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Eosinophilic esophagitis (EoE) is a chronic inflammatory disease characterized by eosinophilic infiltration of the

esophagus. It arises from a complex interplay of genetic predisposition (susceptibility loci), environmental triggers

(allergens and dietary antigens), and a dysregulated immune response, mainly mediated by type 2 T helper cell

(Th2)-released cytokines, such as interleukin (IL)-4, IL-5, and IL-13.

eosinophilic esophagitis  pathogenesis  soluble inflammatory mediators

1. Introduction

Eosinophilic esophagitis (EoE) is a chronic immune-mediated disease characterized by esophageal inflammation

and dysfunction triggered by an abnormal Th2 inflammatory response . The central pathogenesis of EoE

revolves around a dysregulated immune response triggered by exposure to allergens, often derived from food .

This immune response leads to inflammation and tissue damage in the esophagus, resulting in the characteristic

symptoms and histologic changes seen in EoE patients. Key elements of its central pathogenesis include allergen

sensitization, Th2 immune response, epithelial barrier dysfunction, eosinophil infiltration, fibrosis, and remodeling 

. In addition, genetic factors and environmental triggers play pivotal roles in the genesis of the disease.

Individuals with EoE develop sensitization to certain food antigens or environmental allergens . This sensitization

involves the activation of immune cells, particularly Th2 cells, which play a central role in driving allergic responses.

Sensitized Th2 cells release cytokines, including interleukin (IL)-4, IL-5, and IL-13, which trigger an exaggerated

immune response . These cytokines promote eosinophil infiltration, mast cell activation, and tissue remodeling in

the esophagus. Eosinophils release cytotoxic proteins and other inflammatory mediators that contribute to tissue

damage and inflammation. In addition, the epithelial barrier of the esophagus is compromised in EoE, allowing

allergens to penetrate the tissue more easily. Epithelial cells also exhibit altered gene expression, such as the

downregulation of genes involved in differentiation and junctional proteins, resulting in the disruption of esophageal

mucosal integrity.

Persistent inflammation and tissue damage trigger fibrosis and the remodeling of esophageal tissue. This leads to

structural changes, such as the narrowing of the esophagus (strictures) and reduced esophageal compliance,

mainly resulting in dysphagia .
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Genetic susceptibility may play a role in the development of EoE, as certain genetic variations have been

associated with an increased risk for the disease . However, the exact genetic factors that contribute to

susceptibility to EoE are still under investigation . In addition to genetic predisposition, environmental factors

such as diet and exposure to allergens or environmental allergens are also thought to influence the development

and exacerbation of EoE. Certain foods, such as milk, wheat, and eggs, are often cited as triggers .

Understanding the central pathogenesis of EoE is critical to develop targeted therapeutic strategies that can reduce

inflammation, restore esophageal function, and relieve symptoms . However, the complexity of the disease is

underscored by the involvement of multiple cellular and molecular pathways, making the development of effective

treatments a multifaceted challenge.

Standard treatment therapies include dietary modification , esophageal dilation, and pharmacologic therapy

. Effective pharmacologic therapies include corticosteroids, rapidly evolving biological therapies, and proton-

pump inhibitors (PPIs) . A variety of novel therapeutic strategies have been developed targeting different cellular

and soluble mediators that contribute to the complex mechanisms of the disease . The pursuit of tailored

approaches promises to improve patient outcomes and usher in a new era of precision medicine for people

struggling with this complicated disease.

2. Pathogenesis of Eosinophilic Esophagitis (EoE)

The pathogenesis of EoE involves a multifaceted interplay between genetic predisposition and environmental

triggers, leading to a dysregulated immune response.

2.1. Genetic and Environmental Factors and Autoimmunity

EoE has a strong genetic component, as evidenced by various susceptibility loci identified through genetic studies.

First-degree relatives of EoE patients have a 10 to 64 times higher risk of developing the condition compared with

the general population , with an incidence among siblings of 2.4% vs. 5.5 per 10.000 in the general

population . Studies on twins reported an EoE frequency of 41% in monozygotic twins and 24% in dizygotic

twins .

Moreover, certain genes, including TSLP, calpain-14 (CAPN14), Krüppel-like factor 13 (KLF13), and EMSY, have

been associated with an increased risk of EoE . Notably, the interplay between genes such as CAPN14

and specific environmental exposures highlights the complexity of EoE’s genetic–environmental interaction . In

particular, an association was found between the overexpression of CAPN14 in the early postnatal period of life

(during breastfeeding and hospitalization in an intensive care unit) and exposure to certain environmental factors

. Overall, genetic risk factors are neither necessary nor sufficient to favor EoE, although they clearly modulate

the individual lifetime risk of a given carrier.
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Environmental factors such as diet, cesarean births, antibiotic use, formula feeding , PPI use during childhood,

cold climates, indoor pollutants, and housing  have been linked to an increased EoE risk. Conversely, owning a

furry pet in childhood and Helicobacter pylori infection are associated with a lower risk of EoE .

The role of the gut microbiota in immune regulation is increasingly recognized . Exploring therapies that

modulate the composition of the microbiota to mitigate inflammation and allergen sensitization holds potential for

the treatment of EoE . Specifically, patients with active EoE showed an increase in Haemophilus and

Aggregatibacter species and a decrease in Firmicutes , and early interactions between epithelial cells and the

esophageal microbiota were able to modulate CXCL16 expression and recruit invariant natural killer T cells to the

esophageal epithelium . In a study in mice, administration of Lactococcus lactis NCC 2287 resulted in the

histologic remission of EoE , although further research is needed in this area.

The association with autoimmunity is increasingly being investigated, as 6% of patients with EoE have concomitant

psoriasis, psoriatic arthritis, rheumatoid arthritis, or Hashimoto’s thyroiditis . Indeed, antibodies against

transmembrane desmoglein-3 (DSG3) and collagen XVII (NC16A) appeared to be increased in the sera of EoE

patients .

2.2. Soluble Inflammatory Mediators of EoE

After allergen-mediated epithelial injury in the esophageal mucosa, several damage-associated molecular patterns

(DAMPs) are released, contributing to the onset of a type 2 inflammatory response, a hallmark of EoE. Notable

DAMPs include thymic stromal lymphopoietin (TSLP), interleukin (IL)-33, and IL-25. Their selective inhibition has

been shown to prevent the development of specific food allergies . DAMPs were among the first patterns to be

recognized as molecules able to activate group 2 innate lymphoid cells (ILC2s), early effectors of type 2 mucosal

immunity.

TSLP, an epithelial-derived cytokine expressed by several cell types, promotes Th2-type immune responses by

influencing dendritic cells (DCs) . Overexpression of TSLP is observed in the esophageal mucosa of EoE

patients , and specific TSLP gene polymorphisms strongly correlate with the development of EoE in children .

TSLP signaling promotes dendritic cell activation, and the differentiation of naïve CD4 T cells into T helper 2 (Th2)

cells and their proliferation by inducing IL-4 gene transcription, and supports immunoglobulin (Ig) E production 

. A TSLP-triggered basophil-dependent mouse model of EoE-like disease was developed, and neutralization of

TSLP ameliorated the disease .

IL-33, which is stored in the nuclei of various cells, including intestinal epithelial cells, is released upon exposure to

environmental antigens . Its binding to the ST2 receptor on immune cells, including eosinophils and mast

cells, triggers a type 2 inflammatory response through the expression of costimulatory molecules such as CD86,

major histocompatibility complex class II (MHC-II), and IL-6 . IL-33 contributes to the expression of

epithelial adhesion molecules, the release of cytokines and chemokines such as CXCL8 and CCL2, and eosinophil

survival . Increased levels of IL-33 have been described in the esophageal mucosa of patients with EoE ,
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where it is expressed by both the endothelium and a subset of undifferentiated, nondividing esophageal epithelial

cells in the basal layer . Interestingly, a rare and novel chromosomal duplication of the entire IL-33 gene

resulted in clinical features of EoE , whereas mouse models showed that the IL-33–ST2 axis is necessary to

induce EoE  and to ensure homeostasis and the survival of eosinophils, as evidenced by reduced numbers of

eosinophils in peripheral blood in IL-33- and ST2-deficient mice .

