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Recent studies in these laboratories re- 
vealed that double-stranded ribonucleic acids 
of diverse origin were efficient inducers of 
interferon and resistance to lytic viral infec- 
tions in vivo and in vitro (1-6). The complex 
of synthetic polyriboinosinic and poly- 
ribocytidylic acids (poly I:C, rI:rC, or 
rII;rCn) showed special promise and was cho- 
sen for further studies in virus-induced neo- 
plasia in animals. The effect of Poly I :C and 
of certain other interferon inducers on the 
oncogenesis of adenovirus 12 in newborn 
hamsters has been reported elsewhere ( 7 ) .  
The present report summarizes the findings 
in studies of the effect of Poly I:C on Friend 
leukemia in mice. 

Materials and Methods. Mice. Four to 
6-week old male BALB/c mice were obtained 
from several suppliers through the Cancer 
Chemotherapy National Service Center, Na- 
tional Cancer Institute, National Institutes of 
Health, Bethesda, Maryland. Healthy mice 
weighing 16-24 g were distributed at  random 
into the experimental groups after 2 weeks of 
conditioning. 

Virus. Friend leukemia virus was obtained 
from the Flow Laboratory Repository (Con- 
tract No. PH43-65-1012), Viral Oncology, 
Etiology Area, National Cancer Institute, 
National Institutes of Health, Bethesda, 
Maryland. The 10% suspension of infected 
spleen titered 105m1 ID50 (50% infectious 
dose) per 0.2 ml when tested for spleen- 
enlarging activity by intraperitoneal (ip) 
inoculation into BALB/c mice. 

Poly I :C.  The individual homopolymers 
were purchased from Miles Laboratories, Elk- 

1 This study was conducted under contract number 
PH43-64-55 within the Special Virus Leukemia Pro- 
gram of the National Cancer Institute, NIH, PHS. 

hart, Indiana. Solutions of the homopolymers 
and the Poly I :C complex were prepared in 
phosphate buffered saline solution (PBS) 
(0.006 M sodium phosphate, 0.15 M NaCl) 
as described earlier (2) and were furnished 
by Drs. A. K. Field and A. A. Tytell of these 
laboratories. 

Experimental design. In  all experiments, 
the virus dose per mouse was 104e1 ID50 
given intraperitoneally in 0.2-ml volume at  
time “0.” The Poly I :C or PBS (placebo 
control) was given intraperitoneally in 0.5 ml 
in single or multiple doses as indicated in 
the text. The various parameters used in the 
experiments to measure the effect of Poly 1:C 
treatment included splenomegaly based on 
palpation and weight, histopathology of 
spleen and liver, survival time and percent, 
and titer of virus in the plasma. The mice 
were weighed and palpated for splenic en- 
largement at weekly intervals. Observations 
for death were made twice daily and the 
spleens from those animals which died spon- 
taneously or were sacrificed were removed 
and weighed at  autopsy. The spleens and 
livers were fixed in 10% formalin and stained 
with hema toxyl in-eosi n for his t opa t hologic 
observation. 

Virus infectivity titration. The ether- 
anesthetized mice were bled from the brachi- 
al artery employing a capillary pipette rinsed 
in heparin and the blood samples from 10 
mice in each test group were pooled. The 
plasma was collected following centrifugation 
and was stored a t  -60’ until assayed for 
virus. Serial 10-fold dilutions of plasma were 
inoculated intraperitoneally in 0.2-ml amount 
into groups of 5 mice. The mice were sac- 
rificed by cervical fracture after 3 weeks, the 
spleens were removed and weighed, and the 
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IDSO end point was calculated according to 
the Spearman-Karber procedure (8) in which 
a spleen weighing 180 mg or more was con- 
sidered to be affected by the Friend virus. 

