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ABSTRACT

The monoclonal antibody NCC-CO-450 (IgM x) was selected by
screening of reactivity with high-molecular-weight antigens (M, > 10')

isolated from ascitic fluid of a colon cancer patient. This antibody detected
heterogeneous but predominantly high-molecular-weight antigens in 4 of
6 ascitic fluid samples from gastrointestinal cancer patients by immuno-
blotting analysis. A sandwich radioimmunoassay was developed in order
to examine the serum level of this antigen, and the cutoff value was
defined as the mean plus 2 SD of values obtained with sera from normal
donors. While 97% (93 of 96) of sera had a negative antigen value in
normal donors, 56% (14 of 25) of patients with colorectal carcinoma and
40% (8 of 20) of patients with gastric carcinoma showed a positive
antigen value. The distribution of the antigen in sera of patients with
various cancers did not show any correlation with the distribution of
carcinoembryonic antigen or CA 19-9. From immunohistochemical and
biochemical analyses, NCC-CO-450 antigen was characterized as a mu-
cin-like glycoprotein abundant in normal colonie epithelium as well as in
carcinomas of the colon, stomach, and pancreas. The immunohistochem
ical reactivity of NCC-CO-450 was distinct from that of other monoclonal
antibodies reported to be useful for serological diagnosis. The epitope
recognized by NCC-CO-450 is considered to be an O-linked carbohydrate
chain without terminal sialic acid but is different from the known carbo
hydrate chains, i.e.. Le', Le", I ,e\ In, sialyl-Le', and sialyl sugar chain
defined by NCC-ST-439 in a competitive binding inhibition assay of
monoclonal antibodies. This newly defined antigen is a good example of
a normal antigen shed from cancer cells that can be used successfully as
a serum tumor marker.

INTRODUCTION

Various MoAbs4 reactive with cancer cells have been pro

duced using the hybridoma technique. Many of these MoAbs
have been shown to be directed to carbohydrate chains (1, 2).
In addition, MoAbs reactive with carbohydrate chains bearing
terminal sialic acid, such as CA 19-9 (3), DU-PAN-2 (4), TAG-
72 (5), and NCC-ST-439 (6), have been shown to be useful for
serological diagnosis and monitoring of cancer patients. The
antigens defined by MoAbs circulating in sera of cancer patients
have been biochemically characterized to be highly glycosylated
mucin-like glycoproteins (7-10). In order to obtain a better
serum marker for carcinomas of the colon and stomach and to
improve the diagnostic sensitivity for these diseases, we tried
to directly select MoAbs reactive with high-molecular-weight
mucin-like antigens circulating in the body fluid of gastrointes
tinal cancer patients. The biochemical and immunohistochem-
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ical nature of the antigen and the possibility of its application
as a serological tumor marker were also studied.

MATERIALS AND METHODS

Human Tumor Xenograft, Cultured Cell Lines and Human Tissues. A
human colon cancer xenograft Co-4, moderately differentiated adeno-
carcinoma, was maintained by serial transplantation into the s.c. tissue
of athymic mice (BALB/c nu/nu) (11).

Human tumor cell lines listed in Table 1 were maintained in KI'.MI
1640 supplemented with 10% heat-inactivated FBS. Cell lines c-Lu65,
c-Lul34, c-Lul35, c-Lul38, ORADA, C-LÃ•7,and c-Co4 had been
established previously in our laboratory (12, 13). PC-3, PC-9, PC-10,
PC-13, PC-14, and H-l were supplied by Y. Hayata (Tokyo Medical
College, Tokyo, Japan). N-231, N-857, and H-69 were supplied by A.
F. Gazdar (NCI-Navy Medical Oncology Branch, Bethesda, MD). NB-
1, MKN-45, MKN-74, and Kato III were supplied by T. Suzuki (Niigata
University, Niigata, Japan). HuH-7 was supplied by J. Sato (Okayama
University, Okayama, Japan) through the Japanese Cancer Research
Resources Bank, and SW1116, CCK-81, and MIA PaCa-2 were ob
tained from the American Type Culture Collection.

Human tumor tissues and normal tissues were obtained either at
surgery or at autopsy performed within 3 h postmortem.

