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ABSTRACT

After immunization of mice Â»Â¡ilithe human breast carcinoma cell line
MCF-7, we produced monoclonal antibody (mAb) BCA 227, which
allowed us to characterize a new tumor-associated antigen. This molecule
is strongly expressed by well differentiated mammary carcinoma cell
lines and by some other tumor cell lines of epithelial origin. Immuno-
histological study of frozen sections of different tissues and tumors
confirmed its expression by tumor cells of epithelial origin, particularly
infiltrating duct carcinomas of the breast. The antigen is also expressed,
to a lesser extent, by some normal epithelial cells. Its biochemical
characterization revealed a ,V/r71,000 protein without an ,V-linked sugar
moiety. Six to 40 x III' binding sites are present on breast tumor cell

surfaces. Although mAb BCA 227, which was found to be of the IgG2a
isotype, did not mediate antibody-dependent cell-mediated cytotoxicity
with either human or mouse effector cells, a 50% inhibition of SK-BR5
tumor growth was obtained in nude mice, suggesting that another mech
anism is responsible for this inhibition. Biodistribution studies of radio-
labeled F(ab')i fragments of mAb BCA 227 in tumor-bearing nude mice

showed a preferential localization in the tumor. All these data are in
favor of the use of mAb BCA 227 as an immunodiagnostic tool for breast

INTRODUCTION

In view of the high incidence of breast cancer in women,
many attempts have been made by numerous investigators to
individualize specific markers of mammary tumors, which may
have potential clinical applications in diagnosis as well as
therapy. Following the methodology of cell hybridization, sev
eral mAbs1 have been produced, enabling the characterization

of antigenic structures, mainly carbohydrate structures, which
were proposed as tumor markers for breast cancers (I, 2).
However, all the described breast tumor-associated antigens
were not truly specific for tumors, since they also reacted with
different normal tissues or cancer cells of various origins. In
fact, together with other workers, we have previously shown, in
patients bearing colonie or ovarian tumors (3, 4), that the
clinical use of mAbs as serous markers or as probes for immuno-
imaging (histology of biopsies or scintigraphy) does not require
absolute tumor specificity, even though that would be ideal. For
practical purposes, only a high tumor to normal cell uptake
ratio is required to provide operational specificity.

In the present paper, we reported on a new tumor-associated
antigen, identified by mAb BCA 227. that is expressed prefer-
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entially on mammary carcinomas. We have undertaken exten
sive studies of this mAb, the immunohistochemical character
ization of which fulfills the criterion of specificity and which
may represent a good reagent for the clinical management of
breast cancers.

MATERIALS AND METHODS

Cell Lines. The following human mammary carcinoma cell lines were
used: MCF-7, MDA-MB-231. SK-BR5. ZR-75-1, BT20. and T47D
were obtained from the ATCC. and CAMA was provided by Dr. Z.
Steplewski (The Wistar Institute. Philadelphia. PA): the human normal
breast cell line HBL 100 was obtained from the ATCC. The human
colon carcinoma cell line HT-29 and ovarian carcinoma line NIH-
OVCAR-3 were obtained from the ATCC; the human melanoma cell
line Fos (from the Division of Cancer Treatment Tumor Repository,
National Cancer Institute, Frederick, MD) and fibroblast cell line
MRC-5 (from Institut MÃ©rieux,Lyon, France) were also tested. All cell
lines were free of Mycoplasma contamination. All cells were cultured
in RPMI 1640 supplemented with 10% heat-inactivated fetal calf serum
(Flow Laboratories, AnsniÃ¨res, France) and penicillin-streptomycin
(Seromed. Munich. FRG). Cell suspensions of each monolayer culture
were obtained by treatment with trypsin/EDTA (0.05/0.02%), in PBS
without Ca!* and Mg2+ (Seromed).

Production of mAb. mAb BCA 227 was obtained by standard hybrid-
oma technique, after immunization of mice with the human mammary
carcinoma cell line MCF-7 (5). Briefly, 7 x IO6 MCF-7 cells were
injected i.p. into BALB/c mice 4 times, at 3-week intervals. Two weeks
after the last injection, mice were boosted with an i.v. injection of 5 x
IO*1MCF-7 cells. Three days later, spleen cells were removed and fused
with the P3-Ag8-X63-653 mouse myeloma cell line, at a 5:1 ratio.
Cells were seeded at a density of 2 x IO5cells/0.1 ml/well, in 96-well

plates (Nunclon. Roskilde. Denmark) containing macrophages as a
feeder layer (2 x IO4BALB/c peritoneal exÃºdatecells/well).

