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Abstract

Background/Aim: The objective of this study was to investigate the relationship between MUC2
immunostaining and clinicopathological characteristics in a subset of colorectal carcinomas (CRCs).
Materials and Methods: A total of 128 CRCs, 50 local nodal metastases, and 42 normal colonic mucosae
were retrieved from the archives at the Department of Pathology at King Abdulaziz University, Jeddah,
Saudi Arabia. Immunohistochemistry was performed using anti-MUC2 antibody. A cut-off of 25% of positive
immunostaining was used to define low and high immunostaining. Statistical tests were used to determine
the association of MUC2 with clinicopathological characteristics and survival.

Results: MUC2 immunostaining was observed in 66.7% in normal colonic mucosa. Low MUC2 immunostaining
was higher in primary CRC (P = 0.003) and nodal metastasis (80%) (P < 0.001). There was significant
association of low MUC2 immunostaining in CRC with age group below 60 years (P = 0.05) and occurrence
of lymphovascular invasion (P = 0.034). Other clinicopathological parameters were not correlated with
MUC2 immunostaining. Regression analysis revealed that low MUC2 immunostaining was an independent
predictor of lymphovascular invasion (P = 0.041). In the Kaplan—Meier survival analysis, there was a significant
longer disease-free survival in patients with low MUC2 immunostaining (P = 0.045). However, there was
no association between MUC2 immunostaining and overall survival (P = 0.601).

Conclusion: MUC2 immunostaining may have distinct clinical significance and provide valuable information
and could be considered as an important independent prognostic factor while planning the adjuvant therapy
in CRC. In future perspective, characterization of MUC2 immunostaining on a large number of cases and
molecular studies may be needed.
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INTRODUCTION

age below 50 years but strongly increases with age.!"
Significant international variations in distribution of CRC

Colorectal carcinoma (CRC) is the third most common
cancer and the fourth most ccommon cause of cancer
death globally. It accounts for roughly 1.2 million new
cases and 600,000 deaths per year. Incidence is low at

Access this article online

Quick Response Code:

Website:

www.saudijgastro.com

DOI:
10.4103/sjg.SJG_199_18

have been observed.! An estimated 92% of colon cancer
patients and 84% of rectal carcinoma patients undergo
surgical resection as primary modality of treatment.
The appropriateness of adjuvant therapy and prediction
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of outcome for the patient are, to a large extent, based
on the pathological assessment of local disease and
other tissue-based prognostic factors in the resection
specimens.”! In CRC, the stage of the disease is currently
the strongest prognostic parameter and therefore used
as basis for therapeutic decisions. However, patients
with tumors of same pathological stage may experience
substantially different clinical outcomes, especially in
intermediate stage. Different patients may thus benefit
from different therapeutic and surveillance strategies.!

A hallmark of CRC s the ability to secrete mucus. Normally,
mucus lubricates and protects epithelial surfaces. The
composition of mucus varies with the location and their
pathophysiological conditions. Normally, mucus is composed
of water, inorganic salts, immunoglobulins, protein, and
mucins.”! Mucins are the major secreted glycoproteins of
gastrointestinal tract and play a role in normal physiological
processes and in the neoplastic progression and metastasis
of colon cancer cells.l There are two structurally and
functionally distinct classes of mucins: membrane associated
and secreted glycoproteins. To date, 20 human mucins
have been identified. Secreted mucins can be gel-forming
or nongel-forming. These mucin products are encoded by
various MUC genes. The genes for the gel-forming mucins
MUC2 and MUC5AC are found in a cluster on chromosome
11p15.5. The MUC2 gene codes for a typical secretary mucin,
which is predominantly found in colorectal goblet cells.l""]
With the recent development of molecular markers, it has
become possible to characterize the tumors at the molecular
level. The need for informative molecular markers that
provide prognostic information over and above that given
by conventional pathological staging of CRCs has been
repeatedly emphasized.”! In CRC, several mucins have been
analyzed, in relation to adenoma—carcinoma sequence, MUC1
and MUC2 being the best characterized. However, data on
clinical significance, particularly the potential prognostic value
of mucin expression in CRC, are limited and contradictory.!

The objective of this study was to investigate the
relationship between the immunostaining of MUC2 and
clinicopathological characteristics in a subset of CRC.

