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ABSTRACT

A monoclonal antibody (7B10) which displays differential reactivity
with breast carcinomas compared to benign lesions or normal breast
tissue was selected by fusion of spleen cells from BALB/c mice immunized
with the T47D human mammary carcinoma cell line. The antigen, rec
ognized by 7B10 on T47D cells, appeared to be both surface and cyto
plasm localized, as demonstrated by indirect immunofluorescence, im-
munoperoxidase, and electron microscopy studies.

This antibody (It;*., ) bound with four human breast cancer cell lines
(T47D, MCF7, ZR-75-1, and HSL53) which express estrogen receptors.

No binding was observed with cancer cell lines of other origin or with
normal cells.

In vivo, by immunoperoxidase staining of frozen sections of normal
breast, the antigen recognized by 7B10 appeared to be located on epithe
lial cell membranes, whereas in benign and malignant mammary disor
ders, staining also involved the cytoplasm, as confirmed by electron
microscopy on fresh cancer tissue. On formalin-fixed, paraffin-embedded

sections, cytoplasmic staining was detected in breast cancer, but no
immunostaining was observed with benign lesions or normal breast.

In paraffin sections, most normal tissues investigated did not react
with 7B10 antibody. However, ducts in the parotid gland, tubules in the
kidney and some biliary ducts, and apocrine glands in the skin showed
irregular, diffuse weak staining. 7B10 was unreactive with adenocarci-

nomas of origin other than breast, except for some cells in ovarian clear
cell carcinoma. No reactivity was observed with squamous carcinomas,
lymphomas, or melanomas.

The antigen recognized by 7B10 appeared to be a M, 32,000 protein,
as identified by immunoprecipitation from extracts of T47D after labeling
with |35S|methionine.

Since the antigen was present only on the membrane of differentiated
normal mammary epithelial cells, and was also expressed in the cyto
plasm of tumor cells, it may be of interest in immunologie-ai studies of
mammary epithelial cell differentiation. Moreover, since in formalin-

fixed tissues Â¡mmunostaining is virtually confined to mammary carcino
mas, monoclonal antibody 7B10 may have diagnostic applications in
breast cancer.

INTRODUCTION

Breast carcinoma is the most frequently occurring malignant
tumor and the principal cause of cancer death in women in
Europe and in the United States. For this reason, numerous
investigators have attempted to produce specific markers for
identification of mammary tumors which may have clinical
application in diagnosis and therapy. Several mAbs3 of human
and mouse origin which are reactive with breast tumors (1-10)

have been developed for this purpose.
Many mouse monoclonal antibodies, in spite of a wide range

of tissue reactivity, are already being used in the differential
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diagnosis of epithelial tumors, in the detection of metastatic
tumor cells in bone marrow and in lymph nodes, in inumino
radio-localization of tumors, and in immunoradiotherapy.

This is the case for several monoclonal antibodies, including
HMFG1 and HMFG2 (11, 12), M8 and M18 (13, 14),
NCRC11 (15), F36/22 (16), and 1BE12 (17).

Other monoclonal antibodies are more specifically reactive
with tumor antigens, such as B72-3 (18), 323/A3 (19), or 3B18
(20), or with antigens differentially expressed in normal and
benign versus malignant mammary tissue, such as DF3 (21) or
3E1 (22). They may provide more information about the anti-
genicity of tumor cells compared to their normal counterparts
and to differentiation processes.

Monoclonal antibody 7B10, which is described in this paper,
belongs to this latter group. The reactivity of this monoclonal
antibody has been characterized by immunocytochemical, im-
munohistochemical, and electron microscopy studies, and the
antigen detected by 7B10 mAb has been preliminarily charac
terized by biochemical methods.

MATERIALS AND METHODS

Cell Lines

A human breast carcinoma cell line, T47D, was used for immuniza
tion. This cell line was derived from a metastatic pleural effusion from
a breast adenocarcinoma. These cells exhibit epithelial morphology,
form monolayers in culture, contain intracellular casein and receptors
for estradici, progesterone, glucocorticoids, and androgens (23).

T47D cells were cultured in Dulbecco's modified Eagle's Medium

supplemented with 10% PCS, 2 mM L-glutamine, 100 lU/ml penicillin,
and 50 Mg/m' streptomycin.

The other human breast cancer cell lines used in these studies were
MCF-7, ZR-75.1, HSL-53, MDA-MB-231, BT-20, and 466-B. Culture
conditions and properties of these cell lines have been previously
described (24, 25).

The other human cell lines used were PC3 and DU 145, which are
prostatic carcinoma cell lines, 385 F5, an ovarian carcinoma cell line,
HeLa, derived from a carcinoma of the cervix, Raji, a B-lymphoblastoid
cell line, and MRC5, a cell line derived from human fetal lung fibro-
blasts.

The murine myeloma cell line SP2O, was cultured in RPMI 1640
supplemented with 20% PCS, 20 f/mol ml glucose, 1 mmol/ml sodium
pyruvate, 2 mM L-glutamine, 100 lU/ml penicillin, and 50 /ig/ml
streptomycin.

All cell lines were free of Mycoplasma contamination.

