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General introduction 
 
 
1.1 Definition of COPD 
 
Chronic Obstructive Pulmonary Disease (COPD) is currently the fifth leading cause of death 
in Europe and is predicted to become the third most common cause of disease worldwide by 
2020 [1]. Today, it is the only major disease with increasing mortality rates [2]. The Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) recently introduced a new definition 
for COPD, which has been accepted among others by the American Thoracic Society, the 
European Respiratory Society, and the British Thoracic Society, which had all published their 
own separate definitions earlier. 

The GOLD definition of COPD is: “Chronic Obstructive Pulmonary Disease is a 
preventable and treatable disease with some significant extra-pulmonary effects that may 
contribute to the severity in individual patients. Its pulmonary component is characterized by 
airway obstruction that is not fully reversible. The airway obstruction is usually progressive 
and associated with an abnormal inflammatory response of the lung to noxious particles or 
gases.” 
  COPD is a heterogeneous disease comprising three related pathological processes: 
chronic (obstructive) bronchitis in the large airways, small airway disease, and emphysema. 
All three components are concomitantly present in most COPD patients, although one may be 
more prominent than the other. 

Chronic bronchitis is defined clinically by the presence of chronic bronchial 
secretions, enough to cause expectoration, occurring on most days for a minimum of 3 months 
of the year for 2 consecutive years. The pathological basis of chronic bronchitis is mucus 
hypersecretion secondary to hypertrophy of the glandular elements of the bronchial mucosa. 

Small airway disease manifests itself as airway obstruction caused by inflammation, 
fibrosis and accumulation of mucus in the lumen of the airways that are smaller than 2 mm in 
diameter.  

Emphysema is a condition characterized by a permanent enlargement of the distal 
airspaces, beyond the terminal bronchioles, caused by destruction of the airway walls, without 
obvious fibrosis. This leads to fewer but larger alveoli, with a decreased surface area and a 
decreased ability to absorb oxygen and exude carbon dioxide by diffusion. The elastic recoil 
force that drives air out of the lungs is decreased and small airways consequently collapse 
during exhalation. 

Individuals with decreased levels of α1-antitrypsin (AAT), a serine protease inhibitor 
protecting the lungs against protease attack, develop emphysema in a higher proportion. 
While this genetic deficiency provides some insight into the pathogenesis of the disease, it 
only accounts for a small proportion of the disease (about 1-3% of patients with diagnosed 
COPD are predicted to have AAT deficiency [3]). Cigarette smoking is the primary risk factor 
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for the development of COPD in the industrialized world, since 90% of patients with COPD 
have smoked or are still smoking [4]. Only a minority of smokers (15-20%) develops the 
disease [4], suggesting that besides smoking there is an underlying individual susceptibility. 
There is a clear distinction between smoking-induced emphysema and AAT deficiency related 
emphysema, with respect to disease pathogenesis and manifestation. Emphysema associated 
with tobacco smoking manifests itself mostly centrilobular (destruction of the respiratory 
bronchioles) and affects to a higher extent the upper lung, whereas AAT deficiency manifests 
itself panlobular (destruction of the entire acinus) [5] and most frequently appears in the lower 
rather than in the upper regions.  

The research presented in this thesis targets only the smoking-induced emphysema. 
 
1.2 Pathogenesis of Emphysema development in COPD 
 
For many years the prevailing concept on the pathology of emphysema development relied on 
lung inflammation caused by cigarette smoke, environmental pollutants, or bacterial products, 
leading to a protease/antiprotease imbalance [6], which ultimately causes alveolar tissue 
destruction. Significant progress in understanding the underlying mechanisms of emphysema 
over the past 6 years points towards novel processes related to senescence and stress response 
involved in the pathogenesis of the disease [7]. Whether the inflammatory cells are directly 
triggered by cigarette smoke, or inflammation is a secondary response to cellular and 
molecular alterations induced by chronic cigarette smoke inhalation, is nowadays a matter of 
debate [7]. However, independent of the recruitment pathway of inflammatory cells, the 
ultimate effect is the same: alveolar tissue degradation. 

