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Abstract

Although gastroesophageal reflux disease (GERD) is a
common disorder in Western countries, with a signifi-
cant impact on quality of life and healthcare costs, the
mechanisms involved in the pathogenesis of symptoms
remain to be fully elucidated. GERD symptoms and
complications may result from a multifactorial mecha-
nism, in which acid and acid-pepsin are the important
noxious factors involved. Prolonged contact of the
esophageal mucosa with the refluxed content, probably
caused by a defective anti-reflux barrier and luminal
clearance mechanisms, would appear to be responsible
for macroscopically detectable injury to the esophageal
squamous epithelium. Receptors on acid-sensitive nerve
endings may play a role in nociception and esophageal
sensitivity, as suggested in animal models of chronic
acid exposure. Meanwhile, specific cytokine and che-
mokine profiles would appear to underlie the various
esophageal phenotypes of GERD, explaining, in part,
the genesis of esophagitis in a subset of patients. De-
spite these findings, which show a significant produc-
tion of inflammatory mediators and neurotransmitters
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in the pathogenesis of GERD, the relationship between
the hypersensitivity and esophageal inflammation is not
clear. Moreover, the large majority of GERD patients (up
to 70%) do not develop esophageal erosions, a variant
of the condition called non-erosive reflux disease. This
summary aims to explore the inflammatory pathway in-
volved in GERD pathogenesis, to better understand the
possible distinction between erosive and non-erosive
reflux disease patients and to provide new therapeutic
approaches.

© 2013 Baishideng. All rights reserved.
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Core tip: The present study aimed to explore the
mechanisms involved in the pathogenesis of gastro-
esophageal reflux disease (GERD) symptoms and com-
plications, which remain to be fully elucidated. Despite
recent evidence confirming the important production of
inflammatory mediators and neurotransmitters in the
pathogenesis of GERD, the interplay between esopha-
geal inflammation and hypersensitivity is not clear.
Based on the literature and on personal experimental
studies, this paper attempts to summarize the evidence
concerning the inflammatory pathway involved in GERD
pathogenesis, to better define the possible distinction
between erosive and non-erosive reflux disease pa-
tients and to provide new therapeutic approaches.
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INTRODUCTION

Gastroesophageal reflux disease (GERD) is a common
disorder in Western countries, with 10%-30% of the indi-
viduals affected every week by symptoms that have a sig-
nificant impact on quality of life and healthcare costs' .
In GERD, the mechanisms involved in the pathogenesis
of heartburn and chest pain remain to be completely
elucidated; however, acid and pepsin can induce macro-
scopically detectable injury to the esophageal squamous
epithelium™. Injured or inflamed tissues release inflam-
matory mediators that can be detected by the immune
system. Moreover, in response to these chemical insults,
endothelial cells produce adhesion molecules, which
recruit and activate leukocytes, thus mediating inflam-
matory conditions”. In an experimental model of reflux
esophagitis and in patients affected by GERD, some of
the mediators considered to be critical in the etiology of
esophagitis are classic inflammatory products, such as
prostanoids and reactive oxygen species (ROS)"" Several
studies have also suggested that the mucosal immune and
inflammatory responses, characterized by specific cyto-
kine and chemokine profiles, may underlie the various
esophageal phenotypes of GERD"" Indeed, the large
majority of GERD patients (up to 70%) do not develop
esophageal erosions, a variant of the condition called
non-erosive reflux disease (NERD)">"” Although sev-
eral studies report the progression of NERD to erosive
esophagitis (erosive reflux disease, ERD), structural and
functional characteristics differentiate these two impoz-
tant GERD groups: NERD patients usually have a nor-
mal lower esophageal sphincter resting pressure, minimal
esophageal body motility abnormalities, low esophageal
acid exposure profile and minimal night-time esophageal
acid exposure" ™" The symptom response, in NERD
patients, to acid suppressive therapy is lower than that in
patients with ERD" In fact, in these patients, esophageal
visceral hypersensitivity, sustained esophageal contrac-
tions or impaired tissue resistance, have been identified
as possible mechanisms responsible for reflux symptoms
and proton pump inhibitor (PPI) resistance "

This brief summary focuses on the inflammatory
pathway involved in the pathogenesis of GERD, to better
understand the distinction between ERD and NERD pa-
tients and, thus, to provide better therapeutic approaches.

