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ABSTRACT

Four stable IgM monoclonal antibody-producing hybridomas were

generated by fusing mouse myeloma cells with spleen lymphocytes from
C57BL/6 mice hyperimmunized against the syngeneic B16 melanoma.
All four monoclonal antibodies (R31/1S, R37/4, R37/6, and R37/7), in
common with polyclonal antiserum from immunized mice, recognized
antigens on the same complex of related cell surface molecules specified
by endogenous AKR-type murine leukemia virus, designated the B16-

gp70/80/85 antigen complex. Reactivity with this antigen complex was
demonstrated by radioimmunoprecipitation. Specificity for viral M,
70,000 glycoprotein-related antigens was indicated by absorption of

antibody activity by endogenous AKR virus and by inhibition of antibody
binding to B16 melanoma cells by monospecific antiserum to murine
leukemia virus M, 70,000 glycoprotein. Neither polyclonal nor monoclo
nal antibodies recognized antigens on fish, guinea pig, swine, or human
melanoma cell lines. Polyclonal antiserum reacted with several other
mouse melanomas and with certain mouse lymphoma lines induced by,
or harboring, endogenous murine leukemia viruses, but the monoclonal
antibodies were unreactive except for recognition of antigens on Harding-

Passey mouse melanoma cells by antibody R37/4 and on Klxil mouse
lymphoma cells by antibody R37/7. Only monoclonal R37/7 was cytotoxic
for cultured B16 melanoma cells in an antibody- and complement-de

pendent assay with guinea pig complement, although all antibodies were
cytotoxic with rabbit complement. In reflecting the predominant humoral
immune response to the B16 melanoma detected in syngeneic mice during
tumor growth, these monoclonal antibodies will permit experimental
amplification of that response to help determine how that immunity
influences tumor growth and metastatic dissemination.

INTRODUCTION

Syngeneic monoclonal antibodies to tumor-associated anti
gens are not only valuable diagnostic, experimental, and poten
tially therapeutic reagents, but by amplifying and perpetuating
natural host humoral immune responses they may afford unique
insight into the nature and consequences of that immunity.
This is especially important when host immunity has complex
or puzzling effects on tumor progression, as seems to be the
case for the mouse B16 melanoma. Induced immunity to that
tumor in the syngeneic host (the C57BL/6 strain) generally
confers some protective immunity against tumor transplants
(1-4), but paradoxically, reduced tumor growth can be accom
panied by markedly enhanced secondary metastasis (4). Hyper-
immunized mice in which these effects on B16 melanoma
progression have been observed generally produce circulating
antibodies directed to three related cell surface antigens speci
fied by endogenous MuLV,3 designated individually as B16-
gp70, B16-gp80, and B16-gp85 antigens or collectively as the
B16-gp70/80/85 antigen complex (4).

Monoclonal antibodies to B16-gp70/80/85 antigens would
be valuable probes for examining the role of humoral immunity
in suppressing tumor growth and promoting metastasis. Several
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laboratories have produced syngeneic monoclonal antibodies to
B16 melanoma antigens, but none of these antibodies appears
to recognize B16-gp70/80/85 antigens (5-8). We now report
generation of several monoclonal antibodies to this antigen
complex, along with initial characterization of these antibodies
and their reactivity.

MATERIALS AND METHODS

Animals. Female C57BL/6 and BALB/c x C57BL/6 F, (hereafter
called CB6F|) mice 6-8 wk old were purchased from The Jackson
Laboratory, Bar Harbor, ME. All mice were maintained free of disease
and subclinical infection with bacterial and Mycoplasma pathogens as
well as Sendai virus, reovirus type 3, minute virus of mice, and mouse
hepatitis virus, as assessed by monthly serological monitoring.

Cell Lines. A heterogeneous and unselected B16 cell line was derived
directly from the "parent" B16 melanoma (9). Human melanoma cell

lines Colo 38, SK-MEL-28, SK-MEL-93, MeWo, and MeWo meta
static variant Me-m-50-10, fish melanoma PSM-1, guinea pig mela
noma GPS, swine melanoma lines 2839 and 4187, and C57BL/6 strain
mouse melanoma JB/RH were kindly provided by Dr. C. Hamby and
Dr. S. Ferrone, New York Medical College. The C57BL/6 strain mouse
melanoma JB/MS was supplied by Dr. J. Berkelhammer, AMC Re
search Center, Lakewood, CO. Two cell lines derived from the DBA
strain Cloudman S91 mouse melanoma, designated Anici and 04/pg,
and an unselected Harding-Passey mouse melanoma cell line were
obtained from Dr. H. Z. Hill, New Jersey College of Medicine and
Dentistry, Newark, NJ. Human melanoma cell line SK-MEL-3 was
supplied by Dr. J. Fogh, Sloan-Kettering Institute for Cancer Research,
Rye, NY. All of these monolayer cell lines except for the Cloudman
melanoma lines and the fish melanoma were grown in Dulbecco's

