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ABSTRACT

Background.: Eosinophilic oesophagitis (EO) is a
chronic inflammatory disease of the oesophagus,
with an emergent character, defined by the presence
of a dense infiltrate by eosinophilic leukocytes re-
stricted to the mucosa of this organ after excluding
gastro-oesophageal acid reflux. It is manifested by
chronic and/or recurrent dysphagia and episodes of
oesophageal alimentary impaction, with great varia-
tion in terms of intensity, frequency, and duration of
the attacks.

Methods: An Internet-based search was per-
formed for the most recent articles with relevant in-
formation concerning immunopathological mecha-
nisms involved in EO.

Results: Bibliographical data allow us to define
that EO is related to an allergic or hypersensitivity-in-
duced reaction after exposure to foods or inhalants,
with increased prevalence of sensitisation to these
allergens. Data published up to now suggest a cellu-
lar hypersensitivity reaction rather than a humoral
one in the physiopathology of EO. In this disease,
sensitised T-lymphocytes mediate a Th2 type respon-
se, releasing cytokines such as IL-5, with a possible
Th1 component that requires further investigation.
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The function of the abundant CD8+ T-lymphocytes
present in the oesophageal epithelium has yet to be
explained. Mast cells also participate in epithelial in-
flammatory infiltrate in EO, and it is still unknown if
its activation, mainly through IgE, contributes to the
immunopathology of the disease even though EO
rarely manifests immediate hypersensitivity reac-
tions. IL-5 and different forms of eotaxins perform an
important active role in the recruitment of eosino-
phils to the oesophagus.

Conclusions: EQ is an immunologically complex
and little studied entity that is associated with other
allergic diseases and in which different effector cells
participate, determining an immunological response
of cellular rather than a humoral hypersensitivity re-
action. The data available point out that EO is a dis-
order of the Th2 retarded immune response, in
which the triggering factor might not be IgE. Al-
though the final inflammatory phenomena observed
in EO are common for the different patients, the cas-
cade of inflammatory mediators that lead to them
might not be identical in all cases, and the morpho-
logical and functional disorders observed in EO
would represent the final convergence of different
activation forms of the mechanisms of inflammation.

Key words: Eosinophilic oesophagitis. Allergic oe-
sophagitis. Allergic gastrointestinal disorders. Food
allergy.

INTRODUCTION

The mucosa of the digestive tract is a large sur-
face with connection with the external medium,
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which has a primary function as a physiological barri-
er, but, at the same time, it has to possess mecha-
nisms to identify substances and microorganisms
that are in contact with it, and with respect to which
they will act differentially as tolerant or reactive. The
digestive tract mucosa is equipped with several de-
fence mechanisms, both innate and acquired, that
protect the individual from the pathogenic action of
microorganisms or eliminate transformed cells; at
the same time it allows the absorption of partially di-
gested dietary components being tolerant to them.
Several functional and structural specialisations on
the wall of the digestive tube exist with this purpose,
and cells of different lineages with immunological
functions live within it, some with a diffused location
and many of them grouped in the form of follicles or
lymphoid aggregates, which guarantee these func-
tions.

The oesophageal epithelium possesses a different
histological structure than the remaining organs of
the digestive tract; its flat epithelial cells are situated
in different layers, lack secretory or absorption func-
tions, and offer the aspect of a mere lining of a duct.
Although acinar glands, lubricating mucous and bi-
carbonate secretors exist in the submucosal layer
these cells are very scarce in comparison with other
sections of the digestive tract. In addition, the pres-
ence of resident cells from innate immunity or lym-
phoid aggregates is negligible in comparison with
other more distal sections, which are characterised
by the presence of companion bacteria and for pos-
sessing absorption functions. The structure of the
oesophageal mucosa is constituted like a passage
duct, although, like every epithelial surface, it pos-
sesses its own surveillance system. The oesopha-
geal infiltration by eosinophils reflects the immune
response capacity of the organ and indicates the type
of effector cell that could be responsible for the in-
flammatory profile.

Eosinophilic oesophagitis (EO) is a recently de-
scribed clinical-pathological entity'. The number of di-
agnosed and reported cases originating from several
developed countries has increased exponentially in
the last few years, causing it to be considered an
emerging disease?®. It consists of a chronic inflam-
matory disorder restricted to the oesophageal mu-
cosa manifested with oesophagus-related symp-
toms, such as recurrent dysphagia and frequent
episodes of food impactation, with great variability in
terms of intensity, frequency and duration of the at-
tacks®. It should be considered in the differential di-
agnosis of dysphagia, especially in young males who
present other allergic displays. In EO, dysphagia
seems to be a consequence of an inflammatory re-
sponse and not an anatomical obstruction of the oe-
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sophagus to food passage®. Also called allergic oe-
sophagitis®, it is associated with other atopical mani-
festations in a very high number of cases, and it is re-
lated with exposure to alimentary or environmental
allergens’. The recognition of EO makes it neces-
sary to expand the standard motor function of the oe-
sophagus as a passage duct from the pharynx to the
stomach, to include its immunological functions®.

Different works, a great majority in the last
5 years, have shed light on different clinical, phys-
iopathological, and therapeutic aspects of EQ, but
until now we lack a conclusive hypothesis that com-
pletely explains the genesis and mechanisms that
lie beneath this disease. The present article suppos-
es a revision of the most recent discoveries in the
immunopathology of EQ, analysed from the cellular
and molecular bases of the inflammation and gas-
trointestinal allergy.

DIGESTIVE MUCOSA AND GALT:
IMMUNOLOGICAL TOLERANCE
AND GASTROINTESTINAL ALLERGY

The intestinal lymphoid tissue is formed by resi-
dent lymphocytes located in Peyer's patches, in the
lamina propria and with an intraepithelial localisation.
The lymphocyte population of the digestive mucosa
is anatomically, phenotypically and functionally com-
partmentalised in inductive sites (Peyer’s patches
and mesenteric lymph nodes) and effector sites (lam-
ina propria and intraepithelial compartments)®. Pey-
er's patches are located throughout the small intes-
tine, being more abundant and developed in the
distal ileum. The oral mucosa and the colon (specially
the appendix) and rectum are places for the con-
trolled capture of antigens and activation of
non-stimulated B and T-lymphocytes. In addition, the
mucous lymphocytes stimulated in one region can
travel to other mucous surfaces and construct the
so-called Mucosa-Associated Lymphoid Tissue
(MALT) in which the immunisation at any level (nasal,
oral, intestinal, bronchial) can induce protective re-
sponses in all the mucous surfaces. Other immune
cells which reside in the mucosa are: Langerhans
cells, mast cells and dendritic cells. As opposed to
lymphoid tissue in other peripheral locations, resi-
dent eosinophils can be found forming part of it. Al-
though plasma cells that produce immunoglobulin
(Ig) G and IgE are located mainly in the bone marrow
and its products circulate in the blood, the majority of
IgA secreting cells in the human body are located in
the Gut-Associated Lymphoid Tissues (GALT) and the
respiratory mucosa. This IgA has the capacity to form
complexes with antigens in the intestinal lumen
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without activating the complement system, prevent-
ing its penetration in the organism. Other cells that
participate in the immune function of the gastroin-
testinal mucosa are the regulating T lymphocytes
(which generate tolerance) that maintain controlled
local responses versus commensal bacteria or di-
etary components, avoiding an inflammatory re-
sponse against these innocuous antigens' ",

The loss of the capacity of immunological toler-
ance of the digestive mucosa against different in-
testinal lumen antigens triggers immune responses
that result in pathologic inflammatory reactions that
affect the wall of the digestive tract. In the past few
years the incidence of food allergy has significantly
increased, a result probably related to the social-eco-
nomical development in industrialised countries like
the "hygiene hypothesis” proposes’. At the same
time, several scientific works have increased our
knowledge about the pathological characteristics of
food hypersensitivity.

Taking into account its physiopathological mecha-
nisms, food allergies can be classified into three
large groups, depending on whether the allergic re-
action is completely mediated, partially mediated, or
independent of the participation of IgE'®4. On the
other hand, food allergies in both children and adults
can affect different sections of the gastrointestinal
tract. All of this allows food allergy to present itself as
different clinical entities, such as the oral allergy syn-
drome; food protein-induced enterocolitis; allergic
constipation; and other forms of dysmotility (this
could include some cases of irritable bowel syn-
drome); and gastrointestinal diseases related to
eosinophils’®15,

Allergic gastrointestinal diseases mediated by
eosinophils constitute a small group of recently
emergent pathologies that are the object of increas-
ing interest by the scientific community’®. Although
the physiopathological mechanisms for these dis-
eases have not been elucidated at all, more and
more clinical and experimental evidence is becoming
available which is leading different authors to pro-
pose mixed mechanisms mediated and non-mediat-
ed by IgE in the genesis of these diseases'"".

EOSINOPHILS AND DIGESTIVE DISEASES

In many gastrointestinal disorders, an increased
number of eosinophils can be detected (Table I). In
some of them, like eosinophilic gastroenteritis,
eosinophils act as the main effector cell in damaging
the tissues’®. In others, like inflammatory bowel dis-
ease and gastro-oesophageal reflux, the presence of
eosinophils possesses an uncertain physiopathologi-

cal significance, since in these diseases, eosinophils
can range from not being present to actively secret-
ing the contents of their granules’®?4; it is thought
that in these cases, eosinophils could be performing
a regulatory function?®. Their presence in the oesoph-
agus is observed in different pathological processes,
like gastro-oesophageal reflux disease (GERD)?® (for
many years the presence of these cells and the di-
agnosis of the disease were considered synony-
mous?®?’), after caustication of the organ, infections,
parasitisations, pharmacological reactions, haemato-
logical neoplasia, Crohn’s disease, radiations, etc.

