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ABSTRACT Cells transformed by murine sarcoma
virus have been examined for the presence of a new virus-
associated cell-surface antigen by immunoelectron micros-
copy. A common antigen has been detected on the sur-
face of nonproductively transformed cells that were in-
duced by two different strains of murine sarcoma virus,
Kirsten and Moloney. This antigen shows crossreaction
with cell lines transformed by murine sarcoma virus that
were produced in two different mammalian species, rats
and mice. Further, this antigen is distinct from previously
described antigens on the surfaces of cells infected by mu-
rine leukemia virus, on the viral envelope, and on the
surfaces of spontaneously transformed cell lines or cell lines
transformed by x-irradiation.

Several tumor viruses have been shown to induce the forma-
tion of virus-associated antigens in nonproductively trans-
formed mammalian cells. Transformation with DNA-con-
taining viruses such as simian virus 40 and polyoma virus
results in the production of an intranuclear T antigen (1) and
a strong transplantation antigen (2). Avian RNA-containing
sarcoma viruses that transform mammalian cells cause pro-
duction of virus-associated antigens including the avian C-
type group-specific (gs) antigen (3) and a recently described
transplantation antigen (4).

Murine sarcoma virus (MSV) also induces transformation
of cells in the absence of detectable virus production (5, 6).
MSV-transformed nonproducer cells have been shown to con-
tain virus-specific RNA (7). In addition, the sarcoma viral
genome can be rescued from MSV-transformed nonproducer
cells by infection with a helper leukemia virus (5, 6). However,
the production of any virus-associated antigens has yet to be
demonstrated by either serological methods or by trans-
plantation immunity techniques (8, 9). It has been shown that
immunoelectron microscopy provides a sensitive and specific
method for detection and location of antigens on cell surfaces
(10). The availability of clonal lines of nontransformed cells
and of sublines that have been transformed either spontane-
ously or by oncogenic viruses (11-13) has led us to search for
MSV-associated antigens on the surfaces of MSV-transformed
nonproducer cells by immunoelectron microscopy.

MATERIALS AND METHODS

Cells and Viruses. Cells were grown in Dulbecco’s modifica-
tion of Eagle’s medium supplemented with 109, calf serum.
The individual cell lines used are described in Table 1. In
addition to the above tissue-culture lines, Rauscher murine
leukemia virus (MuLV)-induced BALB/c leukemia was main-
tained in syngeneic mice and used as a source of MuLV-

Abbreviations: MSV, murine sarcoma virus; MuLV, murine
leukemia virus.

induced surface antigen. The sources of murine sarcoma and
murine leukemia viruses used have been reported (9, 12).

Antisera. All antisera were prepared in 6- to 8-week-old
female BALB/c mice obtained from the National Institutes of
Health breeding colony, Bethesda, Md. Tissue culture cells

TaBLE 1. Summary of cell lines used for immunizations,
absorptions, and as target cells for tmmunoelectron microscopy

Description Refs.

A clonal line of BALB/c 11
embryo cells

Same clonal line infected
with Rauscher
(R)»-MuLV

Designation of cell lines

BALB/3T3

BALB(R-MuLV)

BALB(Ki-MuLV) Same clonal line infected
with Kirsten (Ki}>MuLV
K-BALB A Ki-MSV-transformed 9, 12
nonproducer subclone of
BALB/3T3
K-BALB(R-MuLV) A line of MSV- and 9

MuLV-producing trans-
formed cells, obtained by
superinfecting K-BALB
cells with R-MuLV

A Moloney (M)-MSV 6
transformed nonproducer
subclone of BALB/3T3

A tumorigenic subclone 13
isolated after x-irradia-
tion of BALB/3T3
(spontaneous or x-ir-
radiation induced)

A clonal line of NIH Swiss 14
embryo cells

A Ki-MSV-transformed 12
nonproducer subclone of
NIH-3T3

A line of MSV- and
MuLV-producing trans-
formed cells, obtained by
superinfecting K-NIH
cells with R-MuLV

M-BALB

R4-BALB

NIH/3T3

K-NIH

K-NIH(R-MuLV)

