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Abstract
AIM: To investigate the difference in magnifying endo-
scopic findings of gastric epithelial dysplasias (GEDs) 
according to the morphologic characteristics.

METHODS: This study included 46 GED lesions in 45 
patients who underwent magnifying endoscopy us-
ing narrow band imaging (ME-NBI) before endoscopic 
resection. During ME-NBI, the microvascular and mi-
crosurface (MS) patterns and the presence of light blue 
crest (LBC) and white opaque substance were investi-
gated. GEDs were categorized as adenomatous, foveo-
lar, and hybrid types, and their mucin phenotype was 
evaluated. 
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RESULTS: Of the 46 lesions, 27 (59%) were catego-
rized as adenomatous, 15 (32%) as hybrid, and the 
remaining 4 (9%) as foveolar. All adenomatous GEDs 
showed the round pit and/or tubular MS patterns, all 
foveolar GEDs showed the papillary pattern, and hy-
brid GEDs showed mixed patterns (P  < 0.001). LBC 
was more frequently observed in adenomatous GEDs 
than in hybrid or foveolar GEDs (52%, 33%, 0%, re-
spectively), although this difference was not significant 
(P  = 0.127). The papillary MS pattern was associated 
with MUC5AC and MUC6 expression, and the round pit 
and/or tubular MS patterns were associated with CD10 
expression. 

CONCLUSION: The MS pattern in ME-NBI findings is 
useful for predicting the morphologic category and mu-
cin phenotype of GEDs, and ME-NBI findings may guide 
decisions regarding GED treatment.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Microsurface patterns in the magnifying en-
doscopy using narrow band imaging (ME-NBI) are 
different according to the morphologic category and 
mucin phenotype in gastric epithelial dysplasias (GEDs). 
Considering that foveolar GEDs tend to be associated 
with high-grade morphology, ME-NBI findings such as 
the papillary microsurface pattern may guide decisions 
regarding GED treatment.
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INTRODUCTION
Gastric epithelial dysplasia (GED) is generally accepted as 
a neoplastic lesion to gastric adenocarcinoma[1]. GED has 
traditionally been categorized into the adenomatous (or 
intestinal) and foveolar (or gastric) types on the basis of  
morphologic features[2,3], but the clinical relevance of  this 
GED classification has not been extensively studied thus 
far. Western studies have shown that most foveolar GEDs 
are low grade, while adenomatous GEDs tend to be asso-
ciated with intestinal metaplasia and high grade, and tend 
to have an increased risk of  malignant transformation[4,5]. 
In contrast, East Asian studies have shown that foveolar 
GEDs are more commonly high grade and are associated 
with the development of  secondary dysplastic lesion[6,7]. 
Recent developments in mucin immunohistochemistry 
have supported efforts to categorize gastric neoplasms on 
the basis of  the pattern of  mucin expression. Previous 
studies have reported that the pattern of  mucin expres-
sion in gastric cancer is clinically significant, suggesting 
biologic differences in pre-neoplastic lesions and/or the 
process of  malignant transformation[8-11].

Magnifying endoscopy (ME) has been used clinically 
because it enables visualization of  the mucosa in great 
detail. Many studies have been reported on the clinical 
application of  ME, particularly for the colon and esopha-
gus[12-14]. Additionally, the application of  ME using nar-
row band imaging (ME-NBI) is becoming increasingly 
common, and it has been reported to be useful for the 
diagnosis of  gastrointestinal tumors[15-17] as well as his-
tologic gastritis[18-20]. In fact, the characteristic ME-NBI 
findings for gastric carcinoma are well demonstrated[9,10,12]. 
However, only a few studies have investigated the useful-
ness of  ME-NBI for GEDs[4,8,21], and to our knowledge, 
no study has examined the ME-NBI findings of  GEDs 
depending on the morphologic category and pattern of  
mucin expression. Therefore, the present study aimed to 
investigate the difference in ME-NBI findings between 
adenomatous and foveolar GEDs, and to analyze the 
association between ME-NBI findings and the mucin ex-
pression pattern.