DAMAGE INDUCED BY REFLUXATE

GERD is a complex disorder with the potential for de-
veloping esophagitis, esophageal strictures and Barrett’
s esophagusm. GERD symptoms and complications may
result from a multifactorial mechanism in which acid and
acid-pepsin are the important noxious factors involved.
Prolonged contact of the esophageal mucosa with the re-
fluxed content, possibly caused by a defective anti-reflux
barrier and luminal clearance mechanisms, would appear
to be responsible for the morphological changes in the
[19,20]

esophageal epithelium of GERD patients .
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A well studied ultra-structural alteration, ze., dilated
intercellular spaces (DIS), demonstrated both in ERD
and NERD patientsmzz], could explain the genesis of
symptoms triggered by the activation of intra-mucosal
chemo-sensitive nociceptors and, at the same time, the
inflammatory cascade generated by luminal acid diffusing
into the tissue. In conditions not associated with severe
inflammation, it is unclear how, in the presence of these
symptoms, an injurious process initiating in the normal
mucosa may lead to macroscopic injuries in a subset of
patients (30%-40%), namely the ERD group.

The increased paracellular permeability, associated
with the presence of DIS, and the resulting breakdown
in the epithelial barrier, do not necessarily result only
from excessive acid exposure, as suggested by the normal
acid contact time at pH-monitoring in NERD patients,
in which the symptoms are generated in the absence of
esophageal epithelial erosions”™. At the same time, the
esophageal mucosa would appear to play a pivotal role in
the development of esophageal inflammation and pain.
Unlike intestinal inflammation, in which the role of the
mucosa has been studied, as far as concerns the esopha-
gus, it has only recently been suggested that gastric juice
reflux does not directly damage the esophageal mucosa,
but instead stimulates the esophageal epithelial cells to
secrete chemokines that attract and activate the immune
cells, causing damage to the esophageal squamous epithe-
lial cells™ Microscopic inflammation, characterized by
neutrophilic and eosinophilic infiltration of the esopha-
geal mucosa and submucosa, is observed more frequently
in ERD than in NERD patientsmzq

Therefore, the different esophageal phenotypes of
GERD could possibly reflect the presence of various
inflammatory mediators responsible for mucosal immune
responses in these groups of patients[8’2‘7’28].

In a recent investigation, we observed that levels of
cytokines, such as interleukin-8 (I.-8) and platelet activat-
ing factor (PAF), are significantly higher in the esophageal
mucosa of ERD patients compared with those in the
NERD group, in whom the expression of these inflam-
matory mediators is comparable to those of controls'"!
The acid-induced production of 11.-8 and other inflam-
matory mediators by the esophageal mucosa have been
shown to promote migration and activation of peripheral
blood leukocytesm. These findings would corroborate
the hypothesis that a cytokine-mediated mechanism,
rather than a direct effect of gastroesophageal reflux, is
responsible for the mucosal injury in the ERD subgroup.

Growing evidence shows that NERD patients are
characterized by enhanced esophageal sensitivity to
chemical and mechanical stimuli caused by enhanced
excitability of visceral sensory neurons, possibly associ-
ated with overexpression of acid-sensing receptors in

the epithelial layer and in the afferent fibers of the lamina
 [3031]

propria
In particular, the transient receptor potential channel
vanilloid subfamily member-1 (TRPV1) is overexpressed

in the esophageal mucosa of ERD and NERD patients,
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Table 1 Cytokines and Chemokines involved in the pathophysiology of gastroesophageal reflux disease

Patients Cytokines Chemokines
GERD IL_6[8,23]’ Gl IL—8[8'11'23'25’29], IL—l[i[B'ZB'sZ'as], INF_V[SJ, TNF—a[ZO'38]
ERD IL_6[32,37]’ IL_8[8-11,23,28], IL_lﬁ[28,32,37,38] PAF[11,36,37]’ MCP"l [9-11,36,38], RANTES[‘)BG]’ MIPl_a[ll,%J&], Eotaxin—l,
Eotaxin-2 and Eotaxin-3""%, CINC-2¢*¥, and ICAM-1"®
NERD -8 1182

Barrett's esophagus L8, IL-4*, TNF-o*, 1L-6*, 1L.-8

GERD: Gastroesophageal reflux disease; ERD: Erosive reflux disease; NERD: Non-erosive reflux disease; IL-6: Interleukin-6; IL-8: Interleukin-8; IL-1p:
Interleukin-1f; INF-y: Interferon-gamma; TNF-o: Tumor necrosis factor-o; PAF: Platelet-activating factor; MCP-1: Monocyte chemoattractant protein; MIP-

la: Macrophage inflammatory protein-lalfa; CINC-2a: Cytokine-induced neutrophil chemoattractant-2alfa; ICAM-1: Intercellular Adhesion Molecule-1;

RANTES: Regulated upon activation normal T cell expressed and presumably secreted.

compared with healthy controls, which may explain the
similar severity of reflux symptoms in both groups, re-
gardless of the presence or absence of inflammation and
erosions™

INFLAMMATORY MEDIATORS AND

GERD PATHOGENESIS

The mucosa of GERD patients produces significantly
larger amounts of various cytokines compared with that
of healthy controls®™ " These inflammatory media-
tors activate immune cell recruitment and migration, and
may be involved in the pathophysiology of GERD (Table
1).

