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Abstract

AIM: To investigate the roles of mucin histochemistry,
cytokeratin 7/20 (CK7/20) immunoreactivity, clinical
characteristics and endoscopy to distinguish short-
segment Barrett’s esophageal (SSBE) from cardiac
intestinal metaplasia (CIM).

METHODS: High iron diamine/Alcian blue (HID/AB)
mucin-histochemical staining and immunohistochemical
staining were used to classify intestinal metaplasia (IM)
and to determine CK7/20 immunoreactivity pattern
in SSBE and CIM, respectively, and these results
were compared with endoscopical diagnosis and the
positive rate of gastroesophageal reflux disease (GERD)
symptoms and H pylori infection. Long-segment Barrett’
s esophageal and IM of gastric antrum were designed as
control.

RESULTS: The prevalence of type III IM was
significantly higher in SSBE than in CIM (63.33% vs
23.08%, P<0.005). The CK7/20 immunoreactivity in
SSBE showed mainly Barrett’s pattern (76.66%), and the
GERD symptoms in most cases which showed Barrett’
s pattern were positive, whereas 4 pylori infection was
negative. However, the CK7/20 immunoreactivity in CIM
was gastric pattern preponderantly (61.54%), but there
were 23.08% cases that showed Barrett's pattern. #
pylori infection in all cases which showed gastric pattern
was significantly higher than those which showed Barrett’
s pattern (63.83% vs 19.30%, P<0.005), whereas the
GERD symptoms in gastric pattern were significantly
lower than that in Barrett's pattern (21.28% vs 85.96%,

P<0.005).

CONCLUSION: Distinction of SSBE from CIM should not
be based on a single method; however, the combination
of clinical characteristics, histology, mucin histochemistry,
CK7/20 immunoreactivity, and endoscopic biopsy should
be applied. Type III IM, presence of GERD symptoms,
and Barrett’s CK7/20 immunoreactivity pattern may
support the diagnosis of SSBE, whereas non-type III
IM, positive H pylori infection, and gastric CK7/20
immunoreactivity pattern may imply CIM.

© 2005 The WIG Press and Elsevier Inc. Allrights reserved.
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INTRODUCTION

The incidence of adenocarcinoma at the distal esophagus
and gastric cardia has been increasing rapidly for
more than two decades in the Western world, but the
adenocarcinoma of distal stomach is decreasing gradually.
This phenomenon has so far not been satisfactorily
explained. These gastroesophageal junction (GE])
carcinomas appear to arise from intestinal metaplasia
(IM) foci that develop either in the distal esophagus or
in the proximal stomach (gastric cardia). Some studies
indicate that short-segment Barrett’s esophageal (SSBE)
and cardiac intestinal metaplasia (CIM) are precancerous
conditions of the adenocarcinoma at GE]". However,
the potential carcinogenesis, and the roles in the
development of adenocarcinoma at GEJ are probably the
differences between them. Some studies have shown that
the risk of malignancy is substantially higher for IM in the
SSBE than CIM"™ and medical societies, therefore, have
recommended endoscopic cancer surveillance routinely
for patients with SSBE, but not for patients with CIM".
A recent study has shown that biopsy specimens taken
from the GEJ frequently show specialized IM, even in
patients who have no esophageal symptoms and a normal-
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appearing distal esophagus[é’ﬂ. Therefore, it is necessary
to distinguish SSBE from CIM. However, there are not
precise criteria in endoscopy and histology, and reliable
methods in distinguishing SSBE from CIM have not yet
been established™. Ormsby ez al” once observed a specific
pattern of immunoreactivity for cytokeratin 7 and 20
(CK7/20), defined as Barrett’s CK7/20 pattern, which
seemed to be distinctive for Barrett’s esophageal, but this
method has been disputed by others"",

In this study, we used high iron diamine/Alcian blue
(HID/AB) mucin-histochemical methods and CK7/20
immunoreactivity, combined with clinical characteristics
and endoscopic appearances, to diagnose SSBE and CIM
strictly, and long-segment Barrett’s esophageal (LSBE)
and intestinal metaplasia of gastric antrum (GA-IM) were
designed as control. We aimed to investigate the roles of
these methods in distinguishing SSBE from CIM.

MATERIALS AND METHODS

Patients

The study group consisted of 118 patients who underwent
endoscopies because of a variety of upper gastrointestinal
complains. All patients were required to record complete
clinical, histological, and endoscopic data.

