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SUMMARY 

In order to develop reagents that can detect the exposed sialyl-Tn antigen 
(NeuAca2,6GaINAca I-O-Ser/Thr) on tumour-associated mucins, we have prepared monoclonal 
antibodies (mabs 3C2 and 301, both IgM) against ovine submaxillary mucin (OSM; >98% of 
glycans as sialyl-Tn). These mabs showed strong reactivity with OSM and bovine submaxillary 
mucin (BSM; 50% of glycans as sialyl-Tn) but did not react with desialylated OSM or BSM. Sialic 
acid at I mg/ml did not significantly inhibit mab binding to OSM, suggesting that the linkage to 
GalNAc may be important for mab binding. 3C2 and 3D I also showed similar reactivity to 
sialyl-Tn reactive mab Bn.3, and detected Bn.3 capturedOSM in a sandwich ELISA. In Western 
blotting of mucus from a patient with a mucinous ovarian tumour, the mabs reacted with high 
molecular weight (>200 kDa) species. In immunohistochemistry, these mabs showed strong 
reactivity with most cancers of the colon, lung, and stomach, and also some tumours of the ovary 
and breast. There was only limited reactivity in normal tissue from these sites. The antibodies 
should be useful reagents for the detection of the sialyl-Tn antigen in human cancers. 
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INTRODUCTION 

Mucins are high molecular weight glycoproteins containing up to 80% by weight O-linked 
carbohydrate (Devine and McKenzie, 1992). They are located at the epithelial surface or 
secreted to form mucus. Apart from increased mucin synthesis and secretion, blocked or 
neosynthesis of O-linked carbohydrate chains can also occur in tumours, resulting in the 
exposure of novel epitopes such as the sialyl-Tn antigen (NeuAca2,6GaINAc) 
(Hakomori, 1989). Expression of this antigen in tumours or serum has been associated with 
poor prognosis in patients with gastric (Maeda et al.,1994; Ma et al.,1993; Takahashi et 
al., 1993), colonic (Itzkowitz et al., 1990), and ovarian (Kobayashi et ai. , 1992) carcinomas, 
and serum tests for this antigen have also been shown to be useful in the clinical management 
of patients with these cancers (Motoo et al., 1991; Kobayashi et aI., 1991; Inoue et al., 1990; 
Kyuko etal., 1992). In this paper we describe the production of sialyl-Tn-reactive monoclonal 
antibodies by immunising with ovine submaxillary mucin. 
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MA TERIALS AND METHODS 

.'vIol/oc/ollal Antibody Production 
A BALB/C female mouse (8 weeks old) was injected by sc and im routes with OSM 

(Auspep, Parkville, Australia) emulsified in Freund's Complete Adjuvant (1 mg/mL). 
Further injections were given one and two months later, except the mucin was emulsified 
in Freund's Incomplete Adjuvant (FlA) and injected by ip and im routes. After a further 
month, the mouse was injected iv with OSM in PBS and ip with OSM in flA. The spleen 
cells were fused with Ag8 cells four days later. 

Hybridomas were screened by ELISA on OSM and desialylated OSM as a negative 
control. Two mabs, 3C2 and 3D I, showed specificity for OSM, and these were cloned 
by limiting dilution. The subclass of the mab was determined by dual-determinant ELISA 
using subclass-specific antibodies to capture mab and anti-mouse Ig-peroxidase 
(Silenus, Australia) to detect bound mab. 

Glycoproteins and Carbohydrates 
Glycoproteins used were ovine submaxillary mucin (OSM) (Auspep, Parkville, Aus

tralia), bovine fetuin and asialofetuin (Sigma Chern. Co., MO, USA), bovine submaxillary 
mucin (BSM) (Sigma Chern. Co., MO, USA), porcine stomach mucin (PSM) (Sigma 
Chern. Co., MO, USA), bovine serum albumen (BSA) (Sigma Chemical Co., MO, USA), 
and human transferrin (Boehringer-Mannheim, Germany). Native and TFMSA-treated 
cystic fibrosis (CF) mucin was kindly donated by Dr. Goverdan Sachdev (Desai et al., 1991) 
while native and TFMSA-treated asthma mucin was kindly provided by Dr. David 
Thornton (Thornton et al., 1994). Asialomucins were prepared by incubation of 2 mg/ml 
mucin in PBS with an equal volume of 1 U/ml Vibrio cholerae neuraminidase 
(Hoechst-Behring, Marburg, Germany) for 3 hours at 3rc. All monosaccharides used in 
this study were purchased from the Sigma Chemical Co., MO, USA. 

