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Background/Aims: Male predominance has been observed 
in the erosive reflux disease (ERD), but reverse finding 
in nonerosive reflux disease (NERD). This suggests sex-
specific medicine approach is needed but its mechanism 
is remained to be elucidated. We aimed to compare clinical 
characteristics and mRNA expression levels of tight junction-
related proteins between male and female gastroesophageal 
reflux disease (GERD). Methods: Sixteen healthy controls, 
45 ERD, and 14 NERD patients received upper endoscopies 
and completed questionnaires. Quantitative real-time poly-
merase chain reactions of occludin (OCLN), zonal occludens 
(ZO) 1, claudin-1 (CLDN1) and claudin-4 (CLDN4), and 
neurokinin 1 receptor (NK1R) were performed in the distal 
esophageal mucosal specimen. These results were analyzed 
by sex. Results: Female GERD patients were affected more 
by reflux symptoms than males. The impairment of overall 
quality of life was more prominent in female patients with 
reflux symptoms than male patients (5.6±0.2 vs 4.9±0.6, 
p=0.009). The levels of OCLN mRNA expression were signifi-
cantly lower in the male ERD group. On the other hand, those 
of CLDN1, CLDN4, and NK1R except ZO-1 were significantly 
higher in the male ERD group. Conclusions: We demon-
strated that female ERD/NERD patients were affected more 
by GERD and male ERD patients showed significant changes 
of tight junction protein mRNA expression levels. (Gut Liver 
2018;12:411-419)
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INTRODUCTION

Gastroesophageal reflux disease (GERD) is a common disease 
and categorized into erosive reflux disease (ERD) or nonerosive 
reflux disease (NERD) according to the endoscopic evaluation. 
ERD is thought to be able to progress to Barrett’s esophagus 
(BE) and even to esophageal adenocarcinoma (EAC),1-3 whereas 
NERD is not. Notably, male predominance has been observed 
through ERD spectrum and female predominance has been 
observed in NERD.4-14 These epidemiological data suggest that 
males are more susceptible to the physical mucosal damages 
and females have more enhanced pain perception. From these 
epidemiologic background, sex-specific medicine seem to be 
promising for providing more appropriate treatment options for 
both male and female GERD patients.15-17 

Esophageal epithelium is important for the protection from 
noxious stimulus of gastric refluxate. Relative impermeability 
of the esophageal epithelium is a crucial factor for the barrier 
function and is related to the tight junction proteins. Hence, 
synthesis or degradation of these tight junction proteins have 
been regarded as a promising GERD biomarker. So far, in 
animal and in vitro models of GERD, some changes in the ex-
pression and localization of claudin-3 (CLDN3) and claudin-4 
(CLDN4) have been shown.18,19 Also, in human studies, expres-
sions of claudin-1 (CLDN1), claudin-2 (CLDN2), CLDN4, zonula 
occludens (ZO)-1, filaggrin, and occludin (OCLN) have been 
altered in GERD patients.20-22 As these tight junction proteins 
are important structural components for the barrier function in 
esophageal epithelial cells23,24 and males are prone to be more 
susceptible to the mucosal damage than females, it has been as-
sumed the differences in tight junction proteins might contrib-
ute to the different clinical characteristics of male and female 
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GERD patients. 
In concordance with this assumption, recent studies suggested 

that estrogen have an important role to increase esophageal mu-
cosal resistance by up-regulating the expression of esophageal 
tight junction protein.25,26 For example, Honda et al.25 conducted 
an animal study to identify the role of estrogen treatment on 
the esophageal epithelial barrier function and demonstrated that 
17β-estradiol administration reduced the dilation of the intercel-
lular space caused by luminal irritants. Moreover, 17β-estradiol 
administration increased the expression of OCLN.25 

