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Airway epithelial cells in asthma

Editor’s note: This feature, Images in allergy and immunology,
is designed to highlight current concepts of the immunopathol-
ogy of allergic diseases and other common immunologically me-
diated diseases. The presentation will appear as sets of images
that involve cross-pathology, histopathology, and molecular pa-
thology and will cover a range of topics of interest to allergists
and immunologists.

Structural cells of the airways—in particular, epi-
thelial cells—are increasingly appreciated as key
players in the pathogenesis of asthma. Changes in
the epithelial cells are a major feature of airway
remodeling. Epithelial cells have also been shown to
contribute to the initiation and maintenance of inflam-
matory responses.’

The airway epithelium is composed of ciliated and
secretory columnar cells and basal cells. One of the
prominent features of the asthmatic airways is the loss
of epithelial integrity and the detachment of columnar
cells. These observations were recently attributed to
the fragility of epithelial cells in asthma. Epithelial cell
aggregates are found in increased numbers in sputum
from asthmatic patients compared with sputum from
control subjects. It is also not uncommon to observe
squamous cell metaplasia, especially in severe asthma,
even in the absence of a smoking history (Fig 1).
Bronchial epithelial cells express increased levels of
surface markers and receptors associated with tissue
injury and repair, such as the adhesion molecule
CD44? (associated with the loss of cell-cell contact)
and of the epidermal growth factor receptor (Fig 2),’
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FIG 1. Squamous cell metaplasia in an endobronchial biopsy
section from a patient with severe asthma.
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FIG 2. Epidermal growth factor receptor immunoreactivity in
bronchial epithelium from a healthy individual (A) compared
with a morphologically intact epithelium from an asthmatic
patient (B). Note that epidermal growth factor receptor is
localized throughout the epithelium in the asthmatic biopsy
specimen, whereas it appears confined to the subluminal
layers in normal tissue. Scale bars 20 wm. Adapted with
permission from Polosa et al.®

respectively. The epithelium lining the asthmatic air-
ways also undergoes significant apoptosis, as assessed
by staining of double-stranded DNA breaks using
the terminal deoxynucleotidyl transferase—mediated
dUTP nick end labeling assay (Fig 3). By using an
in vitro coculture model of primary epithelial cells, T
cell-derived IFN-y and activated eosinophil-derived
TNF-a were shown to separately induce epithelial
cell apoptosis, as seen in asthmatic airways.4

IL-4 and IL-13 produced by infiltrating T lym-
phocytes of the asthmatic airways were shown to
activate epithelial cells. These T2 cytokines activate
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FIG 3. Epithelial cell shedding and apoptosis in the bronchial mucosa of a patient with asthma compared with
that of a healthy control subject. As opposed to the healthy patient (A), the bronchial epithelium from the pa-
tient with asthma (B) displays epithelial cell exfoliation (hematoxylin and eosin [H&E] stain) and apoptosis:
bright condensed nuclei observed with Hoechst staining and red nuclei seen with the terminal deoxynucleo-
tidyl transferase-mediated dUTP nick end labeling assay indicate cells undergoing apoptosis. Adapted with

permission from Trautmann et al.*

FIG 4. Immunofluorescence staining showing GATA-3 ex-
pression by primary normal bronchial epithelial cells incu-
bated in the presence (A) of or absence (B) of recombinant
IL-4. The insert represents typical staining with an isotype
control antibody. The authors acknowledge A. K. Mogas
for technical assistance.®

specific transcription factors, such as signal trans-
ducer and activator of transcription (STAT) 6 and
GATA-3 (Fig 4). Increased expression of STAT-6
protein was detected in the airway epithelium from
patients with severe asthma compared with that
from control subjects (Fig 5).° STAT-6 activation
in primary airway epithelial cells could also drive
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FIG 5. Evidence of increased STAT-6 expression in the
bronchial epithelium from a patient with severe asthma (A)
compared with that from a healthy control subject (B).
Immunoreactivity was particularly seen in the ciliated colum-
nar cell layer of the epithelium, which appeared to be a major
site of STAT-6 expression. Adapted with permission from
Mullings et al.®

the production of chemokines, such as IL-8
(CXCL8).6 Primary cultures of bronchial epithelial
cells from asthmatic patients exhibited increased
expression of other chemokines, including RANTES
(CCL5) and eotaxin (CXCL11), compared with cells
from healthy subjects.
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FIG 6. Immunocytochemical analysis of MCP-4 (CCL13) ex-
pression in allergen-challenged upper airway mucosa. Pa-
tients with allergic rhinitis were intranasally challenged with
ragweed extract before biopsy collection. Positive immuno-
staining was obtained by using the alkaline phosphatase-
antialkaline phosphatase method. Adapted with permission
from Christodoulopoulos et al.”

FIG 7. Immunocytochemical analysis of TLR-4 expression
in upper airway epithelial cells. Positive immunoreactivity
(arrows) was obtained by using biotinylated LPS molecules,
and staining was developed with diaminobenzidine (original
magnification x200).

Epithelial cells in allergic inflammation are report-
edly an important source of a wide variety of proin-
flammatory mediators, including cytokines like
IL-6, chemokines like eotaxins (CCL11, CCL24, and
CCL26), and monocyte chemotactic proteins (MCPs;
MCP-3, MCP-4, CCL7, and CCL13, respectively;
Fig 6),” growth factors, reactive oxygen or nitrogen
species, oxidative arachidonic acid metabolites, vaso-
active peptides, and nitric oxide synthase.8 Recent
advances regarding epithelial cell activation relate to
the recognition of microbe-associated molecular pat-
terns. Airway epithelial cells were shown to express
several Toll-like receptors (TLRs). Recognition of
microbe-associated patterns, such as bacterial LPS,
through TLRs (in this case, TLR-4; Fig 7) induces pro-
duction of proinflammatory mediators, including cyto-
kines (ie, IL-6, IL-10, TNF-a, and type I interferons),
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FIG 8. A, Detection of TSLP mRNA-positive cells in a bronchial
biopsy specimen from an asthmatic patient, as assessed by
means of single in situ hybridization with digoxigenin-labeled
TLSP antisense riboprobes. B, The increased number of TSLP
mRNA-positive cells in the epithelium of asthmatic patients
was expressed as the number of positive cells per millimeter
of basement membrane. Adapted with permission from Ying
et al."?

chemokines (macrophage inflammatory protein 3o
[CCL20] and IL-8 [CXCLS]), adhesion molecules (in-
tercellular adhesion molecule 1), and B-defensins.

An important cause of nonallergic asthma exacer-
bations are viral respiratory tract infections (rhinovi-
ruses, influenza strains, or respiratory syncytial virus).
Virus-derived double-stranded RNA activates primary
airway epithelial cells through TLR-3.'® Furthermore,
double-stranded RNA increases the epithelial cell pro-
duction of the IL-7-like cytokine thymic stromal lym-
phopoietin (TSLP), whereas IL-4 and IL-13
upregulate its gene transcription.'' Epithelial cells
are the main source of TSLP, and the asthmatic airway
epithelium is enriched in TSLP-expressing cells com-
pared with healthy control cells (Fig 8).'> The growing
field of TLR-mediated microbial pattern recognition
and the recent appreciation of epithelium-derived
TSLP linking innate and adaptive immunity'> together
provide attractive therapeutic targets for regulating
epithelial cell activation in asthma.
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