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Injection of spleen cel ls  (SC) of syngeneic animals immunized with large doses  of sheep' s red 
cells (SRBC) into intact mice led to marked specific suppression of the immune response of the 
recipients.  The highest suppressive activity was shown by" SC taken from donors on the 14th 
day after intraperi toneal  injection of SRBC. The SC of intact animals and of mice receiving a 
pre l iminary  injection of rat  red ceils  did not affect the immune response of the intact recipients 
on immunization with SRBC. Trea tment  of the immune SC with anti-T se rum (ATS) or anti-B 
globulin (ABG) and complement considerably reduced or completely abolished the suppressive 
activity. Injection of a mixture of two suspensions of immune SC, one treated with ATS and the 
other with ABG, into intact recipients  did not lead to suppression of the immune response.  It is 
postulated that the suppressor  ceils in this par t icular  model are T lymphocytes,  express ing 
common antigens or antigens c r o s s - r e a c t i n g  with B ceils. 
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The process of immunogenesis is due to interaction between different subpopulations of immunocompetent 
cells [3]. Thymus-dependent lymphocytes (T cells) are able to regulate antibody synthesis by B cells [8]. One 
way of regulation of immunogenesis is through depression of the immune response by suppressor cells. The 
existence of such cells has been shown in various models [4, 7]. In particular, it has been shown that after im- 
munization of mice with sheep 's  red cells (SRBC) cells capable when transplanted into intact animals of spe-  
cifically suppressing the immune response appear in the mice [11]. 

The object of this investigation was to determine optimal conditions for manifestation of the suppression 
phenomenon and also to attempt to descr ibe  the charac ter i s t ics  of suppressor  cells. 

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 adult (weighing 18-25 g) male C3H/He and DBA/2 mice and 
(CBA • C57BL/6)F 1 hybrids and also on C3H/He male mice from the Stolbovaya n u r s e r y .  The general scheme 
of the experiments  was as follows. The mice donating the spleen cells (SC) were immunized by intraperi toneal  
injection of SRBC (different doses).  At various t imes after  immunization the spleens of the animals were taken 
and a cell suspension prepared from them; after washing twice in medium No. 199 with antibiotics on the cen- 
trifuge, the suspension was injected intravenously into intact syngeneic mice. After 20-30 rain the recipients 
of the immune spleen cells (ISC) received an intraperi toneal  injection of SRBC in a dose of 2 • 108. Five days 
later, the number of 19S-antibody-forming cells (AFC) in the spleens of the mice was determined by the local 
hemolysis in gel method [6]. In the experiments  to study the specificity of the phenomenon, rat  red cells  
(RRBC) were used. In some experiments  rabbit  ant iserum against mouse T lymphocytes (ATS) and antiglobulin 
against B lymphocytes (ABG), prepared as descr ibed previously [1],  were used. Control experiments  demon- 
s t ra ted that the preparat ions  used were sufficiently effective and specific. 
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Fig.  1. Speci f ic i ty  of phenomenon of suppres s ion  of immune re sponse .  
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Fig.  2 

Here and in Fig.  2, o r d i -  
nate:  n u m b e r o f A F C  i n s p l e e n :  a) number  of AFC de te rmined  in r eac t ion  with SRBC in mice i m -  
munized with 2 x 108 SRBC af te r  inject ion of 5 x 107 ISC (1), 5 • 107 sp leen  ce l l s  of mice i m m u -  
n izedwi thRRBC (2), 5 • 107 spleen ce l l s  f rom intact mice (3), and in mice not r ece iv ing  spleen 
ce l l s  (4); b) number  of AFC de t e rmined  in r eac t ion  with SRBC (1, 2) and RRBC (3, 4) in mice 
immunized with a mixture  of 2 x 108 SRBC and 2 • 108 RRBC af ter  inject ion of 5 x 107 ISC (1, 3) 
or not r e c e i v i n g  spleen ce l l s  (2, 4). 

Fig .  2. Effect  of ATS and ABG on supp re s s ive  ac t iv i ty  of ISC: a) (CBA • C57BL/6)F 1 hybrid 
mice;  b) DBA/2 mice.  1) Intact  mice;  2) mice r e c e i v i n g  2 x 107 ISC, t r e a t e d  with complement  
only; 3) mice r ece iv ing  2 • 107 ISC, t r ea ted  with ATS and complement ;  4) mice r ece iv ing  
2 • 107 ISC, t r ea t ed  with ABG and complement ;  5) mice r ece iv ing  mixture  of 2 x 107 ISC, t r e a t e d  
with ATS and complement ,  and 2 x 107 ISC t r ea t ed  with ABG and complement .  All  mice i m m u -  
nized with 2 • l0  s SRBC. 

