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Objective: To review the understanding of the pathogenesis of eosinophilic esophagitis (EoE) and the role of
the immune system in the disease process.

Data Sources: Peer-reviewed articles on EoE from PubMed searching for “Eosinophilic Esophagitis and
fibrosis” in the period of 1995 to 2013.

Study Selection: Studies on the clinical and immunologic features, pathogenesis, and management of EoE.
Results: Recent work has revealed that thymic stromal lymphopoietin and basophil have an increased role in
the pathogenesis of disease. Additional understanding on the role of fibrosis in EoE is emerging.
Conclusion: The incidence of EoE is increasing like most atopic disease. Similar to other allergic diseases,
EoE is treated with topical steroids and/or allergen avoidance.

© 2014 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Introduction

Eosinophilic esophagitis (EoE) is a chronic immune and
antigen-mediated clinicopathologic disease that is characterized
by eosinophil infiltration into the esophageal epithelium and re-
sults in esophageal fibrosis and dysfunction.! Eosinophilic esoph-
agitis is emerging as an increasingly common cause of esophagitis
in children and adults and requires intensive monitoring and
treatment to prevent complications, including poor growth,
nutritional deficiencies, food impaction, stricture formation, and
spontaneous esophageal perforation. The current understanding of
the pathobiology of EoE is incomplete but evolving. We searched
PubMed for peer-reviewed articles on EoE and selected studies on
the clinical and immunologic features, pathogenesis, and man-
agement of EoE using the terms “Eosinophilic Esophagitis and
fibrosis” from 1995 to 2013. In this article, we briefly review
diagnostic and treatment strategies and mechanistic concepts for
this rapidly emerging allergic disease.

Clinical Features, Diagnosis, and Management

EoE should be considered in the differential diagnosis for a
variety of clinical presentations. In children, EoE is more likely to
present with abdominal pain, nausea, emesis, and failure to
thrive.! Adolescents and adults are more likely to present with
dysphagia, heartburn, food impaction, and strictures.' Eosinophilic
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esophagitis has been estimated to occur in 10% of adults under-
going endoscopy for dysphagia® with a normal endoscopy results
and 12% to 15% of adults who have abnormal endoscopic find-
ings.>® This progression of complications toward dysphagia and
stricture are attributed to fibrous remodeling associated with the
natural history of untreated EoE.* In fact, the delayed diagnosis of
EoE is associated with an increased risk of stricture formation in a
time-dependent manner.” These EoE complications, as well as
challenges with the management of EoE, affect patient quality of
life and can also result in mental health complications.®’ Another
clinical feature in most EoE patients is the presence of other atopic
diseases (asthma, allergic rhinitis, food allergy, and atopic
dermatitis), ranging from 40% to 93%, compared with up to 20% in
the general population.®

Epidemiology

Eosinophilic esophagitis affects children and adults throughout
the world and has been reported in all continents, with recent case
reports of isolated cases in South Africa.! The prevalence of EoE has
been previously estimated to range from 10 to 80 per 100,0000
population, with the most recent estimate at 56.7 per 100,000
population®; however, accurate assessment of the incidence and
prevalence may be underestimated because International Classifi-
cation of Diseases, Ninth Revision (ICD-9), codes were only estab-
lished in 2009. In a recent epidemiologic study in the United States,
the estimated prevalence in children is currently 50.5 per 10,000
population, which approaches the prevalence of pediatric inflam-
matory bowel disease.’

There is a male predominance in EoE, with a male to female ratio
of 3:1 in both children and adults. Sixty-five percent of the patients
in the aforementioned epidemiologic study were male, with a peak
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of disease activity at 35 to 39 years of age.” This finding illustrates
the increasing incidence of diagnosis in adults, particularly in the
third and fourth decades of life.!

