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Barrett’s mucosa consists of metaplastic columnar epithelium (specialized columnar
epithelium) of the esophagus. Recently, “short-segment Barrett’s esophagus (SSBE)” was
proposed. In the present study, we examined immunohistochemical mucin expression and
the Ki-67 labeling index (LI) of SSBE, in 5-15 mm lengths. All 27 SSBE cases showed gastric
mucin (MUC5AC, HGM, MUC6). CD10 and MUC2, which were markers of intestinal pheno-
types, were detected in 13 (48.1 %) and 14 (51.9 %) of the 27 SSBE cases. Ki-67 LI of SSBE
positive cases for CD10 was 23.6 %, while that of SSBE negative cases for CD10 was 14.4 %
(p<0.05). SSBE cases were divided into two groups: one was gastric epithelium type with
low Ki-67 LI, and the other was metaplastic epithelium with intestinal metaplasia and high
Ki-67 LI. The latter group was suggested to be more important as a premalignant lesion of

esophageal adenocarcinoma.
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INTRODUCTION

Barrett’s mucosa is inflammatory and
reactive conditions in which the normal
squamous mucosa of the esophagus is re-
placed by metaplastic columnar epithelium
[1, 2]. The Barrett’s mucosa may be caused
by esophageal reflux of digestive fluid in-
cluding gastric juice and/or bile. Ordinary
Barrett’s mucosa is lined by gastric-type
epithelium with or without intestinal meta-
plasia. Several studies have reported a high
incidence of adenocarcinoma arising in
Barrett’s mucosa and analyzed morphologi-
cal characteristics of the esophageal adeno-
carcinoma with Barrett’s mucosa. Recently,
“short-segment Barrett’s esophagus (SSBE)”
was proposed, and is defined as short seg-
ments of columnar epithelium with intestinal
metaplasia of esophagus [3, 4]. However,

SSBE has not been characterized extensively.
Mucins are high-molecular weight gly-
coproteins and are widely distinguished
in areo-digestive and genital organs [5-8].
Recent studies have demonstrated that
the mucins are associated with cell-to-cell
adhesion, cell migration including tumor
metastasis and immunological defense. Nine
distinct epithelial mucin genes have been
identified, and are divided into two groups;
one is extracellular secreted mucins (MUCZ2,
MUCHAC, MUCHB and MUCS6) and the other
is membrane-associated mucins which have
membrane anchors and are smaller than the
secreted mucins (MUC1, MUC3 and MUC4).
CD10 is expressed on the surface of a variety
of normal and neoplastic cells [9-11]. It was
initially identified as the common acute lym-
phoblastic leukemia antigen (CALLA) and
considered to be tumor-specific. CD10 is also
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expressed in various non-lymphoid cells and
tissues, such as breast myoepithelial cells, bile
canaliculi, fibroblasts, with especially high
expression on the brush border of kidney
and gut epithelial cells. Ki-67 is a mono-
clonal antibody that reacts with a nuclear
antigen expressed in all active phases of the
cell cycle (G1, S, G2, and M), but is absent in
quiescent cells (GO) [12-15]. The development
of the Ki-67-equivalent monoclonal antibody
MIB-1 has allowed immunohistochemical
detection of proliferating cells using routine
formalin-fixed paraffin-embedded tissues.

In this study, we analyzed the immunohis-
tochemical distribution of mucin and CD10,
and evaluated proliferation activity using the
Ki-67 (MIB-1) labeling index (LI) in SSBE,
and examined the relation between mucin
expression and Ki-67 LI of SSBE.