From this background, we hypothesized that more forti-
fied esophageal tight junction proteins have a protective effect 
against the development of ERD in females, and less fortified 
esophageal barriers make males more vulnerable to the devel-
opment of ERD. To verify this assumption, we aimed to evalu-
ate the differences of esophageal tight junction protein mRNA 
expression levels, including OCLN, ZO-1, CLDN1 and CLDN4, 
between male and female GERD patients and also assessed their 
relationship with endoscopic and clinical characteristics. In 
addition, we analyzed if there are any differences in the acid-
induced inflammation process between males and females 
evaluating mRNA expression levels of neurokinin 1 receptor 
(NK1R), which is one of important inflammatory mediators as 
an extension of our previous study.27

MATERIALS AND METHODS

1. Subjects 

Subjects were prospectively enrolled at the Department of 
Gastroenterology of Seoul National University Bundang Hos-
pital (SNUBH) (outpatient clinic of N.K.) between March 2013 
and May 2016. All subjects were of Korean origin and received 
upper gastrointestinal endoscopies and completed question-
naires about GERD symptoms, including both esophageal and 
extra-esophageal symptoms, sleep, emotional state and quality 
of life (QOL) under the supervision of a well-trained interviewer. 
Esophageal motility disorders were evaluated by esophageal 
manometry in subjects with symptoms, such as dysphagia, 
and/or patients with endoscopic findings suspicious of motility 
disorders. Subjects were excluded if there was a history of gas-
trointestinal surgery, BE, esophageal motility disorder, duodenal 
ulcer, benign gastric ulcer or gastroduodenal cancer and any 
history of systemic disease requiring chronic medication (except 
for hypertension and diabetes mellitus). 

The subjects were classified into three groups; ERD, NERD 
and control groups. ERD group was defined as the patients with 
mucosal breaks at gastroesophageal junction in endoscopic 
findings, according to the LA classification of esophagitis. NERD 
group was defined as the patients who had more than one epi-
sode of heartburn or acid regurgitation per week with normal 
endoscopic findings, and diagnosed based on proton pump in-
hibitor (PPI) response without pH or multi-channel intraluminal 

impedance study. Positive response for the PPI was defined as 
an improvement of more than 50% of symptom frequency after 
2-week PPI intake. Subjects with no esophageal reflux symp-
toms and normal endoscopic findings from health check-up 
were assigned as the control group.

The Institutional Review Board of SNUBH approved this study 
(IRB No. B-1211/180-003), and written informed consent was 
obtained from all participants. 

2. Symptom assessment 

Two questionnaires were used to evaluate GERD symptoms. 
Seven GERD symptoms which consisted of both esophageal and 
extra-esophageal symptoms were checked (Supplementary Fig. 
1).28-30 Esophageal symptoms were heartburn and acid regurgi-
tation, and extra-esophageal symptoms were chest pain, cough, 
globus sensation, hoarseness, and epigastric soreness. GERD 
impact scale (GIS) was also used to assess GERD symptoms and 
impact of these symptoms on everyday life. GIS is a validated 
questionnaire that was developed from systematic literature 
review and has been demonstrated to have good psychometric 
properties in diagnosis and is considered as a useful communi-
cation tool in managing GERD.28,31 GIS consists of five questions 
about symptoms and four questions about impact of symptoms 
on sleep, eating or drinking, job or daily activities and taking 
medication without prescription.28,31 Subjects answered each 
question by four scales; 3 point for “daily,” 2 for “often,” 1 for 
“sometimes” and 0 for “never.” The use of text of the GIS was 
generously permitted from AstraZeneca LP (©2001) (Supplemen-
tary Fig. 1). Accordingly, higher score indicates that the subjects 
suffered more severe GERD symptoms and their daily lives were 
more impaired by GERD symptoms.

World Health Organization quality of life scale abbreviated 
version (WHOQOL-BREF)32,33 was used to assess the QOL of each 
subject. It consists of questions about overall QOL and general 
health, and four domains as the following: physical health, 
medical treatment, psychological health and environmental 
domains, including access to health services. Its results are ex-
pressed as an overall score (range, 0 to 100) and domain score 
(range, 0 to 100). In this scale, higher score indicates better QOL. 

3. Upper endoscopy and taking biopsy 
During the upper endoscopic examination, two biopsies were 

taken gently using standard biopsy forceps at a fixed position 
3 cm above the squamo-columnar junction in order to achieve 
sample consistency not only from all GERD but also from con-
trol subjects. The biopsy was done at the normal-looking mu-
cosa. The extent of mucosal damage of ERD was assessed using 
the LA grading system.

