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Background/Aims: Eosinophilic esophagitis (EoE) is of-
ten erroneously diagnosed as gastroesophageal reflux 
disease (GERD). The aim of this study is to investigate the 
prevalence of EoE and the expression of tight junction (TJ) 
proteins in patients with GERD symptoms. Methods: One 
hundred patients with GERD symptoms and 10 healthy 
controls were prospectively studied. Sixty-two patients 
had symptoms refractory to proton pump inhibitors (PPI). 
All patients underwent esophageal biopsy. Patients were 
diagnosed with EoE if the number of eosinophil granulo-
cytes per high-power field was ≥15. Immunohistochemical 
analysis of TJ proteins (claudin-1, claudin-4, occludin, and 
zonula occludin-1 [ZO-1]) was performed. Results: EoE was 
diagnosed in six of 100 patients (6%) with GERD symptoms 
and in six patients (9.7%) of 62 patients with PPI-refractory 
GERD. Only one had typical EoE endoscopic findings. The 
proportion of ZO-1-positive cells was significantly lower in 
the lower than in the middle esophagus (56.0%±14.0% vs 
66.0%±11.5%, p<0.05). There were no significant correla-
tions between TJ protein expression and GERD symptoms. 
Conclusions: The prevalence of EoE among patients with 
PPI-refractory GERD is approximately 10%. Regardless of 
endoscopic findings, esophageal biopsy is crucial in diag-
nosing EoE. The disruption of ZO-1 expression in the lower 
esophagus is significantly associated with GERD symptoms. 
(Gut Liver 2018;12:30-37)
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INTRODUCTION

 Gastroesophageal reflux disease (GERD) is a major problem 
in many regions of the world.1 In 2013, the estimated preva-
lence of reflux esophagitis and nonerosive reflux disease in 
Japan was 6.8% and 15.9%, respectively.2 The cause of GERD 
symptoms (primarily heartburn) is thought to include several 
factors such as acid reflux, eosinophilic esophagitis (EoE), dis-
ruption of tight junction (TJ) proteins, and cytokines.3-5 

EoE is a chronic immune response to certain antigens char-
acterized clinically by symptoms of esophageal dysfunction 
and histologically by eosinophil-dominated inflammation.6 
Since EoE was recognized as a distinct disease entity,7-9 it has 
increasingly been diagnosed in Western countries.10-15 The first 
Japanese case of EoE was reported by Furuta et al.16 in 2006. 
Fujiwara et al.17 reported that of 13,634 adult patients who un-
derwent upper endoscopy for routine screening or as a second 
investigation, only two (0.015%) had EoE. Though the preva-
lence of EoE in Japan is still estimated to be lower than in the 
United States, the number of Japanese adults diagnosed with 
the disorder has been increasing.18,19 However, to the best of our 
knowledge, there are few reports evaluating the prevalence of 
EoE among patients with GERD symptoms. 

Gastrointestinal barrier function serves to prevent unwanted 
substances from entering the tissue and circulation.20 In an ex-
periment using human esophageal biopsy samples, exposure of 
tissue to weakly acidic and acidic solutions reduced transepithe-
lial electrical resistance.4 Other studies have described dilation 
of intercellular spaces in patients with GERD,21 indicating that 
esophageal mucosal permeability was increased and the normal 
barrier function was not fully activated. The TJ is an intercel-
lular junction crucial for epithelial adhesion and forming a tis-
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sue barrier.22 Although changes in TJ proteins such as claudins, 
occludin, zonula occludin-1 (ZO-1), and E-cadherin have been 
reported in patients with GERD,20,23,24 there appears to be little 
consensus on the implications of this finding related to symp-
toms.

The aim of this study was to investigate possible associations 
between GERD symptoms and EoE as well as TJ proteins. 

