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Histopathology

Aims: Mucin 1 (MUC1) is an important tumour-associated antigen (TAA), both over-
expressed and aberrantly glycosylated in adenocarcinomas. The objective of this study was to
examine the MUCI1-glycosylation status in primary ovarian adenocarcinomas and metastatic
lesions.

Methods and results: Paraffin-embedded tissue sections of 37 primary ovarian
adenocarcinomas representing all histotypes (22 serous, 5 mucinous, 2 clear cell, 8
endometrioid), 4 serous borderline tumours with intraepithelial carcinoma, 7 sections of
ovarian endometriosis and 13 metastatic lesions were analysed by immuno-histochemistry.
Non-neoplastic ovarian surface epithelium and serous cystadenomas were used as controls.
All epithelia expressed MUCI protein. Of primary tumours, 76% expressed the
differentiation-dependent glycoform and 84% the cancer-associated glycoform (Tn/Sialyl-Tn-
epitopes). In metastatic lesions this was 77% and 85%, respectively. Notably, in 57% of
ovarian endometriosis and 75% of intraepithelial lesions, the cancer-associated MUCI
epitopes were expressed, whereas normal ovarian surface epithelium and serous
cystadenomas did not express these epitopes.

Conclusions: The underglycosylated MUCI1 epitopes are expressed by all histotypes of
primary ovarian adenocarcinomas, by the vast majority of metastatic lesions and by ovarian
cancer precursor lesions, whereas not by normal ovarian tissue. These results indicate that
MUCT-associated Tn/STn-epitopes are important targets for immunotherapy and diagnostic

imaging in ovarian cancer patients.
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Introduction

Ovarian cancer is the second most common gynaecological malignancy in developed
countries, and the most common cause of death among women developing gynaecological
cancer "%, The high mortality rate is ascribed to the fact that more than 60% of ovarian cancer
patients already have advanced disease at diagnosis. Therefore, ovarian cancer is also referred
to as “silent killer”. Metastasis as well as intra-abdominal growth are frequent, because the
malignantly transformed epithelium of the ovarian surface is continuous with the peritoneal
mesothelium °.

The current treatment of ovarian cancer is surgical resection, followed by platinum-
based chemotherapy. Despite advances in chemotherapy treatment, which have led to
improved survival, relapse is still frequent in the majority of patients with advanced disease *.
To improve overall survival of ovarian cancer patients there is an urgent need for new
treatment options. Immunotherapy has been demonstrated to be successful in the treatment of
cancer °. For antibody-mediated immunotherapy or cancer vaccines to be successful,
identification of tumour-associated antigens (TAA), against which an immune response is
induced, is of utmost importance. Up to this moment there have been few candidate-TAAs
identified for ovarian cancer and clinical effects are limited °.

An interesting TAA is Mucin 1 (MUC1), because it is overexpressed in most
adenocarcinomas . MUCI is a protein expressed on the apical surface of most simple,

10, 11 .
* . MUCI is a transmembrane

secretory epithelia and on a variety of hematopoietic cells
mucin with an extracellular domain made up largely of 20 amino acid tandem repeats. After
translation, the MUCI protein becomes modified by extensive O-glycosylation. Within each
tandem repeat, two serines and three threonines represent five potential O-glycosylation sites.

The extent of glycosylation mainly depends on the expression of tissue-specific

glycosyltransferases ®. Importantly, it has been demonstrated that in most adenocarcinomas
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and some haematological malignancies MUCI is aberrantly glycosylated, has lost its apical
expression and is secreted into the circulation '*'®. Due to aberrant glycosylation of MUC1 on
tumour cells, new glycosylation-specific peptides are revealed, including the MUCI-
associated Tn/STn-epitopes. These epitopes are generated when O-glycosylation is terminated
immediately after the first N-acetylgalactosamine (GalNAc) addition (Figure 1) 1718 The
mechanisms responsible for Tn- and STn formation are still i1l understood. It has been shown
that alterations in ST6GalNAc-I transferase induces premature termination of glycosylation

