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ABSTRACT

The Mr 52,000 glycoprotein is regulated by estrogen and
released by breast cancer cells in culture (B. Westley and H.
Rochefort, Cell, 20: 352-362, 1980). This rare protein was

partially purified from 25 liters of medium conditioned by MCF7
cells and injected into Biozzi's selected mice. The spleen lym

phocytes of one immunized mouse was fused with the murine
myeloma P3-X63-Ag8-653. Sixteen hybridomas producing mono
clonal antibodies to the M, 52,000 protein were isolated, and
seven of them were cloned and purified. The seven monoclonal
antibodies were all of the Â¡mmunoglobulin G1 isotype, and their
dissociation constants ranged from 0.35 to 2.3 nM. The antibod
ies specifically recognized the secreted Mr 52,000 protein as
evidenced by double immunoprecipitation and by immunoblotting
after electrophoretic separation and transfer. Double-determi

nant immunoradiometric assay indicated that the seven purified
monoclonal antibodies recognized three distinct regions of the
M, 52,000 protein, and it was used to assay the M, 52,000
protein in biological fluids. These antibodies did not react with
the external plasma membrane of MCF7 cells, as shown by
immunofluorescence analysis. By contrast, the cytoplasm of
MCF7 cells (but not T47D and RBA cells) was stained by the
peroxidase-immunoperoxidase complex after plasma membrane

permeation, indicating that the protein is secreted by exocytosis
rather than shed from the plasma membrane.

INTRODUCTION

In human breast cancer cells containing estrogen receptors,
estrogens stimulate both the synthesis of several proteins and
cell proliferation (1,3,12,26). These estrogen-regulated proteins

are of potential interest in increasing the degree of predictability
of receptor assays (17) and improving our understanding of the
mechanism by which estrogen favors cell proliferation and mam
mary carcinogenesis (18).

We have studied a M, 52,000 glycoprotein which, after estro
gen stimulation, is released by MCF7 cells (26) and other meta-

static breast cancer cells in primary culture (24). Since this protein
is released in vitro by the cells, it is a potential circulating marker
for use in breast cancer monitoring. Moreover, on the basis of
several indirect evidences (18,25), the M, 52,000 protein appears
to be more closely related to the control of cell proliferation by
estrogens than is the progesterone receptor. Its function is still
unknown, although it is not related to a plasminogen activator
(15), a major milk protein (26), or another estrogen-regulated
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protein with a molecular weight of 24,000 to 28,000 (2). The M,
52,000 protein is, however, produced in very small amounts in
culture medium (=5 ng/106 cells/hr), and the released fraction

represents approximately 0.01% of total protein synthesis (26).
Thus, its purification to homogeneity is a difficult task without
specific probes. Moreover, the technique used to study its dis
tribution in different tissues and cells ([35S]methionine labeling of
the protein followed by SDS3-polyacrylamide gel electrophoresis

analysis) is laborious, time consuming, and mostly restricted to
cell lines and primary cultures of estrogen-responsive cells.

We therefore decided to develop MAbs to a partially purified
Mr 52,000 protein in order to alleviate these problems and to
provide potent tools for studying several aspects of this protein,
including its distribution, structure, and function. This is the first
report on the development of MAbs to the M, 52,000 protein,
their characterization, and some of their applications in MCF7
cells, including the development of a double-determinant IRMA.

MATERIALS AND METHODS

General Methods. |3;'S|Methionine labeling, production of the M,

52,000 protein from MCF7 cells, and polyacrylamide gel electrophoresis
were carried out as described previously (6, 26).

Preparation of the M, 52,000 Immunogen. The M, 52,000 protein
was purified from 25 liters of serum-free culture medium conditioned by
MCF7 cells treated with estrogens.4 Briefly, the partial purification was

done by affinity chromatography on concanavalin A-Sepharose followed
by a specific elution of the M, 52,000 protein by methyl-a-o-mannopyran-
osides and methyl-a-o-glucopyranosides. The eluted M, 52,000 protein
(10 to 18% pure in 7 different purifications) was stored at -80Â° for up
to 3 months. Eight female Biozzi's high-responder BALB/c mice (4) were

immunized with the partially purified M, 52,000 protein (0.5 to 5 Â¿Â¿g/
mouse s.c. in complete Freund's adjuvant) and given an identical booster
injection in incomplete Freund's adjuvant 1 month later. One mouse,

with the highest serum titer (1:20,000), was given an i.v. injection of 10
Mg of purified M, 52,000 protein 3 days before fusion.

