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ABSTRACT

Syngeneic monoclonal antibodies (M.Ybs) were produced to B16 mel
anoma by hybridization of spleen cells from B16-F1 or B16-F10 tumor-
bearing C57BL/6J mice. Two antigens were identified by the immunoflu-
orescence reactions of anti-Fl MAbs, 2G10 (IgG,) and 3C10 (IgM).
Both antigens are membrane associated in 97-99% of fixed Fl and FIO
cells and are cross-reactive with normal Syngeneic thymocytes, and other
normal and transformed cultured mouse cells. An anti-F10 Mah, 3E9
(IÂ«<â€¢i), reacts with a membrane antigen found in about 40% of Fl and
FIO cells and in all transformed mouse cells tested, but was not found in
normal cells. The 3C10 and 3E9 antigens are shed into the medium of
cultured cells. I25l-Labeled membrane components of M, 48,000 and

40,000 (3C10) and 25,000 (3E9) were immunoprecipitated. Some 3C10
immunoprecipitates also contained components of M, 25,000 and 15,000.

The three MAbs were tested for suppression of lung colonization by
B16-F1 and H16-1 III metastatic variants in C57BL/6J mice. MAbs were
injected 1 day prior to and 1 week after injection of tumor cells. 2G10
was highly suppressive for both B16-F1 and B16-F10 cells. 3C10 and
3E9 were suppressive for B16-F10 cells but were nonsuppressive and
enhancing for B16-F1 cells (P â€¢0.05). A novel immunotherapy model
was tested. Delayed hypersensitivity was selectively induced to the 3C10
MAb in C57BL/6J mice by sensitization with lipid-conjugated purified
MAb. Sensitized mice were injected with B16 cells and MAb to determine
whether a cellular reaction with cell bound MAb in vivo could be
suppressive for tumor cells. The treatment was suppressive for B16-F1
lung colonies, but caused augmentation of lung colonies from B16-F10
cells (P < 0.05).

INTRODUCTION

Monoclonal antibodies are potentially powerful reagents for
both detection and treatment of micrometastasis. A number of
studies have been carried out to test for therapeutic effects of
mouse MAbs3 in experimental animals and in patients with
leukemia and lymphoma (1-3), carcinomas (4), and melanoma
(5). Problems have been encountered in clinical trials that
include antigenic modulation resulting in tumor escape, block
ade by circulating free antigen, immune clearance of the foreign
mouse protein, allergic reactions, a relative lack of cytotoxicity,
and tumor cell antigenic heterogeneity.

Some of these problems might be overcome if human MAbs
were produced from the lymphoid cells of tumor patients.
Human MAbs would be less immunogenic than mouse mono-
clonals in patients. In addition, the antibody specificity would
be for antigens that are immunogenic in the tumor-bearing host
and likely to be of significance to the host tumor relationship.
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The successful generation of a MAb from tumor-bearer lymph
oid cells would imply that the antigen is expressed by the tumor
cells in vivo. Myeloma cells selectively fuse with lymphoblasts
that have recently been stimulated with antigen (6); therefore
the method might identify antigen targets that cannot modulate
in response to antibody. Although a xenogeneic antibody could
conceivably recognize a tumor specific antigen that is not
recognized by the host immune system, the finding of antigenic
modulation as a response to mouse monoclonals suggests that
tumor escape mechanisms that thwart active immunity (7) will
also function in response to passive immunization.

The B16 melanoma contains tumor-associated antigens that
stimulate antibody production in the tumor-bearing C57BL/6J
mouse syngeneic host (8). This tumor has also been used
extensively to gain insight into the metastatic process. By
removal and cloning of pulmonary lung colonies, Fidler isolated
B16 variants with stable metastatic properties (9). The two cell
lines, B16-F1 and B16-F10, are distinguished primarily by their
in vivo behavior after i.v. injection, with B16-F10 cells produc
ing greater pulmonary colonization (10, 11). The B16-F1 line
is less selected for lung colonization and more heterogeneous
than the B16-F10 line (12). Investigation showed that syngeneic
monoclonal antibodies to shared B16 membrane antigens are
easily produced from the spleen cells of either B16-F1 or B16-
F10 tumor bearing mice (13, 14). These antibodies are analo
gous to the type of MAb that could eventually be produced
from the lymphocytes of melanoma patients. It was therefore
of interest to test the syngeneic MAbs for passive protection
against B16 lung colonization. The experimental metastasis
assay developed by Fidler (15) has been used to determine the
suppressive effect of three MAbs for both B16-F1 and B16-F10
cells.

One MAb was also used to test an immunotherapeutic ap
proach based on the induction of delayed hypersensitivity to
the MAb. Delayed hypersensitivity can be selectively induced
to protein antigens conjugated with dodecanoyl lipid groups
(16). The technique was used to immunize hamsters to an SV40-
induced fibrosarcoma. The use of lipid-conjugated tumor cell
membranes as the immunogen converted the immune response
from enhancement to suppression of tumor growth (17). In the
work reported here, it was considered that a DHS response to
passively transferred, cell-bound MAb might be suppressive for
tumor cells.

The results show that B16-F1 and B16-F10 cells have dis
tinctive differences in their in vivo responses to these MAb
treatments that cannot be predicted from their antigenicity in
vitro. They also show the effectiveness of some syngeneic MAbs
and immunological maneuvers for suppressing the metastatic
potential of tumor cell variants.

MATERIALS AND METHODS

Animals. Female C57BL/6J and C57BL/6J x BALB/cJ F, genera
tion mice were obtained from The Jackson Laboratory (Bar Harbor,
ME) and used at age 6-12 weeks.

