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Abstract 

Recently, a chronic idiopathic disease of the esophagus has emerged, which is 

now known as eosinophilic esophagitis (EoE).  Incomplete knowledge regarding 

the pathogenesis of EoE has limited treatment options.  EoE is known to be a 

Th2-type immune-mediated disorder.  Based on previous studies in both patients 

and experimental models, it is possible that an abnormal reaction to antigen 

mediates the pathophysiology of EoE.  In this thesis, symptoms and signs unique 

to EoE were identified by an age-matched, case-controlled study of 326 patients 

with EoE and gastroesophageal reflux disease.  The molecular mechanisms 

involved in antigen detection in the esophagus, in relation to EoE were then 

investigated.  Esophageal epithelial cells were found, for the first time, to be 

capable of acting as non-professional antigen presenting cells, with the ability to 

engulf, process and present antigen on MHC class II to T helper lymphocytes.  

Antigen presentation by esophageal epithelial cells was induced by interferon- , 

which is increased in biopsies from patients with EoE.  Next, it was discovered 

that esophageal epithelial cell lines expressed functional toll-like receptor (TLR) 2 

and TLR3, but in esophageal mucosal biopsies only infiltrating immune cells 

(including eosinophils) expressed TLR2 and TLR3.  Finally, the potential 

involvement of IgE in the pathogenesis of esophageal inflammation was 

investigated.  IgE in the esophagus was found to be present on mast cells, which 

are increased in density in the esophageal mucosae of patients with EoE and 
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especially those with a history of atopy.  Mechanisms of antigen detection may 

mediate the pathophysiology of EoE in the esophagus through antigen 

presentation by epithelial cells, detection by TLRs on immune cells and detection 

through IgE on mucosal mast cells.  Together, these findings demonstrate that 

mechanisms of antigen detection may actually contribute to the pathophysiology 

of EoE.  Through increased understanding of the mechanisms of EoE, the results 

of this thesis may contribute to future therapy. 
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General Introduction 

Understanding eosinophilic esophagitis: the cellular and 

molecular mechanisms of an emerging disease 
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1.1 Esophagitis and Eosinophilic Esophagitis 

Esophagitis is characterized by inflammatory cells and morphological changes to 

the esophageal epithelium, including basal zone hyperplasia and elongation of 

vascular papillae.  Esophagitis can be caused by a variety of insults including 

acid reflux and infection, but over the past two decades a newly described 

disease termed eosinophilic esophagitis (EoE) has emerged.  A clinical review 

and consensus statement(1) defined EoE as ≥15 intraepithelial eosinophils per 

×400 high power field (HPF) along with the exclusion of other causes of 

esophagitis.  In EoE, eosinophils are recruited to the esophagus and are 

activated, releasing inflammatory mediators, leading to tissue injury (Figure 1.1).  

Clinical manifestations are varied but commonly include dysphagia, food 

impaction and retrosternal or epigastric pain.(2)  The patient population is 

predominantly male and many patients have concurrent atopic disease.(3, 4) 

EoE appears to be increasing in incidence,(5-10) along with other 

immunologic diseases.(11)  The molecular mechanisms of this disease are the 

subject of much ongoing investigation.  Multiple cytokine-driven mechanisms 

specific to EoE have been identified along with a unique gene expression profile.  

A comprehensive understanding of the etiology and pathogenesis of EoE will 

help direct future therapeutic strategies.  Current knowledge about the molecular 

mechanisms of this immunologic disease from human and animal studies are 

reviewed below. 
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Figure 1.1  Proposed general pathophysiology of eosinophilic esophagitis (EoE).  

Eosinophils are drawn to the esophagus by chemokines.  Degranulation of 

intraepithelial eosinophils is the primary mechanism, which leads to inflammation 

and clinical manifestations of disease. 
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1.2 Cell Types Involved in EoE 

1.2.1 The Eosinophil 

The defining histological characteristic of EoE is high numbers of intraepithelial 

eosinophils.  Over time, eosinophils likely evolved as specialized anti-parasitic 

leukocytes.(12)  In the western world, eosinophils are commonly associated with 

atopic inflammation but are also present during a variety of disease states 

including infections, inflammatory bowel disease, as well as drug and food 

sensitivity.(13)  Eosinophils derive from CD34+ myeloid precursors in bone 

marrow and their development is regulated by interleukin (IL)-5.(14)  IL-5 is also 

the principal cytokine regulating blood eosinophil number.  Eosinophils survive 

for approximately 8 to 18 h in the circulation.(15)  Survival time in tissue is for 

approximately 2 to 14 days,(16) and can vary depending on the local cytokine 

milieu.(17) 

In general, eosinophil recruitment from blood to tissue in humans is 

influenced by a host of proinflammatory and chemoattractant cytokines, often 

secreted in response to IL-4 and IL-13.(14)  The eotaxin proteins (eotaxin-1, -2 

and -3, also known as chemokine (C-C motif) ligand (CCL)11, CCL24 and 

CCL26, respectively) and leukotriene B4 are highly potent eosinophil 

chemoattractants.  Eosinophils expressing very late antigen-4 and P-selectin 
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glycoprotein ligand-1 bind to vascular cell adhesion molecule (VCAM)-1 and P-

selectin, respectively, and migrate into tissue.(18, 19) 

Chemoattractant cytokines and chemokines draw eosinophils into tissue 

via integrin-mediated migration.(20)  Eosinophils express the integrins 4β1, 6β1, 

Mβ2, Lβ2, Xβ2, Dβ2 and 4β7.(20)  Activation of eosinophils can result from 

interaction with cytokines (including IL-3, IL-5 and granulocyte macrophage-

colony-stimulating factor), lipid and inflammatory mediators, and from 

immunogenic antigen exposure, although this may not occur directly.(15)  

Activation leads to primary release of arachidonic acid metabolites and reactive 

oxygen species followed by secondary release of cytokines, growth factors and 

other protein mediators such as eosinophil-derived neurotoxin (EDN), eosinophil 

peroxidase (EPO), eosinophil cationic protein (ECP), and major basic protein 

(MBP).(21)  These secondary proteins are generally cytotoxic and further 

increase local reactive oxygen species.  In addition, the secondary mediators act 

to stimulate mast cell degranulation.(22)  MBP is the most common mediator and 

accounts for >50% by mass of the eosinophil secondary granule.(23)  Many 

cytokines are produced by eosinophils, such as interleukins, interferons, 

chemokines and growth factors.(22)  The primary function of the eosinophil may 

be to act as an end-effector cell in anti-parasite and atopic disease. 

Normally, eosinophils are not present in the esophageal epithelium.(24)  In 

patients with EoE, esophageal eosinophil counts fluctuate but remain elevated 

for long periods.(25, 26)  Intraepithelial eosinophils can be seen throughout the 
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mucosa or clustered in discrete regions, occasionally forming microabscesses, 

defined as ≥4 eosinophils in a cluster.(1, 27)  Eosinophils display signs of 

activation and degranulation even as they extravasate into the esophageal 

mucosa.(28)  The recruitment of eosinophils and subsequent release of granule 

mediators are likely responsible for the accrued injury to the esophagus in EoE, 

which in turn leads to symptoms and signs of the disease. 

Esophageal eosinophil recruitment and the eotaxins.  A highly conserved 

gene expression profile, which includes increased eotaxin-3, is seen in EoE 

patients, independent of other clinical variables such as age, gender and atopic 

status.(29)  This expression profile is not associated with gastroesophageal 

reflux disease (GERD), which is an interesting finding as esophagitis caused by 

acid reflux, especially in children, is also characterized by eosinophils.(29)  Many 

studies have investigated expression of eotaxin-3 in patients with EoE.  

Blanchard et al.(29) found increased eotaxin-3 (mRNA and protein) in 

esophageal biopsies of EoE patients and these correlate with eosinophil counts.  

A correlation (r = 0.32) was found by Konikoff et al.(30) between eotaxin-3 

protein level in peripheral blood and esophageal eosinophilia, but eotaxin-1 and -

2 protein levels did not correlate.  Bhattacharya et al.(31) found increased 

eotaxin-1, -2 and -3 in EoE.  This group did not find a correlation between 

eotaxin-3 and tissue eosinophilia in EoE.  Another study did not find increased 

eotaxin-3 mRNA in EoE, but no housekeeping gene was used to control for 

relative sample differences.(32)  VCAM-1 expression is increased on the 
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esophageal endothelium of patients with EoE and correlates positively (r = 0.61) 

with infiltrating eosinophil number.(33)  Application of IL-15 to esophageal 

epithelial cells (which express IL-15 receptor- , IL15R ) induces eotaxin-1, -2, 

and -3 expression.(34)  IL-15 is a cytokine related to IL-2 in its structure and 

ability to potentiate activated T lymphocyte responses.  IL-15R -deficient mice 

were protected from experimental EoE, even while the significant lung 

eosinophilia associated with this model persisted.(34) 

A single-nucleotide polymorphism in the untranslated region of the 

eotaxin-3 gene is associated with patients who have EoE.(29)  In patients taking 

topical fluticasone for EoE, eotaxin-3 expression was decreased from 

pretreatment levels.(35)  Animal studies have found that intratracheal IL-13 

administration resulted in dose- and eotaxin-dependent esophageal eosinophilia, 

although this finding may be indirect as IL-5 knockout mice did not develop 

experimental EoE after the same treatment.(36)  IL-15 is also able to induce 

eotaxin expression in the murine esophagus.(34)  In an ex vivo model, using 

isolated rings of murine esophageal tissue, IL-4 and IL-13 were directly able to 

induce eotaxin-1, followed by eotaxin-2 expression.(37)  The transcription factor 

signal transducer and activator of transcription 6 (STAT6) is activated by IL-4 and 

IL-13 in these models.(36, 37)  Eotaxin-1 induction followed by esophageal 

eosinophilia was also observed in mice exposed to aerosolized insect 

allergens.(38)  Eotaxin-1/2-deficient animals exposed to the same allergens did 
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not develop experimental EoE.(38)  No gene homologous to human eotaxin-3 

has been found in mice. 

C-C chemokine receptor 3 (CCR3).  The cysteine–cysteine motif containing 

chemokine receptor 3, CCR3, is primarily expressed on eosinophils and receives 

signals from multiple T helper type 2 (Th2)-associated chemokines including 

eotaxin-1, -2, -3, and CCL5 (also known as „regulated upon activation, normal T 

lymphocyte expressed, and secreted‟  (RANTES)).(38)  In EoE, expression of 

CCR3 is increased(31) and correlates positively with esophageal eosinophil 

number (r = 0.71) and biopsy eotaxin-3 message (r = 0.68).(39)  Murine 

experimental EoE induced by intranasal exposure to either the mold Aspergillus 

fumigatus or dust mite or cockroach antigen, requires CCR3 to illicit esophageal 

eosinophilia.(29, 38)  The chemokine CCL5 is increased on inflammatory cells in 

biopsies from patients with EoE and may contribute to lymphocyte and eosinophil 

chemotaxis.(40) 

Eosinophil granule products.  Inflammatory products from eosinophil 

secondary granules include: EDN,(41) EPO,(42) ECP,(43) and MBP.(44)  

Eosinophil-derived MBP acts on esophageal epithelial cells in vitro, leading to 

secretion of fibroblast growth factor 9 (FGF9) through an unknown signaling 

mechansm.(45)  FGF9 acts through an autocrine mechanism to induce basal cell 

hyperplasia.(45)  Eosinophils in EoE also express transforming growth factor 

(TGF)-β1, which is known to induce fibrosis.(33)  This growth factor activates 



9 

 

SMAD2/3 signaling in epithelial and lamina propria cells.(33)  Thus, it appears 

that eosinophils contribute to the tissue changes associated with EoE. 

Other eosinophil products.  Leukotrienes are known to have a role in 

eosinophil-derived inflammation in other tissues;(46) however, cyclooxygenase-2 

expression is downregulated in EoE.(47)  The concentration of leukotrienes in 

EoE pediatric patient biopsies is not increased over normal patient biopsies, 

whereas children with eosinophilic gastroduodenitis did have increased 

leukotriene levels.(48)  These findings support a unique mechanism of EoE 

pathogenesis that is distinct from other gastrointestinal (GI) diseases with 

eosinophilia. 

 

1.2.2 The Mast Cell 

Mast cells are derived from CD34+ progenitors in bone marrow, the same 

granulocyte precursor cells as eosinophils.  Mast cell differentiation is regulated 

by the surface c-kit receptor (CD117), which is activated by stem cell factor.(49)  

Stem cell factor also induces mast cell chemotaxis, proliferation and increases 

longevity.(49)  Mast cells are not easily seen with routine histology stains and so 

are commonly identified by immunohistochemistry for tryptase.(50)  Mast cells 

depend on 4β7 integrin to enter the GI mucosa.(51)  Unlike eosinophils, mast 

cells mature and undergo mitosis in tissue.(52) 
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The best-characterized function of mast cells involves their role in 

immunoglobulin E (IgE)-mediated immediate hypersensitivity, a hallmark of 

allergic disease.  IgE binds to its high-affinity receptor (FcεRI) on the mast cell 

surface and can then bind to divalent antigen, leading to activation and 

degranulation.  Many products of mast cell activation are known to attract 

eosinophils including histamine, cytokines (such as stem cell factor) and 

eicosanoids.(53) 

In the normal esophageal mucosa, mast cells reside at the basement 

membrane and throughout the lamina propria.(24)  Intraepithelial mast cell 

numbers are increased in EoE.(32, 40, 54, 55)  When aerosolized ovalbumin was 

used to induce esophageal eosinophilia in guinea pigs, the presence of mast 

cells preceded that of eosinophils into the epithelium,(56) as is the case in other 

tissues.(57)  In this model, histamine release peaked 2 min after ovalbumin 

exposure and was followed by sustained, increased C-fiber excitability.(58)  In a 

mouse model of EoE, mast cell number was significantly increased after 

intranasal exposure to cockroach and dust mite allergen.(38)  Based on the 

findings from the guinea pig model that mast cells are present in the esophageal 

mucosa before the eosinophil response of EoE, it is possible that mast cells are 

involved in the etiology of EoE.  Mast cell counts in EoE correlate with eotaxin-3 

level,(29) intraepithelial eosinophil count,(59) and basal epithelial cell 

hyperplasia(59) (r = 0.42, 0.37, and 0.67, respectively).  Gene array results 

revealed 301 genes whose expression correlates with esophageal mast cell 
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count.(60)  Expression of carboxypeptidase A3 had the strongest relation to mast 

cell number (number per HPF) and degranulation activity.(60) 

It should be noted that mast cells and eosinophils are also features of 

reflux-induced esophagitis,(61) infectious esophagitis,(62) and Barrett‟s 

esophagus.(63)  Therefore, mast cells and eosinophils could be non-specific 

features of esophagitis in general, with increased numbers possibly seen 

incidentally in the esophagus of an atopic individual. 

Mast cells in EoE therapy. In a study by Lucendo et al.,(54) mast cell number 

was not statistically decreased in adult EoE patients after 3 months of 

glucocorticoid therapy (fluticasone propionate, 500 g, b.i.d), but IgE+ cell count 

was significantly reduced.  In a randomized clinical trial for pediatric EoE, mast 

cells were significantly decreased by 3 months of fluticasone treatment (880 g, 

b.i.d.).(64)  Treatment of EoE with a mast cell stabilizer (cromoglycic acid, 100 

mg, q.i.d for 1 month) did not have any effect on eosinophil counts or symptoms 

in a small pediatric cohort (14 patients).(65)  Biologic therapy using a humanized 

murine antibody directed against IL-5 (mepolizumab) did not significantly 

decrease mast cell number when compared to placebo in adult EoE patients.(66) 

 

1.2.3 The B Lymphocyte 

B lymphocytes are bone marrow-derived cells responsible for antibody 

production.  Naive B lymphocytes express IgM isotype antibody and undergo 
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class switching following activation to other isotypes including IgG, which is the 

most abundant circulating antibody, and IgE, which has a major role in atopic 

disease.(67)  Once IgE is secreted from B lymphocytes it binds to mast cells, 

awaiting antigen.  The activation of IgE+ B lymphocytes is dependent on Th2 

lymphocytes.(68) 

In EoE, B lymphocytes identified by CD20 immunostaining are present in 

the esophageal mucosa.(40, 69)  Vicario et al. found that intraepithelial B 

lymphocyte number, but not eosinophil number, correlated with mast cell (r = 

0.74) number in the esophagus.(69)  B lymphocyte class switching to IgE, as 

evidenced by ε switch circles, may occur in the esophageal mucosa in a subset 

of EoE patients.(69)  In experimental murine EoE, induced by intranasal A. 

fumigatus, the mucosal B lymphocyte population is approximately doubled.(70)  

In this model, mice deficient in B lymphocytes have significantly decreased 

eosinophil numbers in their bronchoalveolar lavage fluid, but eosinophil numbers 

in the esophagus remain the same.(70)  It is likely that B lymphocytes have a role 

in EoE pathogenesis, although this evidence implies that they may not be a 

critical component of disease development. 

Immunoglobulins.  IgE has a central part in the pathogenesis of many atopic 

disorders,(15) but its role in eosinophilic GI diseases is unclear.  Clinically, EoE is 

sometimes associated with IgE-mediated disorders of the respiratory or GI 

tract.(71)  IgE+ cells are increased in the esophageal mucosa of some patients 

with EoE.(55, 69)  IgE may bind to mast cells in EoE, which has been 
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demonstrated by double labeling for c-kit (also known as CD117) and IgE.(69)  It 

is possible that c-kit is expressed by other cells, such as eosinophils in EoE, so 

these results should be interpreted with caution.  Mice sensitized with 

epicutaneous ovalbumin followed by a single intranasal administration develop 

EoE, have IgG1 specific for ovalbumin and have markedly increased total IgE 

levels.(72)  This process is STAT6, IL-4, and IL-13 dependent, but is 

independent of IL-5.(72)  Similar induction of specific IgG1 and total IgE can be 

found in mice exposed to A. fumigatus, and dust mite and cockroach 

allergens.(38, 70)  These studies support a role for B lymphocytes in EoE that 

may be independent of eosinophils. 

A significant number of EoE patients have food and environmental 

sensitization and IgE+ cells in the esophageal mucosa; however, it is unknown 

how IgE contributes to the disease.  Patients with established IgE-mediated food 

allergy who are then diagnosed with EoE are typically avoiding these foods.  

Elimination of food antigen with amino acid-based elemental diet is an effective 

treatment in some individuals with EoE.  This may have important implications for 

the pathophysiology of EoE, although elemental diets have effects beyond the 

removal of antigenic peptides.  It is possible that the presence of IgE, B 

lymphocytes and mast cells in the esophageal mucosa is incidental in atopic 

individuals.  Further studies will be required to fully understand the contribution of 

IgE to EoE and to identify potential food or environmental antigens that may 

trigger the inflammatory response in individual patients. 
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1.2.4 The T Lymphocyte 

A variety of intraepithelial T lymphocytes are found in the normal esophagus and 

are more numerous in esophagitis.  In EoE, CD3+, CD4+ and CD8+ T 

lymphocytes are increased in the esophageal mucosa and can be decreased 

with corticosteroid treatment.(54, 73)  Peripheral blood mononuclear cells (which 

are approximately 75% T lymphocytes) have been isolated from EoE patients 

and stimulated with phytohemagglutinin, which caused increased IL-13 

production but not IL-5 or interferon (IFN)-  production.(40)  In a subsequent 

study, some EoE patient peripheral blood mononuclear cells produced IL-5 and 

IL-13 in response to specific allergens.(74)  This experimental model differs from 

subsequent studies (discussed below), which measured cytokine expression 

from unstimulated peripheral blood mononuclear cells or in specific T lymphocyte 

subsets.  One study of eosinophilic GI disease and food allergy found that the 

Th2 response can be subdivided into an IL-5+ response, associated with the 

eosinophilic disease, and an IL-5– response, associated with food allergy.(75) 

T helper lymphocytes.  EoE is associated with a Th2-type inflammatory 

response.(39, 40)  Th2-type cytokines such as IL-4, IL-5, and IL-13 are 

expressed by T lymphocytes isolated from peripheral blood of EoE patients and 

are increased in esophageal mucosal biopsies.(40, 69)  It is interesting to note 

that Th1-associated cytokines are also part of the inflammatory response in EoE.  
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Th1 cytokines present include tumor necrosis factor-  (TNF- , expressed by 

esophageal epithelial cells)(40) and IFN  (upregulated in peripheral blood T 

lymphocytes,(75) increased in esophageal mucosal biopsies (see Chapter 3), 

and increased following IL-15 treatment of T helper lymphocytes).(34)  Increased 

T helper lymphocytes are also part of experimental EoE in mice.(70)  T helper 

lymphocyte deficient mice do not experience esophageal eosinophilia but do 

have epithelial basal zone hyperplasia.(70) 

IL-4.  In general, IL-4 is thought to be responsible for initiating the Th2 response 

through differentiation of naive T helper lymphocytes into a Th2 phenotype.  The 

initial source of IL-4 in atopic disease remains unclear, but it is produced by T 

helper lymphocytes during the inflammatory response.(76)  IL-4 mRNA is 

increased in the mucosa of patients with EoE.(69)  T helper lymphocytes express 

IL-4 in response to IL-15 treatment.(34) 

IL-5.  IL-5 has a major role in many eosinophil-related disorders by acting on the 

bone marrow as an eosinophil differentiation factor and activator.(22)  In EoE, 

mRNA(32) and protein expression(40) of IL-5 is significantly increased, but 

plasma IL-5 does not correlate with esophageal eosinophil number.(30)  Mice 

that overexpress IL-5 have intense esophageal eosinophilia.(77)  Eotaxin-

deficient mice that overexpress IL-5 still develop mild esophageal eosinophilia in 

the experimental model of EoE.(77)  Variable downregulation of IL-5 expression 

is seen following fluticasone treatment.(35) 
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IL-13.  IL-13 appears to activate the local tissue inflammatory response in Th2-

associated diseases.  In the esophagus, IL-13 is increased at the mRNA level in 

EoE patient biopsies.(69, 78)  IL-13 decreases esophageal epithelial cell 

differentiation,(79) a process that may be critical for maintaining the barrier 

function of the esophageal mucosa.  Additionally, IL-13 acts through STAT6 on 

esophageal epithelial cells to upregulate eotaxin-1,(37) eotaxin-2,(37) and 

eotaxin-3 production.(78, 79)  In mice, intratracheal administration of IL-13 

caused eosinophil accumulation in a dose-dependent manner,(36) whereas 

human anti-IL-13 (CAT-354) was able to significantly decrease murine 

experimental EoE.(80)  IL-13-deficient animals develop EoE in response to 

ovalbumin, but not in response to aerosolized A. fumigatus.(72)  IL-13 is also 

expressed by circulating eosinophils in EoE patients.(81) 

Cytotoxic T lymphocytes.  The increased number of CD8+ cells in the 

esophageal mucosa in EoE(54) is decreased following fluticasone therapy.(35, 

64)  This effect is more marked in non-allergic EoE patients.(82)  A. fumigatus-

induced murine EoE features increased cytotoxic T lymphocytes.(70)  Cytotoxic 

T lymphocyte-deficient mice still develop characteristic eosinophilia and basal 

zone hyperplasia in this model.(70) 

T regulatory lymphocytes.  “Regulatory” is a general term for multiple lineages 

of T lymphocytes (for example, FoxP3+ and CD45RBlow cells) that secrete anti-

inflammatory cytokines and function to dampen the immune response.  Because 

of the multiplicity and similarity in surface markers between regulatory and 
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pathogenic T lymphocytes, immune inhibitory cells have proven difficult to 

identify and study.  Increasingly, an imbalance in T regulatory lymphocytes is 

being implicated in chronic immunologic diseases.(83)  In mice with A. fumigatus-

induced EoE, CD4+CD45RBlow regulatory T helper lymphocytes are decreased 

and express less IL-2 compared with control animals.(84)  This finding identifies 

a potential role for T regulatory lymphocyte imbalance in EoE.  Reconstitution of 

mice deficient in functional mature lymphocytes (recombination activating gene-

2–/–) with a relatively small number (3×104) of CD4+ cells causes severe 

esophageal eosinophilia.(85)  Disease can be prevented by increasing the 

number of CD4+ cells (2×106) or pretreating animals with CD25+ T regulatory 

lymphocytes.(85)  Thus, the interaction between lymphocyte subtypes may have 

an important role in the etiology of EoE. 

