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Summary  
 
Chronic obstructive pulmonary disease (COPD) is a progressive lung disease that annually 
kills over 3 million people worldwide. COPD is a general term for two distinct pathologies: 
chronic bronchitis and emphysema. Chronic bronchitis is characterized by irreversible 
obstruction of airway flow, due to stiffening of the airway walls, accumulation of mucus in the 
bronchiole, due to an increase in goblet cells and hypertrophic submucosal glands and 
hypertrophy of the airway walls as a result of airway fibrosis. Emphysema is mainly 
characterized by the destruction of alveolar walls and therefore loss of gas exchange. In both 
types of COPD the architectural structure of the airway is altered. Since the architectural 
structure and function of the lung is mainly determined by the extracellular matrix, it could play 
a major role in both pathologies of COPD. The aim of this paper is therefore to investigate the 
role of the ECM in the two different subtypes of the COPD pathology. Function and structure 
of important components and regulators of the ECM were investigated and possible altered 
expression in the COPD pathologies were determined. The results indicate that alterations in 
the regulation of ECM contribute to the manifestation of the two distinct pathologies. In chronic 
bronchitis especially the TGF- β/Smad signalling pathway seems of importance. Over 
activation of this pathway results in heightened gene expression of ECM proteins and leads 
eventually to the excessive build-up of ECM, as seen in airway walls in chronic bronchitis. 
Imbalance in MMPs and TIMPs plays a massive role in the destruction of alveolar walls as 
observed in emphysema. Treatment for COPD is currently lacking and with the rising number 
of patients affected by this disease, it has become a huge problem.  Future studies should be 
able to uncover the role of ECM components and regulation in the pathology of chronic 
bronchitis and emphysema. 
 

Keywords: COPD; chronic bronchitis; emphysema; extracellular matrix  
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Introduction  
 

Chronic obstructive pulmonary disease (COPD) is a progressive lung disease that annually 

kills over 3 million people worldwide (Rabe et al., 2017). In 2010 there were 384 million cases 

of COPD reported (Adeloye et al., 2015) and this is expected to further increase, due to aging 

populations and a higher smoking prevalence (World Health Organization [WHO], 2016). 

According to the World Health Organization, COPD will become the third leading cause of 

death worldwide by 2030 (World Health Organization [WHO], 2016).  

 

Patients with COPD experience shortness of breath and chronic obstructive cough, which 

severely decrease their quality of live (Tuder et al., 2012). Those conditions often progress 

over time, leading to respiratory failure and/or chronic hypoxemia (Tuder et al., 2012). Although 

COPD seems like one disease, it is actually an umbrella term for two different subtypes (Rabe 

et al., 2017). Those two subtypes with completely contradictory pathologies are called 

emphysema and chronic bronchitis and often co-exist in the COPD disease.  

The primary cause of COPD in first world countries is exposure to tobacco smoke. Inhalation 

of smoke from biomass fuel, exposure to second-hand smoke and air pollution with particulate 

matter are other risk factors of COPD (Rabe et al., 2017). The latter will become more 

important, since in the first world nowadays more people are exposed to smoke and particles 

of biomass fuel than to tobacco smoke (Rabe et al., 2017). In high-income countries COPD 

mostly affects men, but smoking tobacco becomes more popular among women and the risk 

of exposure to air pollution increases, therefore the prevalence in COPD could become similar 

between sexes in the future (Rabe et al., 2017).  

 

The chronic bronchitis subtype of COPD is characterized by irreversible obstruction of airway 

flow, due to stiffening of the airway walls, accumulation of mucus in the bronchiole and 

hypertrophy of the airway walls as a result of airway fibrosis, an increase in goblet cells and 

hypertrophic submucosal glands (Ramos et al., 2014; Nowrin et al., 2014). Airway obstruction 

is usually categorized by the forced expiratory volume in one second (FEV1) in comparison to 

the forced vital capacity (FVC) (Tuder et al., 2012). FEV1 is the volume of air a person can 

forcibly expire in 1 second (Jones et al., 2016) and FVC represents the total volume of air a 

person can expire after deep inspiration (Bidan et al., 2015). The ratio of FEV1/FVC is the main 

classifying method of severity of COPD and a FEV1/FVC below 70% is typical for COPD (Bidan 

et al., 2015). In combination with airway obstruction, as discussed above, the destruction of 

alveolar walls and therefore loss of gas exchange is a prominent feature observed in the  

emphysema subtype of COPD (Jones et al., 2016).  In both types of COPD, chronic bronchitis 

and emphysema, the architectural structure of the airway is altered (Jeffery, 1998). The 

architectural structure and function of the lung is mainly determined by the extracellular matrix 

(ECM) (Behonick et al., 2003). Since both pathologies show abnormalities here, it is possibly 

due to alterations in ECM. This is in accordance with previous literature, that suggest that the 

ECM could be of importance in the COPD onset and/or pathology (Bidan et al., 2015) and that 

changes in ECM, that can contribute to this disease, should not be under-recognized (Burgess 

et al., 2016). The aim of this paper is therefore  to investigate the role of the ECM in the two 

different subtypes of the COPD pathology.  
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What are the subtypes of COPD?  
 
As discussed in the introduction, COPD consist of two distinct subtypes; chronic bronchitis and 
emphysema. Both subtypes will be separately discussed in the current chapter.  
 
Chronic bronchitis  
Chronic bronchitis  is one of the subtypes of COPD. Chronic bronchitis can lead to an 
accelerated lung decline, higher risk in development of airflow obstruction, increased risk of 
lower respiratory tract infections and an overall increase in mortality (Kim et al., 2012). Chronic 
bronchitis is diagnosed when a patient experiences chronic chough and sputum production 
during at least 3 months, two years in a row (Kim et al., 2012). Chronic bronchitis is mainly 
caused by mucus hypersecretion, an overexpression of mucus producing goblet cells (Saetta 
et al., 2000) and ECM fibrosis (Rufino et al., 2007) (fig.1). The overproduction of mucus in the 
bronchioles and a decreased clearance by cilia, results in airflow limitations that often require 
coughs for clearance (Ramos et al., 2014). The overproduction and decreased clearance of 
mucus is not the only cause of airflow limitations. Hypertrophy of the submucosal glands also 
occurs (Ramos et al., 2014) , which reduced the diameter of the airways even further (fig.1).  
The overexpression of mucus, decreased clearance and hypertrophy are a result of an 
increase in airway inflammation (Ramos et al., 2014). Patients with chronic bronchitis have an 
increased degranulation of granulocytes, mainly by neutrophil-mediated elastase (Kim et al., 
2012). Tobacco smoke, bacterial and viral infections are known factors that increase in 
inflammatory responses of the airways (Kim et al., 2012), leading to degranulation and in 
response the overproduction of mucus by goblet cells.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Figure 1: Visual representation of the chronic bronchitis pathology. Healthy bronchiole with the normal amount of 

Goblet cells is shown next to a bronchiole with chronic inflammation and increased number of goblet cells as in 
chronic bronchitis.. The lumen diameter in bronchioles in chronic bronchitis has decreased significantly compared 
to lumen diameter under healthy conditions. This is the main cause of obstruction of airflow, due to the hypertrophic 
submucosal glands and ECM fibrosis. Adapted from Cotts, M. (2016). COPD-chronic bronchitis illustration [patient 
education piece about COPD]. Retrieved from http://www.mattcrotts.com/following/mattcrotts.com/COPD-chronic-
bronchitis-illustration  

Hypertrophic 

submucosal glands and 

ECM fibrosis Mucus 

hypersecretion  
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Narrowing of bronchiole diameter due to the  change in chronic bronchitis can also result in 
distal airway occlusion (Ramos et al., 2014). In summary, chronic bronchitis is an inflammatory 
condition where mucus accumulation in the bronchiole, combined with hypertrophic 
submucosal glands and fibrosis in the airway wall results in airflow obstruction.  
 
Emphysema  
Lung emphysema is the second subtype of COPD. In emphysema  the alveolar wall, a 
structure involved in gas exchange, is destroyed, leading to an enlargement of airspace (fig. 
2) (Jones et al., 2016). Due to this alveolar wall destruction, the surface area for gas exchange 
decreases (Kononov et al., 2001). Making it harder to reach sufficient oxygen levels in the body 
and remove enough carbon dioxide out. Destruction of alveolar walls also leads to a decrease 
in elastic recoil, hyper expansion of the lungs and an increase in respiratory work (Kononov et 
al., 2001). Dynamic airway collapse during expiration can occur in patients with emphysema, 
due to the loss of attachments between airways and surrounding parenchyma decreasing the 
driving force of air out of the lungs (Jones et al., 2016). In conclusion, emphysema is marked 
with loss of alveolar wall structures and therefore a loss in gas exchange and air renewal in 
the lungs.   