Screening and Cloning. Screening was performed by radioimmuno-
assay. Fifty M' of each hybridoma culture supernatant were incubated
with 3 x IO5cells, for 2 h at 4Â°C.under gentle agitation. Cells were

then washed 3 times in PBS containing 1% BSA and were then
incubated with i:5I-labeled sheep anti-mouse F(ab'>2 antibody (Amer-
sham. Les Ulis, France) for 90 min at 4Â°C.After extensive washes, cell-

bound radioactivity was determined using a gamma counter (LKB,
Bromma, Sweden). Hybridomas of interest were cloned twice by limit
ing dilution in the presence of irradiated mouse macrophages.

Immunoglobulin Subclass Determination. mAb BCA 227 isotype was
determined by ELISA enzyme-linked immunosorbent assay, using rab
bit antisera specific for each of the murine immunoglobulin classes and
subclasses (Nordic, Tilburg. The Netherlands).

Ascites Preparation and Immunoglobulin Purification. Pristane-
primed BALB/c mice were given i.p. injections of 5 x IO6 hybridoma

cells. Ascitic fluid was collected approximately 10 days after the injec
tion. The hybridoma ascitic fluid was centrifuged at 27.000 x g for 10
min. mAbs were purified by Protein A-Ultrogel affinity chromatogra-
phy (IBF, Villeneuve-la-Garenne, France), as previously described (6).

Flow Cytometry. After trypsinization. cells were incubated for 30
min with 50 n\ of hybridoma supernatant or purified mAb (10 ug/m\)
in PBS containing 0.1% gelatin, at 4"C. After three washes, fluorescein
Â¡sothiocyanate-conjugated goat anti-mouse immunoglobulin (Zymed,
San Francisco, CA) was added for 30 min at 4Â°C.Three additional
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washes were performed, and cells were analyzed with a Cytofluorograph
50 H connected to a data handling system (Ortho Diagnostic, West-
wood, PA).

Immunoperoxidase Assay. After trypsinization, cells were smeared
on slides and fixed with cold acetone at 4Â°Cfor 10 min. Slides were

rehydrated with PBS and then saturated with normal horse serum for
20 min. Undiluted tissue culture supernatant was then added for 90
min. Indirect immunoperoxidase staining was then performed using
avidin-biotin-peroxidase complex (Vector Lab, Burlingame, CA). The
binding of mAb was revealed by 3-amino-9-ethylcarbazole and H2O2
before counterstaining with hematoxylin.

Immunohistochemistry. The immunoreactivity of mAb BCA 227 was
tested on crystal sections of the following human tissues: 45 samples
of mammary origin (adenocarcinoma, adenofibroma, lymphoma, and
normal breast), 45 tumor tissues of other origins (gastrointestinal tract,
lung, kidney, genital apparatus, thyroid, neuroendocrine, and mesen-

chymatous tumors), and 24 normal tissues of 15 different origins.
Specimens, frozen in liquid nitrogen-cooled isopentane (Prolabo, Paris,
France) were fixed in cold acetone for 10 min and processed as described
above.

Biochemical Characterization of the Antigen. Confluent SK-BR5 cells
were harvested by vigorous pipetting and were washed twice with Tris
buffer (20 mM Tris, 2 ITIMEDTA, pH 8.0). Cells were then resuspended
in Tris-PMSF buffer (20 mM Tris, 2 mM 2-mercaptoethanol, 5 mM
CaCl2, 2 mM EDTA, 1 mM PMSF, pH 8.0) and lysed using the gas
cavitation method (40 atm, 45 min). The preparation was then centri-
fuged at 2,000 x g for 15 min at 4Â°Cto eliminate nuclei and nonlysed

cells. A second centrifugation was done at 12,000 x g for 20 min. Cell
membranes were then pelleted at 76,000 x g and resuspended in Tris-

