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SUMMARY Our aim was to determine the pattern of expression of MUC1 mucin cytoplas-
mic tail (MUC1 CT) in breast carcinoma. A total of 98 invasive breast adenocarcinoma tu-
mor samples were assayed by immunohistochemical (IHC) analysis. The pattern of reaction
was classified as membrane, cytoplasmic, or mixed. Subcellular fractions were prepared af-
ter SDS-PAGE and Western blotting. The antibodies employed were anti-MUC1 CT (CT2
monoclonal antibody, MAb) and C595 MAb against the extracellular MUC1 core protein.
With the CT2 MADb, IHC showed a high percentage of positive staining in 93% of speci-
mens, with membrane staining the most common pattern observed. C595 MAb was reac-
tive in 73% of specimens. Similar percentages of membrane and cytoplasmic staining were
found, mainly in a mixed pattern. Western blotting showed different bands. With the CT2
MADb, the membrane fraction showed the most intense reaction; a strong band of reaction
was detected at approximately <30 kD. With the C595 MADb, in most cases a double band
at 200 kD was found. In breast epithelium, the pattern of MUC1 CT expression may consti-
tute an indicator of MUC1 production because it does not depend on glycosylation. The
pattern and extension of MUC1 CT positivity do not vary according to the histopathological
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subtype of the tumor. (J Histochem Cytochem 51:781-788, 2003)

IMMUNOHISTOCHEMICAL STUDIES have indicated that
MUC1 mucin is widely expressed by breast epithelium
and that some of its changes have been associated
with malignant transformation. MUCT is expressed
on the apical borders of normal secretory mammary
epithelial cells, whereas carcinoma counterparts ex-
hibit increased expression with different patterns, mainly
over the entire surface (Kufe et al. 1984; Patton et al.
19935; Croce et al. 1997; Rahn et al. 2001).

MUCIT exists in a heterodimeric form with a large
extracellular domain consisting predominantly of
variable numbers of O-glycosylated 20-amino-acid
tandem repeat peptides (VNTR) (mucin domain)
bound via noncovalent forces (Ligtenberg et al. 1992)
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immunohistochemical study

with a membrane-associated subunit. It consists of an
extracellular stem with a cleavage site, a transmem-
brane domain, and a 72-amino-acid cytoplasmic tail
(CT) (Gendler et al. 1990, 1998). Gendler (2001) has
speculated that this heterodimeric presentation of
MUCT may provide a mechanism for rapid shedding
of the mucin domain. Soluble forms include the
ectodomain of full-length MUC1, termed MUC1/REP,
and a secreted form resulting from an alternative splic-
ing event, MUC1/SEC (Wreschner et al. 1990; Smoro-
dinsky et al. 1996). Additional cell-associated forms
have been detected in malignant cells, MUC1/Y (Zri-
han-Licht et al. 1994; Hartmann et al. 1999) and
MUC1/Z (Oosterkamp et al. 1997), which lack the
tandem repeats.

MUCT has been involved in cell-cell (Wesseling et
al. 1995) and cell-matrix interactions (Regimbald et
al. 1996; Kam et al. 1998). It has also been observed
that MUC1 CT interacts with B-catenin through a
similar motif to that found in E-cadherin and inhibits
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the formation of an E-cadherin—B-catenin complex,
reducing cell-cell adhesion (Yamamoto et al. 1997).
On the other hand, MUC1 has been associated with
putative signaling functions through motifs in the CT
(Li et al. 1998) because it contains potential docking
sites for SH2-including proteins as well as a variety of
possible kinase recognition sites (Spicer et al. 1995). In
MCF-7 breast carcinoma cells, Pandey et al. (1995)
demonstrated that on phosphorylation, MUC1 can
bind Grb2/SOS, signaling mediator of a number of ty-
rosine kinase receptors. Recent data obtained by
Schroeder et al. (2001) demonstrated that MUCI1 co-
localizes and physically interacts with members of the
erbB receptor kinase family. Furthermore, EGF-depen-
dent activation of ERK1/2 is strongly induced in the
presence of high levels of MUCT in the mouse mam-
mary gland, suggesting that MUC1 potentiates the sig-
naling of erbB family members, proteins whose in-
creased expression is correlated with aggressive breast
cancer (Wesseling et al. 19935).

The transmembrane and cytoplasmic domains of
MUCT are conserved among mammalian species with
an amino acid identity of 80-90% (Pemberton et al.
1992). These authors suggested that this domain is
functionally important in the MUC1 molecule as a
whole. MUCT1 has been shown to be recycled through
the trans-Golgi network from the apical surface sev-
eral times (Litvinov and Hilkens 1993). It has also
been shown that the cytoplasmic tail may be involved
in endocytosis (Pemberton et al. 1996).