Hybridoma Procedure. Spleen cells were fused with the P3-Ag8-X63-

653 mouse myeloma cell line by a method adapted from that of Di Pauli
et al. (8). Splenocytes (34 x 107 cells) and myeloma cells (6.8 x 1O7cells)

were centrifuged together at 200 x g for 10 min at room temperature.
One ml of 40% polyethylene glycol 1540 (Ridel de Haen, Seelze-Han-

nover, West Germany) was added dropwise to the cell pellet over 30
sec. After 1 min at 37Â°,the cells were pelleted by a 1.5-min centrifugation
at 300 x g and incubated for 2 min at 37Â°.The pellet was then diluted

to 15 ml with serum-free culture medium, and the cells were centrifuged

for 10 min at 150 x g. They were then resuspended in Roswell Park
Memorial Institute Medium 1640 supplemented with 15% heat-inacti-

3The abbreviations used are: SDS, sodium dodecyl sulfate; MAb, monoclonal
antibody; PBS, phosphate-buffered saline [137 mM NaCI-2.7 mw KCI-8 mw
Na2HP04-1.5 rriM KH2P04 (pH 7.3)]; IRMA, immunoradiometric assay; BSA, bovine
serum albumin.

4 F. Capony ef a/., submitted for publication.
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vated fetal calf serum and were distributed at a concentration of 3.4 x
105 cells/0.1-ml well in twelve 96-well microtiter plates containing mac
rophages as a feeder layer (104 BALB/c peritoneal exÃºdate cells/well).

Hybridoma selection began 24 hr after plating by the addition of an equal
volume of 0.2 mw hypoxanthine, 0.8 /J.Maminopterin, and 38 UM thymi-
dine-supplemented medium.

Hybridoma Screening Assay. Hybridoma culture supernatants were
screened by a double-immunoprecipitation technique using [^SJmethio-

nine-labeled M, 52,000 protein previously purified on concanavalin A-
Sepharose to a radiopurity of 60%. Twenty n\ of each hybridoma-culture

supernatant were incubated with 100 M! of 0.1 M phosphate (pH 7.4)
containing 1% BSA, 0.02% NaN3, 1 //I of normal BALB/c serum, and
1,500 cpm of ^S-labeled purified M, 52,000 protein in flexible 96-well

Falcon microtiter plate (Becton Dickinson and Co., Oxnard, CA) for 18
hr at 4Â°.Sheep anti-mouse antibody (60 ng in 15 Â¡Aof 0.1 M phosphate)
were then added and incubated further for 22 hr at 4Â°.The plates were

then centrifuged at 1000 x g for 30 min, the wells were separated, and
the precipitates were dissolved for 20 min in 50 ti\ of 6 M urea and then
counted in 10 ml of Biofluor. We verified that the immunoprecipitation
was total from 0.01 to 1 M9 of mouse lgG1, lgG2a, lgG2b, IgGS, and
IgM using the corresponding 125l-labeled purified immunoglobulin classes

(Zymed Laboratories, Burlingame, CA; iodinated as described below).
The 25 antibody-producing hybridomas selected after 5 successive

screenings were expanded to larger cultures and frozen at 3 different
dates. Hybridomas were subcloned using the fluorescence-activated cell
sorter (FACS-IV; Becton Dickinson, Mechelen, Belgium).

Production and Isolation of the MAbs. The sources of MAbs were
the supernatants of 200-ml hybridoma clone culture flasks (3 x 105 cells/

ml) maintained for 2 days in serum-free culture medium and the ascites
fluids of pristane-primed BALB/c mice given i.p. injections of 7 to 10 x
106 hybridoma cells. Hybridoma supernatants or ascites fluid were

centrifuged at 200 x g for 10 min, followed in the case of ascites fluid
by filtration through Millipore filters (5 to 0.2 ^m). MAbs were purified on
a Protein A-Sepharose column (9). Antibodies were fixed in 0.1 M

phosphate (pH 8.1) and eluted in 0.1 M citrate (pH 5.5). With different
batches of Protein A-Sepharose (Pharmacia, Bois d'Arcy, France), the

binding capacity of the gel varied from 1 to 4 mg lgG1/ml. The purified
antibodies were stored at -80Â° at concentrations Â»0.4 mg/ml for 8

months without loss of activity.
To determine the isotype of immunoglobulin produced by the hybrid

lines, the monoclonal antibody-^S-labeled M, 52,000 protein complexes

were immunoprecipitated using antisera specific for each of the murine
immunoglobulin classes: IgM, IgGl, lgG2a, lgG2b, and lgG3 (Miles
Laboratories, Inc., Elkhart, IN).

