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Abstract

COPD is thought to develop as a result of chronic exposure to cigarette smoke, occupational or
other environmental hazards and it comprises both airways and parenchyma. Acute infections or
chronic colonization of airways with bacteria may also contribute to development and/or
progression of COPD lung disease. Airway epithelium is the primary target for the inhaled
environmental factors and pathogens. The repetitive injury as a result of chronic exposure to
environmental factors may result in persistent activation of pathways involved in airway epithelial
repair, such as epithelial to mesenchymal transition, altered migration and proliferation of
progenitor cells, and abnormal redifferentiation leading to airway remodeling. Development of
model systems which mimics chronic airways disease as observed in COPD is required to
understand the molecular mechanisms underlying the abnormal airway epithelial repair that are
specific to COPD and to also develop novel therapies focused on airway epithelial repair.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a multifactorial disease and is primarily
characterized by airflow limitation that is progressive and often not reversible. Structural
and functional changes in both airway and alveolar epithelium contribute to airflow
limitation. Cigarette smoke, one of the major risk factors for development of COPD induces
structural and functional changes in airway epithelium 7n vitro and in vivo [1-5]. Airway
epithelium that lines the respiratory tract protects the lungs from external environmental
insults and therefore alteration in structure and function can have a profound impact on host
defense against invading pathogens and particulates, and also repair process following an
injury. Mounting evidence in recent years has suggested that airway epithelium is indeed
both a site of disease initiation and a driver of disease progression [6, 7]. This is due to the
understanding of various mechanisms by which epithelium maintains homeostasis after
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injury and how repeated injury leads to disproportionate activation of repair signals
promoting airway disease.

Altered structure and function of airway epithelium in COPD

Epithelium lining the trachea and bronchi (proximal airways) is pseudostratified and is made
up of three major cell types: ciliated cells, non-ciliated secretory cells, and basal cells. As
the bronchi branches into bronchioles and to terminal bronchioles the epithelium gradually
changes from psuedostratified to simple cuboidal epithelium and the number of ciliated,
goblet, and basal cells gradually decline and non-ciliated cells called Clara cells becomes the
major cell type [8]. In the proximal airway and cartilaginous bronchioles, the invagination of
epithelium forms submucosal glands, which are characterized by a variable proportion of
ciliated cells, goblet cells, and serous cells. Other minor cell types that are present in
conducting airways are: 1. chemosensory or brush cells which contain apical tufts of
microvilli and are thought to play a role in regulation of both airway surface fluid secretion
and breathing [9, 10], and 2. pulmonary neuroendocrine cells which are typically tall and
pyramidal in shape and extend from the basal lamina of the epithelium and possess
microvilli [11, 12].

