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A Murine Monoclonal Antibody that Recognizes an Extracellular Domain of the

Human c-erbB-2 Protooncogene Product
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A murine IgM monoclonal antibody, designated SV2-61, was generated against human c-erbB-2
gene-transfected NIH-3T3 (SV11) cells. SV2-61 defined a 185-kDa molecule present on the surface of
SV11 cells, another line of c-erbB-2 gene-transfected NIH-3T3 (A4-15) cells, and MKN-7 human
gastric cancer cell line carrying an amplified human ¢-erbB-2 gene. The SV2-61-defined antigen was
found to show protein kinase activity in vitro. The SV2-61 was reactive with human c-erbB-2
gene-transfected NIH-3T3 cell lines but not with transfectants carrying c-erbB-2 gene mutants which
lack a coding region for the extracellular domain. It was reactive with a portion of human epithelial
cell lines but not with native NIH-3T3, TGF-a-coding gene-, activated c-raf gene- or Ha-ras
" gene-transfected NIH-3T3 cells, or non-epithelial human cells. These results indicate that the SV2-61
is an antibody which recognizes an extracellular domain of the c-erbB-2 gene product, 185-kDa

protein,
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The c-erbB-2 gene is a protooncogene related to, but
distinct from c-erbB-1, which encodes the epidermal
growth factor receptor (EGF-R)." The protein encoded
by human c-erbB-2 shows a close similarity with EGF-R
and consists of extracellular, transmembrane and intra-
cellular domains with tyrosine kinase activity.>” Since
this protooncogene is reported to be amplified in a variety
of human adenocarcinomas,” *® it is likely that its prod-
uct is also increased in these tumors. Therefore, deriva-
tion of antibodies reactive with the human c-erbB-2 gene
product will be useful not enly for characterization of the
c-erbB-2 gene product but also for diagnosis and, prob-
ably, for therapy of certain human tumors. For these
reasons, polyclonal antibodies reactive with the c-erbB-2
product have been prepared by immunizing rabbits with
a synthetic polypeptide corresponding to a part of the
protein sequence encoded by the human c-erbB-2*" and
used for identification of the human c-erbB-2 protein and
its distribution.'”® However, these antibodies recognize
an intracellular domain of the human c-erbB-2 gene
product, but not an extracellular domain. This report
describes the preparation of a monoclonal antibody
(MoAb), which is reactive with the 185-kDa ¢-erbB-2
protein expressed on c-erbB-2 gene-transfected NIH-3T3
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cells and some human cancer cell lines, and recognizes an
extracellular domain of the product.

Hybridomas were established according to a standard
method'” by a somatic fusion between P3X63Ag8.653
mouse myeloma cells and spleen cells of BALB/¢c mice
hyperimmunized against SV11 cells in which the full
length c-erbB-2 cDNA is expressed under SV40 promoter.
By screening of supernatants of hybridomas grown in
about 3,000 wells of culture plates containing serum-free
medium,'® the hybridoma cells in one well were found to
produce an antibody reactive with SV11 cells but not (or
only weakly) reactive with NIH-3T3 cells. They were
cloned by a limiting dilution method and expanded in
serum-free medium using P3X63Ag8.653 cells as a feeder
layer. The isotype of the monoclonal antibody produced
from the clone was IgM, and it was designated SV2-61. A
large quantity of SV2-61 MoAb was obtained from
ascites of BALB/c mice which had received an ip inocu-
lation of the SV2-61-hybridoma after pristane treatment.
For immunoflucrescence analysis, the MoAb was
purified by ammonium sulfate precipitation followed by
Sephacryl 8$-300 column chromatography and then
diluted with phosphate-buffered saline, pH 7.4, con-
taining 1% bovine serum albumin at a concentration of
10 pg/ml. The reactivity of SV2-61 MoAb with living
target cells was determined by either regular indirect
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Fig. 1. Expression of SV2-61 MoAb-defined antigen on NIH-3T3 and its oncogene transformants. A cell suspension

containing 1X10° test cells was successively treated with SV2-61 MoAb (1 gg in 100 #1)y and a 1:200 dilution of FITC-
conjugated rabbit antimouse immunoglobulins for 1 h at 4°C. Control samples were treated without the MoAb. Cell surface
immunofluorescence of individual cells was determined by means of flow cytometry with the use of a FACS analyzer. Data for
control and the 8V2-61-stained cells are shown with dotted curves and solid curves (to the right of, or overlapping with control
curves), respectively. Upper row, native NIH-3T3 cells and normal c-erbB-2 cDNA transfectants (SV11, B2-24 and NE3);
middle row, NIH-3T3 cells transfected with mutated c-erbB-2 cDNA (A4-15 and B2A-2, c-erbB-2 gene with a point mutation;
B-12 and N-13, c-erbB-2 with deletions at an extracellular domain coding region); lower row, NIH-3T3 cells transfected with
oncogenes other than c-erbB-2 (RAScD, EJras gene; R21, activated c-raf gene; Ta-15, TGF-a gene).

membrane immunofluorescence or flow cytometry with
use of a FACS analyzer (Becton Dickinson, Sunnyvale,
CA).

