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Injection of thymus  cel ls  into mice ,  in which to le rance  to sheep ' s  red cel ls  (RBC) had been 
induced by  means  of cyclophosphamide (CP), abol ishes  the s ta te  of to le rance .  The immuno-  
logic r eac t iv i ty  of mice  t r ea t ed  with CO only could also be  r e s t o r e d  by  injection of syngeneic 
thymus cel ls  within a ce r t a in  per iod.  The p rob lem of the les ion affecting different  types  of 
immunocompeten t  cells in to l e rance  induced by the combined admin i s t r a t ion  of RBC and CP 
is d i scussed .  

Many invest igat ions,  spec ia l ly  those  undertaken recent ly ,  have shown that the immune r e sponse  to 
ce r t a in  antigens, including sheep ' s  red  cel ls  (RBC), is the r e su l t  of interact ion between s eve ra l  types of 
cel ls  which di f fer  in the i r  origin and function [4, 6, 11, 15]. It  was l a t e r  es tabl ished that in ce r t a in  f o r m s  
of immunologic  to le rance  cells  of d i f ferent  types in te rac t ing  during the immune r e sponse  di f fer  in the i r  
sens i t iv i ty  to the to le rance- induc ing  p r o c e d u r e  [3, 14, 16]. 

The study of the immunologic  function of var ious  cel ls  f rom animals  in which to le rance  to RBC had 
been induced by  :means of CP yielded inconsis tent  resu l t s .  According to da ta  in the l i t e r a tu re ,  s t r u c t u r e s  
affected in this f o r m  of t o l e rance  m a y  be the immunocompetent  cel ls  of the bone m a r r o w  [17] or thymus [9], 
c i rcu la t ing  cells  of thymic  origin [12], or, finally, both bone m a r r o w  and thymus cel ls  [7]. One r ea so n  for 
these  conflicting r e su l t s  could be  d i f fe rences  in technique and, in pa r t i cu la r ,  the use of different  s y s t e m s  
of inducing to le rance .  

The wr i t e r  showed p rev ious ly  [1, 2] that  when mice  a re  injected with l a rge  doses  of RBC and CP with 
an in terva l  of about 2 days between them,  the an imals  develop immunologic  to le rance  to this antigen, which 
l a s t s  m o r e  than 3 months  and is due, in the initial pe r iod  (2 weeks) ,  en t i re ly  to a def ic iency of immuno-  
competent  cel ls .  

The effect  of t ransplan ta t ion  of va r ious  ce l l s  of intact  an imals  on the immunologic  r eac t iv i ty  of adult 
mice ,  subjected to i m m u n o d e p r e s s i v e  t r e a t m e n t  with RBC and CP by  accepted s c h e m e  or rece iv ing  C1 ~ 
only, was studied in this invest igat ion.  

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

Male (CBA • C57BL/6)F 1 mice  weighing 18-22 g were  used as donors  and rec ip ients .  To le rance  was 
induced by in t raper i tonea l  injection of 6.2 • 109 RBC followed, a f ter  42-45 h, by  200 m g / k g  CP. The im-  
munologic reac t iv i ty  of the an imals  was de te rmined  f r o m  the number  of 19 S an t ibody- forming  (AF) cel ls  
in the sp leen  (reaction of local  hemolys i s  in agar  [8]) on the 4th day a f te r  the in t ravenous  tes t  injection of 
5 • 108 RBC. Suspensions of thymus,  spleen, and ce rv ica l  lymph gland cel ls  we re  made up in med ium No. 
199 by  care fu l ly  p r e s s i n g  the o rgans  in a g lass  homogen ize r  and subsequent f i l t ra t ion through 3 or  4 l a y e r s  
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T A B L E  1. Ef fec t  of T r a n s p l a n t a t i o n  of Di f f e ren t  C e l l s  on S ta te  of 
I m m u n o l o g i c  T o l e r a n c e  to RBC (Mgeo m and c on f ide nc e  l i m i t s )  

,Num;] Source of trans- Number of cells Number of AF cells 
Animals per oi mice [ planted cells injected in spleen 

Tolerant 

>> 

Receiving CP only 
(control) 