4. RNA isolation and reverse transcription 
In order to stabilize and protect RNA from degradation, biop-

sy specimens were stored in RNAlater Solution (Ambion, Austin, 
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TX, USA) at 4°C after the endoscopy. Total RNAs were extracted 
from the esophageal mucosal biopsy specimen using TRIzol® 
reagent (Invitrogen, Carlsbad, CA, USA) as recommended by the 
manufacturer and the collected RNA was purified using RNeasy 
mini kits (Qiagen, Valencia, CA, USA). RNA samples were di-
luted to a final concentration of 0.5 mg/mL in RNase-free water 
and stored at –80°C until the next step. Synthesis of the cDNA 
was performed with 1 µg of total RNA with Moloney murine 
leukemia virus (M-MLV) reverse transcription reagents (Invitro-
gen). The reverse-transcription reaction consisted of 4 µL of first-
strand buffer, 500 mM deoxynucleoside triphosphate mixture, 
2.5 mM oligo(dT) 12–18 primer, 0.4 U/mL ribonuclease inhibitor 
and 1.25 U/mL M-MLV reverse transcriptase (Invitrogen). The 
thermal cycling parameters for the reverse transcription were 10 
minutes at 65°C, 50 minutes at 37°C, and 15 minutes at 70°C.

5. Real-time quantitative polymerase chain reaction 
Real-time quantitative polymerase chain reaction (qPCR) was 

performed in triplicate by using a StepOnePlus Real-Time PCR 
(Applied Biosystems, Foster City, CA, USA) with SYBR Premix 
Ex TaqTM (Takara Bio, Shiga, Japan) according to manufactur-
ers’ instructions and protocols. The following primers were used: 
OCLN forward, TGT GGA TCC CCA GGA GGC CA; OCLN re-
verse, AGG CAC GTC CTG TGT GCC TG; CLDN1 forward, GGG 
CTG CAG CTG TTG GGC TT; CLDN1 reverse, GGG TTG CTT 
GCA ATG TGC TGC T; CLDN4 forward, CCC CGA GAG AGA 
GTG CCC TG; CLDN4 reverse, AGC GTC CAC GGG AGT TGA 
GGA; ZO-1 forward, CAA GAT AGT TTG GCA GCA AGA GAT G; 

ZO-1 reverse, ATC AGG GAC ATT CAA TAG CGT AGC; NK1R 
forward, AAC ACC TCG GAA CCC AAT CA; NK1R reverse, CAG 
CTG CCC AAA GGA CAA TT. Then, thermal cycling was per-
formed as follows: initial denaturation at 95°C for 10 seconds 
followed by 40 cycles of 95°C for 5 seconds and 60°C to 65°C 
for 33 seconds. Expression levels of mRNA of the target gene 
were compared with the endogenous control β-actin using the 
2–ΔΔCt method.

6. Statistical analysis

SPSS version 18.0 (SPSS Inc., Chicago, IL, USA) was used 
for all statistical analyses. Continuous variables were analyzed 
by using Student t-test, one-way analysis of variance, Kruskal-
Wallis test or Mann-Whitney test. Scheffe test was done as a 
post hoc test. Fisher exact test or Cochran’s Q test were used for 
analysis of categorical variables. All results were considered sta-
tistically significant when p-values were <0.05. 

