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ABSTRACT

Since the 1960s, the loss of sulfomucin from colonie epithelium has
been considered to be an indicator of an early stage of carcinogenesis;
yet, the biochemical basis for this phenomenon has never been elucidated.
We recently prepared a monoclonal antibody (inAh) 91.9H that immu-
noprecipitates the normal colonie mucins metabolically incorporating
|35S|-sulfate. This mouse IgGl antibody did not cross-react with colon

carcinoma mucins that lack sulfate groups. Using normal colonie epithelia
unlabeled or radiolabeled with |35S|sulfate and [3H|glucosamine, we pu

rified a high molecular weight glycoprotein that reacts with mAb 91.9H.
This was achieved by a combination of DEAE-cellulose anion-exchange
chromatography, consecutive treatments with chondroitinase ABC plus
heparitinase and with sodium dodecyl sulfate plus 2-mercaptoethanol,
and gel filtration on Sepharose CL-2B in the presence of 8 M urea.
Antibody reactivity was found in acidic but not neutral high molecular
weight glycoproteins. After Sepharose CL-2B fractionation, the mAh
91.9H-reactive fractions consisted of a component with an approximate
molecular weight of 500,000-900,000. A purified sulfomucin contained

protein, neutral sugar, amino sugar, sialic acid, and sulfate in an approx
imate ratio of 2.5:1.0:1.1:0.4:0.5. The polypeptide portion was rich in
hydrophilic amino acids, particularly threonine. Binding of mAb 91.9H
in solid-phase assays was inhibited to 50% by purified normal colon
acidic mucin at doses of 5-50 Mg/ml,depending on different preparations.
Various glycosaminoglycans or sulfatides did not show inhibitory activity.
Sulfomucin reactivity with mAh 91.9H, as determined by solid-phase-
binding inhibition and by dot blot assays, was significantly reduced by
chemical desulfation of sulfomucins with anhydrous hydrochloric acid,
suggesting that sulfate groups served as a portion of the immunochemical
determinant for this antibody. Sulfate residues were apparently linked to
alkaline-sensitive carbohydrate chains, but alkaline-released carbohy
drate chains did not react with mAh 91.9H. Immunohistochemical ex
aminations showed that mAh 91.9H bound normal colonie epithelial
cells, which also stained with high-iron diamine, more strongly than it
bound colon carcinoma cells.

INTRODUCTION

The normal and malignant epithelial cells of a variety of
organs produce mucous substances rich in very high molecular
weight glycoproteins called mucins, which contain many serine-
and threonine-linked carbohydrate chains. Mucins seem to be
associated with carcinoma cell surfaces, and many antibodies
selected for their specific binding to carcinoma cells often
recognize epitopes on these molecules (1-4). However, varia
tions in the molecular architecture of normal and pathogenic
mucins from different organs were not thoroughly understood.
Monoclonal antibodies prepared against a human milk fat
globule membrane mucin have been shown to recognize a
unique repeating peptide sequence corresponding to a poly
morphic gene on chromosome lq21-24(5-7). Decreased glyco-
sylation of this peptide causes preferential binding of the anti-
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bodies to mucins derived from breast carcinoma cells (6, 8).
The unique histochemical nature of normal colonie mucins

as opposed to malignant colonie mucins was described by Filipe
(9) in 1969. In her report, mucins having sulfate groups iden
tified by high-iron diamine staining (10) were associated with
normal mucosa but not with colon carcinoma cells. A decrease
in sulfomucins was also seen with epithelial cells of transitional
mucosas (11). No other structural features of these sulfated
mucins were described. Whether the sulfated mucins represent
a major protein of all mucins or just a unique subgroup of
mucins is not known. Histochemical studies with plant lectins
by Boland et al. (12) reported differences between the carbo
hydrate epitopes associated with normal cell surfaces versus
carcinoma cell surfaces, but the relationship between the car
bohydrate changes and the changes in particular mucins was
not explained. Normal colonie epithelial cells as well as colon
carcinoma cells were proposed to express a mucin core poly
peptide having a gene structure distinct from that of breast
mucin core polypeptide ( 13). Zotter et al. ( 14) suggested, how
ever, that colon carcinoma, but not normal colonie mucosa,
produced substances that reacted with monoclonal antibodies
specific for human breast mucins. Although the production of
other mucin core polypeptides is likely to occur in different
organs (15), mRNA very similar to breast mucin core polypep
tide has been found in pancreatic carcinoma cells, indicating
that the breast mucin core peptide gene is expressed in a variety
of epithelial cells (16).

We studied changes in human colorÃ©ela!carcinoma tissues
during tumor progression to metastatic phenotypes using tissue
specimens available from surgical resections of tumors and
reported specific changes in mucin-like high molecular weight
glycoproteins with four different carbohydrate determinants
(17-22). Among them, high molecular weight sulfated glyco
protein was found to be associated with normal colonie mucosa,
in smaller amounts in primary carcinoma than in adjacent
normal mucosa, but was rarely noted with liver mÃ©tastases(17).
These glycoproteins were expressed in greater amounts at the
luminal edges of primary carcinomas than at the invasive edges.
The significance of these findings was 2-fold: (a) a family of
high molecular weight glycoproteins histochemically designated
as sulfomucins (9) could be biochemically identified and quan-
titated using metabolic [35S]sulfate labeling of normal or tumor

tissues in vitro followed by biochemical analysis and (b) the
change of mucin production from sulfated to sialylated may be
one of the phenotypic alterations during tumor progression in
addition to an early event in colon carcinogenesis (9, 10). The
sulfated high molecular weight glycoproteins from normal co-
Ionic mucosa and colorectal carcinoma were compared by elec-
trophoresis before and after alkaline treatment and treatment
with various proteases, and it was concluded that mucosa and
carcinoma tissue produced very similar sulfomucin molecules
in different quantities (17).

To characterize further human colonie sulfomucins, we pre
pared a mAb3 using a partially purified high molecular weight

3The abbreviations used are: mAb, monoclonal antibody; DPBS, Dulbecco's
phosphate-buffered saline; BSA, bovine serum albumin; SDS, sodium dodecyl
sulfate; CHAPS, 3[(3-chloramidopropyl)dimethylamino)-l-propanesulfonate.
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glycoprotein from normal colonie mucosa (18). This mAb,
designated 91.9H, bound to a high molecular weight glycopro
tein that migrated at an identical position to the molecule
metabolically incorporating [35S]sulfate. The differences in re

activity to mAb 91.9H seen among normal colonie mucosa,
primary colorectal carcinoma, and liver mÃ©tastaseswere very
similar to the differences seen among the same tissues in
incorporation of [35S]sulfate (18). That this mAb immunopre-
cipitated a [35S]sulfate-labeled, high molecular weight glycopro

tein strongly suggested that mAb 91.9H actually recognized
structural characteristics specific for high molecular weight
glycoproteins produced by normal colonie mucosa and carci
nomas at early stages. It is therefore important to elucidate the
biochemical basis for this specificity. Is the presence or absence
of sulfate groups essential?

