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Functional antagonism of cytotoxic and blocking humeral antibodies belonging to the same 
class of IgG and directed against type-specific antigen of Rauscher virus was found. Pro-  
gression of leukemia in C57BL/6 and BALB/c mice inoculated with Rauscher virus and 
Freund's complete adjuvant was shown to be coupled with the production of 7S immune- 
globulin (IgG) antibodies blocking in vitro the cytotoxic effect of 19S antibodies against the 
group-specific surface antigen of mouse leukemias, and later  blocking also 7S antibodies 
against type-specific antigen. Regression of leukemia in C57BL/6 mice is connected with 
the cessation of production of both types of blocking antibodies. Complete resistance of 
C57BL/6 mice to the leukemogenic action of Rauscher virus is brought about immune- 
logically by the production of cytotoxic humeral antibodies against type-specific antigen 
in the total absence of production of blocking antibodies. 
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The object of this investigation was to make a comparative study of the dynamics of activity of cyto- 
toxic and blocking antibodies detected in the serum and spleen cell eluates (SCE) in Rauscher's disease 
following different types of course. 1) in reversible  (regressive) leukemia of C57BL/6 mice produced by 
injection of Rauscher virus (RV) together with Freund's complete adjuvant (FCA), 2) in i r revers ib ly  pro-  
gressive,  but relatively slowly developing leukemia of C57BL/6 mice inoculated with RV-FCA before the 
age of one month, 3) in rapidly progressive FCA-stimulated leukemia of BALB/c mice. 

In conjunction with investigations of the humeral immune response of C57BL/6 mice infected with 
RV only and remaining completely resistant  to the leukemogenic action of the virus, these data will con- 
tribute to the analysis of the role of immune responses in the pathogenesis of leukemia. 

E X P E R I M E N T A L  M E T H O D  

Experiments were car r ied  out on C57BL/6 and BALB/c mice {from the Stolbovaya nursery,  
Academy of Medical Sciences of the USSR). Four basic groups of animals were used in the experiments: 
1) to produce progressive Rauscher leukemia in C57BL/6 mice, FCA (Difco, USA) was injected intra- 
peritoneally in a dose of 0.1 ml before the age of 30 days, and 6 days later this was followed by intravenous 
inoculation with RV (whole plasma of leukemia BALB/c mice). The t i ter  of the RV preparation was 104- 
105 plaque-forming units/0.2 ml. 2) Regressive leukemia was obtained by infecHng C57BL/6 mice at the 
age of 2-2.5 months with FCA and leukemic plasma in a dilution of 1 :10.  3) Some adults C57BL/6 mice 
were inoculated with RV only. 4) BALB/c mice aged 2 months were injected with FCA in the same dose 
and with RV in a dilution of 1 0  - 2  . 
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Fig.  1. Dynamics  of act iv i ty  of cytote?dc and blocking antibodies in mice  
inoculated with Rauscher  v i rus  (RV): A) C57B1/6 mice  inoculated with 
RV only; B) C 5 7 B L / 6  mice  inoculated with RV-FCA, with the r e g r e s s i v e  
f o r m  of Rausche r ' s  leukemia;  C) C 5 7 B L / 6  mice  inoculated with RV- 
FCA, with the i r r e v e r s i b l y  p r o g r e s s i v e  f o r m  of Rausche r  leukemia;  D) 
B A L B / C  mice  inoculated with RV-FCA, with the p r o g r e s s i v e  f o r m  of 
Rausche r  leukemia .  Ordinate:  cytotoxic index of s e r u m  antibodies 
shown above a b s c i s s a  (1); blocking of cytotoxic reac t ion  (~) of 19S ant i -  
bodies aga ins t  g roup-spec i f i c  su r face  antigen by antibodies f rom 7S 
f rac t ion  of s e r u m  (2) and IgG eluted f rom sp leen  Cells (3) below absc i s sa ;  
blocking of cytotoxic r e ac t i on  (%) of 7S antibody agains t  type-spec i f ic  
antigen by eluates f rom spleen cel ls  (4). Absc i s sa :  days a f t e r  injection 
of Rausche r  v i ru s .  