IMMUNOPATHOLOGICAL MECHANISMS OF EO

Allergy, genes and GERD, constitute a combina-
tion of possible causes of EQ: it is an atopy-associat-
ed inflammatory disease, the cause of which is poor-
ly understood. Allergy has been involved because the
majority of patients have evidence of personal or fa-
miliar history of asthma, allergic rhinitis, atopic der-
matitis, hypersensitivity to drugs, foods or aeroaller-

Table |

Classification of gastrointestinal diseases
associated to eosinophils

Eosinophil associated oesophagitis:
— Primary eosinophilic oesophagitis
— Secondary:
e Eosinophilic diseases: Hypereosinophilic syndrome
¢ Non-eosinophilic diseases: latrogenic disorder (drugs), GERD,
Infestations, oesophageal leiomyomatosis, connective tissue
diseases (scleroderma)

Eosinophil associated gastroenteritis:
- Primary eosinophilic gastroenteritis (mucosal, muscular and
serosal forms)
- Secondary:
¢ Eosinophilic diseases: Hypereosinophilic syndrome
¢ Non-eosinophilic diseases: Celiac disease, connective tissue
diseases (scleroderma), latrogenic disorder (drugs, radiations),
infestations, Inflammatory bowel disease, Vasculitis
(Churg-Strauss syndrome)
Eosinophil associated colitis:
- Primary eosinophilic colitis (allergic colitis of the infancy)
- Secondary:
e Fosinophilic diseases: Eosinophilic gastroenteritis,
hypereosinophilic syndrome
¢ Non-eosinophilic diseases: Celiac disease, connective tissue
diseases (scleroderma), latrogenic disorder, Infestations,
Inflammatory bowel disease, Vasculitis (Churg-Strauss
syndrome)

Modified from Rothenberg ME, 2004.
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gens, blood eosinophilia or elevated levels of seric
IgE?82%. Positive skin prick responses and RAST re-
sults have usually been described in patients with
EQ. Furthermore, the resolution of histological le-
sions in patients submitted to elemental diets (lack-
ing allergic capacity) has also been reported®. A sat-
isfactory clinical response to antieosinophilic
therapies is also observed in EO, thus it is evident
that eosinophilic leukocytes play an important role in
the development of dysphagia. In addition to this al-
lergic hypothesis, some authors have suggested that
gastro-oesophageal reflux (GER) could play any etio-
logical role in EO, by inducing abnormal immunologi-
cal responses®'.

Immunological mechanisms of gastrointestinal
diseases associated to eosinophils in general, and
particularly in EO, have been investigated through
different strategies®:

a) Immunohistochemical staining of oesophageal
mucosa to define the nature of the inflammatory in-
filtrate of EQ.

b) Study of the expression of cytokines in popu-
lations of blood-circulating lymphocytes obtained
from cases of oesophageal eosinophilic infiltration®®.

c) Analysis of the capacity of T lymphocytes ex-
tracted from patients with EO and cultivated under
determined conditions for the production of cy-
tokines of a specific inflammatory profile®’8,

d) Analysis of gene expression of proinflammato-
ry cytokines in samples of normal mucosa, and also
from patients with EQ3%41,

e) Development of experimental animal models
of eosinophil infiltration of different segments of the
digestive tract, trying to reproduce the conditions
that will trigger, perpetuate, or regulate the infiltration
by eosinophil leukocytes®”4243,

INFLAMMATORY INFILTRATION
IN OESOPHAGEAL MIUCOSA

The immunohistochemical staining techniques im-
plemented to samples of oesophageal mucosa and
other sections of the digestive tract have allowed us
to identify distinct cellular types and learn a great
deal of data on the nature of the inflammation and on
the immunological capacity of the oesophagus.
Nowadays, we know that under normal conditions
human oesophageal epithelium possesses all the
cellular types needed for the development of a local
immunological response*, these are: antigen-pro-
cessing and presenting Langerhans cells, T-lympho-
cytes and effector cells (like eosinophils, mast cells,
and maybe plasma cells), whose densities noticeably
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increase in EO with respect to GERD and in healthy
control individuals*®#¢. The number of these inflam-
matory cells in the gastric and duodenal mucosa
does not differ between patients with EO and
healthy subjects, which suggests that the inflamma-
tory process in this disease is restricted to the oe-
sophagus’#’.

T-LYMPHOCYTES IN EOSINOPHILIC
OESOPHAGITIS

The biology of eosinophils is closely regulated by
T-lymphocytes by means of different molecules: the
development of blood eosinophilia and the
eosinophilic infiltration in the lung in response to al-
lergens is integrally dependent of this T cells.
Eosinophils of athymic mice (almost completely lack-
ing T-lymphocytes) respond in an altered way to al-
lergens and parasites, and present an anomalous be-
haviour in situations of inflammation?. T-cells also
seem to perform a central function in EO*4 The
normal human oesophageal epithelium contains
T-lymphocytes; a decade ago, it was established that
their numbers increased in the presence of GER*°.
More recently, different works have described that in
EQO the number and density of these cells increases
dramatically with respect to healthy control groups
and patients with GERD?2346.50 in both pediatric®®®
and adult cases*. The CD8+ T-lymphocytes prove to
be predominant in EO, since they make up to three
quarters of the total T-lymphocytes, in the same way
that occurs in other sections of the digestive tract®.

CD4+ T-lymphocytes and Th2-type responses

Murine experimental models of EO have defined
that this disease responds to an immune cellular type
reaction®?%3. In the generation of which responses
mediated by T-cells with a Th2-type cytokine secre-
tion profile have been implicated, with a central role
for interleukin (IL)-5 in the induction of eosinophilic in-
flammation3947.83.54,

Th2-type responses are mainly mediated by T
helper CD4+ cells, which are mainly producers of
Th2 type cytokines such as IL-4, IL-5, IL-9, and IL-13.
Th2 lymphocytes are powerful activators of the pro-
duction of antibodies by B-cells, especially of IgE,
essentially through stimulation by IL-4 and [L-13%,
but they can also induce the recruitment and activa-
tion of effector cells like the eosinophil through the
production of IL-5 and diverse chemokines.

The majority of studies about eosinophilic tissue
recruitment have taken place in the lung and have
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shown an integral role for IL-5%58 as an important
factor for the proliferation, differentiation, survival,
and activation, not only of eosinophils, but also of
helper T lymphocytes and mast cells in chronic aller-
gic reactions. IL-5 has been clearly implicated in the
physiopathology of allergic asthma®”%8 and in fibrous
remodeling phenomena that occur in bronchial®® and
cutaneous® inflammation. In the investigation of the
role of this cytokine in EQO, transgenic mice, models
were developed that over-expressed IL-5 which
caused them to experience an increase in eosino-
phils circulating in blood and an intense accumulation
of eosinophils in the oesophageal lamina propria and
the small intestine, proportional to the seric concen-
tration of IL-57?2 when stimulated with allergens by
inhalatory*26.62 or epicutaneous way®. In the oppo-
site case, mice with a deficiency of this cytokine did
not develop eosinophilic oesophagitis when exposed
to aeroallergens*?. These findings strongly suggest
the existence of a type Th2 immunological response
in the pathogenesis of EOQ%. Although experience in
humans is limited, we also have evidence that pa-
tients with EO show elevated levels of Th2 cyto-
kines, like IL-4, IL-5, and 1L-133%7:4064 in their oesopha-
gi. The production of IL-5 by blood lymphocytes in
patients with EO also shows a significant increase in
comparison to normal controls®, this occurrence can
also be observed after its stimulation in vitro®. Fur-
thermore, the percentage of blood circulating IL-5+
CD4+ T-cells correlates with the degree of oeso-
phageal tissue eosinophilia®.

