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ABSTRACT

A novel mouse monoclonal anti-fucosylceramide antibody was estab
lished by using neutral glycolipids from a human pancreas cancer tissue
as the immunogen. Mice Â»ereimmunized with the neutral glycolipids in
the form of liposome-containing lipid A. Mouse monoclonal antibodies
were screened with enzyme-linked immunosorbent assay and by thin
layer chromatography-immunostaining. The latter technique showed that
a mouse monoclonal antibody, designated PC47H, specifically reacts
with a ceramide-monoglycoside fraction of the neutral glycolipids. The
effects of various monosaccharides on the reactivity of PC47H with the
neutral glycolipids were tested, and it was found that only fucose was
able to inhibit the binding of PC47H to the neutral glycolipids. We also
examined the direct binding activity of PC47H against galactosylceram-
ide, glucosylceramide, fucosylceramide, and ceramide. This showed that
the antigen specificity of PC47H was exclusively directed against fuco
sylceramide. In thin layer chromatography-immunostaining experiments
with neutral glycolipids prepared from various human tissues, we ob
served that fucosylceramide was highly expressed in human colon and
gastric cancer tissues. PC47H recognized the human adenocarcinoma
cell lines of colon, stomach, pancreas, and lung but did not react with
other tumor cells or with several nontumorous human cells.

INTRODUCTION

The occurrence of aberrant glycosylation in human cancers
was reported more than 50 years ago, and many fucose-con-

taining glycolipids have been found in human adenocarcinomas
(1). Using the technique of monoclonal antibodies (2), investi
gators showed that changes of the constitution of the glycocon-
jugates are the most common phenomenon associated with
neoplastic changes (1). Especially, the lacto-series type I or II
chain carbohydrate antigens have been intensely studied as a
tumor-associated glycolipid antigen, such as CAI9-9 (3) and
Mah I SSEA-1 (4). Some of these tumor markers are now used

routinely in the clinic.
In the classical approach for the establishment of a monoclo

nal antibody against a tumor-associated antigen, cell lines de
rived from human malignant tissues are used as immunogen
(5). In this approach, investigators obtain monoclonal antibod
ies reacting preferentially with tumor cells as compared to
normal cells. However, it is laborious to identify the biochem
ical property of these antigens. In the novel approach, a purified
antigen isolated from tumor tissue or a synthetic antigen (6) is
used as the immunogen. To survey and characterize neo-tumor-
associated carbohydrate antigens, we chose the approach using
the total neutral glycolipid fraction isolated from a human
pancreas cancer tissue as the immunogen.

In this study, we established and characterized a mouse
monoclonal antibody, designated PC47H, that specifically
reacts with a fucosylceramide of the neutral glycolipids.
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MATERIALS AND METHODS

Ceramide-Monoglycosides and Ceramide. Galactosylceramide from
bovine brain was purchased from HÃ¶hnenOil Co., Ltd., Tokyo, Japan.
Glucosylceramide from human brain was kindly supplied by Dr. A.
HarÃ¡,Department of Lipid Biochemistry, Institute of Cardiovascular
Disease, Shinshu University School of Medicine, Matsumoto, Japan.
Chemically synthesized fucosylceramide was generously provided by
Dr. S. Hakomori. The Biomembrane Institute, Seattle, WA, and Im
munology and Microbiology, University of Washington, Seattle, WA.
Ceramide of bovine brain was purchased from Serdary Research Lab
oratories, Inc., London, Ontario, Canada.

Isolation and Purification of Glycolipids. The procedure for the iso
lation and purification of the glycolipids was described in a previous
paper (7, 8).

Liposomes Preparation. The preparation of liposomes followed es
sentially the procedure of Schuster et al. (9). P621474 neutral glyco
lipids (600 Â¿Â¿g),lipid A (5 mg; Sigma Chemical Co., St. Louis, MO),
dimyristyl phosphatidylcholine (68 mg; Sigma), cholesterol (28 mg;
Sigma), and dicetylphosphate (6 mg; Sigma) were dissolved in chloro-
form:methanol, 2:1 (v/v), as solvent. After removing the organic sol
vents using a rotary evaporator, 10 ml of PBS2 was added, together
with a small amount of 2-mm glass beads, and the flask was shaken
vigorously on a Vortex mixer.