IL-25 belongs to the IL-17 cytokine family and is mainly expressed by Th2 cells and several epithelial cells. IL-25

activates immune cells and enhances IL-13 production by ILC2 in response to food allergens. It is produced in

response to cell injury or tissue damage and activates immune cells through its interaction with the receptors IL-

17RA and IL-17RB. IL-25 binding to the receptors activates several signaling pathways, such as NF-κB, MAPK,

JAK, and STAT3, leading to several downstream effects such as inflammation and cell self-renewal, survival, or

apoptosis . Injection of exogenous IL-25 resulted in the proliferation of Th2 cells and ILC2 . The effect of IL-25

on several allergy disorders has now been established . As for EoE, the available data have shown that IL-25 is

increased in active EoE compared with controls .

IL-4 and IL-13 play an important role in Th2 cell development. They are mainly expressed by basophils,

eosinophils, mast cells, NK T cells, and ILC2 . IL-4 and IL-13 share a common α-receptor, and they signal via

the signal transducer and activator of transcription (STAT)-6, which allows them to exert specific functions in

different cell types. They activate eosinophils and recruit them via CCL26 expression, regulate lymphocyte

functions (Th2 differentiation and B cell IgG1 and IgE class switching) and macrophage M2 maturation, increase

dendritic cell function , and promote epithelial barrier dysfunction by downregulating the epidermal differentiation

complex (EDC) . To date, IL-13 is considered the major effector cytokine in EoE, more abundant than IL-4 .

IL-13 actively induces the expression of VCAM-1/ICAM-1 in endothelial cells and IL-5 by lymphocytes, thereby

promoting the migration of eosinophils from the bone marrow and inducing eosinophil homing to target organs .

IL-13 also acts on tissue remodeling by promoting epithelial cell hyperplasia, collagen deposition, and

angiogenesis . Lastly, its synergistic action with TGF-β1 can activate quiescent fibroblasts and differentiate them

into myofibroblasts, and reduce the amplitude of esophageal muscle contraction .

Other inflammatory mediators such as IL-5, IL-18, IL-15, tumor necrosis factor alpha (TNF-α), the TNF-related

cytokine LIGHT, and transforming growth factor β1 (TGF-β1) also contribute to EoE pathogenesis via different

mechanisms. They modulate immune responses, eosinophil function, fibroblast activation, and tissue remodeling.

IL-5 is expressed by Th2 lymphocytes, eosinophils, basophils, ILC2, CD34+ progenitor cells, and NKT cells. It

induces the differentiation and maturation of eosinophils in bone marrow, homing in tissues, and protection from

apoptosis .

Consequently, overexpression of IL-5 in patients with EoE is associated with disease activity and increased levels

of eosinophils in the blood . Of note, IL-5 also plays a role in basophil metabolism and function by causing them

to increase histamine release upon activation . IL-18 belongs to the IL-1 family, a pleiotropic cytokine produced

mainly by macrophages, dendritic cells, and epithelial cells. Its overexpression has been noted in several atopic

diseases, in which it exerts a pathological role by stimulating mast cell and basophil degranulation, recruiting
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granulocytes to the site of inflammation, inducing IgE production and isotype switching, and promoting a Th2

response . It also induces invariant NK T cells to produce IL-5 and IL-13 . Niranjanc et al. reported an

increased concentration of IL-18 and its specific receptor IL-18Rα in the blood and esophageal mucosa of EoE

patients, and this concentration correlated with the extent of esophageal eosinophilia, both in active and treated

EoE patients .

IL-15 is predominantly produced by monocytes, macrophages, and dendritic cells. It stimulates the proliferation and

differentiation of activated T cells and promotes the antigen-independent activation of NK cells . IL-15 stimulates

CD4+ T cells to produce the eosinophil-activating cytokines IL-5 and IL-13. It also induces esophageal epithelial

cells to produce eosinophil-activating chemokines in mouse models and humans by expressing eotaxins-1–2 and

eotaxin-3, respectively . Tissue levels of IL-15 and IL-15Ra in the esophagus and blood levels of IL-15 were

increased in patients with EoE compared with healthy individuals, and human IL-15 mRNA levels correlated with

esophageal eosinophilia .

Tumor necrosis factor alpha (TNF-α) is an inflammatory cytokine with pleiotropic functions, among which it

mediates the activation and survival of eosinophils. It is upregulated in EoE, particularly during active disease 

. Upon esophageal inflammation due to external triggers, esophageal fibroblasts stimulate the release of TNF-α,

which, in turn, promotes the epithelial-to-mesenchymal transition, fostering the development of esophageal fibrosis

.

The TNF-related cytokine LIGHT is part of the TNF superfamily of cytokines that have emerged as important

modulators of critical innate and adaptive immune responses. Recently, a major role of LIGHT in several

eosinophilic disorders was described, including in EoE .

TGF-β1 is a pleiotropic cytokine involved in many different critical processes, including immune regulation,

fibroblast activation, smooth muscle contraction, and the induction of the epithelial–mesenchymal transition.

Patients with EoE have increased expression of TGF-β1 and its downstream nuclear transcription factor,

phosphorylated SMAD2/3 protein . Moreover, exposure to TGF-β1 correlates with a decreased expression of

claudin-7, a tight junction membrane protein important for esophageal barrier function . Consequently, chronic

expression of TGF-β1 could allow allergen passage through the esophageal mucosa, leading to increased antigen

presentation and immune activation. Nevertheless, there is conflicting evidence regarding the role of TGF-β1 in

EoE, as some studies have shown that its mRNA levels are not increased in esophageal mucosa .

Eotaxins are a family of eosinophil-specific chemoattractant cytokines produced mainly by epithelial cells. They

have been identified in several atopic diseases including EoE. They are mainly induced by IL-4 and IL-13, and they

bind to the CCR3 receptor, which is predominantly expressed in eosinophils and mast cells , although they can

also be released from activated eosinophils and mast cells. Notably, mice with a genetic deletion of CCR3 were

protected from developing experimental EoE, demonstrating the role of eotaxins in the pathogenesis of the disease

.

[66][67] [68]

[68]

[69]

[70]

[64]

[71]

[72]

[73]

[74]

[75]

[76]

[77][78]

[79]

[71]



Mechanistic Insights into Eosinophilic Esophagitis | Encyclopedia.pub

https://encyclopedia.pub/entry/53099 6/19

The eotaxin family includes eotaxins-1, -2, and -3, all of which are upregulated in EoE . Among them, eotaxin-3

is the most abundant in EoE , and its expression is related to the concentrations of eosinophils and mast cells in

esophageal biopsies .

Eotaxin-3 is encoded by the CCL26 gene, and the CCL26 concentration is able to distinguish EoE from healthy

and GERD patients, respectively .

In contrast, the roles of eotaxins-1 and -2 in the pathogenesis of EoE appear to be marginal . Indeed, deficiency

in the former resulted in only modest attenuation of the disease , whereas the latter is mainly expressed in

the lungs . Finally, single-nucleotide polymorphisms in eotaxin-3 genes have been linked to EoE disease .

Although interferon-γ (IFNγ) is one of the major players in the type 1 inflammatory response, it has been reported

to be increased in the mucosa of EoE patients . In addition, an association with polymorphisms in a gene

encoding a transcriptional regulator used by IFNγ has been described in patients with EoE . Recently, in vitro

treatment with IFNy was shown to increase esophageal barrier permeability and epithelial cell apoptosis , and

EoE-causing allergens were able to stimulate CD4+ T cells to release IFNγ . Overall, these data suggest a

possible role of IFNγ in the pathogenesis of EoE, although further evidence is needed.

Immunoglobulin G4 (IgG4) is an unusually dynamic antibody with unique molecular features distinct from other IgG

subclasses. Biopsy specimens from adult and pediatric patients with EoE showed the deposition of higher levels of

food-specific IgG4 antibodies . Notably, the symptoms and histopathology of IgG4 deposition disappeared

after the avoidance of cow milk and reappeared after its reintroduction . The mechanism underlying the role of

IgG4 in EoE disease needs further investigation.

