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The features of allergic asthma are believed to be mediated mostly through the Th2 immune response. In this Th2-
dominant concept, the airway epithelium is presented as the helpless victim of Th2 cytokines. Asthma researchers
started believing in that the airway epithelium played a crucial role, as alarmins, which are the inducers of type 2
innate lymphoid cell (ILC2), are almost exclusively secreted by the airway epithelium. This underscores the
eminence of airway epithelium in asthma pathogenesis. However, the airway epithelium has a bipartite functionality
in sustaining healthy lung homeostasis and asthmatic lungs. On the one hand, the airway epithelium maintains
lung homeostasis against environmental irritants/pollutants with the aid of its various armamentaria, including its
chemosensory apparatus and detoxification system. Alternatively, it induces an ILC2-mediated type 2 immune
response through alarmins to amplify the inflammatory response. However, the available evidence indicates that

restoring epithelial health may attenuate asthmatic features.

allergic asthma airway epithelium alarmins

| 1. Barrier Function of Airway Epithelium
1.1. Importance of Epithelial Barrier in Maintaining Homeostasis

As a first line of nonspecific defense, the anatomical barriers such as, skin and mucosal membrane protects our
body system from environmental insults. Essentially, these barriers in our body have two major functions: (a)
organ-specific functions and (b) the maintenance of organ homeostasis against external aggressors. For example,
the stratum corneum, which is the outermost epidermal layer, is essential in limiting water loss by transcutaneous
evaporation to maintain the water content of our body . In addition, the skin barrier is also crucial in providing
defense against the invasion of various external molecules and microbes. Similarly, the intestinal epithelium is
essential in the absorption of nutrients, water, and electrolytes, along with the homeostatic role of restraining the
entry of allergens, microbes, and other foreign molecules into the intestinal wall. Likewise, alveolar epithelium is
fundamentally involved in gaseous exchanges, surfactant production, and the regulation of ions and water
transport to maintain the fluid balance on the alveolar surface, in addition to the protective function against
environmental irritants/pollutants 2. The airway epithelial cells, which line the entire region from the trachea to the
terminal bronchi, are lined up by the ciliated cells and the Clara cells at the region of conducting airways (trachea,
bronchi, and bronchioles). However, airway epithelium does not have any special organ-specific function like gas
exchange or nutrient absorption, even though it regulates water/ions transport. However, airway epithelial cells
serve as sentries in restricting the entry of inspired airway luminal contents beneath the epithelial layer and in

removing/neutralizing the various toxic/irritant substances from the inhaled air to prevent the access of these
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irritants to alveoli where vital gas exchange happens. In order to perform this key function, the airway epithelial

layer has numerous types of machinery, like physical barriers, chemical barriers, special cellular machinery, etc.

Meanwhile, the regulation of the airway epithelial barrier function is emerging as a crucial checkpoint in asthma
pathobiology. Numerous studies have evidenced that the respiratory epithelium is compromised in asthmatic
conditions. Additionally, it has been noted that asthma patients’ bronchial epithelial cells have abnormal
antimicrobial response patterns. According to biopsy studies carried out in children, structural alterations in the
respiratory epithelium may take place prior to the beginning of airway inflammation. There is a theory that claims
that structural and functional dysfunction in the respiratory epithelium leads to an aberrant immune system and

structural cell signaling, which, in turn, causes remodeling, inflammation, and allergic airway hypersensitivity &1,

1.2. Anatomical Barrier Role of Airway Epithelium

Epithelial junctional complexes act as crucial signaling hubs and threat detectors, interacting with the
microenvironment and monitoring self-defense. This function of the epithelial barrier of the bronchial epithelial cells
and its structural integrity is mainly conferred by the adhesive forces of the intercellular junctions. The major
intercellular junction proteins documented in preserving the barrier include tight junctions, the adherens junctions,
and the (hemi) desmosomes ¥, The tight and adherens junctions together form the apical junctional complex

(AJC) and are present at the apicolateral border of the airway epithelial cells (Figure 1).
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Figure 1. Scheme diagram to illustrate the structural changes in the airway epithelial barrier in asthmatics
compared to healthy airway epithelium. When the asthmatic airway epithelium is exposed to allergens and air
pollutants, it causes disruption to the tight epithelial junction and adherens junction. This leads to heightened
mucosal permeability, effectuating more inhaled particles and allergens present in the subepithelial region and
promoting innate and adaptive immune responses. This is accompanied by pulmonary neuroendocrine cells
(PNECSs) hyperplasia, a loss of ciliated cell numbers, goblet cell metaplasia, mucus hypersecretion, the thickening
of the basal membrane, subepithelial fibrosis, increased airway smooth muscle mass, and the excess deposition of

extracellular matrix.

