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ABSTRACT

Two murine monoclonal antibodies, 2H6G5 (IgM) and 4A9E10 (IK<M),
were obtained by using either cultured human hepatocellular carcinoma
cells (PLC/PRF/5) or the acidic glycolipid mixture prepared from the
same cells as immunogens. The antigen in PLC/PRF/5 cell membranes
recognized by both antibodies was identified as a disulfated acidic gly
colipid, GgOse4Cer-II3IVJ-ftM-sulfate(SBi.). Both antibodies reacted spe

cifically with SBI., and no significant reactivity was noted with other
sulfated glycolipids or gangliosides except that the antibody 2H6G5
showed a weak cross-reactivity with LacCer-H3-sulfate (SM1).another

sulfated glycolipid which partly shares the same carbohydrate structure
as SBI.. The SBI. antigen is a relatively minor glycolipid in PLC/PRF/5
cells, but it was strongly expressed at the surface of PLC/PRF/5 cells as
ascertained by cytofluorometry using both antibodies. A significant
amount of SBI. antigen was present in 3 of the acidic glycolipid fractions
isolated from 15 human hepatocellular carcinoma tissues as well as in
the acidic glycolipid fraction prepared from PLC/PRF/5 cells, while all
the acidic glycolipid fractions prepared from cirrhotic livers and a normal
liver were essentially negative for SBIÂ»as ascertained by both solid phase
enzyme immunoassay and the thin-layer chromatography-immunostain-
ing method. These results strongly suggest that the Sm, antigen as defined
by these new monoclonal antibodies is associated with human hepatocel
lular carcinoma.

INTRODUCTION

Recently, many glycolipid antigens have been shown to be
associated with human cancers (1-3). Some of them are acidic
glycolipids which are called ganglioside and in which the neutral
sugar chain is modified by sialic acid residues. The melanoma
antigens such as ( Â¡>M'(4, 5) and the markers for other human
cancers such as sialylated Le" and sialylated Le"-i (6, 7) are all

gangliosides. Many monoclonal antibodies directed to such
cancer-associated gangliosides have been introduced (4-9). On
the other hand, the significance of another group of acidic
glycolipids, called sulfated glycolipids, in which the neutral
sugar chain is modified by sulfate residues, has not been studied
extensively. In this study, we obtained two murine monoclonal
antibodies directed to the carbohydrate antigens of human
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cultured hepatocellular carcinoma cells (PLC/PRF/5), and the
antigen recognized by these antibodies was identified as a
disulfated glycosphingolipid, SBU, which is closely associated
with human hepatocellular carcinoma.

MATERIALS AND METHODS

Preparation of Standard Glycolipids. The reference sulfated glyco
lipids (S\|Js, SM:, S,,;, and SBI,)were purified from rat kidney, S\n from
human kidney, and SM4,from boar testis as described previously (10-
14). SMI. was prepared by partial acid hydrolysis of SBU(13). Neutral
and acidic glycolipid fractions from human erythrocytes, bovine brain,
and rat kidney were prepared as described previously (15-17). GMJ,
GM2,GMI,GDI., and GDibwere purchased from Supelco Inc. (Bellefonte,
PA). Asi;ilo-( Â¡\,;and usjalo-i i..,i were prepared by mild acid hydrolysis
of GM2 and GMI gangliosides (15). GDz was obtained from neuro
blastoma tissue.

Preparation of Glycolipids from PLC/PRF/5 Cells and Hepatocellular
Carcinoma Tissues. The tumors of PLC/PRF/5 cells grown on the back
of nude mice were used as sources of PLC/PRF/5 cell glycolipids.
Liver tissues of 15 patients who had been diagnosed for hepatocellular
carcinoma were obtained at surgical hepatectomy or autopsy in Kyoto
University Hospital. Neighboring cirrhotic liver tissues which were
essentially free of carcinoma were obtained from 4 patients with hepa
tocellular carcinoma, and 1 normal liver tissue was obtained at the
autopsy of a patient who died from a disorder which was not related to
liver diseases. Glycolipids were prepared from these tissues by the
method described earlier (16-18): Briefly, total lipids were extracted
from those tissues with isopropyl alcohol:hexane:water (55:20:25, v/v/
v) and partitioned according to the method of Folch. The glycolipids
in the upper layer fraction of the Folch partition were subjected to
DEAE-Sephadex A-25 (Pharmacia, Uppsala, Sweden) column chro
matography. The neutral glycolipids were eluted with chloro-
form:methanol:water (30:60:8, v/v/v) and acidic glycolipids, including
both gangliosides and sulfatides, were then eluted with chloro-
form:methanol:0.8 N sodium acetate (30:60:8, v/v/v). The mixture of
gangliosides and sulfated glycolipids in the latter fraction was used in
the solid phase enzyme immunoassay and also in the TLC-immuno-
staining method without further purification unless otherwise stated.
In some experiments, the acidic glycolipid fractions of PLC/PRF/5
cells and some of the hepatocellular carcinoma tissues were further
fractionated by stepwise elution from the DEAE-Sephadex column

