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MUC2 and MUC5AC Expression

ABSTRACT

Introduction: The ampulla of Vater consists of papilla, common
channel, distal common bile duct and the distal main pancreatic
duct. Ampullary carcinomas arise from two different types of
mucosa, reflecting their broad histomorphological spectrum.
Adenocarcinomas originating in the ampulla of Vater are classified as
having either ‘Intestinal’ or ‘Pancreatobiliary’ type of differentiation.
Pancreatobiliary type has consistently shown a worse prognosis.
Various types of mucins are distributed in normal tissues and
gastrointestinal tumours. MUC1, MUC2 and MUC5AC are known
to be the most important amongst all.

Aim: To study clinicopathological features of different types of carci-
noma of ampulla with MUC1, MUC2 and MUC5AC expression.

Materials and Methods: We included 20 cases of ampullary
adenocarcinoma in this study, diagnosed after radical surgery.
The histopathological slides were reviewed and the tumours were
classified into intestinal type, pancreatobilliary and other types.

Keywords:

INTRODUCTION

The ampulla of Vater is composed of ampullary papilla, common
channel, distal common bile duct and the distal main pancreatic
duct. The ampullary papilla is lined by intestinal mucosa while the
other parts are lined by pancreaticobiliary type of simple mucinous
epithelium [1]. In consequence, ampullary carcinomas may arise
from two different types of mucosa, which thus reflect the broad
histomorphological spectrum of these tumours [2]. Kimura W et al.,
classified adenocarcinomas developing in the ampulla of Vater as
having either ‘intestinal’ or ‘pancreatobiliary’ type of differentiation
[3]. Pancreatobiliary type has consistently associated with worse
prognosis [4].

All mucosal surfaces of the human body are covered by a thick
viscous layer that protects it from external insults. The class of
epithelial derived glycoproteins known as the mucins, forms a major
component of this defensive mechanism. Mucins are expressed by
a three letter code MUC followed by a number (e.g., MUC2) [5].
Mucins are classified as membrane bound or secreted depending
on their structure and function. The membrane bound mucins are
MUC1, MUC4, MUC13, MUC16, MUC17 and MUC21. Secreted
or gel forming mucins include MUC2, MUC5AC, MUC5B, MUC6
and MUC7 which are encoded by genes located contiguously
on chromosome 11. These genetic clustering signifies a clone
functional association of the relevant proteins. Secreted mucins
have unique number of tandem repeats, which could help in
diagnosis, prognosis, and therapeutic guidence [6]. Mucins are
widely distributed in normal tissues and gastrointestinal tumours. Of
these different mucins, MUC1, MUC2, MUC5AC and MUCS are the
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Representative block of tumours was subjected to immuno-
histochemical (IHC) study with MUC1, MUC2 and MUCS5AC
antibodies. Results were subsequently analysed.

Results: Pancreaticobiliary type of ampullary carcinoma cases
predominated (50%) over intestinal type (25%). Carcinomas of
“other types” included one case each of mucinous carcinoma,
adenosquamous carcinoma and undifferentiated carcinoma and
well differentiated neuroendocrine tumours. Pancreatobiliary type of
carcinomas was associated with higher tumour stage and grade
and lymph node metastasis. All the pancreatobiliary type expressed
MUC1 and all intestinal type carcinomas expressed MUC2. MUC
5AC expression was seen predominantly in pancreatobiliary type of
ampullary carcinomas.

Conclusion: Mucin markers are associated with two different
subtypes of ampullary carcinomas which have different prognosis.
Immunohistochemical study of mucin expression can define
the different types of carcinomas of ampulla of Vater with better
objective criteria.

Mucin markers, Periampullary carcinoma, Pancreatobiliary type

most important [7]. Abnormal mucin expression plays an important
role in tumour occurrence and development [8].

The intestinal subtype and pancreatobiliary subtype do not show
immunoexpression for MUC1 and MUC2 respectively [9]. Very few
studies have been done to explore the expression of mucins in
relation to histopathological subtypes of carcinoma of ampulla of
Vater [9-11].

