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Primary eosinophilic gastrointestinal disorders are defined as
disordersthat selectively affect the gastrointestinal tract with
eosinophil-rich inflammation in the absence of known causes
for eosinophilia (eg, drug reactions, parasitic infections, and
malignancy). These disorders include eosinophilic esophagitis,
eosinophilic gastritis, eosinophilic gastroenteritis, eosinophilic
enteritis, and eosinophilic colitisand are occurring with
increasing frequency. Significant progress has been madein
elucidating that eosinophils are integral members of the gas-
trointestinal mucosal immune system and that eosinophilic
gastrointestinal disordersare primarily polygenic allergic dis-
ordersthat involve mechanisms that fall between pure | gE-
mediated and delayed Ty 2-type responses. Preclinical studies
have identified a contributory role for the cytokine IL-5 and
the eotaxin chemokines, providing a rationale for specific dis-
ease therapy. An essential question isto determine the cellular
and molecular basis for each of these clinical problemsand the
best treatment regimen, which isthe main subject of this
review. (J Allergy Clin Immunol 2004;113:11-28.)
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OVERVIEW OF EOSINOPHILIC
GASTROINTESTINAL DISORDERS

Eosinophil accumulation in the gastrointestinal tract is
a common feature of numerous gastrointestinal disor-
ders, including classic IgE-mediated food allergy,l:2
eosinophilic  gastroenteritis,34 allergic colitis,57
eosinophilic esophagitis (EE),810 inflammatory bowel
disease (IBD),11-13 and gastroesophageal reflux disease
(GERD).14-18 |n IBD eosinophils usually represent only
asmall percentage of the infiltrating leukocytes,11.19 but
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Abbreviations used
ECP:

EDN:

EE:

EGID:
EPO:
GERD:
HES:

hpf:

1BD:

LT:
MAdCAM:
MBP:
MCP:
PDGFRA:
VLA:

Eosinophil cationic protein
Eosinophil-derived neurotoxin
Eosinophilic esophagitis
Eosinophilic gastrointestinal disorder
Eosinophil peroxidase
Gastroesophageal reflux disease
Hypereosinophilic syndrome
High-powered field

Inflammatory bowel disease
Leukotriene

Mucosal addressin cell adhesion molecule
Major basic protein

Monocyte chemoattractant protein
Platel et-derived growth factor a

Very late antigen

their level has been proposed to be a negative prognostic
indicator.19.20 Primary eosinophilic gastrointestinal dis-
orders (EGIDs; eg, EE, eosinophilic gastritis,
eosinophilic gastroenteritis, eosinophilic enteritis, and
eosinophilic calitis) are defined as disorders that primar-
ily affect the gastrointestinal tract with eosinophil-rich
inflammation in the absence of known causes for
eosinophilia (eg, drug reactions, parasitic infections, and
malignancy). Patients with EGIDs have avariety of prob-
lems, including failure to thrive, abdominal pain, irri-
tability, gastric dysmotility, vomiting, diarrhea, and dys-
phagia.21.22 Evidence in support of the concept that
EGIDs arise as a result of the interplay of genetic and
environmental factors is accumulating. Notably, a large
percentage (approximately 10%) of patients with EGIDs
have an immediate family member with an EGID.21
Additionally, several lines of evidence support an allergic
cause, including the finding that approximately 75% of
patients with EGIDs are atopic,23-30 the finding that the
severity of disease can sometimes be reversed by institu-
tion of an allergen-free diet,29-31 and the common finding
of mast cell degranulation in tissue specimens.32.33
Importantly, our recent models of EGIDs support a
potential allergic cause for these disorders.18 Interesting-
ly, despite the common finding of food-specific IgE in
patients with EGIDs, food-induced anaphylactic
responses only occur in a minority of patients.334 Thus
EGIDs have properties that fall between pure IgE-medi-
ated food allergy and cellular-mediated hypersensitivity
disorders (eg, celiac disease; Fig 1).34
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FIG 1. The spectrum of gastrointestinal inflammatory disorders
involving eosinophils. Gastrointestinal eosinophils accumulate in
a variety of disorders with variable dependence on IgE, ranging
from predominant IgE dependence (food anaphylaxis) to non-IgE
dependence (celiac disease), and IBD. Adapted with permission
from Rothenberg et al.18

Although theincidence of primary EGIDs has not been
rigorously calculated, a miniepidemic of these diseases
(especialy EE) has been noted over the last decade.9:35
One group of investigators has found that 1% of their
pediatric patients with GERD have EE.15 Another group
of investigators has reported that 6% of their patients with
esophagitis have EE.® Finaly, we have estimated that one
type of EGID, EE, occurs in approximately 2 of 10,000
children in the geographic region of our medical center in
Cincinnati (Richard Noel, Phil Putnam, and Marc
Rothenberg, unpublished findings). Collectively, these
epidemiologic results indicate that the EGIDs are not an
uncommon group of diseases and might have a combined
prevalence even higher than that of 1BD.

EGIDs typically occur independent of peripheral
blood eosinophilia (>50% of the time), indicating the
potential significance of gastrointestinal-specific mecha-
nisms for regulating eosinophil levels; indeed, our work
has demonstrated the importance of the eotaxin pathway
in this process. However, some patients with EGIDs (typ-
ically those with eosinophilic gastritis) can have substan-
tially increased levels of peripheral blood eosinophils
and meet the diagnostic criteria for the idiopathic hyper-
eosinophilic syndrome (HES). This syndrome is defined
by sustained severe peripheral blood eosinophilia (>1500
cells'mm2) and the presence of end-organ involvement
(in the absence of known causes for eosinophilia).36-38
Notably, although HES commonly involves the gastroin-
testinal tract, the other end organs typically associated
with HES (eg, heart and skin) are uncommonly involved
in EGIDs. Recently, it has been appreciated that a subset
of patients with HES have a microdeletion on chromo-
some 4 that generates an activated tyrosine kinase sus-
ceptible to imatinib mesylate therapy3?; the possible
occurrence of this and other genetic events in patients
with EGIDs, especially those with significant circulating
eosinophilia, is currently being investigated.

EOSINOPHIL GROWTH AND DEVELOPMENT

The eosinophil is formed in the bone marrow, where it
spends about 8 days maturing under the regulation of the
transcription factors GATA-1, GATA-2, and ¢/EBP (Fig
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2).40-42 Notably, GATA-1 and GATA-2 overexpression
are sufficient signals for promoting eosinophil develop-
ment in avian, murine, and human systems. Additionally,
mice with a targeted genetic deletion in the high-affinity
GATA site present in the GATA-1 promoter are selective-
ly deficient in the eosinophil lineage.4! These transcrip-
tion factors provide “instructive” signals that cooperate
with the “permissive” eosinophil growth factors IL-3, IL-
5, and GM-CSF. IL-5 is the most specific to the
eosinophil lineage and is responsible for the selective
expansion of eosinophils and their release from the bone
marrow.43 Eosinophils subsequently relocate into the
periphera circulation for 8 to 12 hours and finaly traffic
to specific tissues, predominantly the gastrointestinal
tract, where they reside for at least 1 week.#4 The critical
role of IL-5 in the production of eosinophils is best
demonstrated by genetic manipulation of mice. Overpro-
duction of IL-5 through avariety of approaches, including
transgenic overexpression in enterocytes, results in pro-
found eosinophilia and deletion of the IL5 gene causes a
marked reduction of eosinophils in the blood, lungs, and
gastrointestinal tract after allergen challenge.45-49