using 0.05, 0.15, and 0.45 M ammonium acetate in methanol.
Procedures for Generation of Monoclonal Antibodies. Two different

immunization protocols were used for the production of monoclonal
antibodies directed to PLC/PRF/5 cells. The whole cell immunization
protocol was as follows. BALB/c mice received i.p. injections of PLC/
PRF/5 cells (2 x 10' cells/one immunization) on day 0, day 7, and day

28, and splenocytes were harvested 3 days after the last injection and
fused with mouse myeloma P3/X63-Ag8Ul (P3U1). The hybridoma
clone 4A9E10 which produces an IgG3 antibody was obtained with this
protocol. For the glycolipid immunization protocol, the acidic glyco
lipid mixture prepared from PLC/PRF/5 cells was absorbed at the
surface of acid-treated Salmonella minnesota strain R595 and used for
repeated i.p. immunization of BALB/c mice (19). The immunization
protocol was 5 m- on day 0, 10 ^g on day 4, 15 Mgon day 7, 20 Mgon
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day 12, and 20 Mgon day 26 for the final injection. Three days later
the spleen cells were harvested and fused with mouse myeloma P3/
X63-Ag8Ul (P3U1). Clone 2H6G5 which produces IgM antibodies
was obtained with this protocol. The PLC/PRF/5 cells and the acidic
glycoiipids prepared from the same cells were used as antigens in the
solid phase enzyme immunoassay of culture supernatants for the clon
ing procedures.

Assessment of the Reactivities of Monoclonal Antibodies with Various
Glycoiipids. Solid phase enzyme immunoassay was performed using
various glycolipid antigens which were immobilized at the bottom of
96-well culture plates, by a standard method described previously (16).
Peroxidase-conjugated goat anti-mouse IgG (heavy and light chain
specific) and anti-mouse IgM (^ chain specific) were obtained from
Cappel, Inc. (Malvern, PA). TLC-immunostaining was performed using
a Baker HPTLC plate (J. I. Baker Chemical Co., Phillipsburg, NJ) and
'"I-protein A (Du Pont, Boston, MA) as described first by Magnani et

al. (20) and subsequently modified by us (17). The solvent system for
TLC was chloroform:methanol:0.5% CaCl2 in H2O (55:40:10, v/v/v).

Cytofluorometric Analysis. Human hepatocellular carcinoma cell line
cells, PLC/PRF/5, were cultured in Dulbecco's modified minimal

essential medium, supplemented with 10% fetal calf serum. PLC/PRF/
5 cells were stained by the indirect immunofluorescence method; the
cells were reacted with monoclonal antibody 2H6G5 or 4A9E10 as the
first antibody and subsequently with fluorescein isothiocyanate-labeled
rabbit anti-murine IgM (// chain specific) or anti-murine IgG (7 chain
specific) antibody as the second antibody. Flow cytometric analysis of
PLC/PRF/5 cells was performed using the FACS 440 system (Becton
Dickinson Immunocytometry Systems, Mountain View, CA).

