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2014 Eosinophilic esophagitis (EoE) is a recently recognized allergic disorder, characterized 
by eosophageal dysfunction, accumulation of ≥15 eosinophils/high-powered field, 
eosinophil microabssess, basal cell hyperplasia, extracellular eosinophilic granules 
in the esophageal epithelial mucosal biopsy and a lack of response to a 8-week 
proton pump inhibitor treatment. Despite the increased incidences and considerable 
progress made in understanding EoE pathogenesis, there are limited diagnostic and 
therapeutic options available for EoE. Currently, the only criterion for diagnosing 
EoE is repetitive esophageal endoscopic biopsies and histopathological evaluation. 
Antigen elimination or corticosteroid therapies are effective therapies for EoE but 
are expensive and have limitations, if continued in the long term. Hence, there is a 
great necessity for novel noninvasive diagnostic biomarkers that can easily diagnose 
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Practice points

•	 Eosinophilic esophagitis (EoE) is an allergen-induced T-cell mediated chronic allergic 
inflammatory disease.

•	 Characteristic features of EoE pathogenesis are esophageal dysfunction, infiltration 
of esophagus with eosinophils (>15 eosinophils/high-powered field), extracellular 
eosinophilic granules, eosinophil microabssess and tissue remodeling, including epithelial 
cell hyperplasia, and tissue fibrosis and a lack of response to a 8-week proton-pump 
inhibitor treatment.

•	 CD4+ T cells including invariant natural killer T cells, basophils and mast cells promote EoE 
pathogenesis. 

•	 IL-15, IL-5, IL-13, eotaxin-1 and eotaxin-3 play a critical role in EoE pathogenesis.
•	 The current diagnosis criteria for EoE is invasive multiple biopsies of esophagus for 

histological determination of eosinophil numbers in the esophagus and lack of acid 
suppression (proton pump inhibitor) to differentiate EoE from gastroesophageal reflux 
disease.

•	 There is a great necessity for novel noninvasive diagnosis biomarkers for EoE that 
differentiate EoE from gastroesophageal reflux disease. 

•	 The most common therapy for EoE is elemental diet and corticosteroid treatments that are 
effective but are expensive, uncomfortable and have side effects.

•	 Anti-IL-5 therapy is effective but does not have promising results in clinics. The reason may 
be that it is a survival factor but not an initiator of disease.

•	 Anti-IL-13 and anti-eotaxin-3 therapies are currently being investigated. Recently anti-IL-13 
therapy has been terminated because of the side effects.

•	 Esophageal dilation does improve dysphagia but has no effect on inflammation.
•	 The evidence provided for the critical role of IL-15, its responsive invariant natural killer 

T cells and their receptors in the pathogenesis of EoE suggest that these molecules could 
be new targets for novel noninvasive diagnosis and therapy modality.
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EoE and assess effectiveness of therapy. Herein, we have provided an update on key molecules involved 
in the disease initiation, and progression and proposed novel noninvasive diagnostic molecules and 
strategies for EoE therapy.
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Eosinophilic esophagitis (EoE, earlier also referred 
as EE) was first described in 1978 [1]. However, EoE 
was clinically recognized in 1994 [2], broadly accepted 
with defined characteristics and well-accepted nomen-
clature in 2007 [3], then further updated in 2011 [4]. 
EoE pathogenesis is still not well understood. In the 
past, patients with EoE were incorrectly diagnosed as 
gastroesophageal reflux disease (GERD). EoE is an 
allergen-induced chronic inflammatory esophageal 
disorder that is characterized by: symptoms of esopha-
geal dysfunction; the infiltration of large numbers of 
eosinophils (≥15 eosinophils/high-powered field) in 
the epithelial mucosa of the esophagus, which is typi-
cally devoid of eosinophils at baseline in healthy state 
[5,6]; and absence of response to a 8-week proton-pump 
inhibitor (PPI) trial [4]. While EoE was previously 
thought to be a rare disease, now it is recognized as one 
of the most common causes of difficulty swallowing 
and food impaction in the pediatric population. This 
has become a global trend with increased cases of EoE 
being reported from almost each continent of the world 
from developed to developing countries [3,7–8]. Despite 
the increased incidence of EoE, it has limited, estab-
lished diagnostic criteria based on esophageal biopsies 
and pathological characteristics, and at least 8 weeks 
of adequate dosages of PPIs to block gastric acid secre-
tion to exclude GERD and PPI-responsive esophageal 
eosinophilia [3,9]. The major clinical symptoms of EoE 
in adults are difficulty in swallowing solid food (dys-
phagia) and food impaction including heartburn and 
chest pain as less common symptoms. In children, the 
most common symptoms are abdominal pain, nausea, 
vomiting, coughing and failure to thrive. The clinical 
symptoms of EoE mimics GERD, such as heartburn, 
swallowing problem, food refusal, dysphagia, and food 
impaction [3,10]. These similarities often make the 
diagnosis more difficult [3,10]. Lack of response to high-
dose PPI therapy or normal pH monitoring in the GI 
tract differentiates EoE to PPI-responsive esophageal 
eosinophilia (REE) and GERD [4,9].

The histological analysis of the esophageal biopsies 
in EoE [11,12] demonstrate that a number of leukocytes 
infiltrate in the esophageal mucosa including eosino-
phils, mast cells [13–16], basophils [17] and T-cell sub-
sets, such as CD4+, CD8+ and invariant natural killer 
T (iNKT) cells [18]. These inflammatory cells promote 
proliferation of the esophageal epithelial cells [3,19] 
and collagen deposition that causes tissue remodeling 

and fibrosis [20–24]. In addition, thickened muscularis 
mucosa, muscular hypertrophy, esophageal motility 
dysfunction and stricture are also reported in experi-
mental and human EoE [10,23,25]. Stricture formation is 
a major complication of EoE. Recent studies of large 
EoE cohort suggest the progression of EoE with time 
from an inflammatory to a fibrostenotic disease [24]. 
These studies suggest that patients develop fibrotic 
endoscopic features late in the disease course, in 
addition to purely inflammatory endoscopic features 
of EoE that are present in early disease stages [23,24]. 
Furthermore, there is significant association of risk of 
development of esophageal stricture with the delay in 
diagnosis of EoE [23].