Diagnosis and Surveillance

Current consensus diagnostic guidelines for EOE recommend a
minimum threshold of 15 eosinophils per high-power field on at
least one esophageal biopsy specimen, with eosinophilia limited to
the esophagus. Biopsy specimens of both the proximal and distal
aspects of the esophagus should be obtained during diagnostic and
surveillance endoscopy.! Common macroscopic endoscopic findings
include furrowing, white mucosal plaques, esophageal trachealiza-
tion, esophageal narrowing, stricture, and mucosal tearing.” In
addition to esophageal eosinophilia, microscopic findings, such as
superficial layering and microabscess formation, can be observed.!
Extracellular eosinophil granules, basal cell hyperplasia, dilated
intercellular spaces, and lamina propria fibrosis may also be found.'°

Before diagnostic and surveillance endoscopy, all patients should
be treated with high-dose proton pump inhibitor (PPI) therapy of 20
to 40 mg twice daily in adults and 1 mg/kg twice per day in children
for 8 to 12 weeks' to exclude gastroesophageal reflux disease
(GERD) and other forms of PPI-responsive esophageal eosinophilia.'’
Disease surveillance currently relies on repeated endoscopy because
there are no available symptom tools, biomarkers, or pathogno-
monic elements that can replace clinicopathologic monitoring.!

EoE Management

EoE is known to be a food antigen—driven, chronic allergic dis-
ease. There are 2 main, currently accepted clinical treatment stra-
tegies for EoE: dietary elimination and corticosteroid treatment.

Dietary Intervention

Most patients with EoE are allergic to food allergens and/or
aeroallergens.' Dietary elimination therapy should be considered in
all children diagnosed as having EoE and motivated adults with
EoE. Dietary elimination approaches include (1) a strictly elemental
diet, (2) specific antigen avoidance based on allergy testing, and (3)
empiric food elimination based on the most common food anti-
gens.! All 3 methods have been proven to be effective with
improved clinical symptoms and pathologic findings,' "> and the
regimen chosen should be based on the individual patient.'

Steroid Treatment

Swallowed corticosteroids are effective and can be considered as
first-line therapies for initial and maintenance management of EoE
based on the patient and physician preference. Swallowed steroids
have low bioavailability, have less potential for systemic adverse
effects, and are considered to be topical treatments for esophageal
inflammation. Fluticasone is administered using a metered-dose
inhaler without a spacer. The drug is sprayed into the mouth and
swallowed twice daily.'>'® Budesonide is used either in a nebulized
form or as an oral viscous slurry.'”'® Overall, swallowed inhaled
corticosteroids appear to be safe when used in the short term;
however, they increase the risk of local fungal infection.'®'® Sys-
temic steroids are also effective!'; however, they are generally
reserved for severe cases that do not respond to other therapy
because of systemic adverse effects.!*!® Although steroids are
effective for treatment, clinical and histologic features of EoE return
on discontinued use,' and it is also unclear whether steroids treat
the underlying fibrosis seen in EoE."”

Esophageal Dilation

Esophageal fibrosis and esophageal strictures are known com-
plications of EoE. Endoscopic stricture dilation can be considered

for short-term symptomatic relief only if dietary and medical
therapy has failed. Importantly, esophageal mucosal fragility is a
known feature of EoE,' increasing the risk of complications,
including pain, bleeding, and esophageal perforation.’®?!

Molecular Mechanisms of EoE

The pathogenesis of EoE originates with genetic risk factors and
involves multiple cell types and cytokines. We explore the patho-
genesis, beginning at the epithelial layer and progressing to each
cell type, and describe their various interactions (Fig 1). Overall,
there is a chronic inflammatory infiltrate in EoE, which includes
eosinophils, mast cells, basophils, and T cells that produce Ty2 cy-
tokines (eg, interleukin [IL] 4 and IL-13) and promote additional
inflammation and dysfunction. Similar to other atopic diseases, EoE
is triggered by environmental irritants or allergens and food aller-
gens, culminating in esophageal fibrosis or tissue remodeling.?>?>
Although clinical evidence points to a true cause-and-effect rela-
tionship between food antigen ingestion and EoE-associated
inflammation,'>'® it is unknown why the inflammatory infiltra-
tion and resulting complications are limited to the esophagus.

Genetic Risk Factors

Similar to other atopic diseases, EoE is linked to a strong genetic
element. In collaboration with the Center for Applied Genomics at
The Children’s Hospital of Philadelphia and Cincinnati Children’s
Hospital, we recently found an association between a single nuclear
polymorphism (SNP) in the gene encoding thymic stromal lym-
phopoietin (TSLP) and risk for EoE.?* TSLP is an IL-7—like cytokine
that regulates host adaptive immune responses through dendritic
cell and T-cell interactions. We identified SNP rs3806932, which
involves the nucleotides A/G and is present in the promoter region of
the TSLP gene. The protective minor allele (G) is present in a higher
percentage of controls (45.8%) compared with EoE patients (31.2%).
Individuals homozygous for the TSLP risk allele (AA) have increased
TSLP expression and basophil infiltration in the esophageal epithe-
lium compared with those carrying heterozygous (AG) risk allele
and homozygous (GG) protective minor alleles.”*?> Sherrill et al’®
also identified a significant association between an SNP in the TSLP
receptor and male EoE patients. The TSLP receptor is on the Yp11.3
chromosome, which may explain some of the male predominance in
EoE. Recent work from the Rothenberg laboratory identified a subset
of patients with EoE and inherited connective tissue disorders,
suggesting additional potential genes involved in EoE.?’