MATERIALS AND METHODS

Definition of short-segment Barrett’s esoph-
agus (SSBE) and tissue specimens

All tissue specimens were obtained at sur-
gical resection of esophageal squamous car-
cinoma at Tokai University Hospital. Twenty-
seven cases of SSBE were examined in this
study, and were histopathologically defined
as short segments (0.5-1.5 cm in length) of
columnar epithelium of the esophagus adja-
cent to the esophago-gastric junction, using
routine hematoxylin-eosin sections. The diag-
nosis of SSBE was confirmed by the existence
of submucosal esophageal glands covered by
columnar mucosa, in addition to double mus-
cularis mucosae of the esophagus (Fig. 1).

Eleven cases of gastric mucosa with intes-
tinal metaplasia were taken from surgical
resections of gastric cancer.

Immunohistochemical staining

Each tissue specimen was fixed with 10 %
buffered formalin. Immunohistochemical
staining was performed on 5-pm-thick sec-
tions [16-20]. As primary antibodies, the fol-
lowing mouse monoclonal antibodies were
used: MUC2 (Ccpb8, Novocastra Laboratories
Ltd., Newcastle upon Tyne, UK), MUCHAC
(CLH2, Novocastra Laboratories Ltd.),
MUC6 (CLHb, Novocastra Laboratories Ltd.),
HGM (45M1, Novocastra Laboratories Ltd.),
CD10 (56C6, Novocastra Laboratories Ltd.)
and MIB-1 (for detecting Ki-67, Dako A/S,
Copenhagen, Denmark).

Deparaffinized and dehydrated sections

were immersed in 0.3 % hydrogen peroxide
(H,O,) in methanol for 30 min to abol-
ish endogenous peroxidase activities. For
detecting mucin glycoproteins and Ki-67,
the sections were pretreated with autoclave
heating (ES-215, High-pressure steam steril-
izer, TOMY, Japan) at 121 °C for 4 min for
antigen retrieval. Nonspecific binding was
abolished with diluted normal sheep serum
(Cosmo Bio Co. Ltd., Tokyo, Japan). Next,
the sections were overlayed with primary
monoclonal antibodies at 1:100 optimally
diluted with 1 % bovine serum albumin con-
taining phosphate-buffered saline (PBS) and
left overnight at 4 "C in a moist chamber.
Immunoreactivites were detected by the per-
oxidase-labeled streptavidine biotin (LSAB)
method (Dako A/S) with modifications.
After being washed with PBS, the secondary
biotinylated antibodies, anti-mouse Ig (Fab),
antibody at 1:100 (Amersham International
plc., Buckinghamshire, UK) were applied for
60 min at room temperature. The sections
were then treated with the streptavidine-
conjugated horseradish peroxidase for 30
min at room temperature. The reaction prod-
ucts were visualized using diaminobenzidine
tetrahydrochloride (DAB) action for 4 min in
Tris buffer. Counter staining was performed
using hematoxylin.

Evaluations of immunohistochemical stain-
ing

Immunohistochemical expression patterns
of mucins were divided into four groups ac-
cording to the percentage of epithelial cells
positive for mucin expression, as follows: — ,
negative; + 1, less than 30 %; + 2, 30 %-50 %;
and + 3, greater than 50 %. Labeling index
(LI) of Ki-67-positive cells was expressed by
counting a2 minimum of 300 epithelial cells.
The Ki-67 LI was expressed as the mean =+
standard deviation (SD) and was tested for
significance by Student’s t test.

RESULTS

Mucin expression patterns and Ki-67 LI
are summarized in SSBE cases (Table 1), in
addition to cases of gastric intestinal meta-
plasia (control, Table 2). Of the 27 cases of
SSBE, incomplete intestinal metaplasia was
found in 13 cases (48.1 %) on the hematoxy-
lin-eosin sections (Fig. 1). All 13 metaplastic
cases (cases 15-27) showed incomplete intesti-
nal metaplasia, and none of SSBE exhibited
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Table 1. Mucin expression and Ki-67 labeling index (LI) of short segment Barrett's esophagus (SSBE)