REGULATION OF EOSINOPHIL TISSUE
ACCUMULATION

Numerous inflammatory mediators have been impli-
cated in regulating eosinophil accumulation, including
IL-1, IL-3, IL-4, IL-5, IL-13, and GM-CSF and the
chemokines RANTES, monocyte chemoattractant pro-
tein (MCP) 3, MCP-4, macrophage inflammatory protein
1a, and eotaxin 1, eotaxin 2, and eotaxin 3.445051 |_-3
and GM-CSF, in association with IL-5, enhance
eosinophil development, migration, and effector func-
tion, whereas IL-1, IL-4, IL-13, and TNF-a regulate
eosinophil trafficking by promoting adhesive interactions
with the endothelium.4452 |n collaboration with IL-5,
chemokines and lipid mediators (platelet-activating fac-
tor and cysteinyl leukotriene [LT] C,) induce eosinophil
trafficking by promoting chemoattraction. Of the media-
tors implicated in modulating eosinophil accumulation,
only IL-5 and the recently described subfamily of eotax-
in chemokines are relatively specific for eosinophils.53
Recent studies suggest that eotaxin 1 has akey rolein the
modulation of eosinophil accumulation in the gastroin-
testinal tract and that its effect is primarily tissue specif-
ic.54 For example, eotaxin 1-deficient mice have a defect
in eosinophil trafficking to the gastrointestinal tract and
are protected from experimental oral antigen—induced
gastrointestinal pathology.5 In contrast, |L-5—deficient
mice fail to mount expansion of eosinophils in the bone
marrow and blood and have markedly impaired
eosinophil accumulation in the allergen-challenged
lung.46 These studies have identified IL-5 as a critical
eosinophil growth factor and the eotaxins as critical tis-
Sue recruitment factors.

Although the adhesion processes involved in
eosinophil tissue accumulation have not been extensive-
ly elucidated in the gastrointestinal tract, they have been
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FIG 2. Eosinophil development and tissue localization. The eosinophil is formed in the bone marrow under
the regulation of the transcription factors GATA-1, GATA-2, and ¢/EBP. With the influence of IL-5, adhesion
molecules, and eotaxin 1, eosinophils subsequently relocate into the peripheral circulation and finally traf-
fic to specific tissues, predominantly the gastrointestinal (Gl) tract, thymus, hematopoietic organs, and

mammary gland (during pubertal development).

examined in vitro and in the lung.56 Reversible interac-
tions between eosinophils and endothelial cells are pri-
marily mediated by selectins; eosinophils expressthelig-
ands (eg, sialylated Lewis-X antigen) for E and P
selectins (Fig 2). The integrins expressed by eosinophils
include members of the B1 (eg, very late antigen [VLA]
4), B2 (eg, CD18 family of molecules), and B7 families
(eg, a4B7 molecule).5” The CD18 family of molecules
includes lymphocyte function antigen 1 and Mac-1,
which both interact with endothelial cells through inter-
cellular adhesion molecule; the VLA-4 integrin binds to
vascular cell adhesion molecule 1. These adhesion inter-
actions have been shown to be important for eosinophil
recruitment into the lung and skin, but their role in
eosinophil recruitment to the gastrointestinal tract has
not been extensively evaluated.56:58.59 The 0437 mole-
cule, which is coexpressed on lymphocytes and
eosinophils, might be the most important integrin for
gastrointestinal eosinophils. This integrin binds to
mucosal addressin cell adhesion molecule 1 (MAdCAM-
1), a major adhesion molecule expressed on high
endothelial venules in the intestinal lamina propria,

lymph nodes, and Peyer's patches.6961 Importantly,
extensive studies focused on inhibiting the B7/MAd-
CAM-1 interaction with neutralizing antibodies or with
37-"- mice have supported a central role for this pathway
in regulating lymphocyte and mast cell progenitor cell
homing into the intestine.62-64 The findings that eotaxin
1-induced eosinophil recruitment to the lung and eotax-
in 1-mediated chemoattraction in vitro are dependent on
VLA-4 (04f31)65 suggests that the other a4-associated
integrins on eosinophils (eg, a4f37) might also be
involved in eotaxin-mediated events. Consistent with
this, there is delayed intestinal hypersensitivity (includ-
ing lymphocyte and eosinophil infiltrations) in response
to intestinal infection with Trichinella spiralisin 7-defi-
cient animals.%6 Determining the role of the a4 and B7
integrins on gastrointestinal eosinophils has important
therapeutic implication for EGIDs because there are sev-
eral clinical agents that block these molecules®3; in par-
ticular, a recent study has shown a beneficial effect of
anti-a4 integrin in patients with 1BD.67 Notably, recent
studies have shown that eotaxin-induced gastrointestinal
eosinophilia is dependent on the interaction of the
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eosinophil adhesion molecule a4B7 and the endothelial
receptor MAdCAM-1.88 Finally, eosinophils express
several other adhesion receptors, including CD44, a
receptor for hyaluronan, and the sialic acid—binding
immunoglobulin-like lectin protein 8 (siglec-8), both of
which have been shown to regulate multiple eosinophil
responses.69-71

EOTAXIN SUBFAMILY OF CHEMOKINES

Eotaxin was initially discovered by using a biologic
assay in guinea pigs designed to identify the molecules
responsible for alergen-induced eosinophil accumula-
tion in the lungs.33 A partial amino acid sequence facili-
tated the genetic cloning of the genes and cDNA for
guinea pig, murine, and human eotaxin, which led to the
identification of eotaxin as a member of the CC
chemokine family most homologous to the MCP sub-
family,72-76 all being present in the same genetic locus
(human 17g11). By using genomic analyses, rather than
biologic assays, 2 additional chemokines have been iden-
tified in the human genome that encode for CC
chemokines with eosinophil-selective chemoattractant
activity and have hence been designated eotaxin 2 and
eotaxin 377-80; the mouse genome was shown to only
contain eotaxin 1 and eotaxin 2.81 Eotaxin 2 and eotaxin
3 are only distantly related to eotaxin 1 because they are
only approximately 30% identical in sequence and are
located in a different chromosomal position (human
7011.23).80-82 The specific activity of all eotaxins is
mediated by the selective expression of the eotaxin
receptor CCR3, a 7-transmembrane-spanning G pro-
tein—coupled receptor primarily expressed on
eosinophils.83-85 CCR3 is a genetically polymorphic
promiscuous receptor that interacts with multiple lig-
ands, including MCP-2, MCP-3, MCP-4, RANTES, and
HCC-2 (macrophage inflammatory protein 5, Leuko-
tactin); however, the only ligands that signal exclusively
through this receptor are the eotaxin chemokines,
accounting for the cellular selectivity of the eotaxins.86.87
Interestingly, other cells involved in alergic responses
(eg, T2 cells, basophils, mast cells, dendritic cells, and
airway epithelial cells) also express CCR3 at variable
level s88-92; however, the significance of CCR3 expres-
sion on these cells has been less clearly demonstrated
than on eosinophils. Notably, human gastrointestinal
mast cells have also been shown to express CCR393;
recently, mast cell CCR3 has been shown to predomi-
nantly exist in an intracellular location.%4

Mice deficient in both eotaxin 1 and IL-5 have a syn-
ergistic deficiency of alergen-induced lung eosinophilia
and airway hyperreactivity, providing compelling evi-
dence that both of these cytokines work together to elic-
it and regulate eosinophilia.% In addition to having arole
in the respiratory tract, the eotaxin chemokines are
involved in regulating eosinophilsin other tissues. Under
baseline conditions, eotaxin 1 and eotaxin 2 are constitu-
tively expressed in a variety of tissues, with especialy
high levels in the gastrointestinal tract and thy-
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mus.48:72,74,81 Analysis of eotaxin 1-- mice has revealed
that the constitutive expression of this chemokine is crit-
ically involved in regulating the baseline homing of
eosinophils, especialy in the intestine (Fig 2).4854 Addi-
tionally, induction of experimental gastrointestinal aller-
gy in eotaxin 1-"- mice has revealed an essentia role for
eotaxin 1 in regulating eosinophil-associated gastroin-
testinal pathology.559 Recently, CCR3-- mice have
been devel oped and have been shown to have a decreased
level of jgunal eosinophils at baseline and after T spi-
ralis infection.97-9° The finding that gene targeting of the
CCR3 locus (alocus not genetically linked to eotaxin 1)
induces a phenotype similar to that of eotaxin 1-/- mice,
definitively links the eotaxin/CCR3 pathway as a prime
regulator of gastrointestinal eosinophils. However, in
contrast to the eotaxin 1-- mice (that have normal levels
of splenic eosinophils), CCR3~~ mice have increased
levels (approximately 5-fold) of splenic eosinophils97.99
that appear to be a result of cell recruitment rather than
eosinophilopoiesis.®® These results indicate that CCR3
ligands, in addition to eotaxin 1, are likely to be unique-
ly regulating eosinophil tissue localization.