4 i 6 Spleen 

6 Lymph glands 

7 Thymus 

5 Bone marrow 

5 

6 

Thymus + bone 
m a r r o w  

5X 10 - 7  

5X 10 -~ 

5X 10 -7 

2,5X 10 -7 

2,5X 10 -7 
-}-2,5X 10-7 

91 
(37--226) 

5 260 
(906--30 550) 

16790 
(4 529--62 230) 

i 2 3 9 9  
(] 663--3 459) 

85 
(22--326) 

1 910 
(141--25 880) 

2 606 
(1 569-4 256) 

T A B L E  2. Ef fec t  of T r a n s p l a n t a t i o n  of Thymus  C e l l s  on I m m u n o -  
l o g i c  R e a c t i v i t y  of Mice  T r e a t e d  with  CP  (Mgeo m fo r  3 e x p e r i m e n t s  
and con f idence  l i m i t s )  

Interval between injection of CP 
and transplantation of thymus cells 

4 h  

3 h  

7 h  

Intact immunized mice 

Number of AF cells in spleen 

control 

23 (15--34) 
n=6 

29 040 
(16 790--50 230) 

n=15 
46 030 

(24 950--84 920) 
t t = 1 2  

expt. 

36 (18--69) 
n=6  

59 840 
(44 570--80 350) 

n=13 
49 090 

(32 730--73 620) 
n=13 

99 770 (79 070--125 900) 
n = l |  

0,165 

0,021 

> 0,05 

0,007" 

* C a l c u l a t e d  r e l a t i v e  to  h i g h e s t  index f o r  a n i m a l s  of e x p e r i m e n t a l  
g roup  (59 840). 
Legend :  n) n u m b e r  of a n i m a l s .  

of Kap ron .  Bone  m a r r o w  c e l l s  w e r e  ob ta ined  b y  f lu sh ing  out the  m e d u l l a r y  c a v i t y  of the  f e m o r a l  bones  wi th  
cold  m e d i u m  No. 199 b y  m e a n s  of a s y r i n g e ,  and  the ce l t  s u s p e n s i o n  was  then  c o n c e n t r a t e d  by  c e n t r i f u g a t i o n  
a t  2000 r p m  f o r  5 min .  The  ce l l  s u s p e n s i o n s  w e r e  i n j e c t e d  i n t r a v e n o u s l y  in a v o l u m e  of 0 .4 -1  m l .  

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

In the  f i r s t  month  the  m i c e  r e c e i v e d  i n j e c t i o n s  of d i f f e r e n t  c e l l s  f r o m  in t ac t  s y n g e n e i c  m i c e  3 d a y s  
a f t e r  t o l e r a n c e  had  b e e n  induced  in  t h e m ,  A t e s t  i n j ec t ion  of RBC was  g iven  2 w e e k s  a f t e r  the  t r a n s p l a n t a -  
t i on  and the  n u m b e r  of AF c e l l s  in the  s p l e e n  was  s t u d i e d  (Table  1). 

It wi l l  b e  c l e a r  f r o m  T a b l e  1 tha t  c e l l s  of t he  l y m p h  g lands ,  sp l e e n ,  or  t hymus ,  when i n j e c t e d  into 
t o l e r a n t  m i c e ,  a b o l i s h e d  the  s t a t e  of t o l e r a n c e  : the  a n i m a l s '  r e s p o n s e  to the  an t igen  e i t h e r  showed  no s i g n i -  
f i can t  d i f f e r e n c e  f r o m  the  r e s p o n s e  of the  c o n t r o l  m i c e  ( r e c e i v i n g  CP only), or  i t  a c t u a l l y  s u r p a s s e d  i t  
( in jec t ion  of l y m p h  g land  c e l l s ) .  T r a n s p l a n t a t i o n  of bone  m a r r o w  c e l l s  had  no e f fec t ,  wh i l e  in the  c a s e  of 
i n j e c t i o n  of a m i x t u r e  of t h y m o c y t e s  and bone  m a r r o w  c e l l s  the  n u m b e r  of A F  c e l l s  in  the  r e c i p i e n t s '  s p l e e n  
was  p r a c t i c a l l y  the  s a m e  as  a f t e r  i n j e c t i o n  of t h y m o c y t e s  only .  

