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Abstract 
Background: Patients with Barrett’s esophagus have an increased risk of developing esophageal 
adenocarcinoma. Our purpose was to determine CDX2 expression in esophageal mucosa and es-
tablish a correlation between this marker and the progression of disease. Methods: We analyzed 
biopsies and surgical specimens from 150 patients who were divided into five groups according to 
histopathological diagnosis: G1, normal mucosa (n = 29); G2, esophagitis (n = 19); G3, columnar 
epithelium without intestinal metaplasia (n = 26); G4, Barrett’s esophagus (n = 32), and G5, ade-
nocarcinoma (n = 44). Immuno-histochemical determination of CDX2 expression was considered 
positive in the presence of nuclear staining. Results: No CDX2 expression was detected in the G1 or 
G3 groups; 5% of G2, 62.5% of G4 and 70.5% of G5 patients were CDX2 positive. There was a sta-
tistically significant difference between the G4 and G5 groups compared to the G1, G2 and G3 (p < 
0.05). Conclusions: CDX2 expression was observed among patients with Barrett’s esophagus and 
adenocarcinoma compared to other groups. CDX2 was not expressed in the phases preceding 
Barrett’s esophagus, but there was no linear correlation between CDX2 expression and metapla-
sia-adenocarcinoma progression. 
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1. Introduction 
Barrett’s esophagus (BE), defined as the presence of columnar epithelium in the distal esophagus showing spe-
cialized intestinal metaplasia (IM), is related to gastric acid and/or duodenal reflux [1]-[5], and is directly asso-
ciated with the intensity and duration of gastro esophageal reflux disease (GERD), indicating an adaptive re-
sponse of the mucosa to the damage caused by the reflux [6]. Additionally, BE predisposes patients to esopha-
geal adenocarcinoma (EA) 30 to 125 times more frequent than in the normal population, with an average cancer 
risk of 0.5% per year [7]-[9]. EA is a gastrointestinal malignancy with a high mortality rate and a 5-year survival 
rate of approximately 11%. Metaplastic columnar epithelium may undergo morphological changes and develop 
into dysplasia, which is the main biological marker of progression to EA [10] [11]. Thus, the identification of a 
marker to detect intestinal differentiation and progression to EA would have significant clinical importance and 
cast some light on early diagnosis and prognosis of those patients.  

The CDX2 gene belongs to the homeobox family and acts at the initial differentiation and maintenance of in-
testinal epithelial cells, as well as the structural formation of multiple layers with microvilli [12]. Initially, 
CDX2 expression was found in large and small bowel [13], strongly and diffusely expressed in the nucleus of 
small and large intestinal epithelial cells, including absorptive cells, goblet cells, endocrine cells and Paneth 
cells. In pancreatic epithelium, however, CDX2 exhibits a focal expression [14]. Esophageal and gastric epi-
thelial cells do not express CDX2, although CDX2 expression has been observed in esophageal and gastric IM 
[13] [15]-[19]. 

Based on these observations, and given the limitations of conventional histological analysis of esophageal bi-
opsies in determining the prognosis of the progression of BE to EA, the aim of the present study was to assess 
the expression of CDX2 in the esophageal mucosa from patients presenting with GERD, BE and EA, by imuno- 
histochemical analysis. We also sought to determine the potential of CDX2 as an early marker of progression 
from GERD to EA. 

2. Patients and Methods 
2.1. Patients 
We retrospective analyzed upper endoscopy (UE) biopsies and esophagectomy specimens from patients with 
GERD symptoms or EA, 30 years old or older, from 2 university hospitals from southern Brazil. All patients 
were treated between January 2001 and December 2005. Clinical information was obtained by clinical records 
analysis, with patient’s identities preservation. 

The following inclusion criteria were used for the study: 1) the presence of GERD-related symptoms, such as 
pyrosis and/or regurgitation, at least once a week, with ether normal mucosa, esophagitis or columnar mucosa 
detected by UE and biopsy with or without intestinal metaplasia; 2) diagnosis of EA or adenocarcinoma of the 
gastroesophageal junction (Siewert types I or II) [20].  

