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forty-seven of 905 eggs from 41 of 92 chicken 
flocks in 12 states contained the antibody. 
Although there was considerable geographic 
variation consistent with sampling problems, 
it is apparent that this is a common virus 
infection of North American chickens. Re- 
sults of the cross-immunofluorescence test 
confirmed that REV is not a member of the 
well-characterized sarcoma-leukosis group of 
avian viruses. 
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Statolon, a product of a mould, Penicillium 
stoloniferum, has been shown to exert its 
antiviral action by stimulating the in vitro 
and in vivo production of interferon (1,2). 
Statolon, now known as double-stranded 
phage RNA (3 ,  4), was recently reported to 
inhibit Friend leukemia virus infection in 
mice ( 5 ,  6) .  Statolon inhibits Friend leuke- 
mia virus when administered as early as 6 
days before, and as late as 9 days after, virus 
inoculation. The majority of s tatolon- trea ted 
mice are completely protected against Friend 
virus leukemia and are resistant to rechal- 
lenge with the virus ( 6 ) .  However, no studies 
of the effect of statolon on murine leukemia 
and sarcoma virus infection of tissue cultures 
have been reported. 

In the present communication, we describe 
the effect of Statolon on acute and persistent 
infection of tissue cultures with murine leu- 
kemia and sarcoma viruses. Statolon inhibits 
not only the growth of murine leukemia vi- 
rus, but also the in vitro cellular transforma- 
tion induced by murine sarcoma viruses. 

Materials and Methods. Viruses. The tissue 
culture grown murine leukemia and the hlo- 
loney strain of murine sarcoma virus (R4- 
MSV) used were furnished by Dr. J. W. 
Hartley. These had been serially passed by 

Hartley in Swiss N I H  mouse embryo tissue 
culture (NIH-METC) ( 7 )  and were passed 
by us several times further in the same type 
of tissue culture prior to the studies described 
below. MSV pseudotypes (8) were made 
into virus stock as Moloney procedure con- 
centrates (9) of mouse tumors. 

Vesicular stomatitis virus (VSV) was 
grown in mouse L cell monolayer cultures. 
Reovirus type 3 (Dearing) was grown in a 
line of African green monkey kidney cells 
(Vero) (10). 

Cell cultures. Primary cultures of NIH-  
METC were prepared as previously described 
( 7 ) .  Growth medium was 10% fetal bovine 
serum in Eagle’s minimum essential medium 
(10% FBS-EMEM) with 2 mlM glutamine, 
100 units of penicillin, and 100 pg of strepto- 
mycin/ml. This medium was also used for 
maintenance of cultures used for production 
of leukemia virus, and for complement-fixing 
(CF) antigen pools. 

The Vero cells were subcultured and main- 
tained in medium 199 supplemented with 57% 
fetal bovine serum (10). A continuous line of 
Rauscher leukemia virus-infected rat em- 
bryo cells (1 1)  was also used in this study. 

Antigen and virus pools. T o  prepare C F  
antigen grown in NIH-METC, 14- to 21-day- 
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old infected cultures were harvested by scra- 
ping the cells from the surface of the cultures 
and making 10% cell pack preparations. 
Before testing for C F  activity, cell suspen- 
sions were frozen and thawed once, and were 
sonicated in a Branson sonifier (model S-75) 
for 3 sec at  3 amp. Culture media 7 or more 
days old) from infected cultures were re- 
moved without disturbing the cell sheet and 
used as a source of seed virus. The infectious 
virus was assayed in the C F  test ( 7 ) .  

Virus assay. Virus titrations for murine 
leukemia viruses were done in disposable 
60-mm plastic petri dishes of secondary 
NIH-METC, employing 2 plates/lO-fold di- 
lution by C F  antigen induction test ( 7 ) .  The 
sarcoma virus was also assayed in secondary 
NIH-METC plate cultures. Altered cell foci 
(12) were counted with an inverted Zeiss 
microscope 6-8 days after sarcoma virus ino- 
culation. Reovirus type 3 was assayed in 
Vero cells by the plaque method previously 
described (10). 

Assay of interferon. Interferon was assayed 
in L cell monolayers by the vesicular stoma- 
titis virus yield reduction method ( 13). 