MATERIALS AND METHODS
Study population
A total of  46 GEDs in 45 patients (28 men and 17 
women; age range, 45-82 years; mean age, 62 years) who 
underwent ME-NBI and were diagnosed with GED by 
endoscopic resection were enrolled between June 2012 
and May 2013. All patients underwent upper endoscopy 
for various indications, including health check-ups and 
complaints of  abdominal discomfort or dyspepsia. The 
following patients were excluded from the study: patients 
who had severe systemic diseases or advanced chronic 
liver diseases; those on histamine-2 receptor antagonists, 

proton-pump inhibitors, or non-steroidal anti-inflamma-
tory drugs; those who had received Helicobacter pylori (H. 
pylori) eradication therapy; and those with a history of  
gastric surgery. The study protocol was reviewed and ap-
proved by the Institutional Review Board of  the Pusan 
National University Hospital. 

ME using narrow band imaging
The EVIS-LUCERA SPECTRUM system (Olympus 
Co., Ltd., Tokyo, Japan), comprising a light source (CLV-
260SL), a processor (CV-260SL), and a magnifying video 
endoscope (GIF-H260Z), was used as the video endos-
copy system. This system was equipped with both white 
light and NBI modes, which could be toggles within one 
minute, using a button on the control head of  the video 
endoscope. The system can reach zoom magnifications 
of  80 ×. To obtain a clear view with ME-NBI, a soft 
black hood (MB-46; Olympus Co., Ltd.) was fitted on the 
distal tip of  the endoscope in order to maintain the focal 
distance.

ME-NBI was performed by a single experienced 
endoscopist (Kim GH) who had previously performed 
over 100 ME-NBI examinations. All with conventional 
endoscopy, all examinations were performed under con-
scious sedation with 2-5 mg of  midazolam. After routine 
observation, ME-NBI examinations of  GED areas were 
performed to evaluate the microvascular (MV) pattern, 
microsurface (MS) pattern, and the presence or absence 
of  light blue crest (LBC) and white opaque substance 
(WOS) (Figures 1 and 2). MV patterns were categorized 
as regular or irregular, while MS patterns were classified 
as (1) round pit; (2) tubular; (3) mixed (both round pit 
and tubular); (4) papillary; or (5) absent. LBC was defined 
as a fine, blue-white line on the crest of  the epithelial 
surface/gyri[19,20], and WOS was defined as a whitish sub-
stance that obscured the MV pattern within a neoplastic 
lesion[22,23]. LBC or WOS was considered positive when 
these features were present in ≥ 10% of  the dysplastic 
area.

Endoscopic resection
Endoscopic resection was performed by 2 experienced 
endoscopists (Kim GH and Song GA), using a single-
channel endoscope (GIF-H260 or GIF-Q260; Olympus 
Co., Ltd.). Endoscopic resection was performed under 
conscious sedation, with cardio-respiratory monitor-
ing. For sedation, 5-10 mg of  midazolam and 25 mg of  
meperidine were administered intravenously; propofol 
was administered as needed during the procedure. Two 
methods were used: endoscopic mucosal resection (EMR) 
and endoscopic submucosal dissection (ESD). In EMR, 
the saline solution (0.9% saline with small amount of  epi-
nephrine and indigo carmine) was injected into the sub-
mucosal layer to separate the superficial layers from the 
muscularis propria, thereby reducing the risk of  perfora-
tion. The lesion was then resected using a snare. In ESD, 
marking outside the lesion, identified by conventional 
endoscopy or chromoendoscopy with indigo carmine 
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solution, was made with argon plasma coagulation. After 
marking, the saline solution was injected submucosally 
around the lesion to lift it off  the muscular layer. And 
then, a circumferential mucosal incision was performed 