A pediatric study of 10 normal, 8 GERD, and 10 EoE cases revealed 

increased T regulatory (FoxP3+) lymphocytes in both GERD and EoE biopsies, 

but there was no statistically significant difference in T regulatory lymphocyte 

numbers between GERD and EoE.(86)  This implies that the T regulatory 

lymphocyte response in the esophagus may be a non-specific reaction to 

inflammation.  The divergent findings regarding regulatory T lymphocyte 

alterations in the animal model(84) and human disease(86) may be due to 

differences in study design.  Each study investigated a different T regulatory 

lymphocyte population (CD4+CD45RBlow in the mouse model and FoxP3+ in the 

human disease).  In the animal model, the findings are also based on circulating, 
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tissue and regional lymph node T lymphocyte populations, whereas only tissue 

biopsies were examined in the human study. 

A subset of T lymphocytes, identified by “cutaneous lymphocyte antigen” 

expression, are present in EoE and unchanged by fluticasone treatment.(73)  

The function of cutaneous lymphocyte antigen expressing T lymphocytes is 

unknown, but its expression is associated with homing to the epidermis(87) and 

memory function.(88) 

 

1.2.5 Antigen Presenting Cells (APCs) 

An antigen is a molecule that is able to elicit a receptor-mediated response by 

the immune system.(89-91)  Dendritic cells and macrophages present antigen to 

lymphocytes and provide a link between the innate and adaptive immune 

systems.  The number of APCs seen in tissue is often not a good indicator of 

function, as very few APCs may be capable of activating an immune response in 

tissue or in lymph nodes.  CD1a+ dendritic cells are present in low numbers in the 

esophageal mucosa.(54)  The number of CD1a+ cells is unchanged in normal, 

untreated EoE and post-fluticasone therapy adult EoE biopsies.(54)  In children 

with EoE, CD1a+ cells are increased in the proximal esophagus but decrease to 

normal levels after fluticasone treatment.  These cells are not increased in the 

distal esophagus.(73) 

Increased numbers of cells that are primarily macrophages 

(CD45+CD11b+MHC class II+ cells) and primarily dendritic cells 
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(CD45+CD11c+MHC class II+ cells) are present in the esophageal mucosa of 

mice with A. fumigatus-induced EoE.(34)  It is important to note that the surface 

markers used to identify the APC subtypes in this study may include additional 

cell types.  Presentation of antigen by APCs may be an initiating event in the 

cytokine cascade that leads to EoE. 

 

1.2.6 The Epithelial Cell 

The esophageal epithelium is a non-keratinized, stratified squamous barrier lining 

the luminal surface. Regenerative basal cells lie in the layers closest to the 

basement membrane and mature and replace the superficial cells as they are 

sloughed off at the luminal surface.(24)  Basal cells are commonly identified by 

the KI-67 immunostaining (a cellular proliferation marker), 5-bromo-2-

deoxyuridine incorporation (metabolic activity), or simply by morphological 

features (high nucleus/cytoplasm ratio). 

Basal cell hyperplasia.  Hyperplasia of basal cells is a characteristic of 

esophagitis in general.(24)  Most studies demonstrate that epithelial cell 

hyperplasia is more marked in EoE versus GERD,(45, 92) although one study 

found no difference.(47)  Basal cell hyperplasia correlates with intraepithelial 

eosinophil (r = 0.68) and mast cell (r = 0.71) numbers.(29)  EoE-induced basal 

cell hyperplasia is decreased by fluticasone propionate treatment(82) in both the 

proximal and distal esophagus.(64)  In mice repeatedly challenged with A. 

fumigatus or intratracheal IL-13, esophageal eosinophilia and basal hyperplasia 
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occur in a STAT6/IL-5-dependent manner.(36, 93, 94)  These data indicate that 

the inflammation of EoE affects the functions of esophageal epithelial cells. 

Growth factors.  Multiple growth factors known to contribute to epithelial cell 

proliferation have been linked to the reactive changes that occur in EoE.  FGF9 is 

secreted by esophageal epithelial cells in vitro in response to the eosinophil 

product MBP.(45)  FGF9 then acts in an autocrine manner to increase epithelial 

cell proliferation.(45)  FGF9 is increased in EoE and correlates with basal 

hyperplasia (r = 0.51).(45)  TGF-β1 activates receptor-regulated SMAD2/3 

signaling in epithelial cells and may then act to alter epithelial cell gene 

expression.(33)  Periostin, a cell adhesion factor, is overexpressed in gene 

arrays of patients with EoE and correlates with eosinophil number (r = 0.64).(95)  

Periostin is secreted from primary esophageal epithelial cells when they are 

treated with IL-13 in a dose-dependent manner, but this production is inhibited by 

concurrent TGF-β1 treatment.(95) 

Cytokines.  A remarkable similarity exists between gene expression profiles of 

mucosal biopsies from patients with EoE and primary esophageal epithelial cells 

treated with IL-13.(78)  STAT6-dependent eotaxin-3 gene expression (and 

protein secretion) is increased in primary esophageal epithelial cell cultures and 

in esophageal squamous carcinoma cell lines (TE-1, -6, -7, and -13) in an IL-13 

dose-dependent manner.(78)  IL-13-induced murine EoE is also enhanced by 

deletion of IL-13 receptor 2 (IL-13R 2), implying that cytokine receptor 

subtypes may alter the expression of EoE.(96)  The IL-13R is a dimer composed 
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of the IL-4R  subunit and either the functional IL-13R 1 or the „decoy‟ IL-13R 2 

subunit.  IL-13R 2 is thought to function as a „decoy‟ receptor, which thwarts the 

cytokine‟s function by preventing STAT6 activation when IL-13 binds.(97)  

Epithelial differentiation-associated genes such as filaggrin and small proline rich 

region protein 3 (SPRR3) are downregulated in both EoE and in primary 

epithelial cell cultures treated with IL-13.(79)  Biopsies from EoE patients taking 

glucocorticoids have a gene expression profile similar to normal patients.(78)  

Glucocorticoids act on esophageal epithelial cells to inhibit IL-13-mediated 

induction of eotaxin-3.(98)  This process is mediated by glucocorticoid-induced 

expression of FK506 binding protein 5 (FKBP51).(98)  Esophageal epithelial cells 

express TNF- , but not IL-5.(40) 

 

1.2.7 Fibrosis and Fibroblasts 

Fibrosis has been associated with EoE.(59)  To our knowledge, the role of 

fibroblasts has not been directly studied in EoE.  Fibrosis, TGF-β1 expression 

and SMAD2/3 phosphorylation are all increased in pediatric patients,(44) but can 

be decreased by corticosteroid treatment.(99)  Mucin 5AC and TGF-β1 mRNA 

expression is increased in both A. fumigatus-induced murine EoE and in the 

human disease.(94)  In the murine model of EoE, animals treated with A. 

fumigatus had increased collagen deposition.(94) 
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1.2.8 Other Cell Types 

The mechanistic roles of basophils, neutrophils and neurons have not, to our 

knowledge, been investigated in depth in EoE.  Neutrophils are rare in EoE,(100) 

but this does not preclude them from having a role in disease pathogenesis.  C-

fibre neurons are hyperexcitable following ovalbumin treatment in the guinea pig 

model of EoE,(58) this process may be mediated by mast cell degranulation. 

 

1.3 Genetic and systems approaches to EoE 

Gene Arrays and Genome-Wide Association Studies.  Gene array techniques 

have identified alterations to gene expression associated with EoE including 

eotaxin-3 polymorphisms(29) and changes to cytokine(69, 78) and growth 

factor(45, 95) expression.  Gene expression is also altered by therapy for 

EoE.(78)  The finding that EoE is associated with a highly conserved gene 

expression profile(29) has prompted a genome-wide association study (GWAS).  

Instead of identifying and investigating individual candidate genes in a 

population, a GWAS can study a comprehensive gene expression profile of a 

population.  To date, 351 EoE patients and 3,104 control patients have been 

analyzed.(101)  EoE patients have various single-nucleotide polymorphisms in a 

discrete region on the long arm of chromosome 5 (5q22) associated with the 

thymic stromal lymphopoietin (TSLP) and WD repeat containing protein 36 

(WDR36) genes.(101)  The TSLP gene is overexpressed in EoE patients, 
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whereas WDR36 is not.(101)  GWAS analysis has identified TSLP gene variation 

as a common alteration in patients with EoE.(102)  The biological function of 

TSLP gene overexpression in EoE has yet to be determined, but it may play a 

role in initiating the Th2-type inflammation. 

Biologic therapy.  Monoclonal antibodies targeting integral cytokines have 

clinical benefit in chronic immune disorders(103) and help to elucidate underlying 

disease mechanisms.  Humanized monoclonal antibody directed against IL-5 

(mepolizumab) has shown promise in treating various eosinophil-related 

disorders.(104)  In a double blind, placebo-controlled trial in adult EoE, 

mepolizumab did reduce esophageal eosinophilia but not below diagnostic 

levels, nor did clinical features improve.(66)  The results of a larger pediatric trial 

of mepolizumab for EoE have not yet been published. 

Alternative biologic therapies for EoE are being investigated (Table 1.1).  

A second humanized monoclonal antibody against IL-5, reslizumab, is in trials for 

treatment of pediatric EoE.(105)  IL-13 has a central role in EoE pathogenesis 

and the anti-human IL-13 monoclonal antibody CAT-354 diminished IL-13-

induced EoE in mice.(80)  Additional biologic clinical trials targeting prostaglandin 

receptor DP2 (OC000459), IgE (omalizumab), and IL-13 (QAX576) are 

registered.  A trial of TNF-  antibody (infliximab) for severe, refractory EoE in 

three patients did not alter histology or symptoms.(106) 
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Table 1.1  Biologic therapies under investigation for the treatment of EoE. 

Name of 

Biologic 
Target 

Reference 

(if available) 
Potential Mechanism 

mepolizumab IL-5 66, 104 
Decreased eosinophil development, number and function by 

decreased IL-5 bioavailability 

reslizumab IL-5 105 
Decreased eosinophil development, number and function by 

decreased IL-5 bioavailability 

CAT-354 IL-13 80 
Prevention of the potentiation of the inflammatory response and 

decreased tissue inflammatory response 

QAX576 IL-13  
Prevention of the potentiation of the inflammatory response and 

decreased tissue inflammatory response 

omalizumab IgE  
Downregulation of the possible allergen associated B cell antibody 

response 

OC000459 
Prostaglandin 

D2 Receptor 
 Decreased T helper 2-associated cellular and cytokine response 
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1.4 Conclusions: the rapidly evolving concept of EoE 

EoE has emerged as a distinct disease entity since the early 1990s, and since 

then, a large body of research has been generated.  Human studies from 

pediatric and adult populations as well as animal models have begun to elucidate 

the cellular and molecular mechanisms of this disease.  A system of complex 

immunologic processes is emerging, which features the interaction of both 

immune and non-immune cell types (Figure 1.2). 

Although the inciting factor(s) are unknown, this disorder appears to be 

triggered most commonly in atopic individuals, implying that the immune 

mechanisms in the esophagus are reacting to a perceived threat.  The 

recruitment and activation of eosinophils to the esophagus may thus result from 

aberrant detection of antigen.  Detection of antigen can occur by a variety of 

immunologic mechanisms that could be related to the milieu of Th2 cytokines 

and chemokines that attract and activate eosinophils.  Antigen presentation, toll-

like receptors and antibodies are all mechanisms related to the detection of 

antigen that could cause eosinophil infiltration into the esophagus, which could 

then result in the clinical manifestations of EoE (Figure 1.3).  Eosinophils 

themselves produce an array of mediators, including cytokines and other pro-

inflammatory proteins that encourage more eosinophil activation and 

recruitment.(13)  This process may be responsible for the ongoing tissue damage 

and subsequent symptoms and signs of this chronic disease. 
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Figure 1.2  The major histopathologic changes to the esophageal epithelium that 

occur with eosinophilic esophagitis (EoE).  Marked changes include infiltration of 

eosinophils and basal zone hyperplasia.  Other microscopic features of EoE 

include elongated vascular papillae, B lymphocytes, increased mast cells, and 

increased T lymphocytes (both CD4+ and CD8+ cells).  Dendritic cell number 

does not change. 
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Figure 1.3  Unified conceptual model of the four research projects in this thesis, 

in which the unique clinical manifestations of EoE (Chapter 2) are mediated by 

abnormal mechanisms of antigen detection, including antigen presentation 

(Chapter 3), TLR activation (Chapter 4) and IgE-bound mast cell activation 

(Chapter 5). 
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Despite the current knowledge, many questions remain.  What is the 

mechanism of the pathogenesis of EoE?  What is the role of the mechanisms of 

antigen detection in this process?  Why are increasing numbers of patients 

presenting with this disease?  Is EoE the same disease in all individuals or are 

there differences in the mechanisms of disease that lead to phenotypic 

differences in patients?  There are many confounding factors to consider 

including gender, co-existing atopic disease and age.  There is a need to 

continue to build upon the work highlighted above.  This thesis aims to contribute 

to the understanding of EoE through demonstrating that the mechanisms of 

antigen detection are altered in EoE and that these mechanisms play a critical 

role in the pathophysiology of EoE. 

 

1.5 Research Hypotheses and Objectives 

Based on the current knowledge and the questions proposed, a unifying 

hypothesis and four research hypotheses were formulated.  Specific objectives 

were set to test each research hypothesis. 

General Hypothesis: Abnormal activation of mechanisms of antigen detection 

present in the esophageal mucosa plays a critical role in the pathophysiology of 

EoE. 
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Research Hypothesis 1: The symptoms and signs that result from the unique 

immune processes of EoE can be used to distinguish EoE from reflux 

esophagitis. 

 Objective 1a: To determine the unique demographic, clinical, endoscopic 

and histologic characteristics of the population of EoE patients in the 

pathology database at Kingston General Hospital in an age-matched, 

case-controlled comparison with GERD patients 

 Objective 1b: To create a scoring system for diagnosis of EoE using a 

conditional logistic regression model of the features of EoE found to be 

statistically distinct from age-matched GERD patients 

Research Hypothesis 2: Esophageal epithelial cells possess the ability to 

process and present antigen on MHC class II and this activity contributes to the 

pathophysiology of EoE. 

 Objective 2a: To determine if there is evidence of altered epithelial cell 

expression of MHC class II and costimulatory molecules in esophageal 

mucosal biopsies from patients with EoE 

 Objective 2b: To characterize the ability of esophageal epithelial cells to 

engulf and process antigen and express MHC class II in vitro 

 Objective 2c: To investigate the role of IFN  in mediating the ability of 

esophageal epithelial cells to act as non-professional APCs 
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 Objective 2d: To demonstrate the ability of esophageal epithelial cells to 

present antigen to T helper cells in vitro 

Research Hypothesis 3: Pattern recognition receptors TLR2 and TLR3 are 

present on esophageal epithelial cells, and are activated by antigen and thus 

contribute to the pathophysiology of EoE. 

 Objective 3a: To characterize the presence of TLR2 and TLR3 on 

esophageal epithelial cells in vitro 

 Objective 3b: To demonstrate activation of TLR2 and TLR3 by antigen on 

esophageal epithelial cells in vitro 

 Objective 3c: To characterize the presence and localization of TLR2 and 

TLR3 on esophageal mucosal biopsies from EoE, GERD and normal 

control patients 

Research Hypothesis 4: IgE-bearing mast cell density, but not B lymphocyte 

density, is increased in the esophageal epithelium and lamina propria of patients 

with EoE and in patients with concurrent atopy. 

 Objective 4a: To determine differences in immune cell densities in the 

epithelium and lamina propria compartments of the esophageal mucosa 

by comparing biopsies from normal control patients and patients with 

GERD and EoE (with and without atopy) 
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 Objective 4b: To determine the identity of IgE-bearing cells in the 

esophageal mucosa and the differences in IgE-bearing cell density due to 

esophagitis and atopy 

 Objective 4c: To investigate the demographic influences, such as age and 

gender, on the density of immune cells in the epithelium and lamina 

propria of the esophagus by comparing biopsies from normal control 

patients and patients with GERD and EoE (with and without atopy) 
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Chapter 2 

 

 

Clinical features distinguish eosinophilic and reflux-induced 

esophagitis: an age-matched, case-controlled study and a novel 

scoring system 
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2.1 ABSTRACT 

Background: The consensus-based strategy of diagnosing eosinophilic 

esophagitis (EoE) depends on an intraepithelial eosinophil count of ≥15 

eosinophils per high power field (HPF).  However, differentiating EoE from 

gastroesophageal reflux disease (GERD) continues to be a diagnostic challenge, 

as no true „gold standard‟ criteria exist.  Identifying clinical and endoscopic 

characteristics that distinguish EoE from GERD could provide a more 

comprehensive diagnostic strategy than the present criteria and could aid in 

identifying the unique immune processes that initiate EoE. 

Objective:  To determine the symptoms and signs that result from the unique 

immune processes of EoE that can be used to distinguish EoE from reflux 

esophagitis. 

Methods: Adult and pediatric EoE patients were identified by current diagnostic 

guidelines including an esophageal biopsy finding of 15 eosinophils/HPF.  

GERD patients were age-matched one-to-one to EoE patients.  Clinical, 

endoscopic and histologic information at the time of diagnosis was obtained from 

the medical record and compared between pairs by McNemar‟s test.  A 

conditional logistic regression model was created using six distinctive disease 

characteristics.  This model was used to create a nomogram to differentiate EoE 

from reflux-induced esophagitis. 
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Results: Patients with EoE were 75% male and 68% had a history of atopy.  

Many aspects of EoE were statistically distinct from GERD when controlling for 

age.  Male gender, dysphagia, history of food impaction, absence of 

pain/heartburn, linear furrowing and white papules were the variables used to 

create the conditional logistic regression model and scoring system based on 

odds ratios.  The area under the curve of the receiver-operator characteristic 

curve for this model was 0.858. 

Conclusions: EoE can be distinguished from GERD using a scoring system of 

clinical and endoscopic features.  Prospective studies will be needed to validate 

this model. 

 

2.2 INTRODUCTION 

Eosinophilic esophagitis (EoE) has emerged as an important gastrointestinal (GI) 

disorder over the past 15 years, affecting approximately 15% of patients with 

dysphagia.(107, 108)  A 2007 Consensus Report defined EoE based on general 

symptoms and signs of esophagitis, ruling out gastroesophageal reflux disease 

(GERD), and peak eosinophil count on biopsy ( 15 intraepithelial eosinophils per 

maximally effected ×400 high power field).(1)  The pathognomonic characteristic 

of EoE is intense intraepithelial eosinophil infiltration, but it is also accompanied 

by a wide variety of other features including clinical, endoscopic and histologic 

findings.(1)  EoE presents a diagnostic challenge since eosinophils have been 
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described as a feature of acid-induced esophagitis, especially in children.(109)  

Overlap may exist between EoE and GERD, with severe GERD exceeding 15 

eosinophils per high power field (HPF) and the two diseases may co-exist in 

some patients.(110, 111)  Endoscopic biopsies may not always be 

representative, as sampling errors may occur.  Re-biopsying patients after an 

intervention may have merit in diagnosis, but variation in histological appearance 

may occur over time or with seasonal changes.(3, 27)  While the diagnostic 

criteria are internationally recognized, improved strategies to identify EoE using 

clinical and endoscopic features to compliment histologic findings would be 

useful to clinicians. 

EoE has been associated with many characteristics that are common but 

not exclusive to EoE patients.(5)  These include adolescent age, male gender, 

atopic disorders, dysphagia, food impaction, pain, odynophagia and 

vomiting.(112)  In some cases EoE is discovered in the absence of endoscopic 

abnormalities.(113)  Endoscopic findings may include trachealization, linear 

furrows, white papules, strictures and abnormal barium esophagram.(1)  

Additional possible histologic characteristics include marked basal zone 

hyperplasia and elongated vascular papillae.(1)  There is a need to identify the 

symptoms and signs that are distinctive of EoE from those that are non-specific. 

A validated questionnaire could increase the certainty in a diagnosis of 

EoE.  Previous studies have proposed questionnaires for EoE diagnosis based 

on validated surveys developed for GERD diagnosis.  Such scoring systems 
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provide a basis for diagnosing EoE beyond histopathology, but do not overcome 

the problem of differentiating GERD from EoE.  While both adult(114-116) and 

pediatric(117-119) questionnaires for EoE have been proposed, no scoring 

system has yet been independently validated.  Patients with EoE(120) tend to be 

younger than patients with GERD.(121, 122)  In fact, the presenting symptoms of 

EoE may vary with age.(5)  Thus, when comparing large patient cohorts with EoE 

and GERD, matching patients by age will decrease the potential for age-related 

bias. 

The aim of this study was to identify the distinct demographic, clinical, 

endoscopic and histologic characteristics that could be used to distinguish EoE 

from GERD beyond histopathology.  We retrospectively compared EoE patients 

at the time of diagnosis with age-matched GERD patients.  We hypothesize that 

the symptoms and signs that result from the unique immune processes of EoE 

can be used to distinguish EoE from reflux esophagitis.  In this study, we have 

found certain characteristics to be highly associated with EoE when compared to 

age-matched GERD patients.  Using odds ratios obtained from a conditional 

logistic regression model, we propose a scoring system based on these 

characteristics. 

 

2.3 MATERIALS AND METHODS 

Patient Identification 
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This study was approved by the Queen‟s University Health Sciences Research 

Ethics Board.  An electronic search of the pathology records at the tertiary care 

centre in Kingston, Ontario, Canada was performed for “esophagus AND 

(eosinophil OR eosinophils OR eosinophilia OR eosinophilic)” in the final 

diagnosis section of all pathology reports from January 1st 1997 to December 31st 

2009.  EoE was defined, based on the 2007 consensus report as 15 eosinophils 

per maximal HPF, symptoms of esophagitis and absence of other causes of 

esophagitis.(1)  Cases identified in the initial search (n=411) that did not meet the 

criteria for the diagosis of EoE were excluded (n=232).  Subsequently, any 

suggestion of having concurrent EoE and GERD resulted in exclusion from the 

study (n=3).  For example, pH probe results suggesting GERD and ≥15 

eosinophils/HPF, or patients diagnosed with GERD who had previous or 

subsequent biopsies showing ≥15 eosinophils/HPF, were excluded from the 

study.  Patients (n=9) were also excluded if they had evidence of other upper GI 

tract pathology, such as eosinophilic gastroenteritis, Barrett‟s esophagus or 

Crohn‟s disease.  From the search results, 167 (41 pediatric and 126 adult) 

cases of isolated EoE were identified.  The medical record was reviewed to 

identify the initial clinical presentation and endoscopy findings for each case.  

Biopsy slides from the selected cases were then blinded and the entire area re-

evaluated to confirm the presence of 15 intraepithelial eosinophils per maximal 

HPF. 
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Age Matching 

A GERD cohort was identified by searching all pathology reports for “esophagus 

AND reflux” in the final diagnosis section during the same time period as the EoE 

cohort (n=564).  Selection of GERD cases was based on symptoms of 

esophagitis, pathology demonstrating distal esophagitis with <15 

eosinophils/HPF and exclusion of other causes of esophagitis.(123, 124)  Thus, 

only patients who were biopsied during this time period were considered for this 

study.  We acknowledge that only a subset of GERD patients have endoscopic 

procedures and biopsies.  The patients included in this study likely have a more 

severe form of GERD, since an endoscopy was indicated. 

An age-matched, case-controlled pairing was performed.  One control 

GERD case of a matching age (within 18 months) was selected from the GERD 

cohort for one-to-one matching with each EoE case.  This age matching 

approach minimizes the bias introduced by comparing an older GERD 

population(122, 125) to a primarily adolescent and young adult EoE 

population.(120)  The entire biopsy tissue area from each GERD case was re-

evaluated and confirmed to have histology representative of GERD, but not EoE.  

