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ABSTRACT

A monoclonal antibody, Hepama-1, produced by immunizing mice with
cells of a human hepatocellular carcinoma cell line, has been used to
identify and characterize a previously unreported antigen present on the
surface of human hepatocellular carcinoma cells. The antigen occurred
on the membranes of human hepatoma cell lines and tumor biopsies but
was not detectable in tumors of other origin or normal tissues. Binding
was determined by enzyme-linked immunoabsorbent assay and immuno-
fluorescence on cell lines and by immunoperoxidase staining of tissue
sections. In immunofluorescence studies, Hepama-1 antibodies stained
five out of six human hepatoma cell lines, showed only slight binding to
breast tumor cell lines, but failed to stain colon tumor or normal cell
lines. The antihepatoma antibody exhibited positive immunoperoxidase
staining of human liver tumor sections but did not stain tumors of other
origin. Hepama-1 bound specifically to a membrane glycoprotein with an
approximate molecular weight of 43,000. Western blot and solid phase
enzyme-linked immunoabsorbent assay analysis showed that the 43-kD
antigen occurred on five of six human hepatoma cell lines and was
expressed by every human hepatocellular carcinoma biopsy tested. This
cell surface molecule represents a potentially useful target for immuno-
therapy and localization of human hepatocellular carcinomas.

INTRODUCTION

The use of monoclonal antibodies for the serological identi
fication of circulating tumor-associated antigens has opened a
new era in cancer detection (1-4). Radiolocalization and tar
geted immunotherapy of malignant tumors using monoclonal
antibodies have become accepted experimental concepts in the
maintenance and treatment of cancer patients. Monoclonal
antibodies specific for antigens associated with breast, colorec-
tal, and pancreatic tumors and melanoma are currently
undergoing rigorous testing in clinical trials. The success of
these approaches depends upon the accessibility and restricted
expression of the molecules detected by each of the monoclonal
antibodies (5).

Cancer of the liver is one of the major forms of cancer in the
world. The occurrence of primary hepatocellular carcinoma is
unusually high in China and Africa. The disease is usually
detected at a late stage when resection of lesions is impossible,
making primary liver cancer one of the most frequently fatal
tumors (6). Surgical resection is still regarded to be the best
treatment; however, precise localization of tumors is essential.
Effective therapies for nonresectable cases and early diagnosis
of subclinical recurrence require novel approaches. The devel
opment of highly specific monoclonal antibodies for serological
detection, localization, and immunotherapy of hepatocellular
carcinoma would save thousands of lives annually.

Other monoclonal antibodies with specificities for hepatocel
lular carcinoma have been reported by several investigators (7-
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11). Markham et al. (7) developed a rat monoclonal antibody
reactive with primary hepatocellular carcinoma by immuniza
tion of mice with human colorectal carcinoma cells. This anti
body reacted with a 30,000-dalton protein present on the cell
surface of normal colon and liver cells that was increased 10-
fold on primary hepatocellular carcinoma cells. Carlson et al.
(8) developed mouse monoclonal antibodies by immunization
with human hepatocellular carcinoma cell lines. Three antibod
ies were produced with specificities for hepatoma antigens
(P215457, PMM4E9917, and P232524). P215457 detected a
50,000-dalton antigen in the membranes of hepatoma cells.
PMM4E9917 detected a 65,000-dalton antigen in the mem
branes of hepatoma cells. P232524 detected a cytoplasmic
antigen. Two of these antibodies have been used to develop in
vitro and in vivo immunoassays and have been used to localize
human hepatoma xenografts in the nude mouse with '"I-labeled

antibodies. Monoclonal antibodies to human hepatocellular
carcinoma were developed by Tan (9) by immunization with a
cell membrane preparation of PLC/PRF/5 cells. These mono
clonal antibodies bound to 3 human hepatocellular carcinoma
cell lines (PLC/PRF/5, SK-SF, and Mahlavu) and snap-frozen
sections of a patient's tumor. Chang et al. (10) developed a

panel of seven murine monoclonal antibodies reactive with the
human hepatocellular carcinoma cell line, SK-HEP-1. Charac
terization studies indicated that the antigens detected were high
molecular mass molecules.

