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Prolonged (for at  least  12 weeks) ch imer i sm of lymphoid tissue was obtained as a resul t  
of successive injection of cyclophosphamide and spleen cells f rom (CBA • C57BL/6)F 1 
mice into adult mice of line CBA. 

It is a ve ry  difficult problem to obtain tolerance to allogeneic cells in the immunologically mature 
organism.  If the donor and recipient  differ in strong loci of tissue compatibility, it is cus tomary  to use 
pre l iminary  i r radiat ion of the recipient  with lethal doses or i r radiat ion preceded by thymectomy for this 
purpose.  

In view of experimental  evidence of the par t icular ly  high effect iveness of cyclophosphamide as an 
agent leading to the format ion of tolerance to heterogeneic "strong" antigens [3, 7], it was decided to use 
this compound to produce tolerance to allogeneic cells.  

Only a few papers  indicating that this is possible can be found in the l i terature .  For  instance,Glynn 
et al. [12] used cyclophosphamide to obtain mouse -ch imeras  in which the donors and recipients differed 
in weak loci of t issue.Phil l ips  [14, 15] descr ibes  ch imer i sm in a r a t - m o u s e  system,  but only after  the use 
ei ther  of lethal doses of cyclophosphamide [14] or a combination of cyclophosphamide with neonatal thy- 
mectomy [15]. Storb et al. [16] observed c h i m e r i s m  in dogs af ter  administrat ion of lethal doses of cyc lo-  
phosphamide and of bone mar row cells f rom donors differing f rom the recipients  in weak transplantation 
antigens. 

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

Experiments  were ca r r i ed  out on adult (18-25 g) male CBA mice and on hybrids (CBA • C57BL/6)F 1. 
The CBA mice rece ived  an injection of 6.2 �9 109 sheep 's  e ry th rocy tes ,  followed after  41-43 h by cyclophos-  
phamide (VEB Ankerwerk,  Rudolstadt, Eas t  Germany) in a dose of 200 mg/kg.  An intravenous injection 
of a suspension of spleen cells (0.9. 108-1.0 �9 108 ceils) f rom (CBA • C57BL/6)F 1 mice,  previously (1-8weeks 
before the experiment) sensi t ized with sheep 's  e ry throcy tes  (1" 10 ~ e ry th rocy tes ,  intravenously) was in- 
jected into the experimental  mice intravenously 2.5-4.5 h later .  Control aminals ei ther  received no cells 
f rom (CBA • C57BL/6)F 1 mice or underwent no pre l iminary  t rea tment  whatsoever .  

At var ious  t imes (from 3 to 12 weeks) af ter  these procedures  the experimental  and control animals 
received an intravenous injection of 5 - 108 sheep e ry throcy tes  or  a mixture of 5 - 10 a sheep 's  e ry throcy tes  
and 5 �9 108 e ry th rocy tes  f r o m  an August rat .  The mice were sacr i f iced four days la ter  and the spleen cells 
tested by J e rne ' s  react ion [13] with the modifications descr ibed previously [1, 2]. To determine the origin 
or the ant ibody-forming cells found in the rec ip ien t ' s  spleen, the method descr ibed previously by thewr i t e r s  
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TABLE 1. Res to ra t ion  of Immunologica l  React iv i ty  of Line CBA Mice Tole ran t  t o S h e e p ' s  E ry th rocy te s  
by Spleen Cells  of (CBA x C57BL/6)F 1 Mice P r e l i m i n a r i l y  Sensi t ized with Sheep Ery th roey te s  

Group Animals 

Tolerant, of line 
- CBA, receiving 

cells from (CBA • 
C57BL/6)F 1 mice 

Tolerant, of line 
CBA 

Intact ,  of line CBA 

number  
of mice  

29/30# 

28 

23 

Time o f inves t iga t ion  

3 weeks  10-12 weeks 

number  of an t ibody- forming  cel ls  
in spleen* 

71,780 
(39fi90-128,800) 

617 
(344-i,i07) 

107,900 
(81,470-142,900) 

number  
of mice 

i0/i2t 

10 

number  of ant ibody- 
forming  cel ls  in 
sp leen* 

164,800 
(68,230- 
398,100) 

28,250 
(16,260- 
49,090) 
219,800 
(182,800- 
264,200) 

*Geometric mean and confidence limits of number of antibody-forming cells. 
~Numerator gives number of animals differing significantly from tolerant CBA mice in the level of their 
antibody-forming cells in the spleen; denominator gives total number of animals. 