 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 

Figure 2: Normal bronchiole and alveoli versus bronchiole and alveoli with emphysema. In the emphysematous 

alveoli wall structures are destroyed and enlarged airspaces emerged in comparison to the normal alveoli. 
Published in final edited form as [Emphysema lungs] [Drawing]. [ca. 2015]. Retrieved from 
http://www.webmd.com/lung/emphysema  
 
The leading theory of how emphysema develops is the protease-antiprotease imbalance 
theory (fig. 3) (Kononov et al., 2001; Kukkonen et al., 2013; Lomas, 2016). The imbalance 
between the activity of protease and antiprotease leads to elastin degradation within the fibre 
network of the ECM (Kononov et al., 2001).  
 
This theory hypothesizes that smoking increases the number of neutrophils and macrophages 
in the lungs (fig. 3) (Abboud et al., 2008). These pro-inflammatory cells release proteolytic 
enzymes, such as neutrophil elastase (Abboud et al., 2008). Normally, these proteases are 
inhibited by antiproteases, such as α1-antitrypsin (α1AT) ,the main inhibitor of neutrophil 
elastase (Abboud et al., 2008). In the case of emphysema however, the inhibitory activity of 
these antiproteases is impaired, due to free radicals released by the tobacco smoke (fig.3). 
When the released proteases are not inhibited fully by the antiproteases, proteolysis of the 
connective lung tissue occurs (Abboud et al., 2008). The proteolysis of connective lung tissue 
is the expected mechanism behind the loss of alveolar wall  structure as discussed above. 
Other protease activity will be investigated further down. 
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Figure 3: Visual representation of the protease- antiprotease imbalance theory. tobacco smoke induces reactive 

oxygen species (ROS). These “free radicals” inactivate antiproteases such as α1AT. Antiproteases normally inhibit 
protease activity. When decreased, the protease activity (e.g. neutrophil elastase) increases. Neutrophil elastase 
degrades ECM components and induces tissue damage. ROS (via cytokines IL-8, LTB4 and TNF) and nicotine can 
activate neutrophils. Neutrophils also secrete ROS and neutrophil elastase, contributing to the tissue damage. 
When activated, alveolar macrophages secrete macrophage elastase and metalloproteinases which also degrade 
ECM components. tobacco smoke itself, neutrophils and alveolar macrophages cause tissue damage as a result 
of smoking. Published in final edited form as [protease-antiprotease imbalance theory] [drawing]. (n.d.). retrieved 
from http://www.medicinehack.com/2011/05/emphysema.html  
 
Two subtypes, one disease  
As mention earlier, COPD consists of two completely different subtypes; chronic bronchitis and 
emphysema (fig. 4). In chronic bronchitis inflammation caused an excess of mucus and an 
thicker bronchiole wall due to  hypertrophic submucosal glands. In emphysema the complete 
opposite occurs. Here there is no accumulation or build-up of tissue, but deterioration of the 
structural tissue. Alveolar membranes are getting destroyed. So in the same disease, COPD, 
you have build-up and deterioration of tissue occurring side by side. These contradictory 
processes could be the result of differences in the ECM. The differences between the ECM 
and both subtypes will be discussed in following chapters.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 4: The two subtypes of COPD and there contradictory pathologies. In chronic bronchitis build-up of ECM 

and excessive mucus secretion occurs, due to inflammation. In emphysema the alveolar membranes break down, 
enlarging the airspace and reducing the surface for gas exchange. Published in final edited form as [Chronic 
bronchitis and emphysema] [drawing]. (n.d.). Retrieved from https://www.asbestos.com/mesothelioma/related-
diseases.php  
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What is the ECM?  
 
Before the role of the ECM in the subtypes of COPD will be discussed, some knowledge of the 
ECM is needed. In this paragraph the function, structure and components of the ECM will be 
discussed. The following paragraph will be dedicated to the regulation of the ECM.  
For a great length of time the ECM was merely thought of as the static structural component 
of tissues (Behonick et al., 2003). This view has changed over the last couple of years and the 
ECM is now thought of as a dynamic and complex structure that is involved in numerous 
cellular functions and plays a role in a diversity of tissues (Behonick et al., 2003). The different 
functions of the ECM in development are shown in figure 5. It shows the 5 different functions 
of the ECM. These functions are not mutually exclusive (Rozario et al., 2010) and influence or 
strengthen each other.  
 

Figure 5: The different functions of the ECM in different stages of development. Each box indicates another function 

of the ECM in development, starting from right to left. The first function of ECM in development is the function of 
adhesive substrate. Followed by providing of structure, presenting of growth factors etc. When you move a box to 
the left, it does not mean that the previous function is no longer happening. It is an accumulation of functions that 
will be fulfilled at the same time. Published in final edited form as Rozario, T., & DeSimone, D. W. (2009). Summary 
of ECM functions in development [image]. Retrieved from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2854274/  
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The ECM components 
The multi-functional ECM is formed by different components (fig. 6). Among these components 
are collagens, proteoglycans, elastin, integrin, fibronectin and laminins (Theocharis et al., 
2016). Different components combined provide the ECM with its functions and structure. How 
the different components mentioned above form the ECM and provide its functions, will be 
reviewed in the upcoming part. 
  
Collagen  
Collagen is a family of proteins responsible for structural integrity (Myllyharju & Kivirikko, 2001) 
and resistance against tensile strength (Bowers et al., 2010).  Collagen is one of the most 
abundant proteins in humans and can cover up to 30% of all synthesized proteins (Kadler et 
al., 2007; Frantz et al., 2010). The main producers of collagen are fibroblasts (Kadler et al., 
2007). Other cell types that can synthesize collagen are for instance myofibroblasts, 
osteoblasts and chondrocytes (Bosman & Stamenkovic, 2003). There are different types of 
collagen, all with their unique structures and properties (Bowers et al., 2010). All different types 
of collagen can be arranged in groups (Table 1).  
 
The first group of collagens is fibrillar collagens. Fibrillar collagens provide tensile strength to 
all elastic components of the lung (Dunsmore, 2008). The second group of collagens is the 
network forming collagens (Bosman & Stamenkovic, 2003). One of the most important 
networks these collagens form is the basement membrane (Bosman & Stamenkovic, 2003). 
Other collagen groups are transmembrane proteins and periodic beaded structures (Bosman 
& Stamenkovic, 2003). The distribution and functions of the collagens in these groups are 
shown in table 1.  
In summary, collagen provides tensile strength and ensures structural integrity at different 
locations and in different manners throughout the body.  
 
Table 1: Classification, distribution and function of collagens.  

 
Collagen 

group 
 

Collagen 
type 

Distribution Functions Literature 

Fibrillar 

I Widespread 

Provide tensile strength in:  
    - pulmonary blood vessels, 
    - connective tissue sheaths 
surrounding       
       the tracheobronchial tree  
    - visceral pleura and the alveolar  
       interstitium  
 
The main component of mature scar 
tissue. 
 

(Dunsmore, 2008) 
 
 
 
 
 
 
 
 
 
(Bosman & Stamenkovic, 
2003). 

II 
Cartilage, 
vitreous 

Provide tensile strength in the bronchial 
and tracheal cartilage. 
 

(Dunsmore, 2008) 

III 
Skin, blood 
vessels and 

intestine 

Co-distribution with collagen I. 
 
Provide tensile strength in:  
    - pulmonary blood vessels, 
    - connective tissue sheaths 
surrounding       
       the tracheobronchial tree  
    - visceral pleura and the alveolar  
       interstitium. 
 

(Theocharis et al., 2016).  

 
(Dunsmore, 2008) 
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V Widespread 

Co-distribution with collagen I. 
 
Regulation of collagen fibrillogeneses. 
 

(Theocharis et al., 2016) 
(Wenstrup et al., 2004; 
Sun et al., 2011) 

XI 
Cartilage, 

intervertebral 
disc 

Co-distribution with collagen II. 
 
Provide tensile strength in the bronchial 
and tracheal cartilage.  
 

