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Abstract

AIM: To investigate the intercellular spaces between
the most superficially located esophageal epithelial
cells in patients with gastroesophageal reflux disease
(GERD).

METHODS: Eighteen patients with erosive esophagitis,
10 patients with non-erosive reflux disease (NERD),
and 18 normal asymptomatic volunteers were enrolled.
Biopsy specimens were obtained from the lower
esophageal mucosa without ulcer or erosion. Scanning
electron microscopy was employed to investigate the
tightness of the superficial cellular attachment.
RESULTS: The intercellular space between the most
superficially located epithelial cells in patients with
erosive esophagitis or NERD was not different from
that in asymptomatic healthy individuals.
CONCLUSION: Widened luminal intercellular spaces
of esophageal superficial epithelium are not responsible
for the induction of reflux symptoms in patients with
GERD.
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INTRODUCTION

Gastroesophageal reflux disease (GERD) is a symptom
complex caused by the reflux of gastric contents into
the esophagus with and without complications[1’2].
Patients with esophageal complications, including
esophageal erosions and ulcers, are reported to have a
higher incidence of gastroesophageal acid reflux than
those without Cornplicationsp"q. The esophageal mucosa,
composed of stratified squamous epithelium, has limited
resistance against gastric juice because its secretion of
mucus and bicarbonate is negligible in comparison with
the gastric mucosa. Mucus is important for protecting
the mucosal surface from pepsin, a protease present in
gastric juice. Bicarbonate secretion into the mucus gel
layer is necessary to neutralize hydrogen ions diffusing
into it Therefore, when the esophageal mucosa is
exposed to acidic gastric juice for a longer period,
erosions and ulcers on the esophageal mucosa can easily
be formed. GERD with these mucosal complications is
known as reflux esophagitis (RE) and that without such
complications is referred to as non-erosive reflux disease
(NERD)™. Patients with NERD suffer significant reflux
symptoms including heartburn and acid regurgitation,
even in the absence of esophageal complicationsp’(’].
Afferent neurons with chemoreceptors, including
transient receptor potential vanilloid type 1 (TRPV-1),
are reported to terminate in the esophageal epithelial



Azumi T et al. Electron microscopic study of GERD

5713

intercellular spacesp‘gl. In healthy individuals, these spaces
are narrow and hydrogen ions and pepsin have difficulty
to penetrate into them to stimulate noxious receptors
on nerve terminals™”. In order for acid and pepsin to
penetrate into the intercellular spaces, the intercellular
adhesion of the uppermost squamous epithelial cells
needs to be damaged or widened™”'". Several reports have
described the widening of intercellular spaces between
squamous epithelial cells in mid-stratified epithelial layers
by using transmission electron microscopy (TEM)” "%,
However, there has been no description of intercellular
adhesion between cells located in the uppermost part
of the stratified squamous epithelium, since intercellular
spaces of esophageal superficial epithelium could not
be observed by TEM. Thus, this study was designed
to investigate the luminal surface of the esophageal
squamous epithelium in patients with GERD by
using scanning electron microscopy and to examine
the relationship between the tightness of esophageal
supetficial epithelial adhesion and the presence or absence
of reflux symptoms.

MATERIALS AND METHODS

Patients

Eighteen symptomatic patients with RE (male/female =
14/4, mean age 58), 10 patients with NERD (male/female
= 3/4, mean age 61), and 18 normal volunteers without
any gastrointestinal and reflux symptoms (male/female
= 13/5, mean age 65) were enrolled in this study. None
of the subjects had a history of gastrointestinal surgery
or had been taking drugs that would influence gastric
acid secretion or esophageal function. Thirteen of the
patients with RE were diagnosed as grade A according
to the Los Angeles classification” 3 as grade B, and 2 as
grade C. All the patients with RE or NERD had typical
reflux symptoms and their scores for the Japanese version
of the Carlsson-Dent self-administered questionnaire
(QUEST)™ were over 4.

This study was performed in accordance with the
declaration of Helsinki. Written informed consent
was obtained from all the patients and volunteers.
The protocol of this study was approved by the ethics
committee of Shimane University School of Medicine.

Methods

All the enrolled subjects were investigated by upper
gastrointestinal endoscopy for the possible presence of
esophageal mucosal breaks and to grade any mucosal
breaks according to the Los Angeles classification. One
biopsy specimen was taken from the esophageal mucosa
without mucosal breaks at the frontal wall 2 cm above
the squamous-columnar junction (SCJ), since the evident
mucosal injuries are frequently observed at the level of
SCJ in patients with RE. Hiatus hernia over a length of
2 ¢cm was not found in any of the subjects.

