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CHAPTER 1 

 

General introduction 
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Asthma and chronic obstructive pulmonary disease (COPD) are common chronic obstructive 

respiratory diseases with worldwide increases in prevalence and mortality rate. In both diseases, 

genetic factors and the exposure to environmental factors (such as allergens, viral/microbial 

infection, smoke, air pollutants) contribute to the development and/or exacerbations, resulting 

in airway obstruction [1,2]. Asthma and COPD have overlapping clinical symptoms, such as 

shortness of breath, (chronic) cough, wheezing, and mucus production [3,4].  

Asthma pathogenesis  

Asthma is characterized by chronic airway inflammation, airway hyperresponsiveness (AHR), 

airway remodelling, and reversible airflow obstruction [3]. Asthma can be divided into several 

phenotypes depending on the age of onset, presence of allergy, inflammatory profiles, response 

to treatment, and severity [5]. Based on the inflammatory cell profile in sputum, asthma can be 

divided into eosinophilic, mixed granulocytic, neutrophilic, and paucigranulocytic asthma [6]. 

The most common and studied eosinophilic asthma phenotype is early-onset atopic asthma, 

which is characterized by T helper 2 (TH2) driven eosinophilic airway inflammation. This 

characterization of high eosinophil levels is also observed in late-onset non-atopic asthma [7]. 

Moreover, in early-onset atopic asthma patients the exposure to allergens, such as house dust 

mite (HDM), results in a type-2 mediated inflammatory response [8]. The airway epithelium is 

the first line of defence against inhaled substances, including allergens. Upon damage and 

activation by allergens, the airway epithelium secretes damage-associated molecular patterns 

(DAMPs) and pro-inflammatory cytokines, including IL-25, IL-33, and TSLP, that serve as co-

stimulatory signals that in combination with the allergen lead to maturation and activation of 

dendritic cells (DCs) (Figure 1). DCs take up and process allergens, migrate to the lymph nodes 

and present allergen-derived peptides to naïve T cells, resulting in the differentiation and 

activation of TH2 cells. TH2 cells together with innate lymphoid cells, which are important in 

late-onset eosinophilic asthma [13], secrete IL-4, IL-5, and IL-13. The cytokines IL-4 and IL-

13 contribute to the immunoglobin class switching from IgM to IgE by B cells, induce goblet 

cell hyperplasia, mucus secretion, and AHR, whereas IL-5 leads to the recruitment and 

activation of eosinophils [14]. During a second exposure to the same allergen, the allergen is 

crosslinked with IgE, which is bound on mast cells and basophils, leading to mast cell 

degranulation and secretion of bronchoconstrictors (histamines, leukotrienes, and 

prostaglandins). This causes the acute asthma symptoms; mucus production of the goblet cells, 

bronchoconstriction, and AHR [9,15,16]. Additionally, epithelial cells and TH2 cells can secrete 

granulocyte macrophage colony-stimulating factor (GM-CSF). GM-CSF is a pro-inflammatory 
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cytokine that plays a role in myelopoiesis and in the differentiation, activation, and survival of 

eosinophils, neutrophils, and monocytes/macrophages [17]. Besides the exposure to 

environmental factors, genetic susceptibility plays also a role in the developmental and severity 

of asthma [18]. Strong family history and genetic variations in the IL-33 locus were associated 

with an increased risk of developing asthma [5,19]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Simplified overview of the inflammatory response in asthma patients. In allergic eosinophilic 
asthma, epithelial cells get activated/damaged upon the inhalation of allergens or air pollutants resulting in 
the secretion of danger associated molecular patterns (DAMPs), and cytokine and chemokines. Dendritic 
cells (DCs) present the processed allergen to naïve T cells leading to the differentiation of TH2 cells. TH2 
cells together with innate lymphoid cells (ILCs) secrete IL-4, IL-5 and IL-13. Via IL-5 eosinophils are 
recruited. IL-4 and IL-13 contributed to the immunoglobin class switching from IgM to IgE by B cells, induce 
goblet cell hyperplasia, mucus secretion, bronchoconstriction and AHR. Furthermore, in neutrophilic asthma, 
the inhalation of cigarette smoke can damage the airway epithelium leading to the secretion of amongst others 
DAMPs, granulocyte macrophage colony-stimulating factor (GM-CSF), CXCL8 and IL-17 resulting in the 
recruitment and activation of neutrophils. Those neutrophils contribute to mucus hyperplasia. This image is 
based on previous literature [5,9–12] and created with BioRender.com  
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Asthma patients can be treated with oral, and inhaled corticosteroids (ICS) to reduce the 