There is now substantial preclinical evidence support-
ing a role for eotaxins in human disease. For example,
there are markedly increased levels of eotaxin 1 mRNA in
the lesions of patients with IBD.74 Additionally, experi-
mental induction of cutaneous and pulmonary late-phase
responses in human subjects has revealed that the eotaxin
chemokines are produced by tissue resident cells (eg, res-
piratory epithelial cells and skin fibroblasts) and alergen-
induced infiltrative cells (eg, macrophages and
eosinophils). Several studies have reported baseline and
alergen-induced increasesin eotaxin 1 levelsin the bron-
choalveolar lavage fluid of asthmatic subjects compared
with control individuals.190-104 Further support for an
important role of eotaxin 1 in human asthma is derived
from analysis of a single nucleotide polymorphism in the
gene encoding eotaxin 1. A naturally occurring mutation
encoding for achangeinthelast amino acid in signal pep-
tide (alanine— threonine) results in less effective cellular
secretion of eotaxin 1invitro and in vivo.105 Notably, this
polymorphism is associated with reduced levels of circu-
lating eotaxin 1 and eosinophils and improved lung func-
tion (eg, FEV4).105 Recently, the activity of eotaxin 1 and
eotaxin 2 in human subjects has been investigated by
injection of these chemokines into the skin of human sub-
jects; both eotaxin 1 and eotaxin 2 induced an immediate
wheal-and-flare response associated with mast cell
degranulation and subsequent infiltrations by eosinophils,
basophils, and neutrophils.106 The infiltration by neu-
trophilsislikely to be mediated indirectly by the mast cell
degranulation. These results provide substantial evidence
that the biologic activities attributed to eotaxins in ani-
mals are conserved in human subjects.

Collectively, these studies have provided the impetus
for the development of therapeutic agents aimed at block-
ing the action of eotaxins, CCR3, or both. Indeed, small-
molecule inhibitors of CCR3 and a humanized anti-
human eotaxin 1 antibody have been developed.86:87.107
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Early results with a phase | trial of humanized antieotax-
in 1 in patients with allergic rhinitis have shown no seri-
ous adverse responses after intravenous or intranasal
administration.108.109 Notably, antieotaxin 1 has been
shown to lower levels of eosinophils in nasal wash sam-
ples and nasal biopsy specimens and to improve nasal
patency.108.109 These early results have substantiated a
role for eotaxin 1 in human allergic disease.

CONSTITUTIVE GASTROINTESTINAL
EOSINOPHILS

Eosinophils have been noted to be present at low lev-
els in numerous tissues. When a large series of biopsy
and autopsy specimens were analyzed, the only organs
that demonstrated tissue eosinophils (at substantial lev-
els) were the gastrointestinal tract, spleen, lymph nodes,
and thymus (Fig 2).110 Interestingly, eosinophil infiltra-
tions were only associated with eosinophil degranula-
tion in the gastrointestinal tract. Examination of
eosinophils throughout the gastrointestinal tracts of con-
ventional healthy mice (untreated mice maintained
under pathogen-free conditions) has revealed that
eosinophils are normally present in the lamina propria of
the stomach, small intestine, cecum, and colon.48
Notably, unlike intestinal lymphocytes and mast cells,
eosinophils are not normally present in Peyer’s patches
or intraepithelial locations, although they commonly
infiltrate these regions in patients with EGIDs.17 Inter-
estingly, prenatal mice have eosinophils located in simi-
lar regions and concentrations as observed in adult
mice,# providing evidence that eosinophil homing into
the gastrointestinal tract occurs independent of endoge-
nous flora. Indeed, germ-free mice? and mice deficient
in innate signaling responses (MyD88 deficient) have
normal levels of gastrointestinal eosinophils (Anil
Misha and Marc Rothenberg, unpublished findings).
These data suggest that eosinophils respond to distinct
stimuli compared with other intestinal leukocytes;
indeed, constitutive expression of eotaxin 1 has been
demonstrated to provide the unique signal that promotes
localization of eosinophils into the gastrointestinal tract
at baseline.

ROLE OF BASELINE EOSINOPHILS

The beneficia function of eosinophils has been pri-
marily attributed to their ability to defend the host
against parasitic helminths. This is based on several
lines of evidence, including (1) the ability of eosinophils
to mediate antibody-dependent (or complement-depen-
dent) cellular toxicity against helminths in vitro,111,112
(2) the observation that eosinophil levelsincrease during
helminth infections and that eosinophils aggregate and
degranulate in the local vicinity of damaged parasitesin
vivo, and (3) the results in experimental parasite-infect-
ed mice that have been depleted of eosinophils by means
of IL-5 neutralization, gene targeting, or both.113 |n
addition to having a role in antiparasite immunity, the
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localization of gastrointestinal eosinophils in juxtaposi-
tion with lymphocytes suggests a functional interaction
between these 2 leukocytes. Although most studies have
focused on the role of T cells in the regulation of
eosinophils (eg, through IL-5), it is likely that
eosinophils might also regulate lymphocytes. Consistent
with this finding, eosinophils are known to express the
necessary cellular machinery for antigen presentation,
such as MHC class Il and costimulatory molecules (eg,
B7.1 and B7.2; Fig 3).114-116 Egsinophils are also known
to express avariety of cytokinesthat can induce the pro-
liferation, maturation, or both of T cells (eg, IL-2, IL-4,
and 1L-12). Furthermore, preliminary investigations
with human eosinophils in vitro have shown that
eosinophils have the capacity to present antigen to T
cells. 114115 Recent studies have shown that eosinophils
isolated from the mouse lung can present antigen to T
cells when adoptively transferred to naive animals.117 In
addition, it has been proposed that lymph node
eosinophils in patients with Hodgkin’s disease might
provide cellular ligands for TNF superfamily receptors
and CD30, thereby transducing proliferation and anti-
apoptotic signals.118.119 Additional support for an inter-
action between eosinophilsand T cells has recently been
derived from analysis of thymic eosinophils. As men-
tioned earlier, the thymus is a primary site for
eosinophils under healthy conditions (Fig 2). In young
mice thymic eosinophils are primarily located in the cor-
ticomedullary region, express IL-4 and IL-13, and are
positive for CD11b and CD11c (similar to dendritic
cells).120 |n adult mice eosinophils traffic to the medul-
la under the regulation of eotaxin 1.54 During experi-
mental induction of tolerance, the level of thymic
eosinophils increases, and their location correlates with
areas of active T-cell apoptosis. Taken together, these
studies indicate that regulation of T-cell responses might
be one of the physiologic functions of eosinophils.
Finally, mice deficient in both eotaxin 1 and IL-5 not
only have reduced eosinophils but also have an intrinsic
defect in T-cell production of 1L-13,9 substantiating a
role for eosinophilsin regulating T helper function.

