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ABSTRACT

Four diflerent human epithelial differentiation antigens (MT179,
MW162, MW207, and MX35) have been defined by mouse monoclonal
antibodies obtained from mice immunized with either an ovarian carci
noma cell line or fresh ovarian carcinoma cells. In an attempt to identify
tissue-specific antigens restricted to ovarian epithelial cells, sections of a

benign ovarian cyst were used as the initial target for screening hybridoma
supernatant s. The distribution of the antigens detected by these monoclo
nal antibodies was determined on frozen sections of 24 normal tissues
and on 103 cultured cell lines of various histolÃ³gica! types. In spite of
the method used to select these monoclonal antibodies, they all reacted
to some degree with normal epithelial cells in tissues other than ovary.
All antibodies were unreactive with nonepithelial cells in frozen sections.
These antibodies also reacted with frozen sections of most or all fresh
ovarian carcinomas and benign ovarian cysts. All antibodies were unreac
tive with ABH, Lewis blood group-related antigens and appeared to be
different in specificity from previously described well-characterized an
tigens of ovarian carcinoma cells. MW162 was characterized as a high-
molecular-weight mucin-like molecule, and the determinant recognized is

probably carbohydrate in nature. MW207 was identified as a M, 37,000
protein. These monoclonal antibodies and 24 other previously derived
antibodies that react with epithelial differentiation antigens were tested
for reactivity with the surface of fresh ovarian carcinoma ascites cells
and for nonreactivity with normal mesothelial cells. This assay was
designed to select monoclonal antibodies that might be effective agents
for i.p. therapy or radioimmunodetection of human ovarian carcinoma.
Five antibodies with the desired specificity were selected; these were the
four new antibodies described herein and MH99, which was characterized
previously and recognizes a glycoprotein having M, 38,000 and 29,000
subunits. The degree of heterogeneity of antigen expression on ascites
carcinoma cells was dependent on the particular antigen being examined
and was related to the biochemical nature of the antigen. In particular,
most ABH and Lewis blood group-related antigens showed a striking

degree of heterogeneity.

INTRODUCTION

Although the production of tumor-specific moAbs2 has been

an elusive goal, moAbs to differentiation antigens may also be
of value in cancer immunotherapy and immunolocalization.
Ovarian carcinoma is a promising target for moAb therapy (as
are cancers of other nonessential organs) in that tissue-specific
differentiation antigens may be useful as tumor-specific anti
gens. However, since ovarian epithelial cells form a simple
cuboidal epithelium and have no known function that distin
guishes them from other epithelial cells, it is possible that there
is no marker unique to these cells. Over the last 5 yr, we (1-4)
and others (5-9) have produced a large number of moAbs to
ovarian carcinomas, mainly by immunizing mice with cell lines,
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in an attempt to identify tumor-specific or tissue-specific mark
ers. Few if any of these antibodies have the desired specificities.
As an alternative approach to immunizing with cell lines, we
began another study in which we immunized mice with fresh
tumor specimens and used frozen tissue specimens as targets
for screening. In this paper we describe 3 moAbs produced in
this way, and a fourth, previously undescribed, produced earlier
by immunization with an ovarian cancer cell line. These 4
moAbs react with most or all fresh ovarian carcinomas and
benign ovarian cysts and with a distinct range of normal epi
thelial cells. We also report the analysis of these and 24 other
antibodies in terms of their reactivity with ovarian tumors,
including ascites cells, and with normal mesothelium. Five of
the 28 moAbs tested reacted with the surface of most or all
fresh tumor specimens and were unreactive with normal me
sothelium; these antibodies seem to be suitable for further
evaluation as potential intraperitoneal diagnostic or therapeutic
agents.

MATERIALS AND METHODS

Cell Lines and Tissues. The origin and culture of cell lines derived
from human tumors, normal human fibroblasts, and normal kidney
epithelial cells have been described (1), except that NIH: OVCAR-3
was obtained from American Type Culture Collection (Rockville, MD).
Normal tissues were obtained at surgery or autopsy. The ovarian cyst
used for screening hybridoma supernatants was a serous cystadenoma.
Ovarian adenocarcinomas tested included serous (13 specimens), on
dometrioid (3 specimens), clear cell (1 specimen), and mucinous (1
specimen) tumors. Ovarian cysts included 1 serous cystadenoma, 3
mucinous cystadenomas, 1 simple cyst, 1 serous cystadenocarcinoma
of low malignant potential, and 1 mucinous cystadenocarcinoma of low
malignant potential. Strips of the cyst wall were folded in pleats before
freezing. Tissues containing normal mesothelium included the dia
phragm, body wall, and pericardium. Tissues were covered with O.C.T.
compound (Scientific Products) and frozen in a slurry of 2-methylbu-
tane cooled in liquid nitrogen.

