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Immunological competence of T and B lymphoeytes of mice was studied 7 days af ter  induction 
of to lerance  by injection of a mass ive  dose of sheep 's  r ed  cells and cyclophosphamide. The 
abili ty of lymphoeytes of the to lerant  mice to tafluenee cooperat ion between normal  T and B 
lymphocytes also was investigated. This pa r t i cu la r  f o r m  of to lerance  was shown to be due 
not to suppressor  T cel ls ,  but to a t rue  deficiency of "helper" T cells (in both the thymus and 
spleen} and, to some extent  also, of B cells ( inthe spleen}. The v e ry  small  deficiency of B 
cells in the bone mar row was connected with the nonspecific action of cyclophosphamide. It 
is postulated that cyclophosphamide se lec t ive ly  el iminates  cells prol i fera t ing under the in- 
fluence of the antigen. 
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The status of T and B lymphocytes in various fo rms  of to lerance  has not yet  been sett led.  In t o l e r -  
ance induced in adult animals by cyclophosphamide (CP} some workers  have observed  predominant ly  de-  
p re s s ion  of the function of the pe r iphera l  T cells  [9], whereas  others  have observed  total (including the thy-  
mus} suppress ion of the T-ce l l  population [8], and a th i rd  group predominant ly  inhibition of function of the 
B cells [10]. Meanwhile repor t s  have recen t ly  been published of the exis tence of so -ca l l ed  suppresso r  T 
cells i n  various forms  of to lerance  [5, 7]. 

The object  of this investigation was to study the abil i ty of T and B cells of the cent ra l  and per iphera l  
lymphoid organs of mice rece iv ing  the complete (sheep's  r e d  cells +CP) or  incomplete (red cells or  CP) 
tolerogentc  t r ea tmen t  to cooperate  with normal  ceils in the immune response ,  and also to study the possible  
suppresso r  p roper t i es  of the lymphocytes of the to lerant  animals.  

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

Strata  F 1 (CBA • C57BL/6) mice were  used. Tolerance  to sheep 's  r ed  cells was induced by in t ra-  
per i toneal  injection of 6.2 x 109 sheep 's  r ed  cells followed (after 42-45 h) by injection of CP in a dose of 
200 mg/kg [1]. Control animals r ece ived  one of the ingredients of the complete to lerogentc  t rea tment .  The 
investigation was ca r r i ed  out 7 days af ter  the injection of CP. 

To study the status of the T and B lymphocytes ,  suspensions of thymus,  spleen,  and femora l  bone 
mar row cells of the exper imenta l  and control  animals and also of intact animals were  injected in t rave-  
nously into syngeneic i r rad ia ted  (800 R, cobalt source ,  2-4 h before  t ransplantat ion of the cells} rec ipients .  
The cells were  injected e i ther  separa te ly  or in different  combinations,  in a dose of 5" 10 ~ thymocytes  and 
spleen cells and 1- 107 bone mar row cells .  Simultaneously with the cel ls ,  the rec ip ien ts  rece ived  2 �9 106 
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TABLE 1. Immunologica l  Ac t iv i ty  of T and B 
Cells f rom Different  Organs of Tolerant  and 
Control Mice 
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Legend. Norm) Intact  donors;  AG) donors r e -  
ceiving 6.2.  l0  s s he e p ' s  r e d  ce l l s  9 days p r e -  
viously;  CP) donors r e c e i v i n g  200 m g / k g  CP 7 
days p rev ious ly ;  TOL) donors r ece iv ing  com-  
p le te  to le rogen ic  t r e a t m e n t  (sheep 's  r e d  cel ls  + 
CP). 

sheep ' s  r e d  ce l l s ,  with a fur ther  inject ion of 5 �9 108 sheep ' s  r e d  cel ls  4 clays l a t e r .  The r e c i p i e n t s  were  
k i l l ed  8 days a f te r  inject ion of the ce l l s  and the number  of an t ibody- fo rming  ce l l s  (AFCs) in t he i r  sp leen  
was de t e rmined  by J e r n e ' s  method. 

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

Data showing the immunological activity of the T and B cells from the central and peripheral lym- 
phoid organs of the various groups of animals are summarized in Table 1. Clearly after injection of thy- 
mus and bone marrow cells of intact donors separately into irradiated recipients, no immune response was 
found in the spleens of the recipient mice (groups i and 2), whereas their combined injection led to the for- 
mation of many AFCs (group 3). 

The next groups (4-9) follow the data showing the presence of immunologically competent lympho- 
cytes  in the thymus of the expe r imen ta l  an ima l s .  As Table 1 shows,  t r e a t m e n t  of the animals  with CP alone 
induced a sma l l  but not s t a t i s t i c a l l y  s igni f icant  reduct ion  in the ab i l i ty  of thymus cel ls  to coopera te  with B 
ce l l s  of the intact  bone m a r r o w  (compare group 7 and group 3). P r e l i m i n a r y  inject ion of a l a r g e  dose of 
sheep ' s  r e d  ce l l s  (6.2.109 ) into the donors ,  on the other hand, s t reng thened  the immunologica l  powers  of 
t he i r  thymocytes  (group 5), which ac tua l ly  became  capable  of producing an immune r e s p o n s e  independently 
(group 4). This evident ly  ind ica ted  the appea rance  of B ce l l s  in the thymus of donors  t r e a t e d  with a l a r g e  
dose of the antigen. Converse ly ,  the immunologica l  competence  of the thymocytes  of the to le ran t  mice  was 
s h a r p l y  reduced .  These  ce l l s  coopera ted  with the ce l l s  of intact  bone m a r r o w  8-30 t imes  l e s s  s uc c e s s fu l l y  
than the thymocytes  of the o ther  groups (compare  group 9 with groups 3, 5, and 7). 

