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ABSTRACT: My research has focused on elucidating the allergy
problem over the past two decades. The primary approach has been
to uncover critical mechanisms of allergic inflammation, with par-
ticular focus on eosinophils, a hallmark cellular constituent of aller-
gic responses. Molecular processes that bridge T helper cell type 2
(TH2) immunity with eosinophilia and key checkpoints for regulating
eosinophilia have been uncovered. Notably, interleukin (IL)-5 (de-
rived from TH2 cells) has been identified as the chief hematopoietin
responsible for eosinophil expansion in the circulation. Pathways for
selective eosinophil mobilization from the blood stream to the tissue
have been uncovered by defining the role of the eotaxin subfamily of
chemokines in eosinophil chemoattraction and activation. Finally,
TH2 cell derived IL-4 and IL-13 have been defined as chief inducers
of the eotaxins, and upstream orchestrators of eosinophilic inflam-
mation. These translational studies have formulated novel therapeutic
strategies (currently being tested) for a variety of eosinophilic con-
ditions, with particular attention on hypereosinophilic syndromes and
eosinophil-associated gastrointestinal disorders such as eosinophilic
esophagitis. (Pediatr Res 64: 110–115, 2008)

During my PhD studies with Dr. K. Frank Austen under the
co-mentorship of Dr. Richard Stevens, I pioneered a

series of studies that led to the concept that human eosinophils
were long-lived cells capable of normally surviving for sev-
eral weeks after they emigrated from the bone marrow. Before
this finding, it was believed that eosinophils died within hours
after leaving the bone marrow. It was, thus, no surprise that
Dr. Austen doubted my initial demonstration that I could
culture eosinophils (derived from human blood) for over 2
wks by simple co-culture with endothelial cells (1). I subse-
quently identified that interleukin (IL)-3 and -5, and granulo-
cyte-macrophage colony-stimulating factor were chief eosi-
nophilopoeitins capable of extending their survival, inducing
their activation and priming them to respond to other stimuli
(2–5). Furthermore, my work was the first to identify the
overproduction of IL-5 in human disease (hypereosinophilic
syndromes) and to show that the pathophysiology of eosino-
philic disorders involved the development of an aggressive

eosinophil phenotype responding to IL-5 produced by an
autocrine or paracrine mechanism (6). This identified IL-5 as
a target for drug intervention in eosinophil-associated dis-
eases, and indeed, now 20 y later, I am finally proving that a
clinical agent that blocks IL-5, humanized anti-IL-5 antibody,
has therapeutic utility for eosinophilic syndromes (7–9).
After 3 y of clinical training, wherein I completed two

clinical research studies (10,11), I undertook a postdoctorate
position in the laboratory of Professor Phil Leder, chairman of
the Department of Genetics at Harvard Medical School. Dur-
ing this fellowship, I established the importance of eosinophil
specific chemokines, characterizing the eotaxin chemokines
including the original cloning of guinea pig eotaxin (12) and
murine eotaxin (13), and collaborated on cloning the human
homologue (14). Dr. Leder provided me with a great oppor-
tunity to pursue my own ideas by providing an open-minded,
very well-funded laboratory full of other great trainees.
In 1996, I was attracted to a recruitment offer from Cincin-

nati Children’s Hospital Medical Center (CCHMC). A move
to CCHMC represented a great opportunity to apply my
extended education at Harvard in an environment that was
highly supportive of pediatric-based research but was rela-
tively devoid of formal allergy or immunology research.
Indeed, I was able to make a series of seminal findings
concerning the regulation and role of eosinophils in health and
disease (15–19). I was the first to generate eotaxin-1 gene
targeted mice and to provide definitive evidence for the im-
portance of the eotaxin pathway in vivo (20). In addition to
defining other molecules that regulate eosinophils (e.g., clon-
ing and characterizing eotaxin-2 and generating eotaxin-2
gene targeted mice) (21–23), I established that the gastroin-
testinal tract was the main reservoir of eosinophils and that
eosinophil homing was tightly regulated by the constitutive
expression of eotaxin-1 throughout the gastrointestinal tract
(24–26). Focusing on the increasing occurrence of eosinophil-
associated gastrointestinal disorders (EGID), I developed sev-
eral antigen- and transgene-induced models of gastrointestinal
allergic diseases including eosinophilic esophagitis (EE) (27),
eosinophilic gastroenteritis (26,28,29), and allergic diarrheaReceived December 11, 2007; accepted March 28, 2008.
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(30). Furthermore, I used these models to establish critical
roles for eosinophils, mast cells, the eotaxin receptor (C-C
chemokine receptor, CCR3) pathway, and the cytokine IL-5 in
specific aspects of disease pathogenesis (22,23,27–31). In
particular, I defined the spatial and temporal critical role for
the eotaxin and CCR3 pathway by generating and character-
izing eotaxin-1-deficient, eotaxin-2-deficient, eotaxin-1 or 2
double-deficient, and eotaxin receptor (CCR3)-deficient mice
(20,22,23). I defined the intersection of the IL-13-induced
allergic lung pathway with eosinophils by demonstrating that
inducible IL-13 lung transgenic mice require eotaxin-
mediated eosinophilia to develop lung damage (32–34). Iden-
tifying the importance of the eotaxin subfamily of chemokines
(35,36), we have elucidated structural, genetic, and biochem-
ical signaling pathways involved in this process (37–45).
Notably, my work has led to the initiation of several

