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Eosinophil-associated gastrointestinal disorders (EGIDs) are
characterized by an inappropriate accumulation of eosinophils
within the gastrointestinal tract. The underlying etiology and
pathophysiology that lead to the development of EGID are far
from elucidated. However, there is growing evidence to
support the role of aeroallergens and food allergens in the
pathogenesis of these disorders. Recent advances have
highlighted the role of Th2-driven cytokines in the development
of EGID, and clinical studies have verified that children and
adults with EGID often have positive skin testing to food
allergens. The most common form of EGID, eosinophilic
esophagitis (EE), has garnered intense investigation following
an increased recognition over the past decade. Recently, there
have been several important studies providing insight into both
the cellular mechanisms governing EE and clinical therapies
directed toward the treatment of EE. In the article herein, we will
review the most recent scientific advances influencing our
understanding of EGID with special emphasis on the role of
allergens in the pathogenesis of EGID.
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Background

Eosinophils are present throughout the healthy gastroin-
testinal tract (GI), except for the esophagus, which is
typically devoid of eosinophils [1,2]. Eosinophil-associ-
ated gastrointestinal disorders (EGID) are characterized
by an inappropriate accumulation of eosinophils within
the GI tract. Eosinophil levels may be elevated in one or
multiple segments of the GI tract in these disorders. Over
the past decade, there has been an increasing incidence of
primary EGID [3,4], as well as a robust increase in the
data linking the development of primary EGID to atopy.

Accordingly, the focus of our review will be on the role of
allergens in the development of EGID.

Diagnosis and clinical presentation

The most common form of EGID is known as eosino-
philic esophagitis (EE), which is characterized by an
infiltration of eosinophils within the esophagus. Other
forms of EGID include: eosinophilic gastritis, eosinophi-
lic enteritis, eosinophilic colitis, and eosinophilic gastro-
enteritis. Although these disorders are less frequent than
EE, their pathogenesis and treatment are probably
similar.

Clinically, patients with EGID often present with dys-
phagia, vomiting, or abdominal pain [3]. Specifically,
patients with EE often present with symptoms that
mimic gastroesophageal reflux disease (GERD) or food
impaction and pediatric patients may also present with
failure to thrive [5,6]. Data from two separate cohorts of
patients with EE suggest that EGID is a chronic con-
dition with a waxing and waning clinical course [7,8].
Approximately 70% of patients with EGID are males and
there is often a history of other atopic disorders [7,8]. The
natural history of untreated EGID has not been fully
delineated; however, significant complications such as
esophageal stricture can occur [9-11].

The number of eosinophils per high power field required
to definitively diagnose EGID has not been uniformly
agreed upon, which can make the diagnosis of EGID
quite challenging. For this reason, an experienced path-
ologist familiar with the number of eosinophils typically
found in the GI tract at their medical canter is essential for
interpreting biopsy specimen in patients with suspected
EGID. Efforts have been made to standardize the diag-
nosis of EGID. The diagnostic criteria for EE were
largely established at the First International Gastrointes-
tinal Eosinophilic Research Symposium (>15 eosino-
eosinophils/HPF noted in at least one of four biopsy
specimen) [12]. Additionally, the quantity and distri-
bution of eosinophils in the gastrointestinal tract of
pediatric patients without apparent pathologic disease
has been reported (Table 1) [1], though the application
of this data to the diagnosis of EGID has not been
rigorously established.

In addition to the elevated eosinophil numbers, the usual
morphology of the gastrointestinal tract is typically
disrupted in EGID. Depending on the location of
the eosinophilic infiltrate, additional manifestations
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Table 1

