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ABSTRACT

A monoclonal antibody (323/A3) with a high degree of selec
tivity for binding to breast cancer cells was produced by immu
nization of mice with MCF-7 human breast cancer cells. The
antigen recognized by 323/A3 on MCF-7 appears to be surface
localized, and by enzyme-linked immunosorbent assay, the an
tibody was found to bind strongly with four of six breast cancer
cell lines examined while no binding was detectable with non-

breast cancer cell lines. In vivo distribution of the 323/A3 antigen
was screened by immunoperoxidase staining of formalin-fixed

paraffin sections of normal human tissues and tumors. Among
breast tissues, positive staining was detected with 75% (6 of 8)
of metastatic lymph nodes, 59% (76 of 128) of primary breast
tumors, 20% (13 of 63) of benign breast lesions, and 0% (0 of
10) of normal breast. No immunostaining was detected with a
large variety and number of other normal human tissues with the
exception of staining observed with epithelium of normal colon.
Antigen distribution appears not to be disease specific, since
positive staining was also observed with adenocarcinomas other
than breast.

The antigen recognized by the 323/A3 antibody was identified
by Western blot analysis as a M, 43,000 protein. The glycoprotein
nature of the antigen was demonstrated by its binding to con-

canavalin A, specific elution with sugar, and immunoprecipitation
of a M, 43,000 radiolabeled protein from extracts of MCF-7 cells
after pulse labeling with [3H]glucosamine. The 323/A3 antigen

appears to be the same M, 43,000 protein in cell lines as in
breast tumors in vivo. Based on a comparison with the molecular
weights of other known tumor-associated antigens and with their

immunocytochemical tissue distribution, the M, 43,000 glycopro
tein described here represents a tumor-associated antigen pre

viously undescribed in breast cancer or in other tumors.
Since the M, 43,000 glycoprotein is present on the surface of

most breast cancer cells and is either absent or expressed at
very low levels in most normal tissues including normal breast,
the monoclonal antibody described here may have potential
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applications in diagnosis and management of breast cancer.

INTRODUCTION

MAbs8 reactive with breast cancer-associated antigens have

been developed recently by several investigators. These antibod
ies fall into three general categories. There are those produced
through immunization with breast tumor cells or cell extracts
which display highly selective binding to breast cancer and little
or no binding with normal tissues (1-7). These antibodies have
the capability of distinguishing between breast tumor cells and
their normal cell counterparts and are potentially useful, there
fore, in diagnosis and therapy of breast cancer. Another group
of MAbs have been raised also against breast cancer cells but
react with epithelial antigens of both normal and neoplastic
mammary tissues (8-12). A third group of antibodies has been

produced to tissue differentiation antigens of normal breast
epithelium by immunization with membranes of the human milk
fat globule (13-16). These normal breast epithelial antigens are
also expressed, although in reduced amounts, on a majority of
breast carcinomas and are potentially useful as well in diagnosis
of breast cancer (17,18). Antigens of the human milk fat globule,
for example, have been detected in elevated levels in sera of
breast cancer patients (19), and monoclonal antibodies against
these normal differentiation antigens have been used to localize
breast carcinomas in patients by radioimaging techniques (20,
21).

Our studies were designed to produce monoclonal antibodies
to breast cancer determinants of the first category. Antibodies
were produced by immunization of mice with human breast
cancer cell lines. We report here characterization of one such
MAb, 323/A3, which displays highly selective binding to breast
carcinomas and benign breast lesions and a very narrow distri
bution of binding with normal tissues. Immunohistochemical
studies were performed to evaluate the in vivo tissue distribution
of antibody binding, and we also present preliminary biochemical
characterization of the antigen recognized by this monoclonal
antibody.

MATERIALS AND METHODS

Cell Cultures

Human Breast Cancer Cells. The following human breast cancer cell
lines were used in these studies: MCF-7; T47D; ZR-75.1; MDA-231;

'The abbreviations used are: MAb, monoclonal antibody; MEM, minimal essen

tial medium; PBS, phosphate-buffered saline (8 mw sodium phosphate:2 mm
potassium phosphate:0.137 M sodium chloride:0.003 M potassium chloride, pH
7.4); HEPES, A/-2-hydroxyethylpiperazine-A/'-2-ethanesulfonic acid; PMSF, phen-

ylmethylsulfonyl fluoride; BSA, bovine serum albumin; ELISA, enzyme-linked im
munosorbent assay; SDS, sodium dodecyl sulfate; ABC, avidin:biotin:horseradish
peroxidase complex; NP-40, Nonidet P-40 nonionic detergent; CEA, carcinoem-
bryonic antigen; Con A, concanavalin A; TMCP, 15 rrtM Tris (pH 7.4):1 HIM MgCI2:1
mM CaCI2:2 mM phenylmethylsulfonyl fluoride; +f*ME, with fi-mercaptoethanol;
-fiME, without fi-mercaptoethanol.
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MDA-330; and BT-20. Culture conditions and properties of these cell
lines have been previously described (22, 23). MCF-7 cells, which are

estrogen receptor and progesterone receptor positive, were used as the
source of antigen. Growth medium for MCF-7 consisted of Eagle's MEM

supplemented with insulin (6 ng/ml), 2 mM L-glutamine (Gibco), 1%

nonessential amino acids, 10 mM HEPES buffer, pH 7.3, 0.2% sodium
bicarbonate, gentamicin (25 Â¿/g/ml)(Irvine Scientific), and 5% calf serum
(K. C. Biologicals, Inc.), and cells were grown as previously described
(24).

Other Cell Lines. HBL-100 are spontaneously transformed receptor-

negative cells derived from human milk epithelium and grown as previ
ously described (22). KB human epidermoid cells, WI-38 (VA 13. subline

2RA) virally transformed human lung fibroblasts, and 3T3 (clone A31)
mouse embryo fibroblasts were obtained from the American Type Culture
Collection and grown according to cell bank protocols. Chinese hamster
ovary cells were obtained as a gift from Dr. Victor Ling (Ontario Cancer
Institute) and were grown as previously described (25).

For large scale production of cultures and isolation of plasma mem
brane vesicles, cells (MCF-7, MDA-231, and HBL-100) were plated in
Corning plastic roller bottles (850 cm2) at a density of 40 x 106 cells/
bottle and grown at 37Â°C in a warm room without CO2. For ELISAs,

cells were plated into 96-well plastic microtiter culture dishes (Costar) in
appropriate growth medium at a density of 5 x 104 cells/well. Cells were

allowed to attach as a monolayer and then were grown for an additional
24 h in a 5% C02 incubator at 37Â°C.

Isolation of Plasma Membranes

Plasma membranes were isolated from cultured cells by sedimentation
on sucrose density gradients as described by Riordin and Ling (26). Cells
from 10 roller bottles (Â»10g of cells) were homogenized at 4Â°Cin 20 ml

of TMCP buffer in a Duvall glass homogenizer fitted with a Teflon pestle.
Homogenates at 4Â°Cwere centrifuged at =800 x g to pellet nuclei and

unbroken cells, and the supernatant was saved. The pellet was sus
pended in 10 ml of TMCP buffer, rehomogenized, and centrifuged at 800
x g. The resulting supernatant was added to the first and layered onto
a 30-ml discontinuous sucrose gradient consisting of 45, 31, and 23%
sucrose layers prepared immediately before use in TMCP buffer. Cen-
trifugation was for 2 h at 4Â°Cat 27,000 rpm (Â«100,000 x g average) in

a Beckman SW27 swinging bucket rotor. Sedimented membrane vesi
cles at the 23:31 % interface were drawn off with a syringe and pelleted
by centrifugation for 1 h at 4Â°Cat 100,000 x g in a fixed-angle 50TÃŒ

rotor. The pellet was resuspended in PBS containing 0.5% NP-40, 2 mM

PMSF, and 0.02% sodium azide, and proteins were solubilized by
constant mixing with a magnetic stir bar at 4Â°Cfor 16 h, followed by

centrifugation for 1 h at 100,000 x g. The supernatant containing
solubilized membrane proteins was collected and stored at -70Â°C.