PMSF buffer without CaCl2. The extraction was performed after ad
dition of an equal volume of A'-lauroylsarcosine detergent (20 mM)
(Sigma Chemical Co., St. Louis, MO), during 30 min at 4Â°C.Following

extraction, the suspension was clarified by centrifugation at 100,000 x
g for 1 h. Proteins of the extract were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis under nonreducing or reduc
ing conditions (addition or not of 2-mercaptoethanol). Western blotting
was performed with nitrocellulose paper (Bio-Rad, Richmond, CA),
according to the method of Towbin et al. (7). Blocking was achieved
with 2% BSA in PBS. The antigen was identified by incubation of the
blot with 10 Mg/ml mAb BCA 227, or mAb E4 as negative control (8),
in PBS containing 1% BSA, for l h at room temperature. After three
washes, the blot was incubated with alkaline phosphatase-linked goat
anti-mouse antibody (Sigma) for 1 h. After additional washes, alkaline
phosphatase substrate (5-bromo-4-chloro-3-indolyl-phosphate, 4-nitro
blue-tetrazolium) (Boehringer Mannheim, FRG) was added. Coloration
was stopped by tap water.

To determine whether the BCA 227 antigen was glycosylated, two
different procedures were carried out. A /V-glycanase digestion was
performed according to the manufacturer's conditions (Genzyme, Cam

bridge, MA), followed by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and Western blotting. Moreover, the laurolylsarcosine
extract was incubated with ConA-Ultrogel (IBF, Villeneuve-Ia-Ga-
renne, France) and, after extensive washes, the ConA-bound material
was recovered after the sample was boiled for 5 min. The bound and
unbound fractions were analyzed as described above.

'"Â¡-Labeling of mAb 227. The antibody was labeled with '25I by the

lodogen method (9). Briefly, 10 M' of antibody (10 mg/ml), added to
90 n\ of 0.2 M sodium phosphate buffer, pH 7.5, were incubated with
500 MCi of Na'25I for 15 min, in a glass tube coated with 10 Â¿igof

lodogen reagent (Pierce Chemical Co., Rockford, IL). A small column
of AG 1-X8 aniÃ³nexchange resin (Bio-Rad) was used to capture free
125I.This column was prewashed with 1% BSA/PBS, and fractions (50

P\) were collected with the same buffer. The percentage of incorporation
of radioiodine was determined by trichloroacetic acid precipitation. The
specific activity was between 1500 and 2500 cpm/fmol.

Binding Assays. Mammary carcinoma cells (3 x 106/0.1 ml of RPMI
1640 containing 1% BSA) were incubated, for 4 h at 4Â°C,with increas

ing amounts of radiolabeled antibody diluted in the same medium.
Fractions containing bound and free antibody were separated by a

dibutyl phthalate and paraffin oil layer (9:1), as described by Beaumier
et al. (10). All manipulations were performed in triplicate, and the
radioactivity in each fraction was determined in a LKB gamma scintil
lation counter. The amount of nonspecific binding of mAb BCA 227
was estimated by adding a 100-fold excess of unlabeled antibody to a
cell suspension and subtracting bound cpm from total cpm. Determi
nation of maximal binding capacities for mAb BCA 227 and of its
association constant (Ka) was determined by Scatchard analysis (11).

ADCC Assay. An 18-h " ' In-release assay was performed as described
elsewhere (12). PBMC were used as effector cells. mAb H24B5 (anti-
influenza virus), kindly provided by Dr. W. Gerhard (The Wistar
Institute, Philadelphia, PA), was used as a nonspecific control. mAbs
BCA 227 and BR55-2 (13), kindly provided by Dr. Z. Steplewski (The
Wistar Institute), were used on MCF-7, CAMA, ZR-75, SK-BR5, and
BT20 target cells.

Tumor Growth Inhibition. Tumor growth inhibition experiments were
performed as already described (14). BALB/c (nu/nu) mice were inoc
ulated s.c. with 1 x IO7 SK-BR5 cells. Immediately after tumor cell

injection, mice were treated i.p. daily with 200 Mgof mAb BCA 227,
BR55-2, or H25B5 for 5 days. Tumor volumes were monitored weekly.

