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Foci of heterotopic hematopoiesis were obtained by transplanting bone marrow of C57BL/6 or 
(CBA • C57BL)F l mice beneath the kidney capsule of (CBA/T6T6 • C57BL)F 1 mice ca r ry ing  a 
chromosomal  translocation.  Cytogenetic analysis of hematopoietic cells f rom these foci 
20-120 days after transplantation showed that only the reciPient ' s  hematopoietic cells p ro-  
l iferate in 40% of the grafts,  whereas the res t  are mosaic and contain on average less than 
20% of the donor ' s  cells in both syngeneic and semisyngenelc  sys tems.  These charac te r i s t i cs  
remain  stable for at least 4 months. It is concluded that the heterotopic focus is populated in 
one stage by a very  small  number (fewer than 10) hematopoietic s tem cells. The stability of 
the clones is evidence that in the dynamic equilibrium of hematopoiesis the exchange of cells 
between different parts  of the hematopoietic sys tem is extremely small  or  is absent altogether. 

KEY WORDS: bone marrow;  heterotopic transplantation; hematopoietic s tem cells;  ch romo-  
somal labeling. 

After heterotopic transplantation of bone marrow a focus of hematopoiesis consist ing of bone and hema- 
topoietic cells is formed and pers i s t s  for a long t ime.  It has been shown that the bone in such a focus is of 
donor origin [4].  The question of the origin of the hematopoietic cells in the focus is less clear.  There are 
few experimental  data on this question and they are contradictory.  According to some evidence [4], the hema-  
topoietic cells of the heterotopic focus belong to the recipient  alone, whereas according to others [1], most  of 
the foci are mosaic in charac te r  and contain cells of both donor and recipient  origin. However, both these in- 
vestigations were car r ied  out on a very small  quantity of mater ia l  (only 52 and 102 metaphases f rom 3 and 
14 foci, respect ively,  were analyzed), and this is insufficient for quantitative analysis of the system. Conse-  
quently it is not yet c lear  whether the heterotopic focus is a mosaic of the hematopoietic cells of the donor and 
recipient,  and if it is so, what is the fate of the donor' s cells - do they continue all the time in the graft  until 
an adequate hematopoietic microenvironment  has been created to induce their  prol iferat ion or do they survive 
longer than this in the recipient '  s hematopoietic sys tem and give r ise to secondary repopulation of the hemato-  
poietic focus after  the formation of a s t roma  capable of supporting hematopoiesis in it. Meanwhile the question 
of the origin of hematopoietic cells in a heterotopic graft  is of fundamental importance,  because this model 
provides important  advantages for the study of relat ions between s t romal  and hematopoietic cells, the intensity 
of cell migration between different parts  of the hematopoietic system, the nature of the phenomenon of hybrid 
res is tance,  and so on. 

In this investigation the problem of the origin of the hematopoietic cells was studied in mice at various 
t imes after heterotopic transplantat ion of bone marrow beneath the kidney capsule of syngeneic or  semisyn-  
geneic recipients  ca r ry ing  a chromosomal  translocation.  
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E X P E R I M E N T A L  M E T H O D  

Experiments were carried out on C57BL/6, (CBA x C57BL)F I, and (CBA/T6T6 x C57BL)F I mice. A 
fragment of the content of the femur of mice without a T6 chromosome was transplanted beneath the capsule of 
the left kidney of mice with a T6 chromosome anesthetized intraperitoneally with hexobarbital (200 mg/kg). 
After an interval of 20-120 days, the mice (four to eight animals at each time) were given an intraperitoneal 
injection of colcemid (2 mg/kg). The mice were killed 40-50 min later and cells of the heterotopic focus and 
of the f e m o r a l  m a r r o w  w e r e  s u b j e c t e d  to hypotonic  t r e a t m e n t  in 0.7% so lu t i on  of t r i s o d i u m  c i t r a t e  for  50 rain. 
A f t e r  f ixa t ion  with  e t h a n o l : a c e t i c  a c id  {3:1) p r e p a r a t i o n s  fo r  k a r y o l o g i c a l  a n a l y s i s  w e r e  made  by bu rn ing  off 
the  f ixa t ive .  The  f i l m s  w e r e  s t a i n e d  by the R o m a n o v s k y - - G i e m s a  method .  The  r e c i p i e n t ' s  c e i l s  w e r e  iden t i f i ed  
f r o m  the  p r e s e n c e  of the T6 c h r o m o s o m e  in the m e t a p h a s e  p la te .  The a b s e n c e  of a T6 c h r o m o s o m e  when a l l  
40 c h r o m o s o m e s  w e r e  p r e s e n t  in the s e t  showed  tha t  the ce l l  be longed  to the donor  of the m a r r o w .  