Ciliated cells and secretory cells are the major cell types that contribute to mucociliary
clearance function of airway epithelium. Mucociliary clearance depends on the cilia and
composition of the airway surface liquid (ASL) lining the airway surface. ASL is made up
of two layers, an upper viscoelastic layer of mucins secreted by the goblet cells and
submucosal glands, and a lower periciliary layer containing large membrane-bound
glyocproteins, as well as tethered mucins (muc-1, muc-4 and muc-16) [13, 14]. The
periciliary layer is relatively less viscous, and acts as a lubricating layer for cilia to beat.
Hydration of ASL is regulated by the coordinated activity of Chloride secretion (CI™) and
Sodium (Na*) absorption channels. The combination of CI~ secretion and reduced
reabsorption of Na* favors normal ASL hydration and efficient mucociliary clearance. In
normal airways, the coordinated functioning of ATP-activated cystic fibrosis transmembrane
conductance regulator (CFTR), calcium-activated Cl- channel (CaCC), outwardly rectifying
CI~ channel (ORCC), CI~ channel 2 (CLC?2), and epithelial Na* channel (ENaC) regulate
ASL hydration [15]. CFTR negatively regulates ENac and therefore absent or dsyfunctional
CFTR increases ENaC activity leading to hyperabsorption of Na+, an increased driving
force for fluid reabsorption resulting in reduced ASL depth and impaired mucociliary
clearance as observed in the chronic airway disease, cystic fibrosis [15]. In addition,
aquaporins which regulate transcellular water transport may also a play a role in mucociliary
clearance. Aquaporin 3 and 4 are expressed in the basolateral plasmamembrane and their
role hydration of mucus is not established. In contrast acquaporin 5 is expressed in
submucosal glands and has been shown to regulate mucus secretion and hydration [16]. In
COPD patients, the impaired mucociliary function may be due to a combination of excessive
mucus production, increased viscosity of mucus due to acquired dysfunction of CFTR,
reduced acquaporin 5 expression and reduced ciliary beating. Reduced CFTR function has
been demonstrated in healthy smokers and in COPD patients and treatment with ivacaftor (a
CFTR potentiator) modulated CFTR activity and increased ASL depth in differentiated
COPD cells in vitro[17¢]. Increased mucus secretion due to mucous metaplasia and
hyperplasia has been reported in COPD patients [18]. In addition, Wang et al showed that
increased mucus secretion in COPD patients correlated with reduced the expression of
acquaporin 5 and cigarette smoke decreased the expression of aquaporin 5 [16].
Furthermore, airway epithelial cells isolated from COPD patients retain the phenotype of
goblet cell hyperplasia and show increased mucus secretion in vitro [19] suggesting that
airway epithelial cells may acquire epigenetic changes that could contribute negatively to
the repair process in COPD patients. Additionally, it has been shown that respiratory
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epithelial cells exposed to cigarette smoke extract or condensate showed shorter and 70%
fewer cilia compared to control cells [20]. Although mice exposed to cigarette smoke
showed slight increases in ciliary beat frequencies at 6 weeks and 3 months, it was
significantly reduced at 6 months, and postmortem examination revealed significant loss of
tracheal ciliated cells [21]. Recently Yaghi et al provided direct evidence of suppressed
ciliary beating in nasal epithelium from COPD patients [22¢]. Such changes in the number
and function of cilia combined with excessive mucus production and increased viscosity of
mucus can significantly impair the mucociliary clearance function of airway epithelium.

Abnormally repaired or remodeled epithelium may also affect the composition of ASL due
to dysregulated activity of secretory cells. ASL contains potent antibacterial peptides and
proteins, such as B-defensin, cathelicidin, lactoferrin, secretory IgA, and
glycosaminoglycans. Surfactant proteins A, B and D that are present in ASL have also been
shown to participate in bacterial clearance by professional phagocytes. Recently, LL-37,
which belongs to the cathelicidin family was found to be decreased in COPD patients with
advanced lung disease (gold I11 — V) [23]. Decreased levels of B-defensin were noted in
central airways but not in distal airways of COPD patients [24]. Degradation of
antimicrobial peptides was also observed in COPD patients after experimental infection with
rhinovirus, but not in similarly infected normal subjects [25]. Surfactant protein D which
promotes uptake of bacteria by macrophages was shown to be reduced in COPD patients
[26]. Airway epithelial cells also generate oxidants such as nitric oxide (NO) and hydrogen
peroxide, both of which have been shown to play a role in pathogen clearance. Defective
NO generation by airway epithelial cells due to reduced nitric oxide synthase (NOS)2 is
thought to be responsible for increased viral replication in cystic fibrosis, and
overexpression of NOS2 provides protection against viral infection [27, 28]. Hydrogen
peroxide generated by dual oxidase, a member of NADPH oxidase in combination with
thiocyanate and lactoperoxidase generates the microbicidal oxidant hypothiocyanite, which
effectively kills both gram positive and gram negative bacteria and this innate defense
mechanism is defective in cystic fibrosis airway epithelium due to impaired transport of
thiocyanate [29]. We showed that COPD airway epithelial cells show a trend in decreased
expression of NOS2 and Duox oxidases and this was associated with impaired clearance of
rhinovirus [19]. In addition to these defenses, airway epithelial cells also express
chemokines and cytokines in response to infection or other environmental stimulus. If this
response is not tightly regulated it could lead to impaired clearance of pathogens and
excessive lung inflammation. COPD airway epithelial cells show heightened chemokine
responses to rhinovirus infection [19] and COPD patients experimentally infected with
rhinovirus showed increased chemokines and more lower respiratory symptoms compared to
healthy smokers [30] indicating that dysregulated cytokine responses to viral infection may
partly be due to remodeled airway epithelium in COPD.

