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with serotype I1 or I11 foamy vi(rus mtigm. 
Analysis of serologic and virus-isolation data 
obtained over a 4-year period revealed that 
approximately 50% of the rhesus monkey 
sera tested were CF-positive for type I foamy 
virus and 16y were positive for SV40. With 
pivet  monkeys, approximately 6076 were CF- 
positive for type I1 foamy virus, md none 
were positive for SV40. 

I am very grateful to Drs. J .  L. Bittle, Y. J .  
Cabtwo, and P. J .  Vasington for their valuable 
advice during the course of this investigation; for 
the technical assistance of MIS. Vauhn Garrison, 
Mrs. Felicia Milano, and Mr. R. E. P i t t ;  and for 
the editorial &tame of Mrs. Doro4hy Budd and 
Dr. G. R. Sharpless. 
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On the basis of the possible virus etiology 
of human leukemia, treatment of this disease 
might logically be considered in terms of virus 
inhibition, perhaps by employing the princi- 
ples of viral interference. Such an approach 
was attempted in an earlier study ( 1 )  in 
which the sequential inoculations of six virus 
types into a patient with acute myelogenous 
leukemia were followed by transient clinical 
and hematologid remissions. Since the mech- 
anism involved in the production of these 
remissions could not be determined with cer- 
tainty, a murine system was developed in 
which the effects of nontumor viruses on virus- 
induced leukemia could t>e more readily in- 
vestigated. 

* This invesltigaition was supported by PHS grants 
CA08709-01 and C.431.815-01 awarded by the Na- 
tional Cancer Institute, National Institutes of Health, 
Bethesda, Maryland. 

In earlier studies (2 ,3 )  it had been found 
that Sendai virus (parainfluenza 1 )  inoc- 
ulated into mice prior to Friend leukemia 
virus could markedly inhibit the replication of 
and the splenomegalic response to Friend 
virus and prolong the life of leukemic mice. 
Since human leukemia, be it of virus etiology 
or otherwise, presents as an established dis- 
ease, it was of interest to study the effects of 
Sendai virus in mice with established Friend 
virus leukemia. 

The present communication describes ex- 
periments in which the life of mice with es- 
tablished Frienld virus leukemia was prolonged 
following inoculation of Sendai virus. As 
evidence suggesting that interferon is ithe 
mechanism involved in this prolongation of 
life, it will be shown that the repeated ad- 
ministration of interferon or an injection d 
Statolon (an inlterferon-inducing substance 
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present in extracts of Penicillium stoloniferum) 
(4) also prolonged the life of mice with es- 
tablished leukemia. Additional evidence im- 
plicating an intereferon mechanism derives 
from the observation that muTine leukemia is 
suppressed in proportion to the amount of in- 
terferon induced by Sendai virus inoculatioln. 
These findings may contribute to a broader 
understanding of the possible application of 
interferon to the treatment of viral diseases, 
since previotus evaluation oif inlterferon as a 
therapeutic agent has been based largely on 
the premise that it acts a t  an early stage in 
virus infections and hias little effect on es- 
tablished viral disease (5) .  

Materials and Methods. ( 1 )  Mice. Female 
DBA/2 mice, age 6-8 weeks, were obtained 
from the Jackson Memorial Laboratories. (2) 
Viruses. ( a )  Friend leukemia virus ( F V )  
was obtained from Dr. Charlotte Friend in 
the form of infected DBA/2 mice (6). The 
enlarged spleens were removed from the mice 
3 weeks after infection, and a 2070 suspension 
of them was made in phosphate-buffered saline 
(PBS). The suspension was then centrifuged 
at  6000 rprn for 1 hour, and the supernatant 
fluid was passed through a Millipore filter 
with a pore size of 450 mp, quick-frozen, and 
stored at  -7OOC. In all experiments described 
blow, mice were inoculated intraperibndly 
with Friend virus, 800 leukemia-producing 
doseszo per mouse. 

