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I r r eve r s ib l e  p rogress ion  of Rauscher  virus leukemia in C57BL/6 mice was found to be a s -  
sociated with pers i s tence  of production of 7S antibodies against group-specif ic  mouse leu- 
kemic antigen (GSA), capable of blocking in vitro the cytotoxic effect of 19S antibodies ofthe 
same specif ici ty and strongly st imulating leukemogenesis  in vivo. In the r eg re s s ive  form 
of leukemia a l a rge r  production of antibodies against GSA is observed, and antibodies sub- 
sequently appear against the type-specif ic  antigen. Cytotoxic 19S antibodies blocked by the 
7S fract ion also were discovered in the se rum of BALB/C mice, which are sensit ive to 
Rauscher  virus.  

Previous work by the wri ters  has shown that the genetically determined res i s tance  of C57BL/6 mice 
to the leukemogenic action of Rauscher  virus (RV) can be suppressed  by means of Freund ' s  complete ad- 
juvant (FCA). Mice infected with the virus only do not develop leukemia, whereas the injection of FCA be-  
fore or  together  with RV gives r i se  either to a revers ib le  (spontaneously regress ive)  or to an i r r eve r s ib ly  
p rogress ive  leukemia.  Investigations of the dynamics of the humoral  immune response  have linked the 
mechanism of this phenomenon of st imulation of leukemogenesis  by FCA with the appearance of an ear ly  
peak of antibodies against  the group-specif ic  antigen (GSA) of mouse leukemias.  It has also been shown 
that r eg res s ion  of Rausche r ' s  d isease  in some mice is associa ted  with the development of a second peak of 
antibodies against  type-specif ic  antigen (TSA), whereas no second peak of the immune react ion appears in 
animals with i r r eve r s ib l e  p rog res s ive  leukemia. In the course  of these experiments it was found that the 
cytotoxie activity of the s e r a  of the f i r s t  peak (anti-GSA) is inversely proport ional  to their  ability to s t imu-  
late leukemogenesis  in vivo, and on this basis it could be postulated that these s e r a  contain at least  two 
components,  bearing an antagonistic relationship to one another. 

The object of this investigation was to study the separa te  proper t ies  of 7S and 19S fract ions of the s e r a  
of mice  infected with Rauscher  virus together  with Freund ' s  adjuvant, because the 19S antibodies are  known 

TABLE 1. Effect of 7S Fract ions of R V - F C A  Sera  on Leukemogenesis  in BALB/c  
Mice (mean number  of plaques in spleen of recipient  mice) 

Expt. 
No. 7S of uninfected C57BL/6 

mice (control) 

14.8 • 2.0 
7.6 ~- 1.1 

Serum fraction 

7S of R V - F C A  mice  
of f i rs t  peak 

53.5 ~- 5.1 
36.0 + 5.2 

7S of R V - F C A  mice 
of second peak 

3.1 �9 0.5 
2.3 :~ 0.2 
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TABLE 2. Cytotoxic Reaction of BALB/c  Mice with 
Isologous Cells of Rausche r ' s  Leukemia (percentage 
of dead cells) 

[ Control of serum of un- I Sara on [bird day after in- 

I I 
L.,ho~ e 19S '75 I . .  I 195 7S 

FS frac- r " fraction fraclionlWn~ fracti~ I~ffect~ tion 

Note. 

18 
12 
10 

15 
13 
11 

12 
10 
10 

35 (0,26) 11 100 
]8 ~2 45 (0,38) ]6 88 

Index of cytotoxieity given in parentheses .  

0,8 
x g,6 
o 

0 

~ 75 

m ~  

~J 

o 

25 
�9 ~ ~o 

~ 75 

Fig. 1. 

a 

,719~, i .-'~ %,~ a~ nti-R~ /~.v~ anti -TSA ",',,, 

~,3 5 r I~, [17 26 3~ ~0 9g Sg 72 

~ a  ~ [ - , /  Da]~ after in ject ionof  RV 

A , ,  19S anti-GSA / 

y S z Y  ,'~11 2~ 29 Y5 ~'8 5& 7Z 

Dynamics of humoral  immune 
response  of C57BL/6 mice inoculated 
with F C A - R V :  a) antibodies of mice  
with r eg re s s ive  leukemia;b)ant ibodies  
of mice  with i r revers ib ly  p rog res s ive  
leukemia. Ordinate: above abscissa ,  
cytotoxic index of whole se rum (1), of 
19S fract ion (2), of 7S fraction (3); be-  
low abscissa ,  percentage  neutralization 
of DCT of s e r a  of f i r s t  peakby  78 anti-  
bodies (block effect in %); abscissa:  
days after  injection of RV. 

to be more  effective than the 7S antibodies in cytotoxic reactions 
in vitro, while the 7S antibodies can induce the phenomenon of 
stimulation of malignant growth [2, 4, 6]. 