Immunization

BALB/c mice (female, age 4 weeks) were immunized by i.p. injection
of 2 x IO6 live T47D cells (detached from culture flasks with a rubber
policeman) in PBS, four times at 2-week intervals, and boosted i.v. and
i.p. with the same cell numbers 3 days before fusion.

Cell Pusion and Hybridonut Production

Fusions were performed as previously described (26). Cell suspen
sions of immunized mouse spleens were mixed with mouse SP2Ã›
myeloma cells at a 5:1 ratio and fused with 50% (w/v) polyethylene
glycol (M, 4000) in serum-free RPMI 1640. Fused cells were plated in
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7B10 mAb AGAINST HUMAN BREAST CANCER

Linbro 24-well plates and grown in selective medium (hypoxanthine-
azaserine). Culture medium was removed 11 to 14 days later for
antibody screening with the use of indirect immunofluorescence and an
ELISA test, with T47D cells.

The positive hybridomas were then cloned directly by limited dilution
into 96-well dishes (Nunc) in which a feeder layer of 30-Gy-irradiated
mink fibroblast cell line CCL64 had been previously plated at a density
of IO5cells/well. Wells containing hybridoma colonies were assayed 12

to 15 days later by using ELISA. T47D cells were the target cells and
the MRC5 cell line was used as the negative control.

Positive cultures were expanded in RPMI 1640 with 20% PCS,
subcloned, and grown as ascitic tumors in pristane-primed BALB/c
mice. Clonal lines were cryopreserved in 90% PCS and 10% dimethyl
sulfoxide.

Analysis of Antibody (lass

The heavy chain subclass of the secreted antibody was determined
by Ouchterlony gel immunodiffusion and by ELISA. Specific antisera
(purified fraction 7S) to immunoglobulin subclasses were obtained from
Nordic Laboratories.

Purification of Monoclonal Antibody

Immunoglobulins contained in culture supernatants were precipi
tated with 40% ammonium sulfate and dialyzed against PBS before
use.

Ascitic fluids were centrifuged at 600 x g for 10 min to remove cells
and were further clarified by centrifugation at 10,000 x g for IS min.
The supernatant was precipitated with 40% ammonium sulfate, resus-
pended, dialyzed against 10 HIMphosphate buffer, pH 8, and applied
on a DEAE-acrylamide column. The IgG fraction was eluted with a
50-75 mM NaCl gradient. The degree of purification was determined
by polyacrylamide gel electrophoresis. Protein concentration was de
termined with Coomassie blue (27).

Immunofluorescence Staining

The indirect immunofluorescence method on cell suspensions was
used. Briefly, 100 /-I of live cell suspension ( 10 /mil in PBS with 1%
BSA and 0.1 % NaN3 were incubated with hybridoma supernatant for
60 min at 4Â°C.After two washes in PBS/BSA, cells were incubated

with 1:50 fluorescein-labeled sheep anti-mouse antibody (Institut Pas
teur, France) for I h at 4*C. After two washes in PBS/BSA, the cell

pellet was resuspended in 30 n\ of buffer with 10% glycerol and 100
A<g/mlp-phenylenediamine, mounted on glass slides, and examined
under a Zeiss fluorescence microscope.

An Igd monoclonal antibody (160C19) (26) directed against rota-
virus was used as negative control.

ELISA Assays

Cells growing as monolayers were plated in 96-well culture dishes
(Nunc) at a density of 5 x IO4cells/well and allowed to attach to plastic

for 24 h. Dishes were immersed in PBS with 0.25% glutaraldehyde for
5 min at 4Â°C.After three washes in PBS, the cells were incubated 1 h

at room temperature with antibody-containing culture supernatant and
ELISA was processed by using the two-step staining technique with
biotin and avidin-peroxidase (Vectastain, Vector Laboratories). Per-
oxidase activity was revealed with 2,2'-azinodi(3-ethylbenzthiazolino-

sulfonic acid) (Sigma), 0.2 mg/ml, in citrate/phosphate buffer, pH 5,
0.001% H2O2, 100 iil/well. The colorimetrie reaction was detected by
using a Dynatech ELISA reader at 405 nm, after 15-20 min. A
monoclonal antibody directed against rotavirus (160C19) was used as
negative control.

Cells growing in suspension (peripheral blood lymphocytes) were
fixed to plastic by poly-L-lysine (28). Fifty //I of 0.05% poly-L-lysine
(Sigma) in PBS were added in 96-well dishes (Nunc) for 90 min at
37"C, then removed. Cells 1.5 x 10s in 50 ii\ PBS were then plated in
each well and incubated 1 h at 4"( '.

The plates were immersed in 0.25% glutaraldehyde in PBS for 5 min
at 4Â°Cand processed as above for ELISA.

Table 1 Reactivity of monoclonal antibody 7BIO with breast cancer cell lines and
other cell types using ELISA and indirect immunofluorescence

Indirect immunofluorescence and ELISA were done with precipitated hybrid-
oma supernatant fluids, reconstituted in PBS at one-fifth of initial volume.