IL-8, one of the most important neutrophil chemoat-
tractants” ), is overexpressed in the mucosa of GERD
patients[&m], and increased 1L-8 levels in the esophageal
mucosa of these patients correlate with the endoscopic
and histological severity of the disease™"”. Moreover,
IL-8 levels decrease following PPIs™ and following anti-
reflux surgerypsj, possibly indicating a role of this che-
mokine in mucosal damage. Acid-induced production
of 1L-8 and PAF by the esophageal mucosa promotes
the migration of peripheral blood leukocytes. PAF also
induces the production of hydrogen peroxide (H202) by
peripheral blood leukocytesmL

In a previous study, we have shown that acid-induced
inflammation of the esophagus begins with activation
of the TRPV1 receptors in the mucosa and synthesis
of PAF by the epithelial cells™. Furthermore, the sen-
sory neurotransmitters, calcitonin-gene related peptide
(CGRP) and substance P, are produced by sensory neu-
rons located in the esophageal mucosal layermj,

PAF diffuses from the mucosal layer, stimulating the
production of H20:2 in leukocytes and the production of
IL-6 in the circular muscle, where IL-6 causes production
of additional H20x through activation of NADPH oxi-
dases present in the circular muscle layerm. In turn, H20:
triggers the formation of IL-1f, which may induce the
production of PAF in the muscle, probably supporting a
self-sustaining cycle of inflammatory mediator produc-
tion. Indeed, in an animal model of chronic esophagitis,
significantly increased expressions of other inflammatory
mediators, among which IL-1f3, tumor necrosis factor-g,
(INF-a), monocyte chemoattractant protein-1 (MCP-1),
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macrophage inflammatory protein-1 oo (MIP-1a) and
eotaxins, were detected in esophageal lesions compared
with the normal esophagus'"™
previous reports, we recently confirmed, in biopsies from
ERD patients, a significant increase in the expression of
IL-8, PAF and several chemokines, compared with con-
trols™. Interestingly, unlike ERD patients, the esophageal
mucosa of NERD patients did not exhibit enhanced
expressions of various inflammatory mediators, or the

! Tn agreement with these

significant presence of neutrophils and eosinophils in
the mucosa, being comparable to asymptomatic con-
trols[11,23,24]‘

This hypothesis is supported by a multicenter, ran-
domized, controlled trial including 514 patients affected
by GERD™. The study revealed that “microscopic
esophagitis” (dilatation of intercellular spaces, papillary
elongation and basal cell hyperplasia), was found in more
than 90% of ERD patients, but in only approximately
2/3 of NERD patients[%], with significant infiltration of
immune cells only in the ERD group.

These findings would indicate a key role of several
soluble mediators acting as powerful inflammatory acti-
vators, contributing to the induction of esophagitis. The
observation that CGRP and substance P are generated
by different mechanisms and that two different pathways
mediate the sensation of heartburn and inflammation,
would further explain the presence of recurrent and se-
vete symptoms, irrespective of mucosal injury.

VISCERAL HYPERSENSITIVITY AND
REFLUX PERCEPTIONS IN GERD
PATIENTS

The pathogenesis of heartburn and acid regurgitation re-
main to be fully elucidated, particularly in the numerous
NERD patients in whom the 24-h pH-test findings may
be within the normal range"™”. Indeed, an enhanced sen-
sitivity to reflux would appear to be strongly associated
with the failure of PPI treatment”.

