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The sarcoma viruses of chickens and mice
have similar properties such as size, morphol-
ogy, composition, mode of replication in in-
fected tissues, the ability to infect homolo-
gous host cells with the production of sar-
comas in vivo, and the ability to induce mor-
phological alteration of monolayer culture
cells in vitro (1-6). Feline sarcoma viruses
(FSV) isolated from naturally occurring fe-
line fibrosarcoma (7-9) have been found to
have many properties similar to those of the
avian and murine sarcoma viruses. The
Snyder-Theilen strain of FSV (ST-FSV) was
isolated from a naturally occurring fibrosar-
coma of a 2-year old cat. Our studies of
ST-FSV described herein indicate that this
strain of FSV has many properties similar to
those of the Gardner-Arnstein strain of FSV
(GA-FSV) which we described recently (10).
Properties such as “one-hit” focus titration
patterns in feline embryo fibroblast (FEF)
cultures, the presence of an excess of an
associated noncytopathogenic C-type virus,
and the ability to infect and propagate in
heterologous host cultures were similar,
whereas, the focus morphology and growth
characteristics in FEF cultures were dissimi-
lar.

Methods and Results. Procedures for the
propagation of FEF and other mammalian
cultures, preparation of virus stocks and fo-
cus assays have been previously described
(10-15). To establish focus titration patterns,
culture media were replaced at 18-20 hr
after virus infection with a medium contain-
ing 0.8% Noble agar. The CF antigen induc-
tion test (COCAL test) and viral interfer-
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ence test for feline leukemia and sarcoma
viruses were performed as described (14,
15).

Cell transformation in FEF cultures. Par-
tially purified concentrates (16, 17) of ex-
perimentally induced ST-FSV sarcoma as well
as virus stocks consisting of clarified fluids or
of clarified fluids of disrupted FEF cells and
culture fluids, induced morphologic trans-
formation of FEF cells in dilutions as high as
10~* to 10—5. The foci tended to be diffuse
and consisted of a mixture of refractile fibro-
blasts and round cells (Fig. 1). Such foci
were easily identified and counted with the
aid of a Leitz inverted microscope.

The normal development of foci in FEF
cultures was not inhibited by the presence in
the culture medium of a 1% concentration of
virus-neutralizing dog antiserum or control
normal dog serum. These sera were added to
cultures 24 hr after virus inoculation and
continuously maintained in the culture. This
indicated that focus development in FEF cul-
tures did not require the growth and local
spread of virus through culture medium to
adjoining cells (6).

Propagation of virus in FEF cultures. The
cell transformation effects were reproducibly
induced in FEF cultures by the serial pas-
sage of clarified culture fluids of infected
FEF cultures. Such serial propagation in wvi-
tro did not result in a diminution of the focus
titers of the virus. On the other hand, simi-
lar serial propagation of GA-FSV, previously
reported (10), resulted in a gradual reduc-
tion of the focus titer of the virus.

Detection of the presence of an associated
C-type virus. In routine focus assays of ST-
FSV in FEF cultures, examination of the
inoculated cultures for the feline C-type virus
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F1c. 1. Morphological transformation of feline embryo cells by ST feline sarcoma virus. A dif-
fuse focus of refractile round and fibroblastic cells; unstained culture; magnification X60.

by techniques such as the complement-fixing
(CF) antigen induction test for the feline
leukemia-sarcoma viruses (COCAL test)
(14) and the tritiated uridine labeling of
viral RNA (11) showed that the virus stocks
contained a 1 to 3 log;e excess of a noncyto-

pathogenic virus over the cell transforming
FSV (Table I). Serial passage in FEF cul-
tures of clarified fluids of transformed cul-
tures consistently resulted in the induction of
similar cell alterations. Similar serial passage
of fluids of cultures containing CF viral anti-

TABLE I. Detcetion of the Presence of an Excess of Noncytopathogenic Feline C-Type Virus
in ST-Feline Sarcoma Virus.

Feline leukemia- Release of °H
sarcoma, group-specific uridine labeled
Virus Foci/dish CF viral antigen in virus into
dilution FEF« inoculated FEF? culture medium
10~ 176 > 8 +
10~ 16 >8 +
10-® 2 >38 +
10-¢ 0 >38 +
107 0 <2 —
10-® 0 <2 —
Control FEF 0 <2 —

¢ Average number of foci in 2 feline embryo fibroblast culture dishes.
® Reciprocal of CF antigen titer of culture antigens against 4 CF antibody units of feline

sarcoma dog antibodies (14).
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F16. 2. Focus assay of ST-FSV in feline embryo
fibroblast cultures. The number of foci is proportion-
al to the virus dilution factor.

gens and no cellular morphological changes,
resulted in the isolation of a feline C-type
virus with properties identical to the noncy-
topathogenic FeLV. Tissue culture virus
stocks of this virus, designated herein as ST-
FeLV (prepared as described above) con-
tained 105 to 10° infectious units/0.2 ml of
culture fluid as determined by the CF anti-
gen induction test (COCAL test) (14).

Focus titration patterns in FEF cultures.
Focus assay in FEF cultures using 2-fold
dilutions of tissue culture propagated virus
gave one-hit titration patterns showing that
the number of foci was proportional to the
virus dilution factor (Fig. 2). Focus develop-
ment was not enhanced by co-infection of
cultures with 10* to 10° infectious units of
feline leukemia virus.