TABLE 2. Antigenic Characteristics of Lymphoid Cells of Mouse-Chimeras Producing Antibodies against 
Sheep's Erythrocytes (Marith • m) 

Animals  number  of mice  

3 weeks  * 

Ch imeras  
(CBA • C57BL/6)Fl-* CBA 27/29~ 
(CBA x C57BL/6)FI  23 

CBA 31 

*Time f r o m  mom en t  of c rea t ion  of c h i m e r i s m .  

pe rcen tage  of ant i -  
body- fo rming  ce l l s  
sens i t ive  to CBA- 
an t i -C57BL s e r u m  

87.9=~3.9 
92.7 * 1.7 

0.3-~6.4 

10-12 weeks * 

number  of mice 

11/11'I" 
8 

10 

percen tage  of an t i -  
body- fo rming  ce l l s  
sens i t ive  to CBA- 
ant i -C57BL s e r u m  

89.4•  
95.7 ~0.5 

6 .2•  

*Numera to r  g ives  number  of an imals  differ ing signif icant ly f r o m  CBA in their  sens i t iv i ty  to l ine - spec i f i c  
s e rum;  denominator  gives togal number  of an imals .  

[4, 5] was used.  Spleen cel ls  were  t r ea t ed  in v i t ro  in the p re sence  of rabbi t  complemen t  with l i n e - s p e -  
cific a n t i s e r u m  obtained in CBA mice  a f te r  the i r  immuniza t ion  with spleen cel ls  f r o m  C57BL/6 mice .  In 
the control  e x p e r i m e n t s ,  spleen ce l l s  were  t r ea t ed  s i m i l a r l y  with normal  s e r u m  f r o m  CBA or  (CBA • 
C57BL/6)F 1 mice .  The cel ls  were  then tes ted  in J e r n e ' s  reac t ion ,  a f te r  which the percen tage  of ant ibody- 
fo rming  cel ls  sens i t ive  to the act ion of CBA-ant i -C57BL s e r u m  was calculated.  

Two weeks  a f t e r  the t r a n s f e r  of the cel ls ,  skin g ra f t s  f r o m  (CBAX C57BL/6)F 1 mice  were  t r a n s -  
planted on some of the expe r imen ta l  and control  mice  by the method of Bil l ingham and Medawar [10]. The 
t imes  of r e jec t ion  of the g ra f t  were  noted, with speci f ic  r e f e r e n c e  to the t ime of appearance  of the f i r s t  
s igns of re jec t ion  (smal l  h e m o r r h a g e s  and u l ce r s ,  s l ight  r igidi ty  of the graft)  and of complete  re jec t ion  
(total necros i s ) .  
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Fig. 1. Cell composi t ion of population of an t ibody-forming  spleen 
ce l l s  in m o u s e - c h i m e r a s  (CBA • C57BL/6)F1---CBA 3-12 weeks 
a f t e r  fo rmat ion  of c h i m e r i s m :  a) cel ls  forming antibodies agains t  
s h e e p ' s  e r y t h r o c y t e s ;  b) ce l l s  fo rming  antibodies aga ins t  r a t ' s  
e r y t h r o c y t e s .  Absc i s sa :  1) m o u s e - c h i m e r a s  (9 animals) ;  2) 
(CBA • C57BL/6)F 1 mice  (9 animals) ;  3) CBA mice  (10 animals) .  
Ordinate;  pe rcen tage  of an t ibody-forming  cel ls  sensi t ive  to the 
act ion of CBA-ant i -C57BL s e r u m .  

Fig.  2. Dynamics  of par t i a l  (a) and complete  (b) r e jec t ion  of 
al logeneic skin g ra f t s  by m o u s e - c h i m e r a s  (CBA x C57BL/6)FI-* 
CBA. 1) M o u s e - c h i m e r a s ;  2) mice  of line CBA to le ran t  to sheep ' s  
e ry t h rocy t e s ;  3) intact  CBA mice ;  4) (CBA • C57BL/6)F 1 mice .  
Absc i s sa ;  days of observat ion;  ordinate;  number  of mice  with 
p e r s i s t e n t  g ra f t s .  

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

The r e su l t s  showing the number  of cel ls  producing antibodies agains t  sheep ' s  e ry th rocy t e s  in the 
spleen of expe r imen ta l  and control  an imals  a re  given in Table 1. I t  is c l ea r  f r o m  these r e su l t s  that the 
an imals  rece iv ing  a p r e l i m i n a r y  l a rge  dose of sheep ' s  e r y t h r o c y t e s  and cyclophosphamide (group 2 )pa r t ly  
or  complete ly  los t  the i r  abil i ty to r e a c t  to this antigen by antibody production.  This is in a g r e e m e n t  with 
r e su l t s  obtained p rev ious ly  by the p r e s e n t  w r i t e r s  [6] and others  [8, 11]. If, however ,  soon a f t e r  rece iv ing  
cyclophosphamide ,  these an imals  were  given lymphoid cel ls  f r o m  semisyngene ic  (F 1) donors,  thei r  i m -  
munological  r eac t iv i ty  was comple te ly  r e s t o r e d  (Table 1, group 1). 