( b )  Vesicular stomatitis virus (VSV) was 
propagated in mouse L-cell monolayer cul- 
tures. The 'infected cultures were solnicatied 
and clarified by centrifugation at  4000 rpm 
for 30 minutes; the supernatant fractions were 
then passed through a Millipore filter with a 
pore size of 450 mp, quick-frozen, anld stored 
at  -70°C. 

( c )  Sendai virm (SV, obtained from Dr. 
Fred Davenport) was propagated in the al- 
lan taic sac of l 0-day-old embryonated chicken 
eggs. After 2 days' incubation at 37"C, in- 
fected allantoic fluids were poolled, clarified 
by centrifugation, and spun at 105,000 g for 
7 hours. The pellets were then washed with 
saline, dispersed in PBS by sonication, filtered 
as desccibed above, quick-frozen, and stored 
at -70OC. 

( d )  Newcastle disease virus (NDV). The 
Hickmian strain was employed. Virus seeds 

were propagated in the allantoic sac of 11- 
day-old chick embryos. The infected allantoic 
fluids were clarified by centrifugation a t  2500 
rprn for 1 hour and then centrifuged at 
105,000 g for 6 hours. The pellets were washed 
with phosphate-buffered saline, dispersed by 
soniation, passed through a 450-mp Millipre 
filter, quick-frozen, and stored at -70°C. The 
titer of the virus seed employed in these 
studies was 2 X lo9 EID,,/ml. 

( 2 )  Cell cultures. The L strain of mouse 
fibroblasts dierived from normal mouse skin 
was employed in the assay for interferon. 
Growth medium for the L cells comisted of 
Eagle's m1inimum essential medium supple- 
mented with tryptme phosphate broth (476) 
and fetal calf serum (10%). The concentra- 
tion of sodim bicarbonate was 1.7 5 gm/liter, 
and all cell-culture vessels were gassed with 
5% C 0 2  in air before incubation at  37°C. 

(3)  Peritoneal washings. Mice were anes- 
thesized with ether and exsanguinated, and 
the abdominal wdl was shaved. The peritoneal 
cavity was olpned and washed with 5 ml of 
PBS. The recovered washing was then clarified 
by centrifugation at  2000 rprn for 5 minutes 
and processed as described below for the in- 
terferon assay. The supernatant fluids from 
the peritoneal washings of mice inoculated 
with Se~dai  virus were acidified to pH 2 for 
24 hours, neutralized, and assayed for inter- 
feron. 

( 4 )  Interferon assay. The spccimem to be 
tested for interferon were diluted serially in 
growth medium, and 1 ml of each dilution was 
added to 1-day-old c u l t m  of m u s e  L d l s  
grown in incomplete monolayers in screwcap 
tubes. After 2 0  hours of incubation at  37"C, 
the cultures were washed once with 4 ml of 
PBS. To each tube, 1 ml of warm protein-free 
Eagle's medium was added, and then 1 ml of 
cold growth medium containing 2 0 0 0  tissue 
culture infective doses ( TCIDZO) of vesicular 
stomatitis virus was inoculated. This amount 
of virus produced gross cytopathiic effects in 
control cultures in 24-30 hours. Cultures 
were considered to be protected when less 
than 10% of the cells showed cytopthic 
effects at  a time when more than 75% of m- 
trol cells exhibited cytopthic effects. 

Interferon titers are expressed in culture- 
protecting units (CPU), that is, as r e c i p a l s  
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of the highest dilution of the specimen,, 1 ml 
of which protected cultures against challenge 
with VSV. No specimen was tested at  a di- 
lution of less than 1: 10. 

( 5 )  Preparation of interferon. Mice were 
inoculated intravenously with NDV 1CP8 
EIDS0 per mouse and, 8 hours later, were ex- 
sanguinated, and the sera were separated fm 
clotted b l d .  The spleens were removed and 
a 50% extract by weight was made in PBS by 
grinding in a Servall Omnimixer. The extract 
was sonicated by a Blackstone 400-W ultra- 
sonic probe at  maximum power for 15 sec, and 
the serum was then added. The preparation 
was acidified to pH 2 for 48 hours and then 
spun in an ultracentrifuge at  105,ooO g for 
2 hours. The supernatant fluid was then re- 
moved and brought to neutrality. 

