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Eosinophilic esophagitis (EoE) is a chronic inflam-
matory disease of the oesophagus. Recognized as a
distinct entity only two decades ago, the emergence
of the disease along with the availability of new
technologies has rapidly opened new research
avenues and outlined the main features of the
pathogenesis of EoE. Yet, each advance in our
understanding of the disease has raised new ques-
tions about the previous consensus. Currently,
new subsets of the disease challenge our diagnostic

criteria. For instance, it was believed that EoE did
not respond to proton pump inhibitor (PPI) therapy;
however, it has now been shown that a substantial
proportion of EoE patients indeed respond to PPIs.
In addition, a new subset of patients not even
presenting eosinophil infiltrates in the oesophagus
has also been described. Moreover, approaches for
better understanding the heritability of the disease
bring into question the dogma of predominant
genetic involvement. Furthermore, the specificity
and sensitivity of allergy testing for targeted food
avoidance is highly controversial, and the produc-
tion of specific antibodies in EoE now includes IgG4
in addition to IgE. In conclusion, EoE is perceived
as ‘a moving target’ and the aim of this review was
to summarize the current understanding of EoE
pathogenesis.
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Introduction

Eosinophilic esophagitis (EoE) is a relatively new
disease. EoE was first recognized in the scientific
literature in 1977 and 1978 by Dobbins et al. and
Landres et al., [1, 2] respectively, and initially
characterized by Attwood et al. in 1993 and Strau-
mann et al. in 1994 [3, 4]. Consensus guidelines
have only recently outlined diagnostic criteria and
treatments for the disease. EoE is presently defined
as a chronic inflammatory condition of the oesoph-
agus characterized clinically by symptoms of oeso-
phageal dysfunction – in particular dysphagia to
food impaction in adults and food refusal, failure to
thrive, regurgitation and vomiting in children – and
histologically by intense eosinophilic infiltration [5].

An eosinophilic infiltration of ≥15 eosinophils per
high-power field (HPF) along with symptoms of

oesophageal dysfunction points to suspected EoE.
However, eosinophils are not the only inflamma-
tory cells infiltrating the oesophageal mucosa and
numerous other cell types such as lymphocytes,
dendritic cells, mast cells, basophils and invariant
natural killer T cells (iNKTs) can also be detected
[6–16]. The epithelium in this disease is marked by
a hyperplasia of epithelial cells and the lamina
propria by profound remodelling; concurrently,
oesophageal motor functions are altered [5].

The concomitance of EoE with other allergic dis-
eases highlighted in epidemiologic studies, the
ability of dietary interventions to resolve the
inflammation, and the results of preclinical studies
all indicate an allergic component to the disease.
Knowledge about the disease is rapidly expanding,
resulting in new recommendations [17], identifica-
tion of new disease subsets [proton pump inhibitor
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(PPI)-responsive oesophageal eosinophilia (PPI-
REE) and EoE-like disease], better understanding
of the epithelial changes (hyperplasia, intercellular
space dilatation and barrier defects) [18, 19],
identification of complex molecular networks (IL-
13, caspase-14, NGF and IgG4) [19–23] and the
proposition of new risk factors (genetic polymor-
phism versus epigenetic and environmental fac-
tors) [24]. The aim of this review was to integrate
the recent advances in the understanding of EoE.

EoE definition and new subsets of the disease

Differential diagnoses need to be considered as
other conditions, not only EoE, can lead to
oesophageal eosinophilia: gastroesophageal reflux
disease (GERD), adverse drug reactions, Crohn’s
disease of the oesophagus, parasitic infection,
allergic vasculitis and oesophageal leiomyomatosis
[25]. One of the most common diseases that leads
to oesophageal eosinophilia is GERD, although
inflammation is usually less severe and often
limited to the distal oesophagus. Of note, despite
the fact that EoE patients usually exhibit normal
pH monitoring, this diagnostic measure is not
specific as EoE and GERD can coexist and EoE
can impair the function of the lower oesophageal
sphincter leading to secondary reflux. With the aim
of differentiating EoE from GERD, the number of
infiltrating eosinophils indicating the presence of
EoE was set at 15 eosinophils per HPF for patients
under PPI therapy [5]. In 2006, Ngo et al. [26] first
described patients with high-grade oesophageal
eosinophilia responding to PPI therapy. Therefore,
the dichotomy between GERD and EoE has been
challenged by Spechler et al. [27]. A common
aetiology for PPI-REE and EoE is highlighted by
common cellular and molecular features. Interest-
ingly, the response to PPI therapy in PPI-REE
patients resembles the response of EoE patients
treated with glucocorticoids [28]. The findings of
these studies were rapidly confirmed by others [17,
28–34], and PPI-REE is now considered as a
subtype of EoE [17].

