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Abstract

Evidence suggests that eosinophils play a significant role in promoting several gastrointestinal
diseases, and animal models are the significant tools to understand the pathogenesis of eosinophil-
associatd inflammatory disorders. The focus of this review is on the significance of mouse models
that mimic the characteristics of human eosinophilic gastrointestinal diseases. Eosinophils are the
important leukocytes with diverse functions in the gastrointestinal tract, such as excretion of
intestinal parasites and promoting the pathogenesis of a numerous allergic gastrointestinal
disorders like food allergy, parasitic infection, allergic gastroenteritis, allergic colitis, and
eosinophilic esophagitis. Among these gastrointestinal diseases, the eosinophilic esophagitis is the
most recently recognized disease and the mouse models are proven to be an effective tool to
understand the pathophysiology of disease and to test novel treatment strategies. Based on patients
allergic conditions and the gene overexpressed in human EGID, a number of gene overexpressed
and allergen-challenged mouse models of gastrointestinal disorders were developed. These models
were utilized to explore the mechanism(s) that promotes the eosinophil-mediated gastrointestinal
diseases including the role of the eosinophil responsive cytokines and chemokines. Herein, we
have provided a detailed overviews of the mouse models of gastrointestinal disorders that mimic
the human eosinophilic gastrointestinal diseases and can be utilized as a tool for understanding the
diseases pathogenesis and developing novel therapeutic targets.
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Introduction

Eosinophils are a small proportion of peripheral blood leukocytes, but they can selectively
accumulate in peripheral blood or tissue in certain inflammatory disorders, and they play an
important role in host defense as well as in the regulation of immune system[1.2]. There are
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numerous human inflammatory diseases that are characterized by tissue or blood
eosinophilia, like asthma and food allergy eosinophilic dermatitis, eosinophilic esophagitis,
gastroesophageal reflux, numerous eosinophilic gastrointestinal disorders (celiac disease,
inflammatory bow! disease and allergic colitis), and parasitic infections. In some instances,
eosinophils play an important role in host defense and immune system regulation!2-3] and are
necessary for the eradication of parasitic infections or malignancies. In other cases, such as
in asthma or allergic diseases, eosinophilic gastrointestinal disease, or hypereosinophilic
syndromes, they selectively accumulate in peripheral blood or in tissues in response to the
numerous stimului. Eosinophils release mediators that are pro-inflammatory and destructive
to the tissues. The eosinophilia in the number of inflammatory diseases has led researchers/
scientists to understand the s mechanisms involved in the induction and prgression of
eosinophilic inflammation. Two molecules that appear to be critical in the regulation of
selective eosinophilia are interleukin (IL)-5 and eotaxin-1, -2 and -3. IL-5 is a critical
regulator of the selective growth and differentiation of eosinophil progenitor cells. 1L-5
regulates the post-mitotic survival and activation of mature eosinophils, and promotes the
human diseases with eosinophilia. Eotaxin-1,-2 and -3 are critical in regulating eosinophil
accumulation in healthy and following allergen exposure in disease states. It has also been
hypothesized that eotaxins work in concert with IL-5 to promote the tissue localization of
eosinophils in diseased conditions. In addition, T lymphocytes and antigen presenting cells
play a key role in orchestrating eosinophilic inflammation via the production of a number of
other cytokines like, IL-5, 1L-13, IL-15, I1L-18, and IL-33.

Eosinophilic disorders occur when eosinophils, number increases in above the normal
amounts in various parts of the body by food, parasite or due to any genetic conditions4-71.
In healthy state the eosinophils reside in the gastrointestinal tract[®:9]: however, during
allergic (food or aeroallergen) responses, a large number of eosinophils are generated from
their precursors in response to the stimulus and move into the different segments of
gastrointestinal segments and release a variety of toxins that can cause chronic
gastrointestinal inflammationl4-7], resulting in tissue damage, repair and functional
abnormalities(10.11]. The gastrointestinal disorders promoted by the eosinophils includes,
eosinophilic esophagitis, characterized by elevated levels of eosinophils in the esophagus;
eosinophilic gastritis, characterized by elevated eosinophils in the stomach; eosinophilic
enteritis, characterized by elevated eosinophils in the small intestine and eosinophilic colitis,
characterized by excessive eosinophils.