Production of Mouse Monoclonal Antibodies. The new moAbs de
scribed were obtained from 3 fusions. For the generation of MT179,
BALB/c x C57BL/6 FI mice were immunized with the ovarian carci
noma cell line SK-OV-4. Injections of approximately 0.1 ml of packed
cells were given twice i.p. at an interval of 2 wk. The other mo \lis were
obtained after immunizing mice with 0.4 ml packed cells of a mixture
of 4 fresh ovarian carcinoma specimens, including 2 samples of ascites
cells (both serous adenocarcinomas) and 2 solid tumors (one serous,
one endometrioid carcinoma). The mixture was suspended in 1.0 ml
and injected i.p. 3 times at 3-wk intervals. To immunize with solid
tumor specimens, fragments of frozen tumor were thawed, placed in
approximately 2 volumes of DPBS (Gibco, Grand Island, NY), teased
with scalpels, and pressed through a fine steel screen. This preparation
was stored frozen for subsequent injections. To prepare ascites cells,
0.5 to 2.0 liters of ascites fluid from patients with serous adenocarci-
noma of the ovary were filtered through 4-ply gauze and spun 5 min at
600 x g. Pelleted cells were resuspended in 5 to 10 volumes of
supernatant, and 40 ml aliquots were underlaid with 10 ml of I icolI
Paque (Pharmacia, Piscataway, NJ). After spinning 15 min at 3000 x
g, the cells at the interface were collected, washed once with DPBS,
suspended in minimal essential medium (Gibco):7.S% fetal calf
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ANTIBODIES TO OVARIAN CARCINOMA

serum: 10% dimethyl sulfoxide, and frozen in liquid nitrogen. Three
days after the last injection, the fusion of immune spleen cells with
mouse myeloma MOPC-21 NS/1 cells was preformed as described (4).

For the isolation of antibody MT179, culture supernatants were
tested for antibody activity on a panel of cultured cells consisting of the
immunizing cell line and other types of human tumor cells. For the
other moAbs, supernatant solutions were tested for reactivity on cryos
tat sections of a benign ovarian cyst. The specificity of epithelial-reactive
supernatants was tested further on various frozen sections, cell lines,
and ABO blood group-related antigen preparations, as described in
"Results." Since several months were required for this specificity analy

sis, cells from all original wells were frozen in 10% dimethyl sulfoxide,
using 2 vials for each well, just after the original supernatant solutions
were collected. For cloning, cells were thawed, grown briefly in a well
of a 24-well plate, retested for antibody activity, and cloned using our
usual procedure (1). Cloned hybridoma cells were injected s.c. into nuj
nu mice. Sera from mice with progressively growing tumors were
collected and used for serological and biochemical characterization.
Antibody subclass was determined by immunodiffusion in agar with
anti-immunoglobulin heavy chain-specific reagents (Bionetics, Kensing
ton, MD).

Other Antibodies. The 29 other moAbs tested in this study were
generated and characterized previously. These antibodies, grouped ac
cording to the type of carcinoma used for immunization, were: ovarian,
MF61, MF116, MH55, MH94 (1, 2), MH99 (4), MQ49, MT334 (3),
MT78, and MV93; renal, S8 (10); teratocarcinoma, K4 (11); choriocar-

cinoma, SVI9 and SV63 (placenta! alkaline phosphatase) (12); and
colon, HT29-15 (13). We also tested 7 moAbs to ABO blood group-
related antigens: anti-A, HT29-36 (14); anti-B (10), anti-Lewis', T174;
anti-Lewis", T218; anti-H type 2, Hll; anti-X, P12; and anti-Y, F3

(15). Antibody OC 125 (9) which was a gift from Dr. Robert Bast,
antibody B72.3 (16) which was obtained from the American Type
Culture Collection (Rockville, MD), and antibody 19.9 (17) which was
a gift from Dr. Zenon Steplewski were also tested.

Serological Procedures. Red cell resetting methods for adherent and
nonadherent target cells were carried out as described previously (1,
18). To test for neuraminidase sensitivity, target cells were treated for
l h at 37Â°Cwith Vibrio cholerae neuraminidase (Calbiochem-Behring,

La Jolla, CA) diluted 1:10 in 0.05 M citrate buffer (pH 5.5):0.1 M
NaChO.Ol M CaCl2. Cytoplasmic antigens were detected using an
immunoperoxidase method as described (3). Immunostaining of tissue
using the ABC method was also carried out as described previously (3).
Immunofluorescent staining of cells from ascites fluid, blood, and bone
marrow was performed by standard procedures ( 1), using moAb sera at
1/50, fluorescein-conjugated goat anti-mouse IgG (Cappel Laborato
ries, Cochranville, PA) at 1/40 in medium containing 20% normal
human serum, and 3 to 6 ^1 of packed ascites cells per sample.
Examination was by epiillumination using a 75-W xenon lamp, Leitz
filter cube H, and a x40 objective. Since the samples contained normal
cells such as lymphocytes, macrophages, and mesothelial cells as well
as tumor cells, evaluation was based on observation of clustered cells
only; carcinoma cells in ascites usually are in clusters, while the normal
cells present are rarely in clusters. Of the normal cell types present in
ascites fluid, only mesothelial cells frequently aggregate, and the spec
imens used were selected on the basis of having very few if any clustered
mesothelial cells. Samples of cells were processed and examined by the
Pathology Laboratory, Memorial Hospital (Dr. Patricia Saigo), to
confirm that virtually all cells in clusters were malignant. Photographs
of immunofluorescence were prepared using Kodak Tri-X film and 90-
s exposures. Bone marrow cells from normal donors were provided by
the Bone Marrow Transplantation Unit. Procedures for absorption of
antibody activity, using cells scraped from culture flasks, have been
described (3). To test heat stability of antigens, cells were heated to
100Â°Cfor 5 min and then washed once before use in absorptions.
Reactivity with blood group A, B, H, Lewis", Lewis', X, and Y deter
minants (19) was determined by a solid-phase enzyme-linked immu-
noassay as described (20), except that the antigen preparations were
dissolved in water.

For binding assays with MX35, the moAb was purified by Protein

3 M. J. Mattes, unpublished data.

A-Sepharose chromatography and '"I labeled using chloramine T as
described (21). Labeled moAb (0.1 ml) at 0.5 Mg/ml (1 to 5 x 10s cpm)
was mixed with 2 to 5 x IO5SK-RC-18 cells (prepared by trypsinization
of monolayers) in 0.05 ml and incubated l h at 37'C with agitation.