NRK A clonal line of normal 15
rat-kidney cells
K-NRK A Ki-MSV-transformed 12
nonproducer subclone of
NRK
M-NRK An M-MSV-transformed

nonproducer subclone of
NRK
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Test cells
Test serum*
st serum- Cells used for Spontaneously
(No. of immunizations) transformed
BALB/c anti- absorption Nonproducer Producer ans
KBALB K-NIH K-NRK M-BALB M-NRK K-BALB (R-MuLV) K-NIH (h-MuLV) BALB-R-leukemia R4-BALB
Nonproducer antiserum © ’ ©
K-BALB (7-9) BALB/3T3 aae ana ane ana PV M M —A— —
©
K-BALB J— N - - - ©_<:.>9 _©__m9
© ©
KNI o e @0
B T T =) i f
BALB (R-MuLV) PV PPV aee P PPV
BALB (Ki-MuLV) ane PV PP PP YV
o 7-9 sy ° 9 e
jaiiLlog < =
K-BALB - ©_/A\9
K-NIH - ©_/':\'g
Producer antiserum
KBALB (RMuLV) (3)  BALB/3T3 e 8 & LoARO] LR,
K-BALB - M M M
BALB-R-leukemia aaa P ana M _@:)._/«\9 m
py
K-BALB (R-MulLV) (7-9) BALB/3T3 PV aaa Py _@2_/&9 m M
*After absorption, all antisera wére tested with normal BALB/3T3 and/or NIH/3T3 cells to confirm ion of against these normal cells.

F1e. 1. Analysis of MSV- and MuLV-associated surface antigens by immunoelectron microscopy.

were harvested by trypsinization, washed twice, and re-
suspended at 107 cells/ml in serum-free medium 199. Groups
of five BALB/c mice were immunized nine times at weekly or
biweekly intervals by intraperitoneal inoculation of 1.0 ml of
cell suspension per animal. Before injection, the K-BALB and
K-BALB (R-MuLV) cell lines (9) were treated with
mitomyecin C (20 ug/ml) for 20 min at 37° to block cell
division and prevent tumor development in the inoculated
syngeneic mice. Mitomycin C pretreatment was omitted in
the case of the allogeneic immunization with K-NIH cells.
Antisera were obtained 10-14 days after the last immuniza-
tion. This allogeneic antiserum was tested exclusively against
BALB/c-derived cell lines, K-BALB, K-BALB(R-MuLV),
R4-BALB, and BALB(R-MuLV), to avoid reaction with
alloantigens. The antisera against nonproducer cell lines,
BALB/c anti-K-BALB and BALB/c anti-K-NIH, are
designated as “nonproducer antisera” whereas the antiserum
against the virus-producing cell line, BALB/c anti-K-BALB
(R-MuLV), has been designated as “producer antiserum”
in this study.

Absorption of Antisera. Absorption was performed by in-
cubation of serum with an equal volume of well-washed,
packed cells at 4° for 60 min with periodic agitation. Cell
suspensions were centrifuged at 1500 rpm (300 X ‘g) for 15
min and the absorption procedure was repeated with fresh
cell packs. In each experiment, antisera were tested for
activity against BALB/3T3 and NIH/3T3 cells, and then
only completely absorbed antisera were used.

Immunoelectran Microscopy. The methods for detection of
cell-surface antigens by immunoelectron microscopy have
been described (10). Briefly, viable cells were gently scraped
from monolayers with a rubber policeman, washed twice in
serum-free medium 199 by centrifugation at 4°, and dis-

tributed to small centrifuge tubes at about 3 X 10° cells per
tube. Cells were incubated with 0.05 ml of undiluted anti-
serum for 30 min, washed twice with serum-free medium 199,
and then incubated with hybrid antibody with dual specificity
for mouse-IgG and for southern bean mosaic virus or ferritin.
After two further washes, the cells were incubated with
southern bean mosaic virus or ferritin. All incubations were on
ice for 30 min with periodic agitation. Washed cell pellets were
fixed with glutaraldehyde and osmium tetraoxide, dehy-
drated, and embedded in Epon as usual. After double stain-
ing with uranyl acetate and lead citrate (southern bean
mosaic virus was used as marker) or single staining with lead
citrate (to add contrast to ferritin), thin sections were exam-
ined under a Siemens microscope Elmiskop 1A.