world-wide clinical trials testing agents that block these mol-
ecules, including our own phase I/II study examining the
safety and efficacy of anti-IL-5 for hypereosinophilic syn-
dromes (7). I was able to demonstrate that humanized anti-
IL-5 is a safe and effective therapy for lowering blood and
tissue eosinophilia in patients with hypereosinophilic syn-
dromes including EE (7,8). This is a significant accomplish-
ment, as these patients frequently require toxic steroid therapy
and anti-IL-5 now appears to be a safe alternative. These
encouraging findings prompted the drug manufacturer, Glaxo-
SmithKline, to initiate a phase II/III trial evaluating the impact
of anti-IL-5 in adult patients with hypereosinophilic syn-
dromes and pediatric patients with EE (9); these studies are
directly attributed to the foundation that I established concern-
ing the etiology and importance of these emerging health
problems. The ability to propel a project from an original
patient observation (when I was an MD/PhD student and
discovered elevated IL-5 contributed to hypereosinophilic
phenotypes in patients), to testing in preclinical settings, and
finally to a viable therapeutic intervention is a great motiva-
tion that continues to inspire my current research.
In addition to conducting basic and translational work on

this disease, I have established the Cincinnati Center for
Eosinophilic Disorders, the leading center in the world in-
volved in the care of patients suffering from eosinophilic
diseases (please visit the Website www.cchmc.org.cced). My
work has been focused on unraveling the clinical features,
pathogenesis, and treatment of this newly described set of
diseases that we now refer to as EGID, an acronym that I
coined (46). In the laboratory, we have shown that eosinophils
are indeed important effector cells in eliciting cardinal features
of EGID including gastromegaly, gastric dysmotility, and the
epithelial hyperplasia seen in EE (27,29) Clinically, we have
shown that the patients with EE report symptoms that include
difficulty feeding, failure to thrive, vomiting, epigastric or
chest pain, dysphagia, and food impaction (47). These symp-
toms appear to occur in a progressive order, as they are the
presenting symptoms from infancy into adulthood, respec-
tively (47). We have shown that EE patients are predomi-
nantly young males and have relatively high levels of eosin-
ophils (�20–24 peak eosinophils/400� high-powered field)
in the esophageal mucosa, extensive epithelial hyperplasia, a

high rate of atopic disease, and normal pH monitoring of the
esophagus compared with patients with gastroesophageal re-
flux disease (GERD) (46). Tracking the basic disease epide-
miology, we have defined a disease incidence of �1:10,000
children and a growing prevalence that is now �1:1000
pediatric individuals (47). In addition, we have defined a
strong familial inheritance pattern for EE and are now follow-
ing over 30 multiplex families, aiming to define the dominant
genetic factors involved (47).
We are accumulating substantial evidence that EE is asso-

ciated with T helper cell type 2 (TH2) immune responses. In
particular, elevated levels of eosinophil-active TH2 cytokines
(e.g., IL-4, IL-5, and IL-13) and mast cells are present in the
esophagus of EE patients (48,49). In addition, experimental
models of EE can be induced in mice by allergen exposure,
especially in the respiratory tract after mucosal or epicutane-
ous sensitization, as well as by overexpression of TH2 cyto-
kines (IL-5 and IL-13) (27,31,50–52). Collectively, these
experimental systems have established an intimate connection
between the development of eosinophilic inflammation in the
respiratory tract and esophagus not only in response to external
allergic triggers but also to intrinsic TH2 cytokines. It is interest-
ing to note that patients with EE sometimes report seasonal
variations in their symptoms; preliminary studies have recently
documented seasonal changes in esophageal eosinophil levels,
especially in the proximal esophagus (53,54).
Using whole genome microarray expression profile analy-