Cells were then washed and counted. Specific binding was determined
by inhibition with unlabeled moAb (0.05 ml of a 1:50 dilution of ascites
fluid). Approximately 20% of total cpm was specifically bound under
these conditions. To test the protease sensitivity of MX35, cells were
preincubated for 30 min at 37Â°Cwith either crystallized porcine trypsin

(Sigma type IX) at 5.0 mg/ml or Pronase (Sigma protease type XIV)
at 1.0 mg/ml in DPBS.

Biochemical Analysis. Each antibody was tested for its ability to
precipitate an antigen from the spent medium and from detergent-
solubilized cell extracts after labeling by 3 methods: metabolic incor
poration of [3Hjglucosamine (1); metabolic incorporation of [35S]me-
thionine (1); or chloramine T '"I labeling of solubilized cell membranes

(4). Cell lines were used instead of fresh tumor specimens since they
were a more convenient source of radiolabeled material. Nonidet P-40
solubilization of labeled cells and immunoprecipitation procedures (1)
have been described previously. To test heat stability, radiolabeled
extracts were heated at 100Â°Cfor 5 min, precipitated proteins were

removed by centrifugation (5000 x g, 15 min), and then standard
immunoprecipitations were performed. Immunoblotting of proteins
transferred to nitrocellulose paper after SDS-PAGE was performed
following Braun et al. (22) except that phosphate-buffered saline 0.05'.
Tween-20 was used for washing, moAb ascites was used at 1/500, and
bands were visualized by incubation with 2.5 x 10* cpm/strip of '"!-
labeled IgG fraction of rabbit anti-mouse IgG (DAKO Z109, approxi
mately 1.0 mCi/mg) followed by autoradiography. Preparation of chlo-
roform:methanol (2:1) cell extracts and their use in inhibitions assays
have been described (1).

RESULTS

Selection of New Monoclonal Antibodies. Of the 4 moAbs
described here, one, MT179, was produced by immunization
and screening with an ovarian carcinoma cell line, SK-OV-4.
The assay used was immunoperoxidase staining of fixed and
permeabilized cells, which was intended to detect primarily
cytoplasmic antigens. Other moAbs produced from the same
fusion were previously described (3). Three other moAbs were
obtained by immunization with a mixture of ovarian carcinoma
cells and screening with fresh tissue specimens. The moAbs
were initially screened on cryostat sections of a benign serous
ovarian cyst and selected on the basis of reactivity with epithelial
cells and nonreactivity with connective tissue and blood vessels
in the sections. This cyst specimen was chosen because the
lining epithelial cells appeared morphologically similar to the
simple cuboidal epithelial cells of the normal ovary, but were
preserved better than normal ovarian epithelial cells in frozen
sections. Therefore, this screening was primarily designed to
detect tissue-specific epithelial differentiation antigens. Repre
sentative staining of ovarian cyst epithelium is shown in Fig. 1.
Of 393 supernatants test, 16 were epithelial specific. The 16
supernatant antibodies were tested on sections of normal colon
and skin, and the 5 antibodies which were negative were re
tained. Since many epithelial differentiation antigens have been
identified as ABH blood group-related antigens, we tested these
five supernatants on a panel of mucins containing A, B, H, Le",
Leb, X, and Y antigens. Two of the supernatants reacted with

the A antigen. The remaining 3 supernatants, designated
MW162, MW207, and MX35, were then tested against cryostat
sections of 5 solid ovarian tumors; all 3 reacted with 5 of 5
specimens. They were then tested on a panel of 30 cell lines,
including ovarian carcinomas, other carcinomas, and other
tumor types. This was done partially to confirm the specificity
of the antibodies, but also to select positive cell lines which
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Fig. 1. Photomicrographs of " /-m cryostat sections of a mucinous ovarian cystadenoma. A, Wright's stain. The double layer of epithelium is a result of folding
the cyst wall before freezing. B, immunoperoxidase staining with a 1:500 dilution of a negative moAb. C, MH99. /). MH94. MH99 stains only epithelial cells. MH94
stains the outer surface of the cyst in addition to epithelial cells. The inner epithelial (i) and outer (o) surfaces of the cyst wall are indicated. Bar, 0.05 mm.

could then be used as targets for screening subclones. Target
cells were tested by 2 assays: a rosetting assay to detect cell
surface antigens and an immunoperoxidase assay on fixed,
permeabilized cells to detect primarily cytoplasmic antigens.
Frozen cells from these three original wells were thawed, estab
lished in culture, tested for retention of reactivity, and then
cloned twice by limiting dilution.

The four moAbs described were all nonreactive with blood
leukocytes and erythrocytes by immunofluorescence. Also, they
did not react with any of the ABO blood group-related antigen
preparations tested.