This paper focuses on characterizing the biochemical nature
of high molecular weight glycoproteins that react with mAb
91.9H and on elucidating whether the reactive molecules rep
resent sulfomucins as defined by other biochemical parameters.
The results suggested that sulfate groups were involved in the
epitope structure for mAb 91.9H.

MATERIALS AND METHODS

Monoclonal Antibody and Other Immunochemical Agents. Prepara
tion of a hybridoma 91.9H and the production of mAb in hybridoma
culture supernatants have been described previously (18). Ascitic fluid
was obtained from 2,6,10,14-tetramethylpentadecane-treated BALB/c
mice injected with 3 x IO7hybridoma cells. This antibody (IgGl) bound

protein A-agarose. Synthetic polypeptides representing tandem repeat
portions of human polymorphic epithelial mucin, Pro-Asp-Thr-Arg-
Pro-AIa-Pro-Gly-Ser-Thr-Ala-Pro-Pro-Ala (6), or human intes
tinal mucin, Pro-Thr-Thr-Thr-Pro-Ile-Ser-Thr-Thr-Thr-Met-Val-
Thr-Pro-Thr-Pro-Thr-Pro-Thr ( 13), were synthesized at the Peptide
Chemistry Core Facility in the Department of Molecular Pathology,
the University of Texas M.D. Anderson Cancer Center.

Immunochemical Detection of mAb 91.9H Reactivity. To determine
mAb 91.9H reactivity during the purification of antigenic molecules,
dot blot assays were performed as follows: crude extracts of colonie
mucosa or partially purified sulfomucin at various purification steps
were diluted to 1:9 (v/v) in 0.1 M sodium acetate buffer, pH 6.0,
containing 4 M guanidine hydrochloride. Two-fold dilutions of the
extracts were prepared with the same buffer in 96-well microtiter plates,
and these samples were blotted to nitrocellulose membranes as de
scribed previously (18). The maximum dilutions to produce positive
staining by visual examination were recorded and designated as titration
scores.

Optimum ratios of mAb 91.9H to partially purified sulfomucin were
determined by enzyme-linked immunoassays as described previously
(18), and then inhibitory activity of various compounds against mAb
91.9H binding was tested. Compounds were serially diluted in 25 mM
Tris-HCl buffer, pH 7.2, containing 0.12 M sodium chloride and 0.05%
Tween 20, mixed with mAb 91.9H diluted to a concentration that gives
80% maximum binding, and then incubated for 2 h. The mixtures were
transfered to microtiter plates coated with partially purified sulfomucin.
After 2 h incubation, bound antibodies were determined by enzyme-
linked immunoassays as described previously (18).

Polyacrylamide Gel Electrophoresis. Polyacrylamide gel electropho-
resis in the presence of SDS on 3% gels was performed as previously
described (19, 20). Electrophoretic mobilities of [35S]SOâ€ž-radiolabeled
materials were identified by fluorography with Enhance (NEN-Du-
Pont). Molecules that react with mAb 91.9H were visualized on the
gels as follows: fixation with 25% isopropanol and 10% acetic acid
solution; neutralization by repeated washing with 25 mM Tris-
HCl buffer, pH 7.3, containing 0.12 M sodium chloride and 0.05%
Tween 20; incubation with 91.9H (diluted at 1:10 in above buffer) and
incubation with peroxidase-conjugated goat anti-mouse IgG followed

by 4-chloro-l-naphthol (0.4 mg/ml in 5 mM Tris-HCl buffer, pH 7.4,
containing 0.02% hydrogen perioxide) for 15 min. Silver staining of
the gels was carried out with Gelcode (Pierce) according to the instruc
tions of the manufacturer.

Processing of Normal Colonie Mucosa Tissues. Tissues were obtained
from patients undergoing surgery for colorectal carcinoma at M. D.
Anderson Cancer Center. Fresh tissues were either immediately proc
essed for metabolic labeling or immediately frozen for purification of
nonlabeled sulfomucins. Six normal colonie mucosa specimens used
for purification of sulfomucin were obtained from ascending and sig-
moid colon tissues of colon cancer patients undergoing surgery. Using
large bowel wall tissue specimens, approximately 25-50 cm2, from one

patient, we separated mucosa tissues (mucosa! grand and submucosa)
from the muscularis and fat tissues. For radiolabeling, the tissues were
rinsed 5 times with DPBS containing 50 units/ml penicillin, 50 Mg/ml
streptomycin, and 1.25 Mg/ml amphotericin B and then incubated with
a 1:1 mixture of Dulbecco's modified minimum essential medium and
Ham's F12 medium containing antibiotics as above and [35S]Na2SO4
(50 ^Ci/roi), [3H]glucosamine (10 /iCi/ml), or [14C]threonine (0.5 /uCi/
ml). A ratio of approximately 10 cm2 mucosa tissue: 10 ml medium

was established for incubation under humidified conditions with 5%
carbon dioxide at 37Â°Cfor 48 h. At the end of the incubation, the

medium was removed, and the tissues were rinsed with chilled DPBS.
Epithelial cells were removed from labeled or fresh tissues, by scraping
the surface with a glass slide. The epithelial cells from 50-cm2 specimens
were suspended in 60 ml of calcium, magnesium-free DPBS containing
2 mM phenylmethylsulfonyl fluoride. After ultrasonication on ice for
20 s, the supernatant was poured off. The residues were suspended and
ultrasonicated 2 more times. The suspension was then centrifuged at
100.000 x g for 1 h, and the supernatant was dialyzed against water
and lyophilized for further processing.

