van de aan- of afwezigheid van chronische 

luchtwegobstructiee (COPD). In chronische bronchitis patiënten met luchtwegobstructie 

werdenn hogere concentraties aangetoond van een bepaalde ontstekingsmediator, tumor 

necrosiss factor-a (TNF-a) en van myeloperoxidase (MPO), een eiwit dat gezien kan worden 

alss een maat voor de aanwezigheid van een specifieke witte bloedcel (de neutrofiele 

granulocyt),, welke geacht wordt een belangrijke rol te spelen in het lokale 

ontstekingsprocess bij chronische bronchitis. Aangezien TNF-a gezien wordt als een 

mediatorr betrokken in de processen leidende tot het ontstaan (pathofysiologie) van 
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chronischee luchtweg obstructie bij rokers, is deze waarneming mogelijk van bijzonder 

belang. . 

Tevenss hebben we de ontsteking in de luchtwegen van chronische bronchitis patiënten 

mett chronische luchtwegobstructie (obstructieve chronische bronchitis) bestudeerd in 

relatiee tot de aan- of afwezigheid van een chronische infectie met H. influenzae. 

Vergelekenn met niet-geïnfecteerde patiënten, werden bij chronisch geïnfecteerde 

obstructievee chronische bronchitis patiënten veel hogere concentraties TNF-a aangetoond 

inn SSP. Ook de concentraties van IL-8, MPO en de mate van lekkage van plasma eiwitten 

naarr de luchtwegen in de chronisch geïnfecteerde patiënten bleken verhoogd ten opzichte 

vann de concentraties in niet-geïnfecteerde patiënten welke door ons eerder waren 

bestudeerd.. Deze waarnemingen geven aan dat chronische bacteriële infecties de 

ontstekingg in de lagere luchtwegen van patiënten met obstructieve chronische bronchitis 

samengaann met een ernstiger ontsteking. Bacteriële infecties die optreden bij chronische 

bronchitiss worden geacht het gevolg te zijn van de veranderde omstandigheden ten 

gevolgee van de lokale ontsteking. Het is derhalve ook voorstelbaar dat bij patiënten bij wie 

sprakee is van een ernstiger ontsteking van de luchtwegen eerder infecties optreden dan bij 

patiëntenn met minder uitgesproken ontsteking. De aanwezigheid van bacteriën zoals 

H.H. influenzae is dan het gevolg van de ernstiger ontsteking en niet de oorzaak. 

Inn Hoofdstuk 6 beschrijven we onze studies naar het effect op de regulatie van de 

produktiee van IL-6 en IL-8 in luchtwegepitheel cellen (H292 cellijn) in reactie op een 

infectiee met het parainfluenza type IV virus. We toonden hierbij aan dat de met virus 

geïnfecteerdee cellen in reactie op een stimulus heftiger reageren. De cellen reageren niet 

alleenn op een stimulus met de produktie van meer IL-8 (hogere respons), maar ook treedt 

dee IL-8 produktie bij een lager concentratie van de stimulus al op (lagere drempel). 

Dezelfdee fenomenen, zij het in geringere mate werden aangetoond voor de produktie van 

IL-6.. Deze verandering in gevoeligheid van luchtwegepitheel voor stimuli kan mogelijk een 

roll spelen in de pathofysiologie van chronische bronchitis, in het bijzonder tijdens 

exacerbaties. . 

Tott slot bespreken we in Hoofdstuk 7 onze bevindingen in relatie tot de huidige 

inzichtenn en formuleren hiervan uitgaande een aantal vragen voor verder onderzoek. 
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Abbreviation s s 

Alb b 
A2M M 

AP-1 1 

AREs s 

CAM M 

CAT T 

CB B 

CB-HI I 

C/EBP P 

CFU U 

COPD D 

COPD-HI I 

DTT T 

ECM M 

FEV, , 

GAPDH H 

IL L 

LDH H 

LPS S 

MOMP P 

MPO O 

MTT T 

NF-KB B 

PBS S 

PIV V 

Qprotein n 

RCE E 

slgA A 

SGP P 

SSP P 

TCA A 

t-PA A 

TNF-a a 

3'-UTR R 

albumin n 

a2-macroglobulin n 

activatorr protein-1 

adenylate/uridylate-richh elements 

chloramphenicol l 

chloramphenicoll acetyltransferase 

chronicc bronchitis 

CBB with chronic Haemophilus influenzae airway infection 

CCAAT/enhancerr binding protein 

colonyy forming units 

chronicc obstructive pulmonary disease 

COPDD with chronic Haemophilus influenzae airway infection 

dithiotreitol l 

extracellularr matrix 

forcedd expiratory volume in 1 second 

glycerylaldehyde-3-phosphatee dehydrogenase 

interleukin n 

lactatee dehydrogenase 

lipopolysaccharide e 

majorr outer membrane protein 

myeloperoxidase e 

3-(4,55 dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide 

nuclearr factor-xB 

phosphate-bufferedd saline 

parainfluenzaa virus 

ratioo of [protein] in SSP to [protein] in serum 

relativee coefficient of excretion (QA2M/QAlb) 

secretoryy immunoglobulin A 

sputumm gel phase 

sputumm sol phase 

trichloroaceticc acid 

tissue-typee plasminogen activator 

tumorr necrosis factor-a 

3'-untranslatedd region 
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Dankwoor d d 

