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Abstract
AIM: To determine the effects of gastric juice on the development of esophageal adenocarcinoma (EAC). 

METHODS: A animal model of duodenogastroesophageal reflux was established in Sprague-Dawley rats undergoing esophagoduodenostomy. The development of EAC and forestomach adenocarcinoma was investigated 40 wk after the treatment. Intraluminal pH and bile of the forestomach were measured.
RESULTS: There were no significant differences in pH (t = 0.117, P = 0.925) or bile ((2 = 0.036, P = 0.85) in the forestomach before and 40 wk after esophagoduodenostomy. There were also no significant differences between the model and controls during esophagoduodenostomy or 40 wk after esophagoduodenostomy. The incidence of intestinal metaplasia (88%) and intestinal metaplasia with dysplasia and adenocarcinoma (28%) in the esophagus in the model was higher than in the controls 40 wk after surgery ((2 = 43.06, P < 0.001 and (2 = 9.33, P = 0.002, respectively) and in the forestomach in the model ((2 = 32.05, P < 0.001 and (2 = 8.14, P = 0.004, respectively). The incidence rates of inflammation in the esophagus and forestomach were 100% and 96%, respectively ((2 = 1.02, P = 0.31) in the model, which was higher than in the esophageal control (6.8%) ((2 = 42.70, P < 0.001). 
CONCLUSION: Gastric juice exposure may not cause intestinal metaplasia with dysplasia or adenocarcinoma of the forestomach and may not be related to EAC.

© 2013 Baishideng. All rights reserved.
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Core tip: The incidence of esophageal adenocarcinoma (EAC) has rapidly increased, which may be related to the increased incidence of gastroesophageal reflux disease. A better understanding of how refluxate contributes to development of EAC will help decrease the incidence of cancer. We surgically developed a rat model of duodenogastroesophageal reflux and found that although exposure of the forestomach to gastric juice may induce inflammation and mild metaplasia, it does not lead to the development of metaplasia with dysplasia or adenocarcinoma. It is concluded that gastric juice may not be related to the development of EAC.
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INTRODUCTION

The incidence rate of esophageal adenocarcinoma (EAC) has recently increased more quickly than that of any other malignancies, which has attracted attention[1]. The rapid increase in the incidence of EAC might be related to the increase in that of gastroesophageal reflux disease (GERD) and Barrett’s esophagus[2,3]. The presence of Barrett’s metaplasia with specialized intestinal epithelium is the main risk factor for these tumors. This epithelium is an acquired condition after a particular type of healing from esophageal mucosal injury resulting from reflux disease[4]. Reflux of gastric acid and duodenal juice is the main cause of GERD, and gastric acid has always been regarded as the major risk element in GERD; the main clinical treatment of which is acid suppression [5]. However, because of the rapid increase in the incidence of EAC, the role of gastric acid in the development of GERD remains controversial. 

Gastric juice that has refluxed into the esophagus in patients with GERD also contains biliary and pancreatic secretions that have refluxed into the stomach from the duodenum. Early studies have shown that reflux of combined duodenal and gastric juices into the esophagus causes severe esophagitis[6]. Reflux of duodenal juice results in the same degree of esophageal injury in gastrectomized animals[7]. Evidence from both animal models[8-11] and human clinical studies[12] has implicated esophageal exposure to duodenal juice as a key factor in the genesis of specialized intestinal metaplasia and the development of adenocarcinoma. Some researchers believe that acid resistance may be related to the obvious increase in the incidence of EAC[13]. With the development of the dynamic surveying system of duodenal juice, the role of duodenal juice reflux in the pathological process has attracted increasing attention. One study has even confirmed that duodenal juice reflux could induce Barrett’s esophagus and EAC in rats[10]. 

Therefore, the roles of gastric juice and of bile and pancreatic juice regurgitation in duodenal juice reflux in the development of EAC without exogenous carcinogens should be studied in an animal model of duodenogastroesophageal reflux. The aim of the current study was to investigate the role of gastric juice in the genesis of intestinal metaplasia and EAC in this rat model.

MATERIALS AND METHODS

Animals

Sixty healthy 8-wk-old Sprague–Dawley rats weighing 200–250 g were purchased from the Experimental Animal Center of Xi’an Jiao Tong University. The paired male and female rats were randomly divided into two groups: sham-operated control (n = 30) and model (n = 30) groups.

