Murine Sarcoma Virus: The Question of Defectiveness

Abstract. Infection of mouse and rat cells by the murine sarcoma virus
(Moloney isolate) showed two-hit kinetics for focus production in mouse cells
but one-hit kinetics in rat cells. Antiserum added to cultures after infection sup-
pressed focus formation in mouse cells but not in rat cells. These studies suggest
that, in rat cells infected with murine sarcoma virus, leukemia virus is not needed
for focus formation and that these foci result from proliferation of the trans-
formed rat cell; in mouse cells, on the other hand, leukemia virus is needed as
“helper,” and focus formation requires spread of virus. The term “defectiveness”
then, if used, should not be applied to RNA tumor viruses without qualification
for the viral function studied and the cell system employed.

Murine sarcoma viruses have been
considered “defective” because they
cannot produce foci of cell alteration
in mouse cells without the presence of
a murine leukemia virus as “helper” (7).
During studies on the murine sarcoma
virus, Moloney isolate (M-MSV), we
observed distinct differences between
the properties of the virus in mouse and
rat tissue culture cells. These differences
suggest a reconsideration of the term
“defectiveness,” when referring to the
murine sarcoma viruses, and of the
mechanism of the formation of foci of
altered cells by sarcoma viruses in vari-
ous tissue culture cell lines.

The normal rat kidney cell line
(NRK) from Osborne-Mendel rats (2)
was infected with a pool of Moloney
sarcoma virus (3) which always con-
tains Moloney leukemia virus in excess.
The resulting infected cell line, desig-
nated NRK(M-MSV), released sarcoma
virus as well as leukemia virus. Super-
natant taken from these cells 2 days
after planting was used in these experi-
ments. Swiss mouse (NIH strain) em-
bryo tissue culture (METC) cells,
Fisher rat embryo tissue culture (RETC)
cells, and NRK cells were prepared as
previously described (4, 5) and plated
at 50 percent confluency 24 hours prior
to inoculation of the virus. For the
focus assays, cells were cultured in
McCoy Sa medium with 5 percent inac-
tivated (56°C for 30 minutes) calf
serum and antibiotics (penicillin, strep-
tomycin, and neomycin).

In quantitating leukemia virus, cul-
tures were maintained 21 days in Eagle
minimum essential medium containing
10 percent fetal calf serum, glutamine,
and antibiotics (penicillin and strepto-
mycin) (4, 6). The virus titer was de-
termined by the COMUL (complement-
fixation for murine leukemia virus) test
which measures virus infectivity by the
induction, by murine leukemia viruses,
of complement-fixing, group-specific
viral antigen in tissue culture (6, 7).
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The TCID,, (tissue culture infective
dose, 50 percent effective) titer per 0.4
ml is referred to as the COMUL titer.
All cells were pretreated with diethyl-
aminoethyl dextran (DEAE-D) in or-
der to increase the efficiency of the
assay (8).

The titer of M-MSV was assayed by
focus formation (focus-forming units
per 0.4 ml) in NRK cells by the method
of Ting (5) and in mouse and rat em-
bryo cells by the method of Hartley and
Rowe (I). The leukemia virus in the
M-MSYV pool and the supernatant from
the NRK(M-MSV) cell lines was titered
by COMUL testing (6, 7) and expressed
as the COMUL titer.

Antiserum to M-MSV was produced
by hyperimmunization of 2-month-old
Osborne-Mendel rats with NRK(M-
MSV) cells; the rats were bled from
the tail vein and the serums pooled.
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Fig. 1. Dose-response relations in titra-
tions of M-MSV on mouse and rat cells,
with and without helper virus.

Virus neutralization tests - were per-
formed by mixing the immune or con-
trol serum with virus (1:1) for 30
minutes at 37°C before assaying in cul-
ture. In the focus formation inhibition
assays, the calf serum of the standard
medium was replaced by either normal
or immune rat serum after 20 hours.

Figure 1 shows the results of the as-
say of the M-MSV pool in NRK, rat
embryo, and mouse embryo cells. In
mouse embryo cells the number of foci
decreased with the square of the dilu-
tion factor, signifying two-hit kinetics
as originally reported by Hartley and
Rowe (/). When Moloney leukemia virus
(MLV) was added at a predetermined
helper concentration (10-* dilution of
a MLV pool with a COMUL titer of
106 in METC -cells treated with
DEAE-D), a one-hit relationship was
present. More concentrated amounts of
MLV, when added to the METC cells,
inhibited focus formation. Less concen-
trated amounts (at 10-* and 10-° dilu-
tion) showed little or no helper effect.

