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Asthma

Asthma can be described as a complex heterogeneous disease, frequently 
accompanied by chronic airway inflammation and airway hyper-
responsiveness [1]. Symptoms of asthma include wheezing, shortness of 
breath, chest tightness and cough, and asthma is further characterized 
by variable reversible expiratory airflow limitation. Asthma symptoms 
fluctuate in intensity and over time and worsening of asthma symptoms is 
often caused by exposure to environmental triggers like cigarette smoke, 
respiratory viruses and allergens [1].

Clinically, asthma can be distinguished in allergic and non-allergic 
asthma based on the presence of specific immunoglobulin (Ig) E antibodies 
to allergens in allergic asthma [2]. Sensitization to a specific antigen occurs 
through uptake of antigens by immature dendritic cells (DCs) present at 
the airway mucosal surface, sampling for antigen at the airway surface 
with their extending dendrites [3]. Antigen induced release of the innate 
cytokines thymic stromal lymphopoietin (TSLP), interleukin (IL)-25, 
IL-33, granulocyte macrophage-colony stimulating factor (GM-CSF) and 
IL-1α from airway epithelial cells stimulates activation and maturation 
of immature DCs [4]. In addition, the airway epithelial cell-derived 
innate cytokines can also stimulate other innate immune cells including 
innate lymphoid cells, basophils and mast cells [4][5]. Migration of the 
activated matured DCs to the lymph nodes enables presentation of the 
antigen to naïve T cells, resulting in clonal expansion of antigen-specific 
T cells polarized towards a Th2 phenotype [3][6]. Th2 cells produce a 
variety of cytokines, defined as the typical Th2-type cytokines, including 
IL-3, IL-4, IL-5, IL-9, IL-13 and GM-SCF. These cytokines are involved the 
inflammatory cascade that characterizes asthma, including Th2-cell 
survival, mast cell differentiation and maturation, eosinophil maturation 
and survival and basophil recruitment [7]. In addition, IL-4 and IL-13 are 
critical for the isotype switching and differentiation of B cells to specific 
IgE antibody secreting plasma cells. Binding of specific IgE to the high-
affinity FcεR1 receptors on mast cells and basophils primes these cells 
for rapid release of inflammatory mediators after cross-linking of these 
specific IgE/FcεR1-receptor complexes upon re-exposure to the specific
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antigen [6][7]. IgE/FceRI crosslinking triggers the early-phase reaction 
of the allergic response within minutes of exposure to the antigen and 
results in the release of the pre-stored biologically active products in the 
cytoplasmic granules including histamine, lipid-derived mediators and 
newly synthesized cytokines, chemokines and growth factors [6]. The 
release of these products will subsequently contribute to the signs and 
symptoms of the early-phase reaction, which can comprise vasodilation, 
increased vascular permeability, wheezing, airflow obstruction and 
increased mucus secretion [6]. A late-phase reaction with similar 
symptoms can develop 2-6 hours after antigen exposure as a consequence 
of recruitment and activation of Th2 cells from the circulation towards 
the airway mucosa. Antigen specific activation of Th2 cells by antigen 
presenting cells like dendritic cells and macrophages results in the release 
of Th2-type cytokines. A second,  delayed reaction similar to the early-
phase reaction will occur as a consequence of the recruitment and 
activation of mast cells, eosinophils and basophils into the airway lumen 
[6][8]. In general, the excessive airway inflammation observed during the 
late-phase reactions results in structural changes of the airways including 
airway wall thickening and hyperplasia, thereby contributing to the 
process of airway remodeling observed in asthma [8].