MEM (Grand Island Biological Co., Grand Island, NY) supplemented
with 10% heat-inactivated fetal bovine serum, 1 mM MEM-sodium
pyruvate, 0.1 mM MEM-nonessential amino acids, 1.5% MEM-vita
mins (lOOx), 2 mM L-glutamine, 100 units/ml penicillin, and 100 Mg/
ml streptomycin (Gibco) (complete MEM). The Cloudman melanoma
lines were grown in RPMI-1640 medium with 10% horse serum, and
fish melanoma cells were propagated in F-12 medium containing 10%
fetal bovine serum, with incubation at 28*C.

Other mouse cell lines used to assess antibody specificity included:
C57BL/6-strain lymphomas EL4 (chemically induced), ERLD (radia
tion induced), EdG2 (endogenous MuLV induced), and RBL-5
(Rauscher MuLV induced); A strain lymphomas ASL1 (spontaneous),
RADA1 (radiation induced), and YAC (Moloney MuLV induced);
AKSL2 and K36, spontaneous AKR strain lymphomas; KM I, a radia
tion-induced BALB/c lymphoma; FLC 745, a Friend MuLV-induced
DBA/2 strain lymphoma; Meth A and BP-8, chemically induced
BALB/c and C3H strain sarcomas, respectively; MOPC-70A and NS-
1, BALB/c myelomas; primary cultures of C57BL/6 strain kidney
fibroblasts; and peritoneal cavity macrophages. These cell lines were
propagated as suspension or monolayer cultures in complete MEM.

Monolayer cultures were dispersed into single-cell suspensions with
>95% viability by brief trypsinization and washing with fresh medium,
as described (9).

Production of Monoclonal Antibodies. Immunization of C57BL/6
mice was begun at 2-3 mo of age by s.c. injection of 2-4 x 10* X-
itradiated ( 10,000 R) B16 melanoma cells in 0.1 ml of Earle's balanced

salt solution (Gibco), emulsified with an equal volume of complete
Freund's adjuvant (Difco Laboratories, Detroit, MI). Mice received

comparable injections, but without adjuvant, at approximately monthly
intervals for up to 1 yr, and these hyperimmunized mice were the source
of polyclonal anti-B 16 melanoma serum, prepared by pooling individual
tail bleedings. Only antibody-positive mice were used for subsequent
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fusions of spleen cells with myeloma cells, which were injected s.c. with
0.2 ml of adjuvant 1-2 wk prior to fusion, and 3 days before fusion,
daily i.p. injections of 2-3 x IO6irradiated B16 cells were initiated.

Hybridoma production was performed using procedures outlined by
Kuan et al. (10) and Coding (11). In brief, spleen cell suspensions
prepared from immunized mice were fused with BALB/c strain mouse
X63.Ag8.653 myeloma cells, which do not spontaneously secrete im-
munoglobulin chains (cells kindly provided by Dr. H. Koprowski,
Wistar Institute, Philadelphia, PA). Myeloma cells in log-phase growth
in MEM supplemented with 15% fetal bovine serum, 5% Medium
NCTC 135,1% MEM-nonessential amino acids, 5 x IO"5M 2-mercap-

toethanol, and penicillin-streptomycin (Gibco) were fused to spleen
lymphocytes at a 1:6 ratio using 30% Polyethylene Glycol 4000 (Sigma
Chemical Co., St. Louis, MO). Cells from fusion experiments were
cultured in 96-well plates in medium containing 10~4M hypoxanthine,
4 x 10~7M aminopterin, and 1.6 x 10~5M thymidine. Actively growing

hybridomas were transferred to 24-well plates in medium containing
hypoxanthine and thymidine. At confluence, culture medium was
screened for production of mouse immunoglobulins, by immunodiffu-
sion, and for antibody reactive with B16 melanoma cells, by membrane
immunofluorescence. Cells from positive wells were expanded, cloned
by a 2-step limiting dilution procedure, retested for immunoglobulin
and antibody production, and stored frozen in liquid nitrogen.

To generate monoclonal antibodies for experimental purposes, hy
bridomas were grown in suspension culture or i.p. in CB6F| mice
primed 10-14 days earlier with 0.5 ml of 2,6,10,14-tetramethylpenta-
decane (Pristane; Aldrich Chemical Co., Milwaukee, WI). Medium
with maximum monoclonal antibody concentration resulting from
growth of hybridomas to "exhaustion" (1 x 10* hybridoma cells were

grown in 20 ml of medium until cell proliferation ceased and all cells
died due to medium depletion) was twice precipitated with 50% satu
rated ammonium sulfate, dialyzed repeatedly against phosphate-buff
ered saline, pH 7.2, and reconstituted in phosphate-buffered saline, pH
7.2, at a 10-fold higher concentration relative to the initial volume of
medium processed. Ascites fluid was used as obtained.