Although eosinophilic infiltration of oesophageal
tissue is a hallmark of EoE [35], individuals within
EoE families have recently been identified who
suffer from oesophageal dysfunction in the absence
of obvious eosinophilic inflammation. As with their
family members suffering from EoE, these atypical
patients responded to topical anti-inflammatory
treatment. Moreover, increased lymphocytic infil-
tration and dysregulated gene expression

suggested a pathogenicity similar to that of EoE.
This clinical condition has therefore been termed
‘EoE-like disease’. This attenuated inflammatory
phenotype of the disease provides a warning
against conventional EoE diagnosis based on
eosinophil count and highlights the need for fur-
ther investigation of this new subset of patients
[36]. In EoE, the granule proteins have cytotoxic
effects on the epithelium and mediate cell death or
cell damage, suggesting that eosinophils con-
tribute to disease pathogenesis [37]. Clearly, the
identification of patients with EoE-like disease
challenges the view that eosinophils are critical
for EoE pathogenesis.

The epithelium: from barrier defect to Th2 inflammation

As noted above, the coexistence of EoE and other
allergic diseases in epidemiologic studies, the fact
that dietary intervention can alleviate symptoms
and findings from preclinical studies have all
highlighted the existence of a Th2 component [38]
to the disease, which was also shown directly using
EoE oesophageal tissues [16]. The oesophageal
epithelium is in direct contact with ingested food,
which is a frequent trigger of EoE. However, it is
still not known whether such food contact is the
primary cause as defects in the oesophageal
epithelium have also been identified. Results of a
recent study suggest that these defects are associ-
ated with the expression of thymic stromal lym-
phopoietin (TSLP), IL-25, IL-32 and IL-33 by
epithelial cells together with extracellular eosino-
phil trap formation [18] (Fig. 1).

The oesophageal epithelium is altered in associa-
tion with the disease. For instance, an intense
basal zone hyperplasia and papillary elongation
are observed in biopsies from EoE patients. Some
groups have tried to identify the molecular events
responsible for these epithelial changes, and the
expression levels of numerous genes have been
shown to be dysregulated using transcriptomics or
RNA sequencing. Long noncoding RNAs (lncRNAs)
such as B-Raf-activated nonprotein coding RNA
(BANCR) have been associated with this epithelial
hyperplasia. BANCR is induced by IL-13 in oeso-
phageal epithelial cells and is overexpressed in
oesophageal biopsies from EoE patients [39].
Silencing of this lncRNA allowed the identification
of other genes involved in epithelial hyperplasia
such as caspase-14 (CASP14) [39]. The resistin-
like molecule alpha (RELM-alpha), also known as
FIZZ1, is a Th2-induced gene which is upregulated
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in EoE, compared to control patients. It has been
demonstrated in knockout mice that RELM-alpha
participates in the thickening of the basal layer of
the oesophageal epithelium in experimental EoE
[40]. The central role of the epithelium in disease
onset is indirectly highlighted in another mouse