BCA 227 Biodistribution in MCF-7 Tumor-bearing Nude Mice. Bio-
distribution of F(ab')2 fragments of mAb BCA 227 was studied in
MCF-7 tumor-bearing nude mice, as described (15). F(ab')2 fragments

were prepared using the technique described elsewhere (16). Six- to 8-
week-old female BALB/c (nu/nu) mice were used in this assay.

RESULTS

Selection of mAb BCA 227

Fusion of splenocytes, from mice immunized against the
human breast carcinoma cell line MCF-7, with a murine mye
loma cell line yielded around 200 hybridomas reacting with
MCF-7 cells. Supernatants from hybridomas were screened by
radioimmunoassay for their ability to bind MCF-7 cells and
then to bind six different cell lines, including three breast
carcinomas, the normal breast cell line HBL 100, one colon
carcinoma, and a melanoma. One hybridoma was selected,
because of its high reactivity with the breast carcinoma cells
and low reactivity with the other cell lines, and subsequently
cloned by limiting dilution. After another screening on different
mammary carcinoma cell lines, one clone, termed BCA 227,
was selected and studied extensively. Immunoglobulin subclass
determination revealed that mAb BCA 227 was of the IgG2a
isotype. Binding of this selected antibody was studied by cyto-
fluorometry and in an immunoperoxidase assay against various
cell lines.

Using cytofluorometry, three cell lines, SK-BR5, CAMA,
and ZR-75, were strongly fluorescent (Fig. 1). The usual pattern
of positivity obtained with antibody to tumor-associated anti
gens was observed, with some cells very strongly labeled and
others weakly labeled. mAb BCA 227 reacted with MCF-7 cells
with a weaker intensity. Almost no staining was observed with
the BT20 cell line, with only 9% of cells above the background
level. Similar results were obtained using cells harvested by
vigorous pipetting (data not shown), indicating that trypsin
treatment did not affect the antibody binding to tumor cells.

By immunoperoxidase assay, similar results were obtained
on breast carcinoma cell lines (Table 1). Strong cytoplasmic
and membrane staining was observed with highly differentiated
mammary carcinomas (SK-BR5, ZR-75, T47D, or MCF-7),
with 80 to 100% positive cells. With MCF-7, the intensity of
staining varied from cell to cell. Moreover, a heterogeneous
staining was observed from one experiment to another. Weak
staining was observed with the poorly differentiated carcinomas
(MDA or BT20), while the normal breast cell line HBL 100
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Fig. 1. Flow cytometric analysis of MCF-7 (.4). ZR-7S-1 (B). SK-BR5 (C).
CAMA (D), and BT20 (Â£)human breast tumor cell lines, using mAb BCA 227
(dark) and nonspecific mouse IgG2a as a negative control (light).

was not stained at all by immunoperoxidase. The percentage of
stained cells in other unrelated tumor cell lines was variable.
The colon carcinoma HT-29 was strongly labeled, with 90%
positive cells. Only 30% of the ovarian carcinoma OVCAR-3
cells were stained. No reactivity was observed with either the
Fos melanoma cell line or MRC-5 fibroblasts.

Distribution of BCA 227-reactive Antigen in Human Tumors

Two independent observer pathologists scored the slides from
all specimens, in a double-blind fashion.

Immunohistological Study of Breast Tissues and Tumors. The
expression of BCA 227-reactive antigen was studied on normal
breast biopsies and benign and malignant tumors (Fig. 2; Table
2). In infiltrating duct carcinomas, 60 to 100% of cells were
stained, most often with a strong intensity. Highly differen
tiated carcinomas were more strongly stained than poorly dif
ferentiated tumors. One case of mammary lymphoma was neg-

Table 1 Reactivity ofmAb BCA 227 with cell lines, as determined in an
immunoperoxidase assay on acetone-fixed cells

Stained cells Intensity of
(%)staining"Breast

carcinomasMCF-7ZR-75SK

BR5T47DBT20M

DAOther

celllinesHT-29
(coloncarcinoma)OVCAR-3

(ovariancarcinoma)Foss
(melanoma)HBL

100 (normalbreast)MCR-5
(fibroblast)100

+/+++100
++++80
++++80
++40
+10
+90

+++50
+000

"The intensity of staining was quantitated as very strong (++++), strong
(+++), intermediate (++). weak (+). weak reactivity and less than 25ci of cells
stained (Â±),or negative (-). Supernatant of unrelated hybridoma was used as a
negative control.

