
Introduction
We have reported that gastric cancer detected after successful
eradication of Helicobacter pylori has a gastritis-like appearance
by endoscopy, often making diagnosis difficult [1]. As assess-
ment of the extent of cancer is essential for successful endo-
scopic submucosal dissection (ESD), these gastritis-like cancers
pose a diagnostic problem for endoscopists. Assessment of the
extent of cancer has hitherto been based on irregularities of

mucosal structure and micro-vessels revealed by narrow-band
imaging (NBI) magnifying endoscopy [2, 3]. However, gastric
cancer after H. pylori eradication therapy often shows a mucosal
structure similar to that of surrounding areas of gastritis [1].

In our studies of gastric cancer after eradication therapy
using NBI endoscopy [1], we have noticed that a proportion of
such cases have a brownish-colored cancerous area and a
green-colored surrounding mucosa (gastritis mucosa). If suffi-
ciently accurate, this difference in color could be applicable for
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ABSTRACT

Background and study aims Assessment of the extent of

gastric cancer detected by endoscopy after successful era-

dication of H. pylori is often difficult even with narrow-

band imaging (NBI)-magnifying endoscopy. Using the latter

modality, it has often been noted that the cancerous area

has a brownish color surrounded by green epithelium (GE).

If the histological origin of this GE could be clarified, it could

be of practical use for endoscopic assessment of the extent

of cancer.

Materials and methods The endoscopic appearance of

gastric cancer after eradication therapy was classified into

four types: (A) cancer brownish, surrounding mucosa

green; (B) cancer brownish, surrounding mucosa brownish;

(C) cancer green, surrounding mucosa brownish; and (D)

cancer green, surrounding mucosa green. A histological se-

ries of sections taken from tissues in each endoscopic view

was stained with HE, and also for CDX2, MUC2, CD10 and

MUC5AC. Staining intensity was evaluated by microscopy

using a visual analog scale ranging from 0 to 3+: intensities

of 0 and 1+ were rated as negative, and those of 2+ and 3+

as positive. Positive or negative immunostaining was exam-

ined for each type of endoscopic appearance A–D.

Results Among 42 lesions examined, 16 were type A, 18

type B, 6 type C and 2 type D. MUC2 was positive in the sur-

rounding mucosa in 100% of type A and D cases, but in only

28% and 17% of type B and C cases, respectively.

Conclusions GE observed by NBI-endoscopy corresponds

to MUC2-positive mucosa and is thought to be a feature

for practical assessment of the extent of cancer.
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determining the borderline between the cancerous area and
the surrounding mucosa.

However, the histological origin of the brown- or green-co-
lored mucosa has not been investigated. For more than 19
years we have been comparing the findings of endoscopy and
magnifying endoscopy with standard histological findings, in-
cluding gastric cancer after eradication therapy [1]. If the histo-
logical origin of the green epithelium, demonstrated by NBI-
endoscopy could be clarified, it might become applicable as a
reliable marker for indicating the extent of the cancerous area.
Therefore, using NBI-endoscopy, we performed the present
study to clarify the histological origin of the green epithelium.

Materials and methods
Study design and setting

From among gastric cancers treated by ESD at Niigata Prefec-
tural Yoshida Hospital between 2004 and 2017, 44 that had
been diagnosed after H. pylori eradication therapy, for which
findings of imaging including NBI magnifying endoscopy corre-
sponded to the histological findings, were included in this
study.

We defined gastric cancer after successful H. pylori eradica-
tion as that which had been detected and diagnosed at least 1
year after the therapy. The efficacy of H. pylori eradication treat-
ment was evaluated by the 13C-urea breath test (UBIT, Otsuka,
Tokushima, Japan) and the H. pylori stool antigen test (Premier
Platinum HpSA; Meridian, Cincinnati, Ohio, United States). If
the results were negative in both tests, we judged that H. pylori
eradication had been successful. These 44 gastric cancers were
observed by NBI-magnifying endoscopy and the areas sur-

▶ Fig. 1 a NBI-endoscopic appearance of brownish cancerous area and green surrounding mucosa. b NBI-endoscopic appearance of brownish
cancerous area and brownish surrounding mucosa. c NBI-endoscopic appearance of green cancerous area and brownish surrounding mucosa.
d NBI-endoscopic appearance of green cancerous area and green surrounding mucosa.
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rounding the cancer were marked by high-frequency electro-
cautery before ESD to facilitate radical resection and assess-
ment of the histological features corresponding to the findings
of magnifying endoscopy.