symptoms. Since ICS suppresses pro-inflammatory responses by reducing eosinophils and TH2 

cells, this treatment is effective in atopic eosinophilic asthma patients. Furthermore, this 

reduction in pro-inflammatory responses is important to prevent asthma exacerbations, since 

uncontrolled eosinophilic inflammation is associated with asthma exacerbations [20].  

Another inflammatory asthma phenotype is mixed granulocytic, which is characterized by high 

counts of eosinophils and neutrophils in sputum [5]. Asthma patients with this mixed phenotype 

have the strongest lung function decline and have more frequent exacerbations compared to the 

other inflammatory phenotypes [21].   

Late-onset neutrophilic and paucigranulocytic asthma phenotypes are defined by a non-Th2 

endotype [5]. In neutrophilic asthma patients, high levels of neutrophils are found in sputum. 

Neutrophilic asthma has been associated with smoking and air pollutants [22,23]. Additionally, 

corticosteroid treatment may contribute to the increased numbers of neutrophils, since 

corticosteroids can activate neutrophils and inhibit their apoptosis [5]. Neutrophilic asthma 

patients have often lower lung function, more thickening of the airway wall and respond less to 

oral and inhaled corticosteroids (ICS), which is associated with more severe asthma [24] than 

early-onset eosinophilic asthma patients [5]. Furthermore, IL-17A has been proposed to 

neutrophilic asthma, because IL-17 can induce epithelial cells to release several cytokines and 

chemokines which attract, activate, and mature neutrophils [25]. Not all non-allergic asthma 

patients have a neutrophilic inflammatory profile. It can also be that there is no or limited 

infiltration of either eosinophils or neutrophils in sputum, called a paucigranulocytic 

inflammatory profile. This phenotype has been associated with more airway remodelling and 

AHR [26]. Since inflammation is limited in paucigranulocytic asthma patients, inhalation of 

anti-inflammatory corticosteroids is ineffective to reduce the symptoms [26].  

Asthma therapeutic strategies  

The most common treatment in asthma is the combination of beta-agonists with ICS, which is 

most effective against TH2-driven eosinophilic inflammation. The inhalation of ICS results in 

reduced inflammation and less AHR by reducing eosinophils and TH2 cells [27]. Since no 

eosinophils and TH2 cells are present in neutrophilic and paucigranulocytic asthma, ICS is not 

recommended for those asthma phenotypes. In addition to ICS, long-acting beta-agonist 

(LABA) is used to relax the airway smooth muscle, which reduces exacerbations in severe 

asthma patients [28]. The global initiative of asthma (GINA) provides comprehensive 

guidelines regarding asthma management, according to disease control and disease severity 
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[29]. The GINA recommends antibody therapy as an add-on therapy for severe, and 

uncontrolled asthma patients. Antibodies against IgE, IL-4, IL-5, IL-13 and their receptors are 

used to target specific immune pathways [29]. Furthermore, clinical trials are investigating the 

treatment of anti-TSLP, and anti-IL-17R in moderate to severe asthma patients [27,30]. Despite 

those treatments, some (severe) asthma patients remained uncontrolled and there is no definite 

cure available for asthma.  

COPD pathogenesis   

COPD is a heterogenous disease characterized by progressive and irreversible airway 

obstruction, which is due to chronic airway inflammation, tissue destruction and abnormal 

repair responses that lead to chronic bronchitis, airway remodelling and/or emphysema [31]. 

