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ABSTRACT

Monoclonal antibody HI-S31 of immunoglobulin G2b subclass was
produced against a human gallbladder carcinoma cell line. HI-S31 was
investigated for reactivity with a panel comprising ten types of different
origin in fluorescence-activated cell sorter analysis. The antibody reacted
with the gallbladder carcinoma cell line G-415 used for immunization
and with four unrelated tumors. 111-531was further shown, with the use
of the avidin-biotin complex-immunoperoxidase technique and surgically
resected tissues, to be strongly reactive with carcinoma of the gallbladder,
pancreas, bile duct, and gastrointestinal tract. The antibody was reacted
with several types of normal epithelial cells but often more weakly
expressed than on corresponding tumors. One of six fetal lung tissues
was weakly stained. All other fetal organ tissues tested showed negative
staining reactions. These observations suggest that HI-531 may be of
value in identifying the tumor-associated antigen expressed in gallbladder
carcinoma. HI-531 immunoprecipitated the M, 43,000 molecule from
extracts of Na'"I- or [35S|methionine-labeled tumor cells, but not from
those of pHlglucosamine-labeled tumor cells. In addition, cytofluoromet-
ric analysis showed that cells treated with trypsin or protease greatly
decreased a reactivity to the antibody. The findings suggest that the
antibody recognizes a M, 43,000 protein molecule. Sequential immuno-
precipitation and sodium dodecyl sulfate-polyacrylamide gel electropho-
resis studies and analyses by nonequilibrium pH gradient and polyacryl-
amide gel electrophoreses showed that the M, 43,000 molecule defined
by HI-531 was not a M, 43,000 heavy chain of HLA-A,B,C antigens
detected by monoclonal antibody W6/32.

INTRODUCTION

Gallbladder carcinoma is the most lethal cancer of all the
digestive system. The detection of gallbladder carcinoma is
often fatally delayed because of location and lack of a diagnostic
method for early detection; early diagnosis would greatly im
prove the prognosis for patients. Thus, this is the reason why
attempts have been made to detect TAA3 for purposes of

diagnostic and therapeutic monitoring. The development of the
hybridoma technology has allowed production of monospecific
antibodies which can be used to evaluate the potential TAA.
Indeed, the various tumor markers have been shown to be an
important tool for diagnosis and surveillance of cancer patients
( 1). However, monoclonal antibody raised against human gall
bladder carcinoma-associated antigen has not been character
ized. We have established a cell line, referred to as G-415,
derived from a human gallbladder carcinoma (2). In this report,
we describe the production and characterization of the first
hybridoma-secreting antibody to human gallbladder carcinoma
cells. The monoclonal antibody recognized a M, 43,000 protein
on a cell surface of gallbladder carcinoma cells. The distribution
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of the M, 43,000 antigen on cultured tumor cell lines, fixed
various carcinoma tissue sections, and fixed normal tissues
including embryonic tissues was also discussed.

MATERIALS AND METHODS

Human Cell Line. Gallbladder carcinoma cell line G-415 used for
experiments was established in our laboratory (2). The gastric cancer
cell line SC-1 was cloned and has been cultured continuously in our
laboratory. The large cell lung carcinoma cell line TKB-1 was kindly
provided by Dr. K. Endo (Department of Surgery, University of Tsu
kuba). The hepatocellular carcinoma cell line Alexander (3) and the
uterine carcinoma cell line HeLa (4) were obtained through the gener
osity of Dr. K. Mitamura (Department of Internal Medicine, University
of Tsukuba). Burkitt's tumor cell line Raji (5) was kindly donated by

Dr. T. Tada (Department of Immunology, University of Tokyo). The
W6/32 cell line (HB95) was obtained from the American Type Culture
Collection (Rockville, MD). Other cell lines, Panc-1 (pancreatic carci
noma cell line) (6), MIA-PaCa2 (pancreatic carcinoma cell line) (7),
Wa (B-lymphoblastoid cell line) (8), and CCRF-CEM (T-cell leukemia
cell line) (9), used in this study were obtained from the Laboratory
Products Division of DAINIPPON Pharmaceutical Co., Ltd., Osaka,
Japan. All cell lines were maintained in Dulbecco's modified Eagle's

medium (Flow Laboratory, McLean, VA) or RPMI-1640 (GIBCO,
Grand Island, NY) medium supplemented with 10% PCS (Flow Lab
oratory) and 100 ng/ml of kanamycin (Meiji Seika Co., Tokyo, Japan).

