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Eosinophilic esophagitis (EoE) is an inflammatory chronic
antigen-driven disorder affecting both children and adults and is
defined by a significant T helper lymphocyte type 2 (Th2)
inflammation limited to the esophagus, with associated esopha-
geal dysfunction, and for some, a risk of irreversible fibrosis if
their disease is untreated."” EoE is diagnosed if an esophageal
biopsy shows an eosinophilic infiltration greater than 15 eosin-
ophils per high power field (eos/hpf) noted after other causes of
esophageal eosinophilia have been ruled out.” Like many other
atopic diseases, EoE has been more often diagnosed in western
countries, with a yearly incidence now similar to that of in-
flammatory bowel diseases such as Crohn’s disease.”

Since the first report of a series of cases by Kelly etal,” there have
been tremendous progresses in understanding the pathophysio-
logical mechanisms underlying EoE progression.'” This progress
has led to establishing globally accepted therapies for EoE, such as
diet restriction and/or topical swallowed steroid therapies, which
essentially control esophageal histopathology. As we treat more
patients and we learn more about the disease, many questions have
begun to arise. Among these questions: is EoE a local or systemic
disease? We will review the current evidence that favors either of
these hypotheses. Indeed, understanding if EoE is a local or sys-
temic disease may lead to more effective treatments and manage-
ment strategies, and eventually a cure.
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PRO: EoE IS A LOCALIZED DISEASE PROCESS

Several lines of evidence point to the fact that indeed EoE is a
localized process limited to the esophagus: (1) EoE by definition
is a disease limited to the esophagus; (2) the diagnosis and the
follow-up are done only by studying the tissue biopsies; (3)
topical treatments such as steroids are highly effective; (4) genes
implicated in EoE pathogenesis are expressed in the epithelial
cells of the esophagus, and a dysfunctional epithelium is
currently speculated to be key in local Th2-driven inflammation.

EoE is by definition a disease characterized by an inflamma-
tion limited to the esophagus, and there are abundant scientific
and clinical basis underlying this definition. Indeed, when
looking several cell types across the gastrointestinal tract in pa-
tients with FoF, there is a well-established increase in eosino-
phils, natural killer T (NKT) cells, Th2 cells, mast cells, and
basophils within the esophagus alone, which is not noted for
cither the stomach or the duodenum."'

In the last decade, there has been extensive molecular char-
acterization of the genes expressed in the local esophageal tissues.
These data have shown that the expression of genes in EoE
provides a unique molecular signature examining 92 genes,
which differentiates EoE from other diseases that can cause
eosinophilic infiltration of the esophagus such as gastroesopha-
geal reflux disease (GERD) and to a lesser extent proton-pump
inhibitor responsive esophageal ecosinophilia (PPI-REE).'”"’
EoE was readily differentiated from both normal controls
without evidence of esophageal disease and patients with GERD
when utilizing an upper limit maximum of 14 eos/hpf for
GERD. In this case, the limited amount of esophageal pathology
and eosinophilia driven by GERD is unable to mimic the EoE
transcriptome. On the other hand, only a single gene within
the transcriptome (potassium voltage-gated channel subfamily
j member 2, KCNJ2) differentiates between EoE and PPI-REE.

Although there are numerous cellular and molecular markers
that can differentiate active EoE from inactive EoE, as well as
from other eosinophilic gastrointestinal disorders, when esoph-
ageal biopsies are used, no markers are currently reliable for use
on blood or other patient samples. Only poor to fair correlation
with EoE disease activity is noted for peripheral blood eosino-
philia, peripheral blood eosinophil progenitors, eosinophil-
derived neurotoxin, and eotaxin-3 in the blood.'*'° Similarly,
Caldwell et al'® showed, in contrast to EoE, that eosinophilic
gastritis is a systemic disorder involving profound blood and
gastrointestinal tract eosinophilia, Th2 immunity, and a
conserved gastric transcriptome markedly distinct from the EoE
transcriptome.

