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My major interests are in the molecular mechanisms underlying the development and neoplastic 
progression of Barrett's esophagus. In our laboratory, we utilize biopsy tissues and cell culture 
systems to delineate the signal transduction pathways activated by acid, bile, and the 
combination of both in esophageal squamous and metaplastic Barrett's epithelia. In addition, 
the downstream effects on proliferation and apoptosis of these activated signal transduction 
pathways are investigated in an effort to identify potential targets at which to direct 
chemopreventive and chemotherapeutic agents. We are also introducing a number of defined 
genetic alterations into metaplastic Barrett's epithelial cells in order to induce neoplastic 
transformation. The resulting cells at various stages of neoplastic progression will then be used 
to investigate the signaling pathways and downstream effects of exposure to acid, bile, and the 
combination of both during the process of Barrett's carcinogenesis. 
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Introduction 

Cancers of the esophagus are among the most deadly forms of gastrointestinal 

malignancy, with a 5-year mortality rate exceeding 90% (1 ). Over the past three decades, the 

total incidence of all esophageal cancers in the United States has changed very little (2; 3). 

When looked at more closely, the decline has been in the incidence of esophageal squamous 

cell carcinomas whereas the incidence rate for esophageal adenocarcinomas has increased 

more than 600 fold during this time period (2; 3) (4). Unfortunately, the underlying cause for the 

increase in adenocarcinoma of the esophagus remains unclear. 

The major risk factors for esophageal adenocarcinoma are gastroesophageal reflux 

disease (GERD) and its sequela, Barrett's esophagus (5). GERD most commonly leads to 

esophagitis, in a minority of patients however, ongoing GERD leads to replacement of 

esophageal squamous mucosa with metaplastic, intestinal-type Barrett's mucosa. In the setting 

of continued peptic injury, Barrett's mucosa can give rise to esophageal adenocarcinoma (5; 6). 

In patients with Barrett's esophagus, endoscopic surveillance is the recommended strategy to 

decrease morbidity and mortality from esophageal adenocarcinoma. However, a recent study 

suggested that more than 95% of patients diagnosed with this lethal tumor had no prior 

diagnosis of Barrett's esophagus and, thus, were not enrolled in surveillance programs (7). 

Therefore, our current management strategy for the early detection of cancer in patients with 

Barrett's esophagus is ineffective. 

In light of the recent increase in incidence of esophageal adenocarcinoma, there has 

been intense interest in the molecular events initiated by GERD that transform esophageal 

squamous epithelia into metaplastic Barrett's esophagus in order to identify potential biomarkers 

which may enable the selection of a subgroup of GERD patients who might benefit from 

aggressive acid suppressive and/or alternative pharmacological therapies to prevent the 

development of Barrett's esophagus and thus esophageal adenocarcinoma. This protocol will 
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review the current concepts in screening and surveillance of Barrett's esophagus and some 

emerging concepts regarding the molecular mechanisms whereby GERD causes Barrett's 

esophagus and potential biomarkers which may identify those patients with GERD at risk to 

develop Barrett's esophagus. 

Risk Factors for Adenocarcinoma of the Esophagus 

The underlying cause(s) for the increase in adenocarcinoma of the esophagus is not 

clear. Among the risk factors that have been investigated are alcohol and tobacco use, diet and 

nutrition, obesity, GERD, and Helicobacter pylori (H. pylori) infection. 

Alcohol and Tobacco Use 

Alcohol use is strongly related to the development of esophageal squamous cell 

carcinoma in the United States (8). However, the use of alcohol has not been conclusively 

linked to the development of adenocarcinoma of the esophagus (9; 1 0). Tobacco use has been 

strongly associated with esophageal squamous cell carcinoma, but its link with esophageal 

adenocarcinoma remains weak (9; 1 0). 

Diet and Nutrition 

Probably the most consistent protective effect against adenocarcinoma of the 

esophagus is provided by the consumption of fruits and vegetables (11; 12). A potential role for 

dietary nitrate (N03-) in promoting carcinogenesis of the esophagus has recently become an 

area of interest (13). Green leafy vegetables are a main source of dietary nitrate. Dietary nitrate 

can be concentrated in the salivary glands and secreted into the mouth where bacteria on the 

tongue reduce the nitrate to nitrite (N02-) (14; 15). When the swallowed nitrite encounters 

gastric acid which occurs primarily at the distal esophagus, nitrous acid is formed. The nitrous 

acid then quickly decomposes to form nitrogen oxides including the potentially toxic gas nitric 
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oxide (NO) (16). If ascorbic acid is present in the gastric juice, nitrite is rapidly converted into 

NO (17). High concentrations of NO can be genotoxic and potentially carcinogenic (17). Data 

have demonstrated that the distal esophageal mucosa experiences prolonged exposure to acid 

following meals (18). It is possible that NO generation, produced by prolonged exposure of 

swallowed dietary nitrite to gastric acid in the distal esophagus, facilitates carcinogenesis. 

Obesity 

In the US, the prevalence of obesity (defined as a body mass index (BMI) ~ 30) has 

increased over the past three decades (19). The risk for developing adenocarcinoma of the 

esophagus has been shown to increase as BMI increases, with individuals in the upper quartile 

of BMI having three to seven times the risk as subjects in the lowest quartile (11; 12). In a 

Swedish study, individuals in the highest quartile for BMI had a 7.6 fold increased risk of 

esophageal adenocarcinoma (20). Although the mechanism underlying the increase in cancer 

due to increased BMI is not known, the leading association appears to be the predisposition of 

obese individuals to GERD. 