outside the marking dots using the IT knife (Olympus 
Co., Ltd.,) and/or Flex knife (Olympus Co., Ltd.,). Next, 
submucosal dissection was carried out with the above 
mentioned knives for complete removal of  the lesion. If  
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Figure 1  Endoscopic and histologic findings of adenomatous gastric epithelial dysplasia. A: An elevated lesion with nodular changes is seen at the antrum; B: 
Magnifying endoscopy using narrow band imaging shows a mixed (tubular and round pit) microsurface and regular microvascular pattern. Light blue crests are also 
seen (arrow); C: Histologic examination shows that the dysplasia is composed of tubules lined by columnar cells with hyperchromatic, pencillate nuclei with pseu-
dostratification (Haematoxylin-Eosin stain, × 10). The dysplastic epithelium is strongly positive for CD10 (G) and negative for MUC2 (D), MUC5AC (E) and MUC6 (F) 
(Immunohistochemistry, × 10). 
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botom VIO 300D; ERBE, Tübingen, Germany) was 
used during marking, mucosal incision, submucosal dis-
section and hemostasis. 

necessary during the procedure, a submucosal injection 
was repeated and endoscopic hemostasis was achieved. 
A high-frequency electrosurgical current generator (Er-
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Figure 2  Endoscopic and histologic findings of foveolar gastric epithelial dysplasia. A: A slightly depressed lesion is seen at the antrum; B: Magnifying endos-
copy using narrow band imaging shows a papillary microsurface and slightly irregular microvascular pattern; C: Histologic examination shows that the dysplasia is 
composed of cuboidal to columnar cells with a pale cytoplasm and basally located ovoid nuclei. Hyperplasia of the foveolar region with irregular glandular branching 
and epithelial folding are also seen (Haematoxylin-Eosin stain, × 10). The dysplastic epithelium is strongly positive for MUC5AC (E) and negative for MUC2 (D), MUC6  
(F) and CD10 (G) (Immunohistochemistry, × 10). 
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Histological assessment
Endoscopic resection was performed within 2 wk after 
ME-NBI. The resected specimens were fixed in 10% 
buffered formalin. GEDs with adjacent non-GED muco-
sa were serially cut into 2-mm slices in parallel, embedded 
in paraffin, sectioned, and stained with hematoxylin-eosin 
for histologic examination. All histologic samples were 
examined by an expert pathologist (Park DY) who was 
blinded to the ME-NBI findings. Each lesion was cat-
egorized as adenomatous, foveolar, or hybrid on the basis 
of  morphologic features as described previously[3,4,6]. Ad-
enomatous GED was characterized by tubules or glands 
lined by columnar cells with hyperchromatic, pencillate 
nuclei with pseudostratification, similar to the colonic 
adenomatous epithelium (Figure 1). In contrast, foveo-
lar GED featured columnar cells with a pale cytoplasm 
and basally located round to oval nuclei, resembling the 
gastric foveolar epithelium (Figure 2). Hyperplasia of  the 
foveolar region with irregular glandular branching and 
epithelial folding was also frequently noted in foveolar 
GED. When GED showed at least 10% of  the second 
phenotype, it was classified as hybrid. Each GED was 
also classified as low or high grade depending on archi-
tectural complexity and cytologic atypia[3,24].

Mucin phenotype 
We immunohistochemically examined the expression of  
MUC2 (Ccp58, 1:500; Novocastra Laboratories, Newcas-
tle, UK), MUC5AC (CLH2, 1:500; Novocastra Labora-
tories), MUC6 (CLH5, 1:500; Novocastra Laboratories), 
and CD10 (56C6, 1:100; Novocastra Laboratories) in the 
dysplastic epithelium as described previously[6]. Briefly, 
5-µm-thick consecutive sections were deparaffinized and 
hydrated through a graded series of  alcohol. After inhi-
bition of  endogenous peroxidase activity by immersion 
in 3% H2O2/methanol solution, antigen retrieval was 
conducted by treatment with 10 mmol/L citrate buffer 
(pH 6.0) in a microwave oven for 10 min. Next, the sec-
tions were thoroughly washed in phosphate-buffered 
solution and incubated first with biotinylated secondary 
antibody and then with avidin-biotinylated horseradish 
peroxidase complex (Vectastain Elite ABC kit; Vector 
Laboratories, Burlingame, CA, United States). Finally, the 
immune complexes were visualized by incubation with 
0.01% H2O2 and 0.05% 3,3’-diaminobenzidine tetrachlo-
ride. Nuclear counterstaining was accomplished using 
Mayer’s hematoxylin. Immunostaining was considered 
positive if  at least 10% of  the dysplastic cells were im-
munoreactive[6,10]. Mucin phenotypes were divided into 4 
types, namely, gastric (G-type), intestinal (I-type), gastro-
intestinal (GI-type), and unclassified (N-type), depending 
on the combination of  immunohistochemical markers 
expressed for gastric mucin (MUC5AC and MUC6) and 
intestinal mucin (MUC2 and CD10) (Figures 1 and 2). 
MUC5AC, MUC6, MUC2, and CD10 have been found 
to be specifically expressed in the gastric foveolar epithe-
lium, pyloric gland cells, goblet cells, and brush border, 
respectively[25].