T47D
MCF7
ZR-75-1
HSL53
BT20
466B
MDA-MB-231

PC3
DU145
385F5
HeLa
Raji

MRC5
PBL

Â±
Â±

1280*

320
80

NDC

5
5

" Result of ELISA; ++, absorbance >4 x mean of negative control antibody;

+, absorbance >3 x mean of negative control antibody; Â±,absorbance >2 x mean
of negative control antibody; â€”,negative.

b End dilution of monoclonal antibody which gave positive absorbance.
' ND, not done.
'Tested only in indirect immunofluorescence.

Electron Microscope Studies

Materials. Cell suspensions (T47D and MCF7) in growth culture
medium were plated on Terasaki plates (IO4 cells/well) and allowed to

adhere to plastic. After 24 h they were fixed with 0.25% glutaraldehyde
in PBS for 5 min at 4Â°C.For membrane permeabilization, cells were

fixed with 0.5% glutaraldehyde, 1% Triton X-100, in PBS for 10 min
at 4Â°C.After 3 washes in PBS, plates were incubated with 1 mg/ml

NaBH4 for 10 min to reduce free glutaraldehyde radicals.
Cells were then incubated with antibody-containing culture super

natants for 3 h at room temperature.
After 3 washes in PBS, cells were incubated for 2 h with 20 /ulof 15

nM colloidal gold-labeled anti-mouse IgG (Jansen Pharmaceuticals) in
PBS. Cells were then fixed with 1% glutaraldehyde in PBS for 1 h at
4Â°C.Plates were incubated with 1% osmium tetroxide for 1 h at 4Â°C,

washed with distilled water, and dehydrated in 25 to 100% ethyl alcohol.
Inclusion in Epon (for 24 h at 60Â°C)was performed as described,4 and

the grids were conterstained by using standard methods. Sections were
analyzed by using a Philips EM 301 electron microscope.

Tissue Preparations. Tumor tissues removed in the operating room
were immediately cut into 5- x 5- x 2-mm slices, fixed for 75 min at
4Â°Cin 4% paraformaldehyde in PBS, and washed for 60 min in 0.01

M sucrose-PBS. Sections (100 pm) were cut with a vibratome (Lancer
1000).

Immunostaining Procedure. Free-floating sections were incubated in
1Viri dishes at room temperature unless otherwise stated: 30 min with
normal goat serum; three 10 nun washes in PBS; overnight at 4'C

under constant shaking with 7B10 diluted in a 0.05% saponin solution;
three 10 inin washes in PBS; 2 h in biotin-labeled goat anti-rabbit IgG
antiserum; three 10-min washes in PBS; 45 min in 0.3% hydrogen
peroxide solution; three 10-min washes in PBS; 2 h in the avidin-
peroxidase complex solution; three 10-min washes in PBS; 20 min in
2% glutaraldehyde; three 10-min washes in PBS; 30 min in 0.05% 3,3'-
diamino-benzidine-tetra-HCI (Serva Laboratories) in phosphate buffer,
pH 7.6; another 30 min with the same solution containing 0.03%
hydrogen peroxide; three 10-min washes in PBS; 45 min in a 2%
osmium tetroxide solution.

The sections were then dehydrated in graded ethanol solutions,
embedded in Araldite, and ultrathin sections were cut. Sections were
analyzed by using a JEOL 1200 electron microscope.

Cell Radiolabeling and Immunoprecipitation

T47D cell flasks were grown to near confluence and pulsed overnight
at 37Â°Cin methionine-free minimal essential medium containing either
[35S]methionine (60 ,/Ci/ml; Nag-009A; L-[35S]methionine, 1154 Ci/

4 A. Roseto et al., manuscript submitted for publication.

4445

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/16/4444/2428267/cr0470164444.pdf by guest on 19 M

ay 2023



7B10 mAb AGAINST HUMAN BREAST CANCER

Table 2 Comparison of 7B10 immunoreactivity in frozen and paraffin sections of human breast, endometrium, and ovarian tissues (avidin-biotin-peroxidase)

Tissues n =31Breast

(n = 26)
Normal breast (7)

Epithelial cells
Myoepithelial cells
Stromal cells

Cysts (n = 3)
Epithelial cells
Myoepithelial cellsFrozen

sections"Intensity

Distribution+++

+++ MembraneCytoplasm+++(7/7)

+++ +
+ (7/7) +++ + +
-(7/7)++/+++

(3/3) +++ +(apex) 0
+/++(3/3) +++ + +Paraffin

sections%

of cells
+to-

(7/7)
- (7/7)
-(7/7)-

(2/3)
- (2/2)Intensity

+to+++DistributionMembrane
Cytoplasm

Stromal cells
Apocrine metaplasia

Adenosis (n - 3)
Epithelial cells
Myoepithelial cells
Stroma

Papilloma (n =1)
Adenofibroma (n â€”1)
Tubular carcinoma

Grade I (n= 1)
Ductal carcinoma

Grade III (n = 3)
Intraductal + invasive

Grade II carcinoma (n = 2)
Intraductal
Invasive

Invasive lob
Grade II (n = 1)

Mucinous(n = 1)
Medullary (n= 1)
Lymph node mÃ©tastases(n = 2)

Endometrium (n = 2)
Adenocarcinoma (n = 2)

Ovaries (n = 3)
Clear cells
Papillary serous carcinoma grade

Germinoma

NT*

+++(2/3)
++ (2/3)