Cell Lines. B16-F1 and B16-F10 melanoma cells were obtained from
the DCT Tumor Repository, NCI Frederick Cancer Research Center,
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and cultured in Eagle's minimal essential medium supplemented with
10% fetal bovine serum, sodium pyruvate, L-glutamine, nonessential
amino acids, MEM vitamins, and penicillin-streptomycin (Gibco). Cells
were grown from frozen stocks at 37Â°Cin a humidified atmosphere of

5% CO2. Single cell suspensions were obtained by treating flasks
containing confluent monolayers with 0.2 mg/ml EDTA and washed
twice with HBSS. Cell suspensions were at least 85% viable by the
trypan blue exclusion test. BALB/c 3T3 and SV3T3 cells, Lewis Lung
Tumor cells, and LM (L929) cells were obtained from the American
Type Culture Collection. Harding-Passey melanoma cells and Cloud-
man S91 melanoma cells were obtained from EG & G Mason Research
Institute, Worcester, MA. All cell lines were cultured in complete MEM
in an atmosphere of 5% CO2 at 37Â°C.Normal thymocytes were obtained

from 4-week-old C57BL/6J mice and washed twice with HBSS.
The X63.Ag8.653 and S194/5.XXO.Bul myelomas used for cell

fusion were received from the American Type Culture Collection and
maintained in RPMI 1640 and Dulbecco's modified MEM, respec

tively, containing 10% fetal bovine serum, glutamine, pyruvate, and
penicillin-streptomycin.

Monoclonal Antibodies. MAbs were produced by hybridization of
myeloma cells to spleen cells obtained from C57BL/6J mice, bearing
large s.c. tumors of either B16-F1 or B16-F10 cells. Anti-Fl hybrido-
mas (2G10, 3C10) were produced from three C57BL/6J mice that were
injected s.c. with 100,000 viable B16-F1 cells. Two weeks later when
tumors were well developed, the mice were sacrificed and spleens
removed aseptically. Hybridization was carried out as described by Oi
and Herzenberg (18) using polyethylene glycol (Baker, 1300-1500 M,)
and a ratio of 2.5 x 10s spleen cells:1.5 X 10* myeloma cells. Virtually
all of 288 microtiter wells plated at IO6 cells/well produced hybrid
clones. Anti-FlO hybridomas (3E9) were produced by a similar hybrid
ization of spleen cells from three B16-F10-bearing mice and S194/
S.XXO.Bul myeloma cells. Hybridomas were subcloned by limiting
dilution in conditioned medium, containing 10% spent culture medium
from myeloma cells.

Hybridomas were selected by ELISA assay with /3-gaIactosidase
linked to pepsin cleaved sheep anti-mouse IgG (H+L), obtained from
Bethesda Research Laboratories. 100,000 viable B16 cells were added
to wells of microtiter plates and incubated overnight to form adherent
monolayers. After removal of culture medium, cells were washed twice
with HBSS, fixed with 95% ethanol 15 min, incubated I h, at 37Â°C,

with 0.1 ml hybridoma supernatant, washed twice with HBSS, and the
ELISA test was carried out.

Isotypes were identified by gel diffusion reactions of hybridoma
supernatants using goat antisera specific for mouse immunoglobulin
classes (IgG, IgM, IgA, and IgD) and subclasses (IgGi, lgG;a. lgG:.h.
and IgGi) from Miles Laboratories.

Transplantable ascites tumors were established by injection of 2 x
IO6 hybridoma cells i.p. into C57BL/6J x BALB/c F, mice, treated
with 0.5 ml pristane 7-30 days previously. The 2G10 IgGi MAb and
the 3C10 IgM MAb were obtained from pooled ascites fluids. The 3E9
IgG3 MAb was obtained as the culture supernatant of hybridoma cells
grown in vitro. Culture supernatants from 3E9 and XXO were concen
trated 10-fold by preparing a 40% saturated ammonium sulfate precip
itate that was redissolved and dialyzed versus 0.15 M NaCl.

Immunofluorescence. The antibody activity of the MAbs was deter
mined by indirect immuÃ±ofluorescence. B16 cell smears were prepared
by delivering drops of 10,000 cells in 0.025 ml HBSS to slides. The
cells were air dried and fixed in absolute ethanol, 15 min. 0.05 ml of
each MAb dilution was added to a cell smear and incubated in a
moisture chamber for l h at room temperature. Slides were washed 2 h
in PBS. Fluorescein-conjugated goat anti-mouse IgG, IgA, and IgM
(0.05 ml; Cappel Laboratories) was added to each cell smear. Cells
were reincubated 30 min, washed 2 h in PBS, and mounted under cover
slips in 90% glycerol, 10% PBS, and examined by fluorescence micros
copy. In titration experiments, positive fluorescence was defined as
unequivocal fluorescence in at least 10% of the cells being examined.

Tests of cells in suspension were carried out by treating 2 x IO5
viable B16 cells with 0.05 ml of MAb 30 min, 4Â°C,in 1 ml conical

centrifuge tubes. Cells were washed twice with 1 ml cold HBSS using
a cytocentrifuge and treated 30 min with 0.05 ml fluorescent reagent

in HBSS at 4Â°C.Cells were washed twice with HBSS, resuspended in

0.05 ml HBSS and examined on slides under cover slips.
Inhibition of Immunofluorescence. MAb (0.05 ml) was mixed with

0.05 ml of the substances tested for inhibition or with PBS and
incubated 1 h at 37Â°C.The mixture was applied to ethanol-fixed B16

cells and the immunofluorescence test was carried out. Percentage of
inhibition was calculated as [(A - B)/A]iOO, where A is the percentage

of cells showing fluorescence after treatment with MAb + PBS and B
is the percentage of cells showing fluorescence after treatment with the
MAb-inhibitor mixture. Substances tested for inhibition were fresh
complete MEM and spent culture medium from B16-F10 cells, both
concentrated 10-fold by Amicon ultrafiltration and normal mouse
serum. The spent culture medium was obtained from a healthy 75-cm2

monolayer culture at confluency. Cells were refed with 10 ml medium
3 days after splitting cells at a 1:10 dilution, and spent medium was
removed 1 day later and passed through a 0.22-Mtn filter.