RESULTS

1. General characteristics 

A total of 75 subjects were included in this study. Among 
them, 45 patients were categorized as the ERD group. The 
number of subjects included in the NERD group was 14. The 
control group included 16 subjects who had neither endoscopic 
abnormalities nor reflux symptoms. Their demographic charac-
teristics are summarized in Table 1. Mean age was older in the 
NERD group than ERD (54.3 vs 52.3, p=0.032). The proportions 

Table 1.  Characteristics of the Participating Subjects

Characteristic
Control
(n=16)

ERD
(n=45)

NERD
(n=14)

p-value

Control vs ERD Control vs NERD ERD vs NERD

Age, yr 52.7±13.8 52.3±10.3 54.3±11.6 0.977 0.392 0.032*

   Male 52.1±14.4 50.2±8.2 54.1±10.9 0.089 (control)†, 0.003 (ERD)*,†, 0.123 (NERD)†

   Female 53.6±12.9 54.5±9.1 54.5±11.4

Sex 0.114 0.224 0.392

   Male 7 (43.8) 23 (51.1) 7 (50.0)

   Female 9 (56.3) 22 (48.9) 7 (50.0)

Smoking 4 (25.0) 11 (24.4) 5 (35.7) 0.394 0.341 0.012*

Alcohol 9 (56.3) 23 (51.1) 9 (64.3) 0.134 0.243 0.249

BMI, kg/m2 22.8±3.1 24.6±3.1 23.5±3.2 0.345 0.244 0.459

Presence of reflux symptoms 0 - - 0.031* 

   Male 13 (56.5) 7 (100.0)

   Female 19 (86.4) 7 (100.0)

LA classification -  - 0.627†

   A (male/female) 17 (73.9)/18 (81.8)

   B (male/female) 6 (26.1)/4 (18.2)

Data are presented as mean±SD or number (%).
ERD, erosive reflux disease; NERD, nonerosive reflux disease; BMI, body mass index.
*Statistical significance; †Male vs female.
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of males and females were not significantly different among the 
groups. When comparing males and females, the mean age of 
females was older than that of males in all three groups. Espe-
cially in the ERD group, the mean age of females was signifi-

cantly older than that of males (54.5 vs 50.2, p=0.003). Among 
females, only three in the control group were premenopausal 
and the others were all menopausal. There were more smokers 
in the NERD group than in the ERD group (35.7% vs 24.4%, 

Table 2. Reflux Symptoms in ERD and NERD

Reflux symptoms
ERD (n=45) NERD (n=14)

Male (n=23) Female (n=22) p-value Male (n=7) Female (n=7) p-value 

Heartburn 13 (56.5) 17 (77.3) 0.207 7 (100) 7 (100) >0.999

Acid regurgitation 13 (56.5) 16 (72.7) 0.353 7 (100) 5 (71.4) 0.461

Chest pain 13 (56.5) 15 (68.2) 0.378 6 (85.7) 4 (57.1) 0.559

Cough 12 (52.2) 14 (63.6) 0.549 4 (57.1) 6 (85.7) 0.559

Globus sensation 5 (21.7) 8 (17.8) 0.336 2 (28.6) 7 (100) 0.021*

Hoarseness 9 (39.1) 11 (50.0) 0.554 5 (71.4) 4 (57.1) >0.999

Epigastric soreness 10 (22.2) 8 (17.8) 0.763 6 (85.7) 5 (71.4) >0.999

Any one of above symptoms 13 (56.5) 19 (86.4) 0.047* 7 (100) 7 (100) >0.999

Data are presented as number (%).
ERD, erosive reflux disease; NERD, nonerosive reflux disease.
*Statistical significance.

Table 3. Comparing Reflux Symptoms and GERD Impact Scale between Males and Females in Symptomatic GERD Patients

Reflux symptoms and GERD impact scale Male (n=20) Female (n=26) p-value

GERD symptoms

   Chest pain 1.8±0.4 2.1±0.3 0.003*

   Heartburn 1.7±0.5 2.6±0.4 0.001*

   Acid regurgitation 2.1±0.5 2.7±0.3 0.002*

   Epigastric pain 2.0±0.2 2.5±0.2 0.003*

   Hoarseness 2.0±0.3 2.1±0.3 0.801

Sleep disturbance 1.6±0.2 2.5±0.3 0.002*

Eating problem 1.6±0.3 2.1±0.3 0.003*

Limiting of productive daily activities 1.4±0.4 2.4±0.4 0.001*

Use of additional un-prescribed medication 1.8±0.4 2.2±0.3 0.002*

Data are presented as mean±SD.
GERD, gastroesophageal reflux disease.
*Statistical significance.