NT
NT

+++IV

++ (3/3)

+++ (2/2)
+++ (2/2)

+++(1/1)
++(1/1)

+(2/2)

NT

++(1/1)

- (3/3)
- (3/3)

- (0/1)
- (0/1)

NT

++(1/1)

NT
NT

+ (D
++(1)

- (2/2)

NT

NT
Â°Grading index from + to +++. % of cells: +, Â«30%positive cells; ++, Â«60%positive cells; +++, >60% positive cells.
Â»NT, Not treated.

mmol; DuPont, NEN Products) or [14C]glucosamine (10 ^Ci/ini; r>[u-
MC]glu D-[u'4C]glucosamine chlorohydrate CB70, C.E.A., France, 45-

60 mCi/milliatom), 2% dialyzed PCS, glutamine, and sodium pyruvate.
Cells were washed with minimal essential medium to remove free
radioactivity, washed twice in PBS, harvested by scraping, and pelleted
by centrifugation.

Cells were then incubated for 15 min at 4Â°Cin a hypotonie lysis

buffer (10 mM Tris-HCl, pH 7.4, 5 mM KC1, 2 mM CaCl2,1 mM MgCl2,
1 HIMphenylmethylsulfonyl fluoride, and 1 mM EDTA) and disrupted
with a Dounce homogenizer.

Homogenates were mixed with the same volume of lysis buffer
containing 0.4 M NaCl, 1% Nonidet P-40 and incubated for 30 min at
4"C. The insoluble material was removed by centrifugation (1,000 x g

for 10 min, followed by centrifugation at 100,000 x g for 60 min) at
4'C.

One hundred //I of radiolabeled cell extract (5-6 x 10' cpm) were
incubated for l h at 4Â°Cwith 5 ^1 of normal mouse serum, then mixed

with 50 ii\ of a suspension of protein A-Sepharose (Pharmacia) for
another 1 h. After centrifugation ( 12,000 x g for 1 min) the supernatant
was incubated with the monoclonal antibody overnight at 4Â°C.

One hundred /Â¿Iprotein A-Sepharose coated with rabbit anti-mouse
serum were added to antigen-antibody mixture. After incubation for 3
h at 4"C, beads were washed 3 times with 0.1 M Tris (pH 8.0)â€”0.5 M

NaCl buffer. Bound antigen-antibody complexes were eluted by resus-

pending the pellets in 100 /il Laemmli buffer and boiling for 5 min; 30
Ã/lof eluates were submitted to electrophoretic analysis in a continuous
5â€”15% gradient sodium dodecyl sulfate-polyacrylamide gel by using a
stacking gel of 3% (w/v) acrylamide. An Igd-negative control mAb
and two positive controls [OKT9 mAb and 1BE12 mAb (17)] were run
concomitantly with 7B10.

Autoradiography was then performed at â€”80"Cfor 24 h.

Immunohistochemisrry

Materials. Normal tissues (n = 41) were obtained during necropsy
or surgery and corresponded to normal tissue adjacent to various
minorons or nontumorous disorders.

Non malignan! disorders (n = 11), mainly of breast origin, were also
investigated. These included fibrocystic disease, apocrine metaplasia,
papilloma, and adenofibroma. Malignant tumors included squamous
carcinomas (n = 7) and adenocarcinomas of various types and grades
(n = 30) (Table 2 and 4). Lymphomas (2) and a melanoma were also

tested.
Tissue Preparations. Variations of 7B10 immunoreactivity in frozen

and paraffin sections were compared in breast tissue (normal, benign,
and malignant tumors) and endometrial and ovarian tumors. Samples
of normal tissues and tumors were embedded in paraffin after fixation
in formalin or Bouin's liquid. Paraffin sections were mounted on coated
slides and dried at 37Â°Cfor 12 h.

Frozen sections were obtained from blocks embedded in OCT (Tis-
sue-Tecl, Miles) and stored at â€”80Â°Cfor 1 to 3 years. Tissue sections

4- to 5- tita thick were cut immediately prior to the immunostaining

procedure and mounted on coated glass slides.
Immunostaining Procedure. Immunoperoxidase staining was per

formed by using avidin-biotin-peroxidase complex kits (Vector Labo

ratories) as previously described (29).
Briefly, the sections were incubated first with normal horse serum,

then with 7B10 (40 ^g/ml protein) for 1 h at room temperature. Tissue
sections were subsequently incubated with biotin-labeled horse anti-

mouse immunoglobulins. Endogenous peroxidase activity was blocked
with 0.3% hydrogen peroxide solution for 20 min before incubation in
avidin-biotin-peroxidase complex. The slides were stained with 3-
amino-9-ethylcarbazole (Sigma), and then counterstained with Mayer's
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7B10 mAb AGAINST HUMAN BREAST CANCER

Fig. 1. Monoclonal 7B10 antibody staining
of tissue sections (avidin-biotin-peroxidase
complex procedure), a and b, 7B10-positive
immunostaining within membrane of normal
cells (epithelial and some myoepithelial cells)
in (a) ducts from normal breast and (b) scle-
rosing adenosis. Frozen sections, a, x 300; b,
x 120; c, 7B10-positive immunostaining in
most of the carcinomatous cells in frozen sec
tion from invasive ductal breast carcinoma
grade II. Positivity is observed in both cell
cytoplasm and membrane, x 750; d, 7B10-
positive immunostaining in a few cells on par
affin section from an ovarian clear cell carci
noma, x 750.

hemalum and mounted in an aqueous glycerol (80%) and gelatin (4%)
solution.