The importance of the effect of IL-5 has been
made evident in recent clinical trials which demon-
strate a significant reduction in the eosinophilic oe-
sophageal infiltrate and in blood eosinophilia after
treatment with a monoclonal humanised anti-IL-5 an-
tibody (MepolizumADb) in short series of patients with
EQ®% and hypereosinophilic syndrome®’. On the other
hand, a study that analysed changes induced by
treatment with topical steroids on the expression of
eosinophilotropic cytokines in a series of eight pa-
tients with EO that had normalised oesophageal his-
tology showed that in some cases, the remedying
of the inflammatory epithelial infiltration was not as-
sociated to changes in the gene expression of IL-54.
These results suggest that the effect of this cytokine
in itself might not be enough to explain the molecular
pathology of EQ, forcing us to consider the synergic
effect of other molecules, such as, eotaxins, |L-3 and
GM-CSF, which have also been directly implicated in
the proliferation and accumulation of eosinophils in
response to allergens, in its post-mitotic regulation,
survival, activation, and capacity of response to other
signals”?%. Mast cells and activated eosinophils are
capable of secreting these cytokines, which could

mean that an autocrine process could exist that, at
least partially, would be responsible for the survival
and accumulation of eosinophils in tissues. Currently
no study to determine the gene expression of
[L-3 and GM-CSF in EO exists, but we can turn to
some experience obtained from animal models that
would support this event®':62,

The potential role of eotaxins in the physiopatholo-
gy of EO has recently been analysed: eotaxins are a
subfamily of chemokines (which groups 3 molecules
named eotaxin-1, 2, and 3) which act like potent
chemoattractors specific for eosinophils through
chemokine receptor (CCR)-3, which are primarily
found in these leucocytes®®. Eotaxin-1/CCL11 has
been the most studied chemokine in the digestive
tract®®71, where it is found ubiquitously expressed
and its mMRNA can be isolated from the mononuclear
resident cells in the lamina propria of the small intes-
tine, which is the zone where most gastrointestinal
eosinophils reside in normal conditions. Studies on
mice deficient in eotaxin-1/CCL11 show that these
mice possess less eosinophils in all of the segments
of the digestive tube, even when stimulated by aller-
gens and in the presence of elevated levels of IL-5,
because the absence of eotaxin-1 blocks the recruit-
ment of eosinophils in the gastrointestinal tract and
the lungs, thus increasing the number of blood
eosinophils*?. Therefore, eotaxin-1 is critical for the
recruitment of eosinophils in the gastrointestinal
tract through a tissue-specific effect’?. Elevated lev-
els of eotaxin-1 are associated to different inflamma-
tory diseases of the human respiratory tract and cor-
relate with the clinical gravity of the process’37®.
Although an increase of serum levels of eotaxin-1/
CCL11 in EO has not been observed’®, this chemo-
kine seems to perform an important role in both
murine*? and human*' EO.

Other studies have centred their interest on eo-
taxins-2/CCL24%° and more recently on eotaxin-3/
CCL26%, after observing that the latter was the most
intensely overexpressed in epithelial cells of the oe-
sophagus of patients with EO with respect to con-
trol subjects: the mRNA levels of eotaxin-3/CCL26
and its protein established a very strong mutual rela-
tion with eosinophilia and tissular mastocytosis, at
the same time that its plasmatic levels were higher
than the control subjects. Single nucleotide polymor-
phism (+2496T > G, rs2302009) in the eotaxin-3 gene
is associated with susceptibility to suffer EO*°, and
mice deficient in eotaxin CCR-3 receptor gene are
protected against developing experimental EO. The
proportion of peripheral blood eosinophils and its
CCR-3 expression are elevated in patients with active
EO, in comparison with non-atopic control, and es-
tablish a positive correlation with the degree of oe-
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sophageal eosinophilia and the tissular expression of
the eotaxin-3 mMRNA in the oesophageal epithelium®®.

However, the potency of eotaxin-1/CCL11 as a lig-
and of CCR-3 appears to be at least 10 times greater
than that of eotaxin-3/CCL2677, therefore modest
changes in the gene expression of eotaxin-1 could
also perform a relevant function in the recruitment
of eosinophils towards the oesophagus*'.

RANTES (Regulated upon Activation, Normal
T-cells Expressed and Secreted chemokine) is anoth-
er chemokine involved in inflammatory processes,
whose genetic expression appears slightly increased
in murine EO with respect to control epithelia®’" and
also in a series of children with EO compare with
healthy subjects®®. Both RANTES and eotaxins are
produced exclusively by inflammatory cells, since
they are not detected in epithelial cells of the oe-
sophagus, although it has been recently shown that
IL-4 and IL-13 are capable of selectively inducing the
gene expression of eotaxin-3 in cutaneous ker-
atinocytes’®. Something similar occurs in the case of
the epithelial cells of the oesophagus, since a recent
work has demonstrated that, after treatment of pri-
mary oesophageal epithelial cultured cells with I1L-13,
a global expression transcript profile that remarkably
overlapped with the EO-specific oesophageal tran-
scriptome was observed’®. Furthermore, oe-
sophageal epithelial cells markedly produced eotax-
in-3 after IL-13 stimulation, and increased IL-13
mMRNA levels and the EO transcripsome were large-
ly reversible after glucocorticoid treatment in vivo.

T CD8+ limphocytes

The Th2 responses described to date in the phys-
iopathology of EO are fundamentally mediated by
CD4+ helper T-lymphocytes, but the lymphocytary in-
filtrate in EO is predominantly CD8+334¢, Different
studies support evidence for the contribution of T
cytotoxic (Tc) cells in the pathogenesis of allergic dis-
eases. Tc cells have been divided into two subsets
that secrete Th1 or Th2 cytokines (Tc1 or Tc2). The
contribution from Th1 profile cytokines (those of
which IFN+vy and TNFa are clear exponents) to the
physiopathology of the disease is controversial. Con-
ceptually, Th1 cytokines could act like counter-regu-
lators of Th2 reactions, but the concurrent expres-
sion of Th1 and Th2 interleukins exacerbates the
symptoms, mainly in chronic processes®. This sug-
gests that once a Th2 cell response has been estab-
lished, Th1 counter-regulation is more complex®°.
Straumann et al. found an increased expression of
TNFa in oesophageal biopsies from 8 adult patients
sufferers of EO%’, and Gupta et al. have reported an
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over expression of IFNy gene in oesophageal epithe-
lium in a series of children affected by this disease®;
for this reason we should consider that the inflam-
matory cascade mediated by Th1 could also play
some type of function in the pathogenesis of EQO, at
least at the local level, since the production capacity
of TNFa by blood lymphocytes from patients with
EO did not increase with respect to control sub-
jects®847,

The main function of CD8+ T lymphocytes is the
MHC class I-restricted cytotoxicity (Tc1), a function
that has yet to be researched in EO. Nevertheless,
we should consider the possibility that CD8+ T lym-
phocytes, maintaining their phenotype, could show a
reduced Tc1 function, and on the other hand, could
act like cytotoxic-2 (Tc2) T cells. This functional
change would be a result of the presence of IL-4
(which could proceed from CD4+ Th2 T lymphocytes
from the epithelial infiltrate), which induces the
Tc2 lymphocyte to produce more IL-4 and IL-5 with a
fundamental function in the recruitment of
eosinophils'8182 and support to B-lymphocytes for
the production of IgE®"®3; as a result, CD8+ T lym-
phocytes would act as an enhancer of tissular inflam-
mation in allergic diseases.

NK lymphocytes

Through flow cytometry NK cells (classically con-
sidered potent IFNvy secretors) that expressed
IL-5 have been identified in circulating blood of pa-
tients with EO, in a significantly greater number than
in non-atopic controls®. We do not know the con-
crete pathological meaning of this event, although re-
cent studies have described a subtype of NK cells
producers of IL-4 and IL-5 (NK2 cells)®* which are in-
creased in asthma and atopic dermatitis®, and that in
the case of EO could contribute to the histopatho-
logical changes observed in the mucosa of these pa-
tients®®, analogous to the way it occurs in celiac dis-
ease®.

B-lymphocytes

Very few studies have been aimed at identifying
B-lymphocytes in the oesophageal mucosa, although
it seems that they could also appear in far lower
numbers than T-lymphocytes®. However, cells with
intense anti-IgE staining have been identified. These
could be plasma cells that secrete this type of im-
munoglobulin inside the oesophageal epithelium?,
that do not express CD19 nor CD20, which are clas-
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sic B-lymphocyte markers and from which they pro-
ceed. Synthesis and local secretion of IgE could justi-
fy the existence of symptoms in patients with nega-
tive cutaneous tests.

DENDRITIC LANGERHANS CELLS

Dendritic cells are professional antigen-presenting
cells that have the capacity to stimulate naive T lym-
phocytes and induce primary immune responses or
tolerance®’. Langerhans cells derive from the bone
marrow®& and are located in all squamous epitheli-
um®, including the oesophagus, where they can be
identified through electronic microscopy®' and im-
munoperoxidase®, with half the density observed in
the epidermis®. Characterised by their CD1a expres-
sion®%, Langerhans cells possess a different identi-
ty than monocytes-macrophages, being ontogeneti-
cally closer to lymphoid dendritic cells, with functions
in antigen presentation, which they catch in the skin
and mucosas, internalising, digesting, and transport-
ing them to the lymphatic nodes®, where they pre-
sent a small fragment of the antigen on its surface
to the T lymphocytes in conjunction with the
HLA-DR® and 1a% type MHC, participating in anti-
gen-specific T cell responses®. In the oesophagus,
Langerhans cells possess the same structure as in
the epidermis settling on the suprabasal area and
along the papillae of the lamina propria, maintaining a
stable position, perhaps because of the action of ad-
hesive molecules. Studies by stereology have estab-
lished that the density of Langerhans cells in the hu-
man oesophagus remains stable even in pathological
conditions of this organ“®.

MAST CELLS IN THE PHYSIOPATHOLOGY OF EO

Mast cells are widely recognized as effector cells
that trigger the innate response against pathogens
following their activation through receptors with high
affinity for IgE (FCeRI), Toll-like receptors'® or via
non-immunological mechanisms'?192 They are es-
sential in the defense of the host against helminths,
and the main effectors of allergic disorders associat-
ed to IgE'® through the release of different media-
tors stored in their cytoplasmic granules, of which
histamine stands out. Histamine takes part in the ear-
ly allergic responses through the binding to H1 re-
ceptors, and through other receptors (H2 to H4) it
can modulate the immune response’®'% through its
action over dendritic cells and T lymphocytes. Be-
sides their effector function, the function of mast
cells as a modulator of T cell mediated responses is

being increasingly recognized'®®, with a central role in
orchestrating inflammation%.