Immunohistochemical (IHC) MUCT1 detection stud-
ies have included diverse anti-MUC1 monoclonal
antibodies (MAbs) against the extracellular domain,
mainly against different sequences from the VNTR
(Griffiths et al. 1987; Croce et al. 1997; Luna—Moré et
al. 2001; Rahn et al. 2001) and also against the carbo-
hydrate side chains (Renkonen et al. 1997; Nakagoe et
al. 2002). The present study was developed to find ev-
idence about MUCT1 pattern expression in breast car-
cinoma by use of an anti-MUC1 CT MADb, because it
is a reliable indicator of the abundance of cell-associ-
ated MUC1 mucin.
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Materials and Methods
Tissue Specimens

A total of 98 pretreatment tumor samples were obtained
from newly diagnosed breast cancer patients at different
stages of disease; all cases were typed as invasive adenocarci-
noma: not otherwise specified ductal type (NOS ductal) 56
(57%), papillary ductal carcinoma in situ (DCIS) with inva-
sive component 8 (8%), lobular type (LC) 30 (31%). Four
cases (4%) were medullary (MC). Disease staging was also
established: 23 (23%) corresponded to stage I, 45 (46%) to
stage 1L, 25 (25.5%) to stage III, and 5 (5%) to stage IV (Ta-
ble 1). Tumors corresponding to NOS ductal type showed
different grades of differentiation as follows: 7/56 (12%)
were well differentiated, 11/56 (20%) moderately differenti-
ated, and 38/56 (68%) were poorly differentiated tumors.
Mean age was 56 with a range of 25-86 years. The popula-
tion under study included non-smoking women.

Tissue samples from normal biopsy samples (7=7) ob-
tained during breast cosmetic surgery as well as samples from
six patients with benign breast disease (cystic changes, adeno-
sis, and atypical hyperplasia) were also included as controls.

Procedures followed were in accordance with the Hel-
sinki Declaration. Informed consent was obtained from all
women included in this study.

Each tissue was studied using routine procedures. Speci-
mens were sectioned in several parts to cover different pro-
grammed studies. A piece of tissue was fixed for histo-
pathological diagnosis and IHC analysis. Another tissue
sample was rinsed with sterile Hank’s balanced solution
and processed for preparation of subcellular fractions (see
below).

Antibodies

Two monoclonal antibodies were assayed: MAb CT2, devel-
oped in Armenian hamster, directed against the last 17
amino-acids (SSLSYNTPAVAATSANL) of the cytoplasmic
tail of MUCT1 (Schroeder et al. 2001), and MAb C595 devel-
oped against the VNTR from MUCI core protein, which de-
fines the tetrameric epitope Arg-Pro-Ala-Pro (RPAP) in the
protein core (Price et al. 1990).

Methods

IHC Analysis. The technique was performed according to
standard procedures. The specimens were fixed in Metha-

Table 1 Pattern of immunohistochemical expression of breast carcinoma samples (%)
Positive/Total Membrane Cytoplasmic Mixed Negative/Total
Tumor type CT2 C595 CT2 C595 C595 CT2 C595 CT2 C595
NOS ductal 52/56 39/56 23/52 8/39 6/39 23/52 25/39 4/56 17/56
(93) (70) (44.2) (20.5) (17.3) (15.5) (44.2) (64) (7) (30)
Papillary 8/8 7/8 6/8 2/7 0/7 2/8 5/7 0/8 1/8
(100) (87.5) (75) (29) (0) (25) (71) 0) (12.5)
Lobular 28/30 24/30 4/28 2/24 7124 18/28 15/24 2/30 6/30
(93) (80) (14) (8.5) (29) (64) (62.5) (7) (20)
Medullary 3/4 2/4 0/3 172 12 2/3 0/2 1/4 2/4
(75) (50) (0) (50) (50) (66) (0) (25) (50)
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carn (chloroform:methanol:acetic acid 60:30:10) for 2 hr and
then transferred into 70% ethanol until processing in paraf-
fin. Tissues were treated with 10 mM sodium citrate buffer
at 100C for 5 min and incubated overnight at 4C with either
CT2 or C595. In the first case, MAb CT2 diluted 1:500 was
employed. After three washes with phosphate buffer, biotin—
SP-conjugated affinity-purified goat anti-Armenian hamster
IgG (H+L) (Jackson ImmunoResearch; West Grove, PA) di-
luted 1:1000 was added and incubated for 1 hr. A final incu-
bation with peroxidase-conjugated streptavidin (Jackson Im-
munoResearch) was performed. MAb C595 diluted 1:1000
was used. After three washes with phosphate buffer, peroxi-
dase-conjugated goat anti-mouse IgG (Dakopatts; Copen-
hagen, Denmark) diluted 1:400 was added and incubated
for 60 min. The slides were counterstained with hematoxy-
lin and coverslipped with mounting medium.

Negative controls were incubated with PBS instead of
MAbs. Staining of cytoplasm and of plasma and nuclear
membranes was evaluated. Cells were considered positive
when at least one of these components was stained.