Negative controls (160C19, IgGi monoclonal antibody, and PBS)
were run simultaneously with each experiment.

Immunostaining Analysis. In all sections analyzed, the percentage of
positive cells and the staining intensity were evaluated according to a
grading system (0 to +++). In addition, in normal breast and in breast
carcinomas, variations in staining intensity and heterogeneity were
evaluated by using a computerized system of image analysis (SAMBA
200 TITN, France) (30, 31). In particular, this system permitted (a)
measurement of the decrease in staining intensity in the paraffin section,
as reflected by the decrease in MODs, and (b) obtaining of histograms
oflODs.

Qualitative analysis of positive staining localization in cells was also
performed, with particular attention to the cell membrane (complete or
apical) and cytoplasmic (diffuse or in clumps) antigen distribution.

RESULTS

Generation of Monoclonal Antibodies and Screening

BALB/c mice were immunized with live T47D cells four
times and boosted 3 days before fusion. The first screening was
performed with T47D cells by using indirect immunofluores-
cence with live cells and ELISA with weakly fixed cells (0.25%
glutaraldehyde) to preserve cell membrane integrity. The
MRC5 cell line derived from fetal human lung fibroblast was
used as a control. Antibodies reactive with both lines were
discarded.

Twenty hybridomas were subsequently cloned. Fourteen per
sistently positive culture supernatants were tested for reactivity
with other breast cancer lines, cancer cell lines of other origin,
and peripheral blood lymphocytes. These 14 hybridomas were
also screened on a limited number of breast tumors, normal
breast tissues, and lymphomas by using immunoperoxidase
staining of frozen and paraffin-embedded tissue sections. Four

mAbs were selected and were cloned at least twice by end point
dilution. One of these mAbs, 7B10 (IgGi) was selected for
further analysis and is described in this paper. The other mAbs
(12BB22, 1BE12, and 1BD6) were IgM mAb (17).

7B10 Binding to Normal and Malignant Cells

Culture supernatants were tested by ELISA and IIP for
binding to a panel of cell lines (Table I). 7B10 strongly bound
to four breast cancer cell lines (T47D, MCF7, ZR-75.1, and
HSL-53) known to be estrogen steroid receptor-positive cells
and bound weakly to MDA and 466B; it did not react with
BT20.

No binding was observed with cancer cell lines of other origin
(PC3, DU 145, 385F5, HeLa, and Raji) or with normal cells
(MRC5 and peripheral blood lymphocytes).

Immunohistopathological Results with 7B10

Frozen Sections (Table 2)

Normal Tissues. In normal breast, positive staining was ob
served in the seven cases tested. It involved epithelial cells as
well as myoepithelial cells, whereas stromal cells and vessels
were always negative (Fig. la). In epithelial cells, positivity was
found mainly on cell membrane, whereas the cytoplasm and
the nucleus were negative. On cell membrane, positive immu
nostaining consisted of a thick continuous line around individ
ual cells, or irregular dots distributed on cell membranes. In
myoepithelial cells, positive immunostaining was more difficult
to define, due to cell shape and size, and was observed in cell
membrane and cytoplasm.

Most epithelial cells in normal breast were positive, with a
similar pattern of distribution in the 7 cases examined: 60 to
90% (+++) with the semiquantitative grading system. In con-
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Fig. 2. SAMBA 200 multiparametric anal
ysis of 7B10 immunoreactions in tissue sec
tions, a, frozen section from invasive breast
carcinoma. Strong positive immunostaining in
most of the cells (90%). x 750; ft, SAMBA 200
multiparametric analysis of case a. Histogram
of integrates optical density reflecting the high
intensity and homogeneity of the 7B10 immu
nostaining (Ordinate represents the percentage
of cell surface analyzed. In abscissa are repre
sented absorbance values, arbitrary units.); c,
frozen section from a breast carcinoma different
from a. Note the variations of the intensity and
distribution of 7B10 immunostaining. 67% of
the epithelial cell surface is 7B10 positive, x
600: </.SAMBA 200 multiparametric analysis
of case c. Histogram of integrated optical den
sity reflecting a lower and more heterogeneous
staining intensity than in a; e, paraffin section
from a breast carcinoma. Same case as in a.
The diffuse immunostaining in cell cytoplasm
is weaker than in frozen section, x 300; /
SAMBA 200 analysis ofe. The IOD histogram
reflects lower intensity and some heterogeneity
of 7BIO immunostaining.
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trast, fewer myoepithelial cells were stained: 10 to 30% (+).
The intensity of positivity was always strong in both epithelial
and myoepithelial cells.