The exclusion criteria were the following: 1) intestinal metaplasia on esophageal biopsy, but without endos-
copic visualization of the columnar mucosa; 2) intestinal metaplasia of the cardia; 3) paraffin blocks with insuf-
ficient material; 4) previous oncological treatment; 5) subcardiac adenocarcinomas of the gastroesophageal 
junction (Siewert type III); 6) antireflux surgery prior to esophageal biopsy in patients with BE. 

After review of clinical data and histopathology reports, patients were classified into 5 groups: group 1 
(GERD, with normal esofagela mucosa), group 2 (esophagitis), group 3 (columnar epithelium without intestinal 
metaplasia), group 4 (BE) and group 5 (EA). 

Endoscopic biopsies were performed by the same endoscopist, and followed the Seattle protocol [21]. The 
sample size was calculated based on an absolute difference of 40% between the groups, a power of 80%, and a 
significance level of 0.05. A minimum of approximately 22 individuals was determined to be necessary for each 
group. 

2.2. Histological Analysis 
Tissue samples were fixed in formalin 10%, stained with Hematoxylin-Eosin (H&E) and Alcian blue at pH 2.5 
and submitted to histological analysis. The following diagnostic criteria modified from Paull et al. [22] were 
used for tissue analysis: 

1) Normal squamous epithelium: no signs of reflux esophagitis, including absence of hyperplasia of basal 
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cells >20% of epithelial thickness, in addition to the absence of intraepithelial eosinophils. Absence of infectious, 
dysplastic or neoplastic lesions on biopsy. 

2) Cardiac mucosa: simple columnar epithelium formed only by mucous cells without parietal or goblet cells. 
3) Oxyntocardiac mucosa: columnar epithelium containing a mix of glands, some constituted only by mucoid 

cells and some by major and parietal cells. Absence of goblet cells. 
4) Intestinal metaplasia (BE): columnar epithelium with clearly defined goblet cells by H&E. Alcian-blue at 

pH 2.5 was used to confirm H&E findings.  
5) Adenocarcinoma: detection of invasion of atypical glands into the lamina propria or into the submucosal 

layer.  
Two blinded pathologists separately analyzed histologic samples. The esophageal biopsy or the EA fragment 

that best represented the changes was selected for immuno-histochemical analysis. 

2.3. Immuno-Histochemical Analysis 
Staining for CDX2 protein was performed by incubating samples with primary antibody (NOVOCASTRA, 
mouse monoclonal antibody; NCL-CDX2; clone AMT28; diluted 1:100) for 15 hours at 4˚C. The streptavidin- 
biotin complex was used for identification of the primary antibody, and diaminobenzidine-tetrahydrochloride 
was used as chromogen. Hematoxylin was used for counterstaining. Normal colon biopsy with and without an-
tibody was used for positive and negative controls, respectively. Two independent and blinded pathologists ana-
lyzed samples. In cases of disagreement, the final score was reached by consensus. Samples were considered 
CDX2-positive if any amount of epithelial cells exhibited stained nuclei, as described by Groisman et al. [12] 
[23]. 

2.4. Statistical Analysis 
Pearson’s chi-square test or Fisher’s exact test, if necessary, were used to compare groups. For multiple com-
parisons, we used the partitioned chi-square test and chi-square test for linear trend. The kappa coefficient was 
used for interobserver agreement. Statistically significant difference was considered for P < 0.05. The analysis 
was conducted using SPSS for Windows version 12.0 (IBM Corp., USA). 

3. Results 
3.1. Patients 
Were initially enrolled 175 patients, with 25 patients posteriorly excluded: 7 cases of intestinal metaplasia of the 
cardia (absence of columnar mucosa on UE), 5 cases of subcardiac adenocarcinoma of the gastroesophageal 
junction (Siewert type III), and 13 cases due to insufficient material. From 150 patients finally analyzed, 29 had 
normal esophageal mucosa, 19 had esophagitis, 26 showed columnar epithelium without intestinal metaplasia, 
32 had BE and 44 had EA. 