(6) Inoculations o! leukemic mice. The ab- 
dominal walls of the mice were shaved and a 
drop of mineral oil was applied to the skin 
to visualize the enlarged livers and spleens. 
Peritoneal inoculations were made in areas of 
the abdomen devoid of liver and spleen to 
avoid puncture of these organs. All mice dying 
within 6 hours after inoculation were ex- 
amined for gross blood in the peritoneal 
cavity; if b l d  was present, they were clas- 
sified as traumatic deaths and were excluded 
from the study. All other deaths were at- 
tributed to leukemia. 

Results. Eflect of time of Sendai virus in- 
oculation on survival of mice with Friend 
virus leukemia. Previous experiments have 
shown that Sendai virus inoculated together 
with or as late as 10 days after Friend virus 
has no inhibitory effect on the splenolmegalic 
response to Friend virus ( 2 ) .  The following 
experiments were conducted to determine 
whether Sendhi virus could prolong the life of 
leukemic mice when inoculated after Friend 
virus. Sets of 25  mice were inoculatd intra- 
peritoneally (i.p.) with Sendai virus 108.2 
EIDZo per mouse in a 0.2-ml volume on the 
twentieth or thirtieth day after an in- 
oculation 0.f Friend virus. Leukemic control 
mice received 0.2 ml of saline on the thirtieth 
day. The dose of EIDBO of Sendai virus 
had been shown to produce maximum in- 
hibition of the splenomegalic response when 
inoculated prior to Friend virus ( 3 ) .  

As illustrated in Fig. 1, control mice began 
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Frc. 1 .  Prolongation of life of mice inoculated 
intraperitoneally with Sendai virus on day 20 or 
day 30 following Friend virus. 

to die 27 days after Friend virus inoculation, 
and all mice were dead on the sixty-third day. 
Approximately half of the mice inoculated 
with Sendai virus 20 days after Friend virus 
died initially at the same rate as the Friend 
virus controls, and the remainder died an 
average of 10 days later than the controls. 
However, mice inoculated with Sendai virus 
30 days after Friend virus had reduced death 
rates as compared with Friend virus controls 
during the subsequent 12 days, after which 
time deaths occurred at  the same rate in both 
groups. 

The results of this experiment indicate that 
the administration of Sendai virus can prolong 
the life of mice with established FV leukemia. 
Funthemore, there is, in the course of Friend 
virus leukemlia, an interval during which the 
disease is particularly susceptible to inhibitory 
effects of Sendai virus; this interval en- 
compasses the period when mice are beginning 
to die from their leukemic disease. 

Production of interferon in leukemic mice 
after inoculation with Sendai virus. Ex@- 
ments were perfmmed to determine whether 
the prolonged survival of leukemic mice which 
were inoculated with Sendai virus 30 days 
after Friend virus might be due to interfaon 
production. Interferon production in Friend 
virus-infected mice in response to Sendcti virus 
inoculation has been described in part preVi- 
ously ( 2 ) .  Briefly, it was found that mice 
undergo a marked reduction in the interferon 
response to Sendai virus when the latter is ad- 
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Fic. 2. Interferon production in mice inoculated 
with Sendai virus at  intervals following Friend virus. 
Titers of interferon represent the amount detected 
in peritoneal washings 24 hours after Sendai virus 
inoculation. 

ministered i.p. 1-10 days after Friend virus in- 
oculation. However, by 1 2  days after Friend 
virus inoculation, Sendai virus can once again 
induce amounts of interferon in the peritoneal 
cavity comparable wiith those induced in noa- 
leukemic mice. 

As scm in Fig. 2, Sendai virus induced in- 
creasingly larger amounts of interferon as 
dletected in peritoneal washrings when in- 
oculated intraperitonally a t  progressively 
longer intervals after Friend virus inoculation. 
However, Fig. 3 reveals that the higher titms 
of interferon produced in leukemic mice 
during the first 24 hours after injection of 
Sendiai virus were not associated with signifi- 
cantly prolonged production of interferon as 
compared with mntrol mice. 

