
(CANCER RESEARCH 45, 4980-4985, October 1985]

Cell Surface Antigens of Chemically Induced Fibrosarcomas: Detection by a
Monoclonal Antibody of a Tumor-restricted Mr 12,000 Protein gag Antigen
Encoded by a Dual-Tropic Murine Leukemia Virus1

Giusi Carbone,2 Marco A. Pierotti, Mauro Boiocchi, Albert B. De Leo, DarÃoBallinari, Paolo Radice,
Maria G. Borrello, Anna Meseguer,3 Antonio Cernuschi, and Giorgio Parmiani

Division ot Experimental Oncology D [G. C., D. B., A. C., G. P.] and A Â¡M.A. P., M. B., P. Ft., M. G. B.], Istituto Nazionale Tumori, 20133 Milan, Italy, and Sloan-Kettering
Cancer Center, New York, New York 10021 [A. B. D., A. M.]

ABSTRACT

Fusion products of spleen cells of W/FuDp rats immunized
with a methylcholanthrene-induced BALB/c sarcoma, CA-2, and

mouse myeloma cells were screened in an attempt to identify a
monoclonal antibody defining the individually distinct tumor-spe
cific transplantation antigen of CA-2. A hybridoma, MP/69/04,

was isolated which produces an lgG2a monoclonal antibody that
recognized a tumor-restricted antigen of CA-2. In direct binding

assay, MP/69/04 reacted only with 2 of 15 methylcholanthrene
induced BALB/c sarcomas tested. Thymus, spleen, lymph
nodes, bone marrow, brain, adult lung fibroblasts, newborn
muscle fibroblasts and 3T3 cells were negative. Absorption tests
revealed, however, expression of the MP/69/04 determinant on
8 of the 12 murine leukemia virus (MuLV) producer BALB/c
sarcoma tested. The antigen was not detected on any of the
three non-producer sarcomas tested nor on a wide range of
normal tissues and cell lines. An N-dualtropic MuLV was isolated
from CA-2, and cell lines susceptible to infection by this virus

were shown to express the MP/69/04 epitope. By Western
blotting, the MP/69/04 epitope was identified as being expressed
on the MuLV structural protein with a molecular weight of 12,000,
present in CA-2 cells and in the purified CA-2 MuLV. These
results indicate the MP/69/04 antigen is not a unique tumor-

specific transplantation antigen but is a gag product of a recom
binant retrovirus which is expressed on the cell surface of many
MuLV + methylcholanthrene-induced BALB/c fibrosarcomas.

INTRODUCTION

Chemically induced murine fibrosarcomas have been shown
to express individual, unique TSTA4 which are defined by tumor

rejection assays in the syngeneic hosts (1). Despite the many
studies, the chemical nature and the genetics of such antigens
are unknown.

Polyclonal antitumor sera usually contain antibodies to cross-

reacting structural antigens of MuLV expressed on neoplasms
induced by chemicals (2) or antibodies to fetal and other common
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tumor-associated antigens (3, 4) but not against TSTA. An

antiserum which was specific for TSTA was produced against
the Meth A sarcoma after prolonged immunizations in semisyn-

geneic mice (5) or after a few injections of tumor cells and
adjuvant preceded by cyclophosphamide treatment (6). The first
serum, however, when tested in immunoprecipitation assay by
using detergent-solubilized membrane of Meth A, identified a M,

53,000 product shared by other tumor lines tested but failed to
precipitate the TSTA molecule of Meth A (7).

The above conflicting results seem to indicate that most
conventional antitumor sera contain antibodies to multiple anti-

genie determinants of chemically induced sarcomas but not those
against the TSTA which is to be considered at best a weakly
immunogenic structure for the antibody-producing cells of the

mouse.
Relatively few studies are available on the precipitation of

MAbs against TSTA of chemically induced tumors of mice (8, 9).
No clear evidence for MAb directed against TSTA epitopes has
been reported in these studies, a situation which is similar to
that of human tumors for which the enormous effort of many
laboratories has provided many useful reagents but none with a
documented and unequivocal specificity for TSTA-like molecules

(10).
In a new effort to develop MAbs against TSTA and other cell

surface antigens of chemically induced murine tumors, we have
used, as source of antibody-producing cells, splenocytes of Wu/
FuDp rats immunized with TSTA-bearing BALB/c fibrosarcomas.