A concise overview of each inflammatory mediator’s function, mechanisms, and implications in eosinophilic

esophagitis (EoE) is resumed in Figure 1.
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Figure 1. Functions of major and minor soluble inflammatory mediators of EoE. Allergen-mediated epithelial injury

triggers the release of major and minor soluble inflammatory mediators, the former including damage-associated

molecular patterns (DAMPs), IL-4, and IL-13, and the latter including IL-5, IL-18, IL-15, TNFα, TGF-β1, eotaxins,

and IFNγ. TSLP = thymic stromal lymphopoietin; DC = dendritic cell; EC = epithelial cell; EMT = epithelial–

mesenchymal transition; EDC = epidermal differentiation complex; α-Rc = α-Receptor.

2.3. Cellular Mediators of EoE

Eosinophils are the hallmark of the pathogenesis of EoE, and their importance has been studied in both mouse and

human models. These leucocytes were originally thought to be purely destructive end-stage effector cells because

of their ability to release toxic granule proteins. However, recent research has revealed a more complex role in EoE

pathogenesis. The recruitment of eosinophils through the release of inflammatory signaling molecules, such as

alarmins and eotaxins, represents the early physiological response to mucosal injury by environmental antigens to

maintain local mucosal homeostasis. Chronic exposure to stimuli and tissue damage leads to the release of

mediators such as GM-CSF and IL-5, which promote the activation and local recruitment of eosinophils .

Furthermore, the release of eosinophil peroxidase, eosinophil cationic protein, and major binding protein directly

leads to tissue damage and the dysfunction of vagal muscarinic M2 receptors, resulting in esophageal dysmotility

. Finally, eosinophils might also act as antigen-presenting cells . Despite the pivotal role of eosinophils in

disease pathogenesis, mouse models genetically engineered to lack eosinophils have shown that clinical features

such as esophageal motility disorder are independent of eosinophil inflammation , and randomized controlled

trials of anti-IL-5 therapies have failed to achieve clinical remission ( ; NCT04543409). Overall, the data suggest

that EoE is not entirely dependent on eosinophils and that broader targeting of type 2 immunity may be required.

Mastocytes are immune cells of the myeloid lineage traditionally associated with allergic reactions. They are

classified according to whether they possess granules containing tryptase or tryptase and chymase, the latter

being typical of esophageal mast cells both in diseases and under physiological conditions . The trigger of mast

cell activation in EoE is still unknown, as IgE-mediated mast-cell-dependent immediate responses to known food

triggers have not yet been demonstrated, possibly due to the presence of non-IgE-mediated mechanisms . Mast

cells are major effectors in several atopic diseases, and their concentration and activation have been demonstrated

in the esophageal mucosa of patients with EoE  and correlate with the extent of local infiltration of

eosinophils  and EoE symptoms . Mast cell degranulation, as detected by the presence of extracellular

mast cell tryptase, was approximately 20-fold higher in EoE patients compared with control subjects . Beyond

their role in the type 2 inflammatory response, mast cells release specific mediators such as TGF-β1 tryptase,

leukotrienes, prostaglandins, and histamine that contribute to esophageal smooth muscle hypertrophy and

dysmotility .

Mast cells express the high-affinity receptor for IgE on their surfaces, which promotes a signal transduction process

leading to the release of various inflammatory cytokines and chemokines . Moreover, their ability to produce the

eosinophil chemoattractant eotaxin-1 influences the accumulation of eosinophils in specific tissues , although

some evidence for their ability to recruit eosinophils is still controversial . Mast-cell-induced local inflammation
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of the esophagus results in altered mucosal permeability, smooth muscle hypertrophy, and altered contraction,

leading to dysmotility . Upon activation, mast cells promote tissue remodeling and fibrosis vis the

expression of several profibrotic mediators such as TGF-β1 .

Decreased concentrations or altered functions of Tregs have been described in other atopic diseases , whereas

their role in EoE pathogenesis is controversial, as their concentration has been reported to be either reduced 

or increased  in mucosal samples. To date, none of the typical cytokines or interleukins associated with the

Th2 response have been consistently and reproducibly altered to be used as a diagnostic tool for EoE. Compared

with other atopic diseases (e.g., allergic asthma and atopic dermatitis), the lack of serological markers and

unsatisfactory response to classic systemic immunosuppressive therapy in EoE may indeed reflect a different

pathophysiology.

According to recent theories, EoE may be a local, autonomous Th2 disease with a unique pathogenetic pathway

that relies exclusively on components of the esophageal mucosa (i.e., TSLP) .

An important function of T cells in EoE is related to their expression of the TNF-related cytokine LIGHT, which can

induce an inflammatory phenotype in fibroblasts .

The role of B cells in the pathogenesis of EoE has been poorly studied because of their minimal infiltration of the

esophageal mucosa compared with other immune cells . On the other hand, Vicario et Al. not only confirmed

the increased density of B cells in EoE but also demonstrated that biopsy specimens from the esophageal mucosa

expressed germline transcripts, underscoring the potential of B cells to undergo local class-switch recombination

.

Under physiological conditions, the esophageal epithelium is relatively impermeable to medium- and large-size

molecules, thus providing a barrier. In EoE, active inflammation results in damage to the epithelium associated with

decreased expression of the structural proteins E-cadherin, desmoglein-1, involucrin, filaggrin, and synaptopodin

, as well as the alteration of junctional proteins such as claudin and occludin . The origin of these

structural changes has been linked to the absence of the Kazal-type serine protease inhibitor (SPINK) 7, which is

part of the differentiation program of the esophageal epithelium. SPINK7, which is highly expressed by healthy

esophageal epithelial cells, was indeed significantly decreased in patients with EoE, who consequently exhibited

higher permeability with dilated intercellular spaces . Of note, the silencing of SPINK7 resulted in epithelial

barrier dysfunction and activated transcriptional changes that stimulated the production of type 2 inflammatory

responses .

Figure 2 summarizes the cellular mediators of EoE.

[104][107]

[108]

[109]

[110]

[111][112]

[3]

[70]

[72][113]

[114]

[55][115] [76][116]

[117][118]

[119]



Mechanistic Insights into Eosinophilic Esophagitis | Encyclopedia.pub

https://encyclopedia.pub/entry/53099 9/19

Figure 2. Cellular mediators involved in the pathogenesis of eosinophilic esophagitis (EoE). Different colors were

used to represent and distinguish each cellular a soluble mediator.

References

1. Muir, A.; Falk, G.W. Eosinophilic Esophagitis: A Review. JAMA 2021, 326, 1310–1318.

2. Dellon, E.S.; Hirano, I. Epidemiology and Natural History of Eosinophilic Esophagitis.
Gastroenterology 2018, 154, 319–332.e3.

3. Rabinowitz, S.S.; Yu, L.; Geraghty, P. EoE Behaves as a Unique Th2 Disease: A Narrative
Review. Transl. Gastroenterol. Hepatol. 2023, 8, 11.

4. Furuta, G.T.; Katzka, D.A. Eosinophilic Esophagitis. N. Engl. J. Med. 2015, 373, 1640–1648.

5. Rank, M.A.; Sharaf, R.N.; Furuta, G.T.; Aceves, S.S.; Greenhawt, M.; Spergel, J.M.; Falck-Ytter,
Y.T.; Dellon, E.S.; AGA Institute; Joint Task Force on Allergy-Immunology Practice Parameters
Collaborators; et al. Technical Review on the Management of Eosinophilic Esophagitis: A Report
from the AGA Institute and the Joint Task Force on Allergy-Immunology Practice Parameters.
Gastroenterology 2020, 158, 1789–1810.e15.

6. Molina-Infante, J.; Mata-Romero, P.; Martín-Holgado, D. New Approaches to Diet Therapy for
Eosinophilic Esophagitis. Curr. Opin. Gastroenterol. 2023, 39, 315–319.

7. Gratacós Gómez, A.R.; Gómez Torrijos, E. Eosinophilic Esophagitis Due to Aeroallergens: A
Systematic Review and Update. J. Investig. Allergol. Clin. Immunol. 2022, 32, 438–450.