Immunization and Hybridization. The immunization method was
performed essentially as described by Brodin et al. (10). Eight-week-
old female BALB/c mice were immunized s.c. and i.p. with 250 ^1 of
the liposomes containing neutral glycolipids (25 n%of neutral glyco-
lipids/mouse). The immunization was performed 3 times at 2-week
interval. The partial bleeding was performed every week, and titration
of the serum was accomplished by the ELISA procedure as described
in the next paragraph. On the third day after final immunization,
splenocytes of the immunized mice were prepared and fused to the
mouse myeloma cell line, P3-X63 Ag8-Ul, by the usual hybridoma
technique using polyethyleneglycol (11). Conditioned media containing
antibodies secreted from these hybridomas were screened by ELISA
directly coated with the neutral glycolipids used as the immunogen.
Hybridomas exhibiting the desired reactivity were cloned by the limiting
dilution method. The isotype of monoclonal antibodies was determined
with an Isotyping kit (Amersham Japan, Tokyo, Japan).

ELISA. Purified neutral glycolipids or ceramide-monoglycoside dis
solved in chloroform:methanol (1:1, v/v) were diluted with ethanol to
a concentration of 100 ng glycolipid/ml. This solution was dispensed
in 50 Ail/well into a 96-well microtiter plate (Sanko Junyaku. Tokyo,
Japan), allowed to stand for l h at 56Â°Cto evaporate the organic

solvents, and incubated with 1% BSA in PBS (BSA/PBS) for l h at
room temperature to block nonspecific binding. Mouse antiserum or
hybridoma culture supernatant (50 jil) was added and allowed to react
for 1 h. After the plate was washed 3 times with BSA/PBS, 50 n\ of
horseradish peroxidase-labeled rabbit anti-mouse immunoglobulins
(Dakopatts, Glostrup, Denmark) diluted 1:2000 with BSA/PBS was
added. After a 1-h incubation, the plate was washed 3 times with BSA/
PBS, and 50 Â¿ilof OPD substrate solution, composed of 1 mg/ml of
OPD (Sigma) in 50 mM citrate buffer, pH 5.0. containing 0.006% (v/
v) H2O2, was reacted for 30 min. The enzyme reaction was stopped
with 50 n\ of 2 M H2SO4 and absorbance at 490 nm was measured with
an ELISA autoreader (Dynatech, Alexandria, VA).

2The abbreviations used are: PBS. phosphate-buffered saline, pH 7.2, contain
ing 8.0 g NaCI. O.2 g KCI, 1.14 g Na2HPO4, and 0.2 g KH2P(Vliter; TLC, thin
layer chromatograghy; ELISA, enzyme-linked immunosorbent assay; BSA, bo
vine serum albumin: CELISA, ELISA with live cells; OPD. o-phenylenediamine
dihydrochloride.
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Competitive Inhibition Assay. The culture supernatant containing a
mouse monoclonal antibody was mixed with serial dilutions of each of
the following monosaccharides: D-galactose, D-glucose, L-fucose, D-/V-
acetylgalactosamine, and D-A'-acetylglucosamine: the mixture was then

incubated for 1 h. The preabsorbed culture supernatant was reacted
with neutral glycolipids coated on a 96-well microtiter plate. Thereafter,
the procedure was the same as described in "ELISA" above.

TLC-Immunostaining. The TLC-immunostaining procedure was a
modification of the method described by Uemura et al. (12). Neutral
glycolipid fractions extracted from various cancers or normal tissues
were chromatographed on silica gel 60 plates (Merck, Darmstadt,
Germany) using chloroform:methanol:water (65:30:6, v/v/v) as solvent.
The TLC plate was immersed in 5% BSA/PBS and then allowed to
stand for I h at room temperature to block the reaction of nonspecific
antibodies. After the 5% BSA/PBS was removed by aspiration, the
plate was immersed in the culture supernatant of hybridoma and then
allowed to react for 2 h at 37Â°C.After the plate was washed 8 times

with 0.5% BSA/PBS, a 500-fold dilution of biotin-conjugated anti-
mouse immunoglobulins (Dakopatts) was added and reacted for 1 h at
room temperature. After the plate was washed, a peroxidase-conjugated
avidin-biotin complex solution (Vectastain; Vector, Burlingame, CA)
was added to the plate and reacted for Ih at room temperature. After
eight washes, bands were detected with a substrate solution kit (Konica
Immunostain HRP; Konica, Tokyo, Japan), and the location of the
antigen recognized by a monoclonal antibody on the TLC plate was
analyzed.

CELISA. The cells were suspended in an RPMI 1640 culture medium
(Nissui, Tokyo, Japan) containing 15% fetal bovine serum, and the
suspension was dispensed into a 96-well filtration plates (Milliliter GV;
Millipore, Bedford, MA) at the rate of 1 x 104cells/well and then
allowed to stand for 1 h at 37Â°Cto block nonspecific antibody reaction.

