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Eosinophilic esophagitis (EE) is a chronic inflammatory disease of the
esophagus which is characterized by the presence of dense infiltrate of
eosinophilic leukocytes restricted to this organ mucosa. Accumulating
published evidence suggests a strong role of mast cells in the inflam-
matory infiltrate in the physiopathology of EE. We have reviewed
published articles with relevant information about the presence and
possible role of mast cells in EE. Although mast cells have been studied
indirectly in EE, reported data allow us to confirm that the number of
mast cells infiltrating the esophageal epithelium in adult and child
patients with EE is higher with respect to the normal state and in
gastroesophageal reflux disease. Mast cells linked to IgE, which are not
found in other conditions, have been identified in EE. Despite that fact,
an anaphylactic reaction history after exposure to allergens is not
common in these patients. Therefore, the mast cells’ function in EE
could be dependent on T lymphocytes, as suggested by a mast cell gene
expression analysis. Bi-directional crosstalk is established between mast
cells and eosinophils, hence establishing interesting hypotheses regard-
ing their relationship to EE physiopathology. Mast cells’ function as an
immune response leader seems to substitute for their effector functions
in EE, while at the same time opening new research pathways for
consideration of these cells as a therapeutic target in EE. However, the
inefficiency of therapies that inhibit mast cell functions while they are
effective in other respiratory tract diseases results in the need for specific
studies to identify the real function of such complex cells in the physi-
opathology of EE. There is indirect proof of the role of mast cells in EE,
while many doubts exist about their activation mechanism, which does
not seem to be IgE-mediated. Specific approach studies are needed to
clarify the function of these cells in the physiopathology of EE, which
could be a possible therapeutic target.
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Eosinophilic esophagitis (EE) is an increasingly
recognized clinicopathologic syndrome (1),
which is characterized by esophageal and/or
upper gastrointestinal symptoms in association
with dense infiltration of esophageal mucosa by
eosinophilic leukocytes and absence of patho-
logic gastroesophageal reflux (GER) (2). This
disease affects both children and adults who
frequently present food or aeroallergen sensiti-
zation, elevated IgE wvalues in serum, and
response to elemental or eliminatory diets or
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antiallergic therapies (3). For these reasons, EE
has been considered as an immunoallergic disor-
der. As a result of this identification, we are
obliged to consider the esophageal mucosa as an
active immunological surface capable of partic-
ipating in immunoallergic responses following
exposure to food- or air-borne allergens in those
sensitized patients subjected to specific testing.
This newly discovered function of the esophagus
contrasts with its traditional role as a simple
muscular tube responsible for the transportation



of food to the stomach and provides us with
further insight into food allergies and their
various manifestations. Although little is known
about the physiopathology of EE, available
evidence highlights the central role of eosino-
philic leukocytes. The activation of these cells
leads to release cytotoxic proteins contained in
their cytoplasmatic granules. Varying degrees of
intensity in histopathological damage induced by
eosinophils lead to the extensive polymorphism
on the endoscopic findings characterizing EE
(4, 5). However, several reports have noted that
the inflammatory epithelial infiltrate in EE con-
tains also an increased number of mast cells, as
has been described in both pediatric (6-8) and
adult cases (1, 9, 10) of the disease.

Mast cells have a central function in innate
Immunity against parasites and bacteria as well
as in allergic diseases as they constitute the main
effector cells in the IgE-associated responses (11).
They are distributed in virtually all the body’s
vascular tissues (12), and they have been
described as resident cells in mucosa and in
connective tissues, hence they can be subdivided
into two different categories based on immuno-
hystochemical criteria (13), MCt or MCrc, on
the principle of the presence of tryptase (MCrt) or
both tryptase and chymase (MCryc) (14). This
phenotypic diversity is not only a descriptor of
tissue location (15) but also implies regulation of
cytokine gene expression, and is associated with
functional differences (16) (Table 1). It has long
been known that mast cells take part in inflam-

Table 1. Distribution, preformed mediators, and responses of human mast
cells [modified from Ryan J and Huff TF(12)]

