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Immunologica l  t o l e rance  to sheep ' s  red ce l l s  was induced in mice  of var ious  s t r a i n s  (CBA, 
C57BL/6,  CC57BR, C3H, DBA/2) by combined inject ion of a l a rge  dose of antigen and cyc lo -  
phospharnide into the an imals .  Af ter  a tes t  inject ion of e r y t h r o c y t e s  the number  of 19S-ant i -  
body- fo rming  ce l l s  was de t e rmined  in the sp leens  of the mice  by the local  hemolys i s  in gel 
method. The degree  of t o l e r ance  developing was shown to depend on the a n i m a l s '  genotype,  
and mice  of s t r a in  DBA/2 were  found to be the most  sens i t ive  to i ts  induction. No c o r r e l a -  
tion was found between the level  of immunologica l  r eac t i v i t y  to s he e p ' s  red ce l l s  in intact  
mice  of d i f ferent  s t r a i n s  and the degree  of i ts  inhibition as a r e su l t  of the induction of to l -  
e rance .  
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In te res t  in the s tudy of the genetic control  of immune reac t ions  included among the mani fes ta t ions  of 
c e l l u l a r  and humora l  imnmnity has r i s e n  s tead i ly  in recen t  y e a r s  [4] .  However,  the role  of genetic fac to rs  in 
the induction of immunologica l  to le rance  has s t i l l  r ece ived  l i t t le  study. The ava i lab le  data a re  concerned 
chief ly with to l e rance  to s e r u m  p ro te ins  in adult mice;  such inves t iga t ions  have shown that the obse rvab le  
i n t e r l i n e a r  d i f f e rences  can be connected with inher i ted  va r i a t ions  of the blood complement  level  [ 6, 7] and 
ac t iv i ty  of mac rophages  [8, 10]. 

The object  of this inves t igat ion was to de t e rmine  whether  d i f fe rences  ex i s t  between di f ferent  s t r a in s  of 
mice  in the degree  of drug- induced immunologica l  to le rance  to s he e p ' s  red ce l l s .  

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

E x p e r i m e n t s  were  c a r r i e d  out on adult mate  CBA, C57BL/6,  CC57BR, C3H, DBA/2, and (CBA x 
C57BL/6)F 1 mice  weighing 20-26 g. To l e r ance  was induced by combined inject ion of a l a rge  dose of sheep ' s  
red ce l l s  (RBC) and cyc lophosphamide  (CP) in acco rdance  with the scheme drawn up p rev ious ly  [2] : i n t r a -  
pe r i tonea l  in ject ion of 6.2"109 RBC followed, 42-46 h l a t e r ,  by i n t r ape r i t onea l  inject ion of CP. Two doses  of 
CP were  used:  50 and 100 mg/kg .  The tes t  inject ion of RBC (5-108 RBC intravenously)  was given af ter  10 days,  
and the number  of 19S-an t ibody- fo rming  ce l l s  (AFC) in the sp leens  of the an ima l s  was de te rmined  4 days l a t e r .  
Intact mice  and mice  r ece iv ing  CP only in the co r r e spond ing  dose without any accompanying inject ion of RBC 
se rved  as the control .  The r e su l t s  were  subjec ted  to s t a t i s t i c a l  ana lys i s  with the aid of va r ious  c r i t e r i a  [1, 5]. 

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  a re  given in Tables  1 and 2. 

As Tables  1 and 2 show, inject ion of CP alone caused no s ignif icant  change in the immunologica l  r e a c t i v -  
ity of the an imals ,  and the i r  immune r e sponse  dif fered only a l i t t le  f rom that of the intact  mice .  A s ignif icant  
d e c r e a s e  in the r e sponse  was observed  only in CC57BR mice  (Table 1; P = 0.034). Af ter  combined t r ea tmen t  
with RBC and CP the immune r e sponse  of the an imals  of al l  s t r a in s  was sha rp ly  reduced compared  with the 
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TABLE 1. T o l e r a n c e  to RBC in Mice of Di f fe ren t  S t r a i n s  Us ing  CP  in a Dose of 

