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ABSTRACT

Two monoclonal antibodies, MLS 102, which recognizes cancer-asso
ciated mucin antigens, and MLS 103, which recognizes normal mucin,
were used to isolate, by Â¡mmunoaffinitychromatography, the correspond
ing antigens from cell lysates and spent medium of a human colorectal
carcinoma cell line, LS 180. The MLS 102 antigen contained serine,
threonine, and proline as major amino acids. The carbohydrate chains of
the MLS 102 antigen were composed of O-linked NeuAct>2â€”Â»oGalNAc
(56%), /V-acetylgalactosamine (25%), and longer oligosaccharide chains.
The MLS 103 antigen differed from the MLS 102 antigen in both amino
acid and carbohydrate composition. Most O-linked oligosaccharides of
the MLS 103 antigen were longer than the disaccharide found in the
MLS 102 antigen.

Immunostainingof LS 180 cells using MLS 102 and MLS 103 revealed
that the cells are heterogeneous with respect to the expression of the
antigens.

INTRODUCTION

We have raised many monoclonal antibodies which recognize
the carbohydrate moieties of the mucin-type glycoproteins on
human colon cancer cells, using a human colorectal carcinoma
cell line, LS 180, as an immunogen and glycopeptides as probes
for screening hybridomas.

One of the monoclonal antibodies, designated as MLS 102,
reacted immunohistochemically with the cancer cell surface and
mucinous glycoproteins secreted by the cells, but not with
normal mucosa! epithelium (1).

We have already demonstrated that MLS 102 reacted with
ovine, bovine, and porcine submaxillary mucins and that the
reactivity toward these mucins varied in parallel with the
Neu Ac<*2â€”Â»6GalNAcal-Ser/Thr3 content. The antigenic deter
minant was then identified as a cluster of NeuAca2â€”>6GalNAc
residues on the polypeptide chain (2, 3).

Another monoclonal antibody, designated as MLS 103,
strongly reacted with colon cancer cells as well as normal
mucosa! epithelium, as revealed in immunohistochemical stud
ies (1). The antigenic determinant has not been identified, but
it was suggested that a fucose residue may be involved (1).

This paper reports the isolation and molecular characteriza
tion of a colon cancer-associated antigen (MLS 102 antigen),
in comparison with normal glycoproteins recognized by MLS
103, and the staining properties of LS 180 cells with these two
antibodies.
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MATERIALS AND METHODS
Materials. Na'"I (carrier-free), ['Hjthreonine (17 Ci/mmol), and [1-

14C]glucosamine-HCI (56.8 mCi/mmol) Â»erepurchased from Amer-
sham. '"I-Protein A was prepared by the chloramine-T method (4)
except that the reaction was terminated with tyrosine. Sialidase (Ar-
throhacter ureafaciens) was obtained from nacarai tesque. Ltd., Kyoto,
Japan, and Pronase P (75,000 units/g) was from Kaken Kagaku Co.,
Tokyo, Japan. Reference sugar alcohols. NeuAcÂ«2â€”Â»6GalNAcoland
GalNAcol, were prepared from ovine submaxillary mucin according to
the method of Carlson (5).

Cell Culture. A human colorectal cancer cell line, LS 180, obtained
from the American Type Culture Collection, Rockville, MD, was
cultured in Eagle's minimum essential medium supplemented with 10%

fetal calf serum.
Monoclonal Antibodies. Hybridomas producing monoclonal antibod

ies (MLS 102 and MLS 103) were derived from a BALB/c mouse
immunized with LS 180 cells, followed by the cloning procedure
described in a previous report (1). Monoclonal antibodies were obtained
from either serum-free spent media of hybridoma cultures or ascites
fluid of pristane-treated BALB/c mice which had received hybridoma
cells.

Immunostaining. For Â¡mmunofluorescence microscopy of cultured
cells, LS 180 cells were grown on the tissue culture chamber/slides
(Lab-Tek; Miles) for 3 days. Cells were washed once with PBS and
fixed with 95% ethanol for 24 h at 4Â°C.The tissue culture slides were

then incubated with 1% bovine serum albumin in PBS for l h to prevent
nonspecific binding of antibody, and MLS 102 conjugated with fluo-
rescein isothiocyanate and MLS 103 conjugated with tetramethylrho-
damine isothiocyanate in 0.1% bovine serum albumin-PBS were over
laid on each slide and incubated for 2 h at room temperature in the
dark. Preparations of fluorescein isothiocyanate-conjugated MLS 102
and tetramethylrhodamine isothiocyanate-conjugated MLS 103 were
carried out according to the method of Marshall et al. (6).