MATERIALS AND METHODS

1.	Study design and patients

This was a prospective study conducted in Chiba University 
Hospital. From April 2012 to August 2016, 100 patients with 
GERD symptoms who had symptom scores of 8 points or more 
on the frequency scale for the symptoms of GERD (FSSG)25 were 
enrolled. The details of FSSG are shown in Fig. 1. This score has 
been validated in several reports.26,27 Out of these patients, we 
defined proton pump inhibitor (PPI)-refractory GERD as patients 
who had already taken PPI equal to or more than standard dose 
for more than 8 weeks. Of these 100 patients, 62 patients (62.0%) 
were defined as having PPI-refractory GERD symptoms. Ten 
healthy controls who scored less than 8 points on FSSG were 
also enrolled in this study. Age and sex of the controls were 
matched with those of these 62 patients. Patients under 20 years 
old, who had a history of upper gastrointestinal surgery, or 
whose physician considered them to be ineligible to participate 
were excluded from this study. After selection, patients were 
asked about a history of allergy. Peripheral blood samples were 

taken to analyze the percentage of eosinophils as a fraction of 
total white blood cells. 

Patients filled out a FSSG to evaluate the severity of GERD 
symptoms. FSSG comprised 12 common symptoms of GERD. 
Patients scored each symptom from 0 (never) to 4 (always). 

This study was conducted according to the principles of the 
Declaration of Helsinki. All participating patients gave written 
informed consent. The study protocol was approved by Chiba 
University Institutional Review Board (IRB number: 1381) and 
registered (clinical registration number: UMIN000012279).

2.	Evaluation of eosinophilic infiltration and diagnosis of 
EoE

All patients underwent upper endoscopy and a judgment was 
made as to whether their findings corresponded to reflux esoph-
agitis or nonerosive reflux disease, according to the Los Angeles 
classification system.28 Regardless of the endoscopic findings, 
we obtained two esophageal biopsy samples from 5 cm (lower 
esophagus) and 15 cm (middle esophagus) above the Z line (four 
samples in total).29 Tissue samples were processed by standard 
protocols and stained with hematoxylin eosin. Eosinophilic in-
filtration was evaluated by optical microscopy (BX50; Olympus, 
Tokyo, Japan). Patients with PPI-refractory GERD symptoms 
and who had ≥15 eosinophilic granulocytes per high-power 
field (HPF) in at least one of the four samples were diagnosed as 
having EoE.30 PPI-responsive esophageal eosinophilia (PPI-REE), 
an entity distinct from EoE according to the American College 
of Gastroenterology guidelines,30 was excluded from EoE. 

Fig. 1. Details of the FSSG score. Patients filled out a questionnaire to evaluate the severity of their gastroesophageal reflux disease (GERD) symp-
toms. This questionnaire assessed the 12 common symptoms of GERD. Patients scored each symptom from 0 (never) to 4 (always). 
FSSG, frequency scale for the symptoms of GERD.
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3.	Immunohistochemistry	

To evaluate TJ proteins levels, immunohistochemical (IHC) 
analysis was carried out. IHC was performed on tissue samples 
from 80 patients with GERD symptoms whom we could ob-
tained the agreement of their IHC analysis consecutively evalu-
ated with endoscopy from April 2012 to September 2014 and 
for 10 healthy controls. The following primary antibodies were 
used: mouse monoclonal anti-claudin-1 (1:200 dilution, cata-
logue number 1440075A; Invitrogen, San Diego, CA, USA), 
rabbit polyclonal anti-claudin-4 (1:200, catalogue number 
ab53156; Abcam, Cambridge, UK), rabbit polyclonal anti-oc-
cludin (1:100, catalogue number ab31721; Abcam), and rabbit 
polyclonal anti-ZO-1 (1:200, catalogue number ab187012; Ab-
cam). Positively stained cells were visualized using 3′3-diamino-
benzidine and counterstained with Mayer’s hematoxylin. Four 
HPFs per esophageal tissue sample were observed by optical mi-
croscopy and the percentage of cells in each HPF with positive 
staining for each TJ protein were quantified. The percentages 
of positively stained cells were also graded as follows. For clau-
din-1 and -4, grade 1: <30%, grade 2: 30% to 50%, and grade 3: 
>50%. For occludin and ZO-1, grade 1: <50%, grade 2: 50% to 
70%, and grade 3: >70%. Evaluation of the tissue samples was 
done by investigators blinded to the diagnosis and symptom 
score. Percentages of positively stained cells for each TJ protein 
were compared in the middle and lower esophagus among the 
80 patients with GERD symptoms (including all patients with 
EoE) and 10 healthy controls. The IHC grades and FSSG scores 
were evaluated for any correlation in patients with PPI-refrac-
tory GERD symptoms. Also IHC intensity of each TJ protein was 
classified into three groups; weak, moderate, and strong.