Molecular Weight Determinations. 1 x IO7viable B16-F10 cells were
membrane labeled with 0.5 mCi 125I-sulfanilic acid (New England
Nuclear membrane-labeling kit). Antigens were extracted with 0.5 ml
0.5% Nonidet P40 in 0.15 M NaCl, 0.01 M Tris, pH 7.2. The antigen
extract was dialyzed overnight versus 0.15 M NaCl, 4Â°Cand clarified

by centrifugation at 12,000 x g for 15 min. Immunoprecipitation was
carried out by incubating 0.05 or 0.10 ml MAb with 0.05 ml membrane
extract for 30 min at room temperature, followed by 0.025 ml goat
anti-mouse immunoglobulins (Miles Laboratories) for l h at 37Â°C.The
antigen-antibody precipitates were washed three times with 0.15 M
NaCl; dissolved and reduced in 0.5 ml of NaDodSO4, mercaptoethanol
sample buffer; boiled 1 min, then sodium dodecyl sulfate-polyacrylam-
ide gel electrophoresed on a 0.75-mm thick, 10% polyacrylamide gel
(19). Autoradiographs of stained, dried gels were evaluated by compar
ison to molecular weight standards, Bethesda Research Laboratories,
containing myosin H-chain, M, 200,000; phosphorylase B, M, 92,500;
bovine serum albumin, M, 68,000; ovalbumin, M, 43,000; a-chymo-
trypsinogen, M, 25,700; /3-lactoglobulin, M, 18,400; and cytochrome
C, A/,12,300.

Induction of Delayed Hypersensitivity to MAb. The 3C10 MAb was
purified from ascites fluid by precipitation with cold ammonium sulfate
at 40% saturation, followed by gel filtration on Sephadex G-200 in
PBS. The IgM MAb was obtained as the void volume fraction and
concentrated by Amicon ultrafiltration. By immunoelectrophoresis ver
sus goat anti-mouse serum and rabbit anti-mouse IgM, the purified

fraction produced a single precipitin band for IgM. The purified MAb
was treated with dodecanoic anhydride and shown to contain 67%
substitution of lysine residues with dodecanoyl lipid groups (16) (L-
Ab).

C57BL/6J mice were injected i.p. with 0.05 mg L-Ab in incomplete
Freund's adjuvant. Ten days later mice were footpad tested for DHS

to the native MAb. Purified MAb (0.05 mg) was injected into the left
footpad and PBS was injected into the right footpad of each mouse. At
4, 8, 24, 48, and 72 h, footpad swelling was determined from the
difference in swelling due to MAb and swelling due to PBS alone.

Suppressive Effects of MAb Treatments on Experimental Lung Me
tastasis. Age-matched groups of 7-20 C57BL/6J mice were used in
each experiment. To test the effect of MAb alone on tumor cell lung
colonization, two injections of MAb were given i.p. 24 h before and 1
week after tumor cell injection. Single cell suspensions of either B16-
Fl or B16-F10 cultured cells in 0.1 ml HBSS were injected i.v. into the
dorsal tail vein of untreated and MAb-treated mice. The use of insulin
syringes (B-D Lo-Dose) obtained from a local pharmacy were an aid to
the injection procedure. In tests of the effect of delayed hypersensitivity
to Mab on tumor lung colonization, mice sensitized 17 days earlier
with L-MAb and nonsensitized mice were injected with tumor cells i.v.
and 1 mg purified 3C10 MAb i.p. One week later, antibody-treated
mice received a second injection of 1 mg MAb. All control and treated
mice were sacrificed 21 days after tumor cell injection. The numbers of
black surface tumor colonies/lung were determined with the aid of a
dissecting microscope.

Statistical Analysis. The data were statistically analyzed by the t test
for two independent means and the results are shown as the two-tailed
P values.
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RESULTS

Selection of Monoclonal Antibodies Reactive with B16 Mem
brane Antigens. Thirty-two hybridomas were produced from
spleens of B16-F1-bearing mice and 28 from spleen of B16-
FlO-bearing mice. Ten anti-Fl and eight anti-F10 hybridomas
were stable to subculture and subcloning. IgG and IgM MAbs
were produced in both hybridizations and all antibodies reacted
with both B16-F1 and B16-F10 cells by both ELISA and
immunofluorescence screening tests. Using ethanol-fixed B16
cells, three immunofluorescence staining patterns were ob
served with anti-Fl MAbs. One M Ab produced cytoplasmic
staining only, two produced nuclear staining only, and seven
produced membrane ring staining. Two of the MAbs to mem
brane antigens were investigated. An IgM producer, 3C10, and
an IgG, producer, 2G10, were established as transplantable
ascites producers and individual ascites fluids showed immu-

nofluorescent titers that varied from 1:100 to 1:500. Pooled
ascites from the 3C10 and 2G10 hybridomas were used for
further studies. The anti-F10 MAbs all produced a similar
pattern of membrane ring fluorescence. None of the FIO hybri
domas were ascites producers in vivo. The 3E9 IgGj MAb was
investigated, using 10-fold concentrated pooled hybridoma cul
ture supernatant globulin.