1 . .
° Another documented mechanism involves

and subsequently enhances STn formation
somatic mutation of the Cosmc gene, a molecular chaperone regulating the enzyme
responsible for the addition of galactose (Gal) to the first GaINAC % MUCl-associated Tn-

18, 21, 22
5

and STn-epitopes, both recognized by MAb SE , are potential TAAs, which can be

targeted in immunotherapy but are also of importance in diagnostic imaging 17.23
Over-expression of MUCI has been reported in ovarian cancer 225 The expression
of MUC1-associated Tn/STn-epitopes has been suggested % based on a similar expression
pattern of MUCI epitopes as well as Tn/STn-epitopes. However, the expression of MUCI1-
associated Tn- and STn-epitopes has never been proven.
In this study, we determined whether primary ovarian tumours and metastatic lesions express
aberrantly glycosylated MUCI. Since the most widely accepted candidate for the origin of
ovarian cancer is the ovarian surface epithelium (OSE) 7 we examined the MUCI
glycosylation status of OSE adjacent to the tumour in neoplasic ovaria and the epithelium of
serous cystadenomas. Additionally, we analysed MUCI1 expression of ovarian endometriosis
and serous borderline tumours with intraepithelial carcinoma / micropapillary growth, because

. . . . . 28
both have been reported to be precursor lesions of invasive ovarian adenocarcinomas ~°. We

demonstrate that the MUC1-associated Tn/STn-epitopes are expressed on all different ovarian
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cancer histotypes and their metastases, while they are absent in normal ovarian tissue,

rendering these epitopes potential targets for immunotherapy and immunodiagnostic imaging.
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Materials and methods

TISSUE SAMPLES

Paraffin-embedded tissue samples were obtained from files of the Department of Pathology,
(Maastricht University Medical Center’) from 1990 to 2006. The study population consisted
of 43 patients diagnosed with epithelial ovarian cancer. For 37 patients, primary tumours were
analysed. For 8 of these patients, matched metastases were analysed. Of 5 other patients, only
metastatic lesions could be analyed. As a control, normal OSE adjacent to the tumour of 9
MUCI positive tumours and 7 serous cystadenomas were analysed.

The 37 primary ovarian tumours originated from different histotypes and comprised of 22
serous adenocarcinomas, 5 mucinous adenocarcinomas, 2 clear cell carcinomas, 8
endometrioid carcinomas. Additionally, 4 serous borderline tumours with intraepithelial
carcinoma and 7 endometriosis lesions were analysed. The 8 matched metastatic lesions were
all typed as serous adenocarcinomas and the 5 non-matched metastatic lesions consisted of 4

serous adenocarcinomas and 1 mucinous adenocarcinoma.

ANTIBODIES

MUC! antibody 214D4 (purified from the supernatant of the 214D4 cell line ) was kindly
provided by Dr. J. Hilkens (the Netherlands Cancer Institute, Amsterdam, the Netherlands).
The MAb SM3 (supernatant 3%) was contributed by Prof. Dr. J. Taylor-Papadimitriou (Guy's
Hospital, London, United Kingdom). MAb 5ES5 (supernatant 2122y was donated by Prof. Dr.
H. Clausen (Department of Glycobiology, University of Copenhagen, Denmark). A detailed
description of the specificities of the MUCI antibodies used in this study has been published
previously '®. Briefly, the MAb 214D4 recognizes human MUCI irrespective of its
glycosylation pattern, MAb SM3 recognizes the differentiation-dependent glycoforms and

MAD 5SES exclusively recognizes cancer-associated glycoforms of MUC1 (MUCI-associated