Sections were examined by light microscopy and the anti-
body staining patterns were scored in a semiquantitative
manner. Staining intensity was graded as negative (—), low
(+), moderate (++), or strong (+++) (Feickert et al. 1990).
The number of low power (X10) optical fields in a specimen
that were positively stained was expressed as a percentage of
the total number of optical fields containing tissue.

The pattern of reaction was classified according to other
authors (Renkonen et al. 1997): membrane, cytoplasmic, or
mixed pattern (cytoplasmic mixed with plasma membrane
staining), and the positive reaction of the lumen content was
identified as cell debris or secretion.

Preparation of Subcellular Fractions. Fractions were pre-
pared from all breast tissues according to Price et al. (1985).
Samples were exhaustively dissected, necrotic areas were dis-
carded, and neoplastic or normal tissues were cut into 1-mm
pieces and extensively washed with 10 mM Tris, pH 7.2.
Immediately thereafter, homogenization was performed in
an ice bath employing the same buffer with 0.01 M poly-
methylsulfonylfluoride (Sigma—Aldrich; St Louis, MO). Ho-
mogenates were filtered through a metallic mesh and centri-
fuged at 600 X g at 4C for 30 min. The pellet obtained was
called the pellet/nuclear fraction. Supernatants were centri-
fuged at 105,000 X g at 4C for 60 min. Precipitates were re-
suspended in 1.41 M PBS and called the membrane fraction;
supernatants corresponded to the cytoplasmic fraction.

Pellets, membrane as well as cytoplasmic fractions, were
dialyzed against 1.41 M PBS at 4C for 48 hr, lyophilized,
and stored at —20C. Samples were then analyzed by SDS-
PAGE and immunoblotting.

SDS-PAGE and Immunoblotting. The isolated fractions
were analyzed under reducing conditions in SDS-PAGE in a
discontinuous buffer system according to Laemmli (1980).
Fractions were resuspended in SDS-PAGE sample buffer
containing 2% SDS and 5% 2-mercaptoethanol and heated
at 90C for 5 min. After electrophoresis, gels were either
stained with Coomassie brilliant blue (Sigma-Aldrich) or
they were transferred electrophoretically to nitrocellulose
membranes (Towbin et al. 1979), which were blocked with
10 mM Tris-HCl (pH 7.4)/1% BSA (blocking buffer),
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washed with saline 10 mM Tris-HCl (pH 7.4), and incu-
bated with MAb CT2 or C595 in blocking buffer. Primary
MADb CT2 was used at 1:500 and C595 at 1:800 in blocking
buffer. After an overnight incubation at 4C, the blots were
rinsed three times for 5 min in saline 10 mM Tris-HCI (pH
7.4) buffer. For blots incubated with MAb CT2, biotin—SP-
conjugated affinity-purified goat anti-Armenian hamster IgG
(H+L) (Jackson ImmunoResearch) diluted 1:10,000 in sa-
line 10 mM Tris-HCl was added, incubated for 1 hr, and
washed with the same buffer. A final incubation with perox-
idase-conjugated streptavidin (Jackson ImmunoResearch)
was performed according to the manufacturer’s instructions.

When MAb C595 was used as second antibody, peroxi-
dase-conjugated goat anti-mouse IgG (Dakopatts) diluted
1:800 was added. Nitrocellulose sheets were developed with
3,3’-diaminodiazobenzidine in 10 mM Tris-HCI (pH 7.4)
containing 1 pg/ml 30% H,O,.

Statistical Analysis

Statistical study was performed employing different meth-
ods. A multivariate analysis was applied through principal
component analysis (PCA) with Kendall correlation includ-
ing all standardized data. Relationship among variables
(metric and non-metric) was studied; a set of dichotomous
variables (dummy) was used to represent each non-metric
variable. Spearman rank correlation (p<<0.05) was also run,
including MUC1 detection through MAb CT2 and MAb
C595 and disease stage, histological type, and histological
grade. Comparison of percentage of positivity among groups
was studied using x* analysis.

Results
Immunohistochemical Staining

Breast Carcinoma. Employing MAb CT2, IHC anal-
ysis showed a high percentage of positive staining in
91/98 (93%) specimens. In 60/91 (66 %) positive sam-
ples, the reaction comprised the entire specimen, while
in 31/91 (34%) staining was restricted to a few areas
of the sample. In most cases (82/91; 90%) the staining
intensity was strong (+++).

Table 1 summarizes the percentage of positive re-
sults as well as the pattern of reaction according to the
tumor type.

In NOS ductal carcinoma, considerable heterogene-
ity of staining at the cellular localization was found. In
44.2% of specimens, only plasma membranes reacted
positively. Several tumors showed a continuous reac-
tion, whereas others showed a discontinuous pattern.
In several samples, luminal content was also stained.
Frequently, cytoplasmic staining was observed to-
gether with a membrane reaction in a mixed pattern
(Figures 1A and 1B). In 17.3% of specimens, the reac-
tion was restricted to the cytoplasm, either in a homo-
geneous pattern (Figure 1C) or with a granular aspect.

