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ABSTRACT

Spleen cells from rats bearing syngeneic metastatic 13762NF mam
mary adenocarcinoma clone MTLn3 tumors were fused with the rat
myeloma Y3 Agi.2.3 to generate a panel of monoclonal antibodies
(MAbs). The MAbs could be divided into three groups: those cross-
reactive with all 13762NF cells; those reactive with cloned MTLn3 and
MTC cells; and those predominantly reactive with the highly metastatic
MTLn3 cells. One of these MAbs, MT10:21 (an immunoglobulin G2a),
binds predominantly to highly metastatic MTLn3 cells and has a high
tumor-cell affinity as determined by its saturation kinetics. MAb
M I 10:21 has a 6-h half-life on the MTLn3 cell surface and a 24-h half-
life in the blood of syngeneic rats. Immunoblotting experiments using
lysates from the cloned 13762NF sublines revealed that MAb MT10:21
binds to several proteins having relative molecular weights of 72,000,
73,000, and 120,000. Using an immunohistochemical procedure with
frozen tissue sections, MAb M I 1(1:21shows little reactivity with normal
rat mammary tissue, irrespective of the stage of the estrous cycle, and it
failed to react with a number of other normal fetal and adult tissues.
Furthermore, MAb MI 10:21 is heterogeneous in its reactivity to cloned
sublines of the 13762NF mammary adenocarcinoma, on both tissue
cultured cells and tissue sections prepared from tumors growing in situ
in the mammary fat pads of syngeneic rats. MAb MT10:21 reacted with
certain human breast cancer cell lines and with a subpopulation of
metastatic human breast cancer cells in frozen tissue sections from
biopsies and autopsies. MÃ©tastasesfrom breast cancers reacted more
intensely than the primary tumors from which they were derived.

INTRODUCTION

The complex interactions of a growing, disseminating tumor
and its host are poorly understood. Such interactions must be
mediated, at least in part, by cell surface components expressed
on tumor cells (1,2). One approach to studying the surfaces of
tumor cells has been to establish animal tumor models and
derive cell lines that differ from each other in a number of
parameters, such as their metastatic capabilities (1-4). The
13762NF rat mammary adenocarcinoma, which was developed
and characterized in our laboratory, is one such model (5, 6).
To extend our studies on the possible roles of cell surface
antigens in the metastatic process, we report here on the devel
opment of a panel of MAbs4 generated against cloned cell lines

of the rat 13762NF mammary adenocarcinoma.
A number of studies have focused on the development of
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MAbs against tumor-associated antigens and their effects on
experimental animal tumor models. Most of these have used
immunization procedures such as exposure of animals to xe-
noantigens, either in the form of whole cells or membrane
preparations (7, 8), or hyperimmunization of allo- or syngeneic
recipients (9,10). In only a few studies has the syngeneic tumor-
bearer been used as a source of B-blast cells, although such a
donor may be a more suitable source of lymphoid cells for
producing hybridomas secreting MAbs to tumor-associated an

tigens.
We attempted to derive MAbs to antigens with possible

biological significance in the metastatic process by immunizing
syngeneic hosts with highly metastatic cells of low immunoge-
nicity (11). The highly metastatic cloned cell line MTLn3 was
derived from a spontaneous pulmonary metastasis of the
13762NF adenocarcinoma, and it was used to immunize syn
geneic F344 rats. Spleen cells obtained from tumor-bearing
animals yielded the lymphoid cells for subsequent hybridomas.
The result was the generation of a number of hybridomas with
differing degrees of specificity for the 13762NF adenocarci
noma sublines. One MAb, MT 10:21, an IgG2a, was chosen for
more extensive study because it reacted with human metastatic
breast cancers as well as metastatic rat mammary tumors.

MATERIALS AND METHODS

Animals. Inbred 8-wk-old female Fischer (F344/CDL) rats were
supplied by the Charles River Breeding Laboratories (Kingston, NY).
The animals were quarantined for 7 days before use and fed standard
rodent chow and spring water ad libitum. The animals were maintained
under guidelines set forth by the University of Texas System Cancer
Center and the Institute of Laboratory Animal Resources, National
Research Council.

Cells and Cell Lines. The rat myeloma Y3 Agi.2.3, obtained from
C. Milstein, MRC Laboratories, Cambridge, England (12), was main
tained in spinner culture in antibiotic-free DMEM, 20 mM HEPES,
and high glucose plus 10% FBS (Hyclone Laboratories, Logan, UT).

Clonal sublines of the 13762NF rat mammary adenocarcinoma
(MTF7, MTC) were derived from a s.c. tumor implant of the polyclonal
parental cell line MTPa. Clones MTLn2 and MTLn3 were obtained
from a spontaneous lung metastasis of the same tumor. The derivation
of these clones has been described in detail elsewhere (5). All cell lines
and clones were grown as described previously (5), and they were
screened routinely and found free of Mycoplasmas and rodent viruses.