Immunization and Somatic Cell Hybridization. A 6-wk-old female
BALB/c mouse (Shizuoka Agricultural Cooperative Association for
Laboratory Animals, Hamamatsu, Japan) was immunized with the G-
415 cells by four i.p. injections of 1 x IO7 cells at 14-day intervals.

Three days later, one mouse spleen was removed and dispersed into a
single-cell suspension in the usual manner (10). The splenocytes were
fused in 50% polyethylene glycol with the myeloma cell line
p3X63Ag8.653 (11) by the method of KÃ¶hlerand Milstein (12).

Selection and Growth of Hybridoma. After fusion, cells were sus
pended in hypoxanthine/aminopterin/thymidine medium and dis
pensed into 96-well plates (No. 167008; Nunc, Roskilde, Denmark) at
a density of 1 to 2 x IO6 cells per well. Hybrid clones appeared 10 to

14 days later. Supernatant s were tested by ELISA for the presence of
hybridoma antibodies reactive with immunizing cells. For the ELISA,
U-bottomed microplates (No. 163320; Nunc) coated with poly-L-lysine
(2 jig/ml; Mr 3000; Sigma) were used. The cells were washed 3 times
with Hanks' solution and resuspended 1 x IO6 per ml. Fifty ^1 of cell

suspension were added to each well of the plates. The plates were
incubated at 4Â°Covernight. The wells were then filled with 2% horse

serum in PBS and held for 30 min to saturate protein-binding sites.
Following this procedure, ELISA was done at room temperature. The
plates were then washed 2 times with PBS. To cell layers immobilized
on plastic, 50 ul of the hybridoma cultures to be studied were added.
The trays were held for 30 min and then washed 2 times with PBS.
Fifty n\ of biotinylated anti-mouse IgG (Vector Laboratories, Inc.,
Burlingame, CA) were added to each well. The plates were then incu
bated for 15 min. After rinsing 5 times with PBS, 100 ul of 2,2'-
azinobis(3-ethyl-benzothiazoline-6-sulfonic acid) in 100 mM citrate/
phosphate buffer, pH 5.3, were added to each well. Positive wells
developed a green-blue color in 5 to 30 min. Quantitative measurements
were made at 414 to 450 nm in an Immunoreader NJ-3000 (Nippon
Intermed K.K., Japan). Hybridoma cultures containing antibodies re
active with immunizing tumor but unreactive with FL cells (normal
human amniotic cells) (13) were selected and cloned 3 times by the
limited dilution method. Finally, supernatants obtained from one of
these clones were unreactive with FL cells and were highly reactive

4667

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/17/4667/2429198/cr0470174667.pdf by guest on 19 M

ay 2023



MONOCLONAL ANTIBODY TO GALLBLADDER CARCINOMA CELLS

with G-415 cells. This hybridoma was passed into BALB/c mice to
produce malignant asdics. Ascites and supernatants from cultures were
shown to have a similar reactivity by ELISA and FACS analysis. The
ascites was reactive with the immunizing G-415 cells to a dilution of
1/2SO. Monoclonal antibody produced by hybridoma was designated
as HI-531. In all subsequent experiments, HI-S31 from ascites at a
saturating concentration was used.

Monoclonal Antibody Isotyping. Immunoglobulin isotypes of super
natants produced in hybridoma were determined by immunodiffusion
(14) in 1% agarose gel (Pharmacia Fine Chemicals, Uppsala, Sweden)
with class- or subclass-specific rabbit anti-mouse antiserum (Miles
Scientific, Neperville, IL).

Microcytotoxicity Test. The complement-dependent microcytotox-
icity test was performed according to the standard microtechniques
(15).