The xenogeneic rat system was chosen for several reasons.
First, at variance with the mouse system, rat tumors are able to
generate an apparently specific anti-TSTA humoral immune re

sponse (11). In addition, there are examples of murine antigenic
determinants not immunogenic in the mouse which have been
identified by rat MAbs (12). The rat x mouse hybrids are as
efficient as mouse x mouse counterparts for the derivation of
specific antibody-producing hybridomas (13), and it has been

demonstrated that specific retention of some rat chromosomes
explains the stability of rat immunoglobulin expression in mouse
x rat hybrids (14).

In the present study we describe the development of a MAb
obtained after polyethylene glycol-mediated fusion between the
mouse myeloma cell line P3-X63-Ag8 and splenocytes from W/
FuDp rats immunized with the BALB/c fibrosarcoma, CA-2. The
rat MAb produced by hybridoma MP/69/04 identified a virus-
induced epitope present on CA-2 cells as well as on most MuLV+

chemically induced BALB/c sarcomas and which therefore can
not be considered a TSTA epitope. The viral origin of the MP/
69/04 epitope was defined by: (a) the binding of the antibody to
SC-1 and mink cells infected with an A/-dualtropic MuLV isolated

CANCER RESEARCH VOL. 45 OCTOBER 1985

4980

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2421079/cr0450104980.pdf by guest on 19 M

ay 2023



gag ANTIGEN OF A MURINE FIBROSARCOMA

from CA-2 cells; (o) identification of the antigen on a M, 12,000
protein obtained from A/-dualtropic MuLV of CA-2; and (c) inhi
bition of the binding of the antibody to CA-2 cells by partially

purified p12 gag viral protein.

MATERIALS AND METHODS

Animals. Eight- to 12-wk-old female BALB/cLacDp mice and 8-wk-

old female W/FuDp rats were obtained from our own animal colony.
Neoplastia and Normal Cells and Tissues. The following MCA-

induced BALB/c fibrosarcomas expressing individual TSTA were used:
CA-2; GI-17; C-1 (15, 16); Meth A(a); Meth A(s); CMS-1; CMS-2; CMS-
3; CMS-4; CMS-5; CMS-7; CMS-8; CMS-9; CMS-10; and CMS-11 (5,

17). They were maintained by serial transplantation in the strain of origin
or stored in liquid nitrogen and thawed when necessary. Cell cultures of
the above tumors were established by trypsin treatment of tumor nodules
and maintained in vitro as described (3, 5). BALB/c normal tissues and
cells included adult lung and newborn muscle fibroblasts, brain, liver,
kidney, thymus, spleen, lymph nodes, and bone marrow. They were
obtained and prepared as described (3, 5). The BALB/c 3T3 cells were
kept in continuous culture. Cultured lines were maintained in Eagle's

minimal essential medium (Flow Labs., Glasgow, UK) plus 10% FBS (MA
Bioproducts, Walkersville, MD) and antibiotics.

MuLV-infected Cell Lines. Infected SC-1 and mink lung (CCL64) cell
lines were constructed with MuLV isolated from the CA-2 fibrosarcoma
cells as described (3). The infected cell lines were used when the MuLV-

producing cells were >80% as detected by indirect immunofluorescence
assay for p30 MuLV group-specific antigen expression (18). SC-1 cells
infected with either BALB/c eco-N (1802-N) and B-tropic (1802-B),
C57BL eco-N (NH-10) and B-tropic (NH-11), or AKR eco-N or dualtropic
(69L1) viruses, and mink lung cells infected with the BALB/c (BV-2), AKR
xeno 6, NIH-AT124, or NZB xeno strains of xenotropic viruses, were

obtained through the courtesy of Dr. R. C. Nowinski (Seattle, WA). The
characteristics of these lines have been described (19); the tropism of
the CA-2-derived MuLV was determined as described (20).

