1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

fg)%
S

O

R HE

,NS

N4

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Gastroenterology. 2009 October ; 137(4): 1238-1249. doi:10.1053/j.gastro.2009.07.007.

Eosinophilic Esophagitis: Biology to Therapy

Marc E. Rothenberg, MD, PhD

Division of Allergy and Immunology, 2Division of Human Genetics, Cincinnati Children’s Hospital
Medical Center, Department of Pediatrics, University of Cincinnati College of Medicine,
Cincinnati, Ohio

Abstract

Eosinophilic esophagitis, a recently recognized and growing clinical disorder over the past decade,
is characterized by antigen-driven eosinophil accumulation in the esophagus. Symptoms
frequently mimic those of gastroesophageal reflux disease (GERD) but the two diseases are quite
distinct in terms of their histopathology, genetic signature, response to therapy, hereditary risk and
association with allergy. Disease pathogenesis involves the interplay of external and genetic
factors, particularly food antigens and the eosinophil chemoattractant eotaxin-3, respectively.
Transcript signatures and animal models have uncovered the importance of adaptive T cell
immunity involving IL-5 and IL-13 elicited esophageal epithelial cell responses. Notably,
symptoms, dysregulated esophageal gene expression and pathology are largely reversible
following reduction of specific food antigen exposure, as well as anti-inflammatory therapy, but
chronic treatment is necessary to prevent relapse. As such, eosinophilic esophagitis is a disease
with the unique features of chronic esophagitis, atopy, immune sensitization to oral antigens,
reversibility and familial association.
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Clinical Entities Associated with Esophageal Eosinophilia

Unlike all other segments of the gastrointestinal tract, the esophagus is normally devoid of
eosinophils,! so the finding of esophageal eosinophilia denotes pathology. However, the
mere presence of esophageal eosinophils is not specific for a particular disorder because
eosinophil accumulation in the esophagus occurs in a variety of states including eosinophilic
esophagitis (EE), eosinophilic gastroenteritis, gastroesophageal reflux disease (GERD),
chronic (non eosinophilic) esophagitis (CE), parasitic and fungal infections, inflammatory
bowel disease (IBD), hypereosinophilic syndrome (HES), scleroderma, drug and/or
iatrogenic-induced states such as caustic injury,? multiple convulsive therapy syndrome? and
immunosuppression especially following solid organ transplantation (Table 1).4 As part of a
spectrum of eosinophilic gastrointestinal disorders (EGID), it is notable that EE can evolve
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into and/or be associated with eosinophilic gastritis, enteritis and/or colitis.2 The diagnosis
of EE requires elimination of other causes of esophagitis, especially GERD; EE is generally
distinguished from GERD by persistent esophageal eosinophilia despite adequate acid
neutralization therapy prior to endoscopy.® EE can be associated with other diseases such as
Rubinstein-Taybi Syndrome® and celiac disease.”~1! The similarities between EE and celiac
disease provide insight into possible pathogenic mechanisms that may be operational in EE.
Celiac disease is a prototypic T cell-mediated immune disease triggered by an oral antigen
(gliadin). While celiac disease has a significant autoimmune component that has not yet
been associated with EE, both diseases are associated with immune cell-mediated epithelial
cell abnormalities and both are reversible following a food elimination diet yet EE typically
does not typically respond to gliadin avoidance. Additionally, the EE transcriptomel? has
expression of immune response genes that have been associated with celiac disease
including over-expression of the MICA and MICB (the activating ligand for NKG2D) and
the cytokine IL-15 that have both been shown to induce intraepithelial lymphocyte
activation.13-16 Genetic studies in celiac disease have uncovered the central participation of
the adaptive immune system as the HLA Class 11 genes (DR HLA-DQ2 or DQ8 molecules)
are main genetic risk factors, but also a role for environmental factors.1’ In addition, a series
of other genetic contributions, elucidated by genome wide association studies, have
uncovered the participation of genes that regulate immunity including IL18RAP, IL12A,
interestingly the eotaxin receptor CCR3, and genetic variants in the 1L2/IL21 locus.18: 19 A
recent paper has linked blood eosinophilia with several genes including the celiac locus
encoding SH2B3 (also known as LNK),20 providing further support for a connection
between eosinophils and celiac disease.