In the  nex t  e x p e r i m e n t s  in  which  the  t o l e r a n t  a n i m a l s  w e r e  i n j e c t e d  wi th  t h y m u s  c e l l s ,  t h e  n u m b e r  of 
t h y m o c y t e s  i n j e c t e d  was  i n c r e a s e d  to 80-100 m i l l i o n  p e r  m o u s e  and the  t r a n s p l a n t a t i o n  was  c a r r i e d  out  24 h 
a f t e r  i nduc t ion  of t o l e r a n c e .  S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  in  a l l  f o u r  e x p e r i m e n t s .  The  c o m b i n e d  r e s u l t s  
a r e  g iven  in  F ig .  1. 
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Fig. 1. Effect  of t r a n s -  
plantat ion of thymus cel ls  
on immunologic  r eac t iv i ty  
of to lerant  mice .  Ordinate,  
numbe r  of AF cel ls  in 
spleen;  a b s c i s s a :  1) t o l e r -  
ant mice ;  2) t o l e ran t  m i c e  
rece iv ing  thymus cel ls ;  3) 
mice  t r ea t ed  with CP; 4) 
intact  immunized  mice .  

As a r e su l t  of the inject ion of thymus cel ls  into to le ran t  animals ,  
the number  of AF cel ls  in their  spleen was cons iderably  increased  af ter  
the t e s t  injection of RBC and it did not d i f fer  s ignif icant ly f rom the con- 
t rol  (intact immunized  mice) .  S imi lar  r e su l t s  were  obtained in other 
exper iments ,  the conditions of which were  the s ame  as in those desc r ibed  
p rev ious ly  except  that thymus ce l l s  were  injected soon af ter  the induc- 
tion of to le rance  (4 h a f te r  inject ion of CP) : in r e sponse  to the t e s t  in- 
ject ion of RBC the number  of AF cel ls  fo rmed  in the spleen of the t o l e r -  
ant an imals  was 1807 (range f rom 611 to 5346), while in the to le ran t  
mice  rece iv ing  thymus  cel ls  the number  of AF cells  fo rmed  was 33,110 
(range f r o m  14,550 to 75,340) (P < 0.001). 

Inject ion of lymphocytes  f rom the spleen,  lymph glands, and thymus 
of intact  m ice  soon af ter  the induction of to le rance  thus comple te ly  or 
a lmos t  comple te ly  r e s t o r e d  the immunologic  r eac t iv i ty  of the to le ran t  
an imals .  However,  the r e s t o r a t i o n  of immunologic  r eac t iv i ty  after  t r a n s -  
planta t ion of spleen and lymph gland cel ls  could occur  as a r e su l t  of an 
immune r e sponse  of the t ransplanted  ce l l s  t hemse lves ,  but a f ter  in jec-  
tion of thymocytes  such a m e c h a n i s m  is unlikely. T h e r e  is evidence in 

the l i t e r a t u r e  [5, 13, 14] that  under the conditions of adaptive t r a n s f e r  thymus ce l l s  cannot produce  ant i -  
bodies  and, consequently,  AF cel ls  found in to le ran t  an imals  in the expe r imen t s  d e s c r i e d  above were  of 
r ec ip ien t  origin, i~ a f te r  inject ion of the thymus cel ls  a t rue  "co l l spse"  of to le rance  took place.  

In the next expe r imen t s  the effect  of t ransplanta t ion  of thymus ce i l s  on the s ta te  of immunologic  r e a c -  
t iv i ty  was  studied in an imals  which had r ece ived  CP only without any p r e l i m i n a r y  injections of RBC. Mice 
were  injected in t raper i tonea l ly  with 200 m g / k g  CP, and at var ious  t imes  the rea f t e r  they were  injected in t r a -  
venously  with 50 mil l ion thymus cel ls  f r o m  intact  syngeneic animals ,  and immunized  I h l a t e r  by intravenous 
injection of 5 • 108 RBC. On the 5th day af ter  immuniza t ion  the number  of 19 S AF cel ls  was de te rmined  
in the spleen (Table 2). 