Immunofluorescence Assay. Immunofluorescence staining of various
human cancer cell lines, 10 samples of PBL, and a panel of RBC (A,
B, and O blood types) was performed with an indirect system using HI-
531-containing ascites (1/100 dilution) in the first step and an FITC-
conjugated affinity column-purified l-'(ab')- goat anti-mouse iminuno-

globulin antibody (FL.GAMIg) (Capple Lab., Cochranville, PA). Hu
man PBL were isolated from healthy volunteer donors by Ficoll-
Hypaque (Pharmacia Fine Chemicals, Uppsala, Sweden) density gra
dient centrifugation (16). For staining the cells, reagents were first
centrifuged at 100,000 x g before use, and IO6target cells were reacted

with saturation levels of first and second step reagents. Cells were
stained on ice in the presence of 0.01% NaN3 as previously described
( 17). The frequency of antibody-reactive cells in the target cell popula
tion was determined by fluorescence-activated cell sorter (FACS-IV;
Becton Dickinson, Mountain View, CA) analysis using the parameters
of the cell size (forward angle scatter) versus green fluorescence as
described previously (17). Background fluorescence was determined
using the same cell population incubated with FITC-conjugated F(ab')2

goat anti-mouse immunoglobulin antibody. The results were expressed
as the net percentage of positive cells of the total number of the cells
counted, calculated as follows.

<of positive cells =

positive cell counts of sample - background
total cell counts of sample â€”background x 100

Biochemical Analysis of Cell Surface Antigen. Various human cul
tured tumor cells were surface labeled with Na'25I (1.7 to 1.9 Ci//Â¿mol;

Amersham Japan, Ltd., Tokyo, Japan) by using lodogen (Pierce Chem
ical Co., Rockford, IL) as described (18). Briefly, 5 to 9 x IO6 cells

washed with PBS were suspended in 0.2 ml of PBS and were incubated
with 0.5 mCi of Na'2SI in a test tube coated with 50 ng of lodogen. For
metabolic labeling, cultured tumor cells were incubated with L-[35S]-
methionine (1.04 mCi/Vmol; Amersham Japan, Ltd.) or with |'H|-

glucosamine (22 Ci/mmol; Amersham Japan, Ltd.) in RPMI-1640
medium supplemented with 5% dialyzed PCS for 6 h and 12 h,
respectively, at 37Â°C.After terminating the reaction, the labeled cells

were solubilized with 0.5% NP-40 (Sigma Chemical Co., St. Louis,
MO), 10 mM Tris-HCl (pH 7.6), 1 mM MgCl2, 0.5 mM phenylmethyl-
sulfonyl fluoride (Sigma), and 0.05% sodium azide. The mixture was
incubated for 30 min at 0Â°Cand centrifuged at 10,000 x g for 30 min.

Before immunoprecipitation, all cell lysates were preabsorbed with a
half volume of a 50% suspension of Protein A/Sepharose CL-4B
(Pharmacia Japan, Ltd., Tokyo, Japan) for 30 min at 0Â°C.Then 70 Â¡i\

of supernatant were incubated with 5 Â¿<I of ascites fluid containing III-
531 for 30 min at <)"('. After incubation, the mixture was incubated

with 40 ii\ of Protein A/Sepharose beads for 30 min, and the immu-
noprecipitates were washed 7 times with NET buffer (19). The radio-
labeled antigen was dissociated from the antibody and Protein A/
Sepharose by adding Lacrimili sample buffer without 2-mercaptoetha-
nol (20). The samples were then run on an SDS-polyacrylamide slab
gel with 11% polyacrylamide. Identical aliquots of immune precipitates
were run in reduced and nonreduced conditions. For sequential immu
noprecipitation, lysates of G-415 or Wa cells labeled with Na'"I were
treated 3 successive times with an amount of HI-531 or W6/32 antibody

which had been bound on Protein A/Sepharose beads. W6/32 is an
IgG2a monoclonal antibody to a monomorphic (framework) determi
nant expressed on the heavy chain of HLA-A,B,C antigens (21). The
antibody was prepared from ascites of BALB/c mice carrying the
hybridoma (HB95) as a tumor in our laboratory. After centrifugation,
the supernatant was further treated twice with W6/32 or HI-531
antibody on Protein A/Sepharose. Precipitates were recovered as de
scribed above and analyzed by SDS-PAGE. Two-dimensional analyses
of immunopredpitated proteins were performed by using NEPHGE
for first-dimension and SDS-PAGE using 11% acrylamide slab gels in
the second dimension, as described previously (22). Autoradiography
was performed with Fuji X-ray films on intensify screen (Kasei Optonix,
Ltd., Tokyo, Japan) at -80Â°C during a wk for Na'"I-Iabeled samples
and during a mo for [35S]methionine- or [3H]glucosamine-labeled sam

ples. For determining protein molecular weight, low-molecular-weight
calibration kits (Pharmacia Japan, Ltd.) and pancreatic DNase I (Wor-
thington Biochemical Corp., Freehold, NJ) were used and visualized
by Coomassie brilliant blue staining.