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

In the exper imen t  to r eproduce  the phenomenon of suppress ion  of the immune re sponse ,  50 mil l ion ISC 
f rom donors  k i l led  on the 14th day af te r  immunizat ion  with SRBC in a dose 3 • l0 s were  injected in t ravenously  
into intact r ec ip i en t  C3H/He mice.  Under these condit ions a high degree  of d e p r e s s i o n  of the number  of AFC 
in the r ec ip i en t s  of the ISC was observed.  In the control  {injection of 2 • 108 SRBC alone) the number  of AFC 
was 33,810 (from 28,080 to 40,700) per  spleen,  compared  with 1652 (1097-2486) af ter  in ject ion of ISC and 
SRBC. Subsequent e x p e r i m e n t s  showed that the suppres s ion  phenomenon is a l so  r ep roduced  af ter  immunizat ion 
of donors  with a s m a l l e r  dose of SRBC and, for that r eason ,  in most ca se s  (excluding spec ia l  exper iments )  the 
donors  of the ISC were  immunized with SRBC in a dose of 5 • 108 . 

The r e su l t s  of inves t iga t ion  of the spec i f i c i ty  of the phenomenon a r e  given in Fig .  1. As Fig .  l a  shows 
ne i the r  sp leen  c e l l s  of intact  mice  nor  sp leen  ce l l s  of a n i m a l s  immunized  with RRBC in a dose  of 5 x 108, 
when injected in t ravenous ly  into intact  r e c ip i en t s ,  followed by i n t r a p e r i t o n e a l  in ject ion of SRBC, reduce  the 
immune r e sponse  compared  with mice  r ece iv ing  SRBC alone,  whereas  inject ion of ISC d e p r e s s e s  the immune 
r e sponse  to SRBC cons ide rab ly  (by 85%). It is  c l e a r  f rom Fig .  l b  that  in ject ion of ISC f rom a n i m a l s  i m -  
munized with SRBC into intact  r e c ip i en t s ,  followed by immuniza t ion  of these  an ima l s  with a mix ture  of SRBC + 
RRBC, does  not affect  the number  of AFC to RRBC compared  with the cont ro l .  

In the next s e r i e s  of expe r imen t s ,  c a r r i e d  out on (CBA • C57BL/6)F 1 hybrid mice,  the effect of the dose 
of SRBC and the t ime e laps ing  af ter  immunizat ion of the donor mice on the abi l i ty  of the i r  spleen ce l l s  to sup-  
p r e s s  the immune r e sponse  af ter  t r a n s f e r  to intact  r ec ip i en t s  was studied. As Table 1 shows, mouse spleen 
ce l l s  at d i f ferent  t imes  af ter  immunizat ion  in doses  of 5 • 108 and 5 • 109 had the abi l i ty  to supp re s s  the im-  
mune r e sponse  of the intact r ec ip i en t s  (P < 0.001 compared  with the control) ;  moreover ,  the ISC of donors  
taken on the 14th day af te r  immunizat ion had the highest  suppres s ive  act ivi ty .  Wben spleen ce l l s  f rom mice 
immunized with 5 x 106 SRBC were used, only ISC f rom donors  taken on the 14th day af ter  immunizat ion  
p o s s e s s e d  the abi l i ty  to reduce  the immune r e sponse  of the r ec ip i en t s  (P < 0.05). 

Effect ive supp re s s ion  of the immune r e sponse  in the (CBA x C57BL/6)F~ hybrid mice and DBA/2 inbred 
mice was obse rved  only af ter  inject ion of ISC not t r e a t e d  with ATS or  ABG (Fig. 2). In this s e r i e s  of e x p e r i -  
ments t r e a tmen t  of ISC f rom hybrid mice with ATS before  t r a n s f e r  into intact  syngeneic  r ec ip i en t s  cons iderab ly  
reduced the supp re s s ive  effect  (Fig. 2a). ABG reduced  the abi l i ty  of the ISC to supp re s s  the immune r e sponse  
by the same  degree .  However,  ne i ther  of the p r e p a r a t i o n s  used comple te ly  abol ished the suppres s ive  power of 
the ISC of hybrid mice :  The degree  of r e s idua l  supp re s s ion  (after t r e a tmen t  with ATS or ABG) was low (two 
th i rds  of the control  value), but was s t i l l  s ign i f ican t  (P < 0.01). T rea tmen t  of ISC f rom DBA/2 mice with ATS 
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TABLE 1. Effect of Dose of SRBC and Time after Immunization on Suppressive Activity 
of Spleen Cells of Immune Mice 