Protein in the soluble detergent extract was measured by the method of
Lowry ef al. (27). Membrane proteins were also extracted by continuous
mixing overnight at 4Â°Cwith 3 M KCI. Criteria for determining purity of

membrane preparations were electron microscopy and measurement of
the membrane enzyme marker adenylate cyclase. The 23:31% interface
of the sucrose gradients contained the highest enrichment in membrane
vesicles. This fraction on electron microscopy was composed almost
entirely of membrane vesicles and showed a 7-fold increase in adenylate

cyclase activity over that of cell homogenates.

Immunizations

BALB/c mice (female, age 8 wk) were immunized by injection of 1 x
107 live MCF-7 cells given Â¡.p.once a week for 3 wk. Animals were

boosted daily beginning 3 days before fusion with 100 /Â¿gof either a 3 M
KCI extract or an NP-40 detergent extract of isolated membrane vesicles
from MCF-7. Booster injections 3 days before fusion were given Â¡.p.in

PBS.
Some mice were immunized with 100 pg of MCF-7 detergent mem

brane extracts emulsified in complete Freund's adjuvant and given in

multiple s.c. sites. Second and third injections of 100 //g of membrane
extracts were given 1 wk apart in incomplete Freund's adjuvant. Begin

ning 3 days before fusion, these animals were also boosted daily by i.p.
injection of 100 ng of MCF-7 membrane extracts diluted in PBS.

Cell Fusion and Hybridoma Production

Fusions were performed as previously described (28). Single cell
suspensions of mouse spleens were prepared and mixed at a 4:1 ratio
(spleen:NS-1) with mouse NS-1 myeloma cells and fused with 50% (w/

v) polyethylene glycol (M, 1540 obtained from Koch light) in serum-free
RPMI-1640 medium. Mouse NS-1 cells were cultured and expanded for
fusion in RPMI-1640 (Gibco) supplemented with 10% fetal bovine serum
(Hyclone Sterile Systems), 2 mM L-glutamine, 1 mM sodium pyruvate,
1% nonessential amino acids, penicillin.-streptomycin (50 units/ml), 10

mM HEPES, pH 7.4, and 0.2% sodium bicarbonate. Fused cells were
plated and incubated for 24 h in 100-mm Petri dishes (Falcon) in the NS-

1 growth medium, except supplemented with 20% fetal bovine serum.
Cells were then seeded into 96-well microtiter dishes (Costar) in selection

medium (same medium described above with the addition of 0.1 mw
hypoxanthine, 0.4 ^M aminopterin, and 16 Â¿IMthymidine) at a density of
5 x 105 cells/well. Culture medium was removed 1 to 2 wk later for

screening. After the first screening, positive cultures producing antibodies
against MCF-7 antigens were transferred to larger 1-ml culture wells
(Costar; 24-well plates), allowed to grow for 2 to 3 days, and then

reassayed. Selected hybridoma cultures were then cloned directly from
1-ml culture wells by limited dilution into 96-well dishes seeded in advance
with a feeder layer of BALB/c thymus cells plated at a density of 5 x 105

cells/well. Wells containing single hybridoma colonies (1 to 2 wk after
cloning) were assayed, and positive cultures were expanded and grown
up in 100-mm Petri dishes. Hybridoma lines were subcloned twice by
limited dilution to ensure clonality of the line. Clonal lines were cryopre-

served in 95% fetal bovine serum and 5% dimethyl sulfoxide (American
Type Culture Collection) in liquid nitrogen.

Purification of Monoclonal Antibody

Hybridomas were grown as ascites tumors in pristane-primed BALB/

c mice. Pristane (tetramethylpentadecane) was injected in volumes of
0.5 ml i.p., 1 wk prior to i.p. injection of 2 x 106 live hybridoma cells per

animal. Ascites fluid was drained 1 to 2 wk later by abdominal puncture
and was used as a source for antibody purification. The IgG fraction of
ascites fluids was purified by two successive precipitations of immuno-
globulins at 40% saturation of ammonium sulfate followed by DEAE-
cellulose chromatography (Whatman; DE-52). The IgG fraction eluted

with 50 mM sodium chloride and was approximately 90 to 95% pure
based on SDS:gel electrophoresis and staining with Coomassie blue.
Antibody typing for mouse immunoglobulin class and subclass was by
ELISA, using the Boehringer-Mannheim mouse immunoglobulin subtype

identification kit.

ELISA Assays

Both fixed cells and solubilized membrane protein extracts were used
as the target antigen in ELISA assays. For fixed-cell assays, the method

of Layton and Smithyman (29) was followed with some modifications.
Cells were plated in 96-well culture dishes (Costar) at a density of 5 x
104 cells/well and allowed to grow for 24 to 48 h to form an attached

monolayer. Growth medium was flicked out, and cells were washed by
a brief 30-s rinse (with shaking) in PBS containing 0.1% Tween-20.

Supernatant was removed by inverting the dish, and cells were dried by
incubation of the plates without covers for 30 min in a dry oven at 37Â°C.

Cells were then fixed by a 5-min incubation at room temperature with

70% methanol:3% hydrogen peroxide (H2O2).Fixative was removed, and
cells were rehydrated by incubation for 20 min at room temperature with
PBS (200 /Â¿I/well).Plates were washed 2 times with PBS and incubated
for 1 h at 4Â°Cwith 1% BSA (200 Ml/well) as a block step. Each well was
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incubated overnight at 4Â°Cwith either 50 ÃŸ\of hybridoma supernatant

or purified antibody diluted in 1% BSA:PBS. Plates were then washed 3
times with PBS and incubated for 3 h at room temperature with 150 iA
of goat anti-mouse lgG:peroxidase (Cappel) diluted 1:5000 with 1%
BSA:PBS. Following incubation with anti-mouse peroxidase, plates were

washed 5 times with PBS and incubated for 10 min at room temperature
with 150 n\ of enzyme substrate (2.5 mg/ml of 0-phenylenedia-
mine:0.05% H2O2)prepared in citric acid buffer (50 mw citric acid mono-

hydrate:0.2 M sodium phosphate dibasic, pH 4.9). Reaction was stopped
by addition of 50 ^l of 1 M sulfuric acid to each well. Plates were read in
a Dynatech MR-600 ELISA reader at a wavelength of 490 nm.

For ELISA with solubilized membrane proteins, detergent extracts
were diluted to a protein concentration of 6 M9/ml in borate buffer (0.1 M
boric acid:0.025 M sodium tetraborate, pH 8.2), and 150 /Â¿Ialiquots of
this antigen solution were added per well to Immulon II microtiter dishes
(Dynatech) and allowed to incubate overnight at 4Â°C. Plates were
washed twice in PBS and incubated for 1 h at 4Â°Cwith 150 n\ of 1%

BSA:PBS per well to block remaining binding sites. The remaining steps
of the assay were the same as described above for ELISA of fixed cells.

SDSiPolyacrylamide Gel Electrophoresis and Immunoelectroblotting
Technique (Western Blot)

Proteins from membranes or cell extracts were separated by SDS:
polyacrylamide gel electrophoresis on a vertical slab gel apparatus as
originally described by Laemmli (30) and modified by Wykoff ef al. (31),
using a separating gel matrix of 10% acrylamide:0.25% bisacrylamide
(Bio-Rad) and a stacking gel of 3% acrylamide:0.25% bisacrylamide. For
staining of gels with 0.5% Coomassie Blue R250, gels were fixed in 10%
acetic acid:40% methanol and destained in 7% acetic acid.

Immunological detection of antigen transferred from electrophoresis
gels to nitrocellulose filter paper (Schleicher and Schuell; 0.45-^m pore

size) was performed essentially as described by Towbin ef al. (32).
Protein transfer was performed for 16 h at room temperature at 200 mA
using the electroblot system of E-C Apparatus Corporation. Electrode

buffer was 20 rriM Tris (pH 8.2): 150 mM glycine:20% methanol. After
transfer, the nitrocellulose paper was incubated overnight at 4Â°Cwith

primary MAb (diluted as indicated in figures) followed by overnight
incubation at 4Â°C with 125l-labeled goat anti-mouse IgG diluted to a

concentration of 100,000 cpm/ml. After washing to remove unbound
125l-lgG, the nitrocellulose paper was air dried and exposed for 24 to 48

h to Kodak X-OMAT XAR-5 film in a cassette with DuPont Cronex

Quanta III intensifying screen. Efficiency of transfer was monitored by
staining of gels with Coomassie blue following transfer. Aliquots of 125I-

labeled second antibody were routinely electrophoresed and transferred
to nitrocellulose as an internal marker of transfer efficiency, as a molec
ular weight marker, and as a monitor of the quality of the second
antibody.