Clinical data included age, gender, complains, and
symptoms of gastroesophageal reflux disease (GERD),
which included heartburn, reflux acid, and regurgitation.
The diagnostic criteria of GERD were as follows: there
were at least twice of aforementioned symptoms within 1
week, and persisted at least 6 months, and all symptoms
could be relieved significantly with H2 receptor blocker or
proton pump inhibitor.

Histological data required presence of IM, which
was proved with hematoxylin—eosin (HE) staining, and
excluded dysplasia or adenocarcinoma.

Endoscopic data included precise biopsy location,
precise site of squamocolumnar junction (SCJ) and GEJ,
and presence or absence of hiatus hernia.

The patients who were classified into four groups
according to histological and endoscopic data are as follows:

LSBE with IM: Twenty-eight patients with IM in LSBE,
which was defined as 3 cm or more of columnar mucosa
in the esophagus. Biopsies were taken from reddish
island-like or long tongue-like columnar mucosa in distal
esophagus.

SSBE with IM: Thirty patients with IM in SSBE, which
was defined endoscopically as tongues less than 3 cm in
length above GEJ with its resemblance to small intestine
having well-formed microvilli, and biopsies were taken
from red, velvet-like columnar mucosa in distal esophagus.
CIM: Twenty-six patients with SCJ coincided precisely
with GEJ, and biopsies were obtained within 2 cm below
GLJ.

GA-IM: Thirty-four patients who underwent biopsies
from gastric antrum.

On the other hand, eight normal distal esophagus
mucosa and cardiac mucosa were selected as normal
controls, which were defined as such by the combination
of a normal endoscopic appearance of the mucosa and

the absence of acute or chronic inflammation, IM, and
dysplasia or adenocarcinoma.

HID/AB mucin-histochemical staining

Each endoscopic biopsy was sliced into three sections with
a thickness of 4-5 pm to carryout histological examination.
Biopsies with IM were stained with HID/AB to identify
neutral mucins, sialomucins, and sulfomucins. Briefly,
slides were immersed into HID solution for more than
18-24 h (includes 68 h in warm-box at 60 °C). Slides were
then stained with 10 g/L Alcian blue solution (pH 2.5) for
30 min. Finally, the slides were stained with 10 g/ neutral
red solution for 2 min.

Immunohistochemical staining for CK7/20

Slides were deparaffinized and rehydrated through graded
alcohols. Antigen retrieval was performed by using citrate
buffer in a microwave, both for CK7 and CK20 at 92-96 °C.
Slides were incubated in 30 mL/I. hydrogen peroxide/
methanol for 20 min to block nonspecific background
staining due to endogenous peroxidase. Using the standard
streptavidin—biotin—peroxidase complex (ABC) method,
the slides were incubated with primary antibodies CK7
(1:50 dilution) and CK20 (1:30 dilution). The slides were
further incubated for 30 min in a secondary antibody
solution. Diaminobenzidine served as the chromogen. The
slides were counterstained with hematoxylin. The samples
of breast carcinoma and colon carcinoma were used as
positive controls for CK7 and CK20, respectively. Negative
controls were produced with the same tumor samples and
staining methods by omitting the primary antibodies.

Giemsa staining
Giemsa staining was used to assess H pylori infection.

Histological diagnostic criteria

Classification of IM IM was classified into three
subtypes as previously described by El-Zimaity ez al';
complete type (type I); incomplete small intestinal type
(type 1I); and incomplete colonic type (type 11I). Type I:
non-secretory absorptive cells and sialomucin-secreting
goblet cells. Type II: few absorptive cells, columnar cells
secreting neutral and acid sialomucin, and goblet cells
secreting mainly sialomucin but occasionally sulfomucin.
Type III: columnar cells secreting predominantly
sulfomucin and goblet cells secreting sialomucin or
sulfomucin. The HID/AB method stains sialomucins
blue and sulfomucin brown (Figure 1). Normal colonic
mucosa served as a positive control for this stain. Type I
was classified as complete IM, and type II and III were
grouped into incomplete IM.