Before ESD, many photographs were taken of the border be-
tween the cancerous area and the surrounding mucosa. From
these NBI endoscopy photographs, areas in which green or
brownish coloration were recognizable were chosen. We also
confirmed that histological specimens corresponding to these
endoscopically visualized areas were available, and that the tis-
sue had not been injured sufficiently to rule out histological as-
sessment. Areas of gastric cancer matching these criteria were
chosen for the current study.

Endoscopic evaluation

Endoscopic examinations were performed using a magnifying
endoscope (GIF-H260Z; Olympus Medical Systems, Tokyo, Ja-
pan) and an electronic endoscopic system (EVIS LUCERA Spec-
trum; Olympus Medical Systems).

The endoscopic appearance of the chosen areas was classi-
fied into four types: (A) cancer brownish, surrounding mucosa
green (▶Fig. 1a); (B) cancer brownish, surrounding mucosa
brownish (▶Fig. 1b); (C) cancer green, surrounding mucosa
brownish (▶Fig. 1c); and (D) cancer green, surrounding muco-
sa green (▶Fig. 1d). Classification was performed by two of the
authors, KY and YS, who were expert endoscopists. If their opi-
nions differed, the case was discussed and a final consensus de-
cision was reached. For any area in which a mixture of green and
brownish was observed, the predominant color was chosen.

Histological evaluation

A series of histological sections of areas in each field evaluated
by endoscopy was prepared and stained with HE (hematoxylin-
eosin), and also using immunohistochemistry for caudal-relat-
ed homeobox protein 2 (CDX2), mucin core protein 2 (MUC2),
cluster of differentiation 10 (CD10), and mucin core protein
5AC(MUC5AC).

CDX2 is an intestine-specific transcription factor reported to
be important for development and maintenance of the intes-
tinal epithelium [4]. MUC2 is a core protein in goblet cells, and
CD10 indicates the brush border of absorptive cells [5]. MU-
C5AC is a core protein present in surface mucous cells [5].

The specimens chosen for this study were each cut serially
into five thin sections, which were stained with HE, and also im-
munohistochemically for CDX2 (clone DAK-CDX2; Ready-to-
Use: Dako), MUC2 (clone CCP58; Ready-to-Use: Dako), CD10
(clone 56C6, 1:100; Novocastra) and MUC5AC (clone CLH2;
Ready-to-Use: Dako).

One author (GH) evaluated the staining intensity of CDX2,
MUC2, CD10 and MUC5AC by microscopy using a visual analog
scale ranging from 0 to 3+. The intensity was defined as: 0,
gland or cell. 1+, staining in less than one third of all glands or
cells; 2+, staining in one third to two thirds of all glands or cells;
or 3+, staining in over two thirds of all glands or cells. Intensi-
ties of 0 and 1+ were assessed as negative, and 2+ and 3+ as po-
sitive. Positivity or negativity of immunostaining with each anti-
body was examined in each endoscopically classified type of

histology. In addition, all combinations of MUC2, CD10 and
MUC5AC, which are proteins present in the cytoplasm and
brush border, were clarified and statistically evaluated.

Statistical analysis

The positivity and negativity of immunostaining with each anti-
body in the brownish and green areas of cancerous tissue and
surrounding mucosa were compared statistically using Fisher’s
exact test. Statistical analyses were performed using JMP soft-
ware, version 13.2 (SAS Institute Inc., Cary, North Carolina, Uni-
ted States). For comparisons between multiple groups, after
Fisher’s exact test, we employed the Bonferroni correction to
set the significance level to 0.05/a where “a” represents the
number of tests.