The barrier function of airway epithelium is regulated by the apical junctional complex
which include both tight and adherence junctions. Adherence junctions mediate cell to cell
contact and promote formation of tight junctions, which in turn regulate transportation of
solutes and ions across epithelia [31, 32]. Under homeostasis, these intercellular apical
junctional complexes prevent inhaled pathogens and other environmental insults from
injuring the airways, and also serve as signaling platforms that regulate gene expression, cell
proliferation, and differentiation [33, 34]. Therefore, disassociation or sustained insults that
affect junctional complexes will disrupt not only barrier function, but may also interfere
with normal repair and differentiation of airway epithelium. Airway epithelium is leaky,
hyperproliferative, and abnormally differentiated in smokers and in patients with COPD
compared to airway epithelium in healthy subjects due to decreased expression of genes that
encode proteins which regulate formation of the apical junctional complex [1, 35-38].
Infection with viruses or bacteria can also cause transient disruption of tight or adherence
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junctions [39-41] and the sustained host innate immune responses may further prolong
barrier dysfunction. For instance, host factors, such as interferons and TNF-a expressed in
response to infection may prolong tight junction disruption long after infection is cleared,
enabling the passage of inhaled allergens and pollutants [42, 43]. Interestingly, our on-going
studies show that COPD cells show more prolonged (up to 14 days post-infection)
interferons and IL-8 responses and this is associated with barrier dysfunction and mucus
hyperplasia and increased mucus production (Ganesan and Sajjan, unpublished results).
Bacterial infection is also a frequent cause of COPD exacerbations and these bacteria release
virulence factors which can potentially injure and also impede repair of airway epithelium.
Incomplete restoration or barrier function of airway epithelium following injury combined
with dysregulated antimicrobial defenses and defective mucociliary clearance may increase
the risk for recurrence of infections in COPD.

At least 3 distinct progenitor/stem cells responsible for maintenance of the airway
epithelium have been identified in tracheobronchial epithelium. These include Clara cell
secretory protein (CCSP)-expressing (CE) cells, a rare population of calcitonin gene-related
peptide (CGRP)-expressing cells, and basal cells [44-46]. Of these bronchiolar airway
progenitor pools, CE cells represent a multipotent progenitor population and CGRP-
expressing progenitor cells serve as tissue specific progenitor cells [45, 47, 48]. The
significant contribution of basal cells in the regeneration of bronchial epithelium /in vivowas
highlighted in studies, in which isolated basal cell population was demonstrated to have the
capacity for multipotent differentiation [49, 50]. Later, Hong et al showed that basal cells are
multipotent progenitor cells of bronchial airway epithelium and these cells function in
concert with non-ciliated Clara cells [44, 51]. Abnormality in number and function of these
progenitor/stem cells may significantly affect the repair of the injured airway epithelium.
For instance, patients with chronic lung disease experiencing repetitive injury limited
reservoir of stem/progenitor cells combined with diminished regenerative capacity and/or
impaired migration could lead to abnormal wound healing.