Antibody MT179 (IgGl). Although antibody MT179 reacts
strongly in immunoperoxidase assays, it has not precipitated a
detectable component from ovarian carcinoma SK-OV-4 or
colon carcinoma SW480 cells labeled with ["SJmethionine,
[3H]-glucosamine, or I25I. In absorption experiments, the anti
gen was destroyed by heating at 100Â°Cfor 5 min, suggesting

that it is a protein. MT179 was detected initially by immuno
peroxidase staining of fixed, permeabilized tissue culture cells,
which produced cytoplasmic staining, but it was also detected
on the cell surface of SK-OV-4 by a rosetting assay. In frozen
sections, MT179 was detected in a number of normal epithelial
cells, namely in the colon, lung, skin, pancreas, cervix, and
breast (Table 1; Fig. 2). Other epithelial cells, mesothelial cells,

and all nonepithelial cells were negative. MT179 was detected
also in sections of 16 of 18 ovarian carcinomas and 5 of 5
benign ovarian cysts. Expression in 147 tissue culture cell lines
is summarized in Table 2. MT179 was detected by immunoper
oxidase staining in 3 of 8 ovarian carcinomas (SK-OV-4,
SW626, A7), 2 of 2 uterine carcinomas (SK-UT-2, ME-180), 9
of 11 colon carcinomas (SW480, SW620, SW1116, SW1222,
SW1417, SK-CO-1, -13, CaCO-2, 4J), 5 of 9 bladder carcino
mas (Scaber, RT4, 5637, JON, SW780), 3 of 4 pancreatic
carcinomas (CAPAN-1, -2, A3), 8 of 11 lung carcinomas (SK-
LC-2, -3, -4, -5, -7, -9, -11, -12), 2 of 5 breast carcinomas
(MCF-7, SK-BR-7), 2 of 17 renal carcinomas (SK-RC-17, -35),
1 of 2 prostate carcinomas (DU 145), 1 of 1 bile duct carcinomas
(Charles), and 1of 1choriocarcinoma (SVCC), with a reciprocal
titer ranging from 500 to 8000. It was negative on 21 melano
mas, 16 of 17 astrocytomas, 5 neuroblastomas, and 26 hema-
topoietic tumors of various types. Three normal fibroblast
cultures were negative, and 2 of 3 normal kidney epithelial cell
cultures were positive with antibody MT179.

Antibody MW162 (IgM). This moAb precipitated an antigen
from [3H]glucosamine-labeled SK-OV-6 that migrated at the

top of a 9% acrylamide gel (>300,000 dallons) (Fig. 4). An
antigen with similar properties could also be immunoprecipi-
tated from both the cell extract and the culture medium of
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Table 1 Reactivity ofmoAbs with cryostat sections of normal human tissues
The positive cells delected by these antibodies were exclusively epithelial cells.

Tissue MTI79 M W 162 MVV207 MX35

Esophagus(Ir
Stomach (2)
Colon (2)
Bronchus(1)
Lung (2)
Skin (2)
Kidney (2)
Pancreas(2)
Liver(2)
Thyroid (1)
Prostate (1)
Ovary (1)
Fallopian tube (1)
Uterus (2)
Cervix (1)
Breast (2)
Testes (1)
Heart (1)
Skeletal muscle

W
Spleen (2)
Lymph node (1)
Thymus (1)
Brain (1)
Mesothelium'' (3)

ND*

+e

ND

ND ND ND

" Numbers in parentheses, number of specimens.
* ND, not determined.
' In the kidney, MW207 reacted with proximal tubules, MW162 with Henle's

loop and distal tubules, and MX3S with collecting tubules. In the skin, MX3S
reacted only with sweat glands. In the pancreas, duct lining cells only were positive
with MW207.

'' Examined in specimens of the diaphragm, body wall, and pericardium.

[3H]-glucosamine-labeled SK-RC-18 cells. The antigen could
still be precipitated after incubating the labeled extract at 1()()''<'

for 5 min. These characteristics suggest that the antigen is a
carbohydrate determinant on a mucin or proteoglycan. The
antigen was not detectably precipitated from cell extracts la
beled with [35S]methionine or 125I.Reactivity of MW162 with

SK-OV-4 was not affected by pretreatment of the cells, after
permeabilization, with neuraminidase. The antigen was not
detected, by inhibition, in glycolipid fractions of SK-OV-6
prepared by chloroform:methanol extraction.

In frozen sections, M W162 was detected in many epithelial
cells, namely in the esophagus, stomach, bronchus, lung, kidney
distal tubules, pancreas, thyroid, uterus, and breast (Table 2;
Fig. 2). Other epithelial cells, such as in the colon and skin,
and mesothelial cells were negative, as were all nonepithelial
cells examined. The antigen was detected in frozen sections of
18 of 18 fresh ovarian carcinomas and 3 of 6 benign ovarian
cysts. Staining was generally concentrated at the luminal edge
of cells (Fig. 3Â£).

The distribution of M W162 in 105 tissue culture cells is
summarized in Table 2. It was detected most readily in the
cytoplasm by immunoperoxidase staining, so this assay was
used for screening tissue culture cells; the antigen was detected
weakly and inconsistently on the cell surface by rosetting. It
was detected in 5 of 8 ovarian carcinomas (SK-OV-3, -4, -6,
Colo 316, AIO), 2 of 9 colon carcinomas (SW1116, SW1222),
3 of 6 bladder carcinomas (JON, VM-CUB-1, -2), 2 of 3
pancreatic carcinomas (CAPAN-1, -2), 6 of 8 lung carcinomas
(SK-LC-1, -3, -7, -8, -17, -21), 4 of 4 breast carcinomas (MCF-
7, SK-BR-5, -7, CAMA), 2 of 11 renal carcinomas (SK-RC-7,
-18), and 1 of 1 choriocarcinoma (SVCC), with a reciprocal
titer ranging from 500 to 2000. It was negative on 10 melano
mas, 10 astrocytomas, 4 sarcomas, and 20 hematopoietic tu
mors of various types. Antibody M W102 was unreactive with
4 normal fibroblast cultures and positive on 3 of 3 normal
kidney epithelial cultures.

