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Abstract
Barrett’s esophagus (BE), a premalignant condition to Barrett’s adenocarcinoma (BAC), is closely associated with chronic inflammation due to gastro-esophageal reflux. Caudal type homeobox 2 (CDX2), a representative marker of BE, is increased during the metaplastic and neoplastic transformation of BE. Nitric oxide (NO) has been proposed to be a crucial mediator of Barrett’s carcinogenesis. We previously demonstrated that CDX2 might be induced directly under stimulation of large amounts of NO generated around the gastro-esophageal junction (GEJ) by activating epithelial growth factor receptor in a ligand-independent manner. Thus, we reviewed recent developments on the role of NO in Barrett’s carcinogenesis. Notably, recent studies have reported that microbial communities in the distal esophagus are significantly different among groups with a normal esophagus, reflux esophagitis, BE or BAC, despite there being no difference in the bacterial quantity. Considering that microorganism components can be one of the major sources of large amounts of NO, these studies suggest that the bacterial composition in the distal esophagus might play an important role in regulating NO production during the carcinogenic process. Controlling an inflammatory reaction due to gastro-esophageal reflux or bacterial composition around the GEJ might help prevent the progression of Barrett’s carcinogenesis by inhibiting NO production. 
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Core tip: Barrett’s carcinogenesis is closely associated with chronic inflammation caused by gastro-esophageal reflux of gastric acid, bile acid and intraluminal microorganisms. Caudal type homeobox 2 (CDX2) is a crucial biomarker of Barrett’s esophagus. We previously demonstrated that a high amount of nitric oxide (NO) at the gastro-esophageal junction (GEJ) might directly induce CDX2 through phosphorylation of epidermal growth factor receptor (EGFR) in a ligand-independent manner. Together with a possible effect of anti-EGFR-targeting drugs in inhibiting Barrett’s adenocarcinoma, future research for controlling NO production around the GEJ might provide a new insight for developing a management strategy of Barrett’s carcinogenesis.
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INTRODUCTION
Barrett’s esophagus (BE) is defined as the premalignant condition which squamous epithelium is replaced by columnar epithelium, a well-known precursor of Barrett’s adenocarcinoma (BAC)[1-3]. Because the incidence of Barrett’s-associated neoplasm has increased sharply, it is important to elucidate its risk factors during the surveillance period. Many studies on the origin of Barrett’s mucosa have proposed several theories, such as the differentiation of the stem cells in esophageal squamous tissues and a phenotypic switch and formation of metaplastic epithelium by gastro-esophageal refluxant[4-6]. 
Caudal type homeobox 2 (CDX2) is a member of the homeobox family of genes involved in the embryonic development of the alimentary tract and in the differentiation, proliferation, adhesion and apoptosis of the intestinal epithelium[7-9]. It is well-known that CDX2 is induced during the metaplastic and neoplastic transformation of BE, while it is not expressed in normal esophageal squamous epithelium and non-metaplastic gastric epithelium[8-11]. Thus, it has been reported that an immune-stain of CDX2 could become a useful biomarker of Barrett’s-associated neoplasms[12-14]. Previous studies have revealed that reactive oxygen species (ROS) produced by the stimulation of acid, bile salts or major noxious agents in refluxed gastric juice might take a critical role for the induction of CDX2 during the sequential process of the metaplastic and neoplastic transformation of BE[7,11,15-28]. However, this mechanism is not fully understood. 

ROLE OF NITRIC OXIDE IN BARRETT’S CARCINOGENESIS
Nitric oxide (NO) is a crucial regulatory mediator which has cytotoxic and cytostatic effects, depending on the environment[16,26]. A large amount of NO production is involved in cytotoxic processes, such as apoptosis, angiogenesis and DNA damage during cancer development[19]. In fact, it was reported that NO might work as a principle mediator in the induction of CDX2 during Barrett’s carcinogenesis[7] and that reactive nitrogen oxide species might contribute to the progression from BE to BAC because of genotoxicity, such as DNA damage, strand breakage or modification[21,29,30]. 
From the point of view of NO generation, NO is classified into endogenous and exogenous[27] (Figure1). Endogenous NO is derived from L-arginine by a family of related enzymes, which includes three different isoforms of nitric oxide synthase (NOS)[27,31]. Endothelial NOS (eNOS) in endothelial cells and a neuronal NOS (nNOS) in neuronal cells were reported to be physiological mediators of NO production at low concentrations[27]. Inducible nitric oxide (iNOS) is an inflammation-induced enzyme, which can mediate harmful production of high amounts of NO[27,32]. The induction of iNOS might be critically involved in Barrett’s carcinogenesis because its expression was shown to be gradually overexpressed during the sequential development toward BAC, but not in normal esophageal/gastric mucosa[19,27,32]. 