The claudin multigene family, which encodes for the tetraspan transmembrane proteins, are the core tight junction
proteins 2. They interact with the claudins on the adjacent cells and forge a barrier that regulates the paracellular
diffusion of ions and solutes. The alveolar epithelium also expresses over a dozen claudins, out of which claudin-3
(cldn-3), claudin-4 (cldn-4), and claudin-18(cldn-18) are predominantly expressed [8l. The other claudins expressed
by the alveolar epithelia include claudin-5 (cldn-5) and claudin-7 (cldn-7), which also aids in maintaining the
alveolar epithelial barrier. The loss of these proteins leads to increased permeability and causes a loss of barrier

function .

The adherens junctions that are present beneath the tight junction comprise the cadherin (E-cadherin) and the
catenin (a-catenin, B-catenin, and p120) families that mediate cell-to-cell adhesion [, The deletion of E-cadherin
in lung epithelia not only causes epithelial denudation with a loss of ciliated cells but also suppresses the
differentiation of club cells and, thus, limits epithelial healing after damage due to the stem cell properties of club
cells 29 The sustained loss of E-cadherin also evokes the differentiation of epithelia into a mesenchymal
phenotype, a process otherwise called epithelial-mesenchymal transition (EMT). This EMT is known to cause
subepithelial fibrosis, which is the main feature in airway remodeling in asthmatics and increases the severity and

complexity of the disease.

The tight and the adherens junction proteins are linked to cytosolic proteins on one end and to the actin
cytoskeleton on the other end to form “cytosolic plaques” 2. A dominant plaque protein is found in the family of
zonula occludens (ZO), which cement the intracellular domains of the tight and adherens junction with various
cytoskeletal components and actin-binding proteins, like a-catenin, a-actinin, and vinculin. It is now becoming

evident that a lack of these certain junctional complexes is sufficient to trigger the alarm of the immune defenses.

1.3. Chemical Barrier Role of Airway Epithelium

Given the incessant exposure of the lungs to noxious substances, the surface of the airway is layered up with a
highly evolved fluid lining that is exchanged dynamically to aid in the mucociliary clearance of antigens. The
produced mucus layer and the periciliary layer (PCL) are the two separate layers that make up this fluid lining, also
known as airway surface liquid (ASL). The secreted mucins are glycoconjugates with threonine-rich domains, and
these act as biophysical “rafts” or barriers to convey the pathogens out of the conducting airways 2. Mucins, like
MUC13, MUC16, and MUC4, which are tethered to the epithelial cells, bestow a direct host defense barrier at the
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epithelial surface that can be removed by pathogen- or host-associated proteases, releasing microbes to the
mucociliary ‘escalator’ for elimination. On the contrary, MUC5AC, MUC5BA, and MUC2, which are secreted by the
airways, create a mucous gel that hinders bacterial aggregation, binds microbial pathogens, and impairs their
ability to adhere 12l Even though the increased secretion and release of airway mucus is a noisome
accompaniment to environmental cues and infections, mucins help maintain airway homeostasis and eliminate
pathogens and cellular debris during recovery from injury or infection. Airway disorders viz., chronic obstructive
pulmonary disease (COPD), bronchiectasis, cystic fibrosis, and asthma, all exhibit excessive goblet cell

differentiation and mucus hyperproduction 22,

The epithelial cells and the submucosal glands, which form an integral part of the innate immune system, secrete
many host-defense proteins, including lysozymes, lactoferrin, lipocalin-2, defensins, cathelicidin, surfactant
proteins, acute-phase proteins, psoriasin (S100A7) proteins, and palate, lung, and nasal epithelium clone (PLUNC)
proteins 14, The lung epithelial cells act as immune sentinels, and this sets up an innate immune response owing
to an ample repertoire of cytosolic, membrane-bound, and endosomal pattern-recognition receptors (PRRs) to

identify various pathogens 15,
1.4. Physiological Barrier in Airway

The airway defense responses that guard the lungs and the rest of the body against inhaled irritants like cigarette
smoke and aerosols include bronchoconstriction, which is a crucial and effective reflex mechanism 8. However,
the chemical irritants stimulate the sensory nerves present in the respiratory tract, and the generated action
potential is conducted by the vagus nerves (to the brain stem). This instantly causes bronchoconstriction via the
cholinergic efferent pathway accompanied by the hypersecretion of mucus, coughing, and dyspneic sensations 17,
Thereof, the conjecture that bronchoconstriction is a physiological protective mechanism, becomes a clinical
symptom as this also confines the entry of the air and, thus, difficulty in breathing occurs subsequent to the

bronchoconstriction.