RESULTS

Reactivities of the Monoclonal Antibodies 2H6G5 and 4A9E10
with PLC/PRF/5 Cell Glycoiipids as Ascertained by the TLC-
immunostaining Method. The reactivities of the monoclonal
antibodies produced by the established hybridoma, 2H6G5 and
4A9E10, were studied by the TLC-immunostaining technique.
As shown in Fig. 1, the antibody 2H6H5 reacted specifically
with a glycolipid present in acidic glycolipid fraction in Lane 3.
When the glycoiipids in the acidic fraction were further sepa
rated by stepwise elution of the DEAE-Sephadex column with

0.05, 0.15, and 0.45 M ammonium acetate in methanol (desig
nated as mono-, di- and trisialosyl fractions in Fig. 1), the
reactive glycolipid was present in the tri-sialosyl fraction. Es
sentially the same results were obtained with the antibody
4A9E10. Saia and other sulfated glycoiipids (see Fig. 1, aster
isks) were found to be relatively minor components in the acidic
glycolipid fraction of PLC/PRF/5 cells, the major components
being gangliosides.

Specificity of the Monoclonal Antibodies towards the Sulfated
Glycolipid Standards as Ascertained by TLC-immunostaining
and Solid Phase Enzyme Immunoassay. Since the TLC mobility
of the reactive glycolipid seemed to be too fast for trisialogan-
gliosides, we thought the antigenic glycolipid could be a sulfated
glycolipid rather than a ganglioside. When the reactivity of the
monoclonal antibodies with purified standards of sulfated gly
coiipids was tested by the TLC-immunostaining technique, SBu
reacted with both antibodies as shown in Fig. 2, Lane 7. The
TLC mobility of the standard SBUcoincided with the mobility
of the antigenic glycolipid present in the acidic glycolipid frac
tion of PLC/PRF/5 cells, which is shown in Fig. 2, Lane 2. In
some experiments, a weak cross-reactivity of the antibody
2H6G5 with SM3was observed as is shown in Fig. 2b, Lane 2.

The results of solid phase enzyme immunoassay with the
purified sulfatides also showed that the antibodies 2H6G5 and
4A9E10 both react only with SBu, and the reactivity of SBI.
with the antibodies was comparable with the reactivity of the
acidic glycolipid mixture of PLC/PRF/5 cells (Fig. 3). No
significant reactivity was noted with other sulfated glycoiipids
such as SM4Â»SM4g,SNU,SM2,SMU, and SB2-Other glycoiipids
having a related carbohydrate structure containing asialo-GMi
or asialo-GM2 also did not react with the antibodies.

The reactivities of the two monoclonal antibodies and the
structures of the sulfated glycoiipids are summarized in the
Table 1.

Cytofluorometric Analysis of PLC/PRF/5 Cells with the
Monoclonal Antibodies Directed to S,lu. When the cultured
PLC/PRF/5 cells were analyzed by the fluorescence-activated
cell sorter with these antibodies, 49% of the cells were signifi-

Fig. 1. Separation of acidic glycoiipids
from PLC/PRF/5 cells into so-called mono-,
di-, and trisialosyl fractions and analysis of the
antigen which reacts with monoclonal antibod
ies 2H6GS (a and b) and 4A9E10 <<â€¢and d) by
the TLC-immunostaining method, a and c,
orcinol:H2SO4 reaction of the TLC plate; b,
immunostaining of the same TLC plate as in
a with the antibody 2H6GS; d, immunostain
ing of the same TLC plate as in c with antibody
4A9E10. Lane I, the total acidic glycolipid
fraction prepared from human type O eryth-
rocytes serving as the TLC-mobility control;
Lane 2, standard ganglioside mixture prepared
from bovine brain; Lane 3, total acidic glyco
lipid fraction prepared from PLC/PRF/5 cells,
which was used for the immunogen for the
generation of the antibody 2H6G5; Lanes 4-
6, mono-, di-, and trisialosyl fractions of the
acidic glycoiipids prepared from PLC/PRF/5
cells, respectively, which were obtained as de
scribed in "Materials and Methods." Reactiv

ities of 2H6G5 and 4A9E10 are confined to a
glycolipid which is present in the trisialosyl
fraction and has a TLC mobility in between
GMJ and sialylparagloboside (SPG). Asterisks
(*) indicate the bands of glycoiipids which are