Table 4. Comparing WHOQOL-BREF Score between Groups

WHOQOL-BREF score
Control  
(n=16)

ERD  
(n=45)

NERD  
(n=14)

p-value 

Control vs ERD Control vs NERD ERD vs NERD

Total 63.8±2.4 57.8±2.4 54.9±2.3 0.014* 0.002* 0.630

Overall quality of life and general health 6.9±0.3 6.4±0.2 5.6±0.2 0.008* 0.001* 0.095

Physical domain 14.0±0.5 13.6±0.3 12.0±0.6 0.928 0.004* 0.051

Psychological domain 14.2±0.1 13.1±0.5 12.1±0.4 0.015* 0.002* 0.334

Social domain 14.2±0.5 13.0±0.6 12.5±0.6 0.224 0.010* 0.929

Environmental domain 14.4±0.7 12.5±0.6 13.8±0.2 0.018* 0.072 0.560

Data are presented as mean±SD.
WHOQOL-BREF, World Health Organization quality of life scale abbreviated version; ERD, erosive reflux disease; NERD, nonerosive reflux disease.
*Statistical significance.
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p=0.012). 

2. Reflux symptoms, GIS and QOL

As Table 2 shows, the proportion of patients with reflux 
symptoms was significantly higher in the NERD group than the 
ERD group (100.0% vs 77.8%, p=0.02). Especially, extra-esopha-
geal symptoms, such as globus sensation and epigastric soreness 
were more prevalent in the NERD group than in the ERD group 
with statistical significance (78.6% vs 46.7%, p=0.01; 71.4% 
vs 44.4%, p=0.02; respectively). In the analysis of each group 
comparing males and females, the prevalence of each specific 
symptom was similar to each other in the ERD group. However, 
the proportion of symptomatic ERD patients was significantly 
higher in the females than in males (86.4% vs 56.5%, p=0.047). 
In the NERD group, globus sensation was more prevalent in 
females than in males with statistical significance (100.0% vs 
28.6%, p=0.021). Other than globus sensation, the prevalences 
of other symptoms were not significantly different between 
males and females. 

When comparing GIS between symptomatic males and fe-
males, females scored significantly higher than males, concern-
ing chest pain, heartburn, acid regurgitation and epigastric 
pain (1.8±0.4 vs 2.1±0.3, p=0.003; 1.7±0.5 vs 2.6±0.4, p=0.001; 
2.1±0.5 vs 2.7±0.3, p=0.002; 2.0±0.2 vs 2.5±0.2, p=0.003; re-
spectively). Also every variable in the impact of symptoms, in-
cluding sleep disturbance, eating problem, limiting of productive 
daily activities, and use of additional un-prescribed medication, 
scored significantly higher in the females than in males (1.6±0.2 
vs 2.5±0.3, p=0.002; 1.6±0.3 vs 2.1±0.3, p=0.003; 1.4±0.4 vs 
2.4±0.4, p=0.001; 1.8±0.4 vs 2.2±0.3, p=0.002; respectively) 
(Table 3).

In terms of QOL with WHOQOL-BREF questionnaires, the dif-
ferences of the scores in many variables between ERD/NERD 
and control groups were significant, showing more impaired 
QOL in the ERD/NERD patients than in the control group (Table 
4). When comparing males and females, the scores of total, 
overall QOL and general health, and psychological domain in 
females were significantly lower than in males (54.9±2.3 vs 

44.7±1.9, p=0.012; 5.6±0.2 vs 4.9±0.6, p=0.009; 12.1±0.4 vs 
11.2±0.3, p=0.013; respectively) (Table 5).