Purification of mAb 91.9H-reactive Mucin from Colorectal Mucosa.
The extracts from each patient were processed separately. Radiolabeled
or nonlabeled specimens were also separately processed. The extracts
were dialyzed against water, lyophilized, and dissolved in 5-10 ml of
50 mM sodium acetate buffer, pH 6.0, containing 50 mM sodium
chloride, 8 M urea, and 0.2% CHAPS (buffer A) and applied to a
column of DEAE-Sephacel (2.8 x 8 cm) previously equilibrated with
buffer A. The column was eluted with buffer A (collecting approxi
mately 5-nil fractions) until no materials having radioactivity or ab
sorption at 280 nm were detected. The column was then further eluted,
first with 0.11 M sodium acetate buffer, pH 6.0, containing 0.2 M
sodium chloride, 8 M urea, and 0.2% CHAPS (buffer I) and then with
0.23 Msodium acetate buffer, pH 6.0, containing 0.5 Msodium chloride,
8 M urea, and 0.2% CHAPS (buffer II) (17). The material eluted at 0.2
Msodium chloride was pooled (peak 1), dialyzed against distilled water,
and lyophilized. This material, designated as a partially purified sulfom
ucin (approximately 70 mg), was treated with chondroitinase ABC
(final concentration, 1 unit/ml; ICN, Irvine, CA) and heparitinase (final
concentration, 1 unit/ml, ICN) in a mixture (0.5 ml) of 50 mM Tris,
60 mM sodium acetate buffer, pH 8.0, containing 50 mM sodium
chloride, 0.01 % BSA, and 0.02% sodium azide. After a 24-h incubation
at 37Â°C,the reaction mixture was mixed with 0.25 ml of 6% SDS, 3%

2-mercaptoethanol, 1.5 mM EDTA, 30% glycerol, and 187.5 mM Tris-
HCl, pH 6.8 (electrophoresis sample buffer) and then heated at 100'C

for 5 min. The treated samples were fractionated on a Sepharose CL-
2Bcolumn(1.5 x 100 cm) equilibrated with buffer A. Each 1-ml fraction
was collected and assayed for absorption at 280 nm, total neutral sugar
(23), and radioactivity in the case of radiolabeled samples. Every three
fractions were pooled and analyzed for their electrophoretic profiles.

Analytical Methods. In the extracts, prepared as previously described,
protein content was determined according to Lowry et al. (24) using
BSA as a standard. Total neutral sugar was measured by the phenol
sulfuric acid method according to the procedure of Dubois et al. (23).
Sialic acid was measured by the periodate resorcinol method (25).
Amino acid analysis was performed after prederivatization with phen-
ylisothiocyanate. Hydrolysis was with 6 N hydrochloric acid containing
0.1% phenol at 110Â°Cfor 24 h. Carbohydrate composition was deter

mined on a Dionex BioLc equipped with a PC-1 column after hydrolysis
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in 4 M trifluoroacetic acid at 100Â°Cfor 4 h. Sulfate content of purified

sulfomucin was determined according to the method of Ward et al.
(26).

Chemical and Enzymatic Treatments of mAb 91.9H-reactive Mucins.
Sulfomucin metabolically radiolabeled with [35S]sulfate and [3H]gluco-
samine (approximately 2000 cpm as [35S]sulfate, 10-15 Mgby weight)

was incubated with O.OSM anhydrous hydrochloric acid in methanol at
37Â°Cfor 4 h (27). Control or desulfated sulfomucin was then applied

to a column of Sepharose CL-4B and eluted with SOHIMsodium acetate
buffer, pH 6.0, containing 0.2 M sodium chloride, 8 M urea, and 0.2%
CHAPS. Aliquots of the fractions were counted for the radioactivity or
blotted onto nitrocellulose membrane for testing mAb 91.9H reactivity.

Alkaline reduction of partially purified mAb 91.9H-reactive mucin
was performed according to the standard method (28) by incubating 20
Mgof the sample in 500 /il of 1.0 M sodium borohydride with 0.1 M
sodium hydroxide at 50' ( for 18 h. The reaction was stopped by adding

glacial acetic acid until no more bubbles were seen. The resultant
reaction mixture was desalted on a small column (1x10 cm) of Bio
Gel P-2. Under this condition, acidic oligosaccharides of molecular
weight <500 should have been recovered together with polypeptide
portions.

For desialylation of mucins, the samples were first treated in 0.1 M
sodium hydroxide on ice for 45 min (29), neutralized with acetic acid,
dialyzed, and lyophilized. The samples were then incubated with 50 m
units/ml of sialidase ( Vibrio choleras) in 5 m\i sodium acetate buffer,
pH 6.0, containing 0.5 mM calcium chloride and 0.05% sodium azide
at 37'C for 18 h. The reaction was stopped by heating at 100'C for 5

min.
Immunohistochemical Localization of Sulfomucin Revealed by Mono

clonal Antibodies. Sections of formalin-fixed paraffin-embedded pri

mary colorÃ©ela!carcinoma, 4 urn thick, were obtained from permanent
pathological specimens. Deparaffinized sections were treated with 0.2%
hydrogen peroxide to destroy endogenous peroxidase, rehydrated, and
coated with 2% normal horse serum or 5% BSA at 4Â°Covernight. The

sections were then serially incubated with hybridoma culture medium,
biotinylated goat anti-mouse IgG, avidin-biotinylated peroxidase com
plex, and 3,3'-diaminobenzidine (0.5 mg/ml in 0.03% hydrogen per

oxide). All these steps except the last one were 30-min incubations at
room temperature with consecutive washings with DPBS. Staining of
tissue sections by the high-iron diamine method was according to the
procedure of Spicer (11). Alcian blue staining at pH 2.5 and hematox-
ylin-eosin staining were performed as previously described (30).

RESULTS

Purification of a Mucin Reacting with mAb 91.9H. Normal
colonie mucosa, fresh or radiolabeled with [35S]sulfate and [3H]

glucosamine for 48 h, was sonicated, and the supernatant was
collected by ultracentrifugation. Lyophilized material dissolved
in buffer A and pellet dissolved in 4 M guanidine hydrochloride
and 60 mM sodium acetate buffer, pH 6.0, were compared for
content of mAb 91.9H reactivity by dot blot assays in serial 2-
fold dilution. The extract contained 64- to 128-fold more mAb
91.9H-reactive materials than did the residue. Thus, the ex

tracts were processed for further purification. Lyophilized ex
tracts were dissolved in buffer A and fractionated on a DEAE-
cellulose column. The eluates with buffer A and similar solu
tions containing 0.2 M and then 0.5 M sodium chloride were
monitored for their radioactivity. A typical elution profile of
such a fractionation of tissue extracts labeled with [35S]sulfate
and [3H]glucosamine is shown in Fig. 1. Three peaks as indi

cated in the figure were pooled separately, dialyzed, and lyoph
ilized. The reactivities of the peaks with mAb 91.9H were
compared by dot blot assays and antibody binding to electro-
phoretically separated pooled fractions. As shown in Fig. 2a
and h. peak 1, which eluted at 0.2 M sodium chloride, contained
most of the mAb 91.9H reactivity. The apparent molecular

weight range in this case was from 600,000 to 900,000 as
judged by the migration of marker molecules (human IgM,
molecular weight ~950,000; intact laminin, molecular weight
~880,000; and subunits of laminin, molecular weight ~440,000
and 220,000). The pass-through fraction (peak 0) not only
contained radiolabeled material with [35S]sulfate and [3H]glu-

cosamine but also high molecular weight components that can
be identified by their reactivity with ABH blood group antigen-
related lectins such as Ulex europeus agglutinin-1 and Cytisus
sessilifolius agglutinin (data not shown). Peak 1 also contained
materials reactive with these blood group H-specific lectins,
although the reactivity was much less intense than peak 0.