Lectin Chromatography

The following lectin-coupled agarose resins were obtained from Vector

Laboratories, Inc.: Lens culinaris agglutinin; Ulex europaeus Agglutinin I;
Con A: wheat germ agglutinin; and Ricinus communis Agglutinin I. Resins
were packed into 0.7-cm inner diameter columns to a height of 0.5 ml of

bed volume and equilibrated in 10 PIM HEPES, pH 7.2, containing 0.15
M sodium chloride and 0.1% NP-40. NP-40 extracts of MCF-7 mem

branes were diluted in the column equilibration buffer to give a total
volume of 5.0 ml at a protein concentration of =0.50 mg/ml. The 5.0-ml

protein samples were applied to the columns fitted with a peristaltic
pump and then recirculated over the resin for 2 h at 4Â°Cat a flow rate

of 6 ml/h. The flow-through fraction was collected for analysis, and the
column was washed extensively at 4Â°Cwith column equilibration buffer.

Each column was then eluted at room temperature at a flow rate of 6
ml/h with specific sugars diluted in column equilibration buffer. Eluting
sugars were: 0.1 M Â«-methylmannoside for L culinaris and Con A; 30
mw fucose for U. europaeus; 0.2 M N-acetyl-o-glucosamine for wheat

germ; and 0.05 M galactose for R. communis. Starting material, flow-
through, and sugar-eluted fractions were each analyzed for specific

antigens by Western blot assays.

Internal Radiolabeling and Analysis of Immunoprecipitated Proteins

MCF-7 cells grown in 75-cm2 flasks were pulsed labeled in culture
with [3H]glucosamine (10 Â¿iCi/ml)(43.2 Ci/mmol glucosamine hydrochlo-
ride; o-[1,6-3H]; New England Nuclear Corp.). Cells were grown to near
confluence and pulsed overnight in MCF-7 culture medium at 37Â°C.

Flasks were washed twice with MEM to remove free radioactive sugar,
harvested by scraping into MEM, and pelleted by low speed centrifuga-

tion. Cells were then homogenized in TMCP buffer, and homogenates
were adjusted to 1% NP-40,1 % sodium deoxycholate, and 0.2 M sodium

chloride and incubated with slow stirring at room temperature for 20 min.
Solubilized proteins were collected as the supernatant fraction after
centrifugation at 100,000 x g for 60 min at 4Â°C.Aliquots (100 p\) of the

radiolabeled cell extracts were incubated for 30 min at room temperature
with 5 n\ of purified monoclonal antibody (1 mg/ml). The incubation
mixture was then diluted 1:3 with TMCP containing 1% NP-40, 1%

sodium deoxycholate, and 0.2 Msodium chloride and incubated overnight
at 4Â°C.A 10-iil aliquot of rabbit anti-mouse IgG (4 mg/ml) was added
and incubated for 3 h at 4Â°C,followed by addition of a 10O-^I suspension

of Protein A:Sepharose (Pharmacia) and incubation for another 1 h at
4Â°C.[Protein A:Sepharose beads were washed prior to use in PBS and

suspended in a 1:1 (w/v) ratio of beads to buffer.] Beads were washed
3 times by resuspension and centrifugation in a microfuge tube using
0.1 M Tris (pH 8.0):0.5 M sodium chloride as wash buffer. Washed Protein
A:Sepharose beads were boiled in SDS:sample buffer, and extracted
proteins were analyzed by SDS:electrophoresis and liquid scintillation
counting of gel slices. Gel slices were processed for counting by incu
bation for 24 h at 37Â°Cin 10.0 ml of scintillation cocktail containing 5%

Protosol (New England Nuclear), 4 g of PPO, and 0.05 g of POPOP per
liter of toleune. Samples were counted in a Beckman LS-233 scintillation

counter with a counting efficiency of 42% for tritium.

Radioiodination of Antibodies

Radioiodination of goat anti-mouse IgG second antibody (Cappel) was
performed by a solid-phase lactoperoxidase:glucose oxidase method as

originally described by Morrison ef al. (33). Briefly, 50 ng of antibody (in
a volume of 1 to 15 p\) were incubated at room temperature for 40 min
with 50 ni of 0.2 M sodium phosphate (pH 7.2):50 M! of Enzymobeads
(Bio-Rad): 1 mCi of Na125l(Amersham):25 n\ of 1% 0-D-glucose. Enzyme

reaction was stopped by centrifugation of the Enzymobeads, and free
and protein bound iodine were separated by gel filtration on a Sephadex
G-25 column (1.5 cm x 10 cm) equilibrated and eluted in PBS. Efficiency
of 125Icoupling was monitored by cold trichloroacetic acid precipitation,
and 125l-labeled antibody was diluted in 1% BSA:PBS and 0.2% sodium

azide at a concentration of 500,000 cpm/50 ^l for storage at 4Â°C.

Immunofluorescence

Indirect immunofluorescence assays were performed on live and fixed
MCF-7 cells. For fixed cell assays, cells were plated in growth medium
at 5 x 104 cells/well into an 8-well chamber slide and allowed to grow
as a monolayer for 24 to 48 h at 37Â°C.Chambers were washed twice in

PBS, fixed in etherethanol for 10 min at room temperature, and then
rehydrated and washed in PBS. Cells in the chambers were incubated
with monoclonal antibody for 2 h at room temperature. Control incuba
tions included myeloma spent culture medium as a medium blank, an
unrelated mouse monoclonal antibody (anti-human IgE), and a positive
control (anti-24K; Ref. 34). Chambers were washed with PBS and
incubated with goat anti-mouse fluorescein isothiocyanate (Cappel; anti-

mouse IgG, IgA, and IgM) for an additional 2 h at room temperature.
Slides were washed in PBS and mounted in immunofluorescence mount
ing medium (90% glycerol:0.1% p-phenylenediamine in PBS) with a
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coverslip and viewed on a Leitz Dialux-20 fluorescent microscope
equipped with a short arc lamp and a K-480 filter to eliminate autofluo

rescence. Identical fields of view were photographed under visible and
fluorescent light using Kodak ectachrome film.

For assay with unfixed cells, MCF-7 cells harvested from T-flasks

were incubated in suspension (PBS) with MAb for 40 min at room
temperature. Cells were then washed in PBS, incubated for another 40
min at room temperature with goat anti-mouse fluorescein isothiocya-

nate, suspended in PBS, mounted, and viewed as above.

Avidin:Biotin:lmmunoperoxidase Staining

Cell lines to be stained with peroxidase were fixed in Bouin's solution

while tissues were fixed in 10% buffered formalin. Fixed cells and tissues
were then processed and embedded in paraffin. Normal human tissues
were obtained at autopsy from the Pathology Department at Audie
Murphy Veterans Administration Hospital, San Antonio, TX, or as surgical
specimens from pathology at Medical Center Hospital, San Antonio, TX.
Normal breast tissues were obtained from reduction mammoplasty, and
specimens of human benign breast disease were from three sources:
University of Wales Hospital, Cardiff, Wales; Seton Medical Center,
Austin, TX; and Medical Center Hospital, San Antonio, TX. Human
tumors were obtained as formalin-fixed paraffin-embedded sections from

the Deparrment of Anatomical Surgical Pathology at Medical Center
Hospital, San Antonio, TX. Five-jum-thick tissue sections were immuno-

stained by the avidin:biotin:peroxidase method (Vector Laboratories)
according to the manufacturer's instructions and as previously described

by Ciocca ef al. (34). Control slides included incubation with NS-1 culture
medium as a medium blank, an unrelated antibody (anti-human IgE), and
a positive control antibody (anti-24K). Diaminobenzidineihydrogen per

oxide was used as the cnromagen, and sections were counterstained
with hematoxylin and mounted with Permount.