In Europe, approximately 30 million children and adults suffer 
from asthma [9]. Worldwide, the prevalence of asthma is estimated at 
300 million people, with 250,000 asthma related deaths every year 
[10]. The prevalence strikingly increased during the second half of 
the twentieth century, but now seems to have reached plateau in the 
Western countries [5]. As a consequence of the high prevalence, asthma 
is associated with a high social and economic burden and is responsible 
for a substantial part of the healthcare costs [5]. Although asthma can 
develop throughout life, the first asthmatic episodes are commonly 
experienced early during childhood [11]. The inception of  asthma is still 
not completely elucidated and differences in susceptibility to develop 
asthma between individuals remain a topic of high interest. It has been 
postulated that the susceptibility for asthma is influenced by both genetic 
and environmental factors [11]. However, the exact contribution and
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importance of both of these factors and the interplay between genetic 
and environmental factors is currently not fully understood [11].

Genetics of asthma

The genetic contribution to asthma is relatively high and the heritabili-
ty of asthma is approximately 60 percent [11][12]. Since the start of the 
first candidate gene studies more than 40 years ago, enormous progress 
has been made with genome-wide linkage studies, genome-wide associa-
tion studies and the more recent re-sequencing studies to understand the 
genetics of asthma [11][13]. Despite the successful identification of sev-
eral candidate asthma susceptibility genes, including ORMDL3, IL-1RL1, 
TSLP, IL-33, SMAD3, ADAM33, CDHR3 and PCDH1, replication in different 
cohorts has not been achieved for all candidate genes [11][14][15][16]. 
Furthermore, none of the identified genes has a strong effect on the risk 
of developing asthma, with odds ratios for individual asthma genes typi-
cally between 1.1 and 1.3. Moreover, all candidate asthma genes together 
only explain a small fraction of the heritable risk for the disease [13]. In 
exploring the remaining heritable risk for asthma that is not explained by 
the currently known asthma genes, known as the “missing heritability”, 
an important role has been postulated for gene-environmental interac-
tions. Therefore, epigenetics has become the new approach of interest 
to further unravel the origins of asthma [11][17]. Epigenetic mechanisms 
include DNA methylation, posttranslational modifications of histones and 
chromatin and expression of small or long non-coding RNAs, and are in 
part heritable. As a consequence of these mechanisms, gene expression 
can be changed without influencing the primary DNA sequence, leading 
to altered gene transcription levels and/or mRNA translation [17]. Expo-
sure to environmental triggers such as cigarette smoke, respiratory virus-
es and air pollution in utero or later in life have been shown to result in 
epigenetic alterations of the genome and are associated with an altered 
risk of developing asthma [17][18]. Notwithstanding the high potential   of
epigenetics in understanding the heritability underpinning asthma, asthma 
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genetics in itself cannot explain the increased prevalence of asthma over 
the past decades. It is not likely that the increased prevalence of asthma 
is merely a consequence of alterations in the genetic background of the 
population, but points towards an independent role of environmental 
factors in driving the inception of asthma [7][19][20]. Hence, it is of critical 
interest to identify and characterize the environmental triggers involved 
in the onset of the cascade of events leading to asthma in the susceptible 
individual.

The role of environmental triggers in asthma

All the human, non-genetic, environmental exposures from conception 
onwards complementing the genome have recently been proposed to 
constitute the “exposome “ [21]. In this paradigm, the development of 
better and more complete environmental exposure datasets is proposed 
to balance the existing tools and knowledge in genetics. The integration 
of many external and internal environmental exposures from different 
sources continuously over the life-course has  been predicted to lead to a 
better understanding of the role of environmental risk factors in respiratory 
disease [21]. Irritants like cigarette smoke, respiratory viral infections and 
aero-allergens such as house dust mite (HDM) are environmental factors 
highly associated with the inception of asthma and well-known to be 
causative in episodes of worsening of asthma symptoms [22].

Exposure to cigarette smoke

Several studies dating back for over 30 years show a significant relationship 
between parental smoking and the development of asthma in children, 
which is the strongest upon maternal smoking [23]. In addition, asthma 
patients who actively smoke display more severe asthma symptoms, 
more neutrophilic airway inflammation, an accelerated decline in 
lung function and an impaired therapeutic response to corticosteroid 
treatment compared to non-smoking asthma patients [24]. To
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further underscore the direct and highly relevant association of cigarette 
smoke exposure with asthma, Chaudhuri et al showed that 6-weeks of 
smoking causation already resulted in an substantial improvement of lung 
function in asthma patients [24].