Published on behalf of the British Division of the International Academy of Pathology
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Tn and STn) (Figure 1) *'. Although the MAbs SM3 and 5E5 both display cancer-associated
reactivity *°, MAb SM3 also stains healthy human tissue as has been shown previously in the

kidney and thymus "2,

IMMUNOHISTOCHEMISTRY

Paraffin-embedded tissue sections were deparaffinised by xylol (Merck, Darmstadt, Germany)
treatment and rehydrated in decreasing concentrations of methanol (Merck). After
rehydration, endogenous peroxidase was blocked (0.5% H,0O, in methanol) for 30 minutes
and the slides were washed in PBS (Sigma-Aldrich, St. Louis, USA) supplemented with
0.05% Tween 20 (Merck). Specific staining of MUC1 was determined by incubation with
primary anti-MUC1 MAbs or matched isotype controls overnight at 4°C. Afterwards, sections
were rinsed with PBS / Tween 20 and incubated with Envision-HRP (DAKO, Glostrup,
Denmark) for 20 minutes at room temperature. The colour was developed by incubation for 3
minutes at room temperature using a substrate buffer containing 3,3'-diaminobenzidine (5
ug/mL; DAKO) and 0.5% H,0O, (Sigma, Zwijndrecht, the Netherlands) in PBS / Tween 20.
Cytospins of the breast carcinoma cell line ZR75-1 (Department of Pathology, Maastricht
University Medical Center") proven to stain positive for all anti-MUC1 MAbs served as intra-
experimental positive control for all antibodies 32 The histological images were analysed by
microscope (Carl Zeiss, Sliedrecht, the Netherlands) with an objective magnification of 10-
20x. Digital pictures were taken by a Jenoptic camera (Carl Zeiss). The ovarian tumor slides
were analysed independently by five investigators (C.V.E.; F.B.; M.H.; W.G.; K.V.d.V.).
Staining of cytoplasm and cell membranes was evaluated and cells were considered positive

when at least one of these components showed positive staining.
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Results

EXPRESSION OF MUCI-ASSOCIATED TN/STN-EPITOPES IN OVARIAN CANCER
AND ADJACENT HEALTHY TISSUE

To determine the MUC1 glycosylation status, we stained normal and malignantly transformed
ovarian epithelium with different MUC1 glycosylation-specific antibodies. Figure 2 shows a
tissue section, containing normal OSE and malignantly transformed epithelium. Clearly, the
MUCI protein was expressed on the apical surface of normal ovarian epithelium, whereas the
differentiation-dependent and cancer-associated glycoforms were not detected (Figure 2). In
all 9 neoplastic ovarian tissue samples containing OSE, MUCI1 expression of the normal
epithelium was limited to the apical surface.

Strikingly, the malignantly transformed epithelium of the same ovary showed
abundant expression of the MUCI1 protein (Figure 2B), as well as the differentiation-
dependent and cancer-associated glycoforms of MUCI, detected by MAb SM3 and SES,
respectively (Figure 2C, D). Furthermore, in some malignant cells apical expression of MUC1
was lost, and MUC1 was detected on the entire cell surface (Figure 2D, arrows).

As an additional control of benign ovarian epithelium, serous cystadenomas were
analysed for expression of MUCI. All of these cysts (7/7) expressed the MUCI protein (MAb
214D4) and also 29% (2/7) expressed the differentiation-dependent glycoform, (MAb SM3)

but none of them (0/7) the cancer-associated MUC1 glycoform (MAb 5ES).

EXPRESSION OF MUC1 AND CANCER-ASSOCIATED MUC1 ON DIFFERENT
OVARIAN CANCER HISTOTYPES

Since there are four different epithelial ovarian cancer histotypes, all were examined using the
panel of MUCI glycosylation-specific antibodies. The prevalence differs for each histotype,

with the serous adenocarcinoma being the most common type of epithelial ovarian cancer,
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and the clear cell and endometrioid adenocarcinoma being rare 3. This was reflected in the
number of tumours that was available for examination for each different histotype (22 serous
adenocarcinomas, 5 mucinous adenocarcinomas, 2 clear cell carcinomas and 8 endometrioid
adenocarcinomas). All ovarian cancer histotypes expressed MUC1 (37/37) (Table 1). The
differentiation-dependent glycoform (MAb SM3) was found on 82% (18/22) of the serous,
60% (3/5) of the mucinous, 63% (5/8) of the endometrioid and on all of the clear cell (2/2)
adenocarcinomas. The cancer-associated glycoform (MAb SES5) was expressed on 86%
(19/22) of the serous (Figure 3A), 80% (4/5) of the mucinous (Figure 3B), all of the clear cell
(2/2) (Figure 3C) and on 88% (7/8) of the endometrioid adenocarcinomas (Figure 3D).

