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Introduction

Esophageal carcinoma is the eighth most common cancer, and the sixth most common cause of cancer-related deaths worldwide
[1]. Esophageal carcinomas in developing nations account for more than 80% of the total cases and deaths [1]. Esophageal cancer
can arise as esophageal squamous cell carcinoma (ESCC) or esophageal adenocarcinoma (EAC), which have distinct etiological
and pathological characteristics. ESCC is the most common histological type of esophageal cancer in the Eastern world, and its
incidence remains stable [2,3]. In contrast, the epidemiology of esophageal cancer in developed nations has dramatically changed
over the past 40 years. Forty years ago, ESCC accounted for more than 90% of esophageal cancer cases in the United States.
However, adenocarcinoma has now become the leading type of esophageal cancer in the United States, representing 80% of cases
[4].

The currently accepted paradigm is that Barrett’s esophagus, in which intestinal-type columnar cells replace reflux-damaged
squamous cells, arises as a complication of symptomatic gastroesophageal reflux disease (GERD) and predisposes the patient to
EAC [5]. Although GERD has not generally been considered to be a risk factor for ESCC, we discuss the potential relationship
between ESCC and the duodenal contents based on recent contributions to the literature and our own experimental results in
animal models.

Risk factors for esophageal squamous cell carcinoma

It is widely accepted that ESCC is associated with tobacco smoking and alcohol consumption [6,7]. The mechanism by which
the combination of tobacco and alcohol increases the risk of esophageal cancer has been extensively studied. Aromatic amines,
nitrosamines, polycyclic aromatic hydrocarbons, aldehydes, and phenols are among the various carcinogens in tobacco smoke
[8]. Alcohol can damage the cellular DNA by decreasing metabolic activity within the cell and therefore impairing detoxification
function while promoting oxidation [9]. Alcohol is a solvent, specifically of fat-soluble compounds. Therefore, the hazardous
carcinogens within tobacco smoke are able to penetrate the esophageal epithelium more easily [10].

From another perspective, it has been reported that tobacco smoking and alcohol abuse decrease lower esophageal motility, delay
gastric emptying, and increase gastric secretion [11-15]. The refluxogenic effects of smoking and alcohol abuse induce gastroduo-
denal reflux, which may be associated with the development of ESCC. In addition to smoking and alcohol abuse, several recent
studies have demonstrated an association between ESCC and duodenal contents reflux or non-acid reflux [16-19], suggesting
that this may also be a causative factor for ESCC. Furthermore, there is evidence that gastrectomy is also associated with the
subsequent development of distal esophageal cancer [20-22], and symptomatic duodenogastric reflux is the most common post-
gastrectomy syndrome [23,24].
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Lessons from animal experiments: Association between esophageal squamous cell
carcinoma and duodenal contents reflux

Gastric acid and bile acids are major noxious agents in refluxed gastric juice. They contribute to the development of Barrett’s
esophagus and could be involved in its progression to EAC [25,26]. To study the histogenesis of Barrett’s esophagus and EAC,
several rat duodenal and gastroduodenal contents reflux models have been developed. These models are created through surgical
procedures. Representative models are shown in Figure 1. Interestingly, both ESCC and EAC can develop in these animal models
without any known carcinogens [27-31] (Figure 2,3). Furthermore, we previously reported the development of ESCC with thoracic
dissemination and metastases to the lung and lymph nodes using the rat reflux model presented in Figure 1b [30] (Figure 3b,3c).
We also established an esophageal cancer cell line (ESCC-DR) that was derived from the metastatic tumor in a rat reflux model [30]
(Figure 3d). These findings indicate that duodenal contents reflux plays an important role in ESCC carcinogenesis and can induce
ESCC with highly malignant behavior.
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Figure 1: Representative rat duodeno- and gastroduodeno-reflux models
B-Bile duct; F-forestomach; E-esophagus; G-glandular stomach; T-treitz ligament; J-jejunum
(a) Esophago-jejunal anastomosis after total gastrectomy, (b) esophago-jejunal anastomosis without gastrectomy, (c) esophago-
gastro-jejunal anastomosis

+

Figure 2: Adenocarcinoma developed in the rat reflux models
(a) Well-differentiated adenocarcinoma, (b) mucinous adenocarcinoma
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Figure 3: Malignant behavior of squamous cell carcinoma developed in the rat reflux models
(a) Well-differentiated squamous cell carcinoma (SCC), (b) lung metastasis of SCC, (c) lymph node metastasis of SCC, (d) an esophageal
cancer cell line (ESCC-DR)

