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Background: Mucins may show aberrant expression, localization, and/
or glycosylation in multiple malignancies. However, information regarding DOI: 10.4103/IJPM.IJPM_12_18
expression of these mucins is mostly unknown in urothelial tumors. Aim: This Quick Response Code:
study was conducted for examining the expressions of membrane associated
and secreted mucin (MUC1) and a secreted gel-forming mucin (MUC2) in
urothelial tumors of the urinary bladder. Subjects and Methods: Archival
transurethral resection materials of 97 urothelial carcinoma cases were
reexamined light microscopically and graded according to the 2004 WHO
Classification. Pathological stage was given as pTa, pT1, and pT2. Demonstrative
sections were recut for immunohistochemistry for MUC1 and MUC2. The
results were statistically analyzed, and P < 0.05 was considered statistically
significant. Results: The positivity for MUC1 and MUC2 was 89.7% and 44.3%,
respectively. Independent from pathological stage of the tumor, MUC1 expression ~ membrane-associated mucins (MUC1,
showed statistically significant correlation with tumor grade (P < 0.05). Wedid MUC3, MUC4, MUC12, MUC16,
not find any correlation between pathological stage and MUC1 and MUC2  and MUC17), gel-forming-secreted
expression (P> 0.05). MUC1 staining pattern in papillary urothelial neoplasm of .., cins (MUC2, MUC5A, MUC5B,
low malignant potential cases was more common!y apical and superflmal (luminal and MUC6), and soluble-secreted
cell layer only). Intermediate cells + basal cells orisolated cells or islands of tumor in (MUC7).4 MUCT is a tr. b
cells with cytoplasmic and/or circumferential membrane positivity for MUC1 and mucin ) ) ) 1saransmemprane
MUG2 were more commonly observed in both low- and high-grade carcinomas. ~ 8Lycoprotein that is normally expressed
The difference between groups in terms of MUC1 and MUC2 staining was ~ at the basal level in most epithelial
statistically significant (P < 0.05). Conclusions: The staining patterns of both  cells.” MUC2 is a prototype secretory
mucins are different between urothelial papillary tumors and may be used to  mucin, which is expressed in the colon,
make a differentiation, especially for low-grade papillary urothelial lesions. This  small intestine, and airways. Their gene
difference may also be important in the carcinomatous transformation of urothelial - expressions, rate of synthesis, and extent
neoplastic and preneoplastic lesions. of their glycosylation may change during
malignant transformation of the epithelial
KEY WORDS: Bladder, grading, mucin expression, prognosis, urothelial  tigsues.® These alterations may have an
carcinomas impact on the invasive and metastatic
capacities of tumors since they can change
INTRODUCTION

Urothelial carcinomas of the bladder constitute the seventh most common cancer in men
and the 17" most common cancer in women, and they cause approximately 150,000 deaths
per year worldwide.™ Although they can range from superficial low-grade papillary lesions
to muscle-invasive malignant carcinomas, 70%-80% of cases are usually confined to lamina
propria (pT1) or noninvasive (pTa) at the time of diagnosis. However, 10%-30% of these
tumors show progression to muscle-invasive disease (pT2).” While superficial tumors are
prone to recurrence, muscle-invasive tumors show aggressive biological behavior with a
poor response to therapy and tendency to early spread and metastasize to distant sites.

Mucins are high-molecular-weight glycoproteins with protective role and precisely
ordered distribution among epithelia and are categorized into three general types;
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the regulation of proliferation and differentiation, immune
recognition, and cellular adhesion mechanisms of cells.”
Immunohistochemical studies for mucin expression in various
human tumors have demonstrated that the expression of MUC1
is related to invasive proliferation of tumors and/or poor outcome
for patients.’! However, the expression of MUC2 is related to
noninvasive proliferation of tumors and/or favorable outcome
for patients.®

There are limited data about the expression patterns and
significance of mucins in urinary bladder carcinomas.!*
However, the use of molecular markers, including mucin
expression profile, for characterization of bladder urothelial
carcinomas may allow more improved and more complete
insight in nature of cancer than histologic evaluation alone.!"!
These molecular markers may even serve as valuable tools for
the prediction of tumor recurrence and response to therapy and
the identification of therapeutic targets.

