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E F F E C T  OF S P O N T A N E O U S  LOSS OF T O L E R A N C E  ON T 

AND B L Y M P H O C Y T E  F U N C T I O N  IN M I C E  

I .  A .  K o n d r a t ' e v a ,  T ,  K.  N o v i k o v a ,  
a n d  L.  N .  F o n t a l i n  

UDC 612.112.94.017.1 

Functional activity of spleen and thymus cells of mice tolerant to sheep's red blood cells was 
studied 1 and 4 days after induction of tolerance. Tolerance was obtained with the aid of cyclo- 
phosphamide. Complete restoration of the immunocompctence of the thymus cells was found 
after 4 weeks. The functional activity of splenic T and B lymphocytes also was partly restored 
4 weeks after induction of tolerance. Prel iminary thymectomy weakened but did not prevent 
complete restorat ion of competence of splenic T cells. No T suppressors were found in the 
thymus and spleen of the tolerant animals. 

KEY WORDS: immunologic tolerance; T and B lymphocytes; T suppressors; thymectomy. 

In the absence of an antigen immunologic tolerance is spontaneously lost with the passage of t ime. In 
some forms of tolerance which has received the most study, function of the B cells is restored first ,  whereas 
the helper function of the T cells remains inhibited for several months [8]. Meanwhile, in tolerance induced 
by thymus-dependent antigens with the aid of cyclophosph~mide (C1)), partial recovery of the immunoreactivity 
of the lymphocytes in situ or in an adopted system was observed within 3 or 4 weeks [5, 7]. 

The object of the present investigation was to study the functional status of the B cells, T helpers, and 
T suppressors of the spleen and thymus in the stages of formation and partial loss of tolerance to sheep's 
red blood cells (SRBC), induced with the aid of C1). Because of the contradictory nature of data in the l i tera-  
ture  on the effect of thymectomy on formation and loss of tolerance [2, 7, 9, 12-14] it  was decided to study 
the function of T and B lymphocytes in thymectomized animals subjected to the above-mentioned tolerogenic 
treatment. 

EXPERIMENTAL METHOD 

Male CBA and (CBA xC57BL/6}F l mice weighing 18-22 g were used. Tolerance to SRBC was induced 
by intraperitoneal injection of SRBC (6.2 �9 10~ and CP (200 mg/kg). Control animals either received CP alone 
or  were untreated. Tolerance was investigated 1 and 4 days after injection of C1). Thymectomy was performed 
on the animals 2 weeks before induction of tolerance. The donors' cells were injected intravenously into 
syngeneic recipients previously irradiated in a dose of 950 R (separately or in various combinations}, indoses 
of 5 �9 10 Y thymus and spleen cells of the experimental mice, 1 �9 10 Y to 5 �9 10 ~ intact bone marrow cells, and 1 �9 
10 ? intact spleen cells. Simultaneously with the cells the animals received 2 �9 106 SRBC, and 4 days later  a 
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Fig .  1. I m m u n o l o g i c  ac t iv i ty  of  thymus  ce l l s  of  
t o l e r an t  an imals  at va r ious  t i m e s  of  i nves t iga -  
t ion  a f t e r  to le rogenic  t r e a t m e n t .  THYtol.I ,  
THYtol.4) Thymocy tes  of  t o l e r an t  m i c e  1 and 4 
weeks  r e s p e c t i v e l y  a f t e r  induction of to le rance ;  
THYn, BM n) thymus  and bone m a r r o w  cel l s  of 
in tac t  donors  r e spec t ive ly .  H e r e  and in Fig .  2: 
a b s c i s s a ,  num be r  of  AFC in r e c i p i e n t s '  spleen.  
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Fig .  2. Effect  of  A T G  on coopera t ive  ac t iv i ty  of  
sp leen  ce l l s  of  t o l e ran t  and  intact  an ima l s .  TttYn, 
BMn, SPLn) Thymus ,  bone m a r r o w ,  and spleen 
ce l l s  r e s p e c t i v e l y  of  in tac t  donors;  SPLtol)  sp leen 
ce l l s  of to le ran t  donors  1 week a f t e r  to le rogenic  
t r e a t m e n t ;  i n c S P L ,  ATG-SPL)  spleen ce l l s  in -  
cubated with no rma l  r abb i t  s e r u m  o r  with ATG 
re s pec t i ve l y .  

f u r t h e r  in t r ape r i tonea l  inject ion of  5.108 SRBC. On the  8th day a f t e r  t ransp lan ta t ion  the an ima l s  were  killed 
and the number  of  an t ibody- fo rming  ce l l s  (AFC) in the  spleen was counted by J e r n e ' s  method.  