Experimental animal model 

A Sprague–Dawley rat model of duodenogastroesophageal reflux was created in accordance with the method of Zhang et al[14] 
Esophagoduodenostomy was the only procedure performed in 30 animals. The purpose of the anastomosis was to induce reflux of both gastric and duodenal juice into the esophagus. The anterolateral wall of the distal duodenum was opened longitudinally 1 cm from the pylorus, and the broken ends of the esophagus were anastomosed to the duodenal incision.

The sham-operated group included 30 rats. After the rats were paunched, only the lower esophagus and first portion of the duodenum were dissociated.

Operations were performed after an acclimatization period of 4 d. Rats were kept in hanging cages on a 12 h light–dark cycle at a temperature of 21(C and humidity of 60%. Water and standard chow were given ad libitum. Food was discontinued in the evening before surgery or sacrifice, and water was discontinued in the morning of surgery. Rats were anesthetized with an intramuscular injection of xylazine hydrochloride (18 mg/kg) and ketamine (72 mg/kg), with further doses administered intraperitoneally during surgery as required. Before closure, 0.5–1.5 mL 0.9% sodium chloride was instilled into the peritoneal cavity. Water was permitted when the rats awoke, and chow was provided on the next day. The rats were housed in cages at 22–25°C with free access to standard rat pellet food and water for 40 wk. Rats were treated following the Guidelines for the Care and Use of Laboratory Animals of the National Animal Welfare Committee.

Intraluminal pH and bile of the forestomach were measured during esophagoduodenostomy with a portable glass electrode pH monitor (Digitrapper MK; Medtronic Synectics, Stockholm, Sweden) and a portable bile monitor (Bilitec 2000; Medtronic Synectics). These parameters were also measured after rats were sacrificed 40 wk after the operation. For duodenal gastric reflux, the 2-min period was considered reflux positive if the bilirubin optical density was > 0.14 and lasted 5 s. An absorbance > 0.14 was used as the Bilitec threshold value[15].

Tissues and specimens

The rats were sacrificed 40 wk after surgery. The esophagus and forestomach were opened longitudinally, and gross pathological changes were examined macroscopically. The samples of the esophagus and forestomach were then fixed in formalin, made into paraffin sections after numbering, and stained with hematoxylin–eosin. The characteristics of the pathological tissues were then observed under a light microscope.

Statistical analysis

The incidence rates of inflammation, intestinal metaplasia, intestinal metaplasia with dysplasia, and adenocarcinoma in the esophagus and forestomach were analyzed and compared using (2 tests with SPSS software. Intraluminal pH of the forestomach was compared using t tests. Intraluminal bile of the forestomach was compared using (2 tests. The level of significance was set at P < 0.05.
RESULTS

Twenty-five model and 29 control rats survived. Six rats died, and the mortality rate was 10%. 

pH and bile in the forestomach 

There were no significant differences in intraluminal pH (t = 0.117, P = 0.925) (Table 1) or bile ((2 = 0.036, P = 0.85) (Table 1) in the forestomach between the time of esophagoduodenostomy and 40 wk after the operation in the model rats. There were also no significant differences in pH (t = 0.006, P = 0.99 and t = 0.20, P = 87) (Table 1) or bile ((2 = 0.218, P = 0.64 and (2 = 0.466, P = 0.495) (Table 1) in the forestomach between model and control rats at the time of esophagoduodenostomy and 40 wk after the operation. 

