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Af ter  t ransplanta t ion  of bone m a r r o w  f r o m  C57BL/6 mice into le thal ly  i r r ad ia ted  (CBA x 
C57BL/6)F 1 hybr ids ,  the degree  of al logeneic inhibition of the s t e m  cells was 92.5%. Cyclo- 
phosphamide,  given to the rec ip ien t s  in a dose 200 m g / k g  24 h be fo re  bone m a r r o w  t r a n s -  
plantat ion (4 h a f te r  i r radiat ion)  reduced  the degree  of al logeneic inhibition to 24%. Admin-  
i s t ra t ion  of a s i m i l a r  dose of cyclophosphamide did not affect  the number  of colonies in the 
spleen of le thal ly  i r r ad ia t ed  syngeneic  rec ip ien t s .  It  is pos tu la ted  that cyclophosphamide,  
if injected into le thal ly  i r r ad ia ted  rec ip ien t s ,  acts on the population of the r ec ip i en t ' s  r ad io -  
r e s i s t a n t  cel ls ,  which a re  respons ib le  for  al logeneic inhibition of the s t e m  cel ls .  
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The m e c h a n i s m  of a l logeneic  inhibition has not yet  been adequately studied. According to some  
w o r k e r s ,  a l logeneic  inhibition is due to the absence  of syngeneic  (relat ive to the donor) lymphocytes ,  e s s e n -  
t ia l  for  p ro l i f e ra t ion  of t r ansp lan ted  hematopoie t ic  s t e m  cel ls ,  in the lethal ly i r r ad ia ted  rec ip ien t  mice  [4, 
11, 12]. Exper iments  have shown that  a l logeneic inhibition is b a s e d  on the immune r e sponse  of r a d i o r e s i s -  
tant  lymphocytes  of i r r ad ia t ed  F1 hybrid  rec ip ien ts  on antigens of the s t e m  cells of mice of the pa ren ta l  line 
control led  by r e c e s s i v e  Hh genes [7, 8, 16]. 

In this invest igat ion an a t tempt  was made to evaluate  the ro le  of immune and nonimmune fac to r s  in 
the manifes ta t ion  of the phenomenon of a l logeneic  inhibition of hematopoie t ie  s t e m  cel ls .  For  this purpose  
the act ion of t r ea tmen t  of the rec ip ien t  mice  with cyclophosphamide,  with a w e l l - m a r k e d  [mmunodepress ive  
action,  on the manifes ta t ion  of al logeneic inhibition of bone m a r r o w  s t e m  cells  was investigated.  

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

Adult ~r 22-24 g) f emale  inbred C57BL/6 mice  and (CBA • C57BL/6)F 1 hybrids  were  used. 
Whole-body Ce 137 T - r a y  i r rad ia t ion  of the rec ip ien t  mice  was given on the "Stebel '  3A" appara tus  (dose r a t e  
900 R/rain) in a dose of LDIoo/ i3  , namely  765 R for  the C57BL/6 mice  and 900 R for  the (CBA • C57BL/6)F I 
hybr ids .  

An in t raper i tonea l  injection of eyclophosphamide in a dose of 25-200 m g / k g  body weight was given to 
the mice  4 a a f t e r  i r radia t ion.  An intravenous injection of 0.5-1.105 viable nucleated bone m a r r o w  cells 
was given to the mice  24 h a f te r  injection of cyclophosphamide.  Nine days a f te r  bone m a r r o w  t r ansp lan ta -  
t ion the number  of colonies in the r ec ip i en t s '  spleens  was countedby the method of Til l  and McCulloch [14], 
using a mix tu re  of absolute ethanol and glacia l  ace t ic  acid in the ra t io  of 3 : 1 as the fixative.  