Hett dankwoord geldt als het meest gelezen hoofdstuk van een proefschrift. Daarbij gaat het 

veelall niet alleen om wat er wordt gezegd, maar ook wat er niet wordt gezegd. Aangezien 

echterr mijn onderzoek zich heeft voltrokken in een sfeer van harmonie en blijmoedigheid, 

iss er geen reden te veronderstellen dat men tussen de regels door zou moeten lezen om de 

werkelijkee inhoud van dit dankwoord te doorgronden. Oprecht dank ik een ieder die op 

welkee wijze dan ook heeft bijgedragen aan het tot stand komen van dit proefschrift. Hierbij 

denkk ik in de eerste plaats aan de patiënten die steeds bereid waren mee te werken aan het 

onderzoek.. Meer in het bijzonder zou ik echter willen stil staan bij diegenen zonder wie 

hett schrijven van dit proefschrift niet mogelijk was geweest. 

Prof.. dr. H.M. Jansen, beste Henk, jij was het die mij al tijdens mijn opleiding aanzette tot 

hett doen van wetenschappelijk onderzoek. Hoewel je duidelijk richting gaf aan het 

onderzoek,, heb je me gaande de rit steeds meer vrijheid gegund zelf in hoge mate invulling 

tee geven aan het onderzoek, waarvoor ik je zeer erkentelijk ben. Ik dank je ook vooralle 

mentalee steun en voor het feit dat je toch steeds te overtuigen was door mijn Amsterdamse 

argumentenn "dat het allemaal wel goed zou komen". 

Dr.. R. Lutter, beste René, zonder jouw nooit aflatende inzet was dit proefschrift er mogelijk 

nooitt gekomen. Onze discussies naar aanleiding van mijn bevindingen waren steeds meer 

dann motiverend. Ik hoop dat de mechanismen zoals beschreven in dit proefschrift ook van 

toepassingg zijn op de halfwaarde tijd van onze samenwerking. Als jij door onze interactie 

nett zo veel dichter bij de kliniek bent gekomen als ik bij het laboratorium, denk ik dat we 

inn de toekomst nog veel moois tot stand kunnen brengen. 

Dr.. L. van Alphen, beste Loek, ook jou ben ik zeer erkentelijk voor een nooit aflatende 

steun.. Jouw kennis van de bacteriologie in het algemeen en Haemophilus influenzae in het 

bijzonderr waren van onschatbare waarde voor mij, een clinicus die zich ging bezig houden 

mett meer basaal onderzoek. Van jou leerde ik het systematisch opzetten van een 

microbiologischh experiment, waarbij jij altijd een buitengewoon scherp oog had voorde 

noodzakelijkee controle experimenten, zonder welke interpretatie van de uitkomsten niet 

mogelijkk was. 

Prof.. dr. Timo K. Korhonen and Dr. Ritva Virkola are acknowledged for their kind and 

fruitfull cooperation in the studies described in Chapter 4. 
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Dr.. Thierry Roger is acknowledged for his cooperation in the studies described in 

Chapterr 6. 

Dr.. T.A. Out, beste Theo, ook j i j hebt aan het tot stand komen van dit boekje zeer in het 

bijzonderr bijgedragen. Als eerste deelde jij mijn enthousiasme over het "sputum-stuk" en 

altijdd was je bereid tot een kritische beschouwing van mijn manuscripten. 

Paull Eijk, ik was niet de eerste "absolute beginner" die door jou werd ingewijd in de 

grondbeginselenn van de bacteriologie. Nooit deed ik tevergeefs een beroep op jouw hulp. 

Dee (ex-)medewerkers van het Specieel Klinisch Immunologisch Laboratorium, in het 

bijzonderr Mieke Snoek, Mariëlle de Riemer en Francine Habets, dank ik niet alleen voor 

hunn technische ondersteuning, maar ook voor de betoonde gastvrijheid en hun altijd 

oprechtee belangstelling naarde vorderingen van mijn onderzoek. 

Dee (ex-)medewerkers van het Longfunctie-laboratorium dank ik voor hun ondersteuning. 

