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SUMMARY 

This dissertation reviews the role of occupational exposure in the nature 
of chronic non-specific airway diseases (ICNSAD), possible immmo-patholo@ 
mechanism involved, currently applied methods, and the possibility of 
biornarkers as an alternative for the detection of Il-nese diseases. CNSAD consist 
of three separate diseases, namely asthma, chronic bronchitis and emphysema. 
Diffuse airway obstruction is considered as the common pathophysiological 
characteristic. The growth of knowledge about the disease leads to refinements in 
and standardization of study design and methods of analysis. Occupational 
exposures are important In the disease induction, because the timing, intensity 
and duration of exposure are often known more accuretely compared to non- 
occupational exposure. However, individual genetic susceptibility and 
characteristics such as cigarette smoking have been identified as important risk 
factors. The dimention of lung diseases in The Netherlands is indicated by a 
number of prevalence studies showing that 10-20% of adult men and 5-IO% of 
adult women have CNSAD requiring medication [Josna, thesis, 1994). The 
presented data show the need for a proper appreciation and quantification of 
occupational causes. This is underscored by indication that a proportion of 
occupational lung diseases remains unrecognized, because they are rarely as 
specific as they used to be, no longer take epidemic proportion and arise in more 
susceptible individuals. On the other hand, the incidence af these diseases are 
increased in the general population. 

Classic tools such as flow volume curves and standardized questionnaires 
on respiratory symptoms have serious shortcomings for early detection of 
CNSAD and discerning susceptible individuals. Health prevention of adverse 
airway effects from occupational exposure can be done through occupational risk 
analysis and preventing the workers from workplace exposure. It may be very 
challenging and often very difficult, because many agents appear in an diverse 
range of materials and processes. Recently, molecular epidemiology has been 
developed to illuminate disease mechanisms. Detection of irnmuno/agicd and 
pathophysiological changes really offers an alternative oppartun~ty to prevent 
adverse airway effects from occupational exposure. 

The general aim of this dissertation was to evaluate a multlfrvnctionszl 
approach to detect CNSAD with special interest in occupational asthma and 
chronic bronchitis. Assessment of inflammatory markers both in blood and NAL 
fluid was done intensively in order to use inflammatory markers as an 
alternative or a complementary tool to detect those diseases in occupational 
setting. 

Classic tools namely lung function (impedance and flow volume) 
measurements and standardized questionnaires have repeatedly been 
approached in 136 chemical workers from 7 different production processes 
during a 5 year follow-up study. It is described m Chapter 2. The outcome of of 
impedance measurements and flow volume curves was compared, and the 
relationship between lung function decline and specific production process and 



smoking was analysed. The prevalence of airway obstruction (FEV1<80% 
predicted) at both time-points was about 5% but did not necessarily hclude the 
same subjects. The average decline in FEVz aver five years was 200 mL (predicted 
decline: LBO rnL)l. Most impedance parameters correlated to flaw volume 
parameters m both yews. H~owever, a rapid 5-year decline of E V 1  (>330 mL) was 
only accompanied by a significant decrease in the reactance at 8 Hz (X8) and an 
increase in the resonmce frequency Ifo). Interestingly, decline in FEVl was 
significmtly dependent on age, years of employment, pack-years, FEVp, and all 
impedance parameters at a start in 1990 (P=0.23, g=O.Ol). Similarly, the increase 
in fo was significantly dependent on age, years of employment, pack-years, fos 
FEVl, FVC, FEF and MMEE at a start (r2=0.32, pcO.01). Rapid decliners jn FEV, 
were relatively more present in acids (Relative risk (KR)=2.14), maintenance 
workers (RE=2.1) and bulk/transport I(RR=1.78)1, but none of these ratios' was 
significant. Lung function, however, was significantly lower in the 
bulk/transport workers (n=14) compared to the rest, based both on flow volume 
(FVC, FEVI) and impedance (XB, fo] measurements. Srnokng had a significant 
effect on most flow volume parameters but only for frequency dependence 
among fie impedance outcomes. It is concluded that alterations in impedance 
parameters do reflect changes in flow volume curves induced by age, smoking 
and occupational exposure. Therefore, these data are a valuable extension to 
current cross-sectional data. 

In Chapter 3, several peripheral blood cytokines which are related to 
occupational asthma (serum IL-4, IL-5, and IFN-11) and chronic bronchitis 
(proinflammatory cytokines; whole blood IL-8 and TNF-a) were assessed in 106 
chemical workers during a rou.tine yearly medical examination in 1995. Those 
markers were also related to occupational exposure that might be useful for early 
detection of (pre) occupational respiratory diseases such as occupational asthma 
and chronic bronchitis or occupationaJ! exposures in practical use. Whole blood 
spontaneous IL-8 release was significantly higher in workers with bronchitis 
(p<0.05) or chronic bronchitis (p<O.Ol) compared to workers without those 
respiratory symptoms, also after correction for age, pack-years, and blood 
lymphocyte numbers. A secondary analysis with a matched group verified these 
specific effects in this group. No correlation was present between specific 
cy'cokirzes and asthmatic symptoms, lung function, or chronic airway abstructicm; 
serum IL-5 was significantly correlated (p<O.O5) to age and pack-years, and blood 
TNF-a release was sig~~ificantly higher (p43.105) in non-smokers compared to 
(past end currant) smokers. Moreover, lung function was significantly llower 
(y<O.O1) and serum IL-4 was significantly increased (pc0.05) in workers exposed 
t.o fertilizer dust. These data suggest that blood IL-8 may be considered as a useful 
marker for bronchitis. With increasing age and cigarette smoking, the ability and 
capacity to produce certain cytokines tends to decrease. Apart from I&-8 and IL-4 
thawwere associated to bronchitis and airway obstruction related to high-dust 
exposure, the data do not support the widespread use of blood cytokjrues as a tool 
far screening in occupational practice. 