RESULTS

Screening Strategy and Production of MAbs. Mice were
immunized with soluble extracts of purified membranes from
MCF-7 human breast cancer cells or with live MCF-7 cells. In

each case, animals were boosted 3 days before fusion with
solubilized MCF-7 membrane proteins, and spleen cells were
fused with mouse NS-1 myeloma to produce hybridoma cultures
as described in "Materials and Methods."

Since our goal was to define antigens that might serve as
tumor markers in breast cancer, a screening strategy was de
signed to select monoclonal antibodies reactive with surface
membrane antigens highly restricted to breast cancer cells and
not expressed on normal cell counterparts.

Screening of hybridomas was performed in several stages,
each stage designed to eliminate unwanted MAbs. (a) The first
level of screening was by ELISA against a panel of methanol-

fixed tissue culture cell lines. This panel included six breast
cancer cell lines, HBL-100, and some non-breast cell lines, Wl-

38, KB, 3T3, and CHO. Those antibodies showing high binding
to breast cancer lines and low or no binding to other cells were
retained and others discarded, (b) Since we were interested in
MAbs against surface membrane antigens, cultures selected by
the above ELISA were screened secondarily by an indirect
immunofluorescence assay with viable and fixed MCF-7 cells to

assess whether antigens were localized on the surface of cells.
Antibodies reactive with intracellular structures were eliminated,
and only those giving surface fluorescence staining with viable
unfixed cells were taken for further analysis, (c) Further selection
was based on ability of MAbs to recognize antigen in paraffin-

embedded sections. To accomplish this, MCF-7 cells were fixed
in Bouin's solution and embedded in paraffin, and thin sections

were prepared and stained by the avidin:biotin:immuno-

peroxidase method, (d) Finally, antibodies meeting all the above
criteria were screened for immunoperoxidase staining with a
limited number of formalin-fixed paraffin sections of breast car

cinomas and normal human tissues, including normal breast.
Those reactive with breast carcinomas but failing to react with
normal breast were taken for more extensive immunohistochem-

ical and biochemical studies. Others were dropped from the
study.

Approximately 3000 hybridomas have been screened by the
above strategy using either MCF-7 cells or MCF-7 membranes

as immunogen. A number of MAbs were selected which dis
played various degrees of restrictive binding to breast carcino
mas. One particular MAb, designated 323/A3, has proven to be
the most specific and will be the subject of this study. Properties
and characterization of other MAbs will be presented elsewhere.
The 323/A3 MAb is a mouse lgG1 and was produced from a
mouse immunized with live MCF-7 cells and boosted 3 days
prior to cell fusion with a 3 M KCI extract of MCF-7 plasma

membranes. This hybridoma cell line has been subcloned re
peatedly and found to be a stable antibody-producing line. 323/
A3 binds to the surface of MCF-7 cells as evidenced by the

immunofluorescence pattern observed with both lightly fixed
MCF-7 cells grown on chamber slides (Fig. ÃŒA)and with live
unfixed MCF-7 cells in suspension (Fig. 18). A fairly even fluo
rescent staining of cell membranes and a diffuse weaker cyto-
plasmic staining were observed with fixed cells. On the other
hand, a patchy immunofluorescent staining was observed with
viable unfixed cells, which is indicative of surface localization of
the antigen. 323/A3 also binds strongly on ELISA to detergent
and 3 M KCI extracts of purified MCF-7 plasma membranes (not

shown). We observed that immunoperoxidase staining of fixed,
paraffin-embedded sections of MCF-7 cells taken from culture is

also predominantly membrane as shown in Fig. 1C. Thus, antigen
appears to be localized, at least in part, on the surface of MCF-

7 cells and is stable to fixation and embedding in paraffin. Also
observed in Fig. 1C is that 323/A3 immunostaining of MCF-7

cells in culture appears homogeneous since nearly all cells show
a uniform staining. By contrast, when MCF-7 cells are grown as

solid tumors in nude mice, the immunoperoxidase staining pat
tern with 323/A3 becomes more heterogeneous, and staining is
both membrane and cytoplasmic (primarily cytoplasmic) (Fig. 1D).
The mechanism of this acquired heterogeneous expression of
antigen in vivo may have important implications with regards to
heterogeneity often seen in many human tumors. We have also
observed that expression of the 323/A3 antigen is stable with
prolonged passage of MCF-7 cells in culture.

For these initial screenings and characterization of the 323/A3
MAb, hybridoma culture supernatants were used as the antibody
source. Subsequent studies were performed with highly purified
IgG preparations isolated from mouse ascites fluids.

Binding of 323/A3 to Cultured Cell Lines. Purified 323/A3
was examined by ELISA for binding to a panel of methanol-fixed
cell lines (Fig. 2). Strong binding was obtained with four (MCF-
7, T47-D, ZR-75.1, and BT-20) of the six human breast cancer

cell lines assayed when using a single concentration of MAb.
MCF-7, T47-D, and ZR-75.1 are steroid receptor-positive cells,
while BT-20, MDA-231, and MDA-330 are receptor negative (22,
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TUMOR-ASSOCIATED BREAST CANCER ANTIGEN

Fig. 1. 323/A3 immunostaining of MCF-7 breast cancer cells. A, 323/A3 immunofluorescence of fixed MCF-7 cells. MCF-7 cells were briefly fixed in etherethanol and
stained by indirect immunofluorescence using DEAE-purified 323/A3 MAb. Arrows point to areas of membrane staining, x 312.5. B, 323/A3 immunofluorescence of
unfixed MCF-7 cells. Live MCF-7 cells were stained by indirect immunofluorescence using the 323/A3 antibody. Granular membrane staining (single-headed arrow) and
punctate staining (double-headed arrow) illustrate the surface membrane localization of the antigen. Occasional capping (C) was also observed, x 312.5. C, 323/A3
immunoperoxidase staining of paraffin-embedded MCF-7 cells. Bouin's fixed, paraffin-embedded MCF-7 cells show predominantly membrane staining (arrows) using the
323/A3 antibody. Sections were stained by the ABC:immunoperoxidase technique and counterstained with hematoxylin as described in "Materials and Methods." x 500.
D, 323/A3 immunoperoxidase staining of solid MCF-7 tumor. MCF-7 cells grown as a solid s.c. tumor in nude mice were fixed in Bouin's, embedded in paraffin, and

stained by the ABC method. Sections were counterstained in hematoxylin. Intense membrane stain (single-headed arrow) as well as diffuse cytoplasmic staining (double-
headed arrow) was observed. Connective tissue (CT) is negative, x 312.5.

23). The ELISA data therefore suggest a lack of relationship
between steroid receptors and expression of 323/A3 antigen in
breast cancer. Little or no binding of the 323/A3 MAb was
obtained with the other cell lines examined, including HBL-100

which is a spontaneously transformed cell derived originally from
normal breast epithelium.

Fig. 3 shows titration of 323/A3 binding, by fixed cell ELISA,
to MCF-7 cells compared with other negative cell lines. At the

highest concentrations of purified 323/A3, no binding above
background was obtained with any of these other cell lines. By
contrast, half-maximal binding of 323/A3 with MCF-7 cells occurs

at about 10 ng of MAb per ml with the end point dilution occurring
at about 750 pg/ml. Antigen densities, therefore, on MCF-7 are

several orders of magnitude higher than on other negative cell
lines.