In the c~o tox i c  tes t ,  the dynamics  of act ivi ty of the 19S and 7S f rac t ion  obtained by gel f i l t ra t ion on 
Sephadex G-200 and of the whole s e r a  of the exper imenta l  mice  was de te rmined .  The SCE were  p r e p a r e d  
by the method desc r ibed  in a previous  communica t ion;  the p r e sence  of antibodies of the IgG c lass  (7S type) 
was moni tored  se lec t ive ly  in the indi rec t  immunof luorescence  tes t  with monospeci f ic  rabbi t  antibodies 
against  mouse  IgG. The blocking act ivi ty of the 7S antibodies in the s e r a  and SCE obtained f rom mice  at 
d i f ferent  t imes  a f te r  infection was de te rmined  in the block t e s t  [2] on the bas i s  of the reduct ion in cy to -  
toxici ty  of the s a m e  s tandard  s e r a  f r o m  C 5 7 B L / 6  mice  of the r e g r e s s i v e  c l a s s ,  taken at the height of the 
f i r s t  and second peaks of the i r  cytotoxic  act ivi ty .  

E X P E R I M E N T A L  R E S U L T S  

Expe r imen ta l  data  ref lec t ing the dynamics of act ivi ty  of the cytotoxic and blocking antibodies in 
mice  with the four different  types of cou r se  of Rauscher  leukemia  a re  i l lus t ra ted  in Fig.  10 

C 5 7 B L / 6  Mice Infected with RV without Adjuvant {Fig. 1A) o A gradual  i nc rease  in cytotexic act ivi ty  
of the s e r u m  was observed ,  up to a m a x i m u m  in the 4th-6th week a f te r  infect ions.  Only at the v e r y  e a r l i -  
e s t  s tages  did the cytotexic antibodies belong to the IGM (19S) c l a s s ,  and l a t e r  they were  of the IGG (7S) 
c l a s s .  As was shown prev ious ly  (1), these  antibodies a re  d i rec ted  against  type-spec i f i c  antigen (TSA) of 
the FMR group.  The p r e s e n c e  of blocking antibodies could not be detected in e i ther  the s e r u m  or  the SCE 
in the ea r ly  s tage  of the immune response ,  but in l a t e r  s tages  the SCE had s l ight  cytoto• although no 
blocking act iv i ty .  

C 5 7 B L / 6  Mice Inoculated with RV-FCA with Regres s ive  Rauscher  Leukemia  (Fig, 1B). The d i rec t  
cylotexic t e s t  showed the p r e s e n c e  of two types of immunologic  act ivi ty  in the s e r a  of the " r e p r e s s o r "  
mice :  a t r ans ien t  f i r s t  peak  due to 19S antibodies,  and a second peak, longer  in duration,  in which init ial ly 
antibodies of both 19S and 7S type p o s s e s s e d  cylotoxic activity,  but l a t e r  only IGG. T h e  antibodies of the 
second peak had the s a m e  spec i f i c i ty  as the cytotoxic antibodies of mice  infected with RV only. The block 
t e s t  r evea led  antibodies blocking the cytotoxic r eac t ion  (CTR) of the s tandard  s e r u m  of the f i r s t  peak (or 
its 19S fraction) f r o m  the 7th to the 12th day a f te r  infection in the 7S f rac t ion  of the s e r a .  La te r  no b lock-  
ing act ivi ty of the s e r u m  IGG could be de te rmined ,  but this was not the r e su l t  of cessa t ion  of the i r  synthes is  
a t  this t ime:  blocking antibodies of the s a m e  spec i f i c i ty  were  found in SCE for  a cons iderab le  t ime  (from 
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the 2nd to the 5th week a f t e r  infection). Antibodies blocking CTR of the s e r u m  of the second peak could not 
be de te rmined  in the 7S f rac t ion  of the s e r a  of the " r e p r e s s  or"  mice ,  but blocking antibodies of this type 
could be found in SCE f r o m  the 3rd  to the 5th week af ter  injection, i .e. ,  the shor t  per iod behveen the two 
peaks and at the beginning of the second peak of cytotoxic act ivi ty of the s e r a .  