A high percentage of LC (64%) was stained both in
plasma membrane and in cytoplasm, with a mixed
pattern (Figure 1D). In 6/28 specimens, reaction com-



prised only the cytoplasm, while staining restricted to
plasma membrane was found in a few samples.

All papillary DCIS with an invasive component ex-
amined showed a positive reaction, mainly at the
plasma membrane. Usually the reaction covered the
papilla externally and internally lined the apical mem-
brane (Figure 1E). Two specimens were also reactive
at the cytoplasmic level (mixed pattern).

Cytoplasmic staining was predominant or exclusive
in MC samples. As was expected, given that 93% of
tumors were reactive, no statistically significant corre-
lation was obtained among tumor stage, degree of dif-
ferentiation, or histopathological tumor type and
MUCI1-CT expression detected with MAb CT2.

Immunohistochemical analysis was also performed
employing an anti-MUC1 VNTR MAb (MAb C595).
Intensity of reaction observed was as follows: 19/72
(26 %) malignant samples showed strong intensity; 32/
72 (44%) showed moderate staining; 21/72 (29%)
showed low intensity, and 16/72 (22%) were negative.

Percentages of subcellular localization of MUCT re-
activity related to tumor type are summarized in Table
1. Similar percentages of membrane and cytoplasmic
staining were found, mainly in a mixed pattern.

Statistical analysis did not show any correlation be-
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Figure 1 Immunohistochemical find-
ings obtained by incubation with
MAb CT2. (A) Breast carcinoma sec-
tion from NOS ductal type in which a
continuous linear reaction is observed
in two well-formed tubular struc-
tures. Some cells show a granular re-
action adjacent to the nuclear mem-
brane. (B) Tumor section from a NOS
ductal carcinoma. A granular pattern
staining is observed throughout the
cytoplasm and discontinuously in the
plasma membrane. (C) Tissue section
from a NOS ductal carcinoma. Positive
staining under a pure cytoplasmic dis-
continuous granular pattern is de-
picted. Inflammatory reaction is ob-
served in two parts of the picture. (D)
Lobular carcinoma tissue section
shows malignant cells in cords with
discontinuous positive staining at the
cell membrane and granular staining
throughout the cytoplasm. (E) Papil-
lary breast carcinoma showing a posi-
tive thick reaction under a linear pat-
tern restricted to the papillary apical
surface. (F) Atypical dysplasia tissue
section with a positive reaction at the
apical membrane. Original magnifica-
tions X630.

tween MUCT detection and disease stage, histological
type, or histological grade. Multivariate analysis by
PCA with Kendall correlation showed a significant
correlation between MAb CT2 and C595 staining
(1=0.5147).

Control Samples. With the anti-cytoplasmic tail MAb
(MAb CT2) all control specimens showed positive re-
activity. MUC1 expression in samples of benign breast
disease and normal tissues was similar. Some speci-
mens showed a reaction restricted to a few areas, but
others showed more extensive staining. The pattern of
reaction was observed mainly at the apical level of
plasma membranes (Figure 1F), although several sam-
ples also showed a cytoplasmic apical reaction.

With MAb C595, benign breast samples showed
MUCIT tissue expression in two of six samples, while
three of seven normal specimens were reactive. The
staining pattern was mainly restricted to the apical
plasma membrane.

Subcellular Fractions

All tissue samples were subjected to subcellular frac-
tionation followed by SDS-PAGE and Western blot-
ting analysis of their derived fractions. In malignant
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tissue fractions, this analysis demonstrated the pres-
ence of several bands at different molecular weights
(MW). With MAb CT2, the fraction showing the most
intense reaction was the membrane moiety. Under de-
natured conditions, a smear reaction was usually ob-
tained from 20 kD up to <200 kD, although some
bands were impossible to identify. An example is
shown in Figure 2A, where a strong band of reaction
was found at approximately <30 kD and other minor
bands were found at 60 kD. The cytoplasmic and nu-
clear fractions showed the same reaction, with a mi-
nor intensity of staining. In some other samples, the
reaction at <30 kD was split into two different bands
(data not shown).

The incubation with MAb C595 showed a double
band of reaction at approximately 180-200 kD in all
malignant tissue-derived fractions (Figure 2B). In one
third of samples, bands of MW >200 kD were also
found in pellet, membrane, and cytoplasmic fractions.
A smear reaction from >50 kD up to >200 kD was
frequently observed in all fractions. In pellet fractions,
some samples (32%) showed additional bands at 70,
60, and 50 kD. In 29% of membrane fractions, bands
of about 100, 70, 60, 50, 40, and 25 kD were found.
Finally, in 50% of cytoplasmic fractions, bands of 80,
70, 60, 50, 40, 25 kD were observed.