Airway epithelial injury and repair

Irrespective of source of the injury, a common sequence for epithelial regeneration
following injury has been described based on /n vivo and in vitro studies. Although the
precise mechanisms by which the epithelium regenerates by itself are controversial, it can be
loosely divided into four steps: dedifferentiation, migration, proliferation and
redifferentiation (Figure 1). In an /in vivo study, following mechanical injury (800 uM wide
wound) to guinea pig tracheal epithelium, ciliated and secretory cells (possibly basal cells)
near the edge of wound were found to dedifferentiate, flatten and migrate over the denuded
area within 15 minutes of injury [52]. This was followed by coverage of the wounded site by
a tight layer of undifferentiated flattened cells to serve as a temporary patch and provide
efficient barrier. After complete migration that is approximately 30 h after the injury, mitotic
cells were observed, an indication of cell proliferation in the wounded area. Five days after
the injury, the wounded area showed fully redifferentiated airway epithelium suggesting that
airway epithelium has the ability to regenerate very quickly post-injury. Other /n vivo
models for studying regeneration of airway epithelium involved subcutaneous
transplantation of denuded human bronchi or denuded rat trachea cotransplated with human
bronchial cells into SCID mice [53, 54]. These studies identified a profile of integrins that
are expressed during wound repair and also demonstrated that repairing or regenerating
epithelium is more susceptible than fully differentiated epithelium to transfection with viral
vectors [55, 56]. Additionally, the repaired airway epithelium showed integrins and the ratio
of cilitated to goblet cells comparable to normal uninjured airway epithelium [53]. These
early studies suggest that the regeneration of epithelium is a dynamic process and alteration
or interruption at any given step of dedifferentiation, migration, proliferation or
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redifferntiation due to an abnormal response of epithelial or other cell types, such as
fibroblasts and inflammatory cells may affect the normal repair and regeneration of airway
epithelium.

Molecular mechanisms involved in normal and dysregulated airway
epithelial repair and regeneration

1. Epithelial to mesenchymal transition

Normal repair and regeneration of airway epithelium involves numerous closely interacting
cells and molecules. Following injury, the first step is dedifferentiation of epithelial cells to
form flattened cells, a process which is called epithelial to mesenchymal transition (EMT).
During this step, cell polarity and cell to cell contact of epithelial cells are lost and cell-
matrix adhesion contacts are remodeled. In addition, markers of epithelial cells such as
cytokeratins and E-cadherin are lost and markers of mesenchymal cells or myofibroblasts
such as vimentin, N-cadherin, SI00A4 and matrix metallo protease (MMP)-9, and alpha
smooth muscle actin are acquired [57, 58]. The epithelial cells transdifferentiated into
mesenchymal cells are motile and play a key role in both degradation and de novo synthesis
of the extracellular matrix, which is essential for migration of cells along the basement
membrane. By the secretion of ECM components such as fibronectin and collagen 1V,
epithelial cells are able to self-regulate their rate of migration. Further fibronectin also acts
as a regulator of directional migration of bronchial epithelial cells [59]. As the cells migrate,
MMP-9 and/or stromelysin 1 and 3 (MMP-3 and MMP-11 respectively) secreted by
transdifferentiated cells or basal cells degrades focal adhesion at the rear of the cell [58, 60,
61]. In bronchial epithelial cells, inactivation of MMP-9 was shown to decrease the
migration of cells [62]. MMP-7, which is expressed by uninjured airway epithelial cells has
also been shown to play a role in the migration of cells after injury as marked inhibition of
tracheal reepithelialization was observed in MMP-7 knockout mice [63]. Depending on the
size of the wound the migration phase lasts about 8 to 15 h, after which the wound is
covered with a layer of flattened undifferentiated cells [52]. These observations suggest that
EMT is an important biological process that is required for normal epithelial repair
following injury. However, dysregulated EMT may lead to chronic diseases, such as
fibrosis, metastasis and cancer progression [64, 65]. In asthma, airway remodeling is also
thought to be due to persistent activation of EMT as a result of chronic mucosal injury [66,
67], but there is no data demonstrating loss of adhesion proteins with the colocalization of
mesenchymal markers within asthmatic airway tissue. In COPD patients however, there is
direct evidence suggesting persistent activation of EMT in airway epithelium. Using
bronchial biopsies or explant lung tissue it was demonstrated that compared to non-smokers,
healthy smokers and COPD patients showed decreased expression of epithelial markers such
as zona occludence (Z0-)-1, E-cadherin and cytokeratins, and increased expression of
markers of mesenchymal cells including vimentin, collagen type | and a-smooth muscle
actin, MMP-9 and S100A4 [4, 68, 69]. This may be due to abnormal repair resulting from
repeated injury from exposure to cigarette smoke combined with episodes of recurrent
infection leading to imbalance in MMPs and their inhibitors or excessive expression of
extracellular matrix proteins.