(Theocharis et al., 2016) 

 
(Dunsmore, 2008) 

Network-
forming 

IV 
Basement 

membranes 

Predominant component of basement 
membrane. 
 
Forming of open-network structures.  
 
Providing tensile strength to the blood-
gas barrier and preventing stress 
induced failing of the pulmonary 
capillaries. 
 

(Bosman & Stamenkovic, 
2003) 
 
 
 
(Dunsmore, 2008) 
 
 
(West & Mathieu-Cosello, 
1999)  

 

VIII Widespread 

 
Provide tensile strength in the 
vasculature. 
 

 
(Shuttleworth, 1997) 

 
X Cartilage 

Important for formation and regulation of 
articular cartilage. 
 

(Shen, 2005) 

Trans-
membrane 

XIII 

Neuromuscul
ar junction, 

skin, 
endothelial 

cells, eye and 
heart 

 

 
Adhesion molecule 

(Heikkinen et al., 2012) 

 

XVIII 

Hemi 
desmosomes 

in epithelia 
 

Providing structural stability of 
basement membranes in several 
organs. 

(Seppinen & Pihlajaniemi, 
2011) 
 

Periodic 
beaded 

VI Widespread 
Cytoprotective effects such as 
counteracting apoptosis. 

(Cescon, 2015) 

When distribution is widespread, it means that the distribution of this collagen type was too extensive to mention in 
this table. The functions given in this table are mainly aimed at the lung. The collagen types may have other 
functions not listed in this table. 

 
Proteoglycan  
The second ECM component group that will be discussed, is the group of proteoglycans. 
Proteoglycans have a protein core where one or more glycosaminoglycan (GAG) chains can 
be attached (Theocharis et al., 2010). These GAG chains are negatively charged 
heteropolysaccharides with a repeating disaccharide unit (Theocharis at al., 2010). Due to the 
highly negatively charged properties of the GAG chains, proteoglycan can bind large amounts 
of water molecules (Yanagishita, 1993). Binding of water causes swelling, this swelling makes 
proteoglycans resistant to pressure (Yanagishita, 1993). Proteoglycans are therefore, together 
with collagen, the main component in cartilage (Yanagishita, 1993). This structural function of 
proteoglycans has long been known, but recent finding also implicate proteoglycans being 
involved in proliferation, differentiation, motion, apoptosis, adhesion and cell signalling 
(Bosman & Stamenkovic, 2003; Theocharis et al., 2016). Proteoglycans can interact with cells 
and other ECM components (Theocharis et al., 2016).  
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Like collagen, proteoglycans can be branched into different groups. Proteoglycans are sorted 
according to their protein sequence homology, the presence of unique proteins and their 
cellular and subcellular location (Iozzo & Schaefer, 2015). The proteoglycans can be divided 
into four groups: intracellular proteoglycans, cell surface proteoglycans, pericellular-basement 
membrane proteoglycans and subcellular proteoglycans. The subdivision and functions are 
shown below in table 2.  
 
Table 2: Classification, subdivision and function of proteoglycans.  

Most general functions are mentioned in the table and proteoglycans may have other functions not mentioned here. 
Intracellular proteoglycan group consists of a single proteoglycan serglycin and is therefore assigned only one 
subgroup. 

 
Elastin 
Elastin is the most important component of elastic fibres (Mithieux & Weiss, 2005), which 
provide recoil in tissues that undergo forces of stretch (Wagenseil & Mecham, 2007). Elastin 
is compiled out of glycine, proline and mainly of hydrophobic amino acids (Li & Daggett, 2002).  
These hydrophobic amino acids are responsible for the recoil characteristics of the elastin 
networks (Theocharis et al., 2016).  
 

Proteoglycan 
Group 

Subgroup 
 

Function  
 

Literature 

Intracellular 
proteoglycan 

Serglycin 

crucial for packing and storage of 
bioactive molecules into 
hematopoietic cells, such as mast 
cells. 
 

(Kolset & Pejler, 2011) 

 

Cell surface 
proteoglycans 

Syndecans & 
glypicans 

 

Bind to other HS chain carrying 
structures, such as collagens. 
 
Sydecans are involved in cellular 
proliferation, regulation of cell-
matrix interactions and are present 
in focal adhesions.  
 
Glypicans may  bind and regulate 
different growth factors and 
signalling proteins (e.g. Hedgehog) 
and thereby affect downstream 
signalling pathways. 
 

(Vuoriluoto et al., 2008) 
 
 
 
(Orend et al., 2003;  
Nunes et al., 2008) 
 
 
 
 
 
 
 
(Capurro et al., 2008; Li et 
al., 2011) 

Pericellular-
basement 
membrane 

proteoglycans 
 

Perlecan & 
agrin 

part of the basement membrane 
and consists of mostly HS chains, 
with which they can bind to cell 
surface receptors such as 
integrins.  
 

(Theocharis et al., 2016) 

Subcellular 
proteoglycans 

Hyalectans & 
small 

 leucine-rich 
proteoglycans 

(SLRPs) 
 

Hyalectans provide tissue stiffness 
against compressive forces and 
stimulate proliferation of fibroblasts 
and chondrocytes. 
 
SLRPs are involved in signalling 
transduction, downstream 
signalling and organizing of 
collagen networks. 
 

(Bosman & Stamenkovic, 
2003). 
 
 
 
 
 
 
(Bosman & Stamenkovic, 
2003). 
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Elastin forms, together with collagen, an integral fibre network in the lungs, that are 
predominately present in the parenchyma (Dunsmore, 2008). This fibre network forms the 
architectonic skeleton of the lung (Dunsmore, 2008). The assembly of elastic fibres differ in 
parts of the lung. The walls of the pulmonary artery and arterioles consist elastic fibres 
organized in lamellae or concentric sheets (Dunsmore, 2008). While the respiratory 
bronchioles and alveolar ducts contain elastic fibres organized in a helical manner, that appear 
as a fine maze in the alveolar walls (Dunsmore, 2008). These elastic fibres, once properly 
constructed, are stable and last a lifetime (Shapiro et al., 1991; Wagenseil & Mecham, 2007). 
Repairing or replacing of elastin fibres is almost always unsuccessful (Wagenseil & Mecham, 
2007), loss of elastin fibres, therefore, results in irreversible pathology (Dunsmore, 2008). 
Literature also implies that defects in elastic fibre aggregation can enhance sensitivity to 
proteolysis (Dunsmore, 2008).    
 
Laminin 
Laminins are heterotrimers consisting of a α, β and γ chain, each encoded by different genes 
(Aumailley et al., 2005). In vertebrates five α, three β and three γ chains have been identified, 
making it theoretically possible to construct fifty-one unique laminin heterotrimers (Aumailley 
et al., 2005; Iorio et al., 2015). Although there are fifty-two possible laminins, only 16 different 
laminin heterotrimers have been identified (Aumailley et al., 2005; Iorio et al., 2015). 
Laminins can interact not only with each other, but also with a variety of ECM components 
such as, collagen, laminin, fibronectin and proteoglycan (fig. 6) (Miner & Yurchenco, 2004). 
Laminin can bind so many components of the EMC and therefore it is a key player in the 
organization of the EMC and in cell adhesion (Miner & Yurchenco, 2004). They also play an 
important role in cell migration and cell differentiation, due to their effects on adjacent cells 
(Bosman & Stamenkovic, 2003).  
 
Fibronectin 
Fibronectin plays an important role in the organization and assembly of the ECM (Halper & 
Kjaer, 2014). Fibronectin can bind cell surface receptor integrin and structural components 
such as collagen and proteoglycans. It forms a bridge like structure between the different 
compounds of the ECM and the cell surface receptor (Halper & Kjaer, 2014). There are two 
forms of fibronectins, soluble plasma fibronectin and cellular fibronectin (Pankov & Yamada, 
2002).  The soluble plasma fibronectin is produced in the liver by hepatocytes and is a main 
component of blood plasm (Pankov & Yamada, 2002). The insoluble cellular fibronectin is the 
form of fibronectin that is part of the ECM (Pankov & Yamada, 2002) and is secreted by multiple 
cells, but mostly by fibroblasts (Pankov & Yamada, 2002). In addition to the organisational 
function of fibronectin, it is also involved in cell adhesion, migration, growth and differentiation 
(Pankov & Yamada, 2002).  
 