Control Samples

By employing MAb CT2, pellet, membrane, and cy-
toplasmic fractions belonging to control samples showed
bands at 30 kD and also at about 60 kD. In some sam-

180 kD
116 kD
84 kD

58 kD
48.5 kD

35.5 kD
26.6 kD

MW N m ¢ MW N m ¢c
A B

Figure 2 Western blot of extranuclear membranes belonging to
breast cancer samples. n, nuclear fraction; m, membrane fraction;
¢, cytoplasmic fraction. Standard molecular weights are indicated
at left. (A) A smear reaction was obtained using MAb CT2, showing
some major bands at approximately <30 kD. (B) A double band at
approximately 200 kD is identified, mainly in the membrane frac-
tion, after incubation with MAb C595.
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ples, a double band at >180 kD, corresponding to
membrane fractions, was identified.

With MADb C5935, a double band at 180 kD was
found in all fractions. A smear reaction from 50-60
kD up to >200 kD was frequently observed in pellet,
nuclear, and membrane fractions. In pellet fractions
derived from three normal and two benign breast dis-
ease samples, bands at 70 kD and at 80 kD were also
found.

Discussion

To our knowledge, this is the first extended IHC study
developed in mammary gland tissues by employing an
anti-MUC1 CT MAb (MAb CT2). Results were com-
pared with an MUC1 tandem reactive MAb (MAb
C595) which may place our findings in the context
with the previously published literature. In breast can-
cer, MAb CT2 reacted with 93% of samples, and
MAb C595 stained 73.5%. All benign and normal
samples were reactive with CT2 but C595 failed to re-
act with some control specimens.

Breast carcinoma tumors are frequently reactive
with anti-VNTR MUC1 MAbs. Differences in per-
centages of reactive tumors depend on the MAb em-
ployed (Taylor-Papadimitriou et al. 1999). In recent
investigations on breast cancer tissue samples (Croce
et al. unpublished), we studied MUC1 expression em-
ploying three anti-MUC1-VNTR, C595, HMFG2,
and SM3 MAbs. Through this ITHC approach, per-
centage of reactivity was 74%, 70%, and 47%, re-
spectively, lower than positive results obtained with
MAD CT2 in the present study.

MADb C595 binds the RPAP sequence (Price et al.
1990). The trimer DTR is recognized by different
MAbs (Petrakou et al. 1998) such as MAb HMFG2
(Burchell et al. 1989). In the study by Rahn et al.
(2001), all breast tumor specimens expressed MUC1
(71 in situ and invasive ductal, lobular, and ductal-
lobular admixed carcinomas), as well as adjacent re-
gions of normal glandular tissue. Their findings may
be explained by the fact that they used MAb B27.29,
which targets PDTRPAP (Blockzjil et al. 1998) and
which includes all the amino acids recognized by
MAbs C595 and HMFG2. Carbohydrate side chains
may also play a role because it is known that reactivity
of MAbs C595 (Spencer et al. 1999), HMFG2 (Bur-
chell and Taylor-Papadimitriou 1993), and B27.29
(Grinstead et al. 2002) are influenced by glycosyla-
tion.

On the other hand, MAb SM3 (Burchell et al.
1987) is considered the most cancer-specific MAb be-
cause it reacts mainly with malignant cells, whereas
low staining is observed in normal samples (Croce et
al. 1997; Taylor—Papadimitriou et al. 1999). MAb SM3
binds the pentapeptide PDTRP and the glycopen-
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tapeptide PDT(O-alpha-d-GalNAc)RP; these epitopes
are recognized when the mucin is under-glycosylated
(Burchell et al. 1989; Moller et al. 2002).

Different authors (reviewed by Rahn et al. 2001)
have found contradictory results about MUC1 expres-
sion detected with anti-VNTR MUC1 MAbs in rela-
tion to different parameters such as prognosis, histo-
logical grade, response to treatment, estrogen and
progesterone receptors, and disease dissemination. We
are unable to comment on survival because of the very
short follow-up of our patients, but through a multi-
variate statistical analysis we did not find a significant
correlation among MUC1 expression and disease
stage, histological type, and histological grade.

With respect to subcellular localization of MUC1,
we have performed a detailed study of samples. In
breast cancer, MAb CT2 showed reactivity mainly at
the plasma membrane. The cytoplasmic staining was
more frequently found in a mixed pattern. MAb C595
showed a similar percentage of cytoplasmic and mem-
brane staining, mainly in a mixed pattern. Most sam-
ples did not show any polarization of the reaction
which, on the other hand, constituted the hallmark of
normal and benign tissue sample staining. In 330
breast carcinomas, Luna-Moré et al. (2001) have
found that a linear (membrane) pattern was the least
node-metastasizing, while the negative pattern was the
most with the exception of micropapillary carcino-
mas. Rahn et al. (2001) have pointed out that an ex-
tended expression of MUCT in cancer cells correlates
with a better prognosis, although expression at the
apical level is an accurate indicator of functional dif-
ferentiation. In this sense, a correct localization is
probably crucial for normal function. Pemberton et al.
(1996) found that apical localization of MUCT1 is con-
ferred by a motif in the extracellular domain and is re-
ported to require a CQC motif at the junction of the
cytoplasmic and transmembrane domains. Deletions
of the cytoplasmic tail of MUC1 have no effect on the
apical localization, and MUC1 without a cytoplasmic
tail is also correctly localized at the apical microvilli.