Case No Metaplasia MUCSAC HGM MUC6 MUC2 CDI10 Ki-67 LI (%)
1 negative ++ ++ ++ - - 5.0
2 negative +++ +++ ++ - - 14.4
3 negative ++ ++ +++ B - 5.0
4 negative +++ +4++ ++ - - 29.1
5 negative ++ ++ +++ - - 6.6
6 negative +++ +++ +++ + - 10.6
7 negative +++ +++ +4++ - - 35.0
8 negative ++ ++ ++ - - 3.8
9 negative ++ +++ +++ - - 2.9
10 negative ++ +++ +++ - - 17.1
11 negative +++ +++ +++ - - 38.2
12 negative +++ ++ +++ - - 18.9
13 negative ++ ++ +++ - - 9.4
14 negative +++ +++ ++ - - 5.9
144+11.9 (cases 1-14)
15 positve ++ ++ +++ + + 6.2
16 positve +++ +++ +++ + + 12.5
17 positve +++ ++ ++ ++ + 12.0
18 positve +++ ++ ++ + + 21.4
19 positve ++ +++ +++ ++ + 25.6
20 positve +++ +++ +++ + + 38.1
21 positve ++ ++ +++ ++ + 44.1
22 positve ++ ++ +++ + + 345
23 positve ++ +++ +++ ++ + 449
24 positve +++ +++ ++ +++ + 19.9
25 positve +++ +++ +++ ++ + 20.1
26 positve +++ +++ +++ ++ + 11.0
27 positve ++ ++ +++ + + 16.6
23.6%129 (cases 15-27)
18.8+13.0 (Total, cases 1-27)
All metaplastic cases (cases15-27) showed incomplete intestinal metaplasia.
Ki-67 LI, labeling index of Ki-67
Table 2. Mucin expression and Ki-67 labeling index (LI) of gastric intestinal metaplasia
Case No  Metaplasia  MUCSAC HGM MUC6 MUC2 CD10 Ki-67 LI (%)
1 C +++ +++ +++ ++ + 0.0
2 C +++ +++ +++ +++ ++ 33.2
3 C +++ +++ +++ +++ ++ 27.7
4 C +++ +++ +++ ++ ++ 19.0
5 C +++ +++ ++ +++ +++ 8.7
17.7£13.6 (cases 1-5)
6 I +++ +++ +++ + + 14.4
7 I +++ +++ +++ 4+ - 33.8
8 I +++ +++ +++ +++ + 17.9
9 I +++ +++ ++ +++ +++ 15.6
10 I +++ +++ +++ +++ + 11.6
11 I +++ +++ +++ + + 37.7

21.8+11.0 (cases6-11)
19.9+11.8 (Total, cases 1-11)

C, Complete intestinal metaplasia (all brush border, goblet cell, and Paneth cell) ;

I, Incomplete intestinal metaplasia;
Ki-67 LI, labeling index of Ki-67

complete intestinal metaplasia.

All 27 SSBE cases revealed MUCHAC,
HGM and MUC6 which were markers of the
gastric phenotype (Fig. 2). CD10 and MUC2,
which were markers of the intestinal pheno-
type, were detected in 13 (48.1 %) and 14 (51.8
%) of the 27 SSBE cases, respectively. CD10

expression was correlated with intestinal
metaplasia on the hematoxylin-eosin sections.

Ki-67 LI of SSBE was 18.8 +13.0 %, which
was similar to that of gastric incomplete in-
testinal metaplasia (21.8+11.0 %), while Ki-67
LI of gastric complete intestinal metaplasia
was 17.7 = 13.6 %. Ki-67 LI of SSBE positive
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Fig. 1 Microscopic findings of short-segment Barrett’s mu-
cosa (SSBE). SSBE was characterized by the existence
of submucosal esophageal glands covered by columnar
mucosa, in addition to double muscularis mucosae of
the esophagus (hematoxylin and eosin, X 100).