Additional cell lines were established from tumor expiants of rat
mammary adenocarcinoma R32-30Ac, rat mammary carcinoma MNU-
F344, and rat fibrosarcoma CSE (obtained from the Mason Research
Institute, Worcester, MA). Tumor pieces were implanted s.c. in syn
geneic rats and passaged twice in vivo before the tumor was removed
to establish cell lines in vitro. Tumor expiants were enzymatically
treated for l h at room temperature with a 0.25% trypsin (Gibco, Grand
Island, NY)-1% collagenase (Sigma Chemical Co., St. Louis, MO)
solution. Short-term cultures of normal adult rat fibroblasts were estab
lished from the xiphoid process of 8-wk-old F344 rats using the same
enzymatic procedure. All cell lines were maintained at low passage (less
than passage 7) in AMEM plus 10% FBS and, unless stated otherwise,
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they were routinely cultured on 100-mm tissue culture plates (Corning
Glass Works, Corning, NY). Human breast carcinoma cell lines MDA-
436 and MDA-231 were obtained from Dr. R. Cailleau (M. D. Ander
son Hospital and Tumor Institute). These breast carcinoma cell lines
were established from pleura! effusions and, therefore, represent nieta
static lesions (13). Melanoma lines SK-MEL-19 and SK-MEL-23 were
from Dr. J. Fogh (Memorial Sloane-Kettering Cancer Center, New
York, NY). Glioblastoma cell lines KE and EFC-2 and human fibroblast
line LF were from the Department of Neuro-Oncology (M. D. Ander
son Hospital), and colon carcinoma line LoVo was from Dr. B. Dre-

winko (M. D. Anderson Hospital).
Hybridoma Production. MTLn3 tumors were established in the syn-

geneic host by s.c. injection of 10'' tumor cells into the mammary fat

pad (5). After 21 to 23 days of tumor growth the spleen was removed
for cell fusion.

The method of hybridoma production has been described previously
(14). Briefly, spleen cells were prepared by passage through a fine gauge
mesh into 5 ml of medium. The cells were washed twice in serum-free
medium, and their viability was determined by trypan blue exclusion.
Spleen cells were mixed with the Y3 Agi.2.3 myeloma cells at a ratio
of 2:1, and the cell mixture was pelleted by centrifugation at 500 x g
for 5 min. The pellet was resuspended for 1 min by the addition of 1
ml of 50% Polyethylene Glycol 1450 (Baker Chemical Co., Phillips-
burg, NJ) in DMEM and adjusted to pH 7.2. The fusion mixture was
rocked gently for 1 min, diluted with 8 ml of DMEM, and centrifuged
for 5 min at 500 x g. The cell pellet was resuspended in DMEM
containing IO"4M hypoxanthine (Sigma Chemical Co., St. Louis, MO),
4 x IO"7 M aminopterin (Sigma), and 1.6 x 10~5M thymidine (Sigma)

plus 20% FBS. Aliquots of 1 ml were distributed into Costar 24-well
plates (Costar, Cambridge, MA) that had been seeded 24 h before with
2 x IO4 7-irradiated (30 Gy) rat fibroblasts per well. After 24-h
incubation at 37Â°Cin standard culture conditions, another milliliter of
10~4M hypoxanthine-4 x 10~7M aminopterin-1.6 x IO"5 M thymidine

medium was added to each well. The fusions were incubated for 10 to
14 days in these conditions before they were screened for the presence
of cell hybrids.

Detection of Specific MAb. Hybridomas were tested for the produc
tion of specific MAb using an ELISA assay. Monolayers of target cells
were grown to confluency in 96-well microtest plates, fixed with 0.5%
glutaraldehyde, and stored at -20Â°C in PBS containing 1% BSA.

Samples of hybridoma culture supernatant (50 ^I/well) were incubated
with target cells for l h at room temperature. The cells were washed 3
times with PBS plus 0.05% BSA before 50 p\ of biotinylated-goat/rat
IgG (Vector Laboratories, Burlingame, CA) diluted 1/1000 in PBS
plus 1% BSA were added to each well. The cells were incubated for 1
h at room temperature and washed 3 times before the addition of
streptavidin bridging reagent (50 jal/well) diluted 1/1000 in PBS plus
1% BSA (Bethesda Research Laboratories, Inc., Gaithersberg, MD).
Incubation continued for 45 min at room temperature, and then the
plates were washed 6 times with PBS plus 0.05% BSA. Bound antibody
was quantitated using o-phenylenediamine (1 mg/ml) dissolved in 0.1
Mcitrate buffer, pH 4.5, to which 0.012% hydrogen peroxide was added
(100 Â¿Â¿I/well).After 15-min incubation in the dark, absorbance at 450
nm was determined with a Titertek Multiscanner (Flow Laboratories,
McLean, VA). Supernatants were considered positive if their absor
bance was equal to or greater than 2 SDs above background. Hybrido
mas that tested positive were cloned twice by limiting dilution, using
irradiated rat fibroblasts as feeder cells.