Statistical analysis
Differences in clinicopathologic and ME-NBI findings 
among the 3 GED types were evaluated using the one-
way analysis of  variance (ANOVA) test for continuous 
data and the χ 2 test for categorical variables. The associa-
tion between mucin expression and ME-NBI findings 
was assessed using the χ 2 test or Fisher’s exact test. Sta-
tistical calculations were performed using the SPSS ver-
sion 21.0 software for Windows (SPSS, Chicago, United 
States). Results were considered statistically significant 
when the P value was < 0.05.

RESULTS
Clinicopathologic characteristics of GEDs
Of  the 46 GED lesions, 27 (59%) were categorized as 
adenomatous, 15 (32%) as hybrid, and the remaining 4 
(9%) as foveolar on the basis of  their morphologic fea-
tures (Table 1). Patients with adenomatous GEDs were 
younger than those with hybrid or foveolar GEDs (P = 
0.023). No significant difference was found in the tumor 
size, location, color, gross shape, and histologic grade 
among the 3 GED types. However, the prevalence of  
H. pylori infection was higher in cases of  adenomatous 
GEDs than in those of  hybrid and foveolar GEDs (85%, 
47%, 50%, respectively; P = 0.020). In terms of  the mu-
cin phenotype, adenomatous GEDs mainly showed the 
I-type (82%), hybrid GEDs mainly showed the G-type 
(53%) and GI-type (40%), and all foveolar GEDs showed 
the G-type (100%) (P < 0.001). 

ME-NBI findings of GEDs 
The irregular MV pattern was observed in 56% of  the 
adenomatous GEDs, 73% of  the hybrid GEDs, and 
75% of  the foveolar GEDs (P = 0.517) (Table 2). All 
adenomatous GEDs showed the round pit and/or tubu-
lar patterns. All 4 foveolar GEDs showed the papillary 
pattern (100%), while the hybrid GEDs mainly showed 
the mixed (33%) and papillary (33%) patterns. Thus, 
the MS patterns differed significantly depending on the 
morphologic category (P < 0.001). LBC was observed 
more commonly in adenomatous GEDs than in hybrid 
and foveolar GEDs (52%, 33%, 0%, respectively), but 
this difference was not statistically significant (P = 0.127). 
Further, no difference in the presence of  WOS was ob-
served among the 3 GED types.

Association between mucin expression and ME-NBI 
findings 
The round pit and/or tubular patterns, which were the 
main MS patterns exhibited by adenomatous GEDs, were 
associated with CD10 expression (P < 0.001). In con-
trast, the papillary MS pattern mainly shown by foveolar 
GEDs was associated with MUC5AC and MUC6 expres-
sion (P = 0.001 and P = 0.014, respectively) (Table 3). 
The MV pattern was not associated with the expression 
of  any mucin marker. The presence of  LBC was associ-
ated with CD10 expression (P = 0.002), but the presence 
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of  WOS was not associated with the expression of  any 
mucin marker (Table 4).