Radioiodination of Antibodies. Affinity-purified antibodies were la
beled with Na125l by chloramine-T-catalyzed iodination. Twenty Mg of

protein in 0.1 M phosphate buffer (pH 7.4) were incubated with 1 mCi
Na125l(100 mCi/ml; The Radiochemical Centre, Amersham, England) and
70 tig chloramine-T for 1 min at 20Â°. The sample was filtered on a

Sephadex G-25-PD10 column (Pharmacia) and then added to an equal
volume of 0.1 M phosphate buffer containing 0.1% BSA-0.02% NaN3
and frozen at -20Â°. A specific activity of 2 x 10* cpm/ng was achieved

for all antibodies.
Immunoblot Analysis. Proteins secreted by MCF7 cells were sepa

rated by a 12% polyacrylamide gel-SDS electrophoresis and transferred

to nitrocellulose by electrophoresis, as described (23). The blots contain
ing the MCF7 cell proteins were soaked in PBS-0.5% Nonidet P-40 for

30 min at room temperature and then in PBS (pH 8.0) and 3% BSA
(Buffer A) at 40Â°for 1 hr. They were extensively rinsed in PBS (pH 8.0)-

0.5% BSA-0.05% Tween 20 (Buffer B) and incubated in Buffer B plus
2% bovine 7-globulin with the MAbs overnight at 4Â°.After rinsing, a

rabbit anti-mouse IgG coupled to horseradish peroxidase at a dilution of
1:500 (Miles) or a 125l-anti-mouse IgG (500,000 cpm/ml) was applied to

the blots for 2 hr at room temperature. The blots were rinsed again and
stained by peroxidase as described (16) or autoradiographed for 24 hr.

IRMA. Flexible 96-well Falcon plates were coated with 50 n\ of a

purified MAb (100 /Â¿g/ml)in phosphate-azide buffer [0.1 M sodium
phosphate (pH 7.4) 0.01% NaN3] overnight at 4Â°.The remaining free

adsorption sites on the plates were then saturated by a 3-hr incubation
at 37Â°in 200 n\ phosphate-azide buffer containing 5% bovine 7-globulin

(Sigma Chemical Co., St. Louis, MO). In all subsequent steps, 1% bovine
7-globulin was added in the buffer. Following 2 washes, the antigen was
added in 50 to 100 M!buffer or culture medium for 20 hr at 4Â°.The plates

were washed 3 additional times, and 50 n\ of a second radioiodinated
antibody to the M, 52,000 protein were incubated (2 to 4 x 105 cpm/
well) for 3 hr at 37Â°. Following extensive washing, the wells were

separated and counted. The nonspecific binding of the radioiodinated
antibody was evaluated on control wells lacking the first antibody or the
antigen. The bound radioactivity was converted to M, 52,000 protein
concentration by reference to a standard curve obtained in each experi
ment with purified M, 52,000 protein. The M, 52,000 protein was previ
ously quantified on silver-stained gels by densitometric scanning and

reference to a standard curve obtained in parallel with ovalbumin.
Indirect Immunofluorescence Analysis of Living MCF7 Cells. MCF7

cells growing on plastic dishes were washed with PBS containing 0.1%
BSA plus 0.02% NaN3 at 2Â°and incubated in this buffer containing 10
nQ of a MAb per ml for 1 hr at 2Â°.Following 3 washes, the cells were
treated with fluorescein isothiocyanate-conjugated F(ab')2 sheep anti-

mouse immunoglobulin (New England Nuclear, Boston, MA) at a dilution
of 1:40 for 1 hr at 2Â°.The cells were then washed and harvested with 1

HIMEDTA in PBS, and the cellular aggregates were dissociated in culture
medium by 3 passages through an 18-gauge needle. Cell suspensions
were analyzed in a fluorescence-activated cell sorter (FACS-IV). The

intensity of fluorescence per viable cell was measured, dead cells being
excluded by propidium iodide staining (2 Mg/ml). Cell number as a function
of fluorescence intensity was traced on a histogram. Positive and nega
tive controls were used in parallel with appropriate MAbs.

Immunoperoxidase Staining of Breast Cancer Cell Lines. MCF7
cells were harvested with 1 mM EDTA in PBS and pelleted at low speed
in Dulbecco's modified Eagle's medium. They were then resuspended in

fresh medium and cytocentrifuged at 70 x g for 7 min on gelatin-coated

glass microscope slides to yield a concentration of 100,000 cells/0.3 sq
cm. Following a 10-sec fixation in acetone at 2Â°,the slides were kept at
4Â°until use (1 to 6 days later). The slides were saturated with 5% bovine

7-globulin in PBS for 20 min and then incubated with 3% normal rabbit

serum in PBS containing 0.1% saponin for membrane permeation. Indi
rect immunoperoxidase staining was then performed by the peroxidase-

antiperoxidase method according to the report of Sternberger (21) as
detailed in Ref. 10.