Human Sera and Ascitic Fluids. Serum samples from healthy blood
bank donors were obtained at the Blood Center, Keio University Hos
pital. All of the donors were qualified blood donors, were negative when
tested for hepatitis B surface antigen, and had normal liver function.
Sera and ascitic fluids from cancer patients were obtained at the
Department of Surgery, Keio University School of Medicine. Seven of
20 cases of stomach cancer and 7 of 25 cases of colorectal cancer were
cases with recurrent tumors. Liver metastasis was detected in 4 cases
of colorectal cancer. All of these samples were coded and stored at
â€”40Â°Cuntil assayed. Serum samples obtained from cancer patients

were examined for levels of CEA and CA 19-9. CEA was determined
using a conventional polyclonal sandwich RIA kit (Dainablot Labora
tories, Tokyo, Japan), and CA 19-9 was determined by sandwich RIA
kit (Centocor, Inc., Malvern, PA).

Immunization and Cell Fusion. Details of the method used for im
munization and hybridoma production have been described previously
(10). Briefly, a nude mouse bearing Co-4 was given an i.p. injection of
spleen cells from an immunocompetent mouse (BALB/c), which caused
gradual regression of the tumor. Spleen cells from the nude mouse
which had rejected the tumor were hybridized with P3-X63-Ag8-Ul
cells using polyethylene glycol 4000.

Preparation of High-Molecular-Weight Antigens. Ascitic fluid ob
tained from a 41-year-old female colon cancer patient with peritoneal
carcinomatosis was centrifugea at 10,000 x g for 20 min. After passing
through a 0.22 Â¿/mpore size filter (Millipore Corporation, Bedford,
MA), the ascitic fluid was applied to a SuperÃ³se6 column (Pharmacia
Fine Chemicals Co., Ltd.) previously equilibrated with PBS containing
0.1% sodium azide and fractionated using a fast protein liquid chro
matography system (Pharmacia). Fractions eluted in the void volume
were collected and used as high-molecular-weight antigens. Tumor
tissue of nude mouse xenograft Co-4 was homogenized using a Polytron
homogenizer with 3 volumes (w/v) of PBS containing 0.1 mM phenyl-
methylsulfonyl fluoride, 1.0 mM c-aminocaproic acid, and 1% aprotinin
(0.2 trypsin inhibitor unit/ml). High-molecular-weight antigens were
also prepared from this extract as described above.

Screening and Cloning. The void volume fraction containing the high-
molecular-weight antigens from the ascitic fluid was diluted 10 times
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Table I ImmunocytocHemical reactivity ofNCC-CO-450 with human tumor cell
lines

Tumor cell lines Reactivity"

Lung carcinoma
Adenocarcinoma

PC-3, PC-9
PC-14, OKADA

Squamous cell carcinoma
PC-10

Large cell carcinoma
c-Lu65, PC-13

Small cell carcinoma
H-69. N-231.N-857
c-LuI34, c-Lul35. c-Lul38

Stomach carcinoma
MKN-45, MKN-74, KATO-III

Hepatocellular carcinoma
Alexander, c-Li?, HuH-7

Cholangiocellular carcinoma
H-l

Pancreatic carcinoma
MIA PaCa-2

Colon carcinoma
c-Co4, SW11I6, CCK-8I

Leukemia
HL-60. K-562

Others
NB-1, HeLa
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" O, negative; 6, about one-half of the cells positive; â€¢.almost all cells positive.

with PBS, and 50 n\ were applied to each well of several 96-well
microtiter plates (Costar) followed by incubation overnight at 4Â°C.

After blocking the nonspecific binding of proteins by incubation with
5% BSA (w/v) in PBS, a 50-^1 aliquot of hybridoma culture supernatant
was added to each well and incubated for 2 h at room temperature.
Binding of monoclonal antibodies to the coated antigens was detected
by serial incubation with biotinylated anti-mouse IgG (Vector) diluted
1:200, avidin-biotin-peroxidase complex (Vectastain ABC kit; Vector),
and a solution of 0.1 M acetate buffer (pH 4.5) containing o-phenyl-
enediamine (1 mg/ml) and H2O2 (0.015%). A hybridoma secreting
antibody reactive with high-molecular-weight antigens in this ELISA
was selected and cloned twice by limiting dilution. This monoclonal
antibody was named NCC-CO-450.

Purification and Inclination of Monoclonal Antibody. Ascitic fluid was
prepared by injecting hybridoma cells i.p. into pristane-primed mice
(BALB/c), and the NCC-CO-450 was purified from the ascitic fluid by
gel filtration using a (161! column (Pharmacia) as described previously
(10). lodination of the MoAb was carried out using '"I and lodo-Beads
(Pierce Chemical Company) according to the manufacturer's recom
mendation (14), and unbound I25Iwas removed by passage through a
PD-10 column (Pharmacia).