MCrc MCy
Tissue distribution
Skin ++ -
Intestinal submucosa ++
Small intestine mucosa + ++
Alveolar wall - ++
Bronchial/bronchiolar mucosa + ++
Areas of dense fibrosis + -
Nasal mucosa + ++
Vascular wall ++ -
Selective loss in T-cell deficiency No Yes
Preformed mediators
Histamine Yes Yes
o- and B-Tryptase Yes Yes
Chimase Yes No
Carboxipeptidase A Yes No
Cathepsin G Yes No
Response to no IgE-mediated stimuli Strong Present
Inhibitory effect of cromoglycate No Yes

MCq¢, tryptase and chimase-positive mast cells; MCy, tryptase-positive mast
cells;
++, wide distribution; +, some distribution; —, no distribution.
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matory processes in such a way that these cells
are present and recruited towards sites of inflam-
mation. Their effector functions accomplished
through the release of substances stored in
cytoplasmatic granules has been classically rec-
ognized as mast cells have mediators that are able
to develop an inflammatory response, like tryp-
tases and proteases (17, 18), eicosanoids, reactive
oxygen species, and nitric oxide. Mast cell
activation because of various T cell-dependent
or independent paths or micro-environmental
components leads to a differential release of the
mediators, which mast cells have in their biolog-
ical armoury. This paper aims to review pub-
lished experience in identifying mast cells in EE
and to provide a physiopathological explanation
of their possible roles in disease mechanisms.

Mast cells in epithelial samples of EE

We have long known that apart from eosino-
philic leukocytes, the EE epithelial inflammatory
infiltrate is characterized by the presence of a
dense population of T lymphocytes, mainly
CD8+ (9, 19), and furthermore by an increased
density of mast cells compared with normal
controls. The main role that these mast cells play
in respiratory and skin allergic diseases and in the
immediate hypersensitivity reactions is well
known, as mast cell are the main effectors in
IgE-mediated allergic reactions. However, their
possible implication in the physiopathology of
EE has not been systematically considered,
despite the fact that they have been identified
both in children (6-8) and adult (9, 10) patients.

Mast cells are identified mainly through
immunohistochemical staining of tryptase, a
cytoplasmic enzyme highly characteristic of these
cells. The first evidence of the presence of mast
cells as constitutive cells in the EE inflammatory
infiltrate was reported by Atwood et al. (1) who
described scattered mast cells that did not form
bands in the lamina propria in a series of adult
patients. Later on, Justinich et al. (6) reported
that mast cells detection could be included in the
histopathologic evaluation of EE in infants and
children after studying a small series of patients
wherein mucosal mast cells increased signifi-
cantly (parallel with eosinophil increases) in
allergic esophagitis vs. GER-induced esophagitis
and control tissue. Subsequently, Nicholson
et al. (20) described two cases of EE associated
with esophageal leimyomatosis that shared a
common profile characterized by CD45RO-
positive primed T-lymphocytes, activated (EG2-
positive) eosinophils, and tryptase-positive mast
cells, together with gene expression of interleukin
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(IL)-4. These authors suggested the possibility
that there was a common underlying allergic
component in both disorders. A similar case was
reported by Morris et al. (21) in which infiltra-
tion of eosinophils and mast cells confined to the
esophageal muscularis propria resulted in
dysphagia.

The first consideration of the possible etiologic
role played by mast cells in EE comes from
Straumann et al. (22), who also found a high
density of these cells in a number of patients with
EE. Despite EE being associated with a cell-
mediated type Th2 hypersensitivity reaction, they
suggested that an IgE-mediated reaction could
also contribute to the physiopathology of the
disease. A later paper from Gupta et al. (23)
confirmed an increase in the intra-epithelial mast
cell number in children with EE compared with
healthy controls. In this work, the authors did
not find an increase in IL-4 gene expression
[which is a key regulator for mast cells (24)]. This
fact hindered their ability to clearly implicate
these cells in the physiopathology of EE. Mast
cell distribution was scattered in the thickness of
the esophageal epithelium with a tendency to
occupy the deepest layers (7, 9, 23). Thus, mast
cells are strategically positioned at the interface
between the external and internal environments
to enable them to respond rapidly to stimuli with
mediator and cytokine secretion.

