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Abstract

Barrett's esophagus (BE) is defined by the presence of metaplastic esophageal columnar epithelium

with goblet cells within endoscopically recognizable areas of the esophagus. However, some

carcinomas in BE, or from the GEJ region, develop within mucosa devoid of goblet cells. However,

the biological properties, pathogenesis, and risk of malignancy of metaplastic, esophageal non-goblet

columnar epithelium, is, essentially, unknown. In this study, 89 patients with metaplastic esophageal

columnar epithelium were evaluated immunohistochemically for markers of intestinal

differentiation, such as MUC2, DAS-1, Villin, and CDX2, a marker of gastric differentiation

(MUC5AC), and Ki67, a marker of cell proliferation. Of the 89 patients, 59 had columnar metaplasia

with goblet cells (BE), which were further separated into low density goblet cell and high density

goblet cell groups based on the percentage of crypts with goblet cells, and 30 patients had columnar

metaplasia of the esophagus without goblet cells. As controls, gastric biopsies from 19 age and sex

matched patients without esophageal or gastric pathology were used. The rate of positivity of the

markers and the location of Ki67 staining was evaluated only in non-goblet columnar epithelium

from all patient groups. Patients with metaplastic esophageal columnar epithelium without goblet

cells showed positivity for MUC5AC, MUC2, DAS-1, Villin, and CDX2 in 100%, 0%, 30%, 70%,

and 43% of cases, respectively. 17% of cases showed aberrant surface Ki67 positivity. These values

were significantly higher than gastric controls, which showed absence of staining for all markers

except MUC5AC (100%). In patients with metaplastic esophageal columnar epithelium with goblet

cells (BE) a significant increased rate of staining was observed for all markers, except MUC5AC. In

addition, both MUC2 and surface Ki67 staining were significantly increased in BE patients with high

density goblet cells versus those with low-density goblet cells. In a separate analysis in which

metaplastic esophageal non-goblet epithelium was evaluated in areas of mucosa devoid of goblet

cells compared to areas of mucosa with goblet cells, from patients who had goblet cells elsewhere

in the mucosa (N=59), no significant differences were observed with regard to the percentage of
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cases that stained with any of the markers in the non-goblet epithelium in areas devoid of goblet cells,

similar to the patient group with metaplastic esophageal epithelium without goblet cells (N=30).

Similar to above, in all cases, expression of intestinal markers increased in areas of mucosa adjacent

to goblet cells. This study provides evidence that metaplastic esophageal columnar epithelium

without goblet cells shows phenotypic evidence of intestinal differentiation and supports the theory

that squamous epithelium converts initially to non-goblet columnar epithelium prior to goblet cell

metaplasia. Further prospective studies are needed to evaluate the pathogenetic sequence, natural

history, and risk of malignancy of metaplastic esophageal non-goblet epithelium.

Introduction

Barrett’s esophagus (BE) is a premalignant condition in which the normal squamous epithelial

lining of the distal esophagus is replaced by metaplastic columnar epithelium with goblet cells.
40 Barrett’s esophagus is present in approximately 10% of patients with gastroesophageal

reflux disease (GERD) with an overall incidence of approximately 1.6% in the general

population.34,41 Barrett’s esophagus is the most important risk factor for the development of

esophageal adenocarcinoma. The incidence of adenocarcinoma in BE ranges from 1 in 52 to

1 in 441 patient-years, which represents a 30 to 125-fold increased risk.37,42

Barrett’s esophagus is believed to develop via a sequence of events that begins with chronic

GERD and ends with columnar metaplasia of the esophagus with goblet cells. Metaplastic

columnar epithelium with goblet cells, also referred to as “intestinal metaplasia” (IM) or

“specialized IM” of the esophagus, is believed to represent the only type of columnar

epithelium at significant risk of malignancy.26,36,40 Thus, the American College of

Gastroenterology (ACG) has required the demonstration of IM, characterized by the presence

of goblet cells, as an essential criteria for a diagnosis of BE.40 As a result, endoscopic

surveillance is only recommended for patients with documented IM of the esophagus.