Our aim in this study was to investigate the relationship between
MUC1 and MUC2 expressions and their patterns with the
clinicopathological characteristics and biological behavior of
urothelial carcinomas of the bladder.

SUBJECTS AND METHODS

Patients

Ninety-seven patients with primary bladder urothelial tumor
who underwent transurethral resection with curative intent
in our hospital’s Urology Clinic were included in the study.
Exclusion criteria included patients with urothelial carcinomas
with variant histology.

Histopathological examination

All patients’ biopsies were retrieved from pathology archives,
and paraffin blocks were recut for immunostaining. Hematoxylin
and eosin-stained original slides were reexamined and assigned
a grade based on the WHO 2004 Grading Scheme as papillary
urothelial neoplasm of low malignant potential (PUNLMP),
low-grade carcinoma, or high-grade carcinoma. Pathological
staging was reperformed according to the presence of lamina
propria (pT1) or muscularis propria invasion (pT2). Noninvasive
tumors were classified as pTO0.

Immunohistochemistry

One diagnostic paraffin block from each case was selected, and
sections with 4-um thickness were cut for immunohistochemical
stains of MUC1 (NCL-MUC1, clone Ma695, 1:100, Novocastra
Laboratories, Newcastle-Upon-Tyne, UK; NCL) and
MUC2 (MUC2, clone Ccp58, 1:100, Novocastra Laboratories,
Newcastle-Upon-Tyne, UK). Following deparaffinization, antigen
retrieval was performed in citrate buffer (pH: 6.0) for both antibodies
in a microwave oven for 20 min. Following washing with PBS,
sections were incubated with secondary antibody (multispecies
ultra streptavidin detection system-HRP, Zymed, MA, USA)
and streptavidin-biotin complex (Zymed, MA, USA) for 20 min

at room temperature. Diaminobenzidine (diaminobenzidine
tetrachloride, Zymed, MA, USA) was used as chromogen, and
sections were counterstained using Harris hematoxylin. Both
membranous and cytoplasmic staining for MUC1 and MUC2
were assessed. For each antibody, both the degree (percentage of
positive cells) and the pattern of staining were recorded.

Degree of staining was evaluated semi-quantitatively for both
mucins as follows: 1 = 1%-25% of the neoplastic cells stained;
2 = 26%-50% of the neoplastic cells stained; 3 = 51%-75% of
the neoplastic cells stained; and 4 = 76%-100% of the neoplastic
cells stained.

Three different patterns of immunostaining were observed;
(a) apical membranes of luminal cell layer only, (b) intermediate
cells * basal cell layer, and (c) isolated cells or islands of tumor
cells. Single or combined staining pattern was recorded for each
case individually.

The results for immunostaining with respect to localization
and the percentage of tumor cells stained were compared with
tumor grade, pathological stage, and other clinical parameters
investigated.

Statistical analysis

All statistical analyses were conducted using the SPSS 10.0
statistical software program (SPSS, Chicago, IL, USA). Pearson’s
Chi-square test and Fisher’s exact test were used for the evaluation
of relationship between MUC1 and MUC2 expressions with
clinicopathological variables. The results with P < 0.05 were
considered to be statistically significant.

RESULTS

Eighty-one men (83.5%) and 16 women (16.5%) with potentially
curative resection of urothelial tumors were included in the study.
The characteristics of the patient population and pathological
findings are presented in Table 1. Mean patients’ age was
60.5 years (standard deviation = 12.0; range = 32-90). Of 48
noninvasive tumors, 26 (54.2%) were low-grade carcinomas and

Table 1: The clinicopathological characteristics of 97 cases

Characteristic Patients, MUCI1 positive, MUC2 positive,
n (%) n (%) n (%)
Gender
Female 16 (16.5) 15 (15.4) 11 (11.3)
Male 81(83.5) 72 (74.2) 32(32.9)
Tumor type
PUNLMP 20 (20.6) 18 (18.5) 10 (10.3)
Low-grade CA 47 (48.5) 41 (42.2) 20 (20.6)
High-grade CA 30(30.9) 28 (28.8) 13 (13.4)
Pathological stage
pTa 48 (49.5) 40 (41.2) 20 (20.6)
pT1 22(22.7) 22 (22.6) 11 (11.3)
pT2 27 (27.8) 25 (25.7) 12 (12.3)