RESULTS
A summary of the data is given in Fig. 1 and Table 2.

Presence of a new cell-surface antigen on
MSV-transformed nonproducer cells

Studies were first performed to determine whether any new
antigens were present on the surface of MSV-transformed non-
producer cells. Antisera prepared from BALB/c mice after
either three immunizations or hyperimmunization (7-9
immunizations) with the nonproducer cell line, K-BALB,
were first doubly absorbed with normal BALB/3T3 cells to
remove any activity with normal BALB/c antigens and then
tested by immunoelectron microscopy against K-BALB
cells. The early serum showed a relatively weak reaction with
K-BALB cells. However, the hyperimmune serum clearly
labeled small sectors on the cell surface of the MSV-trans-
formed cells (Fig. 2). The activity of the serum BALB/c
anti-K-BALB was eliminated by double absorption with
K-BALB cells.
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TaBLE 2. Summary of immunoelectron microscopy studies on MSV- and MuLV-associated cell-surface
and viral envelope antigens
Test cells
MuLV-superinfected
Nonproducer nonproducer Murine leukemia (Rauscher)
Test serum Cells used for absorption Cell surface  Cell surface Viral envelope Cell surface Viral envelope
Nonproducer Nontransformed- & + + - — -
antiserum* non-virus-infected
cells
Nonproducer - - — — -
Murine leukemia + + - - —
(Rauscher)
Producer Nontransformed- & + + + + +
antiserum* non-virus-infected
cells
Nonproducer - + + + +
Murine leukemia + + - — -
(Rauscher)

et <O

F1e. 2. K-BALB cells were reacted with the serum BALB/c
anti-K-BALB absorbed with BALB/3T3 cells and labeled with
southern bean mosaic virus. Small areas on the cell surface are
labeled with the virus. X 29,700.

Fi1a.3. K-BALB(R-MuLV) cells were reacted with the serum
BALB/c anti-K-BALB, absorbed with BALB/3T3 cells, and
labeled with ferritin. Small areas on the cell surface and a tiny
spot on the viral envelope are labeled with ferritin (see Fig. 4).
X71,280.

Crossreactivity of surface antigens on

Ki-M SV-transformed nonproducer cells of

different species

Studies were performed to establish whether the newly de-
tected surface antigen on MSV-nonproducer cells was common
to MSV-transformed cells derived from different strains of
mice. The two nonproducer antisera, BALB/c anti-K-BALB
and BALB/c anti-K-NIH, reacted with both nonproducer K-
BALB and K-NIH lines, labeling small sectors on the cell
surfaces; the same sera were completely negative when tested
against normal BALB/3T3 and/or NIH/3T3 cells. The
specificity of these reactions was shown by the fact that the
activities could be eliminated from each serum by cross-
absorption with either nonproducer cell line. A subclone of
BALB/3T3 cells, obtained after exposure to a high dosage of
x-irradiation, R4-BALB, was also tested for antigens that
crossreacted with those of the MSV-nonproducer cells. There
was, however, no evidence of MSV-associated antigens on-this
cell line. The nonproducer antiserum did react with a Ki-MSV-
transformed rat nonproducer line (K-NRK) but not with con-
trol normal rat-kidney cells (NRK), indicating crossreaction of
the antigen between MSV-transformed cells of two different
species.

Crossreaction between MSV-associated surface

antigens of cell lines nonproductively transformed by
different strains of MSV

The Kirsten strain of murine sarcoma virus (Ki-MSV) was
originally isolated by passage of a mouse erythroblastosis
virus in W/Fu rats (16). The virus could, therefore, be of rat
origin. In contrast, the Moloney strain of MSV (M-MSV) was
obtained after passage of Moloney MuLV in mice (17). Al-
though similar in most of their tissue culture properties (7,
12), cells transformed by these viruses do show morphological
differences (Aaronson, S. A., unpublished observations). It
was of interest, therefore, to determine whether crossreaction
could be detected between the MSV-associated surface anti-
gens on cells nonproductively transformed by these two MSV
strains. The nonproducer antiserum, BALB/c anti-K-BALB,
when tested with both M-BALB and M-NRK cell lines, was
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Fia. 4. Same as the Fig. 3, but tiny spots of labeling on the
R-MuLV are shown more clearly. X 75,600.