However, the mucosa of columnar-lined esophagus is composed of several types of metaplastic

epithelium.28 For instance, the glandular compartment may be composed of either pure

mucous glands, pure oxyntic glands, or a mixture of both types of glands. In addition, the

surface and crypt epithelium is typically composed of mucinous columnar cells, either with or

without goblet cells. Unfortunately, little is known about the biological properties,

pathogenesis and neoplastic potential of non-goblet columnar epithelium in patients with BE.

40 In fact, recent studies suggest that metaplastic esophageal columnar epithelium without

goblet cells shows chromosomal abnormalities. 5,7,21 Furthermore, two recent studies suggest

that patients with esophageal columnar mucosa without goblet cells have a similar risk of

neoplastic progression to patients with columnar mucosa with goblet cells.13,20 A recent study

by our group has shown that non-goblet columnar epithelium demonstrates similar DNA

content abnormalities as goblet-cell containing columnar epithelium.23 Finally, one recent

study suggests that neoplastic changes in the esophagus occur more frequently in association

with non-goblet epithelium compared to columnar epithelium with goblet cells.39

Therefore, the purpose of this study was to evaluate the biological properties of non-goblet

epithelium within the tubular esophagus by examining the expression of CDX-2, a transcription

factor that activates transcription of genes involved in early differentiation, and maintenance,

of intestinal epithelium,12 DAS-1, a unique peptide expressed only by normal colonic goblet

cells,11 Villin, a cytoskeletal protein component of microvilli in the small intestine and colon,

25 MUC2, a mucin glycoprotein expressed in intestinal goblet cells and enterocytes,18

MUC5AC, a mucin glycoprotein expressed in gastric epithelium,32 and Ki67, a marker of

proliferation that is expressed during all stages of the cell cycle, except G0 (resting cells).1 The

data were analyzed in patients who fulfill the ACG criteria for BE, by showing metaplastic

columnar epithelium with goblet cells, and also in patients with metaplastic columnar
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epithelium, but without goblet cells. In addition, normal gastric biopsies from patients without

gastric or esophageal pathology were used as controls.

Materials and Methods

1. Study Group

The study consisted of 89 patients retrieved by a retrospective search through the pathology

files of the Brigham and Women’s Hospital in Boston, Massachusetts, the Fred Hutchinson

Cancer Research Center in Seattle, Washington, and the Veterans Administration Medical

Center in Dallas, Texas between the years 2001 to 2007. All patients had endoscopically

confirmed columnar metaplasia of the distal esophagus and had four-quadrant biopsies

obtained from every 1-2 cm of metaplastic mucosa. Overall, 331 biopsies from 89 patients with

columnar metaplasia of the esophagus were included. Of these 89 patients, 59 had BE, all long-

segment type (≥ 3cm), defined by the presence of visible tongues of columnar mucosa in the

esophagus and goblet cells in mucosal biopsies of this region. The remaining 30 patients had

short (1-3 cm) (N=15) and ultra-short (0-1 cm) (N=15) segments of columnar metaplasia of

the distal esophagus, but without goblet cells. This group was chosen for a comparison to the

BE patients with goblet cells. Of the 59 patients with long-segment BE, 25 were considered to

have low density goblet cells (LDGC) based on the fact that goblet cells were present in less

than 50% of the crypts, and 34 had high density goblet cells (HDGC) based on the presence

of goblet cells in 50% or more of the metaplastic crypts. As controls, 19 biopsies of normal

gastric corpus mucosa, from 19 age and sex matched patients without esophageal or gastric

pathology, were used. In all patient groups, only non-goblet columnar epithelium was evaluated

in this study, even in patients with BE who had goblet cells in other biopsies from the same

individual. A comparison of the data was performed between the patients with columnar

metaplasia with goblet cells (both LDGC and HDGC) and the patients with columnar

metaplasia without goblet cells, and controls. Separate analyses were also performed in the

patients with columnar metaplasia with goblet cells (BE) by comparing non-goblet epithelium

in patients with LDGC to non-goblet epithelium in patients with HDGC. Finally, in patients

with goblet cells (BE), non-goblet columnar epithelium in specific biopsies without goblet

cells was compared to non-goblet columnar epithelium in other biopsies, from the same

individual, that had goblet cells in the same tissue sample.

