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Abstract
Recent studies have suggested the existence of a 
patient population with esophageal eosinophilia that 
responds to proton pump inhibitor therapy. These pa-
tients are being referred to as having proton pump 
inhibitor responsive esophageal eosinophilia (PPI-REE), 
which is currently classified as a distinct and separate 
disease entity from both gastroesophageal reflux dis-
ease (GERD) and eosinophilic esophagitis (EoE). The 
therapeutic effect of proton pump inhibitor (PPI) on 
PPI-REE is thought to act directly at the level of the 
esophageal mucosa with an anti-inflammatory capacity, 
and completely independent of gastric acid suppres-
sion. The purpose of this manuscript is to review the 
mechanistic data of the proposed immune modulation/
anti-inflammatory role of the PPI at the esophageal 
mucosa, and the existence of PPI-REE as a distinct dis-
ease entity from GERD and EoE.
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Core tip: The concept of pump inhibitor responsive 
esophageal eosinophilia (PPI-REE) is relatively new. 
The underlying mechanism(s) of PPI-REE pathogenesis 
and therapeutic effect of the PPI are still unknown. It 
is currently still unclear if PPI-REE is a subtype of gas-
troesophageal reflux disease (GERD), an eosinophilic 
esophagitis (EoE) phenotype, or a distinct entity. The 
aim of this manuscript is to review the mechanistic data 
of the proposed immune modulation/anti-inflammatory 
role of PPI at the esophageal mucosa, and the exis-
tence of PPI-REE as a distinct disease entity from GERD 
and EoE.
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INTRODUCTION
Proton pump inhibitors (PPIs) are commonly used 
for the treatment of  gastroesophageal reflux disease 
(GERD)[1]. Their clinical benefit is generally attributed to 
a potent reduction of  gastric acid secretion via blockade 
of  the H+/K+ ATPase on the gastric parietal cell[2]. Pa-
tients experiencing upper gastrointestinal symptoms such 
as heartburn, dysphagia, vomiting, food impaction, and 
feeding difficulties, typically report that symptoms sub-
side with PPI treatment, and it is often taken for granted 
as reflecting an underlying peptic-acid disease[3,4]. Yet such 
symptoms may be due to the GERD mimicking entity, 
eosinophilic esophagitis (EoE). In fact, GERD and EoE 
are so similar in clinical presentation that they are often 
indistinguishable[5,6].



EoE is a primary disorder of  the esophagus, first de-
scribed in 1978[7], and recognized clinically in 1995[8]. An 
epidemiological report released in 2013 showed that EoE 
may affect over 400000 people in the United States[9].
Originally thought as primarily a disease of  childhood, 
recent data suggest otherwise; the vast majority of  EoE 
diagnoses are within adults[9]. However, the clinical pre-
sentation seems to vary by age. Young children are more 
likely to present with non-specific upper gastrointestinal 
symptoms, failure to thrive, and abdominal pain[10], while 
older children more commonly present with food im-
paction or dysphagia[11]. Adults may present with similar 
symptoms, however, the diagnosis is typically made in 
young males with history of  allergy who present with 
food impaction and dysphagia[3,12]. Interestingly, over 50% 
of  patients with EoE may have associated atopic disease, 
most commonly asthma (23%) or rhinitis (42%)[9], and 
this is often used as an indication the patient truly has 
EoE rather than GERD. However, it should be noted 
that asthma is actually much more common in patients 
with GERD, with approximately 60% of  patients suf-
fering from asthma[13]. Additionally, allergic rhinitis has 
been reported at greater than 40% in the general popula-
tion, making the association with EoE of  little value[14]. 
Although the etiology remains unknown, allergy remains 
the most likely possibility. Indeed, several studies have 
implicated food allergy and aeroallergens as plausible 
etiologic agents[15-18].