Eosinophils, mast cells and basophils are consid-
ered to be major effector cells of tissue fibrosis [26] in 
a variety of other inflammatory cell-associated allergic 
diseases and hypereosinophilic syndromes including 
asthma [27], eosinophil myalgia syndrome [28,29], eosin-
ophilic endomyocardial fibrosis [30,31], idiopathic pul-
monary fibrosis [32–36] and scleroderma [28,37–38]. Both 
human and animal model studies provide compelling 
evidence for eosinophils as an effector cell for tissue 
remodeling and fibrosis. Studies with respective cell-
deficient mice provide direct evidence for the induc-
tion of remodeling and fibrosis by these inflammatory 
cells. A number of studies demonstrated the essen-
tial role of these cells in the development of airway 
remodeling, including mucus (goblet) cell metapla-
sia, smooth muscle cell hyperplasia and subepithelial 
fibrosis [39–41]. Additionally, multiple growth factors 
and cytokines expressed by these inflammatory cells 
[42,43] are implicated in tissue remodeling and fibro-
sis. Eosinophils and mast cells are a major source of a 
highly fibrogenic growth factor, TGF-β, both in the 
asthmatic lungs and in the esophagus of EoE patients. 
TGF-β-induced fibroblasts are implicated in the over-
production of collagens, tissue inhibitors of metallo-
proteinases, and glycosaminoglycans in fibrogenesis 
[44,45].

Of note, studies of eosinophil-mediated tissue 
remodeling and fibrosis in EoE are very much limited, 
due to the difficulties obtaining sufficient biopsies 
containing esophageal lamina propria below the stiff-
ened hyperplastic epithelium. However, the evidence 
for progressive remodeling and fibrosis of the esopha-
gus is well documented by endoscopic and radiologic 
features of the disease [46]. Even with the limited tis-
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sues obtained from biopsies, our previous studies, as 
well as others [20,25], have demonstrated that pediatric 
EoE esophageal biopsies show increased levels of sub-
epithelial fibrosis, induced expression of profibrotic 
cytokine and increased expression of TGF-β1 and 
its signaling molecule phospho-SMAD2/3 compared 
with the normal control subjects [20]. Furthermore, the 
genome-wide expression profiling of EoE esophageal 
biopsies identified increased expression of eotaxin-3 
(mediator of eosinophil recruitment) [47] and perios-
tin (a gene that participates in tissue remodeling and 
fibrosis). Collagen-rich fibrous connective tissues that 
adapt to mechanical stress and are involved in wound 
healing, mainly express periostin. The role of periostin 
in the development of subepithelial fibrosis in bron-
chial asthma has also been reported as downstream to 
the IL-4 and -13 signaling [48]. Periostin is expressed in 
esophageal vascular papillae and is secreted from pri-
mary esophageal fibroblasts when cultured with IL-13 
and TGF-β [49].

The field of EoE research has expanded greatly in 
recent years, but mostly restricted to its pathogen-
esis [10,47], including esophageal remodeling [20,23–25]. 
Estimated occurrences of EoE in pediatric and adults 
population are 43–57 per 100,000 people (similar to 
that of Crohn’s disease in pediatric population – a well 
recognized gastrointestinal disorder) [50–52]. Earlier, 
our and other investigators’ efforts have made sig-
nificant progress in understanding EoE pathogenesis; 
however, novel therapy is still lacking. A diet consist-
ing exclusively of an elemental (amino acid-based) for-
mula frequently improves symptoms and normalizes 
esophageal pathology [9,53–59]; however, the approach 
is often intolerable and expensive for patients. Sys-
temic steroids are used for acute exacerbations while 
topical glucocorticoids are used to provide long-term 
control [60,61]. The anti-IL-5 antibody therapy is also 
not promising as it was initially thought. This may be 
because IL-5 is only a survival factor for eosinophils 
but not an initiator of human EoE. As indicated, 
eotaxin-3 is a highly induced gene in human EoE [47]; 
however, eotaxin-3 is absent in the mouse genome 
and its critical role in the experimental model of EoE 
cannot be tested. Moreover, even if, eotaxin-3 can be 
blocked by the anti-eotaxin-3 neutralizing antibody 
in patients, there is a possibility that eotaxin-1 and 
eotaxin-2 may compensate for the activity of eotaxin-3. 
Furthermore, the anti-IL-13 antibody therapy might 
also not work effectively in human, as we have recently 
shown that IL-13 is not critical for allergen-induced 
experimental EoE [62]. These concerns highlight the 
importance of uncovering other potential target mol-
ecules for EoE therapy. In the present review, we pro-
vide a detailed overview of the current understanding 

of the pathogenesis, diagnosis and therapeutic strategy 
for EoE.

Significance of food & aeroallergens in EoE 
pathogenesis
Allergy is characterized by an over-reaction of the 
human immune system to a foreign protein sub-
stance (‘allergen’) that is eaten, inhaled into the 
lungs, injected or touched. An estimated 50 mil-
lion Americans suffer from all types of allergies 
including indoor/outdoor (aeroallergens), food and 
drug, latex, insect, skin and eye allergies. Approxi-
mately 6% of allergy sufferers have food/drug aller-
gies and approximately 40 million Americans have 
indoor/outdoor (aeroallergens) allergies as their pri-
mary allergy. Food allergy is more common among 
children than adults. Milk, soy, eggs, wheat, pea-
nuts, tree nuts, fish and shellfish cause 90% of all 
food allergy reactions. The most common aeroaller-
gens are: tree, grass, and weed pollen; mold spores; 
dust mite and cockroach allergen; and cat, dog and 
rodent dander.