Enzymatic Treatment of Cells. G-415 cells were suspended at 1 x 10*
cells/ml in Hank's solution. An equal volume of 0.25% trypsin (1:250;

Difco Laboratories, Inc., Detroit, MI), 0.25% protease (type IV; Sigma),
or neuraminidase (1.0 unit/ml; Behlinger Institute) was added, and the
suspension was incubated at 37"C for 30 min. For the treatment of

cells by periodic acid, the cell suspension was incubated with an equal
volume of 0.25% periodic acid at room temperature for 1 or 5 min.
After the incubation, the suspension was diluted with ice-cold RPMI-
1640 containing 10% FCS. The cells were sedimented, washed 3 times
with RPMI-1640, and then tested for the FACS analysis as described
above.

Immunoperoxidase Staining. The available tumor and normal tissues
consisted of a total of 142 and 146 surgically resected specimens,
respectively, obtained at operation at the University Hospital of Tsu-
kuba. Materials of the gallbladder cancer patient from which G-415
cell line was established and embryonal tissues were obtained at autopsy
from the Department of Pathology, University of Tsukuba. Tissues
were fixed in 10% buffered formalin and embedded in paraffin wax.
Tissue sections were deparaffinized in xylene and rehydrated through
decreasing concentrations of ethanol. The tissues were then placed in
distilled water. To block endogenous peroxidase activity, the sections
were immersed in methanol containing 0.3% H2O2 for 15 min (2 times)
at room temperature. Antibody binding to tissue sections was deter
mined by the immunoperoxidase staining method with the use of the
Vectastain ABC kit for mouse IgG (Vector Laboratories, Inc.) as
described in the kit instructions. After rinsing in PBS for 10 min, the
sections were incubated sequentially with normal horse serum (20 min),
HI-531 containing ascites (1/100 dilution) (60 min), biotinylated horse
anti-mouse IgG (30 min), and ABC reagent containing avidin and
biotinylated horseradish peroxidase (30 min). PBS instead of primary
antibody was used on duplicate slides (from serial sections) as a control
in all experiments. Also, ascites containing monoclonal antibody raised
against HBe antigen produced by one of the authors (H. Arimura) were
used as unrelated ascites for the negative control. Incubations were
performed at room temperature, and sections were rinsed with PBS
(pH 7.6) between steps. Finally, sections were incubated for 5 min with
freshly prepared substrate solutions consisting of 0.05% (wt/vol) 3,3'-

diaminobenzidine tetrachloride with 0.03% (vol/vol) hydrogen perox
ide, washed in distilled water, and counterstained with hematoxylin.

RESULTS

Production and Screening of Monoclonal Antibodies. We ob
tained at total 237 growing hybrids (90% of all the cells). In
the initial screening test, 38 of them (16%) were found to
produce antibodies which bound to immunizing G-415 cells, as
determined by ELISA. However, 27 of them had lost the ability
to produce antibodies. In the secondary screening test, one of
them was found to react with G-415 cells and not to react with
FL cells. Thus, the hybridoma which was producing antibody
seemingly specific for G-415 was cloned.
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Characterization of Monoclonal Antibody. Monoclonal anti
body HI-531 was of the IgG2b murine isotype. The antibody
does not have complement-dependent cytotoxicity against the

target G415.
Reactivity of Monoclonal Antibody to Various Cancer Cell

Lines and PBL. To determine which type of cell expresses the
antigenic determinant recognized by HI-531, the reactivity of
this antibody with various human tumor cell lines, PBL, and a
panel of RBC was examined. Cytofluorographic analysis of the
cells stained by immunofluorescence with HI-531 was depicted
in Fig. 1. The results showed that G-415, Panc-1, MIA-PaCa2,
SC-1, and Raji cells were reactive with HI-531. The net per
centages of positive cells of the above-described cells were
85.3%, 38.1%, 10.3%, 44.7%, and 40.1%, respectively. On the
other hand, HI-531 failed to react with Alexander, TKB-1,
HeLa, CCRF-CEM, and PBL. Although the results were not
shown, HI-531 did not bind to a panel of RBC.