A total of 163 of the 167 EoE patients were matched with GERD control patients 

when using the criterion of age within 18 months (Figure 2.1).  The EoE patients 

that were not matched (ages 5, 24, 27 and 28) by these steps were excluded 

from any subsequent matched data analysis, including determining the 

conditional logistic regression model. 
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Figure 2.1  The process of patient identification.  Patients were initially identified 

by search of the pathology database and were then screened by review of both 

biopsies and medical records for a diagnosis of EoE.  Age-matching was then 

performed one-to-one, such that 326 patients were ultimately selected for 

analysis, 163 EoE patients and 163 GERD patients. 



40 

 

Demographic, Clinical, Endoscopic and Histologic Information 

Patient information, including clinical and laboratory findings, were collected by 

review of medical records.  This information was based on symptoms and signs 

present at the time of diagnosis.  Information recorded during chart review 

included: gender, date of birth, presenting symptoms, atopic co-morbidities, 

endoscopic findings, level of biopsies, blood eosinophil count and upper GI 

radiographic studies.  Atopy was defined as a clinical history of Type I 

hypersensitivity including positive skin prick tests, positive immunoglobulin E 

ImmunoCAP test, anaphylaxis or diagnosis by an allergist of allergic asthma, 

allergic rhinitis or food allergy.  Endoscopic features included were 

trachealization (defined as multiple rings seen at any level of the esophagus), 

linear furrows, white papules, stricture and normal endoscopy.  Archived 

esophageal tissue specimens from endoscopies in which EoE was first 

diagnosed were evaluated for histopathologic criteria, these included maximal 

intraepithelial eosinophil count, basal zone thickness and elongation of vascular 

papillae.  Basal zone hyperplasia and vascular papilla elongation were assessed 

in well oriented sections as we have previously reported.(45)  The basal zone 

was scored as 0-25% (normal), 26-50%, 51-75% or 76-100% of the total 

thickness of the epithelium.  For vascular papilla length, scores given were 0-

33% (normal), 34-67% and 68-100% of the total thickness of the epithelium. 

 Many patients in this study had an upper GI radiographic study.  A double 

contrast barium swallow was done first.  Patients were then placed in the prone 
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position and asked to swallow three barium-coated marshmallows (approximately 

1×1×1 cm) under fluoroscopy.  An ordinal value was given to quantify the results 

based on descriptors used in the radiology report and studies of EoE with similar 

methodology.(126, 127)  Scores were: 0=normal, 1=mild, 2=moderate, 3=severe. 

 

Statistical Analysis 

Graphpad Prism version 4.0 was used to perform statistics, except for the 

conditional logistic regression model, which was created using SPSS version 

17.1, and the nomogram, which was originally created using the Orange 

Software Suite version 2.0.  P<0.05 was considered to be statistically significant.  

McNemar‟s test was used to evaluate „yes/no‟ matched data from contingency 

tables.  P-values from this test were calculated using the continuity correction.  

For unmatched data analysis, a contingency table was created and analyzed by 

Fisher‟s exact test.  Linear correlation was evaluated using Spearman‟s rank 

correlation coefficient.  Confidence intervals (CI) were evaluated at 95%.  For 

each disease characteristic investigated, data were only used for development of 

the regression model if available for both members of the pair.  If one of the pairs 

was missing the information being evaluated, that category data was excluded 

from both pairs automatically in the creation of the model.  Interactions were not 

included in the model because the relationships between the disease 

characteristics were not clinically relevant and did not significantly alter the model 

when using a backwards elimination strategy informed by the results of 
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McNemar‟s test.  The odds ratios determined by conditional logistic regression 

were then used to establish a nomogram, with a score that would predict the 

relative odds of a patient having EoE versus GERD based on a selective set of 

clinical and endoscopic characteristics. 

 

2.4 RESULTS 

Clinical Characteristics 

The clinical, endoscopic and histologic data for the age-matched EoE and GERD 

cohorts is summarized in Table 2.1.  The matched odds ratios and p-values in 

this table are based on the results of McNemar‟s test.  The proportion of males in 

the EoE cohort (75%) was significantly greater than the proportion of males in the 

GERD cohort (52%, P<0.0001). 

 The most common age range to be diagnosed with EoE in the present 

study was the second decade of life, although patients were diagnosed with EoE 

at ages ranging from 1 to 79 years (Figure 2.2A).  Male gender was more 

common for EoE patients in all age groups with EoE. 

 

Atopic Features 

When stratified by age, the prevalence of atopic disease in patients with EoE was 

more than half of the patients in each decade of life (Figure 2.2B).  Atopic EoE 

patients were found in every decade of life except the eighth, for which there was 

only one patient.  In the EoE cohort, 68% of patients were reported to have a 
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Table 2.1  Age-matched comparison of individual signs and symptoms of EoE and GERD by McNemar‟s test. 

  EoE (n=163) 

GERD 

(n=163) Matched Odds Ratio (95% Confidence Interval) P-value 

Clinical Characteristics 

         Age at diagnosis, mean±SD 31.8±17.7 31.8±17.7 

 

0.83 

     Male, n (%) 122 (75) 85 (52) 2.61 (1.59 to 4.42) <0.0001 

Symptomatology, n (%) 

         Dysphagia 108 (74) 65 (45) 3.26 (1.93 to 5.78) <0.0001 

     History of Food Impaction 51 (35) 10 (7) 5.56 (2.71 to 12.85) <0.0001 

     Pain/Heartburn 49 (34) 103 (71) 0.23 (0.12 to 0.40) <0.0001 

     Odynophagia 5 (3) 7 (5) 0.71 (0.18 to 2.61) 0.77 

     Vomiting 23 (16) 29 (20) 0.73 (0.36 to 1.45) 0.42 

     No Symptoms 6 (4) 6 (4) 1.00 (0.27 to 3.74) 0.77 

Atopic Disease 

         History of Atopy, n (%) 30 (68) 19 (43) 3.20 (1.12 to 11.17) 0.03 

     Food Allergy, n (%) 15 (34) 3 (7) 13.00 (1.95 to 552.47) 0.0033 

     Asthma, n (%) 14 (32) 14 (32) 1.00 (0.35 to 2.84) 0.81 

     Atopic Dermatitis, n (%) 6 (14) 1 (2) 6.00 (0.73 to 275.99) 0.13 

    Allergic Rhinitis, n (%) 10 (23) 2 (5) 9.00 (1.25 to 394.48) 0.03 
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     Drug Allergy, n (%) 1 (2) 5 (11) 0.20 (0.00 to 1.79) 0.22 

     Environmental Allergy, n (%) 19 (43) 6 (14) 7.50 (1.74 to 67.59) 0.004 

     Blood Eosinophil Count 

(*10^9/L), mean±SD 0.35±0.29 0.22±0.18 

 

0.0005 

Season Diagnosed, n (%) 

        Winter (December to February) 27 (17) 47 (29) 0.39 (0.19 to 0.77) 0.005 

     Spring (March to May) 44 (27) 40 (25) 1.13 (0.67 to 1.98) 0.71 

     Summer (June to August) 38 (23) 38 (23) 1.00 (0.59 to 1.70) 0.90 

     Autumn (September to 

November) 54 (33) 38 (23) 1.67 (0.98 to 2.89) 0.06 

Endoscopic and Radiologic Findings 

        Trachealization, n (%) 58 (41) 18 (13) 4.64 (2.39 to 9.87) 0.004 

     Linear Furrows, n (%) 67 (48) 11 (8) 12.20 (4.95 to 38.91) <0.0001 

     White Papules, n (%) 23 (16) 3 (2) 7.67 (2.32 to 39.89) 0.0002 

     Stricture, n (%) 14 (10) 6 (4) 2.60 (0.87 to 9.32) 0.10 

     Normal Endoscopy, n (%) 38 (27) 67 (48) 0.45 (0.27 to 0.75) 0.001 

     Barium Esophagram Score, 

mean±SD* 0.52±0.82 0.70±0.93 

 

0.20 

Histology 

         Intraepithelial Eosinophils/HPF, 75±56 3±4 

 

<0.0001 
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mean±SD 

     Basal Zone Thickness,  mean 

% thickness±SD 83±21 59±25 

 

<0.0001 

     Elongated Vascular Papillae, 

mean % thickness±SD 60±14 54±18   0.004 
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Figure 2.2  (A) Gender distribution of the EoE cohort by decade of life, at the 

time of diagnosis.  (B) The distribution, by decade of life, of the number of cases 

with concurrent atopy in the EoE and GERD cohorts. 
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history of atopy.  Age-matched GERD patients had significantly lower incidence 

of atopy (43%, P=0.03).  Separating patients into adult and pediatric (under 18 

years of age) groups did not alter these findings. 

Peripheral blood eosinophilia was not helpful in distinguishing EoE from 

GERD.  Although blood eosinophil count was significantly greater in the EoE 

cohort, both average blood eosinophil levels were within the normal range.  

Seven out of 82 matched EoE patients and two out of 82 matched GERD 

patients had a peripheral blood level greater than 0.7×109 eosinophils/L.  Using 

matched analysis, the amount of EoE patients presenting with peripheral blood 

eosinophilia was not significantly different from the GERD cohort (Figure 2.3A, 

P=0.18).  Our tertiary care centre considers an abnormal absolute eosinophil 

count to be one greater than 0.7×109 eosinophils/L.  No consensus exists in the 

literature with regard to the definition of peripheral blood eosinophilia.  Some 

studies have considered peripheral blood eosinophilia to be any value greater 

than 0.5×109 eosinophils/L.(128)  There was no statistically significant difference 

between EoE and GERD patients when using either cut-off value to define 

peripheral blood eosinophilia. 

Peripheral blood eosinophilia has been proposed as a possible surrogate 

marker of esophageal eosinophilia.(30)  Thus, the level of correlation between 

esophageal eosinophil count and peripheral blood eosinophil level was 

investigated.  These data were analyzed unpaired to investigate the possibility of 

blood eosinophil level alone being a predictor of esophageal eosinophilia in a 
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particular disease state, neither EoE (Figure 2.3B) nor GERD (Figure 2.3C) 

peripheral blood eosinophil level correlated with maximal esophageal 

intraepithelial eosinophil count/HPF. 

Based on the month in which the diagnostic endoscopy was performed, 

patients were more likely to be diagnosed with GERD during the winter months 

(December to February).  During the remaining months of the year patients were 

no more likely to be diagnosed with EoE or GERD. 

 

Endoscopic and Radiologic Findings 

Four endoscopic features were significantly different between EoE patients and 

age-matched GERD patients.  Trachealization, linear furrows and white papules 

were significantly more likely to be found in the EoE patients and a normal 

endoscopic appearance was more likely to be found in patients presenting with 

GERD.  Barium-coated marshmallow esophagram was assessed for 105 EoE 

and 80 GERD patients and was ranked as normal, mild, moderate, or severe.  

The proportion of patients with normal to severe dysmotility was similar in both 

disease states when analyzed age-matched and unmatched.  The fraction of 

patients with esophageal strictures was statistically similar between the cohorts. 
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Figure 2.3  (A) Distribution of matched peripheral blood eosinophil level 

comparing EoE and GERD cohorts (n=82 for each group).  The dotted line 

represents the threshold value (0.7×109 eosinophils/L) for eosinophilia at our 

centre.  (B) No significant correlation was found between unmatched 

intraepithelial esophageal eosinophils per maximal HPF and peripheral blood 

eosinophil level in EoE (n=119, P=0.673) or GERD (C, n=110, P=0.314) patients. 
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Histologic Characteristics 

In EoE, the mean±standard deviation of eosinophils per maximal HPF was 76±56 

and ranged from 15 to 308.  Proportion of epithelium occupied by the basal zone 

was significantly greater in EoE patients as was elongation of vascular papilla. 

 

Diagnosing Eosinophilic Esophagitis by Score 

By evaluating the odds ratios and p-values determined by comparison of 

individual disease features by McNemar‟s test (evaluated in Table 2.1), as an 

approximation of that particular characteristic‟s ability to predict EoE, a 

conditional logistic regression model was created using a backwards elimination 

strategy.  The final model consisted of six characteristics (gender, dysphagia, 

pain/heartburn, history of food impaction, linear furrowing and white papules, 

Table 2.2).  In addition, the selection of characteristics for the model was 

informed by the knowledge that for 326 rows of data, having 6 to 11 covariates in 

the model is optimal.(129)  Male gender, dysphagia, history of food impaction, 

linear furrowing and white papules were associated with an increased odds of 

EoE diagnosis.  Pain/heartburn was associated with an increased odds of GERD 

diagnosis.  Missing data accounted 8.0% (n=13 pairs) of the cases for the six 

characteristics in the final conditional logistic regression model. 

A nomogram (Figure 2.4) was created from the odds ratios determined by 

the conditional logistic regression model.  The characteristic with the highest 

odds ratio (white papules) was given an arbitrary value of 100 points and
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Table 2.2  Results of the conditional logistic regression analysis for each disease 

characteristic in the final model. 

Parameter Odds Ratio 95% Confidence Interval P-value 

Male Gender 1.82 0.86 to 4.72 0.106 

Dysphagia 2.02 1.74 to 16.68 0.003 

Pain/Heartburn 0.4 2.36 to 28.23 0.001 

History of Food Impaction 5.39 0.19 to 0.86 0.018 

Linear Furrowing 8.16 0.70 to 4.70 0.217 

White Papules 9.61 1.33 to 69.28 0.025 
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Figure 2.4  Nomogram based on the odds ratios from the conditional logistic 

regression model.  (A) The number of points for a given characteristic is 

proportional to the odds ratio for that characteristic.  Note that the absence of 

pain/heartburn adds points to the total score.  (B) The sum of the points for each 

characteristic can be used to predict the relative odds that a patient has EoE and 

not GERD (assuming an equal distribution of EoE and GERD patients). 
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subsequent characteristics were given point values proportional to their odds 

ratio.  A receiver-operator characteristic curve (Figure 2.5) was plotted for the 

nomogram-based scores of the 301 cases in the study that were not missing 

data for the six characteristics analyzed.  The area under the curve was 0.858 

with a 95% confidence interval of 0.816 to 0.900 (P<0.0001). 

 

2.5 DISCUSSION 

The major finding of this study is the identification of six disease characteristics 

that could potentially differentiate EoE from GERD beyond the current 

histopathology dependent diagnosis.  These disease characteristics likely 

represent the unique immune processes that contribute to the pathophysiology of 

EoE.  This study discovered that multiple clinical and endoscopic findings are 

associated with EoE and the presence of these findings increases the statistical 

confidence with which the patient can be said to have EoE.  Male gender, 

dysphagia, a history of food impaction, linear furrowing and white papules were 

the clinical and endoscopic findings associated with EoE.  Pain (including 

heartburn) was associated with a diagnosis of GERD.  The finding of a normal 

appearing esophagus in 48% of the GERD group may not be representative of 

the GERD population as a whole, since patients with a typical presentation of 

erosive esophagitis are not always biopsied.  Findings found to be significantly 

associated with EoE in previous studies including peripheral blood
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Figure 2.5  Receiver-operator characteristic curve pertaining to the ability of the 

conditional logistic regression model to predict EoE versus GERD in the 

population studied.  The model was based on six clinical and endoscopic 

characteristics.  Area under the curve was 0.858 with a 95% confidence interval 

of 0.816 to 0.900 (P<0.0001). 
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eosinophilia(30) and esophageal dysmotility(59) were not found to contribute to 

differentiating EoE and GERD in the present study population. 

The nomogram was based on the conditional logistic regression model 

determined by our data set.  The purpose of this study was not to replace the 

histopathologic component of the EoE diagnosis, but to provide additional 

information for differentiating EoE and GERD.  It is important to note that, based 

on the present model, a male patient with dysphagia and no pain or heartburn 

would have a score of 98 and a reasonably high probability of having EoE and 

not GERD.  This result is noteworthy because these particular disease 

characteristics do not require endoscopy or biopsy.  Future prospective studies 

can expand on the present findings to create a more comprehensive diagnosis of 

EoE that may not require endoscopy. 

We aimed to build upon the findings of Dellon et al. who performed a 

similar study, which was case controlled, but not age matched.(130)  Similar to 

our study, this group also found that dysphagia and linear furrows supported a 

diagnosis of EoE compared to GERD.  Six other studies have investigated 

questionnaires as a method to predict EoE (Table 2.3).  A symptom score based 

on a modified questionnaire for pediatric acid-peptic disease(131) has been used 

retrospectively to evaluate the safety and efficacy of budesonide treatment(118) 

and prospectively to identify symptoms associated with EoE.(117)  The latter 

study found that dysphagia and early satiety were predictive of EoE in children.
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Table 2.3  Details of the previous studies that make use of scoring systems to investigate EoE. 

Reference 

Patients That 

Completed 

Questionnaire 

Age 

Group 

Number of 

Symptoms 

Questions 

Symptom 

Frequency 

Score 

Symptom 

Severity 

Score 

Endoscopic 

Score 

Histologic 

Score Study Type 

Adapted 

From 

Veerappan 

et al. 2009 

(114) 

385 EGD pts 

(25 EoE) Adult 8 1 to 3 1 to 3 Not Included 

Not 

Included Prospective 

Vigneri et al. 

1995 (132) 

Bassett et 

al. 2009 

(115) 32 EoE Adult 6 1 to 3 1 to 3 Not Included 

Not 

Included Prospective 

Vigneri et al. 

1995 (132) 

MacKenzie 

et al. 2008 

(116) 

261 

Dysphagia/Food 

Impaction EGD 

Patients (31 

EoE) Adult 

Dysphagia 

and GERD 

validated 

scores (0-5 

ea) Included Included Not Included 

Not 

Included Prospective 

Aanen et al. 

2006 (133) 

and DiSario 

et al. 2002 

(134) 

Aceves et 

al. 2007 

(118) 20 EoE Pediatric 7 sets 

Not 

Included 1 to 2 

4 categories, 

1 to 2 

Not 

Included Retrospective 

Dohil et al. 

2003 (131) 

Aceves et 

al. 2009 

(117) 

100 (35 EoE, 27 

GERD, 24 

allergic nonEoE, Pediatric 7 sets 

Not 

Included 1 to 2 

4 categories, 

1 to 2 

8 features, 

out of 18 Prospective 

Aceves et 

al. 2007 

(33), added 
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14 nonallergic 

nonEoE) 

histology 

scoring 

Pentiuk et 

al. 2009 

(119) 49 EoE Pediatric 

10 for 

frequency, 

8 for 

severity 1 to 5 1 to 3 Not Included 

Not 

Included Prospective 

Konikoff et 

al. 2006 (64) 

 

EGD, esophagogastroduodenoscopy 
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 Two other scoring systems adapted from GERD questionnaires(132-134) have 

found that allergic asthma, male gender, trachealization(114) and 

dysphagia(116) were independent predictors of EoE in prospective study of adult 

subjects undergoing endoscopy.  Many of these characteristics were significantly 

associated with EoE when considered individually in our patient cohort as well.  

Another study using the same questionnaire as Veerappan et al.(114) found no 

significant difference in symptom score when adult EoE patients were stratified 

by the presence of non-specific esophageal motility disorder.(115)  This finding is 

similar to our own finding that dysmotility, as subjectively assessed by barium 

swallow, does not aid in differentiating EoE from GERD.  Pentiuk et al. developed 

a questionnaire that was based on symptom frequency and severity, and found 

that scores did not correlate with esophageal eosinophilia,(119) thus we did not 

attempt to evaluate symptom frequency or severity in our study. 

Logistic models can be useful for evaluating case control studies, provided 

certain assumptions are met.(135, 136)  Notably, case controlled logistic 

regression models cannot be used to calculate positive or negative predictive 

values, which depend on prevalence.  Since the cases and controls were 

matched in the present study in a one-to-one ratio the disease prevalence in this 

population is artificial (50% of patients had EoE and 50% had GERD).  The 

relationship between EoE and the covariates determined in this study is not 

necessarily causal.  Other covariates that were not available for this study may 

also influence identification of EoE over GERD.  We cannot discount the 
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possibility that the strength of the logistic regression model in this study is based 

in part on the fact that very little data was missing from the characteristics used.  

For example, even though some atopic characteristics were significantly different 

when analyzed individually in Table 2.1, these characteristics did not contribute 

when included in the conditional logistic regression analysis.  The missing data in 

these categories may have decreased their influence on the model. 

One of the strengths of the present study is that it controls for the high 

proportion of pediatric patients with EoE when compared to the generally older 

GERD population.(125)  EoE characteristics may change with age.(5)  The 

selection method used in this study limited age-related bias, especially when 

determining the significance of atopic status to the diagnosis since pediatric 

patients in general are more likely to have atopic disease.(137)  We found that 

even when controlling for age, patients with EoE have an increased likelihood of 

having atopic disease. 

One of the limitations of this study is that it is retrospective by design.  A 

prospective study is being performed to validate this model in both adult and 

pediatric patients presenting with esophageal symptoms.  An important aspect of 

future studies will be evaluating not only esophageal eosinophil count as an 

endpoint, but also response to treatment.  One recent change to the diagnostic 

criteria for EoE that has emerged is that the original diagnostic strategy could be 

supplemented with a trial of proton pump inhibitor (PPI) therapy to rule out 

severe GERD and possible “PPI-responsive EoE”.(27)  Interventions, including 
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PPI therapy, were not evaluated in the present study because the patients were 

evaluated at the time of initial diagnosis. 

Future studies will be needed to assess the contribution of intraepithelial 

eosinophil number per HPF to the ability to distinguish EoE from GERD.  

Intraepithelial eosinophil count was not included in the conditional regression 

model because it was used to define the cases and the controls.  Based on 

previous epidemiologic studies,(10) it is likely that both age and esophageal 

eosinophil count will be found to aid in diagnosis in future prospective studies.  

The criteria for the scoring system will need to be updated when this information 

is available. 

In conclusion, our study has identified six symptoms and signs that may 

be able to aid in distinguishing EoE from GERD.  The disease characteristics 

were determined by case-controlled, age-matched comparison of EoE and 

GERD patients.  This scoring system will need to be validated by prospective 

studies before it can be useful in general clinical practice. 
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Chapter 3 

 

 

Antigen presentation and MHC class II expression by human 

esophageal epithelial cells: role in eosinophilic esophagitis 
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3.1 ABSTRACT 

Background:  Professional antigen-presenting cells (APCs) play a crucial role in 

initiating immune responses.  Under pathological conditions, epithelial cells at 

mucosal surfaces act as non-professional APCs, thereby regulating immune 

responses at the site of exposure.  Epithelial cells in the esophagus may 

contribute to the pathogenesis of eosinophilic esophagitis (EoE) by presenting 

antigens on the major histocompatibility complex (MHC) class II. 

Objective:  To demonstrate the ability of esophageal epithelial cells to process 

and present antigen on MHC class II and to investigate how this activity 

contributes to the pathophysiology of EoE. 

Methods:  Immunohistochemistry detected HLA-DR, CD80, and CD86 

expression and enzyme-linked immunosorbent assay detected interferon-  (IFN ) 

in esophageal biopsies.  Antigen presentation was studied using the human 

esophageal epithelial cell line HET-1A by reverse transcriptase-PCR, flow 

cytometry, and confocal microscopy.  T helper lymphocyte proliferation was 

assessed by flow cytometry and interleukin-2 secretion. 

Results:  IFN  and MHC class II were increased in mucosae of patients with 

EoE.  IFN  increased mRNA of HLA-DP, HLA-DQ, HLA-DR, and CIITA in HET-

1A cells.  HET-1A engulfed cell debris and processed ovalbumin.  HET-1A cells 
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expressed HLA-DR after IFN  treatment. HET-1A stimulated T helper cell 

activation. 

Conclusions:  In this study, we demonstrated the ability of esophageal epithelial 

cells to act as non-professional APCs in the presence of IFN .  Esophageal 

epithelial cell antigen presentation may contribute to the pathophysiology of EoE. 

 

3.2 INTRODUCTION 

Eosinophilic esophagitis (EoE) is a unique and emerging clinicopathologic entity 

characterized by an intense infiltration of eosinophils into the squamous 

epithelium of the esophagus and is associated with basal epithelial cell 

hyperplasia.(1)  Food hypersensitivity is implicated in the pathogenesis of 

EoE.(138)  Most patients with EoE have a history of atopy.(1)  The specific 

cytokines associated with EoE are suggestive of a unique local Th2 

phenotype.(139)  Increased numbers of CD4+ T helper (Th) lymphocytes have 

been observed in the esophageal mucosa of patients with EoE(54) and in an 

animal model of EoE.(84) 

The epithelium of the gastrointestinal (GI) tract is the first line of defense 

against myriad potential antigenic substances including food protein and 

commensal and pathogenic organisms.  Presentation of antigen by professional 

APCs, such as dendritic cells and macrophages is well understood.  

