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Immunologic  to lerance  was induced in mice  by  success ive  injections of sheep ' s  red  ce l l s  
and cyclophosphamide .  During the induction of to le rance  an init ial  i nc rease  in the number  
of p l a s m a  and b la s t  ceUs in the spleen was followed by pancytopenia ,  L a t e r ,  h y p e r r e g e n e r -  
ation of the myelo id  and e ry th ro id  ce l l s  was observed ,  and this was followed by r e s to ra t i on  
of the no rm a l  cel l  composi t ion  of the spleen.  S imi la r  changes ,  with the exception of the 
ini t ial  i nc rease  in the number  of p l a s m a  and b l a s t  ce l l s ,  were  obse rved  in mice rece iv ing  
cyclophosphamide only. Subsequent injection of antigen in the to le ran t  animals  did not in-  
duce a p l a s m a - c e l l  r e sponse  by con t ra s t  both with the contro l  an imals  and with animals  
rece iv ing  cyclophosphamide only. 
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Lymphoid t i s sue  responds  to injection of an antigen not only by the fo rmat ion  on ant ibody-forming 
ce l l s  and m e m o r y  cel ls  but also by other  r eac t ions  of only re la t ive  spec i f ic i ty .  These include an inc rease  
in the number  of b las t  and p l a s m a  ce l l s  (including ce l l s  producing "nonspecif ic"  T-globul ins) ,  the fo rmat ion  
of s econda ry  fol l ic les ,  and so on. E x p e r i m e n t a l  data on the p resence  or absence of such reac t ions  in 
to le ran t  an imals  are  c o m p a r a t i v e l y  few in number  and often con t rad ic to ry  in nature  [1, 9, 11-13, 18, 19]. 
The invest igat ion of this p rob lem is of twofold impor tance :  1) to de te rmine  the comple te  c h a r a c t e r i s t i c s  
of the va r ious  fo rms  of to le rance  and the i r  poss ib le  d i f fe rences ;  2) to a s s e s s  re la t ions  between the specif ic  
and "nonspecif ic"  fo rms  of immune r e sponse .  

With these  cons idera t ions  in mind, a pa ra l l e l  study was under taken of the cytological  f ea tu res  and 
an t ibody-forming  function of the spleen in mice  in which to le rance  was induced by  consecut ive inject ions 
of sheep ' s  r ed  ce l l s  and the i m m u n o d e p r e s s a n t  cyclophosphamide .  This model  was f i r s t  subjected to a de-  
ta i led study by var ious  immunologic  and immunomorphologic  methods [2, 5-7].  

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

E x p e r i m e n t s  were  c a r r i e d  out on adult male Fi(CBA x C57BL/6)  hybr id  mice  and noninbred albino 
mice  weighing 18-25 g. To le rance  was produced by injecting sheep ' s  r ed  ce l l s  (SRBC) in t raper i tonea l ly  in 
a dose of 6 �9 109, followed 2 days l a t e r  by cyclophosphamide (CP) in a dose of 200 m g / k g .  Control  animals  
r ece ived  CP alone, antigen alone, or  ne i the r .  The animals  were  ki l led a f te r  var ious  per iods  and squash 
p repa ra t ions  obtained of the spleen,  fixed with methyl  alcohol, and s ta ined by the May-Gruenwald  method 
and counters ta ined  with a z u r e - e o s i n .  The cy tog ram of the spleen was es tab l i shed  by identifying 3000-5000 
ce l l s .  The absolute number  of cel ls  of each line was counted for  the whole spleen.  Four  analogous e x p e r i -  
ments  were  c a r r i e d  out, in which an average  of 20 mice  were  used  at  each t ime.  Some of the an imals  were  
immunized  in t ravenous ly  with a t e s t  dose of 5 �9 108 SRBC 21 days af ter  rece iv ing  the injection of CP.  The 
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n u m b e r  of an t ibody-forming ce l l s  (AFCs) in the spleen of the mice  was de te rmined  4 days l a te r  by the 
method of J e r n e  and Nordin [14] and the c y t o g r a m  of the spleen was studied.  

EXPERIMENTAL RESULTS 

The cellular composition of the spleen of the intact mice (control) was as follows (mean values, 
millions): lymphocytes 118.4, erythroid cells 42.3, myeloid cells 15.3, plasma cells 1.8, blast cells 0.9, 
dividing cells 1.5. 

The cellular composition of the spleen of mice receiving 6 �9 109 SRBC, or CP, or both is shown in 
Fig.  1 as pe rcen tages  of the contro l  level .  

Injection of a la rge  dose of antigen induced the changes usual ly  a ssoc ia ted  with antigenic s t imulat ion:  
a m a r k e d  inc rease  Init ial ly of b las t  cel ls  and l a te r  of p l a s m a  ce l l s .  By the 6th day the number  of lympho-  
cy tes  also was inc reased ;  changes in the myeloid  and e ry th ro id  ce l l s  were  not s t a t i s t i ca l ly  s ignif icant .  By 
the 9th day a f te r  antigenic s t imulat ion the cel l  composi t ion  of the spleen was bas ica l ly  back  to no rma l  
(Fig. l c ) .  