Viral envelope characteristics as deter-
mined by viral neutralization and interfer-
ence tests. A potent dog antiserum against
the Gardner-Arnstein strain of FSV (GA-
FSV) (8) containing a high titer of virus
neutralizing antibodies against GA-FSV
(logio neutralization index ==4), neutralized
up to 10® FFU of ST-FSV. Thus, the ST-FSV
appeared to be antigenically related to the
GA-FSV, a member of the subgroup B of the
feline leukemia sarcoma complex (15). This
classification of the feline C-type viruses, de-
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scribed in detail elsewhere (15), is based on
similarities and differences in viral envelope
antigens demonstrable in the viral interfer-
ence tests (15) in FEF cultures against chal-
lenge with the focus-forming FSV and FeLV
pseudotypes of murine sarcoma virus (MSV-
FeLV) (i.e., murine sarcoma viruses with the
viral envelopes of FeLV) (13). The ST-FSV
and ST-FeLV demonstrated the same pat-
tern of viral interference in FEF cultures as
the presently known members of the
subgroup B viruses. Thus, FEF cultures pro-
ductively infected with ST-FeLV were resis-
tant to challenge with ST-FSV as well as
focus-forming viruses of subgroups B and A,
but were susceptible to challenge with
MSV(FeLV) of subgroup C. The ST-FSV
produced foci in FEF cultures productively
infected with FeLV of subgroups A and C,
but not in those infected with FeLV of
subgroup B. Preliminary studies have shown
that the presently known viruses of sub-
groups B and C contain an A subgroup
virus as a component which explains the non-
reciprocal viral interference patterns between
the ST strain viruses and subgroup A vi-
ruses described above (18).

Pathogenicity of tissue culture propagated
virus for kittens. Intramuscular inoculation
of the culture fluid of the fourth FEF tissue
culture passage of ST-FSV into five 1-day-old
kittens resulted in the production of progres-
sively growing and fatal fibrosarcomas in all
inoculated kittens within 2 to 3 weeks after
inoculation. ST-FSV was recovered in high
titers in vitro from such experimentally in-
duced tumors.

Infectivity for heterologous host cells. ST-
FSV was similar to GA-FSV in its ability to
transform heterologous mammalian cells. The
ST-FSV propagated in FEF culture, repli-
cated and induced morphologic transforma-
tion of secondary whole embryo cultures of
human, canine, and porcine origin.

Discussion. The antigenic and biological
properties of ST-FSV were similar to those of
GA-FSV, previously described (10), except
for the following differences: The GA-FSV
had a far greater excess of the associated,
noncytopathogenic C-type virus than the ST-
FSV (3 to 4 logie versus ==2 logyo). The GA-
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FSV produced indistinct foci of refractile
spindle cells in FEF cultures and replicated
to low titers; whereas, the ST-FSV produced
large foci of refractile fibroblasts and round
cells and could be relatively easily assayed
and propagated in feline cultures with the
maintenance of infectivity for feline cells in
vitro and in vivo. The ST-FSV has a wide
experimental host range and induces fibrosar-
coma in cats, dogs, rabbits, ovine fetuses, and
different species of monkeys (19-21). Lim-
ited studies of the GA-FSV indicates that this
strain may not have such a wide experimen-
tal host range (22).

As described elsewhere (15) the feline leu-
kemia and sarcoma viruses can be divided
into three subgroups of A, B, and C, based on
the patterns of viral interference shown in
FEF cultures against challenge with focus-
forming feline sarcoma viruses and FeLV
pseudotypes of murine sarcoma virus. Our
preliminary studies have indicated that
presently known FeLV strains of B and C
subgroups also contain an A subgroup virus
as a component (18). Based on the viral
interference against B and A subgroup vi-
ruses, we have found that the ST-FeLV and
ST-FSV are members of the presently known
subgroup B viruses. The Gardner-Arnstein
FSV (8, 10) as well as the S. McDonough
FSV (9, 18) were also found to belong to this
subgroup.

These studies indicate that the ST-FSV is
similar to other known strains of feline, avi-
an, and murine sarcoma viruses in most of its
basic biological properties and in vitro be-
havior in cultures of homologous host cells.

Studies in progress are designed to deter-
mine the possible dependence of ST-FSV and
GA-FSV on the associated, noncytopath-
ogenic, feline, C-type virus for the synthe-
sis of their viral coats.

Summary. The biological properties and in
vitro growth behavior of the Snyder-Theilen
strain of feline sarcoma virus (ST-FSV) were
determined. The virus replicated and induced
cell transformation in feline embryo fibro-
blast cultures as well as in heterologous host
cultures of human, canine, and porcine
origin. Virus stocks were found to contain an
excess of an associated, noncytopathogenic
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virus identical with the feline leukemia virus.
Focus assays in feline embryo cultures gave
“nondefective” “one-hit” titration patterns.
The viral envelope characteristics established
by viral neutralization and viral interference
tests indicated that the ST-FSV is similar or
identical with the Gardner-Arnstein strain of
feline sarcoma virus and is a member of the
subgroup B of the feline leukemia-sarcoma
viruses.
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