Immunofluorescence Reactions of MAbs with B16 Cells. 2G10
and 3C10 MAbs produced fluorescence with 97-99% of fixed
FI or FIO cells (Fig. 1, A and B). A more diffuse staining
pattern was observed with 2G10 than with 3C10. Both MAbs
produced surface membrane ring fluorescence. In some cells,
the 2G10 antigen appeared to be distributed throughout the
cytoplasm as well. In the pooled ascites, the 2G10 and 3C10
MAbs had immunofluorescence titers of 1:100 and 1:200, re
spectively, for either cell type (Table 1).

The 3E9 MAb produced fluorescence of 20-49% of cells in
fixed B16 cell preparations. The cells showed membrane ring
fluorescence as well as a speckled appearance resembling mem
brane patches (Fig. 1Q. However, membrane patching in these
cells is unlikely to be antibody induced, since the cells were
nonviable and fixed prior to antibody treatment. No difference
was observed in the staining patterns of B16-F1 and B16-F10
cells. The percentage of cells stained with 3E9 was slightly
greater in Fl cells than in FIO cells.

With all three MAbs, cell fixation with alcohol was required
to observe maximum immunofluorescence reactions for anti
gens. Viable cells in suspension were tested for reaction with
MAbs at 4Â°C.A relatively small percentage of cells showed full

surface membrane fluorescence (Table 2). Stained cells in sus
pension did not show antibody-induced patching or capping
(Fig. ID). None of the three MAbs produced unequivocal
positive immunofluorescence when viable B16 cells grown as
adherent monolayers on coverslips were tested. The antigenic
determinants recognized by the syngeneic MAbs appear to be
embedded membrane antigens that are exposed after solubili-

zation of membrane lipids with ethanol. The antigenic deter
minants were also exposed at the cell surface in a proportion
of cells that had lost their cell shape and undergone rounding
as a result of EDTA treatment, to produce cells in suspension.

Cross-Reactions of MAbs with Other Cell Types. The three
MAbs reacted with membrane antigens in other transformed
cultured mouse cells (Table 1). Anti-Fl MAbs(2G10and3C10)
also reacted with normal syngeneic thymocytes and with normal
allogeneic cultured 3T3 cells. The maximum percentage of cells
stained with 2G10 and 3C10 MAbs as well as the titer of the
MAbs for cross-reactions was less than that observed with B16

cells. The MAbs showed no specificity for melanoma cells and
of all cells tested, the greatest degree of 2G10 and 3C10 cross-
reactivity was observed with syngeneic thymocytes. The results
show that the 2G10 and 3C10 antigens are closely related to
normal cell antigens. By contrast, the anti-Fl O 3E9 MAb did
not react significantly with thymocytes and failed to react with
normal cultured 3T3 cells. The reactions of 3E9 with LM cells
and Lewis Lung Tumor cells were comparable or greater than
those observed with B16 cells. The results show that the 3E9
antigen is associated with cell transformation, but is not a
melanoma-specific antigen.

Characterization of Soluble Antigens. The presence of anti
gens in the spent medium of cultured B16-F10 cells was assayed
by inhibition of immunofluorescence. MAbs were preincubated
with fresh complete medium or spent culture medium prior to
immunofluorescence testing using fixed cells. Normal mouse
serum was also tested for inhibition of MAb reactions. The
percentage of cells stained in the presence of inhibitor was
compared to the percentage of cells stained by MAb alone. The
results in Table 3 show that the 3E9 and 3C10 antigens were
both in the medium from cultured cells. The 2G10 antigen
appears not to be released from cells during culture. The failure
of fresh complete medium alone or mouse serum to inhibit any
of the MAbs shows that the antigens are not adsorbed serum
components. Antigens in culture supernatant were also detected
by indirect ELISA screening. When spent B16-F1 or B16-F10
medium was used as antigen to coat microtest wells, 3C10 and
3E9 MAb preparations produced strong positive ELISA reac
tions, but 2G10 MAb preparations were consistently negative.
None of the MAbs produced positive reactions in the test, when
fresh culture medium was substituted for spent B16 cell culture
media.

125I-Labeled membrane extracts of B16-F10 cells were im-
munoprecipitated with MAbs and rabbit anti-mouse immuno-
globulins. Autoradiographs of sodium dodecyl sulfate-polyac-
rylamide gel electrophoresis of reduced precipitates showed that
the 3C10 epitope was present on a molecule that contained at
least two subunits having molecular weights of 48,000 and
40,000. In some 3C10 immunoprecipitates, M, 25,000 and
15,000 components were also present (Fig. 2). The 3E9 MAb
immunoprecipitated a single component of MT 25,000. Some
3E9 immunoprecipitates showed the presence of small amounts
of M, 48,000, 40,000, and 15,000 components. The results
would be consistent with some noncovalent association of the
3E9 and 3C10 antigens, or production of the 3E9 peptide by
enzymatic cleavage of the M, 40,000 peptide by a membrane
protease. Further studies are required to determine the relation
ship, if any, between the two antigens. The 2G10 antigen was
not seen in autoradiographs, showing that it was either not
labeled with iodosulfanilic acid or was not precipitated from
the membrane extract (Fig. 2).