4.	Statistical analysis

Patients with and without EoE were compared using Fisher 
exact test or unpaired t-tests, which were also used to compare 
age and sex between patients with PPI-refractory GERD symp-
toms and controls. The percentage of positively IHC stained 

cells in the middle and lower esophagus as well as inter-group 
analysis were analyzed using unpaired t-tests. IHC intensity was 
analyzed using chi-square test. Potential correlations between 
the grades of IHC staining for each TJ protein and the FSSG 
scores were evaluated using Pearson correlation. A p-value of 
<0.05 was considered to be statistically significant. All statistical 
analyses were performed using SPSS version 22.0 (IBM Corp., 
Armonk, NY, USA).

RESULTS

1.	Characteristics of patients with PPI-refractory GERD

Characteristics of the 62 patients with PPI-refractory GERD 
symptoms and 10 healthy controls are shown in Table 1. There 
were no significant differences between the two groups other 
than the use of PPIs. Out of 62 patients, six patients (9.7%) were 
diagnosed as EoE. These patients had already taken PPI for more 
than 8 weeks. As their esophageal biopsy and FSSG score mea-
surement were performed after 8-week PPI trial, these patients 
were not PPI-REE. One in 100 patients with GERD symptoms 

Table 1. Clinical Characteristics of 62 Patients with Reflux Symptoms Refractory to Treatment

Patients with PPI-refractory  
GERD symptom (n=62)

Healthy control  
(n=10)

p-value

Age, yr 59.4±15.0 59.4±19.0 NS*

Sex, male/female 22/40 3/7 NS†

FSSG score 19.2±7.8 2.0±1.1 <0.05*

RE/NERD 11/51 0/10 NS†

Treated with PPI‡ 62 (100) 0 <0.05†

History of allergy 11 (17.7) 0 NS*

Peripheral blood eosinophil, % 3.7±3.3 3.0±2.5 NS*

Data are presented as mean±SD or number (%).
PPI, proton pump inhibitor; GERD, gastroesophageal reflux disease; NS, not significant; FSSG, frequency scale for the symptoms of GERD; RE, 
reflux esophagitis; NERD, nonerosive reflux disease.
*Unpaired t-test; †Fisher exact test; ‡Patients who had already taken PPI before enrollment.

Table 2. A Comparison of Patients with and without EoE among 62 
Patients with Reflux Symptoms Refractory to Treatment

EoE  
(n=6)

non-EoE 
(n=56)

p-value

Age, yr 64.2±11.0 58.9±15.7 NS*

Sex, male/female 2/4 20/36 NS†

FSSG score 18.5±7.9 19.2±8.0 NS*

RE/NERD 1/5 10/46 NS†

History of allergy 2 (33.3) 10 (17.9) NS†

Peripheral blood eosinophil, % 4.4±2.8 3.6±3.6 NS*

Data are presented as mean±SD or number (%).
EoE, eosinophilic esophagitis; NS, not significant; FSSG, frequency 
scale for the symptoms of gastroesophageal reflux disease; RE, reflux 
esophagitis; NERD, nonerosive reflux disease. 
*Unpaired t-test; †Fisher exact test.
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was diagnosed as PPI-REE. This patient was excluded from EoE.