In contrast to serous cystadenomas, ovarian endometriosis can serve as a precursor
lesion of ovarian cancer, especially of the endometrioid and clear cell subtypes *7_ Since most
of the endometrioid adenocarcinomas express the MUCI cancer-associated glycoform, we
investigated the MUCI glycosylation pattern of ovarian endometriosis. All endometriosis
lesions expressed MUCI (7/7) (Figure 4A), the differentiation-dependent glycoform (MAb
SM3) was expressed by 57 % (4/7) and the cancer-associated glycoform (MAb 5E5) by 71%
(8/7) of the endometriosis lesions (Figure 4B, C).

Additionally, serous borderline tumours with intraepithelial ovarian carcinoma,
another precursor lesion of invasive ovarian adenocarcinoma, was examined for its MUCI1
expression. All of these lesions expressed the MUCI protein (4/4) (Figure 5A), 50% (2/4) the
differentiation-dependent glycoform (Figure 5B) and 75% (3/4) the cancer-associated
glycoform (Figure 5C)

In summary, the MUCI-associated Tn/STn-epitopes could be detected in tissue
sections of all different ovarian cancer histotypes. Importantly, these epitopes were expressed
on 86% of the serous adenocarcinomas, the most frequently diagnosed ovarian malignancy.

For the other histotypes the number of tumour sections analysed was too low to draw firm

Published on behalf of the British Division of the International Academy of Pathology
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conclusions, but all tumours and ovarian cancer precursor lesions examined, expressed the

cancer-associated MUC1 epitopes.

EXPRESSION OF MUC1 AND CANCER-ASSOCIATED MUCI1 IN OVARIAN CANCER
METASTASES

As already indicated, ovarian tumours are prone to metastasize, therefore metastatic lesions
were examined for their MUCI1 expression. In 8 cases, it was possible to analyze both the
primary tumour as well as the metastases. In the metastatic lesions, expression of MUC1 was
detected in all (13/13) of the samples (Figure 6B). The differentiation-dependent MUCI1
glycoform was detected in 77% (10/13) and the cancer-associated MUCI1 glycoform in 85%
(11/13) of metastatic lesions (Figure 6C, D). When the MUCI1 expression profile of the
metastases was compared with the profile of the primary tumour, the expression of MUCI1
(MAD 214D4) was similar (100%). Additionally, in 63% (5/8) there was a similar expression
profile of the differentiation-dependent MUC1 glycoform (MAb SM3) and even better results
were obtained for the expression of MUC]1-associated Tn/STn-epitopes (MAb 5ES5), which

showed comparable expression in all cases.

10
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Discussion

We demonstrate that aberrantly glycosylated, cancer-associated MUCI is expressed in situ in
most ovarian cancer tumours, but not in OSE and serous cystadenomas. Moreover, we show
that the cancer-associated MUC1 epitopes are not only present in primary tumours, but also in
ovarian cancer precursor lesions and in metastatic lesions. The expression of cancer-
associated MUC] epitopes in breast cancer has already been identified *'. Until now, the
presence of cancer-associated MUCI specific Tn- and STn-epitopes in ovarian cancer has
been suggested, but not yet proven . Here we show that the cancer-associated MUC1
Tn/STn-epitopes, recognized by MAb 5SES, are indeed expressed in ovarian cancer and not in
healthy ovarian tissue. In accordance with previous reports, the MAb SM3 also reacts with
ovarian cancer tissue '. Even though the MAbs SM3 and 5E5 both display this cancer-
associated reactivity in ovarian cancer, MAb SM3 also reacts with healthy tissue as has been
shown previously in thymus, salivary glands, sebaceous glands and the distal tubulus of the

kidney 31, 32

. This indicates that antibodies recognizing MUCI-associated Tn/STn-epitopes
might have more potential to be used in ovarian cancer diagnostics and especially in

immunotherapy.