Effects of MAbs on B16 Lung Colonization. MAbs were tested
for suppression of B16 melanoma lung colonization using as
cites fluid (2G10, 3C10), or concentrated hybridoma superna
tant globulin (3E9). Concentrated supernatant globulin from
cultured S194/5.XXO.Bul myeloma cells (XXO) was used as a
control. One ml of MAb was injected i.p. into MAb treatment
groups of C57BL/6J mice. One day later control groups and
treatment groups were injected i.v. with 25,000 or 100,000
viable cultured B16-F1 or B16-F10 cells. Seven days later,
treatment groups were given a second injection of 1.0 ml MAb.
Although the 2G10 and 3C10 MAbs can react with normal
mouse thymocytes and with normal cultured 3T3 fibroblasts,
adverse effects were not observed in mice treated with these
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Fig. 1. Immunofluorescence staining of B16-F1 by monoclonal antibodies and fluoresceinated goat anti-mouse immunoglobulins (x 300). A. 2G10 MAb with
fixed cells; B, 3C10 MAb with fixed cells; C, 3E9 MAb with fixed cells; D, 3E9 MAb with viable cells in suspension.

Table 1 Immunofluorescence reactions affixed B16 melanoma cells and other
normal and transformed cultured cells with MAbs

Single cell suspensions of cells were washed in HBSS. air dried on slides and
ethanol fixed prior to testing by indirect immunofluorescence. MAbs were tested
at dilutions ranging from 1:5 to 1:500. The maximum percentage of cells (%) and
the reciprocal of the lowest MAb dilution showing positive immunofluorescence
(titer) are shown.

Monoclonal antibodyreactions2G10Cell

typeB16-F1
melanomaH

16-1'10melanomaHarding-Passey

melanomaS91
melanomaLM

(LI 29)cells3T3-BALB/C
cellsSV3T3-BALB/C
cellsLewis

lungtumorC57BL/6J
thymocytes%96991935374547NT68Titer100100510501010NT503C10%97972141405141NT66Titer2002005251001010NT503E9%4640172048014415Titer50501010250255010

' NT, not tested.

MAbs that could be attributed to a reaction between MAb and
normal cells. Mice were sacrificed 3 weeks after tumor cell
injection and lung colonies were counted. Mice were autopsied
for extrapulmonary metastasis, but none was observed in any
of the mice receiving either FI or FIO cells. The mean number
of tumor colonies per lung in each MAb-treated group was
compared to the mean of a control group that was not MAb

Table 2 Immunofluorescence reactions of viable cells in suspension with MAbs
Cultured BI6 cells were removed from flasks by EDTA treatment. Cells were

washed with HBSS and treated with a 1:10 dilution of MAb or normal mouse
serum, followed by fluoresceinated goat anti-mouse immunoglobulins at 4*C and

observed for full surface immunofluorescence.

Percentage of cells showing membrane
fluorescence with MAbs

CelltypeB16-F1

B16-F10
C57BL/6J
cytesthymo-NMS"1

02G1012 10
63C1018

1273E918 17
6

" NMS, normal mouse serum.

treated. The level of significance of the differences in the means
(P) was determined from the t test for inference of two inde
pendent means. Two-tailed P values are given to reflect the
possibility of both increases and decreases in tumor colonies in
each group of treated mice. A one-tailed test for the observed
increases or decreases in the means would give doubly signifi
cant P values. Because of the wide range in numbers of lung
colonies found in all groups, the data was also analyzed by the
Wilcoxan two-sample test. The use of this nonparametric
method did not reveal any substantial differences in possible
conclusions from the data.

All three MAbs were effective in reducing B16-F10 lung
colonies (Table 4). However, the 3E9 and 3C10 MAbs each
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Table 3 Inhibition of immunofluorescence by B16-FÃŒOspent culture medium
Indirect immunofluorescence reactions were carried out using ethanol-fixed

Bid I m cells. MAbs were tested undiluted or diluted 1:10 in HBSS. Inhibition
was determined as the percentage of decrease in the number of cells fluorescing
after preincubation of MAb with an equal volume of normal mouse serum, fresh
medium (MEM) or spent culture medium, compared to MAb preincubated with
HBSS.

Percentage ofinhibitionMAb2G10

2G10,1:103C10

3C10,1:103E9

3E9, 1:10Spent

medium0.4

8.940.8

27.329.2

80.5MEM2.1

0.40.5

5.18.45.1NMSÂ°2.6

2.21.3

0.42.7

-1.7

Table 4 Effects of MAbs on lung colonization by B16 melanoma variants
Cells were injected i.v. in 0.1 ml HBSS into groups of 7-20 mice that were

either untreated or treated with two injections of MAb or control XXO myeloma
supernatant globulins, given i.p. 1 day prior to and 1 week after tumor cell
injection. Lungs were removed 21 days after tumor cell injection and surface lung
colonies were counted. Statistical significance is given as the two-tailed P value
for the difference in mean tumor colonies/lung between MAb-treated and
-untreated control groups.

" NMS, normal mouse serum.