2.	Comparison of patients with and without EoE 

Out of 62 patients with PPI-refractory GERD, six (9.7%) were 
diagnosed with EoE (Table 2). There were no significant differ-
ences between the two groups with respect to age, sex, FSSG 
score, the proportions of reflux esophagitis or nonerosive reflux 
disease, blood eosinophil counts, or a history of allergy. The de-
tails of six EoE patients were shown in Table 3.

3.	IHC analysis of TJ proteins in the middle and lower  
esophagus

The percentages of positively staining cells for each TJ pro-
tein were compared between the middle and lower esophagus in 

the 62 patients with PPI-refractory GERD symptoms (Fig. 2A). 
The percentage of claudin-1–positive cells was 46.9%±13.1% 
in the middle and 42.0%±15.2% in the lower esophagus. The 
percentage of claudin-4–positive cells was 43.6%±14.5% in the 
middle and 39.1%±12.7% in the lower esophagus. The percent-
age of occludin-positive cells was 60.2%±19.3% in the middle 
and 58.2%±18.2% in the lower esophagus. There were no sig-
nificant differences between the middle and lower esophagus 
for these three TJ proteins. The percentage of cells staining 
positively for ZO-1 in the lower esophagus was significantly 
lower than that in the middle esophagus (56.0%±14.0% vs 
66.0%±11.5%, p<0.05). Similar data are shown in Fig. 2B for 
controls and Fig. 2C for patients with EoE. The percentages of 
claudin-1–positive cells were 45.9%±7.7% and 55.5%±14.1% 

Table 3. Clinical Characteristics of the Individual Patients Included in the EoE Group

Sex Age, yr Chief complaint FSSG score Eosinophil/HPF Endoscopic findings
PPI-trial*

Dose of PPI/day Duration period, wk

1 M 72 Dysphagia 16 18 - Rabeprazole 20 mg 10

2 M 69 Heartburn 10 20 - Rabeprazole 20 mg 16

3 F 56 Epigastralgia 11 40 - Rabeprazole 20 mg 12

4 F 67 Dysphagia 22 30 - Lansoprazole 15 mg   8

5 F 46 Heartburn 21 47 Longitudinal furrows Rabeprazole 20 mg   8

6 F 75 Heartburn 31 40 - Rabeprazole 20 mg 40

EoE, eosinophilic esophagitis; FSSG, frequency scale for the symptoms of gastroesophageal reflux disease; HPF, high-power field; PPI, proton 
pump inhibitor; M, male; F, female.
*All patients in this table had already taken PPI for more than 8 weeks before enrollment in this study.

Fig. 2. A comparison of the percentages of cells that stained positively for each tight junction protein in the middle and lower esophagus. (A) 
Patients with proton pump inhibitor refractory gastroesophageal reflux disease symptoms (n=62). There were no significant differences in the 
proportions of cells positive for claudin-1, claudin-4, or occludin between the middle and lower esophagus. The percentage of zonula occludin-1 
(ZO-1)-positive cells, however, was significantly lower in the lower than in the middle esophagus (56.0%±14.0% vs 66.0%±11.5%, p<0.05). (B) 
Healthy controls (n=10). There were no significant differences between the proportion of cells positive for claudin-1, claudin-4, occludin, or ZO-1 
in the middle and lower esophagus. (C) Patients with eosinophilic esophagitis (EoE) (n=6). There were no significant differences in the proportion 
of cells positive for claudin-1, claudin-4, occludin, or ZO-1 between the middle and lower esophagus. 
NS, not significant. *Unpaired t-test.
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in the middle and 44.2%±6.7% and 54.3%±22.8% in the lower 
esophagus, respectively. The percentages of claudin-4–posi-
tive cells were 40.6%±7.8% and 41.4±19.4% in the middle 
38.6%±9.1% and 38.1%±18.0% in the lower esophagus, respec-
tively. The percentage of occludin-positive cells was 58.7%± 
9.8% and 56.4%±22.0% in the middle and 60.7%±10.0% 
and 58.7%±18.3% in the lower esophagus, respectively. The 
percentages of ZO-1–positive cells were 65.9%±12.1% and 
68.1%±9.5% in the middle and 66.2%±9.5% and 57.1%±10.4% 
in the lower esophagus, respectively. There were no significant 
differences in these two groups between the middle and lower 
esophagus for all TJ proteins. The expression of ZO-1 in the 
lower esophagus was almost the same as in the middle esopha-
gus in the healthy controls and patients with EoE, in contrast to 
the differential expression pattern of ZO-1 observed in patients 