Molecular Size Heterogeneity of mAb 91.9H-reactive Mucin.
Peak 1 was pooled, dialyzed against water, and lyophilized. The
yield varied from one clinical specimen to another, within a
range of 1-5 g dry weight from normal colonie mucosa of
approximately 25 cm2. This partially purified sulfomucin was

dissolved in water and treated with a mixture of chondroitinase
ABC and heparitinase as described in "Materials and Methods"
and then with SDS and 2-mercaptoethanol. A typical elution
profile of this preparation on Sepharose CL-2B is shown in
Fig. 3. In this experiment, the elution was monitored by radio
activity. The results indicate that [35S]sulfate and [3H]glucosa-

mine are incorporated into substances ranging widely in molec
ular size and that the distribution profiles of [3SS]sulfate-labeled
and [3H]glucosamine-labeled materials on Sepharose CL-2B

are very similar. Fig. 4 illustrates that radioactive components
and mAb 91.9H-reactive components have the same electro-
phoretic mobility. When elution profiles and electrophoretic
profiles of peak 1 from several individuals were compared, the
size distribution of mAb 91.9H-reactive substances of some
samples was not broad as indicated by their elution position on
Sepharose CL-2B or by their migration distance on SDS-
polyacrylamide gel electrophoresis. This may be due to a genetic
polymorphism often seen with mucin core polypeptides (3, 6,
13). Fractions A-C were combined, dialyzed against water, and
lyophilized (purified sulfomucin). Profiles of purified sulfomu
cin (A-C), combined fractions D-G, and peak 1 on 3% poly-

acrylamide gel electrophoresis after mAb 91.9H staining or
silver staining are shown in Fig. 5. The results indicate that
purified sulfomucins were not contaminated with associated
low molecular weight proteins.

Biochemical Composition of a Purified mAb 91.9H-reactive
Mucin. A typical compositional molar ratio of amino acids,
carbohydrates, sulfate, and phosphate was shown in Table 1.
Very high contents of threonine followed by a relatively high
content of proline and glycine as well as very high carbohydrate
contents are characteristic of mucins. Mannose was not detect-

=â€¢3000
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0 10 20 30 40 50
Fraction Number (5 ml)

Fig. 1. A typical elution profile of the extracts of normal colonie mucosa,
incubated with ("Sjsulfate (A) and ['H]glucosaminc (O), on a DEAE-cellulose
anion-exchange column. The fractions eluted with O.OS,0.2, and 0.5 M NaCl are
pooled separately as peaks O, I, and II, respectively.
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abc

950 kD

440 kD

220 kD

Fig. 2. Equivalent aliquots of peaks 0 (a), I (b), and II (c) were tested for their
mAb 91.9H reactivity by antibody peroxidase staining of electrophoretically
separated materials on 3% polyacrylamide gels (left) and by dot blot assays after
2-fold serial dilution (right). See "Materials and Methods" for a description of

methods. Positions of molecular weight markers (in thousands) indicates positions
of human IgM (950 kD) and laminili subunits (440 and 220 kD).

able (<1% of galactose), confirming that this purified molecule
is a mnein. Sulfate content was similar to that of galactosamine.
The amino acid composition is very similar to the deduced
composition of intestinal mucin cDNA (SMUC41) reported by
Gum et al. (13), suggesting that this material represents the
MUC2 gene products (31). The ratios of threonine to serine
were 4.0:1, 4.3:1, and 3.5:1 in separately prepared specimens
derived from different patients.

Inhibition of mAb 91.9H Binding by Substances Containing
Sulfate. Competitive inhibition of mAb 91.9H binding to par
tially purified human colonie sulfomucin immobilized on mi-
crotiter plates was studied. First, the appropriate concentration
of mAb 91.9H hybridoma culture supernatant corresponding
to 80% of the maximum binding was determined. Then, serially
diluted samples were used to determine inhibitory doses. A 50%
inhibition of mAb 91.9H binding was achieved by 5 to approx
imately 50 jug/ml of purified sulfomucin with the differences
dependent on preparations. Chondroitin sulfate, dermatan sul
fate, heparin, heparan sulfate, keratan sulfate, dextran sulfate,
carrageenan, fucoidan, or sulfatide showed no inhibitory activ
ity with this antibody at 500 ng/mi. Synthetic polypeptides
representing tandem repeat portions of human polymorphic
epithelial mucin, Pro-Asp-Thr-Arg-Pro-Ala-Pro-Gly-Ser-
Thr-Ala-Pro-Pro-Ala (8), or human intestinal mucin, Pro-
Thr-Thr-Thr-Pro-IIe-Ser-Thr-Thr-Thr-Met-Val-Thr-
Pro-Thr-Pro-Thr-Pro-Thr (13), bovine submaxillary mucin
(Sigma), or porcine gastric mucin (Sigma), all at 500 ^g/ml,
also did not have inhibitory activity. These results suggested
that mAb 91.9H recognizes a structure unique to the intact
human colonie sulfomucin. Binding of mAb 91.9H to partially
purified normal colon acidic mucin was 50% inhibited by 3 mM
sodium sulfate at a neutral pH and was inhibited to a lower
degree by sodium chloride (190 mM). Sodium phosphate (10
mM) also showed inhibitory activity. These results suggest that

sulfate groups in sulfomucins are important for mAb 91.9H
binding.

Effect of Desulfation, Desialylation, or Alkaline Reduction of
Sulfomucin on Its Interaction with mAb 91.9H. The antibody
reactivity to partially purified sulfomucin was reduced after
desulfation with anhydrous hydrochloric acid. This was shown
by the loss of inhibitory activity against mAb 91.9H binding of
nonradiolabeled partially purified sulfomucin (Fig. 6). Fig. 7
shows elution profiles on Sepharose CL-4B of partially purified
sulfomucin labeled with [35S]sulfate and [3H]glucosamine before
and after desulfation with anhydrous hydrochloric acid. Desul-
fated sulfomucin, as identified by a [3H]glucosamine label, did

not react with mAb 91.9H as determined by dot blot assays. To
determine the effect of desialylation of sulfomucins on their
reactivity with mAb 91.9H, sialidase from V. cholerae was used
for specific removal of sialic acid. In this experiment, the
samples were first mildly alkaline treated on ice to eliminate
O-acetyl groups (if any) which could interfere with sialidase.
The samples were then treated with sialidase. Mild alkaline
treatment alone did not influence mAb 91.9H reactivity of
sulfomucin, whereas enzymatic desialylation slightly reduced
the inhibitory activity of sulfomucin against this antibody. After
alkaline reduction under conditions that cleave 0-glycosylation
linkages, mAb 91.9H reactivity of sulfomucin diminished (Fig.
6), even though the tested fraction contained both carbohydrate
chains and polypeptides.