In NRK and RETC cells, the assay
of M-MSV showed one-hit kinetics. The
addition of MLV as helper (10-! and
10-2 dilution, respectively, of a MLV
pool with a titer in rat cells of 104%)
had no effect on the kinetics of the
system but the titers of focus-forming
units were approximately 25 percent of
the original titers. Less concentrated
amounts of MLV had little effect on
the titer in the rat cells and did not
alter the one-hit curve.

The COMUL titer of this pool of
M-MSV made from the 2-day-old super-
natant of NRK(M-MSV) cells was 106
in METC cells and < 103 in both rat
cells. The leukemia virus titer of the

. M-MSV pool measured by fluorescent

staining of viral antigens (9) was
1037 for NRK and 10%% for rat em-
bryo cells. Therefore, despite the great-
er sensitivity of the METC cells to
the leukemia virus, the M-MSV gave
two-hit kinetics in METC cells and one-
hit in rat cells.

In order to determine if this differ-
ence in Kkinetics was limited to mouse
embryo cells, we titrated the same pool
of M-MSV in BALB/c 3T3 cells (10).
Two-hit kinetics was also noted. The
one-hit kinetics of M-MSV in NRK and
RETC cells may therefore indicate a
general property in all rat cells, whereas
two-hit kinetics of M-MSV may be a
characteristic in all mouse cells.

Thomas and his associates (/) have
noted one-hit kinetics of M-MSV grown
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in bovine cells. Titration of leukemia
virus, however, was not included in
their results, so excess helper virus may
have been present. O’Connor and Fisch-
inger (I12) have also reported one-hit
kinetics in mouse cells. They have attrib-
uted this result to a “competent” parti-
cle of M-MSV in which leukemia virus
is present with sarcoma virus as an “in-
terviral aggregation” (I3).

A disparity in the ability of the leu-
kemia and sarcoma viruses to adsorb
to and propagate in mouse and rat cells
is possible but unlikely as an explana-
tion for these kinetic differences. The
murine sarcoma virus MSV-0, which
produces foci in rat cells only (I4),
adsorbs equally well to mouse and rat
cells (I5). The COMUL titer in rat cells
is considerably lower than that in mouse
cells. Moreover, the one-hit curve in
NRK cells intersects the two-hit curve
in mouse embryo cells (Fig. 1). One
might speculate then that the “compe-
tency” of this pool of M-MSV in rat
cells may be directly related to the dif-
ferences in focus formation.

Hartley and Rowe (I) reported that
in mouse embryo cells the number of
foci induced by M-MSV is reduced
three- to fivefold by the addition of
antiserum to mouse leukemia virus to
the assay plates 24 hours after infection.
Our results with M-MSV in METC
and BALB/c 3T3 cells confirm their
report (Table 1); moreover, the mouse
foci remaining are much smaller than
usual. When medium containing anti-
serum that completely neutralized M-
MSV was added to NRK and RETC
plates 20 hours after M-MSV infec-
tion, there was no reduction in the
number of foci produced by the pool
(Table 1). Preincubation of the virus
with the antiserum, however, removed
all focus-forming virus from the inocu-
lum. In both the neutralization and
focus-suppression tests, added helper of
a different type (Gross) did not affect
the number of foci produced in rat and
mouse cells in the presence of immune
serums. These data indicate that both
sarcoma and leukemia viruses are neu-
tralized by the antiserums, and the
M-MSYV is not antigenically distinct (for
example, MSV-0) from the Moloney
leukemia virus associated with it.

These results demonstrate another
marked difference between the interac-
tion of M-MSV with mouse and rat
tissue culture cells; they may explain in
part the difference in kinetics observed.
In mouse embryo cells, the reduction in
number and size of foci by specific anti-
serum suggests that a continuous rein-
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Table 1. Tests for suppression of M-MSV foci
in mouse and rat cells by the addition of immune
serum before and after infection.

