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ABSTRACT

Background: Expression of various types of mucins has been documented in several malignancies and seems to play
a sentinel role in some epithelial malignancies. MUC1 and MUC4 are two transmembrane mucins that are involved in
cell signalling events that drive the proliferation of cells. Therefore, mucins may be important biomarkers for early
diagnosis and targeted therapy due to their frequently altered expression pattern in carcinomas. The objective of the
study was to determine the expression pattern of MUC-4 in prostate cancer and to correlate the expression with
clinicopathological parameters.

Methods: Thirty cases of prostate carcinomas of different grades were selected from the case files of our institute for
the study. Immunohistochemistry was done on all cases using monoclonal antibodies against MUC- 4 by the avidin
biotin technique. The expression and pattern of staining were analyzed .Staining pattern in the adjacent benign areas
were also noted.

Results: Our study showed that expression of MUC4 was considerably down regulated in prostate cancer tissues
when compared to normal or benign prostatic tissue. Few cases of prostate cancer showed a moderate staining while
majority cases of adjacent normal areas were moderate to strongly positivity.

Conclusions: The results of our study implies that MUC4 is down regulated in prostate cancer and this may be of
significance for diagnostic application and tumor progression in prostate cancer. Since MUC4 is known to modulate
HER2/ErbB2 signalling it may prospectively prove to be useful in prostate cancer therapy.
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INTRODUCTION

Worldwide, prostate cancer is the second most common
cancer and fifth leading cause of death from cancer
among men. In 2012, 1.1 million men were diagnosed
with prostate cancer, which accounts for 15% of the
cancers among men worldwide and in the United States,
it accounts for 29% of cancer diagnosed."” Remarkable
differences were observed in the incidence of prostate
cancer globally. The rates are highest in Australia, New
Zealand, Northern America and in Western and Northern
Europe. In Asians prostate cancer was uncommon, but

due to changes in dietary factors or other lifestyle, the
incidence of prostate cancer seems to be increasing."? In
India, prostate cancer is the second leading site of cancer
among men in cities like Delhi, Kolkata, Pune and
Trivandrum, third in Bangalore and Mumbai. In Chennai,
prost?te cancer is the fourth most common cancer among
men.

Metastatic prostate cancers are lethal and resistant to
current conventional therapies. The mechanism involved
in the progression of prostate cancer is unclear. Localized
prostate cancers are treated by radical prostatectomy or
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radiation. Advanced cancer either recurrent or metastatic,
initially respond to androgen ablation therapy, but
eventually the cells are no longer responsive to such
therapy, resulting in a lethal cancer termed androgen-
independent prostate cancer.*®

Mucins are a group of glycoproteins, involved in the
protection and lubrication of epithelial surfaces and also
engage in signal transduction pathways that regulate
morphogenesis.®” A total of 21 human mucin genes
(MUC1-MUC4) have been identified and subclassified
into three groups: transmembrane, gel forming or
secreted and soluble mucins.*®*° Transmembrane mucins
contribute to epithelial cell-cell interactions and secreted
mucins form a physical barrier to provide protection for
epithelial cells.*® In addition, mucin control many
cellular processes, including growth, differentiation,
transformation, adhesion, invasion, and immune
surveillance.>'* However, in cancer cells and during
progression, the mucin molecule becomes altered.*

Previous studies have shown that MUC4, a
transmembrane mucin, is expressed by epithelial cells in
a variety of tissues.’>*> MUC4 is normally expressed by
the luminal epithelial cells of the stomach, colon, lung,
trachea, cervix, and prostate.>**** An over expression of
MUCH4 is observed in pancreatic, lung, breast, colon, and
ovarian  malignancies, suggesting its pathologic
significance and the association of MUC4 with the poor
prognosis of the pancreas, lung, and bile duct cancer
patients has also been reported.®****® In the present
study, we have determined the expression of MUC 4 in
prostatic adenocarcinoma and its correlation with clinico-
pathological data.

METHODS
Sample collection

We randomly selected 30 patients who had undergone
trans rectal ultra sound guided biopsy or transurethral
resection of the prostate at Sri Ramachandra Medical
College and Research Institute, Chennai and with a
proven diagnosis of prostate  adenocarcinoma.
Haematoxylin and Eosin stained slides for each cases
were reviewed and Gleason’s score were assigned.
During review, multiple blocks were identified based on
the presence of adequate tumor and the representative
nature of the overall grade. Tumors were classified as
high grade when the combined Gleason’s score was 7 or
high and as low grade when the combined score was less
than 7. Sections from colon carcinoma were used as
control. All the specimens were fixed in formalin and
embedded in paraffin blocks.

Immunohistochemistry
Immunohistochemistry was done in 3-4 pum thickened

sections using Mouse anti-human MUC4 (Biogenex
Laboratories, USA) by the avidin biotin technique. After

deparaffinization, the antigenic determinant sites were
retrieved in citrate buffer with steam for 10 minutes.
Endogenous peroxide was blocked with 3% hydrogen
peroxide. The sections were probed with primary
antibody MUC4 for 1 hour at room temperature and
incubated with secondary antibody. The binding of
antibody was detected by 3, 3’- diaminobenzidine after
the incubation with HRP conjugate which forms a brown
colour. Finally the slides were counter stained with
Mayer’s hematoxylin. Similarly process was done with
colon carcinoma as positive control for MUC4 antibody
immunostaining. Stained sections were evaluated under
the light microscope and intensity of the staining was
classified semi-quantitatively.