Respiratory viral infections

It has been shown in several birth cohorts that respiratory viral infections 
during the first year of life significantly increases the risk of developing 
asthma during childhood [22]. Furthermore, the most commonly detected 
respiratory viruses, respiratory synctical virus (RSV) and human  Rhinovirus 
(HRV), are both associated with episodes of wheezing illnesses early in life, 
which has been postulated as risk factor for asthma as well [22][25]. Next 
to the effects of respiratory viruses on the origins of asthma, respiratory 
viral infections are responsible for 50-85% of the asthma exacerbations 
in children and adults [25]. It has been demonstrated that patients 
with asthma are more susceptible towards viral infections [26]. Several 
mechanisms have been postulated to explain this increased susceptibility, 
including deficiency in epithelial cell function, mucus overproduction, 
impaired interferon responses and decreased apoptosis of the airway 
epithelial cells [27][28]. Although all these mechanisms certainly 
contribute to the increased susceptibility, their exact role remains to be 
elucidated.

Exposure to aero-allergens

Children sensitized to aero-allergens in the first three years of life are 
at increased risk to develop asthma later during child- or in adulthood 
compared to non-sensitized children [29][30]. The impact of sensitization to 
aero-allergens in the inception of asthma was emphasized by a study of Illi et 
al, showing that 90% of non-sensitized wheezing children lose their asthma 
symptoms  during school age, resulting in normal lung function at puberty. 
In contrast, only 56% of the sensitized children lost their symptoms during 
school age, leading to a predisposition towards a chronic course of asthma
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with more severe symptoms, airway hyper-responsiveness and decline 
in lung function in the remaining 44% of the sensitized children [30]. Of 
all the different primary aero-allergens, more than 50% of children and 
adults with asthma are sensitized to HDM and HDM allergy has shown to 
be strongly associated with asthma and asthma severity [29]. As described 
for respiratory viral infections, aero-allergens can also cause worsening 
of asthma symptoms and are therefore one of the main triggers for the 
frequently observed exacerbations of asthma [29][31].

In summary, cigarette smoke, respiratory viral infections and HDM 
are three key determinants in inception and exacerbations of asthma. 
Although the mechanisms by which these three environmental factors 
affecting asthma mutually differ, they all have in common that the  initial 
effect is exerted through their contact with and the response evoked 
in airway epithelial cells, postulating an important role for the airway 
epithelium in asthma.

The role of airway epithelium in asthma

By forming a chemical, physical and immunological barrier, airway epithelial 
cells are the interface between the external environment and the internal 
respiratory system [32][33][34]. To underscore the importance of the 
three features of the airway epithelium, they will be described separately 
into detail below.

The chemical barrier function of the airway epithelium

The entire respiratory tract is covered by an epithelial layer, from 
the cartilaginous proximal airway or conducting zone (nasal cavities, 
pharynx, larynx, trachea, bronchi and bronchioles), in which the inhaled 
air is moistened, warmed and cleaned, to the non-cartilaginous distal 
airway or lower respiratory zone (respiratory bronchioles, alveolar 
ducts and alveolar sacs), where gas exchange occurs [35]. The airway 
epithelium comprises ciliated columnar cells, mucus-secreting goblet cells
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and surfactant secreting Clara cells [32]. While the proximal airway is 
mainly dominated by ciliated columnar and mucus-secreting goblet cells, 
the major cell type in distal airways are the Clara cells [35]. The mucus 
produced by the goblet cells forms an upper mucosal layer, that together 
with the periciliary layer constitutes the airway surface liquid. The mucus 
layer contains more than 200 proteins, of which the main components are 
the high molecular weight glycoproteins mucins [35]. The mucosal layer is 
semipermeable and enables the exchange of water and gases. However, 
the layer is highly impermeable to most pathogens and 90% of the inhaled 
pathogens get enclosed in the mucus [36]. The cilia on top of the columnar 
cells are covered by the less viscous periciliary layer, which enables beating 
of the cilia. Coordinated ciliary movement results in transport of the 
mucus containing the potentially harmful pathogens from the bronchioles 
to the trachea [35][36]. Next to the protective mucus, airway epithelial 
cells secrete a wide variety of antimicrobial  products. Secreted enzymes, 
protease inhibitors, oxidants and antimicrobial peptides accumulate in the 
airway surface liquid and are able to directly eliminate invading pathogens 
[35].