In normal conditions, mast cells are present in the
oesophageal epithelium, increasing their density in
GERD, and especially in EQ34394546.107.108 ' Racent re-
search which analysed the presence of mast cells as
a histological marker also showed that there was ev-
idence of cellular activation only in the case of EO
mast cells, in the form of positive immunostaining
against IgE and structural modifications demonstra-
ble through electronic microscopy?*®. Mast cell de-
granulation-inhibiting drugs have been successfully
tested in the treatment of eosinophilic gastroenteri-
1is199110 ‘and appear to be effective for the control of
EO symptoms, although further experience is need-
ed. Increasing evidence highlights the potential func-
tion of mast cells in the physiopathology of EO:
Mann et al. hypothesized that upon antigen expo-
sure, oesophageal mast cells increase histamine lev-
els and subsequently induce an accumulation of
eosinophils in sensitised individuals. Secondarily,
eosinophilic chemotactic factors result in further
eosinophilic accumulation and degranulation'. On
the other hand, some of the proteins contained in the
granules of eosinophils, particularly Major Basic Pro-
tein (MBP) can induce degranulation of mast cells
and production of TNF-a, and as a result, the exis-
tence of an interaction between these two cellular
types can be proposed, in the form of a feedback
loop that increases the inflammatory response''2,
Other Th2 type cytokines released by mast cells de-
termine an environment that favours allergic inflam-
mation processes'®, recruitment of T cells and bone
marrow proliferation of eosinophils.

The participation of mast cells in the origin of the
motor disorders linked to EO has also been pro-
posed: in a study by means of confocal microscopy
on alimentary allergy, mast cells have been identi-
fied in the vicinity of the afferent nervous fiber''s;
their content in histamine, Leukotriene C, and
platelet-activating factor can alter the stability of the
membrane potential or induce the direct contraction
of oesophageal smooth muscle'. Acetylcholine
release induced by histamine may result in smooth-
muscle contraction of the circular layers in the
oesophageal wall. Indeed, mast-cell activation and in-
creased mucosal histamine levels have been obser-
ved in experimental models of oesophagitis'®',

The activation mechanism of mast cells in EO is
not clear; in it, allergic sensitisation is common, since
the majority of reported patients present high levels
of specific seric IgE against multiple alimentary or en-
vironmental allergens?38. However, only a minority
of these cases has a history of anaphylaxis against
food'"”, which suggests that IgE would participate in
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the physiopathology of EO through mechanisms that
are different to the classical IgE mediated mast cells
and basophile activation in Type | hypersensitivity re-
actions. Nevertheless, there is evidence of the de-
velopment of EO shot through an immediate hyper-
sensitivity reaction after the ingestion of foods in
previously sensitised patients with elevated serum
levels of specific IgE against these foods'®.

EOSINOPHIL FUNCTIONS
AND PHYSIOPATHOLOGY OF EO

The recruitment of eosinophils towards the oe-
sophagus is the result of the action of different inter-
leukins and eosinophilotropic chemokines, resulting
in the onset of the histopathological characteristics of
the disease. Eosinophil leukocytes are functionally
complex cells, which intervene in the pathogenesis
of multiple processes, especially in the protection
against parasites''®'?° and in allergic reactions®. Their
effector function is exerted by means of the
preformed cytotoxic proteins stored in their granules
(Major Basic Protein, Eosinophil peroxidase, Eosi-
nophil derived neurotoxin, Eosinophil Cationic pro-
tein) and lipid mediators (platelet-activating factor,
leukotriene C,) that induce the activation of vascular
endothelium and contribute to cellular dysfunction??.,
Eosinophils can act like antigen-presenting cells af-
ter being induced to express molecules of the Class
[ MHC™" and co-stimulating molecules like CD28,
CD40, CD80 (B7.1), and CD86 (B7.2)'?2123 stimulat-
ing, by themselves, T lymphocytes and triggering
antigen specific immune responses in vivo. Finally,
they have the capacity to secrete lymphocyte-stimu-
lating cytokines, such as IL-2, IL-4, IL-6, IL-10 and
[L-1224724 Furthermore, they exert a proinflammatory
effect through the release of a series of cytokines
(IL-2, IL-4, IL-5, I1L-12, IL-16), chemokines (RANTES
and eotaxins), and lipid mediators??, and profibro-
genic effects mediated by TGF o/B.

The cytotoxic role of eosinophils in EO is directly
related with the observed histopathological changes
in the mucosa of the organ, which are characterised
by acanthosis, papillomatosis, hyperplasia of basal
cells, and spongiosis'?126, with destruction of the
most superficial epithelial layers (in contact with the
lumen of the oesophagus) and the regenerative re-
sponse from the basal layers of the epithelium. Cor-
relation between the severity of the histological and
endoscopic damage and density and activation of the
eosinophilic infiltrate has been described’?’, although
the participation of other cellular types in its genera-
tion should be contemplated. At the same time,
eosinophils themselves can contribute to oesopha-
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geal motor disorders which clinically characterise EQ,
through the action of MBP as a powerful agonist of
the M2 receptors of acetylcholine that govern the
function of the smooth oesophageal muscle®®'?8, In
asthma, eosinophils are implicated in the remodelling
of the bronchial wall through the release of toxic me-
diators from its cytoplasmic granules®’. Similarly, fi-
brous oesophageal remodelling in children with EQ,
by subepithelial collagen deposits, through a mecha-
nism dependent of TGFB has recently been de-
scribed!?9120,

The action of eosinophil leukocytes over the com-
ponents of the oesophageal epithelium or over the
inflammatory cells themselves can contribute to the
maintenance, recruitment, or even the perpetuation
of the inflammatory infiltrate. Nevertheless, all the re-
sults exposed until now are limited by the fact that
they are obtained through the analysis of cellular pop-
ulations and the cytokine expression at the oeso-
phageal epithelial level, and predict nothing of the be-
haviour of the inflammatory infiltrate in the subjacent
layers, like the submucosal, which is precisely the
zone of the organ where the density of the cells with
immunological capacities, is greater in normal condi-
tions.

ANTIGENIC SENSITISATION IN EO

Nowadays there is no doubt about the allergic and
chronic nature of EQ, with an inflammation pattern
and a profile of cytokine secretion similar to that
found in allergic diseases of the respiratory ways''
and the skin'™?, which respond satisfactorily to treat-
ments effective in asthma®. EO seems to comprise
a different local allergic expression inside the general
atopic constitution in these patients?'33, which has
special physiopathological implications through
mechanisms that have not been totally explained.
The number of increased eosinophils in blood in
many patients in response to a stimulation of the
bone marrow'®4, the evidence of the inflammation in
other organs (like bronchial asthma, rhinoconjunctivi-
tis, or atopic dermatitis), or the antigenic sensitisation
throughout different ways, support this hypothesis.
Despite the fact that EO can be considered a form
of allergy of the digestive tract'™ 713, today we know
that sensitisation is not only produced through the
oesophageal mucosa: Besides the Mishra et al.*?
murine experimental model that developed EO after
the antigenic exposure in the upper respiratory ways,
the sensitisation against environmental inhalants is
common in a large proportion of EO cases. The par-
allel evolution of the eosinophilic infiltrate with envi-
ronmental exposure to pollen in sensitised patients
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has also been reported’® '3, with the possibility of
exacerbation of its symptoms during the pollination
period™81%8, On the other hand, sensitisation through
the skin has also been demonstrated and the subse-
quent developing of EO in sensitised mice through
an epicutaneous via, by an IL-5 dependent mecha-
nism®. These sensitisation mechanisms could be
framed in the concept of “atopic march”'3°, accord-
ing to which, the re-exposure to an antigen through
the oesophageal mucosa would lead to the activation
of the sensitised T-lymphocyte clones and to local
inflammatory phenomena, which could be efficiently
controlled by treatment with local action topical
steroids.

In aeroallergen-sensitised patients, food sensitisa-
tion is also frequent'®, a fact presented in the litera-
ture in more than 50 % of patients with EQ. It seems
logical to think that a clear relation exists between
both types of sensitisation, since foods of vegetable
origin can easily present crossed reactions with
pollen; this has been observed especially in cereals
like wheat, rye, and with grass pollen?. Among food
allergens the vegetable based ones; milk; and eggs
stand out as the most common. Regarding allergenic
sensitisation, while food sensitisation is more fre-
quent in children®%%.141 it seems to be that inhalants
could play a more important role in adults: A recent
study showed a frequent sensitisation of peripheral
blood lymphocytes in adult patients with EO against
multiple environmental allergens, in which house
dust stood out®, without needing elevated seric IgE
to be present against such allergens. In this way an
immunological pattern for EO was established de-
pending on the age of patients. More studies that en-
sure these potential differences are required.