Antibody MW207 (IgGl). Of the antigens described here,
MW207 is the only one that was recognized initially as a cell
surface antigen, so the rosetting assay, rather than the immu
noperoxidase assay, was used to screen cell lines. Antibody
MW207 did not precipitate a detectable component from ovar
ian carcinoma SK-OV-6 or renal carcinoma SK-RC-18 labeled
by any of the 3 isotopes described in "Materials and Methods,"

but by immunoblotting identified at a M, 37,000 component
(Fig. 4). In absorption experiments, it was destroyed by heating
to 100Â°Cfor 5 min, suggesting that the determinant recognized

is a protein.
In frozen sections, MW207 was detected only on certain

epithelial cells, namely in the bronchus, lung, kidney proximal
tubules, pancreas, thyroid, uterus, Fallopian tube, cervix, and
breast (Table 1; Fig. 2). Mesothelial cells were unreactive. In
the pancreas, only the cells lining ducts were stained (Fig. 2).
MW207 was also detected in sections of 18 of 18 ovarian
carcinomas (Fig. 3F) and 3 of 6 benign ovarian cysts. In contrast
to MW162 and MX35, which stained the luminal edge of cells
most strongly, MW207 stained cells uniformly. Of the 103 cell
lines tested (Table 2), MW207 was present on 5 of 8 ovarian
carcinomas (SW626, A7, AIO, SL-OV-3, -6), 5 of 9 colon
carcinomas (SW620, SW837, SW1116, SW1222, SK-CO-10),
1 of 6 bladder carcinomas (VM-CUB-1), 2 of 3 pancreatic
carcinomas (CAPAN-2, ASPC-1), 6 of 8 lung carcinomas (SK-
LC-1, -7, -8, -14, -21, LcLL), 3 of 4 breast carcinomas (MCF-
7, SK-BR-5, -7), 10 of 11 renal carcinomas (SK-RC-1, -7, -10,
-15, -18, -29, -33, -42, -45, Caki 1), 1 of 1 tetratocarcinoma
(Tera-1), and 1 of 1 choriocarcinoma (SVCC) with reciprocal
titers ranging from IO3to 10s. The most strongly reactive target

cells included carcinomas of the ovary, colon, bladder, lung,
breast, and kidney. MW207 was negative on 10 melanoma and
18 hematopoietic tumor cell lines, but reacted weakly with 2 of
10 astrocytomas and 1 of 4 sarcomas. Hence this antigen
appears to be not strictly restricted to epithelial cells, although
in frozen sections only epithelial cells were detectably stained.

Antibody MX35 (IgGl). Although antibody MX35 reacted
strongly in immunoperoxidase assays, it has not precipitated a
detectable component from ovarian carcinoma SK-OV-6 or
renal carcinoma SK-RC-18 cells, labeled by any of the 3 iso
topes described in "Materials and Methods." Antigen expres
sion on SK-RC-18 cells in suspension, assayed by binding of
I25l-labeled MX35, was retained after incubation with either

trypsin or Pronase. MX35 was initially recognized as a cyto-
plasmic antigen, but was also detected on the cell surface of the
ovarian carcinoma lines AIO and NIH: OVCAR-3.

In frozen sections, MX35 was detected in epithelial cells of
the normal bronchus, lung, sweat glands, kidney collecting
ducts, thyroid, Fallopian tube, cervix, and uterus (Table 1; Fig.
2). All other tissues examined including normal mesothelium
were negative. MX35 was also detected in sections of 16 of 18
fresh ovarian carcinomas and 3 of 6 benign ovarian cysts.
Staining was often concentrated at the luminal edge of cells
(Fig. 3, B and D). In tissue culture cell lines, MX35 expression
was rare (Table 2), being detected on only 3 of 8 ovarian
carcinomas (A7, AIO, SK-OV-6), 1 of 8 lung carcinomas (SK-
LC-1), and 3 of 11 renal carcinomas (SK-RC-18, -33, -53), with
a reciprocal titer of 500 to 32,000. The most strongly positive
cell lines were SK-LC-1, SK-RC-18, and SK-RC-53. Since, as
noted above, 16 of 18 fresh ovarian carcinomas were positive,
the data suggest that this antigen may be lost during adaptation
of tumor cells to tissue culture. MX35 was not detected on 4
normal fibroblast cultures but was found on 1 of 3 kidney
epithelial cell cultures. Considering the results with both normal
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Fig. 2. Reactivity of moAbs with normal human tissues. Photomicrographs of 7 ,,m cryostat sections. For each tissue type, the left photograph is of a section
stained with Wright's stain, to show the morphology; the center photograph is of a section stained by immunoperoxidase with a negative monoclonal serum, and the

right photograph is of a section stained by immunoperoxidase with: MT179 on colon (A); MW162 on thyroid (B); MW207 on pancreas, showing an area with large
and small ducts (Q; MX3S on kidney, showing an area with collecting tubules (/'). With all antibodies, epithelial cells only are positive. Bar, 0.05 mm.
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Table 2 Reactivity ofmoAbs with tissue culture cell lines
M W207 was tested in a resetting assay for cell surface antigens using a starting

dilution of 1/1000. MT179, MW162, and MX35 were tested in a peroxidase
assay on fixed, permeabilized cells, using a starting dilution of 1/500.

Celltype"CarcinomasOvarianUterineColonBladderPancreasLungBreastRenalProstateBile

ductMelanomasAstrocytomasSarcomasTeratocarcinomasChoriocarcinomasNeuroblastomasHematopoietic

tumorsT-lymphocyteB-lymphocyteNull

lymphocyteMyeloidMonocytoidMyelomaNormal

cellsFibroblastsKidney

epithelialMT1793/8*2/29/115/93/48/112/52/171/21/10/211/171/10/50/80/90/60/30/32/3MW1625/80/22/93/62/36/84/42/110/10/100/100/40/11/10/70/40/40/30/20/10/43/3MW2075/80/25/91/62/36/83/410/110/10/102/101/41/11/10/70/30/40/20/1o/i0/42/3MX353/80/20/90/60/31/80/43/110/10/100/100/40/10/10/70/40/40/20/20/10/41/3
â€¢Ref. 3 describes these cell lines in more detail.
* Number positive/number different cell lines tested. The individual positive

cell lines and the titers are listed in the text.

tissues and cell lines, MX35 is the most restricted of the
antigens described here.