Fic. 5. K-BALB(R-MuLV) cells were reacted with the serum
BALB/c anti-K-BALB (R-MuLYV). (after the third immuniza-
tion), absorbed with BALB/3T3 cells, and labeled with southern
bean mosaic virus. Small areas on the cell surface and the entire
viral envelope of R-MuLV are labeled with the virus. X 62,400.

Fic. 6. K-BALB(R-MuLV) cells were reacted with hyper-
immune serum BALB/c anti-K-BALB(R-MuLV), absorbed with
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positive by immunoelectron microscopy, whereas, as de-
scribed above, this serum was negative when tested with both
nontransformed parent BALB/3T3 and NRK lines. On the
basis of these findings, it is clear that the MSV-associated
antigens of cells transformed by either M-MSV or Ki-MSV
possess crossreacting antigenic determinants.

Relationship between MuLV- and MSV-associated
surface antigens
When the two nonproducer antisera were reacted with R-
MuLV-superinfected transformed cells, K-BALB(R-MuLV)
and K-NIH (R-MuLV), small sectors on the cell surface were
clearly labeled (Fig. 3) and a few virions were labeled on small
areas of the envelope (Fig. 4). This latter labeling may have
resulted from acquisition by virions of antigens previously
existing on the cell surface during budding, as observed for
some alloantigens that have been detected on the envelope
of Gross-MuLV (18). To determine whether the surface anti-
gen detected on MSV-transformed producer and nonproducer
cell lines was related to the previously described MuLV-
associated surface antigen (19), the nonproducer antisera,
BALB/c anti-K-BALB and BALB/c¢ anti-K-NIH, were
tested with the Rauscher leukemia cell line, BALB-R-
leukemia. No positive reactions were observed, indicating that
the antigen common to MSV nonproducer cells was absent
from the surface of leukemia virus-infected cells. Further
evidence that MuLV- and MSV-associated antigens differed
was obtained by absorption of the serum BALB/c anti-K-
BALB with either BALB (R-MuLV), BALB (Ki-MuLV), or
BALB-R-leukemias; absorption with either of these three
MuLV-producing cell lines failed to absorb out the activity of
this antiserum with the nonproducer cells. These findings
lead to the conclusion that there is no crossreaction between
MuLV-associated and MSV-associated cell-surface antigens.
Antigens of MSV-transformed virus-producing and non-
producing cells were next compared by use of sera made
against producer cells. Antisera were obtained from BALB/c
mice immunized with the R-MuLV-superinfeeted, trans-
formed cell line, K-BALB(R-MuLV). The antisera were
tested for activity against MSV-transformed producer [K-
BALB(R-MuLV), K-NIH (R-MuLV)], nonproducer (K-
BALB, K-NIH), and BALB-R-leukemia target cells. Sera
obtained after the third immunization showed only very weak
labeling of the surface of K-BALB target cells. K-BALB
(R-MuLV) target cells showed a similar weak surface label-
ing and, in addition, there was a labeling of the entire envelope
of mature and budding viruses (Fig. 5). Absorption of the
producer antiserum BALB/c anti-K-BALB(R-MuLV) with
BALB-R-leukemias resulted in loss of the activity with anti-
gens on the BALB-R-leukemia cell surface and R-MuLV
envelope. The absorbed sera, however, retained their activity
against the cell-surface antigens of both the nonproducer and
producer transformed cell lines. The hyperimmune serum
BALB/c anti-K-BALB(R-MuLV) (7-9 immunizations) also
labeled small sectors on the surface of both nonproducer
(K-BALB, K-NIH) and producer [K-BALB (R-MuLV), K-
NIH(R-MuLV)] target cells (Fig. 6). However, this hyper-
immune serum only weakly labeled the viral envelope. The
decreased level of antibody to viral envelope antigens in the
hyperimmune serum demonstrated ‘“immune paralysis” and
suggests a much greater strength of the viral envelope anti-

BALB/3T3 cells, and labeled with ferritin. Small areas on the
cell surface are labeled with ferritin, but the viral envelope is not

labeled. X70,000.
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gen(s) than the MSV-associated cell-surface antigen; the
latter was only clearly detectable after repeated immunization.
These findings also provide further evidence that the speci-
ficity of nonproducer cell-surface antigen differs from that of
R-MuLV-associated antigens.