Immunohistochemical Localization of mAb 91.9H-binding
Sites in Human Colonie Tissues. Immunohistochemical distri
bution of mAb 91.9H in human colonie tissue sections contain
ing nonmalignant and malignant epithelial cells was examined
by a peroxidase method. A representative result, shown in Fig.
8a, demonstrated that this antibody bound morphologically
nonmalignant epithelial cells of human colon and that it also
bound colon carcinoma cells to a very limited extent, as ex
pected from our previous biochemical analysis. One of the serial
sections stained with hematoxylin and eosin is shown in Fig.
8b. Fig. 8c shows another serial section processed for the high-
iron diamine method. A group of cells similar to those that
reacted with mAb 91.9H stained with this reagent. Connective
tissues also weakly stained with this reagent, and reactivity of
connective tissues was significantly reduced by prior treatment
of the sections with chondroitinase ABC or heparitinase (data
not shown). These enzymes or sialydase from V. cholerae did
not have an effect on immunohistochemical reaction of mAb
91.9H. Although mAb 91.9H-binding sites and high-iron dia-

=â€¢400

â€¢¿�o
m
OC

20 40 60
Fraction Number (1.0 ml)

Fig. 3. The materials corresponding to peak I were treated with a mixture of
chondroitinase ABC and heparitinase. They were further heat treated with 2%
SDS and 1% 2-mercaptoethanol and fractionated on a column of Sepharose CL-
2B in buffer A. The elution profile of this column chromatography is shown.
Radioactivity corresponding to ["Sjsulfate (A) and [3H]glucosamine (O) is shown.
Fractions are pooled as indicated (A-G).
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mine-reactive sites were seen in the same types of cells, their
subcellular localizations were different; mAb 91.9H localized
in the periplasmic region of goblet cells and columnar epithelial
cells, whereas high-iron diamine stained the contents of goblet-
like structures and columnar epithelial cells. Materials that
react with Alcian blue at pH 2.5 also stained the contents of
goblets (Fig. Sd).

DISCUSSION

The structure and biological significance of sulfated glyco-
conjugates have not been well elucidated. Sulfation of glycopro-
teins was thought to play some mechanistic roles in endothelial
cell differentiation (32), egg-sperm interaction (33), cellular
adhesion (34, 35), and processing of glycoprotein hormones
(36). Most of these studies were carried out on asparagine-
linked carbohydrate chains. Epithelial cells produce high mo
lecular weight glycoproteins called mucins, which have abun
dant serine- and threonine-linked carbohydrate chains. In gas
trointestinal systems, protection of luminal surfaces against
protease attack is one of the possible important functions of
sulfated mucin (37). In colorectal cancer, primary tumor tissues
contain higher levels of sulfated mucins than do corresponding
mÃ©tastases(17, 18). The structures of sulfated carbohydrate
chains in serine- and threonine-linked carbohydrate chains re
ported to date include those from hen ovomucin (38), rat
mammary carcinoma cell mucin (39), and human tracheobron-
chial mucin (40). There is no report on sulfated serine- and
threonine-linked carbohydrate chains of human colonie mucins,
despite extensive structural characterizations by Podolsky (41,
42) of carbohydrate chains associated with normal colonie
mucins. Our earlier finding that the levels of sulfated mucins
in colorectal carcinoma decrease during progression to the
metastatic phenotypes demonstrated that sulfomucins in hu
man colonie tissues are important as markers and determinants
of metastasis.

In order to characterize colonie sulfomucins, we generated a
specific mAb, 91.9H. The mAb 91.9H was found to be useful
to distinguish subgroups of human colonie mucins. This anti
body bound neither neutral mucin in normal colonie epithelia

1 2 3 1 2 3

950 kD

440 kD

220 kD

mAb91.9H Silver stain
Fig. S. Electrophoretic mobility of sulfomucins subfractionated by gel fraction.

The subfractionated components were identified by staining with mAb 91.9H
(left) and silver staining (right). Lane 1, combined fractions A-C in Fig. 4; lane
2, combined fractions D-G in Fig. 4; lane 3, peak 1 from DEAE-cellulose
chromatography.

nor acidic but nonsulfated mucins from colon carcinoma. The
presence of multiple mucin species with different amino acid
compositions has previously been proposed (43, 44). The bio
chemical structures of these mucin subtypes would be interest
ing subjects of future studies in which mAb 91.9H should prove
useful. Previously, high-iron diamine staining was considered

the only method to histochemically identify sulfomucins (11).
Our immunohistochemical studies of colonie epithelial cells
indicated that the cells that react with mAb 91.9H are also
stained with high-iron diamine. However, subcellular localiza
tions of the substances revealed by these two methods were not

AB CDEFG ABCD EF G

Fig. 4. Electrophoretic mobility of sulfom
ucins on 3% polyacrylamide gels. After frac-
tionation of partially purified sulfomucin on
Sepharose CL-2B, fractions pooled as indi
cated in Fig. 3 were tested for their radioactiv
ity (left) and for mAb 91.9H reactivity (right)
after electrophoretic separation. Righi ordi
nate, molecular weight in thousands.

[35S]sulfate mAb91.9H

950 kD

440 kD

-220 kD
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Table 1 Compositional Ratio of a Sulfomucin purified from normal colonie mucosa

Amino
acidAspGluSerGlyHisArgThrAlaProTyrValMetCysHeLeuPheLysmol/900,000g126.9182.6160.9204.139.478.11118.1118.8276.329.9120.848.9Trace29.791.669.9109.3MUC2Â°33.5137.0170.5131.414.041.91277.561.5575.833.5109.05.614.0103.475.505.6CarbohydrateFucGaINGlcNGalGlcManSialic

acidInorganic

mol/900,000 gacid229.4

Sulfate603.5
Phosphate812.6685.7370.6Trace488.8mol/900.000

g611.0Trace

" Deduced from MUC2 cDNA with 10 tandem repeats. Normalized to total amino acid (moles) of sulfomucin.

.001 100 1000

Fig. 6. Inhibition of mAb 91.9H binding to partially purified sulfomucin by
partially purified sulfomucin (â€¢),partially purified sulfomucin treated with an
hydrous hydrochloric acid (A), partially purified sulfomucin treated with 50 m
units/ml sialidase from V. cholerae at 37'C for 24 h (O), or partially purified

sulfomucin after alkaline reduction (A). Small symbols with broken lines inhibitory
activity of control materials processed identically except that partially purified
sulfomucin was added immediately before the termination of incubation.

