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After  subeapsular  transplantat ion of tibial bone marrow,  locally i r radia ted in a dose of 2000 R, 
into the kidney of mice  of the same line 0-4 months af ter  i rradiat ion,  resporpt ion always took 
place.  Meanwhile, bone mar row from the unirradiated l imb of the same donors always pos -  
sessed  osteogenic potential. The s t roma of the i r radia ted limb was defective and did not r e -  
generate  by repopulation of the s t romal  cel ls  f rom unirradiated a reas .  Exper iments  in which 
mice  were  i r radia ted  repeatedly and the same limb was shielded gave s imi la r  conclusions.  
The resul ts  of heterotopic transplantat ion show that s t romal  cel ls ,  unlike hematopoietic c ells, 
cannot repopulate. 
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Heterotopic bone -mar row transplantat ion experiments  have shown that bone-mar row p r e c u r s o r  cel ls  
with osteogenic potential a re  histogenetically independent of the hematopoietic and lymphoid stem cells and 
a re  capable of se l f - suppor t  for  a long t ime [1, 3, 4]. 

The object of this investigation was to study whether repopulation of i r radia ted a reas  of bone mar row 
with predetermined osteogeneic p r e c u r s o r  c ells can take place. 

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

FI(CBA • and FI(CBA xC57BL ) mice  weighing 18-20 g were  used. 

Whole-body i rradiat ion of the animals was ca r r i ed  out with the ]~KU-5 cobalt  apparatus (dose rate 
30 tad/rain)  and local i r radia t ion  with the RUM-3 x - r a y  apparatus  (dose ra te  100 tad/ ra in) .  The m a r r o w  
donors  were killed at different t imes  af ter  i r rad ia t ion  and the m a r r o w  was blown out of the i r  f emur  or  
t ibia in one piece. This bone m a r r o w  was t ransplanted beneath the renal  capsule into recipients  by the 
method descr ibed  previously  [5]. Each graf t  consis ted of the contents of one femur  or  one t ibia.  

The resul ts  of transplantat ion in all the experiments  were  noted 1 month af ter  the operation. F o r  
this purpose  the graf ts  were  studied under a binocular loupe and then fixed in a l c o h o l - f o r m o l  and deca lc i -  
fied. Af ter  embedding in paraffin wax, a se r i e s  of histological sections were  cut and stained with hematoxy-  
l i n - eos in .  The following se r ies  of experiments  were  ca r r i ed  out. I) Transplantat ion of bone mar row im-  
mediately af ter  whole-body i r radiat ion of the donors,  at t ime 0. In some experiments  te t racycl ine  was 
given to the recipients  in a dose of 1 mg/20 g body weight 24 h before fixation of the grafts .  The grafts  
were  removed next day and examined under the MUF-1 luminescence microscope .  II) Transplantat ion of 
the tibial m a r r o w  f rom the local ly i r rad ia ted  hind limb at var ious  t imes  af ter  i r radiat ion.  Bone m a r r o w  
f rom the r ight  hind limb was used for control  t ransplantat ion.  HI) Transplantat ion of bone m a r r o w  f rom 
donors  i r rad ia ted  with one hind limb shielded. T imes  of transplantat ion:  0-32 days af ter  i r radia t ion.  IV) 
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T A B L E  1. H e t e r o t o p i c  
T r a n s p l a n t a t i o n  of I r r a d i a t e d  
M o u s e  Bone  M a r r o w  

Mice o.lv 
Time between] & 
irradiation and ~ . . , :  
transplanta- ~ o e~ : 
tion ~ 

F: (CBAX 
XCb~BL)* 

Ft (CBA X 
kA)r ' 

0- Times 700 
800 >> 
900 

1000 >> 
1500 
2000 
3000 >> 

2000 0--2 h 
I 1 days 
16 days 
21--22 days 
41--44 
4 months 

6/6 
6,;6 
5/5 
2/6 
O/6 
O/6 
O/5 

0/4 
0/3  
0/5 
0/6 
o/5 
o/2 

T A B L E  2. H e t e r o t o p i c  
T r a n s p l a n t a t i o n  of Bone M a r r o w  
f r o m  F I (CBA • ) M i c e  
R e c e i v i n g  W h o l e - B o d y  
I r r a d i a t i o n  with  Hind L i m b  
Sh ie lded  

Time between Results of 
Dose of irradiation and transplanta- 
irradiation transplantatiot tionS 
(in rad) (in days) 

950 

85o x 2' 