The clinical and endoscopic findings of all patients were obtained by a review of the patients’

electronic medical records. Clinical information included gender, age, and length of esophageal

columnar epithelium at endoscopy. The length of esophageal columnar mucosa was calculated

as the distance between the gastroesophageal junction (GEJ), defined as the most proximal

aspect of the gastric folds, and the most proximal extent of columnar epithelium in the

esophagus. Tissue samples were obtained during routine endoscopic surveillance for patients

with BE, or during endoscopy for patients with symptoms of GERD or dysphagia. A mean of

3.7 biopsies per patient (range 1-16) were obtained. The research protocol was approved by

the institutional review boards of the participating hospitals.

2. Histologic evaluation

All biopsy specimens were fixed in 10% buffered formalin and processed routinely.

Hematoxylin and eosin (H and E) stained slides were reviewed by one of the authors (HPH)

in order to confirm the diagnosis and for quantitation of the number (density) of goblet cells,

as indicated above. None of the patients had dysplasia, acute inflammation, ulceration, or H.

pylori gastritis. For patients with esophageal columnar epithelium without goblet cells (N=30),

in order to ensure that the biopsies were obtained from the anatomic esophagus and not from

the gastric cardia, histologic evidence of origin from the tubular esophagus was confirmed by
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the presence of esophageal glands, esophageal ducts, or multilayered epithelium within the

columnar mucosa, based on previously published criteria.38

3. Immunohistochemistry

Immunohistochemical studies were performed on 4-μm-thick formalin-fixed, paraffin-

embedded tissue sections. The panel of antibodies, and their functions, utilized in this study

are listed in Table 1. The tissue slides were baked at 60°C for 1 hour, then deparaffinized and

dehydrated through a series of xylene and alcohol solutions (4 washes in 100% xylene for 3

minutes each and 4 washes in 100% ethanol for 3 minutes each) followed by a wash under

running water for 5 minutes. Endogenous peroxidase activity was blocked with 3% hydrogen

peroxide in ethanol for 15 minutes, followed by a wash under running water for 5 minutes.

Slides stained with CDX-2, Das-1, Ki67, and Villin underwent microwave antigen retrieval

(800 watts, General Electric, Louisville, KY) at 199F for 30 in preheated Buffer. Tissue sections

to be stained with MUC2 and MUC5AC were treated using a digital decloaking chamber

(Pacific Southwest Lab Equipment Inc., Vista, CA). Sections to be stained with CDX-2, Das-1,

MUC2 and Ki67 were treated in 10mM citrate buffer, pH 6.0. All slides were cooled for 15

minutes, and then transferred to phosphate buffered saline (PBS). All sections were blocked

with the appropriate 1.5% serum for 15 minutes. The blocking serum was decanted and the

sections were incubated with the primary antibody for 1 hour at room temperature. Primary

antibodies were detected using the Vectastain Elite ABC kit (Vector laboratories, Inc.,

Burlington, CA). Slides were washed with PBS prior to incubation with the secondary antibody

at 1:200 dilution in a 2% serum for 30 minutes. The Avidin-biotin complex was incubated for

30-40 minutes, then rinsed with PBS. Staining was developed using 3,3’-diaminobenzidine

(DAB) (Sigma Chemical Company) as a substrate and Gill’s Hematoxylin (Fisher Scientific,

Pittsburgh, PA) as a counter stain.

The immunostained slides were evaluated, in a blinded fashion, by one of the authors (HPH)

without knowledge of the patient group from which the samples were obtained. Staining was

evaluated only in non-goblet columnar epithelium from each of the patient groups.