Percent reduction® of foci in cell lines

BALB/c
313

METC NRK RETC

Preincubationt
100 100 99 92
Immune serum added 20 hours
after infection
95 90 0 0

® Number of foci induced by
virus plus immune serum
Number of foci induced by
virus plus control serum
t Virus and serum incubated at 37°C for 30
minutes

X 100%.

fection of nearby uninvolved mouse
cells may be necessary for the ultimate
appearance of recognizable mouse foci.
One mouse cell infected and transformed
cannot propagate independently and is
overgrown by surrounding normal cells
unless its progeny can infect and alter
nearby ce'ls; antiserum inhibits this
reinfection.

Bather et al. (16) suggested this
conclusion when transformed mouse
cells did not form foci when transferred
onto irradiated normal cells. The trans-
formed NRK and RETC cells, on the
other hand, have an inherent capacity
to propagate independently. Under these
conditions, once transformation occurs,
reinfection is not necessary for ultimate
focus formation. Antiserum, therefore,
had no effect in the rat cells once adsorp-
tion and penetration of the virus had
occurred. These data offer some explana-
tion for the difficulties we and others
have had in isolating and propagating
transformed mouse embryo cells. Trans-
formed rat cells, on the other hand,
are very easy to isolate and grow.

The sarcoma virus in rat cells, in
fact, may be very sensitive to competi-
tion from leukemia virus (for example,
the reduction of foci in rat cells with
addition of leukemia virus) (Fig. 1).
In mouse embryo cells, on the other
hand, sarcoma virus and leukemia virus
are probably both needed for alteration.
Propagation of the sarcoma virus or
reinfection, or both, of nearby cells
may also be directly dependent on the
presence of a substantial but not over-
whelming quantity of coinfecting leu-
kemia virus.

Alternatively, rat cells may contain a
latent helper virus. However, electron
microscopy of NRK cells has revealed
no virus particles (14); studies performed
with radioactive uridine have shown
no viral RNA particles released into the

supernatant (15). Moreover, all comple-
ment-fixation testing of NRK and RETC
control plates has been negative for the
complement-fixing, group-specific anti-
gen.

These studies, then, define two differ-
ent phenomena occurring with murine
sarcoma virus when infecting rat cell
lines—one-hit kinetics and one-cell focus
propagation. In rat cells, then, MSV
cannot be considered defective for
transformation.

The term defectiveness of RNA
tumor viruses, in fact, has been used in
two different contexts: (i) inability for
a chick cell transformed by Rous sar-
coma virus to “spawn infectious progeny
without the intervention of a helper
virus” (I7); and (ii) inability of the
murine sarcoma virus to initiate a focus
in mouse embryo cells without the help
of mouse leukemia virus ().

The defectiveness of Rous sarcoma
virus was brought into question by the
studies of Dougherty and DiStefano
8), Vogt (19), and Weiss (20), who
showed that the nonproducing Rous
cells contained virus particles with bio-
logic activity. The experience with
MSV-0 in the murine system is very
similar (/4). The term defectiveness,
then, if used, should not be applied to
RNA tumor viruses without qualifica-
tion for the viral function studied and
the cell system employed. One might
prefer, in fact, the term helper-depen-
dent to describe the inability of sarcoma
viruses to perform functions (for exam-
ple, focus formation or propagation of
parental virus) in certain specific cells
without the presence of adequate leuke-
mia virus as helper.

It is true, for example, that in heter-
ologous systems (such as hamster and
rat) nonproducing cells have been
described for Rous sarcoma virus (21—
23). These will produce progeny after
cocultivation with normal chick cells,
but in some cases the addition of an
avian leukosis virus as helper is also
required. Similar nonproducing cells
result after MSV infection of hamsters
in vivo (24) and rat cells in vitro (25).

In the homologous murine systems,
however, unlike the avian system, the
sarcoma viruses differ in the kinetics of
focus formation and the process leading
to focus formation. The dependency on
leukemia virus for focus formation is
not seen in any cell system susceptible
to transformation by Rous sarcoma
virus. This inability to produce foci in
mouse cells without added helper virus
may stem from a failure of MSV to
enter or transform, or both. On the
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other hand, because transformed mouse
cells cannot propagate independently
(unlike chicken and rat cells), leuke-
mia virus may be needed for the propa-
gation of sarcoma virus or the infection
of nearby cells, or both, to produce a
recognizable focus. Further work is
needed to clarify this system.