MATERIALS AND METHODS

Patients

The study included paraffin wax blocks of tumors from
128 CRC and corresponding 50 nodal metastases in
addition to 42 nonneoplastic normal colonic mucosae.
Blocks were retrieved from the archives of the Department
of Pathology at King Abdulaziz University, Jeddah, Saudi
Arabia. Patients’ clinicopathological characteristics are

listed in Table 1. The study was approved by the Research
Committee of the Biomedical Ethics Unit, Faculty
of Medicine, King Abdulaziz University. Disease-free
survival (DFS) and overall survival (OS) were calculated
as the time from diagnosis to the appearance of recurrent
disease (or date last seen disease-free), and time from
diagnosis to death or to the date last seen alive, respectively.

Tissue microarray

Archival paraffin-embedded CRC samples were used to
build up tissue microarray blocks for immunohistochemical
staining, Areas of interest were chosen from the original
blocks. Necrotic and autolytic areas and areas containing
predominantly the stromal tissue were avoided. These
representative areas were marked on hematoxylin and

Table 1: Clinicopathological parameters of cases (n=128)

Parameter n (%)
Age (years)

<60 69 (53.9)

>60 59 (46.1)
Sex

Male 63 (49.2)

Female 65 (50.8)
Tumor location

Right colon 33 (25.8)

Left colon 84 (65.6)

Rectum 11 (8.6)
Tumor size (cm)

<5 52 (40.6)

>5 76 (59.4)
Grade

Well-differentiated 33 (25.8)

Moderately differentiated 80 (62.5)

Poorly differentiated 15 (11.7)
Primary tumor

T 3(2.3)

T2 20 (15.6)

T3 97 (75.8)

T4 8 (6.3)
Nodal metastasis

Positive 58 (45.3)

Negative 66 (51.6)

Cannot be assessed 4(3.1)
Distant metastasis

Positive 34 (26.6)

Negative 94 (73.4)
Lymphovascular invasion

Positive 23 (18)

Negative 105 (82)
Margin status

Involved 5(3.9)

Free 123 (96.1)
Survival

Died of disease 30 (23.4)

Alive 89 (69.5)
Local disease recurrence

Recurrence 45 (35.2)

No recurrence 83 (64.8)

T1: Tumor invades submucosa; T2: Tumor invades muscularis propria;
T3: Tumor invades through the muscularis propria into the subserosa or
into nonperitonealized pericolic or perirectal tissues; T4: Tumor directly
invades other organs or structures, and/or perforates visceral peritoneum

62 Saudi Journal of Gastroenterology | Volume 25 | Issue 1 | January-February 2019



Al-Maghrabi, et al.: The prognostic significance of MUC2 immunostaining in colorectal carcinoma

eosin-stained slides from selected paraffin blocks, and two
cylinders of tissue each 1.5 mm in diameter were punched
with an automated TMA instrument (Master 3D Histech).”!

Immunohistochemistry

TMA paraffin blocks were cut at 4 um and mounted on
positive-charged slides (Leica Microsystems Plus Slides).
Sections were deparaffinized in xylene and rehydrated in
an automated immunostainer (BenchMark XT, Ventana®
Medical Systems Inc., Tucson, AZ, USA). Pretreatment
was done using CC1 (prediluted cell conditioning solution)
for 60 min. Antihuman mouse anti-MUC2 polyclonal
antibody (Cell Marque; MRQ-18) was incubated at
37°C for 20 min. Ventana® I-view DAB detection kit
was used according to kit manufacturer instructions.
Subsequently, slides were washed, counterstained with
Mayer’s hematoxylin, and mounted. Negative control and
positive control slides were included.

Interpretation of MUC2 immunostaining
Immunoreactivity was independently evaluated by two
investigators (WG and SS), and discrepancies were resolved
by discussion. The staining percentage was expressed as
five categories; (0) no staining, (1) when <10% of epithelial
cells were positive, (2) when 5-<25% of epithelial cells
were positive, and (3) when labeling in 25-50% of epithelial
cells, and (4) when 50% or more of epithelial cells are
positive.l! For statistical purpose, scores 0, 1, and 2 were
considered as low immunostaining and scores 3, 4, and 5
were considered high immunostaining.