As Table  2 shows, injection of the thymus  cel ls  4 h a f te r  CP did not r e s t o r e  the re 'act ivi ty  of the ani-  
ma l s .  Transp lan ta t ion  of thymus ce l l s  on the 3rd day a f te r  injection of CP led to a s ignif icant  i nc rease  in 
the immune  response ,  while on the 7th day no effect  of the thymus ce l l s  could be  observed.  In one of the 
expe r imen t s  mice  immunized  2 days  be fo re  the exper imen t  with 6 • 109 RBC also were  used as donors  of 
the thymocytes .  The thymus cel ls  of these  m i c e  r e s t o r e d  the reac t iv i ty  of the rec ip ient  mice  to the s ame  
deg ree  as the thymocytes  of intact  an imals  (when t ransplan ted  on the 3rd day a f te r  injection of CP into the 
rec ip ients ) .  

The reac t iv i ty  of animMs t r ea t ed  with CP can thus be  r e s t o r e d ,  at l e a s t  par t ia l ly ,  by injection of thy-  
mus cel ls  within a ce r t a in  per iod.  Fo r  some  hours  (possibly days  [10]) a f te r  injection of CP the function of 
all  ce l ls  pa r t i c ipa t ing  in the immune  r e s ponse  is apparent ly  depressed ,  and for  this r ea son  injection of thy-  
mus  ce l l s  had no effect  dur ing this per iod.  After pa r t i a l  r e s to ra t i on  of immunologic  reac t iv i ty  (3rd day) 
t ransplanta t ion  of thymus  cel ls  gave a definite effect,  poss ib ly  evidence of the i r  damage  in the exper imenta l  
an imals .  The absence  of s t imulat ion of the immune r e sponse  if the injection was given on the 7th day af ter  
admin is t ra t ion  of the immm~odepress ive  agent was evident ly  due to comple te  r e s to ra t i on  of the cel ls  of this 
type at that t ime .  In all ca ses  the level  of the immune  r e sponse  in the exper imenta l  an imals  rece iv ing  
thymus ce l l s  was lower  than in intact  immunized  mice  (Table 2). 

It can be  concluded f r o m  the r e su l t s  desc r ibed  in this p a p e r  that, in immunologic  to le rance  a r i s ing  in 
mice  as the r e s u l t  of combined inject ion of P ~ C  and C1 ~ b y  the s y s t e m  used, the immunologic  function of the 
thymus cel ls  is d is turbed,  in ag reemen t  with the observa t ions  of Many and Schwartz  [9]. This d is turbance  
is evidently the r e s u l t  of the d i rec t  cytotoxic ef fec t  of act ive  metabol i tes  of the Ct ) injected to induce t o l e r -  
ance on the thymus cel ls ,  for  immuniza t ion  with a l a rge  dose of RBC i t se l f  had no effect  on the " r e s t o r a t i v e  T~ 
function of the thymocy tes .  The T - c e l l s  of the r ec i rcu la t ing  pool a r e  e l iminated  (or inactivated) in the s a m e  
way [12]. 

At the s a m e  t ime,  these  r e su l t s  a lso  prov ide  a bas i s  for  the hypothesis  that  the immunodepres s ive  
action of C1 ) is not due only to inact ivat ion of the thymus cel ls  (or T-ce l l s ) ,  for  their  injection did not r e s t o r e  
immunologic  r eac t iv i ty  to its no rm a l  level .  P r e s u m a b l y  CP also damages  the B - c e l l s  of the bone m a r r o w  
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and lymphoid organs,  in a g r e e m e n t  with the immunomorphologica l  data  [18]. This factor  m a y  be pa r t i cu l a r l y  
impor tan t  in the case  of induction of immunologic  to lerance,  for  the high p ro l i f e ra t ive  act ivi ty  of the B-ce l l s  
(like the T-ce l l s )  a f te r  injection of the antigen makes  them highly sens i t ive  to  the action of CP. However,  
this  p rob l em requ i re s  fu r the r  investigation,  having r ega rd  to the negat ive r e su l t s  of a t tempts  to r e s t o r e  the 
immunologic  reac t iv i ty  of to lerant  mice  by injection of bone m a r r o w  cel l s  (Table 1). 