Mechanistic Insights into Eosinophilic Esophagitis | Encyclopedia.pub

https://encyclopedia.pub/entry/53099 10/19

8. Dellon, E.S.; Kim, H.P.; Sperry, S.L.W.; Rybnicek, D.A.; Woosley, J.T.; Shaheen, N.J. A
Phenotypic Analysis Shows That Eosinophilic Esophagitis Is a Progressive Fibrostenotic Disease.
Gastrointest. Endosc. 2014, 79, 577–585.e4.

9. O’Shea, K.M.; Aceves, S.S.; Dellon, E.S.; Gupta, S.K.; Spergel, J.M.; Furuta, G.T.; Rothenberg,
M.E. Pathophysiology of Eosinophilic Esophagitis. Gastroenterology 2018, 154, 333–345.

10. Lucendo, A.J.; Santander, C.; Savarino, E.; Guagnozzi, D.; Pérez-Martínez, I.; Perelló, A.;
Guardiola-Arévalo, A.; Barrio, J.; Elena Betoré-Glaria, M.; Gutiérrez-Junquera, C.; et al. EoE
CONNECT, the European Registry of Clinical, Environmental, and Genetic Determinants in
Eosinophilic Esophagitis: Rationale, Design, and Study Protocol of a Large-Scale Epidemiological
Study in Europe. Ther. Adv. Gastroenterol. 2022, 15, 17562848221074204.

11. Lucendo, A.J.; Molina-Infante, J. Dietary Therapy for Eosinophilic Esophagitis: Chances and
Limitations in the Clinical Practice. Expert. Rev. Gastroenterol. Hepatol. 2020, 14, 941–952.

12. Biedermann, L.; Straumann, A. Mechanisms and Clinical Management of Eosinophilic
Oesophagitis: An Overview. Nat. Rev. Gastroenterol. Hepatol. 2023, 20, 101–119.

13. Straumann, A.; Katzka, D.A. Diagnosis and Treatment of Eosinophilic Esophagitis.
Gastroenterology 2018, 154, 346–359.

14. Dhar, A.; Haboubi, H.N.; Attwood, S.E.; Auth, M.K.H.; Dunn, J.M.; Sweis, R.; Morris, D.; Epstein,
J.; Novelli, M.R.; Hunter, H.; et al. British Society of Gastroenterology (BSG) and British Society of
Paediatric Gastroenterology, Hepatology and Nutrition (BSPGHAN) Joint Consensus Guidelines
on the Diagnosis and Management of Eosinophilic Oesophagitis in Children and Adults. Gut 2022,
71, 1459–1487.

15. Franciosi, J.P.; Gordon, M.; Sinopoulou, V.; Dellon, E.S.; Gupta, S.K.; Reed, C.C.; Gutiérrez-
Junquera, C.; Venkatesh, R.D.; Erwin, E.A.; Egiz, A.; et al. Medical Treatment of Eosinophilic
Esophagitis. Cochrane Database Syst. Rev. 2023, 7, CD004065.

16. Franciosi, J.P.; Mougey, E.B.; Dellon, E.S.; Gutierrez-Junquera, C.; Fernandez-Fernandez, S.;
Venkatesh, R.D.; Gupta, S.K. Proton Pump Inhibitor Therapy for Eosinophilic Esophagitis: History,
Mechanisms, Efficacy, and Future Directions. J. Asthma Allergy 2022, 15, 281–302.

17. Kottyan, L.C.; Parameswaran, S.; Weirauch, M.T.; Rothenberg, M.E.; Martin, L.J. The Genetic
Etiology of Eosinophilic Esophagitis. J. Allergy Clin. Immunol. 2020, 145, 9–15.

18. Alexander, E.S.; Martin, L.J.; Collins, M.H.; Kottyan, L.C.; Sucharew, H.; He, H.; Mukkada, V.A.;
Succop, P.A.; Abonia, J.P.; Foote, H.; et al. Twin and Family Studies Reveal Strong Environmental
and Weaker Genetic Cues Explaining Heritability of Eosinophilic Esophagitis. J. Allergy Clin.
Immunol. 2014, 134, 1084–1092.e1.

19. Rothenberg, M.E.; Spergel, J.M.; Sherrill, J.D.; Annaiah, K.; Martin, L.J.; Cianferoni, A.; Gober, L.;
Kim, C.; Glessner, J.; Frackelton, E.; et al. Common Variants at 5q22 Associate with Pediatric



Mechanistic Insights into Eosinophilic Esophagitis | Encyclopedia.pub

https://encyclopedia.pub/entry/53099 11/19

Eosinophilic Esophagitis. Nat. Genet. 2010, 42, 289–291.

20. Sleiman, P.M.A.; Wang, M.-L.; Cianferoni, A.; Aceves, S.; Gonsalves, N.; Nadeau, K.; Bredenoord,
A.J.; Furuta, G.T.; Spergel, J.M.; Hakonarson, H. GWAS Identifies Four Novel Eosinophilic
Esophagitis Loci. Nat. Commun. 2014, 5, 5593.

21. Sherrill, J.D.; Rothenberg, M.E. Genetic and Epigenetic Underpinnings of Eosinophilic
Esophagitis. Gastroenterol. Clin. North. Am. 2014, 43, 269–280.

22. Jensen, E.T.; Kuhl, J.T.; Martin, L.J.; Langefeld, C.D.; Dellon, E.S.; Rothenberg, M.E. Early-Life
Environmental Exposures Interact with Genetic Susceptibility Variants in Pediatric Patients with
Eosinophilic Esophagitis. J. Allergy Clin. Immunol. 2018, 141, 632–637.e5.

23. Biedermann, L.; Straumann, A.; Greuter, T.; Schreiner, P. Eosinophilic Esophagitis-Established
Facts and New Horizons. Semin. Immunopathol. 2021, 43, 319–335.

24. Massimino, L.; Barchi, A.; Mandarino, F.V.; Spanò, S.; Lamparelli, L.A.; Vespa, E.; Passaretti, S.;
Peyrin-Biroulet, L.; Savarino, E.V.; Jairath, V.; et al. A Multi-Omic Analysis Reveals the
Esophageal Dysbiosis as the Predominant Trait of Eosinophilic Esophagitis. J. Transl. Med. 2023,
21, 46.

25. Angerami Almeida, K.; de Queiroz Andrade, E.; Burns, G.; Hoedt, E.C.; Mattes, J.; Keely, S.;
Collison, A. The Microbiota in Eosinophilic Esophagitis: A Systematic Review. J. Gastroenterol.
Hepatol. 2022, 37, 1673–1684.

26. Benitez, A.J.; Hoffmann, C.; Muir, A.B.; Dods, K.K.; Spergel, J.M.; Bushman, F.D.; Wang, M.-L.
Inflammation-Associated Microbiota in Pediatric Eosinophilic Esophagitis. Microbiome 2015, 3,
23.

27. Harris, J.K.; Fang, R.; Wagner, B.D.; Choe, H.N.; Kelly, C.J.; Schroeder, S.; Moore, W.; Stevens,
M.J.; Yeckes, A.; Amsden, K.; et al. Esophageal Microbiome in Eosinophilic Esophagitis. PLoS
ONE 2015, 10, e0128346.

28. Laserna-Mendieta, E.J.; FitzGerald, J.A.; Arias-Gonzalez, L.; Ollala, J.M.; Bernardo, D.; Claesson,
M.J.; Lucendo, A.J. Esophageal Microbiome in Active Eosinophilic Esophagitis and Changes
Induced by Different Therapies. Sci. Rep. 2021, 11, 7113.

29. Furuta, G.T.; Fillon, S.A.; Williamson, K.M.; Robertson, C.E.; Stevens, M.J.; Aceves, S.S.; Arva,
N.C.; Chehade, M.; Collins, M.H.; Davis, C.M.; et al. Mucosal Microbiota Associated with
Eosinophilic Esophagitis and Eosinophilic Gastritis. J. Pediatr. Gastroenterol. Nutr. 2023, 76, 347–
354.