Time after immunization of mice donating ISC, days 
Dose of SRIR= 

7 14 28 

5X 106 

5• s 

5• 106 

Coatrol 

93 110 ~ 1,194 (n=6) 
45 600 ~ t,096 (n= 12) 

39 990~ 1,135 (n=9) 

43 350 i 1,377 (n=5) 

r0 190~ 1,294 (n~ll} 
12 790:t 1,189:(n~ 12) 

92 900"~ 1.099 (n= II) 

93 a30 ~- 1,072 (n=6} 

20 4202 1,189 (n=6) 

21 780 ~-'1.334 (n=6} 

Legend. Geometr ic  mean numbers  of AFC in spleen with standard e r r o r  given, 
Number of mice shown in p a r e n t h e s e s .  

or  ABG led to complete loss of the ability of the ISC to suppress  the immune response of intact syngeneic r e -  
cipients (Fig. 2b). To discover  whether this phenomenon of suppression is due to synergic  participation of ISC 
subpopulations differing in their sensit ivity to ATS and ABG, or whether one ~C subpopulation equally sensitive 
to both ATS and ABG is responsible for this effect, a mixture of two suspensions, one consisting of 20 miltion 
ISC treated with ATS and the other of 20 million ISC incubated with ABG, was injected into intact DBA/2 mice. 
The resul ts  showed that injection of this mixture of cells did not affect the immune response of the intact r e -  
cipients to SRBC. 

The resul t s  show that spleen cells of mice of different strains,  immunized with SRBC, on adoptive t r ans -  
fer into intact syngeneic recipients inhibit the immune response of the latter to injection of specific antigen. 
This phenomenon was most marked when sufficiently high doses  of antigen were used to immunize the mice 
donating the immune cells and when the spleen cells were taken 2 weeks after immunization. 

When discuss ing the mechanisms of the phenomenon the f i rs t  essent ial  is to examine the possibility of 
depress ive  action of antibodies, notably IgG, formed by transplanted ISC in response to secondary stimulation 
by the antigen (regulation of feedback type) [2, 10]. However, this possibili ty is ruled out by the resul ts  of 
pre l iminary  experiments  which showed that t reatment  of the donors of the ISC with cyclophosphamtde in doses 
virtually completely suppressing the secondary immune response to SRBC (both in situ and in adoptive t r ans -  
fer) did not significantly reduce the ability of these ISC to exer t  their suppressive effect. It can therefore  be 
concluded that this phenomenon is based on cellular mechanisms.  The sensitivity of suppressors  of ISC to ATS 
suggests  that immune mice contain T cells which participate in specific suppression of the immune response,  
confirming resul ts  obtained by other workers  using the same model [11]. 

In the present  wr i te rs '  view, the most interesting fact is the sensitivity of cells participating in suppres -  
sion not only to ATS, but also to ABG, revealed by this investigation. Since injection of a mixture of two sus-  
pensions of ISC, one treated with ATS and the other with ABG, into intact recipients  did not affect the rec ip i -  
ents' immune response,  it can be presumed that this effect of suppression is due to one population of ISC 
sensitive to both ATS and ABG. It is stated in the l i terature that antigens s imi lar  to antigens of B cells can be 
expressed on the surface of activated mouse T cells [9] and cor t i sone-sens i t ive  thymocytes of ra ts  which, in 
all probability, part icipate in the suppress ion of the immune response [ 5]. The sensit ivity of the suppressor  
cells to both ATS and ABG, as these experiments  showed, possibly ref lects  this rule, namely the expression 
on T cells on antigenic s t ruc tures  common to them and B ceils as a resul t  of activation by ery throcyt ic  antigen 
in vivo. 

The authors are grateful  to N. A. Kraskina and M. Z. Blyakher for help with obtaining the serum prepa-  
rations and testing their  activity.  
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