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Interferon and interferon inducers can pro- 
tect experimental animals from several virus- 
induced tumors (1-5), but prolonged admin- 
istration is usually required. Treatment with 
double-stranded RNA inducers does not al- 
ways prevent viral oncogenesis, and under 
certain conditions may enhance tumor induc- 
tion ( 6 9 ) .  Viral oncogenesis is also enhanced 
by co-infection with several nononcogenic 
viruses ( 10-1 2 ) .  However, it has not been 
determined whether enhancement of virus- 
induced tumors is a general property of inter- 
feron and interferon inducers. We herein re- 
port that pretreatment with a single dose of 
several different interferon inducers enhances 
the effects of murine sarcoma and leukemia 
viruses in mice and rats. 

Materials and Methods. Weanling mice 
(16-20 g) were obtained from the National 
Cancer Chemotherapy Service (Cr) , Nation- 
al Cancer Institute, Bethesda, MD ; Division 
of Research Services (N)  , National Insti- 
tutes of Health, Bethesda, MD, and Microbi- 
ological Associates (Mai) , Walkersville, MD. 
Suckling Osborne-Mendel rats ( 16-1 8 g)  
were obtained from the National Institutes of 
Health. 

Interferon was produced by stimulation of 
a transformed mouse cell line by Newcastle 
disease virus (NDV) . The supernatant fluids 
were harvested 48 hr after infection and 
concentrated by dialysis against Aquacide 
(Calbiochem, Los Angeles, CA). The final 
concentration of fetal bovine serum in the 
preparation, prior to dilution, was 2070. 
Concentrations of interferon were expressed 
as the reciprocal of the highest dilution which 

1 This work was supported, in part, by National 
Cancer Institute Contract No. PH-43-67-697. 

inhibited the hemagglutinin yield of GD VII 
virus by 

The synthetic polyribonucleotides polyino- 
sinic*polycytidylic acid (poly I*poly C ) and 
polyriboadenylic.po1 yribouridylic acid ( poly 
A*poly U) were purchased from P-L Bio- 
chemicals, Milwaukee, WI. Tilorone hy- 
drochloride was provided by Dr. R. F. 
Krueger, William Merrell Co., Cincinnati, 
OH. Dr. John Niblack, Charles Pfizer Co., 
Groton, CT, donated pyran copolymer. Sta- 
tolon was a gift from Dr. W. Kleinschmidt, 
Lilly Research Laboratory, Indianapolis, IN. 

A concentrate of the Moloney strain of 
murine sarcoma virus (MSV) was prepared 
from virus-induced tumors in BALB/c mice 
by differential centrifugation (14) and was a 
1 g of tumor/ml equivalent. The MSV pool 
contained lactic dehydrogenase virus (LDH 
virus). MSV free of all known extraneous 
murine viruses was prepared from virus- 
inoculated secondary mouse embryo cell cul- 
tures. MSV was inoculated (vol = 0.1 ml) sc 
into the left thigh. Mice were examined 4, 5, 
7, 12, 15, 20, 25, and 30 days after virus in- 
oculation and tumor size was carefully graded 
0-4 arbitrary units, using the criteria of 
Blumenschein and Moloney ( 15). Rauscher 
leukemia virus (RLV) (0.1 ml) was injected 
ip; the animals were sacrificed 21 days latm, 
and their spleens were weighed ( 16). NDV 
was obtained by harvesting the allantoic fluid 
of embryonated eggs 72 hr after virus inocu- 
lation. Semliki forest virus (SFV) was grown 
in primary chick embryo cell culture. 

The adjuvant properties of poly I*poly C 
were studied by injecting 2.5 x lo8 sheep 
erythrocytes (SRBC) and 250 pug of poly 
I-poly C iv using the same syringe (but with- 

in mouse L cells (13). 
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FIG. 1. Enhancement of MSV tumor induction by 
interferon inducers in weanling AL/N mice (a) ; 
and suckling Osborne-Mendel rats (b).  Each 
experimental and control group consisted of 10 ani- 
mals. The animals were pretreated with poly I-poly 
C ( 2 0 0  pg subcutaneously), tilorone hydrochloride 
(2.5 mg orally), or NDV plaque forming units 
iv). Mice were also pretreated with pyran copol- 
ymer (10 mg ip).  MSV (loL-' tumor inducing 
doses, as titered in newborn BALB/c mice), was 
injected into the left thigh 24 hr later. Tumor size 
was graded in arbitrary units using the criteria of 
Blumenschein and Moloney (15). 

out mixing). The spleens were harvested 72 
hr later and the antibody forming cells to 
SRBC were enumerated by the Jerne plaque 
assay (1 7) .  