100 m g / k g  

Strain of mice 

CBA 

CC57BR 

DBA/2 

C57BL/6 

(CBA• C57BL/6)F 1 

Number of 19S-AFC in spleen~ after test injection of antigen 

mice receiving CP toIerant mice 

2312; 1,72% 
(1416--3776) 

n=15 
5957; 3,97% 

(2392-- 15 000) 
n=10 

1175; 1,22% 
(726 -- 1902) 

n=10 
6266; 4,93% 

(1583--24 800) 
n~6 

1758; 0,91% 
(948--3258) 

n=8 

134 300 
(104700--17210~ 

n=13 
150 000 

(104 I00-216 000) 
n=10 
96 160 

(80 540--I14 800) 
n=14 

127 100 
(91 520--176 400) 

n=6 
192 800 

(162600--228600) 
n~9 

intact mice 

167 500 
(t35 500--207 000) 

n= 15 
227 500 

(190 100--272 300) 
n~9 

122 500 
(93 540-- 160 300) 

n=15 
89 540 

(48 310-- 166 000) 
n=5 

269 200 
(244 900--295 800) 

n= 10 
Legend. Here and in Table 2: 1) geometric mean values with confidence limits for P < 0.05 shown in parentheses. 
2) Level of immune response of tolerant mice given as pereer~age of its level in mice receiving CP only. 

TABLE 2. T o l e r a n c e  to RBC in Mice of Di f fe ren t  S t r a in s  Using C P  in a Dose of 
50 m g / k g  

Strain of mice 

CBA 

DBA/2 

C3H 

C57BL/6 

Number of 19S-AFC in spleens a~tertest injection of antigen 

tolerant mice 

t096; 0,95% 
(650 -- 1849) 

n= l l  
546; 1,36% 

(391 --762) 
n=23 

2275; 1,3% 
(1007--5140) 

n=12 
1274; 7,13% 

(605--2683) 
n= 13 

mice receiving CP 

114 800 
(10! 600--129 700) 

n=12 
40 180 

(28 320--56 890) 
n=26 

121 900 
05 280~ 156 000) 

n=I8 
17 860 

(10 000--31 920) 
n=18 

intact mice 

107 600 
(88 720-- 130 600) 

n= l l  
32 580 

(21 180--50 120) 
n=24 

106 200 
(76 380-- 147 600) 

n=16 
27 860 

(19 630--39 540) 
n=17 

con t ro l .  Meanwhi le ,  in abso lu te  t e r m s  the n u m b e r  of A F C  in the sp l e e ns  o f t h e t o l e r a n t  a n i m a l s  of the va r i ous  

s t r a i n s  d i f fe red .  D i s p e r s i o n  a n a l y s i s  showed that  the s t r a i n s  of t h e t o l e r a n t  a n i m a l s  s i gn i f i can t ly  (P < 0.01) 
affected the l eve l s  of t he i r  i m m u n e  r e s p o n s e s  (the r e s u l t  was  exac t ly  the s a m e  when the " s p e c i f i c "  i m m u n o -  
r e a c t i v i t y  of the a n i m a l s  was ca l cu la t ed ,  i .e . ,  the n u m b e r  of AFC pe r  106 nuc lea ted  sp leen  ce l l s ;  and for  that  

r e a s o n  these  r e s u l t s  a re  not shown in T a b l e s  1 and 2). 

The r e s u l t s  in T a b l e s  1 and 2 show that  i n t r a l i n e a r  d i f f e r e n c e s  in the level  of the i m m u n e  r e s p o n s e  oc-  
c u r r e d  a l so  in the in tac t  a n i m a l s ,  in a g r e e m e n t  with o b s e r v a t i o n s  of o the r  w o r k e r s  [4 ] ,  and a l so  in mice  r e -  
ce iv ing  C P  alone.  It could acco rd ing ly  be pos tu la ted  that  d i f f e r e n c e s  in the leve l  of the i m m u n e  r e s p o n s e  of 
the t o l e r a n t  m i c e  of d i f f e ren t  s t r a i n s  were  due to ge ne t i c a l l y  d e t e r m i n e d  d i f f e r e n c e s  of i m m u n o r e a c t i v i t y  
unde r  n o r m a l  cond i t ions .  However ,  c a l cu l a t i on  of c o r r e l a t i o n  be tween  the height  of the i m m u n e  r e s p o n s e  of 
the t o l e r a n t  and in tac t  a n i m a l s  of d i f f e ren t  s t r a i n s  showed that  i ts  l eve l  was  not s i gn i f i can t  (P > 0.05 by the use  
of S p e a r m a n ' s  r a n k  c o r r e l a t i o n  coef f i c ien t  [1] ). Th i s  is  a l so  c l e a r  f rom a c o m p a r i s o n  of the r e s u l t s  of the 
e x p e r i m e n t s  on m i c e  of d i f f e ren t  s t r a i n s .  F o r  i n s t a n c e ,  the n u m b e r  of AFC in  the sp leen  of in tac t  DBA/2 and 
C57BL/6  m i c e  o r  of m i c e  of the s a m e  s t r a i n s  r e c e i v i n g  C P  did not  d i f fer  s ign i f i can t ly ,  w h e r e a s  in t o l e r a n t  
m i c e  of those s t r a i n s  the d i f f e r ence  was  s i gn i f i c a n t  (1 ~ = 0.014; Tab le  1). C o n v e r s e l y ,  the i m m u n e  r e s p o n s e  of 
con t ro l  DBA/2 m i c e  was s ign i f i can t ly  lower  than that  of (CBA x C 57B L/ 6 ) F  1 hybr id s  (P < 0.001 for  both in t ac t  
m i c e  and m i c e  r e c e i v i n g  CP),  w h e r e a s  the d i f f e r e nc e s  in the t o l e r a n t  a n i m a l s  were  not s t a t i s t i c a l l y  s ign i f i can t .  
S i m i l a r  c o m p a r i s o n s  can  a lso  be m a d e  among  the data  in  Ta b l e  2. 