Efect  of Statolon on survival of mice with 
csta,blished Friend virus leukemia. The dem- 
onstration that Sendai virus can both prolong 
survival in Friend virus-infected mice when 
inoculated 30 days after Friend virus and 
induce large amounts of interferon in leu- 
kemic mice suggested that interferon might 
be involved in the inhibiltion of Friend virus 
disease. Explerimenits were therefore conducted 
to determine if another inducer of interferon, 
i.e., Statolon, could also extend sulrvival times 
of leukemic mice. I t  has been demonstrated 
( 7 )  that a single injection of Statolon given 
between 6 days prior to and 3 days after 
Friend virus could completely protect over 

50% of mice and markedly inhibit leukemia 
in the remainder. 

Friend virus was inoculated into 90 mice 
on day 0, and 28 days later, sets of 30 mice 
each were injected with d i n e  i.p., with 
Statolon ( 5  mg i.p.) or with Senchi virus 
f1W2 EIDIO per mouse, i.p.). Subsequent 
deaths werle recorded. As seen in Fig. 4, Stato- 
lon prolonged the life of mice with estab- 
lished Friend virus disease, and the prolonga- 
tion of life was nearly identical to that paw- 
duced by Sendai virus inoculated 28 days 
after FV. 

Interferon production in leukemic and con- 
trol mice in response to either Sendai virus or 
Statolon injections. Since survival of Friend 
i-irus-infected miice was pmbnged to much 
the same degree by inoculation of either Sen- 
dai virus or Statolon, i t  seemed reasonable 
that interferon production might be involved 
in each case. A comparison was therefore 
made of the amount of interferon produced 
in leukemic mice in response to inoculation 
with Sendai virus or with Statdon. 

As seen in Table I, more peritoneal inter- 
feron was detected in leukemic mice after 
inoculation with Sendai virus than with Stato- 
lon, whereas higher titers of serum interferon 
were attained in response to Statolon. Both 
Sendai virus and Statolon induced larger 
amounts of interferon when inoculated into 
leukemic mice 30 days after Friend virus than 
when inoculated into n o m l  control mice; 
it should be noted also that, in contrast to 
leukemic mice, no peritoneal interferon was 

I 2 3 4 5 
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FIG. 3. Time course of interferon prod.uction in 
the peritoneal cavities of normal and leukemic mice 
inoculated with Sendai virus. 
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FIG. 4. Prolongation of life of mice inoculated 
intraperitoneally with Sendai virus or Statolon 28 
days following Friend virus. 

detected in control mice which received 
S tat don. 

Augmentation of protective effects of Sendai 
virus by Statolon. The ability of Sendai virus 
or of Statolon to prolong the life of leukemic 
mice when inoculated 30 days after Friend 
virus suggested that these two agents might 
be effectively employed sequentially. Accord- 
ingly, 100 mice were inoculated with Friend 
virus, and 29 days later, 66 of the mice were 
inoculated with Sendai virus. At the end of 
the protective period induced by Sendai virus, 
i.e., when mice began to die at the same rate 
as the Friend virus control mice, half of the 
surviving animals in the Sendai virus group 
were injected with Statolon, 5 mg per mouse, 
i .p. 

Figure 5 illustrates the results of this ex- 
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FIG. 5 .  Effect olf sequenkial administration of Sen- 
dai vi,rus and Statolon on survival of leukemic mice. 
Sendai virus was inoculated 29 days after Friend 
virus and Staitolon 2 1  days after Sendai virus. 

periment and indicates that Statdon injected 
24 days after Sendai virus can extend the 
life of leukemic mice beyond the usual period 
of prolonged survival induced by Sendai virus 
alone. I t  was also found that 'this injection 
of Statolon induced high titers of interferon 
in both the peritoneal exudates and s r a  of 
leukemic mice. 

T A B L E  I. Tiitcrferoii Production in Friend Virus- 
Tnfectecl Mice in Response to Iiioculation with 

Sendai Virus or Statoloii. 

