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ABSTRACT

Asthma is traditionally defined as a chronic,
multisystem, multicellular disease characterized
by bronchial hyper-responsiveness (BHR) and
lung inflammation. In this illness is particularly
involving the airway epithelium as the place
where the inflammation begins, develops and
often returns through airway remodelling. In
specific way there is also an evolving awareness
of the active participation of structural elements,
such as the airway epithelium, airway smooth
muscle, and endothelium, in this process. The
airway inflammation and remodelling together
likely explain the clinical manifestations of asth-
ma that is demonstrated by complicated respi-
ratory manifestations in which wheeze occurring
secondary to bronchoconstriction in the setting
of airway hyper-responsiveness and mucous hy-
persecretion. This is confirmed by also the his-
topathological analyses of bronchial biopsies
from asthmatic subjects. For this reason is very
important to understand the physiological role
of the airway epithelium and their changes dur-
ing the exacerbation of disease.
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1. INTRODUCTION

Asthma is traditionally defined as a chronic, multisys-
tem, multicellular disease characterized by bronchial hy-
per-responsiveness (BHR) and lung inflammation par-
ticularly within the airways [1]. The development of
asthma requires an interaction between the environment
and genetic susceptibility in which there is a sharing be-
tween the innate and acquired immune system in some of
the clinical manifestations of the disease, particularly in
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the development of severe exacerbations. The clinical
manifestations of asthma characterised by repeated,
variable, episodic attacks of dyspnea, cough and bron-
choconstriction of airway are expression of inflammatory
cell infiltration together airway remodelling. In specific
way, in addition to respiratory involvement in which
there is participation of the airway epithelium, airway
smooth muscle, and endothelium, in both allergic and
non-allergic forms of the disease, the airway is infiltrated
by T-helper (Th) cells. These cells predominantly secrete
characteristic cytokines such as interleukin (IL)-4, 1L-5,
and IL-13, the so-called Th2 cytokine milieu. These cy-
tokines stimulate mast cells, cause eosinophilia, promote
leukocytosis, and enhance B-cell IgE production, and
may also participate in the characteristic airway remod-
elling of asthma. However, for an individual to develop
an asthmatic phenotype is required the combination of
both exposure to appropriate stimuli and a genetic pre-
disposition [2,3]. It’s important to underline is the role of
airway smooth muscle (ASM) that in airway remodelling
phase maybe induce to airflow obstruction observed in
severe form of asthma [4-7]. In fact it’s probable that the
recurrence the ASM remodelling process is linked with
relationship between ASM cells and basal steam cells [8].
These details are essential to explain the significance of
the review aimed and to understand the role of epithet-
lium in the airways. Understanding of role of the epithet-
lium there is also used to find out all new methods like
specific immunotherapy (SIT), in particular sublingual-
swallow immunotherapy (SLIT) to overcome the prob-
lem of the evolution of asthma.