Immunization and Cell Fusion. The in vitro established CA-2 cell line

was used between the 20th and 40th passages to immunize female W/
FuDp rats, as previously described (12). Three days after the final
immunization, cells from the spleen of the immunized rat were prepared
by gently teasing of the spleen in a small amount of RPM11640 medium
(MA Bioproducts) and admixed with the mouse myeloma P3-X63-Ag8

cells at a 5:1 ratio in the presence of 30% polyethylene glycol (BDH
Chemicals Ltd., Poole, UK) according to the method of GalfrÃ¨ef a/. (13)
The cells were grown in RPMI 1640 medium supplemented with 20%
selected FBS. The hybrid cultures obtained by the fusion were maintained
in RPMI 1640 medium supplemented with 20% FBS, 1% vitamins,
nonessential amino acids, sodium pyruvate (Gioco, Paisley, UK), penicillin
(50 lU/ml), and streptomycin (50 ^g/ml). Samples of supematants from
hybrid cultures were harvested and assayed for antibody binding activity
against fixed CA-2 and other target cells using an isotopie antiglobulin

binding assay.
Isotopie Antiglobulin Assay. An indirect antibody binding assay was

developed using neoplastic, normal, and MuLV-infected cell lines as
targets and rabbit anti-rat IgG radiolabeled with 125Iby the chloramine-T
technique (21). Target cells were plated at the concentration of 1 x 106
(normal lymphoid cells) or 2 to 3 x 104 (normal fibroblasts, sarcoma, and

MuLV-infected cells). All target cells were fixed following the procedure

described by Stocker and Heusser (22). The plates containing fixed cells
could be stored at 4Â°Cfor up to 6 mo without changes in the expression

of the measured antigen. Fifty n\ of undiluted supematants were added
to the wells and incubated at 4Â°Covernight; the plates were washed 5
times with HBSS containing 5% FBS. 125l-labeled rabbit anti-rat IgG (36
x 109 cpm/mg of protein) was added to each well (about 5x10* cpm/
well) and incubated for 1 h at 37Â°C. The excess antiglobulin was

removed, and the plates were washed 10 times. The radioactivity bound
to each well was measured in a gamma counter, and the results were

expressed as cpm or BR. The BR was determined as follows: mean cpm
with MAb supernatant divided by mean cpm with HBSS containing 5%
FBS.

Purification and Characterization of the MAb MP/69/04. The su
pernatant from hybridoma MP/69/04 (hereafter MP/69) was used in
these studies. The MP/69 supernatant was concentrated 10-fold by

precipitation with 40% satured ammonium sulfate, followed by dialysis
against FBS. The immunoglobulin class of the MP/69, as defined by gel
immunodiffusion assay using rabbit anti-rat IgG subclasses (Miles Lab.,

Milan, Italy), was lgG2a.
Titration and Absorption Assay. The MAb MP/69 was diluted in

HBSS containing 5% FBS and titered in the binding assay on a variety
of normal and transformed cells. A xenoantiserum obtained from W/
FuDp rats immunized against CA-2 cells was used as a positive control
serum. The rat anti-mouse serum at a 1:500 dilution showed a high

reactivity against all mouse target cell lines used in these experiments.
For absorption assays, equal volumes of 1:5 diluted antibody and packed
cells were incubated together with frequent shakings for 30 min at 37Â°C
plus 1 h at 4Â°C.Cells were removed by centrifugation, and the residual

binding activity of the absorbed MAb was determined by titration on CA-

2 cells.The absorption assays with soluble viral p12 preparations were
performed as described using viral proteins obtained from Dr. E. Fleissner
(Sloan-Kettering Cancer Center, New York, NY).

SDS:PAGE and Western Blotting of Viral Proteins. SDSPAGE was
performed in a 15% polyacrylamide gel using Laemmli's procedure as

previously described (23). Western blotting procedure was performed
according to Towbin ef a/. (24) with slight modifications. Purified CA-2

virus was detergent disrupted, and 10 ng of viral protein were run in
each sample lane in 15% gel. The viral proteins were then transferred to
nitrocellulose paper (Gelman Sciences, Inc., Ann Arbor, Ml) at 30 V for
20 h. The blotted paper was saturated for 1 h at room temperature in
TRIN buffer containing 5% bovine serum albumin and 1% normal rabbit
serum and washed 3 times with plain TRIN buffer. The nitrocellulose
paper was then incubated overnight at 4Â°Cwith 20 ml of appropriately

diluted antibody in TRIN buffer containing 0.05% NP-40 (NP-40:TRIN)
and incubated for 1 h at room temperature with 126l-labeled antibodies
(106 cpm/ml). The paper was washed 3 times with NP-40:TRIN to remove

excess radiolabeled antibody, dried, and exposed for autoradiography
to Trimax XD film (3M, Milan, Italy) in a Cronex cassette using a Quanta
intensifying screen (Dupont-De Nemours and Co., Wilmington, DE).