After culture media was removed from the wells by aspiration, the
hybridoma culture supernatant was added to the wells (100 ^I/well)
and then reacted for 3 h at 4Â°C.After the wells were washed 3 times

with PBS, a 2000-fold dilution of peroxidase-linked rabbit anti-mouse
immunoglobulin antibody was added and then reacted for 1 h at 4Â°C.

The wells were again washed 3 times with PBS, and 50 ^1 of OPD
substrate solution was reacted. The enzyme reaction was stopped with
50 Â¡Aof 2 M H2SO4, and absorbance at 490 nm was measured with an
ELISA autoreader.

RESULTS

Establishment of PC47H. P621474 neutral glycolipids were
isolated from the human pancreas cancer tissue (identification
number of patient, P621474). Neutral glycolipids (3.74 mg)
were obtained from 25.8 g of the tissue. Fig. \a shows the TLC
profile of P621474 neutral glycolipids. The liposomes contain
ing the neutral glycolipids and lipid A were immunogenic in
mice, as shown by ELISA. The mouse with the highest titer
(>1/106 dilution) was used for the establishment of hybridomas,

and 38 positive hybridoma clones were selected by the reactivity
to P621474 neutral glycolipids using ELISA. All hybridoma
clones secreted IgM antibody. TLC-immunostaining was per
formed using P621474 neutral glycolipids to determine the
antigen component of monoclonal antibodies. One monoclonal
antibody, designated PC47H, reacted with the ceramide-mon-
oglycoside fraction and did not react with the other glycolipid
fractions on the TLC plate (Fig. 16).

Identification of the Antigen Specificity of PC47H. It is known
that there are three types of ceramide-monoglycoside in mam
mals: galactosylceramide, glucosylceramide, and fucosylcer-
amide. To identify the antigen specificity of PC47H, the com
petitive inhibition assay was performed by using various mono
saccharides (Fig. 2). Only L-fucose was able to inhibit the
binding of PC47H to P621474 neutral glycolipids, whereas all
other monosaccharides tested (glucose, galactose, W-acetylglu-
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Fig. 1. TLC-immunostaining of the neutral glycolipids of the pancreas cancer
tissue (identification number of patient. P621474) with PC47H. a, visualized with
orcinol regent: 6, stained with PC47H: /, ceramide-monoglycoside fraction; 2,
ceramide-diglycoside fraction: 3, ceramide-triglycoside fraction: 4, ceramide-te-
traglycoside fraction. Neutral glycolipids (100 Mg)were developed with chloro-
form:methanol:water (65:30:8. v/v/v).
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Fig. 2. Inhibition assay with various monosaccharides. Various monosaccha
rides were tested for inhibition of PC47H binding to P621474 neutral glycolipids
on ELISA. â€¢.L-fucose; A, D-glucose; â€¢D-galactose; A, D-A'-acetylglucosamine;
n, D-jY-acetylgalactosamine.

cosamine, and 7V-acetylgalactosamine) were unable to inhibit
the reactivity. These data strongly suggested that the antigen
recognized by PC47H is fucosylceramide.

To confirm this result, the direct binding activity of PC47H
was examined by ELISA using purified galactosylceramide,
glucosylceramide, fucosylceramide, and ceramide. Each puri
fied ceramide-monoglycoside and ceramide was solubilized with
chloroform:methanol, 1:1 (v/v), and diluted with ethanol for
coating on ELISA plates. PC47H specifically reacted with
fucosylceramide and did not cross-react with galactosylceram
ide, glucosylceramide, and ceramide (Fig. 3). The data from
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Fig. 3. Direct binding assay with purified ceramide-monoglycosides and cer-
amide. Each ceramide-monoglycoside and ceramide were coated on wells of
ELISA plates and PC47H was reacted for l h at 37Â°C.â€¢,fucosylceramide; A,

glucosylceramide; â€¢,galactosylceramide; O, ceramide.

both the competitive inhibition experiment and the direct bind
ing assay demonstrate that fucosylceramide is the antigen rec
ognized by PC47H.