SAMBA analysis of 7B10-positive immunostaining showed
that the total (epithelial and myoepithelial) positive surface to
total cell surface ratio evaluated by the nuclear counterstain
varied from 45 to 55%. The histogram of the IOD showed only
slight variations in staining intensitiy in individual cases. MOD
was almost similar in the different cases investigated, showing
that the intensity of positive staining did not vary from case to
case.

Nonmalignant Disorders. In breast fibrocystic disease, epithe
lial and myoepithelial cells showed the same positive staining
as in normal tissues. However, some epithelial cells displayed
increased positive staining on the apex of the cells. In adenosis
(Fig. \b) (microcystic, sclerosing, and nodular), myoepithelial
cells were clearly stained in cell membrane and in the cytoplasm.
Also, positive staining was visible in the cytoplasm of epithelial
cells, in contrast to normal breast. No stromal positive staining
was observed. SAMBA analysis showed the same homogeneity
of staining intensity as in normal breast, with nonsignificant
variations in MOD and IOD histograms.

Malignant Disorders. The nine primary breast carcinomas
and lymph node mÃ©tastaseswere all positive with 7B10. Stain
ing involved the cell membrane and cytoplasm of epithelial

cells, never the stromal cells (Fig. le; Fig. 2, a and c). Most
cells were positive, but in ductal grade III and medullary carci
nomas, fewer cells were positive (Table 2). The intensity of
staining was similar to that of normal breast and nonmalignant
disorders, as reflected by nonsignificant variations in MOD.
However, variations in IOD histograms revealed some hetero
geneity of positive immunostaining in tumors (Fig. 2, b and d).
Also, in contrast to normal breast, both cell membrane and
cytoplasm were positive.

In ovarian papillary serous carcinoma grade I, the epithelial
cells were positive and stromal cells were negative. Positive
cells were less frequent (30%) than in breast carcinomas; how
ever, staining intensity was similar. The positive reaction in
volved both the cell membrane and cytoplasm. One case of
seminoma (a dysgerminoma) was completely negative. Endo-
metrial carcinomas (n = 2) were 7B10 positive, with 30%
positive cells. Positive staining was mainly located on cell
membrane and focally within the cytoplasm. Staining intensity
was homogeneous and similar to that observed in breast cancer.

No staining was observed in two malignant lymphomas and
two reactive lymph node frozen sections (not shown).

Paraffin Sections (Tables 2-4)

Normal Tissues (Tables 2 and 3). None of the 7 normal breast
tissues (Table 2) tested were 7B10 reactive in paraffin section.
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Table 3 7B10 immunoreactivity in paraffin sections of normal human tissues
(avidin-biotin-peroxidasef

Table 4 7BIO immunoreactivity in paraffin sections in tumors (avidin-biotin-
peroxidasef

Normal tissue (n =34)Bronchial

mucosae(2)Lung
(2)Parotid
(2)DuctAciniGastric

mucosa(2)Duodenal
mucosa(1)Surface

epitheliumBrunner
glandsPancreas

(2)DuctAciniLangherans

isletsLiver
(1)LobulesBilary

ductsColonie
mucosa(2)Surface

epitheliumGlandsSkin

(2)EpidermisSebaceous

glandsApocrine
glandsKidney
(2)GlomeruliTubulesProstate

(2)Urethra
(2)Seminal

vesicle(1)Endometrium
(2)Myometrium
(2)CervixExocervix

(2)Endocervix
(1)Ovaries
(1)Lymph

node(2)Spleen
(1)%

of cells
+to-

(0/2)(0/2)++

(2/2)-
(2/2)-
(0/2)-(0/1)-

(0/1)-

(0/2)-
(0/2)-
(0/2)-

(0/1)+
(1/DÂ±

(2/2)-
(2/2)-

(2/2)-
(2/2)++
(2/2)-

(2/2)++
(2/2)-
(0/2)-
(0/1)-(0/1)-

(2/2)-
(2/2)-

(2/2)-
(1/2)-(0/1)-

(0/2)-
(0/1)7B10Intensity

+to+++

(1/1)Â±

(2/2)-
(2/2)+

(2/2)-

(2/2)+
(2/2)DistributionCytoplasmApexCytoplasmCytoplasmCytoplasm

" Grading index is detailed on Table 2.

Most of the normal human tissue investigated (Table 3) did not
react with 7B10 antibody. However, ducts in the parotid gland,
tubules in the kidney, and apocrine glands in the skin showed
some irregular, diffuse weak (+) cytoplasmic 7 BIO positivity.
Also, in some biliary ducts in the liver, the apex of the epithelial
cells was immunostained.

Nonmalignant Disorders (Tables 2 and 4). Fibrocystic disease,
adenosis, fibroadenoma, and micro papi 111Â»inaof the breast were
negative (Table 2). Only in apocrine metaplastic epithelial cells
did breast cysts show some diffuse cytoplasmic-positive stain

ing.
Pleomorphic adenoma of the parotid and prostatic adenoma

were 7B10 negative (Table 4).
Malignant Disorders (Tables 2 and 4). In breast carcinomas,

positive staining was observed in all cases tested (Fig. 2e).
However, the pattern of 7B10 reactivity on paraffin sections
differed from that observed on frozen sections: (a) fewer cells
were immunoreactive, since 30 to 60% were positive (+ to
+++) on semiquantitative analysis. However, SAMBA analysis
of the positive surface was, in some cases, higher than in frozen
sections because of the diffuse cytoplasmic distribution of pos
itive staining; (h) positive staining was observed only within the
cell cytoplasm, diffusely distributed, or gathered in intracyto-

plasmic clumps; (c) staining intensity was lower than on frozen
sections, as reflected by lower MOD and IOD (Fig. 2/). Also,
staining intensity varied from one case to another.