3. Comparison of tight junction protein-related gene mRNA 
expression levels 

We analyzed whether sex, endoscopic findings and reflux 
symptoms were associated with OCLN, CLDN1, CLDN4, ZO-1 
and NK1R mRNA expression levels (Fig. 1). As Fig. 1A (b) 
shows, ERD males showed significantly lower OCLN mRNA 
expression levels than control males (1.57±0.32 vs 1.07±0.71, 
p=0.032). In terms of CLND1 (Fig. 1B), ERD group showed sig-
nificant up-regulation compared to the control group, both in 
males (1.49±0.52 vs 0.23±0.49, p=0.029) and females (1.48±0.43 
vs 0.42±0.26, p=0.034). The levels of CLDN4 were significantly 
higher only in the male ERD group than in the male control 
group (1.67±9.27 vs 0.98±0.18, p=0.021) (Fig. 1C [a and b]). The 
levels of ZO-1 mRNA expression were not significantly different 
among the groups (Fig. 1D). In all groups, the presence of reflux 
symptoms was not significantly associated with tight junction 
protein expression levels (Fig. 1A [c], B [c], C [c], D [c]).

Lastly, NK1R which is one of the neuro-inflammation related 
neuropeptide, was significantly up-regulated in the male ERD 
group than in the male control group (0.27±0.21 vs 1.71±0.27, 
p=0.001) (Fig.1E [b]). Similar to other molecules, reflux symp-
toms did not significantly affect the levels of NK1R mRNA ex-
pression (Fig. 1E [c]).

DISCUSSION 

We demonstrated that reflux symptoms affected more and 
QOL was also more impaired in the female GERD patients than 
in the male GERD patients. The levels of OCLN mRNA expres-
sion were significantly lower in the ERD males, whereas those 
of CLDN1, CLDN4, and NK1R were significantly higher in the 
ERD males. Presence of reflux symptoms did not exhibit a sig-
nificant relationship with tight junction protein changes. 

As mentioned above, in female ERD patients, they suffered more 
GERD symptoms and their QOL was more impaired (Table 2). In-

Table 5. Comparing WHOQOL-BREF Score between Males and Females

WHOQOL-BREF score 
Reflux symptoms (+)

p-value
Male (n=20) Female (n=26)

Total 54.9±2.3 44.7±1.9  0.012*

Overall quality of life and general health 5.6±0.2 4.9±0.6  0.009*

Physical domain 12.0±0.6 11.8±0.8 0.928

Psychological domain 12.1±0.4 11.2±0.3  0.013*

Social domain 12.5±0.6 11.9±0.4  0.224

Environmental domain 12.8±0.2 12.3±0.6  0.110

Data are presented as mean±SD.
WHOQOL-BREF, World Health Organization quality of life abbreviated version.
*Statistical significance.
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Fig. 1. Comparison of OCLN (A), CLDN1 (B), CLDN4 (C), ZO-1 (D) and NK1R (E) mRNA expression levels. Relative mRNA expression levels of each 
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terestingly, there were more asymptomatic patients in the male 
ERD group. Females seem to perceive more pain than males and 
also be affected more in daily lives. Thus, more vigorous symp-
tomatic intervention strategies would be necessary for female 
GERD patients. 

In the pathogenesis of GERD, disruption of the esophageal 
barrier function has been considered to be important as an early 
parameter of resistance against intraluminal reflux substance. 
The role of gastric acid in disrupting the esophageal barrier 
function has been shown in several animal studies.19-21,34 In con-
cordance with these studies, our study suggested that endoscop-
ic erosive esophagitis are related with altered tight junction pro-
tein expression levels. On the other hand, reflux symptoms were 
not related to these changes. Thus, tight junction disruption and 
inflammation itself seem to be not enough to develop reflux 
symptoms. To cause the reflux symptoms, something more than 
these molecular changes, such as brain gut axis or nociceptive 
perception process, or visceral hypersensitivity, might be neces-
sary.35-37

So far, several epidemiologic studies have demonstrated a 
profound male predominance in the prevalence of GERD, in-
cluding ERD, BE and EAC, irrespective of country, ethnicity and 
decade.36-38 We speculated that this male predominance would 
be caused by the differences in the esophageal epithelial barrier 
functions. That is, estrogen would play a protective role against 
the development of GERD by promoting esophageal epithelial 
barrier function. However, we could not find any significant 
relationship between sex and tight junction protein mRNA ex-
pression levels. We acknowledge that it is necessary to be care-
ful when interpreting the data because it might be biased during 
the patient selection process in this study. Only three of female 
control group patient were premenopausal and there were no 
premenopausal females either in ERD or NERD group. Accord-
ing to several animal studies,36-38 sex differences in nociceptive 
behaviors have been observed with responses in females being 
greater than males, depending on the reproductive cycle. There-
fore, it would be more appropriate for comparing the effect of 
sex on the tight junction proteins if there were more patients 
under 40 and premenopausal.