Vitronectin  
Vitronectin, once identified as “serum spreading factor”, is a glycoprotein in the extracellular 
matrix and blood (Schvartz et al., 1999). It is produced by hepatocytes in the liver and secreted 
into plasma (Preissner & Seiffert,1998). Vitronctin has various functions, including 
angiogenesis, cell migration and cell adhesion (Preissner & Seiffert, 1998). Similar to 
fibronectin, vitronectin is able to bind to the integrin cell surface receptor and various ECM 
components  (Chiquet et al., 2009). Vitronectin will be discussed further down, since literature 
suggests that vitronectin plays a role in various lung diseases (Pohl et al., 1991; Courey et al., 
2011; Salazar-Peláez et al., 2015).  
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Figure 6: Schematic visualisation of what the ECM could look like. Not all ECM components are shown.  

The drawing is not drawn to scale and the amount of each component drawn is not representative for its occurrence.  
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How does ECM communicate with cells?  
 
Integrin 
Integrins were discovered 29 years ago, as ECM or intracellular adhesion molecules (Bosman 
& Stamenkovic, 2003). Since then the structure and function of these molecules has been 
recognised. Integrins, large ECM transmembrane receptors, contain alpha and beta subunits 
and have extensive extracellular domains and small intracellular domains (Bowers et al., 
2010).  Twenty-four different integrins can be built out of 3β and 18α subunits (Bosman & 
Stamenkovic, 2003). They can mediate cell-ECM and cell-cell communication bidirectional 
(Bowers et al., 2010). This means that extracellular events can mediate nucleus activity, while 
intracellular processes can mediate the cell surface and the expression and/or function of 
different surface proteins (Bowers et al., 2010). The recognition of short peptide motifs by 
integrins depend on the ligand specificity of the two integrin subunits (Bosman & Stamenkovic, 
2003). Members of the β2 play an important role in the inflammatory response, due to 
recognition of counter-receptors belonging to Ig superfamily and their role in leukocyte 
trafficking (Bosman & Stamenkovic, 2003). β1 subfamily members recognise ECM proteins 
such as, collagen, fibronectin and laminin (fig. 6) (Bosman & Stamenkovic, 2003). With the 
latter they provide mechanical unity between inside of the cell and outside (fig. 6) (Bosman & 
Stamenkovic, 2003).  Cells need information from outside of the cell to regulate structural 
homeostasis (Humphrey et al., 2014). Through mechanical complexes including integrin, they 
are able to sense and regulate the ECM composition and mechanical properties. More 
information about the mechanical properties of the ECM in combination with cell 
communication will follow further down.  
 
 

How is the ECM regulated?  
 
In the previous chapter, the complexity and variety of some of the ECM components was 
discussed. Not only are the ECM components of importance in understanding the ECM, also 
regulation of these components is of interest. Regulation of the ECM determines the function 
and architecture of this dynamic network. The dynamic remodelling ,the constant breakdown, 
synthesis and deposition, of the ECM is amongst others regulated by ECM proteases, 
signalling pathways and mechanical forces.  
 
ECM proteases  
The breakdown of the ECM is regulated by ECM proteases (Bosman & Stamenkovic, 2003). 
Proteases, in literature also known as proteinases, peptidases and proteolytic enzymes, are 
enzymes that catalyse cleavage of proteins (Theocharis et al., 2016). This cleavage occurs 
trough hydrolysis of peptide bonds and can occur either at the terminal ends or inside the 
peptide chain (Theocharis et al., 2016). Enzymes that break the peptide bods at the terminal 
ends are called exopeptidases and  when cleavage occurs within the peptide chain they are 
called endopeptidases (Theocharis et al., 2016). Proteolytic enzymes are key players in the 
remodelling and breakdown of the ECM (Bosman & Stamenkovic, 2003) and can be divided 
into numerous classes such as matrix metalloproteases, cathepsin proteases and the 
plasminogen system.  
 
Matrix metalloproteases  
The class of matrix metalloproteases (MMPs) play a dominant role in the ECM remodelling 
(Bosman & Stamenkovic, 2003). Initially MMPs were named differently, according to their 
perceived substrate specificity (Bosman & Stamenkovic, 2003). MMPs are also known as 
collagenases (MMP1, MMP-8 and MMP-13), gelatinases (MMP-2 and MMP-9), matrylisins 
(MMP-7 and MMP-26) and stromelysins (MMP-3, MMP-10 and MMP-11) (Bosman & 
Stamenkovic, 2003). Those names were later considered incorrect, because MMPs show a 
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great overlap in their substrate specificity (Bosman & Stamenkovic, 2003). In combination, 
MMPs can degrade almost all ECM proteins (Bosman & Stamenkovic, 2003). MMPs are 
produced in a pro-form by numerous cell types including fibroblasts, epithelial cells, endothelial 
cells , inflammatory cells and sometimes even cancer cells (Vihinen & Kähäri, 2002). These 
cells work together to activate a proteolytic cascade after stimuli (Stahtea et al., 2007). After 
secretion of the pro-MMPs, activation through cleavage by other proteases (e.g. plasmin) 
and/or various MMPs is necessary (Theocharis et al., 2016).  
 
Normally, MMP activity and expression is low, but upon stimuli with certain cytokines (e.g. 
TNF-α) and grow factors the expression and activity increases rapidly (Fig 8.) (Bosman & 
Stamenkovic, 2003). MMP activity is controlled at various levels including mRNA transcription, 
proteolytic activation, compartmentalization and in interaction with inhibitors (Bosman & 
Stamenkovic, 2003; Wells et al., 2015). The inhibitors of MMPs are tissue inhibitors of 
metalloproteinases (TIMPs) and they block the MMP activity when secreted (Bosman & 
Stamenkovic, 2003). The ratio of TIMPs and MMPs determine the ECM remodelling rate.  
MMPs are not only involved in the ECM degrading, but they also dispose growth factors and 
cytokines to the ECM (Wells et al., 2015). With that they mediate matrix components such as 
collagens, elastins and proteoglycans (Wells et al., 2015).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Regulation of matrix metalloprotease (MMP) and  tissue inhibitors of metalloproteinases (TIMP) and their 

role in ECM remodelling. MMPs degrade collagen while TIMPs inhibit the activity of MMPs. Both MMP and TIMP 
are key players in ECM remodelling.  
 
Plasmin system 
An important feature of the plasmin system is the ability to concentrate possible proteolytic 
activity, regulate fibrin degradation and regulation of ECM (Fig. 9) (Law et al., 2013). As you 
can observe in figure 9, plasminogen (pro-form of plasmin) can convert to plasmin via two 
distinct plasminogen activators (Collen, 2001). The first plasminogen activator is tissue-type 
plasminogen activator (t-PA), synthesized by vascular endothelial cells, neurons and some 
forms of cancer cells (Gebbink, 2011). T-PA is involved in the homeostasis of fibrin (Collen, 
2001). The second plasminogen activator is urokinase plasminogen activator (u-PA), produced 
by a variety of cells, including endothelial cells, epithelial cells, monocytes, leukocytes and 
fibroblasts (Hildenbrand et al., 2010). U-PA is primarily involved with tissue remodelling and 
cell migration (Collen, 2001). The converting actions of plasminogen activators can be inhibited 
by plasminogen activator inhibitors (PAIs), as shown in figure 9. Inhibition can also occur on 
the plasmin level, by α2-Antiplasmin. Once plasminogen is converted into plasmin, it degrades 
fibrin and activates MMPs (Collen, 2001). Activated MMPs will in turn degrade ECM. MMPs, 
as discussed in the previous section, can be inhibited by TIMPs.  

MMP TIMP 

Collagen 
turnover 

ECM remodelling 
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Figure 9: Schematic representation of the plasminogen (fibrinolytic) system. Plasminogen is converted into plasmin 

by tissue-type plasminogen activator (t-PA) and urokinase plasminogen activator (u-PA). This conversion is 
inhibited by plasminogen activator inhibitors (PAIs).  Plasmin can be inhibited by α2-Antiplasmin. Plasmin is able to 
degrade plasmin and to activate MMPs. MMPs degrade ECM and can be inhibited by TIMPs. Published in final 
edited form as Collen, D. (2001). Schematic representation of the plasminogen (fibrinolytic) system [schematic 
representation]. Retrieved from http://asheducationbook.hematologylibrary.org/content/2001/1/1.full.pdf+html  
 
 

Cathepsin proteases  
The last group of proteases that will be discussed, is the cathepsin group. These proteases 
are also secreted in a pro-form and need a reducing, slightly acidic environment to activate 
them (Turk et al., 2001). Such an environment is present in endosomes and lysosomes for 
instance (Turk et al., 2001). Here active cathepsins degrade cellular proteins after uptake 
(Goulet et al., 2004). Cathepsin also has potential extracellular roles such as cleavage of ECM 
proteins and activation of pro-enzymes (Buck et al., 1992; Ishidoh & Kominami, 1995). 
Cathepsin activates pro-uPA, one of the activators of the plasminogen/plasmin system, as 
discussed above (Fig. 9) (Kobayashi et al., 1993; Guo et al., 2002).  
 