I r r ad i a t ed  rec ip ien t s ,  t r e a t e d  or  not t r e a t ed  with cyclophosphamide,  and not rece iv ing  t ransplanta t ion  
of bone m a r r o w  ( i r radia t ion control) ,  and i r r ad ia ted  rec ip ien ts  r ece iv ing  an injection of dist i l led wa te r  in- 
s tead  of cyclophosphamide before  bone m a r r o w  t ransplanta t ion  (cyclophosphamide control) were  used as 
the controls .  
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T A B L E  1. N u m b e r  of Co lon ies  in Spleen  of 
L e t h a l l y  I r r a d i a t e d  C57BL and (CBA x C57BL)F  1 
Mice  T r e a t e d  and Not T r e a t e d  wi th  C y c l o p h o s -  
p h a m i d e ,  a f t e r  T r a n s p l a n t a t i o n  of Bone M a r r o w  
Cel l s  f r o m  Syngene ic  Donors  (0.5 �9 105 f r o m  F i 
h y b r i d s ,  1 �9 105 f r o m  C57BL mice ) ;  M +  m 

Cyclo- pone No, o f  F~ ~ F ,  C 5 7 B L  ~ C 5 7 B L  
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T A B L E  2. N u m b e r  of Colonies  in Spleen  of 
L e t h a l l y  I r r a d i a t e d  (CBA x C 5 7 B L / F  i H y b r i d s ,  
T r e a t e d  and  Not T r e a t e d  wi th  C y c l o p h o s p h a m i d e ,  
a f t e r  T r a n s p l a n t a t i o n  of 1 �9 105 Bone M a r r o w  Cel l s  
f r o m  C57BL Mice  
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The e y e l o p h o s p h a m i d e  s o l u t i o n  was  m a d e  up in d i s t i l l e d  w a t e r  i m m e d i a t e l y  b e f o r e  use .  Methods of 
p r e p a r i n g  the ce l l  s u s p e n s i o n s  and a s s e s s i n g  the v i a b i l i t y  of the  c e l l s  w i th  t r y p a n  b lue  w e r e  d e s c r i b e d  
e a r l i e r  [3]. 

The  n u m e r i c a l  r e s u l t s  (the n u m b e r  of c o l o n i e s  in the  r e c i p i e n t s '  sp l eens )  w e r e  s u b j e c t e d  to  s t a t -  
i s t i c a l  a n a l y s i s  wi th  c a l c u l a t i o n  of  the  a r i t h m e t i c  m e a n  (M) and c on f ide nc e  l i m i t s  (Ip) wi th  a l eve l  of  
s i gn i f i cance  of P = O. 05. 

E X P E R I M E N T A L  RESULTS 

After transplantation of bone marrow cells from C57BL mice into lethally irradiated (CBA x 
C57BL/6)F I hybrids the degree of allogeneic inhibition reached 90-95%. In other words, only 5-10% of 
transplanted stem cells formed colonies in the spleen of the F i hybrids by comparison with the syngeneic 
combination C57BL-*C57BL, in agreement with previous observations [i, 2]. 

Before assessing the effect of eyclophosphamide on the manifestation of allogeneie inhibition, it was 
necessary to show that the compound itself had no direct effect on the transplanted stem cells under the 
conditions of its administration. For this purpose, cyclophosphamide was injected into C57BL and F i mice 
4 h after irradiation, and bone marrow cells were transplanted from syngeneie donors 24 h later. 

The l e t h a l  doses  of i r r a d i a t i o n  u sed  c a u s e d  v i r t u a l l y  t o t a l  s u p p r e s s i o n  of endogenous  co lony  f o r m a t i o n  
( i r r a d i a t i o n  c o n t r o l ;  T a b l e s  1 and 2). T r e a t m e n t  of the  i r r a d i a t e d  r e c i p i e n t s  in to  which  no bone m a r r o w  
was  t r a n s p l a n t e d  wi th  c y c l o p h o s p h a m i d e  in a dose  200 m g / k g  body  we igh t  c a u s e d  t o t a l  s u p p r e s s i o n  of e n d o -  
genous  co lony  f o r m a t i o n ,  as  o t h e r  w o r k e r s  a l s o  have o b s e r v e d  [6]. 