30. Zhang, X.; Zhang, N.; Wang, Z. Eosinophilic Esophagitis and Esophageal Microbiota. Front. Cell
Infect. Microbiol. 2023, 13, 1206343.



Mechanistic Insights into Eosinophilic Esophagitis | Encyclopedia.pub

https://encyclopedia.pub/entry/53099 12/19

31. Arias, Á.; Lucendo, A.J. Molecular Basis and Cellular Mechanisms of Eosinophilic Esophagitis for
the Clinical Practice. Expert. Rev. Gastroenterol. Hepatol. 2019, 13, 99–117.

32. Karpathiou, G.; Papoudou-Bai, A.; Ferrand, E.; Dumollard, J.M.; Peoc’h, M. STAT6: A Review of a
Signaling Pathway Implicated in Various Diseases with a Special Emphasis in Its Usefulness in
Pathology. Pathol. Res. Pract. 2021, 223, 153477.

33. Xue, Z.; Miller, T.L.; Abramson, L.; Thakkar, K.P.; Ketchem, C.J.; Reddy, S.; Greenberg, S.B.;
Abichandani, S.; Chang, N.C.; Eluri, S.; et al. Association of Eosinophilic Esophagitis with
Autoimmune and Connective Tissue Disorders, and the Impact on Treatment Response. Dis.
Esophagus 2022, 36, doac043.

34. Dellon, E.S.; Lin, L.; Beitia, R.; Moran, T.P.; Qian, Y. Serum Autoantibodies against Epithelial Cell
Adhesion Molecules as Disease Biomarkers of Eosinophilic Esophagitis. Clin. Exp. Allergy 2018,
48, 343–346.

35. Khodoun, M.V.; Tomar, S.; Tocker, J.E.; Wang, Y.H.; Finkelman, F.D. Prevention of Food Allergy
Development and Suppression of Established Food Allergy by Neutralization of Thymic Stromal
Lymphopoietin, IL-25, and IL-33. J. Allergy Clin. Immunol. 2018, 141, 171–179.e1.

36. Liu, Y.-J. TSLP in Epithelial Cell and Dendritic Cell Cross Talk. Adv. Immunol. 2009, 101, 1–25.

37. Noti, M.; Wojno, E.D.T.; Kim, B.S.; Siracusa, M.C.; Giacomin, P.R.; Nair, M.G.; Benitez, A.J.;
Ruymann, K.R.; Muir, A.B.; Hill, D.A.; et al. Thymic Stromal Lymphopoietin-Elicited Basophil
Responses Promote Eosinophilic Esophagitis. Nat. Med. 2013, 19, 1005–1013.

38. Sherrill, J.D.; Gao, P.-S.; Stucke, E.M.; Blanchard, C.; Collins, M.H.; Putnam, P.E.; Franciosi, J.P.;
Kushner, J.P.; Abonia, J.P.; Assa’ad, A.H.; et al. Variants of Thymic Stromal Lymphopoietin and Its
Receptor Associate with Eosinophilic Esophagitis. J. Allergy Clin. Immunol. 2010, 126, 160–
165.e3.

39. Ziegler, S.F. The Role of Thymic Stromal Lymphopoietin (TSLP) in Allergic Disorders. Curr. Opin.
Immunol. 2010, 22, 795–799.

40. Omori, M.; Ziegler, S. Induction of IL-4 Expression in CD4(+) T Cells by Thymic Stromal
Lymphopoietin. J. Immunol. 2007, 178, 1396–1404.

41. Perez, F.; Ruera, C.N.; Miculan, E.; Carasi, P.; Dubois-Camacho, K.; Garbi, L.; Guzman, L.;
Hermoso, M.A.; Chirdo, F.G. IL-33 Alarmin and Its Active Proinflammatory Fragments Are
Released in Small Intestine in Celiac Disease. Front. Immunol. 2020, 11, 581445.

42. Brusilovsky, M.; Rochman, M.; Rochman, Y.; Caldwell, J.M.; Mack, L.E.; Felton, J.M.; Habel, J.E.;
Porollo, A.; Pasare, C.; Rothenberg, M.E. Environmental Allergens Trigger Type 2 Inflammation
through Ripoptosome Activation. Nat. Immunol. 2021, 22, 1316–1326.



Mechanistic Insights into Eosinophilic Esophagitis | Encyclopedia.pub

https://encyclopedia.pub/entry/53099 13/19

43. Besnard, A.-G.; Togbe, D.; Guillou, N.; Erard, F.; Quesniaux, V.; Ryffel, B. IL-33-Activated
Dendritic Cells Are Critical for Allergic Airway Inflammation. Eur. J. Immunol. 2011, 41, 1675–
1686.

44. Rank, M.A.; Kobayashi, T.; Kozaki, H.; Bartemes, K.R.; Squillace, D.L.; Kita, H. IL-33-Activated
Dendritic Cells Induce an Atypical TH2-Type Response. J. Allergy Clin. Immunol. 2009, 123,
1047–1054.

45. Sherrill, J.D.; Rothenberg, M.E. Genetic Dissection of Eosinophilic Esophagitis Provides Insight
into Disease Pathogenesis and Treatment Strategies. J. Allergy Clin. Immunol. 2011, 128, 23–32;
quiz 33–34.

46. Chow, J.Y.S.; Wong, C.K.; Cheung, P.F.Y.; Lam, C.W.K. Intracellular Signaling Mechanisms
Regulating the Activation of Human Eosinophils by the Novel Th2 Cytokine IL-33: Implications for
Allergic Inflammation. Cell Mol. Immunol. 2010, 7, 26–34.

47. Travers, J.; Rochman, M.; Caldwell, J.M.; Besse, J.A.; Miracle, C.E.; Rothenberg, M.E. IL-33 Is
Induced in Undifferentiated, Non-Dividing Esophageal Epithelial Cells in Eosinophilic Esophagitis.
Sci. Rep. 2017, 7, 17563.

48. Judd, L.M.; Heine, R.G.; Menheniott, T.R.; Buzzelli, J.; O’Brien-Simpson, N.; Pavlic, D.; O’Connor,
L.; Al Gazali, K.; Hamilton, O.; Scurr, M.; et al. Elevated IL-33 expression is associated with
pediatric eosinophilic esophagitis, and exogenous IL-33 promotes eosinophilic esophagitis
development in mice. Am. J. Physiol. Gastrointest. Liver Physiol. 2016, 310, G13–G25.

49. Marwaha, A.K.; Laxer, R.; Liang, M.; Muise, A.M.; Eiwegger, T.; Immune Dysregulation Group. A
Chromosomal Duplication Encompassing Interleukin-33 Causes a Novel Hyper IgE Phenotype
Characterized by Eosinophilic Esophagitis and Generalized Autoimmunity. Gastroenterology
2022, 163, 510–513.e3.

50. Venturelli, N.; Lexmond, W.S.; Ohsaki, A.; Nurko, S.; Karasuyama, H.; Fiebiger, E.; Oyoshi, M.K.
Allergic Skin Sensitization Promotes Eosinophilic Esophagitis through the IL-33-Basophil Axis in
Mice. J. Allergy Clin. Immunol. 2016, 138, 1367–1380.e5.

51. Johnston, L.K.; Hsu, C.-L.; Krier-Burris, R.A.; Chhiba, K.D.; Chien, K.B.; McKenzie, A.;
Berdnikovs, S.; Bryce, P.J. IL-33 Precedes IL-5 in Regulating Eosinophil Commitment and Is
Required for Eosinophil Homeostasis. J. Immunol. 2016, 197, 3445–3453.

52. Yuan, Q.; Peng, N.; Xiao, F.; Shi, X.; Zhu, B.; Rui, K.; Tian, J.; Lu, L. New Insights into the
Function of Interleukin-25 in Disease Pathogenesis. Biomark. Res. 2023, 11, 36.