DISCUSSION
GED is an unusual neoplasm that could be a direct pre-
cursor to gastric carcinoma[5], but there is no consensus 
on the management of  this lesion when it is diagnosed 
by pre-treatment biopsy[21]. In our previous study, we 
found that adenomatous and foveolar GEDs show dis-
tinct clinicopathologic features: foveolar GEDs tend to 
be associated with high-grade morphology[6]. Therefore, 
we hypothesized that treatment plans could be devised 
more effectively if  the morphologic category of  GEDs 
could be predicted. Although some studies have exam-
ined ME-NBI findings for GEDs[15,21,26-28], to our knowl-
edge, no study has investigated the ME-NBI findings of  
GEDs categorized morphologically. The results of  the 
present study showed a clear difference in the MS pattern 
between adenomatous and foveolar GEDs. The former 
showed the round pit and/or tubular patterns, whole the 
latter predominantly showed the papillary pattern. In ad-
dition, the round pit and/or tubular patterns were associ-
ated with CD10 expression, whereas the papillary pattern 
was associated with MUC5AC and MUC6 expression.

ME-NBI enables clearly visualization of  the MS 

structure as well as the MV structure of  an organ. There-
fore, the MS pattern on ME-NBI may have reflected the 
histologic characteristics of  the GEDs. In fact, because 
pathologic examination shows that adenomatous GEDs 
are composed of  large tubules on pathology, they ex-
hibited round pit and/or tubular patterns on ME-NBI. 
On the other hand, because hyperplasia of  the foveolar 
region with irregular glandular branching and epithelial 
folding is usually seen in foveolar GEDs, they exhibited 
a papillary pattern on ME-NBI, like ikra. Hybrid GEDs 
exhibited a mix of  the MS patterns of  adenomatous and 
foveolar GEDs. However, the MV pattern did not differ 
between adenomatous and foveolar GEDs. Therefore, 
the morphologic category of  GEDs can be predicted 
only from the MS pattern on ME-NBI before endoscop-
ic resection.

We previously found that in terms of  mucin pheno-
type exhibited, the foveolar GEDs were more often posi-
tive for MUC5AC, while adenomatous GEDs were more 
often positive for CD10[6]. Similarly, in the present study, 
adenomatous GEDs mainly exhibited the I-type; foveolar 
GEDs, the G-type; and hybrid GEDs, the G- and GI-
types. We also investigated the ME-NBI findings of  the 
GEDs according to the mucin expression and found that 
although the MV pattern was not associated with mucin 
expression, the MS pattern differed significantly depend-
ing on the mucin phenotype expressed. The round pit 
and/or tubular patterns, the main MS patterns shown by 
adenomatous GEDs, were associated with CD10 expres-
sion, while the papillary pattern, the main MS pattern 
of  foveolar GEDs, was associated with MUC5AC and 
MUC6 expression. These results suggest that the mucin 
phenotype influences morphogenetic differences in the 
surface glandular structure[25].

LBC is thought to be an accurate predictor of  intes-
tinal metaplasia of  the stomach[19,20]. It is speculated that 
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Table 1  Baseline clinicopathologic characteristics of gastric 
epithelial dysplasias according to the morphologic type  n  (%)

Morphologic type P  value

Adenomatous Hybrid Foveolar

(n  = 27) (n  = 15) (n  = 4)

Age (yr, mean ± SD) 59.4 ± 7.3 67.1 ± 9.0 64.3 ± 7.5 0.023
Sex 0.413
   Male 16 (59)   9 (60)     4 (100)
   Female 11 (41)   6 (40) 0 (0)
Tumor size 
(cm, mean ± SD)