Xie et al. (11) produced monoclonal antibodies with specific
ities for hepatocellular carcinoma. These monoclonal antibod
ies were produced by immunizing mice with the tumorigenic
human hepatocellular carcinoma cell line, BEL-7402. The
BEL-7402 cell line was produced from a primary hepatocellular
carcinoma (12). More than 25 stable clones of monoclonal
antibodies with specificities for hepatocellular carcinoma were
produced. Two monoclonal antibodies exhibited unusually spe
cific binding to BEL-7402 cells. Hepama-1 was one of the
antibodies selected for further investigation. Hepama-1 showed
highly specific and nearly exclusive in vitro reactivity with
human hepatocellular carcinoma cell lines and with human
primary hepatoma biopsies. As a result of these studies, we
have demonstrated that Hepama-1 is an excellent candidate for
use as an immunohistochemical reagent and as an agent for the
localization and targeted immunotherapy of human hepatocel
lular carcinoma.

MATERIALS AND METHODS

Monoclonal Antibodies. Monoclonal antibodies were produced by
immunizing BALB/c mice with cells of a human hepatoma cell line,
BEL-7402 (11). The characteristics of BEL-7402 have been described
in detail previously ( 12). Briefly, the cell line was derived from an a-
fetoprotein-positive primary liver cell carcinoma resected from a 53-
year-old man. The epithelioid cells derived from the tumor biopsy were
tumorigenic in newly weaned Wistar rats and exhibited a morphology
similar to that of cells observed on pathological examination of the
surgical specimen. The hybridomas that produced anti-BEL-7402
monoclonal antibodies were cultured in RPMI 1640 medium or were
grown as ascites cultures. Hepama-1, in the form of tissue culture
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supernatant fluid or as ascites fluid, was obtained from the Shanghai
Institute of Cell Biology and was tested for class and subclass by a
modified ELISA3 using antisera specific for the major mouse immu-

noglobulin classes, for subclasses of IgG, and for immunoglobulin light
chains (Bio-Rad Chemical Division, Richmond, CA).

Human Tumor Cell Lines and Cell Culture. Six human hepatocellular
carcinoma cell lines (BEL-7402, BEL-7404, BEL-7405. SMMC-7721,
QGY-7703, and QGY-8105) produced at the Shanghai Institute of Cell
Biology (12) were used in these studies. Hepatoma cell lines were
cultured in RPMI 1640 medium containing 20% fetal bovine serum.
Human colon (HT-29, Calu 1), breast (MCF-7, BT20, BT549) adeno-
carcinoma, and normal breast (HBL-100) cell lines were obtained from
the American Type Culture Collection (Rockville, MD) and were grown
in McCoy's 5A medium with 10% fetal bovine serum. All cells were
cultured at 37Â°Cin a humidified 5% CO2-in-air atmosphere.

Detection of Hepatoma Antigen in Membrane Fragments. To inves
tigate the expression of Hepama-1 antigen in the membranes of tumor
biopsies and hepatoma cell lines in culture, a solid phase ELISA was
developed in which membrane fragments of cultured hepatoma cells or
tumors were dried in the wells of microtiter plates (13). Antigens in the
membrane fragments were detected with Hepama-1 antibody. Crude
membrane fragments were prepared by harvesting cells by scraping or
mincing tumors into small pieces, homogenizing the cells in a Potter-
Elvehjem homogenizer, and centrifuging the membrane particulates at
100,000-x g. Membrane fragments were prepared from several of the
hepatoma cell lines and from several solid tumors. Membrane frag
ments dried on the plates at 1 Mg/well were found to be optimum.
Hepama-1 antibody was purified from ascites by affinity chromatogra-
phy on Affi-Gel Protein A and was titrated on each of the membrane
preparations. Antigen was detected by monoclonal antibodies using
methods described previously (14). Peroxidase-conjugated goat anti-
mouse immunoglobulin (Cappel Laboratories, Cochranville, PA) was
used to detect monoclonal antibody-antigen immune complexes. Sub
strate (o-phenyldiamine) was incubated with bound complexes, and
absorbance was read at 492 nm in a Bio-Rad spectrophotometer (Bio-
Rad Laboratories. Richmond, CA). The normal control was ascites
fluid containing nonspecific mouse immunoglobulin. Nonspecific bind
ing of antibodies was blocked by treating cells with culture medium
containing 10% nonfat milk (Carnation Co., Los Angeles, CA). At
dilutions below 1:8, absorbance at 492 nm exceeded the maximum
sensitivity of the reader (2.00). Background was less than 6% of the
maximum absorbance.