Immunostains for MUC2, MUC5AC, CDX-2, Das-1 and Villin antigens were scored as

positive if staining was observed in the cytoplasm (MUC2, MUC5, DAS-1, Villin) or nucleus

(CDX-2) within crypt and/or surface non-goblet columnar epithelium. Staining for Ki67 was

scored as positive if there was aberrant nuclear staining of columnar epithelium in surface

epithelium, and negative if staining was limited to the (normal) basal half of the crypt

epithelium.

4. Statistical analysis

Fisher’s exact test was used for statistical analysis and for comparison between patient groups.

A p value < 0.05 was considered statistically significant.

Results

1. Clinical features

The clinical features of the patient groups are summarized in table 2. The 59 patients with

columnar metaplasia with goblet cells (BE) had an overall mean age of 61 years (range: 41-85

years) with a mean length of endoscopically identified metaplastic epithelium of 4.0 cm (range:

1-16 cm). BE patients with LDGC consisted of 18 males and 7 females with a mean age of 61

years (range: 43-85 years). The mean length of endoscopically identified BE was 4.0 cm (range:

1-11 cm). BE patients with HDGC consisted of 28 males and 6 females with a mean age of 61

years (range: 41-82 years). The mean length of endoscopically identified metaplastic

epithelium in these patients was also 4.0 cm (range: 1-16 cm). Finally, patients with columnar

metaplasia of the esophagus, but without goblet cells, consisted of 17 males and 13 females
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with a mean age of 60 years (range: 48-90 years). The mean length of esophageal columnar

epithelium in these patients was less than 1 cm (range: 0.1-3.0 cm). None of the clinical features

were significantly different between the patient groups, except for length of esophageal

columnar mucosa, which was significantly shorter in patients with non-goblet columnar

metaplasia compared to those with BE (p<0.05).

2. Immunohistochemistry results

A. Evaluation of All Study Groups and Controls—Table 3 summarizes the

immunohistochemical data in gastric controls, patients with columnar metaplasia without

goblet cells and in patients with columnar metaplasia with goblet cells. As expected, all 19

gastric controls (100%) showed MUC5AC staining in surface and crypt mucinous columnar

epithelium. However, none of the gastric controls (0%) stained for any of the intestinal

epithelium specific markers (MUC-2, DAS-1, Villin, CDX-2), and none showed surface

epithelial staining with Ki67. Patients with columnar metaplasia without goblet cells also

showed MUC5AC positivity in 100% of cases. However, 0 (0%), 9 (30%), 5 (17%) and 13

(43%) of these patients showed staining for MUC2, DAS-1, Villin, and CDX-2, respectively.

In addition, 5 (17%) of the cases showed surface epithelial staining with Ki67. The percentage

of cases with DAS-1 and CDX-2 staining was significantly higher (p<0.05) than the gastric

controls.

In the total group of patients with columnar metaplasia with goblet cells (N=59), including

both the LDGC and HDGC subgroups, the background non-goblet columnar epithelium stained

with MUC5AC in all cases (100%), similar to the patients with columnar metaplasia without

goblet cells and the gastric controls. However, a significant increase in the percentage of cases

that stained for MUC2 (85%), DAS-1 (90%), Villin (95%), and CDX-2 (98%) was observed

in this BE group of patients compared to the patients with columnar metaplasia without goblet

cells, and the gastric controls. The percentage of cases with Ki67 surface epithelial staining

was also significantly more common in the BE patients with goblet cells compared to the other

patient groups (P<0.05).

When a separate comparison was made between the BE patients with LDGC versus those with

HDGC, a significant increase in the proportion of cases with MUC2 staining (72% versus 94%,

p=0.03) and surface Ki67 staining (48% versus 74%) was observed in the latter group compared

to the former. Although DAS-1, Villin, and CDX-2 expression were also more prevalent in

HDGC versus LDGC BE patients, the differences did not reach statistical significance. In

addition, except for MUC5AC expression, all markers were significantly higher than the

patients with columnar metaplasia without goblet cells, and the gastric controls, for each of the

two BE subgroups independently.

