
[CANCER RESEARCH 51. 5826-5836. November 1, 1991]

The Breast Tumor-associated Epitope Defined by Monoclonal Antibody 3E1.2 Is an
CMinked Mucin Carbohydrate Containing yV-GlycoIylneuraminicAcid

Peter L. Devine,1 Bronwyn A. Clark, Geoffrey W. Birrell, Guy T. Layton, Bruce G. Ward, Paul F. Alewood,

and Ian F. C. McKenzie
Medical Innovations Limited, Labrador, Queensland Â¡P.L. D., B. A. C., G. W. B., G. T. L.]; Department of Obstetrics and Gynaecology, Royal Brisbane Hospital,Herston, Queensland Â¡B.G. H'.J;Bond University Research Park, Gold Coast Â¡P.F. A.]; and Research Centre for Cancer and Transplantation, Department of Pathology,

University of Melbourne, Parkville, Victoria [I. F. C. M.]; Australia

ABSTRACT

The breast cancer-associated epitope (mammary serum antigen or
MSA) denned by monoclonal antibody (Mab) 3E1.2 is a neuraminidase-
sensitive carbohydrate expressed on MUC-1-encoded molecules. How
ever, the reactivity of Mab 3E1.2 is also reduced by protease treatment
of the mucin, which suggests that 3E1.2 binds to multimers of the
sialylated carbohydrate in a protein conformation-dependent manner. The
common /V-acetyl derivative of neuraminic acid (5-acetylneuraminic acid)
is not involved in the epitope, since lectins specific for 5-acetylneuraminic
acid (linked to CalNAc or Gal) are nonreactive with MSA-positive
molecules. However, the /V-glycolylderivative, S-glycolylneuraminic acid
(NeuSGc), forms a major part of the epitope since both free NeuSGc and
porcine stomach mucin (>90% neuraminic acid as NeuSGc) inhibit the
binding of Mab 3E1.2, while bovine or ovine submaxillary mucins, fetuin,
bovine gangliosides, and other carbohydrates do not. Indeed, the presence
of NeuSGc on human tumor mucin was confirmed by electrospray mass
spectrometry. NeuSGc is attached to an O-linked carbohydrate, since the
expression of MSA by MCF-7 breast cancer cells is inhibited by the O-
glycosylation inhibitor phenyl-TV-acetyl-a-D-galactosaminide, but not by
the /V-glycosylation inhibitor tunicamycin, and the epitope is removed by
treatment with O-glycanase but not /V-glycanase F, endoglycosidase F,
or endoglycosidase H, which are specific for A/-linked glycans. This is
likely to be a core glycan since 3E1.2 reacts after treatment of the mucin
with trifluoromethanesulfonic acid, which removes most backbone and
peripheral carbohydrates. Treatment with galactosidase or A'-acetyl glu-

cosaminidase enhances the binding of Mab 3E1.2, indicating that the
NeuSGc is not attached to galactose or A'-acetyl galactosamine. Further
more, the susceptibility of MSA to treatment with Arthrobacter urea-
faciens neuraminidase (which is specific for a(2-6)-linked NeuNAc) and
the loss in reactivity of GalNAc-specific lectins after periodate oxidation
|<*(2-3)-linked but not o(2-6)-linked NeuNAc protects GalNAc from
periodate oxidation] indicate that the NeuSGc may be attached a(2-6) to
peptide-linked GalNAc. These results show that MSA is a NeuSGc-
containing O-linked core glycan, which represents a unique tumor-
associated epitope not previously identified on human mucins.

INTRODUCTION

Murine monoclonal antibody 3E1.2, produced by immuni
zation with a human breast carcinoma, has selective reactivity
with >90% breast carcinoma tissues and a limited reactivity
with normal breast tissue and other normal secretory epithelium
(1) but not with the human milk fat globule membrane (2). The
antigen defined by 3E1.2 (MSA)2 has also been detected in
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1The abbreviations used are: MSA. mammary serum antigen; Gal, galactose;
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tylneuraminic acid; NeuSAc, 5-acetylneuraminic acid; NeuSGc, 5-glycolylneura-
minic acid; PAGal, phenyl-A'-acetyl-o-D-galactosaminide; LDH. lÃ¡clate dehy-
drogenase; RT, room temperature; TS. Tris-HCl, pH 7.5, containing 0.9% NaCl;
TST, TS containing 0.05% Tween 20; PBS. phosphate-buffered saline: ELISA,
enzyme-linked immunosorbent assay; TFMSA. trifluoromethanesulfonic acid:
SNA. Sambucas nigra agglutinin: MAA. Maackia amurensis agglutinin; WGA.
wheat germ agglutinin: BS1. Bandeireae simplificifolia; Endo F. endoglycosidase
F; Endo H, endoglycosidase H.

serum, with elevated levels in a high proportion of patients with
breast cancer (3). Studies have shown that levels of MSA are
useful for monitoring patients with breast cancer; the antibody
has also been used to localize mÃ©tastasesin axillary lymph
nodes in patients with breast cancer by immunoscintigraphy
(4).

MSA has been shown to be expressed on high-molecular-
weight mucins found in serum and tumors from breast cancer
patients (2) and in the ascites of ovarian cancer patients (5).
The epitope is a neuraminidase-sensitive carbohydrate structure
present on the MUC-1 core protein (2, 6). To characterize the
antibody-reactive epitope, we have used MSA from human
tumor ascites and the MCF-7 and ZR75-1 breast tumor cell
lines to investigate the effects of glycosylation inhibitors, en-
doglycosidases, proteases, sialated glycoproteins, and sialic acid
analogues on Mab 3E1.2 binding. In addition, Mab 3E1.2 and
lectin reactivity was examined after different deglycosylation
techniques. The studies indicate that 3E1.2 reacts with a unique
NeuSGc-containing epitope not defined by other antibodies.

MATERIALS AND METHODS

Monoclonal Antibodies

Mabs 3E1.2 and other anti-MUC-1 Mabs OM-1, BC2, and BC3
were described previously (1, 7, 8). Mabs were purified from ascitic
fluid, which was clarified by centrifugation at 300 x g for 10 min to
remove cells and subsequently at 30,000 x g for 10 min to remove
lipid. The purification of 3E1.2 (IgM) and OM-1 (IgM) was described
previously (6). Mab BC3 (IgM) was purified by precipitation with 8%
polyethylene glycol (9) followed by chromatography on Sephacryl 8300-
HR (Pharmacia, Uppsala, Sweden). Mab BC2 (IgGi) was purified on
protein A Sepharose CL-4B using a modified buffer system which gives
increased binding of this lg subclass (10). Mab concentration was
estimated by absorbance at 280 nm (A2so) using values for E""em of

13.5 for IgG and 11.85 for IgM (11). Mabs were >95% pure, as judged
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and stain
ing with Coomassie blue R250. The activity of Mabs was determined
by indirect ELISA using assay plates coated with the MSA from the
breast carcinoma cell line ZR75-1 (described below).