Number of colonies perlungB16

cellsFl

25,000
Fl 25,000
Fl 25,000
Fl 25,000
Fl25,000Fl

100,000
Fl100,000FIO

25,000
FIO 25,000
FIO 25,000
FIO 25,000
FIO25,000FIO

100,000
FIO 100,000MAbXXO3E9

3C10
2G102G10XXO3E9

3C10
2G102G10Mean

Â±SE16.9

Â±4.67
14.6 Â±3.66
41.2 Â±12.24
48.3 Â±11.53

0.0 Â±0.0089.6

Â±25.99
0.1Â±0.0478.9

Â±7.95
76.8 Â±18.94
16.1 Â±4.60
29.7 Â±10.27
18.3 Â±7.63370.4

Â±57.60
187.5 Â±39.62Range(2-42)

(4-35)
(6-107)

(17-96)
(0)(8-167)

(0-1)(10-298)

(15-175)
(2-46)
(3-110)

(0-54)(129-525)

(11-267)P0.82

0.05
0.02
0.010.0010.96

0.05
0.02
0.050.05

_9 2 5 O O

Table 5 Effects of delayed hypersensitivity to the 3C10 MAb on lung colonization
by B16 melanoma variants

25,000 tumor cell in 0.1 ml HBSS were injected i.v. into groups of 10 mice.
Purified MAb was injected i.p. on the day of tumor injection and 1 week later.
Delayed hypersensitivity was induced to 50 Â¿igdodecanoyl lipid conjugated 3C10
MAb (L-Ab) 17 days prior to injection of MAb and tumor cells. Ten days after

.68 000 L-Ab sensitization, the degree of DHS to the native MAb was measured in two
control groups and two sensitized groups as the mean footpad thickening in 0.1
mm units 24 h after footpad injection of 0.05 mg native 3C10 MAb.

43000

.2 5700

Number of colonies perlungB16

cellsFl

Fl
FlFIO

FIO
FIOFIOMAb3C10

3C103C10

3C10DHSL-AbL-Ab
L-AbFootpad

thickening
mean Â±SENT"0.6

Â±0.33
2.4 Â±0.23NT0.7

Â±0.30
3.6 Â±0.34NTMean

Â±SE10.2

Â±3.45
33.6 Â±7.48

4.9 Â±1.5541.0

Â±10.30
26.7 Â±7.86

115.6 Â±33.48
136.4 Â±13.59Range(0-31)

(3-88)
(0-32)(7-157)

(6-110)
(2-244)
(7-373)P0.001

0.050.15

0.01
0.01

18400

Fig. 2. Autoradiograph showing antigens immunoprecipitated with 3C10
MAb, 0.05 ml (lane /); 2G10 MAb, 0.10 ml (lane 2); 3E9 MAb, 0.10 ml (lane
3); and 3C10 MAb, 0.10 ml (lane 4) reacted with 12!I-labeledB16-F10 membrane
extract and goat anti-mouse immunoglobulins. Reduced precipitates were resolved
on a 10% sodium dodecyl sulfate-polyacrylamide gel. Migration positions of
molecular weight standards are shown.

had an enhancing effect on B16-F1 lung colonies. The mean
number of Fl colonies was actually greater than the mean
number of FIO tumor colonies in mice treated with either 3E9
or 3C10. These results show that syngeneic MAbs can act as
enhancing antibodies and that the enhancement can be specific
for normally nonmetastatic cells. The 2G10 MAb showed no
enhancement and was highly suppressive for Fl lung colonies.
This MAb eliminated all lung colonization by 25,000 Fl cells
and in mice receiving 100,000 Fl cells, only one treated mouse
developed a single small lung colony.

Effects of Delayed Hypersensitivity to the 3C10 MAb on B16
Lung Colonization. The 3C10 MAb was purified from ascites

" NT, not tested.

fluid and heavily substituted with dodecanoyl lipid groups (L-
Ab). C57BL/6J mice were injected with the L-Ab and were
shown by footpad testing 10 days later to have developed DHS
to the native 3C10 MAb. Two nonsensitized control groups
and two sensitized groups were footpad tested. The test was
carried out only in groups that were designated for MAb treat
ment because the test consisted of an additional MAb injection.
Sensitized mice showed specific footpad swelling with a mean
of 0.30 mm at 24 h (Table 5). Footpad thickening was maximal
at 24 h and had disappeared at 72 h. The sera of mice, collected
at autopsy, was tested by gel diffusion for precipitating serum
antibody to the 3C10 MAb. No precipitation occurred with
either the native MAb or the L-Ab. The L-Ab sensitization
procedure therefore resulted in a selective induction of DHS to
the MAb. Sensitized and nonsensitized mice were then injected
i.v. with 25,000 tumor cells and i.p. with 1 mg purified 3C10
MAb. The MAb treatment was repeated 1 week later. The L-
Ab-sensitized mice showed a marked increase in B16-F10 lung
colonies (Table 5). The increase in FIO colonies did not depend
on administration of the native 3C10 MAb to bind to the tumor
cells. FIO enhancement in untreated sensitized mice was slightly
greater than that observed in MAb treated sensitized mice. The
enhancement was therefore due solely to the induction of DHS
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and was highly specific for B16-F10 cells. B16-F1 cells showed

reduced lung colonization, with complete abrogation of the
enhancement observed with MAb treatment alone.

DISCUSSION

This study has identified several different antigens contained
in B16 melanoma cells that are immunogenic in the C57BL/
6J syngeneic tumor bearing mouse. Although the growing tu
mor is poorly immunogenic when evaluated by transplantation
rejection criteria (20-22) there is clearly no dearth of antitumor
antibody forming cells in the tumor-bearing host. Hybridization
of C57BL/6J spleen cells taken from mice with well-developed
s.c. B16-F1 or B16-F10 tumors yielded a significant number of
hybridomas producing antibody to B16 cells. Immunofluores-
cence screening showed that most of the MAbs reacted with
membrane-associated antigens. Some MAbs produced from
B16-F1-bearing mice appeared to react only with cytoplasmic
or nuclear antigens, but these MAbs have not been investigated.
Bartholamaeus et al. found that cytotoxic antibodies were con
tinuously produced during s.c. tumor growth of B16 melanoma
in syngeneic mice (8) and others have shown the immunogenic-
ity of soluble tumor antigens released from viable B16 cells
growing in vitro (23) and in vivo (22). Several other laboratories
have produced syngeneic MAbs to B16 cell surface antigens
(24-27), by a variety of immunization procedures.