model of EoE. SHARPIN mice develop spontaneous
EoE with histologic features resembling the dis-
ease, that is epithelial hyperplasia and eosinophilic
infiltration of the oesophageal mucosa [41]. Inter-
estingly, these animals crossed with lymphocyte-
deficient mice still develop the disease with the
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Fig. 1 From epithelial cells to Th2 inflammation, back and forth. The oesophageal mucosa undergoes histologic changes in
eosinophilic esophagitis (EoE): hyperplasia of the basal layer, dilated extracellular spaces and inflammatory cell infiltration.
Eosinophils infiltrate the tissue and form microabscesses and/or extracellular DNA traps. Genome-wide association studies
have identified genetic variants in the region of the thymic stromal lymphopoietin (TSLP) and calpain-14 (CAPN14) genes.
TSLP is a key regulator of the T helper 2 (Th2) response and contributes to interleukin-13 (IL-13) upregulation. IL-13 is highly
involved in the molecular changes observed in EoE, regulating genes linked with inflammatory cell infiltration such as
eotaxin-3, a chemoattractant of eosinophil infiltration. Calpain-14 downregulates desmoglein 1, but may also contribute to
reducing dilated extracellular spaces. IL-13 induces genes involved in epithelial proliferation, such as RELM-alpha, and
downregulates genes involved in epithelial cell differentiation and barrier function, such as filaggrin or desmoglein 1. The
barrier function of the epithelium is altered and may allow passage of environmental factors such as milk sphingolipids
which induce invariant natural killer T cells (iNKTs), potentiating the Th2 response. This figure was produced using Servier
Medical Art (www.servier.com).
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same severity, suggesting that lymphocytes are not
required for the eosinophilic oesophageal inflam-
matory response in SHARPIN mice [41].

Dilated extracellular spaces between the oesopha-
geal epithelial cells have been identified in EoE
patients [42–44]. It has recently been reported that
these intercellular spaces correlate with endo-
scopic mucosal impedance measurements of ion
flux [42]. Indeed, both a mucosal impedance of less
than 2300 O and the presence of dilated extracel-
lular spaces can predict actively inflamed disease
with 90% sensitivity and 91% specificity and 89%
sensitivity and 82% specificity, respectively. These
extracellular spaces may be a consequence of
altered desmosomes. Desmoglein 1, an essential
constituent of desmosomes, has been shown to be
involved in the reduced barrier function observed
in EoE oesophageal epithelium. Additionally, IL-13
is also responsible for the downregulation of
desmoglein 1 mRNA [19] along with other genes
involved in the skin barrier function [45] (Fig. 1).
The inflammation observed in atopic dermatitis
resembles in many ways EoE and the genes
involved in the epidermal differentiation complex
are largely downregulated in both diseases, along
with numerous genes known to be dysregulated by
Th2 cytokines [45].

IL-13 transcriptional targets in EoE

IL-13 is a key player in the oesophageal inflamma-
tion (Fig. 1). Many transcriptional targets of IL-13
have been shown to be involved in EoE pathogen-
esis, and complex gene interaction networks have
been identified. In a recent clinical trial, oesopha-
geal eosinophilia was significantly decreased by
anti-IL-13 antibody treatment [46]. However, when
the outcome was defined as a 75% decrease in peak
eosinophil numbers, a nonsignificant decrease in
the response in the antibody-treated group (12.5%)
was observed as compared to the placebo group
(40%). These initial results were thus less encour-
aging than expected as IL-13 is known to induce
dysregulation of numerous genes in oesophageal
epithelium. A further clinical trial testing the
efficacy of another anti-IL-13 antibody is ongoing,
and results seem more promising.

Many molecules have been implicated in eosinophil
accumulation. Most are directly or indirectly asso-
ciated with the presence of IL-13. For instance, the
expression of eotaxin-3, an eosinophil chemoat-
tractant and a transcriptional target of IL-13, is

highly dysregulated in EoE patients (Fig. 1). Pro-
duced by epithelial cells, its expression levels in
biopsies correlate directly with eosinophil numbers
[8]. Numerous genes are indirectly linked to oeso-
phageal eosinophilia, such as the neurotropic
tyrosine kinase receptor type 1 (NTRK1). NTRK1
upregulation in EoE patients increases the respon-
siveness to its ligand NGF and, together with IL-13,
allows a synergistic dysregulation of genes such as
eotaxin-3 and serpin B4, highlighting the complex
gene interaction network required for the disease
phenotype [20]. Other recent data suggest that
prostaglandin D2, derived from activated mast
cells, participates in the chemoattraction of eosino-
phils in the oesophageal epithelium [47], pointing to
the possibility that CRTH2 antagonism is indeed a
promising new strategy for the treatment of EoE
[48].

