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As a r e su l t  of the induction of to lerance  by injection of a l a rge  dose of sheep red ce l l s  
and cyclophosphamide,  the num ber  of r o s e t t e - f o r m i n g  cel ls  (~FCs) in the mouse  spleen 
fell sha rp ly  but it  r e c o v e r e d  again a f t e r  14 days.  Injection of cyclophosphamide alone 
had no effect  on the re la t ive  n u m b e r o f R F C s .  Af te r  a t es t  injection of red cei ls  the 
number  of RFCs,  l ike the num ber  of p laque- fo rming  cei ls ,  inc reased  only sl ightly in 
the to le ran t  an ima l s .  A m a r k e d  immune r e sponse  fo r  both indices was obse rved  in the 
control  an imals  (intact mice  and mice  rece iv ing  cyclophosphamide alone).  The nature 
of RFCs in an imals  to le ran t  to sheep red  ce l l s  is d iscussed .  

In r ecen t  yea r s  r epor t s  have been published that the lymphoid t issue of intact  and immune an imals  
contains ant igen-binding cells detectable  by a method based  on the immune adhesion of red cel ls  to them 
( ro se t t e - fo rming  cel ls ,  RFCs) .  Rosette fo rmat ion  has been shown to take place  because  of r e c e p t o r s  
speci f ic  to this ant igen on the su r face  of lymphoid cel ls  [6, 9, 15]. The dynamics  of the number  of RFCs 
in the course  of the immune r e sponse  and the i r  connection with the product ion of s e r u m  antibodies have 
been studied [7, 17, 20]. The re  is informat ion  in the l i t e r a tu re  on the c h a r a c t e r  of changes in the nu mb er  
of RFCs in var ious  f o r m s  of to lerance  [4, 10, 12, 18]. However ,  few facts a r e  avai lab le  on to le rance  induced 
by immunodepre s san t s  [81. 

The object  of this invest igat ion was to study the RFC population quanti tat ively a f t e r  the product ion of 
immunological  to le rance  in mice  to sheep red  ce l l s  by combined inject ions of antigen and cyc lophos-  
phamide (CP). 

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

Exper imen t s  were  c a r r i e d  out on (CBA xC57BL/6 )F I  hybrid mice  and noninbred albino mice  with a 
mean  weight of 18-23 g. To le rance  to s h e e p  red  ce l l s  was produced by the scheme  desc r ibed  e a r l i e r  [2] 
by in t raper i tonea l  inject ion of 6.2 x 108 s h e e p  r ed  c e l l s  folIowed by (43-45 h la ter)  in t raper i tonea l  injection 
of CP in a dose of 200 m g / kg .  Intact  mice  and mice  rece iv ing  CP or  sheep red  ce l l s  alone in the s a m e  
doses were  used as the control .  The tes t  injection of sheep red  ce l l s  was given in t ravenously  in a dose 
of 5 x 108 cei ls  2 weeks a f t e r  the induction of to le rance .  

The number  of 19S p laque-forming cel ls  (PFCs) was de te rmined  by the local  hemolys i s  in gel t es t  
by J e r n e ' s  method [11]. 

The number  of RFCs was de te rmined  by the method of Zaa lbe rg  [20] in the modif icat ion of Shea re r  
and Cudkowicz [17]. A suspens ion  of sp leen  cells  made up in medium No. 199 was washed twice with the 
s a m e  medium during gentle centr ifuging (1000 rpm,  5 rnin) and the concentra t ion was adjusted to 2 Xl07 
c e l l s / m l ,  The suspens ion  of sheep red  ce l l s  was washed 3 t imes  in physiological  sal ine (3000 rpm,  5-10 
rain) and then resuspended  in medium No. 199 to a concentra t ion of 5 x 107 c e l l s / m l .  A mix tu re  of equal 
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volumes of suspensions (0.5 ml of each) was incubated for 1 h 15 min at 37 ~ C and, af ter  careful resuspen-  
sion, the number of rose t tes  was counted under the microscope  in a Goryaev ' s  chamber.  Ceils with 5 or  
more  adherent  (compactly bound) red cells on their  surface were considered to be rose t te - forming .  For  
each mouse at least  four chambers  were  counted and the number of RFCs then calculated in 106 nucleated 
cells and in the spleen as a whole. 

