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Eosinophils are residents of the gastrointestinal (GI) tract. A high eosinophil accumu-
lation in the GI tract without a known cause (eg, infection, inflammatory bowel disease)
is observed in eosinophilic GI diseases (EGID). Known chemokines and chemotactic
factors associated with this eosinophilic infiltration are presented in this article.
CHEMOKINES INVOLVED IN THE HEALTHYGASTROINTESTINALTRACT
Eosinophils in the Healthy Gastrointestinal Tract

Under normal conditions, most tissues have low levels of eosinophils. Some organs
are rich in eosinophils, however, such as the GI tract, spleen, lymph nodes, thymus,
mammary glands, and uterus. Interestingly, although present in these multiple tissues,
only GI eosinophils are associated with a marked degranulation.1 At baseline, in
healthy patients or normal mice, eosinophils are present in the lamina propria through-
out the GI tract from the stomach to the colon.1,2 Eosinophils are not found, however,
in Peyer’s patches or intraepithelial locations.3–6 Because eosinophils can infiltrate
these sites in EGID, the knowledge of the distribution of eosinophils and the chemo-
kines responsible for their presence in the GI tract at baseline is essential to identify
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a possible cause of EGID.1–3 DeBrosse and colleagues2 have shown an increasing
level of eosinophils from the esophagus to the colon with barely any eosinophils de-
tected in the esophagus. In the lamina propria, a maximum of 8 eosinophils per
high power field (HPF) were noted in the antrum, 11 in the fundus, up to 26 in the du-
odenum. Finally, up to 50 eosinophils per HPF were seen in the colon with a high var-
iability inside the different colon segments and between individuals.2

Chemokine Receptor Expression

The intestinal tract expresses numerous chemokines at baseline (eg, eotaxin-1 and -2,
RANTES). In addition to the expression of chemokines in the GI tract, eosinophils
expressed numerous chemokine receptors (ie, CCR3, CCR1 constitutively, and
CXCR2, CXCR3, CXCR6 when activated with interleukin [IL]-5). Blood eosinophils
are under a continual chemotactic gradient originating from the GI tract. The fine
balance between the chemokine released, the density of receptor, and the adhesion
molecules expression determine the entry of eosinophils in the gut tissue. Eosinophils
highly express CCR3; the role for CCR3 and CCR3 ligands in GI eosinophilia has been
studied in animal model using gene-deficient mice (Fig. 1A).

Chemokine Expression and Involvement in the Gastrointestinal Eosinophils
at Baseline

Murine models have convincingly demonstrated that eosinophilic infiltration is not de-
pendent on the colonic flora or the endotoxin load of the gut as assessed by the high
eosinophil level observed in prenatal mice.7 Germ-free mice have normal levels of GI
eosinophils. Eotaxin-1 and -2 are constitutively expressed in a variety of tissues, but
are expressed at high levels in the GI tract.7–10 Interestingly, eotaxin-3 mRNA is not
detected at baseline in the GI tract using Northern blot.11 The use of animals deficient
in the eotaxin genes has enlightened the field regarding the baseline chemotactic sig-
nals responsible for baseline eosinophilia in the gut. For example, it has been shown
that the intestine of eotaxin-1–deficient mice is almost completely devoid of eosino-
phils suggesting that the baseline intestinal eosinophilia is the consequence of the
constitutive expression of this chemokine.7,12 Similar results were observed in
CCR3-deficient mice (deficient for the receptor of eotaxin-1), which have a decreased
eosinophil level in the jejunum at baseline (1.3 versus 9 eosinophils per HPF). The re-
sidual presence of eosinophils in the GI tract of the CCR3-deficient mice (1.3 per HPF)
and eotaxin-1–deficient mice (0.3 per villus) suggests a modest involvement of other
chemotactic factors for eosinophils in the jejunum.12–14

CHEMOTACTIC FACTORS IN EOSINOPHILIC GASTROINTESTINAL DISEASES

In EGID, the eosinophils number is elevated in one or more segment of the esophago-
gastrointestinal tract.

Known Stimulus in Eosinophilic Gastrointestinal Diseases Responsible
for the Induction of Chemotactic Signal

