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Abstract

Background: Mucin immunoexpression in adenocarcinoma arising in Barrett's esophagus (BE)
may indicate the carcinogenesis pathway. The aim of this study was to evaluate resected specimens
of adenocarcinoma in BE for the pattern of mucins and to correlate to the histologic classification.

Methods: Specimens were retrospectively collected from thirteen patients who underwent
esophageal resection due to adenocarcinoma in BE. Sections were scored for the grade of intestinal
metaplasia. The tissues were examined by immunohistochemistry for MUC2 and MUCS5AC
antibodies.

Results: Eleven patients were men. The mean age was 61 years old (varied from 40 to 75 years
old). The tumor size had a mean of 4.7 £ 2.3 cm, and the extension of BE had a mean of 7.7 £ 1.5
cm. Specialized epithelium with intestinal metaplasia was present in all adjacent mucosas.
Immunohistochemistry for MUC2 showed immunoreactivity in goblet cells, while MUC5AC was
extensively expressed in the columnar gastric cells, localizing to the surface epithelium and
extending to a variable degree into the glandular structures in BE. Tumors were classified according
to the mucins in gastric type in 7/13 (MUCS5AC positive) and intestinal type in 4/13 (MUC2
positive). Two tumors did not express MUC2 or MUCS5AC proteins. The pattern of mucin
predominantly expressed in the adjacent epithelium was associated to the mucin expression profile
in the tumors, p = 0.047.

Conclusion: Barrett's esophagus adenocarcinoma shows either gastric or intestinal type pattern
of mucin expression. The two types of tumors developed in Barrett's esophagus may reflect the
original cell type involved in the malignant transformation.
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Background

Barrett's esophagus (BE) is the eponymous term used to
describe a condition with malignant potential where the
lower esophagus becomes lined with a specialized colum-
nar epithelium as a result of chronic gastroesophageal
reflux. Nowadays, Barrett's esophagus represents the tran-
sition from normal squamous mucosa to columnar epi-
thelium plus the identification of intestinal metaplasia. In
macroscopic form, BE is classified as long, when the
columnar epithelium is longer than 3 cm, and short when
is lower than 3 cm [1,2].

BE is a complex, mosaic of cell, gland, and architectural
types, showing variable degrees of atrophy and matura-
tion toward intestinal and gastric epithelium. Surface
mucous, goblet cells, absorptive, mucous neck, mucous
gland and neuroendocrine cells are randomly distributed
in relation to the gastroesophageal junction [3,4].

Although there are three types of columnar epithelium -
namely, gastric fundic, junctional cardiac and specialized
intestinal epithelium, - it is now accepted that adenocar-
cinoma arises only from the specialized intestinal-type of
metaplasia [3,5-12]. Nonetheless, many of the esophageal
adenocarcinomas in BE (ABE) exhibit a poor differenti-
ated and/or undifferentiated pattern, distinct from the
intestinal type tumors commonly observed in patients
with intestinal metaplasia.

Mucin genes are expressed throughout the human gas-
trointestinal tract in a site specific manner [13]. In special-
ized BE, there is strong expression of MUC2 in the goblet
cells (intestinal mucin pattern) and MUC5AC in the
superficial columnar epithelium (gastric mucin pattern)
[14]. This is the same pattern already described for incom-
plete intestinal metaplasia of the stomach, and is further
evidence that BE and incomplete intestinal metaplasia of
the stomach are the same condition and represent differ-
entiation into a unique epithelial lineage [15,16].

BE is a marker of tissue injury possibly as a consequence
of inflammatory lesions and regeneration. Thus, all cells
of the BE under damage could originate an expansion
clone capable of initiate the carcinogenesis cascade. The
pattern of expression of mucin gene products in adenocar-
cinoma arising in BE has yet to be known.

Thus, we have studied a homogenous group of patients
with adenocarcinoma arising in BE. We sought to deter-
mine whether gastric (MUC5AC) and/or intestinal type
(MUC2) markers, could help improve our understanding
of the carcinogenesis in Barrett's adenocarcinoma.

Patients and methods
This investigation was approved by the Ethical Committee
of the Hospital das Clinicas of Sao Paulo Medical School.
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From January, 1990 to June, 2002, a total of 297 patients
with diagnostic of BE confirmed through endoscopic
biopsies, were treated at the Esophageal Surgery Service of
Digestive Surgery Division of Hospital das Clinicas of the
University of Sao Paulo School of Medicine. Of those,
Adenocarcinoma was diagnosed in 17 patients, with a
prevalence of 5.7%. We retrospectively review the clinical
charts of these patients regarding the presence of Barrett's
esophagus, clinical characteristics and pathology report.
Gastric tumors with esophageal invasion and esophageal
neoplasias with invasive components to the gastric cardia
were excluded. Carcinomas were deemed to be arising
from the Barrett's esophagus, if, on histological examina-
tion, there was specialized columnar metaplasia proximal
and/or involving the tumor.