The physical barrier function of the airway epithelium

Epithelial cells are mechanically connected to each other by the 
formation of several intercellular structures, including tight junctions 
(TJs), adherens junctions (AJs) and desmosomes [33]. AJs initiate 
the formation and maturation of cell-cell contacts through the type I 
cadherin transmembrane glycoprotein E-cadherin. The extracellular 
domain of E-cadherin is responsible for formation of calcium-dependent 
adhesions between adjacent epithelial cells, whereas the cytoplasmic 
tail is enclosed in the membrane and binds to the anchor proteins p120 
catenin, β-catenin and α-catenin secured to the microtubule network 
and actin cytoskeleton. The mechanic strength of the airway epithelium 
is further enhanced by desmosomes, located basolaterally to E-cadherin 
[33]. To enable communication between the adjacent cells and regulate 
intercellular transport through the airway epithelial cell layer, respectively 
gap and tight junctions (TJs) and are formed on the apical site of the
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cells [32][36]. Gap junctions are unique cell-to-cell channels enabling 
diffusion of ions, small metabolites, second messengers and other small 
molecules between adjacent cells [36]. TJs are composed of the trans-
membrane occludin, claudin and junction-adhesion-molecule (JAM) 
proteins and restrict cellular permeability. Occludins are important in de 
novo formation of TJs, while claudins regulate the permeability of the 
intercellular space between the plasma membranes  of adjacent cells. The 
zona occludin proteins 1, 2 and 3 and cingulin account for the attachment 
of both occludins and claudins to the cytoskeleton. JAMs, on the other 
hand, are using the cell polarity proteins Par-3 and Par-6 to bind to the 
cytoskeleton [33].

The immunological barrier function of the airway epithelium

Next to the function as chemical and physical barrier, the airway 
epithelium is a key constituent of the innate immune system. Positioned 
at the first line of exposure to various potentially harmful exogenous 
compounds, airway epithelial cells express pattern recognition receptors 
(PRRs) such as Toll-like receptors (TLRs), NOD-like receptors, C-type 
lectins and protease-activated receptors (PARs). PRRs are activated upon 
recognition of several particulates including microbes, fungi, damage- 
associated molecular patterns (DAMPs) released upon cell damage and 
environmental  triggers, which results in release of cytokines, chemokines 
and antimicrobial peptides [37]. Epithelial cytokines and chemokines can 
attract cells of the innate immune system, i.e. macrophages, dendritic 
cells, eosinophils, neutrophils, mast cells and natural killer cells, which 
in turn clear the invading pathogens [37]. In addition, airway epithelial 
cells also play an important regulatory role in the induction of an 
adaptive immune response. To prevent unnecessary induction of de 
novo immune responses resulting in airway obstruction and chronic 
airway inflammation, it is important for airway epithelial cells to maintain 
immunological tolerance towards most environmental triggers, unless 
immunity is urgently needed for maintenance of tissue integrity. A key 
role in immune tolerance is postulated for regulatory T cells (Tregs), 
which can be activated by mediators released from airway epithelial cells
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upon exposure to allergens or infectious agents and inhibit the functioning 
of effector T cells, antigen-presenting cells and innate cells by cognate 
interactions and the secretion of anti-inflammatory cytokines such as 
IL-10 and TGF-β [38][39].