Symptoms and disease characteristics

EE has many different presentations as patients commonly report difficulty feeding, failure
to thrive, vomiting, epigastric or chest pain, dysphagia and food impaction.21-23 These
symptoms appear to occur in a progressive order, as they are the presenting symptoms from
infancy into adulthood, respectively, 24 25 suggesting that this is the natural history of EE.
Adult patients typically have recurrent dysphagia and food impactions that are refractory to
anti-GERD therapy; in fact, recent studies indicate that 10-50% of adult male patients with
these symptoms have EE.26. 27 Although a fixed stricture may account for the esophageal
dysphagia and food impaction observed in some EE patients,2® evidence is mounting that
the esophagus displays impaired smooth muscle function, likely from asynchrony of circular
and longitudinal muscle contraction during swallowing.2® A variety of motor disturbances,
reversible with disease therapy, have been reported in EE.30: 31 EE patients are
predominantly young males,24 have a high rate of atopic disease and normal pH monitoring
of the esophagus compared to patients with GERD. Although EE was originally recognized
in pediatric patients, it is now appreciated that EE has similar characteristics (including
atopic sensitization) and occurrence rates in children and adults;32 in fact, while EE
frequently presents during infancy,33 the disease has also been recognized in the tenth
decade of life.3* While EE is a chronic disorder with no significant evidence of spontaneous
disease remission even over a 14 year follow up period,3® symptoms may have seasonal
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variability,38 consistent with an etiology related to airborne allergen exposure, at least in
some patients.

Epidemiology

EE is a global health disease now reported in all continents except Africa.3”~47 Although the
incidence of EE has not been rigorously calculated, a mini-epidemic has been noted over the
last decade. Liacouras and his group at Children’s Hospital of Philadelphia have found that
~10% of their pediatric patients with GERD-like symptoms are unresponsive to acid
blockade and have EE.*8: 4 Furuta and colleagues at Boston Children’s Hospital have
reported that 6% of their patients with esophagitis have EE.50 Over a 16-year observation
period, Straumann and colleagues have documented a prevalence of ~1:4,000 adults in
Switzerland.>! Croese and colleagues have reported EE to be present in 1:70,000 adults in
an Australian provincial city.3” A recent study revealed ~0.4% (~4 in 1,000) prevalence in
a random adult Swedish population.>2 We have noted that EE occurrs 1 in 1,000 children in
the Cincinnati metropolitan area over a 9 year time period?* (and unpublished findings). In
an outpatient U.S. based military hospital, EE has been found in 6.5% of adult patients
undergoing endoscopy.53 The last study was notable for a high frequency of African
Americans in the EE patient population, suggesting that the predominance of EE in
Caucasians in other studies may be due to patient referral patterns. These epidemiology
studies indicate that EE likely has a prevalence at least comparable to inflammatory bowel
disease but less than celiac disease.>* 2> Although EE has only been appreciated as a
separate disease entity of the past decade, evidence is accumulating that it was previously
unrecognized amongst patients diagnosed with reflux esophagitis.>®

Eosinophil esophageal levels and histopathology

It is important to emphasize that there is currently no diagnostic test for EE, rather diagnosis
depends upon coordinated clinical and pathological data. Although a minimal level of 15
eosinophils/hpf has been proposed to be part of the diagnostic criteria of EE,® any level has
to be interpreted in the context of clinical data. It has been proposed that the number and
location of eosinophils is helpful when trying to differentiate EE from GERD. Up to 6
eosinophils/hpf (400x) may be mostly indicative of GERD; whereas more than 20-24
eosinophils/hpf appears to be mostly indicative of EE,*8 57 especially when these levels are
encountered while patients are on anti-GERD therapy. The level of eosinophils in the
esophagus negatively correlates with response to conventional anti-GERD therapy.*8 In
particular, esophageal eosinophil levels of >23/hpf have been reported to correlate with lack
of responsiveness to anti-GERD therapy. These levels may be diagnostic of EE rather than
GERDI/CE especially in patients already on anti-GERD therapy. Patients with intermediate
levels of eosinophils (7-15/hpf) often present a diagnostic dilemma for several reasons.
First, the cutoff value for eosinophil concentrations for the diagnosis of EE has not been
vigorously determined. Secondly, EE is often a patchy disease so depending upon the
number of biopsies obtained, the maximum level of eosinophils may have great
variability.%® A recent expert panel has underscored that EE is a clinicopathological disease
that should be considered in patients with (1) symptoms including but not restricted to food
impaction and dysphagia in adults, and feeding intolerance and GERD symptoms in
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children; (2) > 15 eosinophils/hpf; (3) exclusion of other disorders associated with similar
clinical, histological, or endoscopic features, especially GERD with sustained esophageal
eosinophilia (>15 peak eosinophils/400X hpf) after adequate GERD therapy (e.g. proton
pump inhibitors [PPI]s).% For research studies, a higher threshold (=24 eosinophils/hpf) has
been recommended.® Based on histological analysis of a large cohort of adult patients and
the performance of esophageal pH monitoring, obtaining 1, 2, 3 and 6 esophageal biopsies
from the mid and distal esophagus has a sensitivity of 73, 84, 97 and 100%, respectively,
using 15 eosinophils/hpf.58 As such, it is recommended to obtain at least three biopsies in
order to diagnose EE.>