\ >

B

Fig. 2. Immunoperoxidase staining of normal human breast tissue (.11. benign
breast lesion (B), and infiltrating duct carcinoma (C) with mAb BCA 227. Arrows,
positive areas, x 250.

ative for staining for mAb BCA 227. In fibroadenomas. the
staining was observed in luminal edges of epithelium-lined
elements, whereas the stremai compartment was negative. A

Table 2 Immunoperoxidase staining of breast tissue and tumor sections with
mAb BCA 227

Intensity of staining"

Tissue or tumortypeNormal

breast
Benign mammary lesions
Malignant mammary lesions
Lymphomaâ€ž

++++/+++5

17122
14

1++2

7
8+/Â±3

9-1

" The intensity of staining was quantitated as very strong (++++), strong

(+++), intermediate (++). weak (+), weak reactivity and less than 25% of cells
stained (Â±).or negative (-). Irrelevant antibody was used as a negative control.
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Table 3 Immunoperoxidase staining of non-breast tumor sections with mAb BCA
227

Intensity of staining"

TumortypeThyroid

tumorsLung
tumorsGastrointestinal
tumorsKidney
tumorsOvarian
tumorsUterine
tumorsMalignant
dysembryomasNeuroendocrine
tumorsConnective

tissue tumorsÂ«4314655242H+++/++4115221++

+/Â±2

11
15
41
21
141

142-11

"The intensity of staining was quantitated as very strong (++++). strong
(+++), intermediate (++), weak (+), weak reactivity and less than 25"; of cells
stained (Â±),or negative (â€”).Irrelevant antibody was used as a negative control.

much reduced level of staining was observed in sections of
normal breast. Specimens showed luminal staining of cells and
secretions in 30 to 40% of alveoli and ducts. These results were
also observed in normal areas of breast tumor sections.

Immunohistoperoxidase Staining of Non-breast Tumors.
Several non-breast tumors were stained by mAb BCA 227,
mainly glandular epitheliomas (Table 3). Five of 14 gastroin
testinal tract tumors were strongly stained, whereas 4 of 14
were weakly positive. Neuroendocrine tumors and all tumors
of embryonic origin or from connective tissue were character
ized by a weak staining. Taken together, these data suggest that
the labeling of mammary carcinomas by mAb BCA 227 is
integrated into a larger recognition of adenocarcinomas and
that there is low reactivity with other types of tumors.

Reactivity with Normal Tissues. mAb BCA 227 has been
tested for reactivity with normal tissues, including trachea (1),
lung (2), esophagus (2), stomach (2), colon (2), liver (2), spleen
(2), pancreas (1), adrenal glands (2), kidney (1), prostate gland
(1), myometrium (2), muscle (1), myocardium (1), and thymus
(2). In addition to moderate staining of normal mammary
glands, epithelia were found to be positive in numerous organs
(Table 4). Nonepithelial tissues were most often not labeled or
weakly stained, except for myocardium.

Biochemical Characterization of BCA 227 Antigen

Upon Western blotting of the /V-lauroylsarcosine extract of
SK-BR5 cell membranes and incubation of the blots with mAb
BCA 227 (or E4 as negative control), a band at M, 71,000 was
revealed (Fig. 3A). A'-Lauroylsarcosine detergent was used since
we failed to detect BCA 227 antigen in Triton X-100 membrane
extracts. The addition of 2-mercaptoethanol did not change the

Table 4 Immunoperoxidase staining of normal tissue sections with niAh BCA
227

Intensity of
staining" Tissue

Myometrium glands
Stomach epithelial cells
Colon epithelial cells
Trachea! epithelial cells
Myocardium
Parenchymatous liver cells
Lung epithelial cells
Striated muscle
Epithelial cells of prostatic glands
Kidney epithelial cells
Adrenal gland epithelial cells

" The intensity of staining was quantitated as strong (+++), intermediate (++),
or weak (-*-).Only positive tissues are reported in this table.