The role of growth factors such as transforming growth factor (TGF)-f1, insulin-like growth
factor 2, fibroblast growth factor 2, epidermal growth factor (EGF), and hepatocyte growth
factor (HGF) in inducing EMT has been extensively studied. Among these, TGF- 1 has
been shown to induce EMT in several cell types including primary bronchial epithelial cells
[70, 71] and also has a well-established role in airway remodeling. Moreover, expression of
TGF-B1 is upregulated in the airways of patients with asthma [38, 72], COPD [73, 74] and
pulmonary fibrosis [75]. In airway epithelial cells, TGF-f1-induced EMT is mediated by
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several downstream mechanisms such as via reactive oxygen species (ROS), generation and
activation of mitogen-activated protein kinase and Smad signaling [4, 76, 77]. In
mucociliary-differentiated airway epithelial cells, TGF-p1 was shown to induce EMT
through Smad2/3-dependent mechanisms, which involved upregulation of transcription
factors SNAL and SNA2, which represses expression of adherence and tight junction
proteins [67]. Bone morphogenetic protein (BMP) 4 which belongs to the TGF-B1 family
was also found to induce EMT in airway epithelial cells [78]. In the context of COPD,
exposure of airway epithelial cells to cigarette smoke or nicotine increases release of the
active form of TGF-f1, which is dependent on ROS generation [4]. Furthermore the
neutralizing antibody to TGF-f1, or chemical inhibitors of ERK1/2 (PD98058) and Smad3
(SIS3) completely inhibits cigarette smoke-induced EMT in mucociliary-differentiated
airway epithelial cells. On the other hand, nicotine, a component of cigarette smoke, induces
EMT by aberrant activation of Wnt/B-catenin signaling independent of TGF-$1 [79].
Additionally, pro-inflammatory cytokines such as TNF-a and IL-1f3, whose expression is
upregulated in COPD patients, synergizes with TGF-B1 to enhance EMT in bronchial
epithelial cells [70, 71, 80]. EMT can also be induced by bacterial or viral infections.
Recently, Pseudomonas aeruginosa was shown to induce TGF-B1 driven EMT in airway
epithelial cells via the activation of monocytes [81¢]. In our on-going studies, we found that
rhinovirus infection induces EMT in COPD, but not in normal airway epithelial cells grown
at the air/liquid interface, indicating that COPD cells may respond excessively to rhinovirus
infection leading to EMT (Ganesan and Sajjan, unpublished observations). Since 50 to 70%
of COPD exacerbations are associated with respiratory bacteria and or viruses [82, 83], it is
possible that these infectious agents can accentuate EMT activity and airway remodeling in
these patients.

2. Epithelial cell proliferation and differentiation

Under normal conditions, following EMT, basal cells present at the edge of the wound
proliferate filling the voids left by the migrating cells [59]. Proliferation of cells requires
factors secreted by both resident cells and infiltrating inflammatory cells that come into the
airway following injury [52]. Of the many soluble factors, members of the EGF and TGF
family play a key role in proliferation of cells via activation of EGF receptor (EGFR).
Activation of EGFR by exogenously added EGF ligands accelerates repair of airway
epithelium /n vitro [84] and similarly, inhibition of EGFR worsens acute lung injury in mice
with repairing airway epithelium [85]. In normal airway epithelium, EGFR expression is
low and is sequestered at the apical junctional complex by E-cadherin [86]. Following
injury, the process of EMT which is associated with decreased expression of E-cadherin
promotes uncoupling and redistribution of EGFR from the apicolateral junctional complexes
to the apical cell surface [87], where EGF ligands secreted by either resident epithelial or
infiltrated inflammatory cells activates EGFR readily. During normal airway epithelial
repair, the activation of EGFR occurs over a very tight temporal period, with a subsequent
decrease in activation. Dysregulated or persistent EGFR activation could potentially lead to
abnormal repair of airway epithelium. Persistent activation of EGFR is observed in
association with metaplastic or hyperplastic airway epithelium in both asthma and COPD
patients [37] [88]. Recently, we demonstrated that compared to normal, COPD airway
epithelial cells show aberrant activation of EGFR which contributes to increased 1L-8
secretion [89ee].