In this paper, the production and reactions of MAbs with
B16-F1 and B16-F10 metastatic variants have been compared.
Despite extensive investigations of these two cell lines, distinc
tive differences in morphological or biochemical properties have
not been identified that can account for their metastatic differ
ence in vivo (11). It has been suggested that they differ primarily
in their rate of generation of a relatively minor subpopulation
of lung colonizing cells (28). My studies of MAb reactions with
the two cell lines have not revealed any significant antigenic
differences between Fl and FIO cell cultures in vitro. It seems
clear that in vitro tests cannot be relied upon to reveal profound
differences between the two cell lines and their metastatic
subpopulations, if the vast majority of either cell type in cell
cultures are of a nonmetastatic phenotype (28).

All MAbs produced have shown cross-reactions with other
cell types, and none have identified a melanoma-specific anti
gen, nor antigen specific to either metastatic variant. Three
membrane antigens (2G10, 3C10, and 3E9) were distinguished
by MAbs from their reactions with B16 cells. The three antigens
are all present in B16-F1 and B16-F10 cells, and they are at
the cell surface in a minority of viable, cultured cells. A common
finding has been that the membrane antigens are best visualized
in immunofluorescence tests after using ethanol as the cell
fixative to solubilize membrane lipids. Viable cells in monolayer
culture did not produce positive fluorescence. The epitopes are
therefore believed to be protectively embedded in the membrane
and glycocalyx. Embedded membrane antigen was also de
scribed by Leong et al. in 80% of cells from a human melanoma
that reacted with patient autologous antiserum only after alco
hol treatment of cells (29). Antigen expression at the cell surface
was demonstrated in about 20% of viable cells that had lost
their cell shape and rounded-up as a result of EDTA treatment.
In the normal cell cycle, rounding occurs naturally in the G2M
premitotic phase. Surface membrane composition (e.g., fibro-
nectin, proteases, and receptor molecules) fluctuates with cell
shape and growth phase (30). The surface expression of human
melanoma antigens has been shown to be cell cycle dependent
and maximal during G2 and M phases (31, 32). Trimpe and

Zwilling found that the surface expression of two B16 mela
noma antigens could be increased by culturing cells in lympho-
kines or dimethylsulfoxide (27). Classical responses of tumor
cells to antibody reactive with cell surface antigen are masking,
shedding, modulation, or immunoselection resulting in disap
pearance of the antigen from the cell surfaces (7). The B16
melanoma has undergone a lengthy period of transplantation
in association with the immune system of its syngeneic host.
The membrane antigens identified in this study may have
persisted because they are essential to cell growth and because
they are not continuously available at the cell surface.

The three antigens are distinguished by differences in their
immunofluorescence reactions, their distribution in various cell
types, and their molecular weights and precipitability from I25I-

labeled membrane extracts. The 3E9 antigen appears to be
associated with the transformed phenotype. It was not present
in the normal cells tested (thymocytes, 3T3 cells). It was ex
pressed by all transformed cell populations tested, but was
demonstrated in less than half the cells of a given population.
The antigen has a molecular weight of 25,000. The 3C10 and
2G10 antigens were present in 97-99% of cells in B16 popu
lations and similar antigens were found in all normal and
transformed cell types tested. From the percentage of cells
stained and the antibody titers, non-B16 cells showed less
intense reactions with the MAbs than B16 cells. The reactions
were therefore judged to be cross-reactions with similar but not
identical epitopes. Some 3C10 MAb immunoprecipitates con
tained only two components of A/r 48,000 and 40,000 while
others also contained M, 25,000 and 15,000 components. The
2G10 antigen was not 125I-labeled and immunoprecipitated

from membrane extracts by the MAb. The 2G10 antigen was
also distinguished from the 3E9 and 3C10 antigens in that it
was not present in the medium of cultured cells. The antigen
may not be a soluble protein. Other workers have identified M,
31,000 (26), 40,000, and 50,000 (25) antigens using syngeneic
MAbs produced by immunization of C57BL/6 mice with non-
viable B16 cells. The antigens described here may be similar or
identical to some of those previously described, but with differ
ences in the epitopes recognized by individual MAbs. The MAbs
produced to the M, 31,000 antigen are reported to be mela
noma-specific (26). The MAbs to M, 40,000 and 50,000 anti
gens are more similar to the 3E9 MAb than to the 3CIO MAb
in that they react with transformed cells such as SV3T3 cells,
but not with untransformed cells such as 3T3 cells (25). Low
molecular weight human melanoma antigens with \f, values of
15,000 (33), 40,000, 25,000, and 12,000 (34); 48,000, 25,000,
17,000, and 13,000 (35) have been described from studies using
melanoma patient antisera (33, 34) or chimpanzee antiserum
(35). By contrast, heterologous antisera and heterologous
monoclonal antibodies have usually been produced to high M,
antigens in mouse (36, 37) or human (38) melanoma cells.