The increase in the incidence of alimentary allergy
manifestation and the rising number of possible trig-
gering antigens' highlights the importance of study-
ing allergic sensitisation in these patients'2'43, Diag-
nostic tests have traditionally been based in the
detection of specific IgE against certain foods and
inhalants, based on their detection and quantifica-
tion in serum, or with immediate hypersensitivity
skin tests or prick tests. Both of these types of stud-
ies show multiple sensitisations in patients with
EQ™1144145 Elemental diets (lacking antigenic capac-
ity) have been shown to be an effective solution to
EO in children, but the exclusion of foods with an ex-
isting IgE-mediated sensitisation does not offer the
same result, which leads us to consider the need for
cell mediated retarded sensitisation detection. In
spite of the frequent presence of elevated serum IgE
levels which are specific against multiple allergens
in most EO patients, these usually lack a history of
anaphylaxis in relation to food, although they can

rapidly develop oesophageal symptoms and eosino-
philic infiltration following exposure to antigens''8149,
especially by oral way. The presence of the complete
allergen is necessary for the induction of immediate
IgE-mediated allergic responses, while the activation
of T-lymphocytes only needs the presence of con-
crete peptides’®. Peptides that do not contain epi-
topes of recognition for IgE, but which preserve the
ones recognized by T-cell, are generated during the
digestive process'’. It has been proposed that these
digestive peptides are capable of inducing strong in-
flammatory responses mediated exclusively by
T-cells™814° both local and systematic, in the ab-
sence of previously IgE mediated events, when
faced with re-exposure to the antigen in the oe-
sophageal mucosa, sensitised lymphocytes would
organize the inflammatory response by eosinophils,
without the participation of IgE®°.

The study of atopic diseases conditioned by a cel-
lular immunity disorder has offered greater complica-
tions than that of humoral type hypersensitivity man-
ifestations. The methods to analyse cell-mediated
retarded hypersensitivity reactions (Patch tests) have
been applied to atopic dermatitis (an IgE and non-IgE
mediated mixed ethology disorder)'°'®" determined
by different foods (especially milk, wheat, and
nuts'?) and, very recently, to EO'®, with not very
conclusive results; in this last study, the elimination
of foods to patients who showed sensitisation,
demonstrated through prick test and/or patch test
carried out on patients with EO, was so extended
that it supposed a real risk of nutritional depriva-
tion'®3, although it obtained the control of the oe-
sophageal inflammation in a good proportion of cas-
es. The analysis of Th2 profile cytokine's production
capacity by peripheral blood lymphocytes in patients
with EO when they were incubated in vitro with cer-
tain allergens®® represents a new strategy for the
study of cell-mediated responses in the study of food
allergy.

Besides the control to antigenic exposure of foods
or inhalants, considering the previously mentioned
data, for a good control of EO it will be necessary to
optically control all the allergic manifestations that
the patient presents, such as asthma or atopic der-
matitis, in addition to the food allergies.

CONCLUSIONS

The complexity and heterogeneity of the data pre-
sented possibly expresses the interindividual het-
erogeneity in the implicated molecular mechanisms
in the physiopathology of EOQ, wherein IL-5 and dif-
ferent types of eotaxins would present synergic ef-
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fects between themselves and with other less stud-
ied cytokines in the regulating of gastrointestinal
eosinophil levels*'. Even though the final inflamma-
tory phenomena observed in EO are common to dif-
ferent patients, the cascade of inflammatory media-
tors that lead to them might not be identical in all
cases, and the morphological and functional disor-
ders observed in EO would represent the final con-
vergence of different activation forms of inflamma-
tion. Likewise, we should consider that the
heterogeneity of the results could be related with the
time of evolution of the disease or with the moment
of the last exposure to the allergen responsible for
the epithelial inflammation. These questions should
be elucidated through subsequent studies.

REFERENCES

1. Attwood SE, Smyrk TC, Demeester TR, Jones JB. Esopha-
geal eosinophilia with dysphagia. A distinct clinicopathologic
syndrome. Dig Dis Sci. 1993;38:109-16.

2. Lucendo AJ, Carrién G, Navarro M, Pascual JM, Gonzalez P,
Castillo P et al. Eosinophilic esophagitis in adults: an emerg-
ing disease. Dig Dis Sci. 2004,49:1884-8.

3. Nielsen RJ, Husby S. Eosinophilic oesophagitis: epidemiolo-
gy, clinical aspects, and association to allergy. J Pediatr Gas-
troenterol Nutr. 2007;45:281-9.

4. Furuta GT, Liacouras CA, Collins MH, Gupta SK, Justinich C,
Putman PE et al. Eosinophilic esophagitis in children and
adults: a systematic review and consensus recommenda-
tions for diagnosis and treatment. Gastroenterology. 2007;
133: 1342-63.

5. Markowitz JE, Liacouras CA. Eosinophilic esophagitis. Gas-
troenterology Clin North Am. 2003;32:949-66.

6. Picus D, Frank P. Eosinophilic esophagitis. Am J Roentgenol.
1981;136:1001-3.

7. Rothenberg ME. Eosinophilic gastrointestinal disorders. J Al-
lergy Clin Inmunol. 2004;113:11-28.

8. Lucendo AJ. Esofagitis eosinofilica. Med Clin (Barc). 2007;
128:590-7.

9. De Keyser F, Elewaut D, De Wever N, Bensbaho K, Cuvelier
C. The gut associated addressins: Limphocyte homing in the
gut. Baillieres Clin Rheumatol. 1996;10:25-39.

10. MacDonal TT, Pender SL. Lamina propria T cells. Chem Im-
munol. 1998;71:103-17.

11. MacDonal TT, Bajaj-Elliott M, Pender SL. T cells orchestrate
intestinal mucosal shape and integrity. Immunol Today. 1999;
20:505-10.

12. Munoz-Lépez F. Validity of the hygiene hypothesis. Allergol
Inmunopathol (Madr). 2006;34:129-130.

13. Murch SH. Clinical manifestations of food allergy: the old and
the new. Eur J Gastroenterol Hepatol. 2005;17:1287-91.

14. De Angelis P, Markowitz JE, Torroni F, Caldaro T, Pane A,
Morino G et al. Paediatric eosinophilic oesophagitis: Towards
early diagnosis and best treatment. Dig Liver Dis Sep.
2006;38: 245-51.

15. Heine RG. Pathophysiology, diagnosis and treatment of food
protein-induced gastrointestinal diseases. Curr Opin Allergy
Clin Immunol. 2004;4:221-9.

16. Sanchez-Fayos Calabuig P, Martin Reyoso MJ, Gonzélez
Guirado A, and Porres Cubero JC. Los granulocitos eosinéfi-
los: de residentes habituales de la mucosa gastrointestinal

Allergol et Immunopathol 2008;36(4):215-27

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

normal a protagonistas agresivos de la gastroenteritis eosi-
nofilica. Gastroenterol Hepatol. 2006;29:352-7.

. Moneret-Vautrin AD. Gastrointestinal allergy in adults. Eur J

Gastroenterol Hepatol. 2005;17:1293-7.

. Torpier G, Colombel JF, Mathieu-Chandelier C, Capron M,

Dessaint JP, Cortot A et al. Eosinophilic gastroenteritis: ultra-
structural evidence for a selective release of eosinophil major
basic protein. Clin Exp Immunol. 1988;74:404-8.

. Gleich GJ, Adolphson CR. The eosinophilic leukocyte: struc-

ture and function. Adv Immunol. 1986;39:177-253.

Weller PF. The immunobiology of eosinophils. N Engl J Med.
1991; {324:1110-8.

Furuta GT, Ackerman SJ, Wershil BK. The role of the eosi-
nophil in gastrointestinal diseases. Curr Opin Gastroenterol.
1995;11:541-7.

Rothenberg ME, Mishra A, Brandt EB, Hogan SP. Gastroein-
testinal eosinophils. Inmunol Rev. 2001;179:139-55.
Rothenberg ME, Mishra A, Brandt EB, Hogan SP. Gastroin-
testinal eosinophils in health and disease. Adv Immunol.
2001,78:291-328.

Kita H, Adolphson CR, Gleich GJ. Biology of eosinophils. In:
Middletown's Allergy, principles and practise. 6th ed.
Philadelphia, Pennsylvania: Mosby; 2003. p. 305-32.

Mueller S, Aigner T, Neureiter D, Stolte M. Eosinophil infiltra-
tion and degranulation in esophageal mucosa from adult
patients with eosinophilic esophagitis (EE). A retrospective
comparative pathologic biopsy study. J Clin Pathol. 2006; doi:
10.1136/jcp.2005.031922.

Winter HS, Madara JL, Stafford RJ, Grand RJ, Quinlan JE,
Goldman H. Intraepitelial eosinophils: a new diagnostic cri-
terion for reflux esophagitis. Gastroenterology. 1982;83:
818-23.

Brown LF, Goldman H, Antonioli DA. Intraepitelial eosinophils
in endoscopic biopsies of adults with reflux esophagitis. Am
J Surg Pathol. 1984,8:899-905.

Simon D, Marti H, Heer P, Simon HU, Braathen LR, Strau-
mann A. Eosinophilic esophagitis is frecuently associated
with IgE-mediated allergic airway diseases. J Allergy Clin In-
munol. 2005;115:1090-2.

Sgouros SN, Bergele C, Mantides A. Eosinophilic esophagitis
in adults: a systematic review. Eur J Gastroenterol Hepatol.
2006;18:211-7.

Kelly KJ, Lazenby AJ, Rowe PC, Yardley JH, Perman JA,
Sampson HA. Eosinophilic esophagitis attributed to gastroe-
sophageal reflux: improvement with an amino acid-based for-
mula. Gastroenterology. 1995;109:1503-12.

Liacouras CA. Eosinophilic esophagitis: treatment in 2005.
Curr Opin Gastroenterol. 2006;22:147-52.