Selecting an Animal Models for Human Diseases

Several animal models have been used to understand the mechanistic pathways of a number
of human diseases, including flies, zebra fish, mice, rats, cats, pigs, dogs and some non-
human primates[12]. These animal species share various common genes and metabolic
pathways with humans. Researchers have used these animal species as an experimental
model to understand the human biology in health and disease. Experimentation with large
animals is extremely expensive and might involve ethical issues; whereas, mice have
become more suitable species because of their small size, cheaper maintenance costs, shorter
breeding and generation time for the researchers throughout the world. Most importantly,
mouse shares 99% identical genome with humans and is the only mammal, after the human,
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whose genome has been sequenced(3]. Therefore, mice are considered a relevant model for
medical research and are widely used in understanding the mechanisms of disease
pathogenesis. In addition, mice are the important species to use in medical research for
many other reasons, first, they are genetically homogeneous; second, a large number of mice
can be used for screening within a single experiment; third, inbred mice allow the study of
identical cohorts and fourth, resources for mouse research are commercially and radially
available. The use of the mouse model has led to the discovery of numerous unknown
pathways in disease pathogenesis and the treatment strategy of several diseases like cancer,
diabetes, gastrointestinal disorders and cardiovascular abnormalities. Mouse models have
been used for the experiments for decades and much is how known concerning mouse
biology and genetic. A large number of tools and techniques including gene manipulation
were developed to understand the genes function in human diseases. The gene manipulation
technology is not yet developed and available for other organisms. The evidence indicates
that genetically engineered mice has become very common in experimental studies, mouse
genes were replaced by the human orthologous or to create a mouse with a mutated version
of human genes associated with specific human diseases including gastrointestinal disorders.
Additionally, several mouse models are developed to study the mechanism of the induction
of food or aeroallergen-induced gastrointestinal inflammatory diseases that mimic the
human gastrointestinal diseases. This review mainly focuses on the significance of mouse
models that provides much-needed mechanistic information of the development of human
eosinophilic gastrointestinal diseases (EGID) and in the designing the therapeutic strategies.

Mouse Models to Understand the Initiation and Progression of Human EGID

Eosinophils have very diverse functions. They are involved in parasite excretion at healthy
state, as well as in inflammatory responses at disease statel14-161. Eosinophils reside in all
segments of the gastrointestinal tract, except the esophagus from the prenatal to adult stage
in both mice and humans at healthy statel89]. Eosinophil number increases in the
gastrointestinal tract or in other tissues during inflammatory conditionsl”-17-1%1. Mouse and
human eosinophil biology is very similar except in the shape of their nuclei; mouse
eosinophils are multi-lobed or doughnut-shaped compared to the bi-lobed nuclei of human
eosinophils. Both, human and mouse eosinophil possess all four major granular toxic
proteins, termed as major basic proteins, eosinophilic cationic proteins, eosinophilic
peroxidase and eosinophil-derived neurotoxins(16-191. The induced gastrointestinal
eosinophilia is observed in a number of human gastrointestinal diseases, such as celiac
disease (CE), eosinophilic colitis (EC), EoE, eosinophilic gastroenteritis (EG) and gastro-
esophageal reflux disease (GERD). In past years, several mouse models were developed to
understand the mechanistic pathways of human gastrointestinal diseases(4:6.7:10,11,20-22]
These experimental mouse models of gastrointestinal diseases were developed either by
challenging mice with food allergen, aeroallergens or by the overexpression of interested
candidate genes. The specific gene overexpressed mice were created by either constitutive
transgene overexpression, intestine-specific overexpression or comprising gene-inducible
and gene-deficient mice to study the several human eosinophilic gastrointestinal
disorders(®.19]. Interestingly, most of the developed mouse models mimic the disease
characteristics observed in human. However, some disadvantages were also noticed in using
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the mouse models for human diseases like, the disease response differ among mouse strains.
Therefore, more than one strain has to be examined. Additionally, to study any particular
gastrointestinal segment abnormality, several mice have to be sacrificed. The tissue biopsy
technology to evaluate disease initiation and progression for murine upper gastrointestinal
tract are not yet developed. Currently, the mouse gastrointestinal biopsy technology is only
available for mouse colon and is in use to evaluate the disease progression. Taken together,
the use of mouse models in medical research has led to major advances in our understanding
of the initiation, progression and proposing a treatment strategies for a number of
eosinophilic gastrointestinal diseases.

