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Abstract. Hamster sarcomas induced by the Gross pseudotype of Moloney
sarcoma virus yielded a virus sarcomagenic for hamsters but not mice. This
virus was able to produce foci on hamster embryo cells, but not on mouse embryo
cells. A hamster-tropic nonfocus-forming helper virus was also found in the
viral stocks. These hamster-tropic viruses are not immunologically related to
the murine viruses in the original inoculum but appear to represent indigenous
C-type RNA viruses of the hamster.

Three strains of murine sarcoma viruses, Harvey (H-1VSV), Kirsten (Ki-
MSV), and M\loloney (M-MSV), have been shown to induce sarcomas in hamsters
which yield virus oncogenic for hamsters but not for mice. Electron micro-
scopic examination of these hamster tumors reveals characteristic C-type parti-
cles.2-6 The "hamster-tropic" Ki-MSV was also shown to induce foci on ham-
ster cells and not on mouse cells and to be antigenically distinct from its murine
precursor virus.3' 4 Cocultivation of cell lines derived from these virus-induced
hamster tumors with mouse embryo fibroblasts and appropriate murine leukemia
viruses yielded pseudotype sarcoma viruses with host range and pathologic char-
acteristics indistinguishable from the three murine precursor sarcoma viruses;
and in the case of the Ki-1\iSV gave a virus that again had the murine envelope
and group-specific antigens.

This paper describes studies of another "hamster-tropic" sarcoma virus. This
virus was isolated from hamster tumors induced originally by the Gross pseu-
dotype of murine sarcoma virus, M1SV(GLV), and is designated for the purposes of
this report MSV(GLV) (0-H).7

Materials and Methods. Viruses: The source of MSV(GLV) (0-H) was a
tumored hamster from the fourth passage of a hamster tumor transplant line origi-
nally induced by MSV(GLV).2 Viral concentrates8 of this tumor induced tumors in
hamsters from which a cell-free passage line was established. Concentrates from this
tumor line or concentrated tissue culture fluids from viral shedding tumor explants were
used as a virus source. Tissue culture grown MSV(GLV) was used in the neutralization
test (see as follows). AKR virus was obtained from supernatant fluids of a tissue cul-
ture line derived from a lymphosarcoma induced in rats by a wild-type virus isolated
from AKR mice.9
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Animals: Syrian hamsters and NIH Swiss mice were obtained from the National
Institutes of Health animal production colony. The LSH, LHC, and MHA inbred
strains of Syrian hamsters were obtained from the Lakeview Hamster Colony, New
Field, N.J.
Tissue culture: Tissue culture lines were established from tumor explants using

Eagle's minimal essential medium with 10% unheated fetal bovine serum, 2 mM glu-
tamine, penicillin (100 units/ml), and streptomycin (100 Ag/ml). For the focus assays,
secondary hamster embryo fibroblasts and mouse embryo fibroblasts were prepared
according to published methods.9' 10 Petri dishes (60 X 15 mm) (Falcon Plastics) were
planted (3.5 X 105 cells/dish) in 4 ml of the medium. Cells were infected with 0.4 ml
viral dilution 6-24 hr after plating. The medium was changed every 2-3 days. Foci were
counted as early as possible, usually on day 7. In vitro rescue experiments were done
according to published methods." HT-112 cells (8 X 104) were cocultivated with 8 X 10'
of either tumor cells shedding MSV(GLV) (0-H), or hamster embryo cells previously in-
fected with dilutions of MSV(GLV) (0-H) including those beyond the focus-forming end-
point. Culture fluids and freeze-thawed cell suspensions were assayed for focus-inducing
virus after 15 days of cocultivation.
Complement fixation and immunodiffusion tests: Three known murine leukemia

virus antisera were tested in complement-fixation and immunodiffusion tests against
antigen preparations of MSV(GLV) (0-H): serum from Fisher rats bearing M-MSV
transplant tumors containing complement-fixing antibody to the murine leukemia virus
group-specific antigen and envelope antigens; serum from Fisher rats bearing an AKR
lymphosarcoma containing complement-fixating antibody to Gross type (G+) murine
leukemia virus envelope antigen only; and serum from guinea pigs hyperimmunized with
isoelectrofocus purified murine leukemia virus group specific antigen.'3 14

Antigens were prepared from tissue culture fluids as highly concentrated viral bands
in sucrose density gradients or as highly-concentrated viral pellets. The virus content of
different banded preparations was estimated from absorbance determinations at 280 and
260 mu using a Beckman spectrophotometer. Antigens were also prepared from tumors
as either "Moloney procedure" concentrates8 or as 20% w/v homogenates. Comple-
ment-fixation tests were performed by the Microtiter procedure as described previously.'5
Immunodiffusion tests using ether treated antigens'6 were performed on microslides using
0.8% agarose.