Statistical analysis

Differences between two groups of patients on one variable
were tested by using Mann—Whitney test. To test association
procedure in three groups of patients, the Kruskal-Wallis
test was used. Nonparametric Chi-square was used to test
variance along one variable. Binary logistic regression
analysis was used to predict prognostic parameters in
relation immunostaining of MUC2. Estimated odds
ratio [exponential (B)], 95% confidence interval (Cl) for
exp (B), and significance denoted for each analysis. The
Kaplan—Meier procedure was used to calculate the survival
probabilities and the log-rank test was used to compare
the difference between survivals. Statistical analyses were
performed using SPSS™ Release 16.0 (Chicago, 1L, USA).
Statistical significance was determined at P value of <0.05
and was two-sided.

RESULTS

MUC2 immunostaining
MUC2 immunostaining was detected perinuclear
cytoplasmic in normal colonic epithelial cells and

diffuse granular cytoplasmic in malignant cells. High
MUC2 immunostaining was demonstrated more in
normal colonic mucosa cases (66.7%) than in low
immunostaining (33.3%) (P = 0.031). In primary tumors, low
MUC2 immunostaining (63.3%0) was higher than high MUC2
immunostaining (36.7%) (P = 0.003). In nodal metastasis,
low MUC2 immunostaining (80%) was higher than high
MUC2 immunostaining (20%) (P < 0.001). Results are shown
in Table 2. Representative images are shown in Figure 1a-f.

Relation of MUC2 with clinicopathological parameters
Low MUC2 immunostaining in CRC is associated with

Table 2: Categories of MUC2 immunostaining in primary
tumors, normal mucosa, and nodal metastases

Low High P
expression (%) expression (%)
Primary tumor (n=128) 81(63.3) 47 (36.7) 0.003*
Nodal metastasis (n=50) 40 (80) 10 (20) <0.001*
Normal colonic 14 (33.3) 28 (66.7) 0.031*

mucosa (n=42)
*QOne sample nonparametric Chi-square test

Figure 1: Immunostaining of MUC2. (a and b) Cytoplasmic
immunostaining of MUC2 in the colonic crypts (100x). (c) A
well-differentiated colorectal carcinoma showing strong MUC2
immunostaining (200x). (d) A poorly differentiated colorectal
carcinoma showing low MUC2 immunostaining (100x). (€) A metastatic
well-differentiated colorectal carcinoma showing absent MUC2
immunostaining (100x). (f) A metastatic colorectal carcinoma showing
strong MUC2 immunostaining (100x) immunohistochemical labeling
with anti-MUC2 antibody was done using diaminobenzidine as the
chromogen and hematoxylin as counterstain
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age group below 60 years (P = 0.05) and occurrence
of lymphovascular invasion (P = 0.034). Other
clinicopathological parameters are not correlated with
MUC2 immunostaining, Results are shown in Table 3.
Regression analysis revealed that low MUC2 is an
independent predictor of occurrence of lymphovascular
invasion [exp(B) = 3.294, P = 0.041, 95% CI for exp
(B) = 1.047-10.365]. In the Kaplan—Meier survival
analysis, there was a significant longer DIS in patients
with low MUC2 immunostaining [P = 0.045, log-rank
(Mantel-Cox) = 4.012]. However, there was no association
between MUC2 immunostaining and OS [P = 0.601,
log-rank (Mantel-Cox) = 0.273] [Figures 2 and 3].

DISCUSSION

MUC2 represents the prominent gel-forming colorectal
mucin and is usually expressed by goblet cells.™*! Tt
is enriched in mucinous adenocarcinoma and can be
lost during the carcinogenic process in conventional
adenocarcinoma.™ Several studies have evaluated the

Table 3: Distribution of positive immunostaining in relation to
clinicopathological parameters

Parameter P
Age 0.05**
Sex 0.751**
Tumor location 0.891*
Tumor size 0.280**
Grade 0.127*
Primary tumor 0.579*
Nodal metastasis 0.696**
Distant metastasis 0.304**
Lymphovascular invasion 0.034**
Margin status 0.431**
Survival 0.612**
Local disease recurrence 0.334**