sis, we have described the dysregulated expression of �1% of
the human genome in the esophageal tissue of EE patients
(48). Interestingly, the EE transcript profile markedly distin-
guishes EE from reflux esophagitis patients; the latter mainly
expresses genes comparable to normal individuals (48). Of the
entire dysregulated genome, the gene with the greatest overex-
pression and correlation with esophageal eosinophilia is
eotaxin-3, induced 50–100-fold compared with control individ-
uals (48). Comparison of allergic and nonallergic EE patients
revealed that the gene transcript signature was markedly con-
served across these two major patient phenotypes. This demon-
strates that the effector phase of the disease is conserved between
individuals despite the driving trigger of the inflammation.
Experimental modeling in mice has established that TH2

signaling is required for induction of experimental EE. In
particular, mice with the targeted deletion of STAT6 are
protected from allergen and IL-13-induced experimental EE
(51). Furthermore, IL-13 deficient mice have impaired aller-
gen-induced EE (51). Of note, we have shown that IL-13 is
over-expressed in the esophagus of EE patients, selectively
induces eotaxin-3 in esophageal keratinocytes, and induces an
EE-like transcriptome in esophageal keratinocytes (55). No-
tably, the esophageal tissue from EE patients markedly over-
expresses eotaxin-3, but not eotaxin-1 or eotaxin-2, and IL-
13-induced signaling in esophageal keratinocytes specifically
induces eotaxin-3 (55). Taken together, our current working
model for the disease induction (as shown in Fig. 1) is that
food-antigen-driven TH2 cells produce IL-13 that subse-
quently induces local eotaxin-3, which is then responsible for
the recruitment and activation of blood derived eosinophils.

1112007 E. MEAD JOHNSON AWARD



Our genetic study of a single nucleotide polymorphism
(SNP) (�2496T3 G, rs2302009) in the eotaxin-3 gene has
shown association with EE by both population-based case-
control comparison and family-based transmission disequilib-
rium test (48,49). Of note, this SNP located in the 3� UTR of
the eotaxin-3 mRNA, might affect mRNA stability. Notably,
the induction of inflammatory cytokines is often controlled
at the level of mRNA stability. Moreover, this SNP may
disrupt a putative AU-rich element sequence and thus modify
the mRNA levels and/or responsiveness to glucocorticoids.
Interestingly, eotaxin-3 (�2496T3 G) is in strong linkage
disequilibrium with upstream genetic variants, making a �7 kb
haplotype block in the white population (http://www.hapmap.
org) (Fig. 1). Taken together, this genetic variant
(�2496T3 G), or the one(s) in strong linkage disequilibrium
with it, is likely to contribute to EE susceptibility.
Evidence is emerging that lymphocytes and mast cells are

also involved in EE pathogenesis (48). Indeed, esophageal
lymphocytes and mast cell levels are increased in EE. This
increase in cell numbers is corroborated by the increased
expression of lymphocytes and mast cell-specific genes. TH2
cell-derived IL-5 appears to have a fundamental role in EE, as
demonstrated by the ablation of allergen and IL-13-induced
esophageal eosinophilia in response to neutralizing anti-IL-5
antibody treatment and/or IL-5 gene targeting (27,50). Consistent
with these observations, we have shown that allergen-induced
experimental EE in mice is dependent upon lymphocytes (56).
We are now developing agreed upon therapy for EE (57).

At present, therapy for EE is based on antigen elimination
trials, anti-inflammatory approaches, and physical dilatation
when strictures are present. From the onset, anti-GERD ther-
apy is indicated for the initial treatment of EE because acid

can trigger esophageal eosinophilia, albeit generally of lower
magnitude than that associated with EE. If anti-GERD therapy
is unsuccessful, specific food allergen elimination (a restricted
diet) or an exclusive elemental (amino acid based) formula is
recommended. Although very efficient, these are often unsat-
isfactory or impractical. A diet consisting of an exclusive
elemental (amino acid based) formula is often effective, but
may not be well tolerated (especially in older individuals),
frequently requires a surgically placed feeding tube, can be
financially costly (e.g., thousands of dollars per month), and is
unpalatable. Glucocorticoids (systemic or topical) have been
used with satisfactory results in some patients. Systemic ste-
roids are used for acute exacerbations, whereas topical ste-
roids are used to provide long-term control. However, we
recently have shown that a significant fraction of patients are
steroid resistant (58,59). We have recently completed the first
controlled clinical trial for EE testing the efficacy of swal-
lowed fluticaonse (880 �g per day) compared with placebo in
a double blind study. Results from our 3 m clinical study
revealed that 1) the drug is effective compared with the
control; 2) the drug only works in �50% of patients identi-
fying bona fide steroid resistance in EE; and 3) the placebo
effect occurs in �10% of study patients (59). We have also
taken other approaches to treat EE based on mechanism-based
targets identified through our research. In particular, we have
shown that anti-IL-5 therapy is very effective at ablating the
development of experimental EE in murine models, and ap-
pears to also improve eosinophil infiltration in the esophagus in
an early clinical trial (7,8); a large-scale anti-IL-5 trial for EE is
currently underway. In a preclinical trial, anti-human IL-13 has
been shown to be useful, and it will be of interest to eventually
examine the impact of IL-13 blockade in EE patients (52). In