Other MAb-binding assays used 125I-labeledaffinity-purified antibod
ies to rat F(ab')2 (from Dr. C. J. Dean, Chester Beatty Research

Institute, Sutton, Surrey, England) in an assay described previously
(15). MAbs (~ 10 Mg/ml) were incubated for l h at 4"C with monolayers

of viable cells or at room temperature with fixed cells grown to con-
fluency in 96-well microtest plates. After thorough washing of the
plates with AMEM plus 5% FBS, cell-bound MAb was determined by
incubation with 5 x IO5cpm of I25l-labeled sheep/rat F(ab')2 per well

for I h. The cells were washed with AMEM and lysed with 200 pi of 2
N NaOH. Radioactivity was determined with a Beckman Model 8000
gamma counter.

Determination of MAb Clearance Rate in Vitro. Exponentially grow

ing MTLn3 cells in 96-well plates were washed once in AMEM con
taining 5% FBS and then incubated at 4Â°Cfor l h with 50 ^1 of MAb

culture supernatant per well, either MAb MT 10:21 or a MAb of
identical isotype but not reactive with MTLn3 cells (~10 ng of MAb
per ml). The plates were washed 3 times. To determine the quantity of
MAbs bound initially, wells were incubated with 30 n\ of I25l-labeled
sheep/rat F(ab')2 for l h at 4Â°C.The plates were then incubated at
37Â°Cunder standard culture conditions for 1 to 32 h, and at regular

intervals sets of wells were processed, as described above.
Determination of MAb Clearance Rate in Vivo.Affinity-purified MAb

MT10:21 (50 Â¿igin 0.5 ml of PBS) was injected into the jugular veins
of F344 rats immediately after a I ml sample of blood had been
withdrawn. Repeated blood samples were then taken during a 12-h
period, and the serum was stored at â€”20Â°C.The presence of MAb

MT10:21 in the serum was assayed by its binding to MTLn3 cells using
125I-labeledsheep/rat F(ab')2 as described (15).

Kinetic Studies. To determine saturation binding, MTLn3 cells (8 x
IO4)were incubated with 125I-labeledMT10:21 (4.8 x 10" cpm/aliquot)
at 4Â°C,and samples were harvested at regular intervals over a period
of 2'/2 h. The samples were washed 3 times with PBS plus 0.05% BSA.

Nonspecific binding was estimated by measuring the radioactivity
bound when samples were incubated with 1000-fold times excess of
cold antibody. The dissociation rate was calculated by incubating
MTLn3 cells for 1 h with 125I-labeledMT10:21 as above; then a 1000-

fold excess of cold antibody was added. Samples were taken periodically
over the next 1Vih. The cells were washed gently with PBS containing
0.05% BSA, and the radioactivity associated with the cells was deter
mined as described above.

MAb Purification and Isotype Determination. MAbs were isolated
from culture supernatant by affinity chromatography after being con
centrated by ammonium sulfate (40% saturation) precipitation. An
immunosorbent column was made by linking the anti-rat Kchain MAb,
Mark 1 (H. Bazin, Brussels, Belgium) (16) to AffiGel-10 (BioRad
Laboratories, Richmond, CA) (10 mg of protein per ml of beads) using
the manufacturer's instructions. MAb MT10:21 was eluted from the

column with 3 M potassium thiocyanate, and I nil fractions were
collected and neutralized with 0.1 M HEPES buffer, pH 8.O. Protein
concentration was determined using the Bradford assay (17), and purity
was assessed by SDS-PAGE (18). Antibody isotype was determined by
double diffusion in soft agar (19), using antisera to rat IgGl, IgG2a,
IgG2b, IgG2c, IgA, and IgM (Miles Scientific, Naperville, IL). Aliquots
of purified antibodies were labeled with 125I(ICN Pharmaceuticals,
Irvine, CA) to a specific activity of 1 to 2 x IO6cpm//Â¿g(20).

Immunoblotting. Western blots were performed as described by Tow-
bin et al. (21) with the following modifications. Cell lysates prepared
by Nonidet P-40 detergent lysis (22) of the adenocarcinoma cells were
subjected to 5 to 15% polyacrylamide linear gel SDS-PAGE and then
electrophoretically transferred overnight to nitrocellulose paper (0.1
/ini) at 35 V. Antigen detection was carried out using the Vectastain
ABC alkaline phosphatase procedure according to the manufacturer's

(Vector Laboratories) instructions. Briefly, the immunoblot was
blocked overnight with TPBS and 0.1% rabbit serum. The blot was
incubated with hybridoma culture supernatant (10 ml) for 1 h with
agitation and then washed 3 times with TPBS (10 min/wash). Kint i
nylated second antibody diluted in TPBS was incubated with the
membrane for 1 h, then the membrane was washed, and the Vectastain
ABC complex was added; incubation continued for an additional 30
min with agitation. The antigen was visualized by incubation with
substrate, and the membrane was washed and dried.