Reactivity of Antibodies with Fresh Ascites Cells. Since this
assay was not included in earlier evaluation of moAbs, we tested
21 moAbs to epithelial differentiation antigens that had been
previously generated in our laboratories and 2 moAbs from
other laboratories, in addition to the 4 new moAbs described
above.

The 27 moAbs were tested against at least 2 specimens of
fresh ovarian carcinoma ascites cells, by immunofluorescence.
Ten moAbs negative with the 2 ascites specimens were not
tested further; they are MF61, MF116, MH55, MV9, K4,
SV19, SV63, S6, HT29-36, and S8. Positive moAbs were tested
on additional ascites specimens, and the results of these assays
and tests on frozen sections are summarized in Table 3. In
these studies on ascites cells, we examined primarily clumped
tumor cells since these were identified as malignant (see "Ma
terials and Methods"). The nature of the single cells was more

variable, but many specimens clearly contained many malignant
single cells, as indicated by both morphology and immunoflu-

orescent staining.
Several different types of staining patterns on ovarian ascites

cells were observed with the panel of 17 antibodies: (a) 8 moAbs
gave a fairly homogeneous, ringed staining of the tumor cells
(Fig. SE); (b) other antibodies showed a striking degree of
heterogeneity in the staining of cells in a single sample. The
fraction of positive tumor cells (in clumps) ranged from 1 to
50%. Positive cells were often extremely bright, although
brightness was variable, so the positive and negative cell popu
lations appeared to be distinct. A single clump of cells usually
contained a mixture of strongly positive and negative cells (Fig.
5F). Also in such specimens, many positive cells were not
ringed, but were stained over a continuous portion, generally
'/a to Va,of their surface. This occurred in both clumped cells
and single tumor cells. In clumped cells, the stained portion of
the membrane was usually the area not in contact

with another cell (Fig. 5F). This antigen distribution did not
appear to be antibody mediated, since it occurred in cells stained
at 4Â°Cin the presence of 10 mM NaN3 (and which had been

pretreated for 30 min with NaN3 before the first antibody
incubation).

Of the moAbs to ABH and Lewis blood group-related anti
gens tested, most that were positive on ascites cells produced a
heterogeneous staining pattern, and this occurred with most
specimens examined. The only other moAbs producing this
heterogeneous pattern were MQ49 and HT29-15, which also
recognize carbohydrate determinants (3, 13). The exception
among blood group-related moAbs was F3 (anti-Y) which pro
duced bright, ringed staining of most or all tumor cells in all
specimens examined. Expression of the Y antigen on epithelial
cells, but not on erythrocytes, is dependent on the "secretor"

status of an individual (15). The value of this antigen as a tumor
marker in "nonsecretors" is the subject of a separate study.

Additional experiments were performed with the 5 moAbs
most consistently reactive with ascites cells, namely MH99,
MT179, MW162, MW207, and MX35. To determine whether
antibody-induced capping or other type of modulation of sur
face antigens occurs, immunofluorescent staining of 2 ascites
specimens was performed in the absence of NaN3; following
staining, cells were incubated for 45 min at 37Â°C.This treat

ment had no effect on antigen distribution, relative to a control
stained in the presence of NaN3, with any of the 5 moAbs
tested. We conclude that capping does not readily occur.

We also investigated the possibility that large amounts of
soluble antigen in ascites fluid might inhibit moAb binding in
vivo. Fifty fil of autologous ascites fluid, collected at the same
time as the cell specimen, were included during the first anti
body incubation. This produced no detectable inhibition of
immunofluorescent staining with any of the 5 moAbs tested,
suggesting that such inhibition would not occur in vivo.

The reactivity of the 5 selected moAbs with frozen sections
of ovarian carcinomas and benign ovarian cysts is also sum
marized in Table 3. They reacted with frozen sections of most
or all ovarian carcinomas tested and with the epithelial cells of
many benign ovarian cysts. The most consistently positive
moAb was MH99, which reacted without exception with all
cells derived from the ovarian epithelium. The pattern of stain
ing in frozen sections varied depending on the particular anti
body. Antibodies MH99, MT179, and MW207 stained all
surfaces of the cells equally, in a pattern suggestive of membrane
staining. In contrast, antibodies MW162 and MX35 often
stained only the luminal edge of the cells and sometimes also
produced a granular staining pattern.

We observed that some moAbs stained the outer surface of
benign cysts as well as the inner epithelial cells. The cells lining
the outer surface are presumably derived from the normal
ovarian epithelium, but due to cyst formation they appear
flattened, like mesothelial cells, in morphology (Fig. \A). The
moAbs that stained the outer as well as the inner surface of the
cyst, as shown in Fig. ID (MH94, MQ49, MT334, HT29-15,
and F3), all react with heat-stable (100Â°C)antigens, which are

probably carbohydrate in nature. Other moAbs (MH99,
MT179, K4, and SV19) reacted \vith cells lining the inner
surface of the cyst only (Fig. 1C).