Complement-fixation (CF) . Complement 
fixation tests were carried out in the micro- 
titer technique described for tumor antigen 
studies (14). Titers were recorded as recipro- 
cals of the highest dilution giving 3+  to 4+ 
fixation of 1.8 units of complement. Rat an- 
tisera used in the C F  test were obtained from 
Fisher rats carrying transplanted sarcomas 
induced by the Moloney isolate of mouse 
sarcoma virus (M-MSV) ( 15). Antigen titra- 
tions were carried out by using 1:20 dilutions 
of anti-MSV rat serum containing 4 units of 
antibody as determined by titration against 
murine leukemia virus antigen prepared in 
NIH-METC. The serum pool used did not 
react when tested a t  a 1: 10 dilution against 
a variety of normal mouse and rat tissue ex- 
tracts and tissue culture cell antigens. 

Statolon preparations. The statolon used in 
this experiment was supplied by the kind- 
ness of Dr. W. J. Kleinschmidt, The Lilly 
Research Laboratory, T nd ianapol is, Tnd iana. 
Stock solution was prepared as 1 mg/nil of 

statolon diluted in 2 %  FBS-EMEM with 100 
units of penicillin, 100 pg of streptomycin, 50 
units of polymyxin B sulfate (Aerosporin) 
and 25 units of Mycostatin /ml. For the ex- 
periments, the statolon was further diluted 
into different concentrations, using growth 
medium as diluent. 

Mouse interferon used in this experiment 
was kindly supplied by Dr. S. Baron. 

Results. Eflect of statolon on vesicular 
stomatitis virus and reovirus. The inhibitory 
effect of statolon and mouse interferon on 
VSV and reovirus was tested. With 10" PFU 
of VSV/ bottle (approximate multiplicity of 
infection = O.S), there was delay in the de- 
velopment of CPE of VSV in NIH-METC 
pretreated with statolon (100 pg/ml) and 
mouse interferon (35 units) for 24 hr as 
compared with untreated NIH-METC. There 
was a 2-log lower yield of VSV in pretreated 
cultures. With loG PFU of reovirus/bittle 
(approximate multiplicity of infection = 5), 
there was also definite delay in the develop- 
ment of CPE of reovirus in pretreated NIH- 
METC, as compared with untreated cultures. 
There was a 2-log lower yield of reovirus in 
statolon-treated cultures and a 1-log reduc- 
tion of yield in cultures treated with mouse 
interferon, as compared with the untreated. 

Eflect of Statolon and mouse interferon on 
Friend leukemia virus and mouse sarcoma 
virus. Using the same concentrations as in 
the above experiment, the effect of statolon 
on Friend leukemia virus and mouse sarcoma 
virus was examined. Three sets of two 10-oz 
bottles of NIH-RIETC were treated a t  the 
same time with statolon, mouse interferon, or 
the growth medium. After 24-hr incubation, 
the bottles were washed twice with HBSS, 
inoculated with 10;' infectious units of virus 
per bottle, and absorbed for 2 hr a t  37'. The 
cultures were then washed 5 times before the 
growth medium was added and incubated for 
21 days at  37" in a humified air atmosphere 
containing 5% COB. Fluids were removed 
twice a week, when the medium was changed, 
and stored a t  -70". One of each set was 
harvested 14 days after inoculation, the other 
after 2 1  days. The fluids were assayed for 
infectivity, and the cells were packed for CF 
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TABLE I. Cell Resistance to Friend Leukemia Virus in blouse Embryo Cells Treated with 
Statolon and Mouse Interferon." 

Days after inoculation 
~~ ~ ~~ 

7 14 21 

Iiif ectivityb Infectivity I n  f ec tivi t y  
Treatment C F  titcr titer CF  titer titer CF  titer titer 

C Untreated - 3.4 4 3.4 4 3 -4 
Statolon treated - <1.4 <I < 1.4 <I <1.4 
Mouse interferon treated - 3.4 (4) 2.4 4 3.4 

a Cultures were treated for 24 hr with statolon (100 pg/ml) or mouse interferon (35 units/ 
nil) before inoculation of the virus. Two logs of VSV inhibition was achieved by these materials. 