Iiiterfcroii t i ter  in cult.ure-protecting 
unitsb 

-~ 

Peritoneal ivasliC Serum' 

Friend Friend 
Tiiocnluni/ virus- virus- 

iiLouse. Control iilfected Control infected 

Semlai virus 
lP,'EIL), 256 1024 192 381 

s t,ztolon 
204 720 1280 5 lllg < l o  

~~ ~ 

Seiitlai virus or Rt;itoloii was iiioculated iutrn- 
peritoneally into either normal inice or into mice 
iiiocul:tt.etl with Friend virus 30 (laps previously. 

Culturc-protecting units a re  calculated as the 
reciprocal of the highest dilution of the specimen, 
1 nil of wliicli significantly protected nioiiolapers of 
niouse L cells agaiiist vesicular stoiiiatitis virus. 
' E ~ l i  result reprwents the average of cleternii- 

ii:itions in  5 mice. The peritolieuni of each niouse 
was washed with 5 1111 of saline. Peritoneal and 
scwuni s:inil)les were collected 24 hours a f te r  inocu- 
lation of either Send:u virus or Statolon. 

Failure of sequential inoculations of Sendai 
virus to  further prolong the life of leukemic 
mice. Sequential inoculations of Sendai virus 
in leukemic mice were given in an attempt 
to extend survival times beyond those which 
followed a single inoculation of Sendai virus. 
As noted in previous sections, inoculation of 
Sendai virus into mice 30 days after Friend 
virus prolonged survival. However, a second 
inoculation of Sendai virus 18 days after the 
first produced no additional prolongation of 
life. Furthermore, the second inoculation of 
Sendai virus failed to induce detecbble 
amounts of interferon in the peritoneal exu- 
dates of leukemic mice. 
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FIG. 6 .  Effect on survival of leukemic mice of 
peritoneal injections of interferon (10,240 CPU per 
mlouse per day) beginning 31 days after Friend 
virus inoculation and continuing daily for 10 days. 
Contnol mice were injected at the same dosage sahed- 
ule with a preparation containing no interferon. 

Eflect of injections of interferon on survival 
of leukemic mice. The demonstrations that 
Sendai virus and Statolon, both inducers of 
interferon production, could prolong life when 
inoculated into leukemic mice suggested that 
the mechanism responsible for the prolonged 
survival might involve interferon. AcmrdingIy, 
interferon was prepared in mice inoculated 
with Newcastle disease virus as descricbed in 
Materials and Methods, and a contrwI prepa- 
ration W~US obtained from mice not inoculated 
with NDV. The total protein content of the 
two preparations was equilibrated. Beginning 
31 days after Friend virus inoculation, 30 
mice received i.p. injections of the interferon 
preparation (10,240 CPU in a 0.2-ml volume 
per mouse) daily for 10 days, while 30 con- 
trol mice received daily i.p. injections of the 
control preparation. The results of this ex- 
periment are illustrated in Fig. 6;  leukemic 
mice injected with the interferon preparation 
survived for an average of 9 days longer than 
control mice. 

The observation that interferon produced 
exogenously could prolong life when injected 
daily into leukemic mice for 10 days prompted 
u s  to extend the period of injections of inter- 
feron until all mice succumbed to leukemia. 
Beginning 31 days after Friend virus inocu- 
lation, groups of 30-40 mice were injected 
i.p. with 10,240 CPU of interferon daily 

until time of death. A control preparation 
containing no interferon was injected dqaily 
into an equal numlber of leukemic mice. Com- 
parison of Figs. 6 and 7 indicates that daily 
administration af interferon beginning 3 1 
days after FV inoculation and continuing 
until d%2th of all mice resulted in survival 
times which did not differ appreciably from 
those of leukemic mice treated with interferon 
daily between the thirtieth and fortieth days 
only. 

