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Abstract: 
AIM: To compare the sensitivity and specificity of CDX2 and alcian blue (AB) pH2.5 staining in identifying esophageal intestinal metaplasia.

METHODS: One hundred and ninty-nine biopsies from 186 patients were retrospectively reviewed and categorized as Barrett’s esophagus (BE) (n = 108); non-Barrett’s esophagus (NBE) (n = 48); columnar blue cells (CB) and esophageal glands (EG) (n = 43). The biopsies were stained with AB and immunostained for CDX2 using a mouse monoclonal antibody from Biogenex (clone CDX2-88) and the Ventana Discovery X automated immunostainer. The positive and negative predictive value of each group was used to determine the predictive power of CDX2 and AB in diagnosing intestinal metaplasia.

RESULTS: All of the 108 BE biopsies (100%) were positive for AB and 102 of them (94.4%) were positive for CDX2. The six BE patients (5.6%) who failed to stain with CDX2 were found to have lost the focus of intestinal metaplasia upon deeper sectioning for immunostaining. Both AB and CDX2 were negative in 43 out of 48 (89.6%) NBE cases. Five NBE patients (10.4%) were falsely positive for AB due to the presence of EG and CB in these biopsies. These cases were all CDX2 negative. In addition, 5 AB negative NBE were found to be CDX2 positive. Based on these results the CDX2 immunostain had similar sensitivity but higher specificity (100% vs ~91%) than AB in detecting intestinal type metaplasia in these samples. Our data shows that CDX2 has a better PPV in detecting intestinal metaplasia as compared to AB (95.6% vs 71.5%, respectively).
CONCLUSION: CDX2 has a better positive predictive value than AB in detecting intestinal metaplasia. CDX2 may be useful when challenged by gastro-esophageal biopsies containing mimikers of BE.
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Core tip: Our data show that the use of CDX2 immunostain in biopsies performed to rule out esophageal intestinal metaplasia (Barrett esophagus) has the advantage of discriminating between Barrett’s esophagus and esophageal glands. The latter is typically strongly positive for alcian blue (AB) pH2.5 but negative for CDX2. CDX2 also discriminates between BE and columnar blue cells which are also positive for AB. Our data shows that CDX2 has a better positive predictive value in detecting intestinal metaplasia as compared to AB (95.6% vs 71.5% respectively). These results support the utility of CDX2 stain in the correct diagnosis of Barrett esophagus.
Johnson DR, Abdelbaqui M, Tahmasbi M, Mayer Z, Lee HW, Malafa MP, Coppola D. CDX2 protein expression compared to alcian blue staining in the evaluation of esophageal intestinal metaplasia. World J Gastroenterol 2014; In press
INTRODUCTION
In 2014 there were an estimated 18170 cases of esophageal cancer in the United States and 15450 deaths, highlighting the importance of cancer prevention and of early detection of precursor lesions[1]. As such, the timely and accurate evaluation of esophageal biopsies for evidence of premalignant change such as intestinal metaplasia is an integral component of upper GI tract cancer surveillance and patient management. When identified Barrett’s metaplastic changes warrant continued surveillance which involves ongoing histopathologic review of new biopsies over time and their comparison to previous biopsies for evidence of progression[2]. Even when the lesion of interest has been accurately biopsied, subsequent histologic examination can be challenging due to the small size of the biopsy as well as technical artifacts which may distort tissue morphology. In addition, the presence of esophageal glands (EG) and of columnar blue cells (CB) are known mimikers of Barrett’s esophagus (BE) which stain strongly positive for AB and be the source of false positive BE. 