DISCUSSION

MoAbs to normal differentiation antigens have a number of
possible applications in cancer diagnosis and therapy as well as
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Fig. 3. Reactivity of moAbs with ovarian serous adenocarcinomas. Photographs of " ,.m cryostat sections. I. Ab MX3S; B, negative moAb; C, Wright's stain of
Specimen I; D, antibody MX35; E, antibody MW162; F, antibody MW207; G, negative moAb; and H, Wright's stain of Specimen 2. Antibody MX35 and antibody

MW162 stain primarily the luminal surface of cells, while antibody MW207 stains the entire cell. Tumor cells only are stained, while the stroma is negative.

in more basic studies of cell biology and differentiation. In this
paper we have identified 5 moAbs that have potential value in
intraperitoneal immunotherapy or immunodiagnosis of ovarian
carcinoma, since they react with the surface of fresh ovarian
tumor cells including ascitic cells but are unreactive with normal
mesothelial cells. It is evident that examination of ovarian
carcinoma cell lines or cryostat sections of fresh tumors does
not provide reliable information regarding antigen expression
on the surface of cells in vivo and ascites cells in particular. For
example, MT334 reacted with frozen sections of 10 of 10
ovarian tumors, but reacted weakly with only 1 of 5 ascites
specimens. Of other published studies on ovarian cancer, only

Miotti et al. (5) examined the reactivity of antibodies with the
surface of unfixed tumor cells.

An interesting observation was that many moAbs to carbo
hydrate antigens produced striking heterogeneity in their stain
ing of ascites cells. Tumor heterogeneity is, of course, a major
obstacle in effective treatment, and our observations suggest
that the level of heterogeneity can vary widely depending on
the particular antigen, and that this level may be related con
sistently with the biochemical nature of the antigen. These
antibodies may also help in identifying rare carcinoma cells in
peritoneal washings or lymph nodes (cf. Refs. 23 and 24) and
in characterizing unknown or uncertain primaries. MX35 seems
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Fig. 4. Lanes I to 4; fluorogram showing immunoprecipitation of a | 'I l|
glucosamine-labeled extract of SK-OV-6, analyzed by SDS-PAGE, by 1.0 /iI of a
negative IgM moAb (Lanes I, 3) or MWI62 (Lanes 2, 4). In Lanes 3 and 4, the
antigen preparation was heated at 1(1(1( for 5 min, then cleared of denatured
protein by centrifugation, before being used for immunoprecipitation. The antigen
precipitated remains at the top of the gel. Lanes 5 and 6, autoradiogram showing
immunostaining of a membrane extract of OVCAR-3 ovarian carcinoma cells,
fractionated by SDS-PAGE, without reduction, then transferred to nitrocellulose.
Strips were incubated with a 1/500 dilution of ascites fluid containing Ag8, a
control IgGl (Lane 5) or MW207 (Lane 6}, followed by '"I-labeled IgG fraction
of rabbit anti-mouse IgG. Molecular weight standards were ovalbumin (M,
43.000) and concanavalin A (M, 26,000).

Table 3 Reactivity ofmoAbs with ovarian epithelial tumors
Benign cysts and solid tissue carcinomas were examined by immunoperoxidase

staining of frozen sections. Ascites cells were examined by immunofluorescent
staining of unfixed cells. Benign cysts included 1 serous cystadenoma, 3 mucinous
cystadenomas, 1 simple cyst, 1 serous cystadenocarcinoma of low malignant
potential, and I mucinous cytadenocarcinoma of low malignant potential. Ovarian
carcinomas included serous ( 13 specimens), mucinous ( I specimen), endometroid
(3 specimens), and clear (1 specimen).

MoAbMH99MT78MT179MW207MX35MH94MQ49MT334MW162HT29-15HllT218T164F3P12OC125B72.3DeterminantF*PPP1CCCCCC,

Htype2C,

Le'C,
Le"C,

YC,
XP(Ref.
9)C'Ascites

cells5/5*2/54/55/55/51/53/51/55/51/21/21/21/25/53/55/55/5Heterogeneous
staining of
ascitescellsNoYes(10-50)cNoNoNoYes

(20)Yes
(10-50)Yes
(30)NoYes

(5)Yes
(2)Yes

(2)Yes(l)NoYes

(2-50)NoNoBenign

cyst
epithelia7/7t5/53/63/64/61/14/53/61/2â€”â€”â€”1/10/1â€”â€”Carcinomas33/33â€”16/1818/1818/184/96/810/1018/18â€”â€”â€”â€”â€”â€”â€”â€”

Â°P, protein; ?, unknown; C, carbohydrate.
4 Number positive/number specimens examined.
c Numbers in parentheses, percentage of tumor cells positive.
* â€”,not tested.
' The B72.3 antigen was characterized as a mucin-like molecule by Johnson et

al. (32). The determinant recognized appears to be sialylated Tn, a carbohydrate
structure in the core region of O-linked carbohydrates.*

most useful in this regard, since it is the most restricted of the
antigens described here, being negative on cell lines from car
cinomas of the colon, bladder, pancreas, and breast, but positive
on 16 of 18 ovarian carcinomas.