Cell Culture Techniques

Human tumor cell lines were maintained in Iscoves medium (Pacific
Diagnostics, Australia) supplemented with L-glutamine (2 min), peni
cillin (100 units/ml), streptomycin (100 Mg/ml) (CSL, Melbourne,
Australia), and 8% (v/v) fetal calf serum (Flow Labs, Australia). The
ZR75-1 and MCF-7 breast carcinoma cell lines are a source of MSA,
with the antigen secreted into the culture medium of MCF-7 but not
ZR75-1 cells. Antigen was released from ZR75-1 cells by homogeni-
zation, freeze-thawing 5 times with liquid nitrogen, and centrifugation
at 30,000 x g for 30 min, with the supernatant used in the MSA antigen
ELISA. In some experiments using the MCF-7 cell line, 0.5 Mg/ml (w/
v) or 5 Mg/ml (w/v) tunicamycin (Sigma. St. Louis, MO) or 0.5, 1.0, or
2.5 mM PAGal (Sigma) was added to the culture medium to inhibit 7V-
or O-linked glycosylation (12, 13), and the supernatant was collected
after 72 h and tested for lactate dehydrogenase activity, MUC-1 core
protein, and MSA activity.

5826

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/21/5826/2445514/cr0510215826.pdf by guest on 19 M

ay 2023



Mab 3EI.2 RECOGNIZES /V-GLYCOLYLNEURAMIN1C ACID ON MUCINS

Purification of Munii from Human Ascites

Ascites fluid was collected from a patient with a moderately differ
entiated uterine endometrium carcinoma, stage IV, clarified by centrif-
ugation at 10,000 x g for 10 min at 4Â°C,and mucin was purified by

chromatography on Sephacryl S3OO-HR (6).

LDH Assay

Cell cytotoxicity was determined by the release of intracellular LDH.
LDH activity was determined by the conversion of lÃ¡clateto pyruvate
in the presence of NAD (14). Culture supernatants (0.2 ml) were
incubated for 6 min at RT with 0.8 ml substrate solution (40 mg NAD,
640 n\ 2-amino-2-methylpropan-l-ol, 100 n\ D.L-lactic acid in 10 ml
distilled water). The production of NADH was determined by absorb-

ance at 340 nm.

Polyacrylamide Gel Electrophoresis, Immunoblotting, and Dot Blotting

Polyacrylamide gel electrophoresis and immunoblotting were per
formed as described (6). In dot blotting, I p\ of sample was dried for
30 min at 37Â°Conto 0.1-^m pore size nitrocellulose (Schleicher and

Schuell, Dassel, Germany). Blocking and detection with Mabs were as
described for Western blotting (6). With lectin detection, glycoproteins
were transferred and fixed as described (6), while unbound sites on the
nitrocellulose were blocked for l h at RT with 0.5% (w/v) blocking
reagent (no. 1096176; Boehringer Mannheim, Indianapolis, IN) in 0.1
M TS. The nitrocellulose was incubated overnight at 4Â°Cwith either

biotin-labeled or digoxigenin-labeled lectins in TST (Table 1). After
washing as described (6), either streptavidin peroxidase (Amersham,
UK) or sheep anti-digoxigenin peroxidase (Boehringer Mannheim) at
10"' in TST was added for 2 h at RT. The washing steps were repeated,

and detection with substrate was as described above.

ELISA

Indirect ELISA. The ZR75-1 cell extract was coated onto Immulon
1 strips (Dynatech, Chantilly, VA) as described (15). Mab incubation
and detection were as described for Western blotting except that Mabs
(100 Â¿il/well)were added overnight at 4Â°Cin PBS-Tween, conjugate
was added in PBS-Tween, and 2,2'-azinobis(3-ethylbenzthiazolinesul-

fonic acid) substrate was used. Deglycosylated and native mucins (50
/Â¿I/well)from the ascites of a patient with advanced endometrial carci

noma were dried onto Falcon Microtest III plates (Becton Dickinson)
under vacuum at 25Â°C,and ELISA was performed as described above.

In some experiments labeled lectins were used to detect antigen as
described for Western blotting.

Dual-Determinant ELISA. Samples were assayed using the MUC-1
core protein-reactive Mabs BC2 (capture) and BC3 (detection) as de
scribed (16).

Inhibition ELISA. Antigen was assayed by inhibition ELISA as
described (15). Briefly, Mab 3E1.2 or control Mab in 0.1 M sodium
phosphate, pH 7.5, was incubated with an equal volume of either a
control buffer, mucin from ovine submaxillary gland (BioCarb, Lund,
Sweden), mucin type I from bovine submaxillary gland, mucin type II
from porcine stomach, fetuin from fetal calf serum, asialofetuin type II
from fetal calf serum, gangliosides, or derivatives of 7V-acetylneuraminic
acid (all from Sigma) for 3 h at RT. Subsequently, 100 Â¿il/wellwere
transferred to a ZR75-1-coated plate and incubated overnight at 4Â°C.

After the plate was washed three times with PBS-Tween, anti-mouse
Ig-peroxidase (Silenus, Melbourne, Australia) was added at 10~3 in

PBS-Tween for l h at RT. Inhibition was determined as described (17).
In other assays, lectins were used instead of 3EI.2, and the plate was
coated overnight at 4Â°Cwith 10 Mg/ml fetuin in 0.1 M carbonate, pH

9.6.

Treatment of Mucins with Different Agents

Anhydrous HF. Lyophilized mucin was deglycosylated by treatment
with HF for l h at RT (6).

TFMSA. Lyophilized mucin was deglycosylated by incubation in 0.3
ml anisole:TFMSA (1:2) under nitrogen for l h at RT. Control incu
bations were also done in which no TFMSA was added (6).

Neuraminidase. Sialic acid was removed by dialysis of mucin into
0.05 M sodium acetate, pH 5.5, and treatment with an equal volume of
1 unit/ml of Vibrio cholerae neuraminidase (Calbiochem, Los Angeles,
CA), 10 units/ml of Arthrobacter ureafaciens neuraminidase (Sigma),
or 1.7 units/ml of Clostridium perfringens neuraminidase (Sigma) at
37Â°Cfor 1 or 2 h. When O-glycanase treatment was performed after V.

cholerae neuraminidase treatment, 0.1 M sodium phosphate, pH 6.0,
was used. Control incubations were also done without neuraminidase
or mucin.