GERD 

The major risk factors for esophageal adenocarcinoma are GERD and its sequela, 

Barrett's esophagus (5). Chronic reflux esophagitis leads to replacement of esophageal 

squamous cells by new ones. However, in some individuals with GERD, the esophageal 

squamous cells are replaced by metaplastic, specialized intestinal-type cells, a condition termed 

Barrett's esophagus. Barrett's esophagus is predisposed to tumor formation and the majority of 

esophageal adenocarcinomas are thought to arise from this premalignant lesion (6). 

Helicobacter pylori 

In 1994, H. pylori was classified as a type I (definite) carcinogen associated with an 
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increased risk of developing non-cardia gastric cancers in infected individuals (8). In contrast, 

H. pylori infection has not been identified as a risk factor for esophageal adenocarcinoma (21 ). 

In fact, it has been suggested that infection with H. pylori, particularly cagA+ strains, is 

associated with a reduced risk of esophageal adenocarcinoma (22). 

GERD, Barrett's Esophagus, and Esophageal Adenocarcinoma 

Administration of potent acid suppressive agents has been proposed as a strategy to 

decrease the risk of cancer in Barrett's esophagus (23). This approach is based primarily on 

data from clinical and in vitro studies suggesting that episodic reflux of acidic gastric contents 

may increase cell proliferation and decrease apoptosis in Barrett's esophagus and esophageal 

adenocarcinoma. In Barrett's-associated esophageal adenocarcinoma cells in vitro, acid 

exposure has been shown to increase cell proliferation and cell survival as determined by flow 

cytometry (24; 25). In ex vivo cultures of Barrett's mucosa, acid exposure has been shown to 

increase cell proliferation as measured by tritiated thymidine uptake (23; 26). In support of 

these in vitro observations, abnormal intraesophageal acid exposure in patients with Barrett's 

esophagus has been associated with increased proliferation. In biopsy specimens from patients 

with Barrett's esophagus, cell proliferation was determined before and after 6 months of therapy 

with proton pump inhibitors (PPis). Using 24 hour ambulatory pH monitoring, normalization of 

intraesophageal pH was found to decrease cellular proliferation and increase cellular 

differentiation in the metaplastic epithelium of patients with Barrett's esophagus compared to 

patients who continued to have abnormal intraesophageal acid exposure (27). More recently, 

normalization of intraesophageal pH using PPis has been associated with a significant reduction 

in the risk of developing dysplasia in Barrett's esophagus compared to patients who continued 

to have abnormal intraesophageal acid exposure (28). Furthermore, a significantly increased 

rate of cell proliferation and pro-proliferative cell cycle abnormalities have been detected in 

biopsies of Barrett's epithelium in patients treated with histamine receptor type 2 (H2) blockers 
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compared to patients treated with the more potent PPI therapy (29; 30). These circumstantial 

data have led some authorities to propose that patients with Barrett's esophagus should receive 

aggressive acid suppression therapy with proton pump inhibitors (i.e. in doses beyond that 

required to eliminate symptoms and heal esophagitis) as a means to prevent carcinogenesis (5; 

27). However, this approach of using aggressive acid suppression is not without some 

controversy. It is well known that chronic PPI therapy leads to elevations in serum gastrin levels 

which have been linked to increased proliferation in Barrett's biopsies in vitro (31; 32). Taken 

together, these clinical data support the approach of potent acid suppression as a 

chemopreventive strategy in patients with Barrett's esophagus, however controlled prospective 

clinical trials are still needed before this can be recommended for widespread clinical practice. 

Surveillance Strategies for Patients with Barrett's Esophagus 

Data suggest that endoscopic surveillance can detect curable cancers in Barrett's 

esophagus, and that when these cancer are detected early, they are less advanced than those 

found in patients who present with symptoms like dysphagia and weight loss (33-36) . However, 

those studies are highly susceptible to a number of biases such as healthy volunteer bias, lead

time bias, and length-time bias so it may not be entirely appropriate to conclude that 

surveillance of patient with Barrett's esophagus is beneficial (37). Nevertheless, the available 

evidence suggests that endoscopic surveillance is perhaps beneficial and, for the benefit of our 

patients, it may be more prudent to perform an unnecessary endoscopy rather than miss a 

curable esophageal cancer. 

In 2002, the American College of Gastroenterology (ACG) published guidelines for the 

surveillance of Barrett's esophagus. In general, the surveillance interval depends on the grade 

of dysplasia, and the presence of an abnormal esophageal mucosa including such findings as 

nodularity or ulceration (38). The goal of surveillance in patients with Barrett's esophagus is the 

detection of dysplasia and/or early cancer. Active inflammation can result in cellular atypia 
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which can be mistakenly identified as dysplasia. Therefore, patients with GERD should be 

treated prior to surveillance endoscopy with acid suppressive therapies (38). Since the 

distribution of dysplasia is often focal within the Barrett's mucosa, a technique of systematic, 

four-quadrant biopsies taken every 1-2 em throughout the entire length of the metaplastic 

mucosa has been proposed (38). In addition, biopsies should be obtained from any areas of 

mucosal abnormality such as nodules or ulcerations. 

The ACG practice guidelines suggest the following surveillance intervals for patients with 

Barrett's esophagus. In the absence of dysplasia on two consecutive endoscopies, surveillance 

endoscopy with biopsy is recommended every 3 years (38). If low grade dysplasia is detected, 

repeat endoscopy with extensive biopsies of the involved area should be performed and the 

diagnosis of low grade dysplasia confirmed by an expert pathologist. If confirmed low grade 

dysplasia is found, yearly endoscopy is recommended until there is no dysplasia detected (38). 