Biochemical Characterization of the Cell Surface Antigen De
fined by HI-531. G-415, Panc-1, SC-1, CCRF-CEM, and HeLa
cells were surface labeled with Na125I and lysed in buffer con
taining 0.5% NP-40 in order to analyze the molecules recog
nized by HI-531. Cell lysates were immunoprecipitated with
HI-531 preabsorbed with Protein A/Sepharose beads and ana
lyzed by SDS-PAGE under reducing or nonreducing conditions.
Fig. 2 showed that the HI-531 antigen was found to have a
relative molecular weight of 43,000 under reducing conditions.
When Panc-1 and SC-1 cells were used as antigen sources,
fainter but identical M, 43,000 molecules were observed. How
ever, there was no corresponding band in CCRF-CEM and
HeLa cells. The facts are accorded with the results of FACS
analysis, as described in Fig. 1. When immunoprecipitates were
analyzed under nonreducing conditions, the similar bands were
identified in G-415, Panc-1, and SC-1, but not in CCRF-CEM
and HeLa cells (data not shown).

It has been reported that HLA-A,B,C antigens consist of
heavy chain (M, 43,000 product) and 02-microglobulin (M,
12,000 product) (21). HLA-A,B,C antigens on G-415 cells used
for immunogen were indicated to be present by FACS analysis
using W6/32 antibody (data not shown). Therefore, we further
more investigated whether or not M, 43,000 products from
Na125I-labeIed G-415 cells (Fig. 2) are on the same molecules
of HLA-A,B,C antigens on the cells by the method of sequential
immunoprecipitation using monoclonal antibodies HI-531 and
W6/32. As shown in Fig. 3, sequential immunoprecipitation

study revealed that hot immunoprecipitates by HI-531 on G-
415 or Wa cells had a molecular weight of 43,000. In spite of
three consecutive depletions of HI-531 antigen from G-415 or
Wa cells, W6/32 furthermore immunoprecipitated M, 43,000
and 12,000 (fo-microglobulin) products from the HI-531-un
bound fraction. Namely, HI-531 antibody could not remove
HLA-A,B,C antigens from Na'25I-labeled cell extracts of G-415

or Wa cells. Binding of antibody to Protein A beads has been
considered to be reversible (23). Thus, HI-531 antibody bound
to Protein A/Sepharose beads might release to the liquid phase.
Consequently, Protein A beads without precoating HI-531 an
tibody precipitated a A/r 43,000 band in Lanes 4 and 10 (Fig.
3, left to right). In the next experiments, similarly the Na'25I-

labeled cell surface extract was first absorbed with W6/32
bound to Protein A/Sepharose 4B, and the unreacted fraction
was then incubated with HI-531 on Protein A/Sepharose 4B.
The beads were extracted and analyzed by SDS-PAGE. HI-531
precipitated a M, 43,000 product from the antigen extract
preabsorbed with W6/32 (data not shown). To define the pre
cise molecular relationship between the HI-531 and HLA-
A,B,C antigens, two-dimensional NEPHGE-PAGE analyses of
the HI-531 or W6/32-reactive proteins from G-415 cell lysates
were performed. HI-531 antigen appeared as discrete spots with
a molecular weight of 43,000 (Fig. 4a). However, the heavy
chain of HLA-A,B,C antigens has a molecular weight of 43,000
and a more acidic series of spots than that of HI-531 antigen
(Fig. 4Z>).These findings indicate that the M, 43,000 product
defined by HI-531 is distinctly different from the heavy chain
of HLA-A,B,C antigens on G-415 or Wa cells.

To investigate a further characterization of HI-531 antigen
on G-415 cells, the cultured tumor cells were treated with
several kinds of enzymes or periodic acid. Fig. 5 showed that
HI-531 reactivities to the cells were greatly decreased by the
treatment of trypsin or protease. However, neuraminidase treat
ment did not affect the reactivity of HI-531 to the cells. Thus,
HI-531 reactivities to the cells were trypsin or protease sensi
tive, but were neuraminidase insensitive. If the cells were incu
bated with periodic acid for 1 or 5 min, HI-531 reactivities to
the cells were slightly decreased. Enzymatic treatment in this
study, together with periodic acid treatment on the antigen,
suggests that this antibody may recognize a protein moiety. The
results were further confirmed by immunoprecipitation of cell
extracts previously radiolabeled with ["Sjmethionine or [3H]-
glucosamine and by SDS-PAGE. As shown in Fig. 6, HI-531

Fig. 1. Representative FACS profile of var
ious cancer cell lines and PBL with monoclo
nal antibody HI-531. Background (second step
alone) for control is superimposed as dotted
line in each panel. Fluorescence distributions
were analyzed by FACS IV fitted with a linear
unit.