Alternatively, antigen presentation by GI tract epithelial cells may also occur 
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under pathologic conditions.(140-142)  For presentation of extracellular antigen 

to occur, a cell must engulf, process and display peptides coupled to major 

histocompatibility complex (MHC) class II on the cell membrane.  In addition, the 

presence of co-stimulatory molecules on the cell surface determine if presented 

antigen will provoke an immunogenic or tolerogenic T lymphocyte response.(143)  

Loss of tolerance to specific food protein may manifest as food 

hypersensitivity.(144)  Antigen presentation by epidermal keratinocytes(145) and 

both small bowel(141) and colonic(146) epithelium is well described.  Antigen 

presentation by intestinal epithelial cells also plays a role in food 

hypersensitivity,(147) but the possibility that esophageal epithelial cells are 

capable of antigen presentation has not been investigated. 

Proliferation of T helper lymphocytes occurs in response to antigen 

presentation.  There are conflicting reports of changes to the number of 

professional antigen presenting cells (APCs) before and after treatment for 

EoE.(54, 73)  Lucendo et al. found the number of dendritic cells was the same in 

normal, pre-treatment EoE and post-treatment EoE (fluticasone proprionate),(54) 

whereas Teitelbaum et al. found that dendritic cell number was increased in EoE 

patients compared to control.(73) 

Interferon-  (IFN ), although not classically associated with Th2 diseases, 

is known to induce antigen presentation in multiple epithelial cell types, including 

epidermal keratinocytes.(148)  Thus, we chose to use IFN  to test the hypothesis 

that esophageal epithelial cells participate in antigen presentation by induction of 
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MHC class II in our in vitro culture model.  IFN  mRNA may be increased in the 

esophageal mucosa of patients with EoE.(32) 

 In this study, we demonstrate increased IFN  and altered epithelial cell 

expression of MHC class II in esophageal biopsies from patients with EoE.  We 

also demonstrate, in vitro, the ability of the esophageal epithelial cells to engulf, 

process and present antigen to T helper lymphocytes via MHC class II following 

exposure to antigen and IFN .  These results demonstrate that esophageal 

epithelial cells possess the ability to process and present antigen in inflammatory 

conditions via MHC class II and this activity contributes to the pathophysiology of 

EoE. 

 

3.3 MATERIALS AND METHODS 

Immunohistochemistry 

Grasp biopsies for routine histopathology were taken from the esophagus of 

pediatric patients undergoing esophagogastroduodenoscopy for upper GI 

symptoms and diagnosed as normal or EoE.(1, 149)  Diagnosis was „normal‟ for 

patients who had biopsies with no inflammation, no basal zone changes and no 

specific esophageal symptoms.  EoE was defined as ≥15 intraepithelial 

eosinophils per high power field (HPF), symptoms of esophagitis and no 

response to anti-reflux medication (as previously described).(1, 45) 
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 Biopsies were fixed in 10% neutral buffered formalin and embedded in 

paraffin for routine histopathology.  For immunohistochemistry, embedded tissue 

was sectioned at 4 m, rehydrated and endogenous peroxidase activity was 

quenched with 3% H2O2.  Non-specific antibody binding was blocked by 

incubation with 5% mouse or goat serum/0.02% azide/0.02% Tween-20 in 

phosphate buffered saline (PBS).  Slides were incubated overnight with goat anti-

human HLA-DR (1:40, Santa Cruz Biotechnology, Santa Cruz, CA), mouse anti-

human HLA-DP (1:40, Antigenix America, Huntington Station, NY), mouse anti-

human HLA-DQ (1:40, Antigenix America), goat anti-human CD80 (15 g/mL, 

R&D Systems), goat anti-human CD86 (15 g/mL, R&D Systems) or mouse or 

goat IgG as a negative control and then with biotinylated mouse anti-goat (Santa 

Cruz Biotechnology) or rabbit anti-mouse (Invitrogen) IgG secondary antibody as 

appropriate for 30 minutes.  The species used to derive the serum was always 

different from the secondary antibody source species.  Isotype controls were 

performed on separate tissue sections to control for non-specific secondary 

binding for each patient and no positive staining was observed.  Staining was 

performed following the avadin-biotin-peroxidase complex method utilizing 3,3‟-

diaminobenzidine as a substrate and a hematoxylin counterstain. Visualization 

was performed using a Nikon Eclipse TE-2000U microscope, a Nikon DXM 

1200C digital camera (Nikon, Mississauga, Ontario, Canada) and NIS-Elements 

BR version 2.30 software.  Stained sections were assessed for presence or 

absence of positive (brown) staining, localization and cell morphology. 
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 The Health Sciences Research Ethics Board at Queen‟s University 

approved this study.  All subjects and guardians provided informed written 

consent. 

 

Culture Conditions 

The human esophageal epithelial cell line, HET-1A (CRL-2692, ATCC, 

Manassas, VA), is an SV-40 transformed cell line that maintains characteristics 

of basal esophageal epithelium.  HET-1A cells were cultured in bronchial 

epithelial cell growth medium (BEGM, Lonza, Walkersville, MD) and treated with: 

IFN , interleukin (IL)-4 or IL-13 (50 ng/mL, PeproTech, Rocky Hill, NJ), dye 

quenched (DQ)-ovalbumin (15 and 30 g/mL, Molecular Probes, Burlington, ON) 

or tetanus toxoid (TT, 1 M, List Biological Laboratories, Campbell, CA).  Human 

embryonic kidney cell line, HEK 293, was cultured in Dulbecco‟s modified Eagle 

medium (DMEM, Invitrogen, Carlsbad, CA) with 10% fetal calf serum (FCS).  

Human monocytic cell line THP-1 (TIB-202, ATCC), was cultured in Iscove's 

Modified Dulbecco's Medium (IMDM, Invitrogen) medium supplemented with 

10% FCS.  Treatment times given as „0 hours‟ indicate application of treated 

media and immediate removal. 

 

Reverse Transcriptase-Polymerase Chain Reaction 

Total RNA was isolated from HET-1A cells using Trizol (Invitrogen) following 

manufacturer‟s instructions after IFN , IL-4 or IL-13 incubation for 0, 24, 48 or 72 
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hours. Reverse transcription was performed using avian myoblast virus-reverse 

transcriptase (Roche, Laval, QC).  Polymerase chain reaction (PCR) cycles were 

94°C for 30 seconds, the specific annealing temperature (Table 3.1) for 60 

seconds and 72°C for 30 seconds. Glyceraldehyde 3-phosphate dehydrogenase 

(GAPDH) gene expression was used as a loading control and H2O served as a 

negative control.  PCR products were visualized by electrophoresis on a 1% 

agarose gel. 

 

Antigen Uptake Monitoring 

HEK 293 cells were used as antigen donor cells(150, 151) that could be detected 

after uptake of HEK 293 cell debris by HET-1A cells.  HEK 293 cells were 

trypsinized and stained with PKH26 dye ( L/mL, Sigma-Aldrich, Oakville, ON) for 

2 minutes, pelleted and resuspended in BEGM, snap frozen in liquid nitrogen, 

thawed to 37°C and irradiated for 20 minutes with 200,000 J/cm2 using a CL-

1000M ultraviolet (UV) Crosslinker as previously described.(150, 151)  Following 

irradiation PKH26 labeled, dead HEK 293 cells in BEGM were added to HET-1A 

cultures in a 3:1 ratio for the times indicated.  HET-1A cultures were pretreated 

with IFN  (50 ng/mL) for 0, 16, 24 and 48 hours.  Cells were detached using 5 

mM EDTA and incubated in fluorescein isothiocyanate (FITC) conjugated anti-

Ber-EP4 epithelial cell antibody (Dako Canada Inc, Mississauga, ON) for 30 min 

at 4°C to distinguish HET-1A cells from HEK 293 cells on flow cytometry.  To 

control for non-specific antibody labeling, a FITC-conjugated isotype matched
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Table 3.1  Reverse transcriptase-polymerase chain reaction conditions and primer sequences. 

Gene Primer Direction Primer Sequence TA (°C) Cycles 

HLA-DR 
Forward 5' - GGA GAC CGT CTG GCA TCT GGA - 3' 

58.0 35 
Reverse 5' - CTC TCA GCG ACA CCC TCA GT - 3' 

HLA-DQ 
Forward 5' - GTG CTG CAG GTG TAA ACT TGT ACC AG - 3' 

58.0 35 
Reverse 5' - CAC GGA TCC GGT AGC AGC GGT AGA GTT G - 3' 

HLA-DR 
Forward 5' - AGA CAA GTT CAC CCC ACC AG - 3' 

58.0 35 
Reverse 5' - AGC ATC AAA CTC CCA GTG CT - 3' 

CIITA 
Forward 5' - TTT CTG GGC ACC CGC CTC AC - 3' 

62.0 35 
Reverse 5' - CTG GGG GAA GGT GGC TGA GA - 3' 

CD80 
Forward 5' - CCT CTC CAT TGT GAT CCT GG - 3' 

56.4 37 
Reverse 5' - GGC GTA CAC TTT CCC TTC TC - 3' 

CD86 
Forward 5' - GTA TTT TGG CAG GAC CAG GA - 3' 

57.7 37 
Reverse 5' - GCC GCT TCT TCT TCT TCC AT - 3' 

GAPDH 
Forward 5' - TTA GCA CCC CTG GCC AAG G - 3' 

55.0 24 
Reverse 5' - CTT ACT CCT TGG AGG CCA TG - 3' 
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 mouse plasmacytoma cell (MOPC) antibody was used.  Cells were analyzed by 

flow cytometry performed using an Epics XL MCL flow cytometer (Beckman 

Coulter, Mississauga, ON) and the data analyzed using the EXPO32 software 

package (Beckman Coulter).  For each experiment, unlabeled and single labeled 

HET-1A cells were used as controls.  An immediate mixing test was used to 

control for background fluorescence. 

For confocal microscopy, HET-1A cells were cultured on coverslips and 

treated with PKH26-stained, dead HEK 293 cells as described above.  After 24 

hours treatment HET-1A cells were washed five times with PBS and fixed in 

methanol for 20 minutes at -20°C.  Fixed cells were then stained with 1:50 FITC-

conjugated Ber-EP4 antibody for 60 minutes.  Coverslips were mounted in PBS 

and staining was evaluated using an Olympus Fluoview FV300 confocal 

microscope. 

 

Antigen Processing Assay 

DQ-ovalbumin (DQ-OVA, 15-30 g/mL, Molecular Probes, Eugene, OR) was 

added to HET-1A cells for 1 to 4 hours and analyzed for increasing fluorescence 

indicative of proteolytic degradation of the ovalbumin protein.  THP-1, a 

monocytic cell line, was used as a positive control for DQ-OVA processing as 

these cells are known to degrade DQ-OVA under normal culture conditions.(152)  

Cells were analyzed by flow cytometry as described above. 
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Analysis of Membrane Protein Expression  

HET-1A cells were treated with IFN  (50 ng/mL) for 0, 16, 24 and 48 hours, 

harvested as described above and incubated for 30 minutes with phycoerythrin 

(PE)-conjugated antibodies to HLA-DR, CD80 and CD86 (1:100, BioLegend, San 

Diego, CA).  Isotype matched PE-conjugated anti-MOPC antibodies (BioLegend) 

were used as primary antibody controls for labeling at each timepoint.  Cells were 

then analyzed by flow cytometry. 

 

T Lymphocyte Proliferation Assay 

To determine the ability of antigen loaded HET-1A cells to stimulate expansion of 

T helper cell populations, CD4+ T lymphocytes isolated from patient blood were 

co-cultured with antigen-primed, IFN -stimulated HET-1A cells.  Patients were 

previously immunized to tetanus.  Isolation was performed by mixing 500 L of 

RosetteSep (Stem Cell Technologies, Vancouver, BC) with 10 mL of whole 

blood.  After 20 minutes, the blood was diluted with an equal volume of PBS+2% 

FCS and was then layered onto 20 mL of Lympholyte (CedarLane, Burlington, 

ON) and centrifuged at 1250 × g for 20 minutes with the brake off.  Enriched cells 

were then resuspended in PBS+0.1% bovine serum albumin (BSA) and stained 

for 10 min at 37°C with 5 M carboxyfluorescein diacetate succinimidyl ester, 

which becomes carboxyfluorescein succinimidyl ester (CFSE) upon entry into 

cells. 
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 CFSE is divided equally between daughter cells during mitosis.  Thus, as 

cell populations undergo mitosis, CFSE fluorescence per cell decreases.(153)  T 

helper lymphocytes were washed twice with PBS and resuspended in RPMI 

1640 and the resulting cell suspension was added to HET-1A cultures.  The 

isolated cells were found to be >98% CD4+.  HET-1A cells had been primed for 

48 hours with TT (1 M) and for the final 24 hours of priming, 50 ng/mL IFN  was 

added to culture media to induce MHC class II expression.  Prior to addition of T 

helper lymphocytes, HET-1A culture media was removed and the epithelial cells 

washed three times in PBS.  After 72 hours of co-culture, cells in suspension 

were harvested, centrifuged, resuspended for analysis.  To ensure purity, control 

cells (that did not undergo CFSE staining) were resuspended in 1:200 PE/Cy5.5 

conjugated anti-CD4 antibody for 30 min at 4°C.  Concanavalin A (5 g/mL) was 

used as a positive control.  Cells were then analyzed by flow cytometry. 

 

Interleukin-2 and Interferon-  Enzyme Linked Immunosorbent Assays  

Culture supernatants were collected for IL-2 enzyme-linked immunosorbent 

assays (ELISA, R&D Systems, Minneapolis, MN).  Esophageal mucosal biopsy 

tissue was homogenized and centrifuged for 20 minutes at 2000 × g for IFN  

ELISA (R&D Systems).  Both ELISA kit procedures were performed in 

accordance with the manufacturer‟s instructions.  Total protein was determined 

by the Bradford method for normalization and results are expressed as pg per 

mL supernatant per mg of total protein. 
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Statistical Analysis 

Numerical data are presented as mean ± standard error of the mean, all tests are 

two tailed where applicable.  Differences for parametric data were evaluated by 

one way analysis of variance (ANOVA) followed by Newman-Keuls multiple 

comparison test.  For non-parametric data (from patient biopsies), the Kruskal-

Wallis ANOVA test with Dunn‟s post-test was used.  Significance was considered 

as P<0.05. 

 

3.4 RESULTS 

IFN , MHC class II and co-stimulatory molecule expression in the 

esophageal mucosa is altered in EoE 

ELISA demonstrated increased IFN  expression in esophageal mucosal biopsies 

from patients with EoE (n=10) when compared to control (n=10) patient biopsies 

(Figure 3.1).  IFN  was not increased in biopsies from patients with GERD (n=11) 

versus control patients. 

 Immunohistochemistry of pediatric patient biopsies revealed differential 

expression of MHC class II and co-stimulatory proteins in esophageal 

inflammation.  HLA-DR was consistently expressed on inflammatory cells.  HLA-

DR was also expressed in basal epithelial cells in a subset (42.1%, 8 out of 19) 

of EoE patient biopsies (Figure 3.2, n=3).  HLA-DP and -DQ were not expressed  
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Figure 3.1  IFN  was significantly increased in esophageal mucosal biopsies 

from patients with EoE (n=10) versus control patients (n=10).  There was no 

significant difference between IFN  levels in patient biopsies between control 

patients and patients with gastroesophageal reflux disease (GERD, n=11).  Data 

are normalized to total tissue protein and expressed as pg IFN  per mL per mg 

total protein.  * indicates P<0.05; NS, not significant. 
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Figure 3.2  Expression of HLA-DR on basal epithelial cells and immune cells in 

the esophageal mucosa.  Negative control slides had no visible staining when the 

primary antibody was replaced with goat IgG (gIgG) in (A) normal and (B) EoE 

patient biopsies.  Immunostaining for HLA-DR was not found on epithelial cells 

from (C) normal patients, but was positive on basal epithelial cells in a subset (8 

out of 19) of mucosal biopsies from patients with EoE (D, brackets and solid 

arrows).  Intraepithelial immune cells also stained positive for HLA-DR (D, open 

arrows).  Original magnification: ×400 for all images. 
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on esophageal epithelial cells in either normal or EoE conditions, although 

staining was observed on intraepithelial inflammatory cells.  Most of these cells 

had visible bi-lobed nuclei characteristic of eosinophils, which are known to 

express HLA-DR.(154) 

 Co-stimulatory molecule CD80 expression was observed on esophageal 

epithelial cells in normal biopsies, but was not observed on epithelial cells in EoE 

biopsies (Figure 3.3A-D, n=3).  CD86 expression was expressed on the epithelial 

cells in biopsies from EoE patients but not in normal esophageal biopsies (Figure 

3.3E-H, n=3). 

 

IFN  increases antigen presentation-associated mRNA expression in HET-

1A cells 

To determine if expression of antigen presentation-associated genes in HET-1A 

cells could be altered by IFN , mRNA was isolated from IFN  treated and 

untreated cells (Figure 3.4, n=3).  Increased mRNA expression for HLA-DR, -DP, 

-DQ and CIITA were observed following IFN  treatment.  The increase in HLA-

DP and -DR mRNA was sustained for 72 hours following IFN  treatment, 

whereas HLA-DQ and CIITA mRNA returned to basal levels by 72 hours post-

treatment.  Transcripts for the co-stimulatory molecule CD80 were constitutively 

expressed and were not altered by IFN  treatment.  CD86 transcripts decreased 

as IFN  treatment time increased.  All transcripts were found at the expected 

length for the primers used, no transcripts were detected in lanes where cDNA  
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Figure 3.3  Costimulatory molecules CD80 and CD86 are differentially 

expressed on esophageal mucosal biopsies.  No immunostaining was present in 

slides where isotype control goat IgG (gIgG) replaced CD80 primary antibody on 

(A) normal or (B) EoE patient biopsies.  Human CD80 (hCD80) costimulatory 

molecule expression was found on biopsies from (C) normal patients, but this 

expression was not present on (D) EoE patient biopsies (n=3).  No 

immunostaining was present in isotype control gIgG for CD86 primary antibody in 

(E) normal or (F) EoE patient biopsies.  Human CD86 (hCD86) was not 

expressed on (G) normal patient biopsies, but was found on epithelial cells in 

biopsies from (H) patients with EoE.  For each stain, n=3.  Original magnification: 

×400 for all images. 
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Figure 3.4  RT-PCR demonstrated increased mRNA expression of HLA-DR, 

HLA-DP, HLA-DQ, and CIITA after IFN  treatment (50 ng/ml) of HET-1A cells for 

24, 48, and 72 hours.  Costimulatory molecule CD80 and CD86 expression was 

not increased by IFN .  GAPDH was used as a loading control and H2O as a 

negative control.  Representative images are shown (n= 3).  PCR product lengths 

are indicated on the right. 



79 

 

was replaced with H2O (negative control) and housekeeping gene GAPDH 

expression was consistent for each experimental condition. 

 

HET-1A cells engulf and process antigen 

To study the ability of HET-1A cells to engulf antigen, HEK 293 cells were 

stained with PKH26 dye, lysed, UV-irradiated and introduced into HET-1A culture 

media.  PKH26 dye is a lipophilic dye able to specifically label cells and 

maintains its fluorescent properties without transfer to other cells in culture.(155)  

Flow cytometric detection of dead HEK 293 cell uptake is an established model 

for demonstration of antigen uptake.(150, 151)  To set up proper gates for this 

experiment, an immediate control and a 24 h timepoint were performed (Figure 

3.5A, first and second panels from left).  To identify HET-1A cells events were 

gated by positive labeling with FITC-conjugated anti-Ber-EP4 epithelial cell 

antibody (Figure 3.5A, third panel) and a gate established for HET-1A cells that 

were PKH26+ based the differences between the immediate control and the 24 h 

timepoint (Figure 3.5A, fourth panel, n=3).  Dead HEK 293 cells (red) engulfed by 

HET-1A cells (green) after 24 h were visualized (yellow) using confocal 

microscopy (Figure 3.5B, original magnification ×400, composite of 5 serial z-

slices of 3 m each, representing intracellular staining of dead HEK 293 cells is 

shown). 

 Flow cytometric analysis demonstrated the time dependent ability of HET-

1A cells to engulf dead HEK 293 cells (Figure 3.5C, n=3, * indicates P<.05) after 
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12 hours of treatment (32.8±7.3% PKH26+ HET-1A cells), which increased to 

maximal uptake (56.0±1.5%) after 48 hours treatment.  Pretreatment with IFN  

(50 ng/mL) for 16 hours or more diminished, but did not abolish, the percent of 

HET-1A cells engulfing dead HEK 293 cells over 24 h (Figure 3.5D, n=3, * 

indicates P<0.05 compared to 0 h). 

 After uptake of exogenous proteins, antigen presenting cells must process 

extracellular proteins into peptide fragments(156) prior to loading onto MHC class 

II proteins for presentation.  The ability of HET-1A cells to process proteins into 

peptide fragments was analyzed by breakdown of ovalbumin conjugated to a 

self-quenching dye (DQ-OVA), which was added to culture media for 1-4 hours 

prior to analysis by flow cytometry.  Figure 3.6A (n=3) indicates that HET-1A 

esophageal epithelial cells degrade DQ-OVA in a time dependent manner 

between 0 and 4 h in DQ-OVA (fluorescent mean after 4 h in 30 g/mL: 

56.3±10.2; P<0.05 for all conditions compared to immediate control).  

Pretreatment of HET-1A with IFN  (50 ng/mL) did not alter the ability of HET-1A 

cells to process DQ-OVA (Figure 3.6B, n=3).  The immediate control (0 h) had a 

fluorescent mean at 29.3±7.2, while at 16 h the fluorescent mean was 38.7±4.9 

(P<0.05).  THP-1 monocytic cells were used as a positive control to verify DQ-

ovalbumin processing. 
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Figure 3.5  HET-1A cells engulf dead HEK 293 cells.  (A) Flow cytometry data 

acquisition, left to right: At 10 minutes after application of PKH26-stained, dead HEK 293 

cells to HET-1A cultures, separate populations were present and the populations of cells 

were not double positive (first panel).  At 24 hours, populations of double-positive 

PKH26+/Ber-EP4+ cells were present; these are HET-1A cells that have engulfed dead 

HEK 293 cells (second panel).  Next, only cells staining for esophageal epithelial cell 

marker Ber-EP4 were gated (third panel).  The final gate shows the HET-1A cells that 

had engulfed killed HEK 293 cells (results expressed subsequently as the percentage of 

cells in this gate), and was drawn based on the immediate control versus 24 hours 

treatment (fourth panel).  Representative plots are shown (n=3).  (B) Composite confocal 

micrograph demonstrating HET-1A cell (green) uptake of dead HEK 293 cells (red) over 

24 hours.  Arrows indicate where the HEK 293 cells had been engulfed by HET-1A cells 

(yellow).  The image is a representative composite of five serial z-slices, 3 m thickness 

each, showing intracellular staining of dead HEK 293 cells.  Original magnification: ×400.  

(C) Time course of treatment of HET-1A cells with dead HEK 293 cells (n=3).  * indicates 

P<0.05.  (D) Pretreatment with IFN  (50 ng/ml) significantly decreased, but did not 

abolish, the uptake of dead HEK 293 cells by HET-1A cells over 24 hours (n=3).  * 

indicates P<0.05 for the 0-hour time point compared with subsequent time points. 
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Figure 3.6  HET-1A cells process DQ-ovalbumin protein into peptides.  (A) HET-

1A cells were able to process DQ-ovalbumin into fluorescent peptides in a 

concentration- and time-dependent manner, as indicated by flow cytometry (n=3).  