suspected to be sulfated glycoiipids, since they
were positive for the orcinol:H2SO4 reaction
but negative for the resorcinol:HCI reaction.
The solvent system for TLC was chloro-
form:methanol:0.5% CaCh in H3O (55:40:10,
v/v/v).
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cantly positive with 2H6G5 antibody, and 18% of the cells were
positive with 4A9E10 antibody as shown in Fig. 4. The antibody
2H6G5 (IgM) seems to have a stronger reactivity with SBUthan
the antibody 4A9E10 (IgG3), as is evident from the stronger
staining of the PLC/PRF/5 cells under cytofluorometric analy
sis (Fig. 4), stronger staining in the TLC-immunostaining (Fig.
2), and the higher reactivities in the solid phase enzyme im-

munoassay (Fig. 3).
Presence of SBI. in Human Hepatocellular Carcinoma Tissues

as Detected by the Monoclonal Antibody 2H6G5. The acidic
glycolipid fractions prepared from hepatocellular carcinoma
tissues taken from 15 patients were tested for the presence of
SBUantigen in the solid phase enzyme immunoassay using the

GM1a -

GD1a~Â«

GT1b~
1 2349078 1 2 3 4 S 6 7 8

GM1a-

GD1a-

GT1b-
2345678 12345678

Fig. 2. Specificities of monoclonal antibodies 2H6GS (a and />)and 4A9E10
(c and </) towards various standard sulfated gangliosides as ascertained by the
TLC-immunostaining method, a and c, orcinol/HjSOÂ« reaction of the TLC plate;
b, immunostaining of the same TLC plate as in u with the antibody 2H6G5; d,
immunostaining of the same TLC plate asine with the antibody 4A9E10. Lane
I, the standard ganglioside mixture prepared from bovine brain; Lane 2, the total
acidic glycolipid fraction prepared from PLC/PRF/S cells; Lanes 3-8, the stand
ard sulfated glycolipids, SMÂ«.,SM<I,SMj, SM2,SBI., and SBJ, respectively. Positive
stainings are observed in Lanes 2 and 7 of b and it. and the TLC mobility of the
positive glycolipid in Lane 2 coincides with the mobility of Sm, in Lane 7. The
solvent system for TLC was chloroform:methanol:0.5% CaCh in H2O (55:40:10,
v/v/v).

2H6G5 antibody. As summarized in Table 2, 3 of 15 carcinoma
tissues contained a significant amount of S,,,.,. The acidic gly
colipid fraction from 4 cirrhotic livers and 1 normal liver
contained no appreciable amount of Saia.

When the presence of SBI. in the same glycolipid preparations
was ascertained by the TLC-immunostaining method, the three
positive samples all showed a positive band having the same
TLC mobility as the standard SBU-Fig. 5 shows an example of
the TLC-immunostaining study in which the acidic glycolipid
fractions, prepared from the hepatocellular carcinoma tissue of
a patient, contain a positive band with the same TLC mobility
as standard S,,,., (Fig. 5b, Lanes 2 and 3), and the acidic
glycolipid fractions prepared from the nonmalignant cirrhotic
portion of the liver taken from the same patient contain no
detectable amount of SBI. (Fig. 5b, Lanes 4 and 5).

DISCUSSION

Many monoclonal antibodies which react with human hepa
tocellular carcinoma cells including PLC/PRF/5 have been
described by several laboratories (21-25). The antigens recog
nized by some of these monoclonal antibodies have been iden
tified; some of them seem to be directed to membrane or
secretory proteins, and the others seem to be directed to the
carbohydrate antigens. Carbohydrate antigens seem to be im
portant cancer-associated antigens in hepatocellular carcinoma
cells, as well as in other human carcinoma (1-9). Specific
changes of carbohydrate antigens, including neutral glycolipids
and gangliosides, associated with a malignant transformation
of human liver cells have also been described (26). In this study,
we tried to obtain monoclonal antibodies directed to the human
hepatocellular carcinoma cell line, PLC/PRF/5, and obtained
an IgG3 monoclonal antibody, 4A9E10, by the whole cell
immunization protocol. The antigen in PLC/PRF/5 cells rec
ognized by the 4A9E10 antibody was identified as a disulfated
acidic glycolipid, SBiâ€ž.This was unexpected since no mono
clonal antibodies directed to the sulfated glycolipids have been
produced by whole cell immunization until now. This indicates
that the antigenicity of SBi. at the surface of PLC/PRF/5 cells
is strong enough to obtain a specific monoclonal antibody by
whole cell immunization of mice.