Results
Of 44 lesions, 42 met the above-mentioned criteria. All of the
lesions were differentiated adenocarcinomas and intramucosal
cancers.

The time between eradication therapy and detection of can-
cer ranged from 1 year to 15 years (mean: 7 years).

Endoscopic evaluation

Sixteen cases were evaluated endoscopically as type A, 18 as
type B, 6 as type C, and 2 as type D. There was no relationship
between the endoscopically assessed color of the surrounding
mucosa, i. e. brownish or green, and the period elapsed after
H. pylori eradication.

Histological evaluation

The immunostained samples are shown in ▶Fig. 2a, ▶Fig. 2b,

▶Fig. 2c and ▶Fig. 2d. ▶Fig. 2a represents histological find-
ings corresponding to the endoscopic view shown in ▶Fig. 1a.

▶Fig. 2b represents histological findings corresponding to the
endoscopic area shown in ▶Fig. 1b. ▶Fig. 2c represents histo-
logical findings corresponding to the endoscopic area shown in

▶Fig. 1c. ▶Fig. 2d represents histological findings correspond-
ing to the endoscopic area shown in ▶Fig. 1d.

Each histological finding corresponding to each endoscopic
finding was evaluated as shown in ▶Fig. 1a, ▶Fig. 1b, ▶Fig. 2a,
and ▶Fig. 2b.

Immunohistochemical positivity or negativity in each endo-
scopic type is shown in ▶Table 1. The surrounding mucosa in
types A and D, which appeared green, was MUC2-positive in
100% of cases, of which 56% and 50% were positive for CD10,
respectively. On the other hand, the surrounding area in types B
and C, which appeared brownish, was MUC2-positive in 28%
and 17% of cases, respectively. The cancerous area in types C
and D, which appeared green, was MUC2-positive in 67% and
100% of cases, respectively, the frequency being higher than
in types A and B, i. e. 19% and 17%, respectively.

MUC2 was confirmed to have a statistically significant rela-
tionship with the green area in cancerous tissue (▶Table 2, P=
0.0036). In the surrounding mucosa, expression of CDX2,
MUC2 and CD10 was confirmed to have a significant relation-
ship to the green area (▶Table 2, P<0.0001, P <0.0001 and P=
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0.0014, respectively). Expression of MUC5AC was confirmed to
have a significant relationship to the brownish area in the sur-
rounding mucosa (▶Table 2, P=0.0104). The combined results
for expression of MUC2, CD10 and MUC5AC are shown in ▶Ta-
ble3. In the cancerous area, “MUC2 only” was significant cor-
related with the green area (▶Table3, P=0.0079). In the sur-
rounding mucosa, “MUC5AC only” was significantly correlated
with the brownish area (▶Table 3, P=0.0001).

Discussion
It has been reported that gastric cancer detected after success-
ful eradication of H. pylori tends to show gastritis-like features
[1, 6]. Such a gastritis-like mucosal pattern is often observed

by NBI magnifying endoscopy, making it difficult to assess the
extent of gastric cancer [1, 6]. Using NBI-endoscopy, we have
often noticed that the cancerous area appears brownish and
the surrounding mucosa green. Our impression has been that
the green epithelium observed by NBI endoscopy might be
intestinal metaplasia, although there were no histological data
to support this possibility. The light blue crest (LBC) is known to
be a feature of intestinal metaplasia observed by NBI magnify-
ing endoscopy [7]. LBC appears as a fine, blue-white line on the
crests of the epithelial surfaces and gyri, and is reported to cor-
respond to the brush border of the absorptive epithelium, de-
noting the presence of CD10 [7]. Initially, we speculated that
the green epithelium may have been due to the influence of
the LBC. However, gastric and intestinal (GI) mixed-type intes-