It can be postula ted on the bas i s  of these  r e su l t s  and of data  in the l i t e r a t u r e  that, depending on the 
intensi ty  of the t r e a t m e n t  used to induce to le rance ,  e i ther  T - c e l l s  or  both T-  and B-ce l l s  of the immuno-  
competent  organs  a r e  damaged.  This was shown by  Mitchison [14] in the case  of to le rance  of mice  to bovine 
s e r u m  albumin:  to le rance  induced by smal l  doses  of antigen was due to inact ivat ion of T -ce l l s ,  whereas  
a f t e r  t r ea tmen t  with l a rge  doses  of albumin both T-  and B-ce l l s  were  affected. A s i m i l a r  explanation can 
be given for  the r e su l t s  of Jacobs  et al. [7], in whose expe r imen t s  t r e a t m e n t  of C57BL mice  twice with high 
doses  of RBC and CP together  with additional injections of antigen led to inact ivat ion of both types  of immuno-  
competent  ce l l s  (thymus and bone m ar row) .  The se lec t ive  damage  to immunocompeten t  bone  m a r r o w  cel l s  
obse rved  by  some  w o r k e r s  in (NZB • BALB/c )F  i [17] and (NZB • NZW)F 1 [7] m i c e  is  evidently connected 
with the abnormal  s ta te  of the i r  lymphoid t i s sue  [19, 20, et al.]. 

LITERATURE CITED 

i. L.A. Pevnitskii, L. N. Fontalin, and T. K. Novikova, Byull. l~ksperim. Biol. i IVied., No. 7, 70 (1972). 
2. L.N. Fontalin, L. A. Pevnitskii, and V. V. Solov'ev, Byull. ]~ksperim. Biol. i Meal., No. Ii, 60 (1969). 
3. J.M. Chiller, G. S. Habicht, and W. O. Weigle, Proc. Nat. Acad. Sci. (Washington), 65, 551 (1970). 
4. H.N. Claman) E. A. Chaperon, and R. F. Triplett, J. Immunol., 97, 828 (1966). 
5. A.J.S. Davies, E. Leuehars, et al., Transplantation, 5, 222 (1967). 
6. W.E. Davies, L. J. Cole, and W. T. Schaffer, IJroc. Soc. Exp. Biol. (New York), 133, 144 (1970). 
7. M.E. Jacobs, J. K. Gardon, and M. Talal, J. Immunol., 107, 359 (1971). 
8. N.K. Jerne and A. A. Nordin, Science, 140, 405 (1963). 
9. A. Many and R. S. Schwartz, Proc. Soc. Exp. Biol. (New York), 133, 754 (1970). 

I0. J. Marbrook and B. C. Baguley, Internat. Arch. Allergy, 41, 802 (1971). 
Ii. J.F.A.P. Miller and G. F. Mitchell, J. Exp. IVied~ 128, 801 (1968). 
12. J.F.A.P. Miller and G. F. Mitchell, J. Exp~ IVied., 131, 675 (1970). 
13. J.F.A.P. Miller, A. Basten, et al., Cell Immunol~ 2, 469 (1971). 
14. N.A. Mitchison, in" Cell Interactions and Receptor Antibodies in Immune Responses, London (1971), 

p. 249. 
15. N.A. Mitchison, K~ Rajewsky, and R. B. Taylor, in." Developmental Aspects of Antibody Formation 

and Structure, Prague (1970), p. 547. 
16. G.J. Nossal, in: Progress in Immunology, New York (1971), p. 665. 
17. J.H.L. Playfalr, Nature, 222, 882 (1969). 
18. L.W. Poulter and J. L. Turk, Nature, 238, 17 (1972). 
19. P.J. Staples, A. D. Steinberg, and N. Talal, J.Exp~ Med., 131, 1223 (1970). 
20. A.D. Steinberg, T. M. Chused, and N. Talal, Fed. Proc., ~ 308 (1970). 

420 


