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Lymphocytes  of (CBAx M523)F 1 or  (A x M523)F I mice ,  if t ransplanted  into CBA or  A r e c i p -  
ients i r r ad ia ted  in a dose  of 1000 t ad ,  r e a c t  to t e s t  antigens ( sheep ' s  red  ce l l s ,  Salmonella  
typhi Vi-antigen) by the fo rmat ion  of only 1/100-1/1000 of the number  of an t ibody- forming  
cel ls  fo rmed  by syngeneic rec ip ien t s .  An in te rmedia te  r e su l t  was obse rved  a f t e r  t r ansp lan -  
tat ion of the s a m e  cel ls  into i r r ad ia ted  M523 rec ip ien ts .  Converse ly ,  lymphocytes  of 
(A x CBA)F1, (CBA x C57BL/6)F1, or  (A x A.CA)F 1 mice  gave an equal immune r e s p o n s e  in 
syngeneic rec ip ien t s  and in CBA or  A rec ip ien ts .  The abili ty of M523 lymphocytes  or  their  
hybrids to give an immune r e s pons e  to sheep ' s  red  cel ls  did not differ  f rom the immuno-  
reac t iv i ty  of lymphocytes  of o ther  lines e i ther  in situ or  in a syngeneic adoptive sys tem.  
Hematopoie t ic  s t e m  cel ls  f r o m  (CBAx M523)F~ mice  formed only 40-50% of the number  of 
colonies in the CBA spleen as in the spleen of syngeneic rec ip ients .  It is concluded that  the 
M523 mutat ion in t e r f e re s  with the p ro l i f e ra t ion  and different ia t ion of hematopoiet ic  cel ls  
and lymphocytes  in nonsyngeneic i r r ad ia ted  rec ip ien ts .  
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If hematopoie t ic  s t e m  cel ls  a r e  injected into lethally i r rad ia ted  F 1 hybrid mice ,  differ ing f r o m  the donors 
in thei r  Hh-genes ,  hematopoies i s  is knownto  develop m o r e  slowly than in a syngeneic s y s t e m  [7, 11-13]. This 
phenomenon, known as  hybrid r e s i s t a n c e ,  extends a lso  to lymphocytes  functioning in nonsyngeneic rec ip ien ts  
[2, 6]. It  has been suggested that  Hh-genes  a r e  exp re s sed  only in homozygotes ,  i .e . ,  that their  phenotypic man i -  
fes ta t ion is c o r e c e s s i v e  in c h a r a c t e r  [11, 13]. 

Data on the poss ib i l i ty  of a s i m i l a r  phenomenon in the r e v e r s e  s y s t e m  ( F ~ P ) *  a r e  few in number  and 
con t rad ic to ry  in nature .  In combinat ions  of lines so fa r  invest igated,  inhibition of hernatopoiesis  was only 
modera te  in c h a r a c t e r  [10, 12]. 

The p r e s e n t  wr i t e r s  p rev ious ly  [5] found a l m o s t  comple te  inabili ty of lymphocytes  of (CBA x CBA.M523)F t 
mice  to give an immune  r e s pons e  to a foreign antigen ( sheep ' s  r ed  blood cel ls  - SRBC) in lethally i r rad ia ted  
CBA mice.  

The object  of the p r e s e n t  invest igat ion was to study this phenomenon and its link with the phenomenon of 
hybrid r e s i s t ance .  

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

Mice of lines CBA/CaLacSto (abbreviated to CBA), CBA.M523/Y (M523), C57BL/6 YSto (C57BL/6), 
A/SnY (A), andA.CA/KIY(A.CA) ,  and the i r  F 1 hybr ids ,  r e a r e d  in the w r i t e r s '  own labora to r i e s  and also a t  the 
nStolbovaya~ ~ i r s e r y ,  Academy of Medical Sciences of the USSR, were  used as expe r imen ta l  an imals .  The 
M523 (H-2 Ka) mutat ion appeared  spontaneously in a population of CBA/CaLacSto mice  [1] and was mapped in 
the H-2K locus [9]. The ages  of the expe r imen ta l  mice  ranged f r o m  1.5 to 6 months.  

*P stands for  an imals  of the paren ta l  line. 
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lated f rom Byul le ten '  t~ksper imenta l 'noi  Biologii i Meditsiny,  Vol. 87, No. 3, pp. 247-250, March,  1979. Origi-  
nal a r t i c l e  submit ted Apri l  27, 1978. 