EoE patients have the evidence of both food and 
aeroallergen hypersensitivity, and a relatively large 
fraction have food anaphylaxis [63]. Food allergies 
affect an estimated 6% of children and 3.7% of 
adults in the USA [8,64–65]. During the past decade, 
our understanding of food allergic diseases and man-
ifestations has substantially increased. Recent litera-
ture on pediatric and adult patients with EoE con-
firms that nearly all patients respond to an elemental 
diet with resolution of symptoms and normalization 
of biopsies [53,66–67]. Presence of seasonal variation 
in esophageal eosinophils and in symptoms of EoE 
suggests the role of aeroallergens in the pathogen-
esis of EoE in addition to food allergens [66,68]. Fur-
thermore, several studies with human subjects and 
animal models confirm the link between EoE with 
aeroallergens and allergies that suggests the involve-
ment of the sensitization pathway and antigen-pre-
senting cells in the pathogenesis of EoE [69–72]. Initial 
studies suggest a linkage of an average of three to six 
foods per patient for development of EoE. But cur-
rent studies with a high response rate of elemental 
diet (96%) versus six-food elimination diet (SFED; 
70%) treatment suggest that food allergens are caus-
ative agents for the development of EoE [73–76]. How-
ever, some human studies suggest the involvement 
of aeroallergens and the possibility of crossreactivity 
of aeroallergens with food antigens for development 
of EoE [65,68–69,71–72,77]. These observations provide 
evidence for the involvement of both food and aero-
allergens in the pathogenesis of EoE. In addition, the 
data from murine model also complement the find-
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ings of human subjects and suggests that Aspergillus, 
peanut and dust mite intranasal exposure induces 
pathogenesis of EoE [5,78–79].

Role of T cells, B cells & IgE in EoE 
pathogenesis
The analysis of esophageal biopsies of EoE patients 
[80–83] or experimental allergen-induced EoE [84] of 
mice provides details of cellular infiltrates present in 
the disease condition versus healthy state. Apart from 
enhanced infiltration of eosinophils (characteristic fea-
ture of EoE) in the esophagus, the presence of a large 
number of other immune cells, including intraepithe-
lial T-cell subsets such as CD3+, CD4+, and CD8+, are 
also reported in the esophageal biopsies of EoE patients 
[81]. Furthermore, there were increased percentages of 
peripheral blood CD4+ T cells expressing IL-5 in active 
EoE patients compared with nonatopic control chil-
dren. In this study, the percentage of IL-5+ CD4+ T 
cells in EoE was correlated with the degree of tissue 
eosinophilia. Additionally, the percentages of periph-
eral blood eosinophils, eosinophil CCR3 expression, 
and percentage of CD4+ T cells are significantly lower 
in patients with improved EoE than in patients with 
active EoE [82]. These data provide strong evidence that 
CD4+ IL-5+ T cells contribute to EoE pathogenesis. 
B cells are also present in enhanced numbers in the 
esophageal mucosa of EoE [80,83] and GERD patients 
[81,83]. Interestingly, normal subjects have no intraepi-
thelial B cells [80,83]. Surprisingly, the intraepithelial 
B cell number correlates well with mast cells, but not 
with eosinophils [80]. In a subset of EoE patients, B-cell 
class switch to IgE was also observed [80].

Furthermore, to understand the function(s) of these 
cells in the development of the pathogenesis of EoE, 
Mishra and colleagues have developed a murine model 
of allergen-induced EoE [84]. The murine model of 
EoE mimics most of the pathophysiological changes 
observed in human subjects with various forms of 
EoE features characterized by intraepithelial eosino-
phils, extracellular granule deposition and epithelial 
cell hyperplasia [84]. However, murine models of EoE 
have a few features that are not similar with human 
EoE (Table 1). Using this murine model, they dem-
onstrated that esophageal eosinophils and eosinophil-
specific Th2 cytokines (IL-5, IL-4 and IL-13) play 
an important role in disease pathogenesis [10,18]. The 
observation that following allergen exposure there is 
enhanced number of B cells, CD4+ and CD8+ in the 
esophagus implicates the role of adaptive T-cell immu-
nity in initiating experimental EoE. Studies with the 
RAG1 gene-deficient mice, B-cell-deficient (IgH6-/-) 
mice and T-cell-deficient (forkhead box N1-/-; Foxn1-/-) 
confirmed that T cells but not B cells are responsible 

in the pathogenesis of EoE that was assessed by abla-
tion of eosinophils and epithelial cell proliferation in 
the esophagus [18]. It is likely that B cells have some role 
in EoE pathogenesis, although the data suggest that 
they are not critically involved in the development of 
disease pathogenesis. Data from CD8α-deficient mice, 
and CD4-deficient mice provide additional evidence 
that there is a partial role of CD4+ T cells but no role of 
CD8+ T or B cells in the experimental model of EoE.

Both clinical studies and murine models provide 
evidence for the strong association between EoE and 
atopy [4,85–88]. Most of the adult and pediatric EoE 
patients (50–60%) have prior history of atopy and an 
additional allergic disease [68,77,89–92]. However, IgE-
mediated hypersensitivity is reported only in 15–43% 
of EoE patients. IgE plays an essential role in atopic 
disorders, [93,94]; however, its role in EoE is still unclear. 
Sometimes, EoE patients have another IgE-mediated 
disorder of the airway or GI tract [95]. Immunohis-
tological analyses of esophageal biopsies have shown 
increased numbers of IgE-positive cells only in some 
EoE patients, [80,96] but not in normal subjects, [83] 
GERD patients [81] and EoE subjects on fluticasone 
therapy [81]. IgE-positive cells are identified as mast 
cells (c-kit+IgE+) and IgE-secreting B cells (IgE+ckit-) in 
these EoE patients [80]. However, this is an indirect evi-
dence for the presence of IgE-secreting B cells in EoE 
[80]. Avoiding food antigens with an amino acid-based 
elemental diet is an effective treatment in some EoE 
patients with an established IgE-mediated food allergy. 
This observation suggests that IgE may have role in the 
pathophysiology of EoE. It is well known that elemental 
diets not only remove antigenic peptides but also have 
additional effects. However, an experimental murine 
model of EoE demonstrated that an antigen-specific 
antibody has no role in pathogenesis of EoE [18]. Future 
studies will be required to fully understand the contri-
bution of IgE in EoE, and to identify potential food or 
environmental antigens that trigger the IgE-dependent 
inflammatory response in individual patients.