The prevalence of pneumoconiosis, airway obstruction and respiratory 
symptarns in retired coal workers is described in Chapter 4. The relation between 
blood cytokines and respiratory impairment was investigated in coal workers. A 



number of other cytokines h o w  to be involved in coal dust induced responses, 
were studied in semm and monocyte supernatants oi 1014 retired coal workers. 
Short-lived cytokines TGF-p and IL-6 were measured in monocyte incubations, 
whereas IL-8, soluble TNF-R55 and -R75 were determined in serurn. 
Spontaneous IL-6 release horn monocytes was significantly lower in coal workers 
with bronchitis and those with airway obstruction. Higher serum ICL-8 levels 
were associated with better lung function (flow volume and impedance). Inverse 
correlation between impedance values and soluble TNF-RS5 were observed, 
although medication was found to be a confounder. The data suggest that TNF-a 
and IL-8 are related to respiratory impairment in workers exposed to coal dust. 
These finding further support the role of these cytokines in the pathogenesis of 
respiratory impairment such as cl-nronic bronchitis and airway obstruction. 

In Chapter 5, nasal lavage (NAL) was used as a method to study 
mechanism in endotoxin induced upper and lower respiratory diseases in a 
short-term longitudinal study design. NAL, lung function and exposure 
measurement have been conducted in a small group of cotton workers in a 
textile factory. Proinflammatory cytokine release (IL-6 and IL-81, several 
attenuating factors (sTNER75, sHCAM-I), and markers of cell response (uric acid, 
albumine) were masured in NAL and correlated to cotton dust and endotoxin 
exposure, as we11 as to short-term changes in lung function. At the exposure 
levels of cotton dust 1.10 m g / m b r  endotoxin 2,869 EUIm3 several 
inflammatory markers in NAL such as IL-8, sTNF-R75, and albumin tended to 
increase through the measurement period with increasing airborne endotoxin 
concentration (in 6 workers who had a paired measurements in week 1 and 6). 
Although no statistical significance was reached, airborne endotoxin exposure 
and all inflammatory markers in NAL were relatively higher in cotton workers 
with lung function response. The data suggest that inflammatory markers in 
NAL are associated to repeated airborne endotoxin exposure. 

In order to investigate the relationship between inflammatory markers in 
serum and NAL and interrelationship among those inflammatory markers in 
NAL, other inflammatory markers such as interleurcins (IL-4, IL-51, interferon-y 
(IEN-y), markers of venule exudation (albumin, uric alcid), and response to 
endotoxin exposure : lipopelysaccaride [LPS) binding protein (LBPJ and 
bactericidalJgermeability-increasing protein (BPI) were measured both in cotton 
workers and controls. It is described in Chapter 6. Most inflammatory markers 
both in controls and cotton workers were readily detectable In serum, but not in 
NAL, except for the proinflammatory 1IL-8. IL-8 was detectable in nearly all WAL 
samples, while IL-6 was only detectable in a fraction (3/'28), and IL-4, JL-5 and 
IFN-y in one case. Endotoxin binding prokeins (LBP and BPI) were readily 
detectable in both serum and NAL. Interestingly, LBP in NAL was negatively 
correlated to serum levels (r = -0.88) in controls. BPI was correlated to IL-8 in 
NAL as the major chemoatfractant for PMN. The strongest relation between 
semm and NAL was observed for sTNF-R75. The data suggest that only markers 
predominantly present in serum showed a significant correlation with NAL 
Bevels, confirming plasma exudation as its main source. On the other hand, 
markers with predominant epithelial (EL-$) or granulotype (BPI) origin were also 
related to LBP and sTNE-R75, thereby impeding a clear-cut interpretation as nasal 



biomarker. Experimental and clinical studies are needed to further understand 
the major sources and significmce of inflammatoq markers iru the upper 
airways. 

These studies concluded that there are three important things. Firstly, 
although the forced oscillation technique (FQIT) is less sensitive compared to 
forced expiratory flow volume measuremenQ, it is a m e h l  method to screen 
airway obstruction in workers exposed to chemicals. Changes in impedance 
parameters and effecte od smoking and occupational exposure reflect or parallel 
changes in spirometrir indices. Secondly, whole Gloold spontaneous IL-8 
production may be considered as a usehl marker for broarchitisr but can not rule 
out the involvement of other cytokines. Unfortunately, no data support the 
widespread lase of blood cytokines as a tool for screening in occupational practice. 
Thirdly, biornarkers predominantly present in serum showed a significant 
correlation with those in NAL, confirming plasma exudation as its main source. 
On the other hand, markers with predominant epithelial (IL-8) or granulotype 
(BPI) origin were also related to LBP and sllW-R75, thereby impeding a clear-cut 
interpretation as; nasal biomarker. Experimental ;and clinical studies are needed 
to further understand the major sources and significance of inflammatory 
markers in the upper airways. 

Since FOT parameters do reflect changes in flow volume curves and give 
an additional value in the mechanical characteristic during spontaneous 
breathing, it should be listed as a supplementary method in the detection of 
airway obstruction. The finding that whole blood spontaneous IL-3 production is 
increased in workers with bronchitic symptoms seems very promising and 
giving an opportunity in application of molecular epidemiology into future of 
researches in the occupational setting. Particularly challenge remains in the 
prospect of developing biornarkers both in peripheral blood and in NAL to 
identify susceptibility l o  an untoward response and uncover early indicators of 
the disease process. Another challenge is to detect or quantify occupational 
exposure since workers can be exposed to many and complex potential workplace 
hazards s ~ 4 - 1  as chemical and biological agents. 




