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Background: While MUC2 is expressed in intestinal metaplasia and malignant lesions, the clinico-
pathological significance of MUC2 expression is not fully elucidated in gastric carcinoma (GC).
Methods: The present study investigated the correlation between MUC2 expression and clinico-
pathological parameters in 167 human GCs. In addition, to confirm the clinicopathological signifi-
cance of MUC2 expression, we performed a systematic review and meta-analysis in 1,832 GCs.
Results: MUC2 expression was found in 58 of 167 GCs (34.7%). MUC2-expressing GC showed
lower primary tumor (T), regional lymph node (N), and tumor node metastasis (TNM) stages com-
pared with GCs without MUC2 expression (p=.001, p=.001, and p=.011, respectively). However,
MUC2 expression was not correlated with Lauren’s classification and tumor differentiation. In
meta-analysis, MUC2 expression was significantly correlated with differentiation and lower tumor
stage (odds ratio [OR], 1.303; 95% confidence interval [Cl], 1.020 to 1.664; p=.034 and OR,
1.352; 95% Cl, 1.055 to 1.734; p=.017, respectively) but not with Lauren’s classification, pN
stage, or pTNM stage. Conclusions: MUC2 expression was correlated with a lower tumor depth
and lower lymph node metastasis in our study; the meta-analysis showed a correlation of MUC2
expression with tumor differentiation and lower tumor depth.
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Mucin expression shows variable patterns in the gastrointes-
tinal tract based on organ and specific conditions. Gastric mark-
ers, such as MUC1, MUCSAC, and MUCG are expressed in the
stomach, and intestinal markers, such as MUC2, may be ex-
pressed in cases of intestinal metaplasia or malignant lesions, al-
though MUC2 is not constitutively expressed in normal gastric
mucosa.”* Based on the pattern of intestinal and gastric mucin
expression, gastric carcinomas (GCs) are subclassified into gastric,
intestinal, mixed, or null phenotypes.® Although many studies
have reported the significance of mucin expression and mucin
phenotypes and their correlation with tumor behavior and prog-
nosis, the clinicopathological significance has not been fully elu-
cidated in GC.

In gastric mucosa with incomplete intestinal metaplasia (type
IT or II), which are considered to be precancerous lesions of GC,
MUC?2 is expressed in both goblet and columnar cells.”® In ad-

pISSN 2383-7837
elSSN 2383-7845

dition, MUC2-expressing GCs are believed to result from intes-
tinal metaplasia-dysplasia-carcinoma cascades,”® although the
complete understanding of its regulatory mechanisms and clin-
icopathological significance is yet to be elucidated.

In the present study, we investigated the correlation between
MUC2 expression and clinicopathological parameters in 167
surgically resected GCs using tissue-microarray slides. System-
atic review and meta-analysis were performed additionally to
confirm the clinicopathological significance of MUC2 expres-
sion in all available studies, including the present study.

MATERIALS AND METHODS

Patients
The files of 167 patients who had undergone surgical resec-
tion of GCs in Kangbuk Samsung Hospital, Sungkyunkwan
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University School of Medicine (Seoul, Korea), from January 1,
1992, to December 31, 1996, were analyzed. We evaluated clin-
icopathological characteristics, such as age, gender, location of
tumor, Lauren’s classification, tumor differentiation, lymphatic
invasion, nodal metastasis, and pathologic tumor node metasta-
sis ()TNM) stages, by reviewing medical charts, pathological re-
cords, and glass slides. The patients had undergone curative re-
section, subtotal gastrectomy or total gastrectomy. This protocol
was reviewed and approved by the Institutional Review Board
of Kangbuk Samsung Hospital (approval No. KBC12125).

Tissue array methods

Seven array blocks containing a total of 167 tissue cores of re-
sected GCs obtained from patients were prepared. Briefly, tissue
cores (2 mm in diameter) were taken from individual paraffin-
embedded GCs (donor blocks) and arranged in recipient paraf-
fin blocks (tissue-array block) using a trephine apparatus. The
staining results of the different intra-tumoral areas in these tis-
sue-array blocks showed excellent agreement. A core was chosen
from each case for analysis. We defined an adequate case as a tu-
mor occupying more than 10% of the core area. Each block con-
tained internal controls consisting of non-neoplastic gastric tis-
sue. Sections 4 pm in thickness were cut from each tissue-array

block, deparaffinized, and dehydrated.