53. Huang, Y.; Guo, L.; Qiu, J.; Chen, X.; Hu-Li, J.; Siebenlist, U.; Williamson, P.R.; Urban, J.F.; Paul,
W.E. IL-25-Responsive, Lineage-Negative KLRG1(Hi) Cells Are Multipotential “inflammatory”
Type 2 Innate Lymphoid Cells. Nat. Immunol. 2015, 16, 161–169.



Mechanistic Insights into Eosinophilic Esophagitis | Encyclopedia.pub

https://encyclopedia.pub/entry/53099 14/19

54. Tang, W.; Smith, S.G.; Beaudin, S.; Dua, B.; Howie, K.; Gauvreau, G.; O’Byrne, P.M. IL-25 and IL-
25 Receptor Expression on Eosinophils from Subjects with Allergic Asthma. Int. Arch. Allergy
Immunol. 2014, 163, 5–10.

55. Simon, D.; Radonjic-Hösli, S.; Straumann, A.; Yousefi, S.; Simon, H.-U. Active Eosinophilic
Esophagitis Is Characterized by Epithelial Barrier Defects and Eosinophil Extracellular Trap
Formation. Allergy 2015, 70, 443–452.

56. Junttila, I.S. Tuning the Cytokine Responses: An Update on Interleukin (IL)-4 and IL-13 Receptor
Complexes. Front. Immunol. 2018, 9, 888.

57. Blanchard, C.; Mingler, M.K.; Vicario, M.; Abonia, J.P.; Wu, Y.Y.; Lu, T.X.; Collins, M.H.; Putnam,
P.E.; Wells, S.I.; Rothenberg, M.E. IL-13 Involvement in Eosinophilic Esophagitis: Transcriptome
Analysis and Reversibility with Glucocorticoids. J. Allergy Clin. Immunol. 2007, 120, 1292–1300.

58. Kagalwalla, A.F.; Akhtar, N.; Woodruff, S.A.; Rea, B.A.; Masterson, J.C.; Mukkada, V.; Parashette,
K.R.; Du, J.; Fillon, S.; Protheroe, C.A.; et al. Eosinophilic Esophagitis: Epithelial Mesenchymal
Transition Contributes to Esophageal Remodeling and Reverses with Treatment. J. Allergy Clin.
Immunol. 2012, 129, 1387–1396.e7.

59. Klion, A.D.; Ackerman, S.J.; Bochner, B.S. Contributions of Eosinophils to Human Health and
Disease. Annu. Rev. Pathol. 2020, 15, 179–209.

60. Zuo, L.; Fulkerson, P.C.; Finkelman, F.D.; Mingler, M.; Fischetti, C.A.; Blanchard, C.; Rothenberg,
M.E. IL-13 Induces Esophageal Remodeling and Gene Expression by an Eosinophil-Independent,
IL-13R Alpha 2-Inhibited Pathway. J. Immunol. 2010, 185, 660–669.

61. Rieder, F.; Nonevski, I.; Ma, J.; Ouyang, Z.; West, G.; Protheroe, C.; DePetris, G.; Schirbel, A.;
Lapinski, J.; Goldblum, J.; et al. T-Helper 2 Cytokines, Transforming Growth Factor Β1, and
Eosinophil Products Induce Fibrogenesis and Alter Muscle Motility in Patients with Eosinophilic
Esophagitis. Gastroenterology 2014, 146, 1266–1277.e9.

62. Roufosse, F. Targeting the Interleukin-5 Pathway for Treatment of Eosinophilic Conditions Other
than Asthma. Front. Med. 2018, 5, 49.

63. Corren, J. Inhibition of Interleukin-5 for the Treatment of Eosinophilic Diseases. Discov. Med.
2012, 13, 305–312.

64. Bullock, J.Z.; Villanueva, J.M.; Blanchard, C.; Filipovich, A.H.; Putnam, P.E.; Collins, M.H.; Risma,
K.A.; Akers, R.M.; Kirby, C.L.; Buckmeier, B.K.; et al. Interplay of Adaptive Th2 Immunity with
Eotaxin-3/c-C Chemokine Receptor 3 in Eosinophilic Esophagitis. J. Pediatr. Gastroenterol. Nutr.
2007, 45, 22–31.

65. Bischoff, S.C.; Brunner, T.; De Weck, A.L.; Dahinden, C.A. Interleukin 5 Modifies Histamine
Release and Leukotriene Generation by Human Basophils in Response to Diverse Agonists. J.
Exp. Med. 1990, 172, 1577–1582.



Mechanistic Insights into Eosinophilic Esophagitis | Encyclopedia.pub

https://encyclopedia.pub/entry/53099 15/19

66. Sanders, N.L.; Mishra, A. Role of Interleukin-18 in the Pathophysiology of Allergic Diseases.
Cytokine Growth Factor. Rev. 2016, 32, 31–39.

67. Cheng, D.; Hao, Y.; Zhou, W.; Ma, Y. The Relationship between Interleukin-18 Polymorphisms
and Allergic Disease: A Meta-Analysis. BioMed Res. Int. 2014, 2014, 290687.

68. Niranjan, R.; Rajavelu, P.; Ventateshaiah, S.U.; Shukla, J.S.; Zaidi, A.; Mariswamy, S.J.; Mattner,
J.; Fortgang, I.; Kowalczyk, M.; Balart, L.; et al. Involvement of Interleukin-18 in the Pathogenesis
of Human Eosinophilic Esophagitis. Clin. Immunol. 2015, 157, 103–113.

69. Grabstein, K.H.; Eisenman, J.; Shanebeck, K.; Rauch, C.; Srinivasan, S.; Fung, V.; Beers, C.;
Richardson, J.; Schoenborn, M.A.; Ahdieh, M. Cloning of a T Cell Growth Factor That Interacts
with the Beta Chain of the Interleukin-2 Receptor. Science 1994, 264, 965–968.

70. Zhu, X.; Wang, M.; Mavi, P.; Rayapudi, M.; Pandey, A.K.; Kaul, A.; Putnam, P.E.; Rothenberg,
M.E.; Mishra, A. Interleukin-15 Expression Is Increased in Human Eosinophilic Esophagitis and
Mediates Pathogenesis in Mice. Gastroenterology 2010, 139, 182–193.e7.

71. Blanchard, C.; Wang, N.; Stringer, K.F.; Mishra, A.; Fulkerson, P.C.; Abonia, J.P.; Jameson, S.C.;
Kirby, C.; Konikoff, M.R.; Collins, M.H.; et al. Eotaxin-3 and a Uniquely Conserved Gene-
Expression Profile in Eosinophilic Esophagitis. J. Clin. Investig. 2006, 116, 536–547.

72. Straumann, A.; Bauer, M.; Fischer, B.; Blaser, K.; Simon, H.U. Idiopathic Eosinophilic Esophagitis
Is Associated with a T(H)2-Type Allergic Inflammatory Response. J. Allergy Clin. Immunol. 2001,
108, 954–961.

73. Muir, A.B.; Lim, D.M.; Benitez, A.J.; Modayur Chandramouleeswaran, P.; Lee, A.J.; Ruchelli, E.D.;
Spergel, J.M.; Wang, M.-L. Esophageal Epithelial and Mesenchymal Cross-Talk Leads to
Features of Epithelial to Mesenchymal Transition in Vitro. Exp. Cell Res. 2013, 319, 850–859.

74. Manresa, M.C.; Chiang, A.W.T.; Kurten, R.C.; Dohil, R.; Brickner, H.; Dohil, L.; Herro, R.;
Akuthota, P.; Lewis, N.E.; Croft, M.; et al. Increased Production of LIGHT by T Cells in
Eosinophilic Esophagitis Promotes Differentiation of Esophageal Fibroblasts Toward an
Inflammatory Phenotype. Gastroenterology 2020, 159, 1778–1792.e13.

75. Cheng, E.; Souza, R.F.; Spechler, S.J. Tissue Remodeling in Eosinophilic Esophagitis. Am. J.
Physiol. Gastrointest. Liver Physiol. 2012, 303, G1175–G1187.