Mouse Models that Mimic Human EOE Pathogenesis

EOoE is a painful and sometimes devastating inflammatory disease that often leads to
problems in swallowing, food refusal, food intolerance in infants, dysphagia and food
impactions in adolescents and adults[1:23.24], EoE is an emerging entity throughout the
world, as documented by recent cases from a number of developed and developing
countries?>-34], EoE is an allergen-induced T-cell-mediated disease and is distinguished
from GERD by the magnitude of mucosal eosinophilia, intraepithelial eosinophils and the
lack of response to acid suppression!3%:3¢]. Earlier, a number of food and aeroallergen-
induced EOE models were reported[47.21.22.37]: the first EOE model was developed in 2001
by intranasally challenging the mice with Aspergillus fumigatus extract. The aeroallergen-
induced EoE mouse model showed almost all the characteristic features of human EoE["],
like intraepithelial eosinophilia, extracellular eosinophilic granules, basal cell hyperplasia
and eosinophilic microabscesses. The pathological similarities of mouse and human EoE
pathological characteristics are shown in figure 1. Apart from the Aspergillus-induced EoE
mouse model, the oral intragastric OVA beads[#! or OVA sensitized and challenged mouse
models were also developed[37]. However, in both these OVA mouse models a low
magnitude of esophageal eosinophilia and the absence of a number of human EoE
characteristics, such as, intraepithelial eosinophils, eosinophilic microabscess, basal cell
hyperplasia, and extracellular eosinophilic granules in the esophageal epithelium are not
shown or reported. Further, a mouse model of a food allergen (i.e. peanut or corn) sensitized
and challenged EoE mouse model was also reported that indicated a critical role of T cell
subset, iNKT cells, in EOE pathogenesis[22l. Both peanut and corn allergens promoted a
large number of intraepithelial esophageal eosinophilia, eosinophilic microabscess and
extracellular eosinophilic granules in the esophageal epithelium that are shown here in
figure 2 A-D. In addition, using the mouse models, indoor insect allergens like cockroaches
and dust mites are also implicated for the EOE pathogenesis[?]. All these models dissected
the significant role of eosinophil active cytokines such as IL-5, IL-13 and chemokines like
eotaxin in EoE pathogenesis(?1:38]. In summary, a number of EOE models are now available
to study the EoE pathogenesis and to develop a treatment strategy for human EoE.
Importantly, the mouse models of EoE provided the evidence of iINKT cell involvement in
EOE and indicated that targeting iNKT cells may be a future novel therapy for EoE.

J Gastroenterol Hepatol Res. Author manuscript; available in PMC 2015 April 09.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mishra