The finding that eosinophils home into the gastroin-
testinal tract during gestational development48 suggests
that eosinophils might have a role in tissue or organ
development. A role for eosinophils in developmental
processes in the gastrointestinal tract has not yet been
identified. However, a physiologic function for
eosinophils in postnatal mammary gland devel opment
has been proposed recently (Fig 2).121 Theimportant role
for leukocytes in mammary gland development was
demonstrated by depleting hematopoietic precursors by
means of whole-body y-irradiation. After y-irradiation,
ductal outgrowth wasimpaired, and this abnormality was
reversed by bone marrow transplantation. Interestingly,
the level of eotaxin 1 and eosinophils in the mammary
gland increased with the development of the mammary
gland during puberty. Furthermore, eotaxin 1—deficient
mice had a near complete loss of mammary gland
eosinophils, and this was associated with a decreased
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FIG 3. Schematic diagram of an eosinophil and its pleiotropic effects. Eosinophils release their preformed
secondary granule constituents, most notably 4 cytotoxic cationic proteins designated EPO, MBP, ECP, and
EDN. ECP and EDN are also ribonucleases. Eosinophils also release a variety of cytokines and neuromedi-
ators and generate large amounts of lipid mediators. Lastly, eosinophils can be induced to express MHC
class Il and costimulatory (eg, B7) molecules and might be involved in propagating immune responses by

presenting antigen to T cells.

number of ductal branches and a defect in terminal end
bud formation. Taken together, these data establish that
eosinophils are critically involved in the branching mor-
phogenesis of the mammary gland. The presence of con-
stitutive eotaxin 1 and eosinophils in other endocrine
organs (eg, uterus),122-124 as well as in the gastrointesti-
nal tract, suggests that the involvement of tissue
eosinophilsin developmental processesisnot likely to be
restricted to the mammary gland.

PRO-INFLAMMATORY ROLE OF
EOSINOPHILS IN EGIDs

Eosinophilsare pleiotropic cells stimulated by avariety
of triggers (Fig 3). In vitro studies have shown that
eosinophil granule constituents are toxic to a variety of
tissues, including intestinal epithelium.125 Eosinophil
granules contain a crystalloid core composed of major
basic protein (MBP) 1 (and MBP-2) and a matrix com-
posed of eosinophil cationic protein (ECP), eosinophil-
derived neurotoxin (EDN), and eosinophil peroxidase

(EPO; Fig 3).126 These cationic proteins share certain pro-
inflammatory properties but differ in other ways. For
example, MBP, EPO, and ECP have cytotoxic effects on
epithelium in concentrations similar to those found in bio-
logic fluids from patients with eosinophilia. Additionally,
ECP and EDN belong to the ribonuclease A superfamily
and possess antiviral and ribonuclease activity.127.128 ECP
can insert voltage-insensitive, ion-nonselective toxic
pores into the membranes of target cells, and these pores
might facilitate the entry of other toxic molecules.129
MBP directly increases smooth muscle reactivity by caus-
ing dysfunction of vagal muscarinic M2 receptors.130
MBP also triggers degranulation of mast cells and
basophils. Triggering of eosinophils through engagement
of receptors for cytokines, immunoglobulins, and com-
plement can lead to the generation of a wide range of
inflammatory cytokines, including I1L-1, IL-3, IL-4, IL-5,
IL-13, GM-CSF, transforming growth factors, TNF-a,
RANTES, macrophage inflammatory protein 1a, vascu-
lar endothelial cell growth factor, and eotaxin 1, indicat-
ing that they have the potential to modulate multiple
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aspects of the immune response.13! In fact, eosinophil-
derived transforming growth factor B is linked with
epithelial growth, fibrosis, and tissue remodeling.132.133
Eosinophils express MHC class I molecules and relevant
costimulatory molecules (CD40, CD28, B7.1, and B7.2)
and secrete an array of cytokines capable of promoting
lymphocyte proliferation, activation, and T1 or T2
polarization (IL-2, IL-4, IL-6, IL-12, and IL-
10).95114,117,131,134 Fyrther eosinophil-mediated damage
is caused by toxic hydrogen peroxide and halide acids
generated by EPO and by superoxide generated by the
respiratory burst oxidase enzyme pathway in eosinophils.
Eosinophils also generate large amounts of cysteinyl
LTC,, which is metabolized to LTD, and LTE,. These 3
lipid mediators increase vascular permeability and mucus
secretion and are potent stimulators of smooth muscle
contraction.135 Clinical investigations have demonstrated
extracellular deposition of MBP and ECP in the small
bowel of patients with eosinophilic gastroenteri-
tis3413.136,137 and have shown a correlation between the
level of eosinophils and disease severity.136:138 Electron
microscopy studies have revealed ultrastructural changes
in the secondary granules (indicative of eosinophil
degranulation and mediator release) in duodenal samples
from patients with eosinophilic gastroenteritis.3 Further-
more, Charcot-Leyden crystals, remnants of eosinophil
degranulation, are commonly found on microscopic
examination of stools obtained from patients with
eosinophilic gastroenteritis.24.139

CLINICAL EVALUATION FOR EGIDs

Patients with EGIDs present with a variety of clinical
problems, most commonly failure to thrive, abdominal
pain, irritability, gastric dysmotility, vomiting, diarrhea,
dysphagia, microcytic anemia, and hypoproteinemia.2t A
diagnostic evaluation for EGIDs should be performed on
al patients with these refractory problems, especially in
individuals with a strong history of allergic diseases,
peripheral blood eosinophilia, and/or a family history of
EGIDs (Table ). Depending on the intestinal segment
involved, the frequency of specific symptoms varies (eg,
abdominal pain and dysphagia are most common in
eosinophilic gastroenteritis and EE, respectively), but
there are no pathognomonic symptoms or blood tests for
diagnosing EGIDs. Notably, blood eosinophil counts are
normal in the majority of patients. If an EGID is sus-
pected (on the basis of clinical presentation or evaluation
of endoscopic biopsy specimens), then additional testing
should be considered to rule out the possibility that there
might be another primary disease process, such as drug
hypersensitivity, collagen-vascular disease, malignancy,
or infection (Table ).

The evaluation for EGIDs starts with a comprehensive
history and physical examination. Evaluation for intesti-
nal parasites through examination of stool samples,
intestinal aspirates obtained during colonoscopy, or spe-
cific blood antibody titers should be performed, especial-
ly when patients have high-risk exposure (eg, living on
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TABLE I. Diagnostic work-up for EGIDs

Genera
Complete blood count and differential
Total IgE
Erythrocyte sedimentation rate
Skin prick tests and IgE RASTs
Infection work-up (stool and colonic aspirate analysis)
Upper and lower gastrointestinal endoscopy with biopsies
(pH probe and skin patch testing)
In the presence of hypereosinophilia
Bone marrow analysis
Serum tryptase
Vitamin B12
Echocardiogram
Genetic analysis for FIP1L1-PDGFRA fusion
(evaluation and biopsy of any other potentially involved tissue)

farms or drinking well water). For example, in one series
of patients with eosinophilic enteritis, the common dog
hookworm Ancylostoma caninum (identified by endo-
scopic detection) was shown to be the cause of
eosinophilic enteritis in 10 of 79 patients,140 raising the
possibility that other occult infections might be involved
in the pathogenesis of other apparent cases of EGIDs. As
a precaution, before using systemic immunosuppression
for EGIDs, infection with Strongyloides stercoralis
should be ruled out because this infection can become
life-threatening in the setting of systemic immunosup-
pression.14! The evaluation of total IgE levels has signif-
icance in stratifying patients with atopic variants of
EGIDs or suggesting further consideration for occult par-
asitic infections. Notably, skin prick testing with a panel
of food and aeroallergens helps to identify sensitizations
to specific alergens. Indeed, patients with the atopic
variant of EGIDs have evidence of IgE sensitization to a
mean of 14 different food groups.2t A preliminary study
has suggested a value for delayed cutaneous hypersensi-
tivity testing (skin patch testing) for specific food anti-
gens in further identifying allergic variants of EE.30

The diagnosis of an EGID is dependent on the micro-
scopic evaluation of endoscopic biopsy samples, with
careful attention to the quantity, location, and characteris-
tics of the eosinophilic inflammation. It is not uncommon
for the endoscopic appearance of the gastrointestinal tract
to be normal, and thus microscopic evaluation of biopsy
samples is essential. Furthermore, the disease often has
patchy involvement, necessitating the analysis of multiple
endoscopic biopsy specimens from each intestinal seg-
ment.142 Because no widely accepted diagnostic criteria
has been established for EGIDs, the diagnosis is depen-
dent on the expertise of the physiciansinvolved in the eval -
uation of the biopsy samples. Although the normal esoph-
agus is devoid of eosinophils, the rest of the gastrointesti-
nal tract contains readily detectable eosinophils. Thus dif-
ferentiation of EGIDs from the normal condition relies on
several factors, including (1) eosinophil quantification
(and comparisons with normal values at each medical cen-
ter), (2) the location of eosinophils (eg, their presence in
abnormal positions such as the intragpithelial, superficia
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mucosal, and intestinal crypt regions), (3) the presence of
extracellular eosinophilic staining constituents (often free
granules), (4) associated pathologic abnormalities (eg,
epithelia hyperplasia as in the case of EE), and (5) the
absence of pathologic features suggestive of other primary
disorders (eg, neutrophilia associated with IBD or vasculi-
tis associated with Churg-Strauss syndrome). On the basis
of these criteria, patients often have symptoms for an
extended period of time (mean of 4 years) before a
bonafide diagnosis of an EGID is established.?!