500

0 10
Fraction No. (0.5 ml)

0 10
Fraction No. (0.5

0
20
ml)

Fig. 7. Reactivity of mAb 91.9H with purified (3!S]sulfate/(3H]glucosamine-
labeled colonie sulfomucin (a) before and (b) after chemical desulfation reaction.
Sulfomucin (2000 cpm as [35S]sulfate. 10-15 Â»igby weight) was incubated with
0.05 M anhydrous hydrochloric acid in methanol at 37"C for 4 h. The reaction

mixture was evaporated to dryness. dissolved in buffer A (0.5 ml), and fractionated
on Sepharose CL-4B column (0.8 x 20 cm) with buffer A. Aliquots of the fractions
were counted for the radioactivity or blotted onto nitrocellulose membrane for
testing mAb 9I.9H reactivity. Arrows, elution positions of free sulfate. Radioac
tivity corresponding to ("SJsulfate (A) and [3H]glucosamine (â€¢)and (Â¡(ration

scores for mAb 91.9H reactivity (O) were monitored for each fraction.

identical. It is known that the sites of [1!S]sulfate incorporation

in colonie tissues as shown by microscopic autoradiography do
not always correspond to the high-iron diamine-stainable sites.
Therefore, the dye might require an additional feature in addi
tion to sulfation (11, 45). After the fractionation of labeled
sulfomucins by gel filtration, the relative amounts of [35S]sulfate

and mAb 91.9H reactivity did not completely agree with each
other. Therefore, an additional feature in addition to sulfation
seems to be also necessary for mAb 91.9H reactivity.

Because of previous studies indicating that sulfate groups in
mucins are attached to the terminus of carbohydrate chains
(38-40), we tentatively assumed that sulfate groups in colonie
mucins are linked to carbohydrate chains. The product of
alkaline degradation of ["Sjsulfate and [3H]glucosamine dou
ble-labeled sulfomucin in the presence of sodium borohydride
did not maintain mAb 91.9H reactivity, indicating that 0-linked
sulfated carbohydrate chains are an essential constituent of the
antigenic epitope. However, the resultant mixture of the poly-
peptide portion and released oligosaccharide alcohol did not
exhibit inhibitory activity against this antibody. These results
suggest that a cluster of carbohydrate chains, as previously
proposed by Kurosaka et al. (46), or with both carbohydrates
and peptide portions is necessary as an antigenic structure.
Acetylation of free amino groups in sulfomucins did not inter
fere with mAb 91.9H reactivity (data not shown), eliminating
a possible tertiary antigenic structure formulated by an inter
action between amino group and negatively charged residues as
seen in blood group MN antigens (47). The desulfated oligo
saccharide fraction identified by ['HJglucosamine decreased its

negative charge with a concomitant loss of radioactivity corre
sponding to [35S]sulfate; this confirmed that sulfate groups are

attached to carbohydrate chains. The contribution of sialic acid
residues in sulfomucins to their interaction with mAb 91.9H is
not clear. Anhydrous hydrochloric acid under the condition
used for desulfation is known not to affect sialyl linkages (27).
However, desulfated sulfomucins had reduced reactivity with
wheat germ agglutinin, suggesting that sialic acid might con-
comitantly be lost. The results of our amino acid analysis
indicated that the sulfomucin polypeptide core was very rich in
threonine and that the composition was similar to the deduced
composition from an intestinal mucin core polypeptide cDNA
reported by Gum et al. (13). Furthermore, deglycosylation of
mAb 91.9H reactive sulfomucin by hydrofluoric acid resulted
in the formation of peptides having reactivity with a polyclonal
antibody prepared against a synthetic polypeptide Pro-Thr-
Thr-Thr-Pro-Ile-Ser-Thr-Thr-Thr-Met-Val-Thr-Pro-
Thr-Pro-Thr-Pro-Thr corresponding to the tandem repeat
portion of the MUC2 gene (13,31) (data not shown). Therefore,
the mAb 91.9H probably recognizes sulfated and sialylated
carbohydrate chains attached to the core polypeptide corre
sponding to this gene. Whether the polypeptide portion con
tributes to the antigenic epitope is not known.
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:i

Fig. 8. Immunohistochemical localization of (a) mAb 91.9H-reactive substances, (c) high-iron diamine staining, and (</>Alcian blue staining in malignant and
nonmalignant colonie epithelial cells. Serial sections from an adenocarcinoma of transverse colon derived from a 63-year-old man were used. In b, the section was
stained with hematoxylin and eosin. Bars, 50 firn.

The biochemical basis for the decrease in sulfomucin levels
during colorectal carcinoma progression remains to be ex
plained. Decreased sulfation of carbohydrate chains might be
the simplest explanation, although we have already proven that
primary colorectal carcinoma and liver mÃ©tastasesdo not differ
in their content and the degree of sulfation of sulfated proteo-
glycans. We further fractionated the peak 1 fraction by mAb
91.9H affinity chromatography and obtained preliminary evi
dence that the mAb 91.9H-bound fraction contains a higher
content of galactose and glucosamine (/V-acetylglucosamine)
than does the mAb 91.9H-unbound fraction. This result may
be interpreted to indicate that sulfated carbohydrate chains in
colonie epithelia are relatively large in size and contain a
poly(/V-acetyllactosamine) structure. However, only 5% of met-
abolically incorporated sulfate groups were released by endo-/3-
galactosidase treatment (0.1 unit/ml; at 37Â°Cfor 72 h). Further

structural characterizations of the sulfated O-linked sugar
chains are currently being conducted and will be reported
separately.

According to recent studies by Zenita et al. (48), mouse mAbs
specific for sulfated glycolipids are always constructed with
products of a common V" gene family. It would be interesting

to identify the gene family used for the hybridoma that produces

mAb 91.9H, although this antibody does not cross-react with
sulfatide. The optimum pH for the binding of mAb 91.9H is
relatively low (between pH 4 and 5), resembling that of another
mouse mAb (FH6) specific for an acidic oligosaccharide sialyl-
dimeric Lex antigen (49). Several mAbs have been reported to
be specific for sulfated glycosaminoglycans (50-52). The mAb
91.9H, however, does not react with any available glycosami
noglycans tested.

The mAb 91.9H may have prognostic value for identifying a
group of colon carcinoma patients who have a lower risk of
disease recurrence and metastasis. When a high percentage of
colon primary carcinoma tumor cells stain strongly with this
antibody, the patients have low risk of recurrence and metastasis
within 2 years. These results will be published elsewhere.