ELISA 
All assays were performed in duplicate, with the %CV of duplicates being <10% in 

all cases. Concentrations of reagents used are given in figure legends. 
Solid-Phase ELISA: Antigens (50 fll/well) were coated onto a Falcon flexible assay 

plate (Becton Dickinson, U.S.A.) by incubating overnight at 4'C in O. IM carbonate 
buffer pH 9.6. Plates were blocked for I hour at room temperature (RT) with 75 fll/well 
2% (w/v) BSA in PBS, and incubated overnight with mab in phosphate buffered saline 
pH 7.2 containing 0.05 % Tween-20 (PBS-Tween). Bound mab was detected using 
anti-mouse Ig-peroxidase (Silenus, Australia) and ABTS substrate (Devine et 
al.,1990). Plates were washed three times with PBS-Tween between each incubation, 
and checkerboard titrations of antigen and mab were performed (Devine et al., 1991). 

Inhibition ELISA: Optimal concentrations of antigens and mabs were determined 
by checkerboard ELISA, and inhibition ELISA was performed (Devine et aI., 1991). 
Briefly, mabs at twice the concentration for 50% binding were incubated for three 
hours at RT with an equal volume of glycoprotein solution in PBS-Tween. "No 
inhibition" (mab plus PBS-Tween) and "full inhibition" (PBS-Tween, no mab) 
incubations were also performed. Subsequently, 50 ul was transferred to a OSM-coated 
plate and the assay was completed as above. Inhibition was calculated as described 
(Layton et aI., 1987). 
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Two-Site ELISA: Microtitre plates were coated with B72.3 (Dako, CA, USA) by an 
overnight incubation in carbonate pH 9.6 at RT. Plates were blocked with BSA as 
described above, and glycoproteins in PBS-Tween were added for 3 hours at RT. After 
washing the plates, 3A2 or 3DI (both IgM) were added for 1 hour at RT, followed by 
anti-mouse IgM-specific peroxidase (Silenus, Parkville, Australia) at 111000 for 1 hour 
at RT. ABTS was used as substrate. 

Western Blotting 
Proteins were separated on 3-15% non-reducing SDS-polyacrylamide gels, and 

Western blotting was performed as described (Devine et al.,1990). Mucinous tumour 
from a patient with ovarian cancer was solublised in a buffer containing 1 % SDS and 5% 
mercaptoethanol as described (Devine et al., 1990). 

Immunohistochemistry 
Formalin fixed, paraffin embedded specimens were selected from files of the 

Anatomical Pathology Departments, The Prince Charles Hospital and Royal Bris
bane Hospital. For each case, representative blocks were selected and sections 5 )lll1 
thick were cut and mounted on glass slides for immunochemical staining. Selected 
specimens included carcinomas of the colon (n = 11), stomach (n = 10), lung (n = 37), 
ovary (n = 16), and breast (n = 9). Normal tissue from the edge of the resection 
margins was also present in many of these specimens. In addition, a further 5 
specimens from each site containing only normal epithelium were stained with 3C2 
and 3Dl. 

Specimens were stained with a standard streptavidin-biotin peroxidase method 
with DAB as the chromogen (Shield et ai., 1994). Following dewaxing, rehydration 
and quenching of endogenous peroxidase with 4% hydrogen peroxide in 0.1 % 
sodium azide, the sections were sequentially incubated with 3C2 and 3D I (1 :300) for 
1 hour, biotinylated rabbit anti-mouse sera (Dako, Carpenteria, CA) (l :500) for 30 
mins and streptavidin-biotin (Zymed, South San Francisco, CA) (1 :4000) for 30 
mins. Sections of normal colon were stained with each batch as positive controls. 
Negative controls were performed by substituting either 5% normal rabbit serum or 
FM 1 (Medical Innovations, Labrador, Queensland) (diluted 1:300), a mouse MAb 
which is non-reactive with human tissue, for 3C2 and 3Dl. Staining patterns were 
evaluated with regard to the intensity, distribution and localisation of staining in 
tissues and cells. In tumour tissue, the distribution of staining was recorded as being 
either absent, or present in less than 25%, 26-50%, 51-75%, or more than 76% of 
tumour cells. Cellular localisation of staining was categorised as membranous, 
cytoplasmic or both. 