In addition to high eosinophil levels, other features distinguish EE from GERD (Table 2).
The anatomical location of eosinophils in both the proximal and distal esophagus typically
denotes EE, while the accumulation of eosinophils mainly in the distal esophagus typical but
not specific for GERD.?? In addition, esophageal tissue from patients with EE typically
demonstrates a thickened mucosa with basal layer hyperplasia (as assessed by Ki-67 antigen
staining) and papillary lengthening,>®: 60 and this appears to be more pronounced than in
GERD.51 Consistent with increased proliferation of the basal cells in response to allergen
provocation rather than acid exposure, the biopsies from EE patients have down regulation
of cyclooxygenase 2 (COX2).62 Furthermore, esophageal biopsies from EE patients may
have eosinophil surface layering and eosinophilic microabscesses, processes rarely
associated with GERD.53 In addition to eosinophils, esophageal biopsies from EE patients
have increased levels of dendritic cells and mast cells, at levels generally higher than in
GERD.54-66 |t has been recently proposed that extracellular deposition of the granule
protein eosinophil derived peroxidase (EPO) is readily present in the esophagus of EE
patients and may correlate with clinical features even better than eosinophil levels.67
Radiographic and endoscopic studies have shown many findings including strictures,
mucosal rings, ulcerations, whitish papules and polyps;23: 68 however, nearly 30% of
patients with EE have normal endoscopic appearances,9 necessitating the importance of
endoscopic biopsies.

Disease Pathogenesis

The pathogenesis of EE is highly linked with atopy based on disease co-occurrence, animal
models and the success of allergen avoidance (primarily diet control). The majority of
patients have evidence of food and aeroallergen hypersensitivity>? and a concurrent history
of respiratory allergy.2* Unlike food anaphylaxis which occurs in ~15% of EE patients,33
patients with EE have polysensitization to a variety of foods based on skin prick

testing.”% 7 The key role of food antigen sensitization is demonstrated by the success of
reducing specific food exposures based on provocative skin and patch testing, empiric
avoidance of the most common 6 food types or the employment of amino acid based
formula, all of which are capable of inducing disease remission.”2 Experimental models of
EE can be induced in mice by allergen exposure, as well as by overexpression of cytokines
derived from type 2 helper T (Th2) cells.”3 74 In particular, repeated intranasal exposure to
the aeroallergen Aspergillus fumigatus induces simultaneous eosinophilic airway and
esophageal inflammation (without inducing lower gastrointestinal eosinophilia).”3
Furthermore, intratracheal delivery of human or mouse IL-13 induces dose-dependent
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experimental EE;7® this process can be blocked with a therapeutic anti-human 1L-13.76
Epicutaneous allergen sensitization potently primes for respiratory allergen-induced
experimental EE.”” This latter finding may be particularly important for understanding EE
because a large fraction of EE patients suffer from preceding allergic skin disease (atopic
dermatitis).22 Collectively, these experimental systems demonstrate an intimate connection
between development of eosinophilic inflammation in the respiratory tract and esophagus
not only in response to external allergic triggers but also intrinsic Th2 cytokines, and they
highlight the potential for sensitization to occur via cutaneous antigen exposure. It is notable
that patients with allergic rhinitis have seasonal increases in esophageal eosinophils and
patients with EE have seasonal variations in their symptoms,’® providing clinical evidence
supporting a contributory role for aero-allergen-driven eosinophil-associated responses in
the esophagus.