IEF. IEF was performed according to the method of O'Farrell ef al.

(25) using, in the first dimension, a 1:3 ratio of pH 3.5 to 10:pH 5 to 7
ampholines (LKB, Uppsala, Sweden). IEF was performed for 1 h at 125
V and 5 h at 400 V. After reduction with sample buffer, the gel was
applied on top of a 15% acrylamide:SDS gel and run as previously
described. The proteins from this second dimension gel were transferred
to nitrocellulose sheets and probed with the appropriate antisera.

Antibodies to MuLV Antigens. Anti-MuLV antisera against p10, p12,

p15, p30, p15(E), and gp70 were kindly provided by Dr. E. Fleissner and
used in Western blotting at a 1:100 dilution. The rat anti-MuLV proteins'

antiserum was a gift of Dr. R. W. Nowinski.

RESULTS

Reactivity of the MAb MP/69 on MCA-induced Fibrosarco

mas and on Normal Cells. Supematants from 839 hybrid cul
tures obtained by fusion of P3-X63-Ag8 mouse myeloma cells
and spleen cells of W/Fu rats immunized with the TSTA-bearing
CA-2 fibrosarcoma cells were initially screened for the production
of antibodies able to bind to CA-2 cells. Of 100 supematants
which bound to CA-2, 66 showed reactivity against CA-2 cells

as well as BALB/c fibroblasts and thymocytes; 25 reacted
against CA-2 cells and fibroblasts but not against thymocytes,
and 8 supematants consistently bound CA-2 and other MuLV+

fibrosarcomas and lymphomas but not BALB/c fibroblasts or
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thymocytes. The last 8 hybridomas suggested a reactivity
against MuLV-related tumor-associated antigens. The superna

tant from the remaining hybridomas (MP/69) initially showed a
BA restricted to CA-2. The BA of this hybridoma supernatant

appeared to be stable after two clonings of the hybridoma by
limiting dilution on feeder layers of BALB/c peritoneal exÃºdate
cells. The serological specificity of MAb MP/69 was determined
by direct binding tests and absorption assays (Table 1).

In the direct binding assay, MP/69 reacted with 2 of 15 MCA-
induced BALB/c fibrosarcomas tested, CA-2 and CMS-7; all the

normal BALB/c tissues tested were negative. The absorption of
MAb reactivity for CA-2 cells with normal and neoplastic cells

indicated, however, that, while MuLV sarcomas [Meth A(a),
CMS-4, and CMS-5], normal BALB/c tissues, or 3T3 cells did

not express the antigen, a majority of MuLV+ sarcomas ex
pressed the determinant recognized by MP/69. To further extend
the panel of neoplastic cells tested with MP/69, 3 BALB/c
leukemias induced either by Moloney virus (YC8, LSTRA) or by
radiation (RLd1) and 3 C57BL RadLV-induced leukemias (LH-8,

BW147, VL3) were examined, and all were found negative in the
direct and absorption assay (data not shown).

The representative results of direct BA and absorption analysis
of MP/69 are reported in Chart 1. The MAbs exhibited a strong
BA on CA-2 cells with a titer of 1:8 (Chart ~\A).A lower BA was

observed on CMS-7 as compared to CA-2 (Chart ÃŒB).As shown

in Chart 1C, the BA of the MAb was unaffected by absorption
with either GI-17, Meth A(a), and CMS-1 sarcomas or 3T3 cells,

whereas the activity was completely removed by absorption with

Table 1

Analysis of the reactivity of MP/69 on chemically induced sarcomas and normal
cells of BALB/c origin

Rabbit anti-rat 125l-labeled immunoglobulins were used in the binding assay to

measure the reactivity of MP/69 against plated and fixed target cells. For absorp
tion, equal volumes of 1:5 diluted MP/69 and packed cells were incubated; after
centrifugation the residual binding activity of MP/69 was determined on CA-2 cells.