Solid-Phase Radioimmunoassay. The affinity-purified antigens men
tioned below were adsorbed to the wells of 96-well microtiter plates
(Coster, Cambridge, MA) as described previously (1). To determine the
amount of bound antibody, '25I-labeled protein A (12.5 ng, about 10,000

cpm) was used.
Metabolic Labeling of Antigens. LS 180 cells were grown in 100-mm

Falcon dishes in Eagle's minimum essential medium supplemented
with 10% fetal calf serum containing 5 ^Ci/irci of ['Hjthreonine and 5
^Ci/ml of [l-'4C]glucosamine-HCl. After 3 days of incubation, the cells

were scraped out from the dishes with a rubber policeman and then
washed with 0.15 M NaCl three times, each time by centrifugation at
200 x g for 5 min. The cells were solubilized by homogenization with
a Dounce-type homogenizer in a medium comprising 50 miviphosphate
buffer (pH 7.1), 1% Triton X-100, 1 m\i 2-mercaptoethanol, 1 HIM
EDTA, 1 miviphenylmethylsulfonyl fluoride, and 100 milliunits/ml of
aprotinin. After centrifugation of the homogenate at 10,000 x g for 30
min, the supernatant was used for affinity purification using an immu-
nomatrix.

Purification of Antigens. Cell lysates and spent medium were loaded
onto an immunomatrix column, prepared according to the method of
Schneider et al. (7), and equilibrated with 50 miviphosphate buffer, pH
7.2, containing 1% Triton X-100 and 0.15 M NaCl (Buffer A). After a
washing with 10 column volumes of Buffer A, the column was rinsed
with 3 column volumes of Buffer A in which 0.1% Triton X-100 was
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Table 1 Incorporation of/'*C/filucosaniine and f'HJthreonine imo the MLS 102

and MLS Il)i antigens in cell lysates and spent medium of LS 180 cells

Antigens

Radioactivity (dpm)

I4C 3H
Ratio

From celllysatesc-MLS
102antigenc-MLS
103antigenFrom

spentmediumm-MLS
102antigenm-MLS
103 antigen9.30

x10'1.64
x10*1.14

x10'1.33X
10'8.22

x10'2.24
xIO61.31

x10'5.90
x 10'1.130.730.870.23

A B C

200K-

116K-
93K-

66K-
A5K-

Tseparation gel
(7.5*/.)

Dye-

Fig. 1. Electrophorctic profiles of the MLS 102 and MLS 103 antigens. The
affinity-purified antigens, which had been metabolically labeled with [JH)threo-
nine and [MC|glucosamine. were separated by SDS-PAGE (7.5rr gel) and stained
by fluorography. (Lane A) c-MLS 102 antigen (the same result was obtained with
m-MLS 102 antigen): (Lane B) c-MLS 103 antigen; (Lane C) m-MLS 103
antigens. A', thousands.

substituted for 1% Triton X-100. Antigens retained on the column were
then eluted with 50 mM diethylamine-HCl buffer, pH 11.5. containing
0.1% Triton X-100. The eluate was immediately adjusted to pH 7.0
with l M acetic acid and then dialyzed against 10 HIMphosphate buffer.
pH 7.1, containing 0.1 ci Triton X-100. The antigens in the dialysate

were precipitated by adding 95% ethanol containing 1.3% potassium
acetate to obtain a final concentration of 80% ethanol. It should be
noted that the MLS 102 and MLS 103 antigens could each bind only
to the respective immunoaffinity column.

To prepare mucin-type glycopeptides from the MLS 103 antigen
(the c-MLS 103 antigen was used), the antigen was digested with
Pronase after sialidase treatment, and then the digest was fractionated
on a Sephadex G-50 column according to the procedures described
previously (1).

Isolation and Kractionation of O-linked Oligosaccharides. To release
O-linked oligosaccharides from the antigens, the affinity-purified anti
gens were subjected to reductive alkaline /3-elimination according to the
method of Carlson (5). After incubation of the samples in a medium
comprising 0.05 M NaOH and l M sodium borohydride at 45Â°Cfor 16

h, the reaction mixtures were adjusted to pH 5.0 with l M acetic acid
to terminate the reaction and then applied to a column of Sephadex G-
25 equilibrated with 0.05 M pyridine-acetic acid buffer. pH 5.0, the
oligosaccharides being eluted with the same buffer. The oligosaccharide
alcohols were further fractionated by descending paper chromatography
with a solvent system of ethyl acetate:pyridine:acetic acid:water (5:5:1:3,
v/v) for 24 h. To estimate the molar ratios among O-linked oligosac
charides, the fractions obtained from the Sephadex G-25 column were

subjected to acid hydrolysis (4 M HC1, 100'C, 6 h). The content of

galactosaminitol was determined by isolating it by high voltage paper
electrophoresis at 40 V/cm for 3 h in 60 ITIMsodium borate buffer, pH
9.5 (8). To determine radioactivity on the paper, 1-cm strips were
soaked in 0.5 ml of water followed by the addition of 5 ml of a Triton-
toluene-based scintillation cocktail.