In young asymptomatic smokers several inflammatory and structural changes have 
been reported in the peripheral airways [8-10], whereas at a higher age, both peripheral and 
central airways are affected by smoking and present increased numbers of goblet and 
inflammatory cells [11]. Signs of inflammation are also present in sputum and 
bronchoalveolar lavage (BAL) as reflected by increased inflammatory cell numbers 
(macrophages, neutrophils and in some reports lymphocytes and eosinophils), as well as 
higher levels of proinflammatory cytokines (among which tumor necrosis factor-alpha (TNF-
α) and interleukin-6 (IL-6)) and chemokines [12-15]. Macrophages and neutrophils are not 
only important producers of cytokines but also release proteases, such as serine proteases 
(neutrophil elastase), cysteine proteases (cathepsins) and matrix metalloproteases (MMPs), 
which normally are counter-regulated by anti-proteases. The function of anti-proteases 
appears to be impaired in COPD, either by the direct influence of smoking on anti-proteases 
activity or due to oxidants produced by other cells in response to smoking [16]. In addition, 
oxidants can activate proteases [17]. Oxidative stress, which is increased in COPD patients, 
activates the transcription of the nuclear factor kappa B (NF-KB), which orchestrates the 
inflammatory response by inducing the expression of proinflammatory cytokines such as 
TNF-α and IL-8 thereby contributing to an overall increased inflammatory response.  

Remodeling is an important process in the airways of patients with COPD, 
contributing to a large extent to the progressive nature of airflow limitation, which occurs in 
all patients with COPD. When considering remodeling events in relation to the pathogenesis 

of COPD, the main focus has been on the destructive effects (as a consequence of imbalances 
between oxidants and antioxidants and between proteases and antiproteases) [6,18-20]. More 

recently, attention has been given to an aberrant repair process, which also may contribute to 
the development and/or progression of the disease [21]. The MMPs and their inhibitors are the 
main components in the destructive part of the remodeling events, whereas in the tissue 
repair/fibrotic changes, basic fibroblast growth factor (bFGF) and transforming growth factor 
beta (TGF-ß) play major roles [22]. The increase of MMP-9 (gelatinase/collagenase) found in 
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COPD [20], may coincide with the increased presence of TGF-ß, which is up- regulated in 

bronchial epithelial cells and alveolar type II cells [23,24]. 
 

 
 

Fig. 1. Schematic representation of decorin molecule. 
 

Depending on the relative contribution of each component in a specific compartment 
(in either the airways or parenchyma), this could result in either destructive or fibrotic events. 
In a similar way, increased TGF-ß together with possible activation of MMP-12 (elastase) 
[25,26] could have elastolytic as well as fibrotic effects. 

Thus, the pathogenesis of COPD is a complex process. Although the exact 
mechanisms are far from clear, there are several important processes playing major roles in 
the development and pathogenesis of COPD: 1) an imbalance between proteases and anti-
proteases; 2) an imbalance between oxidants and anti-oxidants; 3) inflammation and 4) 
impaired remodeling. 
 
1.3 Decorin in lung extracellular matrix 
 
Lung extracellular matrix (ECM) is a complex protein network composed mainly of 
collagens, elastin, noncollagenous glycoproteins, and proteoglycans (PGs). PGs consist of a 
protein core having covalently attached at least one long polymeric chain of repeating 
disaccharide units, termed glycosaminoglycan (GAG). Depending on the disaccharide 
composition, GAGs can be divided into four main categories: chondroitin sulfate (CS) and 
dermatan sulfate (DS), heparin and heparan sulfate (HS), keratan sulfate (KS), and hyaluronan 
(HA). 

Decorin (DCN) is a ubiquitous extracellular matrix proteoglycan with a variety of 
important biological functions that are mediated by its interactions with extracellular matrix 
proteins, cytokines, and cell surface receptors. DCN is the prototype of the family of small 
leucine-rich repeat proteoglycans and proteins (SLRPs), all having the protein core composed 
of tandem leucine-rich repeats (LRRs), flanked on either side by clusters of conserved 
cysteins. The mature protein core of DCN (without the signal peptide and the pro-peptide) 
consists of 329 [27] or 330 [28] amino acids, comprising 12 LRR domains of 24 amino acid 
residues each. Towards the amino terminus, at Serine 4 [29], the chondroitin/dermatan sulfate 
GAG chain is attached. DCN also has three potential consensus sites for N-glycosylation, 
located within the LRR domain, towards the C-terminus [15,30]. A schematic representation 
of DCN molecule is presented in Fig. 1. Other members of the LRR proteoglycans include 
biglycan, fibromodulin and lumican, decorin sharing the highest degree of structural 
similarities with biglycan. 

