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Abstract

Immunoglobulin E (IgE) and mast cells are believed to play important
roles in allergic inflammation. However, their contributions to the
pathogenesis of human asthma have not been clearly established.
Significant progress has been made recently in our understanding of
airway inflammation and airway hyperresponsiveness through studies
of murine models of asthma and genetically engineered mice. Some of
the studies have provided significant insights into the role of IgE and
mast cells in the allergic airway response. In these models mice are
immunized systemically with soluble protein antigens and then re-
ceive an antigen challenge through the airways. Bronchoalveolar
lavage fluid from mice with allergic airway inflammation contains
significant amounts of IgE. The IgE can capture the antigen presented
to the airways and the immune complexes so formed can augment
allergic airway response in a high-affinity IgE receptor (FceRI)-
dependent manner. Previously, there were conflicting reports regard-
ing the role of mast cells in murine models of asthma, based on studies
of mast cell-deficient mice. More recent studies have suggested that
the extent to which mast cells contribute to murine models of asthma
depends on the experimental conditions employed to generate the
airway response. This conclusion was further supported by studies
using FceRI-deficient mice. Therefore, IgE-dependent activation of
mast cells plays an important role in the development of allergic
airway inflammation and airway hyperresponsiveness in mice under
specific conditions. The murine models used should be of value for
testing inhibitors of IgE or mast cells for the development of therapeu-
tic agents for human asthma.
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Human asthma is a chronic disease char-
acterized by allergic airway inflammation
with increased mucus production and lung
epithelium remodeling, intermittent airway
obstruction and airway hyperresponsiveness
(AHR) (1). The role of inflammation in the
pathogenesis and disease progression of
asthma has gained increased attention in re-
cent years. In the most recent definition of

asthma by the National Heart and Lung Insti-
tute and World Health Organization it was
stated that “asthma is a chronic inflamma-
tory disorder of the airways in which many
cells play a role, in particular mast cells,
eosinophils and T-lymphocytes”. While a
variety of clinical studies have led to our
increased understanding of molecular and
cellular mechanisms of allergic airway in-
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flammation, the use of murine models has
been extremely beneficial in this regard. In
this review, we will discuss the functions of
immunoglobulin E (IgE) and mast cells in
allergic airway inflammation in murine
asthma models.

Mast cells: roles as effector and
regulatory cells

Mast cells have long been regarded as an
important cell type involved in allergic air-
way inflammation. These cells are derived
from pluripotent CD34+ hematopoietic pro-
genitor cells in the bone marrow. They are
released into the circulation as morphologi-
cally unidentified precursors and after being
recruited to different tissues they complete
their differentiation under the influence of
stem cell factor and other locally produced
cytokines. The heterogeneity of mast cells is
based on the concept that they mature and
differentiate after settling into specific tis-
sues with certain microenvironmental fac-
tors (2). Ordinarily mast cells are distributed
throughout the connective tissue, where they
are often situated adjacent to blood and lym-
phatic vessels and beneath epithelial sur-
faces that are exposed to environmental anti-
gens (2). Mast cells are more numerously
present in the airway mucosa of asthmatics
compared to normal individuals, and there is
a progressive mast cell degranulation from
the lamina propria toward the lumen in the
airways of asthmatics. Mast cells release
their mediators via two different mechan-
isms, firstly by antigen-specific IgE anti-
bodies that bind to mast cells via the high-
affinity IgE receptor (FceRI). These cell sur-
face-bound IgE molecules can subsequently
become cross-linked upon binding to the
antigen, resulting in mast cell activation and
release of a plethora of proinflammatory
molecules. Secondly, mast cells can be stim-
ulated nonimmunologically by direct trig-
gers such as neuropeptides, basic compounds,
complement components, and certain drugs,
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e.g., opiates and contrast media (2).