Sandwich RIA. Experimental samples were assayed in duplicate using
a "forward sandwich" RIA. Wells of U-bottomed 96-well polyvinyl

microtiter plates (Dynatech, Alexandria, VA) were coated with NCC-
CO-450 by incubation with 100 Mlof the MoAb in PBS (20 ^g/ml) at
4"C overnight and further incubated with PBS containing 10% FBS at

room temperature for 2 h in order to block nonspecific protein binding.
Twenty n\ of sera and standards were mixed with 80 nl of PBS
containing 10% FBS, applied to wells, and incubated for 3 h at room
temperature. Antigens trapped by the wells were detected by incubation
with 50 Â»ilof '"I-labeled NCC-CO-450 diluted in PBS containing 10%
FBS (8 x IO5 cpm/well) for 3 h. After six washings with PBS, each

well was cut out and the radioactivity was counted in a gamma counter.
Ascitic fluid from a colon cancer patient was used as the assay standard.
The quantity of NCC-CO-450 antigen was converted into arbitrary
units per ml by comparison with the standard curve.

Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis and Im-
munoblotting. Proteins were resolved by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis using 5% polyacrylamide gel under

reducing conditions, as originally described by Laemmli (15), and
electroblotted onto Durapore membranes (Millipore). After immersion
in PBS containing 5% (w/v) nonfat dry milk, 0.01% Antifoam A
(Sigma), 1% BSA, and 0.02% sodium azide to block nonspecific binding
sites for 2 h at room temperature, the membranes were reacted with
undiluted hybridoma culture supernatant of NCC-CO-450. The reac
tion was detected by the immunoperoxidase method using avidin-biotin-
peroxidase complex as described previously (10). For the control, NCC-
CO-450 was replaced with P3-X63-Ag8-Ul cell culture supernatant.

Immunocytochemistry and Immunohistochentistry. Paraffin-em
bedded sections were prepared from acetone-fixed pellets of cultured
cells (16) and various formalin-fixed cancerous and noncancerous tis
sues. The immunoperoxidase method using avidin-biotin-peroxidase
complex was performed as described previously (10). Endogenous per-
oxidase activity was abolished by treatment with 0.3% HjO2 in metha-
nol and nonspecific binding of antibodies was blocked by preincubation
of sections with 5% normal swine serum in PBS. The undiluted hybrid
oma culture supernatant of NCC-CO-450 was used as the first antibody.
For the control, the first antibody was replaced with P3-X63-Ag8-U 1

cell culture supernatant.
Physicochemical and Enzymatic Treatments of Antigen. High-molec

ular-weight antigen prepared from colon cancer xenograft Co-4 was
heated at lOO'C for 30 min or incubated in 0.1 N NaOH for 5 h at
37Â°C.The antigen was also treated with 200 Mg/ml of Pronase (Sigma)
at 37Â°Covernight. Both native and denatured antigens were coated on

wells of several 96-well microtiter plates (Costar). After incubation with
5% BSA (w/v) in PBS for 2 h, some wells coated with native antigens
were treated with neuraminidase (Boehringer, Inc.) or mixed exogly-
cosidase extracted from Charonia lampas (Seikagaku-Kogyo, Tokyo,
Japan). Mixed exoglycosidase contained Â«,/j-mannosidase, a.ÃŸ-gluco-
sidase, Â«,/3-galactosidase,a-D-fucosidase, /3-xylosidase, a,0-/V-acetylglu-
cosaminidase, and Â«,0-A'-acetylgalactosaminidase. Neuraminidase and

mixed exoglycosidase were serially diluted in acetate buffer at pH 5.5
or pH 4.5, respectively. Reactivities of NCC-CO-450 with these anti
gen-coated wells were detected by ELISA as described above.

