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The conditions of origin of long- te rm ch imer i sm were investigated in adult CEA mice re-  
ceiving eyelophosphamide and FI(CBA x C57BL/6) spleen cells.  Essent ial  conditions a re  
a high dose of cel ls  (more than 50 x 106), a dose of cyclophosphamide of not less  than 200 
mg/kg ,  and short  intervals  (3-6 h) between their  injections.  The resul t s  are  interpreted 
f rom the standpoint of the hypothesis  that cyclophosphamide can induce revers ib le  injuries  
in lymphocyte DNA; these injur ies  become fixed after  contact between lymphocytes  and 
antigen and they lead to death of the corresponding cell alone. 
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The wr i t e r s  showed previously that by  combined injections of nonlethal doses  of cyclophosphamide 
(CP) and hematopoiet ic  cells to lerance  to allogeneic donors '  t i ssues  differing f rom those of the recipient  
in having strong H-2 antigens, can be induced in adult mice.  This tolerance is accompanied and, evidently, 
supported by long- te rm (for 12 weeks) ch imer i sm of the lymphoid t issue [2]. The possibil i ty of long (for 
5 months and more) survival  of an allografted hear t  in such mice has been demonst ra ted  [6]. 

The object of this investigation was to study the optimal conditions neces sa ry  for the creat ion of 
long- t e rm ch imer i sm in this sytemo The dependence of survival  of the donors '  cells on their dose, the dose 
of CP, and the interval  between their  injections were  studied. 

TABLE 1. Dependence of L o n g - T e r m  Chimer i sm of Lymphoid T i s sue  on Number 
of Semisyngeneic Cells Injected 

Number of Time of investigation 
cells in- " 5th da 18--'_,sth day 

Group No. jected number of number of number of number of 
(x 106) animals chimeras number of AFC animals chimeras number of AFC 

0 
(control) 

20 

50 

100 

15 

5 

22 

21 

515 

17/17 

21/21 

~.~18 
0o--3o) 

11 480 
(5 260--25 060) 

25 290 
(12 820--49 890) 

147 600 
(107 900--201 400) 

55 

23 

23 

47 

m 

4'15 

33:33 

374 
(270--519) 

406 
(184--897) 

5 200 
(2 377--I 1 380) 

44 360 
(28 180--69 820) 

* Numerator  gives number  of mice in which the presence  of ch imer i sm was confirmed 
by the resul ts  of d iscr iminat ive  analysis;  denominator  gives total number  of animals  
tested by this method. 
?Geomet r i c  mean values and confidence l imits  for number  of AFC in spleen given. 
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Fig. 1 Fig. 2 

Fig. 1. Dependence of survival  of semisyngeneic cells on dose of CP. 
Abscissa:  1) mice not receiving cells (55 animals),  2) mice receiving 
F 1 cells  and 100 mg/kg CP (18 animals),  3) mice receiving F 1 cells  and 
200 mg /kg  CP (47 animals); ordinate,  number  of AFC against RBC in 
spleens of CBA mice  on 18th day af ter  injection of CP. 

Fig. 2. Survival of semisyngeneic  cells as a function of time of injection 
of CP. Abscissa ,  interval  between injections of CP and F 1 cells into 
CBA mice (in h); ordinate,  number  of AFC against RBC in recipients '  
spleens 5 days (1) and 18 days (2) af ter  injection of cel ls  and level of 
immune response  in animals not receiving cells (3). 

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 F 1 (CBA x C57BL/6) hybrids.  
The CBA mice  (recipients) received an intraper i toneal  injection of 6.2-  109 sheep 's  red cells (RBC) fol-  
lowed by CP 41-43 h la ter  in doses of 100 or  200 mg/kg.  This  t reatment  induced tolerance to RBC in the 
recipients  [5]. At var ious  t imes (3, 6, or  24 h) after CP the experimental  mice were given an intravenous 
injection of a suspension of spleen cells f rom F 1 (CBA x C57BL/6)  mice in a dose of 2"107, 5" 107, or 
1 �9 108 cells pe r  mouse .  The donors  had previously  (1-4 weeks before  the experiment) been sensit ized with 
RBC (1.106 red cells intravenously).  CBA mice receiving the same injections of RBC and CP but no injec-  
tions of cells,  F i hybrids presens i t ized  to RBC, and also intact mice  of both s t ra ins  were  used as the control .  