EXPERIMENTAL METHOD 

C57BL/6 and BALB/c mice aged 1-1.5 months were used. 
The C57BL/6 mice were divided into two main groups:  those of 
group 1 were infected intravenously with whole p lasma f rom 
leukemic BALB/c  mice  in a dose of 0.4 ml per  mouse;  the mice 
of group 2 received 0.2 ml of the same p lasma in a dilution of 
1 : 24. The t i ter  of the RV samples was 103-104 p.f .u. /0.2 ml. 
Half of the mice of each group were inoculated with FCA (Difco, 
U.S.A.) simultaneously with the injection of RV, in a dose of 0.1 
ml intraperi toneal ly;  each of the four subgroups of mice  con- 
tained 25-30 animals.  The control  mice received FCA alone or  
remained intact. Altogether more  than 350 C57BL/6 mice were 
used in the repeated se r ies  of experiments .  Blood for the se -  
rologic tests was taken f rom the r e t ro -o rb i t a l  sinus at various 
times after infection, and s e r a  f rom mice  of the same group 
were pooled. The se ra  was studied by the following methods. 

1, The direct  cytotoxicity test  (DCT) in vitro [1], using 
whole s e r a  and 19S and 7S fract ions obtained by gel filtration on 
Sephadex G-200, equilibrated with 0.15 M NaC1 in t r is -HCl buffer, 
0.05 M (pH 7-3); in the course  of elution the concentrat ion of 
immunoglobulins was lowered by 10-15 t imes .  Sera treated with 
2-mercaptoethanol  (2ME), which select ively dest roys  IgM but 
does not inactivate 7S antibodies [7], aiso were  used. 

2. The presence  of "blocking" antibodies in the 7S f r a c -  
tions of the se ra  was tested in vitro by a method based on sup- 

press ion  of the DCT of the ant iserum of 19S fraction by pre l iminary  t rea tment  of the leukemic cells with 7S 
antibodies (the block effect). The degree of the block was calculated by the formula:  X = ( a - b ) / ( a - e )  "100, 
where a is the percentage of dead cells in the react ion with ant iserum after  incubation with the 7S fract ion 
of normal  se rum;  b the same with ant iserum after  incubation with the test  7S fract ion;  and c the same with 
normal  s e rum after  incubation with normal  7S. The fractions of s e r a  used in the tests were f i rs t  tested for 
toxicity (with normal  syngenic cells and with leukemic cells without complement) and for  absence of ant i -  
complementar i ty .  

3. Neutralization of the DCT and the blocking effect by p re l iminary  absorption of the fractions with 
cells of Rauscher ' s  leukemia, of spontaneous leukemia in AKR mice (5 �9 107 per  0.06 ml serum),  and lym- 
phocytes of intact C57BL/6 and BALB/c  mice.  
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E X P E R I M E N T A L  R E S U L T S  

It was noticed ear l ie r  that if C57BL/6 mice are  inoculated with the same dose of RV and FCA, the 
outcome of the disease  varies  among individual animals.  If the mice were infected with two different doses 
of virus,  differing by more  than one order  of magnitude, these differences were more  significant:  the dis-  
ease p r o g r e s s e d  in mos t  animals inoculated with the ~high ~ dose of RV and they died f rom leukemia by the 
end of the 3rd month, whereas involution of the leukemic changes was observed in most  mice  infected with 
the ~low ~ dose of RV. 