Mast cell activation demonstrated through
ultrastructural changes in their cytoplasmatic
granules as detected by electronic transmission
microscopy and also by positive immunostaining
against IgE has been proposed by Kirsch et al (7)
as a differentiating element between EE and/or
GERD in the case of children with a medium
range of eosinophilic density (7 to 24 eosinophils/
high power field (HPF)) in the esophageal epithe-
lium. These findings which have been also
observed in the case of adults with EE (9)
highlight the possible function of IgE in the
physiopathology of the disease as immunostain-
ing was demonstrated in the epithelium of patients
with EE and not in healthy controls or GERD.

The presence of intra-epithelial mast cells in
EE has been established as a differentiating
element between this disease and GERD (6) even
when the number of cosinophils in GERD is
generally much lower than the number consid-
ered as the diagnostic criterion for EE (25). The
treatment with topical steroids has demonstrated
that apart from reducing the number of eosin-
ophils in the esophageal epithelium, it simulta-
neously significantly reduces the infiltration of
mast cells (9, 26) in those patients who reach
histologic normalization. Blanchard et al. (8)
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conducted important research that has opened
new avenues of understanding of the molecular
physiopathology and the genetics of EE. Among
the results observed, they described a direct
correlation between the number of eosinophils
and mast cells/HPF that infiltrated the esopha-
geal epithelium of 13 children with EE, and the
correlation between the inflammatory infiltrate
and the severity of tissue damage, expressed as
hyperplasia of basal cells. This work demon-
strated through a microarrays analysis and
immunofluorescence microscopy that various
mast cell characteristic genes, such as the genes
coding for tryptase, chymase, and carboxypepti-
dase A3, are induced in EE, although with very
different expression levels. For example, some
mast cell-specific genes were increased twofold
(chymase), whereas others were increased sixfold
(tryptase) or 20-fold (carboxypetidase A3) show-
ing dissociation from the threefold change in
mast cell levels. Because of this finding of
tryptase expression without chymase (MCry),
the authors suggested the involvement of T-cell-
dependent mucosal mast cells in the inflamma-
tory process (16). Bhattacharya etal. (27)
showed that EE is particularly characterized by
strong upregulation of the eotaxin-3/CCL26 gene
and their results were confirmed in a recent work.
The grade of tissue eosinophilic infiltration has
been positively correlated with the tissue expres-
sion of eotaxin-3/CCL26 mRNA in the esopha-
geal epithelium (28), and the presence of a
polymorphism of a single nucleotide has been
demonstrated (+2496T > G, 1rs2302009) in
eotaxin-3/CCL26 gene that strengthens its possi-
ble role in the pathology of disease (8). It is
interesting to note that mast cells also express
CCR3 and respond to CCR3 ligands (29-31).
Thus, eotaxin-3/CCL26 may also target mast
cells in EE.

Discussion of the possible role of mast cells in EE

The symptomatic manifestations of EE (dyspha-
gia, chest pain, heartburn, vomiting, food impac-
tion) are common to other inflammatory chronic
processes, among which GERD stands out. Both
entities can show alterations in the pH probe
recording (4) and even similar endoscopic find-
ings (32). It is important to distinguish between
both diseases as patients with EE do not usually
respond to acid-reducing treatments (33) even to
high doses (2), but they do respond to anti-
inflammatory therapies (19, 26) and/or in remov-
ing allergenic triggers (34-37). Both EE and
GERD have been associated with infiltration of
the esophageal epithelium by eosinophilic leuko-