To establish whether the SV2-61-defined antigen is
related to c-erbB-2 gene expression, we examined the
reactivity of the 8V2-61 MoeAb with oncogene-
transfected and untransfected NTH-3T3 cells by means of
flow cytometry (Fig. 1). The 8V2-61 MoAb reacted with
all three NIH-3T3-derived cell lines that had been
transfected with the c-erbB-2 cDNA with SV40 promoter
(SV11), Harvey sarcoma virus promoter (B2-24) or

mouse tumor virus promoter (NE3), but not with native
NIH-3T3 cells. It was also reactive with A4-15 and B2A-
2 cell lines, which had been derived from NIH-3T3 cells
transfected with an activated c-erbB-2, a neu type gene
encoding glu®’ instead of val®® at the transmembrane
region,' under an SV40 promoter and a Harvey sarcoma
virus promoter, respectively. By contrast, the SV2-61
MoAb was unreactive with B-12 and N-13 cell lines
which had been prepared by transfection of NIH-3T3
with an SV40 promoter-primed c-erbB-2 mutant, which
lacks a coding region for an extracellular domain of the
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Fig. 2. Immunoprecipitation of an S5V2-61 MoAb-defined
antigen. An extract from "1 surface-labeled SV11 cells was
immunoprecipitated with SV2.61 MoAb. The precipitates
were analyzed by SDS-PAGE (7.5%) under reducing condi-
tions followed by autoradiography.

c-erbB-2 product (No. 148-369 amino acids deletion in B-
12 and No. 293-439 deletion in N-13). None of the cell
lines obtained by transfection of NIH-3T3 cells with an
oncogene other than c-erbB-2, such as EJ ras, activated
c-raf or the TGF-a¢-coding gene, was reactive with the
SV2-61 MoAb. Reactivity of the S¥V2-61 MoAb to cells
bearing the SV2-61-defined antigen was diminished by
heat treatment but not by NalQ, treatment. To deter-
mine the molecular weight of the SV2-61 MoAb-defined
antigen, extracts from "I surface-labeled cells were im-
munoprecipitated with the SV2-61 MoAb and subjected
to sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE). The c-erbB-2 product having a
molecuiar weight of about 185 kDa was immunoprecipi-
tated from SV11 cells but not from native NIH-3T3 cells
(Fig. 2). A cell surface component of 185 kDa was also
immunoprecipitated from the extracts of the amplified
c-erbB-2 gene-expressing MKN-7 human gastric cancer
cells.'”” It is known that the c-erbB-2 protein posesses
tyrosine kinase activity and is autophosphorylated in
vitro,” and that the activity of the protein encoded by the
activated c-erbB-2 gene is elevated as compared to that of
the normal c-erbB-2 protein (Akiyama et al., unpublished
data). Thus, materials immunoprecipitated from c-erbB-
2 transfectants with the SV2-61 MoAb were examined
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Fig. 3. Autophosphorylation of an SV2-61-defined antigen.
Materials immunoprecipitated from SV11 (normal c-erbB-2
transfectant) or A4-15 (activated c-erdB-2 transfectant) cells
with §V2-61 MoAb were treated with [7-"P]ATP and analyzed
by SDS-PAGE followed by autoradiography as described by
Akiyama et al.” Note a phosphorylated component at a molec-
ular weight of 185 kDa, which corresponds to the c-erbB-2
protein.

for their autophosphorylation activity using [y-"P]ATP
as a marker. An activated-c-erbB-2 transfectant, A4-15
cells, afforded a highly phosphorylated component at the
position of the c-erbB-2 protein (about 185 kDa),
although little autophosphorylation was observed at this
position with the material from SV11 cells (Fig. 3).



When the polyclonal antibody against c-erbB-2 protein™
was used, the phosphorylation of the material immuno-
precipitated from A4-15 cells was much weaker than
that observed with the use of the SV2-61 MoAb (data
not shown). This is probably due to binding of the poly-
clonal antibody close to the autophosphorylation site
on an intracellular domain in the c-erbB-2 protein. To-
gether with the cell membrane reactivity of the §V2-61
MoAb, these results indicate that the SV2-61 MoAb
recognizes a protein epitope present on an extracellular
domain of the c-erbB-2 gene product.

To determine the expression of the c-erbB-2 gene prod-
uct on human tumor cells, we examined the reactivity of
the SV2-61 MoAb with various human tumor cell lines
by means of indirect membrane immunofluorescence and
FACS analysis. In addition, these human cell lines were
examined for the expression of the epidermal growth
factor receptor (EGF-R) using an anti-EGF-R MoAb,
29-1,'” because the c-erbB-2 product resembles EGF-R
in protein sequence.” We tested a total of 25 human
tumor cell lines and fetal fibroblasts. The SV2-61 MoAb
was reactive with a portion of epithelial tumor cell lines
including MKN-7 stomach cancer, SW116 colon cancer
and HepG?2 liver cancer cell lines, but not with any
non-epithelial tumor cell lines such as SK-MEL-37 mela-
noma, SK-MG-1 glioma, Molt-4F T cell leukemia, Daudi
B cell leukemia and K562 erythroleukemia cell lines and
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