RESULTS

Among the 30 cases studied, the ages were ranged
between 60 to 90 years with the mean age of 75 years. Of
the 30 prostatic adenocarcinoma cases 19 (63.4%) were
high grade (Gleason’s score >7) and 11 (36.6%) were low
grade (Gleason’s score <7). Most common presentation
was urinary retention. MUC4 immunostaining showed
cytoplasmic and membrane positively in normal prostate
glands (Figure 1). Among 30 cases 26 (87%) cases
showed negative staining for MUC4, 3 (10%) cases of
low grade carcinoma showed moderate to intense
positivity while 1 (3%) case showed moderate positive
staining (Figure 2). However, statistical analysis of MUC
4 expression between high and low grade tumors did not
show any significance (p=0.087). Interestingly, the micro
vessels within the tumor cell showed positivity for
MUCA4. Areas of prostate intraepithelial neoplasia (PIN)
within the tumor also showed positive expression for
MUC 4.

Figure 1: (a) Normal prostate glands showing
cytoplasmic and membrane positivity for MUC4
immunostaining x100; (b) Colonic carcinoma
(control) showing positive staining for MUC4 x100;
(c) Low grade prostate carcinoma positive for
MUC4 x200.

DISCUSSION

Multiple malignancies like pancreatic, ovarian, gastric,
lung and breast shown abnormal expression, localization
and glycosylation of mucins as their characteristic events.
Among the various mucin family members, MUC1 and
MUC4 are highly involved in tumour growth, tumour-
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stromal interactions, intracellular and extracellular
signalling, metastasis and resistance to immunity and
chemotherapeutic agents. In fact, the down-regulation of
MUC4 may reverse the chemo resistance in pancreatic
cancer. In spite of several studies on the oncogenic
potential of MUC4 in various cancers, not much detail
was available in prostate adenocarcinoma, particularly in
the Indian population.

Figure 2: (a) Negative staining for MUC4 in prostate
cancer areas. Adjacent normal prostate glands
showing strong positivity x100; (b) Moderate positive
staining for MUC4 in prostate carcinoma, Gleasons
score 7 x100; (c) Areas of prostatic intraepithelial
showing focal positivity for MUC4 x200; (d) High
grade prostate carcinoma showing negative staining
for MUC 4 antigen x100; (e) High grade prostate
carcinoma showing negativity for MUCA4. Micro
vessels within the tumor show positivity (internal
control) x100.

In the present study we examined the expression of
transmembrane protein MUC4 in low and high grade
prostate carcinoma tissue and also determined its
expression in adjacent normal prostate glands. A
significant down regulation of MUC4 was observed in
prostatic carcinoma tissues compared to normal prostate
tissues. Strong staining pattern was observed in all the
non-neoplastic prostate cancer cases. Interestingly,
intense expression of MUC4 was observed in micro
vessels within the tumour. Only three cases of low grade
prostate carcinoma with Gleason’s score of less than six
showed moderate to intense MUCA4 cytoplasmic staining
while one case of high grade prostate cancer showed
moderate to weak staining for MUC4 antibody. The
remaining eighteen cases showed loss of MUC4
expression.

Singh et al also observed the lower MUC4 expression in
prostatic adenocarcinoma tissue and higher in adjacent
normal/benign prostate tissue. When Singh et al treated
the prostate cancer cell lines with histone deacetylases
and DNA methyl transferases inhibitors; he observed the
increased expression of MUCA4. Singh et al suggested the

epigenetic mechanism might be regulating the MUC4
expression during pathogenesis of prostate cancer.
Further, positivity was seen in areas of PIN indicating
that loss of MUC 4 occurs as lesions progresses.**

Contrary to our study, Senapati S et al observed MUC4
over expression in gastric cancer tissues than adjacent
normal tissues. He also found that MUCA4 over expression
was associated with an aggressive phenotype of gastric
cancer cells and also increases the activation of ErbB2
oncoprotein.®® A similar over expression has also been
documented in pancreatic cancers where MUC4 may
have a potential use as a diagnostic molecular marker.™*

However our findings in a limited number of cases
suggest that, contrary to other known tumors, MUC4 is
down regulated in most prostatic carcinomas. Further
studies need to be carried out in larger samples for
elucidating its specific role and to interpret the
mechanism of MUC4 down regulation in prostate cancer.
MUC4 immunohistochemistry analysis may be a useful
in studying the mucin expression pattern in prostate
cancer and might be a promising tool in designing
therapy related to regulation of MUC4.

CONCLUSION

In conclusion, our study suggests that MUC4 down
regulation may be of significance in defining the
mechanistic basis of prostate cancer and may be related
to tumor progression. Further studies are necessary to
interpret the molecular mechanism and effect of MUC4
loss on development of prostate carcinoma.
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