O-Glycanase. To remove O-linked glycans, native and TFMSA-
treated mucin in 0.1 M sodium phosphate, pH 6.0, was treated with 9.7
mU of O-glycanase (Genzyme, Boston, MA) for 2 h at 37Â°C.In some

Table 1 Reactivity of lectins with deglycosylated mucin from human ascites in indirect ELISA"

Lectin*TomatoPeaCoral

treePeanutAsparagusCon

AWGAPHA-ESoybeanLentilBSISNAMAAH

PARCAÂ«,Mab

3E 1.2Â«Specificity(D-GlcNAc)jo-D-Manfl-D-Gal(l-4)D-GlcNAcff-D-Gal(l-3)D-GalNAcn-L-Fucn-D-Man,

n-D-GlcD-GlcNAc,
NeuNAcD-GalNAcComplex

N-linked''D-GalNAco-D-Mann-D-Gal,

o-D-GalNAcNeuNAcÂ«(2-6)Gal,NeuNAcrt(2-6)GalNAcNeuNAcÂ«(2-3)GalÂ«-D-GalNAca-D-GalNAcGlycolylsialyl-TnRef.69707070717024267273707038747535Native

(A4,o)0.7640.1850.2540.2450.1410.1350.2410.4110.178ND0.0840.5140.348NDND0.628Neuraminidase(A410)0.7080.2340.3790.4130.1650.1750.1210.4740.232ND0.1460.0300.040NDND0.045TFMSA(Alio)0.0380.1060.1520.1580.0680.0280.5700.0460.542ND0.7960.0220.0240.631ND0.397TFMSA
neuraminidase

(A.,.)NDfND0.1580.4600.065ND0.448ND0.546ND0.837NDND0.637ND0.038

" All are net values after background subtraction. All background values in ELISA ranged from 0.110 (peanut) to 0.220 (WGA).
* All lectins (Sigma) were biotin labeled, used at 10 ^g/ml in TST, except SNA and MAA (Boehringer Mannheim), which were digoxigenin labeled, used at 1.35

and 0.97 ng/ml in TST, respectively. Peanut and BSI lectins: 1 mM Ca2*. I mM Mg2*, and l IHMMn:* also added.
' ND, not determined; Con A, concanavalin A; PHA. Phaseolus vulgaris; HP, Helixpomalia (garden snail); RC, Ricinus communus: Man. mannose; Fuc, fucose.
' Ga\ÃŸ(1-3,4)GlcNAc/3( 1-2)ManÂ«( 1-2)Mana( 1-4)GlcNAc-asparagine.

I 00-2)
GluNAc

I Â«1-3,4)
Gal

* Mab 3EI.2, though not a lectin, is shown for comparative reasons.
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cases, samples were pretreated with neuraminidase for 2 h. Control
incubations were performed as above, and the reaction was stopped by
boiling for 5 min after the addition of 20% (w/v) sodium dodecyl sulfate
to a final 1% (w/v).

Glycopeptidase F, Endo F, and Endo H. To remove A'-linked glycans,
TFMSA-treated or untreated mucin in 100 ^1 0.25 M sodium phos
phate, pH 7.4, 10 mM EDTA, 0.02% (w/v) sodium azide, 10 mM 2-
mercaptoethanol, 0.1% (w/v) sodium dodecyl sulfate, and 0.6% (v/v)
Nonidet P40 was treated with 5 n\ of 200 units/ml glycopeptidase F
(Boehringer Mannheim) overnight at 37"C. Endo F and Endo H

(Boehringer Mannheim) were used similarly, except that 0.25 Msodium
acetate, pH 6.5, was used for Endo F (50 units/ml), while 0.05 M
sodium acetate, pH 5.5, was used for Endo H (1 unit/ml). Control
incubations were performed and reactions were stopped as described
above.

Galactosidase. TFMSA-treated mucin was dialyzed into 0.1 M so
dium phosphate, pH 6.5, or 0.1 M sodium phosphate, pH 7.3, contain
ing 3 mM MgCb and treated with an equal volume of 100 units/ml
Escherichia coli a- or cf-galactosidase (Sigma) for 6 h at 37Â°C.Control

incubations were performed with buffer in place of galactosidase or
mucin.

/V-Acetylglucosaminidase. TFMSA-treated mucin was dialyzed into
O.I M citrate-phosphate buffer, pH 5.0, and treated with an equal
volume of 0.56 unit/ml Canavalia ensiformi! /3-/V-acetylglucosamini-
dase (Sigma) for 6 h at 37Â°C.Control incubations were performed as

described above.
Periodate Oxidation. Samples were first bound to nitrocellulose as

described for dot blotting and treated with 50 mM sodium metaperiod-
ate (Sigma) in 50 mM sodium acetate buffer, pH 5.5, for 30 min at RT.
The nitrocellulose was washed five times with water (2 min/wash), and
0.2 mg/ml (w/v) aqueous sodium borohydride (Merck, Darmstadt,
Germany) was added for 30 min at RT. The washing steps above were
repeated, and in some cases the sample was then treated with 0.1 unit/
ml V. cholerae neuraminidase (Calbiochem) in 50 mM sodium acetate,
pH 5.5, for 1 h at 37Â°C.Antigen was visualized as described for dot

blotting. Control incubations were done with 50 mM sodium acetate,
pH 5.5, in place of periodate, borohydride, or neuraminidase.

Protease Digestion of Mucins. Purified mucin or TFMSA-treated
mucin, previously dialyzed into 0.1 M Tris-HCl, pH 8.0, containing
0.02% (w/v) NaNj, was incubated overnight at 37Â°Cwith an equal

volume of either 25 mg/ml (w/v) trypsin (type XIII from bovine
pancreas, Â¿V-tosyl-L-phenylalanylchloromethyl ketone treated), chymo-

trypsin (type XII from bovine pancreas, tosyl lysine chloromethyl
ketone treated), papain (Type III from papaya latex), or pronase E
(type XXV). Proteases (Sigma) were either dissolved in Tris-HCl with
0.02% NaN3 (trypsin, chymotrypsin, and pronase) or used as supplied
in 0.05 M sodium acetate, pH 4.5, containing 0.01% thymol (papain).
The reaction was stopped by boiling for 10 min. After centrifugation
for 2 min in a Microfuge E (Beckman, Fullerton, CA) the supernatant
was retained. Control incubations were also performed in the absence
of either inneiu or protease.

Electrospray Mass Spectrometry of Sialic Acids

Native or TFMSA-treated endometrial tumor mucin was treated

with K cholerae neuraminidase as described, except that mucin and
neuraminidase had been dialyzed previously into 20 mM ammonium
acetate, pH 5.5. Liberated neuraminic acid, which was separated from
mucin and neuraminidase by filtration on an Ultrafree-MC 10,000-
molecular-weight cutoff membrane (Millipore, Bedford, MA), was ana
lyzed by electrospray mass spectrometry. A Sciex API 111 triple
quadrupole mass spectrometer (Thornhill, Ontario, Canada) with a
pneumatically assisted electrospray (lonspray) interface was used. A
syringe infusion pump (Harvard Apparatus, South Natick, MA) was
used to inject sample solutions directly into an ionspray interface at
typical flow rates of 2-5 ^l/min. The interface sprayer was operated at
a negative potential of 4 kV. For comparison, 100 pmol/pl NeuSAc
and NeuSGc (Sigma) were also run.