Results. The effects of interferon inducers 
on MSV tumo'r induction in weanling AL/N 
mice and suckling Osborne-Mendel rats are 
shown in Fig. 1. MSV rapidly induces tumors 
which, in the majority of immunologically 
competent animals, spontaneously regress 
(18). Pretreatment with a single dose of an 
interferon inducer 24 hr prior to virus inocu- 
lation significantly enhanced MSV tumor in- 
duction, a s  manifested by shorter latent time 

to tumor appearance, higher incidence to tu- 
mors, larger mean tumor size, and longer 
regression time. Enhancement of tumor in- 
duction by inducers was greater in rats than 
in mice. Rats are relatively resistant to MSV, 
and only 2/10 controls developed moderate 
sized tumors which regressed within a few 
days. All rats pretreated with inducers de- 
veloped large tumors which regressed slowly. 
Of the rats pretreated with NDV, 3/10 died 
with progressively growing tumors. Pretreat- 
ment of AL/N mice with NDV increased the 
minimal tumor inducing dose of the MSV 
preparation, as calculated by the Reed- 
Muench formula (19), by 11-fold, and 
poly I-poly C pretreatment increased i t  
5-fold. In addition to the inducers illustrated 
in Fig. 1, pretreatment of AL/N mice with 
poly A-poly U (200 pg injected subcutaneous- 
ly) shortened the latent time to tumor ap- 
pearance and increased the mean tumor size, 
but did not lengthen the regression time. 

These results were confirmed by pre- 
treating AL/N mice with interferon inducers 
24 hr prior to MSV inoculation and harvest- 
ing the tumors 14 days later. The MSV was 
inoculated sc in the back to aid separation of 
the tumors from surrounding tissues. The tu- 
mors so induced grew at a considerably slow- 
er rate than those resulting from MSV inocu- 
lation into the thigh. The results of the mean 
tumor weights were as follows: control mice, 
380 mg; poly I*poly C-pretreated mice, 
1670 mg; tilorone-pretreated mice, 1720 mg; 
NDV-pretreated mice, 2 2 60 mg. 

Enhancement of MSV tumors occurred if 
poly I*poly C was injected into weanling mice 
24 hr prior to or simultaneously with the 
virus. Injection of poly I*poly C 24 hr after 
or 48 hr prior to MCV had no effect on the 
tumors. However, pretreatment of 1-3-day- 
old AL/N and C3H mice with poly I-poly C 
(10 pg subcutaneously) and tilorone (125 pg 
orally), respectively, had no effect on MSV 
tumor induction. 

As demonstrated in Table I, the enhancing 
effect of poly I=poly C varied in a number of 
different mouse strains. Pretreatment with 
poly I-poly C had no effect on MSV tumor 
induction in BALB/c mice at  any virus dilu- 
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T A B L E  I. St,r;tiii-l)cIl)eiidlttlit Enhancement in  Mice of MSV Tunior Induction by Poly I Poly C." 

F, 11 1 la lice i n  cn t of t 11 ni o r 
iiicluction'~ ; 
M S V  dosee : 

Iiiterf eronr 
Mouse s t ra in  s e x  Source'' t i ter  1.5 2.5 3.5 

M, 1' 
M, 1' 
Mi s ctl 
M 
M 
Miscil 
M 
M 
M 
R.I 
M 
M 
M 
hI 
F 
F 

Cr, N 

N 
Cr 
N 
Cr 
Cr 
N 
Tu' 
N 
N 
N 
N 
Cr 
Cr 
Cr 

cr, N 
3.2-3.7 
3.8-1.1 

3.5 
4.2 
3.4 
3.6 
3.2 
3.6 
3.9 
3.9 
4.4 
3.9 
4.1 
3.4 
3.1 
4.3 

" E:it*li cslwriniciit:rl niitl coiitrol group consisted of 10 mice. Mice were injected in the  r igh t  

