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Abstract. In cancer cells the expression of mucins is variable
in amount and cellular localization. Alteration in glycosylation
occurs and leads to the appearance of novel structures. The
aim of this study was to investigate the expression of epitopes
known as CA19-9, CA50, CA242, MUCI1, MUCI-Core and
Thomsen-Friedenreich (TF) in mucinous carcinomas. The
formalin-fixed and paraffin-embedded tissue samples of the
breast (n=29) and their metastases in axillary lymph nodes
(n=06) were analysed using immunohistochemical methods.
The mucinous breast tumours expressed MUC1, MUC1-Core
and TF, while CA19-9, CA50 and CA242 showed a negative
staining reaction. The examined metastases showed similar
expression patterns as the corresponding primary tumours. In
the case of an unknown metastatic primary tumour, such
immunohistochemical analysis in axillary lymph nodes might
be helpful. A positive reaction of CA19-9, CA50 and CA242
might suggest the presence of a gastrointestinal tumour,
especially a pancreatic carcinoma, whereas positive findings of
MUCI1, MUCI-Core and TF could indicate the presence of a
mucinous mammary carcinoma.

Mucins are a family of large, highly glycosylated proteins,
which can be divided into membrane-bound and secretory
forms. The most important membrane-bound mucin is
named MUCI, an integral component of the cell membrane
in normal breast tissue. In cancer cells, the expression of
MUC1 is increased and its glycosylation is altered.
Therefore, epitopes like MUC1-Core protein, Thomsen-
Friedenreich (TF) epitope, CA19-9, CA5S0 and CA242,
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which are masked in healthy breast tissue due to the
numerous branched carbohydrate chains (1-5), can be
demonstrated.

Breast cancer is the most common malignancy in the
female population. Invasive ductal carcinoma accounts for
approximately 90% of all invasive breast carcinomas.
Mucinous cancer of the breast, with an approximate
incidence of 2% of all breast cancers, differs from
infiltrating ductal carcinoma in its histology and
extracellular mucin production. It is thought to be a
variant of invasive ductal carcinoma, though with a better
prognosis. However, only a few studies have addressed the
immunohistochemical analysis of mucinous mammary
tumours. Therefore, the aim of this study was to assess the
expression of the epitopes MUC1, MUCI1-Core, TF,
CA19-9, CAS50 and CA242 in mucinous mammary
carcinomas and in their metastases in axillary lymph nodes
by immunohistochemical means.

MUCI1, MUCI1-Core and TF have been shown to have
prognostic significance in breast cancer, whereas the
significance of CA19-9, CA50 and CA242 lies mainly in the
diagnosis and monitoring of gastrointestinal, especially
pancreatic, malignancies (6-12).

Materials and Methods

Tissue samples. Archival samples of 29 mucinous mammary
carcinomas were obtained from the files of the Department of
Obstetrics and Gynaecology of the University of Rostock,
Germany. The tumour material consisted of formalin-fixed and
paraffin-embedded tissue from the years 1990 to 2003.
Additionally, metastatic axillary lymph nodes were also examined
in 6 cases.

Immunohistochemical staining. Two-4 um slices of the paraffin-
embedded tissue were cut. The specimens were dewaxed and
deparaffined with xylene and rehydrated in a descending alcohol
concentration row. Immunohistochemical staining was done using
the antibodies listed in Table I.

CA19-9, CAS50 and CA242 were analysed according to the
APAAP method. Briefly, the antigens were demasked by heating
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Table 1. Antibodies used in this study.

Antigen  Antibody Clone Source Dilution
CA19-9 C241: 5:1:4 Novocastra 1:200
mouse IgG Laboratories Ltd,
Newcastle-upon-
Tyne, UK
CAS0 C50: 8:2:4 Novocastra 1:20
mouse IgM Laboratories Ltd,
Newcastle-upon-
Tyne, UK
CA242 C242:11 Novocastra 1:20
mouse IgG Laboratories Ltd,
Newcastle-upon-
Tyne, UK
MUC1 Ma695 Novocastra 1:100
mouse IgG Laboratories Ltd,
Newcastle-upon-
Tyne, UK
MUC1-Core Ma552 Novocastra 1:50
mouse IgG Laboratories
Ltd, Newcastle-
upon-Tyne, UK
TF AT78-G/AT Serotec Ltd, 1:3
mouse IgM Kidlington,
Oxford, UK

in Tec buffer (pH 7.8) in a microwave (3 x 5 min at 900 watts). The
sections were incubated with dilutions of the primary antibodies for
30 min. Further incubations with the secondary antibody (rabbit-
anti-mouse IgG diluted 1:50, DAKO Diagnostika, Hamburg,
Germany) for 30 min and the APAAP complex (alkaline-
phosphatase-anti-alkaline-phosphatase, diluted 1:50, DAKO) for
30 min were subsequently performed. Each step was followed by
rinsing in distilled water. The development of the alkaline
phosphatase was performed with naphthol AS-BI phosphate as
substrate and neufuchsine as coupling salt. Counterstaining was
performed with haemalaun.

The immunohistochemical staining of MUC1, MUC1-Core and
TF was performed using the avidin-biotin-complex method with the
NexEs® THC Autostainer (Ventana, Tucson, AZ, USA) and a
protocol for staining with DAB and the use of a microwave (3 x 10
min, 700 watts), as described by the manufacturer (Ventana
Medical System). Briefly, slides were incubated with inhibitor
serum (4 min) and protease solution (8 min). Incubations with
dilutions of the primary antibodies were performed for 32 min.
Further incubations with biotinylated secondary antibodies (8 min)
and avidin-peroxidase (8 min) were subsequently performed. Each
step was followed by several washing steps with phosphate-buffered
saline (PBS), as described by the manufacturer. Visualisation of
peroxidase activity was performed with DAB (8 min) and copper-
sulphate solution (4 min). Counterstaining was performed with
haematoxylin reagent (2 min).
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Positive cells showed a brownish colour and negative controls as
well as unstained cells were blue. Parallel slides incubated with PBS
instead of the primary antibody served as negative controls and did
not show positive staining.