A third identified risk factor linked to EoE is a polymorphism in
eotaxin-3 (CCL-26). Eotaxin-3 (CCL-26) is a potent eosinophil che-
moattractant that signals through CCR3, a chemokine receptor
expressed by activated eosinophils and mast cells. It is the most
dysregulated gene in EoE patients and is elevated in the esophageal
epithelium and peripheral blood during active inflammation.’®

Lack of Role for IgE in EoE

Murine models of EoE have found that EoE-like disease can
develop independently of IgE because IgE-depleted mice develop
food bolus impactions and EOE equivalent to wild-type mice.?
Although IgE-mediated food allergies are common (range, 10%-
20%) in EoE, one small pilot study of 2 patients found that anti-IgE
therapy had no effect on EoE.> In addition, 5% to 10% of patients
treated with oral immunotherapy for desensitization to IgE-
mediated food allergy develop EoE, indicating a non-IgE mecha-
nism.>? Finally, testing for IgE-mediated food allergy by skin prick
testing or specific sera IgE has not proven successful in definitive
identification of causative foods in EoE."'?>! However, a study by
Erwin et al®>? found that more foods were identified by serum IgE
than skin test or atopy patch testing, but this study did not deter-
mine whether these foods were causing disease. Rather, the addition
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Figure 1. Mechanism of eosinophilic esophagitis pathogenesis. In genetically susceptible individuals, antigens (eg, allergen and infectious agents) and irritants (eg, acid reflux)
induce esophageal epithelium to produce thymic stromal lymphopoietin (TSLP), interleukin (IL) 33, and eotaxin-3 (CCL-26). Eotaxin 3 (CCL-26) recruits eosinophils to the
esophageal epithelium, whereas TSLP and IL-33 lead to dendritic cell and basophil activation and Ty2 polarization. This results in Ty2 cytokine (eg, IL-4, IL-5, and IL-13)
secretion and the development of typical Ty2 inflammation characterized by eosinophils, mast cells, and T cells. IL-5 further promotes expansion and survival of the
recruited eosinophils, which in turn secrete IL-9 and IL-16. Finally, IL-9 enhances mast cell activation, transforming growth factor 8, and tumor necrosis factor « secretion and

together with IL-14 induces myofibroblast differentiation and ultimately fibrosis.

of atopy patch testing, which represents a T-lymphocyte—mediated
allergen specific response, increases the likelihood of identifying
causative foods in EoE'? and suggests that EoE is mixed IgE and
non—IgE-mediated or non—IgE-mediated disease.

Esophageal Epithelium and Barrier Dysfunction

It has previously been suggested that EoE patients have altered
epithelial barrier dysfunction. Indeed, both gene expression
profiling®® and immunolocalization studies?® have demonstrated a
down-regulation in the expression of the cell adhesion protein
DSG-1 in the esophageal epithelium in actively inflamed EoE,
which partially normalizes after clinical treatment. Using in vitro
models, Sherrill et al*® found that in the absence of DSG-1, the
stratified squamous esophageal epithelium had impaired barrier
function and underwent epithelial cell separation. They speculated
that the functional ramifications of this finding include enhanced
permeability of the epithelium to local food and environmental
allergens, leading to increased access to antigens by local esopha-
geal antigen-presenting cells (APCs), such as Langerhans cells.>’

The esophageal epithelium is more than a physical barrier.
We and others have found that human esophageal epithelial
cells express Toll-like receptors®>** and produce proinflammatory
cytokines in response to both pathogen-associated molecular pat-
terns and danger-associated molecular patterns.>> We have also

demonstrated that EoE-derived epithelial cells can produce the
eosinophilic and T-cell chemokine RANTES (CCL5),>®> which may
play a role in the migration and activation of IL-13—producing
invariant natural killer T (iNKT) cells in EoE. In addition, others have
found that esophageal epithelial cells may also function as
nonprofessional APCs. Mulder et al*® demonstrated that the human
esophageal epithelial cell line (HET-1A) can internalize and process
chicken egg ovalbumin and can activate T cells on antigen priming.

