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Abstract

Although gastroesophageal reflux disease (GERD), a common chronic disease in clinical
practice, has been widely studied, its potential adverse impact on patients is still a
significant clinical concern. It is necessary to understand the pathogenesis of the disease
and choose appropriate treatment according to its mechanism. The pathogenesis of
GERD is diverse and complex. As the traditional treatment methods are expensive and
ineffective in alleviating symptoms in some patients, new treatment options need to be
explored. Our previous study suggested that the activation of nuclear factor-kappa beta
(NF-xB) in esophageal mucosa may be related to the injury of epithelial barrier function
caused by reflux. Based on the literature and our previous study results, it is speculated
that inhibition of NF-kB activation may block the insult of GERD on the esophageal
mucosal barrier. NF-xB may play an important role in the development of GERD. This
article reviews the pathogenesis of GERD and the relationship between NF-xB and

GERD, in order to provide new strategies for the treatment of GERD.

Key Words: Gastroesophageal reflux disease; NFkB; Pathogenesis; Mechanism;

Inflammatory injury; Esophageal epithelial barrier

1/8




Zhang M, Ran L, Wu M, Jia Q, Qin Z, Peng YG. NFxB: A novel therapeutic pathway for

gastroesophageal reflux disease? World | Clin Cases 2022; In press

Core Tip: Gastroesophageal reflux disease (GERD) is one of the most common chronic
diseases. Current treatments, including drugs and surgery, have significant side effects
or do not respond to some patients. This article reviews the pathogenesis of GERD,
especially the relationship between NFxB pathway and GERD. We also collected the
latest studies on the effects of drugs with NFxB pathway inhibition in GERD, providing

new possibilities for the treatment of GERD.

INTRODUCTION

Gastroesophageal reflux disease (GERD)_js a common clinical disorder in western
countries(!l. Symptomatic GERD affects 10%-20% of the population in the western
world and 5% of the population in Asia including China. GERD is a serious
complication in patients who undergo esophagectomy and gastric tube reconstruction
due to cancer. Approximately 50% of patients with esophageal cancer have GERD
symptoms after surgery, including burning sensations in the pharynx and neck,
obstruction when eating, cervical heartburn, belching, acid reflux, and retrosternal
paini2?l, When reflux invades the mouth, this can cause soft tissue damage, erosive
dental lesionsl4], and exposure of dentin often causes painful symptoms/5l. GERD occurs
not only after surgery, but also in the non-surgical population.

A large number of previous studies have confirmed that gastroesophageal reflux
leads to the destruction of esophageal epithelial barrier function; however, the specific
mechanism is still not completely clear. Gastroesophageal reflux leads to the destruction
of esophageal epithelial barrier function by regulating the expression and distribution
of tight junction proteins (such as Occludin, Cldnl, Cldn3 and Cldn4), reducing the
number of desmosomes, and the direct hydrolysis of adhesive junction proteins (such as

E-cadherin). This is manifested by the widening of intercellular spaces (ICS) and the
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reduction of trans-epithelial electrical resistance (TEER)I®!. In éddition, this is
accompanied by an inflammatory response in the mucosal epitheliumil2l,

Nuclear factor-kappa beta (NF-xB) is an important transcription factor associated
with inflammation, which regulates apoptosis, viral replication, tumor formation and
autoimmunity in addition to the inflammatory response. Reflux can directly stimulate
the esophageal epithelium to recruit a large number of inflammatory cells, activate NF-
kB and release inflammatory chemokines (such as interleukin (IL)-1f3, IL-6 and IL-8).
The up-regulated inflammatory factors and inflammatory cells in turn further activate
NF-kB expression in esophageal epitheliuml[13l. Several clinical studies have shown that
NF-«xB and related inflammatory factors IL-1p and IL-8 are up-regulated in GERD
esophageal mucosal'*'8l. Compared with traditional medications and surgical
intervention, targeting NF-kB-mediated esophageal epithelial barrier injury may be a
more effective treatment for GERD. It can not only effectively relieve symptoms, but
also significantly reduce the side effects caused by medications. Unfortunately, there are
few reports on this issue.