a h c (1 e

B

g l
Fig. 3. A, Western blotting and immune reaction of mAb E4 (lanes a and A)

and mAb BCA 227 (lanes c and </)with reduced (lanes h and a) and nonreduced
(lanes a and r) membrane extracts of SK-BR5 breast carcinoma cells. Molecular
weight markers (lane e and ordinate) were stained by Coomassie blue on the
electrophoresis gel. B, Western blotting and immune reaction of mAb BCA 227
with membrane extracts of SK-BR5 breast carcinoma cells, before (lane f) and
after (luneR) A'-glycanase digestion, and with the fraction bound (lane h) and not

bound (lane i) to ConA.

migration of the protein, which suggests a single protein chain
without intramolecular disulfide bridges. The glycoprotein na
ture of the BCA 227 antigen was analyzed using A'-glycanase

digestion or ConA affinity experiments. No modification in the
migration of the protein after A'-glycanase digestion was ob

served (Fig. 35). Moreover, the antigen remained in the fraction
unbound to ConA (Fig. 35). These results indicate that no A7-

glycan chain was linked to the BCA 227 antigen. In fact, it was
strongly stained with Coomassie blue.

Affinity Constant

The affinity constant of mAb BCA 227 and the number of
binding sites were estimated by measuring the binding of 125I-

labeled BCA 227 to four cell lines (Table 5). The affinity
constant was found to be 2.5-5 x 10~" M for T47D, ZR-75,

and MCF-7, whereas it was 10-fold higher for SK-BR5 (6 X

Table 5 Characterization of BCA 227-related antigen on hreast carcinoma cell
lines

Cells (3 x 10*) were incubated for 4 h at 4'C in binding medium containing
increasing concentrations of '"I-BCA 227. with or without a 100-fold excess of

unlabcled mAb BCA 227. Specific binding values are averages of triplicate
measurements, with SE consistently less than 15%.

CelllineSK-BR5

ZR 75
T47D
MCF-7A'â€ž

(M)6

x IO-'0
5 x IO"'

2.5 x 10-'
5 x IO'9Average

number of
bindingsites/cell6.3

xIO37.5
x IO3

9.0 x IO3
40.0 x IO3
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Table 6 ADCC reactivities ofmAbs BCA 227 and BR55-2, as measured in an
18-h >nln-releaseassayTarget

cellsMCF-7

SK-BR5
ZR 75
CAMABT20Specific

lysis (%)"

in the presenceofmAb

BCA 227 mAbBR55-21.6

0
0
0
048.4

41.7
23.2
46.4
27.9

" Obtained by subtraction of nonspecific lysis in the presence of mAb H24B5
(anti-influenza virus), at an effector to target ratio of 100:1.

10 IOM).The average number of binding sites/cell for SKBR5,
ZR-75, and T47D was on the order of 6.3-9.0 x lOVcell.
However, MCF-7 cells displayed a higher number of epitopes/
cell (4 x IO4).

ADCC

At 50:1 or 100:1 human PBMC to target cell ratios, mAb
BCA 227 did not mediate ADCC, as compared to the irrelevant
antibody H24B5. Under the same conditions, mAb BR55-2
(antibody to blood group B-Y antigen) mediated an efficient
ADCC, depending on the target cells (Table 6). In a similar
experiment using mouse peritoneal macrophages activated by
thioglycolate, similar results were obtained without any ADCC
in the presence of mAb BCA 227 (data not shown).

Inhibition of Tumor Growth in Vivo

Using mAb BCA 227, a 47% inhibition of tumor growth was
measured 25 days after mAb i.v. infusion, whereas mAb BR55-
2 was very efficient, under the same conditions, with 98%
inhibition (Fig. 4).

Biodistribution of mAb BCA 227 in MCF-7 Tumor-bearing
Nude Mice

Tumor accumulation of F(ab')2 fragments of mAb BCA 227
or of F(ab'): fragment of nonspecific antibody of the same

isotype, 4 days after infusion, is represented in Fig. 5A. A
percentage of injected dose/g of tumor of 0.32 Â±0.05% was
found with mAb BCA 227, whereas 0.06 Â±0.016% was ob
tained with the nonspecific antibody. The analysis of normal
tissues, principally liver, kidney, lung, and spleen, showed a
low accumulation, giving good tumor to tissue ratios (ranging
from 8.05 in blood to 18.9 in the spleen). The localization
index (defined as the percentage of dose/g of tissue with relevant
antibody/percentage of dose/g of blood with control antibody)

0.6 n

Day after tumor graft
Fig. 4. Inhibition of SK-BR5 tumor growth in nude mice (three mice/group)

by mAb BCA 227 (â€¢)or mAb BR55-2 (D). Negative control was anti-influenza
virus lgG2a mAb H24B5 (A).