Some studies have used immunoexpression of apomucin MUC2
in classifying and assessing prognosis of ampullary carcinomas.
Matsubayashi H et al., differentiated intestinal type carcinomas and
pancreatobiliary type carcinomas by studying the expression of
apomucin MUC2 [10]. Most intestinal type carcinomas were MUC2
positive and none of the pancreatobiliary type carcinomas expressed
this apomucin. Kitamura H et al., found a positive correlation of
MUC2 expression and survival rate and a negative correlation for
MUC1 [11]. The gastric mucin MUC5AC positively correlated with
pancreatobiliary type of carcinomas and negatively correlated with
intestinal type carcinomas of ampullary region. We have studied
clinicopathological features of different types of carcinoma of ampulla
and their MUC1, MUC2 and MUC5AC immunoexpression.

MATERIALS AND METHODS

This was a cross-sectional descriptive study done in Smt Kashibai
Navale Medical College and General Hospital, Pune, Maharashtra,
India after approval from Institutional Ethics Committee. Our study
enrolled 20 cases of patients who were histopathologically diagnosed
with ampullary adenocarcinomas after surgery during a period of
five years from January 2012 to December 2016. Patients informed
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consent was obtained. Medical records were reviewed from the
files and clinical data was collected. The histopathological slides
were reviewed and the tumour was classified histopathologically
into intestinal type, pancreatobilliary and other types according to
the criteria of Albores-Saavedra T et al., [12]. The intestinal type
carcinoma [Table/Fig-1a] was composed of well formed tubules to
elongated glands, complex cribriform areas and solid nests that
was indistinguishable from colorectal carcinomas, whereas, the
pancreato biliary type carcinomas [Table/Fig-1b] mostly consisted
of simple or branching glands and solid nests of cells surrounded by
a strikingly desmoplastic stroma. Representative block of tumours
was subjected to IHC. IHC study was done with antibodies which
included MUC1 (Clone Ma695; Novocastra), MUC2 (Clone Ccp58;
Novocastra) and MUC5AC (Clone CLH2; Novocastra). The staining
intensity of each IHC reaction were scored semiquantitatively: no
staining reaction=0, <10% positively stained tumour cells =1, 10-
50%=2, > 50-80%=3 and >80%=4. Scores 0 and 1 were regarded
as negative and scores 2-4 were regarded as positive.

STATISTICAL ANALYSIS

Data was subjected to statistical analysis using arithmetic mean and
percentage.

RESULTS

Total 20 cases were studied. Age range was from 44 to 74 year
years. Mean age was 57 years. There were 12 male and eight
female patients. Histomorphologically, pancreaticobiliary type
of ampullary carcinoma cases predominated (10/20, 50%) over
intestinal type (5/20, 25%). Carcinomas of “other types” included
mucinous carcinoma [Table/Fig-2a], adenosquamous carcinoma
[Table/Fig-2b], and undifferentiated carcinoma and well differentiated
neuroendocrine tumours. A case with mixed pattern had features of
both intestinal [Table/Fig-2c] and pancreatobiliary carcinoma [Table/
Fig-2d].

The photomicrographs showing MUC1 expression in pancreatobil-
iary subtype, MUC2 expression in intestinal subtype and MUC5AC
in pancreatobiliary subtype is shown in [Table/Fig-3a-c] respective-
ly.

Comparison of different clinical and immunohistopathological fea-
tures of two main subtypes of carcinoma of ampulla of Vater is
summarized in [Table/Fig-4,5].

MUC1 expression in pancreatobiliary carcinoma of ampulla of
Vater is shown in [Table/Fig-5]. Mucin expression in other types of
ampullary carcinomas is shown in [Table/Fig-6].

DISCUSSION

Carcinomas of the ampulla of Vater are uncommon, but they occur
more frequently than carcinomas of the small intestine outside
the periampullary region [13]. The peak age incidence of sporadic
carcinomas is in seventh and eighth decades of life [12]. Males
appear to be more affected than females with the ratio being 1.48
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[Table/Fig-1]: a) Photomicrograph showing intestinal subtype of ampullary carci-
noma (H&E, 4X); b) Photomicrograph showing pancreatobiliary subtype of ampullary
carcinoma (H & E, 10X).