' C F  induction titer per ml. 
- = not done. 

antigens by the method described above. 
Table I shows the effect of statolon and 

mouse interferon on Friend leukemia virus in 
N I H- ETC . Complement - fi xi ng antigen 
titer was 1:4 after 14 days' incubation in 
untreated cultures and in mouse interferon 
treated cultures, and remained the same after 
21 days' incubation. However, no CF anti- 
gen was detected in the statolon pretreated 
cultures after 14 and 21 days' incubation. In 
the untreated and mouse interferon pre- 
treated cultures, 3.4 logs of virus were 
present, but in the statolon-treated ones, no 
Friend leukemia virus was detected at  the 
1 : 10 dilution tested (Table I ) .  

The inhibitory effect of statolon on mouse 
sarcoma virus (M-MSV) was also observed 
(Table 11). In the cultures of untreated cells, 

as well as in those treated with mouse inter- 
feron, there was a C F  antigen titer of 1:8, 
whereas there was no C F  antigen in the sta- 
tolon-treated cultures. In  the statolon- 
pretreated cultures, the yield of M-MSV was 
also reduced by a t  least 2 logs. The lack of 
inhibitory effect of mouse interferon on 
Friend leukemia and mouse sarcoma virus 
may have been due to the small doses used in 
these experiments and probably also due to 
2 l-day virus growth period after removal of 
interferon. 

Eflect of statolon on cellular transformu- 
tion induced by murine sarcoma viruses. Fig- 
ure 1 shows the focus forming and CF titers 
of M-MSV (ML) as a function of statolon 
concentration used to pretreat the cells for 24 
hr. A significant inhibition of the viral trans- 

TABLE 11. Cell Resistance to Moloney Sarcoma Virus in  Mouse Embryo Cells Treated with 
Statolon and Mouse Interferon.E 

Days after inoculation 

7 14 21 

Infectivityb Infectivity Infectivity 
Treatment C F  titer titer CF  titer titer C F  titer titer 

8 Untreated - 3.4 8 3.4 8 3.4 
Statolon treated - <1.4 <1 <1.4 <1 1.4 
Mouse iiiterferon trcn ted - 3.4 8 3.4 8 3.4 

~~ ~ 

a Cultures were treated for 24 hr with statolon (100 pg/ml) or mouse interferon (35 units/ 
ail) before inoculation of the virus. Two logs of VSV inhibition was achieved by these materials. 

'' CF iiicluctioii titcr per nil. 
c - -  - not clone. 
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LLg Statolon per ml 
FIG. 1. Focus-forming and CF titers of M-MSV 

(ML) as a function of the statolon concentration 
used to  pretreat mouse embryo tissue culture. (These 
data  were obtained by averaging the titers of two 
experiments.) 

forming activity was caused by statolon. This 
effect was maximal with about 100 pg of 
statolon/ml. Higher concentrations of sta- 
tolon were toxic for the mouse embryo cells. 

Table I11 shows the effect of statolon on 
various pseudotypes of murine sarcoma vi- 
ruses. Inhibition of focus formation was ob- 
served with various MSV pseudotypes tested. 

Table IV lists the inhibitions of focus 
formation and C F  antigen of M-MSV( AIL) 
when statolon was given a t  various times. 
Four tests were conducted in which statolon 
was added ( i )  24 hr before the virus, (ii) a t  
the same time as the virus, (iii) 24 hr after 
the virus, and (iv) 48 hr after the virus. In 
each case, statolon was added for only 24 hr, 

after which the cultures were washed three 
times and the media replaced. Statolon was 
effective for 24 hr before and after infection. 
The  high values of inhibition were obtained 
when statolon was provided 24 hr before 
infection. When statolon was added 48 hr 
after the virus, no significant inhibition was 
obtained as shown in titers of focus formation 
and CF  antigen of M-MSV(ML). I t  was 
shown earlier that optimal protection against 
infectious viruses in mice was obtained when 
statolon was administered intraperitoneally 
24 hr prior to virus challenge ( 16). 

These tests gave some indications of tissue 
toxicity with higher concentrations of sta- 
tolon, particularly in those of 100 pg/ml or 
greater. However, the toxicity may be due to 
one of the many extraneous materials in the 
impure preparation of statolon. In  these 
tests, we also noted that autoclaved (15 lb 
for 15 min) statolon, even in fairly strong 
concentration (50 pg/ml) had no inhibitory 
action against M-MSV( ML) . This heat labil- 
ity has been shown previously in both mouse 
and tissue culture tests ( 1, 2,  17) .  