Fig. 4 shows titration of 323/A3 binding to the four positive

breast (MCF-7, T47D, ZR-75-1, and BT-20) cancer cell lines and
for comparison one of the negative breast cancer cell lines, MDA-
330. Also shown in Fig. 4 is the background binding to MCF-7
cells obtained with negative control mouse NS-1 ascites fluid.
We occasionally see positive ELISA reaction with MCF-7 cells at
the highest concentration of NS-1 ascites fluid, but we attribute

this to nonspecific binding since the binding quickly drops off
with dilution. Based on these ELISA titration curves (Figs. 3 and
4), antigen densities are highest and roughly equivalent on MCF-
7 and ZR-75 cells and slightly less dense on BT-20 and T47-D

cells. Antigen is either absent or below level of ELISA detection
on MDA-231 and MDA-330 breast cancer cells and all the other

cells examined.
Immunohistochemical Analysis of Human Tumors and Nor

mal Tissues. The results of 323/A3 immunoperoxidase staining
with formalin-fixed paraffin sections of human breast tissues are
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Breast Cancers:
MCF-7 â€¢

T47D â€¢
ZR-75-1 â€¢

BT-20 â€¢
MDA-231I

MDA-330 I

Normal Breast-
HBL-IOO I

Human Fibroblast:
WI -38 â€¢

Human Epidermoid Ca:

KB â€¢
Animal Cells:

3T3 I
CHO I

0 0.5 1.0 1.5

ELISA Binding (A at 490nm)

Fig. 2. Fixed cell ELISA binding to cultured cell lines. Cell cultures were plated
in 96-well microtiter culture dishes at 5 x 1Q4cells/well and allowed to grow for 24

h to form a monolayer. The cells were then fixed in methanol:H202, and binding of
323/A3 was determined by ELISA as described in "Materials and Methods."
Descriptions of cell lines are given in "Materials and Methods." Ca, carcinoma.

CD

- .8
o

â€¢MCF-7

I 234567

Log Fold Dilution
Fig. 3. Titration of 323/A3 binding to methanol-fixed cell cultures. Cell cultures

were plated in 96-well microtiter dishes at a density of 5 x 10* cells/well and

incubated in growth medium for 24 h to form a monolayer. Cells were then fixed in
methanol:H2O2, and binding of 323/A3 was determined by ELISA. The antibody
source was highly purified 323/A3 MAb prepared by DEAE-chromatography of
mouse ascites fluids. Dilutions of the antibody were made in 1% BSArPBS and
ranged from 10 /Â¿g/mlat the highest concentration to 750 pg/ml at the lowest
concentration. Half-maximal binding to MCF-7 was observed in the range of =10
ng of 323/A3 per ml. Descriptions of cell lines are given in "Materials and Methods."

summarized in Table 1. Normal breast, benign tumors, and
malignant lesions of the breast were examined. No staining was
observed with normal breast, which included two cases of lac-
tating breast and eight of resting breast. Of the benign tumors
examined, 20% showed binding with 323/A3. We found that
immunostaining of benign tissues was heterogeneous and was
localized primarily to surface membranes in areas of epithelial
cell hyperplasia and apocrine glands. Histologically normal lob
ules and stroma did not stain. In further examination of benign
lesions by histological categories, we observed that the fre
quency of 323/A3 staining of fibroadenomas without hyperplasia
was low, whereas an intermediate frequency of staining was
observed in fibroadenomas with hyperplasia, and all sections of

I 2-

O

o
<

MDA-330

OI23456789
Log Dilution 323/A3 MAb

Fig. 4. Titration of 323/A3 binding to methanol-fixed cell cultures. Cell cultures
were plated in 96-well microtiter dishes at a density of 5 x 10* cells/well and

incubated in growth medium for 24 h to form a cell monolayer. Cells were then
fixed in methanol:H202, and binding of 323/A3 was determined by ELISA. The
antibody source was highly purified 323/A3 MAb prepared by DEAE-chromatog
raphy of mouse ascites fluid. Dilution of MAb was in 1% BSA:PBS and ranged
from 20 Â»jg/mlat the highest concentration to 4.75 pg/ml at the lowest concentra
tion. Half-maximal binding to MCF-7, ZR-75.1, and BT-20 cells was obtained at
approximately 20 ng of 323/A3 MAb per ml and at approximately 75 ng/ml for T47-
D cells. The curve labeled WS-7 represents binding of NS-1 mouse ascites fluid to
the MCF-7 cells only. NS-1 ascites fluids were prepared from mice given injections
i.p. of NS-1 mouse myeloma cells, and the ascites fluids were precipitated by 50%
saturation with ammonium sulfate.

Table 1

323/A3 immunoperoxidase staining of human breast tissues
All tissue sections were cut from formalin-fixed paraffin-embedded blocks and

stained by the avidin:biotin:immunoperoxidase assay as described in "Materials
and Methods." A section was considered positive if greater than 1% of cells stained

with the 323/A3 MAb.

TissueNormal

breast
Benign breast disease
Breast carcinoma
Metastatic nodesNo.

of positives/
no. of tissues

tested0/10

13/63
76/128

6/8%

positive0

2059

75Location

ofstainm,

ca

m, e
m, e

m, membrane; e, cytoplasm

hyperplasia with morphological dysplasia stained strongly posi
tive. This pattern of reactivity suggests that expression of the
323/A3 antigen may increase with progression of breast disease.
A more detailed analysis of 323/A3 reactivity with various histo
logical categories of benign breast lesions and its possible iden
tification of patients at high risk to develop breast cancer will be
presented elsewhere. Of the primary breast carcinomas exam
ined, 59% reacted with 323/A3 and, although the number of
cases is low, a slightly higher percentage (75%) of metastatic
lymph nodes stained positively (Table 1). Thus, the incidence of
immunocytochemical staining with 323/A3 was observed to in
crease in a progressive manner from normal, to benign disease,
to carcinoma.

The pattern of 323/A3 immunoperoxidase staining was docu
mented for all 76 of the positive breast carcinomas examined in
Table 1, and those results are given in Table 2. We observed
that staining of breast tumors was heterogeneous not only
among tumors (since 76 of 128 tumors were positive) but also
within given tumors. For example, the percentage of immuno-
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TUMOR-ASSOCIATED BREAST CANCER ANTIGEN

stained tumor cells within a given tumor ranged from 1 to 100%
(mean, 58%), and the intensity of staining ranged on an arbitrary
scale from +1 to +4 (Table 2). Intracellular location of staining
was also highly heterogeneous. Some tumors showed predom
inantly cytoplasmic staining, others predominantly membrane
staining, while the majority (54%) gave both cytoplasmic and
membrane staining. In many tumors (i.e., 31%), 323/A3 bound

Table 2

Pattern of 323/A3 immunohistochemical staining of breast cancer

Results of examination of the immunoperoxidase staining pattern of the 76
positive breast carcinomas of Table 1 are presented.

Parameter examined Result
Range of the percentage of positive cells 1-100% (58%)"

Range staining intensity +1â€”>+4(+2)

Staining location
Cytoplasm 45%
Membrane 11%
Membrane & cytoplasm 54%

Staining heterogeneity
(within same tumor)

Homogeneous 31%
Regional 45%
Cell-tcxell 19%
Regional and cell-to-cell 5%

a Numbers in parentheses, mean.

Fig. 5. 323/A3 immunoperoxidase staining
of human breast tissues. All sections were cut
from formalin-fixed paraffin-embedded blocks.
Sections were stained by the ABC technique
and counterstained with hematoxylin as de
scribed in "Materials and Methods." A, normal

breast tissue. Normal breast obtained from re
duction mammoplasty shows no immunostain-
ing using the 323/A3 antibody. Myoepithelial
cells (ME), x 200. B, primary breast cancer.
Homogeneous cytoplasmic staining of a cluster
of breast cancer cells is indicated by arrows in
a lymphatic vessel (i.). x 200. C, primary breast
cancer. Heterogeneous membrane staining (ar
rows) of breast cancer cells. Surrounding con
nective tissue is negative, x 200. D, metastatic
breast cancer to lymph node. Intense mem
brane immunostaming of breast cancer cells
(arrows) found in axillary lymph node. Lympho
cytes (Ly) are negative, x 200. E. benign breast
lesion. Membrane immunostaining of hyper-
plastic breast epithelium (arrows) lining a duct.
This is a different area of the section of breast
cancer pictured in Fig. 2B. x 500. F. apocrine
gland. Membrane immunostaining (arrows) as
sociated with cells in apocrine glands of a sec
tion of primary breast cancer. Tumor cells in
this section also stained positively with 323/A3
(not shown). Connective tissue elements (CT)
are negative. Apocrine cell budding (A), x 200.

Ã•
ME

to every tumor cell, but the majority of tumors (45%) displayed
regional heterogeneity in staining, meaning that most tumor cells
in an area of involvement stained either uniformly positive or
uniformly negative. A smaller percentage of tumors displayed
cell-to-cell heterogeneity in staining within the same region of

tumor cell involvement, while some tumors displayed both re
gional and cell-to-cell heterogeneity.