RESULTS 

Production of sialyl-Tn reactive monoclonal antibodies 
Monoclonal antibodies 3C2 and 3D 1 (both IgM) were chosen after the fusion, as these 

reacted with OSM but not asialo-OSM. Control mab FMl was negative in all cases. 
Checkerboard titration showed that the reactivity of these mabs with OSM was concen
tration dependent and similar to that observed with commercially-available 
sialyl-Tn-reactive mab B72.3 (Figure I). 
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Figure I. Reactivity of mabs 3C2 (0). 3D I (.), and Bn.3 ('7) with ovine submaxillary mucin (OSM) in 
solid phase ELISA: titration of OSM. 3C2 and 301 hybridoma culture supernatants were used at 1/64 in 
PBS-Tween, while Bn.3 (supplied as ascites diluted in PBS) was used at 116400 in PBS-Tween. 

Reactivity of Antibodies in ELISA 
In solid phase ELISA, 3C2 (Figure 2) and 3D I (not shown) reacted with OSM, bovine 

submaxillary mucin (BSM), and cystic fibrosis mucin (CFM), but not with porcine 
stomach mucin (PSM). Neuraminidase treated OSM or BSM, TFMSA treated CFM, 
human asthma mucin, fetuin, asialofetuin, transferrin, and BSA showed no reactivity 
with mabs (not shown). Control antibody FMl was negative in all cases. 

In inhibition ELISA, 3C2 and 3D I binding to OSM was inhibited strongly by OSM, 
moderately by BSM, and not by PSM (Figure 3). The concentrations of OSM required 
for 50% inhibition of mabs were 9 ng/ml (3C2), 10 ng/ml (3D l), and 35 ng/ml (B72.3). 
Higher concentrations of BSM were required for 50% inhibition of mabs. These were 0.5 
).!g/ml (3C2), 0.75 ).!g/ml (3Dl), and 3.0 Ilg/ml (B72.3) . 

In two-site ELISA, 3C2 and 3Dl both reacted strongly with OSM captured by B72.3, 
while control mab FMl was negative (Figure 4). 

Western Blotting 
Following 3-15% PAGE and Western transfer of mucus from a patient with an ovarian 

carcinoma, a numberofhigh molecular weight bands (>200 kDa) were detected with 3C2 
and 3D 1 (Figure 5). Positive control mab 4E7 (anti-CEA) reacted with a series of lower 
molecular weight bands in this preparation (lane c), while negative control mab FMl 
gave no reactivity (lane d). 
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Figure 2. Reactivity of 3C2 with OSM (0), BSM ( ~) , PSM (.), and CF-mucin (\7) by solid phase 
ELISA: titration of mucins. 3C2 hybridoma culture supernatant was used at 1115 in PBS-Tween. 
Neuraminidase-treated OSM and BSM, and TFMSA-treated CF-mucin were negative (not shown). 
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Figure 3. Inhibition of 3C2 (circle) , 3D I (triangle), and B72.3 (square) binding to an OSM-coated assay plate 
(0.05 ~g/ml) by OSM (closed symbols) and BSM (open symbols): titration of inhibitors. 3C2 and 301 
hybridoma culture supernatants we re used at 1175 in PBS-Tween (final dilution 11150), while B72.3 (supplied 
as ascites dilutued in PBS) was used at 1112500 in PB S-Tween (final dilution 1/25000) . PSM (not shown) 
showed no inhibiton of these mabs at the concentrations shown. 
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Figure 4. Reactivity of OSM in sandwich ELISA using B72.3 (lgG I) to capture mucin and 3C2, 3D I, or FM I 
(lgM) to detect bound mucin: titration of OSM. B72.3 (supplied as ascites diluted in PBS) was coated onto 
the assay plate at 11200, while detection mabs (hybridoma culture supernatants) were used at 1/2 in 
PBS-Tween. 

