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Injection of 1• 108 C57BL/6 mouse spleen cells into CBA mice 1 day before treatment with cy- 
clophosphamide (CP) was shown to promote survival of 2 x 107 allogeneic or semiallogeneic cells 
injected later (3-6 h after CP). The cri ter ion of survival was the ability of the donor ceils to 
produce antibodies against sheep's red blood cells in recipients tolerant to this antigen. Injec- 
tion of 1 • l0 s allogeneic cells 2 days before CP treatment had no protective effect. After intra- 
venous immunization with allogeneic cells, killer cells began to appear in the recipient 's  spleen 
as ear ly  as on the 2nd day, and their number reached a maximum on the 5th day. The resul ts  
suggest that CP eliminates the recipient 's  lymphocytes responding to transplantation antigens, 
but the killer cells already formed are  resistant  to the action of CP. 
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The wri ters  showed previously that by combined injections of nonlethal doses of cyclophosphamide (CP) 
and spleen cells of (CBA • C57BL/6)F i hybrid mice, a long-lasting (up to 12 days) semiatlogeneic chimerism 
of the lymphoid tissue can be induced in adult CBA mice [1, 2]. This chimerism is accompanied by tolerance 
to the donors'  t issues, which differ from those of the recipient in their strong H-2 antigens. It has been shown 
that a transplanted allogeneic hear t  will survive for a long time, for 5 months or more, in such mice [4]. The 
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T A B L E  1. E f fec t  of A l l o g e n e i c  C e l l s  I n j e c t e d  into CBA M i c e  1 and 2 D a y s  b e f o r e  T r e a t -  
m e n t  wi th  CP on S u r v i v a l  of  A l t o g e n e i c  and  S e m i a l l o g e n e i c  C e l l s  I n j e c t e d  Subsequen t ly  

Group of 
animals 

1- 

2- 

3- 

4- 

5$ 

Treatment 
of recipient 
with 1 �9 108 
C5?BL/6 
spleen cells 
5ef~e in- 
jection . 

i day 12 days 

l m 

-- + 

+ -- 

+ -- 

Injec,tion 
of 2 �9 107 
spleen 
ceils 
after CP * 

+ 

+ 

+ 

5th day 

number number 
of mice AFC 

24 2 173 
(l 110--4 253 ) 

20 1 117 
(407-- 3 058) 

24 12 303 
(6 255--24 199) 

5 99 
(37--265) 

17 33 
(22--47) 

Number of AFC per spleen in recipients 

llth day 18th day 

number number number number 
of mice AFC of mice AFC 

265 
43 (164--428) 
19 580 

(289-1 165) 
3 236 

38 (I 806--5 799) 
5 212 

(83--538) 
232 653 

41 (171--316) (183--2 336) 

7 l 194 
(687--2 073) 

12~f 8 790 
(3 t58--24 468) 

*When  t h e  n u m b e r  of  A F C  was  d e t e r m i n e d  on t h e  5th and 11th d a y s ,  s p l e e n  c e l l s  of C 5 7 B L /  
6 m i c e  w e r e  i n j ec t ed  on the  day  of  t r e a t m e n t  wi th  C P ,  when d e t e r m i n e d  on the  18th day  
s p l e e n  c e l l s  of (CBA • C 5 7 / 6 ) F  1 h y b r i d  m i c e  w e r e  i n j e c t e d  on the  day  of  t r e a t m e n t  wi th  
CP.  
t i n  s o m e  e x p e r i m e n t s  l X  108 s p l e e n  c e l l s  f r o m  ( C B A x  C 5 7 B L / 6 ) F  1 h y b r i d  m i c e  w e r e  i n -  

j e c t e d  1 day  b e f o r e  t r e a t m e n t  wi th  C P .  
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F i g .  1. D y n a m i c s  o f  f o r m a t i o n  of  k i l l e r  
c e l l s  in s p l e e n s  o f  CBA m i c e  a f t e r  i n -  
t r a v e n o u s  i n j e c t i o n  of  1 • 108 s p l e e n  
c e l l s  of C57BL m i c e  o r  of  (CBA • 
C57BL/6 )  F 1 h y b r i d s .  A b s c i s s a ,  t i m e  
a f t e r  i n t r a v e n o u s  i n j e c t i o n  of  C 5 7 B L / 6  
o r  ( C B A •  C 5 7 B L / 6 ) F  1 c e l l s  into CBA 
m i c e  (in days ) ;  o r d i n a t e ,  c y t o t o x i c  e f -  
f e c t  (in %), d e t e r m i n e d  by the  f o r m u l a :  
a - b  x 100%, w h e r e  a i s  t he  n u m b e r  of  a 