Immunoperoxidase Procedures. Tissue samples of the 13762NF ad
enocarcinoma subclones were obtained from tumors grown s.c. in the
mammary fat pad of F344 rats 14 to 21 days after injection of IO6
tumor cells/rat. Normal adult rat tissues were taken from 8- to 10-wk-
old F344 rats, and rat fetuses (5 to 18 days of gestation) were removed
from pregnant F344 rats. Mammary tissue was removed at the same
gestation time. Lactating mammary tissue was taken 5 days post partimi.
Human breast tumor samples were obtained from the Department of
Pathology, M. D. Anderson Hospital and Tumor Institute. The tissues
were snap-frozen in liquid nitrogen, and cryostat sections (4 urn thick)
were used in all immunoperoxidase procedures. Antigen distribution
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was determined by the Vectastain ABC anti-rat IgG procedure (perox-
idase), with DAB (l mg/ml in Tris-HCl, pH 7.2) as substrate. Control
sections were stained with Mayer's hematoxylin-eosin. The antibody

control was a nonspecific rat IgG.

RESULTS

Reactivities of MAbs with Adenocarcinoma Cells. We have
used syngeneic tumor-bearing animals as the source of B-blast
cells to generate a panel of MAbs with specificity for the
13762NF rat mammary adenocarcinoma. Fig. 1 shows the
reactivity of five of these MAbs with MTLn3 cells (high meta-
static potential), MTLn2 and MTF7 cells (intermediate meta-
static potential), and MTC and MTPa cells (low metastatic
potential). To determine the reactivity of these MAbs with the
rat mammary adenocarcinoma cell lines, MAb culture super-
natants (~10 fig of MAb per ml) were incubated for l h at room
temperature on fixed monolayer cultures of the 13762NF cells.
After washing, cell-bound MAb was detected by the addition of
5 x IO5 cpm of 125I-labeled sheep/rat F(ab')2 per well. MAbs

were considered positive at values of 2 SDs above the quantity
of bound cpm when the cells were incubated with Y3 culture
supernatant alone. MAb MT14:82 (IgG2b) and MT15:79
(IgG2a) both bound strongly to MTLn3 and MTC cells,
whereas the binding of MAb MT16:62 (IgM) and MT15:36
(IgM) to all 13762NF cell lines was similar. MAb MT10:21
(IgG2a), however, bound predominantly to MTLn3 cells,
showed little reactivity with MTLn2 cells (intermediate meta
static potential), and had negligible binding to MTF7 cells
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Fig. 1. Binding of selected MAbs to glutaraldehyde-fixed cell lines of 13762NF
adenocarcinoma: MAbs MT10:21, MT14:82, MT16:62, MT15:79, and
MT15:36; the cell lines MTLn3, MTLn2, MTF7, MTC, and MTPa. Antibody
culture supernatant (-10 ng/ml) was incubated for 1 h on monolayer cultures of
the cells. Reactivity was detected by the addition of 5 x 10* cpm of '"1-labeled
sheep/rat F(ab')2 per well. Background binding was determined by the number of

cpm bound to wells incubated with Y3 culture supernatant alone. Values greater
than 2 SDs above background were considered to be positive. The values shown
in Fig. 1 are after subtraction of the background.

(intermediate metastatic potential) and to MTC or MTPa cells
(low metastatic potential). Since MAb MT 10:21 bound prefer
entially to the highly metastatic MTLn3 cells, most of our
subsequent efforts were focused on the characterization of this
MAb.

Reactivity of MAb MT10:21 with Other Tumors. Using an
ELISA assay, we compared the cross-reactivity of MAb
MT10:21 with other MAbs on rat murine and human normal
and tumor cell lines (Tables 1 and 2). Under these conditions,
using glutaraldehyde-fixed cells, MAb MT 10:21 showed little
reactivity with a number of other rat tumors (R32-30Ac, CSE,
or MNU-F344), normal adult, or fetal rat cell lines as compared
to the binding on MTLn3 cells (Table 1). The other MAbs
listed in Table 1 (MT 16:62, MT 15:79, MT 15:36) had different
reactivities from MAb MT 10:21, and the majority of them
bound strongly to fetal fibroblasts. MAb MT 14:82 shows reac
tivity with mammary tumor cells; however, its specificity does
not correlate with metastatic potential, and its characteristics
will be described elsewhere. MAb MT10:21 also reacted with
cell surface antigens expressed on certain established cell lines
of human breast and one colon carcinoma but did not react
with human melanoma, glioblastoma, or fibroblast cell lines
(Table 2).