a b c d 
Figure 5. Reactivity of3C2, 3D I, and control mabs FM I and 4E7 with an extract of a mucinous ovarian tumour 
by Western blotting. Antibodies shown are 3C2 (a), 3D I (b). positive control 4E7 (c), and negative control 
FM I (d). All mabs were used as ascites diluted 111000 with PBS-Tween containing 5% donor calf serum. 
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Reactivity of antibodies with non-malignant tissue by immunoperoxidase staining 
Both antibodies showed a similar pattern of reactivity with benign tissue from all sites 

examined. In benign gastric epithelium, 3C2 and 3D 1 staining was limited to secretory 
vacuoles of goblet cells and secretions present in the lumen of glands (Figure 6a). Colonic 
epithelium was uniformly negative in most cases, however three cases contained 
occasional goblet cells positive with both antibodies. In addition, a single case demon
strated positive staining with 3C2 in superficial epithelial cells of the colon. In these cells 
staining was localised in the perinuclear cytoplasm. In lung tissue, staining was present 
in occasional bronchial epithelial cells «20%) and a few cells in some mucus glands. 
Bronchial epithelial cells showed granular perinuclear staining (Figure 6b). No staining 
was observed in normal breast epithelium or in 5 cases of benign ovarian tumours. 

Reactivity of antibodies with malignant tumours by immunoperoxidase staining 
In general, the two antibodies showed similar reactivity with all tumour types tested 

(Table 1). Both antibodies labelled a majority of gastric, colon and lung adenocarcinomas 
(Figures 6c and 6d). Breast carcinomas and ovarian carcinomas were less frequently 
positive. Three tumours were negative with 3C2 but positive with 3Dl (two lung 
adenocarcinomas and one mucinous ovarian tumour), while five tumours were positive 
for 3C2 and negative for 3Dl (two squamous cell carcinomas and one adenocarcinoma 
of the lung, one colonic carcinoma and one mucinous ovarian tumour) . Staining with 3C2 
and 3Dl was often focal within tumour masses. In malignant cells staining was usually 
granular and cytoplasmic, as was noted in normal cells. However in most malignant 
cases, cellular staining was distributed throughout the cytoplasm, rather than compart
mentalised. In some cases strong membrane staining of malignant cells was also present. 

DISCUSSION 

The reactivity of 3C2 and 3DI with sialyl-Tn (NeuAca2,6GaINAcal-O-SerlThr) 
was confirmed by ELISA, where these mabs reacted with OSM (more than 98% of 
glycans as sialyl-Tn) (Kurosaka et al., 1988) and BSM (53% of glycans as sialyl Tn) 
(Tsuji and Osawa, 1986), but not with desialylated OSM or BSM. These mabs showed no 
reactivity with PSM (22-47% as sialyl-Tn) in solid phase ELISA and only very weak 
reactivity with PSM in inhibition ELISA since sialic acid is in the form of N-glycolyl 
neuraminic acid rather than the acetyl derivative (Kurosaka et al., 1988). Surprisingly, 
NeuAc at 1 mg/ml showed no inhibition of 3C2 and 3D 1 binding to OSM, which may 
indicate the importance of the linkage to GaiN Ac (not shown). Furthermore, these mabs 
showed similar reactivity to another mab with reported specificity for sialyl-Tn (B72.3) 
(Kurosaka et aI. , 1988), and reacted with B72.3 captured mucin in two-site ELISA. As 
expected, a number of high molecular weight mucin-like species were detected in 
Western blotting. 