P<0.05, the result is statistically significant. PUNLMP: Papillary urothelial neoplasm of low malignant
potential, CA: Carcinoma
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only two were (4.2%) high-grade carcinomas. Twenty-one (44.7%)
out of 47 low-grade carcinomas and one out of 30 high-grade
carcinomas showed lamina propria invasion (pT1). Ninety percent
of high-grade carcinomas (27 out 30 cases) were muscle invasive.
Tumor grade was correlated with pathological stage (P < 0.05).

Overall, both MUC1 and MUC2 showed variable staining in terms
of both reactivity percentage and pattern. Only 10 (10.3%) cases
were negative for MUC1 and 54 (55.7%) cases were negative
for MUC2. The percentages of cases showing MUC1 and MUC2
expressions in >50% of neoplastic cells were 58.7% (n = 57) and
9% (n = 9), respectively. Independent from pathological stage
of the tumor, MUC1 expression showed statistically significant
correlation with tumor grade (P < 0.05). Overall, 41 (47.1%) out
of 87 MUC1-positive cases were low-grade carcinomas, 28 (32%)
were high-grade carcinomas, and 18 (20.6%) were PUNLMP. The
highest percentage of staining was observed in the low-grade
carcinoma group (n = 30, 52.6%) when we considered only
cases showing MUC1 positivity in >50% of neoplastic cells.
Only 6 (10.5%) PUNLMP cases showed MUC1 positivity in >50%
of neoplastic cells. Overall, 43 (44.3%) cases were positive for
MUC2. Of these cases, 10 (23.2%) were PUNLMP, 20 (46.5%)
were low-grade carcinomas, and 13 (30%) were high-grade
carcinomas. Only 9 (20%) out of 43 cases revealed staining
in >50% of neoplastic cells, none of which has been diagnosed
as PUNLMP. Twelve (92.3%) out of 13 cases of high-grade
carcinomas showed MUC2 staining in <50% of neoplastic cells.
The staining percentage for MUC2 in 20 cases of MUC2-positive
low-grade carcinomas was highly heterogeneous (1%-25%
in 7 cases [35%], 26%-50% in 5 cases [25%], 51%-75% in
4 cases [20%], and 76%-100% in 4 cases [20%]). We did not find a
statistical correlation between MUC2 expression and tumor grade
independent from pathological stage of the tumor (P > 0.05).
Clinicopathological characteristics of MUC1- and MUC2-positive
cases are shown in Table 1.

MUC1 and MUC2 staining patterns were heterogeneous between
cases, and we have found a statistically significant correlation
between MUC1 staining pattern and tumor grade (P < 0.05).
MUCT1 pattern in PUNLMP cases was more commonly apical and
superficial (luminal cell layer only). On the other hand, six out of
10 MUC2-positive PUNLMP cases showed staining in isolated cells
or in islands of tumor cells and only three cases revealed apical
and superficial staining. However, intermediate cells + basal
cells, isolated cells, and/or islands of tumor cells with cytoplasmic
and/or circumferential membrane positivity for MUC1 and MUC2
were more commonly observed in carcinomas [Table 2]. The
difference between groups for MUC1 and MUC2 staining patterns
was statistically significant (P < 0.05) [Figures 1 and 2].

We did not find a correlation between pathological stage and
either MUC1 expression or MUC2 expression (P > 0.05). Except
for the two cases of muscle-invasive carcinomas, all of the
invasive cases (pT1 or pT2) were MUC1 positive. On the other
hand, 20 out of 26 noninvasive low-grade carcinomas and two
cases of noninvasive high-grade carcinomas were also MUC1
positive [Table 3]. MUC2 expression was highly heterogeneous
between tumors with different pathological stages. Twenty out
of 48 noninvasive tumors, 11 out of 22 pT1 tumors, and 12 out of
27 pT2 tumors were MUC2 positive [Table 3]. Similar to MUC1,
we did not find a correlation between pathological stage and
MUG2 expression. In addition, there is no correlation between
MUC1 and MUC2 expressions of the tumors (P > 0.05).