Mast cells can release a group of pre-
formed and newly synthesized mediators,
which are heterogeneous in their potency
and biological function. The spasmogenic
and vasoactive mediators (histamine, leuko-
trienes, prostaglandins) induce immediate
hypersensitivity reactions such as direct spas-
mogenic activity on the airway smooth
muscle leading to acute bronchoconstric-
tion, bronchial mucosa edema, and mucus
secretion. Other chemical mediators (cyto-
kines and chemokines) can contribute to
acute- and late-phase inflammatory responses
that promote infiltration of other leukocytes,
including eosinophils, to sites of inflamma-
tion. Released and newly synthesized pro-
teases (chymase, tryptase and carboxypepti-
dase A) might provoke airway remodeling
(3). The fact that mast cells are activated in
human asthma is supported by the presence
of histamine and tryptase in bronchoalveolar
lavage fluid (BALF) of patients with chronic
asthma (4).

Preformed granules, released about 5 min
after the antigen contact, contain histamine,
proteoglycans (heparin, chondroitin sulfate
E), and neutral proteases (chymase, tryptase,
carboxypeptidase A) in various composi-
tions. Lipid-derived mediators include the
metabolites of arachidonic acid by cyclo-
oxygenase (prostaglandins, thromboxanes)
and lipoxygenase (leukotrienes) which are
produced about 5 to 30 min after the antigen
contact. Various cytokines (IL-1, -3, -4, -5,
-6,-8,-10,-13,-16, TNF-a, and TGF-) and
chemokines (MIP-1-a,, MCP-1) are synthe-
sized and secreted by mast cells about an
hour after the antigen contact. The numerous
cytokines and chemokines have complex and
partly redundant functions in acute- and late-
phase inflammatory responses.

Mast cells also play a regulatory role in
the immune response. Because of their abil-
ity to secrete various mediators and cyto-
kines, mast cells can exert influence on T
cell and B cell functions. First, mast cells are
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a major source of cytokines (e.g., IL-4, -10
and -13) that can signal naive and memory T
cells to preferentially differentiate into the
Th2 subset. It has indeed been shown that
mast cells can signal naive and memory T
cells to preferentially differentiate into Th2
cells (5). Second, mast cells can present
antigen to T cells (6). Third, human mast
cells can directly stimulate IgE synthesis in
B cells (7).

IgE and IgE-dependent mast cell
activation in allergic inflammation of
the airways

IgE and mast cells are part of the IgE-
associated immune response. The role of IgE
and IgE-dependent mast cell activation in
asthma is underlined by the close correlation
of'increased serum IgE levels and the preva-
lence of asthma (8). Asthma can also result
after sensitization to multiple and various
allergens. Furthermore, in clinical trials, pa-
tients treated with monoclonal anti-IgE anti-
body showed a decrease in symptom scores
accompanied by a significant decrease or
discontinuation of steroid use (9). In mice, it
has been reported that IgE-mediated activa-
tion of mast cells enhances pulmonary re-
sponsiveness to cholinergic stimulation (10).
These findings present evidence for a role of
IgE-dependent mast cell activation as a trig-
ger for allergic airway inflammation.

Murine models

In recent years, significant progress has
been made in our understanding of cellular
and molecular components involved in air-
way inflammation and AHR, especially
through studies in murine models of asthma.
The use of genetically engineered mice with
altered expression or deletion of relevant
gene products has been particularly useful.
Various cellular and molecular components,
such as cytokines, chemokines, cell adhe-
sion molecules, as well as peptide and lipid

inflammatory mediators, have been identi-
fied in this regard (11-13).

In the murine models of asthma, experi-
mental mice are generally immunized intra-
peritoneally with a soluble antigen, such as
ovalbumin (OVA), of different concentra-
tions plus alum as adjuvant. One time immu-
nization is usually sufficient for immuno-
logic response (increase in antigen-specific
IgE), whereas an immunization without alum
has to be administered several times for simi-
lar responses. The antigen challenge is per-
formed at least 14 days later in order to have
proper B cell switching. There are different
ways to do the airway antigen challenge,
either after aerosolized OVA once a day for
several consecutive days or intranasally on
alternate days, after which in vivo and in
vitro data are collected (Figure 1).