Results. EBect of prophylactic and/or 
therapeutic treatment of Friend leukemia in 
mice with Poly I:C. Groups of BALB/c mice 
in 2 separate experiments were treated with 
large doses of Poly I :C (263 pg/dose) before 
and/or after inoculation with Friend virus, 
according to the regimens shown in Fig. 1. 
The schedules which were used included ad- 
ministration of a single dose of P d y  I :C 
prior to virus (group l ) ,  one dose before and 
multiple doses after virus (group 2 ) ,  and 
multiple doses started after virus (group 3 ) .  
The control animals (group 4) received PBS 
placebo in the same regimen as used for 
group 2. Additional control animals were in- 
cluded which received Poly I:C alone in the 
3 regimens and no virus was given. In  these 
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animals, the mean spleen weights of the ani- 
mals sacrificed on day 14 were 106 mg 
(group l ) ,  154 mg (group 2 ) ,  182 mg (group 
3 ) ,  and 11 9 mg (group 4, no drug controls j . 
The drug alone was therefore shown to have 
only minor effect on the spleen weight. 

The effect of Poly I:C treatment on plas- 
ma virus titer, splenomegaly, and mortality 
in the 2 experiments is shown in Fig. 1. 
Administration of a single dose of Poly I :C 6 
hr before virus (group 1) increased spleno- 
megaly a t  the time periods shown. This in- 
creased spleen weight in the Poly I:C treated 
animaIs compared with the controls at  day 
14 was significant in both studies, viz., p <.Ol  
in Expt. 1 and p <.05 in Expt. 2. There was 
no striking effect of Poly I:C on the death 
rate. 

Treatment with Poly I :C both before and 
after Friend virus (group 2 )  resulted in sig- 
nificant (p < .05 ) inhibition of splenomegaly 
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on day 10 based on spleen weight in Expt. 2 
(+39%) and on palpation findings in Expt. 
1 (3.45% and 86.6% positive in the treated 
and control groups, respectively). This effect 
was only transitory since at  day 14, there was 
actually increased splenomegaly in the 
treated animals (- 3 1 and -3 5 % in Expts. 1 
and 2, respectively). Additionally, there 
were earlier deaths in both experiments in a 
portion of the animals given Poly I:C in this 
pre- and post-treatment regimen. 

The most evident protective effect was ob- 
tained when I’oly I: C treatment was initiated 
after the virus was given (group 3) .  Inhibi- 
tion of splenomegaly was observed both at  10 
and 14 days in both experiments (27-68%) 
and this appeared to be associated with a 
slight extension of the survival time. The 
decrease in spleen weight in Expt. 2 was 
significant both at day 10 ( p  < . O O l )  and 
day 14 ( p  <.OS) .  

All 3 treatment regimens appeared to re- 
duce the virus titer in the plasma 10 days 
following virus in Expt. 2 (1.0, 0.8, and 1.2 
neg. loglo) compared with the control group. 
This effect was either lost or reversed by day 
14. 

Histopathology. Spleens and livers of the 
mice in Expt. 1 (Fig. 1) as well as those of 
the control mice which received drug alone 
and were killed on day 14 were examined 
histologically. The degree of histologic 
change was noted and graded arbitrarily from 
none to extreme involvement. Averages were 
used in rendering judgment. 

The differences in spleen weight between 
the various treatment groups of infected ani- 
mals were associated principally with the 
amount of necrosis and hemorrhage. Necrosis 
was decreased in all treatment groups com- 
pared with the control group, especially in 
group 3. The hemorrhagic response following 
treatment with Poly I:C was increased in 
group 1, unchanged in group 2, and de- 
creased markedly in group 3 as compared 
with the placebo control group. There was no 
marked alteration in reticulum-cell type 
(Friend leukemia cell) proliferation in the 
spleen by treatment. The reticulum cell 
changes in the liver were substantially reduced 
in treatment group 3 with no appreciable 

change in the others. 
Poly I:C given alone had no apparent 

effect on the liver, but there were small 
changes in spleen weight (see above) and in 
the amount of extramedullary hematopoiesis 
in the spleen. The mean spleen weights for 
groups 2 and 3 were significantly greater ( p  
<.Ol  and p <.001, respectively) than for 
placebo control group 4. Hematopoiesis was 
substantially increased for group 3 and to a 
lesser extent for groups 1 and 2 compared 
with placebo control group 4. The greater 
spleen weights for groups 2 and 3 compared 
with group 1 were probably related to the 
length of time which had elapsed since the 
last dose of Poly I:C was given and with the 
totad amount of the drug administered. The 
observations with regard to spleen weight of 
animals which received Poly I :C alone in 
Expt. 1 were consistent with similar observa- 
tions in Expt. 2, not included here. Even 
though increased hematopoiesis was noted in 
the animals which received Poly I :C only, 
there was no gross evidence for toxicity in 
any of the treatment groups based on weekly 
measurement of body weight. 