In some  expe r imen t s  the  spleen cel ls  were  pre incubated  at  37~ for  45 rain with r abb i t  an t i -T  globulin 
(ATG), obta ined in the  w r i t e r s '  l a b o r a t o r y  by the  method desc r ibed  in [3]. In pa ra l l e l  t e s t s  the ce l l s  were  
t r e a t e d  with n o r m a l  r abb i t  s e r u m .  

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

In the e x p e r i m e n t s  of  s e r i e s  I the dynamics  of he lper  ac t iv i ty  of thymocytes  of to le ran t  an imals  was 
s tudied  in a coopera t ive  t e s t  1 and 4 weeks a f t e r  to le rogenic  t r e a t m e n t .  The r e s u l t s  of t hese  exper imen t s  
a r e  s t tmmar i zed  in Fig.  1. They show that  1 week a f t e r  induction of t o l e r ance  the thymocytes  we re  unable to 
coope ra t e  with in tac t  bone m a r r o w  ce l l s  {group 1), in good a g r e e m e n t  with p rev ious  r e s u l t s  showing injury 
pl"edominantly to T he lpe r s  in th is  f o r m  of t o l e rance  [4, 6, 10]. The level  of  the immune  r e s p o n s e  a f t e r  4 
weeks  during coopera t ion  between thymocy tes  of the  exper imenta l  m ice  and intact  bone m a r r o w  ce l l s  (group 
2) co r r e sponded  to that  o b s e r v e d  during coopera t ion  of intact  lymphocytes  (group 3). TILTS indicated r e s to r a t i on  
of the he lpe r  ac t iv i ty  of  the  thymocy tes  1 month a f t e r  induction of to l e rance .  The  thymocytes  of  the to le ran t  
an imals ,  when inves t iga ted  1-4 weeks l a t e r ,  did not supp re s s  coopera t ion  of intact  T and t3 ce l l s  (groups 4 
and 5), which p roved  tha t  the  thymocy tes  studied had no s u p p r e s s o r  act ivi ty .  

The  r e s u l t s  of  the  next  s e r i e s  (II) of  exper iments ,  devoted to the study of r e s to r a t i on  of i m m u n o e o m p e -  
t ence  of splenic  T and B lymphocy tes  of t hym e c tomized  to le ran t  an imals  a r e  given in Table  1. Ju s t  as  in the 
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TABLE 1. Dynamics  of  Res to ra t i on  of  Immunocompe tence  of  T and 
B Lymphocy te s  in Thym e c tomized  To le ran t  Animals  
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Mg 

14 
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566 
45 

1094 
340 

27 478 
3! 806 

I0 277 
93 32t 
17 582 
55 849 

104 765 
50 232 

334 908 
270 557 

26 
22 

�9 11 856 
127 103 

confidence 
intervals 

<141 
1 475--4 436 

335--955 
<182 

b-'~--I 735 
194--596 

14 510--52 039 
22 276--45 307 

5 084--20 785 
5! 808--168 t15 

8 985--34 394 
34 547--90 280 
72 207--15t 852 
27 297--92 444 

234 167--479 153 
II0 459--66! 912 

<52 
<1113 

7 718--18 217 
83 952--192 296 

Legend- te) t h y m e c t o m i z e d  m i c e ;  normal )  intact  mice ;  cp) m i c e  
r ece iv ing  200 m g / k g  CP; tel)  t o l e r an t  m i c e .  

expe r imen t s  of  s e r i e s  I ,  the expe r imen t s  w e r e  c a r r i e d  out 1 and 4 weeks a f t e r  to lerogenic  t r e a t m e n t .  I t  will 
be  c l e a r  f r o m  Tab le  I tha t  a t  the  f i r s t  t i m e  of tes t ing  (1 week) both the t h y m e c t o m i z e d  (group 1) and the non-  
t h y m e c t o m i z e d  an i m a l s  (group 4) w e r e  equally well amenab le  to induction of  to le rance ,  and the spleen ce l l s  
of  t hese  an ima l s  we re  unable  to f o r m  ant ibodies .  In both c a s e s  the i r  immunoreac t iv i t y  was l a rge ly  r e s t o r e d  
on the  addition of  in tac t  t hymocy te s  (groups 2 and 5), whe rea s  intact  bone m a r r o w  cel l s  acted l e s s  effect ively 
(groups 3 and 6). Th is  indicated the  fo rma t ion  of t o l e r ance  of the  T cell  type.  Incidentally,  the level  of the 
immune  r e s p o n s e  during coopera t ion  between lymphocy tes  of t hymec tomized  to l e ran t  mice  and thymocy tes  of 
in tac t  donors  (group 2) was  s ignif icant ly higher  than in nonthymectomized  to l e r an t  an imals  (group 5). 