EoE is challenging to diagnose in that it requires an 
integrative approach, including clinical and pathologic 
correlation, to correctly differentiate this entity from 
its most common differential diagnosis-GERD. Unfor-
tunately, clinical symptoms are often non-specific, and 
therefore do not aid in distinguishing a primary esopha-
geal eosinophilic inflammatory process from acid medi-
ated disease[5]. Endoscopic findings, if  present, generally 
consist of  esophageal concentric rings, linear furrowing, 
and white plaques; although these findings currently do 
not assist in distinguishing GERD from EoE[5,19]. Thus, 
the initial step in differentiating GERD from EoE begins 
with esophageal biopsy[6]. Greater than 15 eosinophils per 
high-power field (hpf) should be present in at least one 
field to support the diagnosis of  EoE. GERD, on the 
other hand, is thought to contain a minor eosinophilic 
component, usually limited to less than 7 eosinophils/hpf  
and restricted to the distal esophagus[20-22]. Unfortunately, 
this “less-than-7” criterion is largely untested, and given 
that GERD is much more prevalent than EoE, even the 
rare occurrence of  more than 15 eosinophils/hpf  dimin-
ishes the predictive value of  this histologic finding in dif-
ferentiating these two diseases[6]. Also, the evaluation of  
maximal eosinophil count may provide no distinction be-
tween GERD and EoE[6]. Apart from eosinophil count, 
other major and minor histopathologic features may aid 
in the diagnosis of  EoE. Major histolopathologic criteria, 
such as degranulation of  eosinophils, superficial layering 
of  eosinophils, and eosinophilic microabcesses, defined 
as foci of  at least four clustered eosinophils, and minor 

features such as lamina propria fibrosis, the presence of  
eosinophils in a fibrotic lamina propria (at least 5/hpf), 
and basal zone hyperplasia[23]. Concomitant with histolog-
ical evaluation, GERD should also be ruled out by con-
ventional diagnostic tests, such as pH monitoring; there 
must be a lack of  clinical or histologic response after two 
months of  PPI therapy to definitively diagnose EoE[16]. 
In short, the diagnosis of  EoE rests on the identification 
of  an esophageal eosinophilic infiltrate that demonstrates 
normal pH monitoring and persists despite PPI therapy.

Currently, there are two generally acceptable treat-
ment modalities for EoE in both children and adults 
- corticosteroid therapy and dietary modification[20,24]. 
In children, EoE responds favorably to specific food 
protein elimination or elemental diets, in keeping with 
the proposed etiological role of  food allergy[16]. In adults, 
however, treatment with swallowed corticosteroid aero-
sols is generally more reliable than dietary intervention[16]. 
Nonetheless, recent literature indicates that PPIs may 
be involved in the treatment of  esophageal eosinophilia. 
The identification of  a patient population that exhibits 
esophageal eosinophilia, does not appear to have GERD, 
and yet seem to respond to PPI therapy, supports these 
reports[12,25]. This patient population is recently being re-
ferred to as having a “proton pump inhibitor responsive 
esophageal eosinophilia” (PPI-REE)[20,26]. PPI-REE is 
currently not considered as an EoE phenotype, nor is it 
considered as a subtype of  GERD[20]. What then is PPI-
REE? Is it a distinct entity besides GERD and EoE?

DIAGNOSIS OF PPI-REE
Clinical symptoms such as heartburn, dysphagia, diffi-
culty feeding, and foreign body impaction, may warrant 
an esophageal biopsy, which may in turn reveal esopha-
geal eosinophilia. The patient should be assessed for all 
possible causes of  esophageal eosinophilia at this time[20]. 
The known causes of  esophageal eosinophilia are many, 
including GERD, EoE, celiac disease, Crohn’s disease, 
infection, hypereosinophilic syndrome, achalasia, drug 
sensitivity, vasculitis, pemphigus, and connective tissue 
diseases[20,27]. If  further evaluation reveals eosinophils 
restricted to the esophagus, the most common causes are 
either GERD, EoE, or the recently recognized PPI-REE, 
and an eight week trial of  PPI therapy should be initiated 
to help distinguish between these entities[20]. If  symptoms 
remain after eight weeks and repeat biopsy shows persis-
tent eosinophilia characteristically above 15 eosinophils/
hpf, the diagnosis becomes EoE[20]. If  the eosinophilia 
resolves and symptoms subside on subsequent biopsy, 
the diagnosis becomes either GERD or PPI-REE[20]. It 
is at this critical juncture that the diagnostic dilemma is 
identified. A clear distinction between GERD, EoE and 
PPI-REE is currently non-existent (Table 1).