" Mice were obtained froiii the  Nat ional  Cancer Ins t i tu tc  (Cr) or the Nat ional  Tnstitutcs of 

Mean seruiii in tcrfcron t i ter  (log,,,) 6 h r  a f t e r  a subeutancous inject ion of 200 pg of p l y  

Enliancenicnt of MSV tunior induction at different virus doses. Enhancemeiit defined as in- 
crease in  mean tumor size by more than  0.8 arb i t ra ry  uni ts  f o r  at least 3 consecutive readings. 

MSV dose (loglo) as titered i n  newborn BALB/c mice. 

l ~ g  with 200 p g  of p l y  I p l y  C 24 Iir prior t o  virus inject ion i n  the  le f t  leg. 

Hcnltl1 (N) .  

I poly c. 

tion, while poly I*poly C pretreatment en- 
hanced tumor induction in AL/N mice at  all 
virus dilutions. MSV tumor induction in all 
the BALB/c X AL/N F1 hybrid mice was 
enhanced by p l y  I*poly C. The greatest de- 
gree of MSV tumor enhancement by poly 
T*poly C occurred in NZW mice. While only 
4 control NZW mice developed small tumors 
which regressed after a few days, all of the 
p l y  I-poly C-injected mice developed prog- 
ressively growing tumors and died within 25 
days of virus injection. A surprising finding 
was the different effects of poly I-poly C in 
the A mice substrains. While poly Ipoly C 
pretreatment enhanced MSV tumor induction 
in A/J mice, it had no effect in A/He mice. 
Sex differences were not noted in the poly 
I*poly C-induced enhancement of MSV tu- 
mors. The mouse strain-dependent action of 
poly I*poly C on MSV tumors did not corre- 

late with the H-2 type or the allotypes of the 
Fv-1 locus, which controls the sensitivity to 
murind leukemia viruses (20). 

The data in Table I also indicates a lack of 
correlation between poly I*poly C-mediated 
tumor enhancement and the induced circulat- 
ing interferon responses. Because poly I y l y  
C enhanced MSV tumors in AL/N mice but 
not in BALB/c mice, the interferon respon- 
ses of these 2 strains were studied in greater 
detail. The circulating interferon levels 3 ,  6, 
12, 18, 24, and 30 hr after a single subcu- 
taneous dose of 200  pg of poly I - p l y  C were 
measured. The magnitude and duration of 
the induced serum interferon levels were sim- 
ilar in both mouse strains. 

Strain differences in the hyporeactive peri- 
od to interferon induction following poly 
1-poly C injection (21) were studied in 
AL/N and BALB/c mice by restimulating 
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TABLE 11. Eff ect of Interferon and Interferon Inducers on RLV-Induced Splenoinegaly." 

Mean Coefficient 
Mouse Exycrinieiitzll Uose of spleen of variation Change (%) 
strain group RLVb (loglo) wt (mg) (%) in  spleen wt P 

BALB/c 
BALB/c 
BALB/c 
BALB/c 
BALB/c 
BALB/c 
BALB/e 
C3H 
C3H 
C3H 
C3H 

Control 2.2 
Tilorone 2.2 
NDV 2.2 

2.2 
Interferon, lo6  units 2.2 
Interferon, l o 4  units 2.2 
Interferon, l o 3  units 2.2 
Control 2.7 
Poly I poly c 2.7 
Control 1.7 
Poly I poly c 1.7 

Poly I poly c 

492 
388 
701 
916 
908 
646 
671 
408 
934 
222 
463 

58 
55 
50 
45 
74 
52 
44 
52 
64 
29 
39 

- 
-21 + 42 
+86 
+85 
+31 
+36 
- 

+129 

+lo9  
- 

- 
> .05 
> .05 
<.01 
<.05 
>.05 
> .05 

<.05 

<.Ol 

- 

- 

"Each experimental and control group consisted of 10  male mice. BALB/c mice were ob- 
tained from the National Cancer Institute (Cr) and C3H mice from Microbiological Associates 
(Mai) . Weanling mice were injected intraperitoneally with interferon, injected subcutaneously 
with poly I poly C (200 pg), given 2.5 mg of tilorone hydrochloride orally, or injected intra- 
venously with plaque forming units of NDV. RLV was injected intraperitoneally 24 hr 
later. Mice were sacrificed after 21 days; and their spleens were weighed. 