 
Signalling pathways  
Synthesis and deposition is regulated by different signalling pathways and two important ones 
will be discussed further down, namely, the TGF-β/Smad signalling pathway and the WNT/ β-
catenin signalling pathway.  
 
TGF-β/Smad signalling pathway 
Fibroblast are the main ECM producers (Humphrey et al., 2014) and are activated by 
cytokines, growth factors and ECM components (Salazar & Herrera, 2011). The most 
important cytokine that stimulates ECM production is transforming growth factor-beta (TGF-β), 
that can activate the Smad pathway (Zandvoort et al., 2006). In figure 10 can be observed how 
TGF-β activates the Smad pathway and induces gene transcription in order to produce ECM 
components. TGF-β induced ECM synthesis can be inhibited by necrosis factor-α (TNF-α) and 
interferon-γ (IFN-γ) (Zandvoort et al., 2006).  
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Figure 10: TGF-β activation of the Smad pathway. A; TGF-β binds to the TGF-β type II receptor. Type II receptor 

activates the TGF-β type I receptor. Both activated receptors form a TGF-β receptor complex. B; The activated 
receptor complex stimulate phosphorylation of Smad 2- Smad 3 complex. C; Phosphorylated Smad 2- Smad 3 
complex can interact with Smad 4. The Smad 2/3/4 complex can enter the cell nucleus. D; In the nucleus the Smad 
2/3/4 complex can initiate gene transcription. Gene transcription ultimately leads to production of  ECM components. 
E; IFN-γ and TNF-α activate Smad 7. Activated Smad 7 inhibits the phosphorylation and thus the activation of Smad 
2- Smad 3 complex. Published in final edited form as Zandvoort, A., Postma, D.S., Jonkers, M.R., Noordhoek, J.A., 
Vos, J.T.W.M., van der Geld, Y.M., Timens,W. (2006). . The transforming growth factor (TGF)-b–Smad pathway 
[schematic representation]. Retrieved from http://erj.ersjournals.com.proxy-ub.rug.nl/content/erj/28/3/533.full.pdf  

 

WNT/ β-catenin signalling pathway   

WNT signalling pathways can be classified in at least three distinct ways (Köningshoff & 

Eickelberg, 2010). The WNT / β-catenin pathway or canonical is the first and also the most 

famous pathway (Köningshoff & Eickelberg, 2010). This is also the pathway that will be 

discussed further down. Second is the WNT/Ca2+ pathway that signals via protein kinase C 

and calmodulin (Köningshoff & Eickelberg, 2010). The last pathway is the WNT/JNK pathway, 

also called planar cell polarity pathway (Köningshoff & Eickelberg, 2010).  

Figure 11 shows an overview of the WNT/β-catenin pathway. When no WNT signal is present, 

β-catenin is being degraded by a complex formed by Axin, Adenomatosis Polyposis Coli (APC) 

and glycogen synthase kinase 3b (GSK3) (reviewed in Logan & Nusse, 2004). When WNT 

signal is present, it can bind and activate the receptor complex of Frizzled and low-denity 

lipoprotein receptor-related protein 5 or 6 (LRP5/6) also called Arrow, on the cells surface 

(reviewed in Logan & Nusse, 2004). The activated receptors send a signal to Dishevelled (Dsh) 

and to Axin. This disrupt the degrading complex and because β-catenin is no longer degraded, 

it accumulates inside the cell. In the nucleus, β-catenin can bind to numerous transcription 

factors (TCF) and influence transcription (reviewed in Logan & Nusse, 2004).  

 

This pathway plays a crucial role in the development of lungs and is important for generation 

of lung epithelium (Mucenski et al., 2005; Shu et al., 2005; De Langhe & Reynolds, 2008; 

Reynolds et al., 2008). Activation of the WNT/β-catenin pathway in addition to WNT can also 

be done, directly or via autocrine WNT ligand production by various growth factors, such as 

TGF-β (Cheon et al., 2004; Nunes et al., 2008; Guo & Wang, 2009).  
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Furthermore, activation of the WNT/ β-catenin pathway is associated with tissue repair, fibrosis 

and activation of fibroblasts (Chilosi et al., 2003; Cheon et al., 2004). Alterations of the WNT/β-

catenin pathway could therefore play a role in the COPD pathology.  

 

 

Figure Number 11: The WNT / β-catenin pathway. The left box indicates the situation without WNT activation. 

Axin, Adenomatosis Polyposis Coli (APC) and glycogen synthase kinase 3b (GSK3) form a complex that degrades 

β-catenin. On the right side WNT signal activates the receptor complex of Frizzled and low-denity lipoprotein 

receptor-related protein 5 or 6 (LRP5/6) or Arrow. The activated receptor complex transduces a signal to 

Dishevelled (Dsh) and Axin. A possible direct interaction between the two is indicated by the dashed lines. The  of 

Dsh and Axin move towards the cell membrane and this deactivates the degradation complex. β-catenin is no longer 

degraded and accumulates in the cytoplasm and nucleus. In the nucleus β-catenin can bind transcription factors 

(TCF). In the activated pathway, β-catenin mediates gene transcription. . Published in final edited form as Logan, 

C.Y., Nusse, R. (2004). The canonical Wnt signaling pathway [illustration]. Retrieved from 

http://www.annualreviews.org/doi/pdf/10.1146/annurev.cellbio.20.010403.113126#article-denial  

 
Mechanical forces 
In addition to cytokines and growth factors, Mechanical forces play an important role as 
regulators of ECM homeostasis (Chiquet et al., 2003).  Connective tissue cells, such as 
fibroblasts, are able to sense mechanical forces and react to it in different ways (Chiquet et al., 
2009). Communication between cells and ECM occurs, as previously mentioned, via integrin 
transmembrane receptors. In cells, focal complexes are formed out of numerous proteins, 
including tensin, paxillin, actin and other focal contact proteins (Geiger & Bershadsky et al., 
2001). These focal complexes continue outside of the cell, where ECM components such as 
fibronectin and vitronectin can bind to the integrin receptors (Chiquet et al., 2009). These focal 
complexes make mechanical forces possible, not only from the ECM to the cells, but also from 
cells to the ECM (Chiquet t al., 2009).  
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In the cell, the connective structures can go all the way to the nucleus (Tamada et al., 2004). 
When the connective structures are attached onto the nucleus, changes in ECM can affect the 
nuclear shape (Ingber, 2006). High forces, with or without additional activation, can alter the 
behaviour and phenotype of cells. Fibroblasts, for instance, are able to differentiate into 
myofibroblast under high tensile stress conditions with additional activation of TGF-β (Hinz et 
al., 2012). The contractile ability of myofibroblasts is higher than in normal fibroblasts and they 
are able to produce more ECM (Tomasek et al., 2002). These myofibroblasts are often 
associated with fibrotic pathologies (Humphrey et al., 2014). Structural alterations in the ECM 
result in different stress and strain observed by cells. Cells react to this, for instance, by 
producing more ECM. As an example, it has been reported that vascular smooth muscle cells 
produce more collagen, due to mechanical strain (Li et al., 1998).  
 
 

What is the role of the ECM in Chronic Bronchitis?  
 
As mentioned above, chronic bronchitis and emphysema are two distinct pathologies. Since 
they are separate pathologies, the role of ECM in both diseases will be reviewed separately. 
Chronic bronchitis is characterized by accumulation of mucus secretion and bronchiolar 
fibrosis or excessive build-up of extracellular matrix. Which components and regulators of ECM 
are altered in chronic bronchitis will be reviewed here. The results will also be represented in 
table 3.  
 