Currently, a potential immune disorder/inflammatory 
mechanism for PPI-REE has emerged[28,29]. Eotaxin-3, 
a known eosinophil chemoattractant expressed in the 
esophagus[30], is induced by inflammatory cytokines and 
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is inhibited by PPIs, such as omeprazole[31,32]. These data 
give the impression that PPIs may exert an immune 
modulation/anti-inflammatory effect on the esophageal 
mucosa and independent of  acid suppression[20]. If  this 
is the case, the distinction between GERD and PPI-REE 
becomes increasingly blurred. Why these two clinically 
indistinguishable diseases of  the esophagus -GERD and 
PPI-REE-with two markedly different etiologies, respond 
to the same class of  drugs via two completely different 
mechanisms, and at two different locations in the gastro-
intestinal tract? Are they really two different diseases or 
PPI-REE is just a subtype of  GERD?

IS PPI-REE A DISTINCT CLINICAL ENTITY 
OR A SUBTYPE OF GERD CLINICALLY?
The rationale for exploring a potential anti-inflammatory 
mechanism for PPIs was engendered by the identification 
of  patient populations with esophageal eosinophilic infil-
trate (EEI), that do not appear to have GERD, and that 
seem to respond to PPI therapy. In the study by Molina-
Infante et al[12], 35 patients with > 15 eosinophils/hpf  
were evaluated for PPI response. Of  the 35 patients, 14 
patients showed endoscopic findings consistent with 
GERD, while 15 patients demonstrated abnormal pH 
monitoring. Thus, a total of  29/35 patients had evidence 
of  underlying peptic acid disease. Of  the remaining 6 
patients, only two showed a response to PPI therapy. 
Therefore, only these 2 patients showed a unique pattern 
of  clinical and pathologic findings. Yet three crucial and 
controversial issues remain unresolved. First, normal pH 
monitoring is not enough to exclude GERD in patients 
with EEI[12,16]. Second, > 15 eosinophils/hpf  cannot reli-
ably differentiate between GERD and a primary esopha-
geal esophagitis[6,25]. Finally, it is not surprised that GERD 
would be responsive to PPI therapy. It remains unclear if  
this study and similar studies are actually describing dif-
ferent disease processes when they differentiate GERD 
from PPI-REE, or if  they are simply describing variable 
findings of  GERD. Interestingly, in a recent review of  
ten relevant studies involving patients with PPI-REE, 

only three of  the studies included pH monitoring data on 
their patients[33]. Of  the three studies including pH moni-
toring data, one study found 100% of  patients to have an 
abnormal pH monitoring test, which is considered diag-
nostic of  GERD. Of  the ten studies combined, only 7 of  
258 (2%) patients showed the unique finding of  a normal 
pH monitoring test with a high percentage of  eosinophils 
on biopsy. This highlights an important issue because 
the pH monitoring test is not 100% sensitive, and a nor-
mal pH monitoring test does not exclude a diagnosis of  
GERD.

Another commonly cited study that demonstrated a 
patient population with EoE responsive to PPI therapy 
suffered from the same methodological limitations as 
previously described[5]. In this study, PPI therapy was 
used to categorize 36 patients with suspected EoE into 
the subcategories non-eosinophilic esophagitis (GERD) 
and EoE, with a response to therapy assessed histologi-
cally. Again, this classification scheme may still not reflect 
a valid distinction between GERD and EoE given the 
lack of  pH monitoring to help further delineate which 
patients may have had GERD. Regardless, 14/36 patients 
initially responded to PPI and were classified as GERD. 
The remaining 22 patients were unfortunately treated 
with both high dose PPI and fluticasone, nullifying any 
possible interpretation of  a selective response to PPI 
therapy in the remaining cohort of  patients. Finally, a 
case series of  three pediatric patients with esophageal eo-
sinophilia responsive to PPI treatment is commonly cited 
as evidence of  a PPI-REE. In this report, one patient 
had an abnormal reflux index, while the other two had 
no pH monitoring performed[34]. Again, this study does 
not support to a potential new disease entity - PPI-REE 
- because GERD was present in the first patient, and it 
was not ruled out the other two.