RESULTS

Production and Characterization of the Monoclonal Anti-M,

52,000 Antibodies. After immunization with partially (15%) pu
rified Mr 52,000 protein, spleen cells of the mouse with the
highest titer were fused with X63-Ag8-653 myeloma cells yielding

hybridoma cells in 943 wells after 8 days of culture. After 5
different hybridoma screenings performed from Day 8 to Day 22
after the fusion, 25 hybridoma-secreting antibodies to the ^S-

labeled protein were selected, expanded to large cultures, and
frozen. Analysis of the culture supernatants recovered before
the first freezing of the hybridoma cells indicated that 7 hybrid
oma supernatants contained a high titer of antibodies (1:70 to
1:250), 9 supernatants a low titer (1:20 to 1:70), and 12 which
had ceased to produce antibody to the antigen. The 7 most
productive hybridomas were cloned and achieved a stable anti
body production for 2 months in culture. The antibodies produced
in vitro (culture supernatant) and in vivo (ascites) were purified
by affinity chromatography on Protein A-Sepharose before char

acterization. The apparent affinities of the 7 MAbs obtained from
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the most productive hybridomas were assessed by incubation
of various concentrations of 35S-labeled Mr 52,000 protein with

a constant concentration of affinity-purified immunoglobulin
(Chart 1). The bound antigen-antibody complexes were calcu

lated as the difference between total and bound antigen. The
dissociation constants of the antibodies determined from Scat-

chard plots (19) ranged between 0.35 and 2.3 nw (Table 1). The
differences (1 to 4 nM) between the amounts of bound M, 52,000
protein (Chart 1) were probably due to the variable amount of
the different antibodies tested.

Immunoglobulin isotypes were characterized on the basis of 2
criteria: the pH elution of the antibody from the Protein A-

Sepharose column; and the immunoprecipitation of the purified
antibody with mouse subclass-specific antisera in place of the

polyvalent sheep Â¡mmunoglobulin normally used in the assay.
The 7 affinity-purified antibodies were eluted at pH 5.5 from a
Protein A-Sepharose column and immunoprecipitated only by
the lgG1-specific antisera indicating their lgG1 isotype (data not

shown).
Specificity of the MAbs. The reactivity of the hybridoma

supernatant to the total [35S]methionine-labeled proteins re

leased by the MCF7 cells was tested by double immunoprecipi
tation followed by an SDS-gel electrophoresis of the immunopre-

cipitates. As shown in Fig. 1, the immunoprecipitated radioactive
material migrated exclusively like the M, 52,000 protein. The 7
high-titer supernatants immunoprecipitated the quasitotality of
the M, 52,000 protein (Fig. 1, Lanes 1 to 7), whereas 9 lower-

Table1
Characterization of the MAbs to the M, 52,000 protein

The 7 high-affinity antibodies were characterized as described in the text. The
3 sites were determined by double-determinant IRMA. The D7E3 antibody (Site 2)
permits a double-determinant IRMA with any of the 5 Site 1 antibodies. Nine other
hybridoma clones, low producers of MAbs to the M, 52,000 protein, were frozen
but not characterized.

Specificity for M, 52,000
protein

Subclass
Affinity (Â«â€ž) Double

(nM) immuno- Immunoctot

Site1M1G8M1H11M6H10D8F5D11E2Site

2D7E3Site

3M4A3IgGiigGiIgGiigGiIgGiigeiigGi0.43

++2.86
++1.43
++1.25
++1.00
++0.83

++0.58

+ +

89 10 11 12

Mr
160k-

B/F Â© M I 08

@ M Â¿A3

Â© 07 E3

Â© DIIE2

Â© D8F5

Â© Memo
Â© MIHII

Bound nM
Chart 1. Affinities of MAbs to the M, 52,000 protein. For each antibody, double

immunoprecipitation of the [MS]methionine-labeled M, 52,000 protein (0.2 nM) was

performed with a constant antibody concentration (1 to 2 ng/m\) in the presence of
0.2 to 20 nw concentrations of nonradioactive M, 52,000 protein. The affinity-

purified antibodies used are as shown in the key. The bound (ÃŸ)radioactivity is the
difference between the radioactivity precipitated by the M, 52,000 protein antibodies
and that precipitated by normal mouse serum alone. The free (F) radioactivity is
the difference between the total precipitable radioactivity (evaluated separately with
a 20-ng/ml antibody concentration) and the bound radioactivity. Data are repre
sented by Scatchard plots (19) which gave dissociation constants shown in Table
1.