Experimental modeling in mice has established that Th2 signaling is required for induction
of experimental EE. In particular, mice with the targeted deletion of STATG6 are protected
(in part) from allergen- and IL-13-induced experimental EE.”® 77 Further, IL-13-deficient
mice have impaired allergen-induced EE.”” Notably, IL-13 is overexpressed in the
esophagus of EE patients and selectively induces the eosinophil activating and
chemoattractant factor eotaxin-3 by a transcriptional mechanism in esophageal epithelial
cells.”®

There is marked overexpression of ~1% of the human genome in the esophagus of EE
patients compared with normal individuals and patients with CE.12 The EE transcriptome is
highly conserved across patient phenotypes including gender, age and familial variants and
includes eotaxin-3 as the most highly induced gene.12 80. 81 Eotaxin-3 mRNA levels in
esophageal biopsy tissue present in paraffin blocks can be used to distinguish EE and
GERD.82 Comparison of allergic and non-allergic EE patients revealed that the gene
transcript signature is markedly conserved across these two major patient phenotypes.12 This
demonstrates that the effector phase of the disease is conserved between individuals despite
the driving trigger of the inflammation. Interestingly, a marked segment of the EE
transcriptome is directly induced by IL-13 treatment of primary esophageal epithelial cells
(including eotaxin-3 as the top gene induced by IL-13).7° EE transcriptome genes regulated
by IL-13 include periostin (markedly induced by IL-13 and overexpressed in EE)83 and
filaggrin (markedly down-regulated by 1L-13 and decreased in EE).12 Periostin is a fascilin
domain containing extracellular matrix molecule that regulates eosinophil adhesion and
promotes eotaxin-induced eosinophil recruitment.83 Filaggrin is a skin structural barrier
protein whose loss of function is associated with marked increases in skin permeability and
susceptibility to atopic dermatitis in humans84 and atopic sensitization in mice.85 Notably, in
contrast to atopic dermatitis that is associated with loss of function genetic variants in the
filaggrin gene, EE is associated with a functional impairment in filaggrin expression.
Notably, IL-13 down-regulates filaggrin gene expression in skin keratinocytes,6 providing a
mechanism by which food antigen-elicited Th2 cell adaptive immunity may impair
esophageal barrier function, perhaps propagating local inflammatory processes (including
sensitivity to acid) and increased antigen uptake in the esophagus. These processes may be
particularly important as there are elevated levels of activated mast cells, B cells and
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evidence for in situ production of immunoglobulins in the esophagus of EE patients, as
demonstrated by histological analysis and transcriptome expression .12: 64, 66, 87

Support for a key role of T cells in the pathogenesis of EE is derived from analysis of
lymphocyte deficient mice. T cell but not B cell deficient mice fail to develop antigen-
induced EE.88 Notably, CD8 and CD4 cells are largely dispensable for the induction of
Aspergillus fumigatus-induced EE,8 highlighting the involvement of a unique component of
the adaptive immune system. In addition, strong evidence for the contribution of Th2 cell
derived IL-5 in the pathogenesis of EE has accumulated. Overexpression of IL-5 (by
pharmacological or transgenic delivery) induces EE and neutralization of IL-5 (with
antibodies or gene targeting) blocks allergen- or IL-13-induced EE in mice.”3~"° Local IL-5
driven eosinophils have been shown to contribute to esophageal remodeling in experimental
EE in mice.89 Notably, IL-5 is overproduced by circulating CD4* T cells in patients with
EE® and in response to food antigen stimulation in vitro.%? Additionally, preliminary
studies with humanized anti-IL-5 antibody in EE patients have shown positive effects,
although not in all studies.92-95 A coordinated mechanism for disease pathogenesis is
schematically presented in Figure 1.

Genetics of EE

Evidence is accumulating that EE has a strong familial association.24 96 Nearly 10% of
parents of EE patients have a history of esophageal strictures and ~8% have biopsy proven
EE.24 Among 798 pediatric probands recruited into our research databank to date, 27 have at
least one sibling or parent with EE. We have recently reported 26 multiplex families with
EE and demonstrated primarily conserved clinical, pathological and genetic features
compared with simplex EE patients.81 Familial EE typically occurs in siblings or parents;
however, three generations of affected distal relatives have also been noted. In addition,
Patel and Falchuk have reported three adult brothers with dysphagia who were found to have
EE.%7