In summary, the current available clinical data have 
not provided sufficient evidence to support that PPI-
REE is a distinct clinical entity. The clinical presentation 
and the therapeutic efficacy of  the PPI on PPI-REE sug-
gest that PPI-REE maybe a subtype of  GERD instead 
of  a distinct entity from EoE and GERD. 
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Table 1  Clinical and pathological features of eosinophilic esophagitis, proton pump inhibitor responsive esophageal eosinophilia, and 
gastroesophageal reflux disease

EoE PPI-REE GERD

Clinical Presentation Upper GI symptoms, NS Upper GI Symptoms, NS Upper GI Symptoms, NS
PPI response after 8 wk therapy No response (H/S) Positive response (H/S) Positive response (H/S)
Endoscopy Non-specific findings Non-specific findings Non-specific findings
Ambulatory pH testing Negative Negative or unknown Positive
Histology > 15 Eos/hpf, OIEB > 15 Eos/hpf, OIEB Generally < 7, but can be > 15 Eos/hpf, OIEB

PORB
Etiology Allergy related? Unknown Reflux
Molecular Features Eotaxin 3 mRNA increased Unknown Eotaxin-3 mRNA increased

GERD: Gastroesophageal reflux disease; PPI-REE: Proton pump inhibitor responsive esophageal eosinophilia; EoE: Eosinophilic esophagitis; H: Histologic; S: 
Symptomatic; NS: Non-specific; PORB: Persistent on repeat biopsy after PPI therapy; OIEB: On initial endoscopic biopsy.
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matory role for the PPI in the esophagus comes from 
data demonstrating the induced expression eotaxin-3 is 
via Th2 cytokines IL4 and IL13, and is mediated through 
STAT6[29,47-49]. This pathway is blocked by omeprazole 
in squamous epithelial cells derived from patients with 
established EoE[31,32]. The study on esophageal squamous 
cells performed by Cheng et al[31] failed to report pH 
monitoring, response to PPI therapy, and methodology 
related to differentiating between GERD and EoE sam-
ples. Though the study by Zhang et al[32] used cells derived 
from patients with EoE using clinically established guide-
lines, they failed to use pH monitoring to definitively 
rule out reflux as a contributing factor. Furthermore, 
they were unable to demonstrate functional data dem-
onstrating a PPI effect on eotaxin transcription. They 
did demonstrate reduced STAT-6 binding to the eotaxin 
promoter; however, this did not reduce expression of  the 
eotaxin-3 reporter gene, though the authors proposed the 
possibility of  chromatin remodelling that might reduce 
eotaxin 3 transcriptional activity. Therefore, no defini-
tive mechanism has yet been established. Interestingly, 
Cheng et al[31] found no significant difference in eotaxin-3 
induction by Th2 cytokines in both the EoE and GERD 
derived cells. These finding, in conjunction with the ab-
sence of  pH monitoring and response to PPI therapy, 
may suggest the possibility that the cells cultured in this 
study were predominantly collected in a background of  
acid reflux. If  this were the case, this would be in keeping 
with the previously mentioned studies of  GERD induced 
chemokine expression.

In summary, the current available experimental data 
have not provided sufficient evidence to support the im-
mune disorder/inflammatory mechanism(s) of  PPI-REE 
similar to that of  EoE and the immune modulation/anti-
inflammatory effect of  PPI on PPI-REE. The esophageal 
eosinophilia and the therapeutic effect of  PPIs on PPI-
REE may share similar mechanism(s) in that of  GERD 
by gastric acid suppression, indicating PPI-REE maybe a 
subtype of  GERD instead of  a distinct entity from EoE 
and GERD. 