Antigen-Presenting Cells

In addition to a potential role of esophageal epithelial cells as local
nonprofessional APCs, a more commonly accepted notion is that
professional APCs may play a more prominent role in the adaptive
immune response in EoE. Langerhans cells are present in the
esophageal epithelium, although the density of Langerhans cells is
not greater in EoE compared with non-EoE populations.’” The
currently accepted hypothesis of immune responses in EoE is that
antigens, perhaps via contact through a dysfunctional esophageal
epithelial barrier, are taken up by professional APCs, which in turn
promote the polarization of Ty2-type T cells (Fig 1). The epithelial
cytokine TSLP, which functions at the interface of dendritic cell and
T-cell responses,”>>® may be of key importance in this regard.
However, clinical observations have revealed that patients receiving
enteral nutrition via postpyloric feeding tubes can develop EoE,



4 J. Merves et al. /| Ann Allergy Asthma Immunol xxx (2014) 1-7

suggesting that direct contact between food antigens and the
esophageal epithelium is not a requirement for disease pathogenesis.

Cytokines and Chemokines

Cytokines and chemokines play an essential role in the inflam-
mation associated with EoE, resulting in increased Ty2 response,
eosinophil survival, and fibrotic changes (Table 1). Many cytokines
have multiple roles in EoE. For example, IL-4 promotes Ty2-
lymphocyte survival, eosinophil migration via induction of
eotaxin-3 (CCL-26), and profibrotic changes by inducing periostin,
collagen, and (-actin. There are likely redundancies in cytokine
function because anti—IL-5 leads to only partial reduction of
esophageal eosinophilia in human trials.>*° Two key cytokines and
chemokines, eotaxin-3 (CCL-26) and TSLP, are discussed further.

Thymic Stromal Lymphopoietin

TSLP is an IL-7—like cytokine that is a master regulator of Ty2-
type allergic inflammation. It is primarily secreted by cells of
nonhematopoetic lineage, such as epithelial cells, fibroblasts, and
smooth muscle cells, in response to atopic cytokines (IL-4, IL-13,
and tumor necrosis factor @) and environmental allergens. TSLP is
increased in the esophageal biopsy specimens of EoE patients
compared with those without EoE**#?>38 and is overexpressed
within epithelial barriers, including the epidermis in atopic
dermatitis.**? As previously discussed, polymorphisms in TSLP are
linked to EoE, and deletion of TSLP in a murine model of EoE
completely eliminates EoE. In EoE, expression of TSLP may be
induced by tissue injury or stimulation of the esophageal epithe-
lium, starting the Ty2 cascade. TSLP promotes the maturation and
activation of dendritic cells, which then secrete factors involved in
migration and differentiation of naive CD4" T cells into Ty2 cells*
(Fig 1). This culminates in the production of cytokines, including
CCL-26, IL-4, IL-5, and IL-13, and results in EoE inflammation. TSLP
also leads to induction of innate lymphoid cells (IL-2), which lead to
expression of IL-9—promoting mast cells, which may express pro-
fibrotic cytokines. TSLP also induces a unique basophil population
in EoE, which secrete pro-Ty2 cytokines (IL-4, IL-6, CCL-3, CCL-4,
and CCL-12), leading to increased inflammation.>® Noti et al*’
recently described a novel mouse model of EoE in which the

Table 1
Cytokines and chemokines involved in EoE pathogenesis

development of EoE-like features was dependent on both TSLP and
basophils. Neutralizing antibodies against TSLP and basophils hel-
ped in ameliorating EoE-like disease when administered after the
onset of disease. This finding may suggest that targeting the TSLP-
basophil axis may lead to potential therapeutic treatments for EoE.