One widely used measure of familial aggregation is the sibling recurrence risk ratio (As)
which compares the sibling recurrence risk vs. the general population prevalence.%8 A \g
larger than 1 indicates the increased risk of developing the disease among siblings of the
proband compared with the general population. Given that the population prevalence for EE
is approximately 5 per 10,000, we estimated Ag for EE is ~80.8%: 99 Compared with common
allergic disorders, such as atopy or asthma (L is estimated ~2),%9 the considerably higher
As in EE indicates that genetics is likely to have a relatively large role. Our initial genetic
study on a SNP (+2496T>G, rs2302009) in the eotaxin-3 gene has shown association with
EE by both population-based case-control comparison and family-based transmission
disequilibrium testing but the disease-associated allele is only present in 14% of EE
patients.12 Clearly, other genes are involved in EE disease risk, phenotype, and prognosis.

Potential role of eosinophils in EE

Eosinophil granule constituents are readily detectable in extracellular locations in the
esophagus of EE patients and there is strong evidence for in situ eosinophil activation and
degranulation.1% In vitro studies have shown that eosinophil granule constituents are toxic
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to a variety of tissues including intestinal epithelium.101 Eosinophil granules contain a
crystalloid core composed of major basic protein (MBP)-1 (and MBP-2), and a matrix
composed of eosinophil cationic protein (ECP), eosinophil-derived neurotoxin (EDN) and
EPO.102 These cationic proteins share certain pro-inflammatory properties but differ in other
ways. For example, MBP, EPO, and ECP have cytotoxic effects on epithelium, in
concentrations similar to those found in biological fluids from patients with eosinophilia.
Additionally, ECP and EDN belong to the Ribonuclease A superfamily and possess anti-
viral and ribonuclease activity.193. 104 EDN has also been shown to be an endogenous ligand
of Toll-like Receptor (TLR)2, having capacity to activate myeloid DCs by triggering the
TLR2 — myeloid differentiation factor 88 (Myd88) signaling pathway.19% Importantly, EDN
polarizes the ability of DCs to promote Th2 responses; as such, EDN represents an
endogeneous alarmin that has the propensity to alert the adaptive immune system for
preferential enhancement of antigen-specific Th2 immune responses. ECP can insert voltage
insensitive, ion-nonselective toxic pores into the membranes of target cells and these pores
may facilitate the entry of other toxic molecules.106 MBP directly increases smooth muscle
reactivity by causing dysfunction of vagal muscarinic M2 receptors.197 MBP also triggers
degranulation of mast cells and basophils. MBP directly binds the extracellular calcium
sensing receptor on esophageal epithelial cells, resulting in fibroblast growth factor 9 release
and autocrine stimulation of epithelial proliferation.1%8 Triggering of eosinophils by
engagement of receptors for cytokines, immunoglobulins, and complement can lead to the
generation of a wide range of inflammatory cytokines including IL-1, -3, -4, -5, -13, GM-
CSF, TGF-a, TGF-p, TNF-a, RANTES, MIP-1a, and eotaxin-1, indicating that they have
the potential to modulate multiple aspects of the immune response.1%9 In fact, eosinophil-
derived TGF-B is linked with epithelial growth, fibrosis, and tissue remodeling,110. 111
processes that have been shown to occur in EE even in pediatric patients. Notably, a recent
study has shown that eosinophils are indeed the chief source of TGF-B1 in pediatric EE
patients and their levels correlate with esophageal fibrosis including phosphorylation of the
transcription factor SMAD2/3.112 Of interest, eosinophils rapidly release mitochondrial
DNA in response to exposure to bacteria, C5a or CCR3 ligands.113 In contrast to
neutrophils, eosinophils do not undergo cell death upon release of their DNA,; in addition,
this process requires free radical production via NADP oxidase. Eosinophil DNA traps
contain the granule protein ECP and MBP, and display antimicrobial activity.113 This
indicates that eosinophils may have an essential role in innate immunity against bacteria,
using a unique mechanism. Perhaps mitochondrial DNA release by esophageal eosinophils
contributes to epithelial function and/or innate immunity in EE.114 Additionally, eosinophils
can directly activate T cells by antigen presentation as well as regulate T cell recruitment to
allergic tissue by controlling the expression of T cell directed chemokines.11% 116 Fyrther
eosinophil-mediated damage is caused by toxic hydrogen peroxide and halide acids
generated by EPO and by superoxide generated by the respiratory burst oxidase enzyme
pathway in eosinophils. Eosinophils also generate large amounts of the cysteinyl leukotriene
C4 (LTC4) which is metabolized to LTD,4 and LTE,4. These three lipid mediators increase
vascular permeability and mucus secretion, and are potent stimulators of smooth muscle
contraction, which may contribute to the dysmotility in EE and/or peristalsis abnormalities
in EGID. Electron microscopy studies have revealed ultrastructural changes including
inversion of core-to-matrix densities and lucency of secondary granules (indicative of
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eosinophil degranulation and mediator release) in esophageal samples from patients with
EE.117 In addition, in the intestine, eosinophils are in juxtaposition to nerves and have been
shown to participate in axonal necrosis.}18 Taken together, eosinophils are pleiotropic cells
capable of initiating adaptive immune responses, and sustaining and propagating
inflammatory reactions (Figure 2).
EE therapy