  1.3 ± 0.5  1.7 ± 1.1   1.9 ± 1.1 0.242

Location 0.251
   Body/fundus 17 (63)   6 (40)   1 (25)
   Antrum 10 (37)   9 (60)   3 (75)
Color 0.172
   Discolored 13 (48)   3 (20)   1 (25)
   Norma/reddish 14 (52) 12 (80)   3 (75)
Gross shape 0.328
   Elevated/protruded 24 (89) 11 (73)   3 (75)
   Flat/depressed   3 (11)   4 (27)   1 (25)
Histologic grade 0.328
   Low 24 (89) 11 (73)   3 (75)
   High   3 (11)   4 (27)   1 (25)
H. pylori infection 0.020
   Present 23 (85)   7 (47)   2 (50)
   Absent   4 (15)   8 (53)   2 (50)
Mucin phenotype < 0.001
   G-type 1 (4)   8 (53)     4 (100)
   I-type 22 (82) 0 (0) 0 (0)
   GI-type 2 (7)   6 (40) 0 (0)
   N-type 2 (7) 1 (7) 0 (0)

H. pylori: Helicobacter pylori; G-type: Gastric-type; I-type: Intestinal-type; 
GI-type: Gastrointestinal-type; N-type: Unclassified-type.

Table 2  Magnifying endoscopy using narrow band imaging of 
gastric epithelial dysplasias according to the morphologic type  
n  (%)

Morphologic type P  value

Adenomatous Hybrid Foveolar

(n  = 27) (n  = 15) (n  = 4)

Microsurface pattern < 0.001
   Round pit 2 (7) 1 (7) 0 (0)
   Tubular 15 (56)   2 (13) 0 (0)
   Mixed 10 (37)   5 (33) 0 (0)
   Papillary 0 (0)   5 (33)     4 (100)
   Absent 0 (0)   2 (13) 0 (0)
Microvascular pattern    0.517
   Regular 12 (44)   4 (27)   1 (25)
   Irregular 15 (56) 11 (73)   3 (75)
Light blue crest    0.127
   Present 14 (52)   5 (33) 0 (0)
   Absent 13 (48) 10 (67)     4 (100)
White opaque substance 1
   Present   9 (33)   5 (33)   1 (25)
   Absent 18 (67) 10 (67)   3 (75)
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LBC results from differences in the reflectance of  the 
light at the surface of  the brush border and that LBC is 
associated with cells positive for CD10[19]. The present 
study, also found that LBC was associated with CD10 
expression. Further, LBC was found more often in ad-
enomatous GEDs than in foveolar GEDs, although this 
difference was not statistically significant. In our previ-
ous study, we found that foveolar GEDs were associated 
more often with background intestinal metaplasia show-
ing retained expression of  G-type mucin[6]. In contrast, 
adenomatous GEDs were significantly associated with 
background intestinal metaplasia showing a complete 
I-type mucin phenotype (CD10). This difference in mu-
cin expression in the background intestinal metaplasia 
could explain the biologic difference in mucin expression 
between the morphologically distinct GEDs, which in 
turn explains why LBC is seen more often in adenoma-
tous GEDs than in foveolar GEDs.

WOS is known to result from the accumulation of  
lipid droplets in the neoplastic GED cells, which suggests 
that GEDs with WOS may have the ability to absorb 
lipids[29]. The frequency of  occurrence of  WOS remains 
poorly elucidated. In a Japanese study, 26 (53%) of  49 

GEDs showed WOS, which was observed in GI- and 
I-type GEDs[22]. In the present study, the frequency of  
WOS was 33% (15/46), and it did not differ depending 
on morphologic category or mucin phenotype expressed.

This study has some limitations, which must be ac-
knowledged. First, this was a retrospective study that 
evaluated the difference in ME-NBI findings between 
adenomatous and foveolar GEDs. Therefore, some bias 
may have been introduced when the ME-NBI images 
were retrospectively reviewed. However, we capture at 
least 8-15 images per GED during ME-NBI, and this 
comprehensive collection of  images may compensate 
for the retrospective nature of  this study to some degree. 
Second, we could not exactly match each portion of  the 
ME-NBI image to its corresponding portion in the his-
tologic specimens, especially those stained immunohis-
tochemically. Third, the number of  foveolar GEDs was 
relatively lower than that of  adenomatous GEDs. In our 
experience, foveolar GEDs constitute about 15%-20% 
of  all GEDs (unpublished data). The number of  hy-
brid GEDs, which are a mixed form of  adenomatous 
and foveolar GEDs, however, was quite high, and these 
GEDs showed characteristic ME-NBI findings of  both 
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Table 3  Mcrosurface and microvascular patterns according to mucin expression in gastric epithelial dysplasias  n  (%)