fluorescence intensity
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Fig. 2. Autoradiograph of HI-531 antigen. After Na'25I labeling of tumor
cells, NP-40 cell lysates were used for immunoprecipitation and subjected to 11%
SDS-PAGE (reduced conditions). HI-S31 antigen with a molecular weight of
43,000 was immunoprecipitated from G-415, Panc-1, and SC-1 cell lysates, but
not from CCRF-CEM and HeLa cell lysates.
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Fig. 3. Sequential immunoprecipitation of HI-531 antigen and 111,A A.H.C
antigens. NP-40 lysates of Na'"I-labeled G-415 or Wa cells were treated three
successive times with HI-531 antibody bound to Protein A/Sepharose beads in
order to deplete HI-531 antigen. Protein A/Sepharose beads without precoating
HI-531 were added to eliminate HI-531 which was spontaneously released from
Protein A beads. Then, the HI-531-unbound supernatant was recovered and
immunoprecipitated twice with W6/32 antibody. The bound materials with HI-
531 or W6/32 were eluted and analyzed by SDS-PAGE under reducing condi
tions. Note that immunoprecipitates by HI-531 antibody have a molecular weight
of 43,000 and that immunoprecipitates by W6/32 have molecular weights of
43,000 and 12,000.

20K-

14.4K-

Fig. 4. Autoradiographs of two-dimensional gels of HI-531 and 111A A.IK
antigens immunoprecipitated from G-41S cell lysates. Na'2!I-labeled detergent-
solubilized extract of G-415 cells was immunoprecipitated with HI-531 (a) or
w6/32 (A)antibodies. The immunoprecipitates were analyzed by NEPHGE in the
first dimension (right to left) and SDS-PAGE on 11% gels under reducing
conditions in the second dimension (top to bottom). Autoradiographs were ex
posed for 7 days. In a, HI-531 antigen had distinct spots with a molecular weight
of 43,000. In b, the heavy and light chains (arrow) of HLA-A,B,C antigens showed
apparent molecular weights of 43,000 and 12,000, respectively. Note that the
heavy chain of H LA-A.H.C antigens was more acidic than HI-531 antigen.

precipitated a single M, 43,000 protein band from [35S]methi-
onine-labeled extract in G-415 and Wa cells. In the case of
Alexander cells, the M, 43,000 band was not precipitated. The
immunoprecipitation with the cell lines labeled with [35S]me-
thionine displayed quite similar results to those with Na'2SI-

labeled cells. HI-531 did not immunoprecipitate a detectable
component from extracts of [3H]glucosamine-labeled cells.

Immunohistological Studies. To characterize the range of
reactivity of HI-531, the immunoperoxidase technique (ABC
method) was used to test a variety of malignant, normal, and
embryonal tissues (Tables 1 to 3). HI-531 strongly reacted with
poorly differentiated adenocarcinoma of the gallbladder (Fig.
la). The specimen was obtained from a part of the original
tumor tissues in the same patient from which a G-415 cell line
had been established. However, HI-531 failed to react with
autologous normal liver, spleen, pancreas, gastrointestinal
tract, lung, kidney, heart, and lymph node (data not shown).
Specimens of fixed tumor tissues were obtained from 18 pa
tients who had undergone surgery for adenocarcinoma of the
gallbladder. In one series of experiments, HI-531 antigen was

detected in 12 of 18 patients with adenocarcinoma of the
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Table 1 Immunoperoxidase reactivity of HI-531 antibody with cancer tissues

Positive intensity"

fluorescence intensity
Fig. 5. Reactivity of HI-531 antibody to G-415 cells treated with enzymes or

periodic acid analyzed by FACS. The net percentages of positive cells of each
panel were 89.1% for control, 35.5% for trypsin, 22.7% for protease, 94.0% for
neuraminidase, 72.5% for periodic acid (1 min), and 63.0% for periodic acid (5
min). Background (second step alone) for control is superimposed as dotted line
in each panel. Fluorescence distributions were analyzed by FACS-IV fitted with
a logio unit.