The use of an anti-MUC1-CT may constitute an ac-
curate marker for MUC1 because it has not been de-
scribed whether this MUCT fraction can be liberated
by the cell, although extracellular MUC1 may be se-
creted and released to serum as well as to ascites fluid
(Devine et al. 1993; Linsley et al. 1998; Croce et al.
2001). Release of the ectodomain of MUCT1 as a solu-
ble form (MUC1/REP) appears to be the fate of the
majority of MUC1 arriving at the surface of tumor
cells (Julian and Carson 2002). To determine the mo-
lecular mass of the epitopes reactive with MAb CT2,
Western blotting analysis was performed. In agree-
ment with other authors (Schroeder et al. 2001) by
Western blotting assay with MAb CT2, a main band
was detected at about 30 kD, which corresponds to
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MUCI1-CT. In some samples it was found split into
two bands, which may represent the cytoplasmic and
transmembrane domain, as well as 58 amino acids of
the extracellular region, up to the cleavage site at Ser-
Val-Val-Val (Hilkens et al. 1995; Schroeder et al.
2001).

It is possible that the 60-kD band is an alternative
splice variant of MUC1, such as MUC1/Y (Zrihan-
Licht et al. 1994). Using MAb C595, a characteristic
band with different electrophoretic mobilities at ap-
proximately 200 kD was obtained, corresponding to
the two human alleles of MUC1-VNTR (Price et al.
1990). These bands may correspond to the VNTR se-
quence from the heterodimeric MUC1, MUC1/REP,
or the MUC1/SEC splice form.

In a percentage of subcellular fractions, different
bands of low MW were also found, which may be due
either to different steps of cellular metabolic process-
ing or to generation by sample treatment (Julian and
Carson 2002).

Many carcinoma-associated markers are glyco-
conjugates whose expression undergoes temporal or
spatial regulation. MUC1 mucin is a well-documented
example of such a molecule. In this sense, an anti-
cytoplasmic tail MADb that recognizes the molecule, re-
gardless of the presence of the VNTR sequence, may
be useful to target intracellular MUCT processing, and
may also be an accurate marker at the membrane
level. It may detect heterodimeric MUC1, MUC1/A,
and MUC1/B variants as well as MUC/Y, MUC/X,
and MUC1/Z isoforms. Alternatively, reactivity with
MAb C595 may be explained by the fact that other
spliced forms, such as MUC1/SEC, may also be ex-
pressed.

Our study indicates that the pattern of expression
of MUC1 CT in breast epithelium may constitute a
better indicator of MUC1 production because it does
not depend on glycosylation. It also shows that the
pattern and extent of MUC1 CT positivity do not vary
according to the histopathological subtype of breast
cancer.

Acknowledgments

Supported by CONICET (BID-CONICET: PICT05-06544
and PIP: 4718/96) and by the University of La Plata. This re-
search project is part of the Program PRECANMA (Pro-
gram for Breast Cancer Prevention) CICPBA-CINIBA, La
Plata, Prov. Buenos Aires, Argentina).

We thank Dr Clemente Sala and Dr Jorge Gori for pro-
viding patient samples and Lic. Sandra Demichelis for statis-
tical analysis.

Literature Cited

Blockzjil A, Nilsson K, Nilsson O (1998) Epitope characterization
of MUCT1 antibodies. Tumor Biol 19(suppl 1):46-56
Burchell J, Gendler S, Taylor-Papadimitriou J, Girling A, Lewis A,



MUCT Cytoplasmic Tail Expression in Breast Cancer

Millis R, Lamport D (1987) Development and characterization
of breast reactive monoclonal antibodies directed to the core pro-
tein of the human milk mucin. Cancer Res 47:5476-5482

Burchell ], Taylor-Papadimitriou J (1993) Effect of modification of
carbohydrate side chains on the reactivity of antibodies with
core-protein epitopes of the MUC1 gene product. Epithelial Cell
Biol 2:155-162

Burchell J, Taylor-Papadimitriou ], Boshell M, Gendler S, Duhig T
(1989) A short sequence, within the aminoacid tandem repeat of
a cancer-associated mucin, contains immunodominant epitopes.
Int J Cancer 44:691-696

Croce MV, Colussi A, Price MR, Segal-Eiras A (1997) Expression
of tumor associated antigens in normal, benign and malignant
human mammary epithelial tissue: a comparative immunohis-
tochemical study. Anticancer Res 17:4287-4292

Croce MV, Isla-Larrain M, Price MR, Segal-Eiras A (2001) Detec-
tion of circulating mammary mucin (MUC1) and MUC1 im-
mune complexes (MUC1-CIC) in healthy women. Int J Biol
Methods 16:112-120

Devine PL, McGuckin MA, Ramm LE, Ward BG, Pee D, Long S
(1993) Serum mucin antigens CASA and MSA in tumors of the
breast, ovary, lung, pancreas, bladder, colon and prostate. Can-
cer 72:2007-2015