Efieci of Poly I:C and cortisone on spleno- 
megaly in Friend leukemia. It was shown in 
Expts. 1 and 2 above that a single dose of 
263 pg of Poly 1:C given 6 hr before Friend 
virus increased the splenomegaly compared 
with the controls. I t  was suggested that such 
increase might have resulted from some ad- 
verse effect related to the known stimulatory 
effects of Poly I :C on the ordinary immune 
mechanisms (9).  Studies were carried out, 
therefore, in which Poly I :C was given in 
Friend virus leukemia and the immunologic 
system was suppressed by administration of 
cortisone. 

In  two separate experiments, groups of 10 
BALB/c mice were given a single intraperi- 
toneal dose of 263 pg of Poly I:C, a single 
subcutaneous dose of 2.5 mg of cortisone ace- 
tate, or combined Poly I:C and cortisone 6 
hr prior to inoculation with Friend leukemia 
virus. Control animals were given PBS as 
placebo. The mice were sacrificed on the 
fourteenth day following virus, the spleens 
were weighed, and the mean weights were 
calculated. 
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Table I shows that Poly I :C  and cortisone 
given alone and together exerted an adverse 
effect, i.e., an increase in splenomegaly in 
mice infected with Friend leukemia virus. 
Greatest increase was found in Expt. 2 when 
the 2 substances were given together and in 
Ex@. 1 when cortisone was administered 
alone. In  uninfected mice, Poly I:C given 
alone caused a small increase in spleen 
weight (6-12 %) whereas cortisone given 
alone or in combination with Poly I :C effect- 
ed a slight to moderate reduction in spleen 
size ( 1-3 1 %). 

Effect of amount of Poly I:C given in a 
single dose on splenomegaly in Friend leu- 
kemia. The increase in splenomegaly follow- 
ing pretreatment of Friend leukemia in mice 
with Poly I:C was found to be dose-related. 
In  two experiments, BALB/c mice were giv- 
en a single dose of Poly I : C in graded doses 
6 hr prior to Friend leukemia virus and the 
mean spleen weights were measured 14 days 
later. Appropriate controls were included. 
Figure 2 shows that there was substantial 
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FIG. 2 .  Effect of graded doses of Poly I:C on 
spleen weight of mice infected with Friend Leukemia. 

decrease in splenomegaly when 4 pg of Poly 
I :C were given (48-49%). Treatment with 1 
pg of Poly I: C reduced the spleen weight by 
23 and 42% in the 2 experiments compared 
with the placebo controls and a dose of 66 pg 
showed little or no effect. The larger doses 
(263 and 525 pg) tested led to enhanced 
splenomegaly (10-3476) though to a lesser 
extent than was shown in the experiments 
described in Fig. 1 and Table I. 
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Discussion. Friend leukemia of mice is an 
example of an RNA virus-induced cancer in 
which there is a short incubation period and 
apparent need for continuing replication of 
the virus in order to maintain the neoplasia 
(10). Such infection is an apt model for 
studies to attempt prevention and therapy of 
neoplasia by interruption of virus replication 
using the interferon mechanism and possibly 
also of the expression of neoplasia in cells 
infected with the virus. 

The previous studies from this laboratory 
showed that Poly I :C is a highly effective 
inducer of interferon and of resistance to 
ordinary lytic viral infections in vitro and in 
vivo (1-6). Further, the substance was shown 
( 7 )  to be protective against internal but not 
subcutaneous tumors in hamsters given 
adenovirus 12 by the subcutaneous route. 
The activity of Poly I: C against adenovirus- 
induced tumor might have been due either to 
induction of interferon or to stimulation of 
ordinary immune mechanisms (9). The 
greater activity in females compared with 
male animals and the fact that single- 
stranded Poly I and Poly C homopolymers 
were also active were interpreted to favor the 
latter possibility. Studies by Gresser et al. 
(11-14) and by Wheelock and Larke (10, 
15) have shown rather conclusively that con- 
tinued administration of concentrated prepa- 
rations of mouse interferon may significantly 
delay the progress of leukemia caused by the 
Friend or Rauscher leukemia virus. I t  has 
been shown, further, that agents known to 
induce interferon including Sendai virus (10, 
15-17), statolon (10, 15, 18, 19), phytohe- 
magglutinin (19), pyran copolymer ( 19) and 
Poly I :C (20) may also be active in inhibit- 
ing leukemogenesis by these viruses. The role 
of interferon, however, has not been estab- 
lished for all these substances in leukemia. 