Representative immunoperoxidase-stained sections of human

breast tissues are shown in Fig. 5. Negative staining of a normal
breast is shown in Fig. 5A. Fig. 56 is a section of primary breast
cancer which displays homogeneous cytoplasmic staining with
the nest of tumor cells contained in a lymphatic vessel. Fig. 5C
is another primary breast cancer which gives predominantly
membrane staining of tumor cells. In this particular tumor, het
erogeneity in the intensity of membrane staining was observed
from cell to cell. Staining of a metastatic lymph node is shown in
Fig. 5D. In lymph nodes, we observed staining only with tumor
cells (in this case staining of tumor cells is membrane), and no
staining was observed with normal lymphocytes or surrounding
connective tissue. In no case did we observe 323/A3 staining in
sections of breast carcinoma with blood vessels, surrounding
connective tissues, or with morphologically normal breast epithe
lium. Antibody reactivity therefore appears to be confined to
neoplastic epithelial cells, with the exception that staining was
associated in some tumor sections with hyperplastic epithelial

V*' . "â€¢â€¢Â«.v.-.,.' Ã€
s - ** *â€¢' rf Â¿y
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TUMOR-ASSOCIATED BREAST CANCER ANTIGEN

cells and apocrine glands in areas adjacent to tumor cell involve
ment as shown in Fig. 5, E and F, respectively.

We have also examined immunocytochemical reactivity of 323/
A3 with some nonbreast human tumors, the results of which are
summarized in Table 3. Binding was observed with several other
adenocarcinomas, and in each case, it was confined to involved
epithelial cells. As with breast carcinoma, immunoperoxidase
staining was localized in both membranes and cytoplasm. Al
though we have examined only a few cases, 323/A3 has not
shown reactivity with tumors of nonepithelial origin. The antibody
therefore does not react exclusively with breast carcinomas but
binds also with other cancers of epithelial origin.

To further evaluate in vivo tissue distribution of the 323/A3
antigen, immunocytochemistry was performed with a large vari
ety and number of normal human tissue taken as formalin-fixed

paraffin sections. No staining was observed with the majority of
tissues examined, which included multiple cases of normal breast
(Table 1), major organs, lymph nodes, skin, bone marrow, and
blood vessels (Table 4). A commonly observed cross-reaction

with MAbs is binding with sweat glands and salivary glands.
Sections of skin examined in Table 4 contained sweat glands
that did not stain with 323/A3. We were not able, however, to
obtain sections of normal salivary gland, so we have not evalu
ated 323/A3 for this possible cross-reaction. The only positive

reactions observed with normal tissues were two of eight kidneys
and five of five colons. Staining in kidney was weak and localized
to collecting tubules and was not observed in glomerulus or
capillary systems. All five cases of colon examined gave a
positive heterogeneous staining localized to surface epithelium
and intestinal glands. Goblet cells do not stain, and binding
appears to be localized to the basal region of epithelial cells.

Based on these immunocytochemical analyses, the 323/A3
MAb binds with a high degree of selectivity to mammary and
other carcinomas but not with the majority of normal human
tissues examined, including normal breast. Since 323/A3 reacts
solely with epithelial elements (whether tumor or normal cells), it
may be recognizing a normal epithelial antigen expressed in
abnormally high concentrations in tumors of epithelial origin.

The immunocytochemical staining pattern obtained with 323/
A3 was compared in sections of MCF-7 cells with that of anti
bodies to some other known tumor-associated antigens. Paraffin

Table 3

Immunoperoxidase staining of nonbreast human tumors with 323/A3
All tissue sections were cut from formalin-fixed paraffin-embedded blocks and

were stained by the avidin:biotin:peroxidase method as described in "Materials and
Methods." A section was considered positive if greater than 1% of cells stained

with the 323/A3 MAb.

Table 4

Immunoperoxidase staining of normal human tissues with 323/A3
All tissue sections were cut from formalin-fixed paraffin-embedded blocks and

were stained by the avidin:biotin:peroxidase method as described in "Materials and
Methods." A section was considered positive if greater than 1% of cells stained.

TissueEpithelial

tumorsEndometrial
carcinomaColon
carcinomaThyroid
carcinomaProstate
carcinomaBladderBasal

cell carcinoma ofskinSquamous
cell carcinoma ofskinSquamous
cell carcinoma oflungSquamous
cell carcinoma ofcervixNonepithelial

tumorsLeiomyoma
ofuterusMixed

mesodermal ofuterusSarcoma
of uterusNo.

of positives/no, of
tissuesexamined21/3710/147/92/21/30/21/10/20/20/20/40/10/1

TissueSpleenPancreasHeartSkeletal

muscleLungLiverSmall

intestineProstateStomachLymph

nodeBone
marrowEndometriumThyroidSkinOvaryFallopian

tubeUmbilical
cordPlacenta/fetusTongueKidneyColonNo.

of positives/
no. of tissuestested0/90/50/80/60/50/60/20/30/20/30/30/20/50/40/10/20/40/40/22/85/5

sections of MCF-7 cells were immunostained with a MAb to
Thomsen Friedenrich T-antigen and with rabbit antibodies to
CEA, a-fetoprotein, and /3-microglobulin. Three antibodies,
Thomsen Friedenrich antigen, CEA, and ÃŸ-microglobulin, gave
positive staining of MCF-7 cells. Anti-a-fetoprotein was negative.

The positive stainings observed, however, were cytoplasmic in
each case and very different from the pattern observed with
323/A3 on serial sections of the same block of MCF-7 cells. We
were also unable to block 323/A3 staining of MCF-7 using a

highly purified preparation of CEA.
Biochemical Characterization of the 323/A3 Antigen. West

ern blot analysis was used to define the structure of the antigen
recognized by 323/A3. In initial experiments, NP-40 extracts of
purified MCF-7 membranes were resolved by SDS:electro-

phoresis gels, transferred to nitrocellulose filters, and reacted
with 323/A3 and a 125l-labeledsecond antibody as described in
"Materials and Methods." Under these conditions, no immuno-

reactive bands were detected. Subsequently we examined the
conditions for preservation of antigenicity by a dot blot assay in
which MCF-7 membrane extracts were spotted onto nitrocellu
lose discs and incubated with MAb, followed by a '"(-labeled

second antibody and counting of the filter disc for radioactivity.
Heating to 100Â°Cor denaturation with various detergents, in

cluding 1% SDS, did not effect 323/A3 binding to antigen.
However, treatment with reducing agents, such as ÃŸ-mercapto-

ethanol, destroyed antigenicity. Western blots were repeated
using a SDS:sample buffer both with and without ÃŸ-mercapto-

ethanol, and these results are shown in Fig. 6. Also included in
Fig. 6 is a 323/A3 Western blot of membrane extracts from
MDA-231 cells which by ELISA are negative for the 323/A3

antigen (Figs. 2 and 3). In the presence of reducing agent (+/3ME),
no immunoreactive bands were detected in either MDA or MCF-
7 cell membranes. In the absence of reducing agent (-0ME), a
single radioactive band was detected in MCF-7 membranes at

M, 43,000 which was absent in MDA cells. In this experiment,
decreasing amounts of MCF-7 membrane extracts were applied

to gels ranging from 95 to 12 ^g of total protein.
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Fig. 6. Western blot analysis of membrane extracts from MDA-231 and MCF-7
cells with 323/A3. Membrane detergent extracts were prepared as described in
"Materials and Methods." Unless otherwise indicated, 95 >ig of total protein were

layered per gel lane. Etectrophoresis was in SDS:10% polyacrylamide gels, and
proteins were transferred to nitrocellulose paper as described in "Materials and
Methods." The nitrocellulose paper was incubated overnight at 4Â°Cwith DEAE-

purified 323/A3 MAb diluted to 5 /Â¿g/ml,followed by an overnight incubation with
125l-labeledsecond antibody (rabbit anti-mouse IgG). The dried nitrocellulose paper

was exposed to X-ray film for 48 h. Membrane extracts were dissolved in two
different SDS:sample buffers, one with /J-mercaptoethanol (+ÃŸME)and the other
without fi-mercaptoethanol (-ÃŸME). As an internal molecular weight standard,
approximately 25,000 cpm of 125l-labeled second antibody (IgG) were also run

under reducing and nonreducing conditions.