Food antigens: is there a place for IgE and IgG4 in the disease?

The role of IgE in EoE is puzzling. IgE is definitely
associated with EoE, but not all EoE patients have
high levels of either total or specific IgEs [16]. It is
still unclear whether IgE plays an active role in the
disease pathogenesis or whether it is only an
associated marker [49]. Intensive efforts have been
made by the medical community to determine
whether specific IgEs are causative in the patho-
genesis of EoE. IgE switching has been identified in
the oesophageal mucosa of EoE patients, suggest-
ing possible local rather than systemic IgE produc-
tion in the disease [50]. Animal models have shown
that IgE production is not necessary for oesopha-
geal eosinophilia [51]. Interestingly, targeted food
avoidance and trials testing the effect of omal-
izumab (antibody against IgE) seem to be less
promising than might be expected for an allergic
disease and the suggestion of Th2 involvement. On
the other hand, specific IgG4, an antibody isotype
known to be upregulated by IL-4, is increased by
20-fold in oesophageal biopsies from adult EoE
patients [23]. IgG4 is a Th2-induced isotype and is
considered as a key marker for desensitization in
immunotherapy. Recently, oral immunotherapy
(OIT) has been shown to induce EoE in about
2.7% of the patients undergoing this treatment
[52]. Although the exact role of IgG4 in EoE is still
unclear, these data suggest that (i) production of
IgG4 is associated with EoE, and (ii) sustained
exposure to an allergen whilst undergoing OIT can
induce eosinophilic inflammation in the oesopha-
gus. Moreover, although IgE was not found to be
predictive of EoE, the utility of IgG4 for predicting
the disease has recently been assessed with
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positive results. Intraepithelial IgG4 deposits have
been detected in EoE patients, allowing differenti-
ation of the disease from GERD with a sensitivity of
88% and a specificity of 100% [53].

Milk has been identified as one of the main triggers
for EoE symptoms. It has recently been demon-
strated that the milk sphingolipids induce iNKTs to
produce Th2 cytokines [11] (Fig. 1). iNKTs are
overrepresented in EoE patients [11, 14, 15, 54]
and are known to promote oesophageal eosinophi-
lic inflammation in experimental EoE [15].

The role of milk in EoE was also highlighted by the
findings of a recent study which suggested that
breastfeeding practices might be associated with
the risk of developing the disease [24]. It has also
been shown that EoE is associated with season of
birth and penicillin allergy [55]. Moreover, the use
of antibiotics in early infancy seems to lead to a
sixfold increase in the risk for developing EoE [56],
pointing towards a role for the microbiota. In
addition, interest in environmental factors has
recently increased as they challenge the dogma
that EoE is a disease with a predominant of genetic
heritability.

Heritability of EoE

Familial cases of EoE [57] and sibling recurrence
risk ratio have led to the suspicion of a strong
genetic inheritance for this disease. Conse-
quently, for the last 10 years, efforts have
focused on identifying genetic polymorphisms
associated with EoE, using either candidate gene
approaches or genome-wide association studies.
The latter have identified genetic variants associ-
ated with EoE disease: rs3806932 in TSLP gene
locus, [58], 2p23 spanning CAPN14, 8p23 in the
intron XKR6 and 15q13 between LOC283710 and
KLF13 [59], 1p13 in SLC25A24, 5q23 near
SEMA6A, 10p12 in MIR467S, 11q13.5 containing
c11orf30, 11q14 in the intron of CCDC81,
12q13.3 spanning STAT6, 19q12.11 spanning
ANKRD27, and 21q22 in HSF2BP [59, 60]. The
plurality of these genetic markers is testimony to
the polygenic aetiology of the disease, but also to
the missing heritability. Indeed, a recent twin
cohort study, comparing the risk of developing
EoE amongst the general population and
amongst siblings, monozygotic twins and dizy-
gotic twins, has shown that genetics can explain
only 14% of the disease inheritance. The contri-
bution of environment, and more specifically the

familial household, was previously underesti-
mated and can explain 81% of the disease
phenotypic variance [24]. Currently, however,
the effort to understand the environmental
causes of EoE is at an early stage.