B. Sub Analysis of the Barrett’s Esophagus Group—Table 4 summarizes the

immunohistochemical results in the LDGC and HDGC subgroup of patients with columnar

metaplasia with goblet cells (BE). For each goblet cell density subgroup, non-goblet columnar

epithelium was evaluated in areas of mucosa without goblet cells and compared to areas of

mucosa with goblet cells. Apart from MUC5AC, which, as indicated above, showed staining

in mucinous columnar epithelium from all patient groups in 100% of cases, the percentage of

cases that stained with MUC2, DAS-1, Villin, CDX-2, and Ki67 (surface epithelium staining)

was increased in mucinous columnar epithelium in areas with goblet cells compared to

mucinous columnar epithelium in areas without goblet cells, for both BE subgroups. In fact,

MUC2 staining was observed in non-goblet epithelium in areas devoid of goblet cells in only

2 of 59 (3.3%) patients with metaplastic esophageal columnar epithelium with goblet cells in

other areas of the mucosa. No significant differences were observed with regard to the

percentage of cases that stained with any of the markers in non-goblet epithelium in cases of

Hahn et al. Page 5

Am J Surg Pathol. Author manuscript; available in PMC 2010 July 1.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



LDGC versus HDGC versus patients with columnar epithelium without goblet cells. In

addition, non-goblet epithelium in areas of goblet cells, from the LDGC and HDGC groups,

were similar for all of the markers evaluated, except for DAS-1, which was significantly higher

in non-goblet epithelium in areas of HDGC compared to areas of LDGC (p<0.05).

Finally, the prevalence of staining for all of the markers evaluated in this study did not correlate

with the length of columnar epithelium, or with any of the clinical features, such as patient age

and gender.

Discussion

The purpose of this study was to evaluate the expression of markers of intestinal and gastric

differentiation in metaplastic, esophageal non-goblet columnar epithelium, since the biological

properties, risk of malignancy, and pathogenetic sequence of events that lead to fully

differentiated goblet cell metaplasia in BE are not well characterized. The study was designed

to evaluate metaplastic esophageal non-goblet columnar epithelium in patients who express

either no, or different degrees of, goblet cell metaplasia. One patient group had columnar

metaplasia of the esophagus, but without goblet cells. The other patient group had metaplastic

esophageal columnar epithelium with goblet cells (which fulfills the ACG criteria for BE), and

this group was further subdivided into those with LDGC or HDGC for comparison.

Overall, our results show that metaplastic esophageal columnar epithelium without goblet cells

reveals phenotypic evidence of intestinal differentiation. In fact, expression of intestinal

markers in metaplastic non-goblet columnar epithelium was similar regardless of the presence

or absence, or degree, of goblet cell metaplasia elsewhere in the esophagus. Furthermore, an

increase in the rate of expression of intestinal markers in metaplastic non-goblet columnar

epithelium was noted in areas of mucosa that contained goblet cells, but the degree of intestinal

differentiation in non-goblet columnar epithelium was not related to the density of goblet cells

in the mucosa. This data provides evidence that metaplastic non-goblet columnar epithelium

of the esophagus shows phenotypic evidence of intestinal differentiation, and provides support

for the theory that squamous epithelium converts initially to non-goblet columnar epithelium

prior to goblet cell metaplasia.

There are several other studies that have evaluated markers of intestinal differentiation, such

as MUC2, MUC6, Sucrase Isomaltase, Dipeptidyl Peptidase, CDX2, DAS1, Hepatocyte

antigen, and CD10, in patients with BE.4,7,9,15-17,29,35 However, ours is the first to

systematically evaluate markers of intestinal differentiation in non-goblet columnar epithelium

in patients either with, or without, goblet cell metaplasia elsewhere in the esophagus, and to

evaluate the latter group based on goblet cell density. For instance, Chaves et al evaluated