Factors that determine whether reflux-induced damage heals through squamous
regeneration or through the development of Barrett’s esophagus

Chronic reflux esophagitis induced by GERD is a pro-inflammatory condition and the main risk factor for the development
of Barrett’s esophagus and its progression to EAC. In reflux esophagitis, damaged squamous cells are usually replaced by the
regeneration of more squamous cells. However, in some individuals, the damaged cells heal through Barrett’s esophagus [26].
Huo et al. reported that both gastric acid and bile acids induce CDX2 mRNA and protein expression in esophageal squamous cells
from patients with Barrett’s esophagus, but not in those from patients who have GERD without Barrett’s esophagus [26]. Notably,
CDX2 mRNA and protein expression plays a key role in the development of Barrett’s esophagus. Huo et al. proceeded to speculate
that differences among individuals determine whether reflux-induced damage heals through squamous regeneration or through
the development of Barrett’s esophagus [26]. They also noted that it remains unclear whether those differences are heritable or
acquired [26].

Miyashita et al. recently reported that the severity of duodenoesophageal reflux in rats is related to the development of different
histological types of esophageal carcinoma. In brief, EAC was induced by high exposure to duodenal contents reflux and ESCC
was induced by low exposure to duodenal contents reflux [16]. In an earlier study, Miwa et al. used duodenoesophageal reflux
models to determine that ESCC developed in locations that are distant from the anastomosis, as compared with EAC [31]. These
findings also suggest that small but continuous quantities of reflux contents might be associated with the development of ESCC.
On the other hand, we reported that high dietary animal fat changed the bile-acid composition and increased the concentration
of taurine conjugates in the bile juice. These increased bile acids promoted the development of Barrett’s esophagus and Barrett’s
dysplasia leading to EAC, but tended to decrease the ratio of ESCC in the duodenal contents reflux models [29]. Nehra et al.
assayed the bile acids from esophageal samples of 10 asymptomatic patients and 30 patients with symptoms of GERD, using
15-h continuous esophageal aspiration with simultaneous pH monitoring and modified high-performance liquid chromatography
[32]. They reported that, of the primary bile acids, only taurocholic acid was significantly increased in the Barrett’s esophagus or
stricture group [33]. Thus, dietary components may affect the histological types of esophageal carcinoma in patients with GERD.
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STAT3 (one of the key molecules in the intrinsic inflammatory pathway) is overexpressed in

esophageal squamous cell carcinoma

Chronic inflammation can be linked to carcinogenesis through two pathways: 1) the extrinsic pathway, in which non-neoplastic
clinical conditions cause local tissue inflammation that promotes cancer development and 2) the intrinsic pathway, in which
precancerous cells acquire a series of growth-promoting genetic abnormalities, some of which also induce an inflammatory
microenvironment that contributes to cancer development [33]. Zhang et al. reported activation of the IL-6/STAT3 signalling
pathway in transformed Barretts cells, which enabled them to resist apoptosis induced by bile acid exposure. The authors
proceeded to suggest that molecules of the intrinsic inflammatory pathway might play an important role in the development
of EAC [34]. On the other hand, activation of STAT3 through inflammatory cytokines in mouse models has been implicated in
the development of esophageal cancers, including ESCC and EAC [35,36]. Further, a recent study that examined STAT3-Tyr705
phosphorylation (pSTAT3) in 49 ESCCs and 61 EACs revealed preferentially activated pSTAT3 in ESCC (p=0.013) [37]. In our
animal experiments using duodenal reflux models, STAT3 was overexpressed in ESCC cells (Figure 4). These findings suggest that
the intrinsic inflammatory pathway associated with duodenal contents reflux also plays an important role in ESCC carcinogenesis.
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Figure 4: Immunohistochemical staining of STAT3
Overexpression of STAT3 is detected in ESCC cells developed in the rat duodenal contents reflux model
Positive sites were visualised by diaminobenzidine (brown)

Conclusion

Duodenal contents reflux, including bile acids reflux, can induce both ESCC and EAC. The incidence of esophageal cancer differs
considerably according to geographic location, racial differences, and dietary components, which can be linked to differences in
exposure to risk factors. Whether chronic reflux induces EAC or ESCC may depend on the volume and/or composition of the bile

acids in reflux agents.
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