Exogenous NO is generated within the upper-gastrointestinal tract lumen from the reduction of salivary nitrite to NO in a reaction with acid refluxant[33-35].  After ingesting nitrate-containing food, human salivary nitrite concentrations increase to 2-5 mmol/L, which maintained for a few hours by entero-salivary recirculation of the dietary nitrate[35,36]. Swallowed saliva is the main source of nitrate. The gastric juice containing the acidity and ascorbic acid content might convert the salivary nitrite to NO at the gastro-esophageal junction (GEJ)[21,37]. Iijima et al[21]  investigated the serum and saliva nitrate concentrations within the upper gastrointestinal tract lumen in healthy volunteers of Helicobacter pylori-negative under basal conditions and after nitrate ingestion using custom-made sensors. After ingesting 2 mmol of potassium nitrate, the nitrate concentration of the serum, salivary and intra-lumin increased from 30 μmol/L to 95 μmol/L, from 36 μmol/L to 252 μmol/L, and from 4.7 μmol/L to 23.2 μmol/L, respectively. The highest concentrations of NO within the upper gastrointestinal tract lumen were observed at the site of the neutral pH of esophageal fell to the acidic pH of gastric. This suggested that the luminal generation of NO from nitrate ingestion through salivary nitrite was maximal at the GEJ. Thus, the site of generation of luminal NO would move to the oral side of the distal esophagus in patients with gastro-esophageal reflux[38]. 
Additionally, luminal NO with a high concentration due to both exogenous and endogenous NO production around the GEJ is rapidly diffused across epithelial membranes, resulting in damage to the tissues surrounding tissues the GEJ[29,30,39-41]. Such a large amount of NO also causes the production of peroxynitrite, a representative genotoxic mediator, and can contribute to the development of Barrett’s carcinogenesis via a rapid reaction with superoxide in an inflammatory/tumor microenvironment[20,21,26,27,37]. Of the plasma membranous receptors of the esophageal tissue, we previously demonstrated that during Barrett’s carcinogenesis, a large amount of NO might directly activate epithelial growth factor receptor (EGFR)[42], a 170-kDa glycoprotein which is a member of the receptor tyrosine kinase family and is involved in cell proliferation, differentiation, angiogenesis, invasion and tumor progression[1,3,43-46]. Previous studies demonstrated that overexpression of EGFR was observed during histological progression in BE tissue, as well as during tumor infiltration and metastasis[1,45].  Although it was previously indicated that ROS might indirectly enhance the CDX2 expression by the exposure of bile acid through EGFR activation in ligand-dependent and -independent manners[3,8,15,46], we investigated the direct role of NO through activation of EGFR during Barrett’s carcinogenesis[42]. When we compared immune-staining of EGFR, CDX2 and nitrotyrosine, a marker of intra-cellular protein damaged by peroxynitrite, in normal human esophageal squamous epithelium specimens with those in BE specimens, we revealed the stronger expression of EGFR, CDX2 and nitrotyrosine in BE compared with those in normal human esophageal squamous epithelium with a positive correlation with BE progression. Second, we also investigated the effect of peroxynitrite, NOC7 which is NO donor and SIN-1 which is stimulant of peroxynitrite on the expression of phosphorylated EGFR and CDX2 by western blotting and RT-PCR. This showed that the phosphorylated EGFR and CDX2 were induced in dose- and time-dependent manners after expose to peroxynitrite, NOC7 and SIN-1. The expression of phosphorylated EGFR and CDX2 induced after expose to peroxynitrite, NOC7 and SIN-1 was diminished by EGFR-specific inhibitors AG1428 and EGFR-siRNA. Additionally, the induction of phosphorylated EGFR and CDX2 after exposure to NOC7 was diminished by carboxy-PTIO which is the NO scavenger in a dose-dependent manner. Taken together, these results suggest that the expression of CDX2 might be induced directly by the effect of extrinsic NO through the activation of EGFR in the progression of BE. Accordingly, these results indicate that the stimulation of high concentration of NO on the normal esophageal epithelium might directly induce the expression of CDX2 through EGFR activation and result in the progression of BE[7,8,27].　