Collagen 
The literature about collagen and chronic bronchitis is contradictory. Upregulation of total 
collagen has been reported by Kranenburg et al. and Eurlings et al. (Kranenburg et al., 2006; 
Eurlings et al., 2014). Contradictory Hogg et al reported a reduction of total collagen (Hogg et 
al., 2009). The precise distribution of collagen subtypes in COPD also remains unclear. 
Kranenburg et al. reported enhanced levels of collagen subtype I and III in the bronchial lamina 
propria and adventitia (Kranenburg et al., 2006) and an increased bronchial deposition of 
collagen subtype I,III and IV. Contradictory, Annoi et al. found lower collagen type I in large 
and small airways of COPD patients (Annoi et al., 2012).  Harju et al. described increased 
levels of the precursor proteins of collagen type I and III in stage I-II COPD patients (Harju et 
al., 2010). In contrast, the same study also reported decreased levels of the precursor protein 
of collagen I and an elevated level of collagen III in stage IV COPD patients. Furthermore, 
Hogg et al., described a relative increase in collagen type III over collagen type I in bronchiolar 
remodelling (Hogg et al., 2009). Annoi et al also showed no difference in collagen type III and 
IV between CODP patient and control group in the large or small airways (Annoi et al., 2009).  
 
Proteoglycan 
As discussed above, the group of proteoglycan consist of multiple proteoglycan proteins. Here 
we only discuss the relevant once for chronic bronchitis. Little information about proteoglycans 
in chronic bronchitis is known. Van Straaten et al. observed a declined staining of 
proteoglycans decorin and biglycan in the peri-bronchiolar area of COPD patients (Van 
Straaten et al., 1999) while Annoni et al.  found no differences in decorin, biglycan and lumican 
expression in large or small airways COPD patients compared to non-smokers (Annoni et al., 
2012). Fibroblasts obtained from bronchial tissue of COPD patients showed a significantly 
lower perlecan production, compared with the control group (Hallgren et al., 2010). To the best 
of my knowledge, more information about the role of proteoglycans in chronic bronchitis is 
missing. 
 
Elastin 
Elastin protein expression appears to be reduced in chronic bronchitis. Annoni et al. 
demonstrated lower in elastic fibre content in the large and small airways of COPD patients in 
comparison to “healthy” smokers, but no increase was visible in comparison to healthy non-



20 
 

smoking subjects (Annoni et al., 2012). The study of Black et al. indicated a decrease in elastic 
fibres in the small airways of COPD patients (Black et al., 2008). Similar results were obtained 
by Eurlings et al., who also described significantly decreased elastin in the small airways of 
COPD patients (Eurling et al., 2014).  
 
Laminin 
Not much is known about laminin expression in combination with chronic bronchitis (or even 
in combination with COPD). To the best of my knowledge, only one research discusses laminin 
expression in the bronchial region. Kranenbrug et al. investigated the bronchial expression of 
ECM proteins in COPD. They found increased laminin β2 expressions in the airway smooth 
muscle layer of mild to moderate COPD patients (Kranenburg et al., 2006).  
 
Fibronectin  
Higher fibronectin fractional area was observed by Annoni et al. in the small airways, but no 
such changes were observed in the larger airways (Annoni et al., 2012). On the other hand, 
Gosselink et al. observed a decrease in Fibronectin in the small airways of COPD patients 
(Gosselink et al., 2010).  
 
MMPs 
Multiple studies indicate increased MMP-9 levels in sputum of COPD patients (Cataldo et al., 
2000; Beeh et al., 2003; Vernooy et al., 2004; Lowrey et al., 2008). Total MMP levels did not 
differ between COPD and control groups (Lowrey et al., 2008). Vernooy et al. found that not 
only MMP-9, but also MMP-8 significantly was increased in the sputum of COPD patients 
(Vernooy et al., 2004). In the same study, MMP-2 levels were low in all groups and MMP-2 
and MMP-13 were below detection level. According to Cataldo et al. MMP-2 levels were also 
increased in sputum of COPD patients (Cataldo et al., 2000). Also heightened levels of TIMP-
1, inhibitor of MMP-9, in sputum of COPD patients has been reported (Caltado et al., 2000; 
Beeh et al., 2003). Beeh et al. showed a dramatically increased molar MMP-9:TIMP-1 ratio in 
sputum of COPD patients (Beeh et al., 2003). Contradictory, the observed data of Lowrey et 
al. did not show any significant relationship between TIMP-1 and smokers with or without 
COPD (Lowrey et al., 2008). 
 
TGF-β/Smad signalling pathway 
The increase of TGF-β1 expression in airway epithelium of smokers and COPD/chronic 
bronchitis patients has been reported extensively (Aubert et al., 1994; Vignola et al., 1996; 
Takizawa et al., 2001). Vignola et al. demonstrated that epithelial cell TGF-β1 expressions from 
chronic bronchitis patients were correlated with the thickness of the basal membrane and 
number of peribronchiolar fibroblasts (Vignola et al., 1996). This is consistent with what Nakao 
et al. reported, they showed that expression of Smad 7 in epithelial cells of COPD patients in 
the bronchi inversely correlated is with the thickness of the basement membrane (Nakao et al., 
2002). Springer et al. found in bronchial biopsies decreased mRNA expressions of inhibitory 
Smad protein 6 and 7 in COPD patients (Springer et al., 2004). This study also showed no 
significant differences in mRNA expression of Smad 3 and 4 and no expression of Smad 2 
was detected (Springer et al., 2004). Lastly, Eurlings et al. found no difference in pSmad 2 
expression between the COPD patient group and control group (Eurlings et al., 2014).  
 
WNT/ β-catenin signalling pathway 
Wang et al. assessed the WNT/ β-catenin pathway in airway epithelium of the bronchial region 
of healthy smokers and smokers with COPD (Wang et al., 2011). They found down regulated 
intracellular modulators and target genes of the WNT/ β-catenin pathway, such as β-catenin, 
transcription factor TCF7L1 as a result of smoking (Wang et al., 2011) . These results suggest 
that the WNT pathway is supressed under the influence of cigarette smoke. Wang et al. also 
assessed activity of WNT/ β-catenin inhibitors and found the inhibitor secreted frizzled related 
protein (SFRP)2 was upregulated due to smoking (Wang et al., 2011). 
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What is the role of the ECM in Emphysema?  
 
Where chronic bronchitis is, as mentioned above, characterized by build-up of ECM, 
emphysema is characterized by excessive degradation of ECM. The altered components and 
signalling pathways involved with emphysema will be discussed in the same structure as in 
the chapter on chronic bronchitis and the results will also be shown in table 3.  
 
Collagen 
More information is available on total collagen in emphysema, the literature here is less 
contradictory. Increased total collagen in alveoli of COPD patients has been demonstrated by 
multiple studies (Cardoso et al., 1993; Vladhovic et al., 1999; Martin-Mosquero et al., 2006; 
Eurlings et al., 2014), while others showed no difference in collagen (Van Straaten et al., 1999). 
Similar to chronic bronchitis, Annoi et al. showed no significant difference in collagen type III 
and IV between CODP patient and control group in peribronhial/distal parenchyma (Annoi et 
al., 2012). Even though more information is available on total collagen, few studies have looked 
at the distribution of collagen subtypes.  
 
Proteoglycan 
Annoni et al. found no differences in decorin, biglycan and lumican expression in airway 

parenchyma of COPD patients compared to non-smokers (Annoni et al., 2012). The same 

study showed a lower versican fractional area in the distal parenchyma of COPD patients in 

comparison with the non-smoking group. Hallgren et al. observed a significantly higher 

production of versican by fibroblast obtained from parenchymal tissue, compared with a control 

group (Hallgren et al., 2010). The same study found no differences in decorin production. An 

increase in versican has also been reported by Merrilees et al.. They showed an significantly 

higher versican staining in alveolar wall samples compared to staining of the control group 

(Merrilees et al., 2008), but no significant differences in decorin and biglycan. Van Straaten et 

al. did find significant lowered levels of decorin and biglycan in lung tissue of patients with 

severe emphysema (Van Staaten et al., 1999). They also demonstrated diminished heperan 

sulfate staining in the respiratory airspace walls of patients with emphysema (Van Straaten et 

al., 1999). Deminished levels of decorin are confirmed by the results of Zandvoort et al., who 

observed reduced decorin expression in alveolar walls of stage IV COPD patients (Zandvoort 

et al., 2006). Even though there is more known about proteoglycan expression and 

emphysema, the findings are contradictory.  