▶ Fig. 2 a Histological features of▶ Fig. 1a. The left side is the cancerous area and the right side is the surrounding mucosa. The cancerous area
has the following scores: MUC5AC 1+, CDX2 3+, MUC2 1+, CD10 1+. The surrounding mucosa has the following scores: MUC5AC 3+, CDX2 3+,
MUC2 3+, CD10 1+. b Histological features of ▶ Fig. 1b. The left side is the cancerous area and the right side the surrounding mucosa. The
cancerous area has the following scores: MUC5AC 3+, CDX2 3+, MUC2 1+, CD10 0+. The surrounding mucosa has the following scores: MUC5AC
3+, CDX2 0+, MUC2 0+, CD10 0+. c Histological features of ▶ Fig. 1c. The left side is the cancerous area and the right side the surrounding
mucosa. The cancerous area has the following scores: MUC5AC 1+, CDX2 3+, MUC2 2+, CD10 1+. The surrounding mucosa has the following
scores: MUC5AC 3+, CDX2 1+, MUC2 1+, CD10 0+. d Histological features of ▶ Fig. 1d. The left side is the cancerous area and the right side the
surrounding mucosa. The cancerous area has the following scores: MUC5AC 3+, CDX2 3+, MUC2 2+, CD10 0+. The surrounding mucosa has the
following scores; MUC5AC 3+, CDX2 3+, MUC2 3+, CD10 0+.
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▶ Table 1 Number and ratio of cells positive for CDX2, MUC2, CD10 and MUC5AC in the cancerous area and surrounding mucosa for each of the endo-
scopically assessed color types.

Cancerous area Surrounding mucosa

CDX2 MUC2 CD10 MUC5AC CDX2 MUC2 CD10 UMUC5AC

Type A (n =16) 16 (100%) 3 (19%) 3 (19%) 6 (38%) 16 (100%) 16 (100%) 9 (56%) 9 (50%)

Type B (n =18) 16 (89%) 3 (17%) 5 (28%) 6 (34%) 5 (28%) 5 (28%) 2 (11%) 17 (94%)

Type C (n = 6) 6 (100%) 4 (67%) 0 (0%) 1 (17%) 1 (17%) 1 (17%) 0 (0%) 5 (83%)

Type D (n =2) 2 (100%) 2 (100%) 0 (0%) 2 (100%) 2 (100%) 2 (100%) 1 (50%) 1 (50%)

▶ Table 2 Number and ratio of cells positive for CDX2, MUC2, CD10 and MUC5AC in brownish and green areas of cancerous tissue and surrounding
mucosa.

Cancerous area

CDX2 MUC2 CD10 MUC5AC

Brownish cancerous area (n =34) 32 (94.1%) 6 (17.7%) 8 (23.5%) 12 (35.3%)

Green cancerous area (n =8) 8 (100%) 6 (75.0%) 0 (0%) 3 (37.5%)

P value 1.0000 0.0036 0.3163 1.0000

We used the Bonferroni correction to set the significance level to 0.05/4 =0.0125

Surrounding mucosa

CDX2 MUC2 CD10 MUC5AC

Brownish surrounding mucosa (n = 24) 6 (25.0%) 6 (25.0%) 2 (8.3%) 22 (91.7%)

Green surrounding mucosa (n =18) 18 (100%) 18 (100%) 10 (55.6%) 10 (55.6%)

P value < 0.0001 <0.0001 0.0014 0.0104

We used the Bonferroni correction to set the significance level to 0.05/4 =0.0125

▶ Table 3 Number and ratio of cells positive for various combination of MUC2, CD10 and MUC5AC in brownish and green areas of cancerous tissue and
surrounding mucosa.