Hemolysins and hemagglntinins in the blood were determined in the usual way by double ser ia l  di- 
lution s. 

EXPERIMENTAL RESULTS 

Two series of experiments were carried out on 150 hybrid and 200 noninbred mice. In both series 
the state of immunological reactivity to sheep red cells was investigated after treatment of the animals 
by the scheme described above at various times before and after test injection of the antigen. The num- 
ber of 19S-PFCs and -RFCs was determined in parallel tests in the spleen of the experimental and control 

animals .  

The resul ts  of determination of the number  of RFCs in the hybrid mice on the 7th and 14th days af ter  
the induction of tolerance a re  given in Table 1. Clearly the number of RFCs, expressed both in 10 a 
nucleated cells and in the whole spleen, was much lower by the 7th day in the tolerant  mice than in the 
intact animals and also in the animals receiving an injection of CP (P < 0.0001). In the animals receiving 
CP alone a marked  decrease  in the number  of RFCs compared with the intact mice was observed only when 
calculated for  the whole spleen, because of a sharp decrease  in the total number of nucleated cells in the 
spleen as a resul t  of the action of CP. 

Tests on the 14th day showed that at  the time of the test  injection of antigen the number  of RFCs in 
the tolerant  animals was back to the level r ecorded  in the intact mice.  Some increase  in the number of 
RFCs in the spleen of the tolerant  animals and of the animals receiving CP could be connected with active 
prol i ferat ion of the lymphoid tissue of the spleen taking place by that t ime.  

Th e production of 19S-PFCs on both the 7th and 14 days of the investigation was very  low in the 
animals of alI groups.  Ti ters  of hemagglutinins and hemolysins in the blood serum of the tolerant animals 
did not differ significantly f rom those in the intact mice (from below 1/10 to 1/20). The number  of RFCs 
and PFCs in the spleen of the animals receiving 6.2• 109 Sheep red  cells  intraperi toneally was 1-2 orders  
of magnitude higher than in the mice  of all the other  groups.  

The results  of the study of the dynamics of the RFC and PFC populations in the spleen of the hybrid 
mice  at different t imes af ter  test  injection of sheep red  cel ls  are  given in Fig.  1. This shows that the 
immune response of the tolerant  mice was significantly lower  for all indices than the react ion of animals 
receiving CP alone. On the 6th-10th day the number of RFCs in the animals previously receiving CP was 
close to the level in the control,  immunized mice,  whereas  in the tolerant  animals the number  of RFCs was 
within the l imits of the original  level  o r  slightly higher. 

Hemolysins were  absent f rom the blood se ra  of the tolerant  animals (t i ter  below 1/10 compared with 
1/640-1/1280 in the immunized controls) ,  and the hemagglutinin t i ters  were sharply reduced (mean 1/40 
and ! /1280,  respectively).  Comparison of the dynamics of the change in serum hemagglutinin t i ters  with the 
dynamics of the change in the number of RFCs showed definite corre la t ion between them in the animals 

of all groups.  

Similar changes in all indices were observed in the experiments  on noninbred mice.  The quantitative 
differences between the experimental  and control  groups w e r e  a little Iess marked in the noninbred mice,  
possibly on account of the lower  level of immunological  tolerance which they developed. 

The resul ts  thus demonstrate  that af ter  a tes t  injection of antigen the number of RFCs and PFCs and 
the hemagglutinin and hemolysin t i ters in the tolerant  animals were sharply reduced by comparison with 
mice of the control  groups,  The absence of any increase  in the number  of RFCs in the tolerant animals 
af ter  a test  injection of antigen also was observed by the study of other models of to lerance [12, 18]. 