Immunodiffusion. Hybridoma culture medium was tested for mouse
immunoglobulins by Ouchterlony immunodiffusion analysis in 2%
agarose gels (Miles Laboratories, Naperville, IL) against goat antiserum
to mouse IgG (heavy and light chain specific) and IgM O/chain specific)
(Cappel Laboratories, Cochranville, PA). Monoclonal antibody iso
types were determined by immunodiffusion analysis of hybridoma
culture medium with a typing kit (Miles).

Immunofluorescence. For membrane immunofluorescence on viable
cells, monolayers in individual wells of Lab-Tek tissue culture chamber/
slides (Miles) or cell suspensions (5 x 10* cells) were washed with

Medium 199 (Gibco) before and after sequential incubations with: (a)
mouse antiserum, test culture medium, monoclonal antibody, or ascites
fluid (l h at 37'C); and (ft) a 1:50 dilution of fluoresceinated F(ab')2

fragments of goat antibody to mouse IgG and IgM (Cappel) (30 min at
22Â°C).Cells were then examined by fluorescence microscopy. Control

preparations were initially incubated with normal serum or medium. A
competitive binding assay was performed by sequentially incubating
suspensions of B16 melanoma cells first with a saturating concentration
(1:10 dilution) of monospecific rabbit antibody to MuLV gp70 (4) or
with a 1:10 dilution of normal rabbit serum, and then, after washing
with Medium 199, with monoclonal antibody followed by fluorescein
ated antibody to mouse IgM as described above.

For immunofluorescence of prefixed and membrane-permeabilized
cells, fixation was with 1% paraformaldehyde in Medium 199, pH 7.2,
for 15 min at 22Â°C,followed by incubation with 0.01 MTris-HCl buffer,
pH 7.8, containing 0.1% Triton X-100, for 5 min at 4Â°C.After washing

with Medium 199, cells were reacted as described above for membrane
immunofluorescence.

For flow cytometry, viable B16 melanoma cells were reacted for
membrane immunofluorescence following dissociation from monolayer
cultures by incubation with calcium- and magnesium-free Hanks' bal
anced salt solution containing 0.02% EDTA (Gibco) for 2 min at 4Â°C.

Cells washed and resuspended in PBS after labeling were analyzed for
specific fluorescence intensity using a Cytofluorograf 50H flow cyto-
meter (Ortho Diagnostics, Westwood, MA).

Absorption. The capacity of various tissues and cells to specifically
absorb antibody was assessed by incubating serial numbers ( IO-'-lO'1)of

cells with 100 n\ of 1:10 dilutions of polyclonal antiserum or monoclo
nal antibody concentrate in Medium 199 for l h at 4Â°C,removing the

cells by centrifugation, and testing the supernatants, in comparison
with unabsorbed preparations, for residual antibody reactivity in mem
brane immunofluorescence assays on B16 melanoma cells. Cell suspen
sions were prepared from solid tissues by mincing with scissors and
pressing the minces through an 80-mesh stainless steel screen, then
washing the cells several times with Medium 199 by low-speed centrif
ugation. Absorption with density gradient-purified AKR strain W-eco-
tropic MuLV and NIH strain ATS-124 xenotropic MuLV (Biological
Carcinogenesis Branch, National Cancer Institute, Bethesda, MD) and
with Friend MuLV (4) was performed similarly, using 250 /ig of each
virus and centrifugation at 10,000 x g.

Radioimmunoprecipitation. Procedures for radiolabeling B16 cell
monolayers with '"I (by lactoperoxidase catalysis in the presence of

glucose and glucose oxidase), solubilizing the cells with 0.5% Nonidet
IMO. immunoprecipitating antigens from soluble extracts by sequential
addition of antiserum and then intact Staphylococcus aureus after
preclearing the extracts with S. aureus alone, and electrophoretically
processing the immunoprecipitates (1% sodium dodecyl sulfate-10%
acrylamide slab gel electrophoresis, followed by autoradiography), have
been described (4,12). To improve immunoprecipitation by monoclonal
antibodies, after incubation of soluble extract with these antibodies
(final dilution of concentrate, 1:100) for l h at 37Â°C,goat antibody to

mouse IgM (/<chain specific) (Cappel) was added (final dilution, 1:100)
and incubated for 30 min at 22Â°Cbefore addition of 5. aureus. In some

experiments, antiserum and monoclonal antibodies were reacted with
intact monolayer cells immediately following radioiodination by incu
bating for l h at 37Â°C,washing the monolayer, and then solubilizing

the cells and completing the immunoprecipitation procedure.
Immunoblotting analysis of antibody reactivity with detergent-solu-

bilized and electrophoresed B16 melanoma cell proteins was conducted
as described previously (10).