Immunohistochemical evaluation. A semi-quantitative approach
was used to score the staining: 0 = no reaction, 1+ = positive
reaction of single cells or small cell groups in only one area,
2+ = positive reaction in single cells or small cell groups in
several visual fields, 3+ = positive reaction in large cell groups.
Results between 0 and 1 were regarded as negative, while
immunohistochemical results between 2 and 3 were regarded as
positive.

Results

The immunohistochemical reaction with anti-CA19-9, anti-
CAS50 and anti-CA242 was of low intensity and the pattern
was sialylepitope-associated. The mucinous carcinomas
showed negative findings for antigen CA19-9 in 86.2%, for
CAS50 in 100% and for CA242 in 92.6%, respectively (Table
II). The localization of these three antigens is in accordance
with similar reaction patterns in gastrointestinal tumours,
i.e. pancreatic carcinomas.

MUCI1, MUC1-Core and Thomsen-Friedenreich showed a
high immunohistochemical intensity (Figures 1, 2, 3). The
expression of MUC1 was observed in 91.7% of the examined
specimens, while MUC1-Core could be demonstrated in all
mucinous carcinomas. The TF antigen was positive in 84.6%
of the cases.

In six analysed axillary lymph node metastases, no expression
of the antigens CA19-9, CA50 and CA242 was observed. All
the six examined metastases showed strong staining of MUC1,
MUCI-Core and, although heterogeneous, TF epitope (Table
IIT). Primary tumours and corresponding lymph node
metastases showed identical reaction patterns and intensity.

Discussion

In this study, the expression of MUC1, MUCI1-Core and TF
was demonstrated in mucinous breast carcinomas. MUCL is
an integral component of the cell membrane in normal
breast tissue, primarily located in the apical surface of
epithelial cells. In breast cancer cells, an underglycosylated
form of MUC1 is overexpressed. Due to its altered structure
with simpler and fewer carbohydrate chains, epitopes like
MUCI1-Core and Thomsen-Friedenreich, which are
normally masked, can be assessed with the use of specific
antibodies (1-5).

The polarity loss in malignant transformed cells leads to the
identification of MUC1 of the whole cell surface as well as in
the cytoplasm. This is normally seen in non-mucinous
carcinomas of the breast, while in mucinous carcinomas the
expression of MUC1 is predominantly seen on the cell surface
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Table II. Immunohistochemical results of the examined mucinous breast
carcinomas.

Table III. Results of examined axillary lymph nodes metastases of
mucinous breast carcinomas.

Result CA19-9  CAS0 CA242 MUCI1 MUC1- TF Case- CA199  CA50 CA242 MUCI1 MUCI1- TF
(%) (%) (%) (%) Core (%) (%) number Core

0 18(62.1) 20 (74.1) 19 (704) 0 0 0 1 - - - 3+ 3+ 3+

1+  7@41) 7(259) 6(222) 2(83) 0 4(154) 2 - - - 3+ 3+ 3+

24 2(69) 0 0 3(125)  1(43) 3(115) 3 1+ - - 3+ 3+ 3+

34 2(69) 0 2(7.4) 19(792) 22(95.7) 19(73.1) 4 - - - 3+ 3+ 1+
5 1+ 1+ 1+ 3+ 3+ 2+
6 1+ - - 3+ 3+ 3+

(13, 14). Several trials showed that increased cytoplasmatic

expression is correlated with a higher metastatic potential and

a less favourable prognosis, while increased membranous,

especially apical, staining generally correlates with increased  References

functional differentiation and a better prognosis (1, 15).

The membrane-bound mucin can be released from cells
in soluble form. Therefore, MUC1 and MUC1-Core as well
as Thomsen-Friedenreich were detected not only in the
tumour cells, but also in the mucin.

Furthermore, mucinous cancers did not express the antigens
CA19-9, CA50 and CA242, confirming previous results (14).
A limited number of studies have investigated their expression
in association with breast cancer (16, 17). Recently, the
presence of CA19-9 and CAS50 were demonstrated in invasive
ductal breast carcinomas, while mucinous mammary tissues did
not express these antigens (14).

Additionally, we examined, in 6 of the 29 mucinous
carcinomas, metastases in the axillary lymph nodes. The
lymph node metastases showed similar expression patterns
as the corresponding primary tumours, being positive for
MUC1 and MUCI1-Core and negative for CA19-9, CA50
and CA242. TF presented a heterogeneous staining pattern,
being mostly positive.

In the case of a unknown metastatic primary tumour,
such immunohistochemical analysis in axillary lymph nodes
might be helpful. The significance of CA19-9, CA50 and
CA242 lies in their association with gastrointestinal and
especially pancreatic malignancies (6-12). In these tumours,
the three carbohydrate antigens are overexpressed and,
after being released from the cell surface, their serum levels
are used for monitoring. In axillary metastases of an
unknown primary therefore, positive reaction of CA19-9,
CAS50 and CA242, together with elevated serum levels,
might suggest the presence of gastrointestinal tumours,
especially pancreatic carcinomas, whereas positive staining
of MUC1, MUCI1-Core and TF may point to mucinous
mammary carcinomas.
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Figure 1. Expression of MUC1 in a lymph node metastasis (40x).

Figure 2. Expression of MUCI1-Core in a lymph node metastasis (40x).

Figure 3. Expression of Thomsen-Friedenreich in a primary tumour (80x).
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