Current treatments also focus on the importance of a localized
disease. Indeed, topical swallowed steroids are the mainstream
therapy of EoE with high rate of therapeutic success ranging
between 70% and 80% based on the most recent studies.’”"”
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Abbreviations used
CAPNI4- Calpain 14
CTD- Connective tissue disorder
DSG1- Desmoglein-1
EDS- Ehlers-Danlos syndrome
EGID- Eosinophilic gastrointestinal disease
EoE- Eosinophilic esophagitis
FLG- Filaggrin
GERD- Gastroesophageal reflux disease
GWAS- Genome-wide array studies
hpf- High power field
LDS- Loeys-Dietz syndrome
MFS- Marfan syndrome
NKT- Natural killer T cells
NS- Netherton syndrome
PHTS- Phosphatase and tensin homolog hamartoma tumor
syndrome
PPI-REE- Proton-pump inhibitor responsive esophageal
eosinophilia
SPINKS- Serine protease inhibitor Kazal type 5
Th2-T helper lymphocyte type 2
TSLP- Thymic stromal lymphopoietin

Swallowed inhaled corticosteroids are considered as first-line
therapies for initial and maintenance management of EoE as
they have low bioavailability due to first pass metabolism and less
systemic side effects compared with oral steroids absorption.'”*
Swallowed viscous budesonide has been shown to have signifi-
cant contact with the esophageal epithelium suggesting that those
steroids act indeed topically and not indirectly due to their
systemic absorption.”’

Similarly, food allergens have been shown to be the most
common trigger in both adults and children with EoE, without
causing any other systemic symptoms.”””® There has been a
globally demonstrated success of the treatment of EoE with food
avoidance, with rates close to 100% with elemental diets (amino
acid formulas) and up to 80% for elimination diet,?>?>%® and
despite this antigen-driven effect, the mechanism underlying this
response remains under intense investigation. It has been widely
speculated that foods cause a T-cell-mediated reaction in
genetically predisposed individuals due to a dysfunctional
epithelium that promotes a Th2 effector local reaction to
foods.”” In support of this notion, it has been reported that
filaggrin (FLG) loss of function mutation 2282del4, which is
known to determine an increase of epithelial permeability, is
significantly overrepresented in EoE compared with control in-
dividuals (6.1% vs 1.3%, respectively).”’ Single genes and
genome-wide array studies (GWAS) have identified the thymic
stromal lymphopoietin (7SLP) gene, at 5g22, the calpain 14
(CAPNI4) on chr2p23.1, and the cl10rf30/EMSY gene on
chr11q13.5 3 as candidate genes in the pathogenesis of EoE.
Interestingly, like FLG and eotaxin 3, 7SLP and CAPNI14 are
epithelial genes and CAPNI14 is specifically expressed by esoph-
ageal cells.”” Eotaxin 3 and 7SLP are mediators known to pro-
mote local eosinophilic and Th2 inflammation. On the other
hand, FLG and most likely CAPNI4 dysregulation favor
increased permeabilization of the esophageal epithelium. Indeed,
inhibition of FLG, which is downregulated by Th2 cytokines, is
known to favor peanut sensitization in children with atopic
dermatitis, most likely by favoring the access of the antigen to an
immune system predisposed to produce a Th2 instead of
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tolerogenic response to foods. CAPNI4 is a protease that appears
to be highly and selectively expressed in the esophagus,”’”* and
upregulated by Th2 cytokines (ie, IL-137* and TL-4""). Although
the specific biological function of CAPNI4 is currently un-
known, it is easy to speculate that an increase in expression of
CAPNI4, like the one of other members of the proteases
belonging to the calpain family, may favor increased epithelial
together, these data point to the fact that food allergens in
genetically predisposed individuals may be able to penetrate
damaged epithelium expressing less FLG and more CAPN14 for
example, and in the presence of high level of 7SLP and eotaxin 3
promote a strong local eosinophilic Th2 inflammation.

CON: EoE IS A SYSTEMIC DISEASE

Evidence that EoE is a systemic disease comes from 3
particular findings: (1) EoE has a strong genetic component
affecting not just localized tissue; (2) there is evidence of pe-
ripheral eosinophilia in EoE and the systemic administration of
anti-IL-5 reduces both the esophageal and the peripheral eosin-
ophilia; and (3) the direct gastric administration of known
problematic foods can elicit an active EoE state.