cytes, but their density in EE is much higher in
normal conditions. The human esophagus con-
tains T lymphocytes (from which about 75% are
CD8+), density of which increases in GERD
and especially in EE (9). Similar data have been
reported regarding mast cells and some authors
propose the existence of a continuous phenotype
between EE and GERD (38). At the same time,
there are some doubts about the possibility that
GERD by itself could develop a pathologic role
in the origin of EE (39). A possible relationship
between increasing incidence of eosinophils-
related foregut disorders and the widespread
availability and massive use of acid-reducing
therapies (40) has been suggested as it was
proven that these drugs significantly increase
allergic sensitization in both mice and humans,
thus reducing the degradation of antigens by
gastric acid and secondarily increasing sensitiza-
tion potential (2, 41) and generating specific IgE.
Overall, 71-78% of pediatric EE patients and
60-69% of adult EE patients had elevated total
IgE levels (2). Furthermore, patients usually
present high levels of aeroallergens or foods-
specific IgE (42, 43). Several investigations in
humans (42, 44, 45) and mice (46) support the
idea that EE could be driven by aeroallergens.
With respect to food-specific IgE, EE patients
have no history of anaphylaxis to those foods to
which they have a positive test. However, we
have evidence of the development of EE by
means of an immediate hypersensitivity reaction
triggered after ingesting food in patients with
high levels of serum-specific IgE against those
foods (10). The high rate of concurrent atopic
diatheses in these patients suggests that elevated
IgE levels are probably not linked specifically to
EE.

The most extensively studied mechanism lead-
ing to mast cells” activation and degranulation is
antigen cross-linking of IgE antibodies on their
surface. This cross-linking not only results in the
rapid release of autacoid mediators but also in
the sustained synthesis and release of cytokines,
chemokines, and growth factors (47). The mech-
anism of mast cell activation in EE is not clear,
but what we know leads us to think that in the
majority of patients it is not [gE-mediated. There
are multiple alternate mechanisms that lead to
the release of mediators by mast cells, indepen-
dent of IgE, for instance, through expression of
Toll-like receptors (11) or by non-immunologic
mechanisms (48, 49), such as after exposure to
acid GER (50-52) or to bile acids (53). The
enteric nervous system plays a role in regulating
allergic inflammatory cells, such as lymphocytes,
mast cells, and eosinophils (54). This morpho-
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logic and functional association between immune
cells and nerve cells has been described mainly
for mast cells (55), where substance P could play
an important role (56). This ability to signal
independently of IgE can be induced in an
antigen-independent manner prior to a T-cell
encounter with antigens and it has the potential
to influence the initiation of an adaptive immune
response as well as the later effector phase (57).

Between these IgE-independent mechanisms,
particularly relevant is the ability of certain
eosinophil-derived proteins, mainly major basic
protein (MBP), to induce mast cell degranulation
in an especially attractive hypothetical mast-cell/
eosinophil interaction. Mann and Leung (58)
hypothesized that upon antigen exposure, esoph-
ageal mast cells increase histamine levels and
subsequently induce the accumulation of eosin-
ophils in sensitized individuals. Secondarily,
eosinophilic chemotactic factors could result in
further eosinophilic accumulation and degranu-
lation. Inversely, some of the proteins contained
in the eosinophils’ granules, particularly MBP,
can induce mast cell degranulation and the
production of tumor necrosis factor-o, thus the
existence of an interaction between both cell
types can be suggested as a feedback loop that
increases the inflammatory response (59). Other
Th2 cytokines released by mast cells define an
environment that helps allergic inflammatory
processes (11), recruitment of T lymphocytes,
eosinophils’ medullar proliferation, and induce
B-cell class switching to IgE. Some of them, such
as IL-4, IL-5, IL-13 (60), granulocyte-macro-
phage colony stimulating factor, and eotaxines
(57) have been widely implicated in the physio-
pathology of EE (61).

Beyond their effector functions, mast cells have
an increasingly recognized immunoregulatory
function (62). Histamine participates in the early
phase of allergic response binding to HI1 type
receptors, but through other receptors (H2 to
H4) histamine can modulate immune responses
(63, 64) acting on dendritic cells and T-lympho-
cytes (57). Mast cells by themselves could
promote a local humoral environment, providing
the initiation, perpetuation, and even the resolu-
tion of inflammatory responses and playing a
central role in orchestrating inflammation (65).
Available evidences with respect to the presence
of mast cells taking part in the epithelial inflam-
matory infiltrate in EE support the idea that the
mast cells’ function could be highly relevant in
the physiopathology of EE, although to the date
their role has not been well characterized. Fur-
thermore, in pediatric cases of EE, ultrastructur-
al changes have been found by electron
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microscopy, in addition to positive IgE-immuno-
staining, indicating mast cells activation (7).
These data have also been corroborated in adults
(9). Mast cells activation through their high
affinity IgE receptors (FCeRI) could initiate
immediate responses which are characterized by
a strong increase in vascular permeability and
angioedema, which have not been clinically
observed in EE. However, spongiosis or enlarge-
ment of intercellular spaces is a typical finding in
the histopathological analysis of esophageal epi-
thelial samples in these patients (66).