For the finding of high grade dysplasia, a repeat endoscopy with an intensive biopsy protocol 

should be done of the involved area. In patients with confirmed high grade dysplasia, 

intervention should be considered. For patients fit to undergo surgery, referral for 

esophagectomy can be considered. However this surgical procedure is associated with 

significant morbidity and, at low volume centers, significant mortality (39). Nevertheless, 

esophagectomy remains a reasonable option for management for surgically fit patients 

especially if performed at a high volume center (38). An alternative strategy is intensive 

endoscopic surveillance with intervention reserved for the finding of frank esophageal 

adenocarcinoma ((38). In those patients with high grade dysplasia who are not surgical 

candidates, endoscopic therapies such as endoscopic mucosal resection or ablative therapies 

should be consider preferably in the setting of research protocols. 

Screening Strategies for the Detection of Barrett's Esophagus 

Despite endoscopic surveillance of patients with Barrett's esophagus, the incidence of 
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esophageal adenocarcinoma continues to rise in the United States, however. A recent study 

found that fewer than 5% of patients with adenocarcinoma of the esophagus were known to 

have had Barrett's esophagus, and thus were being followed in surveillance protocols (7). 

Therefore, it has been proposed that screening patients with GERD symptoms may identify 

those patients with Barrett's esophagus who can then be followed in endoscopic surveillance 

programs. In fact, the ACG practice guidelines recommend that patients with chronic GERD 

symptoms, who are the ones most likely to have Barrett's esophagus, should undergo upper 

endoscopy (38). However, no clear recommendations have been made regarding the timing of 

this endoscopy taking into account patient age and/or duration of GERD symptoms (38). 

Although the highest likelihood of finding Barrett's esophagus would be expected to be in white 

men with chronic GERD symptoms, no specific recommendations have been in regards to 

patient gender, race, or age in selecting patients for screening ((38). Furthermore, the utility of 

restricting screening for Barrett's esophagus only to patients with GERD symptoms has been 

questioned. In a recent study, upper endoscopy was performed on 961 patients, who had no 

prior history of having an upper endoscopy, who were scheduled for an elective colonoscopy 

(40). A history of GERD symptoms was obtained and biopsies were taken if columnar mucosa 

extended~ 5mm into the distal esophagus (40). Barrett's esophagus was found in 6.8% of 

patients, including 1.2% with long segment (~3 em) Barrett's esophagus (40). Among the 556 

patients who had no history of heartburn symptoms, Barrett's esophagus was found in 5.6 %, 

with only .36% having long segment Barrett's (40). In those patients who had a history of 

heartburn, Barrett's esophagus was identified in 8.3% including 2.6% with long segment 

Barrett's (40). Based on such data, it is not clear that screening strategies limited to patients 

with GERD symptoms will reliably identify those individuals with Barrett's esophagus. 

Consequently, screening programs that target only patients with heartburn may have only 

limited impact on cancer mortality rates. Finally, it remains unclear whether screening for 

Barrett's esophagus is cost effective and large controlled clinical trials aimed at addressing this 
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issues are needed. 

Emerging Concepts in the Development of Barrett's Esophagus 

In light of the rising incidence of esophageal adenocarcinoma and the problems noted 

above in surveillance and screening, interest has surfaced regarding ways to identify the 

subgroup of GERD patients at risk for developing Barrett's esophagus. With the recent 

advances in molecular biology, efforts to characterize the specific molecular events initiated by 

gastric reflux and to identify esophageal squamous epithelial biomarkers, which may indicate 

those patients at risk to develop Barrett's esophagus, have intensified. 

Molecular Basis whereby GERD Induces Barrett's Esophagus 

As discussed earlier, GERD is a risk factor for esophageal adenocarcinoma as well as 

for Barrett's esophagus. Therefore, early treatment of GERD might prevent the first step in 

esophageal carcinogenesis, i.e. the development of Barrett's esophagus. In an animal model of 

reflux esophagitis and in biopsy specimens of esophageal squamous mucosa from patients with 

severe, ulcerative reflux esophagitis, cells in the basal zone (proliferative zone of the 

esophagus) demonstrated increased proliferation compared to non-inflammed esophageal 

squamous mucosa or to cells in the basal zone of esophageal squamous mucosa from patients 

with only mild or no reflux esophagitis, respectively (41; 42). Therefore, it appears that acid 

reflux normally increases proliferation in esophageal squamous epithelium and it is possible that 

this increase in proliferation facilitates regeneration and repair of the reflux damaged 

esophageal lining. However, there are a minority of individuals with GERD that heal their reflux

damaged esophagus through the development of Barrett's metaplasia rather than through 

squamous epithelial cell repair. Moreover, while gastric refluxate clearly plays a role in the 

development of Barrett's metaplasia, it is not clear whether it is solely through causing 

inflammation or whether the refluxate itself has a direct effect, independent of inflammation, on 

the development of Barrett's metaplasia. 
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The major components of gastric refluxate are acid and bile therefore, the following 

discussion will focus on the role of acid and/or bile in the formation of esophageal metaplasia. 

Metaplasia is the conversion of one adult cell type to another adult cell type. In the case of the 

esophagus, the normal esophageal squamous epithelial lining is replaced by a metaplastic, 

specialized intestinal-like epithelium termed Barrett's esophagus. This metaplastic process 

could happen by changing the differentiation pattern of stem cells or by changing already fully 

differentiated cells. Normally, an esophageal stem cell is capable of self renewal as well as 

giving rise to transit amplifying cells. These transit amplifying cells can undergo a limited 

number of cell divisions before becoming a fully differentiated esophageal squamous cell. 

(Figure 1) 

Figure 1. Normal development of esophageal squamous epithelium from stem cells. 

Acid and/or bile directly or indirectly by inducing inflammation could conceivably interfere at any 
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point during this process such that cells do not differentiate normally into squamous cells, but 

rather into metaplastic cells. (Figure 2) 

Figure 2. Possible role for GERD in the development of intestinal metaplasia from stem 
cells. 