Immunohistochemical staining and evaluation

Sections were deparaffinized and hydrated by a routine xylene-
alcohol series. For antigen retrieval, sections were treated with
0.01 M citrate buffer (pH 6.0) for 5 minutes in a microwave oven
followed by treatment with 3% H,0O, to quench endogenous
peroxidase. Sections were treated with normal serum of the host
animal of the secondary antibody to block nonspecific binding.
Sections were then incubated with anti-MUC2 antibody (1:200,
Leica Biosystems, Newcastle upon Tyne, UK) as described pre-
viously.” Immunohistochemical stains were performed using a
compact polymer method using a Bond Intense Detection Kit
(Leica Biosystems). Visualization was performed by treatment
with 3,3'-diaminobenzidine (Vector Laboratories, Burlingame,
CA, USA). To confirm the reaction specificity of the antibody, a
negative control stain without primary antibody was utilized.
All immunostained sections were lightly counterstained with
Mayer’s hematoxylin.

Immunohistochemical stainings were evaluated by two pa-
thologists. MUC2 showed immunoreactivity in the cytoplasm or
cell membrane of tumor cells. Immunostaining results were con-
sidered positive if more than 5% of tumor cells were stained.

http://jpatholtm.org/

Published studies search and selection criteria

Relevant articles were obtained by searching the PubMed and
Web of Science databases up to September 30, 2014. Searches
were performed using the following keywords: MUC2,’ ‘gastric
carcinoma,’ and ‘immunohistochemistry.” The title and abstract
of all searched articles were screened for exclusion. Review articles
were also screened to find additional eligible studies. The search
results were then scanned according to the following inclusion
and exclusion criteria: (1) MUC2 expression was investigated in
human GC tissue, (2) the correlation between MUC2 expression
and clinicopathological parameters was included, (3) case reports
were excluded, and (4) all were English-language publications.

Data extraction

Data from all eligible studies were extracted by two patholo-
gists. The following data were extracted from each of the eligible
studies: the first author’s name, year of publication, manufac-
turer and dilution ratio of each MUC2 antibody, MUC2 cut-off
value, number of patients analyzed, tumor differentiation, and
pTNM stage.

Statistical analysis

Statistical analyses were performed using SPSS ver. 18.0 (SPSS
Inc., Chicago, IL, USA). The significance of the correlation be-
tween the expression of MUC2 and the clinicopathological pa-
rameters was determined by either the ) test or the Fisher exact
test (two-sided). The results were considered statistically signif-
icant when p <.05. Moreover, to perform the meta-analysis, the
Comprehensive Meta-Analysis software package (Biostat, En-
gelwood, NJ, USA) was used. Odds ratios (ORs) with a 95%
confidence interval (CI) were calculated by a fixed-effects model
and used to evaluate the correlation between MUC2 expression
and clinicopathological parameters. The fixed-effect model was
selected in the current meta-analysis, because we analysed cor-
relation between immunoexpression and the clinicopathological
parameters by single-effect-event (positive or negative), but not
by mean. Heterogeneity between studies was evaluated with the
Q test, I” statistics and p-values. For assessment of publication
bias, Begg’s funnel plot and Egger’s test were performed. The
results were two-sided and considered statistically significant
when p<.05.

RESULTS

Clinicopathological features of MUC2-expressing GCs
MUC2 was expressed in 58 (34.7%) of 167 GCs in the im-
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munohistochemical study (Fig. 1). MUC2 expression was sig-
nificantly higher in early GCs compared to advanced GCs (p =
.001). In addition, GCs expressing MUC2 showed significantly
lower rates of lymphatic invasion, lymph node metastasis, and
pTNM stages (p=.010, p=.001, and p=.011, respectively). How-
ever, there was no correlation of MUC2 expression with other
clinicopathological parameters such as age, gender, location of tu-
mot, Lauren’s classification, or tumor differentiation in our study

(Table 1).