To de termine  whether  these an imals  were  true ch imeras  or  whether  the i r  immunological  reac t iv i ty  
to sheep ' s  e r y t h r o c y t e s  was r e s t o r e d  for  other  r e a sons ,  the sensi t ivi ty  of the an t ibody-forming ceils  of 
the hypothet ical  c h i m e r a s  to the cytotoxic action of antidonor s e r a  was inves t igated (Table 2). 

The r e su l t s  given in Table 2 show that,  as  a rule ,  the l ine -spec i f ic  s e r u m  had no ef fec t  on the ac -  
t ivity of an t ibody- forming  cel ls  of the CBA mice  (pr incipal  locus of t i sspe  compat ibi l i ty  H-2k); converse ly ,  
cel ls  of the (CBA x C57BL/6)F l hybr ids  loci  of t issue compat ibi l i ty  H-2 • and H-2 b were  inact ivated p r a c -  
t ically comple te ly  (by 93-96%). I t  will a lso  be seen  in Table 2 that an t ibody-forming  cei ls  of CBA mice  
which rece ived  an injection of spleen ce l l s  f r o m  (CBA • C57BL/6)F 1 mice  together  with cyclophosphamide 
3-12 weeks  before  tes t ing r eac t ed  in the overwhelming major i ty  of cases  (38 of 40) to l ine - spec i f i c  s e r u m  
in a s i m i l a r  manner  to ce l l s  f r o m  (CBA x C57BL/6)F1 mice .  This  indicates  the pe r s i s t en t  c h i m e r i s m  of 
the lymphoid t i ssue ,  i .e . ,  the prolonged pe r s i s t ence  of donor cel ls  fore ign with r e s p e c t  to thei r  H-2 t i ssue  
compat ib i l i ty  locus,  or  of the i r  progeny in the lymphoid organs  of the rec ip ient .  Compar i son  of the r e -  
sults  obtained in the e a r l i e r  (3 weeks) and l a t e r  (10-12 weeks) tes t s  on the an imals  showed no tendency 
for  the donor ' s  cel ls  to be "supplanted."  

Analys is  of the r e s u l t s  in Table  2 gives  the i m p r e s s i o n  of the a lmos t  complete  c h i m e r i s m  of the 
lymphoid t issue of the expe r imen ta l  an imals .  However ,  it mus t  be r e m e m b e r e d  that for  the bes t  man i -  
fes ta t ion of c h i m e r i s m ,  the donor ' s  and r e c i p i e n t ' s  ce l l s  were  p laced f r o m  the v e r y  beginning in a "d i s -  
s i m i l a r  posi t ion" re la t ive  to the t es t  antigen: to le rance  to sheep, s e r y t h r o c y t e s  was induced in the r e -  
cipient  mice ,  w h e r e a s  the donors were  sens i t i zed  with this antigen. If the an imals  were  tes ted  for  the 
p re sence  of c h i m e r i s m  by the use of two t e s t  ant igens ( sheep ' s  and r a t ' s  e ry th rocy t e s )  s imul taneously ,  
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the results (Fig. i) showed that chimerism was in fact partial: only half of the total number of cells pro- 
ducing antibodies against rat's erythrocytes were of donor's origin. It must be concluded from the com- 
parison of this fact with the duration of the chimerism that the lymphoid tissue of the recipients regen- 
erated after injection of cyclophosphamide must have acquired immunological tolerance to the donor's 
transplantation antigens. This hypothesis was confirmed by experiments in which skin grafts from (CBA x 
C57BL/6)F I mice were transplanted to the experimental animals. 

As Fig. 2 shows, the allogeneic graft was rejected much later by the mouse-chimeras (group i) than 
by the control animals (groups 2 and 3). The final phases of the rejection process were particularly slow 
(Fig. 2b). The graft on these animals was covered for a long time with tiny ulcers and desquamatingscabs, 
and it gradually lost its hair, but isolated areas of the graft remained unchanged or only slightly changed 
for quite long periods. This picture of "chronic rejection" has been described after the transplantation 
of grafts differing from the recipient in weak transplantation antigens [9], but not incompatible relative 
to the H-2 locus. Chimerism in the experimental animals in the experiments described above was thus 
accompan ied  by pa r t i a l  to le rance  to the al logeneic skin graf t .  I t  is in teres t ing  to note that even a f t e r  total. 
r e j ec t ion  of the skin g ra f t  the an imals  r e m a i n e d  c h i m e r a s .  Reject ion of the skin g ra f t  by c h i m e r a s  has  
been obse rved  by other  authors  [2, 7]. 

The genera l  conclusion can thus be drawn that  to lerance  to al logeneic cel ls  and to skin g ra f t s  dif- 
fer ing f r o m  the rec ip ien t  in s t rong H-2 antigens can be obtained in adult mice  with the aid of nonlethal 
doses  of cyclophosphamide.  This to lerance  is accompanied  (and, evident ly,  maintained) by the p e r s i s t e n t  
c h i m e r i s m  of the lymphoid t i ssue .  
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