Gross specimens
In the sham-operated group, the esophagus and forestomach walls were thin, the mucosa was smooth, and the blood vessels below the mucous membrane were visible with occasional changes consistent with congestive inflammation. In the animal models, inflammation and intestinal metaplasia differed in the esophagus and forestomach. Inflammation appeared as mucosal hyperplasia characterized by a thickened, rough surface with both small and large kernels or mild erosion and ulceration. Intestinal metaplasia appeared as a smooth and velvet-like surface. Adenocarcinoma in the forestomach had not developed. However, adenocarcinoma in the esophagus had developed and was characterized by nodular hyperplasia, ulceration, and a fish-like appearance (Figure 1). 
Histological characteristics 
Normal forestomach and esophageal epithelia appeared as stratification of squamous epithelium in neat rows, and some showed keratinization. Inflammation in the forestomach and esophagus appeared as hyperplasia of scaly epithelial basal cells, excessive keratinization of papillomatosis, visible neutrophilic granulocytes, infiltration of lymphoepithelioid cells, and mucosal erosion and edema of the submucosa and lower layer of the mucosa. Intestinal metaplasia was characterized by replacement of the squamous mucosa with simple columnar epithelium. EAC was characterized by severe intestinal metaplasia with dysplasia, pathological invasion of the basilar membrane, and some invasion of the blood or lymphatic vessels (Figure 2).
Incidence rates of inflammation, intestinal metaplasia, and adenocarcinoma in the forestomach and esophagus 40 wk after surgery 

The incidence of intestinal metaplasia (88%) or intestinal metaplasia with dysplasia and adenocarcinoma (28%) in the esophagus in model rats was higher than in the control rats 40 w after surgery ((2= 43.06, P < 0.001 and (2 = 9.33, P = 0.002, respectively) (Table 2). In model rats, the incidence of inflammation in the esophagus and forestomach was 100% and 96%, respectively ((2 = 1.02, P = 0.31). However, the rates of intestinal metaplasia (8%) and intestinal metaplasia with dysplasia and adenocarcinoma (0%) in the forestomach were lower than those in the esophagus ((2 = 32.05, P < 0.001 and (2 = 8.14, P = 0.004, respectively) (Table 2). In a comparison of model and control rats 40 wk after creating the models, the incidence of inflammation in the forestomach was 96% and 6.8%, respectively ((2 = 42.70, P < 0.001), and the incidence of intestinal metaplasia was 12% and 3.4%, respectively ((2 = 1.43, P = 0.32). 

DISCUSSION

Rat stomach has a nonglandular forestomach and glandular portions separated by the limiting ridge. The forestomach, which is the proximal compartment of the stomach in many animal species, is especially well developed in rats. Its function is storage and predigestion of food, and histologically it is covered with esophageal-type mucosa; thus, the rodent forestomach is considered to be a dilation of the lower esophagus. In small laboratory rodents that are commonly used for carcinogenicity studies (rats, mice and hamsters), the forestomach comprises about 50% of the gastric surface[16].

The issues discussed above raise obvious questions about the predictive value of forestomach carcinogenesis. Indeed, the chronic animal study is regarded as the most predictive test for carcinogenicity in humans, and anatomical or physiological interspecies differences that might result in different tumor patterns are generally tolerated without seriously affecting the weight of evidence[17]. It would be provocative to consider the forestomach as a model for the human esophagus from anatomical and histological points of view; especially for studying the mechanism of action of human esophageal cancer[18]. However, several attempts to demonstrate similar reactivity for the esophageal and forestomach mucosa in various species have been unsuccessful. 

GERD refers to conditions in which gastric and duodenal contents are regurgitated into the esophagus, which causes pathological mucosal lesions and esophageal changes[19]. Gastroesophageal reflux could cause EAC. The incidence rate of the latter has increased significantly in recent years and has taken the lead among all tumors[20]. The yearly increase in the incidence of GERD has been accompanied with an increasing trend in the incidence of EAC. Clinical epidemiology has shown that gastroesophageal reflux correlates closely with EAC[21].

The mechanism of induction of EAC by gastroesophageal reflux has been a hot research topic[22]. Recent studies have shown that reflux of both gastric and duodenal juice can damage the esophageal mucosa[23]. However, which contents are related to induction of EAC by gastroesophageal reflux is still controversial[24]. 

Gastric acid is considered to be an important factor in GERD[25]
We investigated the effects of gastric acid on intestinal metaplasia with dysplasia and malignant transformation of stratified squamous epithelium in the forestomach to study the specific factors involved in the induction of EAC through the surgical establishment of an animal model of duodenogastric reflux.