MMPs plays a critical role in the activation of EGFR by processing EGF and EGF-like
ligands to their active forms. In COPD lungs, elevated expression of MMPL1, 2, 8, 9, 12 and
14 has been reported [90]. MMP9 is the predominant form in the airway epithelium and
increased MMP9 activity is noted in sputum of COPD patients [91]. Both acrolein (one of
the most prevailing components of cigarette smoke) and LPS (present in abundant amounts
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in cigarette smoke and other environmental hazards), increase the expression and activity of
MMP9 in airway epithelial cells [92, 93]. Persistent exposure to cigarette smoke during
injury and repair process may therefore increase EGFR activity via MMP9 leading to
abnormal repair of airway epithelium.

The final stage in the regeneration of airway epithelium is the redifferentiation of
proliferated cells. The generation of diversity of epithelial cells from proliferated progenitor
cells are dictated in part by cell-cell interactions mediated by Notch signaling [94] and the
expression of other transcription factors such as Sry-related HMG box (SOX)2 forkhead
orthologue box (FOX)A2, FOXJ1, thyroid transcription factor (TTF)-1, and Sam pointed
domain Ets-like factor (SPDEF) [95, 96]. SOXAZ2 expression, which increases after injury
promotes cell-cell contact by interacting with -catenin, a regulator of Wnt/p-catenin
signaling and also positively regulates expression of cell differentiation markers Scgblal,
FoxJ1, and Agr2 in mice [95]. Differentiation of the ciliated cells is marked by the
expression of FOXJ1, which is required for the assembly of the ciliary apparatus in airway
epithelial cells [95]. On the other hand, differentiation of airway goblet cells from basal or
secretory progenitors requires expression of SPDEF which regulates the expression of a
network of genes associated with mucin biosynthesis and packaging of mucin granules [97,
98]. Loss of TTF1 is accompanied by increased expression of SPDEF and goblet cell
hyperplasia indicating that TTF1 may negatively regulate SPDEF expression [97]. FOXA2
is required for maintenance of normal differentiation of airway epithelial cells, as FOXA2
deletion causes goblet cell hyperplasia /77 vivo. In addition, overexpression of SPDEF
inhibits FOXA2 and TTF1 expression indicating a complex interdependent regulation of
these transcription factors that may occur during airway epithelial cell differentiation [98].

Goblet cell metaplasia and hyperplasia which is often observed in COPD patients may be
due to dysregulated expression and/or interactions of transcription factors that play a role in
cell differentiation in addition to excessive EMT. Consistent with this notion, increased
expression of NOTCHI and its upstream regulator HEYZ2were observed in COPD [99¢].
Increased activity of NOTCH1 signaling has been shown to promote goblet cell metaplasia
via both FOXA2-dependent and independent manner [100, 101]. In patients with COPD and
asthma, expression of SPDEF is increased in airway epithelial goblet cells and this is
thought to be due to increased expression of 1L-13, which is a positive regulator of SPDEF
[98]. Decreased expression of TTF-1 and FOXA2 was also observed in asthma, but not in
COPD airways [95]. Such changes in the expression and activity of transcription factors in
addition to excessive EMT are likely to alter redifferentiation of airway epithelium after
injury in patients with COPD and other chronic lung disorders.