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 r e  g iven  in T a b l e  1. Of the 53 foci  s t u d i e d  23 (43 • 6.5%) con ta ined  only the  r e c i p i e n t ' s  
c e i l s ,  w h e r e a s  the  o t h e r  foci  w e r e  m o s a i c  and con ta ined  both r e c i p i e a t ' s  and d o n o r ' s  c e l l s .  No focus  con ta ined  
only d o n o r ' s  c e l l s .  At  a l l  t i m e s  of  i n v e s t i g a t i o n  (unti l  4 months)  both  the r a t i o  be tween  the p u r e l y  r e c i p i e n t  and 
the m o s a i c  foci  and the  f r a c t i o n  of the donor '  s c e l l s  in the m o s a i c  foci  r e m a i n e d  unchanged .  Two i m p o r t a n t  
c o n c l u s i o n s  can  be d r a w n  f r o m  th i s  fact .  F i r s t ,  r e p o p u l a t i o n  of the g r a f t s  with h e m a t o p o i e t i c  c e i l s  t a k e s  p l ace  
in one s t age ,  e v i d e n t l y  a f t e r  o r g a n i z a t i o n  of a s u i t a b l e  m i c r o e n v i r o n m e n t  for  the m a i n t e n a n c e  of h e m a t o p o i e s i s .  
Second,  s u b s e q u e n t  exchange  of h e m a t o p o i e t i c  c e l l s  be tween  ind iv idua l  p a r t s  of the h e m a t o p o i e t i c  s y s t e m  is  on 
a s m a l l  s c a l e  o r  i s  a b s e n t  a l t o g e t h e r ,  at  l e a s t  d u r i n g  s t e a d y - s t a t e  h e m a t o p o i e s i s .  

The  a b s e n c e  of dono r '  s c e l l s  in the r e c i p i e n t '  s m a r r o w  th roughou t  the p e r i o d  of i n v e s t i g a t i o n  (0 among  
2210 m e t a p h a s e s  s tud ied)  shows  tha t  d o n o r ' s  h e m a t o p o i e t i c  c e l l s  p r e s e n t  in m o s t  foci  r e m a i n e d  at  the s i t e  of 
t r a n s p l a n t a t i o n  and d i d  not r e c o l o n i z e  the focus  a f t e r  p r i m a r y  r e p o p u l a t i o a  of the r e c i p i e n t '  s h e m a t o p o i e t i c  
s y s t e m .  It is  l o g i c a l  to s u p p o s e  tha t  the  p r o c e s s  of r e t e n t i o n  of  the h e m a t o p o i e t i c  s t e m  c e l l s  at the s i t e  of the 
t r a n s f o r m e d  g r a f t  is  r a n d o m  in c h a r a c t e r  and obeys  a P o i s s o n  d i s t r i b u t i o n .  If th i s  h y p o t h e s i s  i s  t r u e ,  it  is  
p o s s i b l e  to c a l c u l a t e  the mean  n u m b e r  of donor '  s s t e m  c e l l s  r e m a i n i n g  in the focus un t i l  the  t i m e  of i t s  p o p u l a -  
t ion by h e m a t o p o i e t i c  c e l l s  f r o m  the f r a c t i o n  of g r a f t s  in which  no d o n o r ' s  s t e m  c e l l s  w e r e  p r e s e r v e d .  Given  
that on average one donor' s stem cell remained in the graft, the fraction of "empty" (containing only the re -  
cipient's cells) grafts (P0) must be 0.37. Since this value, determined experimentally, was 0.43, on average 
about one of the donor's hematopoietic stem cells remained in the focus. Since the mean percentage of re-  
eipient's metaphases (1289 of 1590 studied) was 82 * 9.0%, one stem cell was the precursor of about 18% of all 
dividing cells of the hematopoietic focus. Hence it follows that a heterotopic focus, equivalent in the number 
of its hematopoietic cells (10"106-15"106) to the femur of an adult mouse, is repopulated by only five or six 
hematopoietic stem cells settling in it. Later, hematopoiesis is maintained at a stable level in the focus by the 
progenies of these stem cells settling in it initially, and no appreciable replacement of cells in the focus takes 
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place on account of migration of the recipient's hematopoietic cells. The findings indicating a small number of 
cells repopulating extensive areas of the hematopoietic system and a small scale of renewal of the hemato- 
poietic clones on account of hematopoietie stem cells arriving from the blood during steady-state hematopoie- 
sis are in full agreement with results [6J obtained recently in experiments with radiation chimeras. 

As Table 1 shows, the character of repopulation by the recipient's hematopoietic ceils was the same in 
the syngeneic and semisyngeneic systems. At all times of investigation no increase in the fraction of the 
donor's hematopoietic cells could be found in the heterotoplc focus. Hence, it follows that hematopoietic cells 
of the C57BL/6 genotype have no selective advantage over the cells of mice with a T6 chromosome in the terri-  
tory of the hematopoietic focus formed by stromal precursors of the C57BL/6 genotype. On the other hand, the 
absence of any decrease in their fraction in tile focus with the passage of time indicates that the phenomenon of 
hybrid resistance is not involved in this case [3, 5]. Hence it follows that hematopoietic cells of the (C57BL x 
CBA)F i hybrid capable of repopulation are not responsible for the phenomenon of hybrid resistance, as has 
been suggested [2] . 
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The action of x - r a y  irradiat ion on DNA synthesis in the epithelium of the uterine glands of 
ovar iectomized mice stimulated by dihydr0st i lbestrol  and the dependence of its action on the 
phase of the mitotic cycle were studied by autoradiography with thymidine-3H. After local i r -  
radiation of the region of the uterus in a dose of 400 tad  the decrease  in the index of labeled 
nuclei was found to differ depending on the phase of the mitotic cycle in which most cells were. 

KEY WORDS: x - r a y  irradiat ion;  epithelium of uterine glands; DNA synthesis.  

During irradiat ion a decrease  in the number of labeled cells is observed in the reproductive organs and 
its degree depends on the state of the cells at the moment of i rradiat ion [2, 4-6, 8]. 

The object of this investigation was to study the action of x - r a y  irradiat ion on the entry of the epithelial 
ceils of the uterine glands into the phase of DNA synthesis  and the dependence of this action on the phase of the 
mitotic cycle in which most of the cells were. 
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