An alternative viewpoint of the GWAS studies that show
TSLP and EMSY>*7°7% a5 risk factors for EoE is that these
genes represent systemic alterations. Both of these genes are not
isolated to the esophagus, but are expressed throughout the body.
In murine models of EoE, 7SLP knockout prevents the
expression of EoE feature. In humans, 7SLP is located on
chromosome 5q22.1 next to the atopic cytokine (IL-4, IL-5,
IL-13, IL-3) cluster of chromosome 5g31, and is a potent pro-
moter of Th2 inflammation by priming dendritic cells to support
the development of antigen Th2 differentiated cells, by inducing
Th2 cytokine production (IL4, IL13) by T cells, basophils, mast
cells, NKT cells, and eosinophils while hindering the production
and/or maintenance of FOXP3+ Tregs.””** These changes are
systemic in nature and not localized to the esophagus. Given the
likely systemic effect of 7SLP gene variations, it is not surprising
that patients with EoE are highly atopic and nearly 80%
have either asthma, allergic rhinitis, or IgE-mediated food
allergy.”*>™* Relative to the general population, the incidence of
these atopic disorders is significantly increased suggesting that
EoE is not an expression of a disease limited to the esophagus
alone, but rather a local manifestation of a systemic immune
dysregulation involving several organs.

Similarly, beyond these common atopic disorders, there is also
the presence of other disparate clinical disorders often associated
with epithelial dysfunction that confer an increased risk of EoE.
This includes connective tissue disorders (CTDs) with extra-
esophageal findings such as Marfan syndrome (MFS), Loeys-
Dietz syndrome (LDS), and the Ehlers-Danlos syndrome
(EDS), or epithelial disorders such as Netherton syndrome (NS)
and FLG mutation. The presence of CTDs increases the risk of
EoE by approximately 8-fold, and we estimate that 5% to 15%
of EoE population has an underlying connective tissue disorder
as represented by MFES, LDS, and EDS.*>*” These CTDs have
been demonstrated to have defects impacting the TGF[} pathway
with fibrillin-1 mutations in MFS being associated with poor
sequestration of TGFB,"® TGFB1 and P2 receptor defects in
LDS being associated with an activating mutation of within the
pathway along with a high incidence of food allergy and
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TABLE I. Disorders related to EoE
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Clinical disorder Gene(s) Risk or incidence of related to gene References
Connective tissue disorders
Marfans FBNI 8-fold combined for these disorders 4647
Loeys-Dietz syndrome TGFBRI TGFBR receptors are associated with EoE 60% (6/10)
Ehlers-Danlos syndrome TGFBR2
NS SPINKS 44% (4/9) 57,58
Eczematous dermatitis DSGI1 DSGI 33% (1/3) o163
FLG FLG with increased risk of EoE
Cystic fibrosis CFTR EoE has been identified in 3 patients with CF 9
Phosphatase and tensin homolog PTEN 75% (6/8) with 275-fold increased risk of EoE o4

hamartoma tumor syndrome

Abbreviations used: DSG1, Desmoglein-1; EoE, eosinophilic esophagitis; FBN1, TGF} pathway with fibrillin-1; FLG, filaggrin; NS, Netherton syndrome; PTEN, phosphatase
and tensin homolog; SPINKS, serine protease inhibitor Kazal type 5; TGFBR, TGFp receptor.

eosinophilic gastrointestinal disease (EGID),*”*” and collagen IIT

Al being associated with increased plasma TGF-P, and excess
circulating levels of vascular cell adhesion protein 1.”° Within
EoE itself, excess TGF-B1 has also been identified, with
immunohistochemical localization noted to eosinophils and mast
cells within esophageal lamina propria and esophageal smooth
muscle cells, respectively.'””'” This excess TGF-B1 could lead
to esophageal fibrosis and smooth muscle contraction that could
potentially be related to the mechanical esophageal dysfunction
present in EoE.'”7%°

NS represents a systemic disorder with erythematous and scaly
skin with notable epidermal eosinophilia, gross elevations in IgE,
and known defects in serine protease inhibitor Kazal type 5
(SPINKS).>’? This is of particular interest for EoE, as SPINK5
can reduce desmoglein-1 (DSGI) expression as seen in EoE.”
An early report identified EoE in a single patient with NS of a
case series, whereas several other of these patients with NS had
sensitization to a variety of foods, dietary eliminations, and
gastrointestinal complaints.”” Although a single case report
would not be definitive, NS may also represent a disorder with an
apparent increased risk of EoE, as another recent provisional
study identified 4 of 9 patients with NS with concomitant
EoE.’¥ DSGI deficiency has also been separately associated with
a severe disease process of severe dermatitis, allergies, and
metabolic wasting (severe dermatitis, multiple allergies, and
metabolic wasting [SAM] syndrome) in which 1 of 3 patients was
also noted to carry a diagnosis of EoE.°" Similarly, defects in
FLG have been associated with severe eczema, and FLG loss-of-
function mutations have been identified as a risk variant for EoE,
albeit without a clear alteration in FLG expression noted between
patients with atopic and nonatopic EoE."*’

Finally, other rare systemic genetic diseases have been reported
to be associated with EoE and may provide insight into the EoE
pathogenesis as well as potentiality of being a systemic disease.
Patients with phosphatase and tensin homolog hamartoma
tumor syndrome (PHTS) are noted to have an increased risk of
EGID in a small case series, with a 272-fold increased risk of
EGID being noted in the PHTS patient population.”* Of those
patients with comorbid PHTS and EGID, 75% (6/8) were noted
to have esophageal eosinophilia often with concomitant eosino-
philic gastritis, as well as a history of food allergies.