Competitive Binding Inhibition Assay. Fifty-^1 aliquots of high-mo
lecular-weight antigens prepared from Co-4 were coated on the wells
of a 96-well microtiter plate (Dynatech). After blocking nonspecific
binding of proteins by incubation with PBS containing 2% BSA and
2% 7-globulin-free horse serum for 2 h, 25 Â»\of iodinated NCC-CO-
450 mixed with 25 /J of serially diluted cold competitor MoAbs were
added to each well and incubated for 2 h at room temperature. After
several washings with PBS, each well was cut out and the radioactivity
was counted in a gamma counter. As the competitors, MoAbs against
various carbohydrate chains on mucin-like antigens including NCC-

El HO KT HK

kDa

i
200-

116.25-
92.5-

Fig. 1. Detection of NCC-CO-450 antigen in ascitic fluids of 4 cancer patients
(El, HO, KT, and HK) by 5% sodium dodecyl sulfate-polyacrylamide gel electro
phoresis and immunoblotting. The nitrocellulose filter was stained with NCC-
CO-450 and also with culture supernatant of P3-X63-Ag8-U 1 cells as a negative
control (e). Ordinate, molecular weight in thousands.
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Fig. 3. Distribution of NCC-CO-450 antigen in sera of cancer patients in comparison with that of CEA (left) or CA 19-9 (right). , cutoff values. Sera from
colorectal cancer (â€¢),stomach cancer (O), pancreatic cancer (A), and breast cancer (â€¢).
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Fig. 2. NCC-CO-450 antigen values in sera of normal healthy donors and of
patients with various cancers.

LU-35 (anti-Tn) (17), NCC-ST-421) (anti-LÃ©"),5NCC-LU-279 (anti-
LÃ©*),5NCC-ST-433 (anti-LeY),5 NS 19-9 (anti-sialyl-Le1) (7), and NCC-
ST-439 (anti-sialyl residue) (6, 10) were used in addition to NCC-CO-
450 itself. The original concentrations of competitor MoAbs were
adjusted to 1 mg/ml.

I .ipid Extraction and Immunostaining of TLC. Lipids were extracted
from the Co-4 tumor grown in nude mice with chloroform/methanol/
water and reactivity with NCC-CO-450 was determined by immuno-
staining using avidin-biotin-peroxidase complex according to the TLC
plate method originally described by Magnani (18).

RESULTS

Reactivity with High-Molecular-Weight Antigens. One
MoAb, reactive by ELISA with the high-molecular-weight an
tigens prepared from the ascitic fluid of a colon cancer patient,
was obtained and designated NCC-CO-450 (IgM K). All frac
tions which were obtained by gel filtration of the ascitic fluid
were tested for their reactivity with the MoAb. It was found
that only the fractions eluted in the void volume were reactive.
The same result was obtained when fractionation was carried
out in the presence of 4 M guanidine-HCl.

5S. Hirohashi and S. Hakomori, unpublished observation.

Four of six samples of ascitic fluid from patients with colon
200 cancer or gastric cancer showed a positive reaction in immu-

noblotting analysis with NCC-CO-450 (Fig. 1). Antigens de
tected were predominantly of high molecular weight corre-

I sponding to the results of gel filtration analysis and were
distributed within a wide molecular weight range instead of a
single narrow band in 5% polyacrylamide gel. In addition,
antigens with a molecular weight of around 200,000 were
detected to a lesser extent (Fig. 1). In 7.5% polyacrylamide gel,

, majority of the antigen did not enter the gel.
Measurement of NCC-CO-450 Antigen in Sera. The RIA

results for assay standards showed an almost linear pattern
from 0 to 200 units/ml. In order to determine the normal range,
96 serum samples from normal healthy donors were assayed.
The mean antigen concentration was 19.59 Â±8.55 (SD) units/
ml, and mean + 2 SD was 36.69 units/ml. The cutoff value was
therefore set at 40 units/ml. Of the 96 samples examined, 3
(3%) had an antigen concentration higher than the cutoff value.
The results on sera from cancer patients are summarized in
Fig. 2. Positive rates for patients with cancers of digestive
organs were high; 56% (14 of 25) for colorectal carcinoma,
40% (8 of 20) for gastric carcinoma, 50% (3 of 6) for pancreatic
carcinoma. Distribution of NCC-CO-450 antigen in sera of
cancer patients did not show any correlation with that of CEA
orCA 19-9 (Fig. 3).

Irnmunocytocheinical and Immunohistochemical Reactivity
with Human Tumors. Results for cultured cells and for human
tumor tissues are shown in Tables 1 and 2, respectively. In
cultured cells and tumor tissues, the antigen reactive with NCC-
CO-450 was most strongly and frequently expressed in colon,
gastric, and pancreatic carcinoma (Figs. 4 and 5, A and B).
Adenocarcinomas of the bile duct, ovary, and lung also ex
pressed the antigen to some extent. Among these, mucin-
producing goblet cell adenocarcinoma of the lung and mucinous
ovarian cystadenocarcinoma showed strongly positive staining.
The antigens were localized in the cytoplasm and in the secre
tory products within the glandular lumina.