CK7/20 immunoreactivity staining pattern

Three types of CK7/20-staining patterns were recognized
in areas of IM, similar to those described by Ormsby
et al”. Barrett’s CK7 /20 pattern was defined as staining of
both superficial and deep metaplastic epithelium for CK7,
and staining of the superficial epithelium for CK20 (Figures
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Table 1 Phenotype of IM at different sites
. subtype of IM

Site of IM n

type I (%) type IT (%) type III (%)
LSBE 28 3(10.71) 4(14.29) 21(75.00)*
SSBE 30 7(23.33) 4(13.33) 19(63.33)™"
CIM 26 11(42.31) 9(34.62) 6(23.08)
GA-IM 34 18(52.94) 10(29.41) 6(17.65)

Figure 1 Classifications of IM(HID-AB). A: Complete type (Type I, x100); B:
Incomplete small intestinal type (Type II, x100); C: Incomplete colonic type (Type
11, x200)

2A and B). Gastric CK7/20 pattern that depended on the
histochemical type of IM are as follows: complete IM was
characterized by absence of CK7 immunostaining and
strong diffuse CK20 immunostaining (Figures 2C and D),
whereas incomplete IM was characterized by weak patchy
CK7 staining and moderate patchy CK20 immunostaining.
All the patterns that did not belong to Barrett’s or gastric
pattern were defined as other patterns.

Figure 2 Barrett's(A,B) and gastric(C,D) CK7/20 immunoreactivity staining
pattern (SABC). A: CK7: Strong staining of both superficial and deep metaplastic
epithelium (x200); B: CK20: Weak staining of the superficial epithelium (x200);C:
Absent immunostaining of both superficial and deep metaplastic epithelium (x400);
D: CK20: Strong diffuse immunostaining (x400).

Statistical analysis

Using software SPSS 10.0 for Windows, statistical
analyses were performed. The comparison of prevalence
at different sites was performed using y2 test. A P value
<0.05 was considered statistically significant.

RESULTS
HID/AB mucin-histochemical staining
The classifications of IM at different sites are shown in

Table 1.

*P<0.005 vs GA-IM; *P<0.01, °P<0.005 vs CIM

The prevalence of type 111 IM in SSBE was 63.33%,
similar to LSBE (75.00%), but significantly higher than
CIM (23.08%) and GA-IM (17.65%, P<0.005). However,
there was no statistical difference between CIM and GA-
IM. On the contrary, the preponderant subtype of IM in
CIM and GA-IM were type I and type II. These results
indicated that the LSBE and SSBE mainly contained type
11T subtypes of IM, whereas there were low incidence of
type 111 in CIM and GA-IM.

CK7/20 immunoreactivity staining
The CK7/20 immunoreactivity patterns at different sites
are shown in Table 2.

Table 2 CK7/20 immumoreactivity pattern of IM at defferent site

X Barrett's CK7/20 Gastric CK7/20
Site of IM n
pattern pattern

LSBE 28 22(78.57%)" 4(14.29%) * 2(7.14%)
SSBE 30 22(73.33%) ° 4(13.33%)° 4(13.33%)
CIM 26 7(26.92%) 15(57.69%) 4(15.38%)
GA-IM 34 6(17.65%) 24(70.59) 4(11.76%)
*P<0.005 vs CIM

There were significant differences in CK7/20
immunoreactivity staining among LSBE, SSBE, CIM, and
GA-IM (P<0.005). The CK7/20 immunoreactivity pattern
in SSBE was mainly Barrett’s pattern (73.33%), similar
to LSBE (78.57%). On the contrary, the preponderant
CK7/20 immunoreactivity pattern in CIM was gastric
pattern (57.69%), similar to GA-IM (70.59%), but there
were still 26.92% cases in CIM, which showed Barrett’
s pattern. These results implied that although there was a
significant difference in CK7/20 immunoreactivity pattern
between SSBE and CIM, there were also several cases,
which did not belong to either Barrett’s pattern or gastric
pattern. Therefore, CK7/20 immunoreactivity pattern
alone could not distinguish all SSBE and CIM reliably.
No difference in CK7/20 immunoreactivity pattern was
observed between types 1I and I1I IM at any site. However,
all cases with type I IM were stained with gastric CK7/20
immunoreactivity pattern.

Relationship between CK7/20 immunoreactivity pattern
and symptoms of GERD and H pylori infection (Table 3)

Comparing the differences between the expression of
CK7/20 immunoreactivity pattern and the positive
prevalence of GERD and H pylori infection at different
sites of IM, comprehensively, we observed that the
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positive prevalence of GERD in the cases with Barrett’s
CK7/20 pattern was significantly higher than those with
gastric CK7/20 pattern. On the contrary, the positive
prevalence of H pylori infection in the cases with gastric
CK7/20 pattern was significantly higher than those with
Barrett’s CK7/20 pattern. Furthermore, the symptoms
of GERD in the cases with LSBE and SSBE that showed
Barrett’s pattern were all positive, whereas the H pylori
infection in 60% (6/10) cases that showed gastric pattern
was positive. H pylori infection in all the cases that showed
gastric pattern in CIM was positive, and accompanied
with chronic atrophic gastritis, whereas the symptoms
of GERD in six cases with Barrett’s pattern were all
positive. These results implied that LSBE and SSBE
were probably associated with GERD, whereas CIM was
mainly associated with H pylori infection, but the CK7/20
immunoreactivity pattern showing Barrett’s pattern in
CIM was probably associated with GERD. Furthermore,
these results suggested that the CK7/20 immunoreactivity
pattern could be used to distinguish CIM caused by
GERD from that was caused by H pylori infection.