Eotaxin-3 (CCL-26)

Eotaxin-3 (CCL-26) is a potent eosinophil chemoattractant that
signals through CCR3, a chemokine receptor expressed by activated
eosinophils and mast cells. It is the most dysregulated gene in EoE
patients and is elevated in the esophageal epithelium and periph-
eral blood during active inflammation.”® In vitro, esophageal
epithelial cells secrete eotaxin-3 (CCL-26) in response to IL-4 and
IL-13 stimulation.*> However, this effect is not unique to EoE.
Epithelial cells from healthy individuals and patients with GERD
also express eotaxin-3 (CCL-26) in response to Ty2 cytokine stim-
ulation as in EoE.** Interestingly, eotaxin-3 (CCL-26) expression can
be suppressed by the PPl omeprazole in the cells.** This in vitro
observation suggests that PPI therapy may play a role in reducing
tissue eosinophilia through mechanisms independent of acid sup-
pression alone. Therefore, eotaxin-3 (CCL-26) plays a key role in the
migration of eosinophils to the esophageal tissue.

Circulating Effector Cells in EOE
Eosinophils

Intraepithelial eosinophils are the histologic hallmark of EoE
and are used as a standard marker for diagnosis and disease ac-
tivity. IL-5, secreted by a variety of cell types, including T cells,
basophils, and mast cells, is essential for eosinophil differentiation,
proliferation, and survival (Table 2). A recent transgenic mouse
model of EoE in which esophageal epithelial cells overexpress IL-5
is the first murine model to exhibit marked intraepithelial eosin-
ophilia, in contrast with other murine models in which eosinophil
infiltration is limited primarily to the subepithelial compartment.*
Activation of tissue eosinophils results in degranulation or release
of granular proteins and secretion of inflammatory cytokines,
including transforming growth factor ¢ (TGF-G), granulocyte-
macrophage colony-stimulating factor, IL-4, IL-5, IL-6, IL-8, IL-13,

Cytokine or chemokine Increase in serum

biopsy specimen

Increase in esophageal epithelial

Potential role in EoE Reference(s)

IL-16 +
IL-4 I +
IL-5 + aF
IL-6 4

IL-9 4F
IL-13 + I
IL-15 + IF
IL-33 +
TGF-$ +
TSLP +
Eotaxin-3 (CCL-26) + 4F
RANTES + IF
TNF-a +

Fibrosis RC.L0

Results in Ty2 cell differentiation

Induces fibrosis

Eosinophil migration and survival

Unknown

Migration, activation, and maturation of mast cells
Ty2 inflammation

Induces fibrosis

Down-regulates filaggrin

Induces secretion of eotaxin-3 from epithelial cells
Activates differentiation and proliferation of T cells
Activates natural killer cells

Stimulates Ty2 cell differentiation

Activated on tissue injury

Fibrosis

Myofibroblast differentiation

Dendritic cell activation and Ty2 cell differentiation
Induced basophil production

Activated on tissue injury

Necessary in murine models

Eosinophil chemoattractant

Eosinophil chemotaxis and activation

T-cell chemoattractant

Epithelial to mesenchymal transition, resulting in fibrosis

49,56
35,46
46

61
35,42,46,56

62

63

13,56,60

22,23,37,41

N
a
i
o

w
G

60

Abbreviations: EoE, eosinophilic esophagitis; IL, interleukin; TGF-8, transforming growth factor 8; TNF-«, tumor necrosis factor «; TSLP, thymic stromal lymphopoietin.
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major basic protein, eosinophilic cationic protein, eosinophilic
peroxidase, and eosinophilic-derived neurotoxin.*® These granular
proteins cause additional tissue damage, leading to increased
epithelial dysfunction as discussed above.

In clinical trials, 2 humanized monoclonal antibodies against IL-
5 (mepolizumab and reslizumab) reduced peripheral and partially
reduced esophageal eosinophilia in EoE patients but did not
significantly affect clinical symptoms.>®*° Notably, IL-5 is impor-
tant for the production and early growth of eosinophils, but mature
eosinophils lose IL-5 receptors and are more dependent on IL-3 and
granulocyte-macrophage colony-stimulating factor. Therefore,
there is probable redundancy in pathways because many tissue
eosinophils survived despite loss of IL-5. Together, the results of
these clinical studies suggest that although eosinophils are a hall-
mark of EoE, the pathogenesis of EoE is also dependent on other
immune pathways and cell types.