Feickert HJ, Anger BR, Cordon-Cardo C, Lloyd KO (1990) Cell-
surface antigens of human lung tumors detected by mouse mono-
clonal antibodies: definition of blood-group- and non-blood-
group-related antigenic systems. Int ] Cancer 46:1007-1013

Gendler SJ. (2001) The renaissance molecule. ] Mamm Gland Biol
Neoplasia 6:339-353

Gendler S, Lancaster C, Taylor-Papadimitriou J, Duhig T, Peat N,
Burchell J, Pemberton L, et al. (1990) Molecular cloning and ex-
pression of human tumor polymorphic epithelial mucins. J Biol
Chem 265:15286-15293

Gendler SJ, Taylor-Papadimitriou J, Duhig T, Rothbar J, Burchell J
(1998) A highly immunogenic region of human polymorphic mu-
cin expressed by carcinomas is made up of tandem repeats. J Biol
Chem 263:12820-12823

Griffiths AB, Burchell J, Gendler S, Lewis A, Blight K, Tilly R, Tay-
lor—Papadimitriou J (1987) Immunological analysis of mucin
molecules expressed by normal and malignant epithelial cells. Int
J Cancer 40:319-327

Grinstead ]S, Koganty RR, Krantz MJ, Longenecker BM, Campbell
AP (2002) Effect of glycosylation on MUC1 humoral immune
recognition: NMR studies of MUC1 glycopeptide-antibody in-
teractions. Biochemistry 6:9946-9961

Hartmann M, Baruch A, Ron I, Yoeli M, Sagi-Assif O, Greenstein S,
Stadler Y, et al. (1999) MUCI1 isoform specific monoclonal anti-
body 6E6/2 detects preferential expression of the novel MUC1/Y
protein in breast and ovarian cancer. Eur ] Biochem 82:256-267

Hilkens J, Vos HL, Wesseling J, Boer M, Storm J, van der Valk S,
Calafat J, et al. (1995) Is episialin involved in breast cancer pro-
gression? Cancer Lett 90:27-33

Julian JA, Carson DD (2002) Formation of MUC1 metabolic com-
plex is conserved in tumor-derived and normal epithelial cells
Biochem Biophys Res Commun 293:1183-1190

Kam JL, Regimbald LH, Hilgers JH, et al. (1998) MUCT1 synthetic
peptide inhibition of intercellular adhesion molecule-1 and
MUCT1 binding requires six tandem repeats. Cancer Res 58:
5577-5581

Kufe D, Inghirami G, Abe M, Hayes D, Justi-Wheeler H, Schlom J
(1984) Differential reactivity of a novel monoclonal antibody
(DF3) with human malignant versus benign breast tumors. Hy-
bridoma 3:223-232

Laemmli UK (1980) Cleavage of structural proteins during the as-
sembly of the head of bacteriophage T4. Nature 227:680-681

Li Y, Bharti A, Chen D, Gong ], Kufe D (1998) Interaction of glyco-
gen synthase kinase 3@ with the DF3/MUC1 carcinoma associ-
ated antigen and B-catenin. Mol Cell Biol 18:7216-7224

Ligtenberg MJL, Kruijshaar L, Buijs F, van Meijerm M, Litvinov
SV, Hilkens J (1992) Cell-associated episialin is a complex con-
taining two proteins derived from a common precursor. J Biol
Chem 267:6171-6177

787

Linsley PS, Brown JP, Mangani JL, Horn D (1998) Monoclonal an-
tibodies reactive with mucin glycoproteins found in sera from
breast cancer patients. Cancer Res 48:2138-2148

Litvinov SV, Hilkens J (1993) The epithelial sialomucin, episialin, is
sialylated during recycling. J Biol Chem 268:21364-21371

Luna-Moré S, Rius F, Weil B, Jiménez A, Bautista MD, Pérez—Mel-
lado A (2001) EMA: a diffentiation antigen related to node met-
astatic capacity of breast carcinomas. Pathol Res Pract 197:419-
425

Moller H, Settas N, Paulsen H, Burchell J, Taylor-Papadimitriou J,
Meyer B (2002) NMR-based determination of the binding
epitope and conformational analysis of the MUC1 glycopeptides
and peptides bound to the breast cancer-selective monoclonal an-
tibody SM3. Eur ] Biochem 269:1444-1455

Nakagoe T, Fukushima K, Itoyamagi N, Ikuta Y, Ota T, Nagayasu
T, Ayabe H, et al. (2002) Expression of ABH/Lewis-related anti-
gens as prognostic factors in patient with breast cancer. J Cancer
Res Clin Oncol 128:257-264

Oosterkamp HM, Scheiner L, Stefanova MC, Lloyd KO, Finstad
CL (1997) Comparison of MUC-1 mucin expression in epithelial
and non-epithelial cancer cell lines and demonstration of a new
short variant form (MUC1/Z). Int ] Cancer 72:87-94