Surgical establishment of a duodenogastroesophageal reflux rat model showed that the forestomach developed abnormal changes. Most of the lesions were inflammatory (including mucosal damage); very few had intestinal metaplasia, and none had intestinal metaplasia with dysplasia or adenocarcinoma. As a result of surgical retention of the vagus nerve to maintain gastric acid secretion, the pH value in the forestomach was unchanged after the operation. The absence of bile detection explained why there was no obvious duodenal juice reflux in the forestomach. These results indicate that the simple lack of food and long-term stimulation of gastric juice might not cause the stratified squamous epithelium of intestinal metaplasia with dysplasia or adenocarcinoma. The histological structure of the forestomach and esophagus of the rat is the same: both comprise stratified squamous epithelial cells. It can be concluded that long-term stimulation by gastric juice of esophageal stratified squamous epithelial cells may only cause inflammation, mucosal damage, and mild intestinal metaplasia, but no induction of intestinal metaplasia with dysplasia or adenocarcinoma.
However, due to the small sample size of the study, the observation time was short, and there may be some limitations to the results. Nevertheless, the result provides new ideas and methods for the pathogenesis of EAC.
COMMENTS

Background

The incidence of esophageal adenocarcinoma (EAC) is currently rising faster than any other cancers in the Western world, although the cause of this increase is largely unknown. However, the relationship between the specific reflux components and the induction of EAC remains unclear. 

Research frontiers

Gastroesophageal reflux can cause EAC, and the mechanisms have been the subject of extensive research. The specific gastroesophageal reflux components responsible for EAC remain largely unknown. In this study, the authors demonstrated that stimulation of long-term gastric juice on esophageal stratified squamous epithelial cells may only cause inflammation, mucosal damage, and mild intestinal metaplasia, but no induction of intestinal metaplasia with dysplasia or adenocarcinoma.
Innovations and breakthroughs

Recent reports have highlighted the importance of duodenal juice in the pathogenesis of EAC. This study indicates that forestomach gastric juice exposure does not cause adenocarcinogenesis. The results of this study therefore suggest that gastric juice plays no role in the pathogenesis of EAC.
Applications

By understanding of the roles of gastric juice in the pathogenesis of EAC, this study may represent a future strategy for therapeutic intervention in the treatment of patients with EAC.

Terminology
Metaplasia is the reversible replacement of one differentiated cell type with another mature differentiated cell type. Dysplasia is an expansion of immature cells, with a decrease in the number and location of mature cells. Duodenogastroesophageal reflux is esophagus exposure to gastric and duodenal juice.
Peer review

The manuscript proposes interesting aspects of the development of EAC (Barrett’s esophagus and carcinoma), although contradictory to the current and past literature.
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Figure 1 Gross specimens changes in the esophagus and forestomach mucosa in the sham-operated and model groups. (A) Gross esophageal specimens of the sham-operated group and (B) animal model group; (C) Gross forestomach specimens of the sham-operated group and (D) animal model group.

Figure 2 Changes in the esophagus and forestomach mucosa in the sham-operated and model groups under light microscope (200×). A: Normal esophagus in the sham-operated group; B: Esophagitis and Barrett’s esophagus in the model group; C: Intestinal metaplasia with dysplasia and EAC in the model group; D: Normal forestomach in the sham-operated group; E, F: Inflammation in the forestomach of the model group.

Table 1 Intraluminal pH and bile positive in the forestomach between the time of esophagoduodenostomy and 40 wk after esophagoduodenostomy

	
	Model (n = 25)

pH(mean ± SD)  bile positive(n)
	Control (n = 29)
pH( mean ± SD) bile positive(n)

	At the time of esophagoduodenostomy
	3.22 ± 0.29
	2
	3.23 ± 0.29
	3

	40 wk after esophagoduodenostomy
	3.24 ± 0.31
	2
	3.25 ± 0.25
	4


Table 2 Incidence of inflammation, intestinal metaplasia, intestinal metaplasia with dysplasia, and adenocarcinoma in the esophagus and forestomach 40 wk after surgery n (%)
	
	Inflammation 
	Intestinal metaplasia

	Intestinal metaplasia with dysplasia

	Adenocarcinoma

	Control esophagus
(n = 29)
	2 (6.8)
	1 (3.4)
	0
	0

	Model esophagus
(n = 25)
	24 (96)
	22 (88)
	5 (20)
	2 (8)

	Control forestomach
(n = 29)
	2 (6.8)
	1 (3.4)
	0
	0

	Model forestomach

(n = 25)
	25 (100)
	2 (8)
	0
	0