Therapy for EE is based on avoidance diets, anti-inflammatory approaches, and physical
dilatation when strictures are present. Dilatation is associated with a relatively high rate of
perforation, warranting cautious usage.1° From the onset, anti-GERD therapy is indicated
for the initial treatment of EE because acid can trigger esophageal eosinophilia, albeit
generally of lower magnitude than that associated with EE.> Even if pathological reflux is
not present, acid exposure has potential to irritate the inflamed esophagus. If anti-GERD
therapy is unsuccessful (based on histological assessment), specific food allergen
elimination (a restricted diet) or an exclusive elemental (amino acid based) formula is
recommended. In a retrospective study conducted on 381 patients over a 10-years period,
Laicouras et al demonstrated that the removal of dietary antigens (primarily in the form of
elemental diet) significantly improved clinical symptoms and esophageal histology in 98%
of patients.23 Although very efficient, dietary eliminations are often unsatisfactory or
practically difficult as patients are typically sensitized to multiple food groups including
common and uncommon food types. In addition, skin prick testing does not uniformly
predict which foods to remove from the diet.33 As such, it has been proposed that skin patch
testing to foods may more accurately predict which food eliminations will induce disease
remission,120: 121 pyt this has not been consistently agreed upon or observed.122 While a diet
consisting of an exclusive elemental (amino acid based) formula is often effective, this is
often not well tolerated (especially in older individuals) because it frequently requires a
surgically placed feeding tube, can be financially costly (e.g. thousands of dollars per
month) and is unpalatable. Glucocorticoids (systemic or topical) have been used with
satisfactory results in some patients. Systemic steroids are often used for acute
exacerbations, while topical steroids are used to provide long-term control.123 In a
randomized placebo controlled trial, topical therapy with swallowed fluticasone and oral
prednisone have comparable efficacy yet both are associated with a high relapse rate upon
discontinuation.124 It is notable that the EE transcriptome including overexpression of
eotaxin-3 and IL-13 are largely reversible following successful topical glucorticoid
therapy.”® However, it has been appreciated that a significant fraction of patients do not
respond to swallowed fluticasone, likely due to steroid resistance.6%: 65 Smaller body weight
and shorter stature increase steroid responsiveness, suggesting dose dependence.5° In
addition, it has been appreciated that atopic individuals have reduced responsiveness to
glucocorticoid therapy,®° likely due to the ongoing exposure to the triggering antigens. Anti-
IL-5 therapy is very effective at ablating the development of experimental EE in murine
models,”3: 74 and appears to also improve eosinophil infiltration in the human esophagus in
select early clinical trials; large-scale controlled anti-1L-5 trials for EE are currently
underway. In a preclinical trial, anti-human IL-13 has been shown to be useful and it will be
of interest to eventually examine the impact of 1L-13 blockade in EE patients.”® Other anti-
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inflammatory approaches such as leukotriene receptor antagonists and anti-TNF agents have
been advocated, but they have not been shown to reverse esophageal pathology.125: 126
Preliminary studies with azathioprine and 6-mercaptopurine have suggested their benefit,127
warranting further study. Because IgE effector cells, such as mast cells and basophils, are a
source of proinflammatory chemokines, cytokines, and proteases, it is also possible that anti-
IgE therapy would have anti-inflammatory effects in EE.128 It is important to note that EE is
a chronic disorder that requires ongoing therapy; the disease almost uniformly returns when
therapy is discontinued (e.g. glucocorticoids are stopped or diet is liberated).