Systematic review and meta-analysis

To confirm the clinicopathological significances of MUC2 ex-
pression, we performed a systematic review and meta-analysis.
In the current meta-analysis, 195 studies were identified through
database searches and were screened. Of these studies, 88 reports
were excluded due to insufficient information for correlation
between clinicopathological parameters and MUC2 expression.
In addition, 32 reports were non-adenocarcinoma studies and
42 reports were non-stomach studies. An additional 22 reports
were excluded because they were studies using animal or cell
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lines, duplicated reports, or case reports. The current meta-analy-
sis included 12 eligible studies, including our data (Fig. 2)."*%1¢
The number of total patients was 1,832, including 167 patients
from our study.

MUC?2 expression was found in 827 of 1,832 GCs (45.1%),
and the range in eligible studies was 22.9%-90.7% (Table 2).
MUC2 expression was significantly correlated with tumor dif-
ferentiation (OR, 1.303; 95% CI, 1.020 to 1.664; p=.034; I* =
79.3%) (Fig. 3A) and lower tumor depth (pT1) (OR, 1.352;
95% CI, 1.055 to 1.734; p=.017; I*= 65.7%) (Fig. 4A). How-
ever, Lauren’s classification was not correlated with MUC2 expres-
sion (OR, 1.245; 95% CI, 0.933 to 1.661; p=.137; I’ = 83.2%)
(Fig. 3B), consistent with our immunohistochemical study. Un-
like our result, meta-analysis showed no significant correlation
between MUC2 expression and nodal stage or TNM stage (OR,
0.872; 95% CI, 0.689 to 1.104; p = .256; I’ = 68.4% and OR,
1.208; 95% CI, 0.940 to 1.552; p=.139; I’ = 21.3%, respective-
ly) (Fig. 4B, C). Significant heterogeneities between studies were
identified in tumor differentiation, Lauren’s classification, tumor
depth and nodal stage but not TNM stage. In Begg’s funnel plots,

Fig. 1. Representative images showing immunoreactivity for MUC2 in human gastric carcinoma. (A, B) Well-differentiated gastric adenocar-

cinoma. (C, D) Poorly differentiated gastric adenocarcinoma.
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no definite asymmetry was identified (data not shown). More-
over, Egger’s test showed no evidence of publication bias (Table

5).1,3,8-16

Table 1. The correlation between the MUC2 expression and clini-
copathological parameters in gastric carcinomas

MUC2- MUC2-
Parameter . " p-value
negative positive
Total (n=168) 109 (65.3) 58 (34.7)
Age (yr) 573
0-39 12 (60.0) 8 (40.0)
40-65 77 (64.2) 43 (35.8)
66-99 20 (74.1) 7(25.9)
Gender .365
Male 77 (60.4) 37 (32.5)
Female 32 (67.5) 21 (39.6)
Location of tumor 42
Antrum 53 (62.4) 32 (37.6)
Body, cardia 56 (68.3) 26 (31.7)
Lauren’s classification 114
Intestinal 65 (68.4) 30(31.6)
Diffuse 40 (65.6) 21 (34.4)
Mixed 4(36.4) 7(63.6)
Tumor differentiation 419
Well or moderate 34 (36.6) 59 (63.4)
Poorly 22 (30.6) 50 (69.4)
EGC 28 (48.3) 30 (561.7) .001
AGC 81 (74.3) 28 (25.7)
Lymphatic invasion .01
Present 42 (79.2) 11(20.8)
Absent 67 (58.8) 47 (41.2)
Lymph node metastasis .001
Present 62 (77.5) 18 (22.5)
Absent 47 (54.0) 40 (46.0)
pTNM stage .011
| 38 (52.8) 34 (47.2)
I 36 (76.6) 11 (23.4)
1l 34 (75.6) 11 (24.4)
\% 1(33.3) 2(66.7)

Values are presented as number (%).
EGC, early gastric carcinoma; AGC, advanced gastric carcinoma.