Neutralization test: Antisera obtained from guinea pigs by hyperimmunization
with MUSV(GLV)(0-H) and AKR virus (the latter known to have the murine Gross
(G+) type envelope antigen), respectively, were used in the neutralization test. The
latter serum completely neutralized 50 focus-forming units of MSV(GLV) at a 1:80 dilu-
tion. The viruses used were MSV(GLV) (0-H) and MSV(GLV) at focus-forming titers of
50/0.4 ml and 60/0.4 ml, respectively. Dilutions of inactivated (56°C, 30 min) serum were
mixed with an equal volume of virus dilution and kept at 37°C for 30 min; 0.4 ml of the
mixture was then inoculated into hamster embryo fibroblasts and mouse embryo fibro-
blasts tissue culture.

H3-uridine labeling procedure: The procedure described by Duesberg and Robin-
son'7 was used to detect and quantitate viral shedding from tumor cell lines and infected
hamster embryo cells. Cultures were incubated with 20 ACi uridine H3 (20 Ci/mmole)
per milliliter for 48 hr. Supernatant fluids were then collected, clarified at 10,000 rpm
for 10 min, and layered on a 15-60% sucrose gradient with a superimposed zone of 10%
sucrose in Tris buffer, pH 7.4. Tubes were centrifuged at 24,000 rpm for 3 hr in the
Spinco SW 25.1 rotor or 30,000 rpm for 90 min in the SW 41 rotor (depending on volume).
After centrifugation, 0.2 ml-fractions were collected dropwise from the bottom of punc-
tured tubes, precipitated with equal volumes of 10% trichloroacetic acid, collected on
millipore filters, and counted in a liquid scintillation counter.

Electron microscopy: Electron microscopic observations were made by Mr. John
Walker, Flow Laboratories, using the thin section technique on material which had
been fixed in glutaraldehyde and osmium tetroxide, and embedded in a mixture of Epon
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812 and araldite and double stained with uranyl acetate and lead citrate. Sections were
examined using an Hitachi HU HIE at a scanning magnification of 25,000.

Results. In vivo passage: Newborn hamsters were inoculated with 0.05 ml
of a cell-free viral concentrate of a tumor from the fourth hamster transplant
passage of the original MSV(GLV) induced hamster tumor (this original hamster
tumor occurred after a latent period of 280 days). The tumor incidence was
10 per cent (1/10) and 40 per cent (4/10) at days 75 and 87, respectively, in the
first cell-free passage from hamster-to-hamster. With subsequent cell-free pas-
sage, tumors were induced progressively more rapidly (Table 1) and by passage
four, 27 of 40 inoculated animals had tumors at day 11. Viral concentrates
from these passage materials have not induced tumors in 48 NIH Swiss mice in-
fected as newborns and observed for over 100 days.
The tumors arose at or near the site of inoculation and were rapidly growing

rhabdomyosarcomas which replaced the leg muscles and often extended to the
back and psoas muscles. The tumors were solid but often showed necrotic hem-
orrhagic areas. Viral concentrates from supernatant fluids of tumor explants
also regularly-induced sarcomas in newborn hamsters.