Conclusion and future directions

Eosinophilic esophagitis is a recently recognized and growing clinical disorder previously
misdiagnosed as GERD but the two diseases are quite distinct in terms of their
histopathology, genetic signature, response to therapy, hereditary risk and association with
allergy. It is now well accepted that atopic disorders, such as asthma and eczema, are
complex diseases involving the interplay of multiple genes interacting with environmental
factors, ultimately contributing to disease susceptibility. Initial analyses indicate a relatively
strong genetic contribution in EE compared with other atopic diseases, indicating that fewer
genes might be involved in disease pathogenesis compared with the >100 genes that have
now been implicated in respiratory allergy.129 It is now important to examine the association
of EE with candidate genes that are biologically relevant in EE (as illustrated in Figure 3).
Apart from the candidate gene approach, with the advance of genotyping technology, it is
now feasible to conduct a genome-wide linkage analysis to identify the genetic variants
associated with the susceptibility to EE. It will be of interest to investigate whether the
genetics that underlie atopy, inflammatory bowel disease, celiac disease and EE will be
similar, at least in part.

It has been proposed that the cutoff value of esophageal eosinophil concentrations is a peak
eosinophil count of 15 cells/hpf.> While an empiric threshold level of eosinophils may prove
useful for disease classification, we recommend that the EE gene transcript signature
including overexpression of eotaxin-3 be considered in disease definition. We envision that
molecular diagnosticswill be applied to EE and become useful for diagnosis and
differentiation from GERD and prediction of therapeutic responsiveness and prognosis
(Figure 4). This type of approach is already being taken to classify cancer and is likely to be
cost-efficient given improving readily available technology.30 Transcriptome profile
analysis may be particularly useful in disease classification in patients on therapy as
although the EE transcriptome normalizes with therapy (at the level of 95% correction),
there is gene signature that remains persistent and distinct from normal individuals (Figure
4).7°

Unlike classic food anaphylaxis (which co-occurs in some patients with EE) that is typically
limited to only a select group of foods, 131 132 EE is associated with hypersensitivity to a
broad panel of food antigens, indicative of a general breakdown in oral antigen tolerance.
Preliminary evidence in mice demonstrate that a limited repertoire of regulatory T cells, may
pre-dispose to mucosal Th2 responses including esophagitis.133 The impaired local barrier
function in the esophagus of EE patients, combined with the increased level of
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immunoreactive cells including mast cells, eosinophils, B cells, T cells and dendritic cells
likely perpetuates food antigen-driven inflammation and perhaps antigen sensitization
locally. While medical management with glucocorticoids is an effective therapy for EE,
strategies to curtail upstream antigen-induced inflammation are essential; at present, empiric
elimination diets and amino acid based formulas are the primary form of allergen control;
however, future trials designed to induce oral antigen tolerance, an approach now underway
to treat food anaphylaxis,134 are likely.

Recent attention has been drawn to the importance of adaptive lymphocyte immunity in
driving eosinophilic esophageal inflammation; in particular, evidence is accumulating that
Th2 cell cytokines are fundamentally important in disease pathogenesis and that their
function can be manipulated for therapeutic benefit. Notably, IL-13 expression is both
sufficient and necessary for the induction of experimental EE. Furthermore, IL-13 is
markedly overexpressed in the esophagus of EE patients and is capable of inducing an
esophageal epithelial transcriptome, including eotaxin-3, that overlaps with the esophageal
transcriptome expressed in vivo. In parallel, Th2 cell derived IL-5 regulates the pool of
circulating eosinophils and their responsiveness to local activating signals, especially
eotaxin-3. It is envisioned that therapeutic interventions that target Th2 cell development,
Th2 cytokines production and cellular signaling, eosinophils and epithelial/ecsinophil
interactions (e.g. anti-eotaxin-3, CCR3 antagonists, anti-1L-5 and anti-1L-13) will prove to
be successful therapies for EE.
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Figure 1. Molecular and cellular mechanismsinvolved in EE pathogenesis, eotaxin-3-associated
eosinophil recruitment and treatments
Aeroallergen, food allergen and skin sensitization have been implicated in EE pathogenesis.