Immunohistochemical Reactivity with Normal Tissues. As
summarized in Table 3, the antigen defined by NCC-CO-450
was detected in normal tissues of a restricted number of organs.
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Table 2 Immunohistochemical reactivity of NCC-CO-450 with human cancer
tissues: cases in which more than one-third of tumor cells were positively stained.

CancerEsophagusThyroidLungSquamous

cellcarcinomaAdcnocarcinomaLarge

cellcarcinomaSmall
cellcarcinomaBreastStomachLiverBile

ductPancreasColonProstateOvar)'Mucinous

cystadenocarcinomaSerous
cystadenocarcinomaClear

cellcarcinomaUterine
cervixAdenocarcinomaSquamous

cellcarcinomaKidneySkinMalignant

melanomaLymph
nodesMalignant

lymphomaNo.

of posi
tive cases/

no. of cases
tested0/50/21/65/270/50/41/1217/200/153/618/2639/400/43/43/90/31/50/30/60/50/5

At least 3 different specimens of formalin-fixed paraffin-em
bedded normal tissues showed the same result. Expression of
the antigen in colonie mucosa was homogeneous and strong
(Fig. 5C). However, other parts of the digestive tract including
esophageal, gastric, and duodenal mucosa did not show any
reactivity with NCC-CO-450, except for weak staining in intes

tinal metaplasia of gastric mucosa (Fig. 5D). In other normal
tissues examined, only the mucin-secreting cells of bronchial

mucosa and uterine cervix were weakly stained. Liver and
pancreas were completely negative for the antigen (Fig. 5, E
and F).

Antigenic Determinant of the Monoclonal Antibody. Reactivity
of the MoAb with high-molecular-weight antigen was not af

fected at all by heat treatment, but it was completely abolished
by treatment with alkali. Reactivity of NCC-CO-450 with the
antigen was also inhibited by treatment with mixed exoglyco-

sidase in a dose-dependent manner, while neuraminidase had
no effect on the reactivity (Fig. 6). Pronase treatment also had
no effect on the reactivity of the antibody. Various known
MoAbs reactive with high-molecular-weight mucin-like anti
gens did not inhibit the binding of NCC-CO-450 to the antigen
under conditions in which NCC-CO-450 itself inhibited the
binding in a dose-dependent manner (Fig. 7). The antigen was
not detected in glycolipids on immunostaining of TLC plates.

DISCUSSION

Gastric cancer is the most common type of cancer in Japan,
as well as in many other countries. The incidence of colorectal
cancer is high in Western countries and is increasing in some
other countries including Japan (19). Sandwich RIA con
structed using NCC-CO-450 frequently detected an increase of
the antigen in sera of patients with these clinically important
cancers. In addition, the distribution of the antigen in sera of
patients with various cancers was independent from that of the
established tumor markers CEA and CA 19-9. For these rea
sons, measurement of NCC-CO-450 antigen in sera is consid
ered very promising for the diagnosis and monitoring of cancer
patients, especially in combination with CEA and CA 19-9.

Screening is the most critical step in the hybridoma technique
for producing a MoAb which is useful for research purposes.
In this study, we succeeded in selecting a MoAb probably useful
for serological diagnosis and monitoring by testing the reactiv
ity of hybridoma supernatants with antigens circulating in the
body fluids of cancer patients.

Determinants recognized by NCC-CO-450 are present in a
multiple state on a single molecule, since the antigen is easily
detected by a sandwich-type assay. The antigen detected by
NCC-CO-450 was biochemically characterized to have a wide
range of molecular weights predominantly in the very high
molecular weight range. The presence of multiple determinants
on a single molecule and the diversity of molecular weight
suggest that the antigen is a highly glycosylated mucin-like
antigen although less likely possibility of other high-molecular-
weight glycoproteins such as proteoglycans cannot be ruled out.
Furthermore, the epitope recognized by NCC-CO-450 is con
sidered to be an O-linked mucin-type carbohydrate chain with
out terminal sialic acid, since the epitope is easily destroyed by