Detection of Antigens. MAb MT 10:21 was incubated with
lysates of 13762NF cells that had been electrophoretically
separated and then transferred to nitrocellulose paper. The
antigens recognized by MT 10:21 were detected using the Vec-
tastain-alkaline phosphatase staining procedure. MAb
MT10:21 recognized three proteins with molecular weights of
-72,000, 73,000, and 120,000. Examination of the intensity of
these three bands showed that the antigens recognized by MAb
MT10:21 were expressed equally on all of the 13762NF ade
nocarcinoma sublines, irrespective of their spontaneous meta
static potential (Fig. 2).

Kinetic Studies. Kinetic studies designed to determine the
rate of association and dissociation of radiolabeled MAb
MT10:21 showed that saturation conditions were established
within 20 min, suggesting that MAb MT 10:21 possesses a high
affinity for its antigens (data not shown). The reactivity of MAb
MT10:21 with MTLn3 cells was estimated by examining the
half-life of this antibody at the cell surface. This assay which
used unlabeled MAb showed the half-life of MT10:21 to be
about 6 h on viable MTLn3 cells (Fig. 3A).

The clearance of MAb MT 10:21 from the circulation of
immunocompetent animals was established by injecting puri
fied MAb i.v. into rats, with or without MTLn3 tumors growing
in the mammary fat pads. Serum samples were taken repeatedly
over a period of 24 h. The rats were given MAb 21 days after
the injection of IO6 MTLn3 cells, and the control rats were age

Table 1 ELISA reactivity of selected MAbs with rat cell lines
The reactivity of a panel of MAbs with fixed cell monolayers of rat origin was assayed using an ELISA.

MAb reactivity (A4<nnm)Cell

line or
strain"MTLn3

R32-30AC
CSE
MNU-F344
Adult fibroblasts
Fetal fibroblastsMT

10:21
(IgG2a)0.1

48 Â±0.03*
NRC

0.030 Â±0.02
0.041 Â±0.04

NR
NRMT16:62

(IgM)0.01

8 Â±0.06
0.018 Â±0.01
0.048 Â±0.02

NR
NR

0.1 15 Â±0.03MT15:79

(IgG2a)0.1

14 Â±0.07
0.065 Â±0.04

NR
0.017 Â±0.01
0.01 8 Â±0.02
0.41 5 Â±0.09MT15:36(IgM)0.1

30 Â±0.09
0.1 18 Â±0.13

NR
NR

0.1 45 Â±0.09
0.193 Â±0.012MT14:82

(IgG2b)0.490

Â±0.03
NT

0.1 15 Â±0.03
0.295 Â±0.08

NR
NR

" For the origin of these rat cell lines, see "Materials and Methods." MTLn3, a metastatic clone of the 13762NF mammary adenocarcinoma; R32-30Ac, a
nonmetastatic rat mammary adenocarcinoma; MNU-F344, a nonmetastatic rat mammary carcinoma; CSE, a rat fibrosarcoma. Adult rat fibroblasts were isolated
from the lungs of 8-wk-old F344 rats, and fetal fibroblasts, from 14-day F344 rat fetuses.

* Mean Â±SD.
c NR, nonreactive; NT, not tested.
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Table 2 ELISA reactivity of selected MAbs with human cell lines
The reactivity of a panel of MAbs with fixed cell monolayers of human origin was assayed using an ELISA.

MAb reactivity (AÂ»Â»nm)Cell

line or
strain*MDA-436

MDA-231
SK-MEL19
SK-MEL23
KE
LoVo
EFC-2
LFMT10:21

(IgG2a)NR*

0.272 Â±0.11
NT
NR

0.064 Â±0.05
0.320 Â±0.08

NR
NRMT16:62

(IgM)0.010
Â±0.01'

NR
0.1 17 Â±0.00
0.066 Â±0.05

NR
0.1 30 Â±0.02

NR
NRMT15:79

(IgG2a)NR0.088

Â±0.13
NR
NR

0.272 Â±0.11
0.387 Â±0.04

NR
NRMT15:36

(IgM)0.196

Â±0.10
NR
NR
NR
NR
NR
NR
NRMT14:82

(IgG2b)0.1

48 Â±0.06
0.480 Â±0.05

NT
NT
NT
NT
NR
NR

Â°These human cell lines were established as follows: MDA-436 and MDA-231, metastatic breast carcinoma; SK-MEL19 and SK-MEL23, metastatic melanomas:
KE and EFC-2, glioblastomas: LoVo, colon carcinoma; LF, normal human fibroblasts.