Taken together, by this large diversity of functional roles, airway 
epithelial cells form the protective frontline of the respiratory system 
against the potential harmful external environment. Therefore, it is not 
surprising that several structural and functional abnormalities of the 
airway epithelial cells have been associated with asthma. Of interest, a 
substantial number of the recently identified asthma susceptibility genes 
are expressed in airway epithelial cells [40]. The airway epithelium is also 
altered in asthma: several in vivo and in vitro studies have provided evidence 
for impairment of the airway epithelial barrier function in asthma [33][41]
[42][43][44]. Bronchial biopsies from asthmatic patients display irregular 
distributed and a reduced number of TJs compared to bronchial biopsies 
from healthy individuals. An extensive in vitro study of fully differentiated 
air-liquid interface (ALI) cultures of primary bronchial epithelial cells 
(PBECs) from healthy and asthmatic individuals further established the 
deficiency in TJs in asthmatic individuals by showing that it was associated 
with reduced trans-epithelial resistance and increased permeability of the 
airway epithelial cells to macromolecules [43]. Similar observations were 
obtained for the AJ protein E-cadherin [44]. The expression of E-cadherin 
was significantly reduced in airway epithelial cells from asthmatic patients 
compared to cells from healthy individuals, indicating a more fragile 
airway epithelium in asthmatic patients [44][45]. Interestingly, it has also 
been shown that loss of E-cadherin in the airway epithelium is associated 
with increased expression of the pro-inflammatory allergenic mediators 
CCL17 and TSLP [46]. Furthermore, Xiao et al demonstrated that exposure 
to cigarette smoke extract causes a decrease in trans-epithelial resistance, 
which was enhanced in cultures from asthmatic individuals compared to 
control cultures [43]. This study suggests that cigarette smoke exposure 
influences the airway epithelial barrier function, which was recently 
further supported by studies of Heijink et al [47][48].
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 Effects of environmental factors on the airway epithelium

As noted above, environmental triggers like cigarette smoke, respiratory 
viruses and aero-allergens are unambiguously associated with asthma. 
As observed for cigarette smoke, exposure to respiratory viruses and 
HDM also affects the airway epithelial barrier function (figure 1). In vitro 
infection of ALI cultures of PBECs with human Rhinovirus, one of the 
major causes of common colds, resulted in decreased airway epithelial 
resistance and increased permeability to inulin, which was associated 
with dissociation of ZO-1 from TJs [49]. Comparable effects of HDM 
on the airway epithelial barrier function in vitro were observed, with a 
reduction in trans-epithelial resistance as a consequence of delocalization 
of E-cadherin, ZO-1 and occludin [50][51].

Figure 1: Effects of cigarette smoke, respiratory viruses and house dust mite on barrier 
function and pro-inflammatory activation of airway epithelial cells.
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Next to their effect on the airway epithelial barrier function, it has 
been shown that cigarette smoke, respiratory viruses and allergens can 
induce a pro-inflammatory response in the airway epithelium (figure 1). 
Cigarette smoke exposure can activate the PRRs expressed on airway 
epithelial cells, either directly by the individual components of cigarette 
smoke, including lipopolysaccharide, or indirectly by inducing necrotic cell 
death and the release of DAMPs from neighboring airway epithelial cells 
[52]. As a consequence of the activation of these PRRs, a wide variety 
of chemokines and cytokines can be released, resulting in the initiation 
of an innate immune response [53]. In addition, it has been shown that 
cigarette smoke-induced oxidative stress in airway epithelial also can result 
in the initiation of pro-inflammatory responses [54]. Because of their 
proximal localization, airway epithelial cells are also the main host cell for 
respiratory viruses. Epithelial cells possess several mechanisms to combat 
infection with respiratory viruses and will upon infection rapidly release 
cytokines including Interferons, anti-microbial peptides, chemokines and 
other inflammatory mediators, leading to both an anti-viral response 
and activation of the innate immune system [25]. The induction of pro- 
inflammatory responses by HDM in the airway epithelium, and the 
subsequent induction of an innate and adaptive immune response, has 
extensively been studied in vivo in mouse models and in vitro in airway 
epithelial cell cultures [46][50][51][55]. Besides allergens harboring 
serine and cysteine protease activities, chitin/chitinases, β-glucan 
and lipopolysaccharides are present in the complex mixture of HDM 
excrements, which is the inhaled particle inducing allergic responses 
[56]. In their own fashion, all of these components can either directly or 
indirectly  activate PRRs on  epithelial cells, resulting in the release of pro-
inflammatory mediators and subsequent induction of the innate immune 
response [50][55].