Notably, EGFR2 (HER2) is regarded as a useful target in controlling Barrett’s cancer development, despite the uncertain treatment effect of HER2-targetting anti-cancer medications[47,48]. While researchers reported that the clinical trials targeting HER2 in the treatment of BAC were result it was not promising, another study showed that targeting erbB-2 in HER2-positive patients with adenocarcinoma at GEJ had better outcomes[49,50]. Gefitinib is another small molecule tyrosine kinase inhibitor (TKI) and the most common HER2-targetting anti-cancer medication that has been used to treat several malignancies. It is a representative oral TKI and inhibits EGF-induced phosphorylation and downstream signaling pathways. Janmaat et al[51] reported a phase II study of 36 patients who had failed first-line treatment for advanced esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC) and were administered gefitinib at 500 mg/d.  In this report, gefitinib had modest activity as a second-line treatment with only 2.8% of the patients with a partial response (PR), 27.8% with stable disease and 47.8% with disease progression. The progression-free survival time and the median overall survival time were 59 and 164 d, respectively. Javle et al[52] reported a phase I/II study of 6 patients who had locally advanced unresectable EAC. This study used a combination of gefitinib and chemoradiotherapy. The protocol were composed of administration of gefitinib orally at 250 mg/d for 1 year, oxaliplatin intravenously at 85 or 100 mg/m2 on days 1, 15, 29, and preoperative radiotherapy. They reported that this combination study was tolerable, but had limited efficacy. The median overall survival time and the disease-free survival time were 10.8 and 8.4 mo, respectively. Ilson et al[53]  reported a phase II study of the treatment effect of Erlotinib, another oral TKI, in 30 patients who had failed first-line treatment for ESCC and EAC. The patients had a 6.7% PR and 10.3 mo of median overall survival. These results supported an important role for EGFR in Barrett’s cancer development. Targeted inhibition of EGFR activity and inhibition of EGFR activity by controlling NO production around the GEJ might be a new clue to improve the management of Barrett’s-associated neoplasm. 
 
POSSIBLE ORIGIN OF NO IN SWALLOWED MICROORGANISMS 
Several studies have reported that the bacterial composition in the distal esophagus might play an important role in the carcinogenic process. Human microbiota is estimated to be composed of approximately 1014 bacterial cells. The relationship the bacteria and host can be commensal and pathogenic[54]. Human microbiota in the gastrointestinal tract are essential for human survival, aiding digestion, assisting in the synthesis of vitamins and maintaining a normal physiological environment[54,55]. The host provides these microbiota safe housing and nutrition in return for the benefits from the microbes. An imbalance in this relationship may cause chronic inflammation and inflammation-associated malignancies. 
Previous report mentioned that the normal distal esophagus have 6 phyla and 140 species of bacterial compositions[56]. The impairment of the mucosal barrier in the distal esophagus by reflux of gastric juice might disrupt the microenvironmental homeostasis, resulting in progression of Barrett’s-associated neoplasm with remarkable changes in esophageal bacterial biota[56-58]. In fact, it was reported that the characteristics of bacterial communities differed between groups with normal esophagus, reflux esophagitis (RE), BE or BAC, despite there being no significant differences in the amount of bacteria[55,58]. 
By investigating the composition of bacteria in the distal esophagus of 3 groups (group with normal esophagus, group with RE and group with BE) from endoscopic biopsy specimens using a histological examination and DNA extraction, Liu et al[55] reported that Fusobacterium was found not in the group with a normal esophagus, but in the group with RE and BE, and that the most common bacterium was Streptococcus in the groups with normal esophagus and RE and Veillonella in the group with BE. However, the total amount of the detected bacterial DNA was not different between the groups[55]. Narikiyo et al[59] investigated the bacteria in esophageal carcinomatous tissues, the surrounding non-cancerous tissues and saliva from healthy people to determine the correlation between microorganisms and inflammation/carcinogenesis of the esophagus[59]. They showed that Treponema denticola and Streptococcus anginosus (S. anginosus) were detected in the saliva from patients with BAC. Both of these bacteria were in low numbers in the samples from healthy people. They also reported that S. angiosus and Streptoccus mitis infections induced inflammatory cytokines, including IL-8 and GROα, and suggested these bacteria might play a significant role in Barrett’s carcinogenesis through chronic inflammation. Yang et al[54] reported a dramatic alteration of the esophageal microbiome, such as Gram-positive bacteria were decreased and Gram-negative bacteria were increased in patients with esophagitis and BE. In fact, Gram-negative bacteria have lipopolysaccharides (LPS) in their outer membrane, which can promote the induction of pro-inflammatory cytokines, including IL-1β, IL-8, COX-2 and iNOS, by activating Toll-like receptor 4 and its downstream cascade, which are related to proliferation, differentiation and migration[60,61]. In addition, LPS may also cause the relaxation of the lower esophageal sphincter by activating iNOS and delaying gastric employing by increasing the intra-gastric pressure through COX-2 activation[62,63]. This suggests that the alteration of Gram-negative bacteria in bacterial composition in the distal esophagus might contribute to the development of inflammation-associated Barrett’s carcinogenesis. Thus, interventions with the microorganism in the distal esophagus provided novel insights for new preventive/treatment strategy of BE.