EVALUATION FOR HES IN PATIENTS WITH
APPARENT EGIDs

The term HES was introduced by Anderson and
Hardy143 in 1968 to designate patients with marked
eosinophilia. They reported 3 patients, all men between
the ages of 34 and 47, who had cardiopulmonary symp-
toms, fever, sweats, weight loss, and marked eosinophilia.
Two of the patients died, and at autopsy, their hearts were
enlarged and showed mura thrombi. Chusid and associ-
ates!# formulated the diagnostic criteria for HES to
include (1) persistent eosinophilia of at least 1500
cellsmm? for a minimum of 6 months, (2) lack of known
causes for eosinophilia (eg, parasitic or alergic triggers),
and (3) symptoms and signs of organ system involvement.
On the basis of these diagnostic criteria, patients with
EGIDs and blood eosinophil counts of greater than
1500/mm? meet the diagnostic criteria. However, patients
with EGIDs generally do not have the high risk of life-
threatening complications associated with classic idio-
pathic HES (ie, cardiomyopathy or central nervous system
involvement). Notably, considerable heterogeneity among
patients with HES has been recognized. For example, T-
cell clones producing the characteristic T2 cytokines IL-
4 and IL-5 have been found in patients satisfying the diag-
nostic criteriafor HES.38.145 The treatment for HESissim-
ilar to those used for patients with chronic myelogenous
leukemia, including prednisone, hydroxyurea, and IFN-a.
Perhaps the most striking advance in our understanding of
HES has come about after treatment of patients with HES
with the tyrosine kinase inhibitor imatinib mesylate.39.146-
149 |matinib was introduced for the treatment of chronic
myelogenous leukemia and has had a remarkable effect in
that disease. Treatment of many patients with HES with
imatinib mesylate causes a dramatic reduction of periph-
eral blood and bone marrow eosinophils, suggesting that
certain patients with HES express a novel kinase sensitive
to imatinib mesylate. Further investigation of the ability of
imatinib mesylate to treat patients with HES reveded the
existence of an 800-kb deletion in chromosome 4, bring-
ing together an upstream DNA sequence homologous to a
yeast protein, referred to as FIP1 and designated as like
FIP1 or FIP1L1, and the gene for the cytoplasmic domain
of the platelet-derived growth factor a (PDGFRA) recep-
tor.39.150 This fusion gene is transcribed and translated,
yielding a novel kinase referred to as FIP1L1-PDGFRA;
FIP1L1-PDGFRA is exquisitely sensitive to imatinib in
vitro, thus explaining the remarkabl e sensitivity of patients
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with HES to this drug. The patients responsive to imatinib
are those most characteristic of “classic” HES, namely
male subjects between the ages of 20 and 50 years who
present clinically with marked peripheral blood
eos nophilia. Recently, these patients have been shown to
meet minor criteria for systemic mastocytosis, having
increased levels of serum mast cell tryptase and high num-
bers of dysplastic mast cells in the bone marrow.151.152
These patients go on to have eosinophilic endomyocardia
disease with embolization to peripheral organs, including
the extremities and the brain, and they strikingly resemble
the patients originally designated by Anderson and
Hardy.143 However, it appears that any disease that results
in prolonged and marked eosinophilia can be associated
with endomyocardia disease. For example, endomyocar-
dia disease has occurred during the course of helminth
infections and also in various malignancies associated
with marked eosinophilia.153-155 Thus, patients with
marked eosinophiliaare at risk for the development of car-
diac disease, regardless of the underlying cause of the
eosinophilia. Accordingly, routine surveillance of the car-
diorespiratory system (eg, echocardiograms and plethys-
mography) in patients with EGIDs and peripheral blood
eosinophiliais warranted. On the basis of these concerns,
the diagnosis of HES in patients with EGIDs should
aways be considered, especially in patients who have
extragastrointestinal manifestations (eg, splenomegaly, or
cutaneous, cardiac, or respiratory systems). As such, addi-
tional diagnostic testing for HES should be considered,
including bone marrow analysis (searching for evidence of
myelodysplasia), serum mast cell tryptase and vitamin
B12 levels (both moderately increased in classic HES),
and genetic analysis for the presence of the FIP1L1-
PDGFRA fusion event (Table 1).151

EOSINOPHILIC ESOPHAGITIS

The esophagus is normally devoid of eosinophils, and
therefore the finding of esophageal eosinophils denotes
pathology.210 |t is now appreciated that many disorders are
accompanied by eosinophil infiltration in the esophagus,
such as EE, eosinophilic gastroenteritis, GERD, recurrent
vomiting, parasitic and fungal infections, IBD, HES,
esophaged leiomyomatosis, myeloproliferative disorders,
carcinomatosis, periarteritis, alergic vasculitis, scleroder-
ma, and drug injury.10.156 Eosinophil-associated esophageal
disorders are classified into primary and secondary sub-
types. The primary subtype includes the atopic, nonatopic,
and familia variants, and the secondary subtype is divided
into 2 groups, one composed of systemic eosinophilic dis-
orders (HES) and the other of noneosinophilic disorders
(Table 11). Of note, primary EE has also been caled idio-
pathic EE or alergic esophagitis. The familial form of EE
follows autosomal dominant penetrance and is seen in
approximately 10% of patients (unpublished findings).2!

Cause of EE

The cause of EE is poorly understood, but food aller-
gy has been implicated. In fact, the majority of patients
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have evidence of food and aeroallergen hypersensitivity,
as defined by skin prick tests, RASTSs, or both; however,
only a minority have a history of food anaphylaxis.® It
has also been suggested that esophageal eosinophilic
inflammation is mechanistically linked with pulmonary
inflammation. This latter theory is based on the finding
that repeated delivery of specific allergens or the T2
cytokine IL-13 to the lung of mice induces experimental
EE.49157 |n addition, patients with EE commonly report
seasonal variations in their symptoms. In addition to
eosinophils, T cells and mast cells are increased in
esophageal mucosal biopsy specimens, suggesting a
chronic Ty2-associated inflammation.29.158 Consistent
with this view, overexpression of IL-5 induces EE, and
neutralization of the Ty2 cytokine IL-5 completely

blocks allergen-induced or IL-13-induced EE in
m| Ce_49,157,159

Clinical and diagnostic studies for EE

Patients with primary EE commonly report symptoms
that include vomiting, epigastric or chest pain, dysphagia,
and respiratory obstructive problems.29.160 Petients are
predominantly young males?9160 and have relatively high
levels of eosinophils (>20-24 eosinophils/high-powered
field [hpf])10.161 in the esophageal mucosa, extensive
epithelial hyperplasia, and a high rate of atopic disease
when compared with patients with GERD.161 The distin-
guishing features between GERD and EE are presented in
Table I11. The number and location of eosinophilsis help-
ful when trying to differentiate EE from GERD. Up to 7
eosinophils/hpf (400x) is most indicative of GERD, 7 to
20 to 24 eosinophilsg/hpf likely represents a combination
of GERD and food allergy, and more than 20 to 24
eosinophils/hpf is characteristic of EE.10.161 The anatom-
ic location of eosinophils to both the proximal and distal
esophagus denotes EE, whereas the accumulation of
eosinophils mainly in the distal esophagus is characteris-
tic of GERD.® In addition, esophagedl tissue from patients
with EE demonstrate thickened mucosa with basal layer
hyperplasia and papillary lengthening. EE has been asso-
ciated with esophageal dysmoatility, and the cause of the
motor disturbances is unclear, but eosinophil activation
and degranulation has been postulated as a possible
cause.162.163 Recently, esophageal ultrasonography has
revealed the presence of a dysfunctional muscularis
mucosa in patients with EE, providing a possible expla-
nation for the impaired esophageal dysmotility.164 Radi-
ographic and endoscopic studies have shown many find-
ings, including strictures, mucosal rings, ulcerations,
whitish papules, and polyps.15165 On endoscopy, it is
common to visualize linear creases oriented longitudinal-
ly (furrowing).160 The assessment of EE includes an
extended allergy evaluation looking for food and aeroal-
lergen sensitization either by means of skin prick tests or
RASTs and the exclusion of GERD, aswell as other caus-
es of eosinophils in the esophagus. A recent study has
suggested that evaluation of food protein sensitization by
means of delayed skin patch testing increases the identifi-
cation of food alergy compared with skin prick testing
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TABLE II. Classification of eosinophil-associated gas-
trointestinal disorders