Reactivity of MP/69

10

Targets

Direct
MuLV binding Absorption

phenotype" assay* assay0

MCA-induced sarcomas
CA-2
C-1
GI-17
Meth A (a)
Meth A (s)
CMS-1
CMS-2
CMS-3
CMS-4
CMS-5
CMS-7
CMS-8
CMS-9
CMS-10
CMS-11

Normal tissues
Adult and newborn

fibroblasts
Brain, liver, kidney
3T3 cells
Thymus, spleen, lymph

nodes, bone marrow

MuLV phenotype was determined by serology and biochemical assays with
antisera to MuLV structural gp70 and p30 (11).

6 The direct binding assay was considered positive when the BR was >2.
c The absorption assay was considered positive when the MAb activity at dilution

of 1:5 was reduced by 90% by absorbing cells.

Un. 10 20 40 80 160

RECIPROCAL OF SERUM DILUTION
Chart 1. Titration of the MAb MP/69 (â€¢)on CA-2 (A) and CMS-7 (6) cells by

binding assay. Points, mean Â±SD of 3 replicates. , background cpm obtained
with HBSS plus 5% FBS; Un, undiluted serum. C, titration of the MAb MP/69 on
CA-2 cells by binding assay without (O) or after absorption with CA-2 (â€¢),GI-17
(A), Meth A (â€¢),C-1 (A), CMS-1 (*), CMS-3 (V), CMS-7 (D) fibrosarcomas, and
3T3 cells (T). , background cpm obtained with HBSS plus 5% FBS. Points,
mean Â±SD of 3 replicates.

CA-2, C-1, CMS-3, and CMS-7 sarcomas. These data indicated
that the reactivity of the MAb was not restricted to CA-2, since
absorption analysis consistently showed expression of the MP/
69 epitope on 8 of the 12 MuLV+ sarcomas tested.

Isolation and Characterization of Retroviruses from the
Fibrosarcoma CA-2. The association in several sarcomas be
tween expression of the MP/69 epitope and MuLV production
led us to determine whether the expression of the MP/69 deter
minant on CA-2 cells could be an MuLV-induced or encoded
antigen. Cocultivation-infectivity assay was performed with mi-
tomycin C-treated CA-2 cells and cell lines susceptible to infec

tion and replication of different classes of MuLV. Primary infection
of SC-1 and mink fibroblasts led to viral replication, indicating
that CA-2 cells produced either ecotropic and xenotropic viruses

or retroviruses with an expanded host range. To discriminate
between these alternatives, the viruses recovered from SC-1
and mink cell lines were subjected to multiple infection cycles
carried out at limiting dilution on SC-1 and mink cells alternatively.

The sequential infection cycles allowed the isolation of a virus
with an expanded host range, although the production of eco-
and xenotropic viruses by CA-2 cells could not be excluded since

the procedure did not allow the identification of viruses with a
restricted host range. The dualtropism of the isolated virus
indicated that the virus may derive by recombinational events of
the endogenous virogenes occurring concomitantly or subse
quently to the oncogenic process. Furthermore, infection assays
with the dualtropic CA-2-derived virus on NIH and BALB/c 3T3
fibroblasts indicated an N-tropism for that virus (data not shown).

Reactivity of the MAb MP/69 to MuLV-infected SC-1 and
Mink Cells. To further verify that the binding of the MAb on Ca-
2 cells was directed against a structural protein of the dualtropic
CA-2 virus, binding assays were carried out on SC-1 and mink
cells infected with various prototype eco- and xenotropic viruses
from different strains of mice or with the Ca-2 virus. As shown
in Table 2, the MAb reacted against both SC-1 and mink cells
infected by CA-2 virus but not against uninfected SC-1 or mink
cells. The reactivity was also observed against SC-1 cells in
fected with both eco-N-tropic and B-tropic BALB/c viruses, with
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N- but not B-tropic C57BL viruses, and with N-tropic but not

dualtropic AKR virus. The mink cells either uninfected or infected
with either BALB/c, AKR, NIH, or NZB xenotropic viruses were
completely negative for binding of the MAb. The positive control
for BA was, as before, the rat anti-mouse serum which showed

a high activity on all cell lines used in the experiment (data not
shown).