Indirect Immunofluorescence. Indirect Â¡mmunofluorescence studies
using monoclonal antibodies were performed on cells growing in 35- x
10-mm plastic culture dishes (Becton Dickinson, Lincoln Park, NJ) by
a modification of the method of Sun et al. (15). Cells were grown to
80% confluency, were fixed in 3.7% formaldehyde in phosphate-buff
ered saline, and were stained with the appropriate antibody diluted
1:1000, with biotinylated antimouse IgG (H + L) or IgM (^ chain
specific), and then with fluorescein-labeled Avidin D (Vector Labs,
Burlingame, CA). Stained cells were mounted in 90% glycerol, cover-
slipped, and viewed using an Olympus epi-illuminated fluorescence
microscope.

Immunochemistry. Frozen tumor biopsies and normal tissues were
obtained from area hospitals and from the Shanghai Institute of Cell
Biology. In some cases (metastatic liver, normal liver, kidney), autopsy
material was used. The frozen tissues were cut into 7-iim-thick sections
and were fixed in acetone on microscope slides. Nonspecific binding
was blocked by either horse serum or goat serum. The sections were
incubated sequentially with the appropriate monoclonal antibody di
luted 1:1000, biotinylated antimouse Â¡mmunoglobulin, and an avidin-
biotin horseradish peroxidase complex (Vector Labs) as described pre
viously (14). Sections were incubated with a solution of 0.1% diami-
nobenzidine tetrahydrochloride and 0.02% hydrogen peroxide to inhibit
endogenous peroxidase activity and were counterstained with
hematoxylin.

Detergent Solubili/alimi of Radiolabeled Cells. Human hepatoma cell
lines were radiolabeled metabolically by culturing them in the presence

3The abbreviations used are: ELISA, enzyme-linked Â¡mmunoabsorbent assay;
SDS, sodium dodecyl sulfate; NP-40. Nonidet P-40.

of 50 ftCi n-[l,6-'H]glucosamine hydrochloride and D-[2-'H]mannose

per flask for 24 h. Radiolabeled tumor cell lines were solubilized in
non-ionic detergents. Radiolabeled cells growing in monolayers were
rinsed twice with cold Tris-buffered saline and lysed at 4Â°Cin solubi-

lizing buffer containing 0.5% NP-40 and 0.150 MNaCl,0.015 MMgCl2,
0.025 M Tris-HCl, pH 7.4, and 0.02% phenylmethylsulfonylfluoride.
Flasks were scraped to remove all attached cellular material. Lysates
were vortexed 10 times, centrifuged at 100,000 x g for 1 h, and either
used immediately for analysis or stored at â€”70Â°C.Protein was deter

mined in detergent extracts using the Markwell modification of the
Lowry protein determination assay (16).

Immunoprecipitation of the Hepama-1 Antigen. The Hepama-1 anti
gen was isolated from an extract of BEL-7402 cells by immunoprecip-
itation using a modification of the method of Kessler (17). Hepama-1
was used as the primary antibody, and rabbit antimouse immunoglob
ulin was used as the secondary antibody. Immune complexes were
precipitated with Staphylococcus aureus (Bethesda Research Laborato
ries, Gaithersburg, MD). Immunoprecipitates were solubilized in sam
ple buffer prior to electrophoresis on polyacrylamide gels.

SDS-Polyacrylamide Gel Electrophoresis. Detergent-solubilized hep
atoma cells were subjected to discontinuous SDS-polyacrylamide gel
electrophoresis in the presence of/3-mercaptoethanol by the method of
Laemmli (18). Immunoprecipitates derived from detergent lysate su
pernatant fluids of ['H]glucosamine- and [3H]mannose-labeled cells

were solubilized in SDS electrophoresis sample buffer (SDS final
concentration, 2%). centrifuged, heated for 3 min at 100Â°C,applied to

10% acrylamide gels (acrylamide:bisacrylamide ratio, 38:1), and elec-
trophoresed at 20 mA/gel. Gels were fixed and stained in 0.2% Coomas-
sie blue R-250, 25% methanol, 15% acetic acid. Tritium-labeled im-
munoprecipitates were detected in dried gels by the fluorographic
method of Laskey and Mills (19) on X-Omat AR film (Kodak, Roch
ester, NY). Molecular weight markers were a mixture of l4C-methylated

proteins, including myosin (200 kD), phosphorylase B (97 kD), bovine
serum albumin (68 kD), ovalbumin (43 kD), and a-chymotrypsinogen
(25.7 kD) (Bethesda Research Laboratories).