RESULTS

Reactivity of Mabs and Lectins with Native, HF-treated, and
TFMSA-treated Mucin Purified from Human Endometrial

Cancer Ascites

Since 3E1.2 recognizes a carbohydrate epitope on native and
TFMSA-treated but not HF-treated mucin (5), the reactivities
of lectins with native and deglycosylated mucin were compared,
because this gave an indication of which saccharides may be
involved in Mab binding and the extent of deglycosylation with
different techniques. This was of particular benefit with HF-
and TFMSA-treated mucin, since only a small portion of the
carbohydrate remained. Both treatments remove the majority
of O-linked glycans and some TV-linkedglycans but not the same
glycans, with TFMSA treatment being less severe (18-23).
Comparison of the carbohydrates remaining in TFMSA-treated
mucin (3E1.2 positive) and HF-treated mucin (3E1.2 negative)
may indicate which carbohydrates are part of the 3E1.2 epitope.
It is important to note that many lectins have a loose specificity,
and these results may not be definitive.

Backbone and Peripheral Glycans. The binding of lectins by
Western blotting is shown in Fig. 1, while the results of indirect
ELISA are summarized in Table 1. The loss in reactivity of the
sialic acid-binding lectins SNA and MAA and the fucose-
binding asparagus pea lectin after TFMSA or HF treatment
(Fig. 1 and Table 1) suggests that peripheral saccharides have
been removed by the treatment. The binding of WGA, which
also binds to sialic acid, is enhanced by TFMSA treatment (Fig.
1 and Table 1), since this lectin also binds to GlcNAc and
GalNAc located in the core carbohydrate region (24-26). Sim
ilarly, neuraminidase treatment led to the total loss of SNA
and MAA binding, but only partial loss of WGA binding due
to the GlcNAc and GalNAc remaining in the molecule. The
decreased reactivity of coral tree lectin (Fig. 1 and Table 1)
suggests that many terminal residues attached via Gal(l-
4)GlcNAc on A'-linked glycans and type 2 backbone chains on
O-linked glycans have also been released. Similarly, the decrease
in the binding of tomato lectin (Fig. 1 and Table 1) suggests
trimers and tetramers of GlcNac do not remain, and the de
creased reactivity of peanut lectin with TFMSA-treated mucin
indicates that terminal Gal(l-3)GalNAc has been removed.
The loss in reactivity of garden pea, concanavalin A, lentil, and
Phaseolus vulgaris-E lectins after treatment with TFMSA or
HF (Fig. 1 and Table 1) suggests that most mannose-containing
backbone structures on A'-linked glycans have also been

removed.
Core Glycans. Since most of the backbone and peripheral

glycans have been removed by TFMSA treatment and the
reactivity with 3E1.2 is still retained, 3E1.2 may react with a
core glycan. TFMSA treatment led to an increase in the binding
of soybean, WGA, and BS1 lectins (Fig. 1 and Table 1),
suggesting the exposure of O-linked core glycans consisting
mainly of GalNAc, with Gal and/or GlcNAc possibly attached,
and A'-linked GlcNAc monomers and dimers. The increased
reactivity of peanut lectin after neuraminidase treatment of
TFMSA-treated mucin (Table 1) confirms that the O-linked
Gal(l-3)GalNAc core still remains. GlcNAc-GalNAc may not
be present, however, since the reactivity of WGA may be due
to A'-linked GlcNAc monomers or dimers. In fact, the strong
reactivity of WGA after neuraminidase treatment of TFMSA-
treated mucin (Table 1) indicates that the reactivity is not with
NeuNAc. The loss of reactivity of soybean lectin and the
decreased reactivity of BS1 (both GalNAc reactive) suggest that
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i
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I
Fig. 1. Reactivity of lectins with native (a), TFMSA-treated (ft), and HF-treated (c) mucin in Western blotting. Samples were prepared as described in "Materials

and Methods." Ordinate, position of BioRad-prestained high-molecular-weight markers. The reactivities of selected Mabs are given for comparison. L., lectin; Con A,

concanavalin A.
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most O-linked glycans have been removed after HF treatment
(Fig. 1). The strong reactivity of WG A with HF-treated mucin
suggests that GlcNAc, mainly present as the /V-linked dimer, is

the major species remaining. It is unlikely that WGA is reacting
with GalNAc or NeuNAc in HF-treated mucin since other
GalNAc- or NeuNAc-reactive lectins have reduced or destroyed
reactivity. The loss in reactivity of O-glycan-reactive lectins

corresponds to a loss in reactivity of 3E1.2 after HF treatment,
suggesting that 3E1.2 reacts with an O-linked core glycan

containing GalNAc and possibly Gal.

Reactivity of Mabs 3E1.2 and BC2 with Native and TFMSA-

treated Mucin after Endoglycosidase and Neuraminidase
Treatments

To investigate which carbohydrates were part of MSA, mucin
from the ascites of a patient with an endometriti carcinoma
was purified by gel filtration chromatography and treated with
a variety of agents. Treatment of native (Fig. 2b) or TFMSA-

treated mucin (Fig. 3a) with neuraminidase from V. cholerae
(Figs. 2c and 3Ã„),C. perfringens, and A. ureafaciens (not shown)
led to the loss of 3E1.2 binding in Western blotting, suggesting
that NeuNAc is an integral part of the epitope. A control
containing neuraminidase only (Fig. 2a) showed no reactivity
with 3E1.2, indicating that there there was no nonspecific
activity. Endoglycosidases did not have a significant effect on
the binding of 3E1.2 to native mucin (Fig. 2, d-g). However,
3E1.2 binding to TFMSA-treated mucin (Fig. 3, a, e, and h-i)
was significantly decreased by O-glycanase (Fig. 3, d and m)

but was not affected by the other endoglycosidases (Fig. 3, /
and./-/). These results suggest that the epitope for Mah 3E1.2
lies on an O-linked carbohydrate containing sialic acid or a
derivative (NeuNAc). In addition, since galactosidase and N-

acetylglucosaminidase treatments led to an increase in binding
in ELISA and dot blotting (Fig. 4), Gal and GlcNAc are not
involved, and NeuNAc is possibly attached to a serine- or
threonine-linked GalNAc. It was also noted that the binding of
the MUC-1 core protein-reactive Mab BC2 to TFMSA-treated

mucin (Fig. 3, a and /) was not affected by neuraminidase or
O-glycanase treatment (Fig. 3, b-d and m), suggesting that the

loss in 3E1.2 reactivity was due to the loss of carbohydrate and
not the breakdown of the mucin core protein by contaminant
proteases.