Antibody- and Complement-dependent Cytotoxicity. B16 melanoma
cell monolayers were radiolabeled with 200 Â¿iCiof Na"CrO4 (New

England Nuclear, Boston, MA) in 2 ml of complete MEM for l h at
37Â°C,followed by trypsinization and extensive washing with Medium
199. In 24-well plates, 50 p\ of radiolabeled cell suspension (10' cells)
were added to serial antibody dilutions in 300-/il volumes, together with
30 M'of 1:10 dilutions of guinea pig complement (Colorado Serum Co.,
Denver, CO) or rabbit complement (13); antibody and complement
dilutions were in Medium 199. After incubation for 45 min at 37Â°C,

cells were pelleted, and 50 ti\ of supernatant were removed for deter
mination of released radioactivity with a y spectrometer. Alternately,
cells were presensitized with antibody for 30 min at 37Â°Cprior to
addition of complement and further incubation for 45 min at 37Â°C.

Negative controls consisted of cells in Medium 199, and positive
controls were cells lysed in distilled water. Specific release of 51Cr was

determined as the difference in release between tests with antibody and
negative controls divided by the difference between positive and negative
control release.

RESULTS

In 14 fusions between myeloma cells and spleen lymphocytes
from C57BL/6 mice hyperimmunized with X-irradiated B16
melanoma cells to varying extents (3-9 immunizations), 328
hybridomas with long-term stability were obtained, represent
ing about 10% of the total hybridomas generated. Of these,
only four hybridomas produced antibodies reactive with B16
melanoma cell surface antigens by membrane immunofluores
cence. These four stable hybridomas (R31/15, R37/4, R37/6,
and R37/7) secreted immunoglobulins only of the IgM isotype.
One additional hybridoma (R28/2) also secreted only IgM
immunoglobulin that was nonreactive with B16 melanoma cell
surface or internal cell antigens; R28/2 was therefore used as a
negative control in subsequent studies. All five hybridomas
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resulted from fusions with spleen cells from long-term immu
nized mice (7-9 times over 10-12 mo). The five hybridomas
were subcloned by two cycles of limiting dilution culturing
before being used experimentally.

Radioimmunoprecipitation analysis of monoclonal antibody
reactivity with detergent-solubilized surface membrane proteins
of B16 melanoma monolayer cells revealed that antibody R37/
6 specifically precipitated the same antigen complex, B16-gp70/
80/85, precipitated by polyclonal anti-B16 serum (Fig. 1).
Monoclonals R31/15, R37/4, and R37/7 failed to immunopre-
cipitate those or other antigens. Individual components of the
B16-gp70/80/85 antigen complex were not resolved when the
3-step immunoprecipitation procedure required for precipita
tion by monoclonal antibodies was used, as they were in a 2-

step procedure.
The failure of monoclonal antibodies R31/15, R37/4, and

R37/7 to immunoprecipitate detectable cell surface antigens
was surprising because these antibodies reacted with surface
antigens when assessed by membrane immunofluorescence.
One possible explanation may be that solubilization of cell
surface antigens destroys the integrity of antigen epitopes rec
ognized by antibodies R31/15, R37/4, and R37/7. To assess
this possibility, monoclonal and polyclonal antibodies were
reacted with intact monolayer cells following cell surface radi-
oiodination but prior to solubilization. Tested in this manner,
polyclonal antiserum and monoclonals R31/15, R37/4, R37/
6, and R37/7 specifically immunoprecipitated the entire B16-
gp70/80/85 antigen complex as well as a band with an apparent
molecular weight of about 125,000; control monoclonal R28/2
did not precipitate these or other antigens (Fig. 2). Immuno-
blotting analysis of polyclonal antiserum reactivity with electro-
phoresed B16 melanoma cell proteins demonstrated reactivity
exclusively with the B16-gp70/80/85 antigen complex (12), but
extensive efforts to obtain immunoblotting reactions with our
monoclonal antibodies have been unsuccessful to date.

B6onti-
BI6 R3I/I5 R37/4 R37/6 R37/7 R28/2

B6onti-
BI6 R3I/I5 R37/4 R37/6 R37/7 R28/2

BI6- I
gp 70/80/85 [_

92

68

- 43

- 25

Fig. 1. Radioiodinated and solubili/al BI6 melanoma cell surface proteins
immunoprecipitated by polyclonal C57BL/6 anti-B16 serum (B6 anti-B16) and
by syngeneic anti-BI6 monoclonal antibodies. Soluble radiolabeled cell extracts
were first incubated with antiserum or with monoclonal antibodies, and then goat
antibody to mouse IgM and S. aureus were added sequentially. Immunoprecipi-
tates were electrophoresed. and radiolabel was visualized by autoradiography.
The positions of molecular weight markers are indicated. Inset, radioimmunopre-
cipitation of a soluble B16 melanoma extract with polyclonal antiserum, per
formed as above except that immunoprecipitation was with 5. aureus directly.