Similar to asthma, the airway epithelium is thought to play an important role in COPD. In 

COPD patients, the exposure to noxious particles and gasses damages and activates airway 

epithelial cells, DCs, and alveolar macrophages by triggering pattern recognition receptors 

(Figure 2). This leads to the secretion of DAMPs, several pro-inflammatory cytokines and 

chemokines (CXCL8, IL-1β, tumor necrosis factor (TNF), IL-6, and GM-CSF), proteases, and 

reactive oxygen species [32–34]. These inflammatory mediators attract even more innate 

immune cells, including monocytes and neutrophils, which produce oxygen radicals, matrix 

metalloproteinases (MMPs), and neutrophil elastase. These proteases disrupt the alveolar wall 

by the degradation of extracellular matrix components, which contributes to the development 

of emphysema leading to a progressive decline in lung function [35]. Furthermore, neutrophil 

proteases can also induce the production and secretion of mucins, resulting in enhanced mucus 

production [2]. Later on, activation of T and B lymphocytes occurs resulting in increased 

numbers of T (CD8+ and CD4+) and B lymphocytes in the parenchyma and small airways. 

Those lymphocytes can accumulate into lymphoid follicles, leading to enhanced infiltration and 

activation of DCs [36]. The formation of lymphoid follicles is associated with severe COPD 

[2]. However, not all smokers develop COPD, indicating that genetic susceptibility is essential 

for the development of COPD [38]. For example, genetic variations in SERPINA1 and α1-

antitrypsin deficiency are associated with COPD [39]. Furthermore, it also occurs that non-

smokers develop COPD. Biomass smoke, air pollution, and lower respiratory tract infection 

during childhood are also factors that contribute to the pathogenesis of COPD [40]. 

Additionally, COPD patients can be divided into several phenotypes depending on chronic 

bronchitis, emphysema, and frequency of exacerbations [41]. It has been shown that bacterial 

and viral infections in the respiratory tract cause most exacerbations in COPD, resulting in a 
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neutrophilic inflammatory profile [2]. Moreover, eosinophilic inflammatory profiles can also 

be found in sputum, and blood of COPD patients [42]. The symptoms, frequency and severity 

of exacerbations in COPD patients can be reduced by quitting smoking and treatment with long-

acting bronchodilators, ICS, and antibiotics [43].  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 2: Simplified overview of the inflammatory response in COPD patients. Upon exposure to 
cigarette smoke and other noxious gases, damaged epithelial cells can secrete cytokines/chemokines, danger-
associated molecular patterns (DAMPs), and reactive oxygen species (ROS). This results in the recruitment 
and activation of macrophages and neutrophils, which leads to alveolar damage and mucus production upon 
the release of matrix metalloproteinases (MMPs), ROS, and neutrophil elastase. The cytokine release results 
in the recruitment of dendritic cells, T and B lymphocytes. Upon chronic exposure, these inflammatory cells 
accumulate leading to the formation of lymphoid follicles. Furthermore, exposure to bacteria and viruses can 
contribute to exacerbations in COPD patients. This image is based on previous literature [27,36,37] and 
created with BioRender.com  

COPD treatments  

Similar to asthma, the COPD symptoms can be reduced by using ICS and bronchodilators [44]. 

Treatment with ICS in COPD patients leads to reduced numbers of CD8+ T lymphocytes, 

resulting in reduced airway inflammation [27]. Furthermore, the treatment with ICS is very 

effective in COPD exacerbations where increased eosinophils numbers were observed [42]. 

1
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However, smoking COPD patients can be resistant to ICS [45]. Moreover, the use of ICS in 

COPD patients increases the risk to develop pneumonia [46]. Furthermore, COPD 

exacerbations caused by bacterial infections can be treated with antibiotics [27]. While 

treatment with ICS and bronchodilators can reduce the COPD symptoms, however, it will not 

halt or reverse the progression of the disease and particularly the tissue damage and remodelling 

are currently irreversible. Therefore, there is a need to better understand the pathogenesis of 

COPD to identify new therapeutic targets and improve the management of COPD.  