MUC2, MUC5AC, and MUC6 in 46 patients with columnar-lined esophagus, including 9 cases

without IM, 22 cases with IM and 15 BE cases with adenocarcinoma.7 In that study, MUC5AC

and MUC6 were detected in non-goblet columnar epithelium in 100% and 100% of cases

without IM, respectively, and in 100% and 86.3% of cases with IM. However, in that study,

MUC2 was present in 72.7% of cases with IM, but not in any of the cases of columnar-lined

esophagus without IM. These results are similar to ours in which MUC2 was expressed in non-

goblet epithelium in 85% of patients with goblet cells (and in these positive cases, almost

exclusively in areas of mucosa with goblet cells compared to areas of mucosa without goblet

cells) but in none (0%) of the cases of esophageal columnar metaplasia without goblet cells.

These data suggest that, in contrast to MUC5AC (and MUC6), MUC2 expression in metaplastic

esophageal columnar epithelium represents a late intestinal alteration, and corresponds

specifically to the onset of goblet cell metaplasia in BE. Thus, further studies should be

performed to determine if MUC2 expression in metaplastic non-goblet columnar epithelium

in biopsies from the esophagus represents a specific marker of goblet cell metaplasia elsewhere
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in the patient, and whether expression of this marker coincides with an increased risk of

neoplastic progression. In contrast, data from both the Chaves and our current study suggest

that MUC5AC and MUC6 are expressed early in the pathogenesis of BE, prior to the onset of

goblet cell metaplasia.7

Several studies have evaluated other markers of intestinal differentiation, such as CDX2,

Sucrase Isomaltase, DAS-1, and CD10 in metaplastic esophageal non-goblet columnar

epithelium and also showed various degrees of positivity.4,9,16,17,29,35 The human CDX2

gene is a member of the caudal-related type homeobox gene family, whose gene product has

been shown to be important in early differentiation and maintenance of intestinal epithelium

by regulation of intestinal specific gene transcription.12 In fact, CDX2 expression has been

shown to regulate transcription of genes, such as Villin, Mucins (MUC2), Sucrase Isomaltase,

human defensin, alkaline phosphatase, galactin, and trefoil factors.19,22 In one study by

Phillips et al, expression of CDX2 was evaluated in 134 biopsy or resection specimens of

patients with metaplastic esophageal columnar epithelium, including 62 cases without goblet

cells.29 They showed that CDX2 was present in 100% of biopsies with goblet cell metaplasia

(BE) and in 30% of cases of metaplastic esophageal columnar epithelium without goblet cells.

In another study by Groisman et al, CDX2 immunoexpression was evaluated in 90 patients

with short-segment BE, including 45 with, and 45 without, goblet cells.17 In that study, CDX2

was present in all (100%) cases with goblet cells, in both goblet and non-goblet epithelium,

but was also focally present in 38% of patients without goblet cells in their esophagus. In our

current study, our finding of CDX2 expression in 43% of patients with metaplastic esophageal

columnar epithelium without goblet cells, and in 98% of patients with goblet cells, are

consistent with the studies by Phillips and Grossman, and suggests that CDX2 expression is

an early event in intestinal differentiation in the esophagus and may help promote goblet cell

metaplasia. In fact, in our sub-analysis of BE patients with LDGC and HDGC (table 4), CDX2

was expressed significantly more often in areas of mucosa with goblet cells (96% and 100%,

respectively) compared to areas of mucosa without goblet cells (40% and 26%, respectively),

which supports this latter theory.

Our findings regarding DAS-1, an antibody that recognizes a colonic goblet cell protein, and

Villin, an intestinal brush border specific peptide, in 30% and 17% of patients with metaplastic

esophageal columnar metaplasia without goblet cells, respectively, in this study, and in 90%

and 95% of patients with metaplastic esophageal columnar epithelium with goblet cells,

respectively, further supports the “intestinalized” nature of the background non-goblet

columnar epithelium in patients with BE.16,31 Similar to CDX-2, expression of DAS-1 and

Villin probably represent early differentiation events prior to goblet cell metaplasia, and are

increased in areas of mucosa with goblet cells. These data are also supported by other studies

that have shown 1. DAS-1 in 88% and 91% of patients with short and long-segment BE,

respectively, by Glickman et al,16 and 2. CD10 expression (which labels the intestinal brush

border similar to Villin) in 25-30% of patients with BE, by Sarbia et al.35 Unfortunately, neither

of these two previous studies evaluated expression in metaplastic esophageal columnar

epithelium according to the density of goblet cells or evaluated patients who had columnar

metaplasia of the esophagus, but without goblet cells elsewhere in the esophagus.