* NR, nonreactive; NT, not tested.
f Mean Â±SD.
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Fig. 2. Immunoblot of MAb MT10:21 with cell lysates of MTLn3. MTLn2.
MTF7, MTC, MTPa, and MTLY cells. The arrows denote the antigens recog
nized by MAb MT10:21. The second MTLnÃ¬cell lysate was incubated with
decreased concentrations of reagents in order to demonstrate the appearance of
bands with molecular weights of 72,000 and 73,000. The protein molecular
weight standards included myosin. phosphorylase a. bovine serum albumin, and
cytochrome c with molecular weights (xlO3) of 200, 94, 68, 43, and 12.5,

respectively.

matched. From these data we observed that MAb MT10:21 is
cleared relatively slowly from the circulation with a half-life of
24 h (Fig. 3Ã„).This suggests that the antigens recognized by
MAb MT10:21 are not expressed in substantial amounts by
normal tissues readily accessible to the blood vasculature. We
noticed that there was little difference in the rate of MAb
MT10:2I clearance by tumor-bearing and control animals (Fig.
3B), indicating that MT 10:21 antigens are not present in large
amounts in uncomplexed forms in the circulation of MTLn3
tumor-bearing rats. Alternatively, the antigens may not be
readily accessible to circulating MAb, and the distribution of
these antigens on the cell surface of MTLn3 cells would confirm
this observation (see below).

Localization of Tissue Antigens. The distribution of the anti
gens recognized by MAb MT10:21 was evaluated in frozen
sections of rat mammary adenocarcinoma tissue. Tumors
formed from MTLn3, MTF7, MTLn2, MTC, and MTPa cells
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Fig. 3. Clearance of unlabeled MAb MTlO:21 from viable MTLn3 cells and
blood of tumor-bearing rats, a, clearance of MAb from MTLn3 cells. MAb
MT10:2I (10 (ig/ml) or control was incubated for 1 h at 4T with MTLn3 cells.
After being washed the plates were incubated at 37"C, and samples were taken at
various times. Bound MAb was determined by the addition of '"(-labeled sheep/
rat F(ab')2. The background binding of the second reagent was determined on the

control MAb wells, and this value, which remained constant, was subtracted at
each time point. Antibody bound at time zero was determined as described in
"Materials and Methods." Results are expressed as a percentage of the radioac

tivity bound at time zero versus time, and SEs are within 2% on all samples
tested. B, clearance of unlabeled MAb MTIO:2I from the blood of immunocom-
petent syngeneic control (D) and MTLn3 tumor-bearing (â€¢)rats. Animals were
given 50 /ig of MAb i.v. (9 rats/group). Serum samples were taken over 24 h, and
the amount of MAb in the circulation was determined by the binding of serum
antibody to MTLn3 cells. Bound MAb was visualized by '"I-labeled sheep/rat
Hah')... The amount of MAb in the circulation at time zero was estimated as
described in "Materials and Methods." Results are expressed as the percentage

of antibody bound at time zero, and SEs are less than 2%. Serum dilution was %.

were removed from the mammary fat pads of syngeneic rats
and frozen, and MAb reactivity was determined with immuno-
peroxidase techniques. MAb MT 10:21 showed extensive but
focal binding to MTLn3 cells isolated from the tumor growing
in the mammary fat pad (Fig. 4-4; Table 3). Metastatic lesions
of this tumor in the draining inguinal lymph node were also
examined by immunohistochemistry, and they were found to
be reactive with MAb MT10:21 (Fig. 4C; Table 3). MTF7,
MTLn2, MTC, and MTPa tumors showed progressively lower
percentages of reactive cells, respectively. For example, the
MTF7 and MTLn2 tumors had a higher percentage of anti-
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Fig. 4. Reactivity of MAb MT10:21 on frozen tissue sections of MTLn3 tumor and its lymph node metastasis removed from syngeneic F344 rats. A, MTLn3

tumor removed after 14-day growth in the mammary fat pad; B, hematoxylin-eosin-stained adjacent tissue section; C, MTLn3 lymph node metastasis taken from the
same rat; D, hematoxylin-eosin-stained adjacent tissue section. MAb was incubated with tissue sections, and the reactivity was detected with the Vectastain ABC
(peroxidase) procedure with DAB as substrate. Control MAb was a nonspecific IgG.. I and C were not counterstained with hematoxylin. x 300.