AH adenocarcinomas from other sites tested, except some
cells in ovarian clear cell carcinomas, were 7B10 negative.

Tumors (n =28)Lung

(3)Small
cell carcinoma(2)Large
cell carcinoma(1)Parotid

(1)Pleomorphic
adenomaStomach

(1)Adenocarcinoma
(poorlydifferentiated)Colon

(1)Adenocarcinoma
(well dif

ferentiated)Pancreas
(1)AdenocarcinomaLiver

(1)HepatocarcinomaKidney

(2)Clear
celladenocarcinomaEosinophil

cell adenocarci
nomaProstate

(4)Adenocarcinoma
(2)Adenoma

(2)Urinary
bladder(1)Adenocarcinoma

(1)Endometrium
(2)Papillary
adenocarcinoma(1)Adenocarcinoma

gradeII(1)OvariiClear

cell carcinoma(1)Cervix
(5)Squamous

in situ carci
noma(1)Squamous

invasive carci
noma(2)Endocerv.

invasive carci
noma(2)Skin

(5)Squamous
carcinoma(2)Melanoma

(1)Lymphoma
(2)7B10%

of cells Intensity
+ to + to
+++ +++Distribution-

(0/2)-
(0/1)-

(0/1)-

(0/1)-(0/1)-

(o/i)-(0/1)-

(o/i)-
(0/1)-

(0/2)-
(0/2)-(0/1)-(0/1)-(0/1)++(1/1)

++(1/1)-

(O/I)-

(0/2)-

(0/2)-

(0/2)-(0/1)-

(0/2)
" Grading index is detailed on Table 2.

Squamous carcinomas, lymphomas, and melanomas were also
negative.

Antigen Localization on Breast Cancer Cells

Cell Lines. Indirect immunofluorescence assays on live T47D
and MCF7 cells were indicative of surface localization of the
antigen recognized by 7B10. When the same cells were fixed
with acetone, cytoplasmic staining was observed. Further anal
ysis by using the electron microscope with colloidal gold as
marker confirmed the membrane and cytoplasmic localization
of 7B10 antigen in T47D cells (Fig. 3, a and c).

Tissue Samples: Immunoelectron Microscopic Study. In pos
itive cells, immunostaining appeared as dense osmiophilic dots
located mainly on the plasma membrane, with an enhancement
along the glandular lumen, particularly visible along the micro-
villi (Fig. M). In some cells, staining was visible along the entire
plasma membrane. The intracytoplasmic lumens commonly
observed in breast carcinomas had a strong positive border.
7B10-positive immunostaining was also visible within the cy
toplasm (Fig. 3, (/ and c).

Biochemical Characterization of the Antigen Recognized by 7B10

Immunoprecipitation was used to define the nature and mo
lecular weight of the antigen recognized by 7B10. Labeling of
T47D with [35S]methionine and D-[l4C]glucosamine was per-
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Fig. 3. Electron microscopy study of 7B10
immunostaining in breast carcinoma tumor
cells (preembedding procedure). T47D cell line
(a. b, and r). Immunogold staining. The positive
staining is localized on cell membrane by using
glutaraldehyde fixation, a, x 41,000. No stain
ing is observed in intercellular membrane, b, x
62,500. After Triton X-100 membrane permea-
bilization. staining involves the cytoplasm. No
staining is observed in the nucleus, c, x 46,000.
Human breast carcinoma fresh tumor (d and
cl. Paraformaldehyde fixation, immunoperoxi-
dase staining. A dense positive staining, con
sisting in osmiophilic dots on cell membrane
and within cell cytoplasm is found. Â¡I.x 46,500.
Cytoplasmic staining is gathered in clumps
within ergastoplasmic saccules. c, x 46,500.
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formed to determine the proteic or carbohydrate nature of the
antigen. No immunoreactive band was detected with the D-[MC]-
glucosamine-labeledNonidetP-40extractofT47D;incontrast,the
mAb precipitated a A/r 32,000 protein from the [35S]-
methionine-labeled extract (Fig. 4).

DISCUSSION

We have reported on a mAb, 7B10, which reacts with a
human mammary gland antigen. This antibody was generated
by immunization of BALB/c mice with a human breast cancer
cell line, T47D. 7B10 is an IgG, antibody which reacts strongly
with estrogen receptor-positive breast cancer cell lines T47D,
MCF7, ZR75-1, and HSL53, and binds poorly or not at all
with estrogen receptor-negative breast cancer cell lines, tumor
cell lines of other origin, and normal cells tested. These results
show a marked specificity for breast cancer cell lines. In vitro
results were confirmed with the use of histolÃ³gica! material.
Indeed, immunohistochemical assays showed different distri
bution of the antigen between malignant and normal breast
tissues.

