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Abstract

Proton pump inhibitors (PPIs) are the pharmacological cornerstone for acid-related peptic disorders, especially
gastroesophageal reflux disease (GERD), on account of their powerful suppression of gastric acid secretion.
GERD is the most common esophageal disease, with approximately 10-20% of adult Western population affected,
mainly males between 20 and 50 yrs-old. Eosinophilic esophagitis (EoE) is an emerging immuno/antigen-mediated
disorder, characterized by esophageal symptoms and eosinophil-predominant inflammation. It is an allergic
condition of growing recognition and prevalence, so much so that it is currently recognized as the second cause of
chronic esophagitis after GERD. EoE usually presents in allergic males under 40 yrs-old, so GERD and EoE coexist
frequently in adult patients. Initially, both disorders were distinguished since EoE was, by definition, unresponsive to
PPIs. However, case reports and small series since 2006 have progressively shown patients with clinical, endoscopic
and histological data consistent with EoE having complete remission on PPIs. Notwithstanding the fact that these
patients have been historically classified as having mislabelled GERD, recent evidence has made way for a new
potential phenotype of EoE (PPI-responsive esophageal eosinophilia), even in patients with normal acid exposure.
Furthermore, more confusion has been added to the debate since GERD has been recently redefined as a cytokine-
mediated disorder rather than acid-injury mediated. As such, PPIs might also affect GERD-related or EoE-related
esophageal eosinophilia through immunomodulatory mechanisms beyond acid suppression. This report intends
to update the available evidence on PPl-responsive esophageal eosinophilia and briefly review the mechanisms

whereby PPIs might exert potential anti-inflammatory effects on allergic diseases such as EoE.
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Eosinophilic Esophagitis (EoE)

Eosinophilic esophagitis (EoE) is a recently recognized but
increasing expanding chronic immune/antigen-mediated disorder,
confined to the esophagus, characterized clinically by esophageal
dysfunction (mainly dysphagia and food impaction) and histologically
by eosinophil-predominant inflammation (usually a minimum of
15 eosinophils per high power filed (eo/HPF)) [1]. In fact, scientific
publications have nearly doubled since 2007 and increased recognition
has led to a steady increase in prevalence [1]. It is currently considered
the second cause of chronic esophagitis after gastroesophageal reflux
disease (GERD).

Unlike all other segments of the gastrointestinal tract, the esophagus
is normally devoid of eosinophils, so the finding of esophageal
eosinophilia denotes pathology. However, the presence of esophageal
eosinophils is not specific and may occur in a variety of disorders
including GERD, EoE, eosinophilic gastroenteritis, celiac disease,
achalasia, inflammatory bowel disease, infection, hypereosinophilic
syndrome, vasculitis, drug and/or iatrogenic-induced states
such as caustic injury multiple convulsive therapy syndrome and
immunosuppression especially following solid organ transplantation
[2,3]. The diagnosis of EoE requires elimination of other causes of
esophagitis, especially GERD, the most prevalent esophageal disorder
affecting 10-30% of Western population. In the first consensus guidelines,
it was initially established that EoE could be distinguished from GERD
by either a normal esophageal pH monitoring or persistent esophageal
eosinophilia despite adequate high-dose acid suppressive therapy [2].
However, this recommendation has not been subsequently applied or
validated in clinical practice. Indeed, two recent surveys identified that

only one third fulfilled strictly consensus recommendations in both
pediatric and adult EoE patients [4,5]. In line with this clinical practice,
growing evidence during the last five years has shown the existence of
symptomatic patients who met clinical, endoscopic and histological
criteria for EoE with complete clinicopathologic remission on PPI
therapy [6-12]. Of note, 2011 updated EoE guidelines have highlighted
asamajor addition to prior knowledge the description of a new potential
disease phenotype, the PPI-responsive esophageal eosinophilia [1]. So
far now, EoE is considered an allergic disorder which should remit with
dietary exclusion, topical steroids or both. However, evolving evidence
is consistent with the existence of a significant proportion of patients
with suspected EoE that achieve clinicopathological remission on PPI
therapy. While such remission is the therapeutic goal in EoE, regardless
of the underlying mechanisms, long-term steroid or elimination diet
therapy should be discouraged in this subset of patients

Proton Pump Inhibitors-Responsive Esophageal Eosinophilia:
Clinical Evidence

In 2006, Ngo et al. reported a series of three cases (two pediatric
and one adult), fulfilling symptoms (refractory GERD, dysphagia, food
impaction), endoscopic findings (thickened folds, ringlike contraction,

*Corresponding author: Javier Molina-Infante, MD, Department of
Gastroenterology, Hospital San Pedro de Alcantara, C/ Pablo Naranjo s/n 10001
Caceres, Caceres, Spain, Tel: 0034 627430248; Fax: 0034927621545; E-mail:
xavi_molina@hotmail.com

Received November 28, 2011; Accepted December 19, 2011; Published
December 24, 2011

Citation: Molina-Infante J, Zamorano J, Rivas MD, Fernandez-Bermejo M (2011)
Proton Pump Inhibitors Therapy for Eosinophilic Esophagitis. J Aller Ther S8:002.
doi:10.4172/2155-6121.S8-002

Copyright: © 2011 Molina-Infante J, et al. This is an open-access article
distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.