Microsurface pattern P  value Microvasulcar pattern P  value

Round pit and/or tubular Papillary Absent Regular Irregular

(n  = 35) (n  = 9) (n  = 2) (n  = 17) (n  = 29)

MUC2 expression    0.569 0.545
   Negative (< 10%) 33 (94) 8 (89)     2 (100) 15 (88) 28 (97)
   Positive (≥ 10%)   2 (6) 1 (11) 0 (0)   2 (12) 1 (3)
MUC5AC expression    0.001 0.301
   Negative (< 10%) 26 (74) 1 (11)   1 (50) 12 (71) 16 (55)
   Positive (≥ 10%)   9 (26) 8 (89)   1 (50)   5 (29) 13 (45)
MUC6 expression    0.014 0.149
   Negative (< 10%) 28 (80) 3 (33)   1 (50) 14 (82) 18 (62)
   Positive (≥ 10%)   7 (20) 6 (67)   1 (50)   3 (18) 11 (38)
CD10 expression < 0.001 0.417
   Negative (< 10%)   7 (20) 8 (89)     2 (100)   5 (29) 12 (41)
   Positive (≥ 10%) 28 (80) 1 (11) 0 (0) 12 (71) 17 (59)

Table 4  Presence or absence of light blue crest and white opaque substance according to mucin expression in gastric epithelial 
dysplasias  n  (%)

Light blue crest P  value White opaque substance P  value

Absent (n  = 27) Present (n  = 19) Absent (n  = 31) Present (n  = 15)

MUC2 expression 1 1
   Negative (< 10%) 25 (93) 18 (95) 29 (94) 14 (93)
   Positive (≥ 10%) 2 (7) 1 (5) 2 (6) 1 (7)
MUC5AC expression 0.220 0.575
   Negative (< 10%) 14 (52) 14 (74) 18 (58) 10 (67)
   Positive (≥ 10%) 13 (48)   5 (26) 13 (42)   5 (33)
MUC6 expression 0.106 0.495
   Negative (< 10%) 16 (59) 16 (84) 23 (74)   9 (60)
   Positive (≥ 10%) 11 (41)   3 (16)   8 (26)   6 (40)
CD10 expression 0.002 0.723
   Negative (< 10%) 15 (56)   2 (11) 12 (39)   5 (33)
   Positive (≥ 10%) 12 (44) 17 (89) 19 (61) 10 (67)
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adenomatous and foveolar GEDs. Therefore, we believe 
that the small number of  foveolar GEDs could not have 
influenced the interpretation of  our results. Lastly, since 
the ME-NBI findings were interpreted by a single ex-
perienced endoscopist, inter-observer variation was not 
evaluated. Although the reliability of  ME-NBI findings 
has been reported recently[30,31], inter-observer variability 
in assessing these findings must be evaluated before clini-
cal application. Furthermore, computer-assisted auto-
matic analysis for ME-NBI images would be considered 
for quantitative examinations going beyond qualitative 
observation[32,33].

In conclusion, MS pattern in the ME-NBI findings 
is useful for predicting the morphologic category and 
mucin phenotype in GEDs. Considering that foveolar 
GEDs tend to be associated with high-grade morphol-
ogy, ME-NBI findings such as the papillary MS pattern 
may guide decisions regarding GED treatment.

COMMENTS
Background
Gastric epithelial dysplasia (GED) has traditionally been categorized into the 
adenomatous and foveolar types based on the morphologic characteristics. 
Magnifying endoscopy using narrow band imaging (ME-NBI) has been used 
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has been no study about the ME-NBI findings of GEDs depending on the mor-
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adenomatous GEDs than in hybrid or foveolar GEDs. The papillary MS pattern 
was associated with MUC5AC and MUC6 expression, and the round pit and/or 
tubular MS patterns were associated with CD10 expression.
Applications
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