This experiment therefore confirmed that MAb MP/69 identi
fies a N-dualtropic MuLV-related antigen which is expressed on
the surface of CA-2 and several other MuLV+ fibrosarcoma

cells. In addition, since some ecotropic MuLV but not xenotropic
MuLV reacted with MP/69, the MP/69 epitope has an ecotropic
origin. In this context, it is interesting to note that the only
ecotropic virus found negative by the monoclonal MP/69, the B-

tropic C57BL MuLV, has been reported to originate from a
recombinant between endogenous N-tropic and xenotropic virus

(26).
To discriminate whether the reactivity of the MAb was directed

against a virus-induced cellular antigen or a virus-encoded de
terminant, experiments were performed on purified CA-2 virions
obtained from CA-2 MuLV-infected SC-1 and mink cells. As

reported in Table 2, the MAb displayed a BA on the dualtropic
CA-2 virus purified from SC-1, as well as from MuLV-infected

mink cells, but it was negative on BALB/c xenotropic virions.
Biochemical Analysis of the Dualtropic Ca-2 Viral Products

Recognized by the MAb MP/69. SDS:PAGE analysis of immu-
noprecipitates of cell-free extracts of surface or metabolically
labeled CA-2 cells and of 125l-radiolabeled purified CA-2 virus

proteins with MP/69 failed to identify any specific molecule.
Since the monoclonal reagent was selected by binding assay,

we decided to adopt a biochemical technique, the Western
blotting, which is closely related to the binding assay. In prelimi
nary Western blotting assays, MP/69 was found to identify a
molecule migrating around M, 14,300 in the electrophoretically
separated Ca-2 virus proteins (data not shown). This observation

allowed us to restrict the identification of the viral molecule
carrying the MP/69 epitope to the class of the viral small proteins.
Accordingly, viral proteins, isolated from SC-1 cells infected with

Table 2

Reactivity ol the MAb MP/69 on virally infected cells and purified virions

Cell lines and
infective MuLV

Reactivity
in the direct

binding assay9

SC-1
Uninfected
CA-2 MuLV infected
BALB/c eco N-tropic (1802N)
BALB/c eco B-tropic (1802B)
C57BL eco N-tropic (NH-10)
C57BL eco B-tropic (NH-11 )
AKR eco N-tropic
AKR dualtropic (69L1)

Mink
Uninfected
CA-2 MuLV infected
BALB/c xenotropic (BV-2)
AKR xenotropic (Xeno-6)
NIH xenotropic (AT-124)
NZB xenotropic (NZB)

Purified virions
CA-2 (SC-1)
CA-2 (mink)
BALB/c xenotropic

The direct binding assay was considered positive when the BR was >2.

either the CA-2 MuLV or AKR dualtropic 69L1 MuLV (negative

control), were challenged with MP/69, normal rat serum, or
antisera to the different viral small structural proteins. Fig. 1
shows that MP/69 recognized a specific protein of about M,
15,000 and a smaller one likely to be a degradation product or
a different form of the former. Consistent with the results ob
tained by reacting the MAb on viral infected cells (see Table 2),
this molecule was identified on the CA-2 virus (Fig. 1, Lane B)

but not on the dualtropic AKR virus (Fig. 1, Lane A). The antiviral
sera defined the expected proteins on both AKR dualtropic and
CA-2 virus.

By comparing the migration displayed by the molecule identi
fied by MP/69 with those of the small proteins recognized by the
specific antisera on the same CA-2 MuLV, it followed that the

MP/69 molecule could be p12 or p15, whereas by this criterion
p10 and the env product p15(E) can be ruled out.