BI6-
gp70/80/85 L

92
68

- 43

- 25

Fig. 2. Reactivity of C57BL/6 anti-B16 melanoma serum (B6 anti-Bl6) and
monoclonal antibodies with intact B16 melanoma cell surface antigens, analyzed
by radioimmunoprecipitation. Cell monolayers were radioiodinated, washed ex
tensively, and then reacted with antiserum or monoclonal antibody. After washing
away unbound antibody, cells were solubilized with 0.5% Nonidet P-40, and
antibody to mouse IgM and S. aureus were added sequentially to the soluble
extracts. Immunoprecipitates were electrophoresed, and radiolabel was visualized
by autoradiography.

In antibody- and complement-dependent cytotoxicity assays,
polyclonal anti-B16 serum and all monoclonals except R28/2
were cytotoxic for B16 melanoma cells when rabbit complement
was used, whereas only monoclonal R37/7 was cytotoxic with
guinea pig complement (Fig. 3). Results were similar when cells
were presensitized with antibody prior to addition of comple
ment.

Flow cytometry was used to quantitate membrane immuno
fluorescence reactivity of polyclonal and monoclonal antibodies
with B16 melanoma cells dissociated from monolayer cultures.
Fluorescence intensity was highly variable within all labeled
populations, with polyclonal antiserum labeling slightly more
cells and to a greater mean intensity than monoclonal antibod
ies R31/15, R37/4, R37/6, and R37/7; control monoclonal
R28/2 was virtually nonreactive (Fig. 4). Reactivity with intact
monolayer cells was similar when examined by fluorescence
microscopy. In prefixed and membrane-permeabilized mono-
layer cells, reaction with polyclonal and monoclonal antibodies
resulted in uniform cytoplasmic labeling.

Maximum immunofluorescence titers of monoclonal anti
bodies achieved by growing hybridomas in culture to "exhaus
tion" were about 1:500 for monoclonals R31/15 and R37/4

and about 1:250 for monoclonals R37/6 and R37/7. Maximum
titers in ascites fluid were generally lower, about 1:200 for R31/
15 and R37/4 and 1:100 for R37/6 and R37/7. However,
monoclonal R37/4 reacted much more strongly at 4Â°Cthan at
37Â°C,so the titer of that antibody is increased at low tempera
tures; at 4Â°C,the immunofluorescence reactivity of monoclo
nals R31/15 and R37/7 was the same as at 37Â°C,while mono

clonal R37/6 reactivity was reduced at the lower temperature.
The specificity of our polyclonal and monoclonal antibodies

was assessed by immunofluorescence and/or absorption analy
sis using a variety of normal tissues, cell lines, and purified
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Fig. 3. Cytotoxicity of polyclonal CS7BL/6 ami-B16 melanoma serum (â€¢)
and monoclonal antibodies (â€¢,O, A, A, D) for s'Cr-labeled BI6 melanoma cells
in the presence of guinea pig or rabbit complement (C'). Radiolabeled monolayer
cells were dissociated and incubated with antibody dilutions at 37'C for l h

together with guinea pig complement (diluted 1:10) or rabbit complement (diluted
1:30). Antibody controls (.I ) lacked complement, and complement controls (C)
lacked antibody.

MuLV preparations. All antibodies failed to recognize antigens
in any normal tissues or nonmurine melanoma lines, although
they all reacted with B16 tumor and metastasis cells (Table 1).
Polyclonal antiserum did recognize antigens on several other
mouse melanomas and on MuLV-expressing murine lympho-
mas; however, all four monoclonal antibodies were generally
negative, except for reactivity of monoclonal R37/4 with Hard-
ing-Passey mouse melanoma cells and monoclonal R37/7 with
KI (Ã®I lymphoma. Polyclonal antibody and all four monoclonals
were absorbed specifically by purified AKR endogenous MuLV
but not by unrelated MuLV (Table 1).

Determination of whether all of our monoclonal antibodies
react only with gp70-related MuLV antigens on B16 melanoma
cells required a competitive binding assay on immunofluores-
cence. For this purpose, the capacity of monospecific rabbit
antibody to MuLV gp70 (4, 12, 13) to block binding of mono
clonals to the surfaces of B16 melanoma cells was assessed.
Preincubation of cells with rabbit antibody largely inhibited
binding of all four monoclonal antibodies (Table 2), indicating
their specificity for gp70-related MuLV antigens.