Electron micrographs of the tumors, spleens, livers, kidneys, and lymph nodes of
tumored hamsters consistently revealed C-type particles in the tumors and
spleens; however, the other tissues were generally negative.
Focus formation by MSV(GLV)(0-H): Viral preparations of MSV(GLV)-

(0-H) have induced foci on hamster embryo fibroblasts but not on mouse
embryo fibroblasts. The foci were morphologically very similar to those pro-
duced by murine sarcoma viruses on mouse cells, 10 containing two types of altered
cells: round cells and spindle cells that differed from normal fibroblasts in that
they were thinner and more refractile. Piling up and criss-crossing of cells was
noted, but was not a conspicuous feature (Fig. 1). Foci became observable by
day 6 or 7. They enlarged slightly over the next two to three days and then be-
came stationary. A few additional foci were first noted on days 8 and 9. These
were indistinguishable from and not disproportionately localized near earlier
appearing foci and thus were thought to also represent primary foci.
Focus titration curve: Viral concentrates of tumors from passage 3 were

titrated on hamster embryo fibroblasts of the LSH strain as these cells were
found to be more sensitive than the other three strains tested.18 Serial twofold

TABLE 1. Cell free transmission of MSV(GLV)(0-H) in hamsters.
Tumors/survivors

Passage no. (days postinoculation)
Initial inoculation MSV(GLV)* 1/17 (280), 3/17 (339)
it, 1/10 (75), 4/10 (87)
2 4/10 (33)
3 12/16 (20), 15/16 (32)
4 27/40 (11)

* Inoculations consisted of 0.05-0.1 ml of 1 gm equivalent "Moloney procedure" tumor concen-
trates. Four viable cell passages between the initial tumor and passage 1.

t This and subsequent passage materials have not induced tumors in mice over a 200-day observa-
tion period.

$ This and subsequent passage materials produce typical foci of transformed cells in hamster
embryo cells but not in mouse embryo cells.
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FIG. 1.-A typical focus of transformed cells induced by MSV(GLV)
(0-H) on hamser embryo fibroblasts.

dilutions were prepared and distributed to each of five plates. This made it pos-
sible to determine with confidence the relationship between focus count and dilu-
tion, i.e., one-hit versus two-hit kinetics. The results clearly show that focus
formation by this particular virus preparation followed one-hit kinetics (Fig. 2).
This is not at present interpreted as evidence for a nondefective sarcoma virus
since similar results can be obtained if either focus production does not require
viral replicationi" or a great excess of helper virus was present. Based on evi-
dence presented below, it appears clear that a nonfocus-forming virus is present
in excess in MSV(GLV) (0-H) stocks; however, this virus is present in only ap-
proximately 10- to 100-fold excess and thus cannot account for the one-hit curve.

Presence of a nonfocus-forming virus in viral stocks: Viral shedding (re-
vealed by the 3H-uridine labeling technique) from tissue culture plates that had
received a dilution of virus tenfold higher than the focus-forming titer suggested
that a nonfocus-forming virus was present in the stocks of MSV(GLV) (0-H).
These cuitures were also shown to contain characteristic C-type RNA virus parti-
cles by electron microscopy. Supernatant fluids and virus suspensions from



314 MICROBIOLOGY: KELLOFF ET AL. PROC. N. A. S.

2 freeze-thawed cells of this culture
have not shown focus-forming
activity even after several pas-

(76.6) (10.6)(5.2)re
a 10 sages; however, these culturesre-

. lomain positive by electron micros-339 - copy and still shed amounts of
virus particles equivalent to that
obtained from plates that have
foci and yield focus-forming virus.

1 6 (20.5) (77) (5) (3) (1.5) In repeated experiments using
electron microscopy, H3-uridine

_ labeling, and specific interference
4# with focus formation as criteria,

2 . . . . . . . . the sarcomagenic virus stocks1 2 3 # 5 6 7 8 contain 10- to 100-fold more non-
log2 Dilution Reciprocal focus-forming2 focus-formlng n~~vrus than focus-

forming virus.
FIG. 2.-Kinetics of focus formation by MSV- Evidn oh ef tn

(GLV) (0-H). Serial 2-fold dilutions of a passage Evidence of helper function of
3 tumor preparation (@-@) and supernatant fluid the nonfocus-forming virus: Co-
from a tumor explant (u-K) were plated on hamster cultivation for 15 days of the cul-
embryo fibroblasts of the LSH strain. Figures in
parentheses are averages of focus counts of 4-5 ture shedding only nonfocus-
plates per dilution. The slope of a theoretical 2. forming virus, mentioned previ-
hit curve is shown (broken line). ously, with HT-1 cells resulted in