Quantity of eosinophils in the Gl tract of children

Gl segment Lamina propria Villous lamina propria Surface epithelium Crypt/glandular epithelium
Mean Max Mean Max Mean Max Mean Max
Esophagus N/A N/A N/A N/A 0.03 +£0.10 1 N/A N/A
Antrum 19+13 8 N/A N/A 0.0+ 0.0 0 0.02 £ 0.04 1
Fundus 21+24 11 N/A N/A 0.0+ 0.0 0 0.008 + 0.03 1
Duodenum 9.6+5.3 26 21+1.4 9 0.06 + 0.09 2 0.26 + 0.36 6
lleum 124 +5.4 28 48+28 15 0.47 £ 0.25 4 0.80 + 0.51 4
Ascending colon 20.3 +8.2 50 N/A N/A 0.29 + 0.25 3 14+1.2 11
Transverse colon 16.3 £ 5.6 42 N/A N/A 0.22 £ 0.39 4 0.77 £ 0.61 4
Rectum 8.3+59 32 N/A N/A 0.15+0.13 2 1.2+1.1 9

The table above illustrates eosinophil levels in the Gl tract of children (n = 28) without apparent Gl disease. Note that eosinophils are present
throughout the healthy Gl tract, except for the esophagus. Irrespective of gut location, eosinophils are most abundant in the lamina propria and are
typically present at much lower levels in the surface epithelium and crypt/glandular epithelium [1]. The mean number of eosinophils/hpf + the sb for
each an atomical region of the Gl tract and each region of the mucosa is shown. N/A, not applicable. This table has been adapted with permission

from publisher [1].

may include the presence of eosinophilic microabs-
cesses, basilar hypertrophy, cryptitis, disruption of the
surface epithelium, or fibrosis [13]. Studies of patients
with EE have also shown the presence of clevated
numbers of T-lymphocytes [14,15] and mast cells
[15,16] in the esophagus. Although the presence of
elevated eosinophils and disruption of the typical GI
tract morphology are crucial for the diagnosis of EGID,
the presence gastrointestinal eosinophilia alone is not
sufficient. The differential diagnosis for eosinophilia
within the GI tract is broad and includes EGID, hyper-
cosinophilic syndrome (HES), inflammatory bowel dis-
ease, and parasitic or fungal infection. The differential
diagnosis of esophageal eosinophilia is even more expan-
sive and includes GERD, chronic esophagitis, and scler-
oderma as well. In order to diagnose EGID, the patient
must have a biopsy and clinical presentation consistent
with EGID. Additionally, other causes of gastrointestinal
eosinophilia (parasitic infection, drug hypersensitivity,
etc.) must be ruled out.

The number of patients with symptoms and biopsy
results consistent with EGID has increased over the past
decade [3,4]. Although the etiology of this epidemic
remains unclear, there is a well-documented association
of atopy with EGID. Clinical studies in children and
adults have demonstrated an association with food allergy
[17°,18]. In fact, patients with EE often have positive skin
test results to multiple different antigens, with milk and
egg being the most common [18]. Additionally, patients
with EE often have multiple positive atopy patch test
results [19°°]. This latter finding suggests a unique, non-
IgE-mediated mechanism for the development of EE.

There are multiple therapeutic approaches that may be
utilized to treat EE. However, recommended first line
therapy for esophageal eosinophilia includes a four to six
week trial of acid blockade with a proton pump inhibitor

(PPI) [20]. If esophageal eosinophilia persists despite an
adequate trial of a PPI then the diagnosis of EE is
solidified. Initial therapy often involves the removal of
the suspected offending food antigen. This can be done
by eliminating foods based on the results of skin prick
testing (SP'T), atopy patch testing (APT), or by simply
eliminating the most common food allergens from the
diet. This approach is sufficient for the resolution of
symptoms and/or histology in 30-75% of children
[18,19°%,21], and an elemental diet leads to the resolution
in 98% of patients [7,17°]. Unfortunately, elemental diets
are often difficult to tolerate among older children and
adults. However, recent findings indicate that empiric
antigen elimination in adults is also effective [22°]. Other
therapies directed toward alleviating allergic symptoms
have been utilized as therapeutic agents for EGID.
Treatment with swallowed fluticasone or budesonide
has proven to be efficacious in the treatment of pediatric
patients with EE [23-25]. A study of 19 adult patients
with EE also demonstrated significant symptomatic and
histologic improvement with fluticasone propionate [26].