Therefore, reliable, highly sensitive and specific tissue biomarkers of premalignant change can be crucial for diagnostic decision making, thereby maximizing the potential for early therapeutic intervention and positively impacting clinical outcomes. The specificity of CDX2 Immunohistochemistry in the setting of intestinal metaplasia is well known[3]. As such CDX2 should offer significant advantages over conventional AB staining in the diagnostic work-up of esophageal biopsies. 
CDX2 is a homeobox transcription factor and member of the caudal-related family of CDX homeobox genes whose expression in mouse intestine was originally identified and characterized by James et al[4,5] some 20 years ago. Throughout the gastrointestinal tract, it is expressed in the epithelium distal to the stomach during both embryological development as well as during adult life playing a role in stem cell differentiation[4,6,7].  
In the esophagus CDX2 is expressed in the setting of columnar intestinal metaplasia consistent with its role in development and a finding that can be exploited diagnostically. Indeed, esophageal CDX2 expression has been associated with columnar metaplasia both with and without intestinal metaplasia, and it has been speculated that its expression can even precede metaplastic change[8]. Further in the progression to adenocarcinoma CDX2 has also been shown to undergo down regulation, similar to that of a “tumors suppressor gene”, supporting its mechanistic role in carcinogenesis and its diagnostic role in the identification of metaplastic precancerous epithelium. As such CDX2 is not merely a surrogate of esophageal adenocarcinoma risk but a direct tissue biomarker capable of identifying the precursor lesion of Barrett’s esophageal adenocarcinoma[9]. 
In this study, we tested the value of CDX2 immuno stain in distinguishing true intestinal metaplasia when challenged by the presence of false alcian blue positive columnar blue cells and esophageal glands in small biopsies. 
MATERIALS AND METHODS
Subjects
This study was approved by the Institutional Review Board at the Moffitt Cancer Center.

We retrospectively studied all patients, between the ages of 18-85 years, who underwent upper endoscopy to rule out Barrett’s at the Florida Digestive Health Specialists and at the Moffitt Cancer Center over a 12 mo period. 199 biopsies from 186 patients were studied. The patients had a median age of 61.7 years (ranged from 34 to 85), 117 were male and 69 were female.

In this study BE was defined as the presence of goblet cells by HE staining which also showed AB reactivity. CB were defined as nongoblet columnar epithelial cells that were also alcian blue positive. EG were identified by HE staining and AB as well. The designation non-Barrett’s esophagus (NBE) refers to those cases that did not show evidence of goblet cells by HE staining and AB staining. All of the specimens were preserved in 10% buffered formalin prior to embedding in paraffin.
The HE stain biopsies slides and the corresponding AB stains, previously done, were reviewed and the cases were categorized as follows: 108 biopsies with histologically evident goblet cells (BE), 48 biopsies without histologic evidence of goblet cells (NBE), 43 biopsies containing EG, and CB. These cases were then stained for CDX2 following manufacturer recommendations. 
Immunohistochemistry

The tissues were stained for CDX2 using a mouse monoclonal antibody against CDX2 (Clone CDX2-88, Biogenex, Fremont, CA) at a 1:5 dilution (incubation at 31℃, 32 min), using the Ventana automated immunostainer Discovery XT (Ventana Medical Systems Inc. Tucson, Arizona). 

The slides were dewaxed by heating at 55 ℃ for 30 min and by 3 washes, 5 mineach with xylene. Tissues were rehydrated by a series of 5-min washes in 100%, 95% and 80% ethanol and distilled water. Endogenous peroxidase activity was blocked with 3% hydrogen peroxide for 20 min. After blocking with universal blocking serum (Ventana Medical Systems Inc., Tucson, Arizona) for 30 min, the samples were incubated with the primary antibody at 4 ℃ overnight. The samples were then incubated with biotin-labeled secondary antibody and streptavidin-horseradish peroxidase for 30 mineach (Ventana Medical Systems). The slides were developed with 3, 3’-diaminobenzidine tetrahydrochloride substrate (Ventana Medical Systems Inc.) and counterstained with hematoxylin (Ventana Medical Systems Inc. Tucson, Arizona). The tissue samples were dehydrated and coversliped. Standard cell conditioning (following the Ventana proprietarian recommendations) was used for antigen retrieval. The specificity of the anti-CDX2 antibody was reported by the manufacturer. Negative control was included by using non immune mouse sera and omitting the CDX2 antibody during the primary antibody incubation step.

Immunohistochemistry data analysis

The CDX2 stained samples were examined by two independent observers (DC and MA), and a consensus score was reached for each sample. The positive reaction of CDX2 was scored as positive if any glandular cell nucleus stained.  