Table 1 shows patients’ demographic data. The patient group consisted of 89 males and 61 females, with an 
average age of 59 years (range of 30 - 97 years). There was statistically significant difference in age between the 
normal UE group and the other groups (P < 0.01). Male predominance was observed in groups 4 and 5 (P < 
0.05). 

3.2. Upper Endoscopy Findings 
The extension of columnar epithelium in patients with BE was 5.29 ± 3.39 cm. Patients with short Barrett’s 
esophagus (extension < 3 cm) accounted for 23.8% of the patients with BE, whereas patients with long Barrett’s 
esophagus (extension > 3 cm) accounted for 76.2%. Hiatal hernia was present in 90% of patients with BE, with 
an average size of 2.95 ± 1.9 cm (mean ± SD). 

3.3. Histologic Analysis 
Figure 1 shows the pattern of immuno-histochemical staining for CDX2. No patient in the normal group was 
positive for CDX2 expression, and 5% of patients from the esophagitis group were CDX2-positive. None of the 
26 patients with esophageal columnar epithelium without intestinal metaplasia were CDX2-positive, compared  
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Table 1. Demographic characteristics from patients.                                                             

 Group 1 
n = 29 

Group 2 
n = 19 

Group 3 
n = 26 

Group 4 
n = 32 

Group 5 
n = 44 

Total 
n = 150 Statistics 

Age (mean ± SD) 47.6 ± 12.6 61.9 ± 12.1 57.9 ± 17.5 58.8 ± 11.6 66.2 ± 10.36 59.0 ± 14.1 P = 0.01* 

Male n (%) 
Female n (%) 

7 (24.1) 
22 (75.9) 

11 (57.9) 
8 (42.5) 

16 (61.5) 
10 (38.5) 

23 (71.9) 
9 (28.1) 

32 (72.7) 
12 (27.3) 

89 (59.6) 
61 (40.4) 

P < 0.05** 

CDX2 positive (n) 0 1 0 20 31 52 P < 0.05§ 
*Younger patients in group 1. **Male predominance in groups 4 and 5. §Statistically significant difference between groups 4 and 5 compared to groups 
1, 2 and 3 (P < 0.05). 
 

 
Figure 1. Imuno-histochemical determination of CDX2 expression. (a) Barrett’s esophagus without CDX2 expression 
(400×); (b) Barrett’s esophagus expressing CDX2 (200×); (c) Adenocarcinoma expressing CDX2 (200×). Arrows point to 
cell nuclei positive for CDX2.                                                                               
 
to 20 (62.5%) out of the 32 patients from BE group who were positive for CDX2. Out of 44 patients from EA 
group, 31 were positive for CDX2 (70.5%). 

Comparative analysis of the results from CDX2 expression revealed a statistically significant difference be-
tween groups 4 and 5 and groups 1, 2 and 3 (P < 0.05). No statistically significant difference between the BE 
and EA groups was observed. Figure 2 shows the distribution of CDX2 expression in different groups. 

Although the frequency of CDX2 expression increased from 0%, 5% and 0% in groups 1 - 3 to 62.5% and  
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Figure 2. CDX2 expression in patients from different groups. *Statistically significant 
difference between groups 4 and 5 compared to groups 1, 2 and 3 (P < 0.05).              

 
70.5% in groups 4 and 5, with the use of Fisher’s exact test, no progressive linear trend towards positive CDX2 
expression was observed in the progression from esophagitis to BE to EA in our study. 

The presence of CDX2 was not associated with the presence of hiatal hernia or the size of BE (data no shown). 
At EA group, tumor was moderately differentiated in 65% of patients, and no statistically significant correlation 
was found between CDX2 and the degree of tumor differentiation (data not shown). 