A virucidal effect was ruled out by adding 
statolon to a viral suspension. Data show that 
statolon, a t  the concentrations used in these 
studies, was not virucidal to M-MSV(ML) in 
suspension. These experiments clearly demon- 
strate that statolon does not act directly on 
the virus, but exerts its action on the host 
cell, as reported by others ( 18). 

Effect of statolon on Rauscher leukemia 
virus as a persistent infection of rat embryo 
cell cultures. Experiments were designed to 

TABTJE 111. Effect of Statolon on Focus Formation by Mouse Sarcoma Viruses. 

Nonse snrcomn Titer without stntolon Titer with stntolon" Log 10  inhibition 
virus pwuilotypesrJ (FFU/0.4 nil) ( XlO'; FFU/0.4 nil) by statolon 

MSV (311,) 3.8 x 103 2.0 2.3 

MSV (GL) 8.0 X lo1 < l . O  > 0.9 
MSV (FL) 2.2 x 103 < l . O  >2.3 

MSV (RL) 2.8 x 103 < l . O  $2.4 

a Statolon was added to the nutrient niedium a t  a final conceiitratioil of 100 pg/ml and left 
in contact with the cells f o r  2 1  iir. Imineiliately before infection the stntolon medium was re- 
moved, the cells were rinsed twice with nutrient medium and supplied with fresh nutrient 
medium. 

Virus types and abbreviations are the same as in  a previous coinmimication (17) .  
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TABTIE IV.  Exposure of Cell Cultures to Statolon" at Various Times: Inhibition of Focus For- 
mation and  C F  Antigen of MSV(M1,). 

Statolon exposure time relative t o  infection 

Ti tc r  

Added to  cclls 
Addctl 24 I ir  a t  same time as Added 24 11r Ailtled 48 h r  
before virus virus a f te r  virns a f te r  virus 

Infectivity t i t  e r " of c o I I t ro 1 1.8 x 103 2.4 x 1 0 9  1.9 x io9 1.9 x 10" 
(~'J'W).~ W of st:ltoioli- <LO x 101 3.0 x 1 0 2  3.5 >: 10" 5.0 x 10' 

treated cells 

C F  t i t  c r ' of control 1 :I(;  1 : ] t i  1: 16 1 :8 
of stntololl- 1 :1 1 : 2  1 :2  1 :8 

trcntecl C~Cl lS  

St:itoloit (50 pg/ml) t rmtct l  for  24 111.. 

Focus-forniing uni t  was determined ti (lays a f te r  iiioculation. 
C F  :intigcn t i ter  14  (lays a f te r  inoculation. 

examine the effect of a single 24-hr treatment 
with statolon on Rauscher leukemia virus 
infected rat embryo cell cultures. 

Twenty plate cultures were made from 
twentieth passage of Rauscher leukemia virus 
infected rat embryo cultures, and incubated 
for 8 days a t  37". Then each 4 plates were 
treated with different concentrations of sta- 
tolon (see Table V) for 24 hr. The statolon 

T A B L E  V. Effect of Xinglc Trcatniciit with 
Statolon on  Persistent Infection of Rausclier 1,cn- 

keniia Virus i n  Ra t  Embryo Cells." 

S tatolon Harvested days C F  antigen t i ters  
(/@/In1 1 a f te r  treatmelit vs MSV r:tt seruni 

0 

10 

35 

50 

100 

(i 
14 
(i 

14 
t i  

14 
A 

14 
(i 

14 

12% 
> 64 

(i 4 
> (i4 

64 

64 
> 64 

32 
32 

(64)  

" F o u r  platcs cacl1 of 8-tl:ly-olcl cultures of 
Rauschcr leukemia virns iiifectetl r;i t cnibryo cells 
(twentietli passage) were tre:itcd for  24 hr with 
diffcrent concentrations of statolon. Then tlic 
statolon medium was rcmorcd, tlic cells were rinsed 
twice with nutrient inccliuiii, a n d  sul)pliecl with 
frcsh nutr ient  niedium. The C F  t i ter  of 8-day-old 
cultures of Rauscher leukemia virus-infccted r a t  
embryo cells was 1:32. 

was removed, the cells were rinsed twice with 
nutrient medium and supplied with fresh 
medium. The cultures were incubated a t  37" 
in a C02  incubator and were harvested, 2 
plates after 6 days of incubation and 2 plates 
after 14 days. A single treatment with sta- 
tolon (100 pg/ml) decreased the CF titer 
more than four times in a 2-week interval 
(Table V ) .  