*Kruskal-Wallis test, **Mann-Whitney test

1.0 MUC2 immunoexpression primary tumour

"> Low Expression
=7 High Expression

08

0.4

Cum Survival

0.0

T
0 20 40 60 80 100
Disease Free Time

Figure 2: Disease-free survival curve (Kaplan—Meier) according
to MUC2 immunostaining in colorectal carcinoma (1: Low MUC2
immunostaining; 2: High MUC2 immunostaining [log-rank = 4.0.12,
P =0.45])

relations between MUC2 protein immunohistochemical
expression and clinicopathological characters in patients
with CRC. However, the results of vatrious studies are
conflicting or inconclusive. It is unknown whether
differences in the investigation have been mostly due
to their limited sample size or genuine heterogeneity.
According to a meta-analysis report, there have not been
sufficient studies to assess the association of MUC2 with
the prognosis in CRC.'!

In this study, we made an effort to identify more effective
prognostic factors than the traditional staging system to
aid therapeutic decision-making. We put light on a subset
of CRC by assessing the value of semi-quantitative MUC2
immunostaining profile as a predictive and prognostic
factor. MUC2 is predominantly a secreted mucin,
abundantly expressed in the cytoplasm of goblet cells
and columnar cells.'"”""! The immunostaining pattern of
MUC2 in our study was predominantly perinuclear in
normal colonic epithelium and cytoplasmic in malignant
cells which was similar to other studies which showed high
MUC2 expression in normal colonic mucosa.>!*'*!

The currentstudy revealed thatloss of MUCimmunostaining
was higher in primary CRC (P = 0.003) as well as in nodal
metastasis (P < 0.001). MUC2-positive staining was found
to be significantly downregulated in CRC cases compared
with adjacent normal tissue*"”l which is in agreement with
our study. However, in the literature, there is a wide variation
in the results of MUC2 immunostaining in CRC.'*>1721 In
this study, we found a significant relationship of low MUC2
immunostaining with younger age <60 years (P = 0.05). In
contrast, no statistically significant associations were found
between MUC2 expression and any clinicopathological
variables such as age, sex, tumor size, or grade in any
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Figure 3: Overall survival curve (Kaplan—Meier) according to MUC2
immunostaining in colorectal carcinoma (1: Low MUC2 immunostaining;
2: High MUC2 immunostaining [log-rank = 0.273, P = 601])
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s."8211 Some

histological subtypes in the previous studie
other studies did not investigate the association of these

variables with MUC2 expression.>!'8!

We found a significant association between low MUC2
immunostaining and occurrence of lymphovascular
invasion (P = 0.034) which is in agreement with a
previous study.! Importantly, we found that low MUC2
immunostaining was the independent predictor of
lymphovascular invasion. The invasion of tumor cells
into lymph or blood vessels represents a crucial step in
the metastatic process. In CRC, vascular invasion has
been associated with the occurrence of lymph node
metastases and distant metastases and proved to be a
significant prognostic variable in patients with CRC.***!
In CRC, low MUC2 requires greater attention to look for
lymphovascular invasion and metastatic lesion.

The data about the prognostic impact of MUC2 are
contlicting. There have been insufficient studies to assess
association of MUC2 with prognosis in CRC. In the
current study, there is a significant longer DFS in patients
with low MUC2 immunostaining in Kaplan—Meier
analysis (P = 0.045); however, there was no association
between MUC2 immunostaining and OS (P = 0.601).
Previous studies have shown that MUC2 is not significantly
associated with prognosis.***! On the contrary, low MUC2
is associated with worse survival.?'**?"l The conflicting
results may originate from the use of different number of
patients, technical issues in immunohistochemistry, and the
use of different cutoff points for assessing immunostaining.
However, the association of low MUC2 immunostaining
with better OS may be related to low mucin secretion in
these tumors. This may raise speculation whether mucin
facilitates metastasis and denotes prognosis.

CONCLUSION

MUC2 immunostaining may have distinct clinical
significance. MUC2 immunostaining was decreased in
CRC and nodal metastasis. Low MUC2 immunostaining
showed significant association with age below 60 years,
lymphovascular invasion, and longer DFS. Low MUC2
serves as an independent predictor of lymphovascular
invasion. MUC2 immunostaining in CRC cases may
provide valuable information and could be considered an
important independent prognostic factor while considering
the adjuvant therapy in CRC. In future perspective,
characterization of MUC2 immunostaining on a large
number of tumors along with molecular studies may be
needed.
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