REFERENCES

1. Bast, R. C., Feeney, M., Lazarus, H., and Nadler, L. M. Reactivity of a
monoclonal antibody with human ovarian carcinoma. J. Clin. Invest., 68:
1331-1339,1981.

2. Magnani, J. L., Nilsson, B., Brockhaus, M., Zopf, D., Steplewski, Z.,
Koprowski, H., and Ginsburg, V. A monoclonal antibody-defined antigen
associated with gastrointestinal cancer is a ganglioside containing sialylated
lacto-A'-fucopentaose II. J. Biol. Chem., 257: 14365-14369, 1982.

3. Colcher. D.. Hand, P., Nuli, M., and Schlom, J. A spectrum of monoclonal

5734

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/20/5728/2445519/cr0510205728.pdf by guest on 19 M

ay 2023



SULFOMUCIN-SPECIFIC MONOCLONAL ANTIBODY

antibodies reactive with human mammary tumor cells. Proc. Nati. Acad. Sci.
USA, 78: 3199-3203, 1981.

4. Arklie, J., J. Taylor-Papadimitriou, J., Bodmer, W., Egan. M.. and Millis,
R. Differentiation antigens expressed in breast cancers. Int. J. Cancer, 28:
23-29, 1981.

5. Swallow, D. M., Gendler, S., Griffith, B., Corney. G., Taylor-Papadimitriou.
J., and Bramwell, M. E. The human tumour-associated epithelial mucins are
coded by an expressed hypervariable gene locus PUM. Nature (Lond.), 328:
82-84, 1987.

6. Gendler, S. J., Taylor-Papadimitriou, J., Duhig, T., Rothbard, J., and Buur-
chell, J. A highly immunogenic region of a human polymorphic epithelial
mucin expressed by carcinomas is made up of tandem repeats. J. Biol. Chem.,
263: 12820-12823, 1988.

7. Burchell, J., Gendler, S., Taylor-Papaddimitriou, J., Girling. A., Lewis, A.,
Millis, R., and Lamport, D. Development and characterization of breast
cancer reactive monoclonal antibodies directed to the core protein of the
human milk mucin. Cancer Res., 47: 5476-5482, 1987.

8. Xing, P. X., Tjandra, J. J., Reynolds, K., McLaughlin, P. J., Purcell, D. F.,
and McKenzie, I. F. Reactivity of anti-human milk fat globule antibodies
with synthetic peptides. J. Immunol., 142: 3503-3509, 1989.

9. Filipe, M. I. Value of histochemical reactions for mucosubstances in diagnosis
of certain pathological conditions of colon and rectum. Gut, 10: 577-586,
1969.

10. Filipe, M. I., and Branfoot, A. C. Abnormal patterns of mucus secretion in
apparently normal mucosa of large intestine with carcinoma. Cancer (Phila.),
34: 282-290, 1974.

11. Spicer, S. S. Diamine methods for differentiating mucosubstances histochem-
ically. J. Histochem. Cytochem., 13: 211-234, 1965.

12. Boland, C. R., Montgomery, C. K., and Kim, Y. S. Alteration in human
human colonie mucin occurring with cellular differentiation and malignant
transformation. Proc. Nati. Acad. Sci. USA, 79: 2051-2055, 1982.

13. Gum, J. R., Byrd, J. C., Hicks, J. W., Toribara. N. W., Lamport. D. T.. and
Kim, Y. S. Molecular cloning of human intestinal mucin cDNAs: sequence
analysis and evidence for genetic polymorphism. J. Biol. Chem., 264:6480-
6487, 1989.

14. Zotter, S., Lossnitzer, A., Hageman, P. C., Delemarre, J. F., Milkens, J., and
Hilgers, J. Immunohistochemical localization of the epithelial marker MAM-
6 in invasive malignancies and highly displastic adenomas of the large
intestine. Lab. Invest., 57: 193-199, 1987.

15. Eckhardt, A. E., Timpte, C. S., Abernethy. J. L., Toumadje, A., Johnson,
W. C., Jr., and Hill, R. L. Structural properties of porcine submaxillary
grand apomucin. J. Biol. Chem., 262: 11339-11344, 1987.

16. Lan, M. S., Batra, S. K., Qi, W-N., Metzger, R. S., and Hollingworth, M.
A. Cloning and sequencing of a human pancreatic tumor mucin cDNA. J.
Biol. Chem., 265: 15294-15299, 1990.

17. Yamori, T., Kimura, H., Stewart, K., Ota, D. M.. Cleary, K. R., and Irimura.
T. Differential production of high molecular weight sulfated glycoproteins in
normal colonie mucosa, primary colon carcinoma and mÃ©tastases.Cancer
Res.. 47:2741-2747, 1987.

18. Yamori, T., Ota, D. M., Cleary, K. R.. Hoff, S.. Hager, L. G.. and Irimura,
T. Monoclonal antibody against human colonie sulfomucin: immunochemi-
cal detection of its binding sites in colonie mucosa, colorectal primary
carcinoma, and metastasis. Cancer Res., 49: 887-894, 1989.

19. Irimura, T., Carlson, D. A., and Ota, D. M. Electrophoretic analysis of four
high molecular weight sialyglycoproteins produced by metastatic human
colon carcinoma cells. J. Cell. Biochem., 37: 1-9, 1988.

20. Irimura, T., Carlson, D. A., Yamori, T., Price, J., Giavazzi, R., Ota, D. M.,
and Cleary, K. R. Differential expression of a sialoglycoprotein with an
approximate molecular weight of 900,000 on metastatic human colon carci
noma cells growing in culture and tumor tissues. Cancer Res., 48: 2353-
2360, 1988.

21. Irimura, T., Ota, D. M., and Cleary, K. R. Vlex europeas agglutinin-I reactive
high-molecular-weight glycoproteins of adenocarcinoma of distal colon and
rectum and their possible relationship with metastatic potential. Cancer Res.,
47:881-889, 1987.

22. Hoff, S., Matsushita, Y., Ota, D. M., Cleary. K. R., Yamori, T., Hakomori,
S., and Irimura, T. Increased expression of sialyl-dimeric Lex antigen in

advanced primary colorectal carcinomas and liver mÃ©tastases.Cancer Res.,
49:6883-6888, 1989.

23. Dubois, M., Gilles, K. A., Hamilton, J. K., Roberts, P. A., and Smith, F.
Colorimetrie method for determination of sugars and related substances.
Anal. Chem., 38: 350-356, 1965.

24. Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, R. J. Protein
measurement with the Folin phenol reagent. J. Biol. Chem., 193: 265-275,
1951.

25. Jourdian, G. W., Dean, L., and Roseman, S. The sialic acids: XI. A periodate-
resorcinol method for the quantitative estimate of free sialic acids and their
glycosides. J. Biol. Chem., 246: 430-435, 1971.