In general, the stem cells which give rise to the esophageal epithelium are thought to 

reside within the esophageal tissue itself. However, recent studies have called into question the 

origin of these tissue resident stem cells suggesting that injuries in a number of organs may 

heal through the proliferation and differentiation of multi potential progenitor cells derived from 

the bone marrow rather than from the injured organ itself (43). For example, in female animals 

and women who received bone marrow transplants from male donors, epithelial cells containing 

Y chromosomes have been found throughout the gastrointestinal tract (43; 44). Our group at 

the Dallas VA Medical Center has investigated the contribution of bone marrow stem cells to the 

development of Barrett's esophagus using a rat model. Sarosi et al. destroyed the bone marrow 
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of female rats using irradiation and then reconstituted their bone marrow with that from male 

donors (45). The female rats then underwent esophagojejunostomy, a procedure that results in 

severe, ulcerative esophagitis and in intestinal metaplasia morphologically similar to Barrett's 

esophagus (45). In both squamous cells and metaplastic columnar cells of the esophagus, 

nuclear staining for Y chromosome was found in female rats that had received bone marrow 

transplants from male donors (45). In contrast, no nuclear staining for Y chromosome was 

observed after esophagojejunostomy in control female rats that had not received bone marrow 

transplants (45). These observations suggest that multipotential adult progenitor cells of bone 

marrow origin contribute to esophageal regeneration and metaplasia in this rat model of reflux 

esophagitis and Barrett's esophagus. 

Metaplasia may also arise by changes in already fully differentiated cells, a process 

termed transdifferentiation. In general, such metaplasias arise between neighboring tissue types 

during embryological development. (46) Initially, the cells lining the esophagus are of a 

columnar phenotype due to the expression of certain genes induced by high levels of 

morphogenic stimuli present early on during in utero development. As development proceeds, 

there is a progressive decline in the levels of the morphogenic stimuli which presumably cause 

changes in gene expression and the columnar lining of the esophagus becomes progressively 

replaced by squamous epithelium (47; 48). Therefore, by altering a particular pattern of gene 

expression, it is possible for the esophagus to change between a squamous and a columnar 

type of epithelial lining. (Figure 3) In support of this notion, van Baal eta/. exposed esophageal 

squamous cells in vitro to bone morphogenic protein 4 (BMP4) (49). The investigators found 

that BMP4 could change the squamous cell phenotype to a columnar phenotype presumably by 

altering the pattern of gene expression within the cell. 
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Figure 3. Possible role for GERD in the development of intestinal metaplasia through the 
process of transdifferentiation. 

It is conceivable that the components of gastric refluxate directly, or indirectly by 

inducing inflammation may also alter gene expression patterns in esophageal squamous cells 

such that metaplasia forms. Naturally occurring metaplasias such as Barrett's esophagus are 

often associated with continuous cell turn-over stimulated by chronic inflammation and 

continued wound healing (46). Continuous cell turn-over increases the likelihood that 

alterations in gene expression will occur. If these alterations affect genes that regulate the 

formation of individual tissue types then metaplasia can develop. Therefore, in the setting of 

tissue injury and regeneration, as might occur with chronic GERD, the pattern of gene 

expression may become altered resulting in replacement of a squamous phenotype with that of 
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a metaplastic Barrett's phenotype. The genes controlling cell phenotype are often regulated by 

transcription factors. One family of transcription factors implicated in murine and human 

intestinal development is the caudal related homologues, including CDX1 and CDX2. 

Caudal related homologues: CDX1 and CDX2 

The CDXs are members of the homeobox gene family of transcription factors, and they 

are known to mediate the differentiation of intestinal epithelial cells. Epithelial cells in the small 

and large intestine, but not in the normal esophagus or stomach, express CDX1 and CDX2 (50). 

Intestinal metaplasia in the stomachs of mice can be induced by forcing the gastric epithelial 

cells to express either Cdx1 or Cdx2 (51; 52). Polyp-like lesions containing areas of stratified 

squamous epithelium, resembling that of the esophagus, have been found in the colon of mice 

heterozygous for Cdx2 expression (Cdx2 +/-)with the squamous cell areas demonstrating 

complete loss of Cdx2 expression (53). These data suggest that Cdx1 or Cdx2 expression 

triggers intestinal like differentiation whereas lack of Cdx2 expression triggers squamous 

differentiation. Moreover, expression of cdx2 in cells of the basal layer of the squamous 

esophagus has been found prior to the formation of specialized columnar epithelium in a 

surgical rat model of reflux and Barrett's esophagus suggesting that cdx2 expression in 

squamous cells may precede the development of Barrett's esophagus (54). 

In support of these animal data, clinical data suggest a role for the CDXs in the formation 

of Barrett's esophagus. Expression of CDX1 mRNA and protein has been demonstrated in 

biopsies of the specialized intestinal metaplasia from 11 patients with Barrett's esophagus, 

whereas no expression was found in biopsies of their normal esophageal squamous or gastric 

epithelia (55). One way in which the expression of a gene can be regulated is by altering 

promoter methylation. The attachment of methyl groups to the promoter region of genes (called 

promoter methylation) can decrease gene expression whereas the removal of such methyl 

groups (called loss of imprinting) can increase gene expression. In this same study, 
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demethylation (i.e. removal of methyl groups) of the CDX1 gene promoter was found in biopsies 

of the metaplastic mucosa whereas those from normal squamous and gastric epithelia 

demonstrated its persistence suggesting that methylation status is one of the underlying 

mechanisms regulating CDX1 expression in Barrett's esophagus (55). Using a colon cancer cell 

line, Wong et al. demonstrated that exposure in vitro to a mixture of glycol- and taurine 