When the acidic glycolipid mixture extracted from PLC/
PRF/5 cells was used as an immunogen instead of whole intact
PLC/PRF/5 cells, three monoclonal antibodies which react
with the acidic glycolipids were obtained. Two of them recog
nized gangliosides (to be described elsewhere), and one of them
was an IgM antibody specific to SBia, which is the 2H6G5

a

Fig. 3. Specificities of the monoclonal an
tibodies 2H6G5 (a) and 4A9E10 (A) towards
various standard gangliosides, neutral and sul
fated glycolipids as ascertained by solid phase
enzyme immunoassay. O, SBI.; O, SBJ;â€¢¿�,the
total acidic glycolipid fraction prepared from
PLC/PRF/5 cells; A, SM4., Sâ€žÂ«.,Sâ€žâ€žSâ€ž2,
SMI.. asialo-GM2, or asialo-GM>- Each well of
the 96-well plate was coated with 20 pmol of
glycolipids, 50 ng of phosphatidylcholine, and
25 ng of cholesterol. Reactivities were deter
mined with serial dilutions of the culture su
pernatant of the respective hybridoma cells,
2H6G5 and 4A9EIO, as indicated on the ab
scissa. Ordinate, absorbance at 500 nm.
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Table I Structures of glycolipids described in this paper and summary of the reactivities of monoclonal antibodies 2H6G5 and 4A9E10

Name

2H6G5 4A9E10

Structure ELISA" TLC ELISA TLC

Asialo (.-,,.'
\sialo (..,,
GMI

SMÂ«

SMJ

SM2

SMU

S.,.

GalN Ac/31->4Gal/3 1->4Glc/3 1-Â»1Cer
Gal01-Â»3GalNAc/31--tGal/31-.4Glc/31
GalÃÂ¡lâ€”3GalNAc,31-MÂ»Gal|Sl-Â»4Glc/31

3
ÃŽ

NeuAca2

Â»lCer
Â»lCer

Â»ICer
3 3

ÃŽ ÃŽ
NeuAca2 NeuAca2
Gal/31-Â»3GalNAc/31->4Gal01-Â»4Glc/31-Â»lCer

3

ÃŽ
NeuAca2-Â»8NeuAca2

Gal/31-.lCer

3

ÃŽ
HSOj
Gal01-Â»3AAG and DAG

3

ÃŽ
HSO3
Gal/31â€”4Glc/31-Â»lCer

3

ÃŽ
HSO3
GalNAc/31->4Gal/31-Â»4Glc/31-.lCer

3

ÃŽ
HSOj

Gal/31-Â»3GalNAc/31-Â»4Gal/31->4Glc/31-Â»lCer
3

HSOj
Gal01-Â»3GalNAc/31-Â»4Gal/31-Â»4Glc/31-Â»lCer

3 3

ÃŽ ÃŽ
HSOj HSOj
GalNAc/31-Â»4Gal/31->4Glc;31-Â»lCer

3 3
ÃŽ ÃŽ

HSOj HSOj
" ELISA, enzyme-linked immunosorbent assay; AAG, alkylacylglyeerol; DAG, diacylglycerol.

antibody as has been described in this paper. This is also
surprising when we take into consideration that Slti,, and other
sulfated glycolipids were extremely minor components, and the
acidic glycolipid fraction prepared from the PLC/PRF/5 cells
was composed almost exclusively of gangliosides. This indicates
that SHI.,has strong immunogenicity even when immunized as
an extracted glycolipid mixture. In our hands, no monoclonal
antibody directed to gangliosides was obtained by the whole
cell immunization of PLC/PRF/5 cells. The immunogenicity
of SHU at the PLC/PRF/5 cell surface may be stronger than
the immunogenicity of gangliosides. The antigenicity of SBiain
PLC/PRF/5 cells was also strong enough to be detected at the
cell surface by cytofluorometry with these monoclonal antibod
ies.