1.5. Special Cellular Machinery in Airway Epithelial Barrier

Surprisingly, airway epithelial layers also have special machinery, like pulmonary neuroendocrine cells (PNECS),
that produce an array of neuropeptides, neurotransmitters, and amines to sense the environmental air and
catabolize the irritants/toxicants of the air to neutralize them 8181 Therefore, these cells are considered
intrapulmonary sensors that also sense hypoxia by chemoreception 29, Indeed, like the traditional chemoreceptors
present in the nose, the PNEC clusters that are part of the epithelial layer have been shown to have olfactory
receptors so that they can sense the toxicants in the inspired air and react to prevent the further entry of such

toxicants through induction of bronchoconstriction 24,

1.6. Barrier Function of Airway Epithelium against Air Pollutants and Pathogens

Air pollutants are typically categorized as ultrafine, fine, and coarse, depending on their size, source, and nature

(gases or particles). The main sources of indoor air pollution include stoves, biological substances (including mold),
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microplastics, and household dust, whereas automobile, industrial (urban), and agricultural (rural) activity are the
major reason for outdoor pollution 22, Airborne particulate matter (PM) is a heterogeneous mixture of solids and
aerosols, which can include heavy metals, airborne dust, and nanoparticles discharged from chemical factories,
wildfire smoke, vehicle exhaust, and volcanic eruptions. Urban homes have PM, 5- and PMqq-rich indoor pollutants
along with higher NO, levels 23, Since fine PM penetrates the narrow airways more deeply than coarse PM, it is
particularly dangerous to breathe it in. Inhalation of fine particulates has been linked to the development of asthma
and COPD. A correlation has been put forward between increased levels of outdoor pollution, particularly NO,,

PM, s, and black carbon, and the onset and development of childhood asthma along with lowered lung function 241,

In addition to pollutants and allergens, pathogens also have a major role in disrupting the epithelial barrier. Adivitiya
et al. have shown the impact Sars Cov2 has on mucociliary clearance through protein network analysis. The spike
(S) protein of the virus utilizes ACE2 (angiotensin-converting enzyme 2) and TMPRSS2 protease, which are
present in the ciliated and secretory cells, to enter the host. The receptor-binding domain of S also interacts with

CD209, a lectin protein found in the epithelial cell, to facilitate virus entry.

2. The Victim Role of Airway Epithelium in Asthma
Pathogenesis

2.1. Role of Th2 Cytokines in Airway Epithelial Barrier Dysfunction

It is generally believed that T helper 2 lymphocytes play a crucial role in asthma development after the initial
sensitization phase (with allergen exposure). Upon repeated secondary exposures to the same allergen, Th2 cells
accumulate in the lungs, and the features of allergic asthma develop. This is popularly referred to as type2/Th2

asthma, whereby such Th2 cells release various cytokines, like IL-4, IL-5, and IL-13, in response to allergens 23],

(a) IL-4 and IL-13: Both IL4 and IL-13 are crucial Th2 cytokines responsible for immunoglobulin class switching to
enhance IgE production 28 |eading to the degranulation of mast cells and basophils. The released
proinflammatory meditators not only caused bronchoconstriction, but also cause airway epithelial injury. Treatment
with both IL-4 and IL-13 cytokines showed reduced expression in the apical junctional complex proteins that
encompass both the tight junction and adherent junction 4. Treatment with IL-4 in HBEC (human bronchial
epithelial cells) increases permeability in epithelial cells. There is reduced transepithelial electrical resistance that,
in turn, leads to increased allergen sensitization and allergen uptake. IL-4 and IL-13 also cause a reduction in the
ciliary beating of the ciliated epithelial cells and, in turn, in mucociliary clearance [28. |L-13 also plays a major role
in the secretion of periostin (POSTN), which is an essential biomarker in asthma. Periostin is an extracellular
protein present in the matrix. It is a downstream product of the IL-13 pathway, signifying type 2 immunity. POSTN
release is then coupled with epithelial mesenchyme transition, which is also shown in vitro in Beas2B cell lines.
Thus, POSTN plays a major role in airway remodeling 22, Overall, these cytokines are responsible for injuries to
the airway epithelium. In addition to causing airway epithelial injury through oxidative stress, both IL-4 and IL-13

have been shown to cause perturbation in airway epithelial integrity with barrier dysfunction 2739,
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(b) IL-5: IL-5 plays a crucial role in differentiation, activation, maturation, and the recruitment of eosinophil that
releases major basic cationic proteins, like major basic protein-1 (MBP-1), eosinophil cationic protein (ECP),
eosinophil derived neurotoxin (EDN), and eosinophil peroxidase (EPO-1), that induce oxidative stress, causing an

injury to the airway epithelium (£,
2.2. Mitochondrial Dysfunction in Asthmatic Airway Epithelium