Evaluation of Fucosylceramide as a Tumor-associated Antigen.
To evaluate the possibility that fucosylceramide is a tumor-
associated antigen, the following two experiments were per
formed. The distribution of fucosylceramide in neutral glyco-
lipid fractions prepared from various normal and cancer tissues
was examined by TLC-immunostaining with PC47H. Fucosyl
ceramide was detected by PC47H in 5 of 7 cancer tissues,
especially, the ceramide-monoglycoside fraction of colon and
gastric cancer tissues on TLC plates (Fig. 4, lanes 10, 11, 14,
and 75), but the expression of fucosylceramide in pancreas
cancer was much weaker than staining of colon and gastric
cancer tissue (Fig. 4, lane 6). Interestingly, fucosylceramide was
detected in neutral glycolipids from the familial polyposis,
which is regarded as a precancer (Fig. 4, lane 9). Fucosylcer
amide was also detected in the normal gastric mucosa and

pancreas tissue (Fig. 4, lanes 4 and 13). In contrast, neutral
glycolipids prepared from O erythrocytes and O plasma of
normal healthy donors did not contain fucosylceramide (Fig. 4,
lanes 16-21). This indicates that PC47H does not cross-react
with the terminal fucose of the H antigen.

The reactivity of PC47H to various human cell lines was
examined by CELISA. Table 1 shows the results of CELISA
with PC47H. PC47H reacted to human adenocarcinoma cell
lines derived from colon, stomach, pancreas, and lung. PC47H
did not react, however, with normal fibroblasts, normal periph
eral blood lymphocytes, or normal erythrocytes. In addition, it
did not show any reactivities to cell lines derived from leukemia,
lymphoma, neuroblastoma, breast carcinoma, or small cell lung
carcinoma.

DISCUSSION

It is well known that glycosylation plays an important role in
the organization of cell surface markers. The expression of
aberrant carbohydrate antigens accompanied by neoplastic
changes have been shown in a variety of studies using monoclo
nal antibodies. Many of these antigens are glycolipids or gly-
coproteins, and some of the tumor-associated carbohydrate
antigens with a long sugar chain are being used in the clinic as
serum tumor markers (1, 13, 14). On the other hand, there is
much to be learned about the biological relevance of glycocon-
jugates with a short sugar chain, especially their potential use
as tumor diagnostics (15-17). In this study, we established a
mouse monoclonal antibody (designated PC47H) that specifi
cally reacts with the ceramide-monoglycoside fraction of neutral
glycolipids prepared from a human pancreas cancer tissue. The
results of the inhibition assay (Fig. 2) and of the direct binding
assay (Fig. 3) demonstrated that the antigen recognized by
PC47H is fucosylceramide. Furthermore, the results of TLC-
immunostaining using O erythrocytes (Fig. 4) indicated that
PC47H does not cross-react with the terminal fucose of the H
antigen.

Fucosylceramide was first isolated from human colon ade-

1234567 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Fig. 4. TLC-immunostaining of the neutral glycolipids prepared from various human tissues, erythrocytes, and plasma with PC47H. lane I, normal pancreas tissue
(P7324); lane 2, normal pancreas tissue (P7484): lane 3, normal pancreas tissue (P8827); lane 4, normal pancreas tissue (P9113); lane 5, pancreas cancer tissue
(P8474); lane 6, pancreas cancer tissue (P621474); lane 7, bile duct cancer tissue (P9113): lane 8, normal colon tissue (PI): lane 9, familial polyposis (T4484); lane
10, colon cancer tissue (PI); lane II, colon cancer tissue (P2): lane 12, normal gastric mucosa (P8055): lane 13, normal gastric mucosa (P8981); lane 14, gastriccancer tissue (P8055); lane 15, gastric cancer tissue (P8981): lane 16, O Le'"'"*' erythrocyte: lane 17, O Le'"b~' erythrocyte; lane 18, O Le""11"'erythrocyte; lane 19,
O Le'""6*' plasma; lane 20, O Le"*1'"' plasma; lane 21, O Le"~b~' plasma; lane 22, 500 ng galactosylceramide; lane 23, 500 ng glucosylceramide. Each neutral glycolipid

(20 ng) was developed with chloroform:methanol:water (65:30:8. v/v/v).
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Table 1 Reactivities ofPC47H to human cell lines, lymphocytes,
and eiythrocytes

The reactivities of PC47H to each cell line, lymphocyte, and erythrocyte were
determined by CELISA as described in "Materials and Methods."