Ty2 Lymphocytes

After eosinophils, intraepithelial T lymphocytes are the most
prominent infiltrating cell type in EoE. It is well established that
EOE, like other atopic diseases, is a Ty2-driven disease and that EoE
patients have activated Ty2 cells secreting IL-4, IL-5, and IL-13 in
both the peripheral blood and active esophageal biopsies.”>** In
addition, evidence from murine models reveal the importance of T
cells in EoE because mice deficient in T cells do not develop EoE.*

Regulatory T Cells

In addition to Ty2 cells, an increased presence of regulatory T cells
has been reported in the esophageal epithelium of EoE patients
compared with GERD patients and healthy controls.*”** However,
the levels of regulatory T cell—derived anti-inflammatory cytokine
IL-10 were decreased in EoE patients. This paradox suggests an
altered immune tolerance mechanism in EoE, and additional studies
are needed to explore the role of T regulatory cells in EoE.

Invariant Natural Killer T Cells
Food antigen exposure is strongly associated with EoE, and a
number of clinical studies have examined causative foods in EoE.!

However, the underlying cellular and immunologic effects medi-
ated by food antigens in EoE remain largely unknown. We recently
found that iNKT cells, which are specialized in their ability to
recognize self- and foreign lipids,>®> may provide a functional link
between cow milk allergy with EoE. Children with active EoE had
higher numbers of iNKT cells in the esophagus compared with
children with inactive EoE and healthy controls. iNKT cells from EoE
patients produced higher levels of IL-13 in response to milk
sphingolipid stimulation when compared with non-EoE controls.
Within the EoE cohort, iNKT cells from active EoE patients had
significantly higher IL-13 expression compared with those from
inactive individuals. These observations suggest that iNKT cells
migrating to the esophageal epithelium during active inflammation
in EoE could be a potential source of IL-13.

Mast Cells

Mast cells are widely associated with both IgE-mediated and
non—IgE-mediated allergic responses, and their contribution to EoE
has recently been recognized. The presence of activated mast cells
and mast cell products is reported in the esophageal epithelium in
biopsy specimens from active EoE patients.*>° Corticosteroid
treatment for EoE decreases esophageal epithelial mast cell
numbers and correlates with decreased tissue eosinophilia.”’® Mast
cells secrete TGF-G, which is a proinflammatory cytokine that
promotes smooth muscle contractility in EoE.”° In addition, mast
cell tryptase promotes proliferation and collagen secretion from
renal fibroblasts, an observation that may have implications for
fibrosis in EoE.>' The effect of mast cell-derived factors on
epithelial function is unknown.

Basophils

Basophils are the least common granulocytes, constituting less
than 1% of the leukocyte population. Basophils have long been
associated with type 1 allergic responses secondary to the surface
expression of high-affinity receptor for IgE, FceRI, and their ability
to secrete histamine. Studies have expanded our understanding of
basophil function, particularly with regard to their potential role in
non—IgE-mediated allergic conditions, such as EoE. Siracusa et al*®

TGF-$, IL4, IL1B, TNF-a

Fibroblast in the lamina propria

Esophageal epithelium

Circulating fibrocyte

- rd

Activated Myofibroblast

a-Smooth Muscle Actin production
Collagen Deposition
Contraction

Figure 2. Origin and function of the activated myofibroblast. Profibrotic cytokines, such as transforming growth factor 8, tumor necrosis factor «, and interleukin 1, secreted in
the setting of chronic inflammation activate epithelial cells, fibroblasts, and circulating fibrocytes and induce their transdifferentiation to a myofibroblast phenotype. These
activated myofibroblasts contribute to the development of esophageal fibrosis because they produce a-smooth muscle actin, secrete collagen, and contract.
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identified a unique subpopulation of basophils that developed in
the presence of TSLP, which is overexpressed in allergic disorders,
including EoE. This basophil population was functionally distinct
from the IL-3—elicited basophil population and secreted increased
concentrations of IL-4. Critically, basophils isolated from EoE pa-
tients exhibited similarities to in vitro TSLP-elicited basophils.
Additional studies have found that the TSLP-basophil axis is
essential for the development of an EoE-like disorder in mice.?
Together, these studies indicate that TSLP-mediated basophil
response might play an important role in the pathogenesis of EoE in
humans.

EoE appears to be a mostly non—IgE-mediated disease but
dependent on T cells. We speculate that epithelial APCs interacting
with T cells prime the system toward a Ty2 response. This inter-
action along with signals from the epithelial layer, including TSLP
and IL-33, interact with basophils and mast cells to induce eosin-
ophils and additional growth of Ty2 cells, leading toward the
eosinophilic infiltrate seen in EoE.