Table 3 Immunohistoche mical analysis of the reactivity of MAb MTIO:2I with
the I3762NFrat mammary adenocarcinoma

Table 4 Immunohisloche mical analysis of the reactivity of MAb MT10:2I with
normal fetal and adult rat tissues

13762NF
tumor"MTPaMTCMTLn2MTF7MTLn3MTLn3m'Rank

order
metastatic
potential*12345NA'Staining

of Comments on local-
cells'ization+

Cell surface/isolatedcells+

Cell surface/smallclusters
ofcells++

Cell surface/smallclusters
ofcells++

Cell surface/isolatedcells+++

Cell surface/ cellsinlymph
node metas

tasis+++
Cell surface/ cellsinlymph

node metas
tasis

" All tumors removed 14 to 21 days after injection of the tumor cells. At this

time only MTLn3 tumors were found to have macroscopic metastatic lesions.
11Metastatic potential assessed by s.c. injection of cells in the mammary fats

of syngeneic F344 rats as described by Neri et al. (7); l = lowest potential.
c +++. 50 to 75% of cells positive staining; ++, 25 to 50%; +, <25%; -, no

detectable reaction.
'' Predominantly cell surface, but also focally located with some intracellular

staining.
' Inguinal lymph node metastasis.
'NA, not applicable.

body-reactive cells (approximately 40%), while the low meta
static potential MTC and MTPa tumors had few reactive cells
(<10 to 20%; Table 3).

We also examined the reactivity of MAb MT 10:21 on normal
adult and fetal rat tissue. Female rats were sacrificed during
various stages of the estrous cycle, during pregnancy and post
partum, and tissues, including the developing fetuses, were
removed for immunohistochemical examination. All tissues
were quick-frozen and examined with the same Â¡mmunohisto-

chemical procedures used for examining 13762NF tumors. All
normal adult and all fetal tissues (5- to 18-day fetuses) tested
did not react with MAb MT 10:21. Mammary tissue from virgin,
pregnant, or lactating rats showed no significant reactivity with
M Ab MT 10:21 (Table 4).

In addition, human metastatic breast cancers were examined
for antigenic cross-reactivity with rat tumors using the
MT 10:21 MAb (Table 5). An example of the reactivity of this
MAb with human breast cancer mÃ©tastasesto the brain is shown
in Fig. 5. Staining with this MAb is predominantly focal and

TissueMammaryMammaryMammaryMammaryLymphoidThymusBrainLungKidneyUterusUterusHeartIntestineFetusFetusFetusFetusBiologicalstateVirginPregnantPregnantLactatingAdultAdultAdultAdultAdultAdultAdultAdultAdult7

days1

1days14

days18

daysStaining

of cells"Comments_-

Early, 7days-
Late, 14daysâ€”
5 dayspostpartumâ€”
Axillary lymphnodesâ€”â€”-â€”â€”

Virginâ€”
Pregnantâ€”â€”â€”

Whole fetus sec
tioned andstainedâ€”

Whole fetus sec
tioned andstainedWhole

fetus sec
tioned andstainedWhole

fetus sec
tioned and stained

* +++, 50 to 75% of cells positive staining; ++, 25 to 50%; +, <25%; -, no

detectable reaction.

Table 5 Immunohistochemical reactivity of MAb MTIO:2I with human tissue
samples

The cross-reactivity of MAb MT10:21 with normal and neoplastic human
breast tissues was established using the assay procedure described in "Materials
and Methods."

Tissue"Breast

carcinoma (infiltrat
ing ductal)

Normal breast1*
Lymph node mÃ©tastases1'

Brain mÃ©tastases
Lung mÃ©tastases
Liver mÃ©tastasesNo.

of samples
positive/total

no.tested11/130/13

4/4
2/3
3/3
1/1Staining

of cells
(range)*+

to+++

to+++++

+ to+++++Comment''Biops/Biops/

Biopsy'

Biops/
Autopsy'
Autopsy*

Â°All human samples were assayed as frozen sections.
* See Table 3, Footnote c.
' See Table 3, Footnote d.
d Normal breast tissue was from the same 13 patients as the tumor tissue. The

lymph nodes were also from 4 patients in the same group.

located at the cell surface. It is also heterogeneous, in that not
all the tumor cells are stained by the MAb. In addition, the
staining at the cell surface is not uniform, but it is confined to
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Fig. 5. Reactivity of MAb MT10:2 to frozen tis
sue sections of a human breast cancer metastasis to
brain. A, MAb binding; B, hematoxylin-eosin-
stained adjacent tissue section. Assay procedure sim
ilar to that described in Fig. 4. X 325.

distinct regions. MAb MT 10:21 probably reacts with a subpop-
ulation of tumor cells. The reactivity of MAb MT 10:21 with
primary breast cancer tissue indicated that the reactive antigen
or antigens are expressed in lesser quantities on primary breast
tumors (Table 5).

DISCUSSION

A number of reports have described the development and
characterization of MAbs reactive with human breast carci
noma cells (23-27). In general, these MAbs have been produced
by immunizing mice with either human tumor cells (23), human
cell lines (23, 25), or membrane preparations from human
tumor cells (26, 27). In this approach the cell surface antigens
that are immunogenic and give rise to an immune response in
mice may not be immunogenic in the autologous host. A major
aim of our study was to use an experimental model for breast
cancer metastasis to develop MAbs to cell surface tumor-
associated antigens recognized immunologically by the synge-
neic host. By using such reagents, the potential role of these
antigens in tumor growth and dissemination can be evaluated.