The number  of ant ibody-forming cells  (AFC) in the spleen of the ch imera  mice and control  animals 
was determined in J e r n e ' s  local hemolys is  in gel test  on the fifth, 18th, and 25th days after  injection of the 
cel ls .  For  the investigations on the 18th and 25th days,  4 days before  the test  the animals received an int ra-  
venous injection of 5" l0 s RBC. The presence  of an immune response  to RBC was one of the c r i t e r i a  of pe r -  
s is tence of the tymphocytes of donor  origin,  for  the recipients  were tolerant to that antigen. 

The direct  test for  the presence  of ch imer i sm was the method of d iscr iminat ive  analysis  of  cell sus-  
pensions by means of s t ra in-spec i f ic  ant iserum suggested previously [4]. The following modifications were 
made to the method as descr ibed:  Three  million spleen cells were incubated for 45 min at 37~ with 0.05-0.1 
ml an t i -C57BL/6  CBAserum in the p resence  of 0.1-0.25 ml rabbit  complement in a total volume of 0.5 ml. 
Control suspensions were treated with normal  mouse se rum and complement and incubated under the same 
conditions. The decrease  in the number  of AFC as a resul t  of t rea tment  with ant i -C57BL/6 CBA serum 
indicated their  donor (F1) origin. 

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

The resul ts  of investigation of the spleens of CBA mice receiving different numbers  of cel ls  f rom 
semisyngeneic  donors  (20, 50, and 100 million cells per  mouse) are given in Table 1. In this ser ies  of 
experiments  CP was injected in a dose of 200 mg/kg 3 h before  injection of the cells.  The spleens were  
tested 5, 18, and 25 days after injection of the cells.  

The resul ts  given in Table 1 show that on the fifth day ch imer i sm existed in all the experimental  
animals .  The p resence  of ch imer i sm was confirmed both by the absolute level of the immune response to 
RBC and by the resul ts  of d iscr iminat ive  analysis .  The intensity of ant ibody-formation in the 5-day chime-  
r a s  depended on the number  of donors '  cel ls  injected. The spleens of the control  mice which did not receive 
F 1 cells contained no AFC. 
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On the 18th-25th day p e r s i s t e n t  c h i m e r i s m  of the lymphoid t i s sue  was obse rved  only in those r ec ip i -  
ents which had rece ived  100 mil l ion donors '  cel ls  (in 33 of the 33 an imals  tested) .  In the group of an imals  
receiving 50 mil l ion cel ls  p e r  mouse ,  AFC of donor origin were  p r e sen t  in four of the 15 mice  tes ted.  With 
a dec r ea se  in the num ber  of c e i l s  injected to 20 mil l ion,  the c h i m e r i s m  was lost .  The magnitude of the 
immune  r e sponse  to RBC in this group was within the control  l imi t s  r eco rded  in CBA mice  not rece iv ing  
donors '  cel ls .  

The  ef fec t iveness  of su rv iva l  of the semisyngene ie  ce i l s  also depended on the dose of CP used to 
induce to le rance  in the rec ip ien ts  (Fig. 1). In this s e r i e s  of expe r imen t s  CP was injected in a dose of 100 
or  200 m g / k g ,  and the F 1 cel ls  were  injected in a dose  of 100 mill ion p e r  mouse  3 h a f t e r  CP.  The  number  
of AFC was de te rmined  18 days  l a t e r .  As Fig.  1 shows, in mice  rece iv ing  F 1 ce l l s  a f t e r  an injection of 
100 m g / k g  CP, no immune  r e sponse  was p re sen t  to RBC, just  as in control  an imals  to lerant  to RBC and not 
rece iv ing  the cel ls .  By cont ras t ,  CP in a dose  of 200 mg /kg  produced a high level of immune r e sponse  in 
all  mice  of this group,  as a r e su l t  of c h i m e r i s m  of the lymphoid t issue (more  than 100 t imes  higher  than 
the control) .  

