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Bronchial asthma is characterized by persistent cough, increased sputum, and repeated wheezing. The
pathophysiology underlying these symptoms is the hyper-responsiveness of the airway along with
chronic airway inflammation. Repeated injury, repair, and regeneration of the airway epithelium
following exposure to environmental factors and inflammation results in histological changes and
functional abnormalities in the airway mucosal epithelium; such changes are believed to have a sig-
nificant association with the pathophysiology of asthma. Damage to the barrier functions of the airway
epithelium enhances mucosal permeability of foreign substances in the airway epithelium of patients
with asthma. Thus, epithelial barrier fragility is closely involved in releasing epithelial cytokines (e.g.,
TSLP, IL-25, and IL-33) because of the activation of airway epithelial cells, dendritic cells, and innate
group 2 innate lymphoid cells (ILC2). Functional abnormalities of the airway epithelial cells along with
the activation of dendritic cells, Th2 cells, and ILC2 form a single immunopathological unit that is
considered to cause allergic airway inflammation. Here we use the latest published literature to discuss
the potential pathological mechanisms regarding the onset and progressive severity of asthma with
regard to the disruption of the airway epithelial function.
Copyright © 2017, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

exhibit the characteristics of mucociliary cells and physically
remove pathogens via a process known as the mucociliary esca-

The airway epithelium is located at the interface between the
internal and external environment and has long been an area of
interest as it possibly plays an important role in the onset mecha-
nism of asthma. Airway epithelial cells play an important role in
innate immune functions in the lungs. Airway epithelial cells also
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lator, which involves the trapping of pathogens in the mucus pro-
duced in airways under inflammatory conditions and removing the
mucus via the movement of cilia present on epithelial cells.
Moreover, the production of chemokines and cytokines mobilizes
inflammatory cells, and their activation aids in removing
microbes. However, excessive induction of this protective
mechanism that is used to prevent infection may trigger the onset
of chronic airway inflammation associated with asthma. It has
recently become clear that epithelium-derived cytokines that
promote the Th2 immune response and that are released because of
injured and activated airway epithelial cells play a role in allergic
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inflammation, and the importance of the activation of airway
epithelial cells in the pathophysiology of asthma has also been
emphasized.*

Airway epithelial cells, which form a physical barrier against
the external environment, comprise the apical junctional complex
(AJC), formed in the junction between adjacent cells. AJC com-
prises tight junctions and adherens junctions, which form cellular
junctions between similar and dissimilar cells.”~” The tight junc-
tion is an intercellular junction between the apexes of cells,
whereas the adherens junction functions as a barrier that regu-
lates the passage of water-soluble substances and ions by creating
a tight bond between the cell membranes of adjacent cells. In
addition to their role as an intercellular binding mechanism,
epithelial tight junctions and adherens junctions play an impor-
tant role in establishing cell polarity.*~® AJC dysfunction of the
airway epithelia has been recently identified in patients with
asthma, suggesting that AJC is important in the pathophysiology
of asthma. This type of damage to the epithelial barrier allows
inhaled allergens to infiltrate the submucosa of the airway and
prevents the complete repair of epithelial cells and excessively
activates the epithelial cell signal transduction cascade, which is
considered to activate immune cells present in the submucosa.”®
Therefore, disrupting the regulatory function of the airway
epithelial barrier has recently been used as an important check-
point for immunostimulation associated with asthma. Here we
discuss the mechanism by which airway barrier function is dis-
rupted in association with allergic airway inflammation and pro-
vide an overview of the disruption of the epithelial barrier and the
resulting exacerbation of airway inflammation.

Disruption of the epithelial barrier owing to airway
inflammation

Various environmental factors reportedly affect the tight junc-
tion barrier. Wan et al.”~!! reported that Der p1, a mite allergen
closely associated with the onset of allergic inflammation, disrupts
the tight junction directly through protease activation and indi-
rectly through protease-activated receptor-2 (PAR2). These effects
accelerate epithelial permeability, making it easy for allergens to
infiltrate the airway submucosa. It was subsequently discovered
that in addition to Der p1, protease activation caused by other mite
and pollen allergens also disrupt the epithelial barrier.!" Tryptase
released from degranulated mast cells in response to allergen
stimulation disrupts epithelial tight junctions by activating PAR2,
which accelerates epithelial permeability.'®'>~4 Moreover, multi-
ple studies have found that cigarette smoke accelerates epithelial
permeability by inducing reactive oxygen species.””~'® Among the
factors associated with the onset and exacerbation of bronchial
asthma, the presence of the respiratory syncytial virus or rhinovirus
in the airway and infection of the airway epithelial cells by these
viruses is known to disrupt tight junctions and promote airway
epithelium permeability.'? 24