Table 3 Relationships betweeen CK7/20 immunoreactivity patterns
and symptoms of GERD and H pylori infection

Barett's CK7/20 Gastric CK7/20  Other pattern
pattern(=57)(%) pattern (=47) (%)  (=14)(%)
Symptoms of GERD 49(85.96)" 10(21.28) 3(21.43)
H pylori infection 11(19.30)" 30(63.83) 4(28.57)

“P<0.005 vs Gastric CK / 20 pattern

DISCUSSION

IM may develop in GEJ in patients either with SSBE or
carditis, which is defined as CIM. Distinction between
these two entities is important, since the etiology and
risk of developing adenocarcinoma are different!™>".
SSBE is believed to be caused by GERD, and associated
with an increased risk of esophageal adenocarcinoma,
similar to LSBE!""" whereas the etiology and clinical
importance of CIM are unclear. Therefore, it is necessary
to distinguish them from each other. However, because
there are not precise criteria used to diagnose SSBE and
CIM in histology, as well as in endoscopy, it is not so easy
to distinguish them precisely.

The best criterion for the distinction between SSBE
and CIM is the precise knowledge that the biopsy
specimens are from the esophagus or the stomach, but
because of the effects of the anatomic variation of GE]J
and SCJ, inflammation and hiatus hernia, this is not
always possible in endoscopy. In histological morphology,
there is also no significant difference between SSBE
and CIM. Although few scholars have reported that the
areas adjacent to CIM show normal foveolar epithelium,
whereas those of Barrett's epithelium contain pre-goblet
cells that can be stained positive by Alcian blue method“gj,
these characteristics do not exist in all biopsy specimens.
Therefore, it is not reliable to distinguish SSBE from CIM
histologically. HID/AB staining have also been used to

distinguish SSBE from CIM. IM at GE]J (or ultra-short-
segment Barrett’s esophagus) has been more frequently
found to express sulfomucins, which is defined as type 111
in classification of IM, and to involve the surface glandular
epithelium than CIM™. Piazuelo et al”" also found that
the area covered with incomplete type of IM and the
proportion of sulfomucins were significantly higher in
the esophagus compared to the stomach. In our study,
we found that the prevalence of type III IM in SSBE was
63.33%, similar to LSBE, but significantly higher than CIM
(23.08%). Therefore, we think that the HID/AB method
could be used to distinguish SSBE from CIM initially,
based on the different expressions of neutral mucins,
sialomucins, and sulfomucins.