As described by Stephenson ef al. (27), the p12 and p15 gag
products can be distinguished from each other on the basis of
their pi. The gag product p12 is more acidic (pi 4.1-5.9) than the
p15 one (pi 6.1-8.3) in mammalian type C viruses. Fig. 2 shows
an IEF-SDS:PAGE of SC-1/CA-2 viral proteins blotted on nitro

cellulose filters and probed with p15 (A), MP/69 (B), and p12 (C)
antibodies. It is clear that MP/69 recognized major spots with
an average pi of 5.6 identical to those obtained by an anti-pi 2
serum and different from the p15-related spots whose pi was at
6.9. The multiple spots obtained with anti-p12 and MP/69 anti

bodies are presumably due to posttranslational modifications of
p12, e.g., phosphorylation (27).

To directly confirm the p12 nature of the molecule detected
by MP/69, we performed absorption assays using partially puri
fied preparation from p12 prepared from AKR eco-N-tropic and

VL3 (negative control) virus (26). These preparations have been
previously analyzed by Western blotting with antiviral antisera,
and they were shown to contain p12. In addition, higher molec
ular weight proteins, likely to be different forms of gag-related
polyproteins, were detected when goat anti-AKR p30 serum was

used. The same analyses indicated that there were no p15 or
gp70 determinants in those materials (data not shown). The
lacking of gp70 determinants is especially important to rule out
any involvement of env-coded proteins in the analysis of the

epitope recognized by MP/69.
Chart 2 shows the results of the absorption assay performed

with soluble p12 preparations. In A, it is shown that about 1 ^g
of AKR ecotropic p12 abrogated the binding of MP/69 to Ca-2

cells even at the initial dilution (1:4) of the antibody. Conversely,
the same amount of p12 from the VL3 virus did not affect the
titration curve of MP/69. The specificity of this result was shown
in Chart 26, where we have titrated the inhibitory activity of p12
preparations using a fixed dilution (1:4) of MP/69. The results
show that 25 ng of AKR ecotropic p12 are still able to inhibit
about 50% of the binding of MP/69 to CA-2 target cells. Again,

no inhibition was observed with VL3 p12 even at the highest
concentration of 2.5 HQ.

Thus, the biochemical analysis and the absorption assays with
partially purified p12 viral proteins conclusively indicated that the
epitope defined by the MAb MP/69 is borne by the p12 gag
gene-encoded molecule.

DISCUSSION

During the past few years an enormous effort has been made
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Fig. 1. Western blotting of SDS:PAGE of to
tal viral proteins from dualtropic AKR virus (Lane
A) and SC-1/CA-2 virus (Lane B). Antisera used
are indicated on the (op of the lanes and were
developed by the relative 125l-labeled antiim-
munoglobulins. The 14C-labeled molecular

weight standard markers were: bovine serum
albumin (M, 69,000); ovalbumin (M, 46,000);
carbonic anhydrase (M, 30,000); and lysozyme
(M, 14,300). NRS, normal rat serum; G, goat;
M, mouse.

gag ANTIGEN OF A MURINE FIBROSARCOMA

NRS MAb 69/04 G anti plO Ganti p12 Gariti p15 Mantip15(E)

MW

69000
46000

30000

14300

Fig. 2. Western blotting of 2-dimensional IEF-SDS:PAGE of
total SC-1/CA-2 viral proteins. A, goat anti-p15 serum revealed
by 125l-labeled rabbit anti-goat Â¡mmunoglobulins; B, MAb MP/
69 revealed by 125l-labeled rabbit anti-rat immunoglobulins; C,
goat anti-p12 serum revealed by 125l-labeled rabbit anti-goat

immunoglobulins. The lane at the left represents a first dimen
sion SDS:PAGE obtained with the MAb MP/69.
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Chart 2. A, titration of the MAb MP/69 (starling from 1:4 dilution) on CA-2 cells
by binding assay after absorption with 1 ^g of AKR-ecotropic (â€¢)or VL3 (â€¢)p12
protein. O, unabsorbed serum. B, residual binding capacity of the MAb MP/69
(diluted 1:4) on CA-2 cells, after addition of different amounts (starting from 2.5 ng)
of AKR-ecotropic (â€¢)or VL3 (â€¢)p12 protein.

in the search for tumor-specific MAbs. To date, however, not a
single reagent has been found against tumors of either murine
or human origin which has the feature of specifically detecting a
tumor-restricted cell surface antigen (10, 28). In our opinion, this
is not surprising and cannot be taken as an argument against
the existence of tumor-specific antigens. These antigens display
biological features similar to other weak antigenic systems, I.e.,
minor histocompatibility antigens or H-2 mutants, for which a

I ' I ' I ' I
8.4 8.2 8.0 7.7 7.1 6.7 63 5.6 4.4 pH

cellular but not a humoral immune response has been repeatedly
obtained.