2. AIRWAY CELLS PHENOTYPE IN
ASTHMATIC EPITHELIUM

Airway epithelium forms a continuous, highly regu-
lated physical barrier lining of the airway lumen, which
prevents invasion of inhaled environmental agents such
as aeroallergens, pollutants and pathogens. It’s probably
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that the loss of mucosal barrier function in asthma might
result from increased fragility of the airway epithelium
and/or an impaired repair mechanism with inability to
restore cell-cell contacts upon damage [9]. The way in
which the airway epithelium is disrupted in asthma is
must be include the detachment of columnar ciliated
cells, increased permeability to allergens, and alteration
expression of the junction molecule E-cadherin at sites of
epithelial detachment. Is demonstrated that the expres-
sion of the junction molecules E-cadherin and zonaoc-
cludens-1 (ZO-1) is reduced in vitro in differentiated
bronchial epithelium from asthma patients compared
with healthy people, which indicates that asthma epithet-
lium inefficiently forms intercellular contacts [9-14]. By
contrast, increased expression of repair mediators, in-
cluding epidermal growth factor receptor (EGFR) and
transforming growth factor (TGF)-g at sites of ciliated
cell detachment supports a role for aberrant repair in the
asthmatic epithelial phenotype [15]. This was confirmed
as asthmatic airway epithelium has been demonstrated to
contain higher numbers of cells that express the basal
cell markers cytokeratin-5 and-14 and p63 [9], which
represent the main transient amplifying cell population in
the airway epithelium. These data imply that aberrant
epithelial repair processes in asthma contribute to epithe-
lial damage and loss of effective barrier function. Further
different theories, many studious have identified asthma
susceptibility genes including DPP10, GPCRA, CHI3L1
and a proto-cadherin gene family member PCDH1 are
expressed in airway-epithelial cells [16]. Moreover, bi-
opsy studies in children suggest that the damaged epithe-
lial phenotype occurs early in disease pathogenesis, even
before a definitive diagnosis of asthma [17]. Multiple
asthma biopsy studies have demonstrated airway epithet-
lial abnormality, and the epithelium, placed at the inter-
face between the external environment and the host, ap-
pears to be both a site of action and of reaction within the
asthmatic inflammatory cascade [17-23] (Table 1). In
specific way is discovered that epithelial cells possess
microbial detection mechanisms, and they express a
tightly regulated and specifically localized set of pattern
recognition receptors (PRRs) as well as direct antimicro-
bial effector. This cell-type-specific innate immune rec-
ognition equipment enables them to respond to antigens
and allergens, thereby initiating the first step in the host—
pathogen interaction. Is underline that the barrier func-
tion of the epithelia material and tissue homeostasis de-
pends on the integrity of the cells and the expression and
interaction of the proteins, cell against cell, on junctonal
complexes and in specific way on tight junctions (TIs),
that moreover induce the susceptibility to environmental
agents [24]. Current observations point to the idea that
the epithelial barrier influences besides the development
of antigen-specific immunity, suggesting that the type of
immune response elicited by the host highly depends on
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the nature of the response defined by the local tissue mi-
croenvironment. It is therefore very likely that innate
immune recognition by barrier cells determines the func-
tional properties of tissue residing DCs, thereby instruct-
ing the outcome of antigen specific immunity [25]. This
concept has important implications for the regulation of
mucosal homeostasis and for the initiation of innate and
adaptive immune responses. The airway epithelium is
known to be a major source of pro-inflammatory media-
tors. Recent examples include thymic stromal lympho-
poietin, an epithelial derived cytokine expressed in the
asthmatic airway, which has been shown to activate den-
dritic cells, promote Th2 responses, and activate mast
cells [26-28]. Endothelin-1 is also increased in airway
epithelial biopsies in patients with severe asthma and in
particular in patients with steroid-resistant asthma [29].
Particulate matter has also been shown to induce the re-
lease of pro-inflammatory mediators and induce cycloxy-
genase-2 expression in human airway epithelial cells [30].
In addition to acting as a potent source of pro-inflam-
matory cytokines, epithelial cells possess the ability to
present self-antigen, with resultant effects on the regula-
tion of CD4+ T-cell function, including the induction of
Foxp3 Treg cells, thus promoting immune tolerance [31].
In fact the process of airway remodelling involves altera-
tions to the various components of airway structure, with
fibroproliferation, influx of myofibroblasts, collagen de-
position, release inflammatory mediators, hypertrophy of
airway smooth muscle, and reticular basement membrane
thickening typical (Figure 1) In particularly, is demon-
strated that in asthmatic airway, there are increased num-
bers of sub epithelial myofibroblasts in the airway mu-
cosa, an increase of proliferation and thickening of epi-
thelium like also lamina reticularis and an fibroblastic
infiltration of the lung that conduce to severe disease
[9,23,32]. While studies demonstrate a progressive loss
of lung function associated with severe asthma exacerba-
tions it has been recognized that remodelling may occur
very early in asthma and may in some cases even predate
clinical symptoms like confirm airway biopsy in children
in which pathologic changes occur early in the asthmatic
airway [33-35] (Figure 2). The function of the impaired
lung is due to fibroblastic infiltration may plausibly be
secondary to the recruitment of circulating bone mar-
row-derived progenitors termed fibrocytes to the airway
and to the proliferation and expansion of resident fibro-
blasts, or possibly, epithelial cells may undergo pheno-
typic change to effector fibroblasts through a process
termed epithelial-mesenchymal transition. Moreover air-
way biopsies have revealed the increased presence of
fibrocytes in the airway smooth muscle bundle of pa-
tients with asthma of varying severity compared with
control subjects [36]. Airway smooth muscle cells have
many roles and can also be induced to secrete mediators
that may promote mast cell chemotaxis, proliferation,
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Table 1. Airway epithelium modifications and severe airway diseases.