The r e su l t s  of  expe r imen t s  to study surviva l  of the donors '  ce l ls  depending on the in terval  between 
injections of CP and cel ls  a r e  given in Fig.  2. CP was Injected in a dose of 200 m g / k g  and the cel ls  in a 
dose of 100 mill ion,  3, 6, or  24 h a f t e r  CP, As Fig. 2 shows, a f te r  5 days ,  i r r e s p e c t i v e  of the t ime of in jec-  
tion of CP,  survival  of the donors '  immunocompeten t  ce l l s  was obse rved  in all the rec ip ients .  A f t e r  18 days  
AFC of donor origin were  p r e s en t  only in the spleens  of mice  receiving the cel ls  3-6 h a f t e r  the injection 
of CP. If the cel ls  were  injected 24 h af ter  the CP c h i m e r i s m  was lost.  

Examinat ion of the r e su l t s  leads  to the following conclusions.  The dependence of the duration of 
c h i m e r i s m  on the dose of cel ls  injected and on the intensi ty of immunodepres s ive  action was es tabl i shed 
previous ly  by va r ious  worke r s  both for  radiat ion ch imeras  (see [3] etc.) and for  c h i m e r a s  obtained with 
CP [8, 9]. However ,  the fact  must  be emphasized  that c h i m e r i s m  and to lerance  to H-2- incompat ib le  donors '  
cel ls  can be  obtained by the use of noniethal doses  of CP, whereas  i r rad ia t ion  for  the same  purpose  must  
be given in lethal  o r  even super le thal  doses .  In c h i m e r i s m  obtained with CP the r ec ip i en t ' s  lymphocytes  
competent  toward o ther  antigens a r e  p r e s e r v e d  [2]. CP evidently leads  to induction of to le rance  without 
kill ing the r ec ip ien t ' s  lymphocytes  totally,  me re ly  and modifying their  r e sponse  to the antigen. Converse ly ,  
to obtain radiat ion c h i m e r i s m ,  p rac t i ca l ly  all  the r ec ip ien t ' s  immunocompetent  cel ls  must  be killed. 

The  t empora l  re la t ionships  of the co- to lerogenic  action of modera t e  doses  of CP d e s e r v e  special  
attention. In exper iments  in which i r rad ia t ion  [11] or  nea r - l e tha l  doses  of CP [10] were  used, l o n g - t e r m  
e h i m e r i s m  was obse rved  even when the allogeneic cei ls  were  injected 1-2 days  af ter  immunodepres s ive  
action. Converse ly ,  in the p re sen t  invest igat ion,  the effective in terval  between injection of a modera t e  dose 
of CP (200 mg/kg)  and the cel ls  was under  1 day (3-6 h). Similar  re la t ions  were  observed  by the wr i t e r s  
p rev ious ly  in the case  of induction of to lerance  to xenogeneic red cel ls  [5]. * 

The shor tness  of the effect ive in terva l  between injections of CP and antigen suggests  that changes in 
res t ing  lymphoeytes  induced by CP a re  r e v e r s i b l e  in cha rac t e r .  If the lymphocytes  at o r  shor t ly  af ter  the 
t ime of action of CP s ta r t  to p ro l i f e ra t e  as a resu l t  of contact  with antigen o r  for  o ther  r easons ,  r e v e r s i b l e  
in jur ies  induced by CP in DNA are  fixed and lead to death of the corresponding cell  clone. This  hypothesis  
is  in good agreement  with the c h a r a c t e r i s t i c s  of the action of CP on tumor  ce l l s  [12], hematopoies i s  and 
myelopoies i s  [7], and the fo rmat ion  and real izat ion of the immunologic m e m o r y  [1]. 
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