All treatments P<0.05, compared with untreated.  (B) HET-1A cells, analyzed by 

flow cytometry, processed DQ-ovalbumin into peptides independent of IFN  

treatment (50 ng/ml, n=3).  All treatment conditions were significantly increased 

over untreated control, but did not differ significantly from one another (NS, not 

significant). 
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IFN  induces HET-1A cell MHC class II expression 

HET-1A cells were labeled with fluorescent antibodies directed against MHC 

class II gene product HLA-DR and co-stimulatory molecules CD80 (B7-1) and 

CD86 (B7-2).  Flow cytometry revealed that HET-1A cells do not constitutively 

express HLA-DR but increasingly express this protein on the cell surface 

following stimulation with IFN  (Figure 3.7A, n=3).  While mRNA for co-

stimulatory molecules CD80 and CD86 genes was present (see Figure 3.3) 

surface expression of CD80 and CD86 protein was not detected by flow 

cytometry (Figure 3.7B and C, n=3).  

 

Treatment of HET-1A cells with IFN  and priming with tetanus toxoid 

induces proliferation of T helper lymphocytes from tetanus-immunized 

subjects 

To demonstrate that HET-1A cells are able to elicit an antigen specific T helper 

lymphocyte response, we co-cultured T helper cells isolated from peripheral 

blood of subjects previously immunized against tetanus with HET-1A cells 

pretreated with tetanus toxoid and IFN .  T helper lymphocytes co-cultured with 

HET-1A cells that had been primed with tetanus toxoid and treated with IFN  

proliferated more (21.0±1.9% CFSElow cells) than those with neither treatment 

(10.0±1.2%) or with IFN  (11.5±1.0%) or TT (12.6±1.8%) alone (Figure 3.8A, 

n=3, P<0.05).  T helper lymphocyte proliferation was measured by decreasing 

CFSE fluorescence.  Concanavalin A (35.6±5.1%) was used as a positive  
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Figure 3.7  IFN -induced HLA-DR expression on HET-1A cells.  (A) HET-1A 

cells expressed HLA-DR only after IFN  treatment (50 ng/ml) for 16 to 48 hours 

as shown by flow cytometry (n=3).  Over 16 to 48 hours, IFN  (50 ng/ml) 

treatment did not induce detectable CD80 (B) or CD86 (C) expression on the 

HET-1A cell surface (n=3). 
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control, as it is known to elicit T helper cell activation.  Presumably, IFN  was 

required to induce expression of antigen loaded MHC class II expression on the 

cell surface. 

 Production of IL-2 in HET-1A and T helper lymphocyte co-culture 

supernatants provided additional evidence of T helper lymphocyte activation.  IL-

2 secretion was induced with combined IFN  and TT (6.6±1.4 pg/mL/mg protein) 

treatment and concanavalin A treatment (24.9±6.7 pg/mL/mg protein, positive 

control), compared with untreated (0.6±0.1 pg/mL/mg protein) or with either IFN  

(0.7±0.2 pg/mL/mg protein) or TT (0.8±0.2 pg/mL/mg protein) treatments alone 

(Figure 3.8B, n=3, P<0.05). 

 

Interleukin-4 increases HET-1A costimulatory molecule CD80 expression 

HET-1A cells treated for 0, 24, 48 and 72 h with IL-4 (Figure 3.9A) and IL-13 

(Figure 3.9B) had unchanged expression of antigen presentation associated 

genes HLA-DR and CD86, but CD80 expression was altered.  Costimulatory 

molecule CD80 mRNA was increased following IL-4 treatment and decreased 

following IL-13 treatment.  IL-4 induced a maximal response at 48 h but its effect 

had decreased by 72 h.  IL-13 initially decreased CD80 expression at 24 and 48 

h, but the cytokine effect was diminished by the 72 h timepoint.  Consistent 

expression of the housekeeping gene GAPDH was used as an internal control.  

These results imply that IL-4 and IL-13 may activate different receptors or 

different second messengers in esophageal epithelial cells. 
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Figure 3.8  IFN -stimulated, antigen-primed HET-1A cells induced T helper lymphocyte 

activation.  (A) T helper lymphocytes (isolated from tetanus toxoid (TT)-immunized 

patient blood) proliferated at a basal level in co-culture with HET-1A cells, as measured 

by decreasing CFSE fluorescence.  Proliferating cells were CFSElow.  Proliferation was 

increased by combined IFN  (50 ng/ml) and antigen (TT, 1 mol/L) treatment, but not by 

either treatment individually.  Concanavalin A (Con A) was used as a positive control.  

n=3, * indicates P<0.05.  (B) IL-2 concentration, normalized to protein concentration, in 

co-culture supernatants (from experiments presented in panel A) was significantly 

increased by combined IFN  and antigen (TT) treatment, as determined by ELISA.  n=3 

* indicates P<0.05. 
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Figure 3.9  (A) RT-PCR demonstrating that treatment of HET-1A cells with IL-4 

(50 ng/ml) for 0, 24, 48, and 72 hours did not alter expression of HLA-DR or 

CD86.  IL-4 did increase mRNA expression of CD80 after 24 hours.  (B) 

Treatment of HET-1A cells with IL-13 (50 ng/ml) for 0, 24, 48, and 72 hours also 

did not alter expression of HLA-DR or CD86.  CD80 expression was markedly 

decreased after 24 hours of IL-13 treatment.  GAPDH was used as a loading 

control and H2O as a negative control.  n=3, representative images are shown.  

All bands were located at the expected base-pair lengths, given at right.
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3.5 DISCUSSION 

In this study, we have demonstrated that esophageal epithelial cells are capable 

of acting as non-professional antigen presenting cells in the context of increased 

IFN  and induction MHC class II expression.  Antigen presentation to T helper 

lymphocytes is the initiating event in the highly specific immune response to 

foreign antigen.  Antigen presentation by epithelial cells in the GI tract is known 

to play an important role in pathologic processes such as Crohn‟s disease(157) 

and similarly, antigen presentation by esophageal epithelial cells may contribute 

to the pathophysiology of EoE.(54)  The presence of MHC class II protein (HLA-

DR) on esophageal epithelium has been previously described in patients with 

Crohn‟s esophagitis(158) and herpes simplex virus-induced esophagitis.(159)  

The contribution of epithelial expression of MHC class II to esophageal disease is 

not known, but these studies raised the possibility that epithelial cells may act as 

non-professional antigen presenting cells.  In this study, immunohistochemical 

staining for HLA-DR was positive on epithelial cells in a subset of biopsies from 

patients with EoE, but not normal patient biopsies.  We found no differences in 

age, gender, symptoms, endoscopic features, atopic status or histologic features 

in the subset of EoE patients expressing HLA-DR when compared to those that 

did not.  It is possible that patients with EoE differ in MHC class II expression 

because of the duration of disease or other factors. 
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 EoE is associated with food allergy,(160) although the mechanism by 

which foods contribute to EoE is unknown.  EoE is characterized by increased 

eosinophils, basal hyperplasia of the non-keratinized stratified squamous 

epithelium,(45, 47) increased intraepithelial CD4+ T helper lymphocytes(54) and 

possible increased local production of IFN .(148)  Dendritic cells are also present 

in small numbers in the esophagus.(161)  These „professional‟ antigen 

presenting cells do not differ significantly between normal and EoE patients.(54)  

It is unknown whether dendritic cells or other, non-professional APCs, such as 

esophageal epithelial cells, are responsible for increased T helper lymphocytes 

seen in EoE.  In the small intestine, competition for antigen presentation between 

dendritic cells and epithelial cells, is known to occur.(162)  While dendritic cell 

number is unchanged in EoE,(54, 73) basal epithelial cell number is significantly 

increased,(45, 47) and we have found that the basal epithelial cells express MHC 

class II in a subset of patient biopsies.  With this background in mind, we 

investigated the ability of esophageal epithelial cells to act as non-professional 

antigen presenting cells leading to a specific T helper lymphocyte immune 

response. 

 In the present study, we found that IFN  is increased in mucosal biopsies 

from patients with EoE and that antigen presentation by esophageal epithelial 

cells is dependent on IFN .  In the small bowel and colon, epithelial MHC class II 

expression and antigen presentation is induced by IFN  and contributes to the 

loss of tolerance to luminal antigen observed during inflammatory bowel disease 
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and food allergy.(163, 164)  IFN  is also known to regulate antigen presentation 

in multiple cell types including epidermal keratinocytes.(165)  Gupta et al. found 

elevated levels of IFN  mRNA in the esophageal mucosal biopsies of patients 

with EoE by real time PCR, although an internal control gene was not used.(148)  

Gene array data of patients with EoE (Blanchard et al.)(29) identified 

upregulation of five genes that are specifically induced by IFN .  Taken together, 

these findings imply that IFN  may play a role in the pathogenesis of EoE. 

 Even though IFN  (classically a Th1 associated cytokine) is increased in 

EoE, many of the cytokines increased in EoE are members of the Th2 family.(29)  

Overall, the cytokine profile of EoE does not conform to the classical Th1 versus 

Th2 model of cytokine expression and has been termed “adaptive”.(39)  We 

postulate that IFN  may be one of multiple factors that interact to initiate antigen 

presentation by esophageal epithelial cells in EoE.  In contrast to a previous 

report, we did not find a significant increase in IFN  concentration in GERD 

biopsies compared to control patient biopsies.(166) 

 Our results demonstrate that IFN  increased the expression of mRNA for 

HLA-DR, -DP, -DQ and CIITA in the esophageal epithelial cell line HET-1A.  The 

finding that HET-1A cells do not express HLA-DR under normal culture 

conditions, but up-regulate its expression in response to IFN , implies that MHC 

class II antigen presentation by this cell type occurs during immune activation.  

We also observed the MHC class II protein HLA-DR on basal epithelial cells in 

EoE biopsies, but not normal patient biopsies. 
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 HET-1A cells were shown to engulf and process antigen using established 

methods.  Antigen uptake, as measured by uptake of dead HEK cell debris by 

HET-1A cells, was decreased by IFN  treatment.  Similar downregulation of 

antigen uptake by IFN  has been demonstrated in macrophages.(152, 167)  DQ-

OVA processing occurred rapidly in HET-1A cells and appeared to be 

independent of IFN . 

 HET-1A cells, primed with tetanus toxoid antigen, were able to induce T 

helper lymphocyte proliferation and increase IL-2 secretion only after treatment 

with IFN  and TT.  These experiments demonstrate a possible link between the 

inflammatory cytokines present in esophageal inflammation and the increased 

number of intraepithelial CD4+ cells (T helper lymphocytes)(54) seen in EoE 

patient biopsies.  The etiology of EoE is incompletely understood, although 

indirect evidence from studies investigating elimination of specific foods and 

elemental diet(168) support the speculation that the pathogenesis of EoE is 

related to exposure to specific food protein in some patients.  Thus, the 

pathogenesis of EoE may be mediated by presentation of food protein by 

epithelial cells to T helper lymphocytes.  It would be interesting in future studies 

to investigate this phenomenon using T helper lymphocytes isolated from EoE 

patients. 

 Co-stimulatory molecules increase the physical and temporal interaction 

between the T cell receptor and the antigen-MHC class II complex.(169)  In the 

present study, CD86 immunostaining was seen in EoE biopsies, but not in 
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normal control biopsies.  HET-1A cells were able to elicit a T helper lymphocyte 

response to antigen despite the absence of classical co-stimulatory molecules as 

determined by flow cytometry of IFN -stimulated cells.  Induction of CD80 or 

CD86 expression on HET-1A cells may occur as the result of other pro-

inflammatory cytokines.  Other co-stimulatory molecules, such as „inducible T cell 

co-stimulator‟ (ICOS), have been discovered and found to aid in T helper 

lymphocyte activation in a similar manner to CD80/86,(170) although their 

function is not fully understood.  Evidence also exists that epidermal 

keratinocytes in culture provide an effective signal for co-stimulation, resulting in 

T lymphocyte proliferation, that is outside the traditional CD80/86 pathway.(171)  

It is possible that the process of isolating and culturing T helper lymphocytes 

increases their responsiveness to antigen. 

 In conclusion, we have found that esophageal epithelial cells express 

MHC class II in vivo and this expression is altered in EoE.  We have 

demonstrated that esophageal epithelial cells are able to engulf, process and 

present antigen, and to stimulate T helper lymphocyte activation by presenting 

antigen.  Although a multitude of cytokines may be involved in EoE, these 

mechanisms are regulated in part by the inflammatory cytokine IFN , which is 

increased in the esophageal mucosa of patients with EoE.  These findings 

support a role for non-professional antigen presentation by esophageal epithelial 

cells in the pathogenesis of EoE. 
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Chapter 4 

 

 

Toll-like receptors 2 and 3 are expressed on esophageal 

epithelial cell lines and are present on esophageal eosinophils 

during inflammation 
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4.1 ABSTRACT 

Background:  Recently, the emergence of the chronic idiopathic disease 

eosinophilic esophagitis (EoE) has prompted a widespread interest in the 

immunobiology of the esophagus.  This disease is characterized by infiltration of 

eosinophils into the esophageal epithelium and may be mediated by the immune 

system.  Activation of toll-like receptors (TLRs) in other tissues is known to 

initiate eosinophil infiltration, thus TLRs may be a potential mediator of 

esophageal eosinophilia.  Little is known about TLRs in the esophagus.  Previous 

work has identified TLR2 and TLR3 expression on the TE-1 esophageal 

adenocarcinoma-derived cell line.  Indirect evidence also exists that TLR2 and 

TLR3 are expressed on primary esophageal epithelial cells and signal through 

NF- B. 

Objective: To identify and compare the presence of TLR2 and TLR3 on 

esophageal epithelial cell lines, primary epithelial cells and mucosal esophageal 

biopsies and to determine the activation of these receptors by antigen and thus 

determine their possible contribution to the pathophysiology of EoE. 

Methods: TLR2 and TLR3 were identified by fluorescent immunocytochemistry 

and immunoblot.  Reverse transcriptase-polymerase chain reaction was used to 

assess alterations to gene expression by activation of TLR2 and TLR3 with 

pathogen associated molecular pattern-containing molecules.  
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Immunohistochemistry was used to investigate the co-localization of eosinophil 

derived neurotoxin and TLR2 or TLR3 on esophageal mucosal biopsies from 

normal patients, patients with reflux disease and patients with EoE. 

Results: TLR2 and TLR3 were expressed on the esophageal adenocarcinoma-

derived cell lines TE-1 and TE-7, but only TLR3 was present on the SV-40 

transformed esophageal epithelial cell line HET-1A.  TLR2 and TLR3 were found 

to be functional in the cell lines by increased thymic stromal lymphopoietin 

(TSLP) gene expression in response to treatment with ligands zymosan and 

polyI:C.  Primary esophageal epithelial cells did not express TLR2 or TLR3.  In 

esophageal mucosal biopsies, expression of TLR2 and TLR3 was limited to 

eosinophils and other immune cells from patients with EoE and 

gastroesophageal reflux disease. 

Conclusions: Differential expression of TLR2 and TLR3 exists between 

esophageal epithelial cell lines, which express these receptors, and primary 

esophageal epithelial cells, as well as esophageal mucosal biopsies, where 

epithelial TLR2 and TLR3 expression is not present.  TLR2 and TLR3 are 

expressed on infiltrating immune cells, including eosinophils, which are present 

during esophagitis. 

 

4.2 INTRODUCTION 

Eosinophilic esophagitis (EoE) is a chronic inflammatory condition localized to 

the esophagus and characterized by high numbers of infiltrating eosinophils in 
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the esophageal epithelium.  EoE has a heterogeneous clinical presentation, but 

commonly includes atopic, male patients with symptoms of dysphagia or a 

history of food impaction, endoscopic features such as trachealization or linear 

furrowing, and histologic features including eosinophil infiltration, basal epithelial 

hyperplasia and vascular papillae elongation.(1)  The cause of EoE is 

unknown.(172)  Based on previous molecular studies, EoE may be a „mixed‟ IgE-

mediated/delayed-type hypersensitivity reaction.(173)  In similar mixed-type 

hypersensitivity-mediated diseases, such as atopic dermatitis and eosinophilic 

colitis, a role for the toll-like receptors and the innate immune system has been 

identified.(174, 175)  Therefore, it is possible that the pathogenesis of EoE is 

regulated by the innate immune system.  Toll-like receptors (TLRs) are a 

subfamily of pattern recognition receptors of the innate immune system that 

detect specific pathogen-associated molecular patterns (PAMPs). 

TLR2 detects multiple PAMPs including bacterial glycolipids, lipoproteins, 

fungal β-glucan and the eosinophil product „eosinophil derived neurotoxin‟ 

(EDN).(176).  TLR2 has been previously identified on the esophageal 

adenocarcinoma-derived TE-1 cell line.(177)  Activation of TLR2 on TE-1 cells 

using synthetic Escherichia coli-type triacyl lipopeptide (Pam3CSSNA) lead to 

secretion of β-defensin-2, but not interleukin (IL)-6, IL-8 or monocyte 

chemoattractant protein (MCP)-1.(177)  In mice, aerosolized administration of the 

mould Aspergillus fumigatus leads to eosinophil infiltration and inflammation in 

the esophagus.(34)  A. fumigatus is known to contain PAMPs which activate 
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TLR2.(178)  It is possible that activation of TLR2 in the esophagus by PAMPs 

derived from microbes such as E. coli or A. fumigatus initiates an immune 

response in susceptible individuals leading to eosinophil infiltration and 

degranulation.  Activation of eosinophils involves EDN release, which would 

further activate TLR2 and propagate the inflammatory response. 

TLR3 detects double stranded RNA, a component of many common 

viruses.(179)  Uehara et al. discovered TLR3 expression on TE-1 cells.(177)  

This study found that the activation of TLR3 following treatment with the synthetic 

analog of double stranded RNA, polyinosinic:polycytidylic acid (polyI:C), resulted 

in secretion of β-defensin-2, but not IL-6, IL-8 or MCP-1.(177)  Lim et al. found 

mRNA expression of TLR3 by polymerase chain reaction in primary esophageal 

epithelial cells.  This study also demonstrated that treatment of cell cultures with 

polyI:C resulted in activation of the nuclear factor (NF)- B signaling pathway 

(assayed by immunoblot) and IL-8 secretion (assayed by enzyme-linked 

immunosorbent assay, ELISA).(180)  In bronchial epithelial cells, double 

stranded RNA activates TLR3, leading to an increase in production of Th2-

associated cytokines and receptors including the eosinophil chemokine eotaxin-

3, which may then lead directly to local eosinophil infiltration.(181)  It is possible 

that activation of TLR3 in the esophageal mucosa activates a similar Th2 

cytokine cascade, which is followed by eosinophil infiltration. 

Microbial products would likely be responsible for initial activation of TLR2 

or TLR3 in the esophagus.  Recently, evidence of bacterial colonization of the 



98 

 

esophagus has been published.(182)  By utilizing 16S RNA polymerase chain 

reaction (PCR) analysis and genotyping the reaction products, 95 bacterial 

species were identified in esophageal biopsies from healthy volunteers.(182)  

Subsequent studies have demonstrated that in patients with gastroesophageal 

reflux disease (GERD) and Barrett‟s esophagus the local microbiome is 

significantly altered.(183, 184)  The 16S RNA PCR technique has not yet been 

used to investigate biopsies from patients with EoE, but it is likely that patients 

with EoE also have an altered local microbiome, due to the ongoing local 

inflammatory response present in these individuals.  It is possible that patients 

with EoE have decreased amounts of microbes in their esophagus because of 

the antimicrobial products (such as reactive oxygen species)(185) that are known 

to be produced by eosinophils. 

Both TLR2 and TLR3 may play a role in the pathogenesis of EoE.  Thymic 

stromal lymphopoeitin (TSLP) is a gene over expressed in EoE,(101) that may 

link the innate immune system to EoE.  These TLRs may act to detect antigen in 

the esophagus leading to eosinophilic inflammation.  We hypothesize that pattern 

recognition receptors TLR2 and TLR3 are present on esophageal epithelial cells, 

and are activated by antigen and thus contribute to the pathophysiology of EoE. 

 

4.3 MATERIALS AND METHODS 

The Queen‟s University Health Sciences Research Ethics Board approved this 

study. 
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Culture Conditions 

The HET-1A cell line is an SV-40 immortalized human esophageal epithelial cell 

line (CRL-2692; ATCC, Manassas, VA).(186)  HET-1A cells were grown in LHC-

9 (Gibco, Carlsbad, CA) serum free media.  TE-1 and TE-7 esophageal 

adenocarcinoma-derived cell lines (obtained by permission from the International 

Agency for Research on Cancer, through Dr. C. Blanchard) were grown in RPMI 

1640 medium supplemented with 10% fetal calf serum (Gibco).  All culture media 

was changed every 48 hours and cells were passaged by trypsinization and 

replated once a week.  Cell cultures were treated with zymosan (10-100 g/mL, 

InvivoGen, San Diego, CA), polyI:C (10-100 g/mL, InvivoGen) or polyinosinic 

acid (polyI, 100 g/mL, InvivoGen).  PolyI is a synthetic single stranded RNA 

analog that can be used as a negative control for polyI:C. 

 Primary cells were obtained from esophageal biopsies of patients 

undergoing upper endoscopy for upper gastrointestinal (GI) symptoms, but 

without any specific esophageal symptoms, endoscopic features or pathology.  

Biopsies taken for primary culture were mechanically dissociated with 2 mL 

Hank‟s buffered salt solution (HBSS) with collagenase (7 mg/mL, Worthington 

Biochemical Corporation, Lakewood, NJ) and dispase (7 mg/mL, Roche, Basel, 

Switzerland), placed at 37°C for 30 min and then triturated with a 9” Pasteur 

pipette.  Cells were then centrifuged at 200 × g for 10 min and the pellet 

resuspended in 1.5 mL HBSS containing 0.025% trypsin (Sigma-Aldrich, 
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Oakville, ON).  Cells were again placed at 37°C for 75 min, then further triturated.  

1.5 mL of soybean trypsin inhibitor (Invitrogen, Carlsbad, CA) was added and 

cells were centrifuged at 450 × g for 5 min.  The resulting cell suspension was 

cultured in keratinocyte serum free media supplemented with epidermal growth 

factor (1 ng/mL, Invitrogen) and bovine pituitary extract (45 g/mL, Invitrogen) for 

three to four months.(78, 187-189) 

 

Immunocytochemistry 

For immunocytochemistry, cell lines were seeded into 6 well plates with 22×22 

mm glass coverslips in the well and allowed to acclimatize for 24 hours.  

Coverslips had been sterilized by irradiation under ultraviolet light for a minimum 

of 2 hours prior to use.  Cells were fixed in methanol for 20 min at -20°C, then 

permeablized in phosphate buffered saline (PBS) with 0.05% Triton X-100 

detergent and blocked for 30 min with 5% donkey serum, 0.02% azide and 

0.02% Tween-20 in PBS.  Cells were counterstained for 5 min in 8 ng/mL 

Hoechst dye and incubated for 1 h in primary antibody.  Primary antibodies used 

were mouse anti-human TLR2 (1:50, Abcam, Cambridge, MA), mouse anti-

human TLR3 (1:100, Abcam) and mouse anti-human pancytokeratin (1:100, 

Abcam).  Cells were then treated with donkey anti-mouse secondary antibody 

(1:100, Abcam) conjugated to DyLight 488 fluorochrome.  Coverslips were then 

mounted onto slides in 1:1 PBS-glycerol.  Fluorescence was evaluated and 

images obtained using a Nikon Eclipse TE-2000U microscope with a Nikon DXM 
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1200C digital camera (Nikon, Mississauga, Ontario, Canada) and NIS-Elements 

BR version 2.30 software. 

 

Preparation of patient biopsies for immunostaining 

Esophageal mucosal grasp biopsies were taken from patients (n=3 for each 

condition) undergoing upper endoscopy for upper GI symptoms.  Biopsies taken 

for histology were immediately placed in 10% neutral buffered formalin and then 

embedded in paraffin wax.  Slides were prepared with 4 m sections of tissue for 

routine histopathology and for immunohistochemistry.  Routine histopathology 

analysis was performed with a hematoxylin-phloxine-saffron stained tissue 

section. 