Elastin 
The available reports on elastin expression in the parenchyma of COPD patients are somewhat 
conflicting. Some reports indicated an increase of elastin expression in alveolar tissues of 
COPD patients (Black et al., 2008; Merrilees et al., 2008; Eurlings et al., 2014). Others have 
reported an increase of elastin expression in COPD patients (Vladbovic et al., 1999). Similar 
to chronic bronchitis, Annoni et al. has shown no change in elastic fibre content in COPD 
patients compared to healthy non-smokers, but a decrease in elastic fibres compared to non-
obstructive “healthy” smokers (Annoni et al., 2012). Research by Deslee et al. displayed less 
densely packed, unravelled and loose elastin fibres in tissue of alveolar walls of COPD patients 
in comparison to the control group (Deslee et al., 2009). This study also showed that even 
though elastin mRNA expression increased, there was no increase in elastin fibre content 
(Deslee et al., 2009).  
 
Laminin 
Also in emphysema little is known about laminin protein expression, the few existing articles 
report no changes in laminin protein expression (Van Straaten et al., 1999; Liesker et al., 
2009).  
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Fibronectin 
Annoni et al. observed no changes of fibronectin fractional area in parenchymal lung tissue 
between COPD and control groups (Annoni et al., 2012). There are however some signs that 
fibronectin gene expression could be reduced in severe COPD patients (Gosselink et al., 
2010).  
 
MMPs  
Similar to chronic bronchitis, the MMP-9 levels in emphysematous were increased according 
to numerous studies (Ohnishi et al., 1998; Segura-Valdez et al., 2000; Beeh et al., 2003).  The 
other gelatinase MMP-2 has also been reported as increased in COPD patients (Ohnishi et al., 
1998; Segura-Valdez et al., 2000). Segura-Valdez also observed increased levels of MMP-8 
but could not observe MMP-13 (Segura-Valdez et al., 2000). 
 
TGF-β/Smad signalling pathway   
Interstitial fibroblasts from COPD patients with emphysema have demonstrated to release 
more TGF-β1 in comparison to control fibroblasts (Wang et al., 2003; Togo et al., 2008).  
Zandvoort et al. found little difference in Smad 2, Smad 3 and Smad 4 protein expressions 
between emphysematous tissue and control tissue (Zandvoort et al., 2006). Togo et al. have 
shown that the baseline expressions of intracellular mediators of TGF-β, phosphorylated Smad 
3 for instance, were reduced, while inhibitory Smad 6 and 7 were increased (Togo et al., 2008).  
 
WNT/ β-catenin signalling pathway 
Kneidinger et al. demonstrated a decreased WNT/ β-catenin signalling in COPD and 
emphysematous patients as well as in animal models (Kneidinger et al., 2011). This result is 
further strengthened by Foronjy et al. who reported that the WNT/ β-catenin inhibitor SFRP1 
is upregulated in emphysematous tissue and that it is involved in tissue destruction (Foronjy 
et al., 2010). Baarsma and colleagues observed the fibroblast activation as a result of TGF-β1 
stimulation. As previously discussed, TGF-β can activate the WNT/ β-catenin signalling 
pathway. They demonstrated that after TGF-β1 activation pulmonary fibroblasts expressed 
heightened gene expression of genes associated with the WNT/ β-catenin signalling pathway 
such as WNT-5B, FZD8, DVL3 and β-catenin (Baarsma et al., 2011) and that the fibroblasts 
obtained from COPD patients had significantly more upregulated WNT-5B, FZD6 and FZD8 
expressions as a result of TGF-β1 stimulation in comparison to fibroblasts obtained from the 
control group (Baarsma et al., 2011). Furthermore was shown that β-catenin regulates the 
induction of collagen Iα1 , α-sm-actin and fibronectin deposition and that the induction of β-
catenin is increased after TGF-β1 stimulation in COPD fibroblasts (Baarsma et al., 2011). 
 
Table 3: Alterations in ECM proteins and regulators in the pathology of chronic bronchitis and emphysema.  

ECM protein 
Chronic Bronchitis Emphysema 

References References 

Collagen 

Total collagen 

↑    Kranenburg et al., 2006  
↓    Hogg et al., 2009 
↑    Eurlings et al., 2014 
 

↑    Cardoso et al., 1993 
↑    Vladhovic et al., 1999 
↔  Van straaten et al., 1999 
↑    Martin-Mosquero et al., 2006 
↑    Eurlings et al., 2014 
 

Collagen I 
↑    Kranenburg et al., 2006  
↓    Annoi et al., 2012 
 

 

Collagen III 
↑    Kranenburg et al., 2006  
↔  Annoi et al., 2009 
 

↔  Annoi et al., 2009 
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Collagen IV 
↑    Kranenburg et al., 2006  
↔  Annoi et al., 2009 
 

↔  Annoi et al., 2009 
 

Proteoglycan 

Biglycan 

↓    Van Straaten et al., 1999 
↔   Annoni et al., 2012 
 

↓    Van Straaten et al., 1999 
↔   Merrilees et al., 2008 
↔   Annoni et al., 2012 
 

Decorin 

↓    Van Straaten et al., 1999 
↔   Annoni et al., 2012 
 

↓    Van Straaten et al., 1999 
↓    Zandvoort et al., 2006  
↔   Hallgren et al., 2010  
↔   Merrilees et al., 2008 
↔   Annoni et al., 2012 
 

Heperan 
 ↓    Van Straaten et al., 1999 

 

Lumican 
↔   Annoni et al., 2012 
 

↔   Annoni et al., 2012 
 

Perlecan 
↓    Hallgren et al., 2010 
 

 

Versican  
 

 ↑    Merrilees et al., 2008 
↑    Hallgren et al., 2010  
↓    Annoni et al., 2012 
 

Elastin 

Elastin 

↓    Black et al., 2008 
↓    Annoni et al., 2012* 
↓    Eurlings et al., 2014 
 

↑    Vladbovic et al., 1999 
↓    Black et al., 2008 
↓    Merrilees et al., 2008  
↓    Annoni et al., 2012* 
↓    Eurlings et al., 2014 
 

Laminin 

Laminin β2 
↑    Kranenburg et al., 2006 
 

 

Fibronectin 

Fibronectin 
↑    Annoni et al., 2012 
↓    Gosselink et al., 2010 
 

↔   Annoni et al., 2012 
 

MMPs 

MMP-1  
 

 ↑    Ohnishi et al., 1998 
↑    Segura-Valdez et al., 2000 
 

MMP-2 
↑    Cataldo et al., 2000 ↑    Ohnishi et al., 1998 

↑    Segura-Valdez et al., 2000 
 

MMP-8 
↑    Vernooy et al., 2004 ↑    Segura-Valdez et al., 2000 

 

MMP-9 

↑    Cataldo et al., 2000 
↑    Beeh et al., 2003  
↑    Vernooy et al., 2004 
↑    Lowrey et al., 2008 
 

↑    Ohnishi et al., 1998 
↑    Segura-Valdez et al., 2000 
↑    Beeh et al., 2003 

TIMP-1 
↑    Caltado et al., 2000 
↑    Beeh et al., 2003 
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TGF-β/Smad pathway 

TGF-β1 
 

↑    Aubert et al., 1994 
↑    Vignola et al., 1996 
↑    Takizawa et al., 2001 
 

↑    Wang et al., 2003 
↑    Togo et al., 2008 
 

Smad 2 
 ↔  Zandvoort et al., 2006 

 

pSmad 2 
 

↔  Eurlings et al., 2014  

Smad 3 
 

↔  Springer et al., 2004 ↔  Zandvoort et al., 2006 
 

pSmad 3 
 

 ↓    Togo et al., 2008 

Smad 4 
 ↔  Zandvoort et al., 2006 

 

Smad 6 
↓    Springer et al., 2004 
 

↑    Togo et al., 2008 
 

Smad 7 
↓    Springer et al., 2004 
 

↑    Togo et al., 2008 
 

WNT/ β-catenin pathway 

Total WNT/ β-
catenin signalling 

 

 ↓    Kneidinger et al., 2011 

β-catenin  
↓    Wang et al., 2011 
 

 

TCF7L1 
↓    Wang et al., 2011 
 

 

SFRP2 
↑    Wang et al., 2011  
 

 

SFRP1 
 ↑    Foronjy et al., 2010  

 
* COPD in comparison to healthy non-obstructive smokers. No significant difference between healthy non-

smokers. ↑ indicate an increase, ↓ indicate a decrease and ↔ means no changes observed.  MMP= Matrix 

metalloproteinases; TIMP= tissue inhibitors of metalloproteinase; TGF-β1= Transforming growth factor beta 1; 

pSmad= phosphorylated Smad protein; TCF7L1= Transcription Factor 7 Like 1; SFRP= Secreted frizzled-related 

protein.  
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Discussion  
 
COPD consists of two subtypes; chronic bronchitis and emphysema. As previously discussed, 

chronic bronchitis characterized by accumulation of goblet cells, hypersecretion of mucus, 

hypertrophy and fibrosis. Those characteristics reduce the airway lumen diameter and provide 

an obstruction of the air flow. In emphysema, the complete opposite happens, namely, 

destruction of alveolar wall structure and enlargement of the airspace. In both chronic 

bronchitis as in emphysema the airway structure is altered. The ECM plays an important role 

in determining airway structure and could therefore play an important role in the pathology of 

both COPD subtypes. The aim of this paper was to  investigate the role of the ECM in the two 

different subtypes of the COPD pathology.  