Among the 17 patients, three were excluded due to unre-
sectable advanced neoplasia. One underwent argon plas-
matic ablation of the columnar epithelium, including the
tumor, which was not identified in the histopathologic
study of the resected esophagus. The remaining 13
patients underwent esophageal resection, and form the
basis of this study.

Histopathologic study

All the pathological specimens are prepared according to
the Pathology Department guidelines. The resected
esophagus was opened longitudinally, photographed,
stretched in glides of plastic or cardboard surface, BE and
tumor extension were measured. The distances between
tumor's distal margins and gastroesophageal junction
(Dist. Tu-GEJ); and tumor's proximal margins and colum-
nar-squamous transition (Prox. Tu-Tepit) were per-
formed. After this, the specimens were fixed using
formaldehyde solution.

For the histological study, tissue samples were retrieved
from archived paraffin embedded sections of histologi-
cally known Barrett's esophagus. Tumor and adjacent epi-
thelium, were stained by hematoxyline-eosine (HE).

Histology of the adjacent tumor area showed a special-
ized-type mucosa characterized by an epithelial lining
which included columnar epithelium showing a poorly
developed brush border, villous architecture, and goblet
cells. The surface cells were of surface mucous type, with
underlying cardiac/antral glands beneath surfaces covered
by goblet and absorptive cells. Barrett's esophagus could
be classified as specialized epithelium in all studied
patients, with areas with predominance of an intestinal or
gastric type epithelium in each patient.

The tumors were classified according to the grade of differ-
entiation.
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Immunohistochemical evaluation

Sections of tumors, and corresponding adjacent areas,
developing in patients with Barrett's esophagus were
examined by immunohistochemistry for MUC5AC (NCL
- MUC-5AC, Novocastra, Newcastlle, United Kingdom)
and MUC2 (NCL - MUC-2, Novocastra, Newcastlle,
United Kingdom).

Three to five unstained 4 pm blank histologic sections
were cut from each designated block and used for
MUCAC-5 and MUC-2 immunostaining (using humid
heating). Briefly, immunodetection involved the use of 4
pum thick formalin-fixed paraffin-embedded tissues,
treated with 4% and 2% hydrogen peroxidase (H,0,) in
methanol for 35 minutes, to eliminate endogenous perox-
idase activity. Sections were rinsed in phosphate-buffered
saline (PBS) and incubated with 10% normal horse serum
to block nonspecific binding. Upon removal of the serum,
the primary monoclonal antibody was applied. Following
further washing with PBS, sections were incubated with
biotinylated anti-mouse immunoglobulin for 30 minutes.
After washing twice with PBS, the sections were treated
with Vectastain Elite horseradish peroxidase complex
(Vector Laboratory, Burlingame, CA) for 30 minutes. Fol-
lowing another rinse with PBS, the sections were incu-
bated with diaminobenzidine 0.05% and 0.04% H,0O, for
20 minutes. After a final wash with distilled water, the sec-
tions were counterstained with Harris Alum Hematoxylin,
dehydrated through graded alcohols to xylene, and cover-
slipped.

All sections were examined by three independent investi-
gators (KY, REI and UR) for the histopathological study
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and blindly for immunohistochemical evaluation by the
third one. The mucins were expressed as cytoplasmic
staining. The results were expressed semiquantitatively for
each histological group as the number of sections posi-
tively labeled, the predominant cell type labeled, and the
average score of the positively labeled cells. Positive Con-
trol Sections: control tissues taken from colon and stom-
ach, with previously identified MUC gene expression
patterns were included with each batch of sections for
immunohistochemistry.

Negative Control Sections: the primary antibody was
omitted as a negative control to test the specificity of the
antibodies utilized for each section.

Incubation with Primary Antibody (MUC2 was diluted in
1:100, and the MUCS5, 1:400)

Statistical analysis

Results of immunohistochemical alterations were com-
pared to the clinical-pathologic features using chi-square
test for qualitative data, with two tailed p value < 0.05
considered significant.

Results

Eleven patients were men (84.6%) and two women
(15.4%), with proportion of 5.5:1. The age range from 40
to 75 years-old (mean = 61 years + 9.9).