52k- â€”

19k-

MCF7 M1 Ml M4 M6 D7 D8 D11 NS D9 M6 M3 D9
G8 H11 A3 H10 E3 F5 E2 H8 E10 G12 G7

Fig. 1. Immunoprecipitation of the M, 52,000 protein by hybridoma culture
supernatants. [^SJMethionine-labeled proteins released by MCF7 cells (2000 cpm)

were tested by immunoprecipitation with 20 n\ of culture supernatants of 25
hybridomas selected after fusion. The immunoprecipitated proteins were denatured
in SDS and electrophoresed, and the dried gel was exposed to fluorography. Seven
hybridomas totally precipitated the M, 52,000 protein (Lanes 1 to 7), 9 hybridomas
were less reactive (3 of them are shown in Lanes 9 to 77), and 9 were unreactive
(one of them is shown in Lane 12). Line 0, total radioactive protein added in the
assay; Line 8, nonspecific (WS)immunoprecipitation obtained with 20 nl of myeloma
culture supernatant. Abscissa, antibodies; molecular masses (M,) are shown in
thousands (k).

titer supernatants allowed only a partial precipitation of this
protein (3 of them are shown in Fig. 1, Lanes 9 to 11).

Immunoblotting experiments were carried out to test whether
or not the antibodies would react with other material in the
conditioned medium used for purification of the antigen, which
was not labeled by [35S]methionine. For the 7 high-titer antibod

ies, the labeling of the nitrocellulose was consistently found
(Table 1) mostly in the M, 52,000 region. Fig. 2 shows results
obtained with 3 of these antibodies when labeled directly by 125I
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ANTIBODIES TO ESTROGEN-REGULATED BREAST CANCER PROTEIN

1 2 3
Mr

66k-

52k-

45k-

31k-

MCF,
125 l-IgG

Fig. 2. Western immunoblotting of the M, 52,000 protein. Proteins released by
MCF7 cells cultured with estrogens were labeled with [^SJmethionine (Lane 0) or
unlabeled (Lanes r to 6), separated by SDS-gel electrophoresis, and blotted on
nitrocellulose. Strip 0, containing [MS]methionine-labeledproteins, was autoradio-
graphed to show the efficiency of the electrophoretic transfer. The other sections
were processed for immunodetectioneither directly with radioiodinatedMAb (Strip
1)or indirectly with unlabeled MAbs revealed by a second 125l-labeledanti-mouse
IgG (Strips 2 and 3) or by a peroxidase-conjugatedanti-mouse IgG (Strips 4 to 6)
as described in "Materials and Methods." The MAbs to the M, 52,000 protein were

MIG8 (Lanes 1 and 4), M6H10 (Lane2), and D8F5 (Lane5). Nonspecific binding in
the M, 52,000 region of the gel was evaluated with mouse lgG1 MAbs to myosin
(Lane 3) and anti-rat K chain (Lane 6). Molecular weights were estimated with
standard markers from Bio-Rad.

(Fig. 2, Lane 7) or indirectly by 125l-anti-mouse IgG (Fig. 2, lane

2), or stained by the peroxidase-conjugated anti-mouse IgG (Fig.

2, lanes 4 and 5). Nonrelevant MAbs (Fig. 2, Lanes 3 and 6) run
in parallel were unreactive.

These results indicate that the 7 MAbs specifically interacted
with the M, 52,000 protein whether this protein was present in
its native form in the conditioned medium or dissociated and
transferred as a M, 52,000 monomer entity. This therefore ex
cludes the possibility of antibodies derived against a serum
contaminant or a carrier protein bound to the M, 52,000 protein.
Characterization and specificity of the 7 antibodies are summa
rized in Table 1.

IRMA of the M, 52,000 Protein. We then set up a double-

determinant IRMA in order to specify the pair of MAbs with
determinants on the protein that are not mutually exclusive and
to quantify the M, 52,000 protein in a soluble extract. Each
antibody previously adsorbed onto the flexible microtitration
wells was tested with purified antigen to fix a second iodinated
MAb. With this technique, we observed that MAbs were directed
against 3 sites on the molecule (Table 1). Five MAbs were
mutually exclusive for the sandwich assay and consequently
were classified in the first group. A different antibody D7E3,
corresponding to a second site, enabled us to set up the assay

456 w'tn a" MAbs of the first group. This antibody could be used
either adsorbed on the plate to fix the antigen (Chart 2a) or as a
second radioiodinated antibody to quantify the antigen retained
by an antibody of Site 1 (Chart 2b). The binding of another
antibody, M4A3 (Site 3), excluded the binding of site 1 and 2
antibodies. The IRMA could not be performed with any of the 7
antibodies when the same antibody was used both to adsorb
the antigen and to label it. This excludes the presence on the
antigen of 2 identical accessible epitopes. The sensitivity of the
assay varied according to the antibodies used. It was better with
the site 2 antibody D7E3 on the plate and with the iodinated