Cytokines reportedly alter tight junction functions. The proin-
flammatory cytokines, TNF-a. and IFN-y, disrupt the airway
epithelial barrier,”> 27 and the same results were obtained for the
Th2 cytokines, IL-4 and IL-13.2829 A study of the tight junction
proteins in airway epithelial cells obtained via brushings from 67
patients with asthma and 42 healthy individuals reported that
claudin-18 expressions were decreased in patients with asthma.>’
Claudin proteins determine the permeability of tight junctions.
There are several dozen proteins in the claudin family, and their
expression patterns differ according to the type of epithelial cell.*”
Claudin-18 is highly expressed in the airway epithelium; however,
stimulation in response to IL-13 decreases claudin-18 expressions

in the airway epithelium.*° In addition, claudin-18-deficient mice
with asthma exhibit an increased susceptibility to airway hyper-
sensitivity, suggesting an association with the pathophysiology of
asthma.>°

A substantial number of factors, the so-called asthma-aggra-
vating factors, can disrupt the barrier functions of the airway
epithelium. Therefore, the involvement of airway inflammation in
disrupting the epithelial barrier function and asthma is a topic of
great interest (Fig. 1).

Disruption of the latent airway epithelial barrier in patients
with asthma

Decreased epithelial barrier function associated with asthma
is considered to occur because of the direct action of inflamma-
tory substances and allergens on the epithelial barrier, as
described in detail above. However, there have been several
recent studies that have reported the possibility of latent barrier
function abnormalities in airway epithelial cells of patients with
asthma. Xiao et al>' cultivated airway epithelial cells obtained
from patients with asthma and healthy individuals using the air-
liquid interface (ALI) method and observed changes in the
epithelial barrier function of differentiated airway epithelial cells.
These findings indicated that the disruption of the epithelial
barrier function decreased with asthma severity. Furthermore,
cultivation of airway epithelial cells using the ALl method under
the same cultivation conditions induces the differentiation of
airway epithelial precursor cells into airway epithelial cells with
cilia after 28 days of cultivation. Thus, Xiao et al.>' suggested that
the fragility of the epithelial barrier of patients with asthma was
not because of inflammation only but could also involve patho-
logical features already present in the airway epithelia of patients
with asthma. This reduced barrier function can be improved to
the same level as healthy individuals by addition of epithelial
growth factor (EGF) into the medium, suggesting the potential
involvement of EGFR signaling.

Basal cells are airway epithelium precursor cells. The basal cell
layer is located below the ciliated columnar epithelium and is
positive for cytokeratin 5, cytokeratin 14, and p63. Moreover,
basal cells exhibit high EGFR expression levels, which decrease
when basal cells differentiate into ciliated epithelium and goblet
cells. A study of airway mucosa biopsies obtained from pediatric
patients with asthma confirmed that cytokeratin 5-, cytokeratin
14-, and p63-positive basal cell-like epithelial cells proliferated in
the airway epithelium.>?> Previous studies have reported that
EGFR expression levels increased in the airway epithelia of pa-
tients with asthma, suggesting abnormal epithelium differ-
entiation.>> 3> EGF acts on airway epithelial cells, promotes
epithelial barrier functions, and suppresses the disruption of the
epithelial barrier caused by cigarette smoke exposure.>"3®
Disruption of the epithelial barrier function caused by HDM
allergen, TGF-f, and cigarette smoke exposure can be suppressed
using an EGFR inhibitor, suggesting that excessive activation of
EGFR is a factor that contributes to a reduced epithelial barrier
function.?’ Proteins in the Erb family [e.g., EGFR (erb1), Erb2, and
Erb3] form homo- and heteroreceptors. Moreover, a knockdown
of Erb3 receptors in airway epithelial cells suppresses the rein-
forcing effect of heregulin on the epithelial barrier.>® Because
Erb3 receptors are a death-kinase variant, they are believed to be
associated with the formation of the epithelial barrier via the
formation of heteroreceptors with other Erb receptors.>®>° These
differences in Erb receptor signaling could be related to the
different formative and disruptive effects of EGFR on the
epithelial barrier (Fig. 1).
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