Role of eosinophil-active cytokines in EoE 
pathogenesis
Eosinophils are the major cellular infiltrate present in 
the esophagus in EoE and play a critical role in the 
pathogenesis of EoE. Eosinophils are multifunctional, 
immunomodulatory and proinflammatory leukocytes 
that produce a wide range of inflammatory cytokines 
(IL-1, IL-3, IL-4, IL-5, IL-13, TNF-α, chemokines 
(eotaxin), growth factors (GM-CSF, TGF-α, TGF-β) 
[97–99] and toxic granule components [100–103]. These 
eosinophilic granules contain a crystalloid core, com-
posed of MBP-1 and MBP-2, ECP, eosinophilic-derived 
neurotoxin (EDN) and EPO with numerous proin-
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flammatory and cytotoxic properties [5,97,100,103–104]. 
These eosinophil-secreted products contribute to the 
development of pathogenesis of EoE, including tissue 
remodeling. The most important step of EoE patho-
genesis is the trafficking of eosinophils to the tissue and 
is selectively regulated by IL-5. Genome-wide microar-
ray expression profile of esophageal biopsies from EoE 
subjects identified a striking EoE transcript signature, 
involving approximately 1% of the human genome. 
The most highly expressed cytokine gene detected in 
EoE patients is IL-15 and its receptor IL-15Rα [47]. Our 
studies with IL-15Rα-deficient mice demonstrated that 
IL-15 is required for development of allergen-induced 
esophageal eosinophilia [105]. While IL-5 is a cytokine 
that is required for eosinophil survival and develop-
ment, IL-15 is required for the differentiation and sur-
vival of T-cell subsets, as well as activation to produce 
Th2 cytokines including IL-5 [105]. Notably, another 
inflammatory cytokine induced in EoE patients is 
IL-13, which causes airway eosinophilia when given 
intratracheally [21]. However, its role in EoE pathogen-
esis is not supported by the experimental model of EoE 
[62]. By contrast, an important role of both IL-5 and 
IL-15 is shown in the pathogenesis of EoE by the exper-
imental EoE murine models [105]. Furthermore, incuba-
tion of primary humans and mice esophageal epithe-
lial cells with IL-15 caused enhanced expression of the 
transcript and protein levels of eotaxin-1, -2 and -3 on 
these cells [105]. Eotaxins also selectively participate in 
esophageal eosinophil recruitment [47].

IL-5 in EoE pathogenesis
Th2 cells mainly produce IL-5 but eosinophils and 
mast cells also produce IL-5 in chronic allergic reac-

tions. IL-5 is an essential factor for eosinophil differ-
entiation, growth, activation and survival [106]. This 
cytokine may regulate eosinophil trafficking to the 
esophagus either by enhancing esophageal eotaxin, or 
by upregulating homing receptors for eosinophils in 
the esophagus [106]. Both IL-5 mRNA and protein lev-
els are significantly overexpressed in esophageal epithe-
lial biopsies, and its critical role in development of EoE 
has been established from various studies [25,83,106]. IL-
5-deficient or anti-IL-5 antibody-treated mice demon-
strated a marked reduction in esophageal eosinophilia 
but IL-5 overexpressing mice promoted experimental 
EoE even in the absence of eotaxin [106]. In addition, 
IL-5 overexpression-induced eosinophilia promotes 
esophageal tissue remodeling (a thickened basal layer 
and collagen accumulation in the lamina propria of 
esophageal tissue sections) in CD2-IL-5 transgenic 
mice but not in IL-5-deficient allergen-challenged 
mice [25]. These histological findings are also supported 
by several clinical reports [25].

IL-13 in EoE pathogenesis
Earlier reports utilizing murine models and in vitro 
studies demonstrated that IL-13 appears to be an impor-
tant component of EoE pathogenesis [21,107]. These ear-
lier studies indicated that intratracheal IL-13 delivery 
promotes EoE, and anti-human IL-13 antibodies block 
EoE induction in experimental EoE [21,108]. However, 
it has also been shown that IL-13-induced EoE is 
dependent on IL-5, as IL-13 failed to induce EoE in 
IL-5-deficient mice [21]. The IL-13 mRNA level was 
markedly increased (16-fold) in esophageal biopsies 
from EoE patients compared with control individuals. 
IL-13 also upregulates gene expression of the EoE tran-

Table 1. Similarities and dissimilarities between features of human and murine eosinophilic 
esophagitis.

Serial number Characteristic features of EoE Human Mouse

1 History of atopy + NF

2 Proton pump inhibitor response - NF

3 History of food impaction + NF

4 Endoscopic findings: linear furrowing, 
loss of vascularity, ring-like structures, 
and the presence of white exudate on the 
esophageal epithelium

+ NP

5 Intraepithelial eosinophils ≥15 eosinophils/high-
powered field

∼40 eosinophils/mm2

6 Eosinophilic microabscesses, + +

7 Basal zone hyperplasia, papillary elongation + +/-

8 Esophageal strictures in chronic EoE + +

9 Extracellular granules + +

+: Present; -: Absent; +/-: Present or absent; EoE: Eosinophilic esophagitis; NF: Not found; NP: Not possible.
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scriptome of esophageal biopsy tissues and increases 
eotaxin-3 expression on human esophageal epithelial 
cells [109]. In addition, the role of IL-13 in promoting 
fibrosis, angiogenesis and epithelial cell hyperplasia in 
IL-13-overexpressed mice is also reported [21]. How-
ever, a recent report indicated that IL-13 is not essen-
tial, as IL-13-, IL-4/IL-13- or STAT6-deficient mice 
do not show impaired EoE development following 
allergen challenge [62]. Therefore, it might be possible 
that IL-13 has a role in the pathogenesis of EoE but is 
not critical for the induction/initiation of EoE.