Fig. 2 Immunohistochemical findings of short-segment Barrett’s mucosa
(SSBE). MUCHAC (A, left, top; LSAB method, X 125); HGM (B, left,
middle; LSAB method, X 125); MUC6 (C, left, bottom; LSAB method,
% 125); CD10 (D, right, top; LSAB method, X 125); MUC2 (E, right,
middle; LSAB method, X 125) and Ki-67 (F, right, bottom; LSAB
method, X 125).



cases for CD10 was 23.6+12.9 %, while that
of SSBE negative cases for CD10 was 14.4 +
11.9 % (p = 0.032, statistical significance).

DISCUSSION

Immunohistochemically, we examined 27
cases of SSBE. SSBE cases were divided into
two groups: one was gastric epithelium with
low Ki-67 LI (14.4 %), and the other was
metaplastic epithelium with intestinal meta-
plasia and high Ki-67 LI (23.6 %). This study
is the first to examine mucin and CDI0
expression, as well as Ki-67 LI of SSBE.

Barrett first described the columnar epi-
thelium of the esophagus in 1950, and sub-
sequentry the columnar lined esophagus has
been called Barrett’s esophagus (or Barrett’
s mucosa). Barrett’s mucosa has been shown
to be inflammatory and reactive, and is
lined by gastric epithelium with or without
intestinal metaplasia [1, 2, 21-23].

Current advances in mucin analysis have
demonstrated characteristics of mucins and
several investigations reported specific clini-
cal mucin expression of Barrett’s esophagus
(Barrett’s mucosa) [24-28]. They concluded
that intestinal metaplasia was a significant
phenotype of Barrett’s mucosa using
analysis of both histopathology and mucin
expression [29-32]. However, it has not been
clarified whether early stages of Barrett’
s mucosa show intestinal metaplasia; i.e.,
whether the intestinal phenotype is the pri-
mary phenotype or a subsequent phenotype.
Therefore, we examined the mucin expres-
sion of SSBE because SSBE was suggested
to be an early stage of traditional Barrett’s
esophagus.

Recently, although SSBE was proposed,
a detailed definition of SSBE has not been
established because only a few studies re-
ported a histopathological definition of SSBE
[3, 4]. We defined SSBE as short segments
(0.5-1.5 cm in length) of columnar epithe-
lium of the esophageal mucosa, adjacent
to the esophago-gastric junction. We also
confirmed submucosal esophageal glands
and double muscularis mucosae below the
esophageal columnar epithelium. A previous
study reported intestinal metaplasia at the
esophago-gastric junction without clinical
(traditional) Barrett’s esophagus, i.e., SSBE
with intestinal metaplasia [4]. However, while
no extensive studies demonstrated mucin
expression of SSBE, a number of studies ex-
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amined mucin expression of clinical Barrett’
s esophagus, in addition to adenocarcinoma
arising from Barrett’s esophagus. We exam-
ined the mucin expression and Ki-67 LI of
SSBE [33]. CDI0 expression, as a marker of
the intestinal phenotype, was well correlated
with intestinal metaplasia on the hematoxy-
lin-eosin sections [9-11]. Interestingly, SSBE
cases were divided into two groups: one was
gastric epithelium type with low Ki-67 LI
which showed no apparent intestinal meta-
plasia, and the other group was metaplastic
epithelium type with incomplete intestinal
metaplasia which exhibited high Ki-67 LI It
is suggested that the latter group with high
Ki-67 was more important as a premalignant
lesion of esophageal adenocarcinoma near
the esophago-gastric junction. Several studies
reported that the esophageal adenocarcino-
mas frequently expressed intestinal mucin
phenotypes, and speculated that the adeno-
carcinomas arose from intestinal metaplasia
of the Barrett’s esophagus [25-28]. These
results were thought to support our conclu-
sion, i.e., significance of incomplete intestinal
metaplasia with high Ki-67 LI as a premalig-
nant lesion of Barrett’s adenocarcinoma.
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