During t e s t s  c a r r i e d  out a f t e r  4 weeks (Table  1) the splenic lymphocytes  of  both t hymec tomized  (group 
9) and nonihymectomized  (group 12) t o l e r an t  donors  r e s t o r e d  ability to f o r m  antibodies,  evidence that  the T 
lymphocy te s  had spontaneously e m e r g e d  f r o m  the s ta te  of  nonrespons iveness  and tha t  t he i r  he lper  function 
was  r e s t o r e d .  The addition of intact  t hymocy te s  to spleen ce l l s  of t hymec tomized  (group 10) and nonthymec-  
t omized  (group 13) t o l e r an t  donors  brought  the immune  r e s p o n s e  to the s a m e  level ,  poss ib ly  because  of  the  
ident ical  ma tu r i t y  of  the  B ce l l s  of  the two g roups  of an imals .  A di f ferent  p i c tu re  was o b s e r v e d  on the addition 
of  bone m a r r o w  ce l l s  of  in tact  donors  to the t e s t  sp leen ce l l s .  In both c a s e s  (groups 11 and 14) the  immuno-  
logic act ivi ty  of  the lymphocy tes  was v i r tua l ly  unchanged. 

In the  e x p e r i m e n t s  of  s e r i e s  III  the  ac t ionof  ATG on immunoreac t iv i ty  of splenic lymphocytes  of t o l e ran t  
and in tac t  donors  was  studied in a coope ra t ive  t e s t  I week a f t e r  induction of to l e rance .  The r e s u l t s  of these  
expe r imen t s  a r e  given in Fig .  2. They  show tha t  ATG s u p p r e s s e d  the  immunologic  powers  of the  T lympho-  
cy tes  of  the  in tac t  sp leen (compare  g roups  7 and 6, 2, and 8). Incubation with ATG did not change the  i m m u n e -  
r eac t i v i t y  of  the  splenic lymphocy tes  of t o l e r an t  an imals ,  and during coopera t ion  with thymocy tes  of  in tact  
donors  (group 5) they p roduced  the s a m e  num ber  of AFC as  a f t e r  t r e a t m e n t  with no rma l  r abb i t  s e r u m  (group 
4). However ,  the  leve l  of the  i m m u n e  r e s p o n s e  in both c a s e s  (groups 4 and 5) r e m a i n e d  much lower  than th~ 
cor~rol  {groups 2, 6, and 8)~ The  fac t  tha t  no i n c r e a s e  in the  in tens i ty  of the  immune  r e s p o n s e  was ob se rv ed  
in group 5 c o m p a r e d  with group 4 con f i rmed  the  absence  of ac t ivat ion of T s u p p r e s s o r s  in th is  f o r m  of  t o l e r -  

anceo 

I t  can be  concluded f r o m  t h e s e  r e s u l t s  tha t  during spontaneous loss  of  t o l e r ance  the  he lpe r  function of 
the  T ce l l s  of thymus  and spleen and a lso  the  speci f ic  immunoreac t iv i ty  of  the  splenic B ce l l s  a r e  r e s t o r e d .  
The  p r o c e s s  of  r e s t o r a t i o n  of function of  the  T ce l l s  i s  significantly r e t a r d e d  by preceding  thymec tomy.  No 
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sign of participation of T suppressors  in the formation or  maintenance of tolerance could be found. These 
conclusions are  in agreement with experimental data obtained previously on the nature of this particular form 
of tolerance [1, 2, 4-6, 10]. 

Some unsolved problems must  receive  special attention. In particular,  the reasons for  the more ef- 
fective cooperation of intact thymocytes with splenic B cells  of thymectomized donors 1 week after induction 
of tolerance (Table 1, group 2) compared with the B cells  of tolerant nonthymectomized mice (group 5), is not 
yet  known. In the la t ter  stages of the investigation this difference disappeared (Table 1, groups 10 and 13). 
The causes of the effect of thymectomy on the process  of formation of tolerance in the population of B cells 
has not yet been explained. 

Another problem arising during the analysis of the experimental results  is that of the causes of partial 
restoration of immunoreactivity of the spleen cells of thymectomized tolerant anita, is  (Table 1, groups 9 
and 1). This restorat ion of immunorenctivity cannot be ascribed to an increase in the number of immune- 
competent B lymphocytes as tolerance is lost  (Table 1, groups 9 and 3). 

Part ial  restoration of the helper function of the lymphoeytes in the absence of the thymus can be ex- 
plained either by the formation of new clones of immature T cells capable of functioning as helpers [11] or  
by the revers ib le  character  of toleroge~xic inactivation of the T cells [1] or, finally, by proliferation of T cells 
left undamaged after tolerogenic treatment.  It is too early as yet to decide which of these possible explanations 
is to be preferred.  
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