The application of murine models in the
drug development for asthma has various
advantages. Firstly, it serves preclinically
for the validation of targets by testing the
effectiveness of agonists/antagonists as well
as genetically engineered mice. Secondly,
the postclinical application can help eluci-
date the mechanisms of drug action and the
development of improved drugs.

Role of IgE in murine models

Ithas been reported that in mice germinal
centers are formed in the parenchyma of
inflamed lungs following airway antigen chal-
lenge and these contain IgG- and IgE-pro-
ducing plasma cells, shown to produce the
corresponding isotypes, when isolated from
the lungs and then cultured in vitro (14).
Locally produced IgE as well as circulating
IgE is likely to sensitize mast cells in the
airways.

In BALB/c mice immunized with OVA
as antigen plus alum as adjuvant and chal-
lenged with OVA aerosol, the concentra-
tions of eosinophils and IgE in BALF in-
creased with the number of aerosol chal-
lenges. In contrast, with the antigen chal-
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Figure 1. Murine model of
asthma. Mice are immunized in-
traperitoneally (jp) with ovalbu-
min (OVA) plus alum as adjuvant.
The antigen challenge is per-
formed at least 14 days later,
either with aerosolized OVA
once a day for several consecu-
tive days or intranasally on alter-
nate days. Three or twenty-four
hours after that in vivo and in
vitro data are collected. BALF,
bronchoalveolar lavage fluid.
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lenge finished, the eosinophil concentration
immediately started a steep decline over time,
reaching the pre-challenge eosinophil con-
centration seven days later. However, the
levels of total IgE and OV A-specific IgE in
BALF remained elevated until 15 days after
the last antigen challenge. We reasoned that
IgE upon contact with OV A could form IgE-
OVA immune complexes, which could po-
tentiate the airway response. Indeed, IgE
immune complexes were detected in BALF
of mice sensitized with antigen systemically
and then challenged with the same antigen
intranasally. Furthermore, when OV A-sen-
sitized mice were challenged with TNP-
OVA-IgE or TNP-OVA, it was noted that
there was a higher concentration of IL-4
accumulated in the BALF of mice exposed
to the immune complex. This increased re-
sponse to the immune complex was not ob-
served in FceRI-deficient mice. The results
provide evidence that IgE is secreted locally
in a murine model of asthma and can capture
the antigen presented to the airways. These
immune complexes are able to augment the
allergic airway response in an FceRI-de-
pendent manner. Thus, IgE present in airway
secretions may facilitate antigen-mediated
allergic airway inflammation (15).
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However, there are controversial reports
on the role of IgE in the murine models.
There are studies supporting the importance
of IgE by demonstrating that anti-IgE anti-
body when administered before the antigen
challenge is able to inhibit eosinophil infil-
tration (16). Furthermore, athymic mice that
were passively sensitized with IgE and treated
with IL-5 exhibited increased airway reac-
tivity (17). However, allergic airway inflam-
mation and AHR can be elicited in mice in
the absence of IgE (18,19) or all classes of
antibodies (20). The conclusion drawn from
these various and differing results was that
IgE plays an important role in the develop-
ment of airway inflammation and AHR under
experimental conditions in which the eosin-
ophil inflammation is relatively low (21).

Mast cells can amplify airway
reactivity and features of chronic
inflammation in murine asthma
models

As mast cell activation has been shown to
be a source of induction of eosinophil infil-
tration as well as AHR (10,22), it is conceiv-
able that mast cells play an important role in
the airway response in murine models of
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asthma. The role of mast cells in allergic
airway inflammation has been investigated
in a series of studies taking advantage of the
existence of W/Wv mast cell-deficient mice.
There are studies that support the role of
mast cells in these models, demonstrating
that mast cell deficiency results in attenuated
eosinophil airway inflammation (23,24).
However, a number of studies opposed mast
cell participation in allergic airway inflam-
mation and AHR (25-28).