Fibrosis in EoE

The incidence of esophageal food bolus impaction has increased
notably in the last 5 to 10 years,”? in parallel with the increased
incidence of EoE. EoE is currently the leading cause of emergency
endoscopy for esophageal food impaction in adults.”® In a large
population-based study based on ICD-9 coding, 55.8% of EoE pa-
tients reported dysphagia and 12.5% had a history of food impac-
tion.? Clinical symptoms of fibrosis range from signs of progressive
solid food dysphagia (excessive chewing and drinking with meals)
to subtle changes in eating habits (meat avoidance) to frequent
episodes of food impaction. This underscores the importance of
obtaining a thorough and targeted history in both established EoE
patients and all new patients presenting with food allergy, atopy,
and GERD-like symptoms.

Fibrosis is defined as excess deposition of components of the
extracellular matrix, leading to organ dysfunction. Little is currently
known about the pathophysiology of fibrosis in EoE, and the cur-
rent understanding of EoE-associated fibrosis has been extrapo-
lated from in vitro assays and models from other organ systems.
Regardless of the organ system, the key effector cell in all models of
fibrosis is the activated myofibroblast, a unique cell type that ex-
hibits properties of both smooth muscle cells and fibroblasts (Fig 2).
It is hypothesized that the myofibroblast contracts and places
tension on the extracellular matrix, resulting in activation and
differentiation of neighboring cells. Once contracted, the myofi-
broblast secretes extracellular matrix components, including type 1
collagen, to stabilize its new, contracted position.>*

The prototypical cytokine TGF-8, which stimulates myofibro-
blast differentiation, is released by local cells, including fibroblasts,
epithelial cells, and infiltrating inflammatory cells. TGF-§ targets

Table 2
Circulating effector cells in EoE
Cell type Role Reference(s)
Basophil Secrete IL-4 2
Eosinophil Secrete eosinophil cationic proteins, o
leading to tissue damage )

iNKT cells Secrete IL-13 2>

Stimulate T2 cells
Mast cells Secrete TGF-4, leading to fibrosis s

Secrete tryptase, leading to fibrosis

Secrete Ty2 cytokines

Decrease IL-10

Activation of basophils, eosinophils,
and mast cells

T cell (Ty2 and s

regulatory T cells)

Abbreviations: EoE, eosinophilic esophagitis; IL, interleukin; iNKT, invariant natural
killer T; TGF-g, transforming growth factor .

members of the SMAD family of transcription factors, resulting in
expression of various genes responsible for the fibroblast pheno-
type, including a-smooth muscle actin and collagen. TGF-6 has
been localized to the esophageal lamina propria in patients with
EoE’ and correlates with increased nuclear phosphorylated SMAD
staining in biopsy specimens from EoE patients compared with
non-EoE controls.”® Other factors involved in fibrosis, such as
subepithelial fibronectin, have been reported to be increased in
murine models of ovalbumin-induced EoE models.”’ > However,
in humans, only subepithelial collagen deposition has been
observed to date in EoE.

We and others have found that esophageal epithelial cells can
undergo transdifferentiation to a myofibroblast phenotype through
epithelial to mesenchymal transition. Epithelial to mesenchymal
transition is a process by which epithelial cells lose epithelial
markers (eg, E-cadherin) and gain contractile properties of myofi-
broblasts, marked by increased expression of a-smooth muscle
actin.”®° In vitro studies have found that profibrotic cytokines,
including TGF-G, TNF-o, and IL-18, may play a key role in this
process.””%0 However, the occurrence of epithelial to mesenchymal
transition in vivo remains a highly controversial notion that
requires rigorous cell lineage studies.

Conclusion

The incidence of EoE is increasing like most atopic disease.
Similar to other allergic diseases, EoE is treated with topical ste-
roids and/or allergen avoidance. From a mechanistic viewpoint, EOE
is a classic allergen-driven atopic disease, although in the absence
of a strong IgE-mediated signal. In a genetically susceptible indi-
vidual, an allergen (typically a food in EoE) initiates the disease
process through a dysfunctional epithelial barrier (Fig 1). The dis-
rupted barrier, with increased expression of TSLP, induces Ty2 cells
and unique basophils. Ty2 cells and basophils then secrete cyto-
kines and chemokines, leading to the migration of eosinophils.
Eosinophils secrete cytokines and molecules that further disrupt
the esophageal layer, leading to tissue damage, esophageal dys-
motility, and profibrotic factors and resulting in the symptoms and
complications of EoE (Fig 2).
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