Elemental diet, glucocorticoids, and anti-1L-5 treatments improve the microscopic features
of EE acting at different levels on the disease pathogenesis. Proton pomp inhibitors (PPI) are
important in establishing the diagnosis of EE as inflammation should be present on PPIs
therapy. Hyperplasic epithelial cells of the esophagus overexpress eotaxin-3 in response to
IL-13. Fibroblasts overexpress periostin and downregulate filaggrin likelyin response to
IL-13. Eotaxin-3 and periostin overexpression cooperatively chemoattract CCR3* cells, a
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process primed by I1L-5 which regulates eosinophil responsiveness to eotaxin-3 and the
circulating level of eosinophils. Inheritance of EE disease suggests a genetic predisposition.
A SNP in the eotaxin-3 gene has been associated with EE. In addition to eosinophils, mast
cells and lymphocytes including B cells accumulate in the esophagus of EE patients and
likely contribute to the local inflammatory responses.
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Figure 2. Schematic diagram of the multifunctional effects of eosinophils
Eosinophils are bilobed granulocytes with eosinophilic staining secondary granules. The

secondary granules contain four primary cationic proteins designated eosinophil peroxidase
(EPO), major basic protein (MBP), eosinophil cationic protein (ECP), and eosinophil
derived neurotoxin (EDN). EDN is a ligand for Toll like receptor (TLR)2 and induces the
Th2 polarizing ability of dendritic cells. All four proteins are cytotoxic molecules; in
addition, ECP and EDN are ribonucleases. Eosinophils respond to diverse stimuli including
non-specific tissue injury, infections, allergens and tumors. In addition to releasing their
preformed cationic proteins, eosinophils also release a variety of cytokines, chemokines,
lipid mediators, and neuro-modulators. Eosinophils directly communicate with T cells and
mast cells in a bidirectional manner. Eosinophils are capable of catapulting their
mitochrondrial DNA which can serve as extracellular traps for bacteria. Eosinophil derived
TGF-B induces fibrosis.
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Figure 3. Molecular regulation of the Th2 inflammatory responsein EE
Food antigen triggered T helper type 2 (Th2) cells release IL-5 and IL-13 which target

eosinophils and esophageal epithelial cells, respectively. IL-13 triggered responses include
marked production of the eosinophil chemoattactrant and activating factor eotaxin-3 by
epithelial cells as well as down regulation of filaggrin expression. Activated eosinophils
release MBP and EDN which target mast cells and dendritic cells, respectively. Eosinophil
derived TGF-p and MBP target fibroblasts, epithelial cells and smooth muscle cells and
contribute to cellular hyperplasia, fibrosis and dysmotility. In addition, mast cell activation
contributes to fibrosis. Perhaps reduced esophageal barrier function (mediated by decreased
filaggrin) perpetuates the process by promoting local food antigen uptake. Genetic variants
in regulatory molecules involved in these steps may contribute to EE disease risk.
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Figure 4. Molecular and histological diagnosis of EE
Patients with PPI refractory upper gastrointestinal symptoms undergo endoscopic biopsy.

Tissue is analyzed microscopically and a minimal level of 15 peak eosinophils per hpf is
required for diagnosis. In addition, molecular profiling reveals dysregulated expression of
1% of the human genome including eotaxin-3 overexpression that readily distinguishes
biopsies from EE, reflux esophagitis (RE) and normal individuals (NL). Following treatment
(Rx) with dietary modification and/or glucocorticoids, endoscopic analysis reveals complete
resolution of esophageal eosinophilia and large normalization of the EE transcriptome.
Residual abnormal gene expression (*) differentiates treated EE from NL and esophagitis

RE patients.
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Table 1

Disease States Associated with Significant Eosinphilic Esophagitis

Caustic injury

Collagen vascular disease-including Churg Strauss Syndrome
Celiac disease

Chronic (non eosinophilic) esophagitis

Drug and/or iatrogenic-multiple convulsive therapy syndrome? and immunosuppression
Eosinophilic esophagitis

Eosinophilic gastroenteritis

Gastroesophageal reflux disease

Hypereosinophilic syndrome

Infection-parasitic and fungal infections

Inflammatory bowel disease

Lymphoma and other malignancies

Scleroderma
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Distinguishing Features between Eosinophilic Esophagitis and Gastroesophageal Reflux Disease

Table 2

Characteristic Eosinophilic Esophagitis | Gastroesophageal Reflux Disease
Prevalence 1:1000 1:10

Gender Male>Female Male=Female

Atopy High Normal

Polysensitization to Food | Yes No

Familial Inheritance Common Normal

Proximal Esophagitis Common Rare

pH Probe Normal Abnormal

Esophageal Eosinophilia

Very High (>15/hpf)

Generally not Very High

Esophageal Eotaxin-3

High

Normal
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