Cancerous area

(a) MUC2+
CD10 #

(b) MUC2+
MUC5AC

(c) MUC2
only

(d) CD10
only

(e) MUC5AC
only

(f) non-
staining

Brownish cancerous area (n =34) 4 (11.8%) 0 (0%) 2 (5.9%) 4 (11.8%) 12 (35.3%) 12 (35.3%)

Green cancerous area (n =8) 0 (0%) 2 (25.0%) 4 (50.0%) 0 (0%) 1 (12.5%) 1 (12.5%)

P value 0.5723 0.0325 0.0079 0.5723 0.3983 0.3983

Surrounding mucosa

(a) MUC2+
CD10+MUC5AC

(b) MUC2+
CD10

(c) MUC2+
MUC5AC

(d) MUC2
only

(e) MUC5AC only

Brownish surrounding mucosa (n = 24) 1 (4.2%) 1 (4.2%) 3 (12.5%) 1 (4.2 %) 18 (75%)

Green surrounding mucosa (n =18) 3 (16.7%) 7 (38.9%) 7 (38.9%) 1 (5.6 %) 0 (0%)

P value 0.2972 0.0131 0.0701 1.0000 0.0001

We used the Bonferroni correction to set the significance level to 0.05/5 =0.01

We used the Bonferroni correction to set the significance level to 0.05/6 =0.0083

MUC2+CD10 means that one gland was positive for both MUC2 and CD10, indicating a small-intestinal phenotype.
MUC2+MUC5AC means that one gland was positive for both MUC2 and MUC5AC, indicating a gastric and intestinal mixed phenotype, or “incomplete intestinal
type” [5]
MUC2+CD10+MUC5AC indicates mosaic-like mucosa comprising a mixture of MUC2+CD10 and MUC5AC-positive areas, making it difficult to divide into discrete
areas of MUC2+CD10 or MUC5AC positivity.
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tinal metaplasia (IM) [5], which is MUC5AC-positive, MUC2-po-
sitive and CD10-negative [5], appears as green epithelium on
NBI endoscopy. MUC5AC is a core protein of surface mucous
cells and can be used as a gastric marker, whereas MUC2 is a
core protein of goblet cells and an intestinal marker [5]. This
suggested that the appearance of the green epithelium might
be due to MUC2 (i. e., goblet cells), being unrelated to MU-
C5AC, thus prompting us to perform the current study. Here
we found that the green epithelium demonstrated by NBI
endoscopy corresponded to intestinal metaplasia containing
abundant MUC2-positive (goblet) cells, as expected. Interest-
ingly, cancerous areas containing MUC2-positive cells were
also demonstrated as green epithelium by NBI endoscopy.
However, the green epithelium in cancerous areas was less pro-
minent than that of intestinal metaplasia in the surrounding
mucosa, reflecting the fact that cancer has a smaller number
of goblet cells.

The possibility that the green epithelial coloration demon-
strated by NBI endoscopy is due to abundant MUC2-positive
cells or goblet cells is supported by the fact that NBI light con-
tains blue light as a component, which is observed as green on
the screen if it is reflected by the mucosa, a greater degree of
reflection creating a stronger green tone (personal communi-
cation from Olympus Co.). In this way, the blue light of NBI is
thought to be reflected by MUC2-positive cells or goblet cells,
appearing as green epithelium on the screen. The difference in
the tone of green between cancerous areas and intestinal meta-
plasia is thought to depend on the number and degree of ma-
turation of goblet cells.

Thus, the green epithelium in the surrounding mucosa and
the green cancerous areas observed by NBI endoscopy obvious-
ly corresponded to presence of MUC2, especially the former.

In this study, we recognized a difference in CDX2 and MUC2
positivity between the cancerous area and the surrounding mu-
cosa affected by gastritis. In cancerous areas, 40 cases were
CDX-positive, among which 12 (30%) were MUC2-positive,
whereas in the surrounding mucosa, 24 cases were CDX2-posi-
tive, among which 24 (100%) were MUC2-positive. Thus, it ap-
peared that CDX2-positive cancerous cells tended to produce
little or no MUC2. CDX2 is an intestine-specific transcription
factor that is reportedly important for development and main-
tenance of the intestinal epithelium [4], being closely associat-
ed with intestinal phenotypic expression in human gastric carci-
nomas and intestinal metaplasia [8–15]. In addition, it has
been reported that CDX2 has both tumor suppressor [10–15]
and oncogenic activities [14], although it remains unclear
whether it has an oncogenic role in gastric carcinogenesis. Fur-
thermore, CDX2 is a more sensitive marker than MUC2 or CD10
for assessing presence of an intestinal phenotype from the very
early stage of carcinogenesis [9]. Hayakawa et al. reported that
CDX2 expression was evident in 89.1% of 313 cases of intes-
tinal-type (by Lauren’s classification [16]) early gastric adeno-
carcinoma [10]. In the current study, CDX2 expression was ob-
served in 95% (40 of 42) of cases, thus supporting its relation-
ship to oncogenic activity in the stomach.