conjugated bile acids at neutral and acidic (3.5) pHs increased the expression of CDX1 mRNA 

suggesting that the components of gastric reflux can alter the expression of CDX1, presumably 

via demethylation, resulting in intestinal metaplasia (55). lmmunostaining for Cdx2 has been 

found in 100% of biopsy specimens of Barrett's specialized intestinal metaplasia, but none was 

found in biopsies of normal esophageal squamous epithelium (56). Cdx2 mRNA expression 

has also been found in the esophageal squamous epithelium in 6 of 19 patients with Barrett's 

esophagus suggesting that like the animal data, cdx2 expression in esophageal squamous 

cells may precede the development of Barrett's esophagus (57) (54). Chronic acid exposure has 

been shown to increase transcription of the Cdx2 gene promoter in mouse esophageal 

keratinocytes cultured in vitro (58). Taken together these data suggest that exposure to the 

components of gastric refluxate can increase transcription of Cdx1 and Cdx2 in esophageal 

squamous cells thereby initiating metaplastic transformation. 

Prevention of Barrett's Esophagus 

If gastric refluxate can conceivably induce metaplasia formation then why don't all 

patients with reflux damaged esophageal squamous epithelium heal through the process of 

metaplasia? There are data to suggest that the esophageal squamous epithelium of patients 

with Barrett's esophagus is predisposed to develop metaplastic changes in response to peptic 

injury. In patients who have esophagectomy with esophago-gastric anastomosis, for example, 

some investigators have found that columnar metaplasia develops in the esophageal remnant 

significantly more often in patients with Barrett's esophagus preoperatively than in those without 
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Barrett's esophagus, even though the two groups have a similar degree of postoperative 

esophageal acid exposure and reflux esophagitis (59; 60). A more recent report has questioned 

this observation, however, suggesting that columnar metaplasia develops frequently in the 

esophageal remnant irrespective of any preoperative condition (61 ). There are also data to 

suggest that the esophageal squamous epithelium of patients with Barrett's esophagus is 

exposed to a greater amount of acid reflux which may predispose to healing through metaplasia 

rather than squamous regeneration (62). Regardless of whether the predisposition to 

metaplasia is genetic or acquired, it is conceivable that abnormalities in signaling pathways that 

regulate proliferation and differentiation of esophageal squamous epithelium may facilitate the 

healing of reflux-damaged squamous cells through metaplasia. Therefore, in these patients 

with chronic GERD who are at risk for Barrett's esophagus, potent acid suppression becomes a 

potentially important chemoprevention strategy. 

Recent clinical data from our laboratory at the Dallas VA Medical Center suggests that 

such an early approach to chemoprevention of Barrett's esophagus may indeed b~ feasible in 

the future. Several clinical studies suggest that the esophageal squamous epithelium in patients 

with Barrett's esophagus is predisposed to develop metaplastic changes in response to chronic 

acid exposure (59; 60). We investigated the response of the extracellular regulated kinase 

(ERK)1/2, an enzyme involved in stimulating cell proliferation, following acid exposure in vivo in 

the squamous esophagus of GERD patients with and without Barrett's esophagus during 

endoscopic examination (63). We found that baseline levels of ERK1/2 were significantly lower 

in the squamous mucosa of GERD patients without Barrett's esophagus, than in the squamous 

mucosa of patients with Barrett's esophagus. Moreover, we found that acid exposure in vivo 

increases the activity of ERK1/2 in the squamous epithelium of GERD patients without Barrett's 

esophagus, but acid fails to activate ERK1/2 in the squamous epithelium of patients with 

Barrett's esophagus (63). It is possible that the high baseline level and failure of acid to activate 

the pro-proliferative ERK1/2 pathway in the squamous mucosa of Barrett's patients may 
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predispose to healing through intestinal metaplasia rather than through squamous regeneration, 

however further studies are necessary before such conclusions can be drawn. Nevertheless, 

ours is the first report to investigate differences in response of the esophageal squamous 

epithelium to acid exposure in GERD patients with and without Barrett's esophagus and the first 

description of a molecular, phenotypic feature (i.e. ERK activity following acid exposure) that 

distinguishes the esophageal squamous mucosa of GERD patients with and without Barrett's 

esophagus. Recently, our findings regarding differences in signaling pathways that regulate 

proliferation and differentiation in the squamous esophagus of GERD patients with and without 

Barrett's esophagus have been confirmed by other investigators. For example, using microarray 

technology, Ali eta/. found significant differences in expression of Dickkopf (Dkk)-1 and -4, 

genes which regulate proliferation and apoptosis, between the squamous esophagus of GERD 

patients with and without Barrett's esophagus (64). These data support the notion that 

abnormalities in signaling pathways that regulate proliferation and differentiation, such as the 

MAPK pathways, may predispose esophageal squamous epithelium of patients with Barrett's 

esophagus to develop metaplastic changes in response to peptic injury. Although such findings 

remain preliminary, these data suggest that the identification of a molecular biomarker in GERD 

patients that would indicate the predisposition to develop Barrett's esophagus may be possible 

in the future. Moreover, such biomarkers would be useful to select for a subgroup of GERD 

patients in whom aggressive acid suppressive therapy would be warranted to prevent the 

development of Barrett's esophagus and esophageal adenocarcinoma. 