Several studies have reported on the monoclonality of most epithelial cells in

33, 34 28

endometriotic cysts and therefore endometriosis is classified as a tumour-like lesion .
The fact that the epithelium of ovarian endometriosis also expresses the MUCI1-associated
Tn/STn-epitopes, further supports the theory that endometriosis is actually a precursor lesion
of ovarian cancer >’. Molecular events involved in the transformation of endometriosis have

73 and decreased glycosylation of MUC1 may be a marker of this

been studied extensively
process. This is supported by the expression of MUC1-associated Tn/STn-epitopes by serous

borderline tumours with intraepithelial carcinoma, which is confirmed to be a precursor of

invasive serous adenocarcinomas. If antibodies recognizing the MUCI-associated Tn/STn-
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epitopes are suitable for discrimination between high and low risk endometriosis lesions, this
will improve risk assessment and possibly therapy of younger women who want to preserve
fertility. However, before being used in routine diagnostics, larger series of endometriosis
lesions and ovarian tumours have to be analysed and related to clinical outcome in a
comparative study.

MUCI is immunogenic, both humoral and cellular immune responses against normal
and underglycosylated MUC1 have been identified °. Humoral immune responses have been
confirmed by the detection of anti-MUCI] antibodies in the serum of healthy women and in
women with ovarian cancer '® *°. Anti-MUC1 antibody levels tend to be lower in cancer
patients, which is possibly caused by the formation of immune-complexes with serum-MUC1
7 These anti-MUC]1 antibodies have been shown to mediate antibody-dependent cellular
cytotoxicity (ADCC) of MUCI positive cancer cells and to be protective in cancer

development 3839,

e . 23,29, 40
Despite its immunogenicity 3 2.

, MUCIT also contributes to escape from tumour
immuno-surveillance and metastasis formation. In tumour cells, MUCI1 has an anti-adhesive
function, which is not only of importance in cancer development Y but might be responsible
for a diminished adherence of immune effector cells to the malignant cells o

Immunotherapy will be essential to enhance immune responses to MUC1. MUCI1
peptide vaccination or peptide-pulsed DC vaccination have shown to increase the amount of
anti-MUC1 antibodies and induce proliferation of MUCI-specific cytotoxic T cells 15, 4244
However, induction of a clinical effective cellular or humoral immune response to MUCI has
not yet been achieved. One of the reasons might be central tolerance to the mature MUCI1
protein o Thymic medullary epithelial cells express the MUCI1 protein, thereby most likely

inducing negative selection of MUCI-specific T cells. However, the underglycosylated

MUCI isoforms are not present in the thymus, and therefore it was suggested by our group,

12
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that tolerance is induced only to the mature MUCI1 and not the MUC1-associated Tn/STn-
epitopes 32

In this study, the underglycosylated MUCI-associated Tn/STn-epitopes were
identified as potential TAAs, which could be used as targets for immunotherapy and
immunodiagnostics in ovarian cancer patients and patients who are diagnosed with ovarian
cancer precursor lesions. The expression of these epitopes by ovarian cancer and precursor
lesions indicates that there are alterations in MUCI processing and elucidation of the
mechanism behind these alterations might increase our knowledge on ovarian tumour biology.
Cancer-specific MUCI1 is expressed in 86% of all different ovarian cancer histotypes and in
85% of metastatic lesions, but not in normal ovarian tissue. Moreover, in the most frequent
histotype, the serous adenocarcinoma, the percentage of tumours expressing the cancer-
associated MUCI1 is high (86%). Additionally, antibodies recognizing MUCI-associated
Tn/STn-epitopes represent an effective diagnostic tool for the detection of ovarian cancer
cells in tissue and fluids. Finally, since the MUCI-associated Tn/STn antibodies exclusively
detect tumour cells, these antibodies could be effectively used for antibody-mediated
immunotherapy and additionally radio-labelling could be very useful for in vivo imaging and

therapy.