Cancerous cells are thought to be so immature that they
tend to produce little or no mucin. Therefore, if they are posi-
tive for the intestine-specific transcription factor CDX2, they
might not produce a large amount of MUC2. On the other
hand, intestinal metaplasia, which is a non-cancerous type of
epithelium, comprises mature cells, and therefore, most of
them produce MUC2 as a core protein of the intestinal pheno-
type if they are CDX2-positive. This may explain why NBI endos-
copy demonstrates a difference in color between cancerous
cells and the surrounding gastritis-affected mucosa due to the
presence/paucity of MUC2.

The fact that intestinal metaplasia shows a green epithelium
when viewed by NBI endoscopy would be very practical for as-
sessing the extent of cancer before ESD. However, endoscopists
need to be aware that a cancerous area rich in MUC2 may also
show the green epithelium. Therefore, we emphasize that the
green epithelium is due to presence of MUC2-positive goblet
cells.

This green epithelium may also be useful for assessing the
spread of intestinal metaplasia. The spread of intestinal meta-
plasia to the gastric body is reported to affect development of
gastric cancer after H. pylori eradication therapy [17, 18]. We
have already reported a diagnostic system for OLGA- [19–20]
and OLGIM- [21] based staging of gastritis using NBI-magnify-
ing endoscopy [22]. However, it may be possible to recognize
the spread of intestinal metaplasia through observation of the
green epithelium by NBI endoscopy, thus allowing more accu-
rate and practical staging of gastritis.

One doubt remains; although duodenal and colorectal mu-
cosa are rich in goblet cells, these mucosae do not show a green
epithelial coloration. We think that this may be due to a differ-
ence in the mucin of goblet cells between intestinal metaplasia
and duodenal or colorectal mucosa, or a specific component of
goblet cells in intestinal metaplasia. Although this issue will re-
quire further investigation, this phenomenon is considered use-
ful for determining whether or not gastric mucosa contains
intestinal metaplasia.

In addition, we noticed that intestinal metaplasia with CD10
positivity tended to show a stronger green tone. The brush bor-
der of intestinal metaplasia may be related to green epithelium.
However, as no area of surrounding mucosa was both CD10-po-
sitive and MUC2-negative, the exclusive association of CD10
positivity with green epithelium could not be evaluated. We
also attempted to compare the strength of the green tone be-
tween CD10-positive and CD10-negative MUC2-positive green
epithelium, but the number of endoscopic pictures we obtain-
ed was insufficient for this purpose.

One limitation of this study was that the lesions included
were observed to be cancerous before ESD, so that our endo-
scopic observations were focused on the cancerous areas and
not on the surrounding mucosa. Accordingly, the endoscopic
pictures of the surrounding mucosa were insufficient for de-
tailed investigation. Furthermore, the number of lesions was
small and detailed immunohistological investigations could
not be performed. Therefore, based on our current results, we
intend to design a more detailed study of the color of intestinal
metaplasia using NBI endoscopy.
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Conclusion
In conclusion, the green epithelium observed by NBI endoscopy
is thought to be related to presence of MUC2-positive cells or
goblet cells, and also to CD10 or brush border, being a poten-
tially practical feature for assessing the extent of the cancerous
area. However, if the cancerous area includes MUC2-positive
cells, it may also appear green. Knowledge of the histological
origin of the green epithelium may facilitate endoscopic pre-
diction of the presence and spread of intestinal metaplasia in
the stomach.
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