DISCUSSION

Our four syngeneic monoclonal antibodies to B16 melanoma
cells resembled antibodies present in polyclonal antiserum
pooled from those mice in apparently recognizing only epitopes
common to the B16-gp70/80/85 antigen complex expressed in
the cytoplasm and on the cell surface and specified by endoge
nous AKR-type ./V-ecotropic MuLV (4). The specificity of the
polyclonal antiserum and all four monoclonals for this gp70-
related viral antigen complex was indicated by the capacities of
purified AKR MuLV to absorb antibody activity from all prep-

Be onti-BI6

Percent labelled 99.5
Mean intensity 470

R3I/I5

Percent labelled 954
Mean intensity 350
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a
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R37/4
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Mean intensity 370

R3 7/6

Percent labelled 98.3
Mean intensity 278

200 600 1000 200 600 1000

R37/7

Percent labelled
Mean intensity

93.9
150

R28/2

Percent labelled 3.2
Mean intensity <IO

200 600 1000 200 600 1000

Fluorescence intensity (channel)

Fig. 4. Flow cytometry analysis of membrane immunofluorescence reactivity
of polyclonal CS7BL/6 anti-Bio melanoma serum (B6 anti-Bio) and monoclonal
antibodies with viable BI6 melanoma cells. Monolayer cells were dissociated into
single-cell suspensions and reacted with saturating concentrations of antiserum
or monoclonal antibody (1:10 dilutions), followed by fluoresceinated antibody to
mouse IgG and IgM, also at a saturating concentration (1:50 dilutions). The
percentage of cells labeled and mean Fluorescence intensity (channel) are indicated.

arations and of antibody to MuLV gp70 to inhibit monoclonal
antibody binding to B16 melanoma cells, and by the similarity
of results obtained by radioimmunoprecipitation of B16 mela
noma cell surface proteins by polyclonal and monoclonal anti
bodies. The polyclonal antiserum used in this study was previ
ously shown to react specifically only with the B16-gp70/80/
85 viral antigen complex by immunoblotting analysis of elec-
trophoresed B16 melanoma cell proteins (12).

That the antigens recognized in B16 melanoma cells by our
polyclonal antiserum are specified by virus(es) endogenous to
C57BL/6 mice and to other mouse strains and are not strictly
melanoma specific is further indicated by reactivity with several
lymphomas known to be induced by, or to harbor, endogenous
MuLV (14). Also, some normal aged C57BL/6 mice produce
circulating antibody that cross-reacts with the B16-gp70/80/85
antigen complex on B16 melanoma cells (12). However, the
general failure of monoclonal antibodies to react with those
lymphomas, and with other mouse melanomas, suggests that
expression of the antigen epitopes recognized may be almost
exclusively limited to B16 melanoma cells.

Because of the specificity of monoclonal antibodies for single
antigen epitopes, the finding that, in common with the poly
clonal antiserum, monoclonals R31/15, R37/4, R37/6, and
R37/7 all recognized the entire B16-gp70/80/85 antigen com
plex and a higher-molecular-weight protein (-125,000) on in
tact B16 melanoma cells argues that this complex consists of
slight variants of the same basic antigen molecule. These mol
ecules, which are apparently glycoproteins similar to MuLV
gp70 (4), might differ slightly in configuration, size, or com-
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Table 1 Specificity of reactivity ofpolyclonal and monoclonal antibodies to BI6 melanoma
Symbols indicate relative degree of reactivity (+ to +++) or lack of reactivity (â€”),based on immunofluorescence or absorption assays. Both membranes

immunofluorescence on viable cells and internal fluorescence in prefixed and membrane-permeabilized cells were assessed.

Tissue, cell line, or virus
Polyclonal
antiserum

Monoclonal antibody

R31/15 R37/4 R37/6 R37/7
B16 melanoma"

Subcutaneous tumor; lung mÃ©tastases

Normal tissues and cells"

Bone marrow; brain; kidney; liver, lung; spleen; thymus
Fibroblasts; macrophages; peripheral blood cells

Melanoma cell lines"

Mouse melanoma Cloudman S91 (Amel, 04/pg)
Mouse melanoma Harding-Passey
Mouse melanoma JB/RH
Mouse melanoma JB/MS
Fish melanoma PSM-1; guinea pig melanoma GPS; swine

melanomas 2839, 4187
Human melanomas Colo 38, MeWo, Me-m-50-IO, SK-MEL-

3, SK-MEL-28, SK-MEL-93

Other cell lines*

Mouse lymphomas EÂ¿G2,K36
Mouse lymphoma ERLD
Mouse lymphoma Hi,,',]

Mouse lymphomas AKSL2, ASL1, EL4, FLC 745, RBL-5,
YAC

Mouse myelomas MOPC-70A, NS-1
Mouse sarcomas HI' X.Meth A

Viruses'
AKR /V-ecotropic MuLV
Friend MuLV; NIH ATS-124 xenotropic MuLV
" Reactivity based on immunofluorescence and absorption assays.
* Reactivity based on immunofluorescence.
' Reactivity based on absorption assay.