0 
2 

10 
21 
27 
32 
7 

11 
19 
27 
40 

o/2 
0/3 
0/3 
0/3 
2/3 
3/3 
o/3 
0/3 
o/2 
2/2 
3/3 

* Subc a p s u l a r  t r a n s p l a n t a t i o n  
of m a r r o w  f r o m  one  f e m u r  into 
k idney .  
1" Subc a p s u l a r  t r a n s p l a n t a t i o n  
o f  m a r r o w  f r o m  one t i b i a  in to  
k i d n e y .  
SBone m a r r o w  t r a n s p l a n t e d  i m -  
m e d i a t e l y  a f t e r  i r r a d i a t i o n ,  
**Re su l t  s of  t r a n s p l a n t a t i o n  g i v -  
e n  a s  r a t i o  b e t w e e n  n u m b e r  of  r e -  
g e n e r a t i n g  g r a f t s  and t o t a l  n u m -  
b e r  of  g r a f t s  at  t ha t  p a r t i c u l a r  t i m e .  

* E a c h  g r a f t  i nc luded  bone  
m a r r o w  f r o m  one t ib ia .  

I n t e r v a l  be tween  two i r r a d i -  
a t i o n s  in d o s e  of 850 r a d  i s  22 
d a y s .  Bone m a r r o w  t r a n s p l a n t e d  
a f t e r  s e c o n d  i r r a d i a t i o n .  

$ R e s u l t s  of t r a n s p l a n t a t i o n  
g i v e n  a s  r a t i o  b e t w e e n  n u m b e r  
of r e g e n e r a t i n g  g r a f t s  and  to ta l  
n u m b e r  of g r a f t s  a t  tha t  p a r t i c u -  
l a r  t i m e .  

T r a n s p l a n t a t i o n ~ 0 f  bone n a r r o w  f r o m  d o n o r s  i r r a d i a t e d  tw ice ,  a t  an  i h t e r v a l  o f  22 d a y s ,  w i th  the  s a m e  h ind  
l i m b  s h i e l d e d .  Bone  m a r r o w  f r o m  the  s h i e l d e d  l i m b  was  u s e d  fo r  the  c o n t r o l  t r a n s p l a n t a t i o n .  T i m e s  of 
t r a n s p l a n t a t i o n :  7 -40  d a y s  a f t e r  t he  s econd  i r r a d i a t i o n .  The  d o s e s  o f  i r r a d i a t i o n  a r e  shown in  T a b l e s  1 
and 2. 

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

Bone m a r r o w  t a k e n  f rom the  f e m u r  and t i b i a  of m i c e  i m m e d i a t e l y  a f t e r  w h o l e - b o d y  i r r a d i a t i o n  in 
d o s e s  of 700, 800, and  900 t a d  w a s  i n d i s t i n g u i s h a b l e  v i s u a l l y  f r o m  the  m a r r o w  of u n i r r a d i a t e d  a n i m a l s ,  but  
a f t e r  i r r a d i a t i o n  in d o s e s  of 1000, 1500, 2000, and 3000 t a d  i t  was  p a l e r  than  n o r m a l ,  l e s s  c o m p a c t ,  and  
m o r e  l iqu id .  

One mon th  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  i r r a d i a t e d  in d o s e s  of 700 and 800 t a d  (Tab le  1) u n d e r  
the  r e n a l  c a p s u l e  of the  r e c i p i e n t s ,  the  g r a f t s  w e r e  s t r o n g l y  l u m i n e s c e n t  in the  u l t r a v i o l e t  m i c r o s c o p e .  T h e  
g r a f t s  f o r m e d  a m a r r o w  o r g a n ,  i nc lud ing  a bone  s h e l l  and  a c t i v e  bone  m a r r o w .  The  g r a f t s  on m i c e  i r r a d i -  
a t ed . i n  a d o s e  of 900 t a d  w e r e  s i g n i f i c a n t l y  s m a l l e r ,  but  t h e i r  l u m i n e s c e n c e  in the  l u m i n e s c e n c e  m i c r o s c o p e  
r e m a i n e d  b r i g h t  and c l e a r .  

Such g r a f t s  w e r e  p r e s e n t  in two of the  s ix  r e c i p i e n t s  r e c e i v i n g  bone  m a r r o w  f r o m  d o n o r s  i r r a d i a t e d  
in a d o s e  of 1000 t a d .  On the  s u r f a c e  of the  k i d n e y s  in two c a s e s  a f t e r  t r a n s p l a n t a t i o n  of  m a r r o w  i r r a d i -  
a t ed  in a d o s e  of 1500 r ad ,  s m a l l  f r a g m e n t s  of bone,  not  sh in ing  u n d e r  the  l u m i n e s c e n c e  m i c r o s c o p e ,  cou ld  
b e  s e e n .  In a l l  c a s e s  in which  bone  m a r r o w  i r r a d i a t e d  in h i g h e r  d o s e s  w a s  t r a n s p l a n t e d ,  c l e a r  r e s o r p t i o n  
of the  g r a f t s  took  p l a c e .  