Patients were diagnosed with gastroesophageal reflux disease (GERD) if 

they had esophageal symptoms, endoscopic features of reflux disease and 

inflammatory changes (inflammatory cell infiltration, basal epithelial hyperplasia 

and elongated vascular papillae), but <15 eosinophils per maximal ×400 high 

power field (HPF).(123, 124)  EoE was diagnosed as outlined in the 

internationally recognized diagnostic guidelines.(1)  Patients with EoE had: (1) 

symptoms of esophagitis, (2) the possibility of GERD or other causes of 

esophagitis excluded and (3) histopathology demonstrating ≥15 intraepithelial 

eosinophils per maximal HPF.  Normal eosinophil levels were reported in the 

stomach and duodenum in all patients. 
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Dual Stain Immunohistochemistry 

Dual immunostaining for EDN and TLR2 or TLR3 was performed on biopsies 

from normal control patients and patients with GERD and EoE.  Biopsies were 

obtained and processed in the same manner described above.  Non-specific 

staining was blocked with a solution of 5% goat serum, 5% donkey serum, 0.02% 

azide and 0.02% Tween-20 in PBS for 30 min.  Primary antibodies included were 

rabbit anti-human EDN (1:200, Abcam) and either mouse anti-human TLR2 or 

TLR3 (as described above).  Slides were incubated in the TLR/EDN antibody 

cocktail for 12-16 hours.  The secondary antibody cocktail consisted of donkey 

anti-mouse IgG conjugated to DyLight 488 (1:50, Abcam) and goat anti-rabbit 

IgG conjugated to Cy5 (1:200, Abcam).  Slides were then counterstained with 

Hoechst dye (8 ng/mL) for 10 minutes, mounted in a 1:1 solution of PBS:glycerol, 

visualized and photographed.  A negative control tissue section was stained in 

parallel for each experimental tissue section.  When staining negative control 

tissue, slides were prepared in exactly the same manner as the positive staining 

except that the primary antibodies were replaced with non-specific 

immunoglobulin G.  Tissue sections were initially stained with each primary 

antibody individually to optimize dilutions and incubation times. 

 

Western Blot 

Protein lysates from cell cultures and biopsies were rinsed with PBS containing 

sodium fluoride (25 mM) and sodium vanadate (1 mM) then scraped into a 
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protein lysis buffer containing a cocktail of protease inhibitors (10 mM Tris HCl at 

pH=7.4, 1 mM EGTA, 1 mM EDTA, 0.25 M sucrose, 1% Triton X-100, 1 mM 

dithiothreitol with 10 g/mL of protease inhibitors: aprontin, leupeptin, calpain, 

and 100 g/mL Pefabloc (Pentapharma, London,UK)) and sonicated for 60 

seconds.  30-50 g protein from each individual sample was resolved on a 10% 

SDS polyacrylamide gel, wet transferred to immobilon paper, blocked with 5% 

non-fat milk in tris buffered saline with 0.01% Tween-20 (TBST) and incubated in 

TBST+5% non-fat milk with mouse anti-human TLR2 (1:10,000, Abcam) or 

mouse anti-human TLR3 antibody (1:1000, Abcam) overnight.  Blots were then 

incubated with goat anti-mouse secondary antibody conjugated to horseradish 

peroxidase conjugated (1:10,000, Cell Signaling, Danvers, MA) for 1 h.  

Development was performed using a luminol and peroxide chemiluminescence 

development system (Supersignal West Pico, ThermoFisher, Houston, TX). 

 

Reverse Transcriptase-Polymerase Chain Reaction 

Following treatment with PAMPs as detailed above, cells were washed twice with 

PBS and total RNA was obtained using the Trizol (Invitrogen) method, following 

the manufacturer‟s instructions.  Total RNA (1 g) was reverse transcribed using 

the First Strand cDNA Synthesis Kit (Roche) and avian myoblast virus-reverse 

transcriptase (Roche) according to the manufacturer‟s instructions.  Primer pairs, 

annealing temperatures and optimized cycle numbers used were as follows: 

thymic stromal lymphopoietin (TSLP), 5‟-CCC AGG CTA TTC GGA AAC TCA-3‟ 
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and 5‟-ACG CCA CAA TCC TTG TAA TTG TG-3‟, 57.0°C for 40 cycles; 

glyceraldehyde 3-phosphate dehydrogenase (GAPDH), 5‟-TTA GCA CCC CTG 

GCC AAG G-3‟ and 5‟-CTT ACT CCT TGG AGG CCA TG-3‟ (541 bp) or 5‟-GTT 

GCC ATC AAT GAC CCC TTC-3‟ and 5‟-GTG GGC CAT GAG GTC CAC-3‟ (672 

bp), 55.0°C for 23 cycles for both.  Polymerase chain reaction (PCR) cycles were 

94°C for 30 seconds, the given annealing temperature (57.0 or 55.0°C) for 30 

seconds and 72°C for 60 seconds.  GAPDH expression was used as an internal 

loading control and H2O in place of cDNA served as a negative control.  PCR 

products were visualized after 45 min of electrophoresis on a 1% agarose gel.  

Primer specificity was confirmed by BLAST analysis. 

 

4.4 RESULTS 

Toll-Like Receptor 2 

HET-1A, TE-1 and TE-7 cell lines were grown on coverslips and immunostained.  

TE-1 and TE-7 cell lines had positive (green) immunostaining for TLR2 (Figure 

4.1A).  The specificity of the anti-TLR2 primary antibody was confirmed by 

Western blot using lysates from the same cell lines and probing with the same 

antibody (Figure 4.1B).  A distinct band was found at the expected molecular 

weight (104 kDa) in the lanes containing TE-1 and TE-7 cell lysates.  No 

evidence of TLR2 expression was found on the HET-1A cell line, either by 

immunocytochemistry or by Western blot. 
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Figure 4.1  Expression of TLR2 on TE-1 and TE-7, but not on HET-1A 

esophageal epithelial cell lines.  (A) Immunocytochemistry on HET-1A, TE-1 and 

TE-7 esophageal cell lines.  Positive (green) staining, indicative of TLR2 

expression was found on the TE-1 and TE-7 cell lines, but not on the HET-1A cell 

line (n=3, representative images are shown).  Negative controls were performed 

for all three cell lines investigated, an example from the TE-1 cell line is shown 

(right-most column).  Hoechst dye was used for nuclear counterstaining (second 

row).  A merge of the green, blue and red channels (with green and red channel 

exposure time equal) demonstrates that the green channel signal was specific 

(bottom row).  Original magnification: ×400.  (B) TLR2 expression identified by a 

single band (104 kDa) on a western blot of cell lysates from TE-1 and TE-7 cells 

but not in lysates from HET-1A cells, n=3. 
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 The activation of TLR2 on the TE-1 and TE-7 cell lines was determined by 

RT-PCR following zymosan treatment (Figure 4.2).  Expression of the TSLP 

gene was increased by treatment with zymosan in the TE-1 cell line following 8 h 

of treatment, regardless of the concentration of zymosan used.  TE-7 cells 

demonstrated increased TSLP following 3 h treatment with 100 g/mL or 8 h 

treatment with 10 or 100 g/mL zymosan.  For both cell lines, constitutive TSLP 

gene expression was observed.  Gene expression in the HET-1A cells was not 

analyzed since this cell line did not express TLR2. 

 Primary cells obtained from patients with no esophageal pathology and 

cultured for three months did not express TLR2 by immunostaining (Figure 4.3).  

Lymph node was used as a positive control for the TLR2 antibody, since TLR2 is 

known to be expressed on activated B lymphocytes and macrophages in human 

lymph nodes.(190) 

 Slides of esophageal mucosal biopsies from normal, GERD and EoE 

patients were immunostained for TLR2.  Biopsy staining showed TLR2 was not 

present on epithelial cells in normal conditions or in esophagitis, but TLR2+ 

immune cells were seen in biopsies from patients with both GERD and EoE.  

Dual immunostaining for TLR and EDN was performed to identify TLR2-bearing 

eosinophils.  Immune cells scattered throughout the esophageal epithelium did 

express TLR2 (Figure 4.4).  Most of the cells that expressed TLR2 (green) were 

also positive for EDN (red).  This dual positive staining (yellow) was seen in EoE 

and GERD patient biopsies only. 
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Figure 4.2  TSLP gene expression was increased following treatment of TE-1 

and TE-7 esophageal adenocarcinoma cell lines with zymosan, a TLR2 ligand.  

H2O was substituted for cDNA in the negative control reaction.  GAPDH gene 

expression was used as an internal control and its expression was unchanged for 

each condition (541 bp).  TSLP PCR product bands were found at the expected 

base pair size (118 bp), n=3. 
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Figure 4.3  TLR2 (green) was not expressed on primary human esophageal 

epithelial cells (n=3, representative images are shown).  Primary cells were 

isolated from a normal mucosal grasp biopsy and cultured in epithelial specific 

media for three months.  Human lymph node was used as a positive control for 

TLR2 staining.  Original magnification: ×400. 
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Figure 4.4  TLR2 expression in mucosal esophageal biopsies from EoE, GERD 

and normal control patients.  Dual staining between TLR2 (green) and EDN (red) 

revealed a population of eosinophils that were positive for TLR2 (yellow) and a 

population of immune cells that were not eosinophils that also express TLR2 in 

the esophageal epithelium.  For each condition, n=3 using biopsies from 

separate patients, representative images are shown.  Original magnification: 

×400. 
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Toll-Like Receptor 3 

Similar to the evaluation of TLR2 expression and function, we investigated the 

expression and function of TLR3 on esophageal epithelial cells in culture and on 

tissue from esophageal mucosal biopsies.  Immunocytochemistry for TLR3 on 

esophageal epithelial cell lines revealed expression on HET-1A, TE-1 and TE-7 

lines (Figure 4.5A).  The specificity of the antibody was corroborated by Western 

blot of lysates from the cell lines, a band was found at the expected molecular 

size (130 kDa, Figure 4.5B). 

 Treatment of HET-1A, TE-1 and TE-7 cell lines with the TLR3 ligand 

polyI:C altered TSLP gene expression (Figure 4.6).  The HET-1A cells 

demonstrated altered TSLP mRNA expression only at the highest concentration 

and time of treatment (100 g/mL polyI:C for 8 h).  TE-1 cells had maximal TSLP 

transcript induction after treatment for 8 h with 10 g/mL polyI:C treatment.  The 

TE-7 cell line had maximal TSLP transcript induction after 3 h of 10 g/mL 

polyI:C treatment.  TSLP transcript expression was not increased by treatment 

with polyI in any cell line.  The activation of TSLP gene expression by polyI:C is 

evidence that TLR3 is functional on all three esophageal epithelial cell lines. 

 The expression of TLR3 was not found on primary esophageal epithelial 

cells grown in culture for three months (Figure 4.7).  Positive control lymph node 

tissue revealed TLR3 expression on a subset of cells (likely dendritic cells).(191, 

192). 
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Figure 4.5  Expression of TLR3 on HET-1A, TE-1 and TE-7 esophageal 

epithelial cell lines.  (A) Immunocytochemistry on HET-1A, TE-1 and TE-7 

esophageal cell lines demonstrating TLR2 expression (green, n=3, 

representative images are shown in the top row).  (B) TLR3 expression identified 

by western blot of HET-1A, TE-1 and TE-7 lysates.  A single band at the 

expected size (130 kDa) was found for all three cell lines, n=3.  Original 

magnification: ×400. 
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Figure 4.6  Increased TSLP gene expression following treatment of HET-1A, TE-

1 and TE-7 esophageal epithelial cell lines with the TLR3 ligand polyI:C, but not 

following treatment with polyI.  cDNA was replaced with H2O in the negative 

control reaction.  Expression of GAPDH was used as an internal control and was 

unchanged following treatment.  TSLP PCR product bands were found at the 

expected size (118 bp), n=3. 
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Figure 4.7  Immunocytochemistry for TLR3 did not detect any expression (green) 

on primary human esophageal epithelial cells (n=3, representative images are 

shown).  Primary cells were isolated from a mucosal grasp biopsy of a normal 

esophagus and cultured in epithelial specific media for three months.  Human 

lymph node tissue was used as a positive control for TLR3 staining.  Original 

magnification: ×400. 
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 No expression of TLR3 was found on esophageal epithelial cells in the 

biopsies of normal control patients or patients with GERD or EoE.  Infiltrating 

intraepithelial immune cells did express TLR3 in inflammatory conditions of the 

esophagus (EoE and GERD).  Dual staining for TLR3 (green) and EDN (red) 

identified the majority of the TLR3+ cells as eosinophils (Figure 4.8).  Double 

positive cells (yellow) were only found in the inflammatory conditions (EoE and 

GERD). 

 To confirm the epithelial nature of the cell lines and primary cells used in 

this study, we immunostained these cultures for cytokeratin (CK) expression, 

using an antibody that recognizes CK-5, -6 and -8 and does not bind to non-

epithelial human cell types.(193)  Positive staining (green) confirmed the cell 

lines and in primary cell cultures to be 100% epithelial-derived cells (Figure 4.9).  

As a positive control, normal esophageal mucosal biopsies were shown to have 

pan-cytokeratin immunostaining on suprabasal (differentiated) epithelial cells 

(Figure 4.9, right-most column). 

 

4.5 DISCUSSION 

This study describes the presence and activation of TLR2 and TLR3 on 

esophageal epithelial cell lines and reveals that in patient biopsies these TLRs 

are only expressed on immune cells infiltrating the epithelium during 

inflammatory conditions, but not on epithelial cells.  It was found that the majority 

of TLR2 and TLR3 expression in patient biopsies is on intraepithelial eosinophils,  
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Figure 4.8  TLR3 was expressed on immune cells in mucosal esophageal 

biopsies from EoE and GERD patients.  Dual staining of TLR3 (green) and EDN 

(red) revealed a population of eosinophils that expressed TLR3 (yellow) and 

another population of immune cells within the esophageal epithelium that were 

not eosinophils that also express TLR3.  n=3 for each condition using biopsies 

from separate patients, representative images are shown.  Original magnification: 

×400. 
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Figure 4.9  Immunocytochemistry demonstrating pan-cytokeratin expression 

(green) in HET-1A, TE-1, TE-7 and primary esophageal epithelial cells (n=3, 

representative images are shown).  This positive staining indicated the cells were 

epithelial in origin.  Esophageal mucosal biopsies from normal patients 

demonstrating pan-cytokeratin staining the suprabasal region were used as a 

positive control.  Original magnification: ×400. 
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which are only present in inflammatory conditions.  The role of TLRs in the 

esophagus may be important because of the possible role of the innate immune 

system in esophageal pathology and also because of the recent discovery of an 

esophageal microbiome, which could activate local TLR signaling.  It is possible 

that other TLRs are expressed in the esophagus, this study focused on the 

possible roles of TLR2 and TLR3 only. 

 This study complements the existing literature regarding TLRs in the 

esophagus.  Initially Uehara et al. found that TLR2 is expressed on the TE-1 

esophageal adenocarcinoma cell line.(177)  That study also described PAMP 

activation of TLR2 resulting in β-defensin-2 secretion.  Interestingly, Lim et al. 

found that similar TLR2 activation of primary esophageal epithelial cells did not 

stimulate the NF- B pathway (by immunoblot analysis) and did not induce IL-8 

secretion (by ELISA).(180)  These results are similar to the present study finding 

that TLR2 is expressed on the TE-1 cell line, but not on primary esophageal 

epithelial cells.  Both this study and the Lim et al. study used long-term primary 

cultures.  It is possible that TLR2 expression on epithelial cells in the esophagus 

is limited to gland-derived or cancer cells, as only the adenocarcinoma cell lines 

TE-1 and TE-7 expressed functional TLR2, but primary cells evaluated in two 

separate studies did not express functional TLR2.(180) 

Lim et al. did find that activation of TLR3 on primary esophageal epithelial 

cells occurred following stimulation by polyI:C.  This treatment resulted in both 

NF- B signaling pathway activation and IL-8 secretion.  In contrast, Uehara et al. 
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found that TLR3 activation in TE-1 cells lead to β-defensin-2 secretion, but did 

not lead to any change in IL-8 secretion.(177)  This differential activity in culture 

models fits with our findings of differential expression of TLR3 in esophageal cell 

lines and primary esophageal epithelial cells.  We found that TLR3 was 

expressed on HET-1A, TE-1 and TE-7 cell lines, however no TLR3 expression 

was detected on our primary esophageal epithelial cells following three months in 

culture. 

 Differential expression of TLRs has been described in cell culture models 

of other mucosal epithelia.  TLR3 and TLR4 expression and function differs in 

primary human intestinal epithelial cell cultures from different disease 

states.(194)  Subsequent studies have shown that the activation of one TLR in 

intestinal epithelial cells can alter gene expression of other TLRs.(195)  In human 

bronchial epithelial cell cultures, TLR2 expression was found to be present, but 

only marginally responsive to PAMP stimulation.(196) 

Based on our findings, the majority of intraepithelial immune cells that 

express TLR2 and TLR3 are eosinophils.  Eosinophils are present in the 

esophageal epithelium only during inflammatory conditions.  The activation of 

other immune cells during non-EoE inflammation could attract eosinophils (which 

bear TLR2 and secrete EDN) to the esophageal epithelium, which would further 

activate TLR2, leading to the chronic inflammatory state seen in patients with 

EoE. 
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TSLP gene expression was chosen as a read-out of TLR2 and TLR3 

activation because this gene has been used previously to identify TLR3 

activation in primary esophageal epithelial cells.(102)  This previous study 

contrasts with the present findings that primary esophageal epithelial cells do not 

express TLR3.  This discrepancy could be due to methodological differences in 

primary cell isolation.  Sherrill et al. initially grew their isolates on a feeder layer of 

fibroblasts for two weeks to establish a monoculture, while our isolation strategy 

was to grow the isolates in epithelial specific media long-term, until the culture 

consisted of 100% cytokeratin+ epithelial cells.  The presence of fibroblasts in 

culture may have influenced expression of TLR3.  A single nucleotide 

polymorphism in the TSLP gene was identified in the study by Sherill et al. and a 

genome wide association study was linked to patients who develop EoE when 

compared to both normal and atopic control patients.(101, 102)  TSLP gene 

expression in response to TLR2 and TLR3 activation has also been 

demonstrated in other epithelial cell types.(197-199) 

 The esophageal microbiome identified using 16S ribosomal RNA 

genotyping indicated that there may be PAMPs in the esophageal lumen that 

could activate local TLR signaling.(182)  One of the limitations of the methods 

used to characterize these microbes is that they are based only on RNA, not the 

presence of live bacteria.  The presence of bacterial RNA in the esophagus could 

reflect live bacteria colonizing the esophagus, but may also include the by-
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products of dead microbes, which have been swallowed.  This does not discount 

the possibility that these products could still activate local TLR signaling. 

 Even though we have disproven our hypothesis and found that TLR2 and 

TLR3 expression is present on esophageal epithelial cell lines, but not present on 

esophageal epithelial cells in vivo, there may still be a role for TLR2 and TLR3 in 

esophageal disease.  Epithelial TLR expression could depend on the 

differentiation stage of the cell cultures and expression may be induced in certain 

culture conditions.  Recent studies have characterized other cellular receptors 

that detect zymosan beyond TLR2 such as dectin-1(200) and „mast cell-

expressed complement receptor‟,(201) which, to our knowledge, have yet to be 

investigated in the esophagus.  An emerging concept in the literature is that 

microbial detection by host cells is somewhat more complicated than initially 

thought.(202, 203) 

Future studies will be needed to understand the sources of activation of 

TLR2 and TLR3 in the esophagus and the role of these processes in the 

pathophysiology of esophagitis.  Esophageal TLRs may prove to be useful 

therapeutic targets in EoE, since they may participate in the maintenance of the 

inflammatory state.  TLRs may also have a protective role in the esophagus 

through monitoring of normal commensal bacteria, as has been demonstrated in 

the small intestine.(204) 
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Chapter 5 

 

 

Atopic and non-atopic eosinophilic esophagitis is distinguished 

by the presence of increased IgE-bearing intraepithelial mast 

cells 

 



122 

 

 

5.1 ABSTRACT 

Background: Eosinophilic esophagitis (EoE) is a disease that commonly occurs 

in atopic individuals and features mucosal eosinophils and mast cells.  Patients 

may have local IgE-mediated hypersensitivity; however, the role of mast cells 

and IgE in the pathophysiology of EoE is not fully understood.  The differences 

between the density of these cells in the epithelium and lamina propria have not 

been investigated.  Little is known about EoE in non-atopic individuals or whether 

phenotypic differences exist between patients. 

Objective: To determine if IgE-bearing mast cell density is increased in the 

esophageal epithelium and lamina propria of patients with EoE and in patients 

with concurrent atopy. 

Methods: Esophageal biopsies with 4 high power fields of both epithelium and 

lamina propria were identified for control (n=9), GERD (n=5) and EoE (n=25) 

patients.  Immunohistochemistry identified tryptase (mast cells), CD20 (B 

lymphocytes) and IgE.  Eosinophils were identified by hematoxylin-phloxine-

saffron stain or immunostaining for eosinophil-derived neurotoxin (EDN).  Dual 

immunostaining was used to investigate the presence of IgE+tryptase+ and 

IgE+EDN+ cells.  Cell density was calculated by dividing the area of the 

epithelium or lamina propria by the number of positive cells in that compartment. 
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Results: Intraepithelial eosinophil density correlated with B lymphocyte and IgE+ 

cell density.  Eosinophil density was increased in the lamina propria in EoE 

patients.  The increase in intraepithelial IgE+ cell density in EoE and atopy did not 

correlate with a concurrent increase in B lymphocyte density.  Intraepithelial IgE-

bearing mast cell density was increased in biopsies from patients with EoE and 

was significantly higher in biopsies from EoE patients with a history of atopy.  

Mast cell and B lymphocyte density were not correlated in the esophageal 

mucosa.  Patient age negatively correlated with intraepithelial eosinophil density. 

Conclusions: IgE-bearing mast cells are in increased atopic EoE patients.  A 

subgroup of non-atopic EoE patients has been identified.  The accepted practice 

of counting eosinophils in the maximal high power field was validated. 

 

5.2 INTRODUCTION 

Eosinophilic esophagitis (EoE) is an emerging disorder of the esophagus.  

Patients present with a variety of symptoms and signs of esophagitis and by 

definition have high numbers of intraepithelial eosinophils in their esophageal 

mucosa.  The patient population is heterogeneous, but consists mostly of 

adolescent and young adult males with a history of atopy.  Allergy testing has 

revealed that the majority of EoE patients have identifiable hypersensitivity to 

both food and aeroallergens, although approximately 20% have no detectable 

sensitization.(205)  Thus, a portion of EoE cases may be related to classic 

immunoglobulin E (IgE)-mediated Type I hypersensitivity. 
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The role of B lymphocytes and IgE in EoE is not well understood.  One 

study found no significant change in B lymphocyte (CD20+) number in biopsies 

from normal, gastroesophageal reflux disease (GERD), untreated or 

corticosteroid treated EoE patients.(54)  In that study, intraepithelial IgE+ cells 

were found only in untreated EoE patients and not detected in healthy controls, 

GERD controls or corticosteroid treated EoE patients.  A second study described 

a significant increase in B lymphocytes (CD20+) in both the epithelium and the 

lamina propria of patients with EoE when compared to healthy controls.(69)  The 

same study found evidence of local B lymphocyte class switching to IgE 

expression and a significant correlation between intraepithelial B lymphocytes 

and mast cells (r=0.744).(69)  It is possible that the discrepancies in these 

studies are due to differences in the method of counting or the demographics of 

the patient populations. 

Mast cells reside in the lamina propria and in the basal epithelial layers of 

the esophagus in normal human biopsies.  Tryptase immunostaining has 

identified increased numbers of mast cells in the esophageal mucosa as a 

feature of EoE.(40, 55)  Treatment with topical fluticasone propionate for three 

months did not significantly decrease mast cell infiltration.(54)  In a guinea pig 

model of EoE, where aerosolized ovalbumin was used to induce disease, mast 

cells preceded eosinophils into the mucosa.(56)  These findings support a role 

for mast cells, rather than eosinophils, in the pathogenesis of EoE. Several 

groups have examined the presence of IgE+ cells in esophageal epithelium.(40, 



125 

 

54, 55)  Vicario et al. showed that a subgroup of IgE-bearing cells were CD117+, 

likely mast cells, present in EoE and some control patients.(69)  Mast cells are 

activated by cross-linking of surface-bound IgE by antigen, but it is not known if 

this occurs in the esophageal mucosa. 