J Aller Ther

Eosinophilic disorders and Allergic disorders

ISSN:2155-6121 JAT, an open access journal



Citation: Molina-Infante J, Zamorano J, Rivas MD, Fernandez-Bermejo M (2011) Proton Pump Inhibitors Therapy for Eosinophilic Esophagitis. J Aller

Ther S8:002. doi:10.4172/2155-6121.58-002

Page 2 of 4

furrows, exudates) and histological (>20 eo/HPF) data consistent with
EoE which fully reverted to normal after PPI therapy [6]. The authors
concluded that these patients were likely to have mislabelled GERD
and that large number of eosinophils can be found related to peptic
esophagitis. In agreement with this study, Rodrigo et al reported in
2008 a retrospective series of 40 out of 3648 patients with esophageal
eosinophilia (>20 eo/HPF) [7]. 28 patients (70%) had a final diagnosis
of GERD after careful evaluation of clinical, endoscopic, manometric
and pH monitoring information. The main conclusion drawn was that
esophageal eosinophilia was not specific of EoE. In 2009, Dranove et al.
published an interesting retrospective series of 43 pediatric patients with
esophageal eosinophilia (>15 eo/HPF) who received PPI therapy [8]. In
this report, 17 patients (40%) achieved clinical and histological (< 5 eo/
HPF) remission on PPIs. Interestingly, PPI-response was identified in
45% and 41% of patients with normal and abnormal pH esophageal
monitoring, respectively, thereby questioning the role of esophageal
acid exposure to predict response to PPI therapy. These findings raised
the possibility of a PPI-responder phenotype different from EoE among
patients with esophageal eosinophilia. In 2009, Sayej et al. reported
a retrospective series of 69 pediatric patients with > 15 eo/HPE, of
whom 36 (52%) were treated with high-dose PPI therapy [9]. 14 out
of those 36 patients (39%) had clinical and histological remission (< 5
eo/HPF) on PPIs, emphasizing the existence of a significant proportion
of PPI-responders among patients with suspected EoE. It was in 2010
that it was published the first randomized controlled trial comparing
esomeprazole (40 mg a day) and topical fluticasone (440 mcg bid) in 30
adult patients with > 15 eo/HPF[10]. There were no differences regarding
improvement in average dysphagia score or eosinophilic infiltration
between both groups. Partial histological response (<15 eo/HPF) and
complete remission (< 5 eo/HPF) were accomplished in 31% and 15%
in the fluticasone group and in 50% and 33% in the PPI group. These
results highlighted that both drugs were equally effective in decreasing
esophageal eosinophilic infiltration and this was attributable to a high
proportion of patients with coexistent GERD (56%), documented by
pH monitoring, in the cohort. In 2011, our group reported the first
prospective series addressing the role of systematic high-dose PPI
therapy in adult patients with > 15 eo/HPF [11]. Upper-mid esophageal
biopsies were taken in 712 consecutive patients with upper GI
symptoms, of whom 35 patients (5%) had esophageal eosinophilia. All
of these patients with > 15 eo/HPF underwent clinical, endoscopic and
histological follow-up after high-dose PPI therapy (rabeprazole 20 mg
b.i.d) for 8 weeks. Overall, 75% of patients (26/35) achieved clinical and
histological (< 5 eo/HPF) remission on PPI therapy. Excluding patients
with a GERD profile (heartburn as main symptom, erosive esophagitis
in endoscopy), we observed that even 50% of EoE profile patients were
PPI-responders. Of note, remission on PPI therapy occurred among
patients with normal and abnormal pH monitoring, in agreement with
that reported by Dranove et al. [9]. As such, pathologic acid exposure is
not predictive of PPI response, raising the possibility of a new potential
PPI-responsive EoE phenotype without GERD. Abe et al. [12] reported
lately the first retrospective case series from Japan involving 12 patients.
6 out of 12 were treated with PPIs, of whom 3 patients (50%) achieved
clinical and histological remission. Finally, a more recent case series
has reported four pediatric EoE patients with transient PPI responsive
esophageal inflammation, including eosinophils and mast cells [13].