Pathologic modifications

Disorders in which change has been reported

Mucous hyperplasia
(as an increase thickness of mucosal tissue due to an increase of the
number of cells after interaction between the environment agents and
genetic susceptibility)

Basal cell hyperplasia
(as an increase thickness of basal cell BCs due to an increase of the
number of cells after interaction between the environment agents and
genetic susceptibility)

Squamous metaplasia
(as a process in which squamous cells are transformed,
that is change from the epithelium monolayered pass
to the multilayered)

Mucous metaplasia
(is a direct transformation of a mucosal tissue
into another structure from cells with morphological, physical and
chemical different characters. It is not a carcinogenic way. It reversible
and often results from a chronic inflammation)

Epithelial hypoplasia
(is an incomplete development of epithelial tissue that cause an drastic
reduction of the function they perform)

Asthma, COPD, cystic fibrosis (larger airways)

COPD, cystic fibrosis

COPD, Cystic Fibrosis

Asthma, COPD

Bronchiolitis obliterans
Severe form of bronchiolitis that may occur with extensive lesions of
bronchiolar mucosa, obliteration of the lumen and fibrous reaction
that can lead to severe respiratory failure

Goblet cell
hyperplasia

Mast cell

Mucus gland hypertrophy

Figure 1. Graphic representation of airway cells phenotype in
asthmatic epithelium. This figure show the alterations to the
various components of airway structure, with fibroproliferation,
influx of myofibroblasts, collagen deposition, globet cell hy-
perplasia, release inflammatory mediators, hypertrophy of air-
way smooth muscle and reticular basement membrane.

survival and activated complement-induced mast cell
degranulation [37,38]. Bronchial epithelial cell experi-
ments have demonstrated a role for TLR signalling in the
activation of epidermal growth factor receptor, suggest-
ing a role for TLRs in potentiating remodelling. [39].
Histamine is capable of inducing the transition from fi-
broblasts to myofibroblasts, as measured by a smooth
muscle actin expression, and can, in addition, induce
connective-tissue-growth-factor expression in fibroblasts,
suggesting the ability to participate in the process of re-
modelling [40]. Airway smooth muscle mass is increased
in the asthmatic airway. These smooth muscle cells
shows increased expression of the fast myosin heavy
chain isoform transgelin, as well as myosin light chain
kinase, with further experiments in rat models suggesting
that this may be associated with the potential to increase

Copyright © 2013 SciRes.

WM%W‘. Ea MW-&A%

E c = e 2 o TR - T - ~ gy .
— — g — = .ﬁ—" o ‘-._(.,A‘f,?‘?_f S e
- > e DT e R 2L

Figure 2. Sections of normal bronchial wall and that from an
asthmatic with airway remodelling changes. In this figure ob-
tained by histological exam: (A) Stained airway from normal
control; (B) Stained airway in severe asthma. Note thickened
subepithelial collagen below the basement membrane (BM),
inflammatory cells between the smooth muscle layer (SM) and
goblet cell hyperplasia in epithelium; (C) Collagen IV staining
of a control airway to demonstrate basement membrane; (D)
Collagen 1V staining of asthmatic airway showing true basement
membrane beneath epithelium and vessels (VV) in submucosa.