A d i f ferent  p i c tu re  was obse rved  when bone m a r r o w  ce l l s  w e r e  s tudied  (groups 15-20). As Table 1 
shows,  in the an ima l s  of a l l  the e x p e r i m e n t a l  groups the re  was some  d e c r e a s e  (by th ree  to ten t imes)  in the  
ab i l i ty  of the bone m a r r o w  cel ls  to coopera te  with intact  thymocytes .  This reduc t ion  in coopera t ive  ac t iv i ty  
was not s t a t i s t i c a l l y  s igni f icant  for  an imals  r e c e i v i n g  ant igen alone,  but it was s ignif icant  for  t o l e r an t  an i -  
mals  t r e a t e d  with CP. However,  the d i f fe rences  between the l a s t  two groups (groups 18 and 20) were  not 
s t a t i s t i c a l l y  s ignificant.  It can consequent ly  be concluded that  d e p r e s s i o n  of the ac t iv i ty  of the bone m a r r o w  
ce l l s  was due to the act ion of CP and not to the spec i f i c  s ta te  of t o l e rance .  
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Fig. 1. Absence of suppressor  activity of spleen (A) 
and thymus (B) cells of to lerant  mice.  In A: 1) spleen 
cells of to lerant  donors;  2) thymus and bone mar row 
cells of intact donors; 3) spleen cells of to lerant  donors 
together  with thymus and bone mar row cells of intact 
donors.  In B: 1} thymus and bone mar row cells of in- 
tact  donors;  2) thymus cells of to lerant  donors together  
with thymus and bone mar row cells of intact donors.  
Abscissa ,  groups of mice rece iv ing  cells;  ordinate ,  num- 
ber  of AFCs in rec ip ients '  spleens.  

Data (groups 12-14) on cooperat ive activity of T and B cells of the spleen of to lerant  animals are  
given in Table 1. Clearly,  judging f rom the level  of the immune response ,  the spleens of mice receiving a 
large dose of antigen only (group 10) or CP only (group 11) contained both T and B cells .  Conversely,  
spleen cells of the to lerant  mice  did not produce antibodies in culture in vivo (group 12). After  combined 
adminis t ra t ion of spleen cells  of to lerant  donors with intact thymocytes (group 14) or  bone mar row cells  
(group 13) an immune response  was observed;  it was c l e a r e r  when ~ntact thymocytes  were  added but in both 
cases  it was far  less  complete than af te r  combined injection of thymus and bone mar row cells of intact 
donors (group 3) or  t ransplantat ion of spleen cells  of the control  animals (groups 10 and 11). It can ac-  
cordingly be concluded that in to lerant  animals cooperat ive  activity of both B and, in par t i cu la r ,  T lympho- 
cytes of the spleen is specif ical ly  impaired.  

The resu l t s  of a study of the suppres so r  act ivi ty of the spleen and thymus cells  of to lerant  animals 
a re  given in Fig. 1. It shows that nei ther  spleen cells nor thymocytes  of to lerant  mice depress  cooperat ion 
of intact T and B cells .  Spleen cells actually intensify this p roces s  a l i t t le ,  a r e su l t  that can be ascr ibed  
to antigen pers i s t ing  in the spleen for 1-2 weeks af ter  the induction of to le rance  [3]. 

It can be concluded f r o m  these  resu l t s  that to lerance  obtained with the aid of CP is not due to sup-  
p r e s s o r  T cel ls ,  but is due to a t rue  deficiency of lymphocytes competent with r e spec t  to the given antigen. 
This conclusion is in agreement  both with the w r i t e r s '  previous  observat ions [1, 3] and data in the l i t e r a -  
tu re  [5]. 

Damage to the lymphocyte population in to le ran t  animals ,  as these observat ions show, is thus of a 
combined charac te r .  The deficiency of T cells in both the centra l  (thymus) and per iphera l  (spleen} lym-  
phoid organs is the most  marked  and specif ic  feature .  A specif ic  deficiency of B cells was observed  only in 
in the spleen, whereas  in the bone mar row the reduct ion in the number of B cells  was due to the nonspecific 
action of CP. 

When these resu l t s  a re  analyzed it must  be borne in mind that CP affects act ively pro l i fe ra t ing  cells 
p r i ma r i l y  [4, 6]. The B lymphocytes cha rac te r i s t i ca l ly  have a sho r t e r  life cycle [11] and, for  that reason ,  
in the absence of antigenic st imulation they  should be p re fe ren t ia l ly  damaged by CP. This is in agreement  
both with the w r i t e r s '  own observat ions and w~th data in the l i t e ra tu re  [12]. 

During mass ive  antigenic st imulation (tolerogentc t reatment)  the main targets  of CP become clones 
of T and B lymphocytes induced to p ro l i fe ra te  by antigen. This p rocess  takes place in the per iphera l  lym-  
phoid organs and in the thymus (contrary to the widespread view of impermeabi l i ty  of the b lood- thymus  
barr ie r} .  In the bone marrow,  because of the deficiency of T lymphocytes ,  the conditions for a p ro l i fe ra t ive  
response  of the B cells a re  absent  and, consequently,  they are  not specif ical ly damaged. These c i r cu m-  

550 



s tances ,  and also the more  rapid renewal  of the B cell  pool than of the T cells [11] and the re la t ive  r e s i s -  
tance of hematopoiet ic  s t e m  cells  to the action of CP [4, 6], lead to rap id  r e c o v e r y  of the per iphera l  B-  
lymphocyte population. Conversely ,  the specif ic  deficiency of T lymphocytes can also be detected in the 
l a t e r  stages of to le rance  [2]. 
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