c e l l s  in t he  tube  a f t e r  i ncuba t ion  wi th  
s p l e e n  c e l l s  of  i n t a c t  CBA m i c e ;  b the  
n u m b e r  of  t a r g e t  c e l l s  in the  tube  a f t e r  
i ncuba t ion  wi th  " i m m u n e "  CBA s p l e e n  
c e l l s  o b t a i n e d  1-5  d a y s  a f t e r  i n t r a v e -  
nous  i n j ec t i on  of a l l o g e n e i c  c e l l s .  
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essen t i a l  conditions for  the c rea t ion  of semia l logenic  c h i m e r i s m  a r e  a l a rge  dose of ce l l s  (not l e s s  than 1 x 108) 
a dose  of CP not exceeding 200 m g / k g ,  and a shor t  in terva l  (3-6 h) between the i r  inject ions [1]. However ,  it is 
imposs ib le  to use  a l a rge  dose of lymphocytes  in o rde r  to produce  al logeneic c h i m e r a s  because  of the develop-  
ment  of a g ra f t  v e r s u s  host  r eac t ion  (GVHR), as  a r e s u l t  of which the rec ip ien t  dies [7, 8]. Meanwhile, in jec-  
t ion of a .small dose of cel ls  of the o rder  of 2x 107, as  was shown prev ious ly  [1], is inadequate for ch imera  
product ion.  

By using a method developed prev ious ly  in the l abo ra to ry  for obtaining t o l e r ance  with the aid of CP 
against  a powerful  antigen such as sheep ' s  r ed  blood cel ls  (SRBC) [3], when CP injected 2 days  a f te r  the an t i -  
gen evidently e l imina tes  the clone of speci f ica l ly  s t imula ted  lymphocytes ,  in the p r e s e n t  invest igat ion var ious  
combinat ions of injection of 1• l0 s a l logeneic spleen cel ls  1 and 2 days before  CP, followed by inject ion of a 
r e l a t ive ly  smal l  number  (2 • 107) of al logeneic or semial logeneic  cel ls  were  used. An a t t empt  was thus made  
to t e s t  the poss ib i l i ty  of specif ic  e l iminat ion by CP of the clone of s t imulated C B A - a n t i - C 5 7 B L / 6  lymphocytes .  

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

Expe r imen t s  we re  c a r r i e d  out on adult (18-25 g) mice  of both sexes  of s t r a in s  CBA and C57BL/6,  d i f -  
fe r ing  in the whole s e r i e s  of H-2  antigens,  and on (CBA • C57BL/6 )F  1 hybrids .  The  CBA mice  (recipients)  
r e ce ived  an injection of 6.2 x 109 SRBC followed, 41-43 h la ter ,  by CP in a dose of 200 m g / k g ,  in t raper i toneal ly  
in both cases .  Th i s  t r e a t m e n t  induced to l e r ance  to SRBC in the rec ip ien t s  [3]. An injection of 2 x 107 spleen 
ce l l s  of the C 5 7 B L / 6  or  F1 hybrid  donors,  immunized  intravenously with lX l0 s SRBC 1-4 weeks previous ly ,  
was  given to the r ec ip ien t  mice 3-6 h af ter  CP. In addition, some rec ip ien t s  were  given an intravenous in jec-  
t ion of 0.Sx 10S-l.0 x l0 s C 57B L/ 6  or (CBA x C57BL/6) F i spleen cel ls  48 or  24 h before  the injection of CP. 
The number  of an t ibody- forming  cel ls  (AFC) w a s  de te rmined  by J e r n e ' s  method in the local  hemolys i s  in gel 
t e s t  in the spleens  of the expe r imen ta l  an ima l s  5, 11, o r  18 days  a f te r  the l a s t  t ransplan ta t ion .  Mice r ece iv ing  
6 .2x  109 SRBC and CP but no ce l l s  s e rved  a s  the control .  When tes ted  on the 11th or 18th days,  4 days before  
J e r n e ' s  t e s t  the  mice  w e r e  given an in t ravenous  injection of 5 x 108 SRBC. I f  su rv iva l  of  the ce l l s  was  t es ted  
on the 5th day, SRBC w e r e  injected in a dose  of 1 x 107 s imul taneous ly  with adoptive t ransplan ta t ion  or  none 
were  injected whatever~ The  c r i t e r i on  of surv iva l  of the donors '  lymphoeytes  was the p r e s e n c e  of an immune 
r e s p o n s e  to SRBC, for  the r ec ip ien t s  we re  to le ran t  to this  antigen, whereas  the donor ce l l s  were  obtained f r o m  
an imals  p re immunized  against  this  antigen. 

To study the dynamics  of fo rmat ion  of k i l le r  cel ls ,  CBA mice  were  given an intravenous injection of 
1 x 10 s spleen cel ls  f r o m  C57BL/6,  DBA/2, and (CBA x C57BL/6 )F  1 hydrid mice .  The rec ip ien ts  were  kil led 
a f te r  var ious  in terva ls  and the  cytotoxic act ivi ty  of the spleen ce l l s  against  m a c r o p h a g e s  of va r i ed  genetic 
or ig in  was de te rmined .  The  cytotoxic effect  was de te rmined  48 h a f te r  the addition of lX 107-1.5 x 107 ce l l s  
of sens i t ized  or  intact spleens to the cul ture  [5, 6]. 