[Table/Fig-2]: a) Photomicrograph showing mucinous subtype of ampullary
carcinoma (H&E, 40X); b) Photomicrograph showing adenosquamous subtype of
ampullary carcinoma (H&E, 10X); c) Photomicrograph showing intestinal features
of mixed type ampullary carcinoma (H&E, 10X); d) Photomicrograph showing
pancreatobiliary features of mixed type ampullary carcinoma (H&E, 10X).

to 1.12 as documented in literature [12]. In our study, age ranged
from 44 to 74 years with a mean age of 57 years. There were 12
males and 8 females with the ratio of 1.5:1.

Carcinomas of ampulla of Vater usually present early with
smaller tumour size and obstructive jaundice. They are usually
circumscribed nodules measuring not more than 2 cm to 3 cm in
diameter. They may be found within the wall of the duodenum or
project into the lumen as a nodule [14]. In our study, majority of the
patients presented with obstructive jaundice and pain in abdomen.
The tumour size ranged from 0.5 cm to 3 cm, with mean tumour
size of 1.5 cm. The distribution of various histomorphological types
was in correlation with a study done by Fischer HP and Zhou H
[2]. Frequency of the main histopathological types of carcinomas of
ampulla of vater in different studies is shown in [Table/Fig-7].

The expression pattern of MUC1 in tumours of the ampulla of
Vater appears to have predictive value based on the results of
the recent studies [15,16]. In particular, MUC1 positivity was
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[Table/Fig-3]: a) Photomicrograph showing MUC1 immunoreactivity (100X) in pancreatobiliary subtype; b) Photomicrograph showing MUC2 immunoreactivity (400X) in intestinal
subtype; ¢) Photomicrograph showing MUCS5AC immunoreactivity (100X) in pancreatobiliary subtype.
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Parameters Pancreaticobiliary type Intestinal type (n-5)
(n-10)

Mean age at diagnosis 57.6 50.83

(years)

Male: Female 11 4:1

TNM staging Seven cases were T3, All cases were T2,
three cases were T2. No cases showed LN
two cases showed LN metastasis

metastasis

MUC 1 immunoreactivity 10 0

MUC 2 0 5

MUC 5AC 5 0

[Table/Fig-4]: Comparison of pancreatobiliary type and intestinal type of carcinoma

of ampulla of vater.

Grade of MUC 1 expression

tumour (N) 0+ 1+ 2+ 3+ 4+
WDT(2) 0 0 2 0 0
MDT(3) 0 0 2 1 0
PDT(5) 0 0 1 2 2

[Table/Fig-5]: Expression of MUC1 in pancreatobiliary carcinoma of ampulla of
vater.

WDT=Well Differentiated Tumour, MDT= Moderately Differentiated Tumour, PDT=Poorly
Differentiated Tumour

Tumour type Stage MUC1 MUC2 MUC5AC
Adenosqumous T4NOMx Strong N N
carcinoma Positive (4+)

Neuroendocrine T2NOMXx N N N

tumour

Mucinous TNM 4+ 4+ 4+
adenocarcinoma

Mixed pattern T3NOMx 3+ 1+ 2+
Undifferentiated T2N1MXx N 2+ 1+
carcinoma

[Table/Fig-6]: Mucin expression in other types of ampullary carcinomas (n-5).

Author/study Number | Intestinal | Pancreat- Other

of cases | type (%) obiliary types (%)
type (%)

Kimura W et al., [3] 51 25 75

Matsubayashi H et al., [10] 52 58 42

Fischer HP and Zhou H [2] 55 23 44 24

WHO classification [14] Unusual

Our study 20 25% 50% 25%

[Table/Fig-7]: Frequency of the main histopathological types of carcinomas of

ampulla of vater in different studies.