Several mediators included in mast cells’ cyto-
plasm granules (such as histamine, leukotrienes
and platelet activator factor) have the capacity to
act on neuromuscular components of the diges-
tive tract wall (67); in this way, they could play
an important role in originating motor distur-
bances observed in many cases of EE (68).
Indeed, mast-cell activation and increased muco-
sal histamine levels have been observed in
experimental models of esophagitis (50, 51).
Confocal microscopy has shown that mast cells
are located close to primary afferent nerve fibres
in intestinal allergies, and degranulation of these
cells could alter neuron membrane stability (69).
Mann and Leung (58) directly implicated mast
cells in the genesis of concentric esophageal rings
which are found in patients affected with EE
during endoscopic exams, generating the hypo-
theses that the activation of acetylcholine by
histamine (liberated in response to antigen med-
iated stimulation) may cause the contraction of
muscle fibers in the muscularis mucosae, result-
ing in the formation of esophageal rings. Leuko-
triene C4, another strong mediator, the synthesis
of which is induced after mast cell activation (57)
shows a long recognized effect on smooth muscle,
reported mainly in the bronchial tree (70-72). We
have recent evidence demonstrating that EE in
patients of pediatric age is associated with fibrous
remodeling of the esophageal wall because of
subepithelial collagen deposition (73, 74) deter-
mined by a molecular mechanism which is
dependent on transforming growth factor
(TGF)-beta-1 and its signaling molecule phos-
pho-SMAD?2/3 proteins. This process has been
related to the activation of eosinophils present in
the esophageal lamina propria, but not to that of
mast cells in the same location (74) despite the
fact that these cells also constitute a potential
source of TGF-beta.

Drugs acting on mast cells and their derived
mediators are a first level strategy for treatment
of multiple allergic processes and they have been
assayed in EE as well, in particular mast cell
stabilizers and leukotriene receptor antagonists.
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Mast cell stabilisers have been successfully uti-
lized in eosiniphilic gastroenteritis because they
are resistant to gastric acid (75, 76), but study by
Liacouras et al.(77) did not result in clinical nor
histologic improvement with these drugs in a 10-
year review, which presented information on 14
EE child patients treated with 100 mg oral
cromolyn, four times daily for 1 month. Attwood
et al. (78) used high doses of Montelukast (up to
100 mg) in a short series of eight patients
diagnosed with EE. Although most patients
reported symptomatic improvement after treat-
ment in a telephone-based evaluation, none of
them reached resolution of the epithelial inflam-
mation. Gupta et al. (79) determined esophageal
mucosal levels of cysteinyl leukotrienes in chil-
dren with EE and normal controls and found
that they were similar in both groups. The poor
response to these therapies contrasts with results
obtained in other allergic diseases of the airways,
and strongly supports the idea that mast cells
could present a distinctive functional role and
activation pattern in EE. The true consideration
of mast cell as a possible therapeutic target in EE
depends on uncovering its true function in this
disease.

Conclusion

Published data provides indirect evidence of the possible
participation of mast cells in the physiopathology of EE, as
they are cells capable of acting at multiple levels, with
continuing interest in their possible interaction with T
lymphocytes and eosinophils. Mast cell activation pathways
in EE have not been defined so far, but in most patients it
seems not to be IgE-dependent, although the presence of
activated IgE-bearing mast cells in children and adults has
been observed, distinguishing EE from GERD patients.
Studies specifically directed at defining the exact role of mast
cells in EE, which could constitute a potential strategy for
therapy in EE patients, should be promoted.
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