Effect of Periodate Treatment on Mab and Lectin Binding

The effect of periodate and neuraminidase treatment on the
binding of lectins was tested to indicate any possible linkage
between NeuNAc and GalNAc (Fig. 5). Periodate treatment of
TFMSA-treated mucin abolished the binding of Mab 3E1.2

(not shown), soybean lectin, BS1 lectin, and RCA6o lectin, while
the binding of BC2 (not shown), WGA, and peanut lectin was
unchanged (Fig. 5). Neuraminidase treatment of TFMSA-

treated mucin after periodate treatment led to a strong reactivity
with peanut lectin, while the binding of other Mabs and lectins
was unchanged. The loss of reactivity of the GalNAc-specific

soybean, BS1, and RCA60 lectins after periodate treatment
indicates that if NeuNAc is attached to GalNAc, it is at the C6
position, since GalNAc is resistant to periodate oxidation when
NeuNAc is bound at C3 (27).
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Fig. 2. Effect of neuraminidase and endoglycosidases on 3E1.2 and BC2
binding to native mucin in Western blotting. Ordinate, BioRad-prestained high-
or low-molecular-weight markers. Samples were incubated as described in "Ma
terials and Methods." a, V. cholerae neuraminidase, no mucin; b, mucin, no
neuraminidase; c, mucin plus V. cholerae neuraminidase; </.mucin, no O-glycan
ase; e, mucin plus O-glycanase; /, mucin, no Endo H; g, mucin plus Endo H.
When no enzyme or mucin was included, the buffer in which these were dissolved
was added in their place to serve as controls. Enzyme controls (enzyme, no mucin)
were negative in all cases, as were mucin samples that were treated with A.
ureafaciens or C. perfringens neuraminidase (not shown).

Inhibition of 3E1.2 Binding to ZR75-1 MSA by Native and
TFMSA-treated Endometrial Tumor Mucin: Effect of
Protease Treatment of Tumor Mucin

To determine whether Mab binding was dependent on the
conformation of the protein backbone, the effect of protease
treatment of endometrial tumor mucin on Mab binding was
tested (Table 2). The effect was assessed by the ability of
untreated or protease-treated endometrial tumor mucin to in
hibit the binding of 3E1.2 to ZR75-1-derived MSA. Trypsin
and chymotrypsin treatment of native mucin had no significant
effect on the inhibition of 3E1.2 binding, while pronase and
papain treatment of native mucin gave a significant decrease in
inhibitory activity. The susceptibility of TFMSA-treated mucin
to trypsin was also tested, since the decreased level of glycosy-
lation exposes more of the protein core (as judged by the
increased binding of Mab BC2). Trypsin treatment of TFMSA-
treated mucin led to the loss of inhibitory activity (Table 2).
Since neuraminidase was shown previously to destroy Mab
binding in Western blotting, the effect in the inhibition assay
was tested for comparison with the proteases used. Neuramin
idase treatment led to the loss of inhibition in the ELISA (Table
2). Silver staining showed that extensive proteolysis had oc
curred with all proteases, with high-molecular-weight bands
(M, > 200,000) in untreated samples and a collection of low-
molecular-weight bands (M, < 5,000) in proteolyzed samples
(not shown).
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Fig. 3. Effect of neuraminidase and endoglycosidases on 3E1.2 and BC2 binding to TFMSA-treated mucin in Western blotting. Numbers, left, position of BioRad-
prestained standards. Samples were incubated as described in "Materials and Methods." a, TFMSA-treated mucin, no neuraminidase or O-glycanase; b, TFMSA-
treated mucin plus neuraminidase; c, TFMSA-treated mucin plus neuraminidase plus O-glycanase; d, TFMSA-treated mucin plus O-glycanase; e, TFMSA-treated
mucin, no Endo H;/, TFMSA-treated mucin plus Endo H; g, TFMSA-treated mucin, no A/-glycosidase F; h, TFMSA-treated mucin, no endoglycosidase F or N-
glycanase F; i, TFMSA-treated mucin, no O-glycanase; j, TFMSA-treated mucin plus W-glycosidase F; k, TFMSA-treated mucin plus endoglycosidase F; /, TFMSA-
treated mucin plus jV-glycosidase F plus endoglycosidase F; m. TFMSA-treated mucin plus O-glycanase. When no enzyme or mucin was included, the buffer in which
these were dissolved was added in their place to serve as controls. Enzyme controls (enzyme, no mucin) were negative in all cases, as were mucin samples that were
treated with A. ureafaciens or C. perfringens neuraminidase (not shown).

A

B
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D

418 Â±4

1693^19

1231 Â±59

516 + 34

Fig. 4. Effect of galactosidase and /V-acetyl glucosaminidase on 3E1.2 binding
to TFMSA-treated mucin in dot blotting and indirect ELISA. Samples were
prepared as described in "Materials and Methods." Samples (in duplicate): ,I.
TFMSA-treated mucin; B, TFMSA-treated mucin plus a-galactosidase; C,
TFMSA-treated mucin plus /3-galactosidase; D, TFMSA-treated mucin plus N-
acetyl glucosaminidase. The net absorbance at 405 nm in the indirect ELISA is
also shown.

Fig. 5. Effect of periodate and neuraminidase treatment on the reactivity of
biotinylated lectins with TFMSA-treated mucin. Samples were prepared as de
scribed in "Materials and Methods." A, TFMSA-treated mucin; B, TFMSA-
treated mucin plus neuraminidase; C, TFMSA-treated mucin plus periodate; D,
TFMSA-treated mucin plus periodate plus neuraminidase. /'V.I. peanut lectin;
SOY, soybean lectin; RCAto, R- commuais M, 60,000 lectin. The specificities of
lectins are shown in Table 1.
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Table 2 Inhibition ofiEl.2 binding to ZR75-1-derived MSA by native and
TFMSA-treated endometrio! tumor mucin: effect of protease treatment

of tumor mucin"

ProteaseNative

mucin
Trypsin
Chymotrypsin
Pronase
Papain
Neuraminidase*Mucin

alone
(Â±SD)94.0

Â±0.7
97.5 Â±0.1
94.2 Â±0.2
95.2 Â±1.3
94.6 Â±0.4%

inhibitionMucin

+ protease
<Â±SD)97.0

Â±1.0
93.2 Â±0.5
78.7 Â±3.3
53.8 Â±4.4

2.9 Â±0.1Protease

alone
(Â±SD)8.5

Â±3.0
13.9 Â±1.9
0.8 Â±1.1
4.1 Â±5.15.7

Â±3.2

TFMSA-treated mucin
Trypsin 47.9 Â±0.3 7.1 Â±0.1 8.5 Â±3.0

Â°Samples were used at 1/50 in the MSA ELISA as described in "Materials
and Methods." n = 2 for all samples.

* Neuraminidase. although not a protease, is also shown for comparative

reasons.