Statistical analysis

The positive and negative predictive value of each group was calculated. The PPV and NPV were used to determine the predictive power of CDX2 vs AB in determining the accurate diagnosis of intestinal metaplasia. 
RESULTS
We reviewed a total of 199 esophago-gastric biopsies from 186 patients. The results are summarized in Table 1 below. All of the 108 BE biopsies (100%) were positive for AB and 102 of them (94.4%) were positive for CDX2 (Figure 1 A, B and C). The 6 BE patients (5.6%) who failed to stain with CDX2 were determined, in fact, to have lost the focus of intestinal metaplasia upon deeper sectioning for immunostaining (i.e. false negative CDX2 signal due to tissue loss). Forty-three out of 48 (89.6%) NBE cases were negative for both AB and CDX2. Five NBE patients (10.4%) were falsely positive for AB. This false positive AB stain was attributed to the presence of EG and CB in these biopsies. Each of these five false positives (100%) were consistently negative for CDX2 confirming the absence of BE in these cases (Figures 2 A, B and 3 A, B). In addition, 5 NBE cases (AB negative) resulted positive for CDX2 (Figure 4 A, B).
Our data shows that CDX2 has a better PPV in detecting intestinal metaplasia as compared to AB (95.6% vs 71.5%, respectively). 

DISCUSSION
The results of this study provide further evidence that CDX2 immunostain is a sensitive and specific maker for intestinal metaplasia in the esophagus and that it offers significant advantages, over conventional AB staining, in the detection of BE on esophageal biopsies.
The identification of goblet cells is a prerequisite for the diagnosis of BE which the American College of Gastroenterology defines as “a change in the distal esophageal epithelium of any length that can be recognized as columnar type mucosa at endoscopy and is confirmed to have intestinal metaplasia by biopsy”[10]. One of the roles of the pathologists when dealing with an esophago-gastric biopsy is to identify the intestinal metaplasia. The other is to identify and to grade dysplasia. In questionable cases, or when dealing with small biopsies, it is customary for the pathologists to obtain a special stain for AB that highlights the intracytoplasmic acidic mucin of goblet cells, the marker for intestinal metaplasia. However, the presence of esophageal glands (EG) and of columnar blue cells (CB)[12,13] are known mimikers of BE and stain strongly positive for AB. Both EG and CB may make the interpretation of small biopsies problematic and be the source of false positive BE.
Several aspects of CDX2 make it a particularly good tissue biomarker in the evaluation of premalignant lesions in the esophagus[14-17]. This marker has been consistently reported in gastric intestinal metaplasia and in intestinal type gastric adenocarcinomas[18-21] while it is not expressed in normal esophageal and gastric epithelial cells[22-24] are CDX2 negative.. As a transcription factor, CDX2 shows a nuclear immunostaining pattern. In practice, nuclear expression of transcription factors offers several distinct advantages over cytoplasmic “differentiation” markers. In our experience, transcription factors generally yield an “all or none” signal, with the vast majority of positive cases and the nuclear localization of the signal is much less likely to be confused with biotin or other sources of false-positive cytoplasmic signals.
Prior studies have reported CDX2 expression in BE[25,26]. In this survey, CDX2 was a highly sensitive and specific tissue biomarker for intestinal type metaplasia (BE), equivalent to that of AB staining with regard to sensitivity and superior to AB in terms of specificity (AB alone ~91% specific as there were 5 false positive NBE biopsies with AB alone all of which were correctly identified with CDX2 when the biopsy evaluations were performed controlling for: (1) the integrity of the tissue when deeper sections are cut for immunostaining to ensure that focal intestinal metaplasia seen on HE STAINING is not lost in the recuts; and (2) the recognition EG and or CB in the biopsies. 
Overall, the positive predictive value in detecting intestinal metaplasia for CDX2 was 95.6% and for AB it was 71.5%. Thus, the adjunct of CDX2 immunostaining can significantly assist in the correct evaluation of esophago-gastric biopsies performed to rule out intestinal metaplasia.
Moving forward, the positive CDX2 stain in 5 NBE cases is intriguing and may indicate the early detection of BE by CDX2. This finding as been observed also by others[8] suggesting that CDX2 positivity in esophageal columnar mucosa may be detectable prior to goblet cells. The clinical implications of this finding require further investigation. 
In conclusion, our study further supports the use of CDX2 immuno stain as a useful marker in the diagnosis of Barrett’s esophagus. The stain proves to be particularly useful especially in situations where the pathologist is challenged by small biopsies containing mimikers of Barrett’s esophagus CB and/or EG.
COMMENTS
Background 

In 2014 there were an estimated 18170 cases of esophageal cancer in the United States and 15450 deaths, highlighting the importance of cancer prevention and of early detection of precursor lesions. Esophageal cancer surveillance and patient management relies heavily on the accurate evaluation of esophageal biopsies for evidence of premalignant change such as intestinal metaplasia. In the histological examination of esophageal biopsies, it is essential to identify columnar metaplasia particularly intestinal type (Barrett’s esophagus, BE), a known precursor of adenocarcinoma of the esophagus, the most common type of esophageal cancer. 

