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Introduction 

Pulmonary fibrosis is a severe and progressive lung disease that is characterized by scarring of 
the lungs and subsequent loss of function. Known causes of pulmonary fibrosis are 
environmental irritants such as allergens, asbestos, radiation, or medication, as well as 
underlying systemic diseases such as rheumatoid arthritis and sarcoidosis [1,2]. However, in 
most cases the etiology is not known and these cases are classified as idiopathic pulmonary 
fibrosis (IPF). Yet, several variables such as age, tobacco smoking, genetic mutations, and viral 
infections have been described as risk factors [3]. The exact incidence of IPF is not known, but 
it is estimated to be around 3-9 cases per 100 000 per year in Europe and North America and 
cases are increasing worldwide [4]. Patients with IPF suffer from aggravating shortness of 
breath, fatigue, and a dry cough. Progression of the disease can range from very slow to rapid 
deterioration with or without acute exacerbations of the disease that result in episodes of 
rapid loss of lung function. The median survival post-diagnosis is only 2-3 years and for a long 
time a lung transplant was the only intervention that could prolong survival [5,6]. In 2014, the 
first two drugs (pirfenidone and nintedanib) were approved by the US Food and Drug 
Administration (FDA) for the treatment of IPF [7]. Although these antifibrotic drugs are 
effective in slowing down disease progression, they are not capable of curing IPF or turning it 
into a chronic disease. 

The best-known hallmark of fibrosis is the accumulation of extracellular matrix (ECM) 
proteins, with collagens being major contributors [8]. In addition to the relative and absolute 
changes in levels of ECM proteins, aberrant post-translational modifications can also change 
the quality of the matrix [9]. These changes in the biochemical composition and quality of the 
ECM also affect the biophysical properties of the tissue [10]. For example, lung tissue from 
patients with IPF is stiffer and contains thicker collagen fibers than lung tissue from controls 
[11,12]. The altered biochemical and biophysical properties can be sensed by cells residing in 
the remodeled ECM, such as myofibroblasts and macrophages, and can result in adaptation 
of their (remodeling) behavior [13]. 

Macrophages are key regulators of wound healing responses, in addition to their 
important role in the innate immune response [14]. In fact, they can be compared to the 
conductor of an orchestra. Macrophages (the conductor) can guide the different cell types 
(the musicians) through the various stages of the wound healing response (the music score). 
Polarization of macrophages into different phenotypes in response to signals from their 
microenvironment (the music) ensures the timely start and finish of the various players, as 
well as the balance between them. Following injury, macrophages polarize towards a pro-
inflammatory phenotype that defends the injured tissue against infiltrating micro-organisms. 
Subsequently, macrophages adopt a pro-healing phenotype to stimulate repair of the wound 
and this phenotype is associated with the production of ECM proteins by myofibroblasts. 
Ultimately, macrophages polarize to a phenotype that dampens inflammatory immune 
responses and restores normal tissue architecture by removing excess ECM [15,16]. In theory, 



 

 16 

macrophages should thus be able to prevent or resolve fibrosis, as they can regulate both the 
production and degradation of ECM proteins. As atypical macrophage polarization is observed 
in and thought to contribute to fibrosis [15], further investigation into their role in the 
development and persistence of fibrosis is warranted. Although the effect of a wide range of 
soluble factors on macrophage polarization has been investigated [17], the impact of direct 
interactions between macrophages and the (fibrotic) matrix on macrophage behavior is 
relatively unexplored. An improved understanding of macrophage-matrix interactions in 
fibrotic responses may uncover new approaches to instruct macrophages for the treatment 
of IPF and beyond. 

 

 

Aim and scope of this thesis 

Idiopathic pulmonary fibrosis is characterized by ECM with altered biophysical and 
biochemical properties. The aim of this thesis was to further investigate the aberrant ECM in 
IPF and to study macrophage-matrix interactions and their role in the fibrotic response in a 
controlled manner. 

In Chapter 2, we critically evaluate the current knowledge of interactions between 
macrophages and the (fibrotic) stroma from biochemical, biophysical, and cellular 
perspectives. Furthermore, we touch upon the challenges and limitations when studying these 
macrophage-matrix interactions and how these interactions need to be examined further in 
order to investigate specific targeting of these interactions in the treatment of tissue fibrosis. 

In Chapter 3, we investigate whether alveolar-like macrophages are sensitive to the 
stiffness and morphology of collagen type I. We prepared collagen layers of various stiffnesses 
and morphologies and examined the behavior, marker expression, and shape of alveolar-like 
macrophages in response to these collagen layers. 

Chapter 4 builds on the previous chapter by further investigating the mechanisms by 
which the collagen morphology affects macrophage marker expression, behavior, and shape. 
With an unbiased proteomics approach, we aimed to identify proteins that are differentially 
regulated in a collagen morphology-dependent manner and thereby unravel which signaling 
pathways are involved. 

Chapter 5 focuses on further elucidation of IPF-related structural changes of the ECM. 
Whereas changes in collagen fiber structure have been imaged and described, the knowledge 
about changes on the molecular level is still limited. We therefore aimed to visualize and 
quantify the presence of denatured collagen in lung tissue from patients with IPF and controls 
by using a collagen hybridizing peptide. In addition, we did similar analyses in decellularized 
lung tissue to investigate whether IPF-related differences in levels of denatured collagen were 
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preserved after decellularization, as that would turn decellularized lung tissue into an 
interesting model to study cellular interactions with denatured collagen. 

In general, investigating macrophage responses to one single biophysical or biochemical 
stimulus with high spatiotemporal resolution has proven to be very challenging. However, a 
better perception of the initial mechanisms of macrophage activation is crucial for 
understanding how the (fibrotic) matrix can trigger macrophage polarization. In Chapter 6, we 
therefore aimed to develop an optical tweezers-based system to study macrophage activation 
kinetics at a single-cell level and in real-time, while controlling the biophysical and biochemical 
stimuli. 

Lastly, in Chapter 7, the findings of this thesis are integrated to assess their impact and 
provide future perspectives on the altered ECM and its interaction with macrophages in IPF. 
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