When these  r e s u l t s  a r e  a s s e s s e d  the fac t  witt  be noted that  t o l e r a n c e  a r i s i n g  in m i c e  fol lowing a d m i n -  
i s t r a t i o n  of C P  in a dose of 50 m g / k g  was  s t r o n g e r  than when a dose of 100 m g / k g  was given.  Th i s  somewhat  
pa r adox i ca l  f ind ing  can be expla ined  in s e v e r a l  ways.  F i r s t ,  s e a s o n a l  f luc tua t ions  in g e n e r a l  i m m u n o r e a c t i v i t y  
of the a n i m a l s  used m a y  play a ro le  { inves t iga t ions  with a dose of 100 m g / k g  of C P  were  c a r r i e d  out in the fal l ,  
those with a dose  of 50 m g / k g  at the end of w in t e r  or  beg inn ing  of sp r ing) .  As T a b l e s  1 and 2 show, the n u m -  
be r  of AFC in the con t ro l  a n i m a l s  va r i ed  c o n s i d e r a b l y  even  in the s a m e  s t r a i n  {espec ia l ly  in C57BL/6  and 
DBA/2 mice ) ,  so that  the l a r g e r  n u m b e r  of AFC in  the c on t r o l  could c o r r e s p o n d  to a h igher  leve l  of the i m m u n e  

r e s p o n s e  in the t o l e r a n t  a n i m a l s .  
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A n o t h e r  p o s s i b i l i t y  connec t ed  with  d i f f e r e n c e s  in the m e c h a n i s m s  of induct ion  and m a i n t e n a n c e  of t o l e r -  
ance  c r e a t e d  with  the aid of C P  l i k e w i s e  canno t  be ru l ed  out. It was  shown p r e v i o u s l y  [3] that ,  u n d e r  c e r t a i n  
c o n d i t i o n s ,  a n t i b o d i e s  with b l o c k i n g  p r o p e r t i e s  a p p e a r  in the blood s t r e a m s  e f t o l e r a n t a n i m a l s  and that  the 
p r e s e n c e  of t he se  a n t i b o d i e s  is  one of the f a c t o r s  which  d e t e r m i n e s  the l o w e r e d  i m m u n o r e a c t i v i t y  in d r u g -  
induced  t o l e r a n c e .  In e x p e r i m e n t s  which  f o r m  p a r t  of a s p e c i a l  i n v e s t i g a t i o n  the w r i t e r s  showed tha t  CP,  in a 
dose  of 50 m g / k g ,  i nh ib i t s  the p r o d u c t i o n  of 19S-AFC ju s t  as  e f f e c t i v e l y  in the  m i c e  of c e r t a i n  s t r a i n s  in 
r e s p o n s e  to in j ec t ion  of a l a r g e  dose  of RBC as  C P  in a dose  of 100 m g / k g .  At the s a m e  t i m e ,  it  can  be p o s t u -  
l a ted  that  the f o r m a t i o n  of b lock ing  a n t i b o d i e s ,  e v i d e n t l y  of a d i f f e r en t  c l a s s  than the 19S a n t i b o d i e s  [ 3] ,  is  
d e p r e s s e d  by a l e s s e r  d e g r e e  when the dose  of the i m m u n o d e p r e s s a n t  is  r e d u c e d ,  and that  th is  is  r e f l e c t e d  in 
a l o w e r e d  r e s p o n s e  of the m i c e  to the t e s t  i n j ec t i on  of an t igen .  