Interestingly, and until recently largely ignored in literature, 
all three above described environmental factors also have an 
impact on cell survival and cell death in the airway epithelial 
layer. While the half-life of airway epithelial cells is remarkably 
long [57], cigarette smoke exposure, respiratory viral infections and 
HDM can all induce death of airway epithelial cells. However, the
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mechanism by which cell death is induced and the consequences thereof 
differ markedly between these three environmental triggers (figure 2). 
Recently, it was shown that cigarette smoke induces necroptotic cell 
death of the airway epithelial cells and autophagy of the mitochondria, a 
process described as mitophagy [58]. While this form of airway epithelial 
cell death has been shown to be involved in the pathogenesis of COPD, its 
contribution in asthma remains to be revealed [58]. Upon viral infection, 
viral replication and subsequent release of new viral particles upon cell 
lysis can be prevented by induction of apoptosis of the infected airway 
epithelial cells [25]. PBECs from asthmatic patients displayed impaired 
induction of apoptosis upon viral infection, which contributed to higher 
viral load and has been postulated as one of the mechanisms explaining 
the increased susceptibility of asthma patients towards viral infections 
[28].

Figure 2: Effects of respectively cigarette smoke-, respiratory viruses- and house dust 
mite-induced cell death of airway epithelial cells.
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A recent study by Juncadella et al showed an important role for airway 
epithelial cell apoptosis in the response to HDM. HDM exposure was 
found to induce apoptosis of airway epithelial cells in mouse models, 
and the subsequent engulfment of these apoptotic cells by viable airway 
epithelial cells in a Rac1-dependent fashion resulted in the release of 
anti-inflammatory cytokines known to be involved in the maintenance 
of immunological tolerance, such as IL-10 [59]. Interestingly, interference 
with this pathway led to a strongly exaggerated HDM induced airway 
inflammation [59]. Hence, the regulation of cell survival seems to be an 
important feature of the airway epithelial cells to adequately respond to 
environmental triggers and could be a highly relevant determinant in the 
susceptibility to develop respiratory disease such as asthma. Therefore, 
the research described in this thesis aims to study the role of epithelial 
cell survival in asthma upon exposure with environmental triggers in more 
detail. To address this, we focus our research on the serine/threonine 
Pim1 kinase, a protein known to have a pivotal role in cell survival [60]
[61].

Pim kinases

Pim1 kinase was originally identified in the 1980s as a proto-oncogene 
encoded by a locus which frequently harbored proviral integration 
sites for Moloney murine leukemia viruses in experimentally induced 
lymphomas [60]. Pim kinases are serine/threonine kinases belonging to 
the Ca2+/calmodulin- dependent protein kinase superfamily. The Pim 
kinase family is composed of the three family members Pim1, Pim2 and 
Pim3, that all have a relatively short protein half-life of approximately 5 
minutes. As a consequence of the lack of a regulatory domain, Pim kinases 
are constitutively active upon expression and their activity is mainly 
regulated at the transcriptional and translational level. The expression 
of Pim kinases is induced by a wide range of cytokines, growth factors 
and mitogenic stimuli through activation of the JAK/STAT and nuclear 
factor-κB (NF-κB) pathways. The physiological activities of Pim kinases are 
mediated through the phosphorylation of a variety of cellular  substrates
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involved in for example cell growth, cell differentiation and cell survival 
[62][63]. At the moment, Pim1 kinase is best characterized and therefore 
the family member of our specific interest.