Immunoprecipitation studies were next performed with MCF-
7 cells metabolically labeled in culture with [3H]glucosamine.

Radio-labeled cell lysates were incubated with 323/A3 and then
immunoabsorbed with a rabbit anti-mouse second antibody and

Protein A:Sepharose beads. After washing, the Protein Aibeads
were extracted with SDS: sample buffer, and the extracts were
analyzed by SDS:gel electrophoresis and scintillation counting of
gel slices. As illustrated in Fig. 7, a single radioactive peak at
X.M, 43,000 was detected on SDS:gels. By contrast, no radio
active peak was obtained by incubation with negative control
NS-1 ascites fluid. The SDS:polyacrylamide gel shown in Fig. 7

was run under reducing conditions. A nonreducing gel of the
same immunoprecipitates also gave a single M, 43,000 radioac
tive peak (not shown), indicating that the antigen is not likely to
be a multimene protein that reduces to M, 43,000 subunits but
may simply be sensitive on Western blots to reducing agent.

Structural properties of the antigen were further characterized
by determining lectin-binding specificities. NP-40 membrane ex
tracts of MCF-7 cells were passed over various lectinragarose

affinity columns. The columns were washed extensively and then
eluted with specific sugars. The starting material, flow-through,
and sugar-eluted fractions from each column were analyzed for

the presence of 323/A3 antigen by Western blot. Binding of M,
43,000 antigen was obtained with U. europeaus, Con A, and
wheat germ, while no binding occurred with L culinaria or R.
communis I. Binding to wheat germ was weak, since the antigen
was released in the buffer washes of the column. We were able
to obtain elution of the M, 43,000 antigen from Con A columns
with a-methylmannoside, which is illustrated by the Western blot

in Fig. 8. As shown in Fig. 8, only trace amounts of antigen were
detected in the flow through of the Con A column, indicating that
most of the M, 43,000 antigen in the starting membrane extract

IOO

43k -L

97k 68k 45k 3lk 21.5k

43k

323/A3

10 20 30 40 50 60 70 80 90 100 110
Gel Slice

Fig. 7. Immunoprecipitation of MCF-7 cell extracts metabolically labeled with
['HJglucosamine. MCF-7 cells were plated in T-75 flasks, grown to confluence, and
pulsed for 18 h at 37Â°Cwith 20 nCi of [3H]glucosamine per ml. Detergent lysates
(100 M!)of the radiolabeled cells were incubated overnight at 4Â°Cwith either 5 Â¿Â¡g
of NS-1 ascites fluid protein or 5 M9 of purified 323/A3 MAb. Rabbit anti-mouse
IgG (10 ng) in 10 n\ was added for 3 h at 4Â°C,followed by incubation for 3 h at
4Â°C with a 100-/il suspension of Protein A:Sepharose. Washed Protein

A:Sepharose beads were extracted with SDS:sample buffer (+0ME), and the
extracts were resolved by SDS: 10% polyacrylamide gel electrophoresis as de
scribed in "Materials and Methods." Gels were fixed, stained with Coomassie blue,

and sliced into 1-mm pieces for scintillation counting in 5% Protosol. Molecular
weight markers (Bio-Rad; low-molecular-weight standards) are: phosphorylase b,
97,000; bovine serum albumin, 68,000; ovalbumin, 45,000; carbonic anhydrase;
31,000; soybean trypsin inhibitor, 21,500.

IgG MemB Flow â€”Eluate Fraction -
Thru I 2 3 4 5

150,000-

43,000-

323/A3 ImmunoBlot
Fig. 8. Concanavalin A affinity chromatography of the 323/A3 antigen. MCF-7

detergent membrane extracts (5.0-ml total volume at 0.6 mg of protein per ml)
were applied to a 0.5-ml Con A:agarose affinity resin packed into a 0.7-cm inner-
diameter column and recirculated over the column for 2 h at 4Â°Cat a flow rate of

6 ml/h. The column was then washed extensively with equilibrating buffer [10 rriM
HEPES (pH 7.2):0.15 M NaCI:0.1% NP-40] and eluted at room temperature into
0.5-ml fractions with 0.1 M a-methylmannoside diluted in the wash buffer. The

starling membrane material (MemB), the column flow through, and eluted fractions
were analyzed by Western blot under nonreducing conditions as described in Fig.
6.

was bound to the resin. Release of the M, 43,000 antigen was
obtained by elution with a-methylmannoside as indicated by the

immunoreactive bands in Fractions 4 and 5. The 323/A3 antigen
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MCF-7 iHuman Tumor

Cell
Memb Extract Memb

I III

70K-

43K-

Fig. 9. Comparison by Western blot analysis of 323/A3 antigen of MCF-7 cells
and human breast tumors. A plasma membrane preparation of MCF-7 cells (/eft
lane), a detergent lysate of whole MCF-7 cells (middle lane), and plasma membrane

preparation of human breast tumors (right lane) were analyzed by Western blot
under nonreducing conditions as described in Fig. 6. Plasma membranes were
isolated from MCF-7 cells and from frozen powders of pooled human breast tumors
as described in "Materials and Methods." Both membrane preparations were

solubilized with NP-40, and approximately 100 jig of total protein were layered on
the SDS:gel. The whole cell MCF-7 lysate was prepared by homogenization of an
MCF-7 cell pellet in TMCP buffer and centrifugation of the homogenate at 800 x g
for 20 min at 4Â°C.The supernatant was then extracted with 0.5% NP-40, and

solubilized proteins for gel analysis were collected by centrifugation at 100,000 x
g for 30 min.

appears to display the following order of binding affinities for
lectins: U. europeaus and Con A > wheat germ > L culinaris
and R. commuais I.

To determine whether the 323/A3 MAb was recognizing the
same antigen in human tumors in vivo as in MCF-7 cells, Western

blots were performed with plasma membranes isolated from a
pool of frozen breast tumors (prepared by the same methods
used to isolate MCF-7 membranes) and compared directly with
that of MCF-7 membranes. A Western blot was performed also
with a whole cell detergent lysate of MCF-7. As shown in Fig. 9,

323/A3 reacts with a single M, 43,000 band in membranes of
actual human tumors which comigrates with the M, 43,000
antigen detected in MCF-7 membranes. However, in whole cell
lysates of MCF-7, two immunoreactive bands were detected,
one at M, 43,000 and an additional band at ~M, 70,000. The
fact that we detect only a single M, 43,000 band in isolated

plasma membranes (of either MCF-7 cells or tumors) suggests

that the higher molecular weight band detected in cell lysates
may be an intracellular precursor of the M, 43,000 antigen.

DISCUSSION

We have described an antigen which is expressed predomi
nantly on breast cancer and is not found by the methods used
in this study, on most normal tissues examined including normal
breast. The 323/A3 MAb used to detect the antigen was gen
erated by immunization of mice with MCF-7 human breast cancer

cells. 323/A3 is directed against a M, 43,000 protein which
appears to be the same protein in breast tumors in vivo as in
cell lines. The antigen was demonstrated to be a glycoprotein by
its ability to bind to and elute from Con A columns with specific
sugars and by MAb immunoprecipitation of a radiolabeled M,
43,000 protein from MCF-7 cells after pulse labeling with [3H]-

glucosamine. As yet, we do not know if the determinants rec
ognized by the MAb are carried on the carbohydrate or the
polypeptide portion of the antigen. Preliminary tunicamycin inhi
bition experiments indicate that the MAb binds with protein and
not with carbohydrate residues (not shown). We know that the
M, 43,000 antigen is stable to denaturation with detergents (ionic
and nonionic) and heating to 100Â°C, suggesting that antigenic

determinants are contained in a linear sequence of amino acids.
Antigenic sites, however, are sensitive to reducing agents such
as /3-mercaptoethanol. This mechanism of sensitivity to reduction

is not known. After immunoprecipitation of radiolabeled antigen
in solution, we observe only a single ~M, 43,000 band on either
reducing or nonreducing SDS:gels. Thus, epitopes for 323/A3
would appear not to span different polypeptide chains of a
subunit protein but are likely to be localized within (or next to) a
linear sequence containing an intrachain disulfide bond.