Chemical Analysis. Amino acids and hexosamine were determined
with a Hitachi 835 amino acid analyzer after hydrolysis of samples in
6 M MCI at 110'C for 24 h and in 6 M HC1 at IOOÂ°Cfor 16 h.

respectively. Sialic acid was determined by the thiobarbituric acid
method of Warren (9).

SDS-PAGE. SDS-PAGE was performed in a 7.5% acrylamide gel
by the procedure described by Laemmli (10). Fluorography. to detect
radioisotope-labeled antigens, was carried out according to the method
of Bonner and Laskey (11).

RESULTS

Isolation of the MLS 102 and MLS 103 antigens. The MLS
102 and MLS 103 antigens derived from cell lysates and
designated as the c-MLS 102 and c-MLS 103 antigens, respec
tively, and those from spent medium as the m-MLS 102 and
m-MLS 103 antigens, respectively. Table 1 shows the distri
bution of the radioactivity in the affinity-purified antigens. As
shown in Table 1, the 14C:'H ratios for the c- and m-MLS 102

antigens were lower than those for the c- and m-MLS 103
antigens, respectively. This would reflect the higher carbohy
drate content of the MLS-102 antigen than that of the MLS-
103 antigen. It appears that about one-tenth of each of the
antigens was secreted into medium during 3 days of cultivation.

SDS-PAGE of the MLS 102 and MLS 103 Antigens. The
electrophoretic profiles of the antigens are shown in Fig. 1, the
c-MLS 102 as well as the m-MLS 102 antigen being separated
into four distinct bands (Fig. 1, Lane A). In contrast, the c- and
m-MLS 103 antigens migrated as broad bands with major bands
at around 200,000 and 180,000, respectively.

The results of SDS-PAGE suggest that the MLS 102 antigens
are different glycoproteins from the MLS 103 antigens. The
separation of the MLS 102 antigens into four bands and the
migration of the MLS 103 antigens as broad bands further
suggest that the epitopic carbohydrate chains recognized by
MLS 102 and MLS 103, respectively, are located on multiple
polypeptide chains.

Chemical Compositions of the MLS 102 and MLS 103 Anti
gens. The affinity-purified MLS 102 and MLS 103 antigens
were subjected to amino acid, amino sugar, and sialic acid
analyses. As shown in Table 2, both the c- and m-MLS 102
antigens were characterized by high contents of serine, threo-
nine, and proline. The sum of these three amino acids com
prised about 60% of the total amino acids. Furthermore, the
MLS 102 antigens contained large amounts of galactosamine
and sialic acid, but only a small amount of glucosamine. These
data are compatible with the mucin-type glycoprotein nature of
the MLS 102 antigens, with a high degree of O-glycosylation.
The MLS 103 antigens showed amino acid compositions dis
tinctly different from those of the MLS 102 antigens. The sum
of serine, threonine, and proline comprised only 25% of the
total amino acids and the amino sugar content was low. How
ever, mucin-type glycopeptides could be prepared from the c-
MLS 103 antigen by sialidase and Pronase digestion, followed
by gel filtration on Sephadex G-50. All the carbohydrates, as
judged from the 14C radioactivity derived from [14C]glucosa-

mine, were recovered in the glycopeptide fraction (void volume
fraction). The glycopeptides had amino acid and amino sugar
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Table 2 Chemical compositions of the MLS 102 ana MLS 103 antigens
Amino acids and hcxosamine were determined after hydrolysis of samples in 6 M HCI at 110Â°Cfor 24 h and in 6 M HC1 at 100'C for 16 h. respectively. Sialic acid

(SA) was determined by the thiobarbituric acid method after hydrolysis of samples in 0.05 M H2SO4 at 80"C for I h.