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

The  r e s u l t s  of invest igat ion of the spleen of CBA mice  each rece iv ing  2 x 107 al logeneic C57BL/6 ce l l s  
sens i t ized  to SRBC and a p r e l i m i n a r y  injection of lX 108 C57BL/6 cel ls  1 or  2 days before  injection of CP, 
a r e  given in Tab le  1. The  r e c i p i e n t s '  spleens were  tes ted  on the 5th and l l t h  days a f te r  t ransplanta t ion  of 
sens i t ized  C 5 7 B L / 6  cel ls .  

It  will be c lea r  f r o m  the r e s u l t s  given in Table  1 that  al logeneic cells,  t ransplan ted  in a dose of 2 x 107, 
r e m a i n e d  viable in the r ec ip i en t s '  spleen for  5 days and died before  the l l t h  day (Table 1, line 1). Inject ion 
of al logeneic ce l l s  2 days before  CP t r e a t m e n t  worsened  the conditions for  su rv iva l  of subsequently injected 
p r e s e n s i t i z e d  al logeneic ce l l s  a l i t t le (Table 1, l ine 2), although the d i f ference  was not s ta t i s t i ca l ly  significant.  
Inject ion of the s a m e  dose of a l logeneic  cel ls  24 h before  CP t r ea tmen t ,  on the other  hand, p romoted  the s u r -  
vival  of the al logeneic cells; this  p ro t ec t ive  effect,  m o r e o v e r ,  was obse rved  not only on the 5th but a lso  on 
the l l t h  day, when all the t ransp lan ted  al logeneic cel ls  in the control  had died (Table !,  l ine 3). The  dif ference 
between the number  of AFC on the 5th and l l t h  days  in the group rece iv ing  1 x l0 s a l logeneic cei ls  1 day before  
CP t r e a t m e n t  and the control  at  these  same  t imes  is s ta t i s t ica l ly  signif icant .  The s ame  pa t t e rn  also was ob- 
s e rved  on the 18th day of observa t ion  in expe r imen t s  with t ransplanta t ion  of 2 x 107 semia l logeneic  cel ls .  

The  reduct ion in the number  of AFC when al logeneic cel ls  were  injected 2 days before  CP t r ea tmen t  
suggested the ve ry  ea r ly  fo rmat ion  of k i l le r  cel ls  r e s i s t a n t  to subsequent  CP t r e a t m e n t .  Special  exper iments  

*At the t ime  of t ransplanta t ion  of the ceils ,  the r e c i p i e n t s '  t i s sues  st i l l  contained a l a rge  quantity of antigen 
(SRBC) [3]. 
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accordingly were carr ied  out in which the dynamics of killer formation was studied after intravenous injec- 
tion of 1 • 108 allogeneic cells. As Fig. 1 shows, in agreement with the resul ts  obtained in vivo, injection of 
allogeneic cells 1 day previously did not lead to the formation of killer ceils. The cytotoxic effect of the spleen 
cells began to appear, however, on the 2nd-3rd day after intravenous immunization with allogeneic cells, it 
reached a maximum on the 4th-5th day, and fell toward the 7th day. This effect was found to be immunologl- 
cally specific, for spleen cells of CBA mice immunized with (CBA• i cells or C57BL/6 cells did 
not cause destruction of DBA/2 macrophages. Cytotoxic activity also was absent against CBA macrophages. 

Injection of allogeneic or semiallogeneic cells 1 day before CP treatment thus improved the changes of 
survival of presensit ized allogeneic lymphocytes transplanted after injection of CP. The mechanism of this 
protective effect is evidently connected with elimination by CP of the clone of lymphocytes specifically stimu- 
lated by C57BL/6 transplantation antigens. The absence of protection in the case when allogeneic cells were 
injected 2 days before CP treatment can be explained by the formation of kil lers more resis tant  to elimination 
by CP. This explanation agrees with the rapid formation of killers discovered under these conditions of im- 
munization. The high resis tance of the effector immune cells to the action of CP has also been observed with 
other models [3]. 

Early (on the 2nd day) killer formation has not been observed by other workers.  In the present  experi-  
ments it may perhaps have been due to the method of immunization used (intravenous injection of allogeneic 
cells), for it favors rapid contact between the recipient 's  lymphocytes and the antigen. Methods of immuniza- 
tion usually employed, such as skin grafting or transplantation of tumor cells, and so on, a re  evidently associ-  
ated with slower penetration of antigens into the lymphoid organs, with the consequent later (7th-10th day) for-  
mation of killer cells [9, 10]. 
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