Dif ferent  changes were  induced by CP (Fig. lb) .  Ini t ial ly (after  1-4 days) pancytopenia  was obse rved  
but this was soon followed by c o m p e n s a t o r y  hype rp l a s i a  of the myeloid  and e ry th ro id  ce l l s ;  lymphopoies is ,  
by con t ras t ,  r e c o v e r e d  much l a t e r .  At l a t e r  per iods  of observat ion  the cel l  composi t ion  of the spleen 
gradua l ly  returned to n o r m a l .  

The number  of p l a s m a  ce l l s  at f i r s t  d e c r e a s e d  sharp ly ,  but l a t e r  it f luctuated within wide l imi t s .  The 
number  of b l a s t  ce l l s  co r re sponded  in genera l  to the dynamics  of the e r y t h r o - m y e l o i d  s e r i e s .  On the 
whole, the dynamics  of the changes in the cel l  composi t ion of the spleen a f te r  injection of CP co r re sponded  
to the data r e c o r d e d  p rev ious ly  [8]. 

Cel l  changes induced by the combined injection of a la rge  dose of antigen and CP (tolerogenic t r e a t -  
ment;  Fig.  la) were  more  complex  in c h a r a c t e r .  On the 2nd day of the expe r imen t  the number  of b l a s t  and 
p l a s m a  ce l l s  was cons iderab ly  i nc r ea sed .  After  the injection of CP the cel l  composi t ion of the spleen 
changed sharply :  pancytopenia  developed (3rd-6th day), followed by lymphomyeloid  hype rp l a s i a  (9th day) 
and, finally,  r e s to ra t ion  of the no rm a l  cel l  composi t ion of the spleen (23rd-91st  day). 

Adminis t ra t ion  of the immunodep re s san t  thus comple te ly  a r r e s t e d  the commencing  r e sponse  to the 
antigen. R o s e t t e - f o r m i n g  ce l l s  also d i sappeared  [2]. 

By the t ime of the t e s t  injection of antigen the cel l  composi t ion of the spleen of the to le ran t  mice was 
indist inguishable f r o m  n o r m a l  (Fig. l a ;  Table 1). Only the number  of p l a s m a  cel ls  showed a smal l  i nc rea se ,  
although this was observed  also in an imals  rece iv ing  CP alone.  However ,  the i r  r e sponse  to the t e s t  in jec-  
tion of antigen was substant ia l ly  different  (Table 1). 

Both the intact  mice and mice  t r ea t ed  p rev ious ly  with CP responded to antigen by an inc rease  in the 
number  of p l a s m a  and b l a s t  ce l l s  (by 2-3 t imes) ,  by  a smal l  inc rease  in the number  of lymphocytes ,  and 
by a w e l l - m a r k e d  speci f ie  r e sponse  - the fo rmat ion  of numerous  A FCs .  Converse ly ,  in the to le ran t  mice  
no s ta t i s t i ca l ly  s ignif icant  changes were  found in the number  of p l a s m a  or b las t  ce l l s  and lymphocytes ;  
only a v e r y  few AFCs were  fo rm ed  (30-70 t imes  fewer  than in the control) .  The format ion of r o s e t t e -  
fo rming  ce l l s  a f t e r  injection of antigen is also sha rp ly  inhibited in to le ran t  an imals  [2]. 

The absence of a p l a s m a - c e l l  r e sponse  in the to le ran t  mice in the p r e sen t  expe r imen t s  ag rees  with 
data  [11-13, 19] obtained with a d i f ferent  model  of to le rance  (high-zone to le rance  to soluble prote ins) .  Only 
some p l a s m a  ce l l s  fo rmed  in the course  of an immune r e sponse  are known to synthesize  specif ic  antibodies,  
which can be de te rmined  by the usual  methods .  A s i m i l a r  s i tuat ion occu r r ed  also in the p r e s e n t  e x p e r i -  
ments :  the num ber  of p l a s m a  cel ls  in the control  groups i nc rea sed  f rom (2-3) �9 10 ~ to (5-6) �9 106, whereas  
the number  of p laque- fo rming  cel ls  did not exceed  9 �9 104 . The method used  took into account  only 19S- 
AFCs ,  but at the t imes  of invest igat ion (4 days a f t e r  the t e s t  injection of antigen) v i r tua l ly  no 7S-antibodies 
were  synthes ized .  The 30-fold difference in the number  of newly fo rmed  p l a s m a  ce l l s  and p laque- fo rming  
ce l l s  obse rved  in the control  an imals  thus r e f l ec ted  the "nonspecif ic"  component  of  the immune r e sponse .  
I m p a i r m e n t  of this "nonspecif ic"  component  in to le ran t  animals  is of i n t e re s t  f rom the theore t i ca l  point of 
view.  E x p e r i m e n t s  have shown [3, 10, 15, 16] that  the function of the T -ce l l s  is p r i m a r i l y  affected during 
to le rance  to SRBC and prote in  ant igens.  It  can the re fo re  be postulated that  act ivat ion of the cor responding  
clone of T - c e l l s  by  the antigen and in terac t ion  between these  T - c e l l s  and "nonspecif ic ' ,  c lones  of B-ce l l s  

165 



is an essential preliminary to the plasma-cell  response. So far as the dynamics of the cytological changes 
during the induction of tolerance is concerned, this agrees well with the view that death of cell clones in- 
volved in proliferation is the leading mechanism of "drug-induced" tolerance [2, 4, 6, 7, 17]. 
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