Further experiments were designed to ex- 
amine the effect of prolonged treatment with 
statolon on persistent Rauscher leukemia vi- 
rus infection in rat embryo cells. Twenty- 
four-hr-old plate cultures of Rauscher leuke- 
mia virus-infected rat embryo cultures were 
fed with growth medium containing different 
concentrations of statolon and incubated a t  
37". Two plates from each group were har- 
vested for C F  antigen. The remaining plates 
were replenished again with the growth medi- 
um containing statolon and further incu- 
bated. Eightfold inhibition of C F  titers was 
observed in the cultures containing 50 pg/ml 
of statolon (Table V I ) .  However, there were 
definite toxic effects in the cultures contain- 
ing more than 50 p.g/ml of statolon after 7 
days of incubation. We therefore continued 
our examinations a t  lower conceiitrations. 
Seven-day-old cultures of the rat embryo 
cells (twenty-fifth passage) were fed with 
medium containing 12.5 and 25 g / m 1  of sta- 
tolon. After various periods of incubation, the 
plates in each group were harvested and 
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TABLE VI. Effect of Prolonged Treatment with Statolon on Persistcnt IiifcvAion with 
Rauscher Leukemia Virus.' 

Harvested days 
Rauscher leukemia S ta  tolon after addition CFc antigen Infectivityd 

virus-infected culture (Pg/lnI) of sta tolon titers titer 

23rd passagea 0 4 
7 

25 4 
7 

50 4 
7 

100 4 
7 

0 5 
8 

11 
12.5 5 

8 
11 

25 5 
8 

11 

16 
32 
4 
4 

<4 
4 

<4 
<4 

1 (i 
32 

(64) 
8 

(16 j 
16 
8 
8 
8 

One-day-old cultures. 
Seven-day-old cultures, Ck' 1 :8  ; iiifcctivity titer, 
C F  titer = reciprocal of dilution giving 3 +  to 4+ fixation of 1.8 units of coinplctiiciit (in 

C F  induction titer (log,, TCL)50/nil). 
- = not done. 

parentheses indicates 2 + ) .  

f Rauscher leukemia virus-infectcvl rat  embryo eu1turc.s iii nut rieiit I i icv l i i i i i i  w c ~ r c  rcplciiislictl 
with the statolon medium and incubated at 3 i "  in a CO, incubator. 

tested for CF antigen. Table IV shows that 
complete inhibition was achieved with the 
medium containing 25 pg/ml of statolon. No 
increase of infectivity or of C F  titers of 
Rauscher leukemia virus in rat embryo cells 
were observed during prolonged treatment 
with statolon. 

Discussion and Summary. Statolon, known 
to induce interferon, inhibited not only the 
growth of murine leukemia viruses (Friend 
and Rauscher) in NIH-METC, but also the 
in vitro cellular transformation induced by 
murine sarcoma viruses. 

The results obtained on the inhibitory 
effect of statolon against murine leukemia 
and sarcoma viruses in tissue culture were in 
agreement with in vivo results obtained pre- 
viously by others (5, 6, 16, 18). Best results 
of statolon against murine sarcoma viruses 

were obtained by single pretreatment of the 
cells with statolon (50 pg/ml) for 2 4  hr, fol- 
lowed by virus inoculation; but inhibition 
was also observed when the drug was added 
a t  the same time as the virus, or 2 4  hr later, 
in a single treatment. As reported herein, a 
were obtained by single pretreatment of the 
single treatment of statolon protected mouse 
embryo cells against Friend leukemia virus 
infection for a t  least 3 weeks. I t  has been 
shown that optimal protection against MM 
and Semliki Forest viruses in mice was ob- 
tained when statolon was administered 2 4  hr 
prior to virus challenge (16) and one injec- 
tion of statolon afforded significant protection 
in the mouse for at  least a month (18). 

The results of the experiment on persistent 
infection indicated that prolonged treatment 
with statolon can protect rat embryo cells 



against persistent infection with Rauscher 
leukemia virus (Table V I ) .  Gresser has re- 
ported the inhibition of Friend virus induced 
splenomegaly by repeated intraperitoneal ad- 
ministration of an interferon preparation 
(personal communication). 
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