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M E C H A N I S M S  O F  H Y P O R E A C T I V I T Y  IN M I C E  

A F T E R  I N J E C T I O N  O F  L Y S E D  E R Y T H R O C Y T E  A N T I G E N  

T.  V.  A n f a l o v a  a n d  L .  A.  P e v n i t s k i i  UDC 612.017.1-06 

A s ta te  of  specif ic  hyporeac t iv i ty  to sheep ' s  red  cel ls  (SRBC) was induced in mice  by injection 
of hemolyzed SRBC. Blocking s e r u m  fac tor  in these  mice  was shown not to be ident ical  in the 
c h a r a c t e r  of its act ion with an t i r ed -ce l l  ant ibodies ,  but to be  probably  an an t igen -an t ibody  
complex.  Af te r  combined inject ion of hemolyzed SRBC and cyclophosphamide (CP) into mice  
product ion of blocking s e r u m  fac tor  was suppres sed  but the reac t iv i ty  of the mice  to SRBC 
was cons iderab ly  reduced.  It  is suggested that in this ca se  inact ivat ion of the i m m u n o c o m -  
petent  cel ls  took place  through the combined act ion of CP and SRBC antigen in a nonimmuno-  
genic form.  

KEY WORDS: antigen of hemolyzed red  ce l l s ;  s e r u m  blocking fac tor ;  cyelophosphamide;  
suppres s ion  of immune response .  

Hemolyzed sheep ' s  red  cel ls  (SRBC) obtained by t rea t ing  SRBC with dist i l led water ,  followed by u l t r a -  
centr i fugat ion,  if injected into mice ,  induce a s ta te  of hyporeac t iv i ty  to SRBC [1, 2]. In our own exper iments  [1], 
unlike those of Auerbach et  al.  [3, 4], the blood s e r u m  of mice  t r ea ted  with hemolysa te  p o s s e s s e d  blocking 
act ivi ty ,  which d i sappeared  a f t e r  absorp t ion  with nat ive SRBC. 

The objec t  of this invest igat ion was to study the fac tors  de te rmin ing  the s ta te  of reduced reac t iv i ty  
a r i s ing  as a r e s u l t  of injection of hemolyzed SRBC into mice .  

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

The method of obtaining the hemolyzed SRBC was descr ibed  prev ious ly  [1]. Male CBA, (CBA• . . . . . .  
C57BL/6)F1, and (DBA/2 xC57BL/6)F 1 mice  weighing 20-26 g were  obtained f r o m  the "Stolbovaya ~ nu r se ry ,  
Academy of Medical  Sciences of the USSR. SRBC hemolysa te  was injected e i ther  in a dose of 0.5 ml  daily on 5 
succes s ive  days or as  a single dose 2.5 ml  in t raper i tonea l ly  (both methods were  equally effective).  

The r eac t iv i ty  of  the an imals  was de te rmined  f r o m  the number  of  19S-ant ibody-forming cel ls  (AFC) in 
the spleen on the 5th day a f t e r  in t r ape r i tonea l  injection of 2 x 108 SRBC (the method of local  hemolys i s  in 
aga r  [7]). 

An t i r ed -ce l l  s e r a  we re  p r epa red  f r o m  the blood of mice  immunized  singly or repea ted ly  with SRBC. The 
s e r a  were  inact ivated at  56~ for  30 rain and were  kept a t  -20~ before  use.  

The r e su l t s  were  subjected to s t a t i s t i ca l  ana lys is  by Student 's  t - t e s t .  

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

The SRBC hemolysa te  had v e r y  low immunogenic i ty  and, consequently,  i t  induced only weak product ion of 
19S-AFC (in these  expe r imen t s  on ave rage  200 AFC per  spleen,  i .e . ,  only 2 or  3 t imes  m o r e  than the 

Labo ra to ry  of Immunogene t ics ,  Inst i tute o f  Medical  Genet ics ,  Academy of Medical  Sciences of the USSR, 
Moscow. (Presen ted  by Academic ian  of the Academy of Medical  Sciences of the USSR N. P. Bochkov.) T r a n s -  
lated f r o m  Byul le ten '  l~ksper imenta l 'noi  Biologii i Meditsiny,  Vol. 87, No. 3, pp. 253-256, March,  1979. Or ig i -  
nal a r t i c l e  submit ted June 16, 1978. 
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Fig. 1. Effect  of  blocking and an t i red-ce l l  s e r u m  on 
immune response  of intact  mice:  a) s e r u m  of mice  
rece iv ing  one injection of SRBC ~ b) s e r u m  of mice  
receiving five injections of SRBC; c) blocking s e rum (ob- 
tained f rom mice on 12th day af ter  injection of bemoly-  
sate). Columns show response  of intact mice to tes t  
injection of SRBC. Absc i ssa ,  day of injection of se ra  in 
re la t ion to t ime of injection of SRBC ; ordinate,  number of  
AFC in spleen. 

background level in nonimmunized mice). Nevertheless ,  in conformity with data in the l i tera ture  [5], it could 
r ight ly be assumed that the format ion of even a smal l  quantity of antibodies (possibly of a different class  f rom 
IgM) could inhibit the immune response  of  the animals to subsequent injection of SRBC. 

The wr i te rs  showed previously [1] that blood se rum obtained f rom mice t reated with hemolysate  (con- 
ventionally described as blocking serum) reduces  AFC production when injected into intact mice,  and that the 
maximum of inhibition is observed if the s e rum is injected 24 h af ter  the SRBC. With these resul ts  in mind, in 
the experiments  of  se r ies  I the inhibitory action of blocking s e rum was compared with the effect of an t i red-ce l l  
se ra  obtained af ter  1 or  5 injections of native SRBC (the t i ter  of the se ra  in the hemagglutination test  was I : 
160, 1 : 4096, and 1 : 4096 respect ively) .  