Page 5

Mouse Models of Esophageal Functional Abnormalities that Mimic Human

Disease

The allergen-induced EoE models also show esophageal remodeling and fibrosis that are
commonly observed in chronic human EoE[19:39]. Tissue remodeling or tissue fibrosis is the
result of an imbalance in tissue regeneration and repairl40411 and leukocyte infiltration is
believed to contribute to the remodeling process, including eosinophils and mast cells[42:43].
Tissue remodeling involves epithelial cell hyperplasia and thickening of the epithelial
mucosa, with the accumulation of extracellular matrix proteins (collagen) beneath the
basement membrane[4445]. The Masson trichrome staining of mouse esophageal section of
experimental EoE (figure 3 A, B) and esophageal biopsies of human EoE (Figure 4 A)
shows a low level of lamina propria collagen. In contrast, an increased lamina propria
collagen accumulation together with elongation of the stromal papillae and thickened basal
epithelial layer of Aspergillus-induced murine EoE was observed (Figure 3 C-F) as well as
in the esophageal biopsies of EoE patients (Figure 4 B). Further, esophageal remodeling
leads to develop a number of esophageal disorders like esophageal stricture (narrowing),
peristaltic dysfunction, esophageal rings, tissue scars and epithelial and muscle cell
hyperplasia/hypertrophy, which are commonly observed in human EoE[42-52], Therefore, to
study the functional esophageal abnormalities in EoE, a chronic mouse model of EoE was
examined that showed very high eosinophil levels in each segments of the esophagus. These
mice overexpressed IL-5 under control of the T-cell promoter, CD2. The eosinophils and
collagen accumulation in these mice were found distributed in all the segments of esophagus
from external layers of the loose connective tissue, the sub-mucosa and muscularis
regionl10.20], The IL-5 chronic EOE mouse model showed a similar esophageal fibrosis as
observed in human (Figure 5 A, C). Of note, the mice overexpresses IL-5 under the control
of the FABPI, intestinal promoter, in which IL-5 is specifically expressed in the small
intestine, showed some esophageal eosinophilia, but no induced basal layer thickness nor the
accumulation of lamina propria collagen[®l. These observations highlighted the significance
of local IL-5 induction in the esophagus, not systemic IL-5 for developing esophageal
fibrosis in EOE. The CD2-IL-5 transgenic mice also developed a similar esophageal stricture
frequently observed in human EoE (Figure 6 A, B). The development of esophageal stricture
is reported to be specific for eosinophilic inflammation and is not dependent on the IL-5
transgene. A similar esophageal stricture was also reported in doxycycline (DOX) inducible
IL-13 bitransgenic mouse model of EoE[Ll. However, it is still not clear whether IL-13-
induced esophageal eosinophilia, esophageal remodeling and the development of esophageal
stricture are directly related to IL-13 or IL-13-induced IL-5. Most recent report indicates that
at least allergen-induced experimental EoE is independent of 1L-13[43]. Furthermore, the
mouse model of chronic EoE was very useful in defining the abnormalities in esophageal
abnormalities like esophageal motility. Using the mouse model, it is reported that
esophageal motility is independent of the eosinophilic inflammation, and possibly might be
related to the induced esophageal mast cells. The increased numbers of mast cells were
reported in both human and experimental EoE[21:43:46] The most recent report show that
mast cells promote muscle cell hyperplasia and hypertrophy in allergen-induced EoE[46l. In
summary, these chronic mouse models were proven to be a useful tool in defining that the
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development of esophageal stricture is dependent on eosinophilic inflammation and
esophageal peristaltic dysfunction is independent to eosinophilic inflammation in EoE.

Mouse Model of Eosinophilic Gastroenteritis that Mimic the Human Disease

Several eosinophilic intestinal disorders including celiac disease, eosinophilic ileitis,
protein-induced enteropathy and parasitic infections are associated with substantial
eosinophil accumulation in the different intestinal segments(47481. Therefore, to dissect the
signaling processes involved in induction of eosinophilic intestinal disorders, several mouse
models of intestinal eosinophilia were developed by inducing the allergic responses or
transgene insertion in the mouse intestine. The study of mouse models have revealed that
eosinophils normally reside in the lamina propria at healthy state like humans(4:5] and in
allergic conditions their number increases in both lamina propria as well as in epithelial
mucosa. Further, it is well established that the eosinophil active chemokines, eotaxin,
cooperate with the cytokine, interleukin (1L)-5[78]. IL-5 promotes eosinophil growth,
development, survival, and responsiveness to chemoattractants in health and diseasel”8] and
in promoting intestinal eosinophilia. Notably, elevated levels of IL-5 was earlier reported in
the biopsy specimens of patients with food allergies and eosinophilic gastroenteritis®19] and
mice overexpressing IL5 have increased levels of eotaxin-dependent eosinophilia in the
gastrointestinal tract[®]. Further to dissect the mechanism of allergen-induced eosinophilic
gastroenteritis, an antigeninduced eosinophilic gastrointestinal mouse model was developed
by oral allergen sensitization. The allergen was given in the form of enteric-coated beads
that dissolved only in acidic pH. This model resembles many characteristics of human
eosinophilic gastroenteritis including a marked induction of allergen-specific 19gG1, IgE,
cytokine-like IL-4, I1L-5 and intestinal eosinophilial449l. In the model, eotaxin-1 gene
deficiency showed complete protection; whereas, IL-5 deficiency showed a partial
protection of the eosinophil accumulation in the intestinel449]. Taken together, the orally
sensitized mouse model provided the mechanism that accumulation of intestinal eosinophilia
is independent to I1L-5 but dependent on eotaxin-1[4:491,