Th2 disease
EGID inflammation is believed to be driven by CD41 Th2 cells.15,16 These cells are the
key component in the production of IL-4, -13, -5, and -10, and the control of allergic
inflammation responses. IL-4 and -13 are responsible for Th2 cell production and
IgE by B cells and IL-5 controls eosinophil production, activation, and survival. Inter-
estingly, resident eosinophils have different cytokine expression patterns under
inflammatory or noninflammatory conditions,15 and esophageal eosinophils from
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Fig.1. Chemotactic factors involved in eosinophil infiltration in the GI tract. (A) Hematopoi-
etic cells are present at baseline in all segments of the GI tract. The distribution of eosino-
phils differs from one segment to another. Basal IL-5 level allows maturation and survival of
eosinophils. In the esophagus, no eosinophils are seen; however, the eosinophil levels in the
tissue increase from the stomach to the colon. Eotaxin-1 expression in the GI tract and CCR3
expression on the eosinophils are involved in the baseline eosinophilia. (B) Eosinophil
infiltration in EGID has been associated with Th2 diseases and increased Th2 cytokine pro-
duction (IL-4, IL-13), and has been shown in eosinophilic esophagitis, eosinophilic gastroen-
teritis, and eosinophilic gastritis patients. CCR3 expressed on eosinophils have been shown
critical for intestinal and esophageal eosinophilic diseases. The eotaxins 1 and 3 are respon-
sible in part for EGID in the intestines and the esophagus, respectively. Others molecules,
such the adhesion molecules B7 integrin and intercellular adhesion molecule, have been
shown to be involved in eosinophilic gastroenteritis and EC models but no data document
their role eosinophilic esophagitis and eosinophilic gastritis.
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eosinophilic esophagitis (EE) patients express relatively high levels of Th2 cyto-
kines.15,16 Th2 cytokines have been shown to regulate the expression of a large variety
of chemokines in vitro.

Chemotactic factors in eosinophilic esophagitis
Murine models have demonstrated that IL-5 maintains the systemic eosinophil levels
needed for esophageal eosinophilia accumulation.7,17 Eosinophil accumulation has
been shown to be CCL11–eotaxin-1 and CCR3 dependent using the respective KO
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mice.18,19 Remarkably, eosinophils are still infiltrating the esophagus of CD2-IL-5tg–
CCL11KO mice, suggesting that other factors may be involved.7 In human EE, eotax-
in-3 expression strongly correlates with eosinophils numbers.19 Other factors, such as
chemokines, extracellular matrix component (periostin), or adhesion molecules, may
facilitate the entry of eosinophils in esophageal tissue.19–21 Lymphocytes, mast cells,
and dendritic cells are also increased in EE and microarray analysis has revealed the
presence of multiple other chemokines overexpressed in EE patients, such as CXCL1,
IL-8, and CXCL6,19 although eotaxin-3 is the most strongly up-regulated gene of the
EE transcriptome. Additionally, IL-13 has recently been shown to induce 20% of the
EE transcriptome, and more particularly to induce eotaxin-3 expression in primary
esophageal epithelial cells.16

Chemotactic factors in eosinophilic gastritis and gastroenteritis
The paucity of studies on the molecular pathogenesis of eosinophilic gastritis and eo-
sinophilic gastroenteritis is striking. In clinical studies, increased secretion of IL-4 and
IL-5 by peripheral blood T cells has been reported in patients with eosinophilic gastro-
enteritis.22 Similarly, in the duodenum, lamina propria mononuclear cells are more
primed to secrete Th2 cytokines in EGID compared with control patients when stim-
ulated with milk proteins.23 The allergic component of eosinophilic gastroenteritis
and eosinophilic gastritis is also emphasized by the increased atopy rate in EGID24

and by the increased presence of tissue mast cells in human and murine models of
allergic diarrhea, suggesting a critical role for mast cells in the development of EGID
symptoms.25 In mice, the overexpression of eotaxin-1 by epithelial cells is sufficient
to induce intestinal eosinophilia in eotaxin-deficient mice, suggesting a possible role
for eotaxin-1 in small bowel eosinophilia.17

Interestingly, RANTES expression strongly correlates with eosinophilia levels in food
allergy model in mice (OVA)26 and, like eotaxin-1, RANTES mRNA is highly expressed
in the jejunum of mice.26 RANTES is also expressed at baseline in the human GI tract
and may contribute to hematopoietic cell recruitment at baseline and in EGID.23 It is
also increased in the colon of atopic dermatitis patients27 and in a rat colitis model.28

No studies on RANTES-deficient mice have determined the ultimate role of this cyto-
kine in eosinophil recruitment at baseline and in EGID.

Chemotactic factors in eosinophilic colitis
Eosinophilic colitis is divided into allergic and nonallergic colitis, but is usually not an
IgE-associated disease. Although the exact causes of the disease are still unknown,
T-cell function has been suggested in human studies.23 T cell has also been shown
to transfer the disease in a murine model of ovalbumin-induced colonic inflammation.
The development of the intestinal inflammation model was strongly associated with
the transcription factor STAT6, involved in the signaling of IL-13 and -4.29 These cyto-
kines (IL-13 and -4) have been implicated in this model and may drive Th2-induced
chemokine expression (eg, eotaxins). Using an experimental GI allergy model, an es-
sential role for eotaxin-1 in regulating eosinophil-associated GI pathology has been
demonstrated.30

Additionally, a critical role for eotaxin-1 in the development of eosinophilia in dextran
sodium sulfate-induced colitis suggests a possible role for this cytokine in eosino-
philic-associated colonic diseases.31

Murine Models of Eosinophilic Gastrointestinal Diseases: Knowledge Gained
and Limitation

It is compelling to note the paucity of murine models that characterize or reproduce
the human EGIDs. EGID is a relatively common disease and very few formal models
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exist. As a consequence, molecular mechanisms involved in human EGID are still not
well understood.