The se ra  were  injected intraperi toneal ly,  at  different  t imes re la t ive  to the injection of SRBC, in a dose of 
0.4 ml in a dilution of 1 : 2. 

As Fig. 1 shows, depress ion  of the immune response  by an t i red-ce l l  se ra  was s imi lar  r ega rd less  of the 
method by which they were obtained. Considerable  depress ion  of the immune response  was observed r e g a r d -  
less of the t ime of injection of the serum.  Maximal depress ion  of AFC production by the blocking s e r u m  was 
observed when it was injected 24 h af ter  the SRBC. Differences in the cha rac te r  of action of the se ra  compared 
thus suggest  that the blocking factor  in the s e rum of the hyporeact ive mice was not identical with ord inary  
an t i red-ce l l  antibodies. 

Some workers  assoc ia te  the suppress ive  action of hemolysate with the formation of an an t igen-an t ibody  
complex [3, 4]. Efforts  were made to study this by incubating the an t i red-ce l l  s e rum with the hemolysate  
(ratio 1 : 2) in vitro for 30 min at  37~ before  injecting it into the animals.  
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It  follows f r o m  Table 1 that the hemolysa te  alone did not affect  the immune r e s p o n s e ,  whereas  the ant i -  
s e r u m  d e p r e s s e d  it. In one expe r imen t  injection of a mix tu re  of SRBC h e m o l y s a t e + a n t i s e r u m  led to m o r e  
marked  depress ion  of the immune r e s p o n s e  1 day a f t e r  immunizat ion than a f t e r  injection of the a n t i s e r u m  
alone. This e f fec t  was not observed  in another  exper iment .  This indicates that it is indeed poss ib le ,  in p r in -  
c iple ,  to inhibit AFC fo rmat ion  by a combinat ion of hemolysa t e+an t ibod ie s ,  but in v i t ro  it is evidently not 
a lways poss ib le  to c r e a t e  the opt imal  r e l a t i ve  propor t ions  of the ingredients  of the complex,  so that  its inhibi-  
tory  act ion is not exhibited. 

In view of these  resu l t s  indicating the probable  ro l e  of antibodies or  the an t igen -an t ibody  complex  in this 
s ta te  of hyporeact iv i ty ,  in the next s e r i e s  of exper imen t s  injection of hemolysa te  was combined with injection 
of cyclophosphamide (CP). CP was given in doses  causing v i r tua l ly  comple te  suppress ion  of antibody f o r m a -  
tion, but not inducing prolonged depress ion  of immunoreac t iv i ty  of the an imals  (ability to respond  to SRBC was 
r e s t o r e d  a f t e r  7-10 days). It  was expected that inhibition of product ion of blocking antibodies under  the influ- 
ence of CP would r ende r  the hemolysa te  unable to induce a s ta te  of hyporeact iv i ty .  

As the r e su l t s  in Table 2 show, CP in fact  inhibited the product ion of blocking factor  in the an imals  
rece iv ing  the hemolysa te :  The s e r a  of these  mice  lost  the i r  abi l i ty to inhibit the immune r e sponse  of intact  
an imals  to SRBC. However ,  a t  the s ame  t ime,  CP did not change the s ta te  of hyporeact iv i ty  a r i s ing  in the mice  
a f t e r  injection of hemolysa te  (Table 3). 

It will be c l ea r  f r o m  Table 3 that 2 weeks a f t e r  injection of CP alone the r eac t iv i ty  of the an imals  was 
comple te ly  r e s t o r e d .  The hemolysa te  caused signif icant  inhibition of abi l i ty to respond  to SRBC. The effect  of 
combined injection of the hemolysa te  and CP depended on the t ime of injection of the immunodepressan t :  If it 
was injected 24 h before  the hemolysa te  the immune r e s p o n s e  of the an imals  to the t e s t  injection of SRBC was 
the s a m e  as a f t e r  inject ion of the hemolysa te  alone;  if  CP was given a t  the s a m e  t ime as  or  24 h a f te r  the 
hemolysa te ,  even s t ronge r  dep res s ion  of the immune  r e s p o n s e  was observed .  

The main  fac tor  concerned  in the fo rma t ion  of hyporeac t iv i ty  a f t e r  injection of the SRBC hemolysa te  was 
thus the s e r u m  blocking fac tor  - ant ibodies o r  (more  probably) an an t i gen -an t i body  complex.  Meanwhile the 
hemolysa te ,  under ce r t a in  condit ions,  behaved as a t rue  to terogen:  After  injection together  with CP it  caused 
specif ic  inhibition of r eac t iv i ty  in the absence  of s e r u m  blocking fac to rs .  It  can tentat ively be suggested that  
by the mechan i sms  of its development  this s ta te  differs  f r o m  the " c l a s s i c a l  n type of drug- induced to le rance  to 
SRBC (clonal el imination),  an essen t i a l  condition for  which is intensive antigenic s t imulat ion before  injection 
of CP. As was shown above,  the hemolysa te  p o s s e s s e d  e x t r e m e l y  weak immunogenic  p rope r t i e s .  Accordingly 
it  is r easonab le  to sugges t  that in this ca se  what happens is inactivation of the immunocompetent  cel ls  under 
the influence of the i m m unodep re s s an t  and antigen in a nonimmunogenic fo rm,  as has been demons t ra ted  for  
nonimmunogenic p repa ra t ions  of levan [6]. 
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