_ antibodies D11E2, MIG8, and MIH11. With this assay, as little
as 0.1 to 0.5 ng antigen could be detected per well (i.e., 1 to 5
ng/ml of biological extract), and the dose-response curve was

linear for higher concentrations up to 5 ng/well (Chart 2). Chart
3 shows the IRMA quantification of the M, 52,000 protein in
MCF7 cell culture medium and the specificity of this technique.
The concentration of the M, 52,000 protein (45 ng/ml) produced
by MCF7 cells was determined from the linear portion of the
graph as a function of the amount of antigen (Chart 3a). When
the MCF7 culture medium was preincubated with 10 Â¿igof the
first antibody per ml or when the first antibody was omitted in
the IRMA, the M, 52,000 protein was undetected, since the

PerOXldase-IgG bound radioactivity was inhibited to the level of nonspecific

binding obtained with culture medium not incubated with cells or
phosphate buffer (Chart 3a). These controls indicate the specific
ity of the binding of the second iodinated antibody in the IRMA.
The addition of 1% methyl-a-D-mannopyranoside plus 1%
methyl-a-D-glucopyranoside did not affect the IRMA, suggesting
the absence of corresponding sugars in the antigenic determi-

E
Q-
O

â€¢o
C
3
O
.O

01 3 501 3 5

Mr 52,000 protein , ng per well
Chart 2. Double-determinant IRMA of the M, 52,000 protein. Flexible 96-well

plates were coated overnight with purified antibody (100 fig/ml) and then resatu-
rated and incubated with 0 to 5 ng of partially purifiedM, 52,000 protein previously
quantified on silver-stained SDS-gels. After washing, the bound antigen was
quantified using a second iodinated antibody as described in "Materials and
Methods." In a, the D7E3 antibody (Site 2) was adsorbed on the plate, and the

antigen was quantified by iodinated antibodies of the Site 1 group. In b, the
antibodies adsorbed on the plate were from the Site 1 group, and the retained
antigen was quantified using the iodinated D7E3 antibody (Site 2). The nonspecific
binding(1000 to 4000 cpm) of the iodinated antibody obtained without the antigen
is represented in each case. Other controls performed without the first antibody
displayed the same nonspecificbinding.
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culture medium (pi/well) days of treatment

Chart 3. IRMA of the M, 52,000 protein in MCF7 culture medium. The M, 52,000
protein was assayed in culture medium using the antibody D7E3 adsorbed on the
plate and the 125l-labeled D11E2 antibody (3 x 105 cpm/well) as described in
"Materials and Methods." In a, a serum-free culture medium incubated for 6 hr with

MCF7 cells pretreated with 10 nw estradici (Â£2)for 2 days was tested alone (â€¢)or
in the presence of 1% methyl-a-o-mannopyranoside and 1% methyl-a-o-glucopy-
ranoside (x) or following a 2-hr preincubation with D7E3 antibody (10 ng/m\) (O).
Controls for nonspecific binding were performed either in the absence of the
adsorbed antibody with the MCF7 culture medium (A) or in its presence with the
culture medium nonincubated with cells (A) or with 0.1 M phosphate-1% bovine -y-

globulin buffer (D). In b, MCF7 cells were grown for 5 days in medium containing
3% charcoal-treated serum and then treated (E2, â€¢)or not (C, O) by 1 nM estradiol
for 10 days in the presence of 1% charcoal-treated serum without insulin. The
concentration of the M, 52,000 protein accumulated in the medium at the indicated
times was determined by IRMA in 25-, 50-, and 100-fil aliquots of culture medium.
The amount of M, 52,000 protein was evaluated by reference to a standard curve
obtained in parallel with 1 to 10 ng of purified antigen as described in Chart 2a. For
each medium tested, the nonspecific binding of the iodinated MAb was evaluated
in the absence of the D7E3 antibody and subtracted.

nants. The reproducibility was to within 10% when using the
same 125l-antibody. Chart 3o shows the IRMA quantification of

the M, 52,000 protein accumulated in medium conditioned by
MCF7 cells treated or not by 1 nM estradiol. The M, 52,000
protein concentration increased more rapidly in the medium
conditioned by estrogen-treated cells than in the medium condi

tioned by untreated cells. The M, 52,000 production was stimu
lated 6- and 15-fold by estradiol at 2 and 10 days, respectively,
which is in agreement with results obtained after [35S]methionine

labeling (26). This corresponds to a higher production of the M,
52,000 protein per cell, since there was only 1.4-fold more DNA

10 days after estradiol treatment.
The results obtained by IRMA were also in agreement with

the assay of the M, 52,000 protein on silver-stained SDS-gels,

and they were not altered by the addition of fetal calf serum in
recovery experiments (data not shown).

In conclusion, this IRMA method allowed us to quantify from
1 to 50 ng of M, 52,000 protein per ml in culture medium. A
similar assay could also be applied to other biological fluids (see
"Discussion").