Detection of Antigens by Western Blotting. Nonradiolabeled antigens
were detected in electrophoresis gels by the immunoblot method of
Burnette (20) following electrophoretic transfer to nitrocellulose paper
(Schleicher and Schuell, Keene, NH) by the method of Towbin et al.
(21). Cells were solubilized in 25 mM Tris-HCl buffer, pH 7.0, contain
ing 5% NP-40 and 0.02% phenylmethylsulfonylfluoride and centrifuged
at 49,000 x g. Aliquols of solubilized cells were subjected to electro
phoresis on 3% to 15% gradient-discontinuous Laemmli system gels
(18). Following electrophoresis, gels were transferred to nitrocellulose
and Western blotted using Hepama-1 or a nonspecific mouse immu
noglobulin negative control as primary antibodies and I25l-labeled goat

antimouse immunoglobulin (Cappel) as a probe. Nitrocellulose sheets
were exposed to X-Omat AR film (Kodak) with Cronex Lightening
Plus intensifying screens (DuPont, Wilmington, DE) at -70Â°C for

24 h.

RESULTS

Reactivity of Hepama-1 with Human Hepatoma Cell Lines
and Surgically Excised Human Liver Tumors by Solid Phase
ELISA. Hepama-1 antigen expression was evaluated by solid
phase ELISA on the membranes of six human hepatoma cell
lines and two human tumor biopsies. The binding of purified
Hepama-1 antibody was positive on five of the six hepatoma
cell lines. Binding to the QGY-8105 cell line was negative. The
titration curves of the binding of Hepama-1 on BEL-7402, the
immunizing hepatoma cell line (Fig. IA), and on SMMC-7721
(Fig. IÃŸ)are representative. Hepama-1 exhibited a strong (more
than 20 times background) binding that could be diluted to
more than 1:256. Freezing and thawing did not have an effect
on the purified antibody. Binding of Hepama-1 on the mem
branes of the tumor samples (Fig. 1, C and D) was equally
strong, indicating the presence of the Hepama-1 antigen in the
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Fig. 1. Solid phase ELISA measuring the binding of Hepama-1 monoclonal antibodies to membranes of human liver tumor cell lines and to membranes of human
hepatocellular carcinoma biopsies. Membrane fragments, prepared as described in "Materials and Methods," were dried in the wells of microtiter plates at the
indicated protein concentrations. Preparations of Hepama-1 monoclonal antibody were purified from ascites fluids by affinity chromatography, conjugated to
horseradish peroxidase. diluted to 300 fig/ml, and titrated on the membrane fragments. (A) Hepama-1 ascites No. 2.16 (â€¢)or No. 4.16 (O) on BEL-7402 membranes
at 1 fig/well; (A) Hepama-1 ascites No. 2.26 on SMMC-7721 membranes at 1 (jg/well; (C) Hepama-1 ascites No. 2.16 on human hepatoma No. 1 membranes at 1
ng/well (â€¢),5 Mg/well (O), or 10 Mg/well (D); (O) Hepama-1 ascites No. 2.16 (â€¢),No. 3.28 (O), and No. 4.16 (O) on human hepatoma No. 2 membranes at 1 jig/well.

Table 1 Reactivities of Hepama-1 with established cell lines determined by
immunofluorescence'

No.Liver

tumors123456Nonliver

tumors7891011Normal

cell12Cell

lineSMMC-7721BEL-7402BEL-7404BEL-7405QGY-7703QGY-8105HT-29Calu

1MCF-7BT20BT549HBL-IOOHistological

typeLiverLiverLiverLiverLiverLiverColonColonBreastBreastBreastBreastReactivity*+++++â€”â€”â€”â€”â€”â€”â€”

" All dilutions are 1:1000.
* +, weak but definite: â€”,none.

tumor membranes as well as the membranes of the immunizing
and other hepatoma cell lines.