Table 2 Specificity of monoclonal antibodies for MuL y gp 70-related antigens on
BI6 melanoma cells

BI6 melanoma cells were sequentially reacted with monospecific rabbit anti
body to MuLV gp70 or with normal rabbit serum, then with monoclonal antibody,
and finally with fluoresceinated antibody to mouse IgM. For separate cell samples,
the first incubation was followed by washing and reaction with fluoresceinated
antibody to rabbit IgG; cells incubated with normal rabbit serum were unlabeled,
whereas >9S% of cells incubated with rabbit antibody were labeled strongly.

Immunofluorescence re
action

First
antibodyNRS'

NRS
NRS
NRSAnti-gp70

Anti-gp70
Anti-gp70
Anti-gp70Second

antibodyR31/15R37/4

R37/6
R37/7
R31/15
R37/4
R37/6
R37/7Cells

visibly
labeled

(%)78

77
73
72
11
13
3
4Relative

labeling
intensity"+

to +++
+ to +++
Â±to ++
Â±to++
Â±to +
Â±to +
Â±
Â±

" On visibly labeled cells: Â±,barely detectable; +, weak; ++, moderate; +++,

strong.
* NRS, normal rabbit serum.

position of carbohydrate side chains, possibly accounting for
differences in migratory behavior under altered electrophoresis
conditions (12) or even following the 3-step immunoprecipita-
tion procedure used in this study. Some B16 melanoma clones
do not express B16-gp85 (12), indicating that it must be a stable
molecular variant. Despite the apparent antigenic relatedness
of molecules within this complex, however, we previously doc
umented that some hyperimmunized mice recognized only B16-
gp70, others only B16-gp8S, and still others only B16-gp80 and
B16-gp85, whereas others recognized all three components (4).
These results suggest that there is some antigenic distinctive-
ness to all three components, and we were therefore surprised

not to obtain monoclonal antibodies recognizing individual
components of this antigen complex.

Several other laboratories have obtained syngeneic monoclo
nal antibodies using spleen cells from mice multiply immunized
with B16 melanoma cells or from mice with actively growing
B16 melanoma transplants, but none of the antibodies described
appears to recognize the B16-gp70/80/85 antigen complex (5-
8). Vollmers and Birchmeier (5) immunized mice several times
with the B16 melanoma variant B16-F1 and obtained reactive
monoclonal antibodies selected for their ability to inhibit cell
adhesion in culture. Both IgM and IgG monoclonals were
obtained which, in contrast to our antibodies, generally cross-
reacted with human melanoma cells. By immunoblotting, two
target antigens were identified as M, 40,000 and M, 50,000
proteins (15). Other monoclonals were selected that tended to
"normalize" the morphology and growth behavior of B16 mel

anoma cells, other mouse tumor cells, and a variety of human
tumor cells in vitro; one antibody immunoprecipitated an M,
59,000 protein in both B16 melanoma and human melanoma
cells (7).

In another study, Wakabayashi et al. (6) generated two types
of syngeneic monoclonal antibodies using spleen cells from
mice multiply immunized with B16 melanoma cells over a 10-
wk period: one type reacted with B16 melanoma cells and with
hamster and human melanoma cells; whereas the other type
was specific for the B16 melanoma. All antibodies were IgM
and immunoprecipitated an M, 31,000 glycoprotein. One in-
terspecies monoclonal antibody was subsequently shown to
react with GM3ganglioside (16). Two IgM monoclonal antibod
ies were obtained by Trimpe and Zwilling (8) using spleen cells
from mice bearing transplants of the B16 melanoma variant
B16-F10. Both antibodies recognized B16 melanoma cell sur
face antigens which were not characterized, but unlike our
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antibodies, both of those monoclonals also reacted with the
syngeneic JB/RH mouse melanoma; reactivity with human
tumors was not assessed. A syngeneic monoclonal antibody-
detecting ganglioside GMz was raised to the JB/RH melanoma
which reacted with antigens expressed on B16 melanoma cells
and on a variety of human tumors (17).

The apparent diversity of target B16 melanoma antigens
recognized by syngeneic monoclonal antibodies to date indi
cates that a variety of tumor-associated molecules are capable
of stimulating humoral immune responsiveness. Some of these
monoclonal antibodies influence tumor behavior in vivo (5, 7),
but effects of our monoclonals and others on tumor progression
have yet to be ascertained. We have demonstrated that circulat
ing antibodies to B16-gp70/80/85 antigens are produced during
the growth of tumors initiated by certain highly immunogenic
B16 melanoma clones, and there is suggestive evidence that
associated immune responses might affect tumor growth and/
or metastasis (12). Greater insight into possible influences of
naturally acquired or amplified humoral immunity on B16
melanoma progression may emerge from studies with the var
ious monoclonal antibodies available.

