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Statolon, an extract of the mold Penicil- 
Zium stoloniferum containing a double strand- 
ed RNA mycophage, can convert a rapidly 
lethal Friend leukemia viral (FV) infection 
into a dormant one (1-5). One inoculation 
of statolon, administered when F V  is dis- 
seminated throughout the body, induces in- 
terferon and FV-cytotoxic antibody thereby 
suppressing both virus and virus-transformed 
cells (2, 5). This suppression results in a 
long lasting clinical remission during which 
no infective Friend virions can be detected 
(1, 4). The FV genome is present however, 
as shown by the spontaneous emergence of 
FV leukemia late in the life of mice with dor- 
mant infections and by the leukemogenicity 
of spleen cells transferred from mice with 
dormant infections to normal mice ( 3 ) .  

Interferon production leads to suppression 
of FV replication, but by itself cannot com- 
pletely suppress the disease; poly I:C and 
Newcastle disease virus can produce as much 
interferon as statolon, clear the blood of FV 
but cannot convert FV leukemia into a dor- 
mant infection (2). 

Production of humoral antibody against 
both virus and virus transformed cells ap- 
pears to be crucial for development of the 
FV-dormant state. Untreated FV leukemic 
mice have no demonstrable antibody and are 
considered immunosuppressed in this regard, 
although high titers of circulating virus may 
mask the presence of antibody. Numerous 
investigators have used the immune response 
to sheep erythrocytes (SRBC) to evaluate 
the immunocompetence of FV-infected mice 
(6, 10). These workers have demonstrated 

1 This research was supported by U. S. Public 
Health Service Grant No. 5 R01 C.4 12461-02. 

repeatedly that the response to this antigen 
in infected mice is severely depressed relative 
to normal levels. 

In  this report we describe preliminary in- 
vestigations of immunological reactivity to 
SRBC in FV-infected and statolon-treated 
mice. Using the Jerne and Nordin assay for 
hemolytic antibody plaque forming cells 
(anti-SRBC PFC) (1 l ) ,  we found that stato- 
lon abrogates the FV-induced immunodepres- 
sion of the anti-SRBC response. 

Materials and Methods. Animals. Inbred 
female DBA/2 J mice (Jackson Laboratory, 
Bar Harbor, ME) were employed in all ex- 
periments and weighed approximately 15-20 
g. Food and water were supplied ad libitum. 

F V .  This was prepared as a 20% suspen- 
sion of infected DBA/2 spleen in phosphate 
buffered saline and was originally obtained 
from Dr. Charlotte Friend. Following centri- 
fugation (5OOOg for 1 hr) and filtration 
(through a 450 nm Millipore membrane fil- 
ter) the virus preparation was frozen and 
stored at  -70". In all experiments FV was 
inoculated intraperitoneally a t  a dose of 
1000-2000 LD50 (50% leukemia producing 
doses) in 0.2 ml/mouse. 

Statolon. Supplied by Eli Lilly and Co., 
Indianapolis, I N  (lot no. 354-1080B-220). 
Statolon was prepared for inoculation into 
mice in 1% sodium bicarbonate. The dose of 
statolon was 4 mg/mouse injected intrave- 
nously. 

Assay for antibody plaque forming cells. 
Except where specifically noted all animals 
were immunized ip with 2 x los SRBC in 
normal saline 4 days prior to assay. Spleens 
were examined for IgM or IgG PFC against 
SRBC employing Jerne and Nordin's assay 
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TABLE I. Effect of Statolon on the Anti-Sheep RBC Antibody Plaque Forming Cell Response of 
Normal and Friend Virus-Infected DBA/2 Mice. 

~~ ~ ~~~ ~~~ 

Anti-sheep erythrocyte PFC x 105 "/spleen Expt. Day of 
no.b immu niza tionc Control FV FV + statolond S ta tolon 

I -1 1.27 t 0.29 0.43 f 0.05 1.19 f. 0.50 0.96 & 0.39 
I1 + 1  0.71 0.21 0.18 k 0.10 0.72 ? 0.21 1.02 k 0.33 

I11 + 1  1.40 0.3 1 0.34 0.096 1.38 & 0.28 2.28 2 0.28 
IV +3 1.31 f. 0.30 0.15 2 0.05 1.29 2 0.50 3.05 -L 0.52 
V +3 1.04 k 0.44 0.15 k 0.07 0.95 f 0.34 1.68 2 0.57 

~ 

a The mean number of antibody plaque forming cells x 106 2 SD. 
Each experimental or control group consisted of at least 5 mice/group. 
2 x lo8 sheep RBC given ip on days relative to statolon administration. 
4 mg of statolon/mouse given iv 3 days after 1000-2000 LD, FV. 

of localized hemolysis in gel ( 11). 
Results. Experiments with sheep erythro- 

cytes were conducted in order to examine the 
effect (s) of statolon on immunocompetence 
of FV-infected mice. FV was inoculated on 
Day 0 and 3 days later statolon was admin- 
istered intravenously. On various days rela- 
tive to statolon five mice from each of the 
four experimental groups were immunized 
with SRBC. Four days after immunization 
spleens were assayed for SRBC-antibody pro- 
ducing cells as described in Materials and 
Methods. 