Lucendo Villarin AJ, De Rezende L. Esofagitis eosinofilica:
Revisién de los conceptos fisiopatoldgicos vy clinicos actuales.
Gastroenterol Hepatol. 2007;30:234-41.

Teitelbaum J, Fox V, Twarog F, Nurko S, Antonioli D, Badizade-
gan K et al. Eosinophilic Esophagitis in Children: in-
munopathological analysis and response to fluticasone propi-
onate. Gastroenterology. 2002;122:1216-25.

Faubion WA, Perrault J, Burgart LJ, Zein NN, Clawson M, Fu-
ruta GT. Treatment of eosinophilic esophagitis with inhaled
corticosteroids. J Pediatr Gastroenterol Nutr. 1998;27:90-3.
Lucendo AJ, Castillo P, Martin-Chavarri S, Carrién G, Pajares
R, Pascual JM et al. Manometric findings in adult eosinophilic
oesophagitis: A study of 12 cases. Eur J Gastroenterol Hepa-
tol. 2007;19:417-24.

Bullock JZ, Villanueva JM, Blanchard C, Filipovich AH, Put-
man PE, Collins MH, Risma KA, Akers RM, Kirby CL, Buck-
meier BK, Assa’ad AH, Hogan SP, and Rothenberg ME. Bul-
lock JZ. J Pediatr Gastroenterol Nutr. 2007;45:22-31.
Straumann A, Bauer M, Fischer B, Blaser K, Simon HU. Idio-
pathic eosinophilic esophagitis is associated with a T(H)2-



38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Lucendo A].—IMMUNOPATHOLOGICAL MECHANISMS OF EOSINOPHILIC OESOPHAGITIS 225

type allergic inflamatory response. J Allergy Clin Immunol.
2001;108:954-61.

Yamazaki K, Murray JA, Arora AS, Alexander JA, Smyrk TC,
Butterfield JH et al. Allergen-specific in vitro cytokine produc-
tion in adult patients with eosinophilic esophagitis. Dig Dis
Sci. 2006;51:1934-41.

Gupta SK, Fitzgerald JF, Roudratynk T, Hogenesch H. Cy-
tokine expression in normal and inflamed esophageal mu-
cosa: a study into the pathogenesis of allergic eosinophilic
esophagitis. J Pediatr Gastroenterol Nutr. 2006;42:22-6.
Blanchard C, Wang N, Stringer KF, Mishra A, Fulkerson PC,
Abonia JP et al. Eotaxin-3 and a uniquely conserved gene-ex-
pression profile in eosinophilic esophagitis. J Clin Invest.
2006;116:536-47.

Lucendo AJ, De Rezende L, Comas C, Caballero MT, Bellén T.
Treatment with topic steroids downregulates II-5, eotaxin-1/
CCL11 and eotaxin-3/CCL16 gene expression in eosinophilic
esophagitis. Am J Gastroenterol. 2008;103:2184-93.

Mishra A, Hogan SP, Brandt EB, Rothenberg ME. An etiologi-
cal role for aeroallergens and eosinophils in experimental
esophagitis. J Clin Invest. 2001;107:83-90.

Mishra A, Schlotman J, Wang M, Rothenberg ME. Critical role
for adaptative T cell immunity in experimental eosinophilic
esophagitis in mice. J Leukoc Biol. 2007;81:916-24.

Lucendo AJ, Navarro M, Comas C, Letran A, Pascual Turrién
JM, Burgos E et al. Capacidad inmunoldgica del epitelio es-
ofdgico humano: estudio inmunofenotipico mediante estere-
ologia aplicado a la esofagitis eosinofilica (abstract). Gas-
troenterol Hepatol. 2006;29:162.

Kirsch R, Bokhary R, Marcon MA, Cutz E. Activated mucosal
mast-cells differentiate eosinophilic (allergic) esophagitis
from gastroesophageal reflux disease. J Pediatr Gastroen-
terol Nutr. 2007;44:20-6.

Lucendo AJ, Navarro M, Comas C, Pascual JM, Burgos E,
Santamaria L et al. Immunophenotypic characterisation and
quantification of the epithelial inflammatory infiltrate in
eosinophilic esophagitis through stereology: an analysis of
the disease’s cellular mechanisms and the esophagus'’s im-
munological capacity. Am J Surg Pathol. 2007;31:598-606.
Rothenberg ME, Mishra A, Collins MH, Putman PE. Patho-
genesis and clinical features of eosinophilic esophagitis. J Al-
lergy Clin Inmunol. 2001;108:891-4.

Miyahara N, Swanson B, Takeda K, Taube C, Miyahara S, Ko-
dama T et al. Effector CD8+ T cells mediate inflammation and
air way hyper-responsiveness. Nature Med. 2004;10:865-9.
Wang HH, Mangano MM, Antonioli A. Evaluation of T-Lyn-
focites in esophageal mucosal biopsies. Mod Pathol. 1994;
7:55-8.

Noel RJ, Putman PE, Collins MH, Assa’ad AH, Guajardo JR,
Jameson SC et al. Clinical and inmunopathologic effects of
swallowed fluticasone for eosinophilic esophagitis. Clin Gas-
troenterol Hepatol. 2004,;2:568-75.

Desai TK, Stecevic V, Chang C-H, Goldstein NS, Badizadegan
K, Furuta GT. Association of eosinophilic inflamation with
esophageal food impactation in adults. Gastrointest Endosc.
2005;61:795-801.

Cerf-Bensussan N, Schneeberger EE, Bhan AK. Immuno-
histologic and immunoelectron microscopic characterization
of the mucosal lynphocites of human small intestine
by the use of monoclonal antibodies. J Immunol. 1983;130:
2615-22.

Spergel J, Rothenberg ME, Fogg M. Eliminating eosinophilic
esophagitis. Clin Inmunol. 2005;115:131-2.

Straumann A. The phisiological and pathological roles of
eosinophils in the gastrointestinal tract. Allergy. 2004;59:
15-25.

Barner M, Mohrs M, Brombacher F, Kopf M. Differences be-
tween IL-4R alpha-deficient mice reveal a role for IL-13 in the
reguklation of Th2 responses. Curr Biol. 1998;8:669-72.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Weller PF, Lim K, Wan HC, Dvorak AM, Wong DT, Cruikshank
WW et al. Role of the eosinophil in allergic reactions. Eur
Respir J. 1996;22:109s-15s.

Gleich GJ, Kita H. Bronchial astma: lessions from murine
models. Proc Natt Acad Sci USA. 1997;94:2101-2.
Cieslewicz G, Tomkinson A, Adler A, Duez C, Schwarze J,
Takeda K et al. The late, but not early, asthmatic response is
dependent on IL-5 and correlates with eosinophil infiltration.
J Clin Invest. 1999;104:301-8.

Gharaee-Kermani M, McGarry B, Lukacs N, Huffnagle G,
Egan RW, Phan SH. The role of IL-5 in bleomycin-induced pul-
monary fibrosis. J Leukoc Biol. 1998;64:657-66.

Phipps S, Ying S, Wangoo A, Ong YE, Levi-Schaffer F, Kay AB.
The relationship between allergen-induced tissue eosinophil-
ia and markers of repair and remodeling in human atopic skin.
J Immunol. 2002;169:4604-12.

Mishra A, Rothenberg ME. Intratracheal IL-13 induces
eosinophilic esophagitis by an IL-5, eotaxin-1, and STAT6-de-
pendent mechanism. Gastroenterology. 2003;125:1419-27.
Mishra A, Hogan SP, Brandt EB, Rothenberg ME. IL-5 pro-
motes eosinophil trafficking to the esophagus. J Immunol.
2002;168:2464-9.

Akei HS, Mishra A, Blanchard C, Rothenberg ME. Epicuta-
neous antigen exposure primes for experimental eosinophilic
esophagitis in mice. Gastroenterology. 2005;129:985-94.
Walsh S, Antonioli D, Goldman H, Fox V, Bousvaros A, Le-
ichtner A et al. Allergic esophagitis in children: a clinicopatho-
logic entity. Am J Surg Pathol. 1999;23:390-6.

Bullock JZ, Villanueva JM, Blanchard C, Filipovich AH, Put-
man PE, Collins MH et al. Interplay of adaptative Th2 immu-
nity with eotaxin-3/C-C Chemokine receptor 3 in eosinophilic
esophagitis. J Pediatr Gastroenterol Nutr. 2007;45:22-31.
Stein ML, Collins MH, Villanueva JM, Kushner JP, Putman PE
et al. Anti-IL-5 (mepolizumab) therapy for eosinophilic
esophagitis. J Allergy Clin Immunol. 2006;118:1312-9.
Garrett JK, Jameson SC, Thomson B, Collins MH, Wagoner
LE, Freese DK et al. Anti-interluekin-5 (mepolizumab) therapy
for hipereosinophilic syndromes. J Allergy Clin Immunol.
2003;113:115-119.

Gutierrez Ramos JC, Lloyd C, Gonzalo JA. Eotaxin: from an
eosinophilic chemokine to a major regulator of allergic reac-
tions. Immunol Today. 1999;20:500-4.

Mishra A, Hogan SP, Lee JJ, Foster PS, Rothenberg M. Fun-
damental signals that regulate eosinophil homing to the gas-
trointestinal tract. J Clin Invest. 1999;103:1719-27.
Rothenberg M, Luster AD, Leder P. Murine eotaxina: an
eosinophilchemoattractant inducible in endothelial cells and
in interleukin 4-induced tumor supression. Proc Natt Acad Sci
USA. 1995;92:8960-4.