with PPI-refractory GERD symptoms. We also performed inter-
group (PPI-refractory GERD, EoE, and healthy control) compari-
son. There was no significant difference in staining middle and 
lower esophagus between any of these two groups as for the 
expression of each TJ protein (unpaired t-test). 

IHC intensity analysis was shown in Fig. 3. The ratio of 
weak:middle:strong intensity in PPI-refractory GERD, EoE, and 
healthy control was 48.4%:41.9%:9.7%, 50%:50%:0%, and 
60%:30%:0% in claudin-1; 64.5%:30.6%:4.9%, 50%:33.3%: 
16.7%, and 50%:40%:10% in claudin-4; 61.3%:35.5%:3.2%, 
50%:33.3%:16.7%, and 60%:30%:10% in occludin; 16.1%: 
64.5%:19.4%, 16.7%:66.7%:16.7%, and 20%:60%:20% in ZO-1. 
There were no significant difference among those three groups 
as for any TJ proteins (chi-square test).

Fig. 3. The immunohistochemical intensity analysis among proton pump inhibitor (PPI)-refractory gastroesophageal reflux disease (GERD), eo-
sinophilic esophagitis (EoE), and healthy control individuals. White, gray, and black columns show the ratios of weak, middle, and strong intensity 
for each tight junction protein. 
NS, not significant; ZO-1, zonula occludin-1. *Chi-square test. 
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4.	Correlation between IHC grades and FSSG score

Potential correlations between IHC staining grades and sever-
ity of GERD symptoms were analyzed in 80 patients (Fig. 4). For 
claudin-1, FSSG scores for IHC grade 1 staining were 18.5±8.7 
(six patients); grade 2, 18.4±9.2 (30 patients); and grade 3, 
23.3±8.1 (15 patients) (r=0.08, p=0.5). For claudin-4, FSSG 
scores for IHC grade 1 staining were 17.5±7.3 (13 patients); 
grade 2, 20.2±9.8 (26 patients); and grade 3, 21.7±8.8 (12 pa-
tients) (r=0.08, p=0.49). For occludin, FSSG scores for IHC grade 
1 staining were 18.8±9.8 (17 patients); grade 2, 21.2±8.6 (18 
patients); and grade 3, 19.5±8.7 (16 patients) (r=0.004, p=0.97). 
For ZO-1, FSSG scores for IHC grade 1 staining were 19.9±10.0 
(eight patients); grade 2, 19.8±9.7 (33 patients); and grade 3, 
19.5±7.8 (10 patients) (r=–0.07, p=0.56). No significant correla-
tions were identified between FSSG scores and IHC staining 
grades for any TJ proteins. 

DISCUSSION

The results of this study showed that approximately 10% 
patients with PPI-refractory GERD symptoms had EoE. Most 
patients with EoE, however, did not have typical endoscopic 
findings of that disorder.