The biopsy samples were immediately immersed
in fixative liquid and routinely processed for scanning
electron microscopic observation as described
previously!*'?. The epithelial surface of the processed

biopsy specimens was observed at a magnification of X
2000 using a Hitachi S-800 scanning electron microscope
(Hitachi Co., Ltd., Tokyo, Japan). Three areas on the
epithelial surface of each biopsy sample were randomly
selected and electron micrographs were taken for analysis.
The photographs were reviewed and graded by three
gastroenterologists (KF, KIK, and MM) who were blinded
to the clinical diagnosis of each case. The reviewers graded
the intercellular spaces between the surface epithelial
cells on each of three photographs taken from a biopsy
sample into 3 grades according to the sample photographs
shown in Figure 1. Grade 1 represented a close and
tight attachment of the surface epithelial cells. Grade 2
represented a loose attachment evident in some areas
of the photo and the presence of widened intercellular
spaces. Grade 3 represented looser intercellular adhesion
and identifiable large intercellular spaces in over 50%
of the area of intercellular attachment. If there was an
inconsistency in the reading of photographs between 3
reviewers, the final diagnosis was decided by simultaneous
review by the 3 authors. The mean value of these
grades determined on each photo was calculated as
the representative grade for each individual case. The
intercellular space between the surface epithelial cells was
also quantified with NIH image software (version 1.61,
U.S. National Institute of Health) based on the threshold
technique.

The intercellular adhesion, cellular surface structutre
of the uppermost epithelial cells was also observed and
graded (Figure 2). When the cellular surface had regularly
shaped multiple folds, the cellular surface structure
was graded as 1. When no such regulatly shaped folds
were observed, it was graded as 3. A cellular surface
intermediate between grades 1 and 3 was graded as 2.

Statistical analysis

Statistical comparison between normal controls, patients
with NERD, and patients with RE was performed by
Kruskal-Wallis test followed by Mann-Whitney U-test.
Differences at P < 0.05 were considered to be statistically
significant.

RESULTS

Cellular attachments between sutrface squamous epithelial
cells identified by scanning electron microscopy were
remarkably diverse, as shown in Figure 3A. Even in
normal asymptomatic individuals, grades of attachment
between cells ranged from grade 1.0 to grade 2.4.
Attachment grades in patients with symptomatic RE and
NERD showed almost the same range of distribution as
those in normal individuals. When the median and mean
of each group were calculated, there were no statistically
significant differences among the three groups. The
percentage intercellular space quantified by NIH image in
the three groups is shown in Figure 3B. Even quantitative
measurement by NIH image revealed no significant
difference between patients with GERD and normal
individuals.

Grades of epithelial cellular surface structure in
individual cases ate shown in Figure 3C. The grades of
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Figure 1 Intercellular spaces between the most superficially located squamous epithelial cells were graded from 1 to 3. Grade 1 (A) represents close and tight
attachment. Grade 2 (B) represents loose attachment in some areas, with widened intercellular spaces (arrows). Grade 3 (C) represents further loosening of

intercellular adhesion (x 2000).

Figure 2 The cellular surface structure of the uppermost epithelial cells was graded from 1 to 3. Grade 1 (A) represented regularly shaped multiple folds. Grade 3 (C)
represented an absence of such regularly shaped folds. A cellular surface intermediate between grades 1 and 3 was classified as grade 2 (B).

intercellular attachment and irregularity of the superficial
cellular surface structure were distributed over a wide
range. The median and mean grades among the three
groups showed no statistically significant differences.

DISCUSSION

The presence of esophageal lesions and the presence of
reflux symptoms are not well correlated”. Many patients
with endoscopically evident esophageal erosions have no
reflux symptoms'