DISCUSSION

While various mucins are expressed in GCs, the correlation
between MUC2 expression and clinicopathological characteris-
tics remains controversial. In addition, MUC2 could be expressed
in benign lesions as well as GC. Therefore, a systemic review and
meta-analysis is useful for the elucidation of the clinicopathologi-
cal significance of MUC2 expression in GCs.

MUC2, an intestinal mucin marker, is not expressed in normal

gastric mucosa,'”"® unlike other gastric mucin markers such as

MUCI1, MUCS5AC, and MUCG." The roles of induced MUC?2
expression in GC are not fully elucidated and have been contro-
versial in previous studies. In our immunohistochemical study,
MUC?2 expression was significantly correlated with lower tu-
mor depth (p=.001), lower nodal metastasis rate (p =.001), and
lower pPTNM stage (p =.011). Unlike our results, the correla-
tions between MUC2 expression and pathologic primary tumor
(pT), regional lymph node (pN), and pTNM stage are contro-
versial."**'® These discrepancies might be caused by various
factors, such as composition of tumor types and differences by
country. Therefore, it is difficult to determine the clinicopatho-
logical significance of MUC2 via our study alone, which led us
to analyze previous studies by systematic review and meta-anal-
ysis for confirmation of our data.

In the current meta-analysis, MUC2 expression was signifi-
cantly correlated with lower pT stage, consistent with our re-
sults. In our published 77 vitro study data, MUC2-expressing
GC cells showed lower rates of tumor invasion and migration
than non-MUC2—expressing GC cells.” This result reinforces
the finding that MUC2 expression seems to be associated with
lower pT stage. On the other hand, a meta-analysis of colorectal

195 Studies identified through database searching

Y

and abstracts

Primary selection through browsing the retrieved titles

170 Studies excluded
74 No inclusion of the correlation with

clinicopathological parameter
32 Non-adenocarcinoma-associated studies

4

\ 4

42 Non-stomach associated studies
14 Studies using animal or cell lines
4 Case report

‘ 25 Full-text articles assessed for eligibility

‘ 4 Duplication

Our data

>

\ 4

added

> 14 Studies excluded
No inclusion of the correlation with

‘ 12 Studies included in the meta-analysis

‘ clinicopathological parameter

Fig. 2. Flow chart for study search and selection.
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cancer reported that MUC2 positivity was significantly corre-
lated with higher pT?3 and pT4 stages.”' Correlation with nodal
metastasis was controversial in both GC and colon cancer meta-
analysis, while our current immunohistochemical study showed
a correlation between MUC2 expression and lower nodal me-
tastasis in GC. Further study is needed to define this relation-
ship. Taken together, our results and previous reports suggest
that induction of MUC2 may carry out dissimilar functions
through different mechanisms according to the specific organ.

Table 2. Main characteristics of the eligible studies

Meta-analysis for MUC2 in Gastric Cancer © 253

Lauren’s classification and World Health Organization tumor
differentiation are usually used for evaluation of GC in practice.
In the current immunohistochemical study, there were no sig-
nificant correlations between MUC2 expression and Lauren’s
classification or tumor differentiation. However, the current me-
ta-analysis showed that MUC2 positivity was significantly cor-
related with degree of GC differentiation, unlike our result. This
discrepancy might also be caused by various factors such as com-
position of tumor types, differences in number of cases analyzed,