Human Intestinal Enterocytes Overexpresses Eotaxin-1

Intestinal enterocytes have been shown to be a chief source of selected cytokines and
chemokines (e.g. IL-8, MCP-1, ENA-78) in inflammatory lesions in patients with diverse
gastrointestinal inflammatory disorderst31:39.401 Although, intestinal enterocytes express
diverse chemokines, the specific involvement of enterocyte-derived chemokines in the
gastro-intestinal immune system and in the pathogenesis of disease is not largely
understood. The critical role of eotaxin-1 was shown in the mouse model of eosinophilic
gastroenteritis; however, it was not clear that this chemokine had a similar role in human
gastroenteritis. Therefore, eotaxin-1 expression was examined in the duodenal biopsies of
gastroenteritis patients along with normal individuals. The analysis indicated that intestinal
enterocytes had the capacity to produce eotaxin-1 in disease state, as no significant staining
of anti-eotaxin-1 in duodenal biopsy was detected in a normal individual (Figure 7A);
however, anti-eotaxin-1 stained duodenal biopsy of gastroenteritis revealed that eotaxin-1
protein expressed in high levels in the intestinal epithelial cells and some submucosal cells
(Figure 7B). This study indicated that small intestinal enterocytes are the source of eotaxin-1
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in human at disease states and provided the evidence that mouse models of eosinophilic
gastroenteritis mimic the human disease. Furthermore, to establish the role of eotaxin-1 and
IL-5 in gastrointestinal eosinophilic inflammation, a transgenic mouse was developed by
utilizing the intestine-specific promoter of the rat fatty acid binding protein (FABPI)
genel28.29]. The FABPi promoter was shown that it specifically expresses in enterocytes of
the small intestine[28:29] and eotaxin-1 and IL-5 overexpression in enterocytes promoted
eosinophil trafficking in small intestine (Figure 8 A-C). Furthermore, to establish the distinct
role of eotaxin-1, a genetic rescue mouse, was developed and examined. These mice resolve
the eosinophil deficiency observed in eotaxin-deficient mice and provided the opportunity to
establish the role of eotaxin-1 in regulating gastrointestinal eosinophilial®l. The mice
overexpressing IL-5 and eotaxin-1 in the intestinal enterocytes mimic the characteristics
observed in the human eosinophilic gastrointestinal disease. In short, these described mouse
models are proven to be a potential tool to understand the role of eotaxin-1 in regulating
eosinophils in the human gastrointestinal tract at disease states.

Mouse Model of Eosinophilic Colitis that Mimic the Human Disease

Researchers developed a chronic eosinophilic colitis mouse model by either providing
dextran sodium sulfate (DSS) via drinking water or by intra-rectal delivery of tri-
nitrobenzene sulfonate (TNBS) intra-rectally. Both these mouse models show a large
number of eosinophils in the mouse colon that mimicked the human disease, including
weight loss, diarrhea, and rectal bleeding[®>°951], Diarrhea in these models was identified by
mucus—fecal material adhering to anal fur or was confirmed by examination of the colon
following the termination of the experiment. The appearance of rectal bleeding was
diagnosed as diarrhea containing visible blood, mucus, or both. The intestinal pathology was
examined in these models by haematoxylin and eosin and Masson trichrome staining and
found to be similar to pathological characteristics as observed in human[®:50:51], The most
common characteristics observed in these models that mimic the human disease were
edema, erosion/ulceration, crypt loss and infiltration of mononuclear and
polymorphonuclear cells (neutrophils and eosinophils) in the lamina propria and
submucosal®>59:511, Furthermore, murine colonoscopy techniques similar to the human were
also reported. Anesthetizing the mouse like human and by using a small-animal rigid
telescope connected to a camera, the colon biopsies were obtained[®509511, The colonoscopy
technique in mouse was found very useful for studying the mechanism of disease and
treatment progression. Taken together, the mouse model of eosinophilic colitis and newly
developed colonoscopy techniques provided a tool to better understand the mechanism of
the progression of eosinophilic colitis in humans.