Eosinophil-associated esophagitis
Primary eosinophilic esophagitis
Atopic
Nonatopic
Familia
Secondary
Eosinophilic disorders
Eosinophilic gastroenteritis
Hypereosinophilic syndrome
Noneosinophilic disorders
latrogenic
Infection
GERD
Esophageal |eiomyomatosis
Connective tissue disease (scleroderma)
Eosinophil-associated gastroenteritis
Primary (mucosa, muscularis, and serosal forms)
Atopic
Nonatopic
Familia
Secondary
Eosinophilic disorders
Hypereosinophilic syndrome
Noneosinophilic disorders
Celiac disease
Connective tissue disease (scleroderma)
latrogenic
Infection
Inflammatory bowel disease
Vasculitis (Churg-Strauss syndrome)
Eosinophil-associated colitis
Primary eosinophilic colitis (also alergic colitis of infancy)
Atopic
Nonatopic
Secondary
Eosinophilic disorders
Eosinophilic gastroenteritis
Hypereosinophilic syndrome
Noneosinophilic disorders
Celiac disease
Connective tissue disease (scleroderma)
latrogenic
Infection
Inflammatory bowel disease
Vasculitis (Churg-Strauss syndrome)

alone.30 Of note, the presence of GERD does not exclude
the diagnosis of EE or food allergy, demonstrating the
importance of afood alergy evaluation in these patients.

Treatment for EE

A trial of specific food antigen and aeroalergen avoid-
ance is often indicated for patients with atopic EE, and if
unsatisfactory or practicaly difficult (when patients are
sensitized to many alergens), a diet consisting of an ele-
mental formula is advocated. Interestingly, it has been
shown that an elemental diet frequently improves symp-
toms and reduces the number of eosinophils in the
esophageal biopsy specimens in patients with primary EE
(alergic or nonallergic subtypes).3! Petients on elemental
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TABLE lll. Comparison of EE and GERD
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Characteristic features

EE GERD

Clinical

Prevalence of atopy Very high Normal (possibly increased)
Prevalence of food sensitization Very high Normal (possibly increased)
Sex preference Male None
Abdominal pain and vomiting Common Common
Food impaction Common Uncommon
Investigative findings
pH probe Typicaly normal Abnormal
Endoscopic furrowing Very common Occasional
Histopathol ogy
Involvement of proximal esophagus Yes No
Involvement of distal esophagus Yes Yes
Epithelial hyperplasia Severely increased Increased
Eosinophil levelsin mucosa >24/hpf 0-7/hpf
Treatment
H2-blockers Sometimes helpful Helpful
Proton pump inhibitors Sometimes helpful Helpful
Glucocorticoids Helpful Not helpful
Specific food antigen elimination Sometimes helpful Not helpful*
Elemental diet Helpful Not helpful*

*Unless co-occurring food allergy exists.

diets frequently require placement of a gastrostomy tube to
achieve adequate caloric support. Glucocorticoids (sys-
temic15 or topical166) have also been used with satisfactory
results. Systemic steroids are used for acute exacerbations,
whereastopical steroids are used to provide long-term con-
trol. When using topica steroids, we recommend the use of
a metered-dose inhaler without a spacer. The patient is
instructed to swallow the dose to promote deposition on the
esophageal mucosa. In the author’s practice fluticasone
dipropionate is the drug most used, with a wide range of
dosages on the basis of severity and level of response. In a
noncontrolled open-label study, topical fluticasone has
been shown to decrease levels of eosinophils and CD8*
cellsin the proximal and distal esophagus.167 The toxicity
associated with inhaled glucocorticoids (eg, adrenal sup-
pression) is unlikely to be seen with swallowed fluticasone
because this drug undergoes first-pass metabolism in the
liver after gastrointestinal absorption.168 However, one
study reported that 2 of 13 patients treated with topical flu-
ticasone had esophageal candidiasis.167 Finaly, even if
GERD is not present, neutralization of gastric acidity (with
proton pump inhibitors) might improve symptoms and the
degree of esophageal pathology.

Prognosis for EE

It appears that EE requires prolonged treatment similar
to that for allergic asthma. Although the natural history of
EE has not been extensively followed, it is not uncommon
for children with EE to have a parent with along-standing
history of esophageal strictures. In fact, in some cases
examination of esophageal biopsy slides from such par-
ents reveals the long-standing presence of EE. Thus it is
likely that chronic EE, if left untreated, can develop into

progressive esophageal scaring and dysfunction. The risk
for having Barrett’s esophagitis, especialy in patients
with coexisting EE and GERD, has not been determined
but is certainly of concern. Additionally, patients with EE
are at increased risk for development of other forms of
EGID, and thus routine surveillance of the entire gas-
trointestinal tract by endoscopy is warranted.

EOSINOPHILIC GASTRITIS AND
GASTROENTERITIS

In contrast to the esophagus, the stomach and intestine
have readily detectable baseline eosinophils under
healthy conditions. As such, the diagnosis of eosinophilic
gastritis, enteritis, and gastroenteritis is even more com-
plex than EE. In thisreview, eosinophilic gastritis, enteri-
tis, and gastroenteritis are grouped together because they
are clinically similar and because there is a paucity of
information available concerning their pathogenesis;
however, it is likely that they are indeed distinct entities
in most patients. These diseases are characterized by the
selective infiltration of eosinophilsin the stomach, small
intestine, or both, with variable involvement of the
esophagus, large intestine, or both.3:169.170 [t s now
appreciated that many disorders are accompanied by
eosinophil infiltration in the stomach, such as parasitic
and bacterial infections (including Helicobacter pylori),
IBD, HES, myeloproliferative disorders, periarteritis,
alergic vasculitis, scleroderma, drug injury, and drug
hypersensivity.156 Similar to EE, these disorders are clas-
sified into primary and secondary subtypes. The primary
subtype includes the atopic, nonatopic, and familial vari-
ants, whereas the secondary subtype is divided into 2
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groups, one composed of systemic eosinophilic disorders
(HES) and the other composed of noneosinophilic disor-
ders (Table I1). Primary eosinophilic enteritis, gastritis,
and gastroenteritis have also been called idiopathic or
alergic gastroenteropathy. The familial form has not
been well characterized but is seen in about 10% of our
own patients (unpublished findings).2l Primary
eosinophilic gastroenteritis encompasses multiple dis-
ease entities subcategorized into 3 types on the basis of
the level of histologic involvement: mucosal, muscularis,
and serosal forms.139 Of note, either layer of the gas-
trointestinal tract can be involved, so that endoscopic
biopsy can be normal in patients with the muscularis sub-
type, serosal subtype, or both.