viral harvests that had focus-
forming activity on hamster embryo cells but not on mouse cells (Table 2). This
was interpreted as positive evidence of a helper function of the nonfocus-forming
virus. Successful rescue of the MSV genome from HT-1 cells was also achieved
by cocultivating them with tumor cell lines of MSV(GLV)(0-H) shedding both
focus-forming and nonfocus-forming virus. The resulting viral harvest had a
much higher focus-forming titer than the harvest from the control plates con-
taining only tumor cell lines. These results provide evidence that the nonfocus-
forming virus is a hamster-specific helper virus.
Immunologic evidence for a new virus(es): Viral concentrates (1000 fold,

v/v after pelleting and gradient purification) from supernatant fluids obtained
from virus shedding cultures of MSV(GLV)(0-H) and AKR-induced~tumors
TABLE 2. Rescue of the defective murine sarcoma virus genome by the nonfocus-forming

virus in MSV(GLV) (0-H) stocks.
Cell Lines Tested for Focus-Forming Activity

GLV(0-H) +
GLV(O-H)* HT-lt HT-1

Focus-forming units/ml on hamster embryo
fibroblasts 0 0 110t

Focus-forming units/ml on mouse embryo fibro-
blasts 0 0 0
* Cell lines producing nonfocus-forming virus derived from cells producing C-type virus beyond

the MSV(GLV) (0-H) focus endpoint.
t Nonproducer hamster tumor cell line produced by M-MSV.1, 12
t Focus-forming units/ml of culture harvests.
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TABLE 3. Absence of murine leukemia envelope and group specific antigens in MSV(GLV)-
(0-H).

Protein Test Sera§
concen- Guinea Pig
tration .-MSV Rat- -AKR Rat--- Anti Group Specific

Virus* (mg/ml) Fresht Ethert Fresht Ether: Fresht Ether:
AKR 0.35 12811 128 64 8 <4 128
M-MSV(GLV)(O-H) 0.40 <2 <2 <2 <2 <2 <2

* Purified by density gradient centrifugation from tissue culture supernatant fluids. These prep-
arations contain 4-5% nucleic acid based on absorbance values at 280 and 260 mp. Protein concen-
trations were calculated by the method of Warburg and Christian.20

t Preparations obtained from density gradients tested immediately.
$ Ether treated according to Geering et al.'6
§ Extensive complement-fixation tests with these sera indicate that "MSV rat" reacts with enve-

lope and group specific antigens of all murine C-type viruses,2' AKR rat is relatively specific for the
Gross subgroup envelope antigen, guinea pig anti-gs prepared against highly purified antigen (iso-
electric focused) reacts only with the murine group specific antigen.

11 Reciprocal of complement-fixation titer using 4 units of indicated serum.

were tested in the complement-fixation and immunodiffusion tests against three
murine leukemia virus antisera whose specificities are shown (Table 3). The
results indicate at least a 50-fold difference in titer of murine leukemia virus anti-
gens per microgram of virus protein between AKR virus and MSV(GLV) (0-H).
Ether disrupted virus produced precipitin lines in immunodiffusion tests for the
group specific antigen of AKR virus while no reactions were obtained with MSV-
(GLV)(0-H). Similar results were obtained with antigens from the hamster
tumor preparations.
When screened at a 1:10 dilution guinea pig antiserum prepared against puri-

fied 1VISV(GLV)(0-H) neutralized the focus-forming activity of the virus sig-
nificantly and did not neutralize MSV(GLV). Conversely, guinea pig antisera
prepared against AKRvirus and known to completely neutralize 50 focus-forming
units of MSV(GLV) at a 1:80 dilution failed to neutralize MSV(GLV)(0-H)
(Table 4).
The degree of difference in the amount of murine leukemia virus antigens in the

two viruses and the failure of crossneutralization is interpreted as evidence that
MSV(GLV)(0-H) is not merely a "hamster-adapted" murine virus, but should
be considered a "new" virus(es), most probably of hamster origin. Further evi-
dence for this comes from our recent findings that hamsters bearing MSV(GLV)-
(0-H) tumors produce virus neutralizing antibody. Such sera and the guinea
pig antisera reported above also neutralized the hamster-tropic viruses derived
from other murine virus induced hamster tumors. This data along with results
of in vitro interference experiments22 indicates that the hamster-tropic viruses
have a common envelope; however, reciprocal tests among these isolates will be
necessary to firmly establish this hypothesis.