 

The role of collagens, proteoglycans, laminin and fibronectin in the chronic bronchitis pathology 

remains unclear. The information available on collagens and proteoglycan in chronic bronchitis 

was contradictory. The contradictory information could be due to the use of other research 

methods and the use of tissues from patients of different stages of the disease. In almost all 

researches lung cancer tissue form different regions was used. The difference in location of 

the tissue and the fact that there was a cancerous growth could have altered the findings also. 

Strikingly, not all studies used age-matched control groups. To fully assess the role of 

collagens and proteoglycans, further research that focusses on the same regions, with the 

same disease severity and with age-matched control groups is necessary. The role of laminin 

and fibronectin could not be assessed due to lack of information.   

 

Literature suggest that elastin is decreased in chronic bronchitis. Chronic bronchitis is an 

inflammatory disease and the reduction in elastin could be a result of increased numbers of 

neutrophils in airways of COPD patients (Baraldo et al., 2004) and increased neutrophil 

elastase (Nahori et al., 1992). When elastic fibres are decreased, they cannot be repaired and 

the overall matrix becomes less elastic and thus stiffer.  

 

The balance of MMPs and TIMPs also seem to play a role in chronic bronchitis. MMP-2, MMP-

8 and MMP-9 were increased. TIMP-1, the inhibitor of MMP-9 was also increased. MMPs and 

TIMPs are important regulators of ECM turnover and an imbalance could lead to fibrosis in 

chronic bronchitis. The altered MMP and TIMP expression could also be a result of altered 

TGF-β signalling, since TGF-β is an important regulator of MMP expression (Chung, 2006). To 

determine the exact role of MMPs and TIMPs, more extensive research regarding the above 

mentioned criteria for research should be performed. 

 

The TGF- β/Smad pathway is altered in chronic bronchitis. TGF- β expression increased while 

inhibitory Smad 6 and 7 expression decreased, resulting in a more activated  TGF- β/Smad 

pathway. As discussed earlier, activation of this pathway leads to gene expression of ECM 

components and eventually results in the synthesis of ECM components. Increased build-up 

of ECM components, such as collagen, due to over-activation of this pathway could be a cause 

of the important symptoms (e.g. fibrosis) in chronic bronchitis. TGF-β can also activate the 

WNT/β-catenin pathway. Contradictory, the WNT/β-catenin pathway was downregulated in 

chronic bronchitis, while TGF-β expression was upregulated. Upregulation of the WNT/β-

catenin pathway was expected, since activation is associated with fibroblast activation, fibrosis 

and tissue repair. 
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Unexpectedly, total collagen seems to be upregulated in emphysema. This indicates airway 

remodelling and could be an adaptation to the drastic decrease and impairment of elastin. 

Information about proteoglycan and emphysema is contradictory, similar as in chronic 

bronchitis. The same differences in study design, as discussed above, could be the cause.  

Even though some of the information about elastin is conflicting, most literature report 

decrease of elastin. As expected, MMP activity is increased in emphysema. The increase in 

MMPs is in agreement of the protease-antiprotease imbalance theory. MMPs degrade ECM 

components and an increase in MMP could explain the alveolar wall destruction in 

emphysema.  

 

Little changes in TGF-β/Smad pathway activity is reported in emphysema. Indicating that it is 

not a key player in emphysema. The reports about the WNT/β-catenin pathway activity are 

inconclusive. Some report enhanced activity or potential activity, and some indicate a 

decreased activity. More investigation on the role of the signalling pathways in emphysema is 

necessary. 

 

Finding information about the ECM regarding the distinct subtypes of COPD proved hard. It 

was difficult to find information about the ECM and COPD, and in most literature they did not 

make a clear distinction between chronic bronchitis and emphysema. To write this paper the 

distinction of general COPD literature into the specific subtypes has been made according to 

the used tissues. Subsequent subdivision of the studies into the sub-types however is much 

less accurate than when research makes this distinction from the beginning.  If literature even 

made a clear subdivision, it was mostly about emphysema. It is proven there  is a huge gab in 

information about ECM and COPD, especially regarding the sub variant chronic bronchitis. 

Further research is needed and should focus on the distinction between the two subtypes of 

COPD, instead of COPD as a whole.  

 

Some of the articles used to write this theses consists of review articles. It was hard to find the 

original data and some statements that are presented as fact here, are in fact not easily 

substantiated with the original research evidence.  

                                                     

Other articles used are relatively old, this because more recent articles are lacking. This is in 

trend with the current state of the field. More extensive and updated research is much needed, 

as discussed above.  

 

Conclusion 
The main question of this report was how the ECM could play a role in the two distinct COPD 
pathologies. Based on previously mentioned information in combination with the results, it is 
clear that alterations in the regulation of ECM contribute to the manifestation of the two distinct 
pathologies.  
 
In chronic bronchitis ECM regulation by the TGF- β/Smad signalling pathway is of great 
importance. It has been shown that the TGF-β/Smad signalling pathway is significantly 
increased in chronic bronchitis patients compared to control groups. Over activation of this 
pathway results in heightened gene expression of ECM proteins and eventually to the 
excessive build-up of ECM, as seen in airway walls of patients with chronic bronchitis. In 
conclusion, the TGF- β/Smad signalling pathway plays an important role in the excessive build-
up of ECM in the airway walls of chronic bronchitis patients, contributing to airflow obstruction 
and the chronic bronchitis pathology.  
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Imbalance in MMPs and TIMPs plays a massive role in the destruction of alveolar walls as 
observed in emphysema. It has been shown that MMP activity is increased in patients with 
emphysema. MMPs degrade, as mentioned, components of the ECM. An increase in MMPs 
without an increase in their inhibitors, TIMPs, causes elevated ECM degradation and ultimately 
alveolar wall degradation in emphysema. In conclusion, an imbalance in MMPs and TIMPs as 
observed in emphysema patients lead to alveolar wall destruction, the major pathological 
hallmark of emphysema.  
 
Furthermore, you can conclude that insufficient attention is paid to the role of ECM in both 
pathologies of COPD. It is clear that the ECM is important in the emergence and/or 
preservation of the COPD pathologies. Therefore more research in this field is needed.  
Future research on the role of ECM in COPD should focus on the distinction between chronic 
bronchitis and emphysema. It should also always include an age-matched control group. 
Without such a control group, differences between the disease group and control group could 
also be the result of age. In addition to an age-matched control group, a clear distinction in 
severity of the pathology, used research method and location of the obtained tissue should be 
made. With distinction in severity, the course of the pathology could be mapped. Similar 
research methods should be used for an effective comparison between the results of   different 
studies. The use of tissue form the same location ensures that distinction between groups and 
different studies are not caused by the tissue itself and therefore is more precise.  
 
Treatment for COPD is currently lacking and with the rising number of patients affected by this 
disease, it has become a huge problem.  Future studies should be able to uncover the role of 
ECM components and regulation in the pathology of chronic bronchitis and emphysema. With 
that knowledge new therapeutic possibilities arise that hopefully treat and/or cure chronic 
bronchitis and emphysema.  
 
Overall, more research on the role of ECM in the two pathologies of COPD is needed. The 
TGF-β / Smad pathway is a cause of accumulation of ECM in the airway wall that contributes 
to the chronic bronchitis pathology and in emphysema an imbalance of MMPs and TIMPs 
degrade ECM components and cause alveolar wall destruction.  
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