Antigen Localization by Indirect Immunofluorescence. The
nature and distribution of the Hepama-1 antigen were investi
gated by indirect immunofluorescence on each of the hepatoma
cell lines, on colon and breast tumor cell lines, and on a normal
breast cell line. The results of immunofluorescent binding stud
ies are shown in Table 1. Hepama-1 showed binding to five
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hepatoma cell lines but did not stain QGY-8105. Hepama-1
did not bind to colon or breast tumor cell lines or to HBL-IOO,
a normal breast cell line. Antigen distribution was evaluated in
the immunofluorescent staining patterns. Hepama-1 bound to
the liver tumor cells with a pattern of fine spots that occurred
on nearly every cell. The staining of BEL-7404 by Hepama-1
(Fig. 2) produced a characteristic pattern of intensely stained
aggregates that were rather uniformly distributed over the sur
faces of many cells. Comparison of the fluorescence pattern
(Fig. 2A) with the phase-contrast image (Fig. 2B) indicates that
the aggregates occurred on more than 90% of the cells. The
staining of dot-aggregates by Hepama-1 was contrasted by the
staining produced by Hepama-26, a nonspecific antihuman
monoclonal antibody, which occurred more uniformly over the
cell surface and clearly stained extracellular filopodia (data not
shown).

Immunoperoxidase Binding to Human Tumor Sections. The
expression of the Hepama-1 antigen in human tumors was
investigated by immunoperoxidase staining of thin sections of
human tumor biopsies and normal tissues with the Hepama-1
antibody or with irrelevant antibodies. Hepama-1 showed con
sistent immunoperoxidase staining of primary carcinoma of the
liver (Table 2) at a dilution of 1:1000 but did not bind to
metastatic liver tumor, to tumors of other tissue types (except
kidney), to adult normal liver, or to any other adult normal
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Fig. 2. Immunofluorescence binding of He-
pama-1 monoclonal antibodies to BEL-7402
liver tumor cells.. I. antigen aggregates stained
with Hepama-1 and fluorescein-conjugated
goat anti-mouse IgG. II. phase-contrast image
of the same field of cells, x 200.

k*1

Table 2 Reactivities of Hepama-1 with human tumors and normal tissues by
Â¡mmunoperoxidase staining"

TissueHuman

tumorsLiver
1Liver
2Liver
3Liver
4Liver
5Liver
6Liver
7Liver
8Liver

9(met)BreastKidneyLungdim-mumLymphomaBronchusColonStomachReactivity*

TissueNormal

tissues+
Fetalliver+
Fetallung+
Fetalcolon+++
Fetalstomach++
Fetaltrachea+
Adultliver+
Adultkidney++
Adultgallbladderâ€”
Adultcolonâ€”
AdultstomachÂ±â€”â€”-â€”â€”-Reactivity+++â€”â€”â€”â€”++â€”â€”

Â°All dilutions are 1:1000.
* +++, very strong: ++. strong; -t-,weak but definite; Â±.ambiguous; -. none.

tissues (except kidney). Hepama-1 also showed no binding to
fetal colon, stomach, or trachea but did bind to fetal liver and
fetal lung. Adult normal lung was not tested. The binding of
Hepama-1 to kidney tumor and normal adult kidney occurred
with an atypical appearance and color and may be artifactual.
Immunoperoxidase staining of a representative section of pri
mary liver tumor by Hepama-1 (Fig. 3A) was intense and
occurred on the surface or at the margins of cells with approx
imately 70% to 80% of the tumor cells showing positive binding.
The antigen bound by Hepama-1 appeared to be a component
of the membrane and not the cytoplasm. Staining of an adjacent
section of liver tumor with an irrelevant antibody (Fig. 3Ã„)was
negative.

Characterization of Antigens by Western Blot. The antigen
detected by Hepama-1 was characterized by Western blot analy
sis on NP-40 extracts of BEL-7402, BEL-7404, SMMC-7721,
and QGY-8105 hepatoma cells that had been subjected to SDS
gel electrophoresis in the presence of /a-mercaptoethanol. An

autoradiograph of the Western blots of Hepama-1 on BEL-
7402, BEL-7404, SMMC-7721, and QGY-8105 is shown in
Fig. 4. A single intense band occurred at a molecular weight of
approximately 43 kD in the Western blots of BEL-7402 (lane
1), BEL-7404 (lane 3), and SMMC-7721 (lane 5). No band was
detected in the Western blot of QGY-8105 (lane 7). No antigens
were detected in Western blots using an irrelevant immuno-
globulin negative control (lanes 2, 4, 6, and 8).