IL-15 in EoE pathogenesis
Most recently, the critical role of IL-15 has been shown 
in allergen-induced experimental EoE. Genome-wide 
microarray expression profiling showed increased 
IL-15 mRNA expression in the esophageal biopsies of 
EoE patients [47]. IL-15 is a pleiotropic cytokine and 
is similar in structure to IL-2. Both IL-15 and IL-2 
share a number of biological activities, including the 
ability to stimulate the proliferation and differentia-
tion of activated T cells [110,111]. In addition, IL-15 is 
required in the maintenance of natural killer (NK) 
cells and some T-cell subsets, including their activation 
in an antigen-independent manner [110,111]. This pro-
cess is believed to contribute to intestinal inflamma-
tory responses, including those found in celiac disease, 
a disease that shares features with EoE, such as being 
triggered by food antigens, the involvement of epithe-
lial cells (although squamous epithelium in EoE), and 
the overexpression of NK cell activation antigens such 
as the MHC-like molecule MIC [47,112]. Notably, mice 
deficient in IL-15 or the IL-15 receptor (IL-15R-/-) have 
defective naive and memory CD8+ T cells, intestinal 
intraepithelial lymphocytes and NK cells [113]. The 
quantitative PCR analyses showed that levels of IL-15 
and its receptor IL-15Rα were increased in tissues 
from patients with EoE, as well as in a murine model 
of EoE. Interestingly, IL-15 mRNA levels correlated 
with esophageal eosinophilia in human EoE and IL-15 
levels reduced in EoE improved patients [105]. Addi-
tionally, evidence of the critical role of IL-15 comes 
from studies where IL-15Rα-deficient mice were pro-
tected from allergen-induced esophageal eosinophilia 
[105]. Furthermore, the IL-15 lung overexpressed mice 
showed increased esophageal eosinophilia [Mishra A 

et al., Unpublished Data], which confirms the role of IL-15 
in the development of EoE.

Role of eosinophil-active chemokines 
(eotaxins) in EoE pathogenesis
Eotaxin is an eosinophil-selective CC chemokine, 
constitutively expressed in the GI tract, and is critical 
for the maintenance of eosinophils in this tissue [5,97]. 

Although eotaxin is also expressed in the esophagus 
but no eosinophils are present in esophagus in healthy 
state. Eosinophils have enhanced responsiveness to 
eotaxin when primed with IL-5 [5]. Humans express 
eotoaxin-1, -2 and -3 while mice only express eotaxin-1 
and -2. Mice do not express analogous of human 
eotaxin-3. Eotaxin-3 (in contrast with eotaxin-1 or 
eotaxin-2) is specifically overexpressed in EoE in 
humans [47]. Furthermore, the levels of this eotaxin-3 
expression in the esophagus strongly correlated with 
disease severity based on basal layer expansion and lev-
els of eosinophils and mast cells [47]. In addition, the 
evidence of the critical role of eotaxin in the patho-
genesis of EoE comes from studies with eotaxin-defi-
cient IL-5 transgenic mice that show that esophageal 
eosinophilia is markedly impaired compared with 
eotaxin-intact IL-5 transgenic mice [114].

Role of mast cells & basophils in EoE 
pathogenesis
Several clinical and experimental murine studies have 
shown an accumulation and degranulation of mast 
cells in the esophagus of EoE patients [13,63,83,115]. Sig-
nificantly increased numbers of tryptase-positive mast 
cells and TGF-β1+ cells in smooth muscles of EoE 
patients were detected compared with those seen in 
control subjects. Tryptase-positive mast cells expressed 
TGF-β1 and increased the contractility of cultured pri-
mary human esophageal smooth muscle cells in vitro 
[13]. Hence, mast cells may participate in disease patho-
genesis by generating a number of proinflammatory 
mediators that activate eosinophils and promote tissue 
remodeling [13,103,115]. Similar to eosinophils, mast cells 
also express CCR3 [25]; therefore, induced eotaxin-3 
expression may also be responsible for mast cell recruit-
ment in the esophagus in EoE. A recent report indi-
cates that both eosinophils and mast cells correlate with 
disease severity in human [47]. Studies with a murine 
model shows that mast cells are critical in promoting 
muscle cell hyperplasia and hypertrophy in experi-
mental EoE [115]. Furthermore, most recently elevated 
basophil levels have been shown in human EoE [17] 
and basophil depletion in experimental setup amelio-
rated EoE [17]. Taken together, this suggests that mast 
cells and basophils contribute to the disease patho-
genesis and may have a significant role in promoting 
esophageal functional abnormalities in EoE.

Role of iNKT cells in EoE pathogenesis
The iNKT cells are a nonconventional population 
of T cells that express a canonical invariant TCR-α 
chain (Vα14-Jα18 for mice and Vα24-Jα18 for 
humans) and a TCR-β chain using limited Vβ seg-
ments (Vβ8.2 and 7 for mice and Vβ11 for humans) 



www.futuremedicine.com 357future science group

Diagnostic & therapeutic strategies for eosinophilic esophagitis    Review

[116–119]. The iNKT subsets are well characterized 
in health and disease and its activation, releases a 
number of inflammatory Th1, Th2 and Th17 cyto-
kines including IFN-γ, IL-4, [120,121], IL-5 and IL-13 
[118,120,122–123]. Previously, iNKT cells were implicated 
in the induction of number of allergic diseases includ-
ing asthma [124,125] and recently, we demonstrated that 
iNKT cell-deficient mice (CD1d-/-) are protected from 
allergen (peanut and Aspergillus)-induced experimen-
tal EoE [78]. The increased number of iNKT cells, its 
receptors Vα24 and Vβ11, and associated chemokine 
CXCL16 are also found in esophageal biopsies of EoE 
patients. Additionally, we also showed that the activa-
tion of iNKT cells in vivo is sufficient to induce EoE 
in mice [78]. Of note, the significance of iNKT cells in 
EoE was further established by treating the mice with 
anti-CD1d or anti-Vα24/Jα18 neutralizing antibodies 
in allergen-induced experimental EoE [126].

Role of experimental models in dissecting 
the EoE pathogenesis & proposing a 
treatment strategy
Eosinophils reside in all segments of the GI tract, 
except the esophagus from the prenatal to adult stage 
in both mice and humans at healthy state [5,127] and 
their number increases in the GI tract at disease state 
[128–131]. That indicates a very different mechanism 
that is operational in the esophagus for eosinophil 
accumulation compared with the other segments of 
GI tract. Therefore, to understand the mechanism of 
eosinophil trafficking into the esophagus, we devel-
oped the first EoE experimental model in 2001 by 
intranasal challenging of the mice with aeroallergens. 
The Aspergillus-induced EoE mouse model showed 
almost all the characteristic features of human EoE 
[131], such as intraepithelial eosinophilia, extracellu-
lar eosinophilic granules, basal cell hyperplasia and 
eosinophilic microabscesses. These models also show 
esophageal remodeling and fibrosis that are commonly 
observed in chronic human EoE [20,25]. Esophageal 
remodeling leads to a number of esophageal disor-
ders, such as esophageal stricture (narrowing), peri-
staltic dysfunction, esophageal rings, tissue scars, and 
epithelial and muscle cell hyperplasia/hypertrophy, 
which are commonly observed in human EoE. Apart 
from the Aspergillus-induced EoE mouse model, the 
oral intragastric ovalbumin (OVA) beads [132] or OVA-
sensitized and -challenged mouse models were also 
developed [133]. However, in both these OVA mouse 
models, there is a low magnitude of esophageal eosin-
ophilia and the absence of a number of human EoE 
characteristics, such as intraepithelial eosinophils, 
eosinophilic microabscess, basal cell hyperplasia, and 
extracellular eosinophilic granules in the esophageal 

epithelium are not shown or reported. Furthermore, a 
mouse model of a food allergen (i.e., peanut or corn)-
sensitized and -challenged EoE mouse model was also 
reported that indicated a critical role of T-cell subset, 
iNKT cells in EoE pathogenesis [134]. Both peanut and 
corn allergens promoted a large number of intraepithe-
lial esophageal eosinophilia, eosinophilic microabscess 
and extracellular eosinophilic granules in the esopha-
geal epithelium. In addition, using the mouse models, 
indoor insect allergens, such as cockroaches and dust 
mites, are also implicated for the EoE pathogenesis 
[79]. All these models dissected the significant role of 
iNKT cells and eosinophil active cytokines, such as 
IL-5, IL-13, IL-15 and chemokines such as eotaxin in 
EoE pathogenesis (Figure 1) [79,135]. Hence, a number 
of specific cytokine and chemokine genes (involved 
in EoE) transgenic mice that were created by either 
constitutive transgene overexpression, tissue-specific 
overexpression or comprising gene-inducible and 
gene-deficient mice [25,136]. Interestingly, most of the 
developed mouse models mimic the disease character-
istics observed in humans (Table 1). Collectively, these 
mouse models provide us with a useful tool not only 
for understanding the mechanism of pathogenesis but 
also for predicting the future therapeutic drug trials 
for EoE. 

Current diagnosis & therapy
Current diagnosis for EoE is based on painful, expen-
sive, risky and repetitive invasive endoscopy exami-
nations followed by the histopathological evaluation 
of esophageal biopsies. The endoscopic evaluation 
includes the presence of longitudinal furrowing, white 
exudates, edema, longitudinal shearing, corrugated or 
ringed esophagus in combination with pathological 
biopsies examination that provide diagnostic features 
of EoE such as: at least 15 eosinophils/high-powered 
field, basal layer hyperplasia, eosinophilic microab-
scesses and extracellular eosinophilic granules [137]. 
However, most of the symptoms of EoE are similar to 
GERD and sometimes it is very difficult to differenti-
ate between GERD and EoE. Therefore, the first crite-
rion for diagnosis of EoE is nonresponsive PPI therapy 
and repetitive eosinophil counts [138–140]. Classically, 
PPIs have had a role in distinguishing GERD from 
EoE. Once the diagnosis of EoE is made, the main goal 
of treatment is to control the symptoms and is decided 
after knowing the allergic status of the patients. More-
over, it is still debatable whether the goal of treatment 
should be histologic remission or clinical improve-
ment. Most of the patients are asymptomatic at diag-
nosis, and the treatment approach to these patients is 
still unknown [137]. Herein, we list the most common 
treatment strategies that are recommended for EoE.
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Figure 1. Allergen-induced esophageal eosinophilic esophagitis. APCs process the allergens (food 
allergens/aeroallergens) and present antigens to T cells (iNKT cells in eosinophilic esophagitis, CD4 T cells in 
case of other allergic diseases). These T cells home to the esophagus via blood circulation and upon activation 
release Th2 cytokines (IL-4, IL-13 and IL-5) that induce IL-15 and eotaxin in the esophageal epithelium that attracts 
eosinophils into the epithelium (≥15 eosinophils/high-powered field).  
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Figure 1. Allergen-induced esophageal eosinophilic esophagitis (cont.). Additionally, in response to allergens, 
iNKT cells, CD4+ T cells, CD8+ T cells, B cells, mast cells and basophils are also recruited to the esophagus. 
B cells synthesize IgE locally or systemically that may activate mast cells and basophils. Basophils and TSLP 
also contributes to EoE pathogenesis independently of IgE. Activated eosinophils and mast cells secrete TGF-β 
and other factors that induce esophageal remodeling, including fibrosis, collagen accumulation, muscle cell 
hyperplasia and epithelial cell hyperplasia that finally cause esophageal dysfunction and lead to eosinophilic 
esophagitis. 
APC: Antigen-presenting cell; iNKT: Invariant natural killer T cell; TSLP: Thymic stromal lymphopoietin. 
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Dietary manipulation
Food allergy is extremely common in EoE patients; 
therefore, a dietary manipulation is the first basis of 
treatment options. The dietary restriction has three 
main practices; an elemental diet completely devoid 
of allergens (amino acid-based formula adminis-
tered either orally or by nasogastric tube), the six-
food elimination diet (SFED), most likely removal 
of cow’s milk, soy, wheat, eggs, seafood and tree 
nuts, and the elimination of the food allergen based 
on allergy testing (either skin prick test [SPT] or 
allergen specific IgE). Although the elemental diet 
approach has been shown to be an effective treatment 
in up to 96% of patients [73–76], the major issue with 
this approach is the adherence to therapy and the 
cost of the elemental formula. The drawback of this 
strategy is that patients have to live all their lives on 
the restricted diet. Although these approaches have 
been used with success in pediatric populations, cur-
rent data on adult patients suggest that the symptoms 
improved by 68% in targeted elimination diet and by 
78% in SFED but endoscopic appearance improved 
only by 53% in targeted elimination diet and 56% 
in SFED. Only 32% in targeted elimination diet and 
56% in SFED responded to ≤15 eosinophils/high 
powered field [53]. Similarly, a systematic review and 
meta-analysis of 33 studies of different dietary treat-
ments that included 1317 patients with EoE (1128 
children and 189 adults) verified that elemental diets 
were effective for 90.8% of cases, SFED for 72.1% 
and allergy test result-directed food elimination for 
45.5% of cases. This study’s result shows that dietary 
therapy provided symptom relief to the majority of 
patients and resulted in a substantial (78–43 mean 
eosinophils/high-powered field) but not a complete 
decrease in eosinophil counts [56]. Because of the 
poor palatability of elemental formulas, elimination 
diets based on SPTs and atopy patch tests (APTs) or 
removal of the most common food allergens have 
been tried and resulted in a similar rate (75%) of 
improvement. The study of predictive values for SPT 
and APT for eosinophilic esophagitis by Spergel et al. 
[66,141] suggests that elimination diets based on posi-
tive foods found on APT and SPT and milk elimina-
tion regardless of the testing results can prevent the 
need for an elemental diet in a majority of children 
with EoE. Furthermore, the combination of SPT 

and APT can identify potential causative foods that 
might contribute to the pathogenesis of eosinophilic 
esophagitis.

Steroid therapy: topical & oral systemic 
therapy
The second treatment regimen is the topical/sys-
temic steroids treatment for EoE. Steroids treatment 
significantly reduces both clinical and histological 
symptoms. Interestingly, steroid treatment also shows 
reversal of tissue fibrosis in children [142]. Esophageal 
remodeling is associated with the upregulated gene 
expression of profibrogenic cytokines in adults with 
EoE, and prolonged fluticasone propionate treatment 
leads to a nonsignificant reduction in subepithelial col-
lagen deposition accompanied by the downregulation 
of profibrogenic cytokine gene expression, specifically 
CCL18 [143].

Swallowed steroid therapy was found to be more 
effective with the complete remission in a significant 
number of patients compared with dietary therapies 
[144]. However, there are limitations that exist with oral 
swallowed steroids therapy: dependency on treatment 
(reoccurrence of EoE symptoms within few months 
after discontinuation of therapy) and oral fungal infec-
tions [4,145–146]. However, no systemic side effects have 
been reported with this regimen.

Antileukotriene therapy
Human eosinophils express both heptahelical G pro-
tein-coupled receptors, cysLT1 receptor and cysLT2 
receptor. Montelukast (a leukotriene D receptor, 
cysLT1 receptor, antagonist) has an effect on eosino-
phil function, but not in eosinophil recruitment. An 
adult trial of EoE has shown some clinical but no 
histological improvement [147–149]; therefore, the cur-
rent guidelines do not recommended antileukotriene 
therapy for EoE [4].

Anti-IL-5 & anti-IL-13 therapy
A humanized anti-IL-5 antibody (mepolizumab 
[150–152] or resalizumab [153] treatment) clinical trial 
indicates that a substantial disease component is 
reversible in adults with severe manifestations of 
patients with longstanding EoE symptoms and severe 
tissue pathology. The anti-IL-5 antibody treatment 
reduces EoE symptoms including the eosinophil load 
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in the blood and in the tissue, as well as eosinophil 
activation but could not reduce eosinophilic count as 
much as an elimination diet treatment (less than four 
eosinophils/high-powered field). In addition, these 
studies demonstrated a trend of improvement of clini-
cal symptoms that did not reach statistical significance 
[153,154]. However, the drawback of anti-IL-5 antibody 
therapy is similar to the elimination diet treatment; 
the EoE symptoms come back as soon as therapy is 
withdrawn. Another potential pharmacological agent 
currently on trial is anti-IL-13 neutralizing antibody 
treatments for EoE; however, it is debatable whether 
an anti-IL-13 treatment strategy will be successful. 
Recently, it has been shown that IL-13-induced EoE is 
dependent on IL-5 and IL-13 gene deficiency does not 
impair antigen-induced EoE [62].

Esophageal dilation
The effective therapy to relieve dysphagia is dilation 
of esophageal strictures. This therapy, however, has no 
effect on the inflammation of esophagus. This therapy 
is often used for patients who failed other medical 
therapies and sometimes it is also used for patients who 
have high-grade strictures. Clinical outcome of dys-
phagia varies after dilation, with symptomatic recur-
rence occurring within 3–12 months to longer than 
a year. The main concern with dilation is perforation. 
However, a meta-analysis suggests that this risk is min-
imal [155]. Dilation is a safe procedure with a low rate 
of serious complications (<1%), and provides at least a 
short-term improvement of symptoms in the majority 
of patients. Interestingly, a recent study suggested that 
dilation was less economical than treatment with swal-
lowed aerosolized steroids in EoE [156]. Patients should 
be informed that dilation itself will not be sufficient for 
treatment, and topical therapy in addition to dilation 
should be recommended.

Future diagnosis & therapy
We and other investigators have made significant prog-
ress in understanding EoE pathogenesis; however, 
there is still a lack of novel noninvasive biomarkers for 
precise diagnosis of EoE. Thus, there is a great need 
for innovative approaches to uncover new possibili-
ties for diagnostic and therapeutic interventions. The 
identification of a reliable noninvasive EoE biomarker 
would advance EoE treatment, as it would allow for 
more accurate and timely detection of changes result-
ing from therapy alteration. The key molecules that 
participate in the pathophysiology can be used as non-
invasive biomarkers to diagnose EoE. Earlier, a num-
ber of biomarkers are proposed but most of them are 
the byproducts of eosinophils, which are not specific to 
EoE and do not differentiate EoE from GERD [157]. We 

recently established that allergen-induced IL-15 and its 
responsive T-cell subset (iNKT cell) are induced in 
human EoE and have a role in the initiation and pro-
gression of EoE pathogenesis. Furthermore, the iNKT 
neutralization provides protection from the induction 
of EoE in an experimental model of EoE [78,126]. In 
addition, we also found that the mRNA levels of IgE 
receptors FcεRI, FcεRII and IL-15 responsive T-cell 
subset receptors (TCR) such as CXCR6, Vα24, γ and 
δ, are differentially expressed in the blood of normal 
individuals, EoE and GERD patients. These molecules 
may be novel noninvasive biomarkers for EoE [158] and 
are critical for future therapeutic intervention.

Conclusion
In summary, we have described in this review the prog-
ress in understanding the development of pathogenesis 
of EoE. In brief, we have discussed the critical role of 
T cells, specifically its subset iNKT cells, in the patho-
genesis of EoE. Although B-cell levels are increased 
in EoE patients and in a murine model, B-cell-defi-
cient mice data showed that they are not required for 
development of EoE. Interestingly, FcεRI and FcεRII 
receptors on blood cells are differentially expressed in 
EoE and GERD compared with normal subjects. We 
have also provided the evidence for the involvement of 
eosinophils, mast cells and basophils in tissue remod-
eling during the development of pathogenesis of EoE. 
Furthermore, we have also discussed the major role of 
Th2 cytokines, IL-5 and IL-13, chemokines and eotax-
ins in the development of symptoms of EoE. Apart 
from eotaxin, IL-5 and IL-13, we have described newly 
identified key targets, IL-15 and its responsive iNKT 
cells and their receptors (Vα24 and Vβ11) that play a 
critical role in initiation and progression of EoE. Data 
from overexpressing IL-15-transgenic mice, IL-15Rα-
deficient mice, iNKT cell-deficient mice, and deple-
tion of iNKT cells via anti-CD1d or anti-Vα24/Jα18 
antibodies demonstrate the critical role of IL-15, iNKT 
cells and their receptors in the development of charac-
teristic features of EoE in a murine model (Figure 1). 
These data provided us with novel therapeutic tar-
gets for EoE treatment and diagnosis. Studies with 
human subjects confirmed their association with dis-
ease pathogenesis. Hence, these target molecules can 
be utilized for validation of diagnosis and therapeutic 
treatment strategies.

Future perspective
Eosinophilic esophagitis (EoE) is a chronic immune- 
or allergen-mediated esophageal disease characterized 
by clinical symptoms (related to esophageal dysfunc-
tion such as dysphagia, heart burn and chest pain), 
endoscopic evaluation (esophageal rings, narrowing or 
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strictures, linear furrows, white plaques or exudates, 
decreased vasculature, edema and mucosal fragil-
ity) or by pathologic assessment (esophageal eosino-
philia; ≥15 intraepithelial eosinophils/high-powered 
field). Recent consensus guidelines, based on the 
expert opinions of pediatric and adult gastroenterolo-
gists, allergists and pathologists, provide standardized 
diagnostic criteria for EoE. However, still there is no 
single clinical, endoscopic, or histologic characteris-
tic feature identified for the diagnosis of EoE. Cur-
rent challenges for EoE investigators are: in clinical 
symptoms that distinguish EoE from GERD and 
PPI-REE; endoscopic evaluation indicating that in 
some patients (5–10%) where the esophageal mucosa 
appears normal and if a biopsy is not taken from them, 
there will be a chance of missed diagnosis of EoE 
patient; and endoscopic and histologic characteristic 
features described for EoE cannot distinguish GERD 
or PPI-REE from EoE. Yet, there is no validated tool 
to assess the effectiveness of EoE treatment other than 
the above-described diagnostic criteria by clinical and 
repetitive endoscopic and histologic evaluation for 
management of EoE. There is a great concern of the 
long-term effect of anesthesia used when obtaining 
repetitive endoscopic biopsies on the development of 
children. Currently, steroid and elemental/elimination 
diet therapies are effective for both adult and pediatric 
EoE but these therapies have a number of limitations. 
Therefore, there is a need for a better noninvasive 
diagnostic biomarker that can be utilized for assess-
ing the effectiveness of therapy for the management of 

EoE. Utilizing human and murine models, few new 
molecules involved in EoE pathogenesis have been 
identified that include thymic stromal lymphopoietin, 
basophils, IL-15, iNKT cells and IL-15 responsive cell 
surface receptors. We hope that in next few years, a 
novel reliable noninvasive diagnostic or therapeutic 
molecule will be established for EoE management that 
will not only reduce the risk and pain associated with 
endoscopic biopsies but also the economic burden of 
patients and their families.
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