As shown in the five experiments illustrat- 
ed in Table I, there was a consistent signifi- 
cant reduction in anti-SRBC PFC in FV-in- 
fected mice ranging from 67 to 90% of con- 
trol values. The magnitude of this immuno- 
depression was directly related to the length 
of the interval between FV inoculation and 
SRBC immunization. The FV-induced im- 
munodepression could be abrogated by ad- 
ministration of statolon 3 days after virus 
inoculation with restoration of anti-SRBC 
PFC production in the spleens of all infected 
animals to normal control levels. Restoration 
of immunocompetence to normal levels in 
FV-infected mice by statolon, as measured by 
PFC response to SRBC, was demonstrable 
irregardless of when SRBC were injected with 
respect to statolon. In 2 of 4 experiments 
with uninfected mice, however, there was a 
significant increase in anti-SRBC PFC re- 
sponse over normal levels when SRBC were 
given 1-3 days after statolon. 

One possible mechanism for the immuno- 
stimulatory effects of statolon may be a tran- 

sient, low grade splenomegaly which follows 
statolon administration. This splenomegaly is 
accompanied by increases in the number of 
spleen cells. I t  is as yet unknown whether 
these additional cells arise de novo (in the 
spleen) or migrate from other areas (e.g., the 
bone marrow). It is clear from Fig. 1, how- 
ever, that they are composed of both anti- 
body- forming and nonan ti bod y- forming cells. 
This conclusion is based on the observation 
that whereas statolon treatment of uninfected 
mice results in increased numbers of anti- 
SRBC PFC in the whole spleen, the number 
of anti-SRBC PFC per 1,000,000 spleen cells 
remains constant. 

Experiments were conducted to determine 
the effect of statolon on the kinetics of anti- 
SRBC PFC formation in FV-infected and 
uninfected mice. As in a previous experiment, 
statolon was administered 3 days after FV 
and SRBC 1 day later. Spleens were removed 
2, 4, 8 and 12 days following immunization 
and assayed for IgM plaque forming cells. 
As shown in Table 11, peak anti-SRBC PFC 
formation occurred 4 days after immunization 
in all four experimental groups; as in previ- 
ous experiments, statolon treatment prevent- 
ed or reversed immunodepression in FV-in- 
fected mice. In addition all spleens were as- 
sayed for the presence of anti-SRBC IgG 
PFC 8 and 12 days after immunization 
(Table 11). Again statolon abrogated FV-in- 
duced immunodepression of the anti-SRBC 
PFC response. 

Discussion. Administration of statolon to 
mice 3 days after Friend virus inoculation 
results in inhibition of virus replication and 



STATOLON AND F V  LEUKEMIA 

260 

240 

40.3 

- 
- 

T 

Control F V  FV- Statolon 
Statolon 

000 

300 u, 
? 
C a, 

0. 
- 

i00 8 
\ 
!! 

(00 0 

2 

a, -c m 

c 

200 

5 

FIG. 1. Production of antibody plaque forming celk to sheep erythrocytes in spleens of normal, 
FV-leukemic and statolon-treated normal and leukemic mice. Statolon was administered 3 days 
after FV, sheep erythrocytes 1 day later and spleens were removed and assayed for antibody 
plaque forming cells on thle fourth day after immunization. Brackets indicate one stanidard devi- 
ation. The number of PFC per spleen (left ordinate) is compared with the PFC per lo6 splenic 
leukocytes (right ordinate). 

conversion of a lethal infection into a dor- 
mant one. Suppression of the disease is pre- 
ceded by the production of interferon and of 
antibody reactive against both virus and vi- 
rus-transformed cells (4, 5 ) .  Since untreated 
leukemic mice are immunosuppressed in that 
they produce no virus-specific antibody, the 
presence of antibody in mice with dormant 
infections suggests that restoration of immu- 
nocompetence is a crucial step in the sup- 
pression of disease by statolon. 

The present studies were undertaken to de- 
termine the extent of statolon’s abrogation of 
FV-induced immunodepression. The dimin- 
ished immune response of FV-leukemic mice 
to sheep erythrocytes has been used exten- 
sively as a measure of immunodepression in 
such mice. Our studies demonstrate that 

statolon abrogates this virus-induced immu- 
nologic depression. Statolon-treated, FV-in- 
fected mice produce normal numbers of both 
IgM and IgG PFC (see Tables I and 11). 
In  addition, the rate of PFC formation and 
the time of peak PFC formation in statolon- 
treated FV-infected mice is the same as in 
normal mice. 

Statolon administered prior to SRBC con- 
sistently increased the PFC response in un- 
infected mice. This is in contrast to experi- 
ments of Pindak (12)  who found that ad- 
ministration of statolon prior to mengovirus 
or chicken RBC (CRBC) depressed the hu- 
moral immune response to the virus but had 
no effect on the anti-CRBC response. Pindak 
indicated that the immunodepression noted 
with mengovirus occurred only after a single 
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TABLE 11. Effect of Statolon on the Kinetics of Anti-Sheep Erythrocyte Antibody Plaque Forming 
Cell Production in Normal and Friend Virus-Infected Mice. 