The earlier clinical study found the presence of an increased number of mitochondria with altered structures in
asthmatic children B2, Later, a lab demonstrated the involvement of mitochondrial dysfunction in asthma
pathogenesis 231, The lab also demonstrated a reduction in the cytochrome ¢ oxidase (COX), which is the primary
enzyme of the electron transport chain (ETC) residing in mitochondria’s inner mitochondrial membrane (IMM),

which transfers electrons from the cytochrome c to oxygen in the lungs of mice with allergic airway inflammation.

While it is known that both IL-4 and IL-13 promote IgE class switching through STAT-6, they also induce an
enzyme: 12/15-lipoxygenase (12/15-LOX, also called 15-lipooxygenase in humans) 24, Even though the role of 5-
lipoxygenase (5-LOX) is well established in asthma pathogenesis, the detailed role of 12/15-lipoxygenase was
demonstrated. 12/15-LOX is one of the enzymes responsible for cellular suicide via the programmed
disappearance of mitochondria and other cellular organelles from the reticulocytes and for immature fibroblasts
converting into red blood cells and mature fibroblasts, respectively 3228137 Thijs is essential for the uninterrupted
functions of red blood cells and mature fibroblasts, as the presence of organelles in these cells disturbs their
functions, such as effective gas exchange and clear vision, respectively. Though it was known earlier that 12/15-
LOX was increased in asthmatic lungs B39 jts role in mitochondrial dysfunction was not known. The mere
overexpression of 12/15-LOX in naive mice causes mitochondrial dysfunction, along with the development of

asthma-like features, indicating the pathogenetic role of 12/15-LOX 49,

3. Governing/immune Role of Airway Epithelium in Allergic
Airway Inflammation

3.1. Less Dominant Role of Inflammation in Causing Epithelial Barrier Dysfunction

The Th2 immune response has been demonstrated as the causative factor for inciting the loss of epithelial layer
integrity. However, numerous pieces of literature also suggest the possibility of inflammation-independent epithelial
cell dysfunction. Numerous asthma susceptibility genes, for instance, IL33, ILARL1, MUC5AC, TSLP, CDHR3, and
KIF3A, are expressed in the airway epithelium. This highlights the significance of the airway epithelium in the
development of asthma 23, Anomalies in the epithelial barrier due to disruptions in the tight and adherens junctions
have been proclaimed to be involved in allergen sensitization and asthma advancement 42, All these indicate that
asthmatic people might have a compromised and dysfunctional epithelial barrier. Genome-wide association studies
in asthmatics have shown the association of various genes with asthma susceptibility and how these genes are

also expressed in the airway epithelium 43,

https://encyclopedia.pub/entry/42230 6/13



Airway Epithelium in Asthma Pathobiology | Encyclopedia.pub

In addition to the inherent barrier defects seen in asthma patients, allergens directly affect the lung epithelial
barrier, the first layer of defense in them. Allergens, such as house dust mites (HDMs), pollens, cockroach extracts,
and fungi, produces or contain proteases and hence disturb the epithelial barrier, causing increased sensitization
(441 |nhaled allergens or proteases can cause epithelial cells to recognize and react by activating a variety of
PRRs, including TLR and PAR. NF-kB activation is stirred up by these activated receptor signals. This, in turn,
causes transcriptional activation of myriads’ pro-inflammatory genes, including cytokines and chemokines. As the
role of NOD-like receptors in allergic inflammation is complex and context-dependent 421, the role of innate immune

receptors in allergic inflammation is complex.

3.2. Less Dominant Role of Inflammation in Causing Mitochondrial Dysfunction in
Airway Epithelia

Similar to epithelial barrier dysfunction, mitochondrial dysfunction in asthmatic airway epithelia can additionally be
unaided by inflammation. Investigations and research have already determined the possibility of inflammation and
oxidative stress-induced mitochondrial dysfunction in asthmatic airway epithelia. When there was a forced
reduction in the expression of certain ETC enzymes in airway epithelium, allergic airway inflammation features got
developed 8. This indicates the possibility of inflammation-independent mitochondrial dysfunction in asthma

pathogenesis.