13
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Tables

Table 1. Expression of the different MUC1glycoforms on the different ovarian carcinoma

histotypes.

Histotypes / MAb 214D4 SM3 SES
Serous adnocarcinoma 100% (22/22) 82% (18/22) 86% (19/22)
Mucinous adenocarcinoma 100% (5/5) 60% (3/5) 80% (4/5)
Clear cell carcinoma 100% (2/2) 100% (2/2) 100% (2/2)
Endometrioid adenocarcinoma 100% (8/8) 63% (5/8) 88% (7/8)
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Figure 1
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Figure 1. Schematic representation of carbohydrate antigens, MAb and glycosyltransferases assayed
in this paper. O-linked glycosylation is initiated by polypeptide N- acetylgalactosaminyltransferases
(a), adding N-acetylgalactosamine (GalNAc) to serine (Ser) or threonine (Thr) of the polypeptide
backbone, resulting in the Tn antigen, recognised by MAb 5E5. The Tn antigen may be sialylated by
sialyltransferase ST6GalNAc-I (b), adding sialic acid (NeuAc) to the GalNAc moiety of Tn, resulting
in the sialyl-Tn (STn) antigen, also recognized by MAb 5ES5. If not sialylated, core 1 structures may
be synthesized by galactosyltransferase Core 1 83-GalT (c), adding galactose (Gal) to the GalNAc
moiety of Tn, resulting in the T antigen. Addition of further sugar moieties will result in the
formation of Core 2 antigen formation, recognised by MAb SM3.
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Figure 2. Expression of different MUC1 glycoforms on human ovarian tissue sections containing
normal and malignant ovarian epithelium (serous adenocarcinoma). Sections were stained with mAb
specific for MUC1 glycoforms. (A) Isotype control. (B) The glycosylated MUC1 isoform (MAb 214D4)
was strongly expressed on the apical side of the normal epithelium, and on malignant transformed

epithelium. (C) No expression of the differentiation-dependent glycoform of MUC1 (MAb SM3) in

normal tissue while malignant transformed tissue stained positive. (D) The cancer-associated
isoform of MUC1 (MAb 5E5) was not expressed on normal tissue, but was expressed on the
malignant tissue. Loss of apical surface expression is indicated (D arrows). * Normal ovarian
epithelium, ** malignantly transformed epithelium.
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Figure 3
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Figure 3. Expression of the cancer-associated glycoform of MUC1 (MAb 5E5) on the different ovarian
cancer histotypes. (A) Serous adenocarcinoma. (B) Mucinous adenocarcinoma. (C) Clear cell
carcinoma. (D) Endometrioid adenocarcinoma.
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Figure 4

Figure 4. Expression of different MUC1 glycoforms in endometriosis of the ovary. (A) The
glycosylated MUC1 isoform (MAb 214D4), (B) differentiation-dependent glycoform of MUC1 (MAb
SM3) (c) and cancer-associated glycoform of MUC1 (MAb 5E5).
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Figure 5

Figure 5. Expression of different MUC1 glycoforms in a serous borderline tumour with intraepithelial
carcinoma. (A) The glycosylated MUC1 isoform (MAb 214D4), (B) differentiation-dependent
glycoform of MUC1 (MAb SM3) (c¢) and cancer-associated glycoform of MUC1 (MAb 5E5).
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Figure 6
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Figure 6. Expression of different MUC1 glycoforms in a metastatic ovarian cancer lesion in the
omentum. (A) Staining with isotype control. (B) The glycosylated MUC1 isoform (MAb 214D4), (C)
differentiation-dependent glycoform of MUC1 (MAb SM3) (D) and cancer-associated glycoform of
MUC1 (MAb 5E5) were expressed in the metastatic lesion.
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