0007-4888/79/8703-0239507.50 �9 Plenum Publishing Corpora t ion  239 



�9 ]9onors Recipients 

5 (CB]/, M523) 
F, (CB.8~M523) 

(CB.,q~'M523} 
6 (.8,M523) 
r,, (.8,M52~) 

(fI"M523) 

6 (c8.8~C578z./~) 
F~ (C8.8,C57BL/6 ) 
P, ( z , c s z  ) 
r, ( s ,  cs.8) 

CB,~ 
G fCBZ,M52~) 

M523 
.8 

F,(.8xM523 
M523 

r, (css,CSTSLle~ 
CB.8 

r, ( * , c a ,  ) 
.8 

i 

[!I ice 
2] 
15 

8 

23 
21 
3 

14 
77 

7 
7 

I i I I l 

lO 2 lO 3 I0 '  /OslO~ 

Donors Recipients 

6 (Cafl,MS23; CB.q 

5[C&q,~Y2J 6{CS,q'M523) 

08.8 CBfl 

Num- 
ber of 
mice 

5 

§ 
] [ I r 

lOZ lOa l,~-'P5 

Fig. 1 Fig. 2 

Fig. 1. Immune response  of F 1 mouse spleen cells to SRBC in syngeneic i r radia ted recipients  
and recipients  of parental  lines. H e r e a n d  in Fig. 2 absc i ssa  is the number of AFC in spleen. 

Fig. 2. Defectiveness of  immune response  of (CBAx M523)F 1 spleen cells to S. typhi Vi-ant i -  
gen in lethally i r radia ted CBA recipients .  

SRBC and Salmonella typhi Vi-antigen, obtained f rom the Mechnikov Research  Institute of Experimental  
Microbiology, Ministry of Health of the RSFSR, were  used as antigens. A suspension of  spleen or  bone mar row 
ceils was injected intravenously in a volume of 0.5-1 ml into recipients  i r radiated a few hours previously in a 
dose of 1000-1100 rad f rom a cobalt  source.  The donors and recipients  were usually chosen to be of the same 
s e x .  

To obtain hematopoietic colonies,  5 • 104 bone mar row cells were injected into the recipients ;  the number 
of colonies was counted 8 days later.  Vi-antigen was injected intravenously in a dose of  10 /~g 0.5-1 h af ter  
t ransplantat ion of 1 x 108 donors '  spleen cells.  

SRBC were injected in a dose of 1 • 106 intravenously into the donors 6-30 days before the exper iment  
and in a dose of 5 x 108 into the recipients  0.5-1 h af ter  transplantat ion of 5 x 107 spleen cells.  

On the 5 thday  af ter  t ransplantat ion of the cells the number of ant ibody-forming cells (AFC) in the rec ip -  
ients '  spleen was determined by the local active [8] o r  pass ive [3] hemolysis  in gel test. 

To study the compara t ive  immunoreact iv i ty  of animals of different lines (without cell  transplantation),  
5 • 10 B SRBC or 10 /~g Vi-antigen was injected intravenously into them and the number of AFC was determined 
4 days later.  

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

In the experiments  of ser ies  I the ability of spleen cells of F 1 hybrids of the various lines to give an 
immune response  to SRBC was compared in lethally i r radiated syngeneic and semisyngeneic  (parental line) 
recipients .  As Fig, 1 shows, (CBA • C57BL/6)F 1 and (A • CBA)F 1 lymphocytes gave an equal immune response  
in syngeneic and semisyngeneic  recipients .  The same resu l t  was obtained when the immune response  of (A • 
A.CA)F 1 cells  was tested in A or  CA • A.CA)F 1 mice (not shown in Fig. 1). Conversely,  spleen cells of (CBA x 
M523)F t and CA• M523)F 1 mice produced only 1/100-1/1000 the number of AFC in lethally i rradiated CBA or A 
mice respec t ive ly  as in syngeneic recipients .  Transplantat ion of the same cells into lethally i rradiated M523 
mice,  as Fig. 1 shows, gave an intermediate  resul t .  

In the experiments  of ser ies  II, instead of SRBC a different tes t  antigen was used, namely S. typhi Vi- 
antigen. As Fig. 2 shows, in this case  aiso the (CBA • M523)F 1 spleen cells produced only 1/100 the number of 
AFC in the i r radia ted  CBA mice as during syngeneic adoptive transplantation. Special experiments  also showed 
that CBA, M523, and (CBA• M523)F 1 mice formed equal numbers  of AFC in response  to injection of SRBC. The 
pat tern  observed was thus unconnected with any special  features of the tes t  antigen or  the genetic features of 
immunoreact iv i ty  of the mice and could be ascr ibed  to the weakened ability of lymphocytes of hybrid mice to 
pro l i fera te  and differentiate in recipients  of  the parental  line. 

Does the pat tern  d iscovered extend also to F 1 cells  other than splenic lymphocytes? The wr i te rs  showed 
previously  [5] that a mixture of  (CBA • M523)F 1 thymus and bone -mar row lymphocytes also produces far  fewer 
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Fig.  3. F o r m a t i o n  of  h e m a t o p o i e t i c  c o l o -  
n ies  of  (CBA x M523)F 1 bone m a r r o w  c e l l s  

in s p l e e n  of  r e c i p i e n t s  of d i f f e r e n t  geno -  
types .  A b s c i s s a ,  n u m b e r  of co lon ie s .  

AFC in irradiated CBA than in syngeneic recipients. In the present investigation the classical method of count- 
ing colonies formed by hematopoietic stem cells in culture in vivo was used. 