Pim1 kinase was originally identified in retroviral complementation 
screens by its ability to counteract apoptosis induced by activation of the 
cMyc oncogene [64]. One of the best studied mechanism by which Pim1 
kinase can exerts its pro-survival activity is the phosphorylation of the 
B Cell Lymphoma (BCL)-2-associated agonist of cell death (BAD) on the 
mitochondrial cell membrane. Phosphorylation of BAD, predominantly 
at serine residue S112, causes BAD to release the anti-apoptotic BCL-
XL, which can form a complex with BCL-2. In turn, this complex inhibits 
the pro-apoptotic complex BAX/BAK, thereby enhancing cell survival 
by maintaining  mitochondrial membrane potential and preventing the 
release of cytochrome c [61]. Since Pim1 kinase is highly expressed in the 
airway epithelium [65], studying the role of Pim1 kinase in the airway 
epithelium is an interesting approach to explore the role of cell survival 
and subsequent cell death on the airway epithelial cells. By combining 
these studies with relevant models of environmental triggers in asthma, 
we might be able to take a further step in unraveling the importance of 
cell survival in the epithelial cells in the inception and exacerbation of 
asthma.

Aim of the thesis

In this thesis, we explore the effects of cigarette smoke, respiratory viruses 
and HDM as representatives of the three major classes of environmental 
triggers on airway epithelial cells. By combining in vivo and in vitro 
approaches, we evaluate the effects of the survival kinase Pim1 on the 
functioning of the airway epithelium as protective barrier between the 
external potential harmful environment and the inner respiratory system. 
We aim to expand the current understanding of the importance of cell 
survival as protective mechanism for the epithelial barrier function and 
the contribution thereof to the inception and exacerbations of asthma.
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Outline of the thesis

In chapter 2, we focus on noxious irritants as environmental triggers and 
explore the effects of cigarette smoke on the airway epithelium. By using in 
vivo and in vitro models, we assess the role of Pim1 kinase in the protection 
of the airway epithelium against harmful effects of cigarette smoke. The 
data in this chapter will give new insights in the role of cell survival as 
an important defensive mechanism of the airway epithelial cells against 
noxious irritants in the environment. In chapter 3 and 4 of the thesis, we 
study the effects of respiratory viral infections, specifically infections with 
human Rhinovirus-16 (HRV-16), on the airway epithelium. In chapter 3, 
we explore the importance of cell survival as anti-viral response upon 
infection of PBECs with HRV-16 by using a pharmacological Pim1 kinase 
activity inhibitor. Since cell survival is only in a limited number of studies 
postulated as a prominent anti-viral mechanism, the results of this chapter 
will highly contribute to the current knowledge of this underexposed anti-
viral response of the airway epithelial cells. In chapter 4, we assess the 
role of Pim1 kinase in the interferon-induced anti-viral response upon 
infection with  HRV-16. By studying the effects of inhibition of Pim1 kinase 
activity in virally infected air-liquid interface cultures of PBECs from healthy 
and severe asthmatic individuals, we evaluate the suppressing effects of 
Pim1 kinase activity on the initiation of an interferon response. The novel 
data presented in chapter 4 proposes a new therapeutic approach in 
virally induced asthma exacerbations. In  chapter 5, we test whether Pim1 
kinase affects the allergen-induced inflammatory response in asthma. By 
evaluating the response of the airway epithelium upon HDM exposure in 
the absence and presence of Pim1 kinase activity in vitro and in vivo, we 
assess the contribution of Pim1 kinase to the initiation of allergic asthma 
with a special interest for the integrity of the airway epithelial barrier 
function.

Taken together, the data presented in this thesis will unambiguously 
contribute to the current understanding of the importance of cell survival 
of the airway epithelial cells in response to environmental triggers relevant 
to asthma. 
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