Using frozen sections of histolÃ³gica! specimens, the reactivity
of 7B10 was shown to be positive with cancer tissue as well as
with benign and normal breast tissue. Although all the specimen
types showed cell surface staining, cytoplasm reactivity was
shown only in benign and malignant tumors. These observa
tions suggest that antigenic expression is not regulated in the
same way in normal and tumor cells. This may be related to an
increased expression of the antigen or to its accumulation in
cytosol, and may be of great interest in the study of differentia
tion of breast cells. Similar patterns of antigenic heterogeneity
between membrane and cytoplasmic staining were described
with other mAbs, (Refs. 16, 21, 22, 32, and 33; reviewed in
Refs. 34 and 35).

An interesting difference in staining was observed with 7B10
in paraffin sections. No reactivity was shown in the seven
normal mammary glands and the six nonmalignant lesions
tested, the only exception being the case containing apocrine
metaplasia. Conversely, breast cancers were stained with an
intracytoplasmic localization. Although this study should be
considered preliminary, it is highly probable that the alteration
in membrane antigenic determinants caused by fixation and
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Fig. 4. Characterization of antigen recognized by mAb 7B10. T47D cells were
labeled metabolically with ["Sjmethionine. Cell lysates, following immunoprecip-

itation with 7B10 (Lane a), 1BEI2 [Lane b. mAb raised against T47D cells used
as a positive control (17)], 160C19 [Lane c, antirotavirus Igd mAb (26) used as
a negative control] and OKI 9 (Lane d, antitransferrin receptor used as positive
control), were analyzed by 5-15% continuous gradient sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (Lane e, migration of molecular weight stan
dards).

embedding procedures was responsible for these differences in
reactivity. 7B10 thus appears to discriminate between cancer
cells and nonmalignant breast cells in paraffin sections. The
recognition of a breast cancer-associated antigen seems to be
relatively specific, since the only other cell specimens giving
positive results were from an ovarian clear cell carcinoma and
from normal columnal epithelial cells from some organs. Fur
ther in-depth analysis with a large number of paraffin-embedded
human tissues is in progress.

In an attempt to further determine the localization of the
detected antigen on cancer samples, electron microscopy studies
of membrane and cytoplasm binding were undertaken. Breast
cancer cell lines and clinical specimens showed marked staining
involving membrane, which seemed to be polarized to the apical
border of the cells, with no staining of membranes at the
intercellular junctions. Specific cytoplasmic staining of breast
cancer cell lines T47D and MCF7 was diffuse, without nuclear
reactivity, while, in fresh tumors, the antigen appeared concen
trated in ergastoplasm saccules.

Further biochemical analysis using immunoprecipitation of
cells labeled with [35S]methionine revealed a band of M, 32,000.

Further studies are required to know the nature of the antigen
and the epitope recognized. Preliminary work with radiolabeled
glucosamine cell extracts failed to detect the antigen, suggesting
that the antigenic determinant recognized by 7B10 is not gly-
cosylated.

Based on a comparison of molecular weights and tissue
distribution, the antigen detected by 7B10 is distinct from the
majority of mAbs directed against breast tumor-associated an
tigens and human milk fat globule membrane antigens thus far
described in the literature ( 1, 3-7, 11, 13, 15-20, 22). It is of
interest to compare 7B10 to three other mAbs previously de
scribed: DF3, which has a similar staining pattern (21), and D5
(36) and H59 (2), which have a similar molecular weight.

DF3 mAb shows a differential reactivity with human malig
nant versus benign breast tumors. The cross-reacting antigen

has a molecular weight of 290,000. Like antibody 7B10, DF3
shows a cytoplasmic antigen location for mammary carcinoma,
while benign lesions of the breast show only an apical location
of antigen, suggesting a relationship with the functional activity
of mammary cells as well as with the degree of differentiation
of tumor cells.

mAb H59, described by Yuan et al. (2), has been shown to
recognize an estrogen-regulated cell surface antigen. The anti
gen appears to consist of two peptides with molecular weights
of 28,000. This mAb reacts with the majority of breast cancer
cell lines tested, except with T47D, which was the immunizing
cell line in our study. Moreover, normal frozen tissue sections
of breast gland did not show any reactivity with H59, and no
cytoplasmic staining could be detected with this antibody on
tumor samples. Although close in molecular weight to the
antigen described in this paper, the antigen recognized by H59
is presumably different. Another estrogen receptor-related an
tigen has been described (D5) with a molecular weight of
29,000. This antigen appears to be distinct from the A/r 32,000
antigen detected by 7B10, since no immunoreactivity of breast
tumors was observed with D5 after formalin fixation, and no
membrane staining was observed with glutaraldehyde in either
normal or malignant tissue.

A comparative epitope analysis of antigens defined by mono
clonal antibodies of similar molecular weight or immunological
origin, as exemplified by Price for mAb NCRC-11-defined
antigen (37), would be of interest.

Further studies using receptor-characterized clinical speci
mens are in progress by using 7B10 to determine whether this
cross-reacting antigen might be associated with the hormonal
receptor status of breast tumor. Other works in progress are
focused on the use of 7B10 for the histological detection of
occult tumor cells in lymph nodes and bone marrow.
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