The DCN gene is located on the q arm of chromosome 12 in the close proximity of 
other proteoglycan genes like lumican (LUM), keratan (KER), and epyphycan (EPYC). 

S-S S-S

LRR domains

GAG chain

Disulphide bridge 
N-linked oligosaccharides

Disulphide bridge
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Fig. 2. Reduction of decorin in the outer bronchial wall (adventitia) in lungs of patients with severe 
chronic obstructive pulmonary disease (A) as compared with normal subjects (B) (immunoperoxidase 
immunostaining). Reproduced with permission from reference [31]. 
 

Proteoglycans, such as decorin and biglycan, have important functions, not only as 
components of the ECM scaffold, but also as important regulatory molecules through their 
ability to bind several cytokines and growth factors [21,31]. TGF-β stimulates the synthesis of 
DCN in many cell types [32,33], while DCN has the ability to modulate the activity of TGF-
β. DCN binds free TGF-β via the protein core [34] sequestering the growth factor within the 
ECM away from its receptor and decreasing TGF-β response. Reversely, degradation of 
decorin liberates TGF-β, leading to increased TGF-β activity [34]. DCN acts in this way as a 
negative feedback regulator of TGF-β activity [35]. Therefore, the participation of TGF-β into 
tissue repair/fibrosis implies also an important role for decorin into these processes. 

DCN binds via its protein core at the surface of mature type I, III, and VI collagens 
[36-40] and is also involved in collagen fibrillogenesis [41,42]. Deletions or proteolytic 
processing in the regions responsible for collagen binding may cause defects in collagen 
network formation. The GAG chain of DCN controls the size of the interfibrillar space 
between collagen fibrils [43], and therefore, changes in GAG length may perturb collagen 
matrix assembly. Using both protein core and GAG chain, DCN functions as a cross-linking 
molecule between collagen fibrils. In this way the amount of DCN present in the ECM 
determines how tight or loose collagen fibrils are attached together. Consequently, a strong 
increase in decorin would imply stiffening of local collagens, whereas loss of decorin would 
lead to the loosening and perhaps destruction of collagen structure. Significant reduction of 
decorin in the adventitia of small airways was found in lung tissue from patients with severe 
COPD (Fig. 2), when compared with mild COPD and control subjects [31], whereas no 
differences in collagens between patients with mild or severe COPD and normal subjects were 
found. Consequently, this decrease in decorin could be accompanied by loosening of the 
adventitial collagen and, in due time, loss of elastic recoil. Thus, the decreased amount of 
decorin, together with the smoking-related net proteolytic and oxidative effects in COPD, 
would lead to easy destruction of the peribronchial attachments of the parenchyma to the 
adventitia of small airways [44]. 

All LRR proteins adopt a curved solenoid fold. Although it has been widely assumed 
that horseshoe-shaped SLRPs interact with collagen and other ligand molecules through their 
concave surfaces [45-47], recent findings challenge this view [48]. Biophysical analyses have 
demonstrated that decorin is dimeric in solution [49], and the crystal structure of the decorin 
dimer [48] confirms that the concave surfaces mediate dimerization in a highly specific and 
conserved manner and therefore, it is unlikely that they are available for ligand binding. 
Further biochemical studies are needed to explore the molecular basis of the interactions 
between decorin and its many ligands. N-linked oligosaccharides are disposed across one side 



Chapter 1 

7 

of the dimer [48] and it is known that homodimerization is promoted in the absence of the N-
glycans [50]. This suggests also that loss of N-glycan chains may promote dimerization, 
making the molecule of DCN unavailable for ligand-binding and perturbing in this way the 
ECM architecture. 