In addition, the imperfect overlap between the murine and human chemokines and
chemokine receptor genetic map may reveal some discrepancies between murine
models and human diseases. Eotaxin-3, not expressed in mice,32 and highly involved
in human EE, is one example of such a limitation.

Cellular Localization of the Chemokines Involved in Eosinophils Chemoattraction
in Eosinophilic Gastrointestinal Diseases

Because of the various structures present in the GI tract, the cell types involved in the
production of these chemokines are quite different. From the top to the bottom, the
esophageal epithelial cell has been shown to overexpress eotaxin-3. In the stomach,
no study has formally defined the chemokine or the source of chemokines responsible
for the eosinophilic accumulation. In the small intestine, eotaxin-1 is expressed by
inflammatory cells (mononuclear cell at the neck of the crypt in mice). Finally, in the
human colon, eotaxin-1 is expressed by inflammatory cells33 and epithelial cells.
RANTES mRNA was found expressed by intraepithelial lymphocytes and subepithelial
lamina propria.34

Paradox of Eotaxin-1, -2, and -3

Still, a conundrum exists: eotaxin-1, -2, and -3 can be regulated by the same Th2 stim-
uli in vitro and all interact with the same receptor CCR3. Studies suggest that a tissue
and cell specificity of the expression of these chemokines, in addition to a different ki-
netic expression and affinity for CCR3, influences the course of asthma pathogenesis.
The individual role of these chemokines in the different GI segments requires further
study. The global paucity of information regarding the involvement of these chemo-
kines in murine models and in human EGID studies indicates that the baseline eotax-
in-1 highly expressed in the GI tract might promote most of the tissue-dwelling
eosinophils. In lower eosinophilic GI disease, eotaxin-1 might be the main chemotactic
signal, whereas eotaxin-3 is the key player in upper EGID (esophagus) (see Fig. 1B).

Other Molecules (Adhesion Molecules, Integrins) Involved in Cell Recruitment
in Eosinophilic Gastrointestinal Diseases

Although chemokine and chemokine receptors are essential for the recruitment of
eosinophils, a critical role in eosinophil GI infiltration has been attributed to integrins.
Colonic eosinophils express the integrins alphaL, alphaM, and b2, counterreceptors
for the intercellular adhesion molecule-1. Using intercellular adhesion molecule-1–de-
ficient mice and anti–intercellular adhesion molecule-1 neutralizing antibodies, Forbes
and colleagues35 showed that hapten-induced colonic eosinophilic inflammation is
critically dependent on intercellular adhesion molecule-1, suggesting that b2 integrin
and intercellular adhesion molecule-1 are key components to eosinophil recruitment
into the colon during GI inflammation associated with colonic injury.

The intestinal eosinophilia induced by the eotaxin-1 intestine transgene has been
shown to be dependent on the b7 integrin.36 b7 integrin has been shown to be impor-
tant for eosinophil recruitment to the intestinal tract under inflammatory conditions in
an intestinal allergy model where b7 gene-deficient mice displayed impaired eosino-
philia compared with wild-type mice without affecting blood eosinophilia.37

Similarly, scattered studies have suggested that leukotriene receptor antagonists
are able to improve EGID clinical symptoms,38 although their effect on the
eosinophil level is controversial.38–42
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Finally, in EE it has recently been shown that the extracellular matrix protein perios-
tin, an IL-13–induced gene that is highly overexpressed in EE patients compared with
control biopsy samples, correlates with eosinophil numbers in the biopsies. Interest-
ingly, in experimental EE, periostin-deficient mice have decreased eosinophil recruit-
ment to the esophagus. A direct role of periostin on eosinophil adhesion was shown.
This study suggests that periostin may facilitate eosinophil infiltration in the esophagus
of EE patients.21
SUMMARY

Although studies indicate that Th2 cytokines, (IL-5, -13, -4), and chemokines (eotaxins)
are involved in pathogenesis, allergen elimination and corticosteroids are still the gold
standard therapy for EGID. Anti–IL-5 therapy has been used in EE and hypereosino-
philic syndrome–associated EGID.43–46 It is envisioned that molecular diagnostics,
similar to the approach currently being taken to classify cancer,19 where therapeutic
approaches and outcomes can be predicted, will be applied to EGID and become use-
ful for diagnosis and prediction of therapeutic responsiveness and prognosis. It is
important to note that the mechanisms by which any therapeutic intervention im-
proves EGID pathologic symptoms have not been established, highlighting the value
of translational research aiming to develop optimal EGID therapy. It is anticipated that
mechanism-based therapeutic intervention (eg, antieotaxin, CCR3 antagonists, anti–
IL-5, and anti–IL-13) will prove to be successful therapies for EGID.
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