I 

Conclusion 

Over the past three decades, the frequency of adenocarcinoma of the esophagus has 

increased profoundly. The major risk factors for esophageal adenocarcinoma are GERD and its 

sequela, Barrett's esophagus. Despite advances in endoscopic technology, screening and 

surveillance strategies for early detection of these tumors remain largely ineffective. Therefore, 
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it has become increasingly important to understand not only the pathogenesis of esophageal 

adenocarcinoma but also that of Barrett's esophagus at the molecular level in order to develop 

more targeted strategies for the prevention of these lesions. The elucidation of the basic 

mechanisms by which GERD induces Barrett's esophagus has lead to the identification of 

potentially useful clinical biomarkers to select a subgroup of GERD patients who might benefit 

from aggressive acid suppressive and/or alternative pharmacological therapies to prevent the 

development of Barrett's esophagus. Although the routine clinical use of biomarkers is not yet 

recommended, it is anticipated that in the next few years there will be an increase in the number 

of validated biomarkers and that movement into the clinics seems inevitable. 

19 



Reference List 

1. El Rifai W, Powell SM. Molecular biology of gastric cancer. Semin Radiat Oncol 
2002; 12:128-140. 

2. Devesa SS, Blot WJ, Fraumeni JF, Jr. Changing patterns in the incidence of esophageal 
and gastric carcinoma in the United States. Cancer 1998;83:2049-2053. 

3. Devesa SS, Fraumeni JF, Jr. The rising incidence of gastric cardia cancer. J Natl Cancer 
lnst 1999;91 :747-749. 

4. Pohl H, Welch HG. The role of overdiagnosis and reclassification in the marked increase 
of esophageal adenocarcinoma incidence. J Natl Cancer lnst 2005;97:142-146. 

5. Lagergren J, Bergstrom R, Lindgren A, Nyren 0. Symptomatic gastroesophageal reflux 
as a risk factor for esophageal adenocarcinoma. N Engl J Med 1999;340:825-831. 

6. Spechler SJ. Clinical practice. Barrett's Esophagus. N Engl J Med 2002;346:836-842. 

7. Dulai GS, Guha S, Kahn KL, Gornbein J, Weinstein WM. Preoperative prevalence of 
Barrett's esophagus in esophageal adenocarcinoma: a systematic review. 
Gastroenterology 2002; 122:26-33. 

8. Crew KD, Neugut AI. Epidemiology of upper gastrointestinal malignancies. Semin Oncol 
2004;31 :450-464. 

9. Brown LM, Silverman DT, Pattern LM, Schoenberg JB, Greenberg RS, Swanson GM, 
Liff JM, Schwartz AG, Hayes RB, Blot WJ, . Adenocarcinoma of the esophagus and 
esophagogastric junction in white men in the United States: alcohol, tobacco, and 
socioeconomic factors. Cancer Causes Control 1994;5:333-340. 

10. Gammon MD, Schoenberg JB, Ahsan H, Risch HA, Vaughan TL, Chow WH, Rotterdam 
H, West AB, Dubrow R, Stanford JL, Mayne ST, Farrow DC, Niwa S, Blot WJ, Fraumeni 
JF, Jr. Tobacco, alcohol, and socioeconomic status and adenocarcinomas of the 
esophagus and gastric cardia. J Natl Cancer lnst 1997;89:1277-1284. 

11. Kabat GC, Ng SK, Wynder EL. Tobacco, alcohol intake, and diet in relation to 
adenocarcinoma of the esophagus and gastric cardia. Cancer Causes Control 
1993;4: 123-132. 

12. Brown LM, Swanson CA, Gridley G, Swanson GM, Schoenberg JB, Greenberg RS, 
Silverman DT, Pattern LM, Hayes RB, Schwartz AG, . Adenocarcinoma of the 
esophagus: role of obesity and diet. J Natl Cancer lnst 1995;87:104-109. 

13. lijima K, Henry E, Moriya A, Wirz A, Kelman AW, McColl KE. Dietary nitrate generates 
potentially mutagenic concentrations of nitric oxide at the gastroesophageal junction. 
Gastroenterology 2002; 122:1248-1257. 

14. Bartholomew B, Hill MJ. The pharmacology of dietary nitrate and the origin of urinary 
nitrate. Food Chem Toxicol1984;22:789-795. 

20 



15. Duncan C, Dougall H, Johnston P, GreenS, Brogan R, Leifert C, Smith L, Golden M, 
Benjamin N. Chemical generation of nitric oxide in the mouth from the enterosalivary 
circulation of dietary nitrate. Nat Med 1995; 1 :546-551. 

16. McKnight GM, Smith LM, Drummond RS, Duncan CW, Golden M, Benjamin N. 
Chemical synthesis of nitric oxide in the stomach from dietary nitrate in humans. Gut 
1997;40:211-214. 

17. Spechler SJ. Carcinogenesis at the gastroesophageal junction: free radicals at the 
frontier. Gastroenterology 2002;122:1518-1520. 

18. Fletcher J, Wirz A, Young J, Vallance R, McColl KE. Unbuffered highly acidic gastric 
juice exists at the gastroesophageal junction after a meal. Gastroenterology 
2001; 121 :775-783. 

19. Brown LM, Devesa SS. Epidemiologic trends in esophageal and gastric cancer in the 
United States. Surg On col Clin N Am 2002; 11 :235-256. 

20. Lagergren J, Bergstrom R, Nyren 0. Association between body mass and 
adenocarcinoma of the esophagus and gastric cardia. Ann Intern Med 1999; 130:883-
890. 

21. YeW, Held M, Lagergren J, Engstrand L, Blot WJ, Mclaughlin JK, Nyren 0. 
Helicobacter pylori infection and gastric atrophy: risk of adenocarcinoma and squamous
cell carcinoma of the esophagus and adenocarcinoma of the gastric cardia. J Natl 
Cancer lnst 2004;96:388-396. 