Although the producer antiserum BALB/c anti-K-BALB
(R-MuLV) no longer reacted with K-BALB cells after absorp-
tion with this cell line, it still labeled the surface of virus-
producing K-BALB(R-MuLV) cells. Since this absorbed
serum also reacted with the surface of BALB(R-MuLV) cells,
it is very likely that the residual activity with K-BALB(R-
MuLV) cells was due to the presence of antibodies against R-
MuLV-associated cell-surface and viral-envelope antigens.

DISCUSSION

The present studies were performed to determine whether
transformation by MSV results in antigenic alteration of the
cell surface. MSV-transformed cells, which do not release de-
tectable C-type virus, were found to contain a cell-surface
antigen not present on normal mouse cells. Previous studies of
RNA and DNA oncogenic viruses have shawn that the same
antigenic specificities are demonstrable in all tumors induced
by the same virus, even if they arise in different tissues, strains,
and species, but are different in tumors induced by unrelated
viruses (19). Thus, the crossreaction among MSV nonpro-
ducer cell lines induced from cells of rats and different strains
of mice by Ki- and M-MSV strongly suggests that the anti-
gen(s) detected in the present study are MSV-associated. This
hypothesis is further substantiated by the fact that the cell-
surfaceantigendetected in MSV-transformed nonproducer cells
is absent from cells transformed spontaneously or by x-irradi-
ation. The MSV-associated antigen does not crossreact
serologically with the leukemia virion or with leukemia virus-
associated cell-surface antigens. Furthermore, superinfection
of nonproducer cells with helper murine leukemia virus leads
to production of MuLV-associated cell-surface and virion
antigen but does not alter the ability to detect the MSV-
associated cell-surface antigen.

There is considerable evidence indicating that the newly
described MSV-associated cell-surface antigen is only weakly
antigenic. In previous studies, the antigenicity of MSV-
nonproducer cells was not detectable by serologic techniques
while those of MSV-producer cells were readily demonstrated
(8, 9). More recently, in studies with the S*L~ line of MSV-
transformed cells that release only a very low amount of non-
infectious virus (20), sarcoma virus-associated antigens were
not demonstrable by either humoral or cellular cytotoxocity
techniques (21). The present findings, that the MSV-associated
cell-surface antigen was weak enough to require hyper-
immunization for detection while MuLV-associated antigens
produced immune paralysis after hyperimmunization of the
animal, provide another line of evidence that the strength of
these antigens differs greatly. In previous reports, detection of
MSV-associated antigens in “nonproducer” transformed cell
lines (22) is difficult to interpret due to lack of adequate con-
trol cell lines and in view of more recent findings showing each
to be virus-productive (ref. 23; Ting, R. C., personal commu-
nication). The detection of the weak MSV-associated cell-sur-
face antigen by immunoelectron microscopy clearly demon-
strates greater sensitivity of this technique compared to other
serologic methods.

The MSV-associated cell-surface antigen described in the
present study could represent either a cellular genome-
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determined antigen induced by MSV or, alternatively, it
could be virus-coded. This latter possibility would be of
considerable interest since antigens coded for by MSV have
not yet been described. Such a virus-coded antigen would pro-
vide an important marker for the presence of the sarcoma
genome in transformed cells. In either case, it is of interest to
determine whether this antigen is involved in the induction
and/or maintenance of the transformed state. The recent
isolation of temperature-sensitive mutants of MSV (24)
should allow a direct test of this latter possibility, since a
new antigen involved in maintenance of the transformed state
should be present on the cell surface at the permissive, but
be lacking at the nonpermissive, temperature.
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