c-MLS102antigenAsp

3.90Thr
29.59Ser11.44Glu

6.06ProGlyAla14.775.536.17Cys

1.16Val4.96Met

0.75He2.91Leu

3.66Tyr0.86Phe

1.40LysHis1.732.00Arg

2.13GlcNHÂ¡
3.59GalNH,

33.90SAfoc

2a

uâ€¢cJ<

1CoELMS31.11AMLS103o
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2 4 8 16 32 64 126m-MLS
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dilution of antibodiesResidues

100/amino acidresiduesc-MLS

103 m-MLS103antigen
antigen9.86

9.958.58
9.627.65

9.6111.30
12.016.29
6.857.86
7.617.79
7.300.69
0.547.18
7.400.41
0.344.78
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2. Cross-reactivity of MLS 102 and MLS 103 with the respective antigens. p
The affinity-purified antigens were adsorbed on the wells of 96-well microtiter^plates.
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proteinA. (A) Activity toward the MLS 102 antigen, (fi) Activity toward QÂ¿gothe
MLS 103 antigen. ffo
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mucin-type structure, although the whole glycoprotein molecule
is not a typical mucin.

Cross-Reactivity of MLS 102 and MLS 103. As shown in Fig.
2, MLS 102 and MLS 103 did not mutually inhibit their binding
to the other's antigenic glycoproteins. This indicates that the

antigenic carbohydrate chains defined by MLS 102 and MLS
103 are different.

Analysis of 0-linked Carbohydrate Chains. To characterize
the carbohydrate chains of the antigenic glycoproteins defined
by the monoclonal antibodies, MLS 102 and MLS 103, the
affinity-purified antigens were submitted to reductive alkaline
0-elimination and the carbohydrate chains released were frac
tionated by gel filtration on Sephadex G-25. As shown in Fig.
3a, carbohydrate alcohols released from the c-MLS 102 antigen
were separated into at least four fractions. Fractions I-IV.
Fraction III and IV were identified as NeuAca2â€”Â»oGalNAcol
and GalNAcol, respectively, on descending paper chromatog-

50 60 70

FRACTION NUMBER
80

Fig. 3. Gel filtration of the oligosaccharides isolated from the antigens by
alkaline borohydride treatment. After termination of the reaction by adding acetic
acid, the samples were applied to a column of Sephadex G-25 equilibrated with
0.05 M pyridine-acetic acid buffer. pH 5.0. and then the elulion of oligosaccharides
was monitored for MCradioactivity.

raphy (Fig. 4). Determination of galactosaminitol released on
acid hydrolysis revealed that the molar ratio of O-linked car
bohydrates in Fractions I plus II, III (NeuAcÂ«2â€”>6GalNAcol),
and IV (GalNAcol) was 0.19:0.56:0.25.

The carbohydrate chains released from the c- and m-MLS
103 antigens, on fractionation, gave multiple peaks, but these
could be pooled into two or three fractions, as shown in Fig. 3,
b and c. We did not detect NeuAcÂ«2â€”>6GalNAcoland Gal
NAcol in any of the fractions. Determination of galactosamin
itol in the fractions indicated that the molar ratio of O-linked
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Fig. 4. Characterization of the oligosaccharides derived from the MLS 102
antigen. Fractions I. II. III. and IV from the Sephadex G-25 column were applied
on Toyo No. SIA paper, followed by development with ethyl ace-
tate:pyridine:acetic acid:water (5:5:1:3, v/v) for 24 h. The reference carbohydrates
used were (3H]NeuAcn2-.6GalNAcol (O) and [14C]GalNAcol (â€¢).

carbohydrates in Fractions I, II, and III of the c-MLS 103
antigen was 0.36:0.49:0.15.

Staining of LS 180 Cells with MLS 102 and MLS 103. To
see how MLS 102 and MLS 103 antigens are expressed on the
cells used as the immunogen, the cultured cells were stained
with these two antibodies. For this, MLS 102 was conjugated

to fluorescein and MLS 103 with rhodamine. As shown in Fig.
5, the cells were stained differently with the antibodies. Four
types of the cells could be seen based on the staining properties:
(a) stained only with MLS 102 (about 10% of the total cells);
(b) stained only with MLS 103 (about 80%); (c) stained with
both of the antibodies (about 5%); (d) not stained with any of
the antibodies (2-3%). Interestingly, when a single cell with
any staining property was grown to multiply to quite a number
of cells, the staining properties of the progeny cells (four types
of staining) were apparently the same as those of the parent
cells. The results may imply characteristics of cancer cells.
Namely, one cell line of cancer cells is composed of cells with
different antigens on cell surfaces, and these cells are able to
transform to each other reversibly.