Zimmermann N, Hogan SP, Mishra A, Brandt EB, Bodette TR,
Pope SM et al. Murine eotaxin-2: a constitutive eosinophil
chemokine induced by allergen challenge and IL-4 overex-
pression. J Immunol. 2000;165:5839-46.

Hogan SP, Mishra A, Brandt EB, Royalty MP, Pope SM, Zim-
mermann N et al. A pathological function for eotaxin and
eosinophils in eosinophilic gastrointestinal inflamation. Natur
Inmunol. 2001;2:353-60.

Garcia-Zepeda EA, Rothenberg ME, Ownbey RT, Celestin J,
Leder P, Luster AD. Human eotaxin is a specific chemoattrac-
tant for eosinophils cells and provides a new mechanism to
explain tissue eosinophilia. Nature Med. 1996;2:449-56.
Lamkhioued B, Renzi PM, Abi-Younes S, Garcia-Zepeda EA,
Allakhverdi Z, Ghaffar O et al. Increased expression of eotax-
in in bronchoalveolar lavage and airways of asthmatics con-
tributes to the chemotaxis of eosinophils to the site of in-
flasmation. J Immunol. 1997;159:4593-601.

Ying S, Meng Q, Zeibecoglou K, Robinson DS, Macfarlane A,
Humbert M. Eosinophil chemotactic chemokines (eotaxin,
eotaxin-2, RANTES, monocyte chemoattractant protein-3

Allergol et Immunopathol 2008;36(4):215-27



226

76.

77.

78.

79.

80.

81.

82.

83.

84.

8b.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Lucendo A].—IMMUNOPATHOLOGICAL MECHANISMS OF EOSINOPHILIC OESOPHAGITIS

(MCP-3) and MCP-4), and C-C chemokine receptor 3 expres-
sion in bronchial biopsies from atopic and nonatopic (intrinsic)
asthmatics. J Immunol. 1999;163:6321-9.

Fujirawa H, Morita A, Kobayashi H, Hamano K, Fujirawa Y,
Hirai K et al. Infiltrating eosinophils and eotaxina: their associ-
ation with idiopatic eosinophilc esophagitis. Ann Allergy Asth-
ma Immunol. 2005;89:429-32.

Kitaura M, Suzuki N, Imai T, Takagi S, Suzuki R, Nakajima T et
al. Molecular cloning of a novel human CC chemokine (eotax-
in-3) that is a functional ligand of CC chemokine receptor 3. J
Biol Chem. 1999;274:27975-80.

Kagami S, Saeki H, Komine M, Kakinuma T, Tsunemi Y, Naka-
mura K et al. Interleukin-4 and interleukin-13 enhances
CCL26 production in a human keratinocyte cell line HaCaT
cells. Clin Exp Immunol. 2005;141:459-66.

Blanchard C, Mingler MK, Vicario M, Abonia JP, Wu YY, Lu TX
et al. IL-13 involvement in eosinophilic esophagitis: transcrip-
tome analysis and reversibility with glucocorticoids. J Allergy
Clin Immunol. 2007;120:1292-300.

Montero Vega MT. New aspects on iflammation in aller-
gic diseases. Allergol et inmunopathol (Madr). 2006;34:
156-79.

Coyle AJ, Erard F, Bertrand C, Walti S, Pircher H, Le Gros S.
Virus-specific CD8 cells can switch to interleukin 5 produc-
tion and induce airway eosinophilia. J Exp Med. 1995;181:
1229-33.

Croft M, Carter L, Swain SL, Dutton RW. Generation of polar-
ized antigen-specific CD8 effector populations: reciprocal ac-
tion of interleukin (IL)-4 and IL-12 in promoting type 2 versus
type 1 cytokine profiles. J Exp Med. 1994;180:1715-28.
Seder RA, Boulay JL, Finkelman F, Barbier S, Ben-Sasson ZS,
Le Gros G et al. CD8+ T cells can be primed in vitro to pro-
duce IL-4. J Immunol. 1992;148, 1652-56.

Kimura N, Nakayama T. Differentiation of NK1 and NK2 cells.
Crit Rev Immunol. 2005;25:361-74.

WeiH, Zhang J, Xiao W, Feng J, Sun R, Tian Z. Involvement of
human natural killer cells in asthma pathogenesis: natural
killer 2 cells in type 2 cytokine predominance. J Allergy Clin
Immunol. 2005;115:842-7.

Meresse B, Curran SA, Ciszewski C, Orbelyan G, Setti M,
Bhagat G et al. Reprogramming of CTLs into natural killer-like
cells in celiac disease. J Exp Med. 2006;203:1343-55.

Foti M, Granucci F, Ricciardi-Castagnoli P. Dendritic cell inter-
actions and cytokine production. Ernst Schering Res Found
Workshop. 2006;(56):61-80.

Katz SI, Tamaki K, Sachs DH. Epitelial Langerhans cells origi-
nating in bone marrow. Nature. 1979;282:324-6.

Perrault C, Pelletier M, Landry D, Gyner M. Study of langer-
hans cells after allogenic bone marrow transplantation. Blood.
1984,63:807-11.

De Fraissinette A, Schmitt D, Thivolet J. Langerhans cells of
human mucosa. J Dermatol. 1989;16:255-62.

Al Yassin TM, Toner PG. Langerhans cells in the human oe-
sophagus. J Anat. 1976;122:435-45.

Geboes K, De Wolf-Peeters C, Rutgeerts P, Janssens J,
Vantrappen G, Desmet V. Lymphocytes and Langerhans cells
in the human oesophageal epithelium. Virchows Arch A
Pathol Anat. 1983;401:45-55.

Terris B, Potet F. Structure and role of Langerhans’cells in the
human oesophageal epithelium. Digestion. 1995;56(suppl),
9-14.

Gielen V, Schmitt D, Thivolet J. HLA class | antigen (heavy
and light chain) expression by langerhans cells and ker-
atinocytes of the normal human epidermis: Ultrastructural
quantitaion using immunogold labeling. Arch Dermatol Res.
1988;280:131-6.

Murphy GF, Bhan AK, Sato S, Mihm MC, Harrist TJ. A new
immunologic marker for human Langerhans cells. N Engl J
Med. 1981;304:791-2.

Allergol et Immunopathol 2008;36(4):215-27

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

12.

113.

114.

115.

116.

117.

118.

119.

120.

Teunissen MBM. Dynamic nature and function of epidermal
Langerhans cells in vivo and in vitro: a review, with emphasis
on human Langerhans cells. Histochem J. 1992;24:697-716.
Sontheimer RD, Stastny P, Nunez G. HLA-D region expres-
sion by human epidermal Langerhans cells. J Invest Derma-
tol. 1986;87:707-10.

Rowden G. Expression of la antigen on Langerhans cells in
mice, guinea pig and man. J Invest Dermatol. 1980;75:22-31.
Steinman RM, Nussenzmeig MC. Dendritic cells: Features
and function. Immunol Rev. 1980;53:127-47.

Krishnaswamy G, Ajitawi O, Chi DS. The human mast cell: an
overview. Methods Mol Biol. 2006;315:13-34.

Zheutlin LM, Ackerman SJ, Gleich GJ. Stimulation of basophil
and mast cells histamine release by eosinophil granule-de-
rived cationic proteins. J Immunol. 1984;133:2180-5.
Metcalfe DD, Baram D, Mekory YA. Mast cells. Physiol Rev.
1079;77:1033-79.

Jutel M, Blaser K, Akdis CA. The role of histamine in regula-
tion of immune responses. Chem Immunol Allergy. 2006;91:
174-87.

Akdis CA, Blaser K. Histamine in the immune regulation of al-
lergic inflammation. J Allergy Clin Immunol. 2003;112:15-22.
Sayed BA, Brown MA. Mast cells as modulators of T-cell re-
sponses. Immunol Rev. 2007;217:53-64.

Kinet JP. The essential role of mast cells in orchestating in-
flammation. Immunol Rev. 2007;217:5-7.

Kumar R, Sentongo T, Nelson SP, Melin-Aldana H, Li BUK.
Eosinophilic esophagitis in children. a review. Clin Applied In-
munol Rev. 2003;4:173-88.

Justinich CJ, Kalafus D, Esposito P, Ricci Jr A, Sylvester FA.
Hyams JS et al. Mucosal mast cells distinguish allergic from
gastroesophageal reflux-induced esophagitis. J Pediatr Gas-
troenterol Nutr. 1996;23:342A.

Moots RJ, Prouse P, Gumpel JM. Near fatal eosinophilic gas-
troenteritis responded to oral sodium cromoglycate. Gut.
1988;29:1282-5.

Businco L, Cantani A. Food allergy in children: diagnosis and
treatment with sodium cromoglycate. Allergol Inmunopathol
(Madr). 1990;18:339-48.

Mann NS, Leung JW. Pathogenesis of esophageal ring in
eosinophilic esophagitis. Med Hypotheses. 2005;64:520-3.
Liacouras CA, Bonis P, Putman PE, Straumann A, Ruchelli E,
Gupta SK et al. Summary of the First International Gastroin-
testestinal Eosinophil Research Symposium. J Pediatr Gas-
troenterol Nutr. 2007;45:370-91.

Vanderhoff JA, Young RJ. Allergic disorders of the gastroin-
testinal tract. Curr Opin Clin Nutr Metab Care. 2001;4:
553-6.