The pathogenesis of conversion of squamous to columnar epithelium in the esophagus is,

essentially, unknown.14,33 However, many studies suggest that this is a multistep process that

probably involves activation of multiple genes involved in intestinal differentiation, even at

the embryonic level.22 In fact, some studies do support the concept that the initial step in the

conversion of squamous to columnar epithelium in the esophagus is the development of

metaplastic columnar epithelium without goblet cells.2,8,10,14,27,28 For instance, in one case

series by Chaves et al, four patients developed recurrence of metaplastic esophageal columnar

epithelium, without goblet cells, after a distal esophageal resection for adenocarcinoma.8 In
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all patients, the metaplastic columnar epithelium was uniformly positive for Sucrase

Isomaltase, which is an intestinal cell specific enzyme. Interestingly, only one of the four cases

developed goblet cells, and this occurred after 10 years of surveillance. Other studies in children

with BE, who have a low prevalence of goblet cells, and in adults with short and ultra-short

segments of BE, also support this hypothesis.2,10,14,27,28

Recent data also suggests that metaplastic esophageal non-goblet columnar epithelium in

patients either with, or without, goblet cells in other portions of the mucosa, shows a variety

of molecular and DNA content abnormalities in addition to intestinal differentiation, and, as a

result, may be at risk for neoplastic progression.5,23,24,33 For instance, in one recent study by

our group, DNA content abnormalities, such as elevated DNA index, elevated DNA

heterogeneity index, aneuploidy and increased percent of cells with DNA content greater than

5N, occurred with equal frequency, and extent, in patients with metaplastic esophageal

columnar epithelium without goblet cells compared to patients with metaplastic columnar

epithelium with goblet cells, by analysis of high fidelity DNA histograms.23 Similarly, in a

study by Chaves et al, a similar degree of chromosomal instability was observed in metaplastic

esophageal columnar epithelium without goblet cells, compared to metaplastic columnar

epithelium with goblet cells.5 Romagnoli et al also showed molecular alterations, such as LOH

and allelic imbalances, in patients with metaplastic esophageal columnar epithelium without

goblet cells.33 The potential risk of neoplastic progression in metaplastic esophageal non-

goblet columnar epithelium is also supported by the fact that previous studies showed a

significant risk of dysplasia and/or adenocarcinoma in patients with esophageal non-goblet

columnar epithelium upon long term follow up.6,13,20 Takubo et al also documented that most

neoplasms develop in association with esophageal columnar epithelium devoid of goblet cells.
39 Our current results showing aberrant surface Ki67 staining in 17% of patients with

metaplastic esophageal columnar metaplasia without goblet cells, which was similar to the

value obtained in areas of mucosa with metaplastic columnar epithelium in patients with goblet

cells, supports the proliferative potential of this type of epithelium.3

In summary, our study provides evidence that metaplastic esophageal columnar epithelium

without goblet cells shows phenotypic evidence of intestinal differentiation, and also supports

the theory that squamous epithelium converts initially to non-goblet columnar epithelium prior

to goblet cell metaplasia. MUC5AC, DAS-1, Villin, and particularly CDX2, probably represent

early changes of intestinal differentiation, whereas MUC2 expression likely represents a late

“intestinal” alteration that corresponds specifically to the onset of goblet cell metaplasia. These

data, in conjunction with other studies that have shown molecular alterations in non-goblet

epithelium, support the controversial concept that metaplastic esophageal columnar epithelium

without goblet cells has neoplastic potential. These findings have important clinical

implications with regard to the current ACG definition of BE,40 which requires goblet cells to

be documented in mucosal biopsies in order to establish the diagnosis, and provides evidence

in favor of the British Society of Gastroenterology guidelines which do not require

demonstration of goblet cells in order to diagnose BE.30 Further prospective studies are needed

to evaluate the pathogenetic sequence, natural history, and risk of malignancy of metaplastic

non-goblet epithelium in the esophagus.
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Figure 1.