In summary, DCN is a critical component of lung ECM and all its structural 
components (protein core, GAG chain and N-linked oligosaccharides) contribute to the fine 
tuning of DCN biological functions. We can anticipate that variations/structural modifications 
in any of these decorin components can induce changes in the connective tissue formation, 
depending on its ability to bind matrix molecules, cytokines or growth factors. As discussed 
above, some of these changes may lead to emphysema development.  
 
1.4 Aim of the thesis 
 
In the lungs of heavy smokers, cells are continuously exposed to a highly toxic environment 
(free radicals, potent oxidants such as hydrogen peroxide, hydroxyl anions, and organic 

radicals). The oxidative stress created by these molecules, together with the inflammation and 
the imbalance in favour of proteases, induce the vulnerability of ECM constituents to 
structural alterations and/or degradation.  

As mentioned also above, DCN is an important player in maintaining the functionality 
and organization of lung extracellular matrix. Structural alterations (post-translational 
modifications, proteolysis, and/or aberrant glycosylation) would impede or inactivate decorin, 
causing defects in the formation and functionality of lung ECM, which in the long term could 
have as final result emphysema development.  

In several ECM pathological conditions such as lung [31,51], joint [52], 
cardiovascular [53], or renal diseases [54] impeded decorin expression has been found. The 
studies investigating decorin in relation to COPD or other extracellular matrix related diseases 
focus mostly on the expression profiles of DCN. No information with respect to potential 
structural alterations of DCN as a consequence of disease development and progression could 
be extracted from these studies. More information at the structural level, explaining whether 
and in which way decorin is affected during emphysema development and progression, is 
needed. Investigation of potential alterations of decorin in relation with emphysema, involves 
the study of all three components (protein core, GAG, N-linked glycans) of the molecule. 

The purpose of this thesis was to develop and establish the methodology for enabling 
the study of the primary structure of human lung decorin and for performing a comparison 
between decorin molecules from emphysematous and control lung tissues. Our final goal was 
to establish whether there are induced structural alterations in the molecule of decorin as a 
consequence of emphysema development. Each of the chapters 4, 5, and 6 targets a certain 
component of the decorin molecule: the protein core, the N-linked oligosaccharides and the 
glycosaminoglycan chain, respectively. 

In Chapter 2 an extensive review on proteoglycans is given with the purpose of 
offering a background for the research topics addressed by this thesis. The diversity of 
proteoglycans and their complex functions in different tissues is presented. The current 
methods available for tissue proteoglycan purification as well as for their structural 
characterization are discussed. 

Chapter 3 presents the chromatographic method we developed for purifying decorin 
core protein with its attached N-linked oligosaccharides from human lung tissue. The method 
uses a combination of two anion exchange and one reversed phase chromatography steps and 
the enzymatic digestion with chondroitinase ABC. We applied this method for purifying DCN 
from two different locations (upper and lower lobes) of a control lung (smoker without 
emphysema) and from the same two locations of an emphysematous lung. The results of the 
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purifications are presented in Chapter 4, where we also investigated the occupancy of the 
glycosylation sites for all four batches of purified decorin. The study of glycosylation was 
performed using Matrix Assisted Laser Desorption Ionization-Time of Flight Mass 
Spectrometry (MALDI-TOF-MS) in combination with Liquid Chromatography-Mass 
Spectrometry (LC-MS). 

Chapter 5 describes the isolation and partial structural characterization of the N-
linked glycans attached to decorin protein cores purified from all four locations. 
Fragmentation patterns of the glycans, leading to their partial structural characterization were 
obtained using Post Source Decay MALDI-TOF-MS. 

Chapter 6 investigates indirectly the composition of the glycosaminoglycans attached 
to decorin, by studying their derived disaccharides. After digestion with Chondroitinase ABC, 
the pool of disaccharides is directly separated by liquid chromatography on a porous 
graphitized carbon (PGC) column and identified by on-line electrospray mass spectrometry 
under negative ionization conditions. The method is quantitative and allows distinguishing the 
sulfate position. Different types of biological samples (lung tissue, bronchoalveolar lavage 
fluid (BALF), induced sputum, and urine) obtained from patients suffering from chronic lung 
inflammation have been analyzed with this method.  

In Chapter 7 the general discussion is given, together with the future perspectives. 
Finally, the summary of this thesis is presented in both Dutch and Romanian. 
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