Mouse Models: A Useful Tool for Preclinical Therapeutic Drug Trials for

Gastrointestinal Disorders

The choice of an appropriate animal model for a pre-clinical trial depends on the disease and
drug to be tested. The selection of correct animal model is important along with good
laboratory practice, basic research ethics, veterinarians, documentarians, a regulatory
research coordinator, physician and a basic research scientist. It is always debatable whether
animal models, in particular, the mouse are suitable models for conducting clinical trials.
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Notably, mouse models are widely used for conducting preclinical trials in academic and
medical environment, as well as by pharmaceutical companies. Mice have occasionally been
shown not to be reliable as pre-clinical models for all human diseases; drugs are effective in
the mouse but are ineffective in human clinical trials. Alternatively, for some diseases the
mouse modes has been proven to be very useful®253], for example, knocking out the leptin
hormone gene in mice showed that it regulates appetite and prevents obesity[®*35]. Leptin is
currently used to treat people suffering from certain types of obesity[>6:571. Similarly, anti-
IL-5 therapy tested in mice was poor in controlling eosinophilic pulmonary disorder but
showed a significant improvement in initial clinical trials in human EoE[8]. In addition, the
mouse models were also successfully used to develop a treatment strategy for human
Crohn's disease and irritable bowl diseases[®]. Furthermore, the mouse models are critical
tool for preclinical trials, as they will be easily manipulated for optimization of the dosage
regimes for any new treatments or treatment combinations. Taken together, the mouse
models are proven effective for a number of diseases including EGID and are needed for
testing any new drug for the treatment of human gastrointestinal disorders/diseases or any
other disease.

Conclusions

The overwhelming conclusion is that mouse models contribute and provide in depth
information to our understanding on the disease pathogenesis of EGID and on the
development of new treatment strategies including the testing of new drugs. Although,
mouse models raise some concerns; but still most academicians, medical researchers and
drug companies use mouse models to understand the induction and progression of complex
disease mechanisms and design the treatment strategies of a number of human
gastrointestinal disorders like EOE, IBD and EC. A large-scale phenotyping of genetically
engineered mice provides valuable information in dissecting the mechanism of a number of
diseases. Importantly, without the use of mouse models, the development and performance
of preclinical studies of new drugs to treat human diseases might not be possible. Mouse
models have been successfully used to validate drug targets and to determine efficacious and
safe usage schemes for combination treatment in humans. In conclusion, the tremendous
evidence indicates that the mouse models are vastly used in dissecting and understanding the
human diseases; even though the questions continue to be raised on their significance for
mimicking the human diseases.
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Mouse Model of EoE

Figure 1.
Comparision of mouse and human EoE pathological characteristics. Mouse esophageal

cross-section photomicrographs of naive mouse and Aspergillus induced EoE in mice are
stained with anti-MBP and is shown (A, B). The photomicrographs show esophageal
microabsess and epithelial cell proliferation (C, D), laminopropria eosinophilia (E) and
extracellular eosinophilic granules (F). The photomicrograph of human normal individual
(G) and EoE patient (H) esophageal biopsies (G) are stained with hematoxylin and eosin is
shown. No eosinophils and basal layer expansion in the epithelial mucosa in the esophageal
biopsy of normal individual are detected; whereas, the EOE patients esophageal biopsies
show intraepithelial eosinophils, extracellular eosinophilic granules, basal cell hyperplasia
and eosinophilic microabscess. [The photomicrographs of EOE mouse model with their
details are earlier published in J. Clin. Invst. 2001; 107(1):83-90 doi:10.1172/JC110224
(Mishra et al., entitled “An ethiological role for aeroallergens and eosinophils in
experimental esophagitis™].
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Figure2.
Eosinophil analysis in the esophagus of peanut sensitized and challenged mice. A, esohageal