Our previous study suggested that the activation of NF-xB in esophageal mucosa
may be responsible for the interruption of epithelial barrier function caused by reflux.
NF-kB can be activated by different stimuli and is considered to be part of the systemic
stress response. Based on the literature and our previous study results(1*2, it can be
hypothesized that inhibition of NF-xB activation may block the damage to the
esophageal mucosal barrier caused by GERD. To prove this theory, we plan in
conjunction with in vitro experiments and an animal study to further elucidate the role
of NF-xB in the mechanism of reflux-induced esophageal epithelial barrier dysfunction,
and explore the effectiveness of specific inhibition of NF-«B activity on reflux-induced
esophageal epithelial barrier dysfunction. This alternative therapeutic approach may be
a superior intervention for GERD than traditional treatment. The completion of this
study will not only further reveal the molecular pathogenesis of esophageal mucosal
injury caused by GERD, but also provide a theoretical and experimental basis for the

establishment of new treatment methods for GERD.
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LITERATURE SEARCH

We conducted a descriptive review of the mechanism association with GERD in relation
to NF-xB. PubMed was searched for articles published from July 1966 to February 2022,
using the following MeSH or free-text key words: GERD, NF-kB, pathogenesis,
mechanism, inflammatory injury, and esophageal epithelial barrier. The search was

limited to papers written in English, with no restrictions on the type of article.

THOGENESIS OF ESOPHAGEAL MUCOSAL INJURY CAUSED BY
GASTROESOPHAGEAL REFLUX DISEASE

GERD is a disorder caused by the retrograde flow of reflux into the esophagus. The
pathogenesis of GERD involves the interaction of chemical, mechanical, psychological

and neural mechanisms (can be seen in Figure 1).

REFLUX MECHANISM

The reflux insult to esophageal mucosa is the most important pathophysiological
mechanism of GERDI?l. However, the components of refluxate are diverse, and include
gastric acid, bile acid, and pepsinP’. Each component has its unique destructive
mechanism on the esophageal defense system and consequential impact. GERD is often
thought of as acid reflux, where acid refers to hydrochloric acid (HCI)[3, which is a

ry destructive substance. At the cellular level, the damage caused by HCI to
esophageal mucosa is partly due to its influence on the potential difference of
esophageal mucosa, which leads to the loss of integrity of epithelial cells and
degeneration and necrosis of these cellsP!l. In the presence of an acid pocket and hiatal
hernia, this increases the exposure time of the esophagus to acidic conditions and is
more likely to lead to GERDI?2l. However, some patients were found to have a transient
elevation in pH up to 7.0 when esophageal pH was tested, indicating the possible
presence of alkalinizing agentsP3l. Some studies have shown that there is a correlation

between bile acid concentration and elevated pH*I. Under the action of acids, bile acids
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become lipophilic and can dissolve cell membranes, thus destroying the integrity of the
cell after passing through the membrane. It has also been shown to increase the
absorption of hydrogen ions in esophageal tissueP, and the higher the bile
concentration, the more esophageal epithelial cells are exposed to this environment, and
severe injury can be expected(®l. Bile acid stimulates the release of various
inflammatory factors, suggesting that it may have a direct insult on the esophagus/*°l.
Pepsin, as a peptidase, has a wide range of protein-substrate properties and its release
into the esophagus and adjacent structures can cause injury to the surrounding tissues.
Unlike the gastrointestinal tract, the esophagus lacks a layer of mucus to protect itself
from pepsin digestion and cannot prevent digestion by raising its pHF?l. Thus, pepsin

can be activated in the esophagus, leading to cell injury either directly or indirectly!8-°l.

MECHANISM OF ESOPHAGEAL CLEARANCE REDUCTION

When the refluxate enters the esophagus, the esophageal mucosa cannot create the
necessary biochemical environment to neutralize the reflux due to the lack of mucous
secreting cells and bicarbonate production. In order to reduce the exposure time of the
esophageal mucosa to reflux, the clearance mechanism is particularly important.
Therefore, it can be speculated that a reduction in esophageal clearance rate will lead to
GERD, which is supported by previous literaturel*’l. The factors affecting esophageal
clearance include chemical and mechanical mechanisms, such as glandular secretion
and esophageal motility pattern. Salivary secretion can affect esophageal clearance
through neutralization of acid. It has been suggested in the literature that reduced
salivary gland secretion due to other factors is associated with the development of
GERD. The relationship between esophageal dysmotility and GERD is a bidirectional
influence. Esophageal motor dysfunction and lower esophageal sphincter (LES)
relaxation lead to prolonged indwelling of reflux in the esophagus and reduced

clearance ratel4142], subsequently leading to GERD.

GRADIENT MECHANISM OF GASTROESOPHAGEAL REFLUX
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Based on anatomy, the major portion of the esophagus is located in the thoracic cavity,
and the pressure in the thoracic cavity is lower than that in the abdominal cavity. The
maintenance of tension in the LES plays a crucial role in preventing reflux from
entering the esophagus. The LES no longer maintains its tension due to external causes
such as obesity, hiatal hernia, low tension in the LES itself, or elevated pressure in the
abdominal cavity, resulting in reflux into the esophagus and the development of
GERDI#4] As a related factor, shorter abdominal cavity length was found to cause

more reflux(#’l, which may also be related to the formation of a pressure gradient.