Remodelling, fibrosis and pain

The inflamed oesophagus is subjected to intense
remodelling possibly explaining at least some
oesophageal dysfunction in adult EoE patients
[61]. Remodelling is secondary to tissue damage,
but collagen deposition in the lamina propria and
intraepithelial inflammation may co-occur [62, 63].
TGF-beta1 is highly expressed in the oesophageal
epithelial layer of EoE patients and is believed to be
involved in remodelling processes [37, 61, 64, 65].
Recently, additional mechanistic insights have
been obtained. For instance, Smad 3 knockout
mice which lack a key molecule within the TGF-
beta1 signalling pathway exhibit reduced oesopha-
geal eosinophilia [66]. Moreover, TGF-beta1
induces expression of periostin, a protein that
facilitates the passage of eosinophils from the
blood stream into the oesophageal tissue. TGFbe-
ta1 is also an inducer of matrix metalloproteinases
such as MMP-2, which is known to be involved in
fibrosis. It has also recently been shown that
expression of another matrix metalloproteinase,
MMP-14, is associated with the extent of fibrosis in
the oesophagus [67]. Additionally, phosphorylated
phospholamban, a transcriptional target of TGF-
beta1, is overexpressed in EoE and modulates
smooth muscle cell contractility [68]. Finally, tran-
sient receptor potential vanilloid type 1 (TRPV1) is
involved in the acid responsiveness of the vagal
afferent neurons and may contribute to retroster-
nal pain and the heartburn symptoms frequently
described by EoE patients [69]. In both adults and
children, oesophageal inflammation may lead to
oesophageal remodelling and associated symp-
toms. In adults, the delay in EoE diagnosis may
contribute to oesophageal strictures as a conse-
quence of an established untreated inflammation
[70]. In children, a study has shown that 42% of
patients with lamina propria fibrosis have dyspha-
gia [71]; however, these remodelling features are
reversible with appropriate treatment, whether it is
dietary intervention or topical steroids.

The quest for specific and sensitive markers

EoE symptoms and the characteristics of EoE
histology are not sufficiently specific, thus making
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diagnosis difficult. Many research groups have
focused attention on methods for disease scoring,
identification of cellular and molecular biomarkers
and development of noninvasive diagnostic tools
(Fig. 2). Yet numerous limitations still reduce the
utility and applicability of current disease scores,
biomarkers and diagnostic tools. Blood markers
seem to be the most convenient, as they are
minimally invasive (only requiring blood collec-
tion). In allergic diseases, specific IgE levels often
help in establishing the diagnosis (Fig. 2). In EoE,
however, specific IgE levels are often misleading.
Therefore, other markers have been investigated.
For instance, peripheral blood mononuclear cells of
EoE patients have shown some differences in Th2
cytokine expression compared to control subjects
without EoE [72] and some studies have shown
that blood eosinophils of EoE patients differently

express surface markers [73]. Additional studies
have focused on panels of different cytokines in the
blood, but other allergic diseases also strongly
influence expression of Th2 markers, decreasing
the specificity of the test. So far, this approach has
been shown to be less sensitive than oesophageal
markers [74].