It is more  difficult to in te rpre t  the quantitative changes in the RFC population ar i s ing  as a resu l t  of 
the induction of tolerance in the animals  (before the tes t  injection of antigen). According to some obse rva -  
tions [12], the number of RFCs in animals in which tolerance was induced tn the ear ly  postnatal period 
subsequently was indistinguishable f rom normal .  Investigations by other  workers  show that at shor t  
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Fig. 1. Dynamics  of changes in number  of RFCs (a) and !~FCs (b) in hybr id  
mice  to le ran t  to sheep r ed  cel ls ,  a f t e r  t e s t  injection of antigen: 1) to le ran t  
mice ;  2) an imals  rece iv ing  C1 ) only; 3) intact  immunized  mice .  Absc i s sa ,  
day of investigation; ordinate ,  number  of RFCs (a) and of PFCs  (b). 

t imes  a f t e r  the induction of to lerance  in adult an imals  the number  of RFCs in the spleen is significantly 
lowered [4, 8]. In the p r e s e n t  exper imen t s  the number  of RFCs was significantly lower  on the 7th day 
a f t e r  the induction of to le rance ,  but was back to normal  by the 14th day. Injection of CP alone did not 
affect  the re la t ive  (expressed pe r  10 e cells) number  of RFCs,  in a g r e e m e n t  with the observa t ions  of Bach 
and Dardenne [5]. 

The d e c r e a s e  in the RFC level  in the ea r ly  s tages  a f t e r  the induction of to lerance  accords  with the 
view that during the induction of to lerance  Iymphocytes  with specif ic  affinity for  the pa r t i cu l a r  antigen 
concerned a r e  e l iminated [3, 16]. I t  is more  difficult to explain the r e s to ra t ion  of the number  of RFCs 
that  takes  place l a t e r .  It is c l ea r  f rom the r e su l t s  descr ibed  that  the an imals  still  r ema ined  to lerant  at 
these  t imes .  Even 3-4 weeks a f t e r  the induction of to lerance  the specif ic  immunological  reac t iv i ty  of the 
lymphocyte  population was significantly lowered [1]. 

Despi te  the r e s to r a t i on  of the or iginal  RFC level ,  the inability of the animals  to give a complete  
immune response  demons t ra t e s  the qual i tat ively different  c h a r a c t e r  of the RFC population in the to le ran t  
an imals .  Under normal  conditions the RFCs include cells  of both thymus and bone m a r r o w  origin,  whose 
role  differs  s ignif icantly in the fo rmat ion  of the immune response  [6, 9, 15]. In the l a t e r  s tages  of 
to lerance  a deficiency of competent  T-cel ls  can be observed ,  despite the r e s to ra t ion  of the normal  number  
of p r e c u r s o r s  of ant ibody-forming cel ls  [13, 14, 19]. The r e s to r a t i on  of the total  number  of RFCs in the 
p r e s e n t  expe r imen t s  may  pe rhaps  re f l ec t  this p a r t i c u l a r  phase  of to le rance .  This  hypothes is ,  of course ,  
r equ i res  exper imenta l  conf i rmat ion.  

A cer ta in  propor t ion  of the RFC population is a lso  known to consis t  of cel ls  ac t ive ly  s ec re t i ng  ant i -  
bodies [6, 7, 12, 17]. The w r i t e r s  have previous ly  pointed out that " incomple te"  antibodies,  maintaining 
immunological  r eac t iv i ty  against: the pa r t i cu l a r  antige n concerned,  a r e  found in the blood of an imals  in 
the late s tages  of to lerance  [1]. Most  probably,  the re fo re ,  some  of the RFCs in to le ran t  an imals  a r e  
respons ib le  for  the product ion of these ant ibodies.  
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