TABLE 4. Antigenic differentiation of MSV(GLV) and MSV(GLV)(0-H).
.- Antisera*

Test virus AKR MSV(GLV)(0-H)
MSV(GLV) 100%t 0
MSV(GLV)(O-H) 0 97.5%

* Sera used at 1:10 dilution.
t Degree of focus reduction with input virus levels of 40-50 focus-forming units/test on several

trials.
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Discussion. The studies reported here on MSV(GLV) (0-H) are generally
in agreement with studies on H-MSV(O-H), KiMSV(O-H), and M-MSV(O-H)36
and further provide evidence for a nonfocus-forming helper virus in the hamster-
specific sarcoma virus preparations. The absence of murine leukemia virus
antigens in concentrates of MSV(GLV) (0-H) as compared to similar concentra-
tions of AKR virus, and the lack of crossneutralization with appropriate antisera
is unequivocal evidence that MSV(GLV)(0-H) is at least antigenically a "new')
virus(es). However, since the only measurable differences between MSV(GLV)-
(0-H) and MSV(GLV) are antigenic structure and host range, and since these
are probably exclusively helper functions, there is no evidence that the genome of
the focus-forming virus in the MSV(GLV) (0-H) stock differs from its focus-
forming MSV precursor. Conversely, the ability of the helper virus in the MSV-
(GLV)(0-H) stock to serve as a helper for a defective murine focus-forming
genome and the pathologic similarity of murine sarcomas induced by H-MSV,
Ki-MSV, and M-MSV to those induced by their respective murine pseudotype
sarcoma viruses made after passage through hamsters3' 6, 6 is suggestive evidence
that the same sarcomagenic genome can be passed from species to species with
the aid of specific helper viruses. Ultimate proof of this may only be obtained
when genetic markers of the sarcoma genome are available.
The source of the hamster-specific helper virus is most likely the indigenous

C-type RNA virus of the hamster that has been visualized in hamster tumors
that occurred spontaneously or were induced by adenovirus or SV40.23 A C-
type virus has also been seen in hamster tumors induced by a hamster papova-like
virus; once obtained this C-type virus induced leukemia in hamsters by cell-free
passage.24 Immunologic and biologic studies to establish the relationship be-
tween the helper virus reported in this paper and the indigenous hamster C-type
virus(es)23' 24 are in progress. The other possible, but unlikely, sources of the
helper virus is that it is a mutant of the input Gross leukemia virus or that it ex-
isted as a contaminent in the original virus stocks. Theformerpossibilityisunten-
able in view of the immunologic data obtained here, since the existence of a mu-
tant with noncrossreacting envelope or group-specific antigens would be extremely
improbable. The latter possibility can be tested when specific antisera to the
MSV(GLV)-(O-H) group specific antigens become available.

Inoculation of a sarcoma virus into a host where its input helper cannot rep-
licate itself readily, or at a high dilution so that it is not accompanied by a helper
virus in each cell, can result in an output virus with a marked change in host
range and antigenic composition.3' 5 6, 25-27 Studies of RSV(0)2' 26 and MSV-
(0) 27 have favored the presence of competent helper-independent sarcoma viruses
to explain these changes rather than activation of an indigenous helper virus as
suggested here; however, conclusive evidence for lack of a helper virus for RSV-
(0) and MSV(0) has not been reported.A2-27 More studies are required to finally
establish that the helper virus present in the MSV(GLV) (0-H) stocks is indeed
the indigenous hamster C-type virus. In our extensive experience with hamster
tumors and normal tissues, we have not found C-type virus shedding cultures
similar to those reported here. We tentatively assume that if this new virus is
hamster derived, its synthesis was derepressed by the murine sarcoma virus
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genome. Our data and that reported for other MSV hamster-specific sarcoma
viruses suggest that inoculations of murine sarcoma viruses in vivo or in vitro into
different species may be a generally effective new method of detecting and iso-
lating presumed indigenous C-type RNA viruses in species in which they haven't
yet been found.
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