The eosinophil count in the epithelial layer of the
oesophagus is central for EoE diagnosis. However,
as discussed above, the emergence of the new EoE
subsets PPI-REE and EoE-like disease question
even the utility of this marker. In addition to tissue
eosinophil numbers, a panel of 94 EoE transcripts
has been developed to differentiate EoE from non-
EoE controls with a sensitivity of 92% and a
specificity of 96%. However, this EoE score has
limitations in cases with an eosinophil count
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Fig. 2 The markers of eosinophilic esophagitis (EoE) disease: a 40-year journey. In the last 40 years, extensive research
has led to a better understanding of EoE. Characteristics of the disease, such as clinical symptoms, endoscopic phenotypes,
histologic hallmarks, as well as molecular and blood markers, have been identified. These findings have led to
understanding the disease and have resulted in development of therapies. Although the infiltration of eosinophils is
observed in most cases and remains a key diagnostic criterion, the role of eosinophil infiltration in the pathogenesis is
unclear. Similarly, the role of IgE antibodies in EoE pathogenesis remains uncertain. 3-BT, 3-bromotyrosine; Th2, T helper 2;
TSLP, thymic stromal lymphopoietin; GWAS, genome-wide association study; iNKT, invariant natural killer T cell; PPI, proton
pump inhibitor; PPI-REE, PPI-responsive oesophageal eosinophilia.
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ranging from 6 to 14 per HPF [75]. The approach of
immunohistochemistry and a panel of epithelial
cell-derived genes may be able to complement the
results from the EoE 94-transcript panel [76].
Cellular and molecular markers, as well as panels
of markers for the oesophagus seem to be useful in
terms of specificity and sensitivity, but still require
endoscopy and biopsies, thus remaining invasive.

To differentiate between EoE and non-EoE controls,
genetic markers have also been investigated
(Fig. 2). This approach could potentially be very
relevant because EoE in remission would also be
recognized along with EoE. Genome-wide associa-
tion studies have identified several single-nucleo-
tide variants associated with EoE. The two genes
with themost significant association were TSLP and
CAPN14 [59, 60]. Calpain-14 is a calcium-activated
cysteine protease, and CAPN14 is an IL-13-induced
gene recently identified in two genome-wide asso-
ciation studies (Fig. 1). CAPN14 mRNA expression
is upregulated in active EoE. The proteolytic activity
of calpain-14 can impair oesophageal barrier func-
tion in air–liquid interphase oesophageal epithelial
cell culture, as a result of its role in desmoglein-1
gene expression. Calpain-14 may also have
regulatory functions on IL-13-induced epithelial
structural changes (such as epithelial dilated intra-
cellular spaces, Fig. 1), and is thus relevant to
allergic disease and tissue cell infiltration [77].
Polymorphism in TSLP is associated with EoE
susceptibility [58]. As a master regulator of Th2
inflammation, TSLP has been considered as a
marker of the disease. Its involvement in EoE
pathogenesis is likely. Unfortunately, however,
both TSLP polymorphism and expression are not
sensitive enough by themselves and cannot be used
as EoE biomarkers [78]. Therefore, a combination of
several genetic markers may lead to better speci-
ficity and sensitivity, but such an approach is still
limited by numerous technical factors (Fig. 2).

MicroRNAs are stable small RNA sequences that
can be considered as blood biomarkers. MiR-146a,
miR-146b, miR-223, miR-203 and mir-21 have
been found to be dysregulated in oesophageal
biopsies, but also in the blood of EoE patients
compared to non-EoE control subjects [79–83].
These data need to be confirmed in larger cohorts
and assessed for specificity and sensitivity.

Very recently, using a mass spectrometry-based
method, Cunnion et al. [84] have reported
increased levels of urinary 3-bromotyrosine as a

surrogate marker for eosinophil degranulation
in EoE disease. Although yet to be confirmed,
this approach may lead to the development of
noninvasive biomarkers (Fig. 2).

In the absence of reliable noninvasive biomarkers,
assessment of disease symptoms using a validated
patient-reported outcome (PRO) instrument and
determination of histologic alterations in EoE [85]
with a scoring system [86] are certainly important
developments (Fig. 2). In other diseases, these PRO
scores have allowed better recognition and diagno-
sis. Several groups have initiated research in this
area [86].

Conclusions

The incidence of EoE is still underestimated and its
diagnosis still requires upper endoscopy. Specific
IgE antibodies and eosinophil activation may con-
tribute to the pathogenesis in subgroups of
patients, but neither seems to be definitive. The
complexities of the disease aetiology and molecular
pathogenesis are starting to be unravelled and new
noninvasive diagnostic tools are being developed.
Ongoing and future studies focusing on associated
environmental factors and epigenetics will improve
the understanding of the disease onset and thus
possibly help to develop strategies for preventing
the development of EoE in individuals at risk.
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