Immunodetection and Localization of the M, 52,000 Protein
in Human Breast Cancer Cell Lines. The binding of the M,
52,000 MAbs to the plasma membrane of intact MCF7 cells was
tested at 2Â°by indirect immunofluorescence and fluorescence-

activated cell sorter analysis. The MCF7 cells cultured in the
presence or the absence of estrogen did not bind the MAbs to
the M, 52,000 protein (at any of the 3 sites) when compared to
a negative control antibody of unrelated specificity (anti-dinitro-

phenol MAb) (Fig. 3). Positive control antibodies directed to the

fluorescence intensity
Fig. 3. Absence of reactivity of MAbs to the M, 52,000 protein on living MCF7

cells. The binding of various MAbs on living MCF7 cells was analyzed by indirect
immunofluorescence as described in "Materials and Methods." MCF7 cells were
incubated at 2Â°with several MAbs (10 Â¿ig/ml)and a second fluorescent anti-mouse

immunoglobulin. The cells were then harvested, and the fluorescence intensity of
viable cells was measured in a fluorescence-activated cell sorter (FACS-IV). The
MAbs used are: a, anti-dinitrophenol antibody as a negative control; b, anti-M,
126,000, a carcinoma-associated transmembrane protein (20); c, anti-transferrin

receptor (b and c used as positive control); d, e, and /, antibodies to the M, 52,000
protein (d, D7E3; e and f, D8F5). The antibodies were tested on cells either treated
with 10 nM estradiol for 4 days (a to e), or 7 days after estrogen withdrawal (/).
Histograms represent the number of cells as a function of their fluorescence
intensity given in arbitrary units.

transferrin receptor (lgG1, OKT9, Ortho Diagnostic Systems,
Inc., Raritan, NJ) or to membrane M, 126,000 phosphoglycopro-
tein (20) displayed a 4- and 13-fold higher fluorescence intensity,

respectively. These results indicate that the M, 52,000 protein is
not a transmembrane protein with an external portion that reacts
with these antibodies.

By contrast, when MCF7 cells were cytocentrifuged, fixed in
cold acetone, permeabilized by 0.1% saponin in PBS at 18Â°,and

stained by the indirect immunoperoxidase method, their cyto
plasm but not their nuclei was stained brown-red. The staining

was heterogeneous, with some cells not reacting and others
heavily stained (Fig. 4, a and c). At higher magnification (Fig. 4c),
the staining was granular and perinuclear. Some of the MCF7
cells were stained with a higher intensity. The reason for this
heterogeneous staining (heterogeneity of cell population and/or
cell cycle) is not known. The staining was competitively inhibited
by a 20-fold molar excess of purified antigen (not shown). In

another human metastatic breast carcinoma line (T47D; Fig. 4e),
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the staining was almost undetectable, and it was absent in the
rat mammary tumor cell line RBA (Fig. 4f). Negative controls
were routinely obtained by exposure to an antibody of unrelated
specificity (Fig. 4, b and d) and positive control by MCF7 Mr
52,000 immunostaining. The different stainings are in full agree
ment with the immunoprecipitation of the [35S]methionine-labeled

Mr 52,000 protein released by these cells (6) and with staining
obtained on frozen sections of breast cancer tissues (10).

DISCUSSION

This is the first full report on the development, characterization,
and use of MAbs to the estrogen-regulated M, 52,000 glycopro-
tein secreted by MCF7 cells. Among the estrogen-regulated

proteins described in breast cancer cell lines, our laboratory has
mostly studied the M, 52,000 protein, which has a potential that
appears to be considerable for both basic and clinical purposes.
This protein is different from other estrogen-regulated proteins

described in breast cancer cell lines. No relationships have been
found with plasminogen activator (5, 15), with creatine kinase
BB isoenzyme (13),5 or with the M, 24,000 to 28,000 protein (1,
2)6 using the respective antibodies. However, one difficulty with

this protein has been its very low production rate in medium
(0.01% of total protein synthesis) which has prevented its puri
fication to homogeneity. The development of MAbs was there
fore necessary for further studies.