Dynamics of P roper t i e s  of 19S and 7S Fract ions of Sera  of Mice with Spontaneously Regress ive  
Rausche r ' s  Leukemia.  The DCT resul ts  (Fig. la) show that the 19S antibodies were completely responsible 
for the f i r s t  peak of immunologic activity of the s e r a  against GSA. At the beginning of the second peak of 
immunologic activity (anti-TSA) both the 19S and 7S fract ions were cytotoxic, but la ter  the DCT was posit ive 
only on account of activity of the 7S antibodies. The blocking-effect method revealed noncytotoxic antibodies 
in the 7S fract ions of the s e r a  of the f i rs t  peak, capable of significantly blocking the eytotoxic activity of the 
19S fractions or  of whole s e r a  of the first ,  but not of the second, peak. Complete exhaustion of the blocking 
ability of the 7S fract ions as a resul t  of absorption by cells of Rausche r ' s  leukemia and of spontaneous leu- 
kemia of AKR mice,  containing considerably amounts of GSA, confirmed the immunospecif ici ty of the block- 
ing effect of the 7S antibodies. Activity of the whole se rum is evidently dependent on the balance between 
19S and 7S antibodies : the cytotoxieity of the highly active s e r a  (cytotoxic index over 0.7) could not be 
blocked by the 7S fraction, but dilution of the same s e r a  made the blocking effect highly significant;  the 7S 
fract ions of uninfected mice,  as well as those of mice inoculated with RV alone or  with FCA alone, did not 
possess blocking properties. On the other hand, fractions of sera of the second peak from mice inoculated 

with RV and FCA did not block the DCT of sera of either the first or the second peak. 

Properties of 19S and 7S Fractions of Sera of Mice with Irreversibly Progressive Leukemia. The 
DCT results (Fig. ib) show that with the sera of the "progressive" mice there was only one very small 
nearly ~ peak, of shor t  duration, due to 19S antibodies ; la ter  the cytotoxic effect was completely absent. At 
the same t ime the blocking-effect method revealed the presence  of very long-pers is t ing  antibodies in the 7S 
fract ions of the serum,  blocking the cytotoxic activity of the 19S antibodies against GSA, but not of the se ra  
of the second peak f rom " reg res s ive"  mice.  The blocking effect was completely abolished by exhaustion of 
the 7S fractions by AKR leukemic cel ls .  

Modification of Leukemogenesis  in Vivo by 7S Fract ion of R V -  FCA Sera.  Twenty-four  hours after the 
RV injection, the BALB/c  mice received an intravenous injection of 0.3 ml of the test  fraction of s e r a  of 
C57BL/6 mice;  the effect was judged by the number of colonies in the spleens of recipient  mice killed on 
the seventh day. The 7S antibodies of the ~progressive" mice and of the 7S fract ions of s e ra  of the f i rs t  
peak of the " reg ress ive  ~ mice (anti-GSA) were found to st imulate leukemogenesis  to a highly significant 
degree,  whereas the 7S fract ions of the second peak inhibited production of leukemic colonies in the spleen 
of the BAL]3/c mice  (Table 1). The following general  conclusions can be drawn f rom these resul ts .  

The essence  of the immunologic mechanism of i r r eve r s ib l e  depression of res i s t ance  of the C57BL/6 
mice  to RV by Freund 's  adjuvant is evidently stimulation of the production of 7S antibodies against GSA. 
These antibodies block the cytotoxic effect of the same specifici ty and they can strongly st imulate leuke- 
mogenesis  in vivo. The p rogress ion  of leukemia is accompanied by cessat ion of the production of "protec-  
tive" 19S antibodies and by pers i s tence  of the production of "blocking ~ 7S antibodies, which, by competition, 
possibly inhibits the development of other immune reactions (antiviral, cytotoxic anti-TSA antibodies, r e -  
action of delayed hypersensi t ivi ty) .  

In the revers ib le  (regressive) form there is a much g rea te r  production of 19S anti-GSA antibodies, 
soon after  which production ceases  of both 19S and 7S components of the anti-GSA reaction,  ordinary (in 
animals infected with RV only) anti-TSA antibodies appear, and the animals recover .  The phenomenon can 
be regarded  as linked with that of ~antigenic modulation" (disappearance of GSA f rom the cell surface) in 
the p resence  of cytotoxic antibodies [3, 5]. On the basis of these resul ts  it was postulated that the absence 
of any marked humoral  immune response  in leukemia, at least  in the ear l ies t  stages of the disease,  may be 
due, not to the phenomenon of immunologic to lerance or  v i rus- induced immunodepression,  but to inhibition 
(autoblocking) of the cytotoxic 19S antibodies by 7S antibodies. The resul ts  of experiments on BALB/e  mice,  
which are  highly sensi t ive  to RV, conf i rm that eytotoxie 19S antibodies, blocked in v i t roby  the 7S fraction, 
appear in the s e rum of these mice  taken on the third day after  infection, whereas the whole s e r u m  is com-  
pletely inactive in the DCT (Table 2). 
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