CORRELATION BETWEEN GERD AND NF-KB

The esophageal mucosal barrier is mainly composed of esophageal mucosal epithelial
cells. The defensive barrier structure of esophageal epithelium is mainly composed of
the apical junctional complexes (AJCs) of esophageal keratinocytes and epithelial cell
membrane, which is responsible for preventing luminal ions (mainly hydrogen ions)
and small molecules from entering the submucosal‘l. The cell AJCs consists of tight
junctions, adherent junctions and desmosomesl#’43]. The esophageal epithelial barrier
function mainly involves TEER, the permeability of mucosal epithelium to neutral small
molecules and the ICS. A lower TEER value of the same type of epithelial tissue in the
same area indicates that the mucosal permeability to ions is stronger, and the mucosal
defense barrier function is weaker. GERD activates inflammation when the epithelial
barrier is disrupted, and NF-kB is an important transcription factor associated with
inflammationl*>*l, Reflux can directly stimulate the esophageal epithelium to produce
inflammatory cytokines, up-regulate NF-kB expression, and release inflammatory
chemokines such as IL-13, IL-6 and IL-8. Changes in the microenvironment in turn
activate NF-kB to form a positive feedback('ll. As previously discussed, a large number
of clinical studies have shown that GERD esophageal epithelium NF-xB and related
inflammatory factors are up-regulated. NF-xB can directly regulate tight junction
protein expression and impair epithelial barrier function by relaxing tight junctions/>!-

%] Previous animal studies have also shown that NF-kB pathway inhibitors can
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significantly prevent destruction of the reflux-induced esophageal mucosal barrierl#4l.
During reflux, TEER decreases, which can be offset by the use of inhibitors. Similarly,
IL-1P and IL-6 were significantly reduced after the use of NF-xB inhibitors. In another
animal model of GERD, a specific inhibitor of NF-xB was also used20. Compared with
the control group, the inhibitor increased the pH of the distal esophagus, alleviated
esophageal mucosal tissue injury and inhibited the inflammatory response, suggesting
that NF-xB is a potential therapeutic target for GERD. In addition, in several animal
studies using drugs that inhibit the NF-«xB pathway, mucosal damage was significantly
reduced compared with the control group, and the release of inflammatory factors was
reduced as well as oxidation/2-24l. In an in vitro study, lipopolysaccharide (LPS)-induced
inflammatory responses in RAW 264.7 cells were also found to be alleviated after
treatment with drugs that inhibited the NF-xB pathwayl(2-28]. These studies suggest that
drugs which inhibit the NF-xB pathway can relieve esophageal mucosal injury caused
by GERD and down-regulate related inflammatory factors.

In our previous study, we established a mouse model of gastroesophageal reflux
and found that injury of the epithelial barrier of reflux esophageal mucosa was
associated with NF-kB-mediated inflammation. However, an esophageal perfusion
model in rabbits (acid/bile salt was directly injected into the rabbit esophageal cavity
through a catheter) suggested that damage to the epithelial barrier function of
esophageal mucosa was related to direct chemical injury by reflux. Also, by comparing
the above two studies, it was found that acid reflux did not cause obvious injury and
inflammation to the esophageal mucous membrane epithelium in mice, but caused
obvious damage and inflammation to the esophageal mucosa in rabbitsP®'l. These
differences may be due to the fact that the esophageal mucosa of rodents (e.g., mice and
rats) is coated with hyper-keratinized laminated squamous epithelium, which is highly
resistant to acid. The esophageal mucosa of rabbit is similar to that of humans, and is
covered with incomplete keratinized lamellar squamous epithelium and has poor

resistance to acid. In conclusion, we propose that the reduction of esophageal mucosal

7/8




barrier function induced by gastroesophageal reflux may be the result of a combination
of direct chemical destruction and a NF-kB-mediated inflammation process.

The treatment of GERD has many challenges. First, the pathogenesis of GERD has not
been completely clarified®455l. Although research has made progress in recent years,
consensus results have not been established in the literature. However, the incidence of
GERD is high and the impact on patients' quality of life is significant. Second, as
mentioned above, traditional therapies are flawed and there is a lack of effective targets
for treatment. Third, although the relationship between GERD and NF-xB is well
documented and NF-kB inhibitors have only been shown to be effective in animal

studies, more investigations are warranted to improve their clinical application.

CONCLUSION

As one of the most common chronic disorders, the symptoms of GERD can be variable,
and include non-cardiogenic chest pain, chronic cough, hoarseness, globular and throat
irritationl®]. NF-xB activation plays an important role in the development of GERD.
However, there is limited information on the treatment of GERD wvia this pathway. NF-
kB is a well-known transcription factor involved in inflammation and cell proliferation.
If research is able to demonstrate the benefit of altering NF-xB level in the development

of GERD, it would have an enormous impact on GERD treatment in clinical practice.
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