Pandey P, Kharbanda S, Kufe D (1995) Association of the DF3/
MUCT breast cancer antigen with Grb2 and Sos/Ras exchange
protein. Cancer Res 55:4000-4003

Patton S, Gendler SJ, Spicer AP (1995) The epithelial mucin,
MUCI1, of milk, mammary gland and other tissues (review). Bio-
chem Biophys Acta Rev Biomem 11241:407-423

Pemberton LF, Rughetti A, Taylor-Papadimitriou ], Gendler SJ
(1996) The epithelial mucin MUCT contains at least two discrete
signals specifying membrane localization in cells. J Biol Chem
271:2332-2340

Pemberton L, Taylor—Papadimitriou J, Gendler S (1992) Antibodies
to the cytoplasmic domain of the MUC1 mucin show conserva-
tion throughout mammals. Biochem Biophys Res Commun
185:167-175

Petrakou E, Murray A, Price MR (1998) Epitope mapping of anti-
MUCT mucin protein core monoclonal antibodies. Tumor Biol
19(suppl 1):21-29

Price MR, Edwards S, Owainati A, Bullock JE, Ferry B, Robins RA,
Baldwin R (1985) Multiple epitopes on a human breast associ-
ated antigen. Int J Cancer 36:567-574

Price MR, Pugh JA, Hudecz F, Griffiths W, Jacobs E, Symonds I,
Clarke A, et al. (1990) C595—a monoclonal antibody against
the protein core of human urinary epithelial mucin commonly
expressed in breast carcinomas. Br ] Cancer 61:681-686

Rahn JJ, Dabbagh L, Pasdar M, Hugh JC (2001) The importance of
MUCT localization in patients with breast cancer: an immuno-
logical study of 71 patients and review of the literature. Cancer
91:1973-1982

Regimbald LH, Pilarski LM, Longenecker BM, Reddish MA, Zim-
mermann G, Hugh JC (1996) The breast mucin MUC1 as a
novel adhesion ligand for endothelial intercellular adhesion mol-
ecule 1 in breast cancer. Cancer Res 56:4244-4249

Renkonen ], Paavonen T, Renkonen R (1997) Endothelial and epi-
thelial expression of sialyl Le* and sialyl Le? in lesions of breast
carcinoma. Int ] Cancer 74:296-300

Schroeder JA, Thompson MC, Mockenstrum Gardner M, Gendler
SJ (2001) Transgenic MUC1 interacts with epidermal growth
factor receptor and correlates with mitogen-activated protein ki-
nase activation in the mouse mammary gland. J Biol Chem
276:13057-13064

Smorodinsky NI, Weiss M, Hartmann M, Baruch A, Harness E,
Yaakobitz M, Keydar I, et al. (1996) Detection of a secreted
MUCT1/SEC protein by MUCT1 isoform specific monoclonal anti-
bodies. Biochem Biophys Res Commun 228:115-121

Spencer DI, Missailidis S, Denton G, Murray A, Brady K, Matteis
CI, Searle MS, et al. (1999) Structure/activity studies of the anti-
MUC1 monoclonal antibody C595 and synthetic MUC1 mu-
cin-core-related peptides and glycopeptides. Biospectroscopy
5:79-91

Spicer AP, Duhig T, Chilton BS, Gendler SJ (1995) Analysis of



788 Croce, Isla-Larrain, Rua, Rabassa, Gendler, Segal-Eiras

mammalian MUC1 genes reveals potential functionally impor- Wreschner DH, Hareuveni M, Tsarfaty I, Smorodinsky N, Horev J,
tant domains. Mamm Genome 6:885-888 Zaretsky J, Kotker P, et al. (1990) Human epithelial tumor anti-
Taylor—Papadimitriou J, Burchell J, Miles DW, Dalziel M (1999) gen cDNA sequences—differential splicing may generate multi-
MUCT and cancer. Biochim Biophys Acta 455:301-313 ple protein forms. Eur J Biochem 224:463-473
Towbin H, Staehlin T, Gordon J (1979) Electrophoretic transfer of Yamamoto M, Bharti A, Li Y, Kufe D (1997) Interaction of the
proteins from polyacrylamide gels to nitrocellulose sheets: proce- DF3/ MUCI1 breast carcinoma-associated antigen and B-catenin
dures and some applications. Proc Natl Acad Sci USA 76:4350- in cell adhesion. J Biol Chem 272:12492-12494
4354 Zrihan-Licht S, Vos HL, Baruch A, Elroy-Stein O, Sagiv I, Keydar I,
Wesseling J, van der Valk SW, Vos HL, Sonnenberg A, Hilkens ] Hilkens J, et al. (1994) Characterization and molecular cloning
(1995) Episialin (MUC1) overexpression inhibits integrin-medi- of a novel MUC1 protein, devoid of tandem repeats, expressed in
ated cell adhesion to extracellular matrix components. J Cell Biol human breast cancer tissue. Eur ] Biochem 224:787-795

129:255-265