Although each of these systemic disorders is associated with
increased risk of EoE, they represent only a relatively small subset
of patients with EoE (see summary, Table I). Regardless, along

with the increased risk of an atopic disorder and IgE-mediated
food allergy in EoE, the presence of these systemic disorders
supports a notion of not only esophageal disease but also a
clinically relevant process extending beyond the esophagus that
needs to be addressed for patients with unique forms of EoE.
In support of this, patients with EoE have been noted to have
increased peripheral blood eosinophilia, excess peripheral blood
eosinophil progenitors as well as increased serum levels of
cosinophil derived neurotoxinin.'*"'® Such systemic eosinophilia
and the esophageal one completely resolve both in pediatric and
adult patients on systemic administration of antieosinophilic
antibody like anti-IL-5.””°” These data suggest that patients with
EoE may have a systemic activation and increased levels of
eosinophils despite having only local end organ manifestation.
Additional evidence that EoE may indeed be a systemic dis-
ease comes from insight into food allergy pathogenesis in an
animal model of EoE. When the vitamin D analog, MC903, is
administered far away from the esophagus (the mouse’s ear),
along with ovalbumin skin sensitization, there is esophageal
cosinophilia that is dependent on 7SLP and basophils.®® Beyond
vitamin D, cow’s milk could potentially provide other bioactive
substances such as TGFf that survive and are increased by the
pasteurization process.(""/’('8 Indeed, cow’s milk-derived TGFp1
remains bioactive in human cell lines®® and shares 95% identity
with human-derived TGFPI. Regardless, as a source of a variety
of bioactive substances, cow’s milk could provide a unique milieu
that potentially primes the esophagus to support pathologic EoE
via vitamin D in a manner like that seen in animal models.*®
Finally, exposure to the antigen that bypasses the esophagus
can also lead to disease. We have patients with nasogastric tubes
that bypass the esophagus, yet develop EoE. When the food is
switched to nonallergic formula, their EoE resolves. This in-
dicates that EoE is a nonlocalized disease that can be driven by
systemic exposure from beyond the esophagus. Therefore, food
allergy in EoE, albeit being a local inflammatory process, maybe
due to a more systemic process that implicates a systemic
sensitization resulting in a local manifestation where a dysfunc-
tional epithelium become permissive for disease development.

CONCLUSIONS

There is evidence that EoE is both a localized disease and
systemic disease. The tissue inflammation is localized to the
esophagus and treatment is focused on removing the inflam-
matory cells and cytokines from the esophagus. Genetic evidence
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points to both localized genes (CAPNI4) and systemic genes
(TSLP, EMSY) that play key roles in the development of disease.
Patients with EoE have evidence of systemic inflammation as
demonstrated by increased peripheral activated eosinophils even
if they have apparently localized esophageal tissue injury. Overall,
after reviewing all the evidence, we can conclude that EoE is a
systemic disease with a wide array of genetic risk factors with
localized inflammation that leads to localized symptoms. That
EoE may represent a systemic disease is supported by the fact
that patients with EoE have many comorbidities. Given that it
becomes apparent that EoE and some of its comorbidities may
have similar genetic/environmental triggers, a treatment that
targets a single disease may be insufficient, whereas targeting the
global predisposition to develop those diseases, especially in pa-
tients carrying the genetic mutations, will greatly improve the
quality of life of these patients and limit the adverse conse-
quences of our current treatment methodologies.

SUMMARY

EoE is a clinical pathological disease limited to the esophagus.
Current treatments focus on controlling local inflammation with
limited systemic side effects. However, the extraesophageal fea-
tures, its frequent association with other systemic diseases, sug-
gest that despite an apparent local manifestation of an
immunologic disorder, EoE could actually be a systemic disorder.
Finding a singular strategy to control these systemic processes
with multiple end organ manifestations rather than multiple
separate treatments would be ideal.
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