3.3. Airway Epithelium Induces ILC2-Mediated Type 2 Immune Response through
Alarmins

So far, the conventional rationale about the airway epithelium is of a ‘victim’ that often comes under recurrent
stress from the inflammatory system in asthma. Albeit, over the last decade, mounting evidence has shifted the
paradigm for the role of airway epithelium towards a more upstream modulator in airway inflammation. Several
PRRs, including TLR2, TLR4, NOD1 “748] and PAR1-4, are expressed by airway epithelial cells #2BY, Upon
stimulation, they activate various signaling pathways that lead to the enlistment of immune cells and also the Th2
immune response 1. One major group of cytokines which is recognized as important in this epithelium-driven
immune response is called ‘alarmins’ 2. ‘Alarmins’, specifically thymic stromal lymphopoietin (TSLP), interleukin-
33, and interleukin-25, are released by airway epithelium upon cellular stress or damage caused by an allergen,
pathogen, or pollutant exposure ultimately skews the immune response toward type 2 [B3I34 The concept of
alarmins was introduced by Joost J Oppenheim. He used this umbrella term to describe a group of host proteins
that are released upon cell damage or pathogen challenge, which recruit and activate both innate and adaptive
immunity and galvanize the whole immune response through ‘early signals’ B2, Although airway epithelium is
considered the major source of alarmins but innate, adaptive, and other structural cells can also secrete alarmins
B3] (Figure 2).
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Figure 2. Airway epithelia regulating epi-immune response upon allergen/pathogen exposure. Pathogens or
allergens disrupt the airway epithelia. Disrupted epithelia releases alarmins (IL-25, IL-33, and TSLP). Alarmins
activate dendritic cells for Th2 polarization of the immune response. On the other hand, alarmins can directly
activate ILC2 cells to secret IL-4, IL-5, and IL-13 cytokines. The dysregulation of this pathway leads to asthma

pathogenicity.

| 4. Conclusions

When the treatment or control of asthma was insufficient, there was a need to modify the existing concept of
asthma pathogenesis. Thus, the concept of asthma pathogenesis changed periodically from a neuropsychological
disease to airway inflammation. Parallel to this conceptual change, the treatment strategy also changed from
“calming mind” to anti-inflammatory drugs. For a long time, it has been believed that the Th2 immune response is
the main driver of the entire pathophysiological features of asthma. When asthma was considered a Th2-dominant
inflammatory disease, it was believed that almost everything was solved in asthma pathogenesis. However, this
Th2-dominant hypothesis could not explain the poor correlation between airway inflammation and airway
remodeling, severe asthma endotypes [Th2-high (eosinophilic) and Th2-low (non-eosinophilic)], therapy resistance
in a certain percentage of asthmatics, etc. This indicated a need to change the concept used in asthma
pathogenesis. In this context, it was always believed that the airway epithelium was a helpless victim of the
immune cells. Although this was demonstrated to be partially true, it seems this is not the entire story. In this
context, the literature in the last decade has emphasized the importance of airway epithelium in asthma

pathogenesis. The airway epithelium has dual roles in healthy lung homeostasis and asthmatic lungs. The airway
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epithelium maintains lung homeostasis against environmental irritants, with its armamentaria, including anatomical
barriers, chemical barriers, chemosensory apparatus, like pulmonary neuroendocrine cells, a detoxification system
for inhaled xenobiotics, etc. However, if the external allergens load is severe and beyond the capacity of the airway
epithelium, with or without the inherent epithelial barrier dysfunction in asthmatics, the airway epithelium starts
secreting special biomolecules called alarmins that induce the ILC2-mediated type 2 immune response. This role is
pathogenetic, as these alarmins tend to amplify the inflammatory response in contrast to the earlier homeostatic
role. However, the exact role of these alarmins in asthma pathogenesis is yet to be investigated. The inflammatory
mediators released from Th2 cells induce oxidative stress and also epithelial cell death. If the external irritants are
severe, as is the case with cigarette smoke, the airway epithelium also releases IL-17A and IL-8, which are crucial
in neutrophilic asthma. Current asthma pathogenesis knowledge is mostly based on the concept of “inflammation-
induced epithelial injury”. So, it is obvious that therapeutic strategies have not focused on improving epithelial
functioning in asthmatics, holding the belief that airway inflammation is the upstream event when an epithelial injury
is caused.
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