Histopathological results

Measurements obtained from each resected esophagus are
presented in table 1. Columnar epithelium extension
ranged from 3.5 to 16.0 cm (mean of 7.7 + 3.3 cm).

Table I: Lengths of barrett's esophagus epithelium and adenocarcinoma.

Patient Barrett's esophagus length (cm) Adenocarcinoma length (cm) Dist. Tu-GEJ (cm) Prox. Tu-Tepit (cm)
| 16 3.6 14 0.4
2 10 8 0.5 1.5
3 4 3.0 | 0
4 7 6.5 0 0.5
5 8 5 0 3
6 6 74 22 0
7 35 3 0 0.5
8 5 4.5 0.3 0.5
9 10.7 22 5.5 2.5
10 8 7 0 |
I 6.5 1.5 1.5 35
12 9.5 7 25 0
13 6 25 0 35
Mean 7.71 4.67 2.07 1.30
(SD) (3.33) (2.28)
Min 35 1.5 0 0
Max 16 74 14 35
Distances from adenocarcinoma to gastroesophageal junction; distances from adenocarcinoma to squamous-columnar transition.
Dist. Tu-GEJ = Distance from tumors (Adenocarcinoma) distal margin to the gastroesophageal junction.
Prox. Tu-Tepit = Distance from the turmors (Adenocarcinoma) proximal margin to the epithelium (columnar-squamous) transition
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Tumor extension ranged from 1.5 to 7.4 cm (mean of 4.7
+ 2.3 cm). All adenocarcinoma developed in BE longer
than 3.0 cm. The distances between the tumor's distal
margins and gastroesophageal junction (Dist. Tu-GEJ)
ranged from just at the GEJ (5 patients - 38.5%) to tumors
14 cm far from GEJ (mean of 2.1 cm). The distances of
tumor's proximal margins and columnar-squamous tran-
sition (Prox. Tu-Tepit) ranged from tumors that reached
the epithelium transition and tumor 3.5 ¢m far from Tepit
(mean of 1.30 cm). Eight tumors (61.5%) were located
less than 1.0 cm of the columnar-squamous transition.

Histopathological classifications of adenocarcinomas and
their adjacent columnar epithelium are presented in table
2. Four tumors were well differentiated, two moderated,
five were poorly and two were undifferentiated. The adja-
cent epithelium was specialized columnar type. In five
cases there was predominance of intestinal type areas;
five, with predominance of gastric type areas, and three
with similar distribution.

Immunohistochemical results

Immunohistochemical analysis of mucins is presented in
table 2. Normal esophagus epithelium was usually seen in
the sections, often continuous with the BE epithelium.
The mucins were not expressed in the esophageal normal
stratified epithelium. Intestinal metaplasia with goblet
cells was usually found at the mucosal surface, and in
some cases it was seldom detected. MUC2 was associated
specifically with goblet cells in IM and was usually found
at the mucosal surface (Figure 1). Patches of IM within BE
were characterized by expression of MUC2 within goblet
cells, which is also characteristic for normal intestinal epi-
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thelium and for IM in stomach. MUC5AC was extensively
expressed in BE columnar epithelium, localizing to the
surface epithelium and extending to a variable degree into
the glandular structures (Figure 2). No MUC5AC staining
was detected in goblet cells.

According to the pattern of mucin expression, four tumors
were classified as MUC2 positive (Figure 3) indicating an
intestinal type of tumor differentiation, while seven were
MUCS5AC positive tumors (Figure 4), indicating a gastric
type of tumor differentiation. Two undifferentiated
tumors had no mucin expression and therefore could not
be classified.

Figure 5, exemplify an exophytic lesion surrounded by an
extensive Barrett's epithelium. Microscopy revealed a well
differentiated type tumor. Immunohistochemistry dem-
onstrated a positive MUC2 expression compatible with an
intestinal type Adenocarcinoma.

Figure 6, exemplify an ulcerative and depressive lesion
surrounded by an extensive Barrett's epithelium. Micros-
copy revealed an undifferentiated type tumor. Immuno-
histochemistry showed MUC5AC expression denoting a
gastric type Adenocarcinoma.

Table 3 shows the relationship between mucin pattern
predominance in the adjacent epithelium compared to
the mucin tumour expression.