Days after immunization” 
(mean PFC x lo3 f SD) 

2 4 8 12 
Ighf IRM IgM IgM+IgGb IgM IgM+IgG 

Control 2.6 f 0.6 110 f 30 7.2 f 1.0 12.0 2 2.0 4.0 _+ 0.4 22.0 f 3.8 
FV 3.1 -+- 0.8 32 & 10 2.6 f 0.6 3.0 f 0.8 1.0 k 0.8 2.8 2 1.5 
FV + StatolonO 4.4 f 0.7 96 f 20 6.6 t 2.0 12.0 & 1.0 4.2 f 2.0 26.0 & 8.0 
Statolon 3.6 & 0.6 130 k 20 7.0 & 2.0 9.0 k 2.1 3.0 & 0.6 16.0 k 4 . 0  
~ 

“ A l l  animals immunized with 2 x loR sheep erythrocytes one day after statolon or 4 days after 
FV. 

For IgG, PFC, anti-IgG globulin (Meloy Labs.) diluted 1:FiOO in Hanks’ BSS was added to each 
plate for 1 hr prior to the addition of complement. To determine number of IgG PFC, subtract 
IgM PFC from IgM + IgG PFC. 

4 mg of statolon/mouse given iv 3 days after 1000-2000 LD,,, FV. 

dose of statolon plus virus; the response fol- 
lowing two consecutive doses of both stato- 
lon plus virus yielded antibody titers as high 
as those produced by a single dose of virus 
without statolon pretreatment. The depres- 
sion of the humoral response to mengovirus 
after a single dose of statolon might be due 
to interferon production which would inhibit 
virus replication and thereby reduce the anti- 
genic stimulus; the mice, however, would be 
primed by this exposure to virus and might 
respond optimally to the second exposure. In 
contrast, the magnitude of the antigenic chal- 
lenge imposed by the “nonreplicating” CRBC 
would not be affected by statolon-induced 
interferon ; normal and statolon-treated mice 
would be expected to respond equally on pri- 
mary exposure to CRBC. However, with 
SRBC the “primary” PFC response was en- 
hanced as a result of statolon treatment. The 
lack of enhancement in the CRBC system 
can be ascribed to differences in the doses of 
statolon employed. Alternatively, the differ- 
ences noted might be explained by the sensi- 
tivities of the assays for immunoresponsive- 
ness. The hemolytic assay for antibody pro- 
ducing cells, employed in the present investi- 
gation, is sensitive to 2-fold increases in cell 
number. However, in the hemagglutination 
titration, employed by Pindak, a 2-fold in- 
crease in antibody titer may only represent 
a difference of one tube usually not consid- 
ered significant. 

The increase in anti-SRBC PFC following 

statolon treatment of normal mice may be 
related to a transient hyperplasia of the 
spleen. This statolon-induced hyperplasia in- 
volves more than antibody-forming cells or 
their precursors since the number of anti- 
SRBC PFC per lo6 spleen leukocytes re- 
mains constant following statolon treatment. 
I t  should be noted that the anti-SRBC PFC 
response in uninfected mice was enhanced by 
statolon whereas restoration to only normal 
levels was achieved in FV-infected mice. This 
difference could be explained by antigenic 
competition since many spleen cells in stato- 
lon-treated FV-infected mice may be in the 
process of making antibody to the virus a t  
the time of sheep RBC injection. 

A central question in the abrogation of FV- 
induced immunodepression is whether stato- 
lon prevents the development of immunode- 
pression or restores immunocompetence by 
either acting directly on cells which are al- 
ready immunodepressed or indirectly by in- 
ducing formation of a new population of im- 
munocompetent cells. This question cannot 
easily be answered at  present because of the 
prolonged time span involved in the deveiop- 
ment of immunodepression, in the action of 
statolon and in the anti-SRBC PFC assay 
for immunocompetence. 

The most likely working hypothesis to ex- 
plain the statolon-induced remissions in FV 
infections is that statoIon induces interferon, 
thereby inhibiting viral replication, and ei- 
ther reverses immunodepression in infected 
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cells or stimulates the production of new 
spleen cells which by virtue of interferon are 

4. Wheelock, E. F., Caroline, N. L., and Moore, 
D.9 J. Nat. Cancer Inst. 46, 747 (1971) .  

not subject to FV-induced immunodepres- 5 -  Wheelock, E. F.9 T O Y ,  S. T., Caroline, N- L-7 

$on. These immunocompetent cells produce Sibs', L* Re, Fink, M. A*, Beverley, P *  C. L., and 
Allison, A. C., J. Nat. Cancer Inst. 48, 665 (1972) .  

antibody to FV and FV-leukemic and 
6.  Old, L. J., Clarke, D. A., Benacerraf, B. et d., 

One. They are for pro- 7. Salaman, M. H., and Wadderburn, N., Immu- 

8. Odaka, T., Ishii, H., Yamaura, K.  et d., Jap. 
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