Immunoprecipitation of the Hepama-1 Antigen. To confirm
the molecular weight of the Hepama-1 antigen and to determine
if the antigen was a glycoprotein, an immunoprecipitate was
prepared from an extract of BEL-7402 cells that had been
radiolabeled with ['H]glucosamine and [3H]mannose. The com

plex immunoprecipitated by Hepama-1 was subjected to SDS
electrophoresis on a 10% acrylamide gel and visualized by
fluorography (Fig. 5). The immunoprecipitated Hepama-1 an
tigen occurred as a distinct 'H-labeled band at a molecular

weight of approximately 43 kD, indicating that the Hepama-1
antigen is a glycoprotein.

DISCUSSION

We have described the reactivity of Hepama-1, a monoclonal
antibody that exhibited an unusually high, nearly exclusive
specificity for hepatocellular carcinoma. This antibody reacted
strongly to the immunizing cell line (BEL-7402), to four other
hepatoma cell lines, and to every human primary liver tumor
biopsy tested but did not react with a secondary tumor met-
astatic to the liver or with normal tissues. Feeble cross-reactivity
was found only in kidney, gallbladder, and some fetal tissues.
This characteristic of the monoclonal antibody to Hepama-1
suggests that it is a new cell marker of human liver carcinoma.
The antigen detected by Hepama-1 is a M, 43,000 glycoprotein
that occurs on the membranes of human liver tumor cell lines
and on surgically excised human hepatocellular carcinoma tis
sue. In Western blot studies, the antigen was detected by He
pama-1 in five of the six hepatoma cell lines tested. The antigen
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Fig. 3. Immunoperoxidase staining of 7-
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evant ascites-derived immunoglobulin (/?). An
tibodies were diluted 1:1000. x 400.
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Fig. 5. Fluorographic analysis of the Hepama-1 antigen immunoprecipitated
from BEL-7402 cells radiolabeled with [3H]glucosamine and ['HJmannose. The
immunoprecipitate was subjected to electrophoresis on a 10% SDS-polyacryl-
amidc gel electrophoresis.

25*-

Fig. 4. Western blot analysis of a human hepatoma antigen detected by
Hepama-1 monoclonal antibodies or a negative control (NC) ascites containing
an irrelevant immunoglobulin: BEL-7402 with Hepama-1 (Lane /) or NC (Lane
2). BEL-7404 with Hepama-1 (Lane 3) or NC (Lane 4), SMMC-7721 with
Hepama-1 (Lane 5) or NC (Lane 6). and QGY-8105 with Hepama-1 (Lane 7) or
NC(Lanefi). Antibodies were diluted 1:1000.

was not detected by Western blot in QGY-8105 or normal liver
cells. QGY-8105 cells also did not bind Hepama-1 in ELISA
or immunofluorescence studies. The heterogeneity of cancer
cell surface antigens may explain these negative results of
Hepama-1 to QGY-8105 cells. While the antigen does not
appear to be expressed by QGY-8105 cells or normal liver cells,
it is possible that it occurs in concentrations that are too low
to be detected.

The molecular weight and pattern of reactivity of this M,
43,000 antigen suggest that we have identified a new tumor-
associated antigen that is unique to primary human liver tu
mors. This cell surface molecule, therefore, represents a poten-
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tially useful target for immunotherapy and localization of hu
man hepatocellular carcinoma. Preliminary studies have shown
that Hepama-1 can be coupled to cytotoxic drugs and can be
used successfully to destroy liver tumor cells in vitro or liver
tumor xenografts in the nude mouse.4

We are investigating the structure of this hepatoma-specific
antigen in human liver tumor cell lines, primary liver tumors,
and fetal tissue to determine if unique tumor-associated struc
tural features are expressed. We are also interested in the
occurrence of identifiable oncogenes in human liver tumors and
tumor cell lines in which this antigen is expressed.
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