An important finding of this study has been that the B16-F1
and BI f>l 10 cell lines have shown a different and usually
opposite response to monoclonal antibody treatments in vivo.
The experimental lung metastasis assay was used to test for
suppression of lung colonization by the 3E9, 3C10, and 2G10
MAbs. All three MAbs were suppressive for highly metastatic
B16-F10 cells. However, mice treated with 3E9 or 3C10 MAbs
showed an overall increase in lung colonization by the less
metastatic B16-F1 cells. The enhancement observed in this
fully syngeneic system was not random but specific for normally
nonmetastatic cells. Immunological enhancement of tumor
growth as a result of MAb treatment has not previously been
reported. It is generally accepted, however, that enhanced tumor
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growth as a result of conventional serum therapy is a distinct
possibility (39). By contrast, one M Ab (2G10) did not produce
enhancement and virtually eliminated all tumor growth in B16-

Fl treated mice.
No correlation was observed between MAb effectiveness and

their in vitro cross-reactivity with normal cells. The 3E9 MAb
that does not cross-react with normal cells was clearly inferior
to the 2G10 MAb that cross-reacts with normal syngeneic
thymocytes and 3T3 cells. The superior suppressive effect of
2G10 could be related either to its unique antibody specificity
or its antibody isotype. The 2G10 antibody is a noncomple-
ment-fixing IgGl immunoglobulin. IgGl antibodies have not
previously been shown to be superior to other immunoglobulin
classes as antitumor therapeutic agents (1,3). However, the in
vivo effectiveness of the antibody supports other studies show
ing that the inhibition of metastatic disease by antibody is cell
dependent and not complement dependent (3). The results of
this study suggest that a major advantage of the MAb approach
to therapy resides in the ability to select for antibody specifici
ties that are both suppressive and nonenhancing for all possible
cell types.

The two MAbs that have shown some enhancement each
react with antigens that are shed into the medium of cultured
cells. If these same antigens are shed in vivo, the enhancement
could be related to antigen-antibody complexes that act as
blocking factors for cytotoxic lymphocytes (40). An alternative
mechanism that could specifically promote lung colonization
by Fl cells would be the physical aggregation of tumor cells by
antibody. FIO cells show a superior ability to form homotypic
and heterotypic clumps that ensure their successful lung arrest
(10). One of the enhancing MAbs (3E9) was shown to cause
stable clumping of metabolically active B16-F1 cells in vitro
(13). A simple explanation for F1-specific enhancement would
be that antibody-induced clumping of cells in vivo resulted in
an equal opportunity for Fl tumor emboli to become arrested
in the lung. Vollmers and coworkers have produced syngeneic
MAbs to B16 cells that inhibit the adhesion of B16 cells to
laminin (24) and also block lung colonization by B16-F10 cells
(25). It is difficult to compare their MAbs to those studied here,
since they apparently did not test for MAb suppression of B16-
Fl lung colonization. The two cell lines differ in their relative
content of laminin and fibronectin receptors (41). They could
be expected to differ in their response to a MAb reactive with
a cell receptor for an adhesion molecule required for lung
colonization. An alternative mechanism that could explain spe
cific enhancement of Fl cells would be an antireceptor influence
on a differential response of the two cell types to endocrine or
autocrine growth factors (42-44).

The two B16 cell lines also differed in their response to
combined treatment with 3C10 MAb and induced delayed
hypersensitivity to the 3C10 antibody. Paradoxically, the Fl
and FIO cells showed responses that were the reverse of their
responses to treatment with MAb alone. The treatment was
suppressive for B16-F1 lung colonization and completely ab
rogated the Fl enhancement caused by 3C10 MAb alone. The
immunotherapy procedure was therefore successful for rela
tively nonmetastatic cells. The same treatment was markedly
enhancing for B16-F10 cells. Previous studies have shown that
animals immunized with dodecanoyl-conjugated protein anti
gens produce DHS reactions but no serum antibody to the
native protein ( 16). Cellular hypersensitivity to MAb was dem
onstrated in L-Ab-sensitized mice by specific footpad thicken
ing, an in vivo correlate of DHS in the mouse (45). The serum
of L-Ab-treated mice tested negative for precipitating antibody

to the L-Ab or untreated MAb. The tumor cell responses
observed in this system are likely to be related to cellular
immune reactions. The differential responses of Fl and FIO
cells to the DHS procedure and to antibody treatment alone
suggests that the cell types differ in their respective sensitivities
to cellular and humoral mechanisms.

Immunological augmentation of tumor growth has been as
cribed to immunocompetent cells, functioning either as stimu
latory lymphocytes (46, 47) or as suppressor cells (48). The
enhanced FIO lung colonization in sensitized mice was greatest
in mice that did not receive native MAb and may be related to
immune reactions with endogenous humoral or surface mem
brane antibody. The results could be due to depression of
normal host resistance to FIO lung colonization by suppressor
cells with specificity for 3C10 MAb epitopes. It is assumed that
some of these epitopes are idiotypic, since the MAb and the
anti-MAb response were both produced in the highly inbred
C57BL/6J mouse strain. Antiidiotypic suppressor cells could
depress both humoral and cellular immunity to the 3C10 tumor
antigen (49).

The results could also be due to nonspecific factors such as
interferon and other lymphokines associated with the hypersen
sitive state. It cannot be ruled out that the DHS response was
directed to unusual MAb epitopes unique to the hybridoma
cells, nor that the response was antiallotypic due to copurifi-
cation of host IgM with MAb from the ascites obtained from
C57BL/6 x BALB/c hybridoma mice. This appears unlikely
since these epitopes would not be synthesized in the tumor-
bearing mouse and it was not necessary to inject the MAb to
elicit FIO enhancement. Further work is required to determine
the mechanism and specificity of the reactions that lead to
resistance and enhancement.

It is well established that tumor cells are a heterogeneous
population and that cells from different metastatic sites can
show antigenic differences (11). The differential responses of
the two melanoma variants to two different immunotherapy
procedures are of interest because they are not due to demon
strable antigenic differences. The results nevertheless show that
the two cell lines differ in their expression of antigenic proper
ties in vivo.
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