Effect of Glycosylation Inhibitors on in Vitro Mucin Production
by the MCF-7 Breast Carcinoma Cell Line

To determine whether the epitope was O- or yV-linked, the
effects of glycosylation inhibitors PAGal and tunicamycin on
MSA production by the MCF-7 breast cancer cell line were
tested (Table 3). The addition of the ./V-glycosylation inhibitor
tunicamycin (12) to the culture medium led to decreased mucin
secretion, judged by the decrease in binding in a double-deter
minant assay using the MUC-1 core protein-reactive Mabs BC2

and BC3 (the addition of 5 /ug/ml tunicamycin led to a decrease
in A4io nm from 0.255 to 0.112). A small decrease in the
inhibition of Mab 3E1.2 binding to ZR75-1 breast cancer cell
extract was also observed after tunicamycin treatment [from 72
Â±5% (SD) to 60 Â±6% after the addition of 5 fig/ml tunica
mycin], but this was probably due to decreased mucin produc
tion and was not considered to be significant. The addition of
PAGal, which inhibits the initiation of O-linked glycosylation
(13), to the culture medium led to a significant increase in
absorbance in the MUC-1 core protein ELISA (>1 absorbance
unit at 2.5 HIM). In addition, there was also a large and signifi
cant decrease in inhibitory activity in the MSA assay from 77%
to 18% with 2.5 mM PAGal, confirming that the epitope resides
on an O-linked carbohydrate. Cell death, as determined by the
LDH assay, was negligible in all samples, suggesting that
changes in mucin levels were not due to the release of intracel-
lular material after cell death.

Inhibition of 3E1.2 Binding and Lectin Binding to ZR75-1-
derived MSA by Glycoproteins

Since NeuNAc is an essential part of the 3E1.2 epitope, the
reactivity of Mab 3E1.2 with NeuNAc-containing glycoproteins
was tested. Porcine mucin (90% of NeuNAc as NeuSGc) inhib
ited the binding of 3E1.2 to MSA in a ZR75-1 cell extract
(Table 4), while bovine mucin (mainly 9-acetyl neuraminic
acid), fetuin (mainly NeuSAc), ovine mucin [>98% of glycans
as NeuSAc a(2-6)GalNAc], asialofetuin (<1% NeuNAc), and
human transferrin had no effect (not shown). By comparison,
the binding of Mab BC3 was not affected significantly by any
of the glycoproteins tested (Table 4), while the binding of the
NeuNAc-specific lectins SNA and MAA was inhibited strongly
by fetuin but not asialofetuin (not shown). Bovine and porcine
mucins also inhibited SNA binding weakly, while bovine mucin
but not porcine mucin gave strong inhibition of MAA binding
(not shown). These results suggest that NeuSGc may be the
NeuNAc derivative involved in 3E1.2 binding. Furthermore,

the majority of NeuSGc-containing oligosaccharides isolated
from porcine mucins have NeuSGc attached to GalNAc via an
a(2-6) bond (28, 29), suggesting that this may be the structure
with which 3E1.2 is reacting.

Inhibition of 3E1.2 Binding to MSA by NeuSAc and NeuSGc

Since the inhibition of 3E1.2 by porcine mucin suggested a
role of NeuSGc in Mab binding, the effect of free NeuSGc and
NeuSAc on the binding of 3E1.2 to MSA produced by the
ZR75-1 breast cancer cell line was tested. The binding of Mab
3E1.2 to a ZR75-1 cell extract was inhibited by NeuSGc but
not by NeuSAc, while the binding of Mabs BC3 and OM-1 was
not inhibited by either derivative (Table 5). All Mabs were
inhibited by ascites taken from a patient with advanced ovarian
cancer (used as a positive control; not shown). Similar results
were obtained when Mabs were used at the same concentration
rather than at the concentration that gave the same absorbance
(not shown). Other sugars tested showed no inhibition (lactose,
sucrose, o-glucuronic acid lactone, GlcNAc, GalNAc, Gal,

Table 3 Effect of glycosylation inhibitors on in vitro mucin production
by MCF-7 cells"

Treatment*Tunicamycin

(Â¿ig/ml)00.55.0PAGal

(mM)00.51.02.5BC2-BC3

assay
(A,,â€žÂ±SD)0.255

Â±0.0920.151
Â±0.0200.112

+0.0140.255

Â±0.0920.61
2Â±0.0070.976

Â±0.0221.315
+ 0.008MSA

assay
(% inhibition Â±SD)72

Â±564
Â±760
Â±672

Â±536
Â±238

Â±415Â±
1LDH

assay0
(AwÂ»)0.1530.1350.1340.1530.1370.1360.143

"All samples concentrated 10-fold in an Ultrafree-MC 10,000-molecular

weight cutoff cartridge (Millipore) before assay.
* In LDH assay, tissue culture media gave AjÂ«= 0.130. Duplicates were

pooled and assayed.
c n = 4 for tunicamycin and control incubations; n = 2 for PAGal incubations.

Table 4 Inhibition of 3EÃŒ.2binding to ZK75-1-derived MSA by porcine mucin
% inhibition"

Glycoprotein concentration

Mab" 14 80 500
3E1.2
BC3

18
10

39
11

64
19

* Mabs used at 0.5 jig/ml.
b Bovine submaxillary mucin. ovine submaxillary mucin. fetal calf fetuin and

asialofetuin, and human transferrin showed no inhibition of 3E1.2 or BC3 binding
at any of the concentrations above. With no inhibitor A^s nm values were 1.247
(3E1.2)and0.808(BC3).

Table 5 Inhibition of3EI.2, OM-1, and BC3 binding to ZR75-1-derived MSA
by NeuSGc and NeuSAc'

% inhibition

Inhibitor concentration (*ig/ml)

Mab 125 250 500 1000

NeuSGc3E1.2OM-1BC3NeuSAc3E1.2OM-1BC31530714329917165601201013089184000

'With no inhibitor. AÂ«,nm values were 0.923 (3E1.2), 0.882 (OM-1), and

0.915 (BC3).
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mannose, melibiose, bovine brain gangliosides, disialoganglio-
sides GDIS,trisialogangliosides GTib, W-acetyl neuramin-lactose
from bovine colostrum and human milk, A'-acetyl lactosamine,

neuraminic acid-/3-methylglycoside, keratin from human skin,

and keratin sulfate from bovine cornea; Sigma). The inhibition
by NeuSGc but not other derivatives suggests that NeuSGc is a
major part of the epitope.

Electrospray Mass Spectrometry

Mass spectrometry was used to confirm the presence of
NeuSGc in human endometrial tumor mucin. Standard NeuSAc
and NeuSGc gave mass peaks at M, 324,000 and 308,000,
respectively, which correspond to the molecular weight minus
1 of each (Fig. 6, a and b). In addition, minor peaks correspond
ing to trifluoroacetic acid adducts of the pseudomolecular ions
were also seen at A/r 438,000 and 422,000, respectively (Fig. 6,
a and b). Peaks of lower m/z values (with the exception of the
trifluoroacetic acid aniÃ³n at M, 113,000) are fragment ions.
The molecular ions of both species were observed in native
mucin (Fig. 6c), while only those of NeuSGc were observed in
TFMSA-treated mucin (Fig. 6d), confirming the presence of
NeuSGc in MSA-positive molecules.