In MCF-7 cell cultures, the 323/A3 antigen appears, at least

in part, to be surface membrane localized and to be a minor
component of the cell surface. Surface binding of the 323/A3
MAb was demonstrated in this study by live-cell immunofluores-
cence binding assays with MCF-7. Also supportive of surface

membrane localization is the subcellular distribution of antigen.
On subfractionation of MCF-7 cells, we find some M, 43,000

antigen in the soluble cytoplasm, but the bulk of antigenic
material is contained in isolated plasma membrane fractions.
Evidence that the 323/A3 antigen is present in MCF-7 in trace

amounts is provided by Con A affinity chromatography of mem
brane extracts. Silver-stained SDS:gels of the proteins eluted

from Con A columns revealed a minor stained band at M, 43,000
corresponding to the immunoreactive band which, by semiquan
titative Western blot analysis, contained most of the starting
323/A3 antigen.9 In most of our experiments, isolated plasma

membrane fractions were used in Western blot assays. Later
experiments were repeated using detergent cell lysates of MCF-

7, and these analyses revealed an additional immunoreactive
protein of ~M, 70,000. Since we invariably detect a single M,
43,000 antigen in isolated plasma membranes, this suggests the
M, 70,000 band may represent another form of the antigen or
possibly an Â¡ntracellular precursor. Further studies will be re
quired to determine the possible precursor-product relationship

between the M, 70,000 and 43,000 antigens.
Only a handful of MAbs have been produced by other investi-

9D. EI-Ashry,D. P. Edwards, and W. L. McGuire,unpublisheddata
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gators which recognize breast cancer-associated antigens that

are not also present on normal breast epithelium or widely
distributed on other normal human tissues (3, 6, 7, 35). The M,
43,000 glycoprotein identified in this study is distinct from these
previously reported breast tumor-associated antigens in either

molecular weight (for those antigens that have been chemically
characterized) or tissue distribution determined by immunocyto-

chemistry.
A number of investigators have produced MAbs directed

against normal breast epithelial antigens that are also expressed
on breast cancer. Some of these have been produced through
immunization with breast cancer cell lines and others by immu
nization with human milk fat globule membranes (8-12,15). The

323/A3 MAb reported in this study appears also to be distinct
from these antibodies in that we observe no reactivity with
normal breast epithelium. Ceriani ef al. (15) recently characterized
some of the antigens of human milk fat globule membranes that
are expressed in mammary carcinomas, one of which is a M,
46,000 glycoprotein. Although close in molecular weight to the
323/A3 antigen described here, this milk fat globule antigen is
presumably different, since we detect no reaction of our 323/A3
MAb with normal breast epithelium. Based on a comparison of
molecular weights (for those antigens which have been chemi
cally characterized), the 323/A3 antigen is also distinct from
tumor-associated antigens detected by MAbs in other tumor

systems, including antigens associated with melanoma, brain
tumors, colorectal, ovarian, lung, and renal carcinomas as well
as leukemias and lymphomas (see review by Lloyd (36)]. There
is also no similarity between the 323/A3 antigen and a cancer-

associated antigen described by Ashall ef a/. (37), and 323/A3 is
distinct from CEA in molecular weight and in tissue distribution
based on immunocytochemistry studies with antibodies to CEA
(38). Moreover, we were unable to block binding of 323/A3 MAb
to MCF-7 cells with purified CEA. The 323/A3 MAb therefore
appears to recognize a previously undescribed tumor-associated
antigen and thus adds to the small repertoire of MAbs available
that can distinguish between normal and neoplastic breast epi
thelium.

The 323/A3 MAb is able to detect antigen in formalin-fixed

paraffin sections. This has allowed us to obtain a greater variety
and number of tissues for immunocytochemical screening (as
routine pathology paraffin blocks) that might otherwise have
been inaccessible in other forms (i.e., fresh frozen). We found
after a rather extensive screening of tissue sections by immu-

nohistochemistry that the 323/A3 MAb is not tumor specific but
reacts with a very limited range of normal tissues, since reactivity
with normal tissues is confined primarily to colon. Otherwise, our
examination of multiple cases of a large variety of tissues re
vealed that 323/A3 antigen is either absent or below the level of
detection in most normal human tissues. In normal colon, im
munocytochemical reactivity was localized to epithelial cells of
glands and luminal surface. Immunocytochemistry also revealed
that the 323/A3 antigen is not disease specific but that staining
was observed with a number of other tumor types. The binding
observed with tumors of different histolÃ³gica! types has been
confined, so far, to tumors of epithelial origin. The 323/A3 antigen
therefore may represent an epithelial antigen of normal colon
which is expressed at elevated levels on tumors of epithelial
origin.

Although 323/A3 antigen expression in MCF-7 cells in culture

is fairly homogeneous (all cells stain uniformly with MAb) and is
stable with prolonged passage of cells in culture, a very hetero
geneous pattern of expression was observed in vivo. Heteroge
neity was observed both among breast tumors and within cells
of a given tumor. The percentage of positively stained primary
breast tumors was 59%, and the percentage of stained cells
within a tumor ranged widely, from 1 to 100%. Intracellular
localization of immunoperoxidase staining was also variable oc
curring in cytoplasm, surface membrane, or both. Since tissues
are fixed with formalin, interpretation of intracellular staining
heterogeneity is difficult. The 78 positive primary breast tumors
that reacted with the 323/A3 MAb included cases of infiltrating
ductal, lobular, comedo, medullary, and papillary carcinomas.
Although we had only one case of each, no staining was detected
with colloid or tubular carcinomas.

Based on the observed tissue distribution of the 323/A3
antigen, the monoclonal antibody described in this study may
have potential applications in management of breast cancer
patients. Since the 323/A3 antigen can be detected in either
paraffin sections or in viable cells and appears not to be ex
pressed in normal breast, it may be a useful biochemical marker
for immunohistological identification of breast tumor cells. The
323/A3 antigen may also be an important biochemical marker in
benign breast disease in identifying those benign lesions which,
based on morphological criterion, are believed to be at high risk
to development of cancer. We observed that the highest fre
quency of 323/A3 staining of benign breast lesions was with
areas of greatest epithelial cell hyperplasia and morphological
dysplasia. Both prospective and retrospective studies are now
being done to examine the relationship between 323/A3 antigen
in benign breast disease and risk to develop cancer. The 323/
A3 MAb may also prove useful in measurement of circulating
antigen in patient serum as an early screening for breast cancer
or in monitoring disease recurrence. Since the 323/A3 antigen is
not detected in most normal tissues and appears to be, in part,
surface membrane in location, it may be a useful marker in
human serum of early stages of breast cancer. As yet, we do
not know if antigen present in normal colon will complicate or
preclude the development of a serum screening assay. Finally,
the 323/A3 MAb may have some therapeutic usefulness. Since
the antibody does not react with normal bone marrow, it may be
effective as an antibodyitoxin conjugate in eliminating breast
cancer cells in vitro from bone marrow of breast cancer patients
to be used for autologous marrow transplantation. As recently
reported by LeMaistre ef al. (39), 323/A3 MAb conjugated with
the A-chain of ricin was found to be a very potent and highly

selective cytotoxic agent for breast cancer cells in vitro.
Potential applications, however, must be considered in the

context that the 323/A3 antigen is expressed in about 60% of
breast tumors in vivo. Since this MAb by itself will not detect all
breast tumors in vivo, it will be necessary to either develop
additional MAbs with characteristics similar to 323/A3, but di
rected toward antigens on a different subset of tumors, or to
combine the 323/A3 MAb with other currently available MAbs in
order to achieve detection of 100% of breast tumors.
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Note Added in Proof
Immunofluorescent staining of frozen sections of human tissues showed a

somewhat wider range of 323/A3 MAb distribution on normal tissues than was
observed in our studies using immunoperoxidase staining of formalin-fixed paraffin-

embedded sections. The authors acknowledge Dr. Art Frankel and Dr. David Ring
of Cetus Corporation for these unpublished observations with frozen sections.
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