ACKNOWLEDGMENTS

We thank J. Rossi and J. W. Chiao for performing flow cytometry
analysis.

REFERENCES

1. Fidler, I. J., and Bucana, C. Mechanism of tumor cell resistance to lysis by
syngeneic lymphocytes. Cancer Res., 37: 3945-3956, 1977.

2. Bystryn, .1. ( . Antibody response and tumor growth in syngeneic mice
immunized to partially purified B16 melanoma-associated antigens. J. Im
munol., Â¡20:96-101, 1978.

3. Stuhlmiller, G. M., Roloson, G. R., and Collins, J. J. Murine oncornavirus
antigens on BI6 melanoma cells. I'me. Am. Assoc. Cancer Res., 21: 311,

1980.
4. Stackpole, C. W., and Demsey, A. Multiple antigens related to the major

envelope glycoprotein of murine leukemia virus expressed on B16 melanoma
cells as targets of host immune response. Invasion Metastasis, 4: 28-46,
1984.

5. Vollmers, H. P., and Birchmeier, W. Monoclonal antibodies inhibit the
adhesion of mouse B16 melanoma cells in vitro and block lung metastasis in
vivo. Proc. Nati. Acad. Sci. USA, 80: 3729-3733, 1983.

6. Wakabayashi, S., Saito, T., Shinohara, N., Okamoto, S., Tomioka, H., and
Taniguchi, M. Syngeneic monoclonal antibodies against melanoma antigens
with species specificity and interspecies cross-reactivity. J. Invest. Dermatol.,
Â«Â¿.â€¢128-133,1984.

7. Vollmers, H. P., Imhof, B. A., Wieland, I., Hiesel, A., and Birchmeier, W.
Monoclonal antibodies NORM 1 and NORM-2 induce more normal behav
ior of tumor cells in vitro and reduce tumor growth in vivo. Cell, 40: 547-
557, 1985.

8. Trimpe, K. I .. and Zwilling, B. S. Modulation of B16 melanoma antigen
expression by lymphokines and dimethyl sulfoxide. Cancer Res., 46: 4953-
4959, 1986.

9. Stackpole, C. W. Generation of phenotypic diversity in the B16 mouse
melanoma relative to spontaneous metastasis. Cancer Res., 43: 3057-3065,
1983.

10. Kuan. S.-P., Yelton, D. C., and Scharff, M. D. Production of monoclonal
antibodies. ///. J. K. Setlow and A. Hollaender (eds.), Genetic Engineering,
pp. 31-45. New York: Plenum Press, 1980.

11. Coding, J. W. Antibody production by hybridomas. J. Immunol. Methods,
39:285-308, 1980.

12. Stackpole, C. W., Alterman, A. L., Braverman, S., and Rappaport, I. Devel
opment of host immunity to phenotypically diverse B16 melanoma clones:
implications for tumor growth and metastasis. Invasion Metastasis, in press,
1987.

13. Stackpole, C. W., Cremona, P., Leonard, C., and Stremmel, P. Antigenic
modulation as a mechanism for tumor escape from immune destruction:
identification of modulation-positive and modulation-negative mouse lym-
phomas with xenoantisera to murine leukemia virus gp70. J. Immunol., 725:
1715-1723,1980.

14. Old, L. J., and Stocken, E. Immunogenetics of cell surface antigens of mouse
leukemia. Annu. Rev. Genet., 11:127-160, 1977.

15. Vollmers, H. P., and Birchmeier, W. Monoclonal antibodies that prevent
adhesion of B16 melanoma cells and reduce mÃ©tastasesin mice: cross-
reaction with human tumor cells. Proc. Nati. Acad. Sci. USA, 80: 6863-
6867, 1983.

16. Hirabayashi, Y., Hamaoka, A., Matsumoto, M., Matsubara, T., Tagawa, M.,
Wakabayashi, S., and Taniguchi, M. Syngeneic monoclonal antibody against
melanoma antigen with interspecies cross-reactivity recognizes (. M(-a prom
inent ganglioside of B16 melanoma. J. Biol. (hem.. 260: 13328-13333,
1985.

17. Natoli, E. J., Jr., Livingston, P. O., Pukel, C. S., Lloyd, K. O., Wiegandt,
H., Szalay, J., Oettgen, H. F., and Old, L. J. A murine monoclonal antibody
detecting /V-acetyl- and /V-glycolyl-GnÂ«:characterization of cell surface reac
tivity. Cancer Res., 46: 4116-4120, 1986.

5396

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/20/5391/2429136/cr0470205391.pdf by guest on 19 M

ay 2023