The  r e s u l t s  g iven  in Tab le  1 show tha t  e y c l o p h o s p h a m i d e ,  if i n j e c t e d  24 h b e f o r e  t r a n s p l a n t a t i o n  of  
bone  m a r r o w ,  had  no d i r e c t  e f fec t  on the  t r a n s p l a n t e d  c e l l s  : The n u m b e r  of co lon ie s  in the  s p l e e n  of the  
r e c i p i e n t s  of the  s y n g e n e i c  bone  m a r r o w  was  the  s a m e  w h e t h e r  o r  not  t h e y  w e r e  t r e a t e d  wi th  c y e l o p h o s -  
p h a m i d e .  
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The inability of cyclophosphamide,  injected 24 h before  t ransplantat ion of syngeneic bone marrow,  to 
prevent  the format ion of exogenous Colonies can most  probably be e:~plained by the rapid  elimination of the 
compound. According to available data [13], for instance, cyclophosphamide is e l iminated f r o m  the body 
af ter  3 h. 

After  t ransplantat ion of the equivalent dose of bone mar row cells f rom C57BL mice (1 �9 105) the num- 
ber  of colonies formed in the spleen of the lethal ly i r rad ia ted  F 1 hybrids was 13.3 t imes smal le r  than the 
number  formed in the spleen ofsyngeneic  recipients  (Tables 1 and 2). The degree of allogeneic inhibition 
was 92.5%. 

Trea tment  of the lethal ly i r rad ia ted  F 1 hybrids with cyclophosphamide 24 h before  t ransplantat ion of 
bone ma r r ow  f r om C57BL mice led to par t i a l  abolition of allogeneic inhibition of the s t em  cells .  With an 
increase  in the dose of the compound, more  of the s tem ceils with the C57BL phenotype pe r fo rmed  their  
colony-forming function in the spleen of the F 1 hybrids (Table 2). With cyclophosphamide in a dose of 200 
mg/kg the degree of allogeneic inhibition of the s tem cells was only 24% (compared with 92.5% in the con- 
trol) .  According to data obtained by other workers  [8], depress ion of the degree of allogeneic inhibition 
(hybrid res i s tance)  occur red  in rec ipients  t r ea ted  with cyclophosphamide 14 and 7 days before  i r radia t ion 
and transplantat ion of spleen cells f rom mice of a parenta l  line into F I hybrids.  

The resu l t s  of these exper iments  show that survival  and prol i fera t ion of s t em cells in the allogeneic 
o rgan ism can take place in the absence of a syngeneic (relative to the donor) microenvi ronment  (syngeneic 
lymphocytes ,  s t roma) .  Abolition of allogeneic inhibition is not the resu l t  of the action of cyclophosphamide 
on the injected cel ls ,  but is due to its action on the i r rad ia ted  recipient  i tself.  Although the p rec i se  mech-  
an ism of the immunodepress ive  action of cyclophosphamide is unknown, its act ivi ty is never the less  due to 
its effect  on lymphocy%es [5]. P resumably  cyclophosphamide,  if injected into lethal ly i r rad ia ted  animals ,  
acts on the population of rad iores i s tan t  lymphocytes that is responsible  for  allogeneic inhibition of the s tem 
cel ls .  

The r e su l t s  of this investigation thus support  the hypothesis that al logeneic inhibition is based on the 
immune response  of r ad io res i s t an t  lymphocytes to nonsyngeneie s t em cells .  After  t ransplantat ion of bone 
mar row f r o m  mice of a parenta l  line into lethal ly i r rad ia ted  F 1 hybrids the source  of antigenic st imulation 
could be isoantigens of the s t em  cells ,  which, unlike codominance,  a re  inheri ted as a r e ce s s iv e ,  i .e. ,  they 
can appear  in homozygous parents  but are  absent in the F 1 heterozygote  [7, 8]. The exper iments  wi thcyc lo-  
phosphamide do not shed light on the origin of the lymphocytes responsible  for  the manifestat ion of al lo-  
geneic inhibition, for  the compound can act on both T and B cells [9, 10, 14]. 
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