22. Chow WH, Blaser MJ, Blot WJ, Gammon MD, Vaughan TL, Risch HA, Perez-Perez Gl, 
Schoenberg JB, Stanford JL, Rotterdam H, West AB, Fraumeni JF, Jr. An inverse 
relation between cagA+ strains of Helicobacter pylori infection and risk of esophageal 
and gastric cardia adenocarcinoma. Cancer Res 1998;58:588-590. 

23. Fitzgerald RC, Omary MB, Triadafilopoulos G. Dynamic effects of acid on Barrett's 
esophagus. An ex vivo proliferation and differentiation model. J Clin Invest 
1996;98:2120-2128. 

24. Souza RF, Shewmake K, Terada LS, Spechler SJ. Acid exposure activates the mitogen
activated protein kinase pathways in Barrett's esophagus. Gastroenterology 
2002; 122:299-307. 

25. Sarosi Jr GA, Jaiswal K, Herndon E, Lopez-Guzman C, Spechler SJ, Souza RF. Acid 
Increases MAPK-Mediated Proliferation in Barret's Esophageal Adenocarcinoma Cells 
via Intracellular Acidification through a CI-/HC03- Exchanger. Am J Physiol Gastrointest 
Liver Physiol 2005. 

26. Fitzgerald RC, Omary MB, Triadafilopoulos G. Altered sodium-hydrogen exchange 
activity is a mechanism for acid-induced hyperproliferation in Barrett's esophagus. Am J 
Physiol 1998;275:G47-G55. 

27. Ouatu-Lascar R, Fitzgerald RC, Triadafilopoulos G. Differentiation and proliferation in 
Barrett's esophagus and the effects of acid suppression. Gastroenterology 

21 



1999; 117:327-335. 

28. El Serag HB, Aguirre TV, Davis S, Kuebeler M, Bhattacharyya A, Sampliner RE. Proton 
Pump Inhibitors Are Associated with Reduced Incidence of Dysplasia in Barrett's 
Esophagus. Am J Gastroenterol2004;99:1877-1883. 

29. Peters FT, Ganesh S, Kuipers EJ, Sluiter WJ, Karrenbeld A, Jager-Krikken A, 
Klinkenberg-Knol EC, Lamers CB, Kleibeuker JH. Effect of elimination of acid reflux on 
epithelial cell proliferative activity of Barrett esophagus. Scand J Gastroenterol 
2000;35:1238-1244. 

30. Umansky M, Yasui W, Hallak A, Brill S, Shapira I, Halpern Z, Hibshoosh H, Rattan J, 
Meltzer S, Tahara E, Arber N. Proton pump inhibitors reduce cell cycle abnormalities in 
Barrett's esophagus. Oncogene 2001 ;20:7987-7991. 

31. Haigh CR, Attwood SE, Thompson DG, Jankowski JA, Kirton CM, Pritchard DM, Varro 
A, Dimaline R. Gastrin induces proliferation in Barrett's metaplasia through activation of 
the CCK2 receptor. Gastroenterology 2003; 124:615-625. 

32. Abdalla Sl, Lao-Sirieix P, Novelli MR, Lovat LB, Sanderson IR, Fitzgerald RC. Gastrin
induced cyclooxygenase-2 expression in Barrett's carcinogenesis. Clin Cancer Res 
2004; 10:4 784-4 792. 

33. Streitz JM, Jr., Andrews CW, Jr., Ellis FH, Jr. Endoscopic surveillance of Barrett's 
esophagus. Does it help? J Thorac Cardiovasc Surg 1993; 105:383-387. 

34. Peters JH, Clark GW, Ireland AP, Chandrasoma P, Smyrk TC, DeMeester TR. Outcome 
of adenocarcinoma arising in Barrett's esophagus in endoscopically surveyed and 
nonsurveyed patients. J Thorac Cardiovasc Surg 1994;1 08:813-821. 

35. Corley DA, Levin TR, Habel LA, Weiss NS, Buffler PA. Surveillance and survival in 
Barrett's adenocarcinomas: a population-based study. Gastroenterology 2002;122:633-
640. 

36. Fountoulakis A, Zafirellis KD, Dolan K, Dexter SP, Martin IG, Sue-Ling HM. Effect of 
surveillance of Barrett's oesophagus on the clinical outcome of oesophageal cancer. Br J 
Surg 2004;91:997-1003. 

37. Shaheen NJ, Provenzale D, Sandier RS. Upper endoscopy as a screening and 
surveillance tool in esophageal adenocarcinoma: a review of the evidence. Am J 
Gastroenterol2002;97:1319-1327. 

38. Sampliner RE. Updated guidelines for the diagnosis, surveillance, and therapy of 
Barrett's esophagus. Am J Gastroenterol 2002;97: 1888-1895. 

39. Begg CB, Cramer LD, Hoskins WJ, Brennan MF. Impact of hospital volume on operative 
mortality for major cancer surgery. JAMA 1998;280:1747-1751. 

40. Rex DK, Cummings OW, Shaw M, Cumings MD, Wong RK, Vasudeva RS, Dunne D, 
Rahmani EY, Helper DJ. Screening for Barrett's esophagus in colonoscopy patients with 
and without heartburn. Gastroenterology 2003; 125: 1670-1677. 

22 



41. Zhang F, Altorki NK, Wu YC, Saslow RA, Subbaramaiah K, Dannenberg AJ. Duodenal 
reflux induces cyclooxygenase-2 in the esophageal mucosa of rats: evidence for 
involvement of bile acids. Gastroenterology 2001 ;121 :1391-1399. 

42. Livstone EM, Sheahan DG, Behar J. Studies of esophageal epithelial cell proliferation in 
patients with reflux esophagitis. Gastroenterology 1977;73:1315-1319. 