D e s p i t e  t h e s e  v a r i a t i o n s  in the i m m u n e  r e s p o n s e  of the t o l e r a n t  m i c e  r e c e i v i n g  C P  in d i f f e r e n t  d o s e s ,  an 
a t t e m p t  can  be m a d e  to d i s t i n g u i s h  " a l t e r n a t i v e "  s t r a i n s .  To judge  f r o m  the a b s o l u t e  n u m b e r  of AFC in the 
s p l e e n ,  DBA/2  m i c e  a r e  m o r e  " s e n s i t i v e "  to the induc t ion  of t o l e r a n c e :  T h e i r  r e s p o n s e  w a s  s i g n i f i c a n t l y  
l o w e r  than the i m m u n e  r e s p o n s e  of t o l e r a n t  m i c e  of o t h e r  s t r a i n s  (excep t  the F~ h y b r i d s ) .  It is  d i f f i cu l t  to d e -  
t e r m i n e  the  m o s t  " r e s i s t a n t "  s t r a i n  by th is  me thod  of a s s e s s m e n t ,  and only a f t e r  a n a l y s i s  of the  r e l a t i v e  l e v e l  
of AFC in the t o l e r a n t  m i c e  c o m p a r e d  wi th  the c o n t r o l  ( e x p r e s s e d  as  a p e r c e n t a g e  in T a b l e s  1 and 2) can  i t  be 
deduced  that  s t r a i n  C 5 7 B L / 6  is  " a l t e r n a t i v e "  in r e l a t i o n  to s t r a i n  DBA/2o H o w e v e r ,  th is  is  a p r o b l e m  for  
f u r t h e r  i nves t i ga t i on ;  the  e x p e r i m e n t a l  r e s u l t s  so f a r  ob ta ined  enab le  i t  to be conc luded  with conf idence  only 
tha t  t o l e r a n t  m i c e  of s t r a i n  DBA/2  o c c u p y  a s p e c i a l  pos i t i on ,  c h a r a c t e r i z e d  by the m i n i m a l  n u m b e r  of AFC in 
the sp l een .  

The r e s u l t s  g iven in th is  p a p e r  a r e  thus  e v i d e n c e  of i n t e r l i n e a r  d i f f e r e n c e s  be tween  m i c e  as  r e g a r d s  
t o l e r a n c e  to RBC induced  with the aid of CP.  T h e s e  d i f f e r e n c e s ,  unde r  the e x p e r i m e n t a l  cond i t ions  u sed ,  a r e  
not  so m a r k e d  as ,  for  e x a m p l e ,  in the c a s e  of t o l e r a n c e  induced in m i c e  by d e a g g r e g a t e d  p r o t e i n s  [ 8, 9, 11].  
It is  p o s s i b l e  that ,  by v a r y i n g  the cond i t i ons  of induct ion  of t o l e r a n c e  (dose  of an t igen ,  dose  of i m m u n o d e p r e s -  
san t ,  i n t e r v a l  be tween  t h e i r  in j ec t ion) ,  a g r e a t e r  d i f f e r e n c e  could be ob ta ined  in the d e g r e e  of t o l e r a n c e  a r i s i n g  
in m i c e  of d i f f e r e n t  geno types .  

A n a l y s i s  of c a u s e s  of the d i f f e r i n g  s e n s i t i v i t y  of m i c e  of the s t r a i n s  used  to the induc t ion  of t o l e r a n c e  i s  
a d i f f i cu l t  m a t t e r ,  b e a r i n g  in mind  the fac t  that  t o l e r a n c e  in each  p a r t i c u l a r  c a s e  a r i s e s  as  the r e s u l t  of the 
c o m b i n e d  ac t ion  of two f a c t o r s :  a n t i g e n s  and i m m u n o d e p r e s s a n t s .  I t  is  e v ide n t  that  one way in which  to i n v e s -  
t i ga t e  th is  p r o b l e m  f u r t h e r  would be by  s tudy ing  the r o l e  of each  of t h e s e  f a c t o r s .  P r e l i m i n a r y  e x p e r i m e n t s  
have  shown tha t  m i c e  of d i f f e r e n t  s t r a i n s  d i f f e r  in t h e i r  s e n s i t i v i t y  to the i m m u n o d e p r e s s i v e  ac t ion  of CP,  and 
th is  could  be the  f a c t o r  which  d e t e r m i n e s  d i f f e r e n c e s  in the d e g r e e  of t o l e r a n c e  p r o d u c e d  in them.  
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