The 5 moAbs react with distinct epithelial differentiation
antigens present in certain normal adult cells. From their
distribution on normal tissues, tumors, and cell lines, it is clear
that the 5 determinants are different from each other, a conclu
sion that is partially supported by biochemical data. MH99
appears to recognize a protein determinant on a glycoprotein
having 2 subunits, with molecular weights of 38,000 and 29,000
'4). Although we did not identify the MT179 antigen by im
munoprecipitation in the experiments described here, MT179
has recently precipitated a glycoprotein having 2 subunits, with
molecular weights of 130,000 and 90,000, from [35SJmethio-
nine-labeled extracts from epidermal cells.4 MW207 reacted

with a M, 37,000 protein by immunoblotting, although it was
negative in our immunoprecipitation experiments. Since both
MT179 and MW207 were heat labile (100Â°C),they probably

recognize protein determinants. Furthermore, the MW207 an
tigen was destroyed by reduction of distil tuli- bonds. MW162
recognizes a heat-stable determinant. The determinants recog
nized also appear to be different from those recognized by three
well-characterized moAbs from other laboratories, OC 125 (9),
B72.3 (16), and 19.9 (17), which were tested on many of the
same cell line and tissue specimens and had a different pattern
of reactivity. Moreover, none of these moAbs or of the other
new moAbs described here was able to compete with radiola
beled MX35 for binding to the SK-RC-18 cell line,3 indicating

that the MX3S determinant is distinct, although we have not
been able to characterize the MX35 antigen biochemically.
B72.3 reacts strongly with bovine and ovine submaxillary mu-
cins,5 unlike any of the other moAbs described here. However,
we note that moAbs reacting with mucin-like molecules, such
as MW162, possibly MX35, and the 3 moAbs listed above,
may frequently react with different determinants on the same
molecule.

Other laboratories also have attempted to generate moAbs
specific for ovarian carcinoma. One of the best characterized of
these is MoAb OC125 which recognizes a high-molecular-
weight antigen (6, 9). In our hands OC125 reacted with the
surface of all ascites carcinoma cells tested. The reactivity with
normal mesothelial cells (6), however, may make this moAb
inappropriate for i.p. immunotherapy. Gangopadhyay et al. (7)
described the 1D3 mo Ab. which reacted with essentially all
ovarian mucinous carcinomas, and with only the normal colon
among normal tissues examined; however, the more common
serous carcinomas were negative. Tsuji et al. (8) recently de
scribed 2 moAbs, 4C7 and 3C2, which appear to be quite
specific for ovarian cancer. Colnaghi and coworkers (5) have
reported a number of MoAbs to ovarian cancer, of which MOv-
18 and -19 are the most specific. Three moAbs obtained to
breast carcinoma-associated antigens have been found to react
with ovarian carcinoma ascites cells. Antibody F36/22 reacted
with 47 of 47 ascites specimens and was negative with normal
mesothelial cells in the same specimens (25). However, many
normal cells were positive with F36/22, including the breast,
lung, sebaceous gland, sweat gland, uterus, and kidney. MoAb
3.14.A3, later called HMFG2, was used in preliminary studies
of i.p. injection for therapy of ovarian carcinomas using ml-

labeled antibody (26). B72.3 has also been detected in ovarian
carcinoma ascites cells (24). In sections of breast carcinomas,

' E. Klein et al., manuscript in preparation.
9 D. V. Gold and M. J. Mattes, manuscript submitted for publication.
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Fig. 5. Photomicrographs of immunofluorescent staining of fresh, unlived ascites cells from a papillary poorly differentiated ovarian adenocarcinoma. The same
cells are shown by visible (A, B, O and fluorescent (D, E, F) light. Staining was with a 1:50 dilution of a negative moAb (A, D), MX35 (fi, E), or MQ49 (C, F). MX35
stains essentially all tumor cells, while MQ49 stains only a subpopulation and often stains only a portion of the cell surface. Bar, 0.05 mm.

there was marked heterogeneity in the expression of B72.3 (16),
a phenomenon which we have also observed in frozen sections
of ovarian carcinomas.3 In our experiments, B72.3 reacted with

all specimens tested of fresh ascites cells, without the extreme
heterogeneity seen with some moAbs to carbohydrate struc
tures. However, the heterogeneity of expression of the B72.3
antigen in solid tumors, which appears to be greater than the
heterogeneity observed with the moAbs described here, may be
a major obstacle to its use in immunotherapy.

Current data do not allow a decision as to which of these
moAbs is most suitable for i.p. therapy or localization. Different
individual tumors may, of course, require the use of different
antibodies. Multiple other factors, which are presently poorly
understood, would influence the effectiveness of antibody-tar
geted immunotherapy. For example, after i.p. injection it is
uncertain how efficiently the antibodies will reach the positive
normal cells. Pateisky et al. (27) reported that moAb HMFG-
2 detected human ovarian carcinoma sites by immunoscintig-
raphy effectively, despite its reactivity with many normal epi
thelial cells in tissue sections. Antigens located at the luminal
edge of epithelial cells, such as M W162 and MX35, may not
be exposed to the circulating antibodies. Also, IgM antibodies
may not penetrate tissues sufficiently to reach the positive
normal cells. If antibody fragments are used, or if the antibody
is conjugated to other molecules, this may strongly affect the
localization in normal tissues and the side effects. Human trials
are required to resolve these questions. A more tissue-specific
or tumor-specific moAb, reactive with fewer normal cells, is
clearly preferable, but it should be considered that ovarian
epithelial cells are relatively undifferentiated and may produce
no specific differentiation marker. The choice of the optimal
target antigen for therapy depends not only on its restricted
distribution; equally important is its consistent expression on
nearly all tumor cells (at least from a particular patient), a high

antigen density, and a low frequency of antigen-negative var
iants. Intraperitoneal therapy of ovarian carcinoma has been
used extensively with a colloidal suspension of Cr32PO4 (28,

29) or with chemotherapeutic drugs (30). Intraperitoneal im
munotherapy for ovarian cancer has previously been attempted
with polyclonal (31) and monoclonal (26) antibodies in prelim
inary experiments, with possibly some success. Clearly many
variables must be investigated in order to devise the optimal
approach.
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