Although gastric acid plays a pivotal role in the patho-
genesis of GERD, other stimuli have been suggested to
be involved in the pathogenesis of typical symptoms. In
patients with GERD, reflux may result in direct activation
of pain receptors, which may be enhanced by greater acid
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diffusion through the esophageal epithelium caused by
impaired mucosal bartier function. Furthermore, acti-
vation of pain receptors may occur following reflux-in-
duced distention of the esophagus. Enhanced esophageal
sensitivity to these stimuli may be caused by upregulation
of peripheral pain receptors and central sensitization of
spinal neurons'

Little is known about acid-sensitive nerves. Receptors
on acid-sensitive nerve endings may play a role in noci-
ception and esophageal sensitivity, as suggested in animal
models following chronic acid exposure, and include the
anion-sensing ion channel (ASIC), TRPV1 and ionotro-
phic purinergic (P2X and P2Y) receptors'’.

The recently demonstrated presence of acid-sensitive
TRPV1 receptors in sensory nerve fibers and in epithelial
cells of the esophageal mucosa'"! provides an interesting
mechanism to better understand the onset of neuromod-
ulation and symptoms generation in GERD. TRPV1 ac-
tivation in primary afferent neurons evokes the sensation
of burning pain and may induce neurogenic inflamma-
tion following the release of substance P and CGRP™

On the other hand, growing evidence from animal
models during chronic acid exposure supports the in-
volvement of purinergic receptors in nociception and hy-
persensitivity”™” The purinergic receptors are involved
in several cell functions and may be activated by purine
nucleotides as ligandsm].

Based on their pharmacological properties and mo-
lecular characteristics, two distinct classes of purinergic
receptors with preferential responses to adenosine 5’-tri-
phosphate (ATP), as well as other single nucleotides, have
been identified: the family of ligand-gated cation channel
P2X receptors and the G protein-coupled P2Y receptors.

P2X and P2Y receptors play an important role in
signaling visceral pain[19’39’4zj. A working hypothesis of
purine-mediated mechano-sensory transduction has been
suggested " ATP released from the epithelial cell lin-
ing of the gastrointestinal (GI) tract, bladder and ureter
might activate P2X receptors present on the sub-epitheli-
al nerve plexus and the signal is transmitted z/a the spinal
cord to the brain.

To date, a limited number of studies have been
performed on changes in purinergic signaling in GI
disorders. Extracellular nucleotides and their receptors
have been implicated in the pathogenesis of various
pathological conditions in the gut; indeed, adenosine in-
creases vagal afferent sensitization in the esophagus and
is able to activate a different type of nociceptive nerve
terminal in this tissue™. Acid sensitizes P2X receptors
to ATP, and acid-induced upregulation and activation of
P2X receptors has been confirmed in animal models of
esophagitisw’m.

However, the role of purinergic receptors in patients
with GERD remains to be fully determined. In a recent
investigation, we studied a signaling pathway that might
be responsible for esophageal nociception, which in-
volves ATP and purinoceptors. In an experimental model
of acid-induced activation of the esophageal mucosal
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nociceptors, we observed that acid exposure caused
activation of TRPV1 receptors on the esophageal epi-
thelial cells, triggering production of ATP, which acts
on peripheral nerve terminals inducing the production
of neurotransmitters'™ Thus, the selective presence of
purinergic receptors on esophageal epithelial cells was
demonstrated, suggesting a direct effect of the acid on
the epithelium and a possible autocrine effect of ATP on
these cells"”. In fact, P2X4, P2X5 and P2Y14 receptors
are expressed in esophageal epithelial cells, and indeed
are expressed at higher levels than all the other purinergic
receptors[%]. P2Y receptors appear to be more involved
in esophageal motility. Lecea ez al"” recently reported that
purinoceptors are involved in human lower esophageal
sphincter (LES) relaxation, mediated by neural nitric
oxide and partially by P2Y receptors. Blockade of P2Y
receptors reduced the amplitude of contractions without
affecting the latency Farré ¢ a/* had previously demon-
strated, in animals, that LES relaxation, induced by stimu-
lation of the inhibitory motor neurons of the mesenteric
plexus, was mediated by neural nitric oxide with a minor
contribution of purines, acting by way of P2Y and P2X
receptors.

CONCLUSION

Inflammatory processes in the esophageal mucosa appear

to be involved not only in the development of erosive
disease, but also in the eatly and important phases leading
to hypersensitivity to intra-luminal stimuli.

Despite considerable evidence reconfirming the im-
portant production of inflammatory mediators and/or
neurotransmitters in the pathogenesis of GERD, the
interplay between hypersensitivity and esophageal inflam-
mation remains unclear. Moreover, in the pathogenesis
of GERD and in the generation of symptoms, receptors
on acid-sensitive nerve endings may play a significant
role. Further studies are warranted to better understand
the signaling pathway involved in the genesis of reflux
symptoms and inflammation, to identify and establish
new therapeutic approaches.
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