Research frontiers
This task can be challenging on small biopsies. When columnar metaplasia has an intestinal phenotype as evidenced by the presence of goblet cells, the alcian blue (AB) pH 2.5 staining can be helpful. However, AB lacks specificity as non-metaplastic, mucin containing esophageal glands and non-goblet columnar cells (columnar blue cells, CB) also stain positive. Another marker that correlates with intestinal metaplasia in the esophagus is CDX2, a transcription factor normally found in the intestine but which is also expressed in the esophagus undergoing intestinal metaplasia. It has been suggested that CDX2 may offer significant advantages over AB staining. With this study we provide further evidence supporting the utility of CDX2 staining in the diagnosis of esophageal intestinal metaplasia as compared to conventional AB staining.

Innovation and breakthroughs

The identification of goblet cells is a prerequisite for the diagnosis of BE which the American College of Gastroenterology defines as “a change in the distal esophageal epithelium of any length that can be recognized as columnar type mucosa at endoscopy and is confirmed to have intestinal metaplasia by biopsy”. One of the roles of the pathologists when dealing with an esophago-gastric biopsy is to identify the intestinal metaplasia. The other is to identify and to grade dysplasia. In questionable cases or when dealing with small biopsies, it is customary for the pathologists to obtain a special stain for AB that highlights the intracytoplasmic acidic mucin of goblet cells, the marker for intestinal metaplasia. However, the presence of esophageal glands (EG) and of columnar blue cells (CB) are known mimikers of Barrett’s esophagus which stain strongly positive for AB. They may make the interpretation of small biopsies problematic and be the source of false positive BE.  

Applications
Our data shows that CDX2 has a better positive predictive value than AB in detecting intestinal metaplasia (95.6% vs 71.5%, respectively). CDX2 may be useful when challenged by small gastro-esophageal biopsies containing mimikers of BE. 

Terminology

BE is a metaplastic process induced by gastric acid peptic content, eroding the esophageal squamous mucosa and it is characterized by the presence of goblet cells. AB is a special stain highlighting the acidic (intestinal type) mucin contained in BE. CDX2 is a homeobox transcription factor and member of the caudal-related family of CDX homeobox genes and it is expressed in the epithelium distal to the stomach during both embryological development as well as during adult life. In the esophagus CDX2 is expressed in the setting of columnar intestinal metaplasia.

Peer review

This is a good retrospective study in which the authors analyzed the sensitivity and specificity of CDX2 immunostain in the diagnosis of BE, as compared to conventional AB stain. The reults are interesting and show that CDX2 is more specific than AB in identifying BE, avoiding false positive diagnoses of BE. This is important has it affects patient care. 
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Figure 1 An example of Barrett mucosa showing numerous goblet cells (A) which are      

positive for alcian blue pH2.5 stain (B) and CDX2 (C). Magnification × 200.
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Figure 2 Biopsy showing glands with columnar blue cells on the alcian blue pH2.5 staining (A) while the same cells are negative when stained with CDX2 (B). Magnification × 200.
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Figure 3 Image of esophageal glands with associated esophageal gland ducts (A) strongly positive for alcian blue pH2.5 staining (B) but are negative for CDX2 (C). Magnification × 200.
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Figure 4 Esophago-gastric mucosa showing negativity for intestinal metaplasia on the alcian blue pH2.5 staining (A), but strong positivity on the CDX2 immunostain (B). Magnification × 200.
Table 1 CDX2 and alcian blue pH2.5 staining in in detecting intestinal metaplasia
	Pathology1
	Alcian blue 
	CDX2 

	BE, 108 biopsies

	Positive, 108 (100%)
	Positive 102 (94.4%)2

	NBE, 48 biopsies

	Negative, 43 (89.6%), Positive, 5 (10.4%)3
	Negative 43, (89.6%), Positive 5 (10.4%)4

	EG/CB, 43 biopsies
	Positive, 43 (100%)
	Negative 43 (100%)



1199 total biopsies from 186 patients; 26 BE biopsies lost focal intestinal metaplasia upon deeper sectioning for CDX2 immunohistochemistry; 310.4% “false positives”, determined to be negative for CDX2 staining; 4 Five of NBE biopsies tested positive for CDX2. BE: Barrett’s esophagus; NBE: Non-Barrett’s esophagus; EG: Esophageal glands; CB: Columnar blue cells.
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