Cheung KM, Oliver MR, Vameron DJS, Catto-Smith AG,
Chow CW. Esophageal eosinophilia in children with dyspha-
gia. J Pediatr Gastroenterol Nutr. 2003;37:498-503.

Barclay RL, Dinda PK, Morris GP, Paterson WG. Morphologi-
cal evidence of mast cell degranulation in an animal model of
acid-induced esophageal mucosal injury. Dig Dis Sci. 1995;
40:1651-8.

Feldman MJ, Morris GP, Dinda PK, Paterson WG. Mast cells
mediate acid-induced augmentation of opossum esophageal
blood flow via histamine and nitric oxide. Gastroenterology.
1996;110:121-8.

Fox VL, Nurko S, Furuta GT. Eosinophilic esophagitis: It's not
just kid's stuff. Gastrointest Endosc. 2002;56:260-70.
Martin-Munoz MF, Lucendo AJ, Navarro M, Letran A, Martin-
Chévarri S, Burgos E et al. Food allergy and eosinophilic
esophagitis: two cases studies. Digestion. 2006;74:49-54.
Butterworth AE. The eosinophil and its role in immunity to
helminth infection. Curr Top Microbiol Immunol. 1997;77:
127-68.

Butterworth AE. Cell-mediated damage to helminths. Adv
Parasitol. 1984;23:143-235.



121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Lucendo A].—IMMUNOPATHOLOGICAL MECHANISMS OF EOSINOPHILIC OESOPHAGITIS 227

Lucey DR, Nicholson WA, Weller PF. Mature human eosino-
phils have the capacity to express HLA-DR. Proc Natt Acad
Sci USA. 1989;86:1348-51.

Ohkawara Y, Lim KG, Xing Z, Glibetic M, Nakano K, Dolovich
J et al. CD40 expression by human peripheral blood eosino-
phils. J Clin Invest. 1996;97:1761-6.

Woerly G, Roger N, Loiseau S, Dombrowicz D, Capron A,
Capron M. Expression of CD28 and CD 86 by human
eosinophils and role in the secretion of type 1 cytokines (in-
terleukin 2 and interferon gamma) by immunoglobulin A com-
plexes. J Exp Med. 1990;190:487-96.

Kita H. The eosinophil: a citokine producing cell? J Allergy Clin
Immunol. 1996;97:889-92.

Dahms BB. Reflux esophagitis: sequelae and dufferential di-
agnosis in infants and children including eosinophilic
esophagitis. Pediatr Develop Pathol. 2004;7:5-16.

Lucendo Villarin AJ, Carriéon Alonso G, Navarro Sénchez M,
Martin Chavarri S, Gdmez Senent S, Castillo Grau P et al.
Eosinophilic eosinophilic in adults, an emerging cause of dys-
phagia. Description of 9 cases. Rev Esp Enf Dig. 2005;97:
229-39.

Lucendo AJ, Pascual-Turrion JM, Navarro M, Comas C, Castil-
lo P, Letréan A et al. Endoscopic, bioptic and manometric find-
ings in eosinophilic esophagits before and after steroid thera-
py: a case series. Endoscopy. 2007;39:765-71.

Lucendo AJ. Motor disturbances participate in the pathogen-
esis of eosinophilic oesophagistis, beyond the fibrous re-
modelling of the oesophagus. Aliment Pharmacol Ther.
2006;24:1264-7.

Aceves SS, Newbury RO, Dohil R, Bastian JF, Broide DH.
Esophageal remodeling in paediatric eosinophilic esophagitis.
J Allergy Clin Immunol. 2007;119:206-12.

Chehade M, Sampson HA, Morotti RA, Magid MS.
Esophageal subepithelial fibrosis in children with eosinophilic
esophagitis. J Pediatr Gastroenterol Nutr. 2007; 45:319-28.
Bousquet J, Vignola AM, Demoly P. Links between rhinitis
and asthma. Allergy. 2003; 58:691-706.

Simon D, Vassina E, Yousefi S, Kozlowski E, Braathen L,
Simon HU. Reduced dermal infiltration of cytokine-express-
ing cells in atopic dermatitis following short term topical
tacrolimus treatment. J Allergy Clin Immunol. 2004;114:
887-95.

Bishop WP, Haber BA, Lichtman SN, Shneider BL. Learning
more about eosinophilic esophagitis. J Pediatr Gastroenterol
Nutr. 2002;35:711-2.

Word LJ, Sehmi R, Dorman S, Hamid Q, Tulic MK, Watson
RM et al. Allergen-induced increases in bone narrow T lym-
phocytes and interleukin-5 expression in subjects with asth-
ma. Am J Respir Crit Care Med. 2002;166:883-9.

Lake AM. Allergic bowel disease. Adolesc Med Clin. 2004;
15:105-17.

Fogg MI, Ruchelli E, Spergel JM. Pollen and eosinophilic
esophagitis. J Allergy Clin Inmunol. 2003;112:796-7.

Onbasi K, Sin Az, Doganavsalgil B, Onder GF, Bor S, Sebik F.
Eosinophil infiltration of the esophageal mucosa in patients

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

1563.

with pollen allergy during the season. Clin Exp Allergy. 2005;
36:1423-31.

Wang FY, Gupta SK, Fitzgerald JF. Is there a seasonal varia-
tion in the incidence or intensity of allergic eosinophilic
esophagitis in new diagnosed children? J Clin Gastroenterol.
2007;41:451-3.

Spergel JM, Mizoguchi E, Brewer JP, Martin TR, Bhan AK,
Geha RS. Epicutaneous sensibilization with protein antigen
induces localizad allergic dermatitis and hiperresponsiveness
to methacoline alter single exposure to aeroalergen in mice.
J Clin Invest. 1998;101:1614-22.

Plaza-Martin AM, Jiménez-Feijoo, Andaluz C, Giner-Mufoz MT,
Martin-Mateos MA, Piquer-Gibert M et al. Polysensitization to
aeroallergens and food in eosinophilic esophagitis in a pediatric
population. Allergol et inmunopathol (Madr). 2007;35:35-7.
Spergel JM, Beausoleil JL, Mascarenhas M, Liacouras CA.
The use of skin prick tests and patch tests to identify
causative foods in eosinophilic esophagitis. J Allergy Clin In-
munol. 2002;109:363-8.

Sicherer. Clinical aspects of gastrointestinal food allergy in
childhood. Pediatrics. 2003; 111:1609-16.

American Gastroenterological Association medical position
statement: guidelines for the evaluation of food allergies.
Gastroenterology. 2001;120:1023-5.

Hill DJ, Heine RG, Hosking CA. The diagnostic value of skin
prick test in food allergy. Pediatr Allergy Immunol. 2004;15:
435-41.

Spergel JM, Andrews T, Brown-Whitehorn TF, Beausoleil JL,
Liacouras CA. Treatment of eosinophilic esophagitis with
specific elimination diet directed by a combination of skin
prick and patch test. Ann Allergy Asthma Immunol. 2005;95:
336-43.

Bohle B. T lymphocytes and food allergy. Mol Nutr Food Res.
2004,48:424-33.

Hong SJ, Michael JG, Fehringer A, Leung DY. Pepsin-digest-
ed peanut contains T-cell epitopes but not IgE epitopes. J Al-
lergy Clin Immunol. 1999;104:473-8.

Haselden BM, Kay AB, Larche M. Immunoglobulin E-inde-
pendent major histocompatibility complex-restricted T cell
peptide epitope-induced lata asthmatic reactions. J Exp Med.
1999;189:1885-94.

Smith TR, Larche M. Investiganting T cell activation and toler-
ance in vivo: peptide challenge in allergic asthmatics. Cy-
tokine. 2004,28:49-54.

Sampson HA. Update in food allergy. J Allergy Clin Immunol.
2004;113:813-9.

Leung DY, Bieber T. Atopic dermatitis. Lancet. 2003;361:
151-60.

Spergel JM, Brown-Whitehorn T. The use of patch testing in
the diagnosis of food allergy. Curr Allergy Asthma Rep.
2005;5:86-90.

Assa’ad A. Detection of causative foods by skin prick and
atopy patch test in patients with eosinophilic esophagitis:
things are not what they seem. Ann Allergy Asthma Im-
munol. 2005;95:309-11.

Allergol et Immunopathol 2008;36(4):215-27



	Immunopathological mechanisms of eosinophilic oesophagitis����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Introduction����������������������������������������������������
	Digestive mucosa and galt: immunological tolerance and gastrointestinal allergy�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Eosinophils and digestive diseases����������������������������������������������������������������������������������������������������������������������
	Immunopathological mechanisms of eo�������������������������������������������������������������������������������������������������������������������������
	Inflammatory infiltration in oesophageal mucosa�������������������������������������������������������������������������������������������������������������������������������������������������������������
	T-lymphocytes in eosinophilic oesophagitis����������������������������������������������������������������������������������������������������������������������������������������������
	Dendritic langerhans cells����������������������������������������������������������������������������������������������
	Mast cells in the physiopathology of eo�������������������������������������������������������������������������������������������������������������������������������������
	Eosinophil functions and physiopathology of eo����������������������������������������������������������������������������������������������������������������������������������������������������������
	Antigenic sensitisation in eo�������������������������������������������������������������������������������������������������������
	Conclusions�������������������������������������������������
	References����������������������������������������������


