
Pathophysiology of eosinophilic esophagitis: recent advances 
and their clinical implications

Melanie A Ruffner1,2,*, Katie Kennedy1, Antonella Cianferoni1,2

1Division of Allergy & Immunology, Children’s Hospital of Philadelphia, PA, USA

2Department of Pediatrics, University of Pennsylvania Perlman School of Medicine, USA

Abstract

Introduction: Diagnostic and therapeutic strategies in eosinophilic esophagitis (EoE) are 

evolving. New knowledge regarding the pathophysiology of EoE has been the foundation for 

updated diagnostic recommendations and new therapeutic trials.

Areas Covered: We performed structured literature searches in Medline and PubMed, Cochrane 

meta-analyses, and abstracts of international congresses to review therapeutic approaches for EoE 

in July 2018. Additional articles were obtained by perusing the references of articles identified in 

the original PubMed search. Articles were excluded if they did not focus on the mechanism of 

disease, diagnosis, or treatment of humans with eosinophilic esophagitis.

Expert Commentary: Recent advances in the understanding of mechanisms underlying the 

pathology of eosinophilic esophagitis (EoE) have resulted in significant change in the diagnostic 

algorithm for EoE, and are identifying promising potential targets for personalized medicine. 

There is clinical need for improved targeted therapy for EoE, and better understanding the 

underlying pathophysiology of EoE will help to determine therapeutic targets. In this review, 

we highlight key mechanisms in the pathophysiology of EoE and how they are being utilized to 

change therapy in EoE.
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1. Introduction:

Eosinophilic esophagitis (EoE) is a chronic relapsing inflammatory disorder of the 

esophagus and is a common cause of esophageal dysfunction, fibrosis, stricture and food 

impaction in children and adults[1]. EoE incidence and prevalence is rapidly increasing in 

developed westernized countries and it is estimated to affect 1 in 1000 patients in the United 

States [2–9]. EoE is due to a T helper type 2 (Th2) atopic inflammation which, if left 

untreated, can cause irreversible fibrosis [10]. It can occur at any age and has heterogeneous 

clinical presentations depending on age at the time of presentation. The younger the patient, 

the more likely symptoms reflect acute inflammation, whereas the older the patient, the 

more likely it is that symptoms are due to fibrosis [10]. Therefore typically infants and 

young children present with non-specific symptoms of esophageal dysfunction such as 

vomiting, food refusal, and failure to thrive[11]; whereas adolescents and adults present with 

a spectrum of symptoms reflecting ongoing fibrosis like dysphagia, odynophagia, nausea, 

vomiting and esophageal strictures[12]. The long term consequences of EoE are fibrosis, 

stricture, and food impaction which can require esophageal dilation [13, 14].

EoE is diagnosed by demonstration of greater than 15 eosinophils per high powered field 

in the esophageal epithelium on biopsy [15, 16]. Despite recent research, there are no 

noninvasive biomarkers with sufficient sensitivity or specificity to replace examination of the 

esophageal biopsies by an experienced pathologist [10].

Like in many atopic diseases it has been demonstrated by multiple groups independently 

that in EoE there is Th2-predominant inflammation driven by chronic antigen exposure from 

food and possibly environmental allergens [17–25]. Treatment options for patients with EoE, 

as for many other atopic diseases, include antigen avoidance, i.e. dietary modification, and 

topical swallowed steroids [15, 16].Of note, no topical steroid preparation is FDA approved 

for EoE and asthma medications are currently used “off label” to treat the disease. However 

in contrast with typical allergic disorder, a portion of EoE patients will have histologic 

improvement while taking proton pump inhibitors PPI, suggesting a more complex and 

diverse mechanisms in EoE development [15].

Finally there is a substantial proportion of patients who have partial or no response to these 

therapies. To address the unmet needs in those patients many clinical trials are underway to 

develop new method of delivery for topical steroid or new more specific biological therapies 

for EoE aiming at controlling both eosinophilic inflammation and patients’ symptoms [26]. 

Better understanding of the pathophysiology of EoE is necessary to direct development 

of targeted therapies for this disorder. The aim of this article is to review the cellular 

and molecular mechanisms of EoE and how this knowledge influence present and future 

management of EoE.

2. Genetic susceptibility

Since the first few case descriptions in the mid-nineties, great progress has been made in 

understanding EoE pathophysiology in a relative short period of time and the advancement 

in genomic studies of the last decades have been pivotal in sustaining the rapid pace of 
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this research[27]. Indeed since the first description of EoE, genetic predisposition has been 

clearly shown to be a critical factor in EoE as demonstrated by the increased risk of 

developing EoE in first degree relative or siblings of patients affected by the disease [28] 

[29].

Like every atopic disease the genetics of EoE appears to be the one typical of most of the 

complex diseases such as asthma and obesity: genetics are permissive of the disease, but the 

disease development happens only in the presence of the crucial environmental factors [27, 

30] (Figure 1). Indeed if several inheritable gene loci have now been described linked to 

EoE risk, [31–39], a strong environmental component in EoE development is suggested by 

the rapid increase in EoE prevalence experienced in western countries, the fact that fraternal 

twins are more at risk for developing EoE than siblings and the possibility of identical twins 

not equally affected [3, 28].

Small and large studies have shown that genetic determinants are far greater than other 

atopic diseases such as asthma[27]. In a study of 4,423 EoE cases and 24,322 controls 

from the Utah population database, it was demonstrated that risks of EoE were significantly 

increased among first-degree relatives (odds ratio [OR], 7.19; 95% CI, 5.65–9.14)[40], 

especially those diagnosed by 18 years of age (OR, 16.3; 95% CI, 9.4–28.3)[40]. Similar 

results have been shown in twin studies, in which monozygotic twins have 41% disease 

concordance while the non-twin siblings of patients with EoE have a 2.4% disease 

concordance and the non-related population of 0.05% [28]. Therefore the sibling risk ratio 

in EoE is estimated to be over 40 and only 2 for example for atopy[41]. However the 

aforementioned studies shows also a great influence of the environment. Interestingly the 

Utah study found an increased risk of EoE in the spouses of EoE probands, which suggests 

either nonrandom mating or potential shared environmental contribution to development of 

EoE [40]. Similarly in the twin study the dizygotic twins had a disease concordance of 

22% much higher than the siblings’ concordance, indicating that both genetics and early life 

factors play important roles in the development of EoE [28].

In complex diseases typically multiple single nucleotide gene differences (polymorphism-

SNP) can have a protective or causative effects for a certain disease in a specific subject 

depending on the environmental exposure [39, 42–45]. Two study designs are commonly 

used to determine the genetic contributions in complex diseases: candidate gene association 

studies and genome-wide association studies(GWAS)[45].

The candidate gene association studies compare the incidence of SNP in biologically 

plausible gene between a population affected by the disease (cases) and a group of 

controls[45]. The main limitations of such a design are its inability to identify novel genes 

and pathways contributing to the pathogenesis of a disorder [45].

The availability of microarray technology and the sequencing of the whole human genome 

has made possible to study hundreds of thousands SNPs on the entire genome and 

comparing those in cases and controls like it happens in genome wide associated studies 

(GWAS) [45]. GWAS allows performance of hypothesis-free search for gene variants 

associated with a certain diseases and has been proven to be a powerful tool to unveil 
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new replicable gene targets for researchers, when adequately powered[45]. Indeed SNPs are 

typically frequent in the general healthy population. To establish their role in GWAS, the 

larger the number of cases and controls for analysis, the better is the statistical power[45].

Using a candidate gene approach, 3 genes have been identified as important in EoE 

pathogenesis TGF-β [46–48], CCL-26 (Eotaxin 3) [49] and Toll-like receptor 3 (TLR3) 

[50].

Aceves et al showed that patients who responded to swallowed steroid therapy are more 

likely to have a CC genotype at the −509 position in the TGF-β promoter than were 

non-responders. These data suggest that TGF- β, that is known to induce fibrosis in atopic 

disease, could be a target for therapeutic intervention and that response to therapy maybe 

influenced by the genetic background [46–48].

Blanchard et al, found that CCL-26 is overexpressed by 50-fold in EoE patients compared 

with normal controls or patients with GERD due to a SNP present in about 13% of patients 

with EoE, suggesting for the first time how a dysregulated epithelium may play a central 

role in favoring eosinophil chemotaxis in certain individuals [49].

Most recently Avila-Castellano R et al. demonstrated that patients with EoE express more 

often the CC or CG SNP rs3775292 on TLR3 gene on Chromosome 4. Patient with TLR 

SNP tended also to be more frequently sensitized to both environmental and food allergens 

[50].

More recently, GWAS analysis done by several independent groups have identified 3 more 

epithelial genes as important candidate gene in the pathogenesis of EoE: the thymic stromal 

lymphopoietin (TSLP) gene, at 5q22, the Calpain 14 (CAPN14) on chr2p23.1 and the 

c11orf30/EMSY on chr11q13.5 [37, 39, 42, 51].

The first EoE GWAS was published in 2010 and included 351 total cases resulting in 

the identification of multiple genome wide significant variants on chromosome 5q22 at a 

locus that contained [36]. The TSLP risk allele (AA) is correlated with increased epithelial 

TSLP expression, increased mucosal basophil recruitment. The importance of TSLP in EoE 

pathophysiology is not surprising as TSLP plays a crucial role in many other atopic diseases 

such as asthma or phenotype as eczema [52]. Its central role in EoE has been confirmed 

in animal studies, where TSLP inhibition leads to a prevention in EoE development in an 

animal model [53]. More recently our group for the first time demonstrated that TSLP 

risk allele (AA) could be used clinically as EoE pediatric patients with this genotype have 

less chances to respond to a diet that eliminates only one food and have increased food 

allergen triggers, regardless of the degree of background atopic disease [35, 53]. Sherrill 

et al demonstrated a nonsynonymous polymorphism in the TSLP receptor (TSLPR) gene 

on Xp22.3 and Yp11.3 [37]. This SNP was significantly associated with EoE only in male 

patients [37], and could be responsible for the preponderance of EoE in male patients [37], 

who represent approximately 70% of EoE patients [3].

Two additional expanded GWAS were published in 2014. Both of these confirmed the 

association of TSLP with EoE and reported a novel locus including the Calpain 14 
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(CAPN14) gene. Kottyan et al [51, 54] demonstrated association of SNP at the TSLP 

and CAPN14 loci as well as food hypersensitivity loci LRRC32, IL33 and LPP with the 

development of EoE. In a separate cohort, Sleiman et al replicated association of TSLP 

and CAPN14 SNPs with EoE, and demonstrated novel association of c11orf30, ANKRD27, 

and STAT6[39]. CAPN14 appears to be specifically expressed in the upper GI tract at 

particularly high levels in the esophageal epithelium [51]. It is a protease that belongs to the 

Calpain family, which is believed to be important in protein turnover and, if dysregulated, 

can lead to loss of barrier function [40]. Atopic inflammation, IL-13 and the risk SNP 

allele favor CAPN14 overexpression in EoE, resulting in loss of critical barrier proteins such 

as Desmoglein 1, which are hydrolyzed by CAPN14, and consequent increased epithelial 

permeability[54].

C11orf30 and STAT6 have been found to be associated with allergic and inflammatory 

disease [55–57]. C11orf30, encodes EMSY, and an epithelium loss of EMSY has been 

associated with increased levels of the proinflammatory TSLP and CCL5, suggesting how 

small risk in multiple genes can amplify immune dysregulation[58]. GWAS studies have 

therefore confirmed how the epithelium is central in EoE pathogenesis and have identified 

several candidate targets for therapy.

Other studies that point to the importance of genetics in EoE are several monogenic 

inherited disorders associated with an increased risk of EoE (Table 1). Examination 

of the various mechanisms implicated by these associations provides insight into the 

diversity of EoE pathogenesis. Connective tissue disorders are thought to share a common 

pathogenic mechanism in the development of EoE through dysregulated TGF-β signaling. 

The risk of connective tissue disorders such as Marfan’s syndrome, hypermobile Ehrlos 

Danlos’ Syndrome and joint hypermobility syndrome is increased 8-fold in patients with 

EoE[59]. Recent studies have shown that STAT3 negatively regulates TGF-β signaling 

via ERBB2-interacting protein (ERBIN) which is a SMAD anchor for receptor activation 

[60]. Individuals with dominant-negative STAT3 mutations (autosomal dominant Hyper-

IgE Syndrome, AD-HIES) have significantly increased incidence of EoE [61]. EoE has 

also been associated with defects in PTEN, the tumor suppressor lipid phosphatase and 

tensin homolog as well as with Netherton’s syndrome which is caused by a defect in 

the epithelial protease inhibitor SPINK5[62, 63]. In a 2018 study Sherrill et al used trio 

whole-exome sequencing of 63 EoE patients and 60 unaffected family members [38]. This 

study identified 5 rare, damaging variants in dehydrogenase E1 and transketolase domain–

containing 1 (DHTKD1) as well as 7 variants in the DHTKD1 homolog oxoglutarate 

dehydrogenase-like (OGDHL) which seem to play a role in normal mitochondrial function 

in esophageal epithelium[38]. As these studies demonstrate, the genetic etiologies of 

EoE are heterogeneous and range from non-Mendelian to rare, EoE-associated variants 

to patients with EoE as a feature of a systemic syndrome such as connective tissue 

disease or AD-HIES. In the future, it will be necessary to determine how prevalent these 

different mechanisms of inheritance are within the population of EoE. Further, the impact of 

mechanism of inheritance on disease course and response to therapy needs to be determined.
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3. Early life exposures

Early-life exposures have been demonstrated to confer additional risk in the development of 

atopic disease. There is evidence that neonatal microbiome composition modulates asthma 

risk, and maternal acute atopic symptoms during pregnancy have been associated with risk 

of early atopic dermatitis in offspring [64, 65] Several studies have also shown a possible 

link between specific exposures and an increased risk of EoE. These studies have mainly 

been performed in American populations, and if confirmed more broadly they may provide 

insight into potentially modifiable risk factors to prevent the development of EoE (Figure 1).

Specifically, a recent retrospective case control study of an American pediatric EoE cohort 

by Jensen et al [66] examined association between the development of EoE and exposures 

during the neonatal period. Development of EoE was positively associated with maternal 

fever (adjusted odds ratio, aOR 3.18, 95% CI, 1.27–7.98) preterm labor (aOR, 2.18 95% 

CI [1.06–4.48]), cesarean delivery (aOR 1.77, 95% CI [1.01, 3.09]), and antibiotic use 

during infancy (aOR, 2.30 [95% CI, 1.21–4.38]) as well as the use of an acid suppressant 

during infancy (aOR 6.05, 95% CI [2.55–14.40]).Notably, an inverse relationship was noted 

between having a furry pet in infancy and the development of EoE (aOR 0.58; 95% CI 

[0.34–0.97]. Interestingly, no associations were noted for breast feeding or maternal multi-

vitamin use [66].

Additional work by Jensen et al[67] has investigated how early-life environmental exposures 

may interact with genetic susceptibility loci defined on EoE GWAS studies. Specific 

SNPs associated with EoE were evaluated and included TSLP at 5q22, the LOC283710 

and KLF13 region at 15q13, CAPN14, chemokine (C-C motif) ligand (CCL) 26, and 

transforming growth factor β (TGF-β). Case control analysis suggested that breast feeding 

infants with the pathogenic variant CAPN14 may have a reduced risk of EoE (aOR .08, 95% 

CI [0.01–0.59])[67]. Those with admission to the NICU as well as the variant LOC283710/

KLF13 may have an increased risk of EoE (aOR 4.83, 95% CI [1.49–15.66]). These results 

provide additional evidence into modifiable risk factors that may contribute to development 

of EoE, and provide insight into how these environmental risks may interact with inherited 

pathogenic variants. This may ultimately provide information regarding individual patient or 

population-based risks to implement risk modification strategies.

4. Allergen sensitization

The atopic march refers to the phenomenon of progression of allergic disease from 

infancy through childhood. Specifically this refers to the development of atopic dermatitis, 

food allergy, asthma and allergic rhinitis[68]. In several retrospective studies it has been 

shown that the risk of EoE is increased in pediatric patients with atopic comorbidities 

including asthma, allergic rhinitis and food allergy. For example patients with chronic 

rhinosinusitis and their first degree relatives have respectively a 3.4 fold and 1.5 fold 

increased risk of developing EoE [69]. A prospective, EMR-based primary care birth cohort, 

has also confirmed the association of atopic disorders with EoE[70]. The presence of 

atopic dermatitis (HR 3.2, 95% CI [2.2–4.6]), IgE mediated food allergy (HR 9.1, 95% 

CI [6.5–12.6]) and asthma (HR 1.9, 95% CI [1.3–2.7]) were independently and cumulatively 
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associated with a later diagnosis of EoE[70]. These studies suggest that EoE is a member of 

the atopic march and raises questions about shared mechanisms of pathogenesis as well as 

potential targeted therapy (Figure 1).

Food allergy has been shown in numerous studies to be a common trigger of EoE, because 

dietary restriction therapies have been successfully used globally as effective treatment 

options [23, 24, 71–77]. Elemental diets have been shown in several reports to induce 

histological remission in both children and adults with EoE [24, 75, 78]. This strategy 

employs an amino acid based formula and is difficult to adhere to, especially for older 

children and adult patients. As such, multi-food elimination diets have come into play as 

more realistic options for patients that have also been shown to improve symptoms [23, 24, 

71–77]. Studies have shown clinical improvement with both 6-food (milk, wheat, egg, soy, 

peanut/treenut, fish/shellfish) and comparatively 4-food (milk, wheat, egg, soy) elimination 

diets with a recent prospective study showing benefit to 2-food elimination (milk, wheat) 

with step-wise additional restriction if clinically necessary [23, 24, 71–77]. Sequential single 

food reintroduction once remission is achieved in order to identify the trigger is necessary. 

In EoE like in food allergic disease, immunological response to food is very reproducible 

[23, 24, 71–77] and food allergens have been demonstrated to have a causative role in EoE 

following Koch’s postulate as demonstrated by clinical and endoscopic resolution of EoE 

once the food is removed and exacerbation when the same food is reintroduced[11, 23, 72, 

73].

Several investigators have examined methods to identify causative allergens in EoE, and this 

has been recently been reviewed in detail elsewhere[79] In general, conventional allergy 

testing methods that rely on food specific IgE measurement, have had low sensitivity 

and specificity to guide food elimination in EoE and therefore clinical response to food 

elimination on the endoscopic biopsy has remained the standard of care in the clinical 

guidelines[15]. This is probably due to the fact that the role of IgE in food induced EoE is 

probably minimal if any [71]. Indeed in animal models the lack of IgE didn’t prevent EoE 

development, omalizumab (anti-IgE) monoclonal antibody has not shown to be an effective 

treatment [71, 80, 81]. Similarly with previous IgE mediated allergy to a specific food that 

reintroduced the food in the diet either because they have spontaneously outgrown the FA or 

have undergone an oral immunotherapy protocol (OIT) are at risk of developing EoE [71]. A 

large meta-analysis concluded that new onset EoE occurs in 2.7% (95% confidence interval 

1.7%–4.0%, I(2) = 0%) of patients following food OIT given for IgE mediated food allergy, 

most commonly to milk, egg or peanut[82]. Another two-year prospective study following 

children given milk and/or egg OIT showed a rate of subsequent diagnosis of eosinophilic 

gastroenterological disorders of 6.25% [83]. Additional investigation is needed to determine 

which patients would be at highest risk after receiving OIT for developing EoE.

Like measurement of specific IgE to food, also patch testing that look at delayed food 

reactions have lead to disappointing results[79]. Therefore diagnostic testing to guide food 

elimination in EoE remains a significant clinical problem due to the lack of effective clinical 

allergen testing in this disorder [84]. As a result, patients undergo multiple endoscopies and 

the development of allergen testing for food allergens with high specificity and sensitivity 

for use in EoE would have a significant quality of life impact for patients with this disorder. 
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Recently we have described a specific CD154 induction in vitro of peripheral blood T cells 

to milk in patients with milk induced EoE, suggesting that this test could be used in the 

future to predict specific FA in patients with EoE, however further prospective study will be 

needed to confirm the clinical applicability of the test[20]

In addition to food allergens, some speculate that inhaled aeroallergens may play a role in 

exacerbating EoE for a subset of patients. Aeroallergen exposure and sensitization has been 

shown to induce EoE in mouse models[85]. Some studies have suggested that aeroallergen 

can cause seasonal flares in EoE disease activity. Ram et al performed a retrospective 

study of a pediatric EoE cohort and determined that 14% of 1,180 patients had seasonal 

flares in EoE symptoms and 20% of this subset of patients had biopsy-confirmed EoE 

exacerbations attributable to aeroallergen alone[21]. This suggests that in aeroallergen 

sensitization can be a clinically significant trigger of EoE flares and can be an issue in 

patients receiving oral immunotherapy (OIT) for environmental allergens. Several studies 

have unfortunately reported cases of newly diagnosed or relapsed EoE in patients receiving 

sublingual immunotherapy for pollen and grass [86, 87]. However a metanalysis by Lucendo 

et al. has failed to demonstrate a seasonal distribution of initial diagnosis and clinical 

recrudescence of EoE[88].

5. Immune response

The immune response responsible for the chronic-relapsing inflammation in EoE is to be 

attributed to an inter-talk between innate and adaptive immune response [10]. It is now 

believed that a dysfunctional esophageal epithelium in genetically predisposed individuals, 

when exposed to the right environmental condition, promotes a sensitization to food and a 

Th2 response [10]. The continual exposure to the antigen favors a chronic inflammation that 

ultimately leads to esophageal dysfunction and fibrosis [10].

5.1 Epithelial barrier dysfunction

The human esophagus is lined by a nonkeratinized stratified squamous epithelium [89]. 

The function of the epithelium is to serve as a barrier against microorganisms, acid, food 

antigens, and mechanical trauma [89]. The integrity of the epithelium is maintained by the 

intracellular connections provided by tight junctions, adherence junctions, and desmosomes 

[89].

Impaired epithelial barrier function is a hallmark of the allergic inflammation that 

characterizes EoE [10] (Figure 1). Abnormal epithelial features can be identified in the 

histological analysis of esophageal biopsies in patients with EoE [90]. The loss of cell-cell 

adhesion structures like tight junctions and Desmoglein have been demonstrated using 

in vitro assays such as transepithelial electrical resistance and FITC-Dextran assays and 

increased epithelial permeability correlated EoE disease activity [91]. An increased exposure 

to the Candida albicans via the impaired esophageal barrier can explain why patients with 

active EoE have higher rates of sensitization to such pathogen [92].

Barrier dysfunction in EoE is also characterized by a significantly altered mucosal 

transcriptome studied using RNA derived from patient biopsies, that is significantly different 
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from the one seen in GERD patients or healthy controls [19]. As many as 1607 significantly 

altered genes in EoE have been identified, with approximately two-thirds upregulated 

[93]. In vitro studies have confirmed many of these findings. Studies using an air-liquid 

interface of human epithelial esophageal cells demonstrate that IL-13 stimulation induces 

gene expression changes in patterns that mimic the in vivo EoE transcriptome [93].

These studies have revealed complex, multiple level epithelial dysfunction in EoE involving 

cytokine production, downregulation of structural barrier genes, and increase in damaging 

proteases production. As previously discussed there are ample evidence of altered cytokine 

and chemokine signaling from the epithelium, including highly overexpressed levels of 

CCL26, IL-33, IL-25, Arachidonate 15-lipoxygenase (ALOX15) and TSLP[42, 49, 94, 

95]. Next, there is significant downregulation of multiple structural genes important to 

maintain barrier integrity, including filaggrin (FLG), desmoglein 1 (DSG1), claudins 

(CLDN1 and CLDN7)[19, 93, 96, 97]. Finally, dysregulated expression of proteases and 

their inhibitors most likely result in further degradation of structurally important epithelial 

proteins, including DSG1[54]. For example upregulation of the protease CAPN14 and 

altered expression of protease inhibitors including SERPINS and SPINKs have been shown 

in EoE biopsy tissue [33]. SPINK7 depletion in the epithelium has been tied to increased 

secretion of the TH2 cytokine TSLP as well as eosinophil activation [98]. These effects are 

reduced in vitro via treatment with α1-antitrypsin [98]. Further exploration of how to revers 

epithelial barrier dysfunction in this disorder may result in potential future therapeutics.

There has also been significant effort to determine if the gene expression pattern seen in the 

esophagus can be harnessed as a diagnostic tool to distinguish EoE from other disorders. 

Wen et al developed a 96-gene quantitative PCR array with associated diagnostic algorithms 

to distinguish biopsies derived from EoE patients from those with reflux esophagitis [99]. 

This EoE diagnostic panel (EDP) has been validated in several cohorts, including adult and 

pediatric patients with EoE and can be used with RNA isolated from freshly isolated or 

formalin-fixed biopsy tissue to differentiate patients with EoE from those with GERD or 

without disease [100–102]. Gene expression signatures within this panel have also been 

correlated with response to topical steroid therapy, suggesting that this approach holds 

promise as an adjunct diagnostic tool [103].

Recently, there is growing evidence that proton pump inhibitors may have a second, 

anti-inflammatory mechanism of action by targeting the esophageal epithelium. This was 

of significant interest because there is a substantial subset of patients with esophageal 

eosinophilia who seem to respond to PPI monotherapy and Current guidelines now 

recommend that this subset should be treated indefinitely with a PPI as mono-therapy 

[15]. Therefore given the fact that PPI are easy to administer and have a very favorable 

risk benefit ratio, the new guidelines suggest to start treatment with PPI and only if 

there is a treatment failure with PPI it is recommended to start a therapy with dietary 

exclusion or swallowed steroid[15]. In a meta-analysis of 32 studies, 50.5% (95% CI 

42.2%–58.7%) patients had histologic improvement (to <15 eosinophils/hpf) with PPI 

treatment with significant differences among different studies [104]. Interestingly, many 

of the same transcriptional changes were noted in patients whose EoE was responsive to 

PPI alone [105]. These included characteristic changes in genes for eosinophil chemotaxis 
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(Eotaxin 3, CCL26), barrier molecules (Desmoglein 1, DSG1), tissue remodeling (periostea, 

POSTN), and mast cells (carboxypeptidase A, CPA3) [105]. PPI monotherapy resolved 

these changes. Further examination of PPI mechanism has revealed anti-cytokine effects 

at the level of the esophageal epithelium in addition to their well-established role as an 

inhibitor of the gastric parietal H+/K+-ATPase [105]. Evidence suggests that omeprazole 

may directly inhibit epithelial STAT6, downregulating the secretion of pro-inflammatory 

chemokines and cytokines [84]. In vitro studies of epithelial cells subjected to conventional 

doses of omeprazole have shown that omeprazole blocks eotaxin-3 secretion stimulated by 

Th2 cytokines in esophageal epithelial cells from patients with EoE [84]. Based on what 

we know of the epithelium dysregulation and PPI effectiveness other drugs that act on the 

epithelial barrier maybe developed in the future.

5.2 Immune dysregulation

As the name of the disorder implies, the esophageal mucosa in EoE is infiltrated by large 

numbers of eosinophils, as well as a diverse Th2-type inflammatory infiltrate (Figure 1). 

Eosinophils are attracted by migratory factors such as chemokine (C-C motif) ligand (CCL) 

26 (eotaxin 3) and TSLP which are overexpressed in the esophageal epithelium [19]. 

TSLP is a basophil chemoattractant and has been demonstrated with EoE in humans [53]. 

Similarly IL-33 production, a cytokine with many redundant function compared to TSLP, 

is increased in the epithelium of EoE patients[79], and induces local production of IL-4, 

IL-5, IL-9, and IL-13[19]. This local environment most likely promotes the well documented 

eosinophil, mast cell, innate lymphocyte type 2 (ILC2), invariant natural killer T cell, T and 

B lymphocyte and basophil migration and Th2 cytokine secretion[53, 106–110].

Th2-skewing in EoE is not limited to the mucosal environment, but can also be observed 

systemically. Th2 cytokines like IL-5 and IL-13 can be found in the circulating Th2 type 

CD4+CD154+ cells [20]. Further, IL-5 and IL-13 are upregulated in CD4+ T cells from EoE 

patients following stimulation by protein milk antigens in patients with milk-sensitive EoE 

but not in control subjects [20]. Similarly milk derived lipids induced Th2 cytokine secretion 

in iNKT cells derived patients with EoE [108]. These studies indicate that EoE is a systemic 

Th2 antigen–driven disease.

Additional targeted therapy for EoE has been an area of active research because there is a 

subset of patients with EoE who do not respond well to treatment with dietary therapy or 

topical steroid, and there is clinical need to address this unmet therapeutic need. Several 

of the biologic agents tried to date have been those which share common mechanisms of 

atopy and relative Th2 inflammation, such as anti-IgE, anti-IL5, and anti-IL-13 monoclonal 

antibodies (Table 2) [80, 110–113]. While these molecular targets have been demonstrated 

to play a role in EoE, the trials of monoclonal antibodies targeting the Th2 pathway 

in EoE failed to induce clinical remission, despite the success in other Th2-predominant 

allergic disorders such as asthma and atopic dermatitis [111, 113–115]. There were several 

challenging limitations to the patient selection in these studies, including enrollment of 

patients with severe EoE with steroid-resistant disease. Additionally, the lack of clinically-

validated measures to uniformly assess disease outcome in EoE has hindered comparison 

of results between trials. On the other hand antibodies which were able to block Th2 cell 

Ruffner et al. Page 10

Expert Rev Clin Immunol. Author manuscript; available in PMC 2022 April 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and other atopic cells like basophils and eosinophils recruitment and activation like anti 

Chemoattractant receptor-homologous molecule on Th2 cells (CRTH2) (a prostaglandin 

D (2) (PGD (2)) receptor) [114] or antibodies that block multiple Th2 pathways like 

the anti-IL-4 anti-IL-13 (dupilumab) have been shown to be more promising in small 

clinical trials. In an 8-week treatment with in 26 patients with in adult patients with 

active, corticosteroid-dependent or corticosteroid-refractory EoE the CRTH2-antagonist, 

OC000459, had a modest, but significant, anti-eosinophil and beneficial clinical effects 

[114]. Similarly a phase II placebo controlled randomized trial on 47 adult with EoE 

have shown that dupilumab significantly improved dysphagia, esophageal eosinophil counts, 

endoscopic features, histology, and esophageal distensibility in adults with active EoE 

compared with placebo[116].

These data suggest that possibly redundant Th2 pathway may need to be inhibited. 

Antibodies targeting Th2 pathway are very desirable as many patients with EoE have a 

number of atopic disorders including asthma or atopic dermatitis which are amenable to 

management with these biologic therapies and therefore it remains important to understand 

their effects on the disease process in EoE.

Recent data suggest that IgG4 is elevated in EoE [80, 117]. Clayton et al demonstrated that 

adult EoE patients have increased levels of IgG4 in esophageal tissue and that removal of 

dietary triggers decreased the levels of IgG4. The positive association between EoE and 

esophageal IgG4 production has also been demonstrated in the pediatric population [117]. 

It is suspected that this IgG4 is produced locally. Recent studies have correlated to the 

overall levels local IgG4 production to the esophageal eosinophil count as well as classical 

alterations seen with EoE on the mucosal transcriptome signature using the EDP 96-gene 

PCR array [117].

6. Fibrosis

Fibrosis begins early in EoE disease course, and has been documented in children with 

EoE [118, 119]. It is estimated that 57% to 88% of children have evidence of fibrosis, 

and that 89% of adults with EoE have some degree of fibrosis on biopsy tissue[118, 120]. 

These estimates can be difficult to assess on biopsy tissue as the pieces of tissue to not 

always include the lamina propria, which is where fibrotic tissue can initially be the most 

prominent. Broadly, fibrosis is correlated with increased esophageal stiffness, muscular 

hypertrophy, risk of food impaction as well as endoscopic appearance of tissue pallor [118]. 

On a molecular level, pro-fibrotic and pro-angiogenic factors such as TGFβ1, IL-5, CCL-18, 

VCAM-1 and VEGF are elevated in EoE[119].

The reversibility of tissue fibrosis in EoE is complex and can be difficult to assess. One 

study demonstrated that pediatric patients on steroid therapy with decrease in mucosal 

eosinophilia below 7 eos/hpf had reduced fibrosis scores [121, 122]. Other studies suggest 

that dietary restriction reduced fibrosis in 17.6% of patients, whereas 56% of steroid-

treated patients had reduced fibrosis scores[123]. However, in adult patients evidence 

suggests that there may be discordance between the epithelial and subepithelial response 

to therapy, with evidence of persistent submucosal fibrosis despite resolution of eosinophilic 
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inflammation [123]. More recently a study showed an association between refractory EoE 

and the Resisting-like-β (RTNLB) gene, which has been associated with asthma remodeling 

suggesting that genes important in fibrosis may play a role in therapy resistance [124]

As a result, there is interest in agents which specifically target fibrosis in EoE. Clinical 

trials of losartan are currently underway to evaluate its anti-fibrotic effects in EoE[125]. 

Losartan is an angiotensin II receptor blocker that is FDA-approved to treat hypertension. 

There is evidence that it may reduce signaling of TGFβ1, and may potentially be a therapy 

for EoE[126].

7. Expert commentary

EoE continues to present unique challenges for caregivers and patients alike.

Currently there are several limitations in the management of patients with EoE

1. Lack of not invasive diagnostic tool for diagnosis and monitoring of the disease

2. Lack of diagnostic test to predict specific food allergy

3. Lack of early diagnostic predictor factor

4. Inability to predict who will develop fibrosis

5. Inability to predict which therapeutic intervention will work better for the 

patients

6. Inability to induce remission or to improve at all the inflammation in subset of 

patients with EoE who do not respond to PPI dietary or steroid therapy

Research has helped us to better understand EoE and continue to innovate therapy. The 

understanding garnered from translational investigation in EoE has recently changed the 

treatment paradigm in this disorder in unexpected ways. Following the observation that 

omeprazole blocks STAT6 activity and secretion of CCL26 from esophageal epithelial cells 

and that the transcriptome of patients with PPI-responsive esophageal eosinophilia and EoE 

shared many dysregulated features, changes have been made to EoE treatment guidelines. 

PPI-responsive esophageal eosinophilia has therefore been reclassified and PPI does not 

play a required role in diagnosis of EoE any longer. This illustrates the utility of the gene 

expression signature from the esophageal biopsies in identifying features of this disorder. 

Similarly the demonstration that EOE is a Th2 mediated disease led to the development of 

trials with biological therapeutic agents that block Th2 cytokines.

However there are still many roadblock that we need to clear to provide optimal care to the 

patients

The lack of reliable biomarkers and in vitro testing to predict food allergies continue to 

present a unique challenge to treat the ever increasing EoE population. At the present time 

diagnosis and follow after each therapeutic intervention require to perform endoscopies, as 

no biomarkers of disease or disease activity have been found to have enough sensitivity and 

specificity. As there are no in vitro testing to predict food allergen triggers, patients who 
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chose to do a dietary management of the disease typically undergo several biopsies before 

reaching the least restrictive and effective diet. This medical approach can be prohibitive 

in countries where availability of endoscopies and health care resources are limited. In 

other setting this approach maybe cost prohibitive for the patients who don’t have medical 

insurance or have insurances with high deductibles.

Also the current diagnostic criteria based solely on the numbers of eosinophils infiltrating 

the esophageal mucosa maybe not able to capture the full spectrum of the disease as many 

patient do well despite persistent esophageal eosinophilia and other continue to manifest 

symptoms after eosinophilia resolves.

Therefore research is needed to understand pathogenesis the disease and food allergy 

mechanism to develop noninvasive diagnostics tools for disease diagnosis, monitoring and 

food allergy evaluation.

Genetic testing has been helping in finding molecular targets in EoE pathogenesis and may 

provide in the future guidance for deep phenotyping of the disease and therefore open the 

door to personalized medicine.

Ideally in the future we will have a noninvasive test to diagnose and monitor the disease, a 

genetic/epigenetic profile of the patient will guide us to know the patient specific long term 

risk of fibrosis, the chances of being allergic to multiple foods and the mechanism causing 

its disease so the doctor can adequately counsel the patient to obtain the most appropriate 

treatment based on his specific long term risks

8. Five year view

Even the research that has been conducted to date has altered our understanding of this 

disorder.

In the next five years the use of biologicals, deep phenotyping and noninvasive tools to 

diagnose and monitor the disease, will revolutionize the way we manage patients today

A focus of next five year research will be to determine of gene expression features can be 

used to risk stratify groups of EoE patients in a clinically meaningful way

The use of less invasive esophageal sampling methods such as the esophageal string test or 

cytosponge timely monitoring of disease activity and quick adjustment of the therapeutic 

intervention. It will also help to establish minimum duration of dosage of therapeutic agents’ 

uses [127, 128].

Studies on T cell reactive to specific foods via Th2 response may provide a much needed in 

vitro testing for Food allergens that trigger EoE

Lastly, there is significant interest in developing a biologic-based agent for the treatment of 

EoE, these product will certainly help to provide personalized and multisystem treatments, 

but also will shed light on pathogenesis and phenotyping of patient population
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9. Key issues

• Eosinophilic esophagitis (EoE) is common and occurs in approximately 1 in 

2000 persons. It is more common in males, whites, and in persons with a history 

of atopy or connective tissue disorder.

• Several GWAS studies have established risk loci near TSLP, CAPN14, LRRC32, 
IL33, STAT6, c11orf30 and ANKRD27. Mechanistic studies have established 

roles for TSLP, CAPN14, IL33, and STAT6 in the esophageal epithelium 

highlighting the importance of the epithelium in this disorder.

• The risk of EoE is increased in several monogenic disorders as outlined in 

Table 1, and these studies demonstrate that the genetic contributions to the 

pathogenesis of EoE are diverse

• The role of environmental exposures in the etiopathogenesis of EoE is just 

beginning to be understood, however, the role of food and aeroallergen 

sensitization is well-established as a major trigger for ongoing inflammation in 

the disorder.

• The mainstays of therapy for EoE are PPI, avoidance of dietary triggers, topical 

steroids and dilation therapy as needed for strictures.

• There have been a number of trials of novel biologic therapies for EoE, but in 

general these trials were less successful than anticipated. This raises questions 

about which mechanisms involved in EoE represent the most promising targets 

for development of novel therapy.
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Figure 1: 
Pathogenesis of EoE: interaction between environment, genetics, epithelial barrier and 

immune response

GWAS= Genome Wide associated studies, TSLP=Thymic Stromal Lymphopoietin, 

CAPN14= Calpain 14, FLG= filaggerin

Ruffner et al. Page 23

Expert Rev Clin Immunol. Author manuscript; available in PMC 2022 April 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ruffner et al. Page 24

TABLE 1:

MONOGENETIC DISEASES AS A RISK FACTOR FOR EOE.