Fig. 4. Immunocytochemical reactivity of NCC-CO-
450 with an acetone-fixed pellet of cultured SW1116 colon
cancer cells, x 120. Cytoplasm is stained strongly and
diffusely.
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Fig. S. Immunohistochemical reactivity of NCC-CO-450 with formalin-fixed parafTin-embedded tissue sections.. I, moderately differentiated adenocarcinoma of

the colon, x 80. Secretory products in the glandular lamina and cytoplasm of tumor cells are strongly stained. B, poorly differentiated adenocarcinoma of the stomach.
X.80. The cytoplasm of tumor cells is strongly stained, while surface epithelial cells of the stomach are not stained. C, normal colonie mucosa, x 80. Epithelial cells
in all levels of crypts are stained strongly and diffusely. D, gastric mucosa, x 40. Deep portions of glands showing intestinal metaplasia are stained. Â£,liver, x 80.
Antigen-positive cells are absent. F, pancreas, x 80. Antigen-positive cells are absent.

Table 3 Immunohistochemical reactivity of NCC-CO-450 with normal tissues

Tissue Reactivity

Brain
Peripheral nerve
Salivary gland
Thyroid
Thymus
Heart
Breast
Lung
Esophagus
Stomach
Small intestine
Colon
Liver
Pancreas
Gall bladder
Spleen
Adrenal gland
Kidney
Ovary
Uterus
Testis
Prostate
Bladder
Smooth muscle
Skeletal muscle
Blood cell

" Mucous cells of bronchial epithelium and gland.
* Deep portions of glands with intestinal metaplasia.
' Epithelial cells in all levels of the crypts.
'' Mucous cells of cervical gland.

treatment with alkali and mixed exoglycosidase but not by heat
treatment and neuraminidase. The results of competitive bind
ing inhibition assay indicate that the epitope recognized by
NCC-CO-450 is a new structure different from various carbo

hydrate chains defined by MoAbs tested. Failure to detect
antigens on TLC immunostaining suggests that this new struc
ture is present exclusively on glycoproteins.

Immunohistochemical analysis of tumor cells and tumor
tissues confirmed the high expression of the antigen in carci
nomas of the colon, stomach, and pancreas. Localization of the
antigen was also compatible with its biochemical nature. Cy-

100

50

1 4 16 64

Reciprocal of enzyme dilution
Fig. 6. Antigen treated with serially diluted neuraminidase (â€¢)and mixed

exoglycosidase (A) at original concentrations of 2 x 10~4 units/well and 5 mg/

well, respectively.

% of control =
Absorbance (450 nm) of enzyme-treated antigen

Absorbance (450 nm) of untreated antigen
x 100

toplasm and glandular lumina, where mucin-like secretory
products are present, were strongly stained by NCC-CO-450.
To our surprise, Immunohistochemical analysis of normal tis
sues showed that the antigen was a normal one, abundant in
colonie epithelium and a few other types of mucin-producing
cells. These features of the immunohistochemical reactivity of
NCC-CO-450 differ from those of any other MoAbs previously
reported to be useful for serological diagnosis (10, 20-22).

The present results clearly indicate that not only abnormal
carbohydrate chains but also normal carbohydrate chains of
mucin-like molecules can be used as serum markers for cancers.
Various epithelial cells produce mucins, as do cancers original
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Fig. 7. Binding of '"I-labeled NCC-CO-450 to the high-molecular-weight

antigen solid-phase RIA in the presence of nonlabeled competitor antibodies.
Abscissae, different concentrations of competitor antibodies NCC-CO-450 (O),
NCC-ST-421 (â€¢),NCC-LU-279 (A), NCC-ST-433 (A), NCC-LU-35 (D), NS 19-
9 (â€¢)and NCC-ST-439 (V).

ing from them. Aberrant glycosylation occurs on the carbohy
drate chains of mucin during neoplastic transformation and
progression (23), but some of the normal carbohydrate chains
are preserved. Mucin molecules carrying normal carbohydrate
chains as well as those carrying abnormal carbohydrate chains
are secreted from cancer cells and appear in the circulating
body fluids of cancer patients. Thus, it is quite reasonable that
even a normal carbohydrate antigen can be a good marker for
serological diagnosis and monitoring of cancer patients.

Recent results with a newly established sandwich ELISA
system for the NCC-CO-450 antigen confirmed the findings of
RIA reported in this paper using different serum samples from
gastrointestinal cancer patients. In addition, false positive rates
for NCC-CO-450 antigen were lower than those of CEA and
CA 19-9 in sera of patients with benign diseases including
chronic liver disease. The assay of many serum samples from
patients with various kinds of benign and malignant diseases
using the ELISA system is currently under way.
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