C 5 7 B L / 6  Mice with I r r e v e r s i b l y  P r o g r e s s i v e  Leukemia  (Fig. 1C). Only the 198 f rac t ion  of s e r a  
taken in the e a r l y  s tage  of the d i s e a s e  (4th-9th day a f te r  infection} p o s s e s s e d  a cytotoxic action. 7S Anti-  
bodies blocking the CTR of the s e r u m  of the f i r s t  peak were  found in the s e r u m  of the " p r o g r e s s o r "  mice  
f rom the end of the f i r s t  week af ter  inspection;  they p e r s i s t e d  for  a long t ime,  and d i sappeared  only shor t ly  
before  death of the mice  f r o m  leukemia .  Antibodies blocking the CTR of the s e r u m  of the f i r s t  peak were  
found in the s e r u m  of " p r o g r e s s o r "  mice  s t a r t ing  f rom the th i rd  week a f te r  infection. SCEs taken in the 
e a r l y  s t age  of the d i sease  blocked only the CTR of s e r a  (19S antibodies) of the f i r s t  peak, but those taken 
a f te r  18-24 h also blocked the CTR of the 7S antibodies of the second peak.  

B A L B / c  Mice with FCA-St imulated,  Rapidly P r o g r e s s i v e  Leukemia  (Fig. 1D). The speci f ic  humora l  
immune  r e sponse  of B A L B / c  mice  inoculated with RV-FCA differed f r o m  that  of " p r o g r e s s o r "  C57BL /5  
mice  by the shor t  durat ion of the per iod during which: a) cytotoxic 19S antibodies could be detected in the 
s e r u m  (from the 3rd to the 6th day), 2) antibodies blocking CTR of the 19S f rac t ion  of the ea r ly  isologous 
s e r u m  or  s e r u m  of the f i r s t  peak f rom C 5 7 B L / 6  mice  were  found in the 7S f rac t ion  of the s e r a  and in SCE 
not l a t e r  than the 6th-10th day after, infection. Only in i so la ted  exper iments  were  the SCE taken on the 
10th-12th day able to block the CTR of the second peak f rom the " p r o g r e s s o r "  mice .  In the l a t e r  s t ages ,  
evidently because  of the rap id ly  inc reas ing  v i rus - induced  immunodepress ion  of the s e r u m  and SCE, no 
act ivi ty  was found. 

The informat ion  on the ro le  of humora l  immune fac tors  in the pathogenesis  of the var ious  types of 
r e sponse  of the animals  to injection of leukemia  virus  descr ibed  above can be reduced to the following 
basic  p r inc ip les .  

1. Comple te  (genetical ly determined)  r e s i s t a n c e  of the C 5 7 B L / 6  mice  to infection with RV is d e t e r -  
mined immunologica l ly  by at l eas t  two f a c t o r s :  1) the production of cytotoxic humora l  antibodies (IgG) 
neutra l iz ing the v i rus  and a imed agains t  TSA of the FMR group; 2) the comple te  absence  of production of 
blocking ant ibodies .  