Source Country Antibody corporation Dilution ratio Cut off (%) No. of patients ~ No. of MUC2-positive
Akylrek et al.® (2002) Turkey Novacastra 1:100 5 143 60
Baldus et al.° (1998) Germany Donation 1:1,000 ® 128 49
Barresi et al." (2006) taly Novacastra 1:100 5 40 20
llhan et al." (2010) Turkey Neomarkers 1:100 ® 257 233
Lee et al.® (2001) Korea Santa Cruz 1:100 20 300 82
Lee et al.' (2007) Korea Neomarker - 98 53
Shiratsu et al.'? (2014) Japan Novacastra 1:200 5 214 49
Tanaka et al.™ (20083) Japan Santa Cruz 1:100 30 209 83
Utsunomiya et al.™ (1998) Japan Novacastra 1:600 5 136 48
Wang and Fang'® (2003) China - 1:150 10 46 31
Zhang et al.'® (2004) China Shenzhen Jingmei Biot - 94 61
Our study Korea Novacastra 1:100 ® 167 58
Study name Statistics for each study Odds ratio and 95% Cl
Odds ratio Lower limit ~ Upper limit ~ p-value
Akylirek et al.® (2002) 1.424 0.720 2.815 .309 ——
Barresi et al.™® (2006) 0.076 0.016 0.358 .001 <
llhan et al." (2010) 18.190 4143 79.870 .000 >
Lee et al.® (2001) 0.833 0.491 1.413 499 —l—
Lee et al.'" (2007) 0.621 0.238 1.619 .330 ]
Our study 1.201 0.630 2.286 578 L e
Shiratsu et al.”? (2014) 0.887 0.468 1.683 714 ——
Tanaka et al."® (2003) 2.287 1.246 4.198 .008 ——
Wang and Fang'® (2003) 4.200 1.132 15.586 .032 >
Zhang et al.® (2004) 4.752 1.619 13.944 .005 >
1.303 1.020 1.664 .034 >
0102 05 1 2 5 10 @
Study name Statistics for each study Odds ratio and 95% CI
Odds ratio Lower limit ~ Upper limit  p-value
Akylrek et al.® (2002) 10.738 3.905 29.529 .000 >
Baldus et al.® (1998) 2.651 1.252 5.614 .01 —
Barresi et al.™® (2006) 0.176 0.039 0.797 .024 < =
llhan et al." (2010) 0.216 0.028 1.649 140 <
Lee et al. (2001) 0.692 0.408 1.176 174 B E=
Lee et al.'" (2007) 2.504 1.215 5.163 .013 |
Our study 0.725 0.382 1.378 .326 ——
Wang and Fang'® (2003) 1.071 0.314 3.655 912
1.245 0.933 1.661 137 L
0102 05 1 2 5 10 @

Fig. 3. Forest plot diagram for tumor differentiation (A) and Lauren’s classification (B). Cl, confidence interval.
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Study name Statistics for each study Odds ratio and 95% ClI
Oddsratio  Lowerlimit ~ Upper limit  p-value
AkyUrek et al.8 (2002) 1.670 0.571 4.889 .349 L =
Baldus et al.® (1998) 0.565 0.217 1.471 242
Barresi et al.™ (2006) 0.382 0.080 1.825 228 < =
Lee et al.® (2001) 1.134 0.660 1.947 648 I
Lee et al.' (2007) 0.887 0.398 1.980 770 —
Our study 3.099 1.585 6.061 .001 ——
Shiratsu et al."? (2014) 2.090 1.089 4,013 .027 —a—
Tanaka et al.™ (2003) 1.000 0.554 1.807 .999 —l—
Utsunomiya et al." (1998) 4118 1.582 10.720 .004 B>
Zhang et al."® (2004) 0.190 0.035 1.040 .055 <=
1.352 1.055 1.734 .017 4
0102 05 1 2 5 10 @)
Study name Statistics for each study Odds ratio and 95% Cl
Oddsratio  Lowerlimit ~ Upperlimit  p-value
Akylrek et al.8 (2002) 0.677 0.326 1.406 .296 i*
Baldus et al.® (1998) 0.565 0.217 1.471 242 —
Barresi et al.™® (2006) 0.382 0.080 1.825 228 < =
llhan et al." (2010) 3.901 0.891 17.081 .07 -
Lee et al.® (2001) 1.461 0.874 2.440 148 ——
Lee et al.' (2007) 2.338 1.048 5216 .038 -
Our study 0.341 0.174 0.669 .002 +—a——
Shiratsu et al."? (2014) 1.348 0.703 2.586 .368 —
Tanaka et al."® (2003) 0.613 0.340 1.105 104 —,—
Zhang et al."® (2004) 0.470 0.199 1113 .086
0.872 0.689 1.104 .256 <>
01 02 05 2 5 10 @
Study name Statistics for each study Odds ratio and 95% CI
Odds ratio Lower limit ~ Upper limit ~ p-value
AkyUrek et al.8 (2002) 0.654 0.324 1.323 .238 .
Baldus et al.® (1998) 1.277 0.621 2.627 .506 .
llhan et al." (2010) 2.708 0.781 9.388 116 .
Lee et al.® (2001) 1.032 0.616 1.729 .905 —
Lee et al.' (2007) 2.238 0.967 5.178 .060
Our study 1.813 0.855 3.845 21 ——
Shiratsu et al."? (2014) 1.466 0.731 2.940 281 e
Tanaka et al.™ (2003) 1.016 0.475 2.174 .967 —T—
Wang and Fang'® (2003) 0.533 0.148 1.926 337
1.208 0.940 1.552 139 4‘
0102 05 1 2 5 10 @