Discussion
The extension of the columnar epithelium in the esopha-
gus is related to the risk of malignant transformation

Table 2: Distribution of 13 ABE patients according to the type of adjacent epithelium and tumor

Characteristics

Patient Cell type (gastric or intestinal) predominance in the specialized Adenocarcinoma
columnar epithelium
Grade of IHC IHC Type of tumor
differentiation MUC2 MUCS5AC according to mucins
| intestinal well + - Intestinal
2 intestinal moderated - + Gastric
3 similar well + Gastric
4 intestinal moderated + - Intestinal
5 Gastric poor - + Gastric
6 Gastric undifferentiated - - -
7 Gastric well - + Gastric
8 Intestinal poor + - Intestinal
9 Gastric poor - + Gastric
10 similar well - + Gastric
Il similar undifferentiated - - -
12 Gastric poor - + Gastric
13 Intestinal poor + Intestinal
IHC = immunohistochemistry
Page 4 of 8

(page number not for citation purposes)



World Journal of Surgical Oncology 2009, 7:27

http://www.wjso.com/content/7/1/27

Figure |

MUC2 immunoexpression in columnar epithelium
adjacent to the Adenocarcinoma. Immunohistochemical
staining of MUC2 for columnar epithelium showing goblet
cells as positive control (original magnification % 400)

Figure 3

MUC2 immunoexpression in intestinal type adeno-
carcinoma arising in Barrett's esophagus. Inmunohis-
tochemical staining of MUC2 for adenocarcinoma (original
magnification x 400)

[17,18], and there is an increased odds in BE longer than
4 cm [10,19-21]. Some authors describe the adenocarci-
noma in short BE with lower prevalence, since the risk of
malignization area (columnar epithelium) is low [7]. In
this study, adenocarcinoma developed just in long BE
(mean 7.1 cm). This was already observed in our service,

when the mean extension of BE who developed the tumor
was 9.7 cm [21].

The location of ABE was more frequent next to squamous-
columnar transition. Same findings were observed in thir-
teen patients with early adenocarcinoma [20]. This data
suggest that this zone should be specific target during BE
follow up, with multiple endoscopic biopsies.

MUC5AC immunoexpression in columnar epithe-
lium adjacent to the Adenocarcinoma. Immunohisto-
chemical staining of MUCS5AC for columnar epithelium
showing glandular structures as positive control (original
magnification % 400)

Figure 4

MUCS5AC immunoexpression in undifferentiated
type adenocarcinoma (gastric type) arising in Bar-
rett's esophagus. Immunohistochemical staining of
MUCS5AC for adenocarcinoma (original magnification x 400).
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Figure 5

A protuding proximal Adenocarcinoma over a long
Barrett's Esophagus. Well differentiated adenocarcinoma
arising in a 16 cm lenght Barrett's esophagus. The lesion is
located 14 cm distant from the gastroesophageal junction.

Mucins secreted in the esophagus play an important role
in the cytoprotection against reflux of gastric contents
[22]. Barrett's mucosa is characterized by a heterogeneous
mixture of neutral mucins, sialomucins and sulphomu-
cins [23]. Based on this background information, this
study investigated the pattern of expression of MUC2 and
MUCS5AC mucin gene protein products using immuno-

Figure 6

An infiltrative proximal Adenocarcinoma over a long
Barrett's Esophagus. Undifferentiated adenocarcinoma
arising in 10.7 cm lenght Barrett's esophagus, 5.5 cm distant
from gastroesophageal junction.

http://www.wjso.com/content/7/1/27

Table 3: Relationship between Mucin pattern predominance in
the adjacent epithelium compared to the mucin tumor
expression.

Adjacent epithelium

Tumor Intestinal Gastric
Intestinal 4 0
Gastric | 6

P =0, Ol Fisher Exact Test.

histochemistry in patients with adenocarcinoma arising
in BE.

MUC2 and MUCS5AC belong to a family of mucin genes
which encode for peptide tandem repeats [22,24]. Mucin
tandem repeats vary in length and sequence, but all char-
acterized to date contain proline, threonine and/or serine
residues which are potential glycosylation sites [25],
which carry the O-linked oligosaccharides characteristic
for these high molecular weight glycoproteins. These
mucins are secreted and form extracelular gels [24].

MUC2 encodes a prototype secretory mucin which is
present in the human intestine, mostly in goblet cells
[26]. The glycopeptide in MUC2 is rich in cysteine resi-
dues with disulphide bonds. This results in polymeriza-
tion and contributes to the intrinsic viscosity and gel-
forming properties required for mucosal surface protec-
tion [27]. MUC2 immunoexpression in Barrett's metapla-
sia was restricted to goblet cells, a pattern specific to
normal rat and human colonic epithelium [28,29], imply-
ing that the mucin in goblet cells of Barrett's metaplasia is
similar if not identical to the native intestinal mucosa.
Several authors have comparable results [22,30]. The pres-
ence of MUC2 in Barrett's metaplasia (goblet cells) is a
feature of cellular differentiation because secretory
mucins are normally produced by highly differentiated
cells [31]. Warson et al, 2002, demonstrated that there is
an association between MUC2 expression and intestinal
metaplasia. Interesting, these authors also found an asso-
ciation between sulphomucin-producing cells and
MUCS5AC expression [32].