Figure 1. A proposed model to explain molecular and cellular mechanisms involved in EE pathogenesis, eotaxin-3-associated eosinophil recruitment and
treatments. Aeroallergen, food allergen and skin sensitization have been implicated in EE pathogenesis. Elemental diet, glucocorticoids, and anti-IL-5 treatments
improve the microscopic features of EE acting at different levels on the disease pathogenesis. Proton pomp inhibitors (PPI) inhibit H� secretion by parietal cells
of the stomach and can only partially improve EE features. Hyperplasic epithelial cells of the esophagus overexpress eotaxin-3 likely in response to IL-13.
Eotaxin-3 overexpression allows chemoattraction of CCR3� cells. Inheritance of EE disease suggests a genetic predisposition. A SNP in the eotaxin-3 gene has
been associated with EE. The Linkage disequilibrium pattern (ID’I) of the SNPs in Eotaxin-3 gene, based on the genotype data in a European population from
the HapMap database, is presented. ID’I is the measure of the correlation between two SNPs, it ranges from 0 (in linkage equilibrium) to 1 (in strong linkage
disequilibrium). Except for the SNP pair �76 and �5419 with the ID’I � 0.71, the other SNP pairs (in black) are in strong linkage disequilibrium (ID’I � 1).
As such, the genotype of one SNP speaks for the others. Figure adapted from Blanchard C et al., J Allergy Clin Immunol 118:1054–1059 Copyright © 2006
American Academy of Allergy, Asthma and Immunology Published by Mosby, Inc., with permission.
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addition, we have shown that CCR3 gene target mice are pro-
tected from the development of experimental EE (48). Other
anti-inflammatory approaches, such as leukotriene receptor an-
tagonists, have been advocated, but they have not been shown to
reverse esophageal pathology. Because IgE effector cells, such as
mast cells and basophils, are a source of proinflammatory che-
mokines, cytokines, and proteases, it is also possible that anti-IgE
therapy would have anti-inflammatory effects in EE. It is
important to note that EE is a chronic disorder that requires
ongoing therapy; the disease almost uniformly returns when
therapy is discontinued (e.g., glucocorticoids are stopped or
diet is liberated).
Taken together, these findings have now provided molecular

diagnostic criteria and pathways for disease intervention. Indeed,
eotaxin-3 and CCR3 blockers are now being considered for EE.
My research also encompasses several other areas of investi-

gation, such as elucidating the pathogenesis of experimental
asthma in mice; we were one of the first investigators to define
the “asthma genome” based on global expression profile analysis
in mice (60). I have led studies analyzing the transcriptional
regulation of the “asthma genome” (61). My work has been
focused on defining the importance of several new pathways
including the provocative finding that arginine is primarily me-
tabolized by arginase in the asthmatic lung. Before our work,
arginine was thought to be mainly metabolized by nitric oxide
synthase, but my colleagues and I have proposed a new paradigm
in which arginase and the arginine transport protein CAT2 coor-
dinately regulate several processes that appear to be germane in
asthma pathogenesis (62). Recently, we have extended these
findings by defining the critical role of the arginine transporter
protein in regulating homeostatic lung immunity (63).

FUTURE

As a physician scientist, my work is guided by the burning
desire to truly improve human life through medical research.
Fortunately, my work has already influenced how we view the
allergy problem, specifically focused on eosinophils and the
involvement of this enigmatic cell in a variety of debilitating
inflammatory diseases, especially gastrointestinal allergy. I
have moved molecular findings into animal models and from
there have even translated these findings into a variety of
therapeutic approaches for the treatment of eosinophilic dis-
orders. Gratifyingly, one of these approaches has already
demonstrated benefit in humans, while others are on the near
horizon. Although much work has been done, the greatest is
yet to come. I am hopeful that the current amazing burst of
scientific knowledge, combined with the fortunate colleagues,
scientific, and translational environment that I have immersed
myself among at CCHMC, will facilitate my mission to
understand and treat eosinophilic disorders.
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