271 1n fact, our recent study confirmed
that 74% of patients with esophageal erosions/ulcers
do not have reflux symptoms, including heartburn or
regurgitation”™. Therefore, other pathological changes
in the esophageal mucosa may have some role in the
induction of reflux symptoms. Tobey and colleagues
found widening of squamous epithelial intercellular
spaces, not only in patients with RE, but also in patients
with NERD"". In the epithelial intercellular space, many
terminals of afferent neurons are present and convey
various noxious stimuli to the central nervous system.
When the intercellular spaces become widened, acid and
pepsin refluxed from the stomach can easily penetrate
the epithelial layer and stimulate noxious receptors on
the afferent neurons and induce reflux symptoms”. An
association between widened intercellular spaces and
reflux symptoms has been reported"?. In order to enter
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the mucosal intercellular spaces, acid and pepsin have to
penetrate the intercellular adhesion sites of the uppermost
superficial epithelial cells. In this study, the intercellular
attachment of the most superficial squamous epithelial
cells in the esophagus was investigated by scanning
electron microscopy in asymptomatic normal individuals
and symptomatic patients with RE or NERD. It was
found that the gap between superficial epithelial cells
varied markedly in individuals, even in healthy volunteers.
Some individuals had tight attachment between superficial
cells whereas others had loose intercellular attachment.
The tightness of superficial cellular attachment did not
differ significantly among normal volunteers, patients with
NERD, and patients with RE.

Patients with NERD complain of significant reflux
symptoms, even if their gastroesophageal acid reflux
is limited™"*?. Some investigators have reported that
patients with NERD show hypersensitivity of the
esophagus to esophageal extension and acid perfusion™*,
Loose attachment between esophageal squamous
cells is the most easily suspected cause of esophageal
acid hypersensitivity. In the present study, however, it
was clarified that loose attachment between the most
superficially located squamous cells was not a cause of
acid hypersensitivity in patients with NERD.

There were several limitations to this study. The
number of subjects investigated in this study was relatively
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Figure 3 A: The intercellular spaces between the most superficially located
squamous epithelial cells are shown. Each dot represents an individual
case and horizontal lines show the median values. There was no statistically
significant difference among the groups; B: The intercellular spaces between
the most superficially located squamous epithelial cells were quantified using
the NIH Image program. The proportion of intercellular space relative to total
superficial area was determined in individuals with NERD and RE, and in
asymptomatic healthy individuals. Each dot represents an individual case.
Horizontal lines show the median values. There was no statistically significant
difference among the groups; C: The regularity of the luminal cellular surface
structure of the squamous cells was compared between normal individuals
and patients with RE or NERD. There was no difference in the cellular surface
structure between normal individuals and patients with RE or NERD. Each dot
represents an individual case and horizontal lines show the median values.

small. In addition, we could not demonstrate the influence
of esophageal acid reflux on the attachment of superficial
squamous epithelium, since 24-h esophageal pH
monitoring study was not performed in this study and the
diagnosis of NERD was made by reflux symptoms and
endoscopic findings. The location, from which the biopsy
samples were obtained, also might influence the results
of this study, since we took only one biopsy from the
esophageal mucosa without mucosal breaks at the frontal
wall 2 cm above the SCJ. Further study will be necessary
to clarify the relationship between the attachment of
superficial squamous cells and the attachment of more
deeply located squamous cells. For this purpose, the
combination of transmission and scanning electron
microscopy might be useful.

In summary, using scanning electron microscopy, we
have clarified that the intercellular adhesion of esophageal
superficial squamous cells is diverse among individuals,
and does not differ among normal individuals and patients
with NERD and RE.
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COMMENTS

Background

To investigate the intercellular spaces between the most superficially located
esophageal epithelial cells in patients with gastroesophageal reflux disease
(GERD).

Research frontiers

The widening of squamous epithelial intercellular spaces was demonstrated in
patients with reflux esophagitis (RE), but also patients with non-erosive reflux
disease (NERD), by using transmission electron microscopy (TEM), and an
association between widened intercellular spaces and reflux symptoms has
been reported. However, the intercellular attachment of the most superficial
squamous epithelial cells in the esophagus was not investigated by using
scanning electron microscopy.

Innovations and breakthroughs

The intercellular space between the most superficially located epithelial cells
in patients with erosive esophagitis or NERD was not different from that in
asymptomatic healthy individuals. Widened luminal intercellular spaces of
esophageal superficial epithelium are not responsible for the induction of reflux
symptoms in patients with GERD.

Applications

The relationship between the attachment of superficial squamous cells and
the attachment of more deeply located squamous cells should be investigated
in future by using the combination of transmission and scanning electron
microscopy.

Terminology

The majority of patients with reflux symptoms do not have esophageal mucosal
injury; these patients are referred to as NERD. Scanning electron microscopy
used in this study can reveal the minimal changes of the luminal surface of the
esophageal squamous epithelium.

Peer review

This is an interesting study. Authors investigated the intercellular spaces
between the most superficially located esophageal epithelial cells in patients
with GERD.
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