26. Ward, D. N., Wen, T., and Bousfield, G. Sulfate and phosphate analysis in
glycoproteins and other biologic compounds using ion chromatography:

application to glycoprotein hormones and sugar esters. J. Chromatog., 398:
255-264, 1987.

27. Yamashita, K., Ueda. I., and Kobata, A. Sulfated asparagene-linked sugar
chains of hen egg albumin. J. Biol. Chem., 258: 14144-14147, 1983.

28. Carlson, D. M. Structures and immunochemical properties of oligosaccha-
rides isolated from pig submaxillary mucins. J. Biol. Chem.. 243: 616-626,
1968.

29. Willoughby, R. E., and Yolken, R. H. SAI 1 rotavirus is specifically inhibited
by an acetylated sialic acid. J. Infect. Dis., 161: 116-119, 1990.

30. Sheehan, D. C., and Hrapchak, B. B. Theory and Practice of Histotechnology,
Ed. 2. St. Louis, MO: C. V. Mosby Co., 1980.

31. Gum, J. R., Hicks, J. W., Swallow, D. W., Lagace, R. L., Byrd, J. C,
Lamport, D. T., Siddiki, B., and Kim, Y. S. Molecular cloning of cDNAs
derived from a novel human intestinal mucin gene. Biochem. Biophys. Res.
Commun., / 71:407-415, 1990.

32. Heifetz, A., and Allen, D. Biosynthesis of cell surface sulfated glycoproteins
by cultured vascular endothelial cells. Biochemistry', 21:171-177, 1982.

33. Ahuja, K. K., and Gilburt, D. J. Involvement of sperm sulfatases in early
sperm-zona interactions in the hamster. J. Cell Sci., 78: 247-261, 1985.

34. Carlin, B., Jaffe, R., Bender, B., and Chung. A. E. Entactin. a novel basal
lamina-associated sulfated glycoprotein. J. Biol. Chem., 25Â«:5209-5214,
1981.

35. Hogan, B. L. M.. Taylor, A., Kurkinen. M.. and Couchman, J. R. Synthesis
and localization of two sulphated glycoproteins associated with basement
membranes and the extracellular matrix. J. Cell Biol., 95: 197-204, 1982.

36. Green, E. D., Boime, I., and Baenziger, J. U. Biosynthesis of sulfated
asparagine-linked oligosaccharides on bovine lutropin. J. Biol. Chem., 261:
16309-16316, 1986.

37. Mikuni-Takagaki, Y., and Holla, K. Characterization of peptic inhibitory
activity associated with sulfated glycoprotein isolated from gastric mucosa.
Biochim. Biophys. Acta. 584: 288-297, 1979.

38. Capon. C., Leroy, Y., Wieruszeski, J-M., Ricart, G., Strecker, G., Montreuil,
J., and Fournet, B. Structures of 0-glycosidically linked oligosaccharides
isolated from human meconium glycoproteins. Eur. J. Biochem., 182: 139-
152, 1989.

39. Hull. S. R., and Carraway, K. L. Sulfation of the cell surface sialomucin of
the 13762 rat mammary adenocarcinoma. J. Cell Biochem., 40:67-81, 1989.

40. Mawhinney, T. P., Adelstein, E., Morris, D. A., Mawhinney, A. M., and
Barbero, G. J. Structure determination of five sulfated oligosaccharides
derived from tracheobronchial mucus glycoproteins. J. Biol. Chem., 262:
2994-3001, 1987.

41. Podolsky, D. K. Oligosaccahride structure of human colonie mucin. J. Biol.
Chem., 260:8262-8271, 1985.

42. Podolsky. D. K. Oligosaccahride structure of human colonie mucin species.
J. Biol. Chem., 260: 15510-15515, 1985.

43. Gold, D. V., Schochat, D., and Miller, F. Protease digestion of colonie
mucin: evidence for the existence of two immunochemically distinct mucins.
J. Biol. Chem., 25Â«:6354-6358. 1981.

44. Wesley, A., Mantle, M.. Man, D., Qureshi, R.. Forstner, G., and Forstner,
J. Neutral and acidic species of human intestinal mucin: evidence for different
core peptides. J. Biol. Chem., 260: 7955-7959, 1985.

45. lozzo, R. V. Proteoglycan changes in the intercellular matrix of human
colonie carcinoma. An integrated biochemical and stcreologic analysis. Lab.
Invest.. 47: 124-138. 1985.

46. Kurosaka, A., Kitagawa, H., Fukui, S., Numata. Y., Nakada. H., Funakoshi,
I., Kawasaki, T., Ogawa, T., lijima, H., and Yamashina, I. A monoclonal
antibody that recognizes a cluster of a disaccharide, NeuAca2-6GalNAc, in
mucin-type glycoproteins. J. Biol. Chem.. 263: 8724-8726, 1988.

47. Lisowska, E., and Duk, M. Modification of amino-groups of human eryth-
rocyte glycoproteins and new concept on structural basis of M and N blood
group specificity. Eur. J. Biochem.. 54:469-474, 1975.

48. Zenita, K., Hirashima, K., Shigeta, K., Hiraiwa, N., Takeda, A., Hashimoto,
K., Fujimoto, E., Yago, K., and Kannagi, R. Northern hybridization analysis
of VH gene expression in murine monoclonal antibodies directed to cancer-
associated ganglioside antigens having various sialic acid linkages. J. Immu
nol., /44: 4442-4451, 1990.

49. Kannagi, R., Fukushi, Y.. Tachikawa, T., Noda, A., Shin, S., Shigeta, K.,
Hiraiwa, N., Fukuda, Y., Inamoto, T., and Hakomori, S. Quantitative and
qualitative characterization of human cancer-associated serum glycoprotein
antigens expressing fucosyl or sialyl-fucosyl type 2 chain polylactosamine.
Cancer Res., 46: 2619-2626. 1986.

50. Kabat. E. A., Liao, J., Sherman, W. H., and Osserman, E. F. Immunochem
ical characterization of the specificities of two human monoclonal IgMs
reacting with chondroitin sulfates. Carbohyd. Res., 130: 289-297, 1984.

51. Avnur, Z., and Geiger, B. Immunocytochemical localization of native chon-
drotin-sulfate in tissues and cultured cells using specific monoclonal antibody.
Cell JÂ«:811-822, 1984.

52. Caterson, B., Christner, J. E., Baker, J. R., and Couchman, J. R. Production
and characterization of monoclonal antibodies directed against connective
tissue proteoglycans. Fed. Proc., 44: 386-393. 1985.

5735

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/20/5728/2445519/cr0510205728.pdf by guest on 19 M

ay 2023