sections of saline challenged mice stained with anti-MBP show few lamina propria
eosinophils (original magnification, 100x). B, esohageal sections of peanut extract
challenged mice stained with anti-MBP show a large number of eosinophils in the epithelial
mucosa and lamina propria (original magnification, 100x). C, the peanut extract challenged
esophageal sections in high magnification (original magnification, 400x) show
intraepithelial eosinophilia and degranulated eosinophils. The inset photograph shows
eosinophil microabscesses with extracellular eosinophilic granules (original magnification,
x1000). [All these figures were previously published in “AJP-Gastroenterology and Liver
Disease 2012; 302: G645-G654”]
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Figure 3.
Tissue remodeling in allergen-induced EoE. Representative photomicrographs of Masson's

trichrome stained tissue sections of a saline-challenged mouse shows normal lamina propria
collagen (A, original magnification 100x and B, 400x) and induced collagen accumulation
in lamina propria, muscularis mucosa and extended stromal papillae following allergen
challenge (C, original magnification 100x and D, 400x D). The photomicrograph of the
H&E stained tissue section shows single or two cell layers thickening of basal layer in
saline-challenged mice (E, original magnification 400x) compared to 4-5 cell thickening in
allergen-challenged mice (F, original magnification 400x%). [All these figures were
previously published in J Gastroenterology 2008; 134: 204-2014].
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Figure4.
Induced collagen accumulation and basal layer thickening in human EoE. A representative

photomicrograph of a normal esophageal biopsy shows low levels of collagen (A, original
magnification 100x). Representative photomicrograph of a EOE patient shows impressive
collagen in the lamina propria and papillae (B, original magnification 100x). [Both these
figures were previously published in J Gastroenterology 2008; 134: 204-2014].
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Figure5.
IL-5 transgene-induced esophageal tissue remodeling. Histopathological analysis was

performed on the esophageal tissue sections of WT and CD2-IL-5 transgenic mice following
Masson's trichrome staining and a representative photomicrograph of WT esophagus
highlighting its basal layer thickness and lamina propria collagen level (A, original
magnification, 100x). The CD2-IL-5 transgenic mice demonstrate thickened basal layer and
collagen accumulation in the lamina propria and muscularis mucosa (B, original
magnification, 100x) and induced accumulated collagen in the lamina propria and elongated
papillae (C, original magnification, 400x%). [All these figures were previously published in J
Gastroenterology 2008; 134: 204-2014].
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Figure6.
Esophageal stricture in CD2-1.L-5 transgenic mice. A radiological barium-swallowing

photograph indicated esophageal stricture in CD2-1L-5 mice develops in response to IL-5-
induced chronic eosinophilic inflammation in the esophagus. The barium swallowed
esophageal X-ray photograph of a wild type mice (A) and CD2-1L-5 transgenic mice (B) is
shown. [Both these figure were previously published in our manuscript in “AJP-
Gastroenterology and Liver Disease 2012; 302: G1347-G1355™].
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Figure7.
Eotaxin expression by the human enterocytes. Eotaxin protein expression was determined by

immunohistochemical staining of duodenal biopsy samples from patients with eosinophilic
gastroenteritis. Representative immunostaining with control 1gG (A) and anti-eotaxin (B) is
shown. The eotaxin staining is represented by brown color.
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Figure8.
Immunohistochemical staining of jejunum sections from wild-type and transgenic mice. The

jejunum from wild-type (WT; A), FABPIi-1L-5 transgenic (ilL-5; B), or FABPi-eotaxin
transgenic (iET; C) mice was stained with anti-MBP. Representative tissue sections are
shown, and representative eosinophils, recognized by anti-MBP stained black color
cells.staining, are indicated by the arrows. Original magnification, x125. (These figures
were original published in J. Biol. Chem 277; (6), 4406-4412, 2002 @ the American Society
for Biochemistry and Molecular Biology).
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