Discussion. The experiments presented 
lrerein represent an attempt to employ the 
principles of virus interference in the treat- 
ment of established virus-induced leukemia 
in mice. Thm different interfering agents 
were selected for study: ( a )  Sendai virus, pre- 
viously reported to inhibit Friend virus leu- 
kemia when inoculated prior to Friend virus 
( 3 ) ;  ( b )  Statolon, previously reported to in- 
hibit Friend virus disease either partially or 
completely when inoculated between 6 days 
before and 7 dlays after Friend virus ( 7 )  ; and 
( c )  interferon, previously reported to inhilbit 
the splenomegalic response to Friend virus 
when repably  injected inftraperitoneally for 
1 month beginning either 1 day prior to or 
2 days &er Friend virus inoculation ( 8 , 9 ) .  
In the present study it was found that Sendiai 
virus, or Statolon, or repeated injections of 

DAYS AFTER FRIEND VIRUS INOCULATION 

FIG. 7 .  Effect on s u r v i d  oaf leukemic mice of 
peritoneal injections od initcrferon (10,240 CPU per 
mlouse per day) beginning 31 days after Friend virus 
inioculation and continuing daily until death. Con- 
trol mice were injected a t  $the same dosage schedule 
with a preparation containing no interferon. 
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interferon, each prolonged the life of leukemic 
mice when administered 30 days after Friend 
virus inoculation, a t  a time when mice were 
otherwise beginning to die of leukemia. It is 
possible thak both Sendai virus and Statolon 
prolonged life through the action of interferon 
since these two agents were shown to induce 
large amounts of interferon in leukemic mice 
and interferon itself was able to prolong 
survival. 

The ameliorating effect of interferon on the 
course of established Friend virus leukemia 
represents a therapeutic application of this 
virus-inhibitory protein. Gresse!r et al. (9) 
have found that interferon preparations in- 
jected repeatedly into mice beginning 48 hours 
after Friend virus inoculation can reduce the 
splenomegrtlic response to Friend virus. How- 
ever, no attempts were made to determine 
whether the Friend virus infection was in 
fact established at  the time of the first inter- 
feron injection, and the existence of small 
spleens in some of the Friend virus control 
mice pmludes a clear assessment of the thera- 
peutic effectiveness of interferon in that study. 
Other investigators have found that interferon 
produced little or no suppression of established 
in vivo viral infections (1&15), although it  
is difficult to evaluate the therapeutic efficacy 
of interferon in these reports which dealt with 
viral diseases of different etiology and patho- 
genesis. Lampson et QZ. ( 13), in a study of 
the effect of interferon on an RNA tumor 
virus, found that treatment of chickens with 
purified interferon was without measurable 
success when it  was applied as early as 6 hours 
after inoculation of Rous sanxma virus. In 
addition they reported that interfenurn injected 
when pin-point size tumors first appeared did 
not cause regression or limit the eventual size 
of the tumor (13). 

The niechanism by which injections of in- 
terferon itself prolonged the survival of mice 
with established Friend virus leukemia is 
problematic. Recent in vitro studies with non- 
tumor viruses have revealed that interferon 
acts intrzcellularly at an early stage of virus 
infectioa (16-18). In  accord with t h i s  con- 
cept is the observation that interferon has 
no effect on the neoplastic transformation of 
a cell by a DNA tumor virus when applied 

after the virus genome has become integrated 
into the cellular DNA (19,20). It has not yet 
been s h m ,  however, that cells transfemed 
by RNA tumor v i m ,  such as the murim 
leukemia virus group, acre similarly resistant 
to the action of interferon. The possibility 
exists, therefore, that interferon may halt the 
expression of Friend virus within cells already 
infmtd  by the virus, and thereby inhibit the 
m a l i g m t  behavior of the cell with reduction 
in the mitotic rate. An alternative mode of 
action of interferon, and one which more 
clmely conforms to present concepts, is that 
interferon injected into mice ak an advanced 
stage of leukemia may protect normal cells 
from infection and neoplastic alteration by 
Friend virus. A (requisite for this mechanism 
would be that susceptible host cells become 
infected by Friend virus throughout the course 
of the leukemic disease, a hypothesis not yet 
confirmed by experiment. A fwther requisite 
for this mechanism is that the accumulation 
of leukemic cells resulting from inlfection of 
normal cells late in the coufrse of the disease 
leads to death of the animal. The consequence 
of either of the pr+ mechanisms of inter- 
feron action m l d  be to limit the increase 
in the numbers of leukemic cells. 