The lamina propria of the esophagus is not always present in endoscopic 

biopsies,(24) but it may contribute to the pathogenesis of EoE.  Little is known 

about the role of immune cells in the lamina propria and this has not been 

studied systematically.  In this study, esophageal biopsy specimens were 

evaluated to determine differences in the density of mast cells and IgE-bearing 

cells in the epithelium and lamina propria compartments of the esophageal 

mucosa by comparison with biopsies from normal control patients and patients 

with GERD and EoE (with and without atopy).  We also aimed to investigate 

demographic influences, such as age and gender, on the density of eosinophils 

and mast cells in the epithelium and lamina propria compartments of the 

esophageal mucosa by comparing biopsies from normal control patients and 

patients GERD and EoE (with and without atopy).  Only biopsies with lamina 

propria as well as epithelium were chosen and the entire tissue available in both 

of these compartments was analyzed.  In previous studies, a relatively small 

amount of the total biopsy area available was evaluated and counting methods 

were highly varied.  The present study methodology evaluates all of the available 

biopsy tissue, minimizing selection bias and enabling a more universal 

assessment of cell density.  The novel assessment of the lamina propria may 
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provide clues to the pathogenesis of EoE by identifying the role of this connective 

tissue compartment in the disease process.  We hypothesize that IgE-bearing 

mast cell density, but not B lymphocyte density, is increased in the esophageal 

epithelium and lamina propria of patients with EoE and in patients with 

concurrent atopy. 

 

5.3 MATERIALS AND METHODS 

Patients 

Study patients (Table 5.1) were identified from our database of esophageal 

mucosal biopsies from 1997-2010.  Biopsies were screened, using routine 

hematoxylin-phloxine-saffron (HPS) stained slides.  The biopsies that met the 

study criteria of ≥4 high power fields (HPFs) of both epithelium and lamina 

propria were included.  Patients were diagnosed as having EoE (n=25) by the 

accepted clinical criteria.(1)  Criteria for the diagnosis of EoE were: (1) 

presentation with symptoms and signs of esophagitis, (2) the possibility of GERD 

excluded and (3) an esophageal biopsy containing at least one HPF with ≥15 

intraepithelial eosinophils.  These patients also did not have abnormal eosinophil 

counts in stomach or small bowel biopsies.  GERD patients (n=5) were 

diagnosed by symptoms, endoscopic features and histopathologic features of 

acid reflux, including <15 eosinophils per maximal HPF.(123, 124)  Normal 

control patients (n=9) had endoscopy and biopsies for upper GI symptoms, but 

had no specific esophageal symptoms and no signs of macro- or microscopic 
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Table 5.1  Study patient demographic and histopathologic characteristics. 

Gender Age Diagnosis Symptoms Endoscopic Findings Atopy Eos/HPF 

F 8 NL None Hiatal Hernia NA 0 

M 3 NL None None NA 0 

F 11 NL Chest Pain None NA 0 

M 57 NL None None A 0 

M 14 NL Vomiting None NA 0 

M 2 NL Feeding Aversion None A 0 

F 15 NL Nausa, Abdominal Pain None NA 0 

M 65 NL None None NA 0 

F 13 NL Abdominal Pain None UK 0 

M 13 GERD Retrosternal Pain Nodularity, Furrowing NA 1 

F 15 GERD Abdominal Pain, Vomiting None A 2 

F 13 GERD Abdominal Pain, Heartburn None NA 3 

F 9 GERD Heartburn Erosions NA 3 

M 14 GERD Heartburn Hiatal Hernia, Furrowing, Rings NA 4 

F 27 EoE Dysphagia None A 19 

M 18 EoE Gas/Bloating None NA 19 
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M 13 EoE Dysphagia White Plaques, Linear Furrowing, Friability A 22 

M 50 EoE Dysphagia Food Impaction, Trachealization NA 24 

M 31 EoE Dysphagia, Past Food Impactions Food Impactions NA 30 

M 2 EoE Vomiting Furrowing, Edema, Hiatal Hernia A 36 

M 6 EoE Dysphagia None A 39 

M 2 EoE 

Feeding Aversion, Failure to 

Thrive Furrowing, Trachealization A 46 

M 32 EoE Heartburn Hiatal Hernia, LA Class I Esophagitis NA 47 

M 21 EoE 

Dysphagia, History of Food 

Impactions Furrowing, Trachealization A 59 

F 11 EoE Abdominal Pain White Plaques A 63 

M 17 EoE Heartburn, Nausea Furrowing A 63 

M 14 EoE Dysphagia Trachealization A 66 

M 10 EoE Epigastric Pain Furrowing NA 69 

M 14 EoE Heartburn Furrowing NA 73 

M 14 EoE Dysphagia, Past Food Impaction 

Hiatal Hernia, Furrowing, Nodularity, 

Erosions A 76 

M 15 EoE Dysphagia Furrowing A 82 
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M 10 EoE Dysphagia, Heartburn White Papules, Furrowing A 82 

F 7 EoE Vomiting White Plaques, Trachealization NA 83 

F 17 EoE Retrosternal Pain, Dysphagia Furrowing A 102 

M 27 EoE Dysphagia, Weight Loss Hiatal Hernia, LA Class I Esophagitis A 103 

M 17 EoE Abdominal Pain Furrowing A 111 

M 18 EoE Dysphagia, Heartburn Trachealization A 111 

M 23 EoE Dysphagia Trachealization, Furrows, White Papules A 225 

M 39 EoE Dysphagia Trachealization NA 231 

 

A, atopy; F, female; M, male; NA, non-atopic; NL, normal; UK, unknown A, atopy; F, female; M, male; NA, non-atopic; NL, 

normal; UK, unknown 
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inflammation in the esophagus.  Atopy was defined as a clinical history of Type I 

hypersensitivity including positive skin prick tests, positive IgE ImmunoCAP test, 

anaphylaxis or diagnosis by an allergist of allergic asthma, allergic rhinitis or food 

allergy.  The Queen‟s University Health Sciences Research Ethics Board 

approved this study. 

 

Single stain immunohistochemistry 

Mucosal biopsies obtained for routine histopathological analysis during upper 

endoscopy were placed in 10% neutral buffered formalin and then embedded in 

paraffin.  Slides were prepared with two 4- m tissue sections, one for 

immunostaining and one to act as a negative control, where the primary antibody 

was replaced with mouse IgG (Santa Cruz Biotechnology, Santa Cruz, CA).  The 

tissue was rehydrated and endogenous peroxidase activity was quenched by 

immersion in 3% H2O2 for 10 minutes.  Non-specific binding was blocked with 30 

minutes of 5% goat serum, 0.02% azide and 0.02% Tween-20 in phosphate 

buffered saline (PBS).  Primary antibody was applied overnight and consisted of 

mouse anti-human mast cell tryptase (1:200, DakoCytomation, Glostrup, 

Denmark), mouse anti-human CD20 (1:100, AbD Serotec, Oxford, UK) or mouse 

anti-human IgE (1:200, Abcam, Cambridge, MA).  Next, biotinylated goat anti-

mouse antibody (Invitrogen, Carlsbad, CA) was added to all sections for 40 

minutes.  Staining was completed using the avadin-biotin-peroxidase complex 

method with 3,3‟-diaminobenzidine substrate and one minute of hematoxylin 
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counterstain.  Slides were cover-slipped and mounted in Permount (Thermo 

Fisher Scientific, Hampton, NH).  Immunostaining was visualized (Figure 5.1) on 

a Nikon Eclipse TE-2000U microscope and pictures were taken with a Nikon 

DXM 1200C digital camera (Nikon, Mississauga, Ontario, Canada) and NIS-

Elements BR version 2.30 software.  Positive (brown) stained cells were counted 

as either intraepithelial or within the lamina propria. 

 

Dual label immunohistochemistry 

For dual label immunohistochemistry, biopsies were processed and slides 

prepared in the same way as specified above for single immunohistochemistry.  

Tissue sections were blocked with a solution of 5% goat serum, 5% donkey 

serum, 0.02% azide and 0.02% Tween-20 in PBS for 30 minutes.  A cocktail of 

primary antibodies was applied overnight, as was a preparation of each individual 

antibody and a negative control tissue section.  Primary antibodies were either a 

cocktail of mouse anti-human mast cell tryptase (1:200, DakoCytomation) and 

rabbit anti-human IgE (undiluted, Abcam) or a combination of mouse anti-human 

IgE (1:200, Abcam) and rabbit anti-human EDN (1:200, Abcam).  For negative 

control sections the primary antibodies were replaced with normal mouse IgG.  A 

cocktail of fluorochrome-conjugated secondary antibodies was then applied for 

40 minutes.  Secondary antibodies used were donkey anti-mouse conjugated to 

DyLight 488 (1:50, Abcam) and goat anti-rabbit IgG conjugated to Cy5 (1:200, 

Abcam).  Slides were then counterstained with Hoechst dye (8 ng/mL) for 10  
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Figure 5.1  Representative histologic images of stains used on esophageal 

mucosal biopsies in this study.  The same site from the same patient with EoE is 

shown in each panel. (A) Intraepithelial eosinophils visible with routine 

hematoxylin-phloxine-saffron stain, (B) Immunohistochemistry (IHC) showing 

intraepithelial tryptase+ mast cells, (C) CD20 IHC labels B lymphocytes within 

both the esophageal epithelium and lamina propria, and (D) IHC staining for IgE+ 

cells.  Original magnification: ×400. 
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minutes.  Slides were mounted in a 1:1 solution of PBS:glycerol, visualized and 

photographed with the microscope equipment described above. 

 

Area analysis and immunostained cell density determination 

Tissue area was determined by area analysis of images taken with Nikon NIS-

Elements version 2.30 software.  The boundaries of the tissue compartment were 

defined with the cursor and the area of the tissue compartment (in mm2) was 

computed from combination the calculated area of adjacent images.  Cell density 

was then calculated by counting all the immunostained cells in the epithelium and 

lamina propria of the tissue and dividing by the total area of that particular tissue 

compartment (epithelium or lamina propria).  Vascular papillae were considered 

to be a part of the lamina propria in this study. 

 

Statistical analysis 

The Kruskal-Wallis one-way analysis of variance test with Dunn‟s post test was 

used to compare cell densities from EoE, GERD and normal patient samples.  

The Mann-Whitney U test was used to compare cell densities from atopic and 

non-atopic patient samples.  Correlation was tested by linear regression and 

represented by Spearman‟s rank correlation coefficient.  Statistical significance 

was considered to be P<0.05, all tests were two tailed as applicable.  For 

comparisons that did not reach estimated statistical significance, a designation of 

„not significant‟ (NS) is indicated. 
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5.4 RESULTS 

Eosinophil density is related to maximal HPF count and intraepithelial B 

lymphocyte and IgE-bearing cell density 

As expected, intraepithelial eosinophil density was significantly higher in biopsies 

from patients with EoE when compared to biopsies from patients with GERD and 

normal patients (Figure 5.2A).  Lamina propria eosinophil density was also 

significantly greater in biopsies from EoE patients when compared to GERD and 

normal patient biopsies (Figure 5.2B), however, intraepithelial eosinophil density 

did not correlate with lamina propria eosinophil density.  No significant difference 

in intraepithelial or lamina propria eosinophil density was found when comparing 

atopic and non-atopic EoE patient biopsies (Figure 5.2C and D). 

To evaluate the utility of counting eosinophils per maximal HPF (×400 

field; the currently accepted diagnostic practice) we attempted to correlate these 

values with the entire biopsy eosinophil density (per mm2).  Overall eosinophil 

density significantly correlated with eosinophil counts per maximal HPF in the 

epithelium and total mucosa (Figure 5.3 A and C).  Lamina propria eosinophil 

density did not correlate with lamina propria eosinophil count per maximal HPF 

(Figure 5.3B).  In general, maximal intraepithelial HPF counts appeared to 

underestimate eosinophil density. 

Next, the relationship between eosinophil density and the immunostained 

cell densities was evaluated.  Intraepithelial eosinophil density correlated with B  
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Figure 5.2  Comparison of eosinophil density in (A) the epithelium and (B) the 

lamina propria of esophageal mucosal biopsies.  The density eosinophils in 

patients with EoE and the presence of an atopic comorbidity was not significantly 

altered in (C) the epithelium or (D) the lamina propria. 
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Figure 5.3  Correlation of peak eosinophil counts per maximal high power field 

with eosinophil density in (A) the epithelium, (B) the lamina propria and (C) the 

entire mucosa (epithelium and lamina propria).  Peak eosinophil count correlated 

with intraepithelial eosinophil density and total mucosa eosinophil density but not 

lamina propria density. 
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lymphocyte (Figure 5.4A) and IgE+ cell (Figure 5.4C) density.  Lamina propria B 

lymphocyte (Figure 5.4B) and IgE+ (Figure 5.4D) cell density did not correlate 

with lamina propria eosinophil density.  Mast cell density did not correlate with 

eosinophil density in either the epithelium or lamina propria. 

 

Intraepithelial mast cell density is increased in EoE 

Intraepithelial mast cell density was significantly increased in biopsies from 

patients with EoE when compared to GERD and normal patient biopsies (Figure 

5.5A).  Lamina propria mast cell density was not significantly different between 

EoE, GERD and normal patients (Figure 5.5B).  When EoE patient samples were 

stratified by atopic status, overall mast cell density was not significantly different 

in either the epithelium (Figure 5.5C) or the lamina propria (Figure 5.5D). 

 

B lymphocyte density is unchanged in esophagitis and atopy 

When comparing EoE, GERD and normal patient biopsies, there was no 

significant difference in B lymphocyte density in either the epithelium (Figure 

5.6A) or the lamina propria (Figure 5.6B).  B lymphocyte density was not 

significantly altered in EoE patients with atopy when compared to those without 

atopy in either the epithelium (Figure 5.6C) or lamina propria (Figure 5.6D). 

 

 

 



138 

 

 

Figure 5.4  A significant correlation was found between (A) intraepithelial B 

lymphocyte and eosinophil density, but not (B) lamina propria B lymphocyte and 

eosinophil density.  Similarly, a significant correlation was found between (C) 

intraepithelial IgE+ cell and eosinophil density, but not (D) lamina propria IgE+ cell 

and eosinophil density. 
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Figure 5.5  (A) Mast cell density was significantly higher in the epithelium of EoE 

patients.  (B) There was no significant difference in lamina propria mast cell 

density in EoE, GERD or normal patients. (C) Intraepithelial and (D) lamina 

propria mast cell density were not significantly different in biopsies from atopic 

and non-atopic EoE patients. 
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Figure 5.6  No difference was found in the density of (A) intraepithelial and (B) 

lamina propria B lymphocytes in EoE, GERD and normal patient biopsies or 

when dividing EoE patients with atopy from those without atopy in the (C) 

epithelium or (D) lamina propria. 
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Absence of correlation of B lymphocytes with mast cell density and IgE+ 

cell density 

There was no significant correlation between the density of B lymphocytes and 

mast cells within the esophageal epithelium (Figure 5.7A) and lamina propria 

(Figure 5.7B), or between the density of B lymphocytes and IgE+ cells within the 

esophageal epithelium (Figure 5.7C) and lamina propria (Figure 5.7D). 

 

Intraepithelial IgE+ mast cell density is increased in EoE and atopy 

Dual label immunostaining for tryptase and IgE revealed IgE-bearing mast cells 

in the epithelium (Figure 5.8A) and lamina propria (Figure 5.8B).  IgE-bearing 

mast cell density was significantly increased in the epithelium of EoE patient 

biopsies (Figure 5.8C).  In the lamina propria, IgE-bearing mast cell density was 

significantly greater in EoE patient biopsies when compared to GERD patient 

biopsies, but was not significantly different from normal control patient biopsies 

(Figure 5.8D).  In EoE patient biopsies, IgE-bearing mast cell density was 

significantly increased in patients with a history of atopy, but only in the 

epithelium (Figure 5.8E) and not in the lamina propria (Figure 5.8F). 

 

Absence of IgE+ eosinophils in the esophageal mucosa 

The possible presence of IgE-bearing eosinophils was assessed using dual label 

immunostaining for EDN and IgE.  Regardless of disease state, no IgE-bearing  
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Figure 5.7  B lymphocyte density was not correlated with mast cell or IgE+ cell 

density.  No significant correlation was found between B lymphocyte and mast 

cell density in (A) the epithelium or (B) the lamina propria of the esophageal 

mucosal biopsies analyzed.  Similarly, there was no significant correlation 

between B lymphocytes and IgE+ cells in either the (C) epithelium or (D) lamina 

propria. 
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Figure 5.8  Dual immunostaining for mast cell tryptase (green) and IgE (red) revealed 

(A) intraepithelial and (B) lamina propria IgE-bearing mast cells (yellow).  Original 

magnification: ×400.  (C) Intraepithelial IgE+ mast cells were increased in EoE when 

compared to both GERD and normal control patient biopsies.  (D) Lamina propria IgE+ 

mast cell density was significantly higher in EoE patients when compared to GERD 

controls, but there was no significant difference between lamina propria EoE and normal 

patient IgE+ mast cell density.  (E) Biopsies from EoE patients diagnosed with atopy had 

a significantly higher intraepithelial density of IgE+ mast cells when compared to EoE 

patients without atopy.  (F) There was no significant difference between atopic and non-

atopic patient lamina propria IgE+ mast cell density. 
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eosinophils were identified in either the epithelium (Figure 5.9A) or the lamina 

propria (Figure 5.9B) of the patient biopsies evaluated. 

 

Intraepithelial eosinophil density decreases as patient age increases 

Infiltrating immune cell density, as analyzed by single immunostaining for mast 

cells, B lymphocytes and IgE+ cells was not significantly influenced by gender.  

Similarly, eosinophil density as, analyzed by routine HPS staining, was not 

significantly influenced by gender. 

In EoE patient biopsies, eosinophil density in the epithelium negatively 

correlated with the patient‟s age (Figure 5.10A), that is, eosinophil density was 

greater in younger patients.  No significant correlation was found between lamina 

propria EoE patient biopsy eosinophil density and age (Figure 5.10B).  No 

significant correlation was found between age and mast cell density within the 

epithelium (Figure 5.10C) or lamina propria (Figure 5.10D) of EoE patient 

biopsies. 

 

5.5 DISCUSSION 

In the present study, we have found that mast cells bearing IgE are 

increased in the esophageal epithelium of patients with EoE and in patients with 

concurrent atopy.  Biopsies containing a substantial amount of lamina propria 

were selected for this study.  The present method of evaluating all of the 

available biopsy area including the lamina propria is novel.  Previous studies  
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Figure 5.9  IgE immunostaining (green) was not found on eosinophils (red, 

labeled by anti-eosinophil derived neurotoxin) within the (A) epithelium or (B) 

lamina propria of any esophageal mucosal biopsy, regardless of disease state.  A 

representative image from an EoE patient biopsy is shown.  Original 

magnification: ×400. 
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Figure 5.10  In EoE patients, eosinophil density in (A) the epithelial 

compartment, but not in (B) the lamina propria, correlated negatively with age.  

Mast cell density in (C) the epithelium or (D) the lamina propria was not 

correlated with age. 
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have differed in the methods of enumerating cell types, making comparisons 

difficult.  This study also establishes that intraepithelial eosinophil count per 

maximal HPF is a comparable measurement to total eosinophil density in the 

entire epithelium. 

In general, mast cells mediate the early stages of Type I hypersensitivity 

reactions.(51)  The connection between intraepithelial mast cell density, IgE and 

atopy in EoE patients may mean that, in some patients, an acute response to 

antigen in the esophagus triggers local eosinophilia.  It was also found that the 

increase in both total and IgE-bearing mast cell density is limited to the epithelial 

compartment of the esophageal mucosa.  This indirectly implies that esophageal 

mast cell activity, insofar as it is related to the pathophysiology of EoE, may be 

localized to the epithelium.  Previous studies have found that epithelial cells 

themselves are involved in the process that attracts eosinophils to the 

esophagus.(29)  Other studies, including work done in our laboratory, have 

identified that epithelial hyperplasia is related to both mast cell and eosinophil 

products.(29, 45)  Taken together, these finding support the evolving concept 

that EoE may primarily involve the epithelial compartment of the mucosa and that 

its etiology may be directly related to mast cells within the epithelium. 

Mast cells are known to be associated with inflammation in the 

esophagus, including the mucosa(38, 40) and smooth muscle(206) in EoE.  But 

mast cells are also associated with other types of esophageal inflammation 

including GERD(61) and esophageal carcinoma.(207)  Blanchard et al. have 
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demonstrated that esophageal mast cell number correlates with eotaxin-3 level 

(r2 = 0.18), maximum eosinophil number (r2 = 0.18) and basal zone hyperplasia 

(r2 = 0.51).(29)  It is also known that a unique mast cell-associated transcriptome 

is expressed in the esophagus in EoE, which includes increased gene 

expression of carboxypeptidase A3 and KIT ligand.(60)  Studies of a guinea pig 

model of EoE found that mast cells preceded eosinophils into the esophageal 

mucosa following administration of aerosolized ovalbumin,(56) suggesting mast 

cells may be more important to the underlying pathogenesis of EoE than 

previously thought. The effect of corticosteroids on mast cells in EoE treatment 

trials varies.  Three months of fluticasone therapy in adult EoE patients(54) did 

not significantly reduce mast cell number, while a similar study in children(64) did 

find a significant decrease in mast cells after treatment.  Vicario et al. found that 

mast cell number significantly correlated with B lymphocyte number in the 

esophageal epithelium (r2 =0.55).(69)  However, in the present study, no 

significant correlation (r2 = 0.002) was found between intraepithelial mast cells 

and B lymphocytes.  Some of these incongruencies may be due to differences in 

methodology.  Further studies will be needed to understand the relationship 

between mast cells and B lymphocytes in the esophagus. 

The density of eosinophils in the esophageal mucosa was also evaluated 

and it was found that the intraepithelial eosinophil density correlated with 

intraepithelial eosinophil count per maximal HPF.  This finding supports the 

common clinical diagnostic practice(1) of evaluating the number of eosinophils in 
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the maximally effected HPF as a valid substitute for evaluating the overall 

eosinophil density in the biopsy.  When evaluating the maximal intraepithelial 

eosinophils per HPF, this value correlated not only with intraepithelial eosinophil 

density, but also with overall mucosal eosinophil density (combining both 

epithelial and lamina propria density), further supporting the accepted diagnostic 

practice as a surrogate for evaluating the entire tissue.  The rationale for 

evaluation of lamina propria eosinophils and other inflammatory cell types was 

based on findings in the murine model of EoE, where eosinophil infiltration is 

primarily concentrated in the lamina propria.(208)  Eosinophil density was not 

influenced by atopic status in EoE patients in the present study.  This supports 

the possibility that EoE may not be related to atopy in all patients.  Intraepithelial 

eosinophil density was lower in older patients, but mast cells did not correlate 

with age.  While mast cell density is increased in EoE overall, the present study 

did not find a correlation between mast cell and eosinophil number.  These 

findings are further evidence for the heterogeneity of EoE and imply that mast 

cells and eosinophils may act independently in the esophagus. 

Dual immunostaining was used in this study to identify the cells bearing 

IgE.  When investigating eosinophils by immunofluorescence, detection is limited 

by the autofluorescence of these cells.(209)  By using individual negative 

controls for each stain the exposure time for our detection system at which 

eosinophil autofluorescence appeared was identified (approximately 800 ms in 

both the green and red channels).  All images were taken with an exposure time 
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well below this threshold.  Even with these controls, the possibility that 

eosinophils bear IgE at very low levels cannot be excluded. 

In this study, the density of B lymphocytes in the esophagus was not 

affected by disease state or atopy and did not correlate with mast cell or IgE+ cell 

density.  These findings are in keeping with previous studies that did not find a 

difference between B lymphocyte number in EoE versus GERD patient 

biopsies,(40, 54) but are in contrast to a previous study that found a correlation 

between CD20+ B lymphocytes and tryptase+ mast cells in the esophageal 

epithelium.(69)  In a murine model of EoE, mice lacking B lymphocytes have 

similar numbers of eosinophils in the esophagus as wild type animals.(70)  B 

lymphocytes may produce IgE outside of the esophagus.  Together, these 

findings imply that B lymphocytes may not directly effect esophageal eosinophil 

number. 