DISCUSSION

With the use of immobilized glycopeptides we have raised
many monoclonal antibodies, all of which are directed toward
the carbohydrate moieties of glycoproteins (1, 12, 13-15).

One such monoclonal antibody, designated as MLS 102, has
been shown to react with colon cancer cells and their secretions,
but not with normal colon cells (1). The epitopic carbohydrate
for this antibody has been identified as NeuAca2â€”Â»oGalNAc
(2, 3). MLS 102 showed extremely strong reactivity with ovine
submaxillary mucin, which led us to propose that this antibody
recognizes a cluster of this disaccharide attached to one and the
same polypeptide chain.

To characterize antigenic glycoproteins, we have isolated the
glycoproteins using an immunoaffinity column. For compari
son, we have also isolated the antigenic glycoproteins for an
other monoclonal antibody, MLS 103, which binds to normal
colon cells as well as to cancer cells. The affinity-purified MLS
102 antigen contains serine, threonine, and proline as major
amino acids, which are characteristic of mucin-type glycopro-

Fig. 5. Immunostaining of LS 180 cells with MLS 102 and MLS 103. MLS 102 and MLS 103 were conjugated with fluorescein isothiocyanate and
tetramethylrhodamine Â¡sothiocyanate,respectively. Details of the staining procedures are described in the text, a, stained with fluorescein isothiocyanate-conjugated
MLS 102; b, stained with tetramethylrhodamine isothiocyanate-conjugated MLS 103: c, schematic drawing of the staining properties of the cells. â€¢,positive with
MLS 102: O. positive with MLS 102; 9, positive with both MLS 102 and MLS 103, O. negative with any of the antibodies.
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MLS102antigenM*-Â»G-â€¢m-m-Ci-â€¢

â€¢oN-G-N-G-N-G-N-G-N-G-G-G-G-*N

N~|-GÂ»Ã‰
â€¢Ã‰BNH

9%-GÂ«â€¢â€¢Â«N-G-N"-G

N-G-N-G-N-G-N-G-N-G-G-

56Â°/o-

25Â°/.b

MLS103 antigen

Fig. 6. Proposed gross molecular structures of the MLS 102 and MLS 103
antigens. Dark bands, nonglycosylated regions of the polypeptide chain. G,
GalNAc; A/, NeuAc; â€¢,any monosaccharide constituting linear or branched
oligosaccharide chains.

teins such as submaxillary mucins. The carbohydrate chains of
the MLS 102 antigen are composed of O-linked NeuAcÂ«2â€”>
oGalNAc (56%) and O-linked GalNAc (25%) residues. Thus,
the antigen possesses apparently a structure of ovine submax
illary mucin type. An O-linked NeuAca2â€”>6GalNAc residue is
not a specific carbohydrate chain in the cancer-associated MLS
102 antigen but is found in normal colonie mucins (16, 17).
However, the small amount and probably limited distribution
of the disaccharide on the polypeptide chain are not enough to
produce antibodies to react with MLS 102-type antibodies.

Another monoclonal antibody, MLS 103, which also reacts
with mucin-type carbohydrates and which reacts with both
malignant and normal colon cells, appears to recognize long
carbohydrate chains rather than di- or monosaccharides. The
differences in size and structure of carbohydrates between can
cer-associated and unassociated antigens may support the idea
that the malignant transformation of cells is accompanied by
aberrant and incomplete glycosylation (18, 19).

It should be noted that the MLS 102 and MLS 103 antigens
are completely different glycoprotein molecules. In other words,
the difference in glycosylation associated with malignant trans
formation seems to be primarily controlled by the structure of
the polypeptide that carries carbohydrate chains. As shown in
Fig. 6, the MLS 102 antigen (cancer associated) and the MLS
103 antigen (cancer unassociated) are considered to differ in
gross molecular structure. It is, however, not known how far
the polypeptide structure affects the glycosylation since at least
the structure of the nonreducing portion of relatively long
carbohydrate chains is believed to be controlled by glycosyl-
transferases which recognize carbohydrates as acceptors.

The inference that MLS 102 and MLS 103 antigens are
completely different molecules was further supported by the
immunostaining of LS 180 cells with these antibodies. Quite a
number of cells were stained with either one of the antibodies,
and only a few were stained with both of the antibodies. How
ever, the observations that parent cells with one type of the

staining property can transform mutually to progeny cells with
other types of the staining property suggest the occurrence of a
common presursor to the two different antigenic glycoproteins.
The precursor would lead to either of the glycoproteins, and
few cells express both of the glycoproteins on the surfaces. The
biological basis for the differential expression of the antigens
awaits further investigation.
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