Since our primary interest in this study was to develop MAbs
to metastatic tumor cells, the highly metastatic subclone of the
13762NF mammary adenocarcinoma, MTLn3, was used to
immunize F344 rats. The immunization protocol used reduces
the large number of cross-reactive MAbs produced as a result
of hyperimmunization (14), thus diminishing the number of
hybridomas that required extensive screening to determine their
specificities. As we have shown, MTLn3 tumors are not highly
immunogenic in syngeneic hosts (11), so that modulating the
immune responsiveness of the host by a number of techniques
did not significantly influence spontaneous metastasis in this
system (11). The MAbs generated were, therefore, unlikely to
be directed against immunogenic tumor-associated transplan
tation antigens found on highly immunogenic tumors (28-30).

The half-life of MT10:21 at the cell surface of MTLn3 cells
in vitro was estimated to be 6 h using unlabeled antibody. This
assay measured only MAbs associated with the cell surface at
the time of sampling and did not take into account either
internalization of immune complexes or MAb dissociation and
reassociation. Nevertheless, using direct assays with radiola-
beled antibodies, one assumes that the radiolabel is an accurate
indicator of antibody binding, although this may not always be
a correct assumption because radiodamage of the MAbs may
affect these parameters (14).

One interesting aspect of MAb MT10:21 reactivity was the
antigenic heterogeneity seen on various tumor cell lines. Other
investigators have shown a cell cycle dependence of MAb reac

tivity with tumor cells. I Ioni n Hand et al. (31), for example,
used MCF7 cells to examine a number of MAbs, and they found
that both cell cycle and time in culture influenced the reactivity
of some, but not all, of the MAbs they examined. To date we
have not observed a difference in the reactivity of MAb
MT10:21 with time in culture of the MTLn3 cells, but at the
present time we have not examined the effect of cell cycle on
antigen expression.

The apparent difference in reactivity seen with MAb
MT 10:21 on the cells of rat mammary adenocarcinomas em
phasizes the importance of using several techniques to assess a
MAb's specificity. Results obtained from ELISA assays showed

that MAb MT 10:21 recognized the more metastatic clones of
the 13762NF adenocarcinoma. Histological staining of frozen
tissue sections from these tumors confirmed this observation
but at the same time demonstrated antigenic heterogeneity in
the reactivity of this MAb with different 13762NF sublines.
MAb MT 10:21 had demonstrable reactivity with the less met
astatic lines, but the most intense staining was seen with the
most metastatic MTLn3 tumors.

Identification of the reactive antigens by immunoblotting
showed that MAb MT 10:21 recognized several proteins with
molecular weights of 72,000, 73,000, and 120,000. These com
ponents were detectable on all of the rat mammary adenocar
cinoma cell lines examined, and only minor differences in the
intensity of staining were apparent after separation by gel
electrophoresis. The absence of major differences in antigen
expression seen with lysed cells and the heterogeneity of stain
ing seen with immunohistochemical procedures suggested
either a difference in antigen presentation or an unmasking of
determinants on the metastatic cells. Whether the subpopula-
tions of tumor cells recognized by MAb MT10:21 in the less
metastatic tumors represent rare cell populations with increased
metastatic properties remains to be determined.

The half-life of MAb MT 10:21 in the blood circulation and
the initial observations of its lack of reactivity with normal rat
tissues suggest that the antigen recognized by this MAb is
predominantly expressed on tumor cells. Experiments designed
to compare the clearance rate of MT10:21 in vivo showed that
it was not rapidly removed from circulation (/,/, - 24 h), indi

cating that it does not recognize normal tissue antigens readily
accessible to the blood vasculature. Similar results obtained
from using animals bearing MTLn3 tumors did not show
differences in the rate of clearance in tumor-bearing animals.
Possible explanations for this may be low antigen density, low
antigen accessibility, or both. Further studies are required to
answer these questions.

The cross-reactivity of MAb MT 10:21 with human metastatic
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breast cancer cells was examined using frozen tissue sections
prepared by identical histochemical procedures to those used
to prepare the rat mammary tissues. These initial studies
showed that MAb MT10:21 reacted with a subpopulation of
human metastatic breast tumor cells and that the heterogeneity
of staining seen with these human cancers was similar to that
observed with the rat tumors.

The implications of antigenic heterogeneity to our under
standing of tumor metastasis have been examined by several
groups (32, 33), including ours (34, 35). The application of
MAbs to immunodiagnosis and immunotherapy is currently
being explored for a number of malignancies, including breast
(36-38) and colon (39, 40) carcinomas. Because of the hetero
geneous nature of tumors, the prognostic value of these reagents
is largely unproven, but we expect that MAbs, such as MT10:21,
may be useful in determining the biochemical properties asso
ciated with the malignant phenotype (35, 41).
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