? 5
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? 5
â€¢Â»ÃŽ
<o<

-94K

-67K

-43K

94K-
67K-

43K- â€”

30K-

20K-

14.4K-

Fig. 6. Biochemical characterization of HI-531 antigen. HI-531 antibody
precipitated a single M, 43,000 protein band (left) from [3*S]methionine-labeled
extracts in G-415 or Wa cells. In Alexander cells, the M, 43,000 band was not
visible. There was no M, 43,000 band from pHjglucosamine-labeled extracts of
these cells (right), even after the autoradiography was made for a longer time (1
mo).

TissueGallbladderPancreasBile

ductStomachColonEsophagusLiverLungBreastKidneyThymusBrainUterusOvaryTestisSalivary

glandAdrenalThyroidTotal

no.182917231056104333321122061510651643333320022+484441022000000100++5311111041000001000+++33220300000000000%positive674841745080060750000010010000

Â°Intensity: 0, none; +, weak; ++, intermediate; +++, strong.

Table 2 Immunoperoxidase reactivity of HI-531 antibody with human
normal tissues

Positive intensity"

Tissue Total no. >positive

GallbladderPancreasAcinarIsletsDuctBile

ductStomachColonEsophagusDuodenumLiverLungKidneySpleenHeartBrainSkeletal

muscleThymusLymph

nodeThyroidUterusOvaryTestisSalivary

glandAdrenal12275127577865555310343ÃŒ2210272224585277745555310343222204303120012000000000000001001110000000000000100000000000000000000000000170191103029600014330000000003300

' Intensity: O, none; +, weak; ++, intermediate; +++, strong.

Table 3 Immunoperoxidase reactivity of HI-531 antibody with human
embryonal tissues

Positive intensity"

Tissue Total no. 0 +++-30K-20K-14.

4KGallbladderPancreas

GastrointestinaltractLiverSpleenLungHeart

KidneyBrainThymusLymph

nodeÂ°
Intensity: 0, none; +, weak:44

46466

5252++,44

4645565220000010

000000

00000

0000intermediate;

+-M+++

%positive00

00000

0000-,

strong.00

000170

0000

gallbladder (Table 1). HI-531 reacted with the gallbladder car
cinoma cells to a varied positive intensity from weak to strong,
regardless of histolÃ³gica! differentiation. Carcinomas originat
ing from other tissues were also tested by HI-531 antibody.
Table 1 showed that the HI-531 antigen was not restricted to
gallbladder carcinoma but could be found on certain other
carcinomas. Among the nongallbladder carcinomas, several
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Fig. 7. Immunoperoxidase staining of formalin-fixed paraffin-embedded sec
tions with the use of monoclonal antibody 111VI. a, autologous gallbladder
carcinoma tissues; b, no staining occurrence in the absence of primary antibody
(HI-531) in autologous gallbladder carcinoma tissues; c, normal gallbladder
epithelium. Note that tumor cells but not normal gallbladder epithelium are
stained in each case. Hematoxylin counterstain, x SO.

other tumor cells from the pancreas, bile duct, stomach, colon,
esophagus, lung, breast, testis, and salivary gland were positive
for HI-531. The staining pattern of the positive tumors was
similar to that described for the gallbladder. Normal mucosal
epithelial cells of the gallbladder lacked any immunoreactivity

(Fig. 7c). However, when the epithelial tissues of the gallbladder
were chronically inflamed, the cells of two cases appeared to be
stained (Table 2). A small number of normal tissues from the
stomach, colon, esophagus, bronchial tree, pancreatic duct,
islets of Langerhans, and kidney tubules were weakly positive
(Table 2). No staining was seen in acinar cells of the pancreas,
bile duct, duodenum, liver, kidney glomeruli, spleen, heart,
brain, thymus, lymph node, thyroid, uterus, ovary, salivary
gland, adrenal, and skeletal muscle. The experiments were
repeated with similar sections obtained from tissues of a still
born fetus (Table 3). One of six cases of mucosal epithelial
tissues from the trachea appeared weakly stained. All other
tissues tested showed a negative staining reaction.