(A-C): Representative H&E-stained tissue sections from patients with columnar metaplasia of

the esophagus without goblet cells (A), columnar metaplasia with low-density goblet cells (B),

and columnar metaplasia with high-density goblet cells (C).
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Figure 2.

(A-E): Immunohistochemical results of intestinal markers and Ki67 in a patient with columnar

metaplasia of the esophagus, but without goblet cells. A. MUC-5AC showing diffuse

cytoplasmic reactivity in surface and crypt epithelium. B. DAS-1 reactivity in columnar

mucous cells within the deep portions of the crypt epithelium and within mucosal glands. C.

Strong reactivity for villin in mucinous columnar cells in the surface and crypt epithelium. D.

Nuclear staining for CDX2 in scattered cells in the surface and crypt epithelium. E. Nuclear

Ki67 staining in the surface and crypt epithelium in an area of mucosa without active

inflammation or ulceration.
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Figure 3.

(A-G): Intestinal phenotypic markers and Ki67 staining in patients with Barrett’s esophagus,

either low-density or high-density goblet cell subgroups. A. Strong cytoplasmic MUC2

staining in surface and crypt mucinous columnar cells, and in goblet cells, in this patient with

columnar metaplasia of the esophagus with low-density goblet cells. B. Strong diffuse

cytoplasmic staining in surface and crypt columnar cells, and goblet cells, in a patient with

columnar metaplasia of the esophagus with high-density goblet cells. C. Strong MUC-5AC

staining in columnar cells and goblet cells in this patient with high-density goblet cells. D.

Cytoplasmic staining for DAS-1 in columnar cells and scattered goblet cells in this patient with

columnar metaplasia of the esophagus with high-density goblet cells. E. Strong diffuse
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cytoplasmic staining in the surface and crypt epithelium for villin in this patient with high-

density goblet cells. F. Nuclear staining for CDX2 in most cell nuclei in the surface and crypt

epithelium in this patient with columnar metaplasia of the esophagus with low-density goblet

cells. G. Nuclear staining for Ki67 in scattered surface columnar cells and crypt cells in this

patient with columnar metaplasia of the esophagus and low-density goblet cells.
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Table 4

Phenotypic markers in non-goblet columnar epithelium in areas of mucosa either with or without goblet cells in

patients with Barrett’s esophagus

Marker Patients with columnar metaplasia with goblet cells (Barrett’s Esophagus)

LDGC N = 25 HDGC N = 34

CM-NG CM-WG CM-NG CM-WG

MUC 5AC 25 (100%) 25 (100%) 34 (100%) 34 (100%)

MUC 2 2 (8%)a 18 (72%) a 0 (0%) b 32 (94%) b

Das-1 8 (32%) c 17 (68%) c 13 (38%) d 32 (94%) d

Villin 7 (28%) e 23 (92%) e 12 (35%) f 33 (97%) f

CDX-2 10 (40%) g 24 (96%) g 9 (26%) h 34 (100%) h

Ki67 2 (8%) i, k 11 (44%) i 10 (29%) j, k 19 (56%) j

LDGC = low density goblet cells, HDGC = high density goblet cells, CM-NG = columnar mucosa -no goblet cells, CM-WG = columnar mucosa -

with goblet cells

a
p<0.0005

b
p<0.0005

c
p<0.02

d
p<0.0005

e
p<0.0005

f
p<0.0005

g
p<0.000

h
p<0.0005

i
p<0.009

j
p<0.04

k
p=0.051
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