As Fig. 3 s hews, after injection of equal numbers of (C BA • M523) F I bone marrow ceils, only 40-50% of the 
number of hematopoietic colonies was formed in the spleen of the irradiated CBA recipients as in the spleen of 
syngeneic recipients. The number of colonies in the M523 spleen was intermediate. Not only immunoeompe- 
tent lymphocytes, but also hematopoietic stem cells of (CBA x M523)FI mice thus proliferate and differentiate 

less readily in the CBA than in the syngeneic spleen. 

It will be noted that the phenomenon of parental resistance described above, whatever the method of test- 
ing used, was more marked in the (CBA x M523)F I ~ CBA system than inthe (CBA x M523)F I ~ M523 system. To 
determine whether this fact is connected with the so-called maternal inheritance [14], the efficiency of the 
immune response (to SRBC) of splenic lymphocytes of (CBA x M523)F I and (M523 x CBA)F i mice when trans- 
planted into irradiated CBA mice was compared. The results proved to be identical, so that the hypothesis was 
not confirmed. 

The weaker functioning of (CBAx M523)F i lymphocytes or stem ceils in lethally irradiated CBA mice 
likewise cannot be ascribed to residual phenomena of ordinary transplantation immunity: Suchan explanation 
is contradicted by the experimental conditions (irradiation of recipients in doses of i000-ii00 rad) and also by 
the fact that cells of other hybrids not containing the M523 mutation function normally under the same condi- 
tions despite differences from the recipients with respect to "strong" (H-2) transplantation antigens. 

It can be concluded from these results that partial or total incompatibility caused by the M523 mutation 
leads to marked impairment of function of the lymphoeytes or (to a lesser degree) hematopoietie stem cells of 
F I mice in lethally irradiated mice of the parental line. This phenomenon differs from ordinary transplanta- 
tion immunity. Unlike allogeneic or hybrid resistance, determined by corecessive Hh genes [ii, 13], this 
phenomenon is regulated by a dominant or codominant gene, which is evidently [9] located in the H-2K locus. 
The phenomenon now described differs from cases of weakened functioning of F I cells in irradiated recipients 
of the parental line described previously [4, i0, 12], first, in the very high level of resistance of the recipients 
and, second, by the fact that the effect is independent of differences in irnmunoreactivity of the donor and 
recipient to the test antigen. By contrast with the known phenomena of allogeneie (PI--~ P2)* resistance and 
hybrid Pl --* (Pl x P2)FI resistance, it is suggested that the phenomenon now described be called parental resis- 
tance. 
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The alkylating and immunodepress ive  activity of the se rum of CBA, BALB/c, and DBA/2 
mice af ter  adminis t rat ion of cyelophosphamide was studied. Inter l inear  differences were 
found in these pa rame te r s ,  but no di rec t  corre la t ion  could be shown to exist  between them. 
The DBA/2 mice,  which were most  sensit ive to the immunodepress ive action of  cyclophos-  
phamide, had the highest s e rum immunodepress ive  activity. 

KEY WORDS: cyclophosphamide;  metabol ism; immunodepression;  genotype. 

A previous investigation [5] showed that mice of different lines a re  unequally sensit ive to the immuno- 
depress ive  action of cyclophosphamide (CP). All stages of the pharmacokinet ic  p rocess  determining the fate 
of a drug in the body a re  considered to "take place by means of specific and nonspecific enzymes whose syn-  
thesis is unquestionably under genetic control  M [2]. It can therefore  be tentatively suggested that differences 
found in the immunodepress ive  activity of CP are  connected with differences in its pharmacokinet ics  in mice 
of different genotypes. This suggestion is supported by ear l ie r  observations [5] showing differences in the rate  
of oxidative hydroxylation of CP in mice of different lines. 

CP is an alkylating agent but, unlike many other immunodepressants  of this group, in the intact state it 
has virtually no cytotoxic activity. It owes its biological effect to the formation of act ive metaboli tes,  p ro -  
duced as a r e su l t  of activation of the substance by an NADPH-dependent enzyme sys tem of the endoplasmic 
ret iculum of the liver [10]. It was accordingly decided to study the alkylating and immunodepress ive  activity of 
the blood serum,  i.e., indices reflecting the formation of active CP metabolites in the body, in mice of different 
lines. 

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

Male CBA, BALB/c, and DBA/2 mice weighing 18-25 g (from the "Stolbovaya" Nursery,  Academy of Medi- 
cal Sciences of the USSR) were used. The Soviet preparat ion cyclophosphan was used as CP. The alkylating 
activity of CP metabolites was determined in the blood se rum of the mice at various times after in t raper i -  
toneal injection of CP. Each sample consisted of pooled sera  f rom three mice. The NBP-tes t  [9] by the 
method described previously [4], with slight modifications, was used for the determination. The immunodepres-  
s i re  activity of the se rum was tested by a method developed by the wri ter  for mice. CBA mice were sensit ized 
intravenously with 106 sheep 's  red cells (SRBC) 7 days before the experiment.  A cell suspension was prepared 
f rom the spleens of these mice in medium 199 with antibiotics (100 units penicillin and 100 units s t reptomycin 
to 1 ml), which was incubated for 1 h at 37~ in the presence  of se rum f rom mice receiving CP ("active" 
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