Cause of eosinophilic gastritis and
gastroenteritis

Although these diseases are idiopathic, an allergic
mechanism has been suggested in at least a subset of
patients.171 Indeed, increased total IgE and food-specific
IgE levels have been detected in the majority of patients.
On the other hand, syndromes with focal erosive gastritis,
enteritis, and occasionally esophagitis with prominent
eosinophilia, such as the dietary (food) protein-induced
enterocolitis and dietary protein enteropathy are charac-
terized by negative skin test responses and absent specif-
ic IgE RAST results.172 A mgjority of patients have posi-
tive skin test responsesto avariety of food antigens but do
not have typical anaphylactic reactions, which is consis-
tent with a delayed-type of food hypersensitivity syn-
drome. Indeed, experimental induction of delayed
eosinophilic gastroenteritis (involving the esophagus,
stomach, and intestine) in mice is accomplished by means
of ora allergen administration (in the form of enteric
coated allergen beads) to sensitized mice.% Notably, the
mice had eosinophil-associated gastrointestinal dysfunc-
tion, including gastromegaly, delayed food transit, and
weight loss, al strongly dependent on the chemokine
eotaxin 1.55 Ultrastructural analysis of intestina tissue
suggested that the eosinophils were mediating axonal
necrosis, afinding that has been reported in patients with
intestinal eosinophilia associated with IBD.173 Notably,
mast cells are also increased in EGIDs, and a recent
murine model of ora alergen-induced diarrhea has
demonstrated a critical role for mast cells in the patho-
genesis of this specific cardinal feature (allergic diarrhea)
of EGIDs.174 In clinical studiesincreased secretion of IL-
4 and IL-5 by peripheral blood T cells has been reported
in patients with eosinophilic gastroenteritis.171 Further-
more, T cells derived from the lamina propria of the duo-
denum of patients with EGIDs preferentially secrete T2
cytokines (especialy IL-13) when stimulated with milk
proteins.175 IgA deficiency has also been associated with
eosinophilic gastroenteritis; it is interesting to speculate
that this could be related to the associated increased rate
of atopy in these patients or to an occult gastrointestina
infection in these patients.176 It is important to bear in
mind that eosinophilic gastroenteritis and the dietary pro-
tein-induced syndromes (enterocolitis, enteropathy, and
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colitis) might represent a continuum of EGIDs with simi-
lar underlying immunopathogenic mechanisms.

Clinical and diagnostic studies for
eosinophilic gastritis and gastroenteritis

In general, these disorders present with a constellation
of symptoms that are related to the degree and area of the
gastrointestinal tract affected. However, even patients
with isolated eosinophilic enteritis (eg, duodenitis) can
have a range of gastrointestinal symptoms. The mucosal
form of eosinophilic gastroenteritis (most common vari-
ant) is characterized by vomiting, abdominal pain (that
can even mimic acute appendicitis), diarrhea, blood loss
in stools, iron-deficiency anemia, malabsorption, pro-
tein-losing enteropathy, and failureto thrive.177 The mus-
cularisformis characterized by infiltration of eosinophils
predominantly in the muscularis layer, leading to thick-
ening of the bowel wall, which might result in gastroin-
testinal obstructive symptoms mimicking pyloric steno-
sis or other causes of gastric outlet obstruction. The
serosal form occurs in a minority of patients with
eosinophilic gastroenteritis, and it is characterized by
exudative ascites with higher peripheral eosinophil
counts compared with the other forms.136

No standards for the diagnosis of eosinophilic gastritis
or gastroenteritis exist,177 but a few findings support the
diagnosis. For example, the presence of increased
eosinophilsin biopsy specimens from the gastrointestina
tract wall, the infiltration of eosinophils within intestinal
crypts and gastric glands, the lack of involvement of other
organs, and the exclusion of other causes of eosinophilia
(eg, infections and 1BD) are supportive of eosinophilic
gastroenteritis. Histologic analysis of the small bowel
from patients with these disorders reveals extracellular
deposition of eosinophil granule constituents, and indeed,
extracellular MBP and ECP are immunohistochemically
detectable at increased levels.34.13.136,178 Patients with
eosinophilic gastritis can have micronodul es (and/or poly-
posis) noted on endoscopy, and these lesions often con-
tain marked aggregates of lymphocytes and eosinophils.
Food allergy and peripheral eosinophilia are not required
for diagnosis. In one study 23% of patients with EGE
lacked peripheral eosinophilia, but up to 50% of patients
with the mucosal form had a history of food allergy or
intolerance. 136,139

Treatment of eosinophilic gastritis and
gastroenteritis

Eliminating the dietary intake of the foods implicated
by skin prick testing (or RASTs) has variable effects, but
complete resolution is generally achieved with amino
acid-based elemental diets.17 Once disease remission
has been obtained by means of dietary modification, the
specific food groups are slowly reintroduced (at approx-
imately 3-week intervals for each food group) and
endoscopy is performed every 3 months to identify sus-
tained remission or disease flare up. Drugs, such as cro-
moglycate, montelukast, ketotifen, suplatast tosilate,
mycophenolate mofetil (an inosine monophosphate
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FIG 4. Summary of pathogenesis and treatment strategies for EGIDs and HES. Pathologic increases in
eosinophils, accompanied by marked increases of eosinophils in the blood, occur through a variety of
mechanisms, including a chromosome 4 interstitial deletion that results in the generation of a fusion gene,
FIP1L1-PDGFRA. Clinical intervention strategies that are currently being investigated for EGIDs include aller-
gen avoidance and therapy with anti-IL-5 and anti-eotaxin 1 humanized antibodies, CCR3 antagonists, and

imatinib mesylate.

dehydrogenase inhibitor), and “alternative Chinese med-
icines,” have been advocated?2180 but are generally not
successful in the author’s experience. In our institution
an appropriate therapeutic approach includes a trial of
food elimination if sensitization is found on the basis of
food skin testing, RAST, or both. If no sensitization is
found or if specific food avoidance is not feasible, ele-
mental formulas are instituted. Anti-inflammatory drugs
(systemic or topical steroids) are the main therapy in
casesin which diet restriction is not feasible or hasfailed
to improve the disease. There are several forms of topical
glucocorticoids designed to deliver drugs to specific seg-
ments of the gastrointestinal tract (eg, budesonide tablets
[Entocort EC] designed to deliver drug to the ileum and
proximal colon). In severe cases, refractory or dependent
on glucocorticoid therapy, intravenous alimentation or
immunosuppressive antimetabolite therapy (azathioprine
or 6-mercaptopurine) are aternatives. Finally, even if
GERD is not present, neutralization of gastric acidity
(with proton pump inhibitors) might improve symptoms
and the degree of esophageal and gastric pathology.

Prognosis of eosinophilic gastritis and
gastroenteritis

The natural history of eosinophilic gastritis, enteritis,
and gastroenteritis has not been well documented; how-

ever, these diseases are often chronic waxing and waning
disorders. Notably, the involved gastrointestinal seg-
ments often vary from one time to another, necessitating
routine endoscopic evaluation. In patients with clear food
antigen—induced disease, abnormal levels of circulating
IgE and eosinophils often serve as markers for tissue
involvement. Because these diseases can often be a man-
ifestation of another primary disease process, routine sur-
veillance of the cardiopulmonary systemsis recommend-
ed. When the disease presents in infancy and specific
food sensitization can be identified, thereisahigh likeli-
hood of disease remission by late childhood.

EOSINOPHILIC COLITIS

Eosinophils accumulate in the colons of patients with a
variety of disorders, including eosinophilic gastroenteritis,
alergic colitis of infancy, infections (including pinworms
and dog hookworms), drug reactions, vasculitis (eg, Churg-
Strauss syndrome), and |BD.43-46:48,110111,181,182 A||ergic
colitis in infancy (also known as dietary protein-induced
proctocalitis of infancy syndrome) is the most common
cause of bloody stoolsin the first year of life.183,184 Simi-
lar to other EGIDs, these disorders are classified into pri-
mary and secondary subtypes (Table I1). The primary sub-
type includes the atopic and nonatopic variants, whereas
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the secondary subtype is divided into 2 groups, one com-
posed of systemic eosinophilic disorders (HES) and the
other composed of noneosinophilic disorders.