76. Nguyen, N.; Fernando, S.D.; Biette, K.A.; Hammer, J.A.; Capocelli, K.E.; Kitzenberg, D.A.; Glover,
L.E.; Colgan, S.P.; Furuta, G.T.; Masterson, J.C. TGF-Β1 Alters Esophageal Epithelial Barrier
Function by Attenuation of Claudin-7 in Eosinophilic Esophagitis. Mucosal Immunol. 2018, 11,
415–426.

77. Lucendo, A.J.; Arias, A.; De Rezende, L.C.; Yagüe-Compadre, J.L.; Mota-Huertas, T.; González-
Castillo, S.; Cuesta, R.A.; Tenias, J.M.; Bellón, T. Subepithelial Collagen Deposition, Profibrogenic
Cytokine Gene Expression, and Changes after Prolonged Fluticasone Propionate Treatment in



Mechanistic Insights into Eosinophilic Esophagitis | Encyclopedia.pub

https://encyclopedia.pub/entry/53099 16/19

Adult Eosinophilic Esophagitis: A Prospective Study. J. Allergy Clin. Immunol. 2011, 128, 1037–
1046.

78. Pronio, A.; Covotta, F.; Pallotta, L.; Palma, R.; Badiali, D.; Sacchi, M.C.; Lamazza, A.; Severi, C.
Eosinophilic Esophagitis: Cytokines Expression and Fibrotic Markers in Comparison to Celiac
Disease. Diagnostics 2022, 12, 2092.

79. Gerber, B.O.; Zanni, M.P.; Uguccioni, M.; Loetscher, M.; Mackay, C.R.; Pichler, W.J.; Yawalkar, N.;
Baggiolini, M.; Moser, B. Functional Expression of the Eotaxin Receptor CCR3 in T Lymphocytes
Co-Localizing with Eosinophils. Curr. Biol. 1997, 7, 836–843.

80. Bhattacharya, B.; Carlsten, J.; Sabo, E.; Kethu, S.; Meitner, P.; Tavares, R.; Jakate, S.; Mangray,
S.; Aswad, B.; Resnick, M.B. Increased Expression of Eotaxin-3 Distinguishes between
Eosinophilic Esophagitis and Gastroesophageal Reflux Disease. Hum. Pathol. 2007, 38, 1744–
1753.

81. Blanchard, C.; Stucke, E.M.; Rodriguez-Jimenez, B.; Burwinkel, K.; Collins, M.H.; Ahrens, A.;
Alexander, E.S.; Butz, B.K.B.; Jameson, S.C.; Kaul, A.; et al. A Striking Local Esophageal
Cytokine Expression Profile in Eosinophilic Esophagitis. J. Allergy Clin. Immunol. 2011, 127, 208–
217e7.

82. Mishra, A.; Rothenberg, M.E. Intratracheal IL-13 Induces Eosinophilic Esophagitis by an IL-5,
Eotaxin-1, and STAT6-Dependent Mechanism. Gastroenterology 2003, 125, 1419–1427.

83. Mishra, A.; Hogan, S.P.; Brandt, E.B.; Rothenberg, M.E. An Etiological Role for Aeroallergens and
Eosinophils in Experimental Esophagitis. J. Clin. Investig. 2001, 107, 83–90.

84. Forssmann, U.; Uguccioni, M.; Loetscher, P.; Dahinden, C.A.; Langen, H.; Thelen, M.; Baggiolini,
M. Eotaxin-2, a Novel CC Chemokine That Is Selective for the Chemokine Receptor CCR3, and
Acts like Eotaxin on Human Eosinophil and Basophil Leukocytes. J. Exp. Med. 1997, 185, 2171–
2176.

85. Holvoet, S.; Blanchard, C. Genetic and Molecular Mechanisms Leading to Eosinophilic
Esophagitis. Rev. Esp. Enferm. Dig. 2014, 106, 276–280.

86. Ruffner, M.A.; Hu, A.; Dilollo, J.; Benocek, K.; Shows, D.; Gluck, M.; Spergel, J.M.; Ziegler, S.F.;
Hill, D.A.; Cerosaletti, K. Conserved IFN Signature between Adult and Pediatric Eosinophilic
Esophagitis. J. Immunol. 2021, 206, 1361–1371.

87. Ruffner, M.; Lal, M.; Gautam, R.; Muir, A.; Mrozek, Z.; Beers, J. Dysregulated Interferon Signaling
in EoE Has Potential Implications for Esophageal Epithelial Cell Function. J. Allergy Clin.
Immunol. 2023, 151, AB198.

88. Wright, B.L.; Kulis, M.; Guo, R.; Orgel, K.A.; Wolf, W.A.; Burks, A.W.; Vickery, B.P.; Dellon, E.S.
Food-Specific IgG 4 Is Associated with Eosinophilic Esophagitis. J. Allergy Clin. Immunol. 2016,
138, 1190–1192.e3.



Mechanistic Insights into Eosinophilic Esophagitis | Encyclopedia.pub

https://encyclopedia.pub/entry/53099 17/19

89. Schuyler, A.J.; Wilson, J.M.; Tripathi, A.; Commins, S.P.; Ogbogu, P.U.; Kruzsewski, P.G.; Barnes,
B.H.; McGowan, E.C.; Workman, L.J.; Lidholm, J.; et al. Specific IgG 4 Antibodies to Cow’s Milk
Proteins in Pediatric Patients with Eosinophilic Esophagitis. J. Allergy Clin. Immunol. 2018, 142,
139–148.e12.

90. Burk, C.M.; Dellon, E.S.; Steele, P.H.; Virkud, Y.V.; Kulis, M.; Burks, A.W.; Vickery, B.P.
Eosinophilic Esophagitis during Peanut Oral Immunotherapy with Omalizumab. J. Allergy Clin.
Immunol. Pract. 2017, 5, 498–501.

91. Straumann, A.; Kristl, J.; Conus, S.; Vassina, E.; Spichtin, H.-P.; Beglinger, C.; Simon, H.-U.
Cytokine Expression in Healthy and Inflamed Mucosa: Probing the Role of Eosinophils in the
Digestive Tract. Inflamm. Bowel Dis. 2005, 11, 720–726.

92. Vinit, C.; Dieme, A.; Courbage, S.; Dehaine, C.; Dufeu, C.M.; Jacquemot, S.; Lajus, M.; Montigny,
L.; Payen, E.; Yang, D.D.; et al. Eosinophilic Esophagitis: Pathophysiology, Diagnosis, and
Management. Arch. Pediatr. 2019, 26, 182–190.

93. Le-Carlson, M.; Seki, S.; Abarbanel, D.; Quiros, A.; Cox, K.; Nadeau, K.C. Markers of Antigen
Presentation and Activation on Eosinophils and T Cells in the Esophageal Tissue of Patients with
Eosinophilic Esophagitis. J. Pediatr. Gastroenterol. Nutr. 2013, 56, 257–262.

94. Mavi, P.; Rajavelu, P.; Rayapudi, M.; Paul, R.J.; Mishra, A. Esophageal Functional Impairments in
Experimental Eosinophilic Esophagitis. Am. J. Physiol. Gastrointest. Liver Physiol. 2012, 302,
G1347–G1355.

95. Kliewer, K.L.; Murray-Petzold, C.; Collins, M.H.; Abonia, J.P.; Bolton, S.M.; DiTommaso, L.A.;
Martin, L.J.; Zhang, X.; Mukkada, V.A.; Putnam, P.E.; et al. Benralizumab for Eosinophilic
Gastritis: A Single-Site, Randomised, Double-Blind, Placebo-Controlled, Phase 2 Trial. Lancet
Gastroenterol. Hepatol. 2023, 8, 803–815.

96. Arias, Á.; Lucendo, A.J.; Martínez-Fernández, P.; González-Castro, A.M.; Fortea, M.; González-
Cervera, J.; Yagüe-Compadre, J.L.; Mota-Huertas, T.; Vicario, M. Dietary Treatment Modulates
Mast Cell Phenotype, Density, and Activity in Adult Eosinophilic Oesophagitis. Clin. Exp. Allergy
2016, 46, 78–91.