Kobayashi et al. (29) noted that W/Wv
mice sensitized to OVA exhibited a clearly
reduced AHR compared to normal congenic
mice when challenged by OV A through the
airways. However, W/Wv mice developed
AHR that was comparable to normal mice
when the frequency and the dose of the
antigen challenge were increased. They pro-
posed that AHR can be developed by two
distinct cellular mechanisms, one being mast
cell dependent and eosinophil dependent,
and the other being only mast cell depend-
ent. Hence AHR can be induced by different
mechanisms and only certain protocols would
enlist mechanisms that involve IgE-medi-
ated mast cell activation. Likewise, Williams
and Galli (30) noted that W/Wv mice devel-
oped significantly reduced responses when
the mice were immunized with OVA in the
absence of adjuvant and then challenged
with OVA intranasally. In contrast, W/Wv
mice that were sensitized with OVA in alum
and then challenged with aerosolized OVA
exhibited airway responses similar to nor-
mal mice.

In accordance with these reports, FceRI-
deficient mice exhibited reduced airway re-
sponses only under experimental conditions
where immunization or antigen challenge
was suboptimal. We found that FceRI-defi-
cient mice developed reduced airway eosin-
ophil inflammation compared to wild-type
mice, when they were sensitized with OVA
in the absence of adjuvant and then chal-
lenged with OV A through the airways. OVA-
sensitized FceRI-deficient mice also showed

reduced airway inflammation when they were
challenged with OVA intranasally, but not
when they were challenged with nebulized
OVA (31). These findings support the im-
portance of IgE-dependent mast cell activa-
tion in airway inflammation in murine mod-
els of asthma. However, the extent to which
mast cells contribute to airway inflammation
and AHR in mice is highly dependent on the
experimental model used to generate the
airway response.

In normal mice, IgE-mediated activation
of mast cells enhances pulmonary respon-
siveness to cholinergic stimulation but the
same was not achieved in mast cell-deficient
mice. The deficiency can be restored when
the mast cell-deficient mice are reconsti-
tuted with mast cells (10). We found that
mice immunized and challenged with OVA
through the airways did not exhibit broncho-
constriction when they received a subse-
quent OVA provocation at a higher concen-
tration. However, these mice developed AHR
to methacholine challenge. Significantly,
FceRI-deficient mice exhibited significantly
reduced AHR compared to wild-type mice
under these conditions (31). The results sup-
port the notion that IgE-dependent mast cell
activation can result in AHR probably
through certain mediators, which themselves
are not potent enough to cause a detectable
bronchial response, but will potentiate the
response to methacholine challenge. The lo-
calization of mast cells in the lungs in mice is
mainly in the tracheal and main bronchial
submucosal areas (32), thus the release of
mast cell mediators triggered by antigen
provocation and inhaled methacholine takes
place at the effector sites. FceRI-deficient
mice only show the smooth muscle contrac-
tion through methacholine provocation,
whereas the wild-type mice are highly sensi-
tized and respond with a mast cell-depend-
ent reaction, after antigen provocation plus
the cholinergic stimulation of the smooth
muscles.

The studies presented in this review sup-
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port the view that IgE and mast cells play an
important role in the development of allergic
airway inflammation and AHR in mice. How-
ever, it is evident that the extent to which IgE
and mast cells contribute to the murine mod-
els of asthma depends on the experimental
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response. The studies have provided insights
into how IgE and mast cells may contribute
to human asthma. Moreover, the models used
should be of value for testing inhibitors of
IgE or mast cells for development of thera-
peutic agents for human asthma.

conditions employed to generate the airway
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