Acidic glycolipids containing sulfate residues have been well
characterized chemically. SM4g,SM4s,SMJ, SM2, SMit>,SB2,and
Sein have been detected in mammalian tissues and their chem
ical structures are well established (10-14, 27). However, their
biological significance as cancer-associated antigens has been
investigated only sporadically. In 1978, Siddiqui et al. (28)
reported that human colonie adenocarcinoma tissues frequently
contain an increased chemical amount of sulfogalactosyl cer-
amide (SM4S),the simplest sulfated glycolipid (28), and, later,

elevated levels of sulfotransferases for the synthesis of sulfoga-
lactosylceramide were detected in various cancer tissues includ
ing lung and gastric adenocarcinoma (29, 30). To our knowl
edge, no studies on the association of the more complex suIfate-
containing glycolipids with human cancers other than SM4shave
been published. The chemical structures of those complex sul
fated glycolipids have mainly been studied on the rat or mouse
tissues (11-14, 27), and it is not even clear whether or not these
glycolipids are present in human tissues. In this paper, we first
described that even the most complex sulfated glycolipid ever
described, such as S,,hl. is present in cultured hepatocellular
carcinoma cells of human origin.

It is crucial to get a good antibody preparation for the study
of the physiological significance of carbohydrate antigen, but it
has been known that a good antibody preparation directed to
the sulfate-containing glycolipids is not easy to obtain (31),
since the strong negative charges of the glycolipids frequently
give rise to a considerable nonspecific reaction. Monoclonal
antibodies which react with the sulfated glycolipids of the
simplest carbohydrate structures, such as SM4gand SM4S,have
been described (32, 33), but monoclonal antibodies directed to
more complex sulfated glycolipids has not been described yet,
except for HNK-1 (34). This paper gives the first description
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10 100

Fluorescence intensity

Fig. 4. Cytofluorometric analysis of PLC/PRF/5 cells with monoclonal anti
bodies 2H6G5 and 4A9E10. PLC/PRF/5 cells were reacted serially with culture
supernatants of the hybridoma 2H6GS and 4A9E10 (Sx diluted) and fluorescein
isothiocyanate-labeled rabbit anti-mouse immunoglobulin antibody and analyzed
with a FACS 440. a. control PLC/PRF/5 cells showing the level of nonspecific
fluorescence; 6, PLC/PRF/5 cells stained with antibody 4A9E10; c, PLC/PRF/
5 cells stained with antibody 2H6G5.

Table 2 Detection ofSsia by the solid phase enzyme immunoassay with the
monoclonal antibody, 2H6G5, in the acidic glycolipid fractions prepared from

benign and malignant lesions of human livers

Diagnosis

No. of positive"

cases/total no. of
cases tested

Normal liver
Liver cirrhosis
Hepatocellular carcinoma

0/1
0/4
3/15

" Positive means that the absorbance at 500 nm determined by enzyme-linked

immunosorbent assay is >0.300.

a

GDia-l

1 2 3 12345
Fig. 5. Presence of the SBUantigen in the acidic glycolipid fraction prepared

from the hepatocellular carcinoma tissues as ascertained by the TLC-immuno-
staining method using the monoclonal antibody, 2H6G5. a, nrdmil H..SO,
reaction of the TLC plate; b, immunostaining of the same TLC plate as in a with
the antibody 2H6G5. Lane 1, standard ganglioside mixture prepared from bovine
brain; Lanes 2 and 3, total acidic glycolipid fractions prepared from the cancer
tissues of patients with hepatocellular carcinoma (cases 900 and 943, respectively);
Lanes 4 and 5, the total acidic glycolipid fractions prepared from the nonmalig-
nant cirrhotic portions of the livers of the same patients (cases 900 and 943).
Positive stainings are observed only in the acidic glycolipid fractions prepared
from hepatocellular carcinoma tissues in Lanes 2 and 3 of h. and no positive band
is observed in the acidic glycoiipid fractions of the noncancerous cirrhotic livers
which were prepared from the same patients. The solvent system for TLC was
chloroform:methanol:0.5% CaCb in H2O (55:40:10, v/v/v).

of the monoclonal antibodies directed to the sulfated ganglio
series glycolipid which has a complex carbohydrate structure.

The SBUantigen is detected not only in the cultured human
hepatocellular carcinoma cell line (PLC/PRF/5) but also in
glycolipid fractions extracted from cancer tissues of patients

with hepatocellular carcinoma. Since normal liver and cirrhotic
livers of patients contain no appreciable amount of the antigen,
we suggest that SHI.,is one of the important cancer-associated
carbohydrate antigens of human hepatocellular carcinoma.
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