associated with unfavourable behaviour of the tumour such as
lymph node metastasis, vascular infiltration, infiltration of pancreas
and duodenum, advanced TNM staging and worse prognosis [16].
The utility of MUC1 as a biomarker in pancreatobiliary neoplasia
and its prognostic significance has exceeded that of conventional
pathologic features [17]. MUC1 and mesothelin are among the
most promising targets for cancer vaccine development as per the
study done by National cancer institute [18]. In our study, MUC1
immunoreactivity was observed in all 10 cases of pancreatobiliary
type of carcinoma of ampulla and was absent in all five cases of
intestinal subtype. The immunoreactivity increased with increase in
grade of the tumour. It was 40%, 61%, 64% in well differentiated,
moderately differentiated and poorly differentiated pancreatobiliary
carcinomas respectively. Pancreatobiliary carcinomas showed higher
tumour stage and increased incidence of lymph node metastasis as
compared with intestinal subtype. Thus, MUC1 immunoreactivity
correlated with higher histopathological grade, higher tumour stage
and lymph node metastasis.
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In a study by Tao Wang et al., the expression of MUC1 was ob-
served more frequently than the other mucins studied and was
associated with a higher tumour grade of [9]. Expression of MUC1
may affect patient prognosis by inhibiting the formation of the E
cadherin and beta—catenin complex, which consequently would
decrease intercellular adhesion and promote the invasion and
metastasis of tumours [1]. In another study, MUC1 was found to be
100% sensitive but 0% specific in the diagnosis of pancreatobiliary
subtype [19].

Pancreatobiliary type adenocarcinomas predominantly express
keratin 7 and lack the intestinal apomucin MUC2. This is in
accordance with normal pancreatobiliary epithelium. Intestinal
type adenocarcinomas mostly contain apomucin MUC2 similar
to the characteristics of the intestinal epithelium [13]. In a study
done on 105 adenocarcinomas of the ampulla of Vater, intestinal
immunophenotype was characterized by MUC2 and CDX2
expression, while pancreatobiliary immunophenotype was
characterized by MUC2 and CDX2 negativity [20]. MUC2 showed
low sensitivity (39.5%) and high specificity (96.2%) for intestinal
subtype [19]. MUC2 immunoreactivity in our study was noted in
all intestinal subtypes, while it was absent in all pancreatobiliary
subtypes. The immunoreactivity of MUC2 was of less intensity as
compared to MUCH1.

In other subtypes of carcinomas of ampulla of Vater, adenosquamous
carcinoma had highest tumour stage (T4). It showed MUCH1
immunoreactivity. Undifferentiated carcinoma showed MUC2
immunoreactivity and thus, was reclassified as intestinal subtype
after immunonohistochemical studies. One case of mixed pattern
showed immunoreactivity for both MUC1 (3+) and MUC2 (1+).
This tumour was reclassified as pancreatobiliary because of strong
MUC1 immunoreactivity.

Expression of MUC5AC in neoplasias of the ampulla of vater is
associated with the histological subtype. MUC5AC immunoreactivity
is associated with the pancreatobiliary phenotype and participates
in subsequent stages of carcinoma extension such as invasion
and metastasis [9]. It was observed that intestinal type carcinomas
show weak expression. Expression of MUC5AC correlates with
invasiveness of carcinoma. In our study, MUC5AC immunoreactivity
was observed in four cases of pancreatobiliary subtype and was
absent in all intestinal subtype. Also, it was present in a case of
mixed pattern which was reclassified as pancreatobiliary after
IHC study. Out of four cases of pancreatobiliary carcinomas with
lymph node metastasis in the present study, two of them showed
MUCBS5AC immunoreactivity. One case of pancreatobiliary carcinoma
showed lymphovascular invasion. Only one case of undifferentiated
type carcinoma which was reclassified as intestinal subtype showed
MUCS5AC immunoreactivity and lymph node metastasis. This tumour
was of higher grade histologically.

LIMITATION

As sample size is small, more number of studies with large sample
size is recommended for validation of the results.

CONCLUSION

The different types of carcinomas of ampulla of Vater can be charac-
terized more objectively by studying the mucin expression pattern
immunohistochemically. The studies found in literature are very few
and show variable results. In our study, pancreatobiliary carcinomas
showed higher tumour stage and increased incidence of lymph node
metastasis as compared with intestinal subtype. MUC1 expression
was associated with pancreatobiliary carcinoma and MUC2 was
seen in intestinal subtype of carcinoma of ampulla of Vater. Thus,
MUC1 immunoreactivity correlated with higher histopathological
grade, higher tumour stage and lymph node metastasis. MUC5AC
immunoreactivity was associated with lymph node metastasis and
higher tumour grade. Thus, IHC study of mucin expression pattern
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may help in prognostication and hence, in management of patients
of carcinoma ampulla of Vater. However, it should be studied
extensively.
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