According to previous studies, mRNA expression levels 
of OCLN, CLDN1, CLDN2, CLDN4 and ZO-1 have been up-
regulated in ERD patient.19,20,26 However, in this study, OCLN 
was down-regulated on the contrary to other molecules. The 
discrepancies could be explained by the polarity of tight junc-
tions, which is one of the distinctive characteristics of tight 
junction proteins. Usually they present on the apical end of the 
lateral membrane surface in columnar epithelial cells to form a 
barrier against paracellular transport and maintain apicobasal 
cell polarity through their fence function.24 When considering 
the structural traits, there would be a molecular “redistribution” 
rather than a change in absolute expression levels. Oshima and 
Miwa39 provided further support for this assumption, report-

ing that esophageal acid exposure caused a “delocalization” of 
CLDN4 from superficial layer of the mucosa. Furthermore, it 
is thought that only the detergent non-soluble fraction would 
have an actual function, thus the total amount would not cor-
relate with the functional status. Therefore, specific measure-
ment of those detergent non-soluble fraction would be requisite 
for the evaluation of tight junction proteins substantial status. 
For example, ZO-1 is a cytosolic tight junction protein, which 
mainly interacts with other transmembrane tight junction pro-
teins and cytoskeletal molecules. Thus, the total amount of ZO-1 
might not be able to reflect the exact functional status of this 
protein. Thus, localization of this protein or specific measure-
ment of detergent non-soluble fraction would be necessary for 
more elaborate characterization. 

Molecular changes of the esophageal mucosa could be a 
valuable tool aiding the diagnosis of GERD. Currently, GERD 
is diagnosed with either objective endoscopic tissue damage 
or subjective symptoms possibly related to reflux. There is no 
single gold standard diagnostic test, so far. However, none of 
any possible reflux symptoms are specific for GERD, resulting 
in high possibilities for diagnostic errors. Considering those di-
agnostic difficulties, identification of molecular biomarkers for 
GERD would be a valuable clinical tool in identifying and man-
aging patients with refractory GERD. From this background, 
biomarkers of mucosal injury have been studied and tight junc-
tion proteins are one of those. Promisingly, animal and in vitro 
models of GERD have manifested significant changes of tight 
junction proteins and these changes also have been observed 
in several human studies. Unfortunately, their relationship with 
NERD is not solidly established yet. This might be resulted from 
unavoidable selection bias, due to the limitation of current di-
agnostic standard and heterogeneity of the NERD patient group. 
Further studies are warranted in this respect.

There are several limitations to be acknowledged in this 
study. First of all, we defined NERD group with using PPI-
response and did not apply pH monitoring study. Indeed, previ-
ous studies have underlined the limitation of PPI test.40,41 Not 
only “true” GERD patients but also PPI responsive visceral hy-
persensitivity patients might have been included in this study, 
whereas patients with non-acid or weakly acid reflux would not 
be included properly. Twenty-four hour pH monitoring could 
not be performed for most of the enrolled subjects because of its 
cumbersomeness and high false-negative rates. Moreover, there 
must be some placebo effects in some patients. In addition, the 
number of subjects who were enrolled in this study was rela-
tively small because it was not easy to get the consent from the 
patients due to the invasiveness of esophageal mucosal biopsy. 
Also, small amount of biopsy specimen was not enough for 
the Western blot and histopathologic studies and we could not 
evaluate the relationship between tight junction protein mRNA 
expression levels and histopathological changes, such as dilated 
intercellular spaces, basal cell hyperplasia, and elongation of 
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papillae.
In conclusion, we demonstrated that female ERD/NERD 

patients were affected more by GERD and male ERD patients 
showed significant changes of tight junction protein mRNA ex-
pression levels.
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