One limitation of the present study is that B lymphocytes were identified by 

immunostaining for CD20, which is expressed on almost all B lymphocyte 

subtypes, though not on mature plasma cells.(210)  IgE+ cell count was 

increased in atopic patients with EoE, although there was no concurrent change 

in local B lymphocyte density since most of the IgE+ cells detected were mast 

cells. 

In summary, IgE-bearing mast cells in the epithelium of the esophagus are 

increased in atopic individuals with EoE.  In addition, this study demonstrates 

that intraepithelial eosinophil counts per maximal HPF correlate with eosinophil 
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density.  By examining the immune cells that may detect antigen in the 

esophagus, a pattern of patient heterogeneity begins to emerge.  EoE may not 

be the same disease in all individuals and identifying phenotypically unique 

patient groups will advance the understanding of the pathogenesis of EoE. 
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Chapter 6 

 

 

General Discussion 

Implications of the present findings to the understanding of the 

pathogenesis and pathophysiology of eosinophilic esophagitis 
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This thesis identified and characterized the altered mechanisms of antigen 

detection that contribute to the pathophysiology of eosinophilic esophagitis 

(EoE).  A method for identification of EoE in patients that expands upon the 

current diagnostic criteria is also presented.  An important discovery was that 

esophageal epithelial cells are capable of antigen presentation via major 

histocompatibility complex (MHC) class II following treatment with interferon-  

(IFN ).  IFN  was found to be increased in biopsies from patients with EoE.  MHC 

class II was found to be expressed on basal esophageal epithelial cells in a 

subset of patients with EoE.  Next, toll-like receptors (TLRs) were shown to be 

expressed on immune cells, including eosinophils, in esophageal biopsies taken 

from patients with esophagitis (EoE and gastroesophageal reflux disease, 

GERD).  Finally, the density of mast cells bearing IgE was found to be increased 

in the esophageal mucosae of patients with EoE, indicating a possible role for 

antigen detection through this type of antibody.  The presence of IgE-bearing 

mast cells was especially increased in atopic EoE patients.  In summary, the 

mechanisms of antigen detection, including antigen presentation, TLR activation 

and IgE-bound to mast cells, appear to be altered in EoE.  These results highlight 

the diverse immune mechanisms that contribute to EoE and the heterogeneity of 

this disease. 
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The importance of clinical data to understanding the pathophysiology of 

eosinophilic esophagitis 

The demographics of the EoE patient population are varied.(119)  While the 

typical EoE patient is a young male with a history of atopy, infants and elderly 

patients, some with no history of atopy, can also present with EoE.(120)  The 

symptoms and signs of EoE are also variable.  However, there are certain 

characteristic features of EoE that have been described as being associated with 

this disease.(1)  Clinical features that have been described include symptoms 

such as dysphagia and a history of food impaction.(25, 211)  Endoscopic findings 

consistently described are „trachealization‟ of the esophagus, linear furrowing 

and white papules.(113, 212, 213)  Histologic features include intraepithelial 

eosinophils, basal zone hyperplasia and elongated vascular papillae.(42)  Many 

of these features are seen to some degree in other types of esophagitis.(130, 

214) 

It is possible that the so-called „features‟ of EoE are merely a 

manifestation of severe esophageal inflammation and are not specific to EoE.  

Other possible causes of esophageal eosinophilia include GERD, eosinophilic 

gastroenteritis, celiac disease, Crohn‟s disease, infection, hypereosinophilic 

syndrome, achalasia, drug hypersensitivity, vasculitis, pemphigoid vegetans, 

connective tissue disease and graft-versus-host disease.(27)  The pathologic 

mechanisms by which the symptoms and signs of EoE develop are poorly 



155 

 

understood.  It has also been reported that the symptoms of EoE may change 

with the patient‟s age.(5) 

In Chapter 2 of this thesis, the symptoms and signs of 163 patients with 

EoE were compared to the symptoms and signs of 163 patients with severe 

GERD.  In order to find ways to distinguish EoE from GERD,(215) matching of 

EoE and GERD patient age to within 18 months was used to control for age- and 

development-related confounding factors.  There were multiple symptoms and 

signs of EoE found to be significantly unique from the symptoms and signs of 

GERD when evaluating disease characteristics individually and in a multivariate 

conditional regression model.  The distinctive features that contributed to the 

model were male gender, dysphagia, absence of pain/heartburn, a history of food 

impaction, and linear furrowing and white papules on endoscopy.  These findings 

complement other studies designed to discover the unique features of EoE,(116, 

117, 119, 130) as well as add new knowledge by controlling for age.  Overall, the 

results of this study and previous studies support the concept that EoE is a 

unique immunologic disease, separate from GERD. 

The features that are distinctive of EoE may provide clues to identifying 

the processes involved in pathogenesis of the disease and those processes that 

are non-specific.  For instance, the findings of dysphagia and food impaction in 

the absence of pain in EoE point towards a presentation of diffuse and severe 

inflammation or possibly neuromuscular dysfunction that is not typically seen in 

patients with GERD.  The unique pathophysiology of these diseases is also 
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supported by findings that proton pump inhibitor therapy decreases esophageal 

eosinophil count and improves symptoms in a subset of patients that meet the 

diagnostic criteria for EoE.(216-218)  This may also be due to the co-existence of 

GERD and EoE in the same individual. 

EoE is likely a chronic condition in most individuals.  The long-term nature 

of the disease likely limits the utility of investigating clinical findings of EoE to 

understand its pathogenesis.  Previous studies have found evidence that EoE 

may be initiated by antigen.(56, 93)  This initiating agent may no longer be 

present when the patient is diagnosed.  Even though the age-matched study 

described in Chapter 2 relied on data from the initial presentation with EoE, 

patients often described a history of progressive esophageal dysfunction over a 

period of months or years before they were evaluated and diagnosed.  Although 

the symptoms and signs of EoE at presentation may yield clues to the cause of 

EoE, they may not be directly linked to the etiology of the disease process.  

Hence, the progression of this project into model esophageal systems, which can 

be used to more directly test the possibility that aberrant mechanisms of antigen 

detection contribute directly to the pathogenesis and pathophysiology of EoE. 

 

The possible involvement of the mechanisms of antigen presentation in the 

pathogenesis of eosinophilic esophagitis 

EoE appears to be an immunologic disease that involves Th2-type cytokines.(39, 

119)  Antigen driven, T lymphocyte-mediated diseases, such as celiac 
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disease(219, 220) can also involve eosinophils and are directly related to altered 

antigen presentation.  In the murine experimental model of EoE, animals 

deficient in T helper lymphocytes were protected from the disease.(70)  EoE may 

thus be a T lymphocyte-mediated disease, whereby sensitization manifests as an 

immune reaction mediated by T helper (Th) cells.(221)  Epithelial cells 

throughout the gastrointestinal tract and at other mucosal surfaces are known 

stimulate T helper cells by acting as non-professional antigen presenting cells 

(APCs) in pathologic conditions,(72, 140-142) but esophageal epithelial cells 

have not previously been shown to act as APCs. 

The findings presented in Chapter 3 of this thesis characterize the ability 

of esophageal epithelial cells to act as non-professional APCs when exposed to 

IFN  in vitro.  In EoE, basal cell MHC class II expression was found in 8 of 19 

patient biopsies analyzed.  The ability of esophageal epithelial cells to activate an 

immune response to extracellular protein was supported by the findings that 

esophageal epithelial cells also engulf and degrade external protein from the 

external environment and can present antigen to T helper cells in vitro, causing T 

helper lymphocyte proliferation and IL-2 secretion. 

 If EoE is mediated by antigen presentation by epithelial cells, this would 

help to explain why this disease does not seem to be associated with immediate 

reaction to a specific antigen.(222)  The response to antigen by T helper 

lymphocytes in this subset of patients could be a delayed Type IV reaction and 

therefore may be difficult to attribute to a specific food or aeroallergen.  This 
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pathologic mechanism would account for the benefit some patients gain by 

removing some or all protein from the diet.(168)  The patients that benefit from 

elimination or elemental diet therapy may have a delayed Type IV 

hypersensitivity reaction to antigen present in food.  Patients that have aberrant 

antigen presentation in the esophagus related to aeroallergens may not benefit 

from the removal of antigen from the diet. 

 While presentation of antigen on MHC class II probably contributes to the 

pathophysiology of EoE in certain patients, it is unlikely to be the single etiologic 

event that initiates EoE since esophageal epithelial cells required an 

inflammatory mediator (IFN ) to induce expression of MHC class II.   Possible 

inflammatory events that may precede antigen presentation in the esophagus 

could include innate immune receptor activation or degranulation of mast cells, 

both of which involve other mechanisms of antigen detection. 

 

A possible role for TLR2 and TLR3 in the pathophysiology of eosinophilic 

esophagitis 

It is possible that initiation of EoE is mediated by detection of microbial antigen 

by innate immune receptors, such as TLRs.  TLRs can have an important role in 

initial sensitization to antigen.(223, 224)  TLR protein expression in human 

esophageal tissue has not been investigated, even though it is known that 

esophageal epithelial cell lines express functional TLRs in vitro.(102, 177, 180)  

The activation of one or more TLRs in the esophagus by microbial products in 
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the lumen could initiate the inflammatory milieu that leads to esophageal 

epithelial cell antigen presentation in some patients or this process may lead 

directly to eosinophil recruitment.  This speculative scenario is attractive since 

activation of the TLR system by microbial antigen could lead to presentation of 

the antigen to T helper lymphocytes, similar to the mechanisms involved in 

dendritic cell activation and antigen presentation.(225) 

The findings presented in Chapter 4 of this thesis establish the functional 

expression of both TLR2 and TLR3 in esophageal epithelial cell lines but this 

discovery did not translate to expression of these receptors on esophageal 

epithelial cells in esophageal mucosal biopsies.  Instead, the infiltrating 

inflammatory cells in biopsies from patients with esophagitis (both GERD and 

EoE) expressed TLR2 and TLR3.  Subsets of the cells expressing TLR2 and 

TLR3 also expressed eosinophil derived neurotoxin (EDN), identifying them as 

eosinophils. 

 The discovery that esophageal epithelial cells do not express TLR2 and 

TLR3 in situ does not discount the possibility that innate immune detection of 

antigen has a role in the pathophysiology of EoE.  Activation of TLR2 and TLR3 

may directly influence eosinophil recruitment into the esophagus, but would 

require inflammatory conditions first, to attract the cells bearing TLR2 and TLR3 

into the esophageal epithelium.  Multiple lines of evidence point to the possible 

role of TLR2 and TLR3 in EoE.  TLR2 is activated by multiple PAMPs, including 

those found in the mould Aspergillus fumigatus.(178)  A. fumigatus is used to 
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initiate EoE in the murine model of the disease through an unknown mechanism, 

which may be related to TLR2.(34)  TLR2 is also activated by the eosinophil 

product EDN.  Consequently, a mould such as A. fumigatus may initially activate 

TLR2 on eosinophils and then a feed forward process mediated by EDN from 

degranulating eosinophils could sustain the chronic inflammatory state.  

Esophageal TLR3 activation of eosinophils by exposure to a double stranded 

RNA virus could lead to Th2-type cytokine production and further eosinophil 

recruitment through the eosinophil chemokine eotaxin-3, similar to the process 

that occurs through bronchial epithelial cells.(181)  This process, once initiated in 

the esophagus, could also act to establish a chronic disease state.  If either of 

the TLR investigated do mediate the pathophysiology of EoE, a separate event 

that results in infiltration of TLR-bearing immune cells into the esophageal 

mucosa would still need to precede this event.  Further understanding of the role 

of TLR-expressing immune cells in EoE could conceivably be investigated in an 

animal model of the disease, where the role of TLRs in the pathogenesis of the 

disease model could be monitored.  Knockout animals, lacking TLR2 or TLR3, 

would be of interest to this investigation.  Alterations to the local inflammatory cell 

milieu in EoE could also be investigated by immunohistochemistry on 

esophageal mucosal biopsies and evaluation of immune cell density. 

 

The significance of B lymphocytes, mast cells and IgE in eosinophilic 

esophagitis 
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Another etiologic event that may precede antigen presentation and TLR 

activation in the pathogenesis of EoE could be an inflammatory response to 

antigen-specific antibody.  Some patients with EoE have increased local IgE 

antibody,(54) yet EoE does not seem to be a simple case of Type I 

hypersensitivity.(173, 205)  Lucendo et al. have used immunohistochemical 

evaluation to quantify B lymphocytes in the esophagus (CD20+).(54)  However, 

very few intraepithelial B lymphocytes were detected in esophagitis (EoE and 

GERD), and no statistically significant difference was found between B 

lymphocyte numbers in either condition.  Mucosal mast cells were also increased 

in the esophageal mucosa of patients with EoE.(54)  If an IgE-mediated 

hypersensitivity response is implicated in the etiology of EoE, local mast cells 

would play an integral role in the inflammatory cascade.  Antigen could then 

activate esophageal mast cells by crosslinking antigen-specific IgE bound to high 

affinity receptor (FcεRI) on the mast cell surface, initiating degranulation and the 

downstream inflammatory response. 

A further study by Vicario et al. sought to compare the presence of B 

lymphocytes that have undergone class switch recombination to IgE within the 

esophageal mucosa in patients with EoE and normal control patients.(69)  This 

study demonstrated mRNA evidence (from polymerase chain reaction and 

microarray) of class switch recombination and immunohistochemical staining 

evidence of increased B lymphocytes in the esophagus of some pediatric 

patients with EoE.(69) 
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The findings presented in Chapter 5 of this thesis found no difference in B 

lymphocyte density in either the epithelium or lamina propria of EoE patient 

biopsies when compared to biopsies from patients with GERD and normal control 

patients.  These results (and the findings by Lucendo et al.)(54) are in contrast to 

the study by Vicario et al.  It is possible that the process of class switching had 

already occurred in the patients who did not have evidence of class switch 

recombination in the Vicario study and in the present study patients.  This may 

explain why less than half of the 12 atopic patients in the Vicario study had 

detectable ε germ line or IgE transcript.(69)  Additionally, the current study used 

more sensitive methods to evaluate the B lymphocyte density, in which the entire 

tissue section was evaluated as opposed to a random selection of high power 

fields. 

In humans, skin prick tests, specific IgE measurements and atopy patch 

tests may help identify foods implicated in this disorder, and removal of test-

positive food may lead to a decrease in tissue eosinophilia.(226)  Many patients, 

however, remain symptomatic despite avoiding skin prick test positive foods, and 

do not exhibit immediate hypersensitivity reactions to these substances, bringing 

into question the role of IgE in EoE.(222)  Evidence of delayed-type 

hypersensitivity by patch testing the skin with food antigens implicates a non-IgE 

mediated immune mechanism, which may or may not be relevant to the 

esophagus.(227)  Removal of dietary protein and replacement with elemental 

formula has been utilized as a treatment for EoE since this disorder was first 
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identified as a unique entity.(168)  Interestingly, some EoE patients that are 

exclusively fed through gastrostomy or nasogastric tubes (in which the 

esophagus does not directly encounter food antigen) also respond to a switch 

from regular to elemental formula.(168)  This implies that patients either have 

hypersensitivity to foods or that significant diet modification alters the immune 

response in other ways, such as through changes to barrier function or local 

microbial flora.  The question remains whether food antigen binding to specific 

IgE is capable of initiating EoE on its own. 

In addition to the increased numbers of the cell types implicated in Type I 

hypersensitivity in the esophagus, there is also evidence that a sensitization to 

antigen may initiate EoE in some patients.  Animal models(38, 56) and clinical 

allergy testing data(205) also implicate this type of inflammatory cascade.  Mice 

sensitized to A. fumigatus develop inflammation and severe eosinophilia in the 

lung and esophagus.(70)  A 3-fold increase in serum IgE concentration occurs in 

this model.(70)  Isolated cases where EoE is directly related to a reaction to 

substances such as Shiitake mushroom, profilin and milk have been reported, 

but these cases are rare.(228-230) 

If a subset of patients with EoE have the disease caused directly by 

degranulation of antigen activated mast cells, then it would follow that this group 

would be more likely to have atopic disease manifestations elsewhere in the 

body.  Multiple atopic disorders can occur in a susceptible individual.(231, 232)  It 

is probable that EoE patients with atopy would be more likely to have IgE-
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mediated hypersensitivity reactions in their esophagus.  In the present study, 

atopic EoE patients did indeed have a higher density of IgE-bearing mast cells in 

their esophageal epithelium.  It is possible then that these patients could have a 

food- or aeroallergen-induced hypersensitivity reaction occur in the esophagus.  

The identification of a subgroup of patients where this process occurs may help 

clinicians identify those patients that would benefit most from avoiding exposure 

to specific food or airborne antigens.  Future therapies could then target 

progressive hyposensitization, similar to current practice of aeroallergen 

immunotherapy.(233, 234)  

Taken together, the processes of antigen presentation, TLR activation and 

IgE detection of antigen point towards multiple possible causes of EoE.  The 

disease state caused by eosinophils in the esophageal mucosa may be the 

common link between these diverse processes. 

 

Patient heterogeneity and the many possible causes of eosinophilic 

esophagitis 

One theme that has emerged in the present body of work is that EoE affects a 

diverse group of patients, although certain patterns have arisen.  Based on the 

present study and previous findings, EoE has features of Type I allergy, with IgE-

bound mast cells found in many patients.  However, these individuals are 

typically avoiding foods that they are known to be allergic to by positive testing 

for IgE-mediated reaction.  In addition, comprehensive allergy testing reveals a 
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subset of patients (approximately 20%) who appear to have no identifiable food 

or aeroallergen sensitization.(205) 

There are multiple immune mechanisms that drive eosinophil infiltration.  

Some have proposed that EoE is a poly-antigen driven hypersensitivity 

response.(173, 235)  This would explain why no single causative agent appears 

to mediate EoE in the majority of patients, but does not explain why some 

patients have no detectable sensitization in spite of comprehensive allergy 

testing.  EoE may not be mediated by antigen in the classical sense.  There may 

be mechanical or chemical factors, such as acid exposure or infection, which 

mediate EoE.  An adverse reaction to a pharmacologically active agent, for 

example carbamazepine, may rarely lead to esophageal eosinophilia in some 

patients.(236)  EoE could also be a genetic disease, mediated by aberrant gene 

expression.  Gene array analysis and genome wide association study (GWAS) 

investigations have identified a genetic basis for EoE in a subset of patients, but 

these studies have not yet been replicated and the genetic contribution to 

disease appears to vary from individual to individual.(101, 102)  Gene array 

results from different studies also vary widely, which would be expected in a 

highly heterogeneous disease.(29, 45, 69, 78, 95) 

Is EoE a T lymphocyte-mediated disease?  Interestingly, results from 

animal studies may support this finding, even in experimentally induced models 

of the disease.  Experimental murine EoE was not considerably altered in 

animals deficient in B lymphocytes,(70) pointing to a more complex model than a 
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Type I hypersensitivity.  When mice deficient in functional mature lymphocytes 

(recombination activating gene-2-/-) were reconstituted with a relatively small 

number of CD4+ T helper lymphocytes, the animals developed spontaneous 

esophageal eosinophilia.(85)  This is, to our knowledge, the only instance of a 

spontaneous model of EoE that has been described.  It is possible that the 

immune system in these animals was artificially Th2 skewed by the introduction 

of a small number of T helper lymphocytes and that esophageal eosinophilia 

developed as a result of overactive T lymphocyte-mediated response to an 

unknown antigen.  Although these animal models may not accurately reflect the 

anatomy, physiology and immunology of the human esophagus, it is possible that 

the common factor to all three immunologic mechanisms investigated in this 

thesis (antigen presentation, TLR activation and mast cell activation) is T 

lymphocyte activity.  Future studies will be needed to investigate whether specific 

antigen (or antigens) are detected by the innate and adaptive immune systems in 

EOE and the relationship of the mechanisms of antigen detection to T 

lymphocyte activation. 

Further evidence for disease heterogeneity is provided by the therapeutic 

strategies used against EoE.  The standard, validated treatment of 

corticosteroids for EoE(64, 118, 237) is not always effective.  This fact has been 

used to propose a subtype of patients that are corticosteroid “non-

responders”.(34, 60)  Thus, we speculate that EoE has multiple etiologies with 
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the common end result of eosinophil infiltration into the esophagus that manifests 

clinically as EoE. 

 

Future strategies to improve the understanding and treatment of 

eosinophilic esophagitis 

One of the long-term goals of investigating the mechanisms of EoE is to enable 

development of more effective diagnostic criteria, therapeutic strategies and, if 

possible, prevention of EoE.  In attempting to accomplish this goal, it will be 

essential to investigate and understand the phenotypes of patients.  For instance, 

atopic patients with high levels of IgE-bound mast cells on esophageal mucosal 

biopsy may benefit from identification of the specific antigen that would initiate 

mast cell degranulation and a local hypersensitivity response.  Purification of IgE 

from esophageal mucosal biopsies would allow for ImmunoCAP test-based 

identification of antibody specificity that could provoke an inflammatory response.  

This information could then be used to recommend that patients avoid specific 

antigen.  Confirmation of the sensitization could be accomplished by double blind 

oral challenge, similar to food allergy challenges.  A similar strategy could be 

employed to discover the identity of the antigen being presented by epithelial 

cells on MHC class II molecules. 

Another example of a possible subgroup of EoE patients that could be 

identified would be individuals with an altered esophageal microbiome.  This 

subgroup may benefit from probiotics or antibiotics to re-establish the 



168 

 

homeostatic balance between commensal organisms and the host immune 

system.  Characterizing the microbes that may contribute to EoE and through 

what mechanisms the immune system is activated will be the first step in this 

process.  It is likely that 16S RNA genotyping used previously(182) could be 

useful in identifying this EoE subgroup. 

Alterations to the barrier function in EoE may also play a role in disease 

pathogenesis.  Altering the mucosal barrier in the esophagus could provide 

access to antigen for the cells expressing the receptors investigated in this 

thesis. 

 

Questions remain regarding the etiology and pathogenesis of eosinophilic 

esophagitis 

Many chronic disease processes have both a genetic and environmental 

component.  The relative contribution of these two major factors often play a role 

in the natural history of the disease.  Little is known about the natural history of 

EoE.(26, 238)  Information has been gained from experiments utilizing molecular 

biology and animal studies to investigate the immunologic processes of EoE in 

controlled disease models.  It is evident that EoE is an immune-mediated 

disease.  If EoE does not have an immunologic trigger, it surely has an immune-

mediated endpoint – eosinophil infiltration.  The work presented in this thesis 

supports a role for the immune system in the pathophysiology and pathogenesis 

of this disease as well. 
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One of the issues raised by the results of this thesis is the importance of 

defining EoE (by endoscopic features, density of eosinophils, sites of biopsies) 

and atopy (by symptoms, skin prick test or ImmunoCAP test).  EoE studies are 

often difficult to compare, and conflicting results may be due to differences in 

patient definition and methodologic approach.(54, 69, 130, 177, 180)  These 

discrepancies could be resolved by better defining subgroups of patients.  Unified 

definitions would also provide more meaningful comparisons between the results 

of future studies and may clarify current inconsistencies. 

 

Summary and Conclusions 

In summary, EoE is an immune-mediated disease that may involve different 

pathogenic mechanisms between individuals.  Different disease phenotypes may 

arise because of unique host susceptibilities or diverse insults.  This disease 

appears to be related to aberrant mechanisms of antigen detection (Figure 6.1).  

The present study findings support the possibility of a complex immunological 

process in EoE, whereby IgE- or non-IgE-mediated detection of antigen may 

predominate in certain individuals or within the same individual at different stages 

of the disease.  It is also possible that EoE is T lymphocyte-mediated.  Careful 

study of the immune-mediated processes that evolve over the natural history of 

EoE will provide further insight towards understanding the pathogenesis and 

pathophysiology of this emerging disease. 
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Figure 6.1  A detailed model of the role of altered mechanisms of antigen 

detection in the pathophysiology of EoE.  From left to right: TLR detection of 

antigen on eosinophils possibly leading to perpetuation of the inflammatory 

response; uptake, processing and presentation of antigen on epithelial cells; 

detection of antigen by IgE-bearing mast cells (and production of IgE by B 

lymphocytes) leading to antigen-mediated activation of mast cells.  Evidence has 

been presented for the probable involvement of each process in the 

pathophysiology of EoE. 
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