V
3
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TUMOR BLOOD LIVER KIDNEY LUNG SPLEEN

B
SPLEEN

LUNG

KIDNEY

UVER
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TUMOR

Localization index
Fig. 5. Biodistribution of F(ab')2 fragments of mAb BCA 227 in MCF-7 tumor-

bearing nude mice. A, percentage of the injected dose/g of tissue (mean Â±SD)
for mAb BC'A 227 (S31or for the nonspecific mouse IgG2a (D). B, localization

index (mean Â±SD).

was relatively high in the tumor (7.36 Â±1.41), whereas it varied
between 1.21 and 1.73 in normal tissues (Fig. 5B).

DISCUSSION

In spite of many unsuccessful attempts to identify a specific
antigenic marker of human breast cancer, it is nevertheless true
that some mAbs can be very useful in detecting abnormal
quantitative expression of membrane constituents. We pro
duced mAb BCA 227 after immunization of mice with the
human mammary tumor cell line MCF-7. mAb BCA 227
recognized an antigen predominantly expressed by well differ
entiated breast tumor cell lines and some other epithelial tumor
cell lines. In situ staining of normal or benign breast tissue
appears to be clearly weaker, as compared to that of breast
carcinomas. The antigen recognized by mAb BCA 227 was
characterized by Western blot, revealing a single band of M,
71,000. The unaltered migration of the protein after reduction
by 2-mercaptoethanol suggests that it has no inter- or intra
molecular disulfide bridges. Moreover, the experiments per
formed to analyze whether BCA 227 antigen was glycosylated
failed to reveal any A'-linked sugar moiety.

Several mAbs to breast carcinomas have been described and
can be divided into two groups, based on the size of their target
molecule. The first group, including extensively studied mAbs
B72-3 (17), DF3 (18, 19), HMFG1 and HMFG2 (20) and
mAbs Wl (21), 3E1-2 (22), Mel (23), and others, recognizes
high molecular weight antigens which are strongly glycosylated.
Some of them are directed to human milk fat globule (20). A
second group of mAbs, reactive to lower molecular weight
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antigens, includes mAbs 323/A3 (M, 43,000) (24), human
MAC40/43 (M, 47,000) (25), 7B10 (M, 76,000) (26), B6-2 (M,
90,000) (17), 3A2 (A/r 92,000) (27), and others. mAb BCA 227,
which identifies a M, 71.000 antigen, enters this second group.
Some mAbs to human milk fat globule membrane antigens,
such as BLMRL-HMFG-McR2 (28), recognize a low molecular
weight glycoprotein of M, 68,000 to 70,000 (29), also termed
EMGP-70 (30). mAb BLMRL-HMFG-McR2 recognizes a
highly glycosylated antigen, extracted using Triton X-100,
which is present on BT20 breast carcinoma cells but not on
cancer cell lines from other origins, including the HT-29 human
colon carcinoma cell line (28). We believe that mAb BCA 227
recognizes a different molecule, because the antigen was not
soluble in Triton X-100, it contained no A'-linked sugars, and

was strongly expressed on HT-29 colon carcinoma cells and
very weakly on BT20 cells. Furthermore, the mAb did not react
with HBL 100, a milk-associated breast cell line.

Two mAbs recognizing M, 72,000 antigens have also been
described, mAb 79IT/36, generated against human osteogenic
sarcomas (31), and mAb 5T4, directed to human trophoblast
antigen (32). No binding to 734B, SK-BR3, or HS578T breast
carcinoma cell lines was found with mAb 79IT/36 (31), sug
gesting that it recognized a different antigen than the one
recognized by mAb BCA 227. However, we have not tested any
osteogenic sarcomas. mAb 5T4 identifies a M, 72.000 and a M,
69,000 antigen under reducing and nonreducing conditions,
respectively. The BCA 227 antigen migrates identically under
both conditions. Immunohistological distribution of the 5T4
antigen confirmed its difference from the mAb BCA 227 anti
gen (33). For instance, normal myometrium, which was strongly-

stained with mAb BCA 227, was negative with mAb 5T4.
Moreover, breast, colon, or thyroid carcinomas displayed a
completely different pattern of reactivity with mAb 5T4, as
compared to mAb BCA 227.