Name Gene Pathophysiology References

Loeys-Dietz syndrome
TGFBR1, TGFBR2, 
SMAD3, TGFB2, 
TGFB3

TGF-β1 promotes fibrosis and is a cytokine that modulates T cell function
・In Loeys-Dietz syndrome, TGF-β signaling is overactive which disrupts 
the extracellular matrix (ECM)
・In Marfan’s syndrome, deficiencies in fibrillin-1 alter ECM sequestration 
of the large complex of TGF-β

[59] [60]

Marfan syndrome Type II Fibrillin: FBN [59] [60]

Ehlers-Danlos syndrome Collagen: COL5A1, 
COL3A1

Mutated collagen pathways alter ECM; TGF-β signaling is enhanced due 
to decreased interactions with ECM

[59]

PTEN hamartoma tumor 
syndromes

PTEN gain of 
function

Tumor suppressor protein encodes phosphatase that negatively regulates 
MAPK and antagonizes PI3K

[63]

Autosomal dominant 
hyper-IgE syndrome

Autosomal dominant 
STAT3 deficiency

Patients have abnormal connective tissue remodeling, abnormal levels 
of matric metalloproteinases, impaired mucosal healing in addition to 
combined primary immunodeficiency with altered T cell function

[60, 61]

Severe dermatitis, 
multiple allergies, and 
metabolic wasting 
(SAM) syndrome

DSG1 or DSP loss of 
function

Loss of skin and esophageal epithelial integrity due to breakdown of 
desmosome integrity

[129]

Netherton Syndrome SPINK5 loss of 
function

SPINK5 encodes LEKT1, a type of serine protease inhibitor on the 
epithelial surface of skin and esophagus

[62]

α-ketoglutarate 
dehydrogenase complex 
defects

DHTKD1 OGDHL Dysregulation of gene expression secondary to mitochondrial dysfunction
[38]

TGF-β= Transforming Growth Factor-Beta; TGFBR1= TGF-β Receptor; ECM= extracellular matrix; FBN= Fibrillin; DSG1= Desmoglein; COL= 
Collagen; SAM Severe dermatitis, multiple allergies, and metabolic wasting syndrome; DSP=Desmoplakin; SPINK5=Serine Peptidase Inhibitor 
Kazal Type 5; LEKT1=Lympho Epithelial Kazal Type Related Inhibitor; DHTKD1= α-ketoglutarate dehydrogenase; OGDHL=Oxoglutarate 
Dehydrogenase Like
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TABLE 2:

BOLOGICS FOR TREATMENT OF EOE.

Target Mechanism Medications Study Design & Outcome References

IgE IgE bound to mast cells & basophils 
cause degranulation on antigen 
recognition. Role of IgE in EoE is 
unclear.

Omalizumab ◦ Open label, 24 pts (age 14–71 yr). 33% with 
improved histology but no improvement in symptoms
◦ RDBCT, 27 adult & 3 children. No improvement in 
histology

[80, 130, 
131]

IL-5 Elevated IL-5 has been described in 
numerous EoE studies

Mepolizumab ◦ RDBCT, 11 adults. No patients with patients with 
<5 eos/hpf but some with significant improvement in 
histology
◦ RDBCT, 59 children (age 2–17 yr). 8.8% of patients 
with <5 eos/hpf; significant improvement in histology 
but symptoms not improved

[110, 111, 
132]

Reslizumab RDBCT, 226 children (age 5–18 yr). Significant 
improvement in pathology with reslizumab (59%–
67%) compared with placebo (24%); No significant 
improvement in Children’s Health Questionnaire or 
physician assessment of symptoms

[113]

IL-13 IL-13 is increased in EoE, induces 
eotaxin-1, eotaxin-2, and eotaxin-3 
expression via STAT6, and causes 
epithelial barrier dysfunction

QAX576 RDBCT, 25 adults. After 12 weeks, 40% of QAX576 
group had 75% reduction in peak esophageal count on 
biopsy (13% in placebo group). No difference in Mayo 
dysphagia symptom questionnaires.

[115]

IL-4rα IL-4 is increased in EoE. IL-4 and 
IL-13 receptor for heterodimer with 
IL-4rα subunit: therapy blocking IL-4 
signaling through IL4Ralpha will 
block both IL-4 and IL-13 pathways.

Dupilumab RDBCT with 47 adult patients. With Dupilumab, 
histologic score, distensibility, and Straumann 
dysphagia score were improved at week 12

[116]

TNF-α TNF-α is increased in epithelium of 
EoE patients [4–6]

Infliximab Open label, nonrandomized study. No significant 
difference in histology, however, two of three adult 
patients had improved symptoms[133].

[133]

CRTH2 Chemoattractant receptor-
homologous molecule on TH2 
cells (CRTH2) is the receptor for 
prostaglandin D2. ↑ prostaglandin D2 
has been seen in plasma from EoE 
patients

OC000459 RDBPCT of 26 adults with active EoE randomized 
to OC000459 or placebo. Esophageal eosinophil load 
decreased significantly, from 114.83 to 73.26 eos/hpf 
in OC000459 group with significant improvement 
in physician assessed disease activity[114][115][115]
[115][114][114](114).

[114][7]

RDBPCT= Randomized Double Blind Placebo Controlled Trial; IL= interleukin; Ig+ Immunoglobulin; TNF= Tumor Mecrosis Factor; CRTH2= 
Chemoattractant receptor-homologous molecule on TH2 cells
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