97. Mulder, D.J.; Mak, N.; Hurlbut, D.J.; Justinich, C.J. Atopic and Non-Atopic Eosinophilic
Oesophagitis Are Distinguished by Immunoglobulin E-Bearing Intraepithelial Mast Cells.
Histopathology 2012, 61, 810–822.

98. Abonia, J.P.; Blanchard, C.; Butz, B.B.; Rainey, H.F.; Collins, M.H.; Stringer, K.; Putnam, P.E.;
Rothenberg, M.E. Involvement of Mast Cells in Eosinophilic Esophagitis. J. Allergy Clin. Immunol.
2010, 126, 140–149.

99. Escourrou, P. Vasomotor activity and vascular geometry. Arch. Mal. Coeur Vaiss. 1991, 84, 53–
57.



Mechanistic Insights into Eosinophilic Esophagitis | Encyclopedia.pub

https://encyclopedia.pub/entry/53099 18/19

100. Kirsch, R.; Bokhary, R.; Marcon, M.A.; Cutz, E. Activated Mucosal Mast Cells Differentiate
Eosinophilic (Allergic) Esophagitis from Gastroesophageal Reflux Disease. J. Pediatr.
Gastroenterol. Nutr. 2007, 44, 20–26.

101. Niranjan, R.; Mavi, P.; Rayapudi, M.; Dynda, S.; Mishra, A. Pathogenic Role of Mast Cells in
Experimental Eosinophilic Esophagitis. Am. J. Physiol. Gastrointest. Liver Physiol. 2013, 304,
G1087–G1094.

102. Tappata, M.; Eluri, S.; Perjar, I.; Hollyfield, J.; Betancourt, R.; Randall, C.; Woosley, J.T.; Wechsler,
J.B.; Dellon, E.S. Association of Mast Cells with Clinical, Endoscopic, and Histologic Findings in
Adults with Eosinophilic Esophagitis. Allergy 2018, 73, 2088–2092.

103. Otani, I.M.; Anilkumar, A.A.; Newbury, R.O.; Bhagat, M.; Beppu, L.Y.; Dohil, R.; Broide, D.H.;
Aceves, S.S. Anti-IL-5 Therapy Reduces Mast Cell and IL-9 Cell Numbers in Pediatric Patients
with Eosinophilic Esophagitis. J. Allergy Clin. Immunol. 2013, 131, 1576–1582.

104. Elieh Ali Komi, D.; Bjermer, L. Mast Cell-Mediated Orchestration of the Immune Responses in
Human Allergic Asthma: Current Insights. Clin. Rev. Allergy Immunol. 2019, 56, 234–247.

105. Aceves, S.S.; Chen, D.; Newbury, R.O.; Dohil, R.; Bastian, J.F.; Broide, D.H. Mast Cells Infiltrate
the Esophageal Smooth Muscle in Patients with Eosinophilic Esophagitis, Express TGF-Β1, and
Increase Esophageal Smooth Muscle Contraction. J. Allergy Clin. Immunol. 2010, 126, 1198–
1204.e4.

106. Romagnani, P.; De Paulis, A.; Beltrame, C.; Annunziato, F.; Dente, V.; Maggi, E.; Romagnani, S.;
Marone, G. Tryptase-Chymase Double-Positive Human Mast Cells Express the Eotaxin Receptor
CCR3 and Are Attracted by CCR3-Binding Chemokines. Am. J. Pathol. 1999, 155, 1195–1204.

107. Nelson, M.; Zhang, X.; Pan, Z.; Spechler, S.J.; Souza, R.F. Mast Cell Effects on Esophageal
Smooth Muscle and Their Potential Role in Eosinophilic Esophagitis and Achalasia. Am. J.
Physiol. Gastrointest. Liver Physiol. 2021, 320, G319–G327.

108. Chehade, M.; Sampson, H.A.; Morotti, R.A.; Magid, M.S. Esophageal Subepithelial Fibrosis in
Children with Eosinophilic Esophagitis. J. Pediatr. Gastroenterol. Nutr. 2007, 45, 319–328.

109. Venuprasad, K.; Kong, Y.-C.M.; Farrar, M.A. Control of Th2-Mediated Inflammation by Regulatory
T Cells. Am. J. Pathol. 2010, 177, 525–531.

110. Stuck, M.C.; Straumann, A.; Simon, H.-U. Relative Lack of T Regulatory Cells in Adult
Eosinophilic Esophagitis—No Normalization after Corticosteroid Therapy. Allergy 2011, 66, 705–
707.

111. Mousavinasab, F.; Babaie, D.; Nilipour, Y.; Mansouri, M.; Imanzadeh, F.; Dara, N.; Rohani, P.;
Khatami, K.; Sayyari, A.; Khoddami, M.; et al. Increased Number of Regulatory T Cells in
Esophageal Tissue of Patients with Eosinophilic Esophagitis in Comparison to Gastro Esophageal
Reflux Disease and Control Groups. Allergol. Immunopathol. 2019, 47, 431–436.



Mechanistic Insights into Eosinophilic Esophagitis | Encyclopedia.pub

https://encyclopedia.pub/entry/53099 19/19

112. Tantibhaedhyangkul, U.; Tatevian, N.; Gilger, M.A.; Major, A.M.; Davis, C.M. Increased
Esophageal Regulatory T Cells and Eosinophil Characteristics in Children with Eosinophilic
Esophagitis and Gastroesophageal Reflux Disease. Ann. Clin. Lab. Sci. 2009, 39, 99–107.

113. Lucendo, A.J.; Navarro, M.; Comas, C.; Pascual, J.M.; Burgos, E.; Santamaría, L.; Larrauri, J.
Immunophenotypic Characterization and Quantification of the Epithelial Inflammatory Infiltrate in
Eosinophilic Esophagitis through Stereology: An Analysis of the Cellular Mechanisms of the
Disease and the Immunologic Capacity of the Esophagus. Am. J. Surg. Pathol. 2007, 31, 598–
606.

114. Jyonouchi, S.; Smith, C.L.; Saretta, F.; Abraham, V.; Ruymann, K.R.; Modayur-
Chandramouleeswaran, P.; Wang, M.-L.; Spergel, J.M.; Cianferoni, A. Invariant Natural Killer T
Cells in Children with Eosinophilic Esophagitis. Clin. Exp. Allergy 2014, 44, 58–68.

115. Rochman, M.; Travers, J.; Abonia, J.P.; Caldwell, J.M.; Rothenberg, M.E. Synaptopodin Is
Upregulated by IL-13 in Eosinophilic Esophagitis and Regulates Esophageal Epithelial Cell
Motility and Barrier Integrity. JCI Insight 2017, 2, e96789.

116. Katzka, D.A.; Tadi, R.; Smyrk, T.C.; Katarya, E.; Sharma, A.; Geno, D.M.; Camilleri, M.; Iyer, P.G.;
Alexander, J.A.; Buttar, N.S. Effects of Topical Steroids on Tight Junction Proteins and Spongiosis
in Esophageal Epithelia of Patients with Eosinophilic Esophagitis. Clin. Gastroenterol. Hepatol.
2014, 12, 1824–1829.e1.

117. Katzka, D.A.; Geno, D.M.; Blair, H.E.; Lamsam, J.L.; Alexander, J.A.; Camilleri, M. Small Intestinal
Permeability in Patients with Eosinophilic Oesophagitis during Active Phase and Remission. Gut
2015, 64, 538–543.

118. Ravelli, A.; Villanacci, V.; Cadei, M.; Fuoti, M.; Gennati, G.; Salemme, M. Dilated Intercellular
Spaces in Eosinophilic Esophagitis. J. Pediatr. Gastroenterol. Nutr. 2014, 59, 589–593.

119. Azouz, N.P.; Ynga-Durand, M.A.; Caldwell, J.M.; Jain, A.; Rochman, M.; Fischesser, D.M.; Ray,
L.M.; Bedard, M.C.; Mingler, M.K.; Forney, C.; et al. The Antiprotease SPINK7 Serves as an
Inhibitory Checkpoint for Esophageal Epithelial Inflammatory Responses. Sci. Transl. Med. 2018,
10, eaap9736.

Retrieved from https://encyclopedia.pub/entry/history/show/120057