DISCUSSION

This study describes a monoclonal antibody, HI-531, that
reacts with an antigen associated with human gallbladder car
cinoma cells. Our analyses have shown that TAA on gallbladder
carcinoma cells exists in major form with an apparent molecular
weight of 43,000 (Fig. 2). The M, 43,000 molecules were
thought to be composed of protein. The suggestion was ob
tained from the experiments in which [35S]methionine or [3H]-

glucosamine was used as radiolabel (Fig. 6) and from FACS
analysis of the cells treated with enzymes or periodic acid (Fig.
5). However, the possibility may not be strictly ruled out that
the A/, 43,000 molecules contain a carbohydrate moiety, al
though HI-531 could not precipitate M, 43,000 molecules from
extracts of [3H]glucosamine-labeled cells. These remain to be

investigated. Nevertheless, it has been clearly shown that the
epitope of M, 43,000 molecules defined by HI-531 is at least
on a protein moiety. The figure given for apparent molecular
weight on SDS-PAGE presented here is of value for purposes
of comparison with other molecules by similar analysis. Thus,
the figure of the M, 43,000 band should be considered as the
molecular weight and composition of antigen observed under
the particular experimental conditions used here.

It has been shown that a heavy chain of HLA-A,B,C antigens
on the cells consists of M, 43,000 glycoprotein (21). G-415 cells
express HLA-A,B,C antigens reactive to W6/32 on the cell
surface (Fig. 3). However, sequential immunoprecipitation and
SDS-PAGE studies clearly showed that HI-531 was not against
a determinant of the M, 43,000 heavy chain of HLA-A,B,C
antigens on tumor cells. NEPHGE two-dimensional gel pattern
of the HI-531 antigen (Fig. 4) further confirmed that the pi of
HI-531 antigen was different from that of the heavy chain of
HLA-A,B,C antigens. Thus, we concluded that HI-531 antigen
molecules were not identical with HLA-A,B,C antigens, irre
spective of the same molecular weight.

FACS analysis and Nal25I-radiolabeling studies suggest that

the M, 43,000 molecules exist on the cell surface in carcinoma
cells (Figs. 1 and 2). FACS analysis revealed that HI-531
antigen was expressed on the cell surface of G-415, Panc-1,
MIA-PaCa2, SC-1, and Raji cells, but not on Alexander, TKB-
1, HeLa, and CCRF-CEM cells. Thus, the antigen may be the
cell type-restricted antigen associated with malignancy. In ad
dition, HI-531 did not react with PBL and various types of
RBC. This indicates that none of the M, 43,000 antigen seems
to be encoded by the major histocompatibility complex or to
belong to defined major or minor blood group substances. The
results were in parts confirmed by the analyses of sequential
immunoprecipitation and SDS-PAGE (Fig. 3). The cell surface
antigen was further characterized by its distribution of human
carcinomas and normal and embryonic tissues. The immuno-
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peroxidase technique confirmed that HI-531 reacted to autolo-
gous tumor tissues (Fig. 7a), but not to normal tissues. The fact
suggests that the HI-531 recognizes a tumor antigen restricted
in occurrence to the original tumor tissue donor of the G-415
cells. When panels of allogeneic tumor and normal tissues were
tested by immunoperoxidase staining, the HI-531 stained the
majority of gallbladder carcinoma and bound to certain other
tumor tissues but weakly a variety of normal tissues. Normal
gallbladder tissues displayed a negative reaction (Fig. 7c). How
ever, when the gallbladder tissues were chronically inflamed (2
cases), the epithelial cells of the mucosa expressed HI-531
antigen to a lesser degree. Although the cause of positivity is
unknown, similar findings have been reported by Schmiegel et
al. (24) that monoclonal antibody raised against pancreatic
carcinoma reacts with the inflammatory activated pancreatic
duct cells. The facts suggest that the M, 43,000 molecules may
be an antigen which is displayed by malignant or inflammatory
activated gallbladder cells. Thus, the M, 43,000 antigen was not
specific for gallbladder carcinoma only. This is in accordance
with data presented for various tumor systems (25). Taken
together, the data suggest that the M, 43,000 molecules defined
by HI-531 are allowed to belong to TAA expressed on gallblad
der carcinoma cells. The TAA was detectable in one of six fetal
lung cells, but not in other fetal tissues (Table 3). However, it
is unclear whether or not the TAA represents a group of so-
called oncodevelopmental antigens. Nevertheless, the prefer
ential expression of the TAA on tumors of gallbladder, pan
creas, bile duct, or gastrointestinal tract origin may be helpful
in the immunohistochemical diagnosis. This will be an advan
tage for patients, since cancer of the gallbladder, pancreas, and
bile duct is, in general, diagnosed at very late stages of evolution
and is rapidly lethal. Our TAA might be a new potential marker
for early diagnosis of these diseases in addition to being useful
as a tool for biological function of the antigens in relation to
malignant transformation and tumor growth.
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