After one spleen fusion, 7 high-affinity antibodies were ob

tained and have been purified and characterized. They are all of
the lgG1 subclass and react with 3 different parts of the protein
as indicated by their reactivity in solid-phase double-determinant

assays. Five of the 7 antibodies recognized Site 1, suggesting
that this part of the molecule was more antigenic. The only
protein in the culture medium recognized by the 3 classes of
antibodies has a molecular weight of 52,000 in SDS-gel electro-

phoresis whether the interaction is on the native or on the partially
renatured protein in a Western blot analysis. These results
indicate that the native secreted protein is made of monomeric
chain(s) with a molecular weight of 52,000. The existence of a
dimeric form with 2 identical M, 52,000 chains is also unlikely
since a single antibody was unable to adsorb and to label the
antigen in a sandwich assay. Immunoblot analysis also excludes
the possibility that the MAbs are directed against a contaminating
protein adhering to the M, 52,000 protein and not labeled by
[35S]methionine. In certain conditioned media, another M, 35,000

protein, was inconsistently shown by immunoblotting. This pro
tein may be related to a cellular protein reacting with the
antibodies7 and contaminating the medium or to a partial pro

teolysis of the M, 52,000 protein. It is likely that the antibodies
recognize the protein rather than the oligosaccharidic moiety,
because of the absence of inhibition by sugar (Chart 3). To
support this, it has been shown recently that inhibition of glyco-

sylation by tunicamycin and deglycosylation by endoglycosidase
H did not prevent the interaction of the M, 52,000 protein with
the MAbs.8

The 7 MAbs characterized appear to be suitable for detecting

5A. M. Kaye, unpublished observations.
â€¢D. J. Adams, W. L. McGuire, F. Capony, and M. Garcia, unpublished obser

vations.
7 F. Capony ef a/., manuscript in preparation.
8Touttou ef a/., unpublished observations.

and assaying the native M, 52,000 protein in biological fluids and
in intact cells and have been used to purify the M, 52,000 protein
to homogeneity.4

Immunofluorescence of the living cells and Â¡mmunoperoxidase
staining of the permeabilized cells indicated that, before its
release from MCF7 cells, the M, 52,000 protein was mostly
localized in the cytoplasm and not in the plasma membrane.
These results strongly suggest that the glycoprotein is secreted
by exocytosis and not shed from the membrane, and this en
hances its attraction as a potential circulating marker. These
antibodies are therefore different from those generally obtained
by immunizing mice with whole cells which recognize the external
plasma membrane (7, 22). Immunoperoxidase staining and im
munoprecipitation of the labeled M, 52,000 protein both indicate
that MCF7 cells produce more M, 52,000 protein that does
another estrogen-responsive cell line, T47D clone 11 (Ref. 6;

Fig. 4), while the rat mammary cell line RBA does not seem to
produce this protein. Other cell lines can be studied with the
same approach.

One of the major interests of these MAbs is their use in
assaying and/or detecting the M, 52,000 protein in patients.
Using the double-determinant IRMA, the M, 52,000 protein can

be assayed in biological fluids such as conditioned media, pleural
effusion, and cyst fluids. The potential use of these probes to
assay the M, 52,000 protein in plasma is also being considered.9

The first results obtained by indirect immunoperoxidase stain
ing of frozen sections of several estrogen-responsive tissues

from patients are promising. On a limited number of patients, we
have shown that normal endometrium and normal mammary
glands did not contain detectable M, 52,000 protein. By contrast,
in 20 of 25 primary breast cancers, the M, 52,000 protein was
stained in the cytoplasm of epithelial mammary cancer cells, and
the presence of this protein was somewhat correlated with the
estrogen receptor content of these cancers (10).

These results indicate that the Mr 52,000 protein may be a
mammary tumor-associated marker of potential interest in de
tecting high-risk mastopathy. The distribution of the M, 52,000

protein in several human tissues and in a larger number of breast
tumors is now being investigated in collaboration with several
clinical departments.

Several interesting markers of estrogen-responsive breast
cancer are now available and can be probed by specific MAbs
(2, 11) or cloned complementary DNA (14). The MAbs to the
secreted M, 52,000 protein reported in this paper offer interesting
possibilities for a basic understanding of the structure, function,
tissue localization, and regulation of this protein and its possible
clinical use in breast pathology. They could be valuable tools as
circulating and/or tissue markers in the diagnosis and monitoring
of breast cancer, and the definition of its function may help us
to understand the role of hormones in mammary carcinogenesis.
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Fig.4. Immunoperoxidase staining of the M, 52,000 protein in breast cancer cell lines. Mammary cancer cells were centrifugea on microscope slides, fixed,
permeabilized,and analyzed using the indirect peroxidase-antiperoxidasetechnique as described in "Materials and Methods." MCF7 cells growing in the presenceof 10
nMestradici were tested with D7E3 MAb (10 jig/ml) to the M, 52,000 protein (a and c, higher magnificationof inset in a) or with murineMAbs (b, lgG2b anti-dinitrophenol;
d, lgG1 anti-rat kappa chain).Arrows, perinuclearcytoplasmic staining by peroxidase. MAb D7E3to the M, 52,000 protein was poorly reactiveon T47D humanmammary
cancer cells (e)and nonreactiveon RBA rat mammary cancer cells (f). a and b, x312; c-f, x 780.
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