Proton pump inhibitors

Proton pump inhibitors (PPIs) are substituted benzimidazoles
targeted to inhibit the proton pump of the parietal cell (H-K-
ATPase), which comprises the final pathway by which hydrochloric
acid is secreted into the gastric lumen. All PPIs molecules are weak

protonatable pyridines that accumulate specifically and selectively in
the secretory canaliculus, the highly acid space of the gastric parietal
cell. PPIs are prodrugs which become activated within that acid
environment to a reactive species, the thiophilic sulfenamide. Then, this
reactive species binds covalently with sulthydryl groups of cysteines
in the H* /K*ATPase (cysteine alkylation) irreversibly inactivating
the pump molecules [14,15], resulting in a specific and long-lasting
impairment of acid suppression, regardless of other stimulating factors.
PPIs are the most effective acid inhibitors currently available and are
the most widely prescribed class of gastrointestinal medications [15].
Currently, PPIs are the treatment of choice for all acid-related disorders
including peptic ulcer disease, gastroesophageal reflux disease (GERD),
eradication of Helicobacter pylori, prevention of ulcers associated
with non-steroidal anti-inflammatory drugs (NSAIDs) and Zollinger-
Ellison syndrome.

Antiinflammatory effects of PPIs: Evidence from animal
models

The PPIs are weak bases that become active in an acidic environment
by means of blocking the p-type H*, K*ATPases of parietal cells, final
responsible for acid secretion into the gastric lumen. Non-gastric cells,
like neutrophils and endothelial cells, also have H*, K*ATPases that
pump acid into the extracellular space and into intracellular organelles
like lysosomes. An acidic microenvironment, in fact, is critical for
survival in inflammation animal models [16]. When neutrophils are
activated by chemotactic factors, those vacuolar H*ATPases pump
H* into the phagolysosome. This lysosomal acidification is key for
neutrophil ‘s oxidative burst, the secretion of reactive oxygen species
(ROS) and activation of adhesion molecules [17-20]. Growing evidence
has lately highlighted a marked impairment on neutrophil function
by PPIs in experimental models. In the 1990s, omeprazole treatment
of the neutrophils was found to result both in elevated intralysosomal
pH and in inhibition of the oxidative burst [21], whereas omeprazole
[22] and lansoprazole [23] were shown to inhibit neutrophil superoxide
generation and oxidative burst of human neutrophils, respectively,
after neutrophil activation in the stomach with bacterial substances.
Lansoprazole [22] also decreased the gastric mucosal levels of
myeloperoxidase (an index of neutrophil infiltration) in patients with H.
pylori gastritis. Agastya et al. [23] found that acid-activated omeprazole
inhibited the acidification of phagolysosomes in human neutrophils,
and that this phenomenon was associated with impaired ability of
the neutrophil to phagocytose yeast. In healthy volunteers, orally
administered omeprazole caused a significant decrease in neutrophil
production of ROS [20-24]. Furthermore, omeprazole and lansoprazole
have been shown to inhibit in vitro the expression of CD11b and CD18
by human neutrophils as well as neutrophil-dependant adhesion
to endothelial cells [25]. Similarly, PPIs inhibited the expression of
intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion
molecule-1 (VCAM-1) and endothelial-dependent neutrophil adhesion
in human umbilical vein endothelial cells stimulated with interleukin-
1b [26]. In addition, lansoprazole also has been found to inhibit the
expression of ICAM-1 by human tracheal epithelial cells in culture [27]
and to decrease the number of peripheral blood mononuclear cells that
express ICAM-1 in human volunteers [28]. Overall, this impairment in
neutrophil function has been related to the presence of vacuolar (v-type)
H*ATPases in neutrophils, which might be potentially susceptible to
inhibition by PPIs. Nevertheless, the precise mechanisms underlying
PPI effects on neutrophil function remain to be elucidated.

As for pro-inflammatory cytokines, PPIs may exert anti-
inflammatory effects by inhibiting the production of these cytokines
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that recruit inflammatory cells to diseased tissues. Omeprazole
and lansoprazole were shown to significantly block gastric mucosal
production of IL-8, a potent neutrophil chemoattractant, after
stimulation with H. Pylori [29]. In rats treated with indomethacin,
lansoprazole significantly decreased the production of cytokine-
induced neutrophil chemoattractant-1 (CINC-1, a rat homologue of
IL-8) by the small intestine [30], whereas it decreased levels of pro-
inflammatory cytokines including IL-6, IL-8 and TNF-a in cultured
human tracheal epithelial cells [31]. The mechanisms underlying the
PPI-induced decrease in pro-inflammatory cytokine production by
epithelial and endothelial cells are not clear, albeit we should be aware
of the fact that response to PPIs should not always be construed as
proof for an underlying acid-peptic disorder.