PERSPECTIVE
Many studies have contributed to a better understanding of the role of NO in Barrett’s carcinogenesis. There may be three ways to control NO production in Barrett’s mucosa, such as: (1) diminishing acidity of the gastro-esophageal refluxant by using a proton-pump inhibitor[64]; (2) medical intervention of intramucosal microorganisms; and (3) medical inhibition of iNOS activity. Recent studies have indicated a significant role for esophageal microbiology in Barrett’s carcinogenesis because of the differences in the bacterial communities between groups with normal esophagus, RE, BE or BAC[55,58]. Therefore, it is likely that the eradication of these bacteria by antibiotics or probiotics might be effective in reducing Barrett’s cancer risk, although limited data of suitable antibiotics combinations for the microbiome have been reported. Yang et al[54] reported that Gram-negative bacteria were increased in the patients with esophagitis and BE. LPS from Gram-negative bacteria can up-regulate gene expression of inflammatory cytokines, including COX-2 and iNOS, by activating the NF-κB pathway[54]. Several studies have suggested that NF-κB inhibitors, including nonsteroidal anti-inflammatory drugs (NSAIDs), sulfasalazine and immunosuppressive agents, could be effective in reducing Barrett’s inflammation. Therefore, they were regarded as a potential medication for preventing Barrett’s carcinogenesis[61]. Moreover, Hansel et al[62] demonstrated that the prodrug L-N6-(1-iminoethyl)lysine 5-tetrazole amide (SC-51), an iNOS inhibitor, reduced the levels of NO in exhaled breath in healthy volunteers and patients with mild asthma without remarkable side-effects. These results suggest the therapeutic potential of iNOS inhibitors to reduce the risk of Barrett’s cancer. Additionally, we previously demonstrated that the interaction between iNOS and COX-2 activities might play a crucial role in LPS-induced inflammation in a rat-model[65]. Therefore, controlling COX-2 activity can also regulate iNOS-derived NO production in an inflammation reaction. Therefore, COX-2 inhibitors might have therapeutic potential in controlling the risk of neoplastic progression in patients with BE. Moreover, Calatayud et al[66] reported that the delay of gastric employing with an increase of the intra-gastric pressure from LPS stimulation could be blocked by down-regulating COX-2 activity using the selective COX-2 inhibitor NS398. In fact, in a meta-analysis of anti-cancerous effects of NSAIDs and aspirin for 1813 patients with EAC, Cortrey et al[67] suggested that the preventive role of COX-2 inhibitors in Barrett’s carcinogenesis, although their clinical relevance against the development of Barrett’s -associated neoplasm was unproven[67-69]. Accordingly, controlling enzymatic activity of iNOS and microorganisms in Barrett’s tumor microenvironment may provide important insight into Barrett’s carcinogenesis.

CONCLUSION 
Barrett’s carcinogenesis was associated with chronic inflammation as a consequence of gastro-esophageal reflux and microbiota in the gastrointestinal tract. This review focused on the role of NO in controlling inflammation during the Barrett’s carcinogenic process. The control of NO production in chronic inflammation caused by gastro-esophageal reflux and microbiota might contribute to prevent Barrett’s cancer development. Further studies are required to assess the therapeutic potential of controlling NO production.
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[bookmark: _GoBack]Figure 1 The process of nitric oxide generation. Exogenous nitric oxide (NO) is generated within the upper-gastrointestinal tract lumen from the reduction of salivary nitrite to NO in a reaction with acid refluxant. Endogenous NO is generated in chronic inflammation caused by gastro-esophageal reflux and bacterial composition.
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