RLV expressed as the 50% spleen enlarging dose, as titered in weanling BALB/c mice. 

them with 10 or 200 pg of poly I*poly C, 24 
and 48 hr after an injection of 200 pg of poly 
I p l y  C. Similar levels of interferon were 
induced in both strains. The minimal protec- 
tive dose of poly I*poly C against 1 LDloo 
challenge dose of SFV was 6 pg in both 
ALJN and BALB/c mice. 

The stock MSV preparation induced 
80-120 units of circulating interferon 24 hr 
after injection into BALB/c and AL/N 
mice. MSV free of LDH virus failed to in- 
duce detectable circulating interferon 24 and 
48 hr after inoculation. 

The effect of pretreatment with potent in- 
terferon preparations on MSV tumor induc- 
tion was investigated in AL/N mice. Mice 
were injected with lo5, lo4, and lo3 units of 
interferon (vol = 0.1 ml) 18 hr prior to 
MSV injection into the same silte. Mice pre- 
treated with lo5 and lo4 units of interferon 
developed tumors 1.5 days earlier and the 
tumors reached a maximum size 2 days ear- 
lier than controls. Mean tumor size and tu- 
mor regression time were not influenced by 
interferon pretreatment. Local pretreatment 
with lo3 units of interferon and intraperi- 
toneal injection of lo4 and lo3 units of inter- 
feron 18 hr prior to MSV injection had no 

effect on MSV-induced tumors. 
The effects of interferon and interferon in- 

ducers on RLV-induced splenomegaly are 
presented in Table 11. Pretreatment with a 
high dose of interferon or with poly I-poly C 
enhanced virus-induced splenomegaly, but 
lower doses of interferon, tilorone, and NDV 
had no significant effect. Surprisingly, poly 
I*poly C pretreatment of BALB/c mice in- 
creased RLV-induced splenomegaly but did 
not enhance MSV tumor induction in the 
same mouse strain. 

In  BALB/c mice, pretreatment with 
NDV, tilorone, and pyran copolymer also en- 
hanced MSV tumor induction; but poly 1-po- 
ly C had no effect. Pretreatment of BALB/c 
mice with tilorone resulted in the death of 
6/10 mice within 25 days of virus injection 
with progressively growing tumors and multi- 
ple splenic metastases. All the MSV- 
inoculated controls appeared free of tumors 
28 days after virus injection. Pretreatment 
with statolon (100 pg injected subcutaneous- 
ly) had no effect on MSV tumor induction in 
AL/N or BALB/c mice. 

The adjuvant properties of poly I-poly C 
in the 3-day antibody response to SRBC im- 
munization are presented in Table 111. 
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TAI3IJE 111. Effc(*t of Pol!. I - 1'01~ C O I I  h l o l l h C  

3-Day Respoiiw to S H I N ' .  

Plaque foriiiing c.c4s/ 
splee1P 

SRBC 
Mouse + At1 j uvnii t 
s t r ai 11 SRBC poly I ~ I J  C ef fcya t  

RAIJB/e 13'75 3125 2.3 
AL/N 6900 4900 0.8 
C5 7 B T,/6 2200 9200 4.5 

I)BA/2 1490 1550 I .o 
NZR/NZW F, 53,000 44,000 0.8 

E:icli group col1sistctl of t i  niico. Tlic data rep- 
rcsciit tlic iiie;i~i v:iluw of cluplicntc cslwriii1cnts. 

Considerable strains differences were noted in 
the adjuvant action of poly 1-poly C, and 
there was no correlation between the en- 
hancement of humoral immunity by poly 
1-poly C and its enhancement of MSV- 
induced tumors. 