The observations from immunohistochemical staining of both normal and malignant 
tissue are consistent with 3C2 and 3D 1 recognising sialyl-Tn. The tissue and cellular 
distribution of staining in normal gastrointestinal and respiratory tissue with 3C2 and 
3DI was similar to that described for other sialyl-Tn reactive Mabs, B72.3 and TKH2 
(Yonezawa et al., 1992; Loy and Nashelsky, 1993). The epitope has a restricted expres
sion in these sites but was not found in normal breast tissue or in 5 cases of benign ovarian 
tumour. 
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Figure 6. Immunohistochemical reactivity of mabs with (a) normal gastric tissue stained with 3D I (x200). 
Epithelial cells show cytoplasmic positivity, particularly in secretory vacuoles (arrows). Luminal secretions 
are also positive; (b) normal bronchial epithelium stained with 3C2 (x400). Intense granular perinuclear 
staining is present (arrows); (c) colonic adenocarcinoma cells stained with 3C2 (x200). The cells have: 
granular staining distributed throughout the cytoplasm; and (d) squamous cell carcinoma of the lung stained 
with 3D I (x400). Strong focal cytoplasmic staining is present (arrows). All slides were stained with 
streptavidin-biotin peroxidase, with DAB chromogen and haematoxylin (17). 
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Table 1. Immunohistochemical reactivity of 3C2 and 3D1 with carcinomas. 

Tumour (n) Percentage of Tumour Cells Stained 
0% 1-25% 26-50% 51-75% >76% 

No. Cases Reacting with 3C2 

Gastric (10) 3 4 2 0 
Colon (11) 2 2 0 5 2 
Lung SCC (16) 6 8 1 1 0 
Lung Adeno (21) 7 10 3 0 
Ovary Muc (7) 4 1 1 0 1 
Ovary non-Muc (9) 6 3 0 0 0 
Breast (9) 7 2 0 0 0 

No. Cases Reacting with 3D1 

Gastric (10) 3 4 2 0 
Colon (11) 3 1 3 3 1 
Lung SCC (16) 8 7 0 0 
Lung Adeno (21) 7 9 4 0 1 
Ovary Muc (7) 4 2 0 0 1 
Ovary non-Muc (9) 6 3 0 0 0 
Breast (9) 7 2 0 0 0 

* Abbreviations used: 
Ovary Muc: mucinous ovarian tumours; Ovary non-Muc: non-mucinous ovarian tumours; Adeno: 
adenocarcinoma; SCC: squamous cell carcinoma. 

By contrast, staining with 3C2 and 3D 1 was positive in a majority of carcinomas from 
the stomach, colon and lung, and in some breast and ovarian tumours. Immunohisto
chemical studies with B72.3 and TKH2 have detected sialyl-Tn in most adenocarcinomas 
from the lung, stomach, colon, pancreas, bile ducts, ovary, endometrium and prostate 
(Yonezawa et al., 1992; Loy and Nashelsky, 1993; David et ai., 1992; Dahiya et al. , 1992; 
Itzkowitz et aI., 1989; Ryuko et ai., \993; Inoue et ai., 1991). The epitope is also expressed 
in breast carcinomas, although in a smaller proportion (Loy and Nashelsky, 1993) and in 
some normal and neoplastic cells of the oral mucosa (Byrne et al.,1991). Sialyl-Tn is 
rarely expressed by hepatocellular carcinomas or mesotheliomas, and immunohisto
chemical staining for the antigen is therefore useful in resolving diagnostic problems 
involving these tumours in both histology and cytology specimens (Shield et al., 1994; 
Loy and Nashelsky, 1993; Sheibani et ai.,1992; Ordonez et al.,1989; Nance and 
Silverman,1991). 

Increased immunohistochemical expression of sialyl-Tn by most colonic, gastric, and 
lung tumours, and by some ovarian and breast cancers demonstrates accumulation of this 
epitope in tumours after blocked glycan synthesis. This is consistent with the pattern of 
intracellular staining observed with 3C2 and 3D 1, and also reported for B72.3 
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(Yonezawa et al.,1992, Loy and Nashelsky,1993). Immunohistochemical staining of 
tumour cells was generally more intense than that observed in normal cells. In addition, 
although staining in normal cells was always localised in perinuclear (golgi) regions or 
in secretory vacuoles, in malignant cells the staining was frequently distributed through
out the cell, and in some cases more intensely on the cell membrane. As has been noted 
with Bn.3 (Sheibani et aI. , 1992), staining with both 3C2 and 3D I was often focally 
distributed in tumours. 
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