Mijnn (ex-)collega's van de afdeling Longziekten dank ik voor de zowel passief als actief 

betoondee steun gedurende de afgelopen jaren. Ik herinner mij in dit kader zeer in het 

bijzonderr de bemoedigende gesprekken in onze "huiskamer", waarbij steeds met veel 

empathiee werd geïnformeerd naar de vorderingen. Dat ik de vraag "of ik al een datum had" 

uiteindelijkk in positieve zin kon beantwoorden, heeft me verlost van het gevoel dat het 

julliee emotioneel allemaal wat veel aan het worden was. In het bijzonder wil ik hier ook 

Dr.. Paul Braat bedanken, niet alleen omdat hij mede aan de wieg heeft gestaan van dit 

onderzoek,, maar ook omdat hij in hoge mate verantwoordelijk is geweest voor mijn 

opleidingg tot longarts. 

Robb Groot en Jaring van der Zee dank ik voor het feit dat zij mijn paranymphen wilden 

zijn.. Rob, onze vriendschap sinds nu bijna dertig jaar is mij altijd zeer dierbaar geweest en 

ikk ben dan ook blij dat je mijn paranymph wilde zijn. Jaring, samen hebben wij de 

opleidingg tot longarts gedaan, waarbij jij het als mijn jongere assistent niet altijd 

gemakkelijkk hebt gehad. Begrijp evenwel dat ik me altijd in zekere zin mede 

verantwoordelijkheidd heb gevoeld voor jouw opleiding. De vriendschap die zich de 

afgelopenn jaren heeft ontwikkeld met jou, Adriënne en de kinderen is voor Ingrid, Max en 

mijj van bijzondere waarde. Dank dat ook jij mijn paranymph wilde zijn. 
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Jacquelienn van der Vlies, beste Jacquelien, zonder jouw was ditt proefschrift er letterlijk niet 

gekomen.. Je kunt zeggen watje wilt, maar het ziet er prima uit. 

Mijnn ouders, dank zij wie ik ben en aan wie dit proefschrift mede is opgedragen, dank ik 

voorr hun onvoorwaardelijke steun en vertrouwen. Jammer genoeg heeft mijn moeder de 

voltooiingg van mijn proefschrift niet mogen beleven. 

Lievee Ingrid, als alle partners van promovendi heb jij het zwaarst geleden. Toch heb je mij 

altijdd gesteund en gestimuleerd om door te zetten. Het feit dat het nu is afgerond, mag je 

dann ook voor een belangrijk deel zien als jouw verdienste. 

Tott slot, Max, allergrootste vriend, ook al zal jij er voorlopig nog wel niet van te overtuigen 

zijnn dat papa echt niet altijd moet werken, ik beloof je dat we vanaf nu vaker op zondag 

ietss leuks gaan doen. En je weet, wat je belooft, dat... 
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Stellinge nn behorend e bi j het proefschrif t 

HaemophilusHaemophilus influenzae and airway inflammation in chronic bronchitis 

Inn het kader van bacteriële persistentie geldt niet het recht van de sterkste 
[dit[dit proefschrift]. 

Chronischee infectie van de lagere luchtwegen in COPD met Haemophilus influenzae is 
geassocieerdd met een meer uitgesproken lokaal ontstekingsproces [dit proefschrift]. 

Uitgaandee van het concept dat de ontsteking in de luchtwegen van COPD patiënten 
oorzakelijkk geassocieerd is met de mate van luchtwegobstructie valt het te verwachten 
dat,, ten opzichte van niet geïnfecteerde patiënten, de longfunctie van patiënten met een 
chronischee Haemophilus influenzae infectie in de tijd sneller achteruitgaat 
[dit[dit proefschrift]. 

lederee chronische bronchitis patiënt heeft recht op zijn eigen Haemophilus influenzae 
[dit[dit proefschrift]. 

Remmingg van de eiwitsynthese kan de synthese van bepaalde eiwitten juist verhogen 
[dit[dit proefschrift, Cytokine 2000;12:1275-9]. 

Dee klassieke associatie tussen de ijsconsumptie in de zomermaanden en het aantal 
sterfgevallenn ten gevolge van verdrinking onderstreept het belang van voorzichtigheid 
bijj de interpretatie van gevonden associaties tussen parameters. 

Hett ontbreken van een evidence-based behandeling van idiopathische pulmonale 
fibrosee rechtvaardigt niet het onthouden van therapie aan deze groep patiënten. 

Dee complexe problematiek ten aanzien van diagnostiek en behandeling van de veelal 
zeldzamee interstitiële longaandoeningen rechtvaardigt de instelling van kenniscentra. 

Dee discussies rond euthanasie in Den Haag en AIDS en seksualiteit in Rome geven blijk 
vann een schrijnend tekort aan praktijkervaring bij de discussianten. 

Doorr de toename van het aantal artsen werkzaam in deeltijd functies neemt de behoefte 
aann part-time patiënten de laatste jaren sterk toe. 

Promotieonderzoekk heeft als overeenkomst met de uitademing van een ernstige 
emfyseemm patiënt dat er eens een einde komt. 

Paull Bresser 
Amsterdam,, 2 februari 2001 
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