Approaches for airway epithelial repair and regeneration in COPD

Exposure to repetitive inflammatory stimuli which leads to exaggerated and persistent
activation of repair process is probably one of the primary causes of the airway remodeling
in COPD (Figure 2). Therefore therapeutic interventions targeting epithelial repair and
regeneration may be beneficial in these patients and to date, no therapy has been specifically
developed with the intent of repairing injured airway epithelium. The current therapies
which include corticosteroids and anti-inflammatory agents although provides temporary
relief from respiratory symptoms and slows progression of disease minimally, they do not
appear to inhibit airway remodeling in these patients. Another promising treatment strategy
for correcting airway epithelial repair in COPD is stem cell therapy. In a model of acute
airway epithelial injury using naphthalene, which targets non-ciliated Clara cells, bronchial
progenitor/stem cells were shown migrate to the site of injury and completely repair the
inured airway epithelium by 14 days [102]. In contrast, mice exposed to cigarette smoke for
5 days prior to naphthalene injury were impaired in repairing injured bronchial epithelium
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indicating that cigarette smoke may either reduce the number of bronchial progenitor/stem
cells or inhibit the capacity of these cells to migrate and regenerate. Therefore treatment
with competent lung progenitor/stem cells to induce a local paracrine effect through an anti-
inflammatory action or by the administration of small molecules to stimulate the
endogenous regenerative ability of lung cells may be beneficial in COPD [103]. Recently, a
population of c-Kit positive cells with fundamental properties of stem cells was isolated
from human adult lungs [104]. These cells are capable of self- renewing, clonogenic and
multipotent /n vitro and in vivo indicating that these human lung stem cells may have a
critical role in regeneration of lung after injury and maintaining homeostasis. However,
more studies are needed to confirm the pluripotency of these cells and their capacity to
regenerate the whole lungs and/or in repairing injured epithelium in chronic lung disease.

Conclusions

Normal repair of airway epithelium after injury is critical for the maintenance of the airway
epithelial structure and function. In patients with COPD, airway epithelium is extensively
remodeled and also impaired in its function. However, the molecular mechanisms
underlying the airway remodeling is not completely understood, since most studies
addressing airway epithelial repair have used acute injury models. Although these models
provide insight into mechanisms of airway epithelial repair during acute injury, they will not
address the mechanisms that are specific to chronic airway disease, such as COPD. Further,
the current COPD animal models only show emphysema but not small airway remodeling,
which occurs as a result of repetitive airway epithelial injury. This may be due to the fact
that other host and/or environmental factors in addition to cigarette smoke may be required
to induce small airway remodeling. Future studies focusing on appropriate animal model
that mimics airway disease in COPD is required to identify the deregulated signaling
molecules and transcription factors, and to determine the underlying cause of dysfunctional
bronchial progenitor/stem cells which lead to remodeled airway epithelium with altered
structure and function in COPD. Such studies may accelerate the discovery of novel
therapeutic targets to modulate the responses of airway epithelial cells to the inhaled
environment and improving repair as oppose to focusing on anti-inflammatory products.
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Figure 1.

Under normal conditions, acute injury induces EMT in adjacent cells of injured area, which
then migrate and cover the injured area to provide temporary patch. In the second step of
repair, basal cells migrate to and proliferate in the injured area. In the third step of repair, the
proliferated basal cells polarize and undergo redifferentiation to form intact airway
epithelium with normal structure and function. C, Ciliated cells; CI, Clara cells, G, goblet
cells, B, basal cells and M, mesenchymal cells.
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Figure 2.

In patients with COPD, airway epithelium is constantly exposed to inflammatory stimuli
such as cigarette smoke, bacteria, virus, or other environmnental factors. This results in
persistence of EMT, reduced number and/or migration and proliferation of basal cells and
abnormal differentiation leading to remodeled airway epithelium. C, Ciliated cells; Cl, Clara
cells, G, goblet cells, B, basal cells and M, mesenchymal cells.
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