Fig. 4. Forest plot diagram for pathologic primary tumor (A), regional lymph node (B), and tumor node metastasis (C) stages. Cl, confidence

interval.

differences by country, and heterogeneity of MUC2 positivity.
In addition, whether MUC2 expression is associated with tu-
mor differentiation in GC has not been fully elucidated. Never-
theless, based on previous studies and meta-analysis, MUC2 ex-
pression was correlated with differentiation and progression and
may be considered to be a representative feature of differentiated
14,22

cells.

In the current meta-analysis, MUC2 expression was shown in

http://jpatholtm.org/

22.9%-90.7% of GCs.">*'® This wide variability may have
been induced by variable dilution ratios and manufacturers of
these antibodies. In addition, various cut-off values (5%—30%)
were used for evaluation of MUC2 expression, and many studies
(6 of 11 studies) used a 5% cut-off value, including ours. MUC2
expression showed significantly higher rates in studies with a
5% cut-off value than other studies (p <.001, data not shown).
However, the rates of MUC2 expression in subgroups with 5%
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cut-off value and other cut-off values overlapped at 22.9%—
90.7% and 27.3%—67.4%, respectively. Whether a difference in
cut-off value could have an effect on the positive rate of MUC2
expression was not clear in our current systematic review. More-
over, each study included various types of GCs and different
compositions. In addition, because some studies used tissue mi-
croarray, heterogeneity of MUC2 expression should be consid-
ered. These differences may have an effect on the discrepancies
of MUC2 positivity between studies. Further studies are needed
for confirmation of the clinicopathological significance of MUC2
expression with more eligible criteria and a larger number of
patients.

Eligible studies included studies in Korea (3 studies), Japan (3
studies), China (2 studies), Turkey (2 studies), Germany (1 study),
and Italy (1 study); eight of twelve studies were conducted in
East Asia. According to country, MUC2 positivity was signifi-
cantly higher in Europe than in East Asia (63.7% vs. 36.8%, p
<.001, data not shown). The results of meta-analysis in pT and
pN stages differed between European and East Asian patients.
MUC2 expression was significantly correlated with lower depth
of invasion in East Asian patients but not significantly correlat-
ed in European patients (OR, 1.484; 95% CI, 1.134 to 1.941;p=
.004 and OR, 0.746; 95% CI, 0.448 to 1.243; p=.261, respec-
tively). However, there was no correlation between MUC2 ex-
pression and lymph node metastasis in both East Asian and Eu-
ropean patients. Differences in ethnicity and country may affect
the discrepancies in the roles of MUC2 expression. The precise
mechanisms are not yet fully understood, and more studies in-
cluding i vitro study are needed.

In conclusion, our meta-analysis showed that MUC2 expres-
sion was significantly correlated with tumor differentiation and
depth. However, the correlation between MUC2 expression and
other clinicopathological characteristics is controversial. Further
studies are needed in order to elucidate the role of MUC2 ex-
pression as a prognostic predictor in GC.
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