DISCUSSION

MUC1 (epithelial membrane antigen or episialin), which is
encoded by a gene on chromosome 1q21, is a transmembrane
glycoprotein that is normally expressed at the basal level in most
epithelial cells.®”1® While extracellular domain of MUC1 may
be aberrantly glycosylated and leads to putative revelation of

Table 2: Staining patterns of MUC1 and MUC2 in different grade groups of the urothelial tumors

Tumor grade  MUC1 muc2z
Pattern A Pattern B Pattern C Pattern A Pattern B Pattern C
PUNLMP 10 (10%) 5 (5%) 3 (3%) 3 (3%) 1(1%) 6 (6%)
1 case with pattern B
6 cases with pattern C
Low-grade 13 (13.4%) 16 (16.4%) 12 (12.3%) 2 (2%) 8(8.2%) 10 (10.3%)
2 cases with pattern B 4 cases with pattern C 2 cases with pattern B 1 case with 3 cases with
6 cases with pattern C 3 cases with pattern A 1 case with pattern A pattern C pattern C
2 cases with pattern B, Cand A
High-grade 3 (3%) 6(6.1%) 18 (18.5%) 0 5(5.1%) 8 (8.24%)
1 case with pattern C 4 cases with pattern C 1 case with pattern B 4 cases with
1 case with pattern B, Cand A 1 case with pattern C, Band A pattern C

4 cases with pattern A
Pattern A: Apical membranes of luminal cell layer only, Pattern B: Intermediate cellstbasal cell layer, Pattern C: Isolated cells or islands of tumor cells. PUNLMP: Papillary urothelial neoplasm of low malignant potential

Table 3: Percentage of MUC1 and MUC2 positivity according to the pathological stage of the tumors

Pathological stage MUC1 (%) MUC2 (%)

(-) 1%-25% 26%-50% 51%-75% >75% (-) 1%-25% 26%-50% 51%-75% >75%
pTa 8(8.2) 9(9.2) 7(7) 7(7) 17 (17.5) 28 (28.8) 11(11.3) 3(3) 3(3) 3(3)
pT1 0 4(4) 3(3) 4(4) 11(11.3) 11(11.3) 5(5) 3(3) 1(1) 2(2)
pT2 2(2) 2(2) 5(5) 9(9.2) 9(9) 15 (15.4) 8(8.2) 4(4) 0 0
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Figure 1: MUCL1 expression patterns in urothelial tumors of the urinary bladder. (a) Apical membranous staining in PUNLMP (x200). (b) Low-grade
noninvasive papillary urothelial carcinoma showing basal and suprabasal intermediate cell staining (x200). (c) High-grade noninvasive papillary

urothelial carcinoma showing full thickness strong staining (x200)

s Be s

7

Figure 2: MUC2 expression patterns in urothelial tumors of the urinary bladder. (a) Isolated small groups of cells positive for MUC2 in
PUNLMP (x200). (b) Low-grade noninvasive papillary urothelial carcinoma showing staining in isolated and small groups of cells, as in the case of
PUNLMP (x200). (c) High-grade invasive urothelial carcinoma showing diffuse and strong staining in neoplastic cells (x200)

immunogenic epitopes in cancers, cytoplasmic domain functions
as a signal transducer protein.® Neoplastic cells of various cancer
types may use MUC1 to increase their proliferation rate, to escape
from apoptosis, and to reduce the cell-to-cell adhesion to the
extracellular matrix by overexpressing it.”'”! There are several
studies in the literature searching for the role of MUC1 expression
in the progression and prognosis of different types of carcinomas
of the pancreaticobiliary tract and breast.[®515:19