43. Jiang Y, Jahagirdar BN, Reinhardt RL, Schwartz RE, Keene CD, Ortiz-Gonzalez XR, 
Reyes M, Lenvik T, LundT, Blackstad M, Du J, Aldrich S, Lisberg A, Low WC, 
Largaespada DA, Verfaillie CM. Pluripotency of mesenchymal stem cells derived from 
adult marrow. Nature 2002;418:41-49. 

44. Okamoto R, Yajima T, Yamazaki M, Kanai T, Mukai M, Okamoto S, Ikeda Y, Hibi T, 
lnazawa J, Watanabe M. Damaged epithelia regenerated by bone marrow-derived cells 
in the human gastrointestinal tract. Nat Med 2002;8:1011-1017. 

45. Sarosi GA, Brown G, Jaiswal K, Lee E, Crook T, Souza R, Zou Y, Shay J, Spechler S.J. 
Reflux-Damaged Esophageal Epithelium Is Replaced by Cells Derived from the Bone 
Marrow in a Rat Model of Barrett's Esophagus. Gastroenterology 126[4], A-35. 2004. 

46. Tosh D, Slack JM. How cells change their phenotype. Nat Rev Mol Cell Bioi 2002;3:187-
194. 

47. Guillem PG. How to make a Barrett esophagus: pathophysiology of columnar metaplasia 
of the esophagus. Dig Dis Sci 2005;50:415-424. 

48. JOHNS BA. Developmental changes in the oesophageal epithelium in man. J Anat 
1952;86:431-442. 

49. van Baal J, Milano F, Buttar NS, Rygiel A.M., de Kart F, Bergman JJ, Wang KW, 
Peppelenbosch MP, Krishnadath KK. Bone morphogenetic protein (BMP)-4-mediated 
transformation of inflamed squamous esophageal mucosa into Barrett's esophagus. 
Gastroenterology 130, A-77. 2006. 

50. Silberg DG, Furth EE, Taylor JK, Schuck T, Chiou T, Traber PG. CDX1 protein 
expression in normal, metaplastic, and neoplastic human alimentary tract epithelium. 
Gastroenterology 1997;113:478-486. 

51. Silberg DG, Sullivan J, Kang E, Swain GP, Moffett J, Sund NJ, Sackett SD, Kaestner 
KH. Cdx2 ectopic expression induces gastric intestinal metaplasia in transgenic mice. 
Gastroenterology 2002; 122:689-696. 

52. Mutch H, Sakurai S, Satoh K, Osawa H, Hakamata Y, Takeuchi T, Sugano K. Cdx1 
induced intestinal metaplasia in the transgenic mouse stomach: comparative study with 
Cdx2 transgenic mice. Gut 2004;53:1416-1423. 

53. Beck F, Chawengsaksophak K, Waring P, Playford RJ, Furness JB. Reprogramming of 
intestinal differentiation and intercalary regeneration in Cdx2 mutant mice. Proc Natl 
Acad Sci US A 1999;96:7318-7323. 

54. Tatsuta T, Mukaisho K, Sugihara H, Miwa K, Tani T, Hattori T. Expression of Cdx2 in 

23 



early GRCL of Barrett's esophagus induced in rats by duodenal reflux. Dig Dis Sci 
2005;50:425-431. 

55. Wong NA, Wilding J, Bartlett S, Liu Y, Warren BF, Piris J, Maynard N, Marshall R, 
Bodmer WF. CDX1 is an important molecular mediator of Barrett's metaplasia. Proc Natl 
Acad Sci US A 2005;102:7565-7570. 

56. Phillips RW, Frierson HF, Jr., Moskaluk CA. Cdx2 as a marker of epithelial intestinal 
differentiation in the esophagus. Am J Surg Pathol 2003;27:1442-1447. 

57. Moons LM, Bax DA, Kuipers EJ, van Dekken H, Haringsma J, Van Vliet AH, Siersema 
PO, Kusters JG. The homeodomain protein CDX2 is an early marker of Barrett's 
oesophagus. J Clin Pathol2004;57:1063-1068. 

58. Marchetti M, Caliot E, Pringault E. Chronic acid exposure leads to activation of the cdx2 
intestinal homeobox gene in a long-term culture of mouse esophageal keratinocytes. J 
Cell Sci 2003;116:1429-1436. 

59. Oberg S, Johansson J, Wenner J, Walther B. Metaplastic columnar mucosa in the 
cervical esophagus after esophagectomy. Ann Surg 2002;235:338-345. 

60. Franchimont D, Covas A, Brasseur C, Laethem JL, El Nakadi I, Deviere J. Newly 
Developed Barrett's Esophagus after Subtotal Esophagectomy. Endoscopy 
2003;35:850-853. 

61. O'Riordan JM, Tucker ON, Byrne PJ, McDonald GS, RaviN, Keeling PW, Reynolds JV. 
Factors influencing the development of Barrett's epithelium in the esophageal remnant 
postesophagectomy. Am J Gastroenterol 2004;99:205-211. 

62. Vaezi MF, Richter JE. Role of acid and duodenogastroesophageal reflux in 
gastroesophageal reflux disease. Gastroenterology 1996; 111:1192-1199. 

63. Souza RF, Shewmake KL, Shen Y, Ramirez RD, Bullock JS, Hladik CL, Lee EL, Terada 
LS, Spechler SJ. Differences in ERK Activation in Squamous Mucosa in Patients Who 
Have Gastroesophageal Reflux Disease with and without Barrett's Esophagus. Am J 
Gastroenterol 2005; 100:551-559. 

64. Ali I, Rafiee P, Hogan WJ, Jacob HJ, Komorowski RA, Haasler GB, Shaker R. Dickkopf 
homologs in squamous mucosa of esophagitis patients are overexpressed compared 
with Barrett's patients and healthy controls. Am J Gastroenterol 2006; 101:1437-1448. 

24 