CONCLUSION
The recent recognition of  PPI-REE has complicated 
the diagnostic algorithm for EoE and GERD. PPI-REE 
is the term used to describe a patient with esophageal 
eosinophilia on biopsy that responds to PPI therapy. 
Though recent guidelines require the exclusion of  PPI-
REE with a PPI trial before a formal diagnosis of  EoE 
can be made, it is currently still unclear if  PPI-REE is a 
subtype of  GERD, an EoE phenotype, or a distinct en-
tity. Furthermore, the current clinical and experimental 
data indicating an immune modulation/anti-inflammato-
ry role of  the PPIs on the esophagus is still insufficient. 
The term PPI-REE may not refer to a new diagnostic 
entity, but maybe a subtype of  GERD. Further clinical 
and experimental investigations are needed to classify the 
recently recognized PPI-REE.

PROPOSED MECHANISM OF PPI IN 
PPI-REE: ANTI-INFLAMMATORY EFFECT?
Eosinophilic esophagitis is a chronic, immune/antigen-
mediated esophageal disease characterized clinically by 
symptoms related to esophageal dysfunction and his-
tologically by eosinophil-predominant inflammation[25]. 
Studies have shown that immune/inflammatory processes 
and associated cytokines/chemokines/inflammatory me-
diators such as eotaxin, IL5, IL13, transforming growth 
factor-β1, fibroblast growth factor, thymic stromal lym-
phopoietin and others are involved in the pathogenesis 
of  EoE[29,35-38]. Among the involved cytokines/chemo-
kines/inflammatory mediators, eotaxin, especially eotaxin 
3 has been deeply studied in the pathogenesis of  EoE 
and esophageal eosinophilia[15,39-41]. otaxin is a known eo-
sinophil chemoattractant that has been primarily studied 
in the lung and gastrointestinal tract, where it has been 
shown to function in homing eosinophils to these loca-
tions. Eotaxin-3 has been designated as the predominant 
chemoattractant for directing eosinophils to the gastro-
intestinal tract below the level of  the esophagus, under 
normal conditions[42,43]. Yet, eotaxin mRNA is expressed 
constitutively and in abundance in the normal esophageal 
mucosa, and why this does not also result in eosinophil 
migration to this location is unclear[42].

Eotaxin has also been examined under inflammatory 
conditions, and is reportedly up-regulated in esophageal 
biopsy specimens from children with EoE[30]. Unfortu-
nately, in this study, a definitive diagnosis of  EoE had 
not been made before concluding the samples came from 
patients with EoE. In fact, EoE was based solely on his-
tological findings, and results of  pH monitoring and re-
sponse to PPI therapy were either not assessed or not re-
ported. Furthermore, biopsy specimens in this study were 
strictly from the distal 5 cm of  the esophagus, which is 
problematic given the potential for overlap with GERD. 
Therefore, the increased eotaxin expression in this study 
is probably due to acid reflux damage to the esophagus. 
This would be in keeping with other studies that clearly 
demonstrate chemokine release from the esophageal 
squamous mucosa caused by acid mediated damage[44,45]. 
Furthermore, an additional study also showed that there 
is no significant difference of  eotaxin-3 expression in 
esophageal squamous mucosa in patients with GERD, 
EoE and normal controls[43]. The ubiquitous cell mem-
brane phospholipid released during cell damage, sphin-
gosine-1-phosphate, potently upregulates the chemokine 
receptor, CCR3, known to cause the release of  eotaxin 
and another eosinophil chemokine known as Regulated 
on Activation Normal T cell Expressed and Secreted 
(RANTES)[46]. Similarly, findings from a study involving 
32 patients with GERD demonstrated elevated levels of  
three eosinophil chemokines in the esophageal epithe-
lial cells of  GERD patients relative to normal controls: 
RANTES, monocyte chemoattractant protein 1 (MCP-1), 
and interleukin-8 (IL8)[44].

The next line of  evidence to suggest an anti-inflam-
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