Bone m a r r o w  f r o m  the  t i b i a ,  i r r a d i a t e d  l o c a l l y  in a d o s e  of 2000 r a d  and t r a n s p l a n t e d  0 d a y s - 4  mon ths  
a f t e r  i r r a d i a t i o n ,  a l w a y s  unde rwen t  r e s o r p t i o n  (Tab le  1). M a r r o w  f r o m  the  u n i r r a d i a t e d  t i b i a  of a l l  t h e s e  
d o n o r s  p o s s e s s e d  o s t eogen i c  p o t e n t i a l ,  i . e . ,  when g r a f t e d  be ne a th  t he  k idney  c a p s u l e  of the  r e c i p i e n t , b o n e  
wi th  m e d u l l a r y  e l e m e n t s  w a s  f o r m e d .  

5 8 6  



In the ear ly  periods af ter  i r radia t ion (0-21 days), ma r row removed f rom the i r radia ted  limb of ani-  
mals  exposed to a dose of 950 rad  with one hind limb shielded lost  i ts  osteogenie proper t ies .  They were  
r e s to red  in the donors  on the 27th day after  i r radiat ion,  i.e., at the same t ime as in radiat ion ch imeras  [2, 
4]. Heterotopic transplantat ion of mar row i r radia ted  twice in a dose of 850 tad  showed that it did not pos -  
sess  osteogenic proper t ies  on the 7th-19th day af ter  the second irradiat ion,  but that they were  r e s to red  27 
days la te r  (Table 2). 

In the control  se r i e s  of experiments  mar row was t ransplanted from the shielded limb of these mice.  
F rom the l l t h  to the 40th day af ter  the second irradiat ion,  the mar row was found td possess  osteogenie po- 
t en t i a l  

Af ter  syngeneic subcapsular  t ransplantat ion of bone mar row into the kidney, bone t issue was formed 
at the si te  of the graft  and was repopulated by the rec ip ien t ' s  mar row cells.  Osteogenic t issue forming the 
s t roma  of these graf ts  p re se rved  its donor  origin, whereas  the hematopoietic t issue by the third month was 
replaced by the ree ip ien t ' s  hematopoietic cel ls .  The p resence  of a potent s t roma  in these experiments  
guaranteed the success  of transplantation.  On the other hand, graf ts  of mar row,  consis t ing of s t roma  in-  
jured after  local i r radia t ion in a dose of 900 tad,  together  with normal  hematopoietic t issue a re  repor ted  to 
have undergone resorpt ion  [6]. 

The resul ts  of the present  experiments  show that the lost osteogenic potential of the bone mar row in 
the i r radia ted  animals can be r e s to red  within a month af ter  i r radiat ion in doses of 850-950 tad.  The dose 
causing loss  of osteogenic potential of the mar row in mice  was shown to be 2000 tad.  As transplantat io n 
of mar row from a limb locally i r radia ted in a dose of 2000 tad showed, res tora t ion  of these p roper t i es  did 
not take place even within 4 months,  although the m a r r o w  was outwardly indistinguishable in appearance 
at that t ime f rom normal .  

The resul ts  show that, f i rs t ,  af ter  i r radiat ion of the s t roma  in a dose of 2000 rad, it is repopulated by 
hematopoietic cel ls  although the s t roma  itself remains  defective. Second, they show that repopulation of i r -  
radiated a reas  with osteogenic s t romal  cel ls  f rom unirradtated a reas  does not take place (at least  in the 
course  of 4 months).  

Af ter  repeated i r radia t ion of mice  with the  same limb shielded, repopulation of a reas  where  intensi-  
fied regenerat ion was taking place, i.e., the i r radia ted  limb, with s t romal  cel ls  f rom the shielded limb could 
not be obtained. The t imes of res tora t ion  of the osteogenic potential of the mar row from the i r radia ted 
limb remained the same  as af ter  a single i rradiat ion,  i.e., the p resence  of a " r e se rve"  of s t roma  in the un- 
i r radia ted  a rea  did not affect them. 

The resul ts  show that s t romal  cel ls  in mice  cannot repopulate even during repa i r  p r o c e s s e s  af ter  i r -  
radiation. 

These resu l t s  do not contradic t  those obtained by Crosby  et al. [7, 8], who descr ibed secondary apla-  
sia of the mar row in rats  three  months af ter  local i r radia t ion in a dose of 4000 rad.  It is evidently at this 
t ime that radiation damage to the s t roma  is manifested and, since repopulation with s t romal  cel ls  f rom un- 
i r radia ted a reas  does not take place, the s t roma  does not regenerate .  
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