maximal flow and thereby contribute to the airway hy-
per-responsiveness seen in asthma [41]. The other im-
portant characterized is that can promote in vitro angio-
genesis [42], demonstrated thanks to BAL fluid obtained
from patients with asthma has been shown to possess a
pro-angiogenic effect, which appears to be mediated
through the actions of vascular endothelial growth factor
(VEGF), while further studies of the asthmatic airway
demonstrate increased vascularity and higher levels of
VEGF, and potentially implicate mast cells as a signify-
cant source of VEGF [42,43]. However, increased vas-
cularity and higher VEGF levels exist both in patients
with asthma and patients with eosinophilic bronchitis but

OPEN ACCESS



334 S. Leonardi et al. / Health 5 (2013) 331-338

without asthma, implying that vascular remodelling may
not directly influence airway hyper-responsiveness. Stu-
dies point to an interactive process between the immu-
nologic and neuronal systems in the propagation of asth-
matic response. Murine models of asthma have shown
that the communicative process between the two systems
may be linked via the ion channel TRPA1. In human
studies, increased levels of brain derived neurotrophic
factor have been associated with loss of control in pa-
tients with mild allergic asthma [44].

3. AIRWAY BASAL STEAM CELLS IN
EPITHELIAL HOMEOSTASIS AND
REMODELLING

Basal cells (BCs) are a common feature of stratified
and pseudostratified epithelia throughout the body (Fig-
ure 3). The cytoskeletal, junctional and adhesive proteins
of BCs help to anchor the epithelium to the matrix and
insulate the underlying stroma from the external envi-
ronment. These cells are a population of multipotent
stem cells that drives both homeostasis of the normal
epithelium and probably contribute to disease suscepti-
bility, initiation and progression. It’s for this reason that
the disruption of the normal balance between BC prolif-
eration and differentiation can lead, at two extremes, to
BC hyperplasia or epithelial hypoplasia. 1t’s probable
because the alterations in Bcs’ genomes through muta-
tions or epigenetic modifications induced by environ-
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Figure 3. Imagine of section of airway including basal steam
cells. This figure show the basal cells (BCs) of airway that are a

common feature of stratified and pseudostratified epithelia
throughout the body during involve of disease.
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mental agents might affect the long-term susceptibility of
individuals to respiratory disease. For this reason chan-
ges in BCs or their progeny could theoretically lead to
pathological airway remodelling in a number of different
ways. Such changes in the behavior of BCs and/or their
putative multipotent progeny might result from intrinsic
(including epigenetic) alterations in their transcriptional
and regulatory programs, which in turn affect prolifera-
tive and differentiation potential. Alternatively, or in
addition, the changes might result from altered paracrine
signaling within the dynamic and complex BC niche. In
every way, it’s probable that epithelial changes and/or
alter epithelial-mesenchymal interactions further contri-
bute to disease by exacerbating pathological changes in
the mesenchyme, including inflammation, fibrosis and
smooth muscle hyperplasia. The data suggest that hyper-
proliferating BCs secrete cytokines, such as interleukin-
18 (IL-1p), that promote airway wall fibrosis [45]. Like-
wise, the generation of stratified suprabasal cells at the
expense of luminal cells might lead to squamous meta-
plasia, whereas a failure to proliferate, increased apop-
tosis or inappropriate commitment to differentiation at
the expense of self-renewal could all contribute to epi-
thelial hypoplasia. These changes can, in turn, disrupt the
reciprocal trophic interactions between the epithelium
and mesenchyme, and exacerbate submucosal remodel-
ing [46]. Thus, a greater understanding of BC behavior is
potentially of clinical relevance. For example, therapies
aimed at regulating BC proliferation and directing their
differentiation towards specific lineages might help to
restore a normal phenotype in a disease context, and as
they are a long-lived population, gene or cellular re-
placement therapies targeting them are likely to provide
sustained rather than transient remediation [47]. In con-
clusion there is asthma without impairment of the barrier
function. In fact, the knowledge of the pathological role
of the airway epithelium in developing asthma could be
useful to physicians to develop target drugs in order to
better treatment and the management of bronchial hy-
per-reactivity.