Mice treated with interferon daily from the 
thirtieth day after inoculation of Friend virus 
until dmth did not live apprmiably longer 
than leukemic mice which received only 10 
daily inoculations of interferon beginning on 
the thirtieth day; this observation suggests 
that after a periord of 40 days, mice inoculated 
with Friend virus entered a phase in which 
leukemia was no longer sum& by the 
interferon preparation employed in this study. 
Several possibilities, currently being explored, 
could explain this apparent change in sensi- 
tivity to interferon: (a) Following inocula- 
tion of Friend virus, new populations of cells 
may become infected up to approximately 
the fortieth day, after which time the numlber 
of susceptible cells that could be protected 
by interferon is depleted; ( b )  repeated inocu- 
lation of interferon may lead to the develop- 
ment of antibody which neultrdizes interferon 
administered subsquently, although Gresser 
et al. (2 1) detected “no significant anti-inter- 
feron-like activity” in sera of Swiss mice in- 
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jected i.p. with interferon 1 day before Friend 
virus inoculation then twice daily thereafter 
for 4 rn 6 weeks; and (c) mice may die of 
Friend virus leukemia only when malignant 
transformation of host cells reaches some 
critical degree. A small lbut constant fraction 
of the leiikemogenic expression of Friend virus 
may escape the suppressive effects of inter- 
feron even when intmfmn is administered 
under optimal conditions of time and dosage. 
Continued replication of Friend virus in the 
presence of daily injections of interferon could 
therefore result in accumulation of the unsup- 
pressed leukmogenic factor in excess of 
threshold values and results in death of the 
host. Under these citrcums~ces, it is to be 
expected h t  prolonged administration of 
interferon would evenltwlly fail to inh?bit pro- 
gression of the leukemia. That leukemic mice 
Zre not complekely refractory to the leukemia- 
inhibiting effects of interferon after the 
fortieth day following inoculation of Friend 
virus is suggested by the observation that 
Statdm administered on the fifty-third day 
of the disease (24 days after an initial dwe 
of Sendai virus) induced large amounts of 
interferon, with subsequent funther pmloaga- 
tion of life. 

The ability of Sendai virus to inhibit Friend 
virus disease was enhanced when it was in- 
oculated into mice at progressively longer 
intervals aster Friend virus inoculation. A 
distinction should be made between the p s i -  
bility of increasled sensitivity of mice to the 
leukemia-inhibiting effect of Sendai virus and 
the possibility of increased susceptibility to 
infection with Smllctai vims during the coulrse 
of Friend virus disease. One manifestation of 
increased susceptibility to Sendai virus infec- 
tion in leukemic mice m y  be the enhanced 
production of interferon, perhaps reflecting 
the infection of more host cells by Sendlai 
virus or more interferon production per in- 
fected cell. Studies of Senldai virus repliation 
d the associated cytopathic effects in mice 
at various stages of leukemia should provide 
an explanation for these d k a t i o n s .  At 
present, one cannot exclude the possibility 
that mice in a d v a n d  stages of virus-induced 
leukemia become increasingly sensitive to the 
iaterfemn induced by Sendai virus or to other 

leukemia-inhibiting mechanisms invoked by 
Sendai virus, such as oncolysis. 
The mailable data indicate that a quanti- 