2.  T e m p o r a r y  dep re s s ion  of the r e s i s t a n c e  of C 5 7 B L / 6  mice  with the development  of leukemic 
changes,  subsequent ly  undergoing "spontaneous"  r e g r e s s i o n ,  is assoc ia ted  with a combinat ion of s e v e r a l  
immunologic  phenomena.  P r o g r e s s i o n  of leukemia  coincides with the per iod of product ion of blocking ant i -  
bodies,  whereas  its r e g r e s s i o n  is connected with the i r  d i sappearance .  In the initial  s tage ,  cor responding  
to rap id  p r o g r e s s i o n  of the leukemic changes ,  an immune response  develops against  g roup-spec i f i c  su r f ace  
antigen (GSSA), including the product ion of cytotoxic antibodies of the 19S type and 7S antibodies blocking 
the i r  action.  Both d i sappear  quicMy f r o m  the c i rcula t ion,  but the blocking antibodies a re  s t i l l  found on 
the su r f ace  of the spleen ce l l s ,  a fact  that  may  be connected with the inc rease  in the number  of ant igen- 
containing cel ls  absorb ing  all humora l  antibodies on themse lves .  In the in te rmedia te  phase of s tabi l iza t ion 
of the p r o c e s s ,  when p r o g r e s s i o n  of the leukemic  changes is slowed down, the production of another  type 
of blocking antibodies (IgG), a imed against  the type-spec i f ic  RV antigen, also is observed .  The i r  p r e sence  
in the s e r u m ,  at  a t ime when it also contains nonblocking (cytotoxic) antibodies of the s a m e  c lass ,  can be 
deduced only f r o m  indi rec t  evidence: the 7S f rac t ion  of the s e r u m  taken at this per iod p o s s e s s e s  nei ther  
cytotoxic nor blocking act ivi ty ,  whereas  indi rec t  immunof luorescence  r evea led  antibodies in them; this 
sugges ts  that  a mix tu re  of cytotoxic and blocking antibodies is p r e sen t  in the c i rcula t ion.  This conclusion 
is flllly conf i rmed  by the d i s cove ry  in SCE at this per iod of IgG blocking CTR of 7S antibodies taken at  the 
height of the second peak of immunologic  act ivi ty .  The phase of r e g r e s s i o n  is accompanied  by the gradual  
but comple te  cessa t ion  of production of both types of blocking antibodies and with a sha rp  r i s e  in the cy to-  
toxic act ivi ty  of IgG agains t  type-spec i f i c  antigen. A s i m i l a r  phenomena of d i sappearance  of the blocking 
effect  of the s e r a  agains t  cytotoxic immune lymphocytes  during the per iod of spontaneous r e g r e s s i o n  of the 
tumor  has been desc r ibed  in mice  with Moloney s a r c o m a  [3]. 

3. Complete  supp re s s  ion of the r e s i s t a n c e  of C 57BL/6  mice  with i r r e v e r s i b l e  p r o g r e s s  ive leukemia  
is connected with p e r s i s t e n c e  of production of anti-GSSA blocking antibodies which, as the exper imen t  
shows,  can be  found for  a long t ime  both on the blocked spleen cells and also c i rcula t ing in the blood s t r e a m ,  
probably  in the f o r m  of an ant igen-ant ibody complex .  The d i scovery  of antibodies blocking the cytotoxici ty 
of an t i type-spec i f ic  antigen in eluates f r o m  spleen cel ls ,  despite the i r  absence  in the s e r u m  of the " p r o -  
g r e s s o r "  mice ,  was comple te ly  unexpected.  This "prevent ive"  production of blocking antibodies may  p e r -  
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haps inhibit competitively the synthesis of cytotoxic humoral factors of the same specificity, or alternative- 
ly these antibodies may be able to block the cytotoxic effect of the immune lymphocytes. A s imilar  
phenomenon, the appearance of antibodies blocking antitype-specific antigen, is sometimes detectable also 
in BALB/C mice before the development of complete immunodepression. In addition to the functional 
antagonism established previously between antibodies of identical (or very  close) specificity, but belonging 
to different classes of immunoglobulins (cytotoxic IGM and blocking IgG directed against GSSA), a 
phenomenon of functional antagonism is also fotmd between cytotoxie and blocking antibodies belonging to 
the same class of IgG and directed against type-specific antigen. 
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