I t  is clear from the present data that Poly 
I:C may exert small but significant influence 
on the course of Friend leukemia given in a 
high infectious dose and that the outcome is 
influenced by the time of initiating drug, the 
dose of drug given, and the number and 
frequency of injections. Clearly the most fa- 
vorable results were obtained when drug 
treatment was started after virus. BALB/c 

mice are known to develop interferon follow- 
ing inoculation with Poly I:C as shown by Dr. 
A. K. Field in these laboratories (unpub- 
lished). Interferon effect is generally regarded 
as prophylactic (6)  and the suppression of 
splenomegaly shown when treatment was 
delayed until 6 days after virus was given 
might reflect a suppression of the infection of 
new cells which is necessary for progress of 
the neoplastic process or a beneficial effect on 
the host immune response. 

The effect of Poly I :C given prior to virus 
was clearly dose-related. Whether the en- 
hanced splenomegaly following use of a 
large dose of Poly I : C  was related to possible 
toxic effect is not known since no clear evi- 
dence for toxemia was noted at  doses up to 
263 pg. If the enhanced splenomegaly were 
due to an adverse effect resulting from the 
activation of the ordinary immune mecha- 
nisms by Poly I:C, this was not reversed by 
cortisone since cortisone combined with Poly 
I:C or given alone resulted in far greater 
splenomegaly than when Poly I :C was ad- 
ministered alone. The splenomegaly which 
was caused by the Friend leukemia virus was 
associated with necrosis and hemorrhage, 
and these effects were greatly reduced when 
multiple doses of Poly I : C  were started 6 
days after virus. Additionally, there were 
fewer Friend-type reticulum cells in the livers 
of the post-treatment than in the other 
treatment groups. Poly I :C given alone in 
the absence of virus caused little apparent 
effect other than slight increase, in certain 
instances, in spleen weight and extramedul- 
lary hematopoiesis in that organ. 

I t  is evident from the studies that the 
relationships between the host, and the virus, 
and the Poly 1:C are highly complex and 
are closely related to dosage of drug and to 
the time and amount given. Beneficial as well 
as adverse effects may be obtained and these 
may differ depending upon the kind of re- 
sponse being observed, and upon the time 
period in the course of the disease which is 
being observed. I t  was most evident that the 
dose of drug may be extremely important and 
that it is essential to reduce the dosage to 
optimal levels i f  beneficial rather than ad- 
verse effects are to be obtained. 
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Summary. Studies were carried out to mea- 
sure the effect on Friend leukemia in 
BALB/c mice of synthetic double-stranded 
RNA, Poly I:C (rI:rC), given in different 
prophylactic and therapeutic regimens. The 
effect of Poly I :C was strongly influenced by 
the time of initiating treatment, the amount 
of drug given, and the number and frequency 
of doses administered. Necrosis and hemor- 
rhage of the spIeen were among the principa3. 
pathologic effects of Friend leukemia in mice 
and these were markedly reduced in those 
instances in which drug treatment decreased 
splenomegaly. When administered prior to vi- 
rus, cortisone greatly increased splenomegaly 
in Friend leukemia both alone and in combi- 
nation with Poly I : C. The effect of Poly I : C 
administration before virus was strongly 
dose-related and a significant beneficial effect 
was obtained when the amount of drug was 
reduced to 4 pg. In  toto, Poly I:C was not 
strikingly beneficial in altering the events in 
experimental Friend leukemia. The complex 
and multifaceted relationships between virus 
and drug and their administration will re- 
quire detailed examination before an optimal 
prophylactic or therapeutic regimen can be 
derived. 

The authors are indebted to W. Collom, P. Conard, 
and T. Napier for technical assistance. Statistical com- 
putations were done by A. McLean. 
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