Cell lines Origin Reactivity"

MIA-Paca-2
Pane-1
BxPc3

COLO 201
COLO 205
COLO 320DM
LoVo
DLD-1
WiDr

KATO III
AZ521
NUGC-2
NUGC-3

A549
Lu-65
PC-13

CEM
Raji
Wa
HL-60
U937
K562

HuH-7

IMR-32

ZR75-1

TT-5

Lymphocyte (A)
Lymphocyte (B)
Lymphocyte (O)

Erythrocyte (A)
Erythrocyte (B)
Erythrocyte (O)

Carcinoma, pancreas
Epitheloid carcinoma, pancreas
Primary adenocarcinoma. pancreas

Adenocarcinoma, colon
Adenocarcinoma, colon
Adenocarcinoma, colon
Adenocarcinoma, colon
Adenocarcinoma, colon
Adenocarcinoma, colon

Carcinoma, stomach
Carcinoma, stomach
Carcinoma, stomach
Carcinoma, stomach

Carcinoma, lung
Carcinoma, lung
Large cell carcinoma, lung

T-cell acute lymphocytic leukemia
Din km lymphoma
B-cell lymphoma
Acute promyelocytic leukemia
Histocytic lymphoma
Chronic myelogenous leukemia

Hepatoma (differentiated)

Neuroblastoma

Breast carcinoma

Normal fibroblast

Peripheral blood
Peripheral blood
Peripheral blood

Peripheral blood
Peripheral blood
Peripheral blood

" A, value (At*,/t,w) of PC47H minus value of negative control using mouse
IgM; -,A< 0.05; +, A > 0.10.

nocarcinoma by Watanabe et ai. in 1976 (17). The authors
speculated that the concentration of fucosylceramide is corre
lated with the severeness of the malignancy. Subsequently,
polyclonal antibodies against fucosylceramide were prepared by
immunizing rabbits with chemically synthesized fucosylceram
ide (18). This serum, however, was not specific to fucosylcer
amide, because cross-reactivity to ceramide and galactosylcer-
amide was also observed. An absorption experiment using
galactosylceramide was performed in an attempt to raise the
antigen specificity of the rabbit antiserum. This attempt, how
ever, failed, because the absorbed antiserum still reacted only
weakly with natural fucosylceramide extracted from human
adenocarcinoma. The authors also discussed the possibility that
the low activity of their antiserum against natural fucosylcer
amide was due to the difference of the ceramide moiety between
synthetic and natural fucosylceramide. According to this hy
pothesis, it would be almost impossible to generate antibodies
reacting with natural fucosylceramide by the approach using
synthetic fucosylceramide as immunogen. However, our at
tempt using natural glycolipids as the immunogen was success
ful and allowed us to isolate a monoclonal antibody which
reacts both with natural and synthetic fucosylceramide.

To evaluate the utility of PC47H as a diagnostic tool in
certain tumors, we performed TLC-immunostaining with neu
tral glycolipids prepared from various human tissues and CEL

ISA using human cancer cell lines. The results of CELISA
indicated that PC47H specifically reacts with the human ade
nocarcinoma cell lines of colon, stomach, pancreas, and lung
and not with normal cells (normal fibroblasts, erythrocytes, or
lymphocytes), suggesting that PC47H might be a useful tool to
diagnose the cancer. To address the question whether PC47H
recognizes the glycolipid on tumor cells, we prepared a mem
brane fraction of COLO 201, a human gastric adenocarcinoma
cell line showing positive reaction in CELISA. In TLC-im
munostaining using the extracted glycolipids, the fucosylcer
amide from the COLO 201 membrane fraction was detected
(data not shown). The monoclonal antibody PC47H-reactive
molecules present in cancer tissues might not only be glycolipids
but glycoproteins. Several mucin-like glycoprotein-associated
carbohydrate antigens have very high molecular weights
(200,000-1,000,000) (19-21). However, we do not know
whether PC47H-reactive glycoproteins exist in cell lines or
cancer tissues.

It is evident from the data of TLC-immunostaining experi
ments that fucosylceramide is highly expressed in human colon
and gastric cancer tissues. Interestingly, the evidence that
PC47H stained the band of glycolipids from the patient with
familial polyposis which is regarded as a precancer might be
supported by the observation that the expected aberrant glyco-
sylation occurred on the cell surfaces of both premalignant
lesions and malignant tissues (22-24). Fucosylceramide was
detected in some normal tissues closely adhered to the dissected
cancer tissues. These uninvolved normal mucosae may have
characteristics of a precancerous stage. We also observed that
the Forssman activity was demonstrated in transitional mucosa
of human colon adenocarcinoma after treatment of sialidase as
well as cancer tissue (data not shown).

The establishment of PC47H now enables us to study the
biological significance of the aberrant fucosylceramide on dif
ferent cell types in detail and provides us with a new tool in
tumor diagnostics.
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