Discussion. Our results demonstrate that 
pretreatment with 5 of 6 interferon inducers 
of diverse origin and chemical composition 
enhanced viral oncogenesis. Statolon did not 
enhance MSV-induced tumors, but depending 
on the circumstances, can enhance or sup- 
press splenomegaly induced by Friend leuke- 
mia virus (I .  Gressor, personal communica- 
tion). 

Enhancement of MSV-induced tumors by 
poly I-poly C was mouse strain dependent. 
Even minor substrain differences among A 
strain mice influenced the poly I*poly C 
effect. The  strain-dependent effect of poly 
I*poly C could not be explained by diffen- 
ences in circulating interferon induction, the 
extent or duration of the hyporesponsive 
period to interferon induction, or in the in- 
duced antiviral state. MSV that was free of 
extraneous viruses did not induce circulating 
interferon. 

Tumor enhancement by interferon in- 
ducers could be due to several mechansims 
which include: (a )  alteration of the immune 
response; (b) increased cell penetration or 
growth of tumor viruses; (c) increased trans- 
formation rate; and (d )  increased rate of 
replication of tumor cells. 

Polyribonucleotides can act as nonspecific 

immunological enhancers ( 2 2 ,  23). Blocking 
antibodies, capable of preventing regression 
of MSV-induced tumors, are present in the 
sera of some mice with progressively growing 
tumors (24) .  The failure of two interferon 
inducers to enhance MSV tumors in newborn 
mice provides support to the concept that 
immunological competence may be required 
for enhancement. However, there was no cor- 
relation between the ability of poly T*poly C 
to enhance the SRBC response and its effect 
on MSV tumor induction. 

While continuous treatment with interferon 
and interferon inducers can suppress replica- 
tion of oncornaviruses (25,  26), there is in- 
sufficient information to determine whether a 
single pretreatment with inducer could in- 
crease cell penetration or replication by on- 
cornaviruses. Similarly, the possible mechan- 
ism of increased transforming activity cannot 
be fully evaluated a t  present, although pre- 
liminary findings indicate that MSV focus 
formation in mouse cell cultures is increased 
by pretreatment with low doses of polynucle- 
otides (A.  Gazdar and Y. Ikawa, unpublished 
data).  

The growth of transplanted syngeneic tu- 
mors may be both hindered or accelerated by 
poly 1-poly C treatment [Refs. ( 2 7 ,  28) ; and 
A. Gazdar, unpublished data].  These effects 
need further study to evaluate a possible 
effect on tumor cell growth as a mechanism 
mediating enhancement of viral oncogenesis. 

The role of interferon in tumor enhance- 
ment by interferon inducers requires further 
study. High doses of interferon increased 
RLV-induced splenomegaly but only had a 
minimal enhancing effect on MSV tumor in- 
duction. There was no cmrelation between 
the induced circulating interferon levels and 
the mouse strain-dependent tumor-enhancing 
effect of poly I-poly C. 

Enhancement of certain oncornaviruses 
may be a general property of interferon in- 
ducers. Tumor enhancement is dependen,t on 
multiple factors including the age and strain 
of the test animals, the inducer and the time 
of its administration, and the oncornavirus. 
Although the effect of the inducer on the 
immune response may not be the mediating 
factor, its effects on virus penetration, multi- 
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plication, and transforming ability, and on 
the rate of growth of tumor cells require 
further study. Inteferon inducers may rep- 
resent a double-edged sword, providing pro- 
tection against many viruses, but, depending 
on the conditions, capable of either enhanc- 
ing or inhibiting viral oncogenesis. 

Summary. Pretreatment with several inter- 
feron inducers enhanced virus-induced sar- 
comas and leukemias in mice and rats. En- 
hancement was dependent on multiple factors 
including the animal strain, age of mice, and 
time of treatment. The strain-dependent 
effects of poly I*poly C could not be explained 
by differences in circulating interferon in- 
duction, the extent and duration.of the hy- 
poresponsive period to interferon induction, 
or in the induced antiviral state. Also, there 
was no correlation between the strain- 
dependent adjuvant properties of poly I.poly 
C on humoral immunity and its effect on 
MSV tumor induction. Depending on the 
conditions, interferon inducers are capable of 
either enhancing or inhibiting viral on- 
cogenesis. 
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