DISCUSSION

In these studies we have shown that the reactivity of Mab
3E1.2, which defines the breast tumor-associated MSA, is
sensitive to treatment with different neuraminidases, O-glycan-
ase, periodate, and various proteases but is not adversely af
fected by treatment with galactosidase, yV-acetylglucosamini-
dase, or endoglycosidases which remove TV-linked glycans. In
addition, the production of MSA by the MCF-7 breast tumor
cell line is inhibited in a dose-dependent manner by the O-
glycosylation inhibitor PAGal but not the /V-glycosylation in
hibitor tunicamycin, confirming the reactivity of this Mab with
an O-linked glycan. Furthermore, porcine stomach mucin
(>90% sialic acid as the A'-glycolyl derivative) and free N-
glycolylneuraminic acid inhibit the binding of 3E1.2 to MSA
from the ZR75-1 breast tumor cell line, supporting our conten
tion that NeuSGc is a major part of the epitope. The presence
of NeuSGc in human tumor mucin was confirmed by electros-

pray mass spectrometry.
Since the reactivity of this Mab with both untreated and

TFMSA-treated mucin is destroyed by neuraminidase treat
ment, sialic acid or a derivative (NeuNAc) is an essential part
of the MSA epitope defined by this Mab. More than 25 deriv
atives of NeuNAc have been reported to occur naturally, and
these may be attached to a variety of residues by a number of
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Fig. 6. Electrospray mass spectrometry of ncuraminidase-liberated sialic acid. Samples were prepared and analyzed as described in "Materials and Methods."

Spectra: A, standard NeuSAc; B, standard NeuSGc; C, sialic acid fraction from neuraminidase treatment of native mucin: and D, sialic acid fraction from neuraminidase
treatment of TFMSA-treated mucin.
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linkages. The most common derivative found in humans is N-
acetylneuraminic acid (NeuSAc), followed by the 5,9-diacetyl,
7,9-diacetyl, 9-O-acetyl, and 2-deoxy-2,3-didehydro derivatives
(30). The O-acetyl derivatives of NeuSAc are hydrolyzed by
neuraminidase at a much slower rate than NeuSAc or are
resistant to neuraminidase treatment (31-33), which suggests
that these derivatives are not part of the MSA epitope, which
is very sensitive to neuraminidase treatment. In addition, gly-
coproteins containing high levels of NeuNAc such as fetuin
[6% NeuNAc, mainly NeuSAc Â«(2-3)Gal or NeuSAc Â«(2-
6)Gal], bovine submaxillary mucin [10% NeuNAc, mainly 9-
acetylneuraminic acid Â«(2-6)Gal or 8,9-diacetylneuraminic acid
Â«(2-6)Gal], and ovine submaxillary mucin [>98% of the glycans
as NeuSAc Â«(2-6)GalNAc] (25, 29, 34) do not inhibit 3E1.2
binding to ZR75-1. This indicates that the specificity of Mab
3E1.2 is not for these NeuNAc derivatives, as is the case with
sialic acid-binding lectins SNA and MAA [Â«(2-6)Gal/GalNAc
and Â«(2-3)Gal-linked residues, respectively], which were inhib
ited by these glycoproteins. The lack of reactivity of the sialic
acid-binding lectins SNA and MAA with TFMSA-treated mu
cin, which is detected by 3E1.2, confirms this.

The reactivity of Mab 3E1.2 with porcine stomach mucin
was of particular interest since more than 90% of the NeuNAc
in this species is in the form of NeuSGc (35, 36), and most of
this is attached to GalNAc (28, 29). Less than 1% of the total
NeuNAc found in healthy humans occurs in this form (37).
Free NeuSGc inhibited 3E1.2 binding to ZR75-1 while NeuSAc
did not, indicating that NeuSGc is part of the 3E1.2 epitope,
which is overexpressed on human carcinoma-associated mu-
cins. The presence of this derivative on both native and
TFMSA-treated endometrial tumor mucin was confirmed by
electrospray mass spectrometry. The SNA lectin does not react
with the NeuSGc derivative (38), which would explain the lack
of reactivity of this lectin with TFMSA-treated mucin. Simi
larly, WGA has also been reported to have a low affinity for
this derivative (39). Furthermore, V. cholerae neuraminidase
hydrolyzes the NeuSGc and NeuSAc derivatives at a similar
rate (31), which would explain the sensitivity of 3E1.2 binding
to this treatment.

NeuSGc as a component of gangliosides has been discussed
as a cancer-associated epitope (Hanganatziu-Deicher antigen)
in humans (40-42). In addition, recombinant human glycopro
teins expressed in Chinese hamster ovary cells have been shown
to contain traces of NeuSGc Â«(2-3)Gal as a terminating struc
ture on TV-linked glycoproteins (43), but the presence of this
derivative on human mucins has not been demonstrated. Fur
thermore, the quantity of NeuSGc gangliosides in cancer is said
to be extremely low (44). Antibodies to NeuSGc are found in
humans, and the Hanganatziu-Deicher ganglioside antigen is
thought to be responsible for the induction of Hanganatziu-
Deicher-specific antibodies in patients with various diseases
and in patients receiving therapeutic foreign immune serum
(44). Many other tumor-associated sialylated carbohydrate
structures on mucins and glycolipids which are recognized by
Mabs have been described, but none contain the NeuSGc deriv
ative. For example, those structures recognized by Mabs B72.3
(sialyl-Tn), N19-9 (sialyl-Lewis"), C50 (sialyl-Lactol), and
CSLEX-1 (sialyl-Lewis") contain the common NeuSAc deriva
tive (45-48).

In vitro glycosylation inhibitor studies suggest that the epi
tope for this Mab lies on an O-linked carbohydrate since treat
ment with PAGal (O-linked glycosylation inhibitor) (13) led to
a significant decrease in both 3E1.2 binding (MSA assay) and

O-glycosylation (as judged by the exposure of protein epitopes
detected in the BC2-BC3 assay). Treatment of MCF-7 breast
cancer cells in culture with 2.5 mM PAGal led to a decrease in
the inhibition of 3E1.2 binding by culture supernatant from
72% to 15%, while the the same treatment led to an increase
in absorbance from 0.255 to 1.315 in the MUC-1 core protein
(BC2-BC3) assay. Tunicamycin treatment (/V-glycosylation in
hibitor) (12) led to a small decrease in 3E1.2 binding (from
72% to 60%), but this was likely to be due to decreased synthesis
of the core protein, as judged by the BC2-BC3 assay (decrease
in absorbance from 0.255 to 0.112). In addition, the glycosi-
dases that are specific for TV-linked carbohydrate (glycopepti-
dase F, Endo F, Endo H) had no effect on 3E1.2 binding.
Between them, these glycosidases cleave the majority of high-
mannose, hybrid, and complex-type /V-linked glycans (49). Sur
prisingly, O-glycanase, which cleaves at the GalNAc-serine
linkage when Gal but not GlcNAc is attached, had no effect on
3E1.2 binding to the native mucin, but this enzyme has lower
activity unless the sample is pretreated with neuraminidase
(50), which would have destroyed 3E1.2 binding. However, O-
glycanase decreased the binding of 3E1.2 to TFMSA-treated
mucin since TFMSA-treatment led to the loss of most sialic
acid, as indicated by the lack of reactivity of SNA and MAA
lectins. The loss of O-linked glycans and 3E1.2 reactivity by
HF treatment also suggests that an O-linked glycan is involved.