All these data suggest that mAb BCA 227 defines a new
breast tumor-associated antigen, which is also expressed by
other tumor cells of epithelial origin. Sera from several breast
carcinoma patients and tissue culture supernatant were studied
to detect the presence of BCA 227-related antigen, using the
dot blot technique (34). mAb BCA 227 did not react with any
serum constituent or with tissue culture supernatant (data not
shown). These results suggest that the antigen is not shed by
cells in serum or in supernatant or that the process of eventual
release of this antigen could modify the nature of the epitope
defined by mAb BCA 227.

The effector properties of mAb BCA 227 were studied in
vitro by ADCC or in a tumor growth inhibition assay in nude
mice. They were compared with those of mAb BR55-2, another
mouse IgG2a which is known to bind to breast tumor cell lines
(13). Surprisingly, mAb BCA 227 did not mediate ADCC,
either with human PBMC or with thioglycolate-activated peri
toneal mouse macrophages, as compared with mAb BR55-2.
The binding capacities and isotype of our antibody preparation
were checked in parallel. It bound fairly well to the different
human breast tumor cell lines that were used as target cells in
the ADCC assay. Its capacity to interact with human Fc7
receptor on U937 cells was also normal, with 48 and 98.4%
positive cells before and after y interferon activation, respec
tively (data not shown). Immunoglobulin isotype analysis has
confirmed its lgG2a subtype. When tested in vivo with nude
mice, a 50% tumor growth inhibition was observed after infu
sion of mAb BCA 227, whereas with mAb BR55-2 a 98%
inhibition was obtained. Herlyn and Koprowski (35) previously

demonstrated a correlation between the capacity of a mAb to
mediate ADCC and its ability to inhibit tumor growth in nude
mice. They linked these activities with antibody density on
tumor cells (14). They also demonstrated, after complement
depletion of mice with cobra venom, that complement was not
involved in the inhibition of tumor growth (36). Our results,
confirmed by several distinct experiments, seem intriguing and
raise questions about the particular role of the recognized
antigen and its contribution to disordered cell growth. Several
studies have demonstrated that mAb interaction with receptors
of growth-related molecules (37, 38) or gangliosides (39) can
block cell growth and may lead to cell death by apoptosis (40).
The determination of BCA 227 antigen sequence by gene clon
ing could explain the discordance of our observation and would
provide pertinent information about its biological importance.
mAb BCA 227 will be useful in this regard.

In the last 10 years, mAbs have proven to be helpful tools for
the follow-up of treated patients, to detect recurrences or sec
ondary localizations by immunoassays or immunoimaging (1).
The main use of a breast-related mAb antibody in immunoim
aging was to detect lymph node invasion by cancer cells, using
lymphoimmunoscintigraphy. mAb BCA 227 capacity to visu
alize tumor has been examined in tumor-bearing nude mice.
The biodistribution of I2fil-labeled F(ab')2 fragments of BCA

227 showed a 6-fold higher fixation in the tumor, as compared
with nonspecific antibody. When it was used in humans, lymph
nodes were clearly visualized. Nevertheless, with a nonspecific
F(ab'): antibody, the same images were obtained, probably due

to nonspecific binding of the antibody or to the perturbation of
the lymph stream by tumor cells (data not shown). However,
these results are preliminary data, and further studies are in
progress. The use of hospitalized patients for this investigation
was approved by the University Hospital Ethical Committee.

mAbs to breast tumor can also be used in the diagnosis of
fine-needle aspirates of breast nodules, in combination with

other mAbs. This method can improve the diagnosis of breast
pathology by providing more details on the cells, as shown by
a recent report (41). Another possible use could be the detection
of bone marrow metastasis on biopsies. We are also working
on these approaches.
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