Proton pump inhibitors-responsive esophageal eosinophilia:
Evidence from animal models

Up to now, few data are available in this field. In 2009, our
group reported a novel anti-inflamamatory effect of PPIs (including
omeprazole, lansoprazole and esomeprazole) in murine asthma [30].
To begin with, it was demonstrated that PPIs inhibit in vitro IL-4 and
IL-13 signaling STAT6, which is a well known pathogenic pathway in
Th2 allergic diseases, like asthma and EoE. Furthermore, PPI therapy in
asthmatic mice reduced significantly the presence of inflammatory cells
in bronchoalveolar lavage fluid and lung sections, including eosinophils.
Overall, these findings raised the possibility that the benefitial effects of
PPIs in allergic disease may be, at least in part, mediated through the
inhibition of these pathways. Our results were corroborated in a further
interesting investigation which is only published in abstract form so
far today [31]. Two different esophageal squamous epithelial cell lines
from patients with EoE were treated with either IL-13 and IL-14 in
the presence and absence of omeprazole. Both interleukins increased
the secretion of eotaxin-3, which could be blocked by omeprazole
treatment. These findings suggest that PPIs can have anti-inflammatory
actions in EoE independent of their effects on acid-secretion, and
cast doubt on the assumption that a positive response to PPI therapy
distinguishes EoE from GERD.

The controversial relationship between GERD and EoE

Since both GERD and EoE can be associated with mild esophageal
eosinophilia and may share common symptoms like heartburn and
dysphagia, it can be difficult to distinguish between the two disorders.
Moreover, both diseases affect predominantly males on their 27-4%
decade and indeed coexist (38-56%) as evidenced by cohorts with
persistent symptoms and esophageal eosinophilia on PPI therapy in
spite of abnormal pH testing [12,32-33]. In the first consensus EoE
guidelines, it was initially established that EoE could be distinguished
from GERD by persistent esophageal eosinophilia despite adequate
high-dose acid suppressive therapy [2]. However, Spechler et al.
[34] in an elegant clinical reviews series, raised the possibility of a
complex interaction between EoE and GERD and discussed potential
mechanisms whereby GERD may be a mimic of EoE, coexist with it,
contribute to it, or conversely, EOE may contribute to GERD. In this
regard, a number of clinical, endoscopic and histological features have
been proposed to distinguish EoE from GERD. Patients with EoE are
more likely to be male, younger than 45 years, to have dysphagia and
endoscopic features of EoE (ring, furrows and exudates) and less likely
to have hiatal hernia or heartburn [35]. Similarly, a recent report has
proven a high sensitivity (91%) and specificity (100%) for diagnosing
EoE before endoscopy using a simplified equation: peripheral
eosinophilia + history of food impaction + PPI refractory heartburn

[36]. As for histological features, eosinophilic microabscesses [37],
tryptase mast cell staining [38] and levels of eotaxin-3 in esophageal
biopsies [39] have been suggested to favour EoE, albeit further studies
are needed to set a delimited distinction between EoE and GERD.

Evolving research [6-13] and updated 2011 guidelines [1], as
mentioned above, have highlighted that a clear distinction between
GERD and EoE may be difficult, even more upon the existence of a
novel EoE phenotype, the PPI-responsive esophageal eosinophilia.
These patients are undistinguishable from EoE patients in clinical,
endoscopic and histological terms. Whether they represent mislabelled
allergic GERD or a real EoE phenotype merits further investigation
upon genetic background. Overall, the most important lesson we have
learned is that a favourable response to PPI therapy does not preclude
a diagnosis of EoE. In addition, the same group of investigators from
Dallas published recently a striking paper in which they demonstrate
that gastroesophageal induced reflux in an animal model causes
esophagitis through a cytokine-mediated mechanism rather than
caustic acid-injury [40]. For decades, the prevailing concept of GERD
has been that esophageal injury is caused by the toxic direct effects of
refluxed gastric acid, causing the death of surface epithelial cells, which
would evoke an acute inflammatory response with epithelial infiltration
by neutrophils. In this elegant paper, the authors observe indeed the
opposite sequence of events. At day 3 after surgical induction of reflux,
there was no surface damage and the first inflammatory sign detected
was a lymphocitic infiltration of the submucosa, that progressed to
the mucosal surface, closely related to an increase in the secretion of
IL-8 and IL-1f. Interestingly, mucosal erosions did not appear until
postoperative week 4, which is consistent with reflux esophagitis
develops primarily as an immune-related injury rather than as a
caustic chemical injury. Since EoE has been recently redefined as a
chronic immune-mediated disease as well, one can speculate that
PPI-responsive esophageal eosinophilia may be represented by GERD
provoking an aberrant inflammatory response in patients with genetic
or clinical allergic background, mimicking EoE, but responsive to PPIs.
Undoubtedly, this work opens up an attractive field of investigation for
the ongoing years.
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