There have also been case reports demonstrating the
clinical improvement of EE with montelukast [27]. How-
ever, when cysteinyl leukotriene levels were examined in
biopsies from patients with EGID, the only statistically
significant increase in leukotrienes was found in patients
with eosinophilic gastroenteritis [28]. Additional data has
emerged suggesting that omalizumab (anti-IgE) may also
be helpful for patients with EGID. A recent study of nine
patients with EGID demonstrated symptomatic improve-
ment after receiving omalizumab once every 2 weeks for
16 weeks [29]. However, there was no change in the
number of esophageal ecosinophils in these patients.
Eosinophil levels in the duodenum and gastric antrum
decreased but these changes did not reach statistical
significance. In summary, given that patients with EGID
have positive SP'T" and APT results and respond to
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therapies directed at an underlying allergic pathology, the
current clinical data strongly supports a role for food
antigens in the development of EGID.

Additional clinical data supporting a role for acroallergens
in patients with EE has also begun to emerge. Spergel and
his colleagues published a case report of a patient with EE
whose symptoms worsened with pollen exposure [30].
Subsequent studies by Fitzgerald and colleagues demon-
strated a seasonal variation to the diagnosis of EE, with
the diagnosis being most infrequent during the winter
months when aeroallergens were low [31]. A recent
analysis of 23 adult patients with EE also demonstrated
that a significant number of adults with EE are sensitized
to inhalent environmental allergens [32]. Although these
clinical studies seem to support a role for aeroallergens in
the pathogenesis of these disorders, further investigations
are needed to elucidate the molecular pathways by which
allergens influence the development of EGID.

Molecular pathogenesis

To explore the molecular pathogenesis of EGID, animal
models of EE have been developed. The results of these
investigations have revealed that EE is driven by T
helper (Th)2 cytokine pathways known to be associated
with allergic disorders [33,34]. Murine models of EE have
also demonstrated that IL.-5 and IL.-13 are important
mediators of the inflammatory pathway leading to EE
[35].

IL-5 has a well-established role in the production, survi-
val, and activation of eosinophils. In murine models of
EE, the overexpression of I1.-5 in CD2 T cells of trans-
genic mice leads to the development of EE, and likewise,
the absence of IL.-5 protects mice against the develop-
ment of EE [34]. Recent data has also linked IL-5 to the
development of esophageal remodeling in EE [36]. Mis-
hra and his colleagues evaluated the extent of collagen
deposition in a murine model of EE and demonstrated a
significant increase in collagen deposition in the esopha-
gus of CD2-IL-5 transgenic mice. Additionally, there was
a significant reduction in the extent of collagen deposition
among mice deficient in IL.-5. They also found significant
elevation of IL-5 levels in the esophagus of patients with
EE and CD2-IL-5 transgenic mice. Taken together, the
wealth of data regarding IL.-5 and EE suggests that [L.-5 is
an important mediator of esophageal cosinophilia and
remodeling.

Accordingly, investigations have been conducted to
determine if blockade of IL-5 by the anti-IL.-5 antibody
mepolizumab is therapeutic for EE. A recent study of four
patients with EE by Stein e7 @/., demonstrated that the
inhibition of IL.-5 with the anti-IL.-5 antibody mepolizu-
mab effectively reduced peripheral blood eosinophilia
and the number of circulating CCR3 + cells [37]. Mean
esophageal eosinophilia was also reduced ~9-fold in

patients receiving mepolizumab, and this correlated with
increased quality of life. A separate analysis of 25 patients
receiving mepolizumab demonstrated that blood eosino-
philia decreased nearly 20-fold while on therapy and
levels remained decreased for three months after discon-
tinuing the medication. Additionally, these patients
developed elevated levels of IL.-5, attributed to a prob-
able long-lived mepolizumab-IL-5 complex. Surpris-
ingly, anti-IL-5 treated patients produced elevated
levels of T cell IL-5 and had increased levels of 1L-5
receptor expression on eosinophils, suggesting that 11.-5
may have an endogenous autoregulatory pathway [38°].
The clinical implications of this finding are not yet clear.
IL-5 is also thought to be related to the pathology seen in
HES, and mepolizumab has proved to be steroid sparing
for HES [39]. Taken together, these data suggest that
mepolizumab may be a promising therapeutic interven-
tion for patients with EE.