The reported proportions of patients with typical endoscopic 
findings for EoE in a study in Japan were 35% with longitudi-
nal furrows, 23% with white plaques, and 19% with multiple 
concentric rings.19 In about 20% to 40% of patients with EoE, 
none of these findings were detected.19,29 This was true of even 
a higher proportion of patients with EoE in our study, with 
five of six having no typical endoscopic findings. PPI has been 
reported to improve EoE endoscopic findings.31 The high fre-
quency of PPI use in our subjects might thus help explain the 
paucity of typical findings. In Japan, the prevalence of EoE is 
thought to be relatively low, but this perception might change 
if more patients undergoing endoscopy had esophageal biopsy 
with appropriate evaluation for eosinophilic infiltrates. If the 
disease is diagnosed based only on the macroscopic endoscopic 
appearance, we suspect a substantial number of patients with 
EoE are misdiagnosed as having PPI-refractory GERD. These 
two conditions must be distinguished, as the treatments differ. 
Topical steroids are sometimes effective for EoE,32 while PPI and 
H2 receptor antagonists are generally favored for the treatment 
of GERD.33 Our findings suggest that, in order to diagnose EoE 
correctly, esophageal biopsy should be performed regardless of 
the endoscopic findings. The importance of esophageal biopsy 
with endoscopy for the patients with incomplete PPI response 
to find out EoE patients was also previously reported.34 Miller et 
al.35 reported that esophageal biopsy for EoE appears to be cost 
effective when the prevalence of EoE is 8% or greater. Our find-
ings of unsuspected EoE favor this recommendation. 

TJs are intracellular junctions consisting of four types of 

transmembrane proteins, including the claudin family, oc-
cludin, junctional adhesion molecules, and tricellulin, as well 
as numerous cytosolic proteins.36 Claudins are crucial for the 
barrier function of TJs. Decreased expression of claudin-1 and 
-4 contributes to increased permeability of the gastrointestinal 
epithelium in GERD.20 Occludin is also a key protein for proper 
TJ function in various tissues. ZO-1 is classified as a cytosolic 
proteins to which claudins and occludin bind.36 The selection of 
TJ proteins in this study was based on these characteristics. We 
found the proportion of ZO-1–positive cells in the lower esoph-
agus was significantly lower than that in the middle esophagus 
in patients with PPI-refractory GERD symptoms. Tack et al.37 re-
ported that bile salt reflux was observed in 38% of patients with 
PPI-refractory GERD. In addition to gastric acid, bile salts and 
trypsin are reported to have the potential to disrupt the esopha-
geal barrier function by modulating TJ proteins.20 The lower 
ZO-1 expression found in our patients might be attributed not 
only to acid reflux but also to bile salt reflux. The contrasting 
finding of no such difference between healthy controls and the 
patients with EoE suggests that TJ proteins alone may not play 
an important role in the pathophysiology of EoE. FSSG scores 
were not significantly correlated with the expression of TJ pro-
teins, including ZO-1. However, in a previous report, ZO-1 gene 
expression was significantly correlated with transepithelial elec-
trical resistance while claudin-1 and occludin were not.28 The 
function of ZO-1 needs further analysis. 

This study has some limitations. Firstly, the number of pa-
tients with PPI-refractory GERD symptoms was small. Secondly, 
evaluation of TJ protein expression was based only on IHC 
analysis. To further clarify the role of TJ proteins, methods in 
addition to IHC should be used. However, there have been few 
prospective reports regarding the prevalence of EoE and esopha-
geal expression of TJ proteins in patients with PPI-refractory 
GERD symptoms. In this respect, this study is novel. It will be 
useful to investigate a larger population, including healthy con-
trols, to further confirm our results.

In conclusion, the prevalence of EoE among patients with 
PPI-refractory GERD symptoms 9.7%, which was surprisingly 
high. Esophageal biopsy is essential to diagnose EoE in such 
patients, as the endoscopic findings may not be typical of EoE. 
In patients with GERD symptoms, ZO-1 expression in the lower 
esophagus was significantly reduced compared with that in the 
middle esophagus. This disease-associated change might be 
important result to consider in future research to gain a fuller 
understanding of the role of TJ proteins in patients with PPI-
refractory GERD symptoms. 
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