tative relationship exists between the amount 
of interferon induced by Send& virus and the 
extent of i~nhibiltion of Friend virus leukemia. 
Notably, interferon induced by Rauscher leu- 
kemia virus (RLV) has been implicated in 
the resistance of adult CD-1 mice to RLV 
(22), and further, susceptible suckling (22)  
but not adult (213) mice can. be rendered 
resistant to RLV by interferon. In a pre- 
vious study it was shown that injections 
of Sendai virus between 1 and 10 days 
after Frienld virus i,nduced ccknsidmdbly less 
interfmn in leukemic mice than in mnrOls 
and failed to iddbit the splenmegalic re- 
sponse to Friend virus ( 2 ) .  In the p r m t  
study, Sendai virus inwulatd into leukemic 
mice 2 0  days after Friend virus f&ld  !to 
pmIong life appil-ecably, whereas administra- 
tion of Sendai virus 3 0  days after Friend virus 
prolonged life significantly. Large wounrts 
af interferon were produced in response to 
Sendai virus inoculated at each time, although 
more interferon was produced at 3 0  days 1tku-1 
at  20 days. I t  is possible that the higher 
titers of interferon p d u c d  at  3 0  days ex- 
ceed thesholld levels of interferon required to 
inhibit Flriend vim leukemia significantly. 
Alternatively, as p r o p o d  above, at 3 0  d'ays 
after Friend virus inoculation mice m y  be 
more sensitive to the leukemia-inhibiting 
effeuts of interferon than at 2 0  days. A final 
carrelation bet- interferon pawduotion and 
leukemia inlhibition is the obwrvation that 
Sendai virus administered a second time ap- 
proximately 2 weeks after its initial inocula- 
tion 3 0  days after Friend virus could neither 
induce inlterferon mr further prolong the life 
of leukemic mice. The absence of inltdemn 
production in response to the s m n d  inocula- 
tion of Senldai virus may have been due to 
depletioa of host e l l s  susceptible to Sendai 
virus infection or to neutralization of the slec- 
ond dose of Sendai vilrus by homologous anti- 
bodies in peritoneal exudates. 

The formation of antibodies to a nolntumolr 
virus employed in the treatment of leukemia 
may necessitate thle sequential administration 
of a variety of antigenically different viruses 
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as was done in a clinical study previously re- 
ported (1).  An alternative approach is pro- 
vided 'by the ability of Statolon to prolong 
survival of leukemic mice when administered 
approximately 3 weeks after Sendai virus. 
These observations suggest that a variety of 
agents may be combined with nontumor 
viruses in effective treatment of mice with 
established viral leukemia. 

The  application to human leukemias of re- 
sults dbtained from interference studies with 
virus-induced murine leukemia systems re- 
mains speculative. However, the prolongation 
of life which followed inoculation of a non- 
tumor virus into mice with established virus- 
induced leukemia may correspond to the ef- 
fects observed in a previously reported study 
of a patient with acute myelogenous leuke- 
mia (1 ). In that study, intravenous inocula- 
tions of large doses of viruses induced inter- 
feron and were followed consistently by tran- 
sient clinical and hematologic remissions which 
led to a prolongation of the patient's life. 

Summary. DBA/2 mice are 100% suscep- 
tible to Friend leukemia virus and begin to 
die 26 days after virus inoculation. Sendai 
virus (parainfluenza 1 ) inoculated intraperi- 
toneally into leukemic mice 30 days after 
Friend virus prolonged survival by 12 days. 
Evidence that Sendai virus prolongs the life 
of leukemic mice through the action of inter- 
feron derives from the following observations: 
( a )  Sendai virus induced large amounts of 
interferon; ( b )  Statolon (an extract from the 
mold Penicillium stoloniferum) , when in- 
jected 28 days after Friend virus, also induced 
large amounts oIf interferon and prolonged 
survival by 11 days; and (c)  interferon itself 
injected intraperitonwlly daily for 10 days 
commencing 31 days after Friend virus pro- 
longed survival by an average of 9 days. How- 
ever, when interferon injections were contin- 
ued d d v  until death of the mice, survival was 
no longer than in mice which freceived only 
10 daily injections. This study represents a 
successful application of interferon as a thera- 
peutic agent in an  established virus-induced 
neoplastic disease. However, the development 
in mice of a state refractory to the leukemia- 
inhilbiting effects of interferon after 10 days' 
administration indicates that interferon may 

not be effective in the long-term treatment 
of virus-indjuced leukemia. 
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