Regarding the expression of MUC1 in urinary bladder tumors
and in nonneoplastic urinary bladder mucosa, information
is limited. Patriarca et al. showed that MUC1 expression was
homogeneously confined to apical pole of superficial umbrella
cells in nonneoplastic urothelium.™ Similarly, Kaur et al.
reported that MUC1 expression was restricted to umbrella
cells in most of the cases and it sometimes forms a sheath over
urothelium in benign bladder mucosa.*! However, MUC1 did not
show this polarized pattern and co-localization with E-cadherin
in urothelial carcinoma in situ (CIS)."™ Since our cases did not
include any CIS focus, we could not make any comments about
the expression profile of MUC1 in urothelial CIS. However,
we observed that MUC1 staining pattern in PUNLMP cases
was predominantly apical and superficial (luminal cell layer
only), similar to the previously reported staining patterns
of nonneoplastic urothelial mucosa and PUNLMP.[*1%14201 T
addition to urothelial CIS, MUC1 expression was also reported
in bladder carcinomas.®'%13!' A moderate-to-strong staining
with MUC1 was observed in luminal as well as in intermediate
and basal layer of the urothelium in majority of urothelial
papillary carcinomas in a study of Kaur et al™ In addition
to the localization of expression, the intensity of staining was
also heterogeneous between neoplastic cells in their study.!"
We have a similar observation that intermediate cells + basal

cells or isolated cells or islands of tumor cells with cytoplasmic
and/or circumferential membrane positivity for MUC1 were
more commonly observed in both low-grade and high-grade
carcinomas when compared to PUNLMP. This difference may
be explained by loss of cell polarization in carcinomas. Earlier
studies suggested that MUC1 plays a significant role in lumen
formation and has an inhibitory role in the cell-to-stromal
interaction. It was reported that MUC1 expression was
predominantly present in the stroma-facing surface of the
cell clusters in invasive micropapillary carcinomas of the
breast, pancreas, and gynecologic tract. However, labeling was
mostly apical in areas with lumen formation in conventional
adenocarcinomas.®%! In addition, in vitro and in vivo studies
have shown that MUC1 overexpression and loss of polarization
prevents E-cadherin and integrin-mediated cell-cell adhesion. As
a result, the process of invasion and metastasis becomes easier,
especially when coupled with E-cadherin downregulation.-%4!
In this regard, the presence of MUC1 at the apical cellular site
of a urothelial tumor is an indicator of intact MUC pathway.
However, aberrant patterns of expression may indicate the
defective MUC pathway. In the present study, we showed that
higher MUC1 expression levels and altered expression patterns
are associated with higher tumor grades. This may reflect
differences in biological behavior and aggressiveness between
different grades of urothelial tumors, especially for PUNLMP
and low-grade carcinomas. MUC-1 induced discohesion may
even contribute to the well-known multifocality of bladder
urothelial cell CIS."*!

Elazeez et al. observed that 74% of their cases of papillary urothelial
carcinomas were positive for MUC1.%" They also demonstrated
that MUC1 expression increases as papillary carcinoma grade
increases (i.e., 37.5% of grade 1 cases, 75% of grade 2 cases, and
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88.9% of grade 3 cases) (P < 0.01).%% In the study of Kaur et al.,
expression of MUC1 showed a varied trend, starting from lack of
expression (n = 38 or 12%), focal reactivity (n = 12 or 4%, mean
H-score 0.057 = 0.01), to moderate (n = 147 or 46%, mean H-score
1.02 * 0.05) and intense immunoreactivity (n = 117 or 37%,
mean H-score of 2.86 + 0.02).*! In our study, overall, 41 out of 87
MUC1-positive cases (47.1) were low-grade carcinomas, 28 (32%)
were high-grade carcinomas, and 18 (20.6%) were PUNLMP. The
highest percentage of staining was observed in the low-grade
carcinoma group (n = 30, 52.6%) when we considered only cases
showing MUC1 expression in >50% of neoplastic cells. We have
observed that MUC1 expression showed a statistically significant
correlation with tumor grade independent from the pathological
stage of the tumor. Interestingly, there is no statistically significant
correlation between pathological stage and MUC1 expression of
the tumors, and this observation is in agreement with the similar
study done by Stojnev et al*? However, except for the two cases
of muscle-invasive carcinomas, all of our invasive cases were
MUCT1 positive. Although the pattern of staining is different,
low-grade noninvasive carcinomas and even PUNLMP cases also
showed MUC1 expression. We suggest that aberrant changes in
MUCT1 (underglycosylation, sialylation and/or fully glycosylation,
overexpression, aberrant surface distribution patterns, etc.) occur
early in the carcinomatous transformation and a transformed cell
gains ability to invade and/or to make metastasis. In other words,
probably, it is not a genetic alteration that occurs with invasion.
However, the type of underlying genetic change may influence
the degree of anaplasia of cells which is the key factor for grading
of an urothelial tumor.