Lectin binding studies indicate that only core carbohydrate
structures remained on the TFMSA-treated mucin which was
reactive with 3E1.2. The presence of the GalNAc-Gal core
glycan was indicated by the reactivity of peanut lectin with
TFMSA-treated mucin after neuraminidase treatment, and the
loss of binding to 3E1.2 to TFMSA-treated mucin after O-
glycanase treatment, which cleaves at Gal/3(l-3)GalNAc but
not GlcNAc/3(l-3)GalNAc (50). It is unlikely that the NeuSGc
is attached to Gal or GlcNAc, since treatment with galactosid-
ase or /V-acetyl glucosaminidase enhanced 3E1.2 binding. In
addition, sialic acids bound to internal Gal residues to which
GalNAc is linked are resistant to neuraminidase treatment (27),
while the epitope on both native and TFMSA-treated mucin is
neuraminidase sensitive. Furthermore, the MAA lectin, which
did not react with TFMSA-treated mucin or porcine mucin,
binds equally to either NeuSAc Â«(2-3)Gal or NeuSGc Â«(2-
3)Gal (51). It is possible that NeuSGc is attached to GalNAc
by an Â«(2-6) bond (glycolylsialyl-Tn), since (a) most of the
NeuSGc on porcine mucin, which reacted with 3E1.2, is at
tached to GalNAc by this linkage (28, 29); (b) A. ureafaciens
neuraminidase [strong preference for Â«(2-6) linkage] (27, 35)
destroys 3E1.2 binding; (c) the loss of reactivity of the GalNAc
lectins after periodate treatment indicates that NeuNAc is
attached to GalNAc at C6, since GalNAc is resistant to period-
ate oxidation when NeuNAc is bound at C3 (27); and (d) results
of TFMSA and HF treatments by other groups have shown
that all O-linked saccharides except GalNAc are removed (20-
22) while 20% of the NeuNAc still remains linked to GalNAc
by an Â«(2-6) bond after less severe treatments with TFMSA
(23). However, further work is needed to confirm the structure
of this epitope. NeuSGc Â«(2-6)GalNAc has been shown to
occur at low frequency on bovine submaxillary mucin (52-54).
Surprisingly, 3E1.2 binding to MSA was not inhibited by this
mucin, although the concentration of this epitope would be
much less than on porcine mucin and human tumor mucin,
since mass spectrometry indicated NeuSGc was the major sialic
acid derivative present on TFMSA-treated mucin.

Treatment of native mucin with papain and pronase led to a
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decrease in the inhibition of 3E1.2 binding by mucin, while
trypsin treatment of TFMSA-treated mucin led to a loss of
inhibitory activity. Papain and pronase are less specific than
trypsin and chymotrypsin and would generally yield smaller
peptide fragments due to greater proteolysis, while TFMSA-

treated mucin would be more susceptible to proteolysis, since
more of the peptide is exposed for cleavage. The loss of 3E1.2
binding after protease treatment of mucin suggests that the
peptide backbone may confer multivalency for the epitope or
may aid conformationally in the optimal binding of this Mab.
Differences in tertiary structure may explain the different re
activity of 3E1.2 toward human MUC-1 tumor mucin and
bovine submaxillary mucin, which also contains traces of gly-
colylsialyl-Tn (52-54). Similarly, Mab MLS 102 has been
reported to recognize a "cluster" of sialyl-Tn in mucin-type

glycoproteins (29). The sialyl-Tn structure defined by Mabs
MLS 102, B72.3, and TKH-2 has been reported to be elevated

in tumors (44, 45, 55, 56). However, 3E1.2 is unlikely to react
with this structure since (a) 3E1.2 binding is inhibited by
NeuSGc but not NeuSAc; (b) 3E1.2 binding is inhibited strongly
by porcine mucin (most sialic acid as NeuSGc linked to
GalNAc) (31) but not bovine or ovine mucins, while MLS 102
is inhibited strongly by ovine and bovine mucins and only
weakly by porcine mucin (55); (c) sialyl-Tn is expressed strongly
by intestinal tumors (45, 57) while 3E1.2 reacts strongly with
breast tumors and weakly with intestinal tumors (1); and (</)
TFMSA-treated mucin (3E1.2-positive) was not detected by
SNA lectin, which is specific for this structure (38).

Apart from sialyl-Tn, other sialylated glycans defined by
Mabs have been reported to be elevated in tumors. For example,
the sialylated Lewis structures defined by Mabs N19-9, C50,
and SLEX-1 all contain the NeuSAc derivative attached to Gal
(46-48). In addition, other Mabs have been described that react
with neuraminidase-sensitive epitopes of undefined structure
(58, 59). However, the epitope described is unique since the
presence of NeuSGc has not been reported to occur on human
mucins. Indeed, the lack of reactivity of 3E1.2 with normal
mucin expressed on the human milk fat globule membrane (2,
5, 6) and the poor reactivity in the serum of healthy individuals
(3) show that this structure may well be tumor specific. The
epitope is not masked by more extensive glycosylation of nor
mal mucin since TFMSA treatment of human milk fat globule
membrane does not expose the epitope (6). It is postulated that
the exposure of this epitope in tumors could be due to the
accumulation of a glycolylsialyl-truncated glycan, possibly

caused by the low reactivity of galactose transferase (Tn accu
mulated) and the concurrent increased activity of sialyltransfer-

ase with an increased specificity for NeuSGc. Additionally,
increased activity of the enzyme cytidine S'-monophosphate-

NeuSAc hydrolase (formerly called monooxygenase), which
converts NeuSAc to NeuSGc (60), could lead to increased levels
of the NeuSGc analogue.

The structure will be confirmed through mass spectrometry
and nuclear magnetic resonance of the pure material (61-64)

or the use of synthetic carbohydrates (65, 66). This work also
leads to the possibility of using a synthetic MSA glycoconjugate
as a vaccine for breast and ovarian cancer, as illustrated recently
in mice with the TF and Tn antigens (67, 68). These and other
studies are now in progress to determine the relevance and
diagnostic/therapeutic potential of this novel tumor-associated

epitope on mucins.
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