The antigen defined by MAb MP/69/04, although detected in
a direct binding assay on only 2 of 15 MCA-induced BALB/c
fibrosarcomas, by absorption assays was found to be expressed
on 8 of 12 MuLV-f-tumors tested. The antigen was not detected,
even by absorption, on 3 of 3 MuLV- sarcomas and a wide
range of normal BALB/c tissues tested. Thus, the MP/69-defined
epitope is operationally a tumor-associated antigen not detecta
ble on any of the normal tissues examined, including fibroblasts
which represent the normal cells from which the tumor derives.

The pattern of reactivity of the MAb MP/69 indicated that it
recognized a MuLV-related antigen. The reactivity of the antibody
with a dualtropic N-tropic MuLV isolated from CA-2 supported
the viral origin of the determinant and suggested that the virus
may be derived by recombinational events involving BALB/c
endogenous virogenes which occurred concomitantly or subse
quently to the oncogenic process.

Since the MAb MP/69 has been shown to react with (a) SC-1
and mink cells infected with the CA-2 MuLV but not with the
uninfected counterparts, (b) SC-1 cells infected with BALB/c
eco-N- and B-tropic MuLV but not with a panel of xenotropic
MuLV-infected mink cells, and (c) purified CA-2 MuLV virions,
we conclude that MP/69 binds to a MuLV-related epitope ex
pressed on the cell surface of CA-2 cells that is encoded by a
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provirus. Most likely, the CA-2 virus was formed by recombina-
tional events between eco- and xenotropic-related sequences
which took place during neoplastic transformation. Moreover,
the negativity of the xenotropic viruses for the MP/69 epitope
suggests that the antigen is related to the ecotropic sequences
of the recombinant CA-2 dualtropic virus. Interestingly enough
other recombinant viruses tested, like AKR 6521, C57BLVL3,
C57BL eco-B-tropic, and Moloney MuLV (not reported), have
been found negative for MP/69 indicating that, in a recombinant
virus, the p12 (see below) recognized by the monoclonal only
seldomly derives, like is the case for the CA-2 virus, from the
parental ecotropic.

The biochemical analysis and the absorption assays with
partially purified p12 preparations indicated that MP/69 was
expressed on the p12 gag product. This is a new finding since
other laboratories have described env-gp70 but not gag-related
antigens on MCA-induced fibrosarcoma using both conventional
and monoclonal antibodies (2, 8, 9). The presence of gag-
encoded glycosylated polyproteins, however, has been reported
on the cell surface of chemical or viral induced leukemias (29-
31) and shown to be recognized by H-2-restricted cytolytic T-
lymphocytes (30) and, thus, to behave like tumor-associated
antigens of MCA-induced fibrosarcomas (15).

Since the MP/69 antigen is expressed in high levels only in a
fraction of MuLV+ tumors, the MAb appears to delineate a novel
polymorphism determined by the gag gene products. However,
the detection of MP/69 epitope on a fibrosarcoma whose TSTA
does not cross-react with that of the CA-2 cells5 indicates that

MP/69 determinant cannot be solely identified with the unique
TSTA of this tumor. A possible role of a retrovirus in the expres
sion of TSTA of the Meth A sarcoma has been reported (19). In
that case the viral epitope reacted with the TSTA-specific anti-
serum and had a much more restricted distribution than that
found with the MP/69 antigen. In addition, the viral Meth A-like
antigen was shown to have a Meth A-specific immunogenicity
lower than that of the individual TSTA. Thus, although the
relationship between MuLV-related antigens and TSTA of MCA-
induced fibrosarcomas continues to remain unclear, it is impor
tant to realize that viral-related antigens exist which may induce
weak immune responses in the host (4) and that these antigens
should be taken into account to evaluate the interaction between
an MULV+ tumor and its host.
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