In addition to primary bladder urothelial carcinomas, the
incidence and intensity of MUC1 expression were also reported
to be high (66%) and strong (mean intensity 2.72 * 0.45)
in metastatic urothelial carcinomas.™™ Furthermore, it was
speculated that the overexpression of MUC1 in bladder
tumors might be a good target for radioimmunoscintigraphy
and radioimmunotherapy and intended for intravesical
radioimmunotherapy of superficial bladder cancer.””! Although
MUC1 expression was found to be related with prognosis of
hepatocellular carcinoma patients, similar association for primary
or metastatic urothelial carcinomas of the urinary bladder is not
known. %27l The results of future analyses may lead us to a new
era of MUC1-based treatment regimen for these patients.

MUC2, as a predominant secretory mucin of intestine, has
important immunomodulatory effects. It is encoded by a gene
located on the chromosome 11p15.5 region as a cluster of
mucin-gene complex that also includes MUC5AC, MUC5B,
and MUC6 genes.®! In a study of Stojnev et al., which includes
urothelial bladder cancer tissue samples of 539 patients, MUC2
immunoexpression rate in urothelial bladder cancer was found
to be 40.1%." Focal or cluster-like cytoplasmic staining,
comprising between 10% and 25% of tumor cells, was the most
frequent finding in their study and they did not observe MUC2
expression in normal bladder urothelium.!"” These results
were in accordance with the previous study of Walsh et al!'V

Overall positivity for MUC2 for our cases was 44.3%, of which
23.2% were PUNLMP, 46.5% were low-grade carcinomas, and
30.3% were high-grade carcinomas. Importantly, the tumors
showing MUC2 expression in >50% of neoplastic cells were all
carcinomas. Although low-grade carcinomas revealed highly
heterogeneous staining percentage for MUC2, mostly <50%
of neoplastic cells in high-grade carcinomas was positive for
MUC?2. Staining pattern of MUC2 was similar to MUC1 for
our cases. MUC2 overexpression was reported to be correlated
with indolent clinical course and favorable prognosis in
pancreaticobiliary neoplasms and in colorectal carcinomas. 54!
However, the prognostic significance of MUC2 in carcinomas
of other sites is controversial.'**% Stojnev et al. showed that
MUC?2 expression is more frequently observed in low-grade
urothelial carcinomas and significantly correlated with low
pathological stage."” In addition, MUC2 significantly correlated
with MUC1 expression and increased probability of tumor
relapse."? Although we did not find a statistical correlation
between MUC2 expression and tumor grade or pathological
stage (P > 0.05), it was important for us to observe that none of
the high-grade carcinomas, mostly muscle invasive, expressed
MUC2 in >50% of neoplastic cells, in contrast to low-grade
carcinomas. This may contribute to the more favorable outcome
of patients with low-grade carcinomas, showing more significant
MUC2 expression compared to high-grade carcinomas. In the
present study, we find no correlation between MUC1 and MUC2
expressions (P> 0.05). This may be related to the small number
of cases of high-grade pT0 and pT1 cases included in our study.

CONCLUSIONS

We have examined expressions of MUC1 and MUC2 and their
correlation with tumor characteristics in 97 cases of primary
urinary bladder urothelial tumors. We observed that MUC1
expression percentage increases as the grade of the papillary
urothelial tumor increases. In addition, the pattern of MUC1
expression changes from luminal/superficial staining in PUNLMP
to complete membranous and cytoplasmic staining in carcinomas.
However, we could not demonstrate any association between
MUCT1 expression and the pathological stage of the disease.
Referring to these observations, we think that aberrant changes
in MUC1 occur early in the carcinomatous transformation of
urothelial neoplastic and preneoplastic lesions. In addition,
MUC1 immunostaining may be used to make a distinction for
difficult cases of low-grade papillary urothelial lesions. MUC2
expression showed no correlation either with the tumor grade
or the pathological stage for urothelial tumors in our study.
However, we have recognized easy to appreciate staining pattern
differences between our cases in terms of MUC1 and MUC2 and
this difference was statistically significant.
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