MicroRNAs can contribute to the pathogenesis of asthma and COPD  

The interaction between exposure to noxious environmental particles and genetic susceptibility 

plays a major role in the development and pathogenesis of asthma and COPD. Furthermore, 

microRNAs (miRNAs) can also contribute to the pathogenesis of asthma and COPD [47–49]. 

MiRNAs are small, single-stranded, non-coding RNA molecules with a length of 18-25 

nucleotides. They are transcribed in the nucleus by RNA polymerase II, cleaved by the enzyme 

RNAse III endonuclease (Drosha), and transported to the cytoplasm by exportin 5 (Figure 3) 

[50]. After reaching the cytoplasm, the pre-miRNA is cut into small hairpin structures by an 

RNAse III enzyme (Dicer). The strands are unwound and one of the strands (mature miRNA) 

is packaged into the RNA-induced silencing complex (RISC) and is capable to bind to the 3’ 

untranslated regions (UTRs) of messenger RNA (mRNA), while the other strand is degraded. 

The formed miRNA-RISC complex that is bound to the target mRNA, can result in either 

translational repression or degradation of the mRNA. Since several miRNAs are able to target 

the same mRNA and each miRNA can target hundreds of mRNAs, miRNAs can contribute to 

various pathways in many different cells [51,52]. The activity of miRNAs can be modulated by 

long non-coding RNAs that can bind to miRNA, which prevents the binding of the miRNA to 

mRNA [53]. Identification of differentially expressed miRNAs and functional investigation of 

these miRNAs in asthma and COPD context can help to understand the mechanisms driving 

these diseases providing new therapeutic strategies to improve the management of asthma and 

COPD [54]. Furthermore, miRNAs are stable and highly conserved in blood, sputum, and urine 

and therefore excellent candidates for biomarkers [55]. 
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Figure 3: Simplified overview of MicroRNA synthesis. MicroRNAs (miRNAs) are transcribed in the 
nucleus by RNA polymerase II and cleaved by Drosha. The miRNAs are transported by exportin 5 into the 
cytoplasm and Dicer cuts the strand into small hairpin structures. The strands are unwound and packed into 
the RISC complex. The miRNA-RISC complex can bind to target mRNA resulting in either translational 
repression or mRNA degradation. Adapted from “miRNAs in Cancer”, by BioRender.com (2021). Retrieved 
from https://app.biorender.com/biorender-templates. 

The exposure to environmental factors can alter miRNA expression, for example, 34 miRNAs 

were differentially expressed in sputum of current smokers compared to never-smokers [56]. 

Furthermore, several studies also found altered miRNA expression profiles in blood, sputum, 

bronchial biopsies, and brushings of asthma patients [57–61] and in lung tissue, sputum, and 

serum of COPD patients compared to healthy controls [56, 62–64]. The identification of altered 

miRNA profiles can provide new biomarkers in asthma and COPD. For example, in serum of 

children with recurrent wheeze and in plasma of asthmatic children, higher expression levels of 

miR-21 were observed. These higher levels were not linked to increased IgE levels [65,66], 

which suggests that miR-21 can be a potential biomarker for childhood asthma independent of 

atopy [55].   

One of the miRNAs that was higher expressed in sputum supernatant of (severe) asthma patients 

and in lung tissue of COPD patients is miR-223-3p, whereby miR-223-3p was linked to 

neutrophilic asthma patients [61]. In chapter 2, we provide a translational review about the 

potential role of miR-223 in obstructive pulmonary diseases.  

1
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Another miRNA that is higher in lung tissue and in plasma-derived extracellular vesicles of 

COPD patients compared to smoking controls is miR-320d [62,67]. This miRNA belongs to 

the miR-320 family (miR-320a,b,c and d) [68]. The miR-320 family is able to reduce the 

validated target SERPINA1, which has been observed as the strongest genetic risk factor for 

COPD [69,70]. Furthermore, lower levels of miR-320 were correlated with more inflammation 

in blood of patients with moderate and severe respiratory failure [70]. This indicates that miR-

320d can play a role in COPD.   

Overall, the above findings indicate that miRNAs can contribute in the pathogenesis of asthma 

and COPD and therefore miRNAs are the focus of this thesis.  
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