Although IL-5 plays a central role in the development of
EGID, eosinophil recruitment into the GI tract results
from the expression of multiple other cytokines, eosino-
phil chemoattractants, and adhesion molecules
(Figure 1). Animal models of EE have demonstrated that
IL-13 can induce EE through a signal transducer and
activator of transcription (STAT)6 dependent mechan-
ism [35]. IL.-13 appears to have an important role in the
development of GI eosinophilia as well as in the de-
velopment of esophageal remodeling. It has been pro-
posed that IL.-13 can lead to EE by increasing the levels
of eotaxin-3. Animal models have shown that IL.-13 can
also lead to the development of EE when it is introduced
into the airway [40]. Given that IL.-13 is known to be
involved in the development of allergic airway disease,
this observation supports a potential role for acroallergens
in the development of EE.

T'o further understand the molecular mechanisms respon-
sible for EGID, Blanchard ¢ /. examined the gene
expression profile in the esophageal tissues of patients
with EE [41°°]. This generated a unique EE signature
profile involving altered expression of nearly 1% of the
human genome. Further analysis of the unique EE tran-
scription profile identified that the expression of eotaxin-
3 mRNA increased 53-fold compared to normal controls.
This makes eotaxin-3 the most highly upregulated gene
in the EE genome. Eotaxin-3 appears to be expressed
primarily by the epithelial cells of the esophagus, though
its role in EE has not been completely defined. Blanchard
and her colleagues also identified a single nucleotide
polymorphism (SNP) within eotaxin-3 that was associated
with increased susceptibility to EE. Other investigations
have confirmed that increased expression of eotaxin-3 and
its receptor CCR3 in esophageal tissues correlates with
EE disease activity [42]. There is also data emerging that
suggests elevated levels of eotaxin-3 in the esophagus
may be helpful in separating EE from GERD [43]. These
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Figure 1
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Molecular pathogenesis of eosinophilic esophagitis (EE) arises from the

interaction between genetic factors and environmental exposures. This

interaction leads to the secretion of a complex array of cellular mediators. The expression of IL-13 and TGF- likely contributes to the release of
eotaxin-3, increased collagen production (fibrosis) and vascular activation (VCAM-1). Finally, IgE can be detected on the surface of mast cells and
probably contributes to the mast cell activation. This figure was adapted with the publisher’s permission [46].

are all important insights, as differentiating EE from
GERD or chronic esophagitis is often difficult, and as
of yet, no specific biomarkers have been identified that
can reliably differentiate these clinical entities. However,
blood levels of eosinophils, eosinophil-derived neuro-
toxin, and eotaxin-3 are somewhat helpful in differentiat-
ing EE from GERD [44].

Other important advances in the understanding of EE
have stemmed from investigations into the development
of esophageal remodeling. Aceves ¢z a/. hypothesized that
eosinophil-derived TGF-B and its signaling molecule
phosphorylated SMAD2/3, which are responsible for
the development of fibrosis in asthma models, may also
play a role in esophageal remodeling [45]. Their inves-
tigations suggest that both TGF-B and phosphorylated
SMAD2/3 are responsible for increased fibrosis in the
subepithelial region of the esophagus. Further analysis of
their population also revealed elevated levels of vascular
cell adhesion molecule-1 (VCAM-1) and increased vas-

cular density of the esophagus. Stricture formation is a
serious complication of EGID and more research into the
development of esophageal remodeling is needed.

In summary, EGID are a group of disorders characterized
by an inappropriate accumulation of eosinophils within
the GI tract. Their pathogenesis is most probably the
result of local aberrant ThZ cytokines secreted in
response to food, acroallergens, and/or as yet unidentified
agents. Most patients respond to elemental diet and
steroids. However, both modes of therapy are undesirable
long-term solutions for EGID. Mepolizumab has recently
been shown to be a promising therapeutic intervention for
patients with EGID and may spare patients from the
long-term sequalae of steroid use. The development of
other antibody-mediated therapies directed at cytokines
and chemokines responsible for the pathologic manifes-
tations of EGID, as well as the development of disease-
specific biomarkers (especially noninvasive ones) are
intriguing areas for future research.
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