These data indicate that the inability
to initiate focus formation without leu-
kemia virus as helper is not a general
characteristic of the murine sarcoma
virus but is specific for its action in
mouse cells. In reference to transforma-
tion of rat cells, murine sarcoma virus
resembles Rous sarcoma virus. Our
observations point out the necessity of
defining a sarcoma virus only in terms
of its action in the particular host cell
infected and the necessity of recognizing
inherent differences in the ability of that
cell itself to express this viral activity.
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Arsenic in Detergents: Possible
Danger and Pollution Hazard

Abstract. Arsenic at a concentration
of 10 to 70 parts per million has been de-
tected in several common presoaks and
household detergents. Arsenic values of
2 to 8 parts per billion have been mea-
sured in the Kansas River. These con-
centrations are close to the amount (10
parts per billion) recommended by the
United States Public Health Service as
a drinking-water standard.

Considerable attention is being fo-
cused on the detrimental effects man
has or can have on his environment.
We report on the possible effects of
some common household detergent
products on water quality. In an in-
vestigation by emission spectrography
of the trace element composition (Fe,
Mn, Cr, Ni, Co, Zn, Sr, Li, SiO,, and
B) of three enzyme presoaks, three
heavy duty enzyme detergents, one
heavy duty detergent, and one detergent
aid, we found continual spectrographic
evidence of the presence of arsenic in
most of the samples. Because the
amount of arsenic was close to the
detection limits of the spectrographic
method, the more sensitive silver-di-
ethyldithiocarbamate method was used
(1) for the quantitative determination.

Waste waters of these detergent prod-
ucts can easily enter the water system
and therefore contribute to water pol-
lution. We analyzed detergent samples,
water from the Kansas River, and water
entering and leaving the water and sew-
age treatment plants in Lawrence, Kan-
sas; the concentrations of arsenic in
many of the detergent products were
high enough to pose a pollution prob-
lem and a potential health hazard to
people using them constantly.

A problem of serious water pollu-
tion also exists (Tables 1 to 3). The
U.S. Public Health Service gives tol-
erances of 10 ppb (recommended)
and 50 ppb (mandatory) of arsenic
in drinking water (2). We have
calculated the concentrations of arsenic
to be expected in tubs of typical wash-
ers of 10-, 30-, and 60-gallon capacities

(1 gallon = 3.8 liters) (Table 2). Espe-
cially important are the high amounts
of arsenic in two presoaks. When used
as directed, the arsenic concentration of
the different household laundry aids
greatly exceeds that recommended for
drinking water. While a “tub of suds”
is not used for drinking, the danger
clearly exists that arsenic can be ab-
sorbed through unbroken skin. Another
side effect of arsenic is the possibility
of skin rashes and other types of con-
tact dermatitis skin reactions in sensi-
tive people (3). For example, the pres-
ence of arsenic at 50 ppm inhibits the
healing of wounds (4). The medical
literature reveals remarkably little about
the long-term effects of such contact
with arsenic. There is also evidence of
the accumulation of arsenic in the liv-
ers of mammals (5). The fixing of ar-
senic in human hair after the use of
arsenic-containing detergents was re-
ported as early as 1958 (6). Arsenic is
added to the system by the use of de-
tergents in everyday wash chores. This
usage contributes to the amount of ar-
senic in river waters. In areas of re-
peated usage, this concentration (3 to 8
ppb for the Kansas River) can be ex-
pected to rise in the near future with
continued use of detergent products
containing arsenic. Arsenic is a cumu-
lative poison which builds up slowly in
the body. According to some medical
sources, long-term arsenosis may not be
detectable for 2 to 6 years or longer.
To our knowledge, no previous data
on arsenic concentrations in the Kansas
River are available.

To ascertain whether the arsenic was
being added in the water-usage cycle,
we measured the arsenic concentrations
at different points in the water-distri-
bution system (Table 3). Blind sets of

Table 1. Concentrations of arsenic in certain
detergents and presoaks. Abbreviations are:
EP, enzyme presoak; HDED, heavy duty
enzyme detergent; DA, detergent aid; HDD,
heavy duty detergent; and SD, single deter-
mination. .

Arsenic concentration

Detergent (ppm)
type

Average Range
A. EP 34 31-43
B. HDED 32 SD
C. HDD 9 8-10
D. HDED 15 SD
E. HDED 41 38-45
F. EP 7 6-9
G. DA 2 1-3%
H. EP 59 51-73

* Lower limit of detection.
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