Cause of eosinophilic colitis

In contrast to other EGIDs, eosinophilic colitisis usu-
aly anon-lgE—associated disease. Some studies point to
a T lymphocyte-mediated process, but the exact
immunologic mechanisms responsible for this condition
have not been identified.18> In a murine model of oral
antigen—induced diarrhea associated with colonic inflam-
mation, colonic T cells have been shown to transfer the
disease to naive mice through a STAT6-dependent mech-
anism.186 |t has been reported that allergic colitis of
infancy might be an early expression of protein-induced
enteropathy or protein-induced enterocolitis syn-
drome.180 Cow’'s milk and soy proteins are the foods
most frequently implicated in alergic colitis of infancy,
but other food proteins can also provoke the disease.
Interestingly, this condition might more commonly occur
in infants exclusively breast-fed and can even occur in
infants fed with protein hydrolysate formulas.180

Clinical and diagnostic studies for
eosinophilic colitis

Similar to eosinophilic gastroenteritis, there are avari-
ety of symptoms associated with eosinophilic colitis,
depending on the degree and location of tissue involve-
ment. Although diarrheais a classic symptom, symptoms
that can occur independent of diarrhea commonly
include abdominal pain, weight loss, and anorexia. There
isabimodal age distribution given theinfantile form pre-
sented at a mean age at diagnosis of approximately 60
days’ and the other group presenting during adolescence
and early adulthood.180In infants bloody diarrhea pre-
cedes diagnosis by several weeks, and anemia caused by
blood loss is not uncommon. The majority of infants
affected do not have constitutional symptoms and are
otherwise healthy. On endoscopic examination, patchy
erythema, loss of vascularity, and lymphonodular hyper-
plasia are seen mostly localized to the rectum but might
extend to the entire colon.91,112,116,180,185 Hjstologic
examination often reveals that the overall architecture of
the mucosa is well preserved, but there are focal aggre-
gates of eosinophilsin the lamina propria, crypt epitheli-
um, and muscularis mucosa and, occasionally, the pres-
ence of multinucleated giant cells in the submucosa. 180
No single test is the gold standard for diagnosis, but
peripheral blood eosinophilia or eosinophils in the stool
are suggestive of eosinophilic colitis.

Treatment of eosinophilic colitis

Treatment of eosinophilic colitis varies, primarily
depending on the disease subtype. For example,
eosinophilic colitis of infancy is generally a benign dis-
ease. On withdrawal of the offending protein trigger in
the diet, the gross blood in the stools usually resolves
within 72 hours, but occult blood loss might persist
longer.6.180 Treatment of eosinophilic colitis in older
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individuals usually requires medical management
because |gE-associated triggers are rarely identified.
Drugs, such as cromoglycate, montelukast, and hista-
mine receptor antagonists, are generally not successful in
the author’'s experience. Anti-inflammatory drugs,
including aminosalicylates and glucocorticoids (systemic
or topical steroids), are commonly used and appear to be
efficacious, but careful clinical trials have not been con-
ducted. There are several forms of topical glucocorti-
coids designed to deliver drugs to the distal colon and
rectum, but eosinophilic colitis typically also involves
the proximal colon. In severe cases, refractory or depen-
dent on systemic glucocorticoid therapy, intravenous ali-
mentation or immunosuppressive antimetabolite therapy
(azathioprine or 6-mercaptopurine) are alternatives.

Prognosis for eosinophilic colitis

When eosinophilic colitis presents in the first year of
life, the prognosisis very good, with the vast majority of
patients being able to tolerate the culprit food or foods by
1 to 3 years of age.180 Several studies have found an
association between alergic colitis and later develop-
ment of IBD, but this association is controversial .180 The
prognosis for eosinophilic colitis when it develops later
in lifeis more guarded than the infantile subtype. Similar
to eosinophilic gastroenteritis, the natural history has not
been documented, and this disease is considered to be a
chronic waxing and waning disorder. Because
eosinophilic colitis can often be a manifestation of other
primary disease processes, routine surveillance of the
cardiopulmonary systems and regular upper and lower
gastrointestinal endoscopy is recommended.

SUMMARY AND CONCLUDING REMARKS

In this article we have reviewed the basic properties of
eosinophils, their regulation and role in healthy states, and
the pathogenesis and treatment of EGIDs (Fig 4). In brief,
under baseline healthy conditions, eosinophils normally
account for a small subset of circulating blood cells and
primarily reside in the gastrointestinal tract and
hematopoietic organs. Their production is tightly regulat-
ed by the transcription factors GATA-1, GATA-2, and
c/EBP, which instruct the hematopoietic progenitor cell to
differentiate into the eosinophil lineage, and the expansion
and tissue distribution of the eosinophil is primarily regu-
lated by the cytokines IL-5 and eotaxin 1. Although the
beneficial function of eosinophils is not very well under-
stood, the cell appears to be involved in the optimal devel-
opment of the female reproductive organs (eg, mammary
gland). In addition, evidence is emerging indicating that
eosinophils contribute to the optimal innate immune
response against certain parasitic infections. In avariety of
medical conditions, eosinophils accumulate in numerous
locations in the body and can often account for the major-
ity of the cellular inflammatory infiltrate, asis the casein
primary EGIDs and HES. EGIDs are currently being rec-
ognized more frequently, highlighted by the recent
miniepidemic of EE in the pediatric population that hasled
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to the establishment of patient-founded support-advocacy
groups, such as the American Partnership for Eosinophilic
Disorders (www.APFED.org). At the author’s own ingtitu-
tion, a World Wide Web registry (www.cincinnatichil
drens.org/eosinophils/) has been developed.2! The com-
bined results from this registry and other studies have
revealed that EGIDs have strong genetic and allergic com-
ponents and share clinical and immunopathogenic features
with asthma. EGIDs are associated with a variety of non-
specific common gastrointestina symptoms and |aborato-
ry findings making their diagnosis completely dependent
on microscopic examination of gastrointestinal biopsy
samples, generally obtained during endoscopic evaluation.
A variety of clinica and experimental models have
revealed that eosinophils promote potent pro-inflammato-
ry effects mediated by their ability to release their cyto-
toxic secondary granule constituents and a variety of lipid
mediators and cytokines. During T 2-associated gastroin-
testinal inflammatory conditions, increased levels of
eosinophils occur in the lamina propria in an eotaxin
1—dependent manner. Furthermore, after mucosal alergen
challenge, eosinophils under the regulation of I1L-5 accu-
mulate in the esophagus, an organ normally devoid of
eosinophils at baseline. Notably, eosinophil accumulation
in the esophagus can be experimentally induced by aeroal -
lergen or T2 cytokine (1L-13) delivery to the lung, estab-
lishing aprimary link between pulmonary and esophageal
eosinophilic inflammation. Preliminary investigations
have shown that gastrointestinal eosinophils express the
0437 integrin and that this moleculeisresponsible, in part,
for eosinophil intestinal homing. Finaly, on the basis of
these and other results, a variety of new therapeutic
approaches are now underway for EGIDs, including treat-
ment with humanized anti-IL-5, the tyrosine kinase
inhibitor imatinib mesylate, CCR3 antagonists, and IL-
4/IL-13 inhibitors. In fact, early results with a phase I/11
trial of anti—L-5 therapy (mepolizumab) for HES (includ-
ing EGID) have been very encouraging.187 Imatinib mesy-
late might not only be helpful for certain myeloprolifera-
tive forms of HES, but also for mast cell-induced prob-
lems associated with EGIDs because it inhibits c-kit, a
tyrosine kinase required for normal mast cell growth and
devel opment.188 Although much progress has been made
concerning the gastrointestinal eosinophil and EGIDs,
thereis still a paucity of knowledge compared with other
cell types and gastrointestinal diseases that might be even
less common (eg, IBD). It is hoped that a better under-
standing of the pathogenesis and treatment of EGIDs will
emerge by combining holistic clinical and research
approaches involving experts in the fields of alergy, gas-
troenterology, nutrition, and pathol ogy.
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