4. CONCLUSIONS

Asthma is a complex inflammatory disorder that if left
untreated asthma tends to recur because the remodeling
process is continuous. This is related to the important
interactions between the innate and acquired immune
system in some clinical manifestations of disease, par-
ticularly in the development of severe exacerbations. For
this reason American studies have deepened the role of
specific immunotherapy (SIT) to overcome the problem
of the evolution of asthma. Oral mucosal tissue displays
high permeability for allergens. In particular the presence
in oral mucosa of dendritic cell (DCs) which express the
high-affinity receptor for immunoglobulin Ig-E (FceRI)
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seems to suggest that the generation of T regulatory cells
in periphery is orchestrated by a particular subset of
DCs. These structural and functional abnormalities might
lead to enhanced signalling between the epithelium and
underlying immune and structural cells. In these regard
studies about specific immunotherapy (SIT) has been
shown to be safe and effective in the treatment of clini-
cally significant respiratory IgE-mediated diseases and it
represents the only approach currently available to redi-
rect inappropriate immune response in atopic patients.
For this reason sublingual-swallow immunotherapy (SLIT)
considered like an alternative way to subcutaneous im-
munotherapy, has been shown to be safe and effective in
several double blind placebo-controlled studies in chil-
dren affected by asthma and rhinitis and in 2001 the
guidelines on allergic rhinitis and its impact on asthma
(ARIA) extended the indications of SLIT also to children
[48-53]. The SLIT, born in the 80s of the last century is
now widely used with the use of high doses and various
meta-analyzes have highlighted the clinical validity [54].
The practice has demonstrated the relative ease of ad-
ministration and the considerable degree of safety. In
specific way, the SLIT has a mechanism that induce the
tolerance to specific allergen by T cells reducing cyto-
kine Th2 and stimulating block antibody like IgA, 1gG1
e 1gG4 [55]. For different property the SLIT to other way
of administration, like subcutaneous route, is preferred
because has greater safety and efficacy, even if the effect
seem to be delayed. For this reason authors would be use
this technique to immunotherapy treatment in phase of
maintenance, also because prevent chronic infectious
disease and of allergens as in SLIT is independent from
swallowing the allergen and from any contact of the al-
lergen with the mucosa of the lower gastrointestinal tract.
In conclusions SLIT is considered a valid way to the
sublingual administration route that might induce im-
munological tolerance toward allergens involveing cells
and mediators specific of oral and intestinal mucosa.
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EVIDENCES

“Asthma is a chronic, multisystem, multicellular dis-
ease of airway frequently characterized by different ex-
acerbations of inflammatory.

“Asthma exacerbations are associated with an increase
of airway inflammation, probabily caused by respiratory
infections, exposure to allergens, or an impaired repair
mechanism with inability to restore cell-cell contacts
upon damage, as frequently in susceptible individuals.

“Chronic inflammation of the airways is always asso-
ciated with the damage and the repair of the bronchial
epithelium, which causes structural and functional changes
known as remodeling.

“Epithelial cells possess microbial detection mecha-
nisms. This cell-type-specific innate immune recognition
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equipment enables them to respond to antigens and al-
lergens, thereby initiating the first step in the host-
pathogen interaction.

“The airway epithelium is known to be a major source
of pro-inflammatory mediators. Basal cells (BCs) are a
common feature of stratified epithelia that drives both
homeostasis of the normal epithelium and probably con-
tribute to disease susceptibility, initiation and progress-
sion.

“The knowledge of the pathological role of the airway
epithelium in developing asthma could be useful to phy-
sicians to develop target drugs in order to better treat-
ment and the management of bronchial hyper-reactivity.

“The role of specific immunotherapy (SIT) to over-
come the problem of the evolution of asthma.
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