MUC5AC was extensively immunoexpressed in the
columnar cells, localizing to the surface epithelium and
extending to a variable degree into the glandular struc-
tures in BE, and was more commonly seen than MUC2.

In this investigation BE epithelium showed a mucin pat-
tern similar to human stomach epithelium, in which the
expression of these MUCs has been demonstrated previ-
ously [15,16]. Thus, our finds have been corroborated by
others authors.
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The metaplastic epithelium may reflect an adaptative
response to new luminal environment [14]. The esopha-
gus has been shown to increase secretion of mucins from
the submucosal glands in response to stimulation by gas-
tric acid, depending upon the reflux esophagitis [33]. Each
region of the gastrointestinal tract has characteristic func-
tional requirements and the properties of the mucus pro-
duced at each site are adapted to cope with these functions
[34]. Jankowski suggests that incomplete intestinal type
metaplasia may be a response to reflux of gastroduodenal
contents and in particular bile acids [17]. Arul et al. would
support a theory as Barrett's epithelium produces both
MUC5AC and MUC6 associated with protection from gas-
tric acid and MUC2 and MUCS3 associated with protection
from bile [14].

Some authors suggested that mucin histochemistry could
be used to establish if a pattern of mucin staining in Bar-
rett's esophagus may be associated with a greater risk of
progression to adenocarcinoma [35]. Three dyes, alciun
blue, high-iron diamine and periodic acid-Schiff reagent
are used to histochemically distinghish the mucins pro-
duced. These dyes are specific for carbohydrates and their
modifications, but do not reveal the underlying molecular
identity of the mucins expressed. Expression of sulpho-
mucin has been associated with an increased malignant
potencial [35,36]. However, Rothery found that 74% of
biopsies of Barrett's esophagus had evidence of sulpho-
mucin and concluded that detection did not help to iden-
tify those at risk of progression to adenocarcinoma [4].

NAKAMURA et al. performed detailed study of gastric
mucosa microcarcinomas, and described the gastric aden-
ocarcinoma histogenesis. They examined stomachs
resected for nonmalignant diseases and identified tumor
less than 2 mm and between 2 and 5 mm. The results con-
firmed that mucocelular adenocarcinoma developed from
own gastric mucosa, and tubular adenocarcinoma, from
atrophic mucosa with IM. After, when he studied tumor
greater than 6 mm, he could observe the same relation of
the tumor with the adjacent columnar epithelium. With
statistical analysis he proved that gastric or undifferenti-
ated adenocarcinoma were related to gastric mucosa (with
pyloric or fundic glands), and the intestinal pattern or dif-
ferentiated adenocarcinoma, with the presence of IM [37].

In this study, the pattern of mucin expression revealed a
specialized type epithelium adjacent to the tumors. There
was an association between the predominance of mucin
expressed in the adjacent epithelium and the pattern of
mucin expression in the tumors, may indicating the route
of carcinogenesis.

This histogenesis description may be utilized in BE, in
order to clarify the presence of gastric mucin type

http://www.wjso.com/content/7/1/27

expressed at seven of the ABE in this investigation. So, an
area with gastric metaplasia within the specialized Bar-
rett's epithelium could originate an expansion clone capa-
ble of initiate the carcinogenesis cascade, developping an
undifferentiated adenocarcinoma, that express MUC5AC.
BE is a columnar epithelium that can be modified as the
gastric mucosa does, and may originate any type of aden-
ocarcinoma.

Conclusion

Currently, histopathologic aspects still remain the best
biologic markers for the BE follow up with the aim of early
ABE diagnosis. The location of the adenocarcinoma next
to the squamous columnar transition point to the most
important zone that should be searched for early adeno-
carcinona during endoscopic examination; and the higher
risk of adenocarcinoma development in long BE, can be
used like a red flag for follow up in this patients. Thus, the
follow up in long (over 3 cm) BE is relevant, and should
be performed in all patients, independently of the type of
columnar epithelium found at the endoscopic biopsy.

Therefore, Barrett's esophagus adenocarcinoma shows
either gastric or intestinal type pattern of mucins expres-
sion. According to the mucins, the two types of tumors
developed in Barrett's esophagus may reflect the original
cell type involved in malignant transformation.
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