Cytokeratins (CK) are a family of at least 20 structural
proteins found in the cytoskeletons of epithelial cells.
Certain epithelia exhibit characteristic patterns of
CK expression depending on the type, location, and
differentiation of the epithelium. CK7, essentially, is not
expressed in normal epithelium of the gastrointestinal
tract, whereas CK20 is expressed in intestinal epithelium,
gastric foveolar epithelium, and endocrine cells in the
upper portions of the pyloric glands™. Ormsby ez a/”
observed a pattern of immunoreactivity for CK7 and
CK20 that seemed to be distinctive for Barrett’s esophagus,
which was defined as staining of the superficial epithelium
for CK20 and staining of both superficial and deep
metaplastic epithelium for CK7. This so-called “Barrett’
s CK7/20 pattern” was found in 100% esophageal biopsy
specimens from LSBE, but none of the specimens of
IM were from the stomach. Ormsby ez a/*) later found
that this Barrett’s CK7/20 pattern was present in 82% of
patients with SSBE. Studies by Sarbia ez a/*Y, Glickman
et al™ and Jovanovic ez al® confirmed findings of Ormsby
et al” in 90.3%, 91%, and 94% of their cases with LSBE,
respectively. However, some other studies did not support
the findings of Ormsby ez a”. 1n addition, Mohammed
¢t al"" and by El-Zimaity e a/'"" demonstrated that the
proposed Barrett’s CK7/20 pattern was observed only
in 54% and 39% of patients with LSBE, respectively.
Differences in patient populations and endoscopic biopsy
techniques may have contributed to the discrepancies
among these studies, especially, the sites of the biopsies.
Previous anatomic and endoscopic studies have shown the
gastric cardia to be a small structure varying from about
0 to 10 mm in length (mean length 3 mm) beneath the
GEJ™, but there are no agreement on the precise distal
extent of the cardia™. In our study, we have defined the
distal extent of the cardia as less than 2 cm beneath the
GLEJ, which is accepted by most scholars at present, and
applied an anterograde approach to obtain biopsies by
avoiding biopsy across the SCJ, aiming to eliminate biopsy
error to most extent. On the other hand, we compared the
results of SSBE and CIM with LSBE and GA-IM. The
results indicated that 73.33% of SSBE showed Barrett’s
CK7/20 immunoreactivity pattern, which was similar to
LSBE; whereas 57.69% of CIM showed gastric CK7/20
pattern, which was similar to GA-IM. These results
implied that CK7/20 immunoreactivity pattern could be
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used to distinguish most of SSBE from CIM. However,
there were a large number of cases, which belonged to
neither Barrett’s pattern nor gastric pattern, since they
showed some controversial results; therefore, we have
simply based our study on the CK7/20 immunoreactivity
pattern, and could not distinguish all SSBE from CIM.
The etiology and pathogenesis of SSBE and CIM are
unclear until recently. Recent data have suggested the
cause of SSBE, like that of LSBE, is probably related
to chronic GERD, and not to H pylori infection**"?",
However, the cause of CIM is still controversial. Schnell
et al” suggest GERD as a probable cause, whereas Dulai
¢t al”” have found an association with H pylori infection.
Few scholars even think that CIM has dual etiologies:
gastroesophageal reflux in some and H pylori infection
in others™™. A recent report has described findings in
biopsies of the cardia that are said to distinguish between
gastroesophageal reflux and H pylori as the etiologym].
On the basis of these findings, some scholars have
proposed that the CK7/20 immunoreactivity patterns
with gastroesophageal reflux symptoms and the status of
the remainder of the gastric mucosa, including H pylori
infection, can distinguish IM caused by GERD from that
caused by H pylori infection. Balaji ef al™ found that there
were two different patterns of CK7/20 staining in patients
with CIM, which support the concept of dual etiologies
for CIM. A Barrett's staining pattern was associated
with objective evidence of gastroesophageal reflux
and the absence of H pylori, suggesting that CK7/20
immunostaining is useful to determine the likely etiology
of CIM. Couvelard ¢z a/*" also found that the Barrett’s
type CK7/20 pattern was related to a high frequency of
gastroesophageal reflux symptoms and normal endoscopic
appearance of the stomach, but the gastric type CK7/20
pattern was linked to high frequency of H pylori infection,
antral inflammation with atrophy and IM. In the present
study, we found that the symptoms of GERD were all
positive in some cases of LSBE and SSBE, which showed
the Barrett’s type CK7/20 pattern, whereas in other
cases that showed gastric CK7/20 pattern, the symptoms
of GERD were all negative, but H pylori infection was
positive conversely. In contrast, in the CIM cases that
showed gastric type CK7/20 pattern, H pylori infection
was all positive, and the symptoms of GERD were mostly
negative, whereas in other cases which showed Barrett’
s type, the symptoms of GERD were all positive. These
results indicate partly that the CK7/20 immunoreactivity
patterns, combined with gastroesophageal reflux
symptoms and statuses of H pylori infection, could imply
the probable cause of SSBE and CIM, and even help to
distinguish from each other. However, although GERD
symptoms were significantly more common among the
patients with IM showing a Barrett’s CK7/20 pattern,
Couvelard ¢ al™ also found that most of those patients
(57%) had no symptoms of GERD. Conversely, although
H pylori infection was found significantly more often in
gastric biopsy specimens from patients with IM showing
a gastric CK7/20 pattern, 34% of those patients had no
demonstrable H pylori infection. Our findings are also in

agreement with the above results. Thus, the concept that
CK7/20 immunoreactivity patterns can distinguish IM
caused by GERD from that caused by H pylori infection is
appealing, and further investigations are needed to resolve
this dispute.

Therefore, on the basis of our results, we conclude
that the distinction of SSBE from CIM should not be
based on a single method or factor or characteristic, but
the combination of clinical characteristics, histological
results, mucin-histochemistry, CK7/20 immunoreactivity,
and especially precise endoscopic biopsy. Type 111 IM,
presence of GERD symptoms and Barrett’s CK7/20
immunoreactivity pattern may support the diagnosis of
SSBE, whereas non-type 111 IM, presence of H pylori
infection and gastric CK7/20 immunoreactivity pattern
may support the diagnosis of CIM.
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