The interobserver agreement was tested by the kappa coefficient, which corresponded to 0.97 with a statistical 
significance of P < 0.001 when CDX2 expression by immuno-histochemical analysis is taken into consideration; 
this shows a high agreement between the observers in the present study. 

4. Discussion 
BE is a major risk factor for EA [13]. In those cases, GERD progresses with esophagitis followed by BE and 
dysplasia in progressive degrees, until the eventual development into EA. Consequently, the identification of a 
marker for intestinal differentiation in the absence of goblet cells would be of paramount clinical importance to 
the early diagnosis of disease progression [24]. The present study assessed CDX2 as a marker of different epi-
thelia at the distal esophagus in GERD patients, by immunohistochemical analysis, and found statistically sig-
nificant higher expression of CDX2 in Barrett’s esophagus and adenocarcinoma, compared with normal mucosa, 
esophagitis and columnar epithelia without intestinal metaplasia. 

We decided to use immunohistochemistry since it has been increasingly used to investigate CDX2 expression. 
Although less expensive than protein chain reaction (PCR) and easily reproducible, this method requires expe-
rienced pathologists due to interobserver variability, as it uses qualitative criteria. Also, specimen collection by 
esophageal biopsy was preferred, as this technique is easy to perform and is part of the assessment protocol of 
GERD patients. In addition, we employed the Seattle protocol for esophageal biopsy to minimize the variability 
of columnar epithelium biopsies or loss of a possible area with IM [21].  

Previous studies have documented the immunohistochemical expression of CDX2 in esophagus [12] [23]. 
Also, CDX2 expression was determined by PCR in different esophageal epithelia [25]. In a study published by 
Eda et al. in 2003, 15 patients (34 biopsies) with BE, esophagitis and normal esophageal mucosa were assessed 
by immunohistochemistry and PCR. CDX2 expression was positive in 100% of patients with BE and in 67% of 
cases of esophagitis. CDX2 was not detected in the normal esophageal epithelium cases. This was the first study 
that showed positive CDX2 expression in BE and in esophagitis, and the authors considered the possibility of 
CDX2 expression as an early event in progression to BE [14].  

Additionally, a study directed to evaluate the regression of BE with proton pump inhibitors treatment showed 
that, in patients with lower degree of CDX2 expression, together with other markers, the chance for reversibility 
of BE was higher [26]. This study corroborates the role of CDX2 in esophageal epithelial pathologic differentia-
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tion and suggests biomarkers could predict the reversibility of this process. 
Despite certain limitations, our study was conducted with a great number of patients, reinforcing the feasibil-

ity of imuno-histochemical detection of CDX2 in clinical practice, to evaluate pathologic differentiation of eso-
phageal mucosa. Our results presented over 70% of the EA cases with CDX2-positive biopsies. It has been dif-
ficult to prove whether BE was present before EA in these cases, since most of EA cases are at an advanced 
stage and the area of the peritumoral mucosa is usually compromised by the neoplasm. However, the presence of 
CDX2 in EA in a frequency statistically similar to those patients with BE raises the possibility to suggest that 
those cases of EA with CDX2 positive biopsies progressed from BE.  

It also should be noted that none of the patients with columnar epithelium without metaplasia were CDX2- 
positive. The hypothesis that CDX2 could be an early marker to select a subset of patients with greater risk for 
BE, was not confirmed by our results. Further studies, with follow-up of GERD patients, could determine if a 
subgroup of patients with columnar epithelium in distal esophagus will express CDX2 before the conventional 
histologic detection of intestinal metaplasia with goblet cells. 

5. Conclusion 
We demonstrated that CDX2 is present in UE biopsies from patients with BE and EA, reinforcing the possibility 
of its use as an imuno-histochemical marker. The employment of diagnostic methods (e.g. high-resolution en-
doscopy) that can better define suspected areas in the columnar mucosa might enhance the sensitivity of assess-
ment of these biopsies and perhaps shed some light upon this controversy. Moreover, our study supports the 
possible role of CDX2 in esophageal carcinogenesis, encouraging further clinical and experimental studies using 
this molecular marker.  
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