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Various numbers  of cel ls  of intact o r  i r radia ted bone mar row from syngeneic donors were  
injected into mice  i r radiated with a lethal dose. A l inear  relationship was found between the 
number of 8-9 day colonies growing in the femora l  mar row and the number of injected cells,  
and an exponential relationship was found with the dose of irradiation.  The pat tern of cloning 
of the stem cel ls  in the bone mar row was s imi la r  to that in the spleen. Differences were  
found in the radiosensi t ivi ty of colony-forming un i t s  (CFU) depending on the organ (spleen, 
bone marrow) in which they formed the colonies.  CFUs settling in the bone mar row were  
more  res i s tan t  {Do 160-200 R) than CFUs settling in the spleen (D O 80-100 R). Differences in 
the radiosensit ivi ty of the CFUs a re  due, it is postulated, to the p resence  of a heterogeneous 
population of s tem cel ls  and also to specific features of the organ (spleen, bone marrow) in 
which the colonies a re  formed. 
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Transplantation of intact or  i r radia ted bone mar row cel ls  leads to the formation of colonies of cel ls  
of the erythroid,  myeloid, and megakaryocyt ic  types in the spleen of i r radiated recipient  mice [3], and the 
number of colonies bears  a l inear relationship to the number of injected cel ls  but falls exponentially if the 
donors of the cells  a re  i r radiated with doses of between 100 and 600 tL Besides in the spleen, colonies can 
be formed in the bone mar row [2, 6]. However, the pat tern  of cloning of both intact and i r radia ted hema-  
topoietic cel ls  in the bone mar row has not been studied. 

The objects of the present  investigation were  as follows: 1) to study the relationship between the num-  
ber  of injected cel ls  and the number of colonies growing in the bone marrow;  2) to investigate the effect of 
the dose of i rradiat ion of the injected cel ls  on their  ability to form colonies in the femoral  marrow.  

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

Male C57BL mice  and F 1 (CBA • female mice  weighing 20-22 g were  used. The conditions of 
i r radiat ion of the recipient  animals and of the bone mar row cells  of the donors a re  given in Table 1. 

The bone mar row was taken f rom the femur immediately (C57BL) or  24 h af ter  i r radiat ion (FI). Cells 
i r radiated in vitro were  injected immediately after  irradiat ion.  On the 8th-9th day after  transplantat ion of 
hematopoietie cells  the femur and spleen were  removed from the syngeneic recipients .  The mater ia l  was 
fixed in Bouin's fluid. The bones were  decalcified in 5% HNO 3 solution and embedded in paraffin wax. Sec- 
tions 5-7 # in thickness were  cut in a continuous ser ies .  The number  of colonies was counted in his tolo-  
gical specimens stained with hematoy~ylin and eosin, and subdivided into erythroid,  myeloid, megakaryo-  
cytic,  and mixed. The equation of the r eg re s s ion  lines was calculated by the method of least  squares .  The 
radiosensi t ivi ty of the s tem cel ls  was charac te r i zed  at the mean lethal dose {Do). 

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

It will be c lea r  f rom Fig. l a  (curve  1) that a l inear  relationship exists between the number of colonies 
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T A B L E  1. C o n d i t i o n s  of I r r a d i a t i o n  of R e c i p i e n t  M i c e  and of 
D o n o r ' s  Bone  M a r r o w  C e l l s  

Mice 

F1 (CBA x C57BL) 
C57BL 

F~ (CBA • C57BL) 
Fz (CBA x C57BL) 

L e g e n  d �9 

Dose of irradiation (in R) 

of bone marrow cells 

400,500,600,700 (in vivo) 
100, 200,300,400, 500, 600 (in vivo) 
74, 148, 222, 296, 407, 555, 703 (in 

vitro) 

of 
recipients 

900 (86) 
800 (40) 
875 (71) 

900 (94) 

N u m b e r  of r e c i p i e n t s  g iven  in p a r e n t h e s e s .  

S o u r c e  
of )'- 
r a ys 

Cs 137 
CoCO 
CoCO 

Cs137 

37 
289 
289 

37 

1o 

8 

q 

4 �84 

2 

a 

! 

40 

30 

20 

lO 

20 �9 IO too 500 

b l 

/ 
/ 

/ 
! 

l 5 ~ ~ 7QO 500 

F i g .  1. N u m b e r  of c o l o n i e s  g r o w i n g  in f e m o r a l  m a r r o w  (a) and  
s p l e e n  (b) a s  a func t ion  of n u m b e r  of i n j e c t e d  c e l l s  af  i n t ac t  (1) 
bone  m a r r o w  o r  bone  m a r r o w  i r r a d i a t e d  in a d o s e  of 400 R (2} 
f r o m  F I h y b r i d  m i c e  (8 th-9 th  day  a f t e r  t r a n s p l a n t a t i o n  of ce l l} .  
A b s c i s s a ,  n u m b e r  of c e l l s  i n j e c t e d  (x 104); o r d i n a t e ,  m e a n  n u m -  
b e r  of c o l o n i e s  in  bone  m a r r o w  Ca) o r  s p l e e n  (b}. B r o k e n  l i n e  d e -  
no t e s  c o n j e c t u r a l  n u m b e r  of c o l o n i e s .  

F ig .  2. F o r m a t i o n  of h e m a t o -  
po i e t i c  co lony  in f e m o r a l  m e d u l -  
l a r y  c a v i t y  of r a d i o c h i m e r a  (Sth 
day  a f t e r  t r a n s p l a n t a t i o n  of c e l l s ) .  
I - I e m a t o x y l i n - e o s i n ,  ~Dbjective 10, 
G o m a l  6 x. 

g r o w i n g  in the  f e m u r  of the  i r r a d i a t e d  (900 R} m i c e  and the  
n u m b e r  of i n t a c t  bone  m a r r o w  c e l l s  i n j e c t e d .  The  c u r v e  
showing  the  r e l a t i o n s h i p  b e t w e e n  the  d o s e  of i n j e c t e d  c e l l s  
and the  n u m b e r  of c o l o n i e s  c o n s i s t s  of two p a r t s :  l i n e a r  and 
p l a t e a u .  The  l i n e a r  funct ion  w a s  found to ho ld  good if  s m a l l  
n u m b e r s  of c e l l s  w e r e  t r a n s p l a n t e d  (1 �9 1 0 4 - 5  �9 104), but  wi th  
an i n c r e a s e  in the  n u m b e r  of c e l l s  (1 �9 l 0  s o r  m o r e )  the  n u m -  
b e r  of c o l o n i e s  in t he  f e m u r  r e m a i n e d  unchanged  (p la teau) .  
A s i m i l a r  p a t t e r n  of co lony  f o r m a t i o n  was  found in t he  s p l e e n  
(Fig .  l b ;  c u r v e  1). 

T r a n s p l a n t a t i o n  of l a r g e  n u m b e r s  of i n t a c t  c e l l s  ( f rom 
1 �9 10 s to 5" 106) l ed  to the  f o r m a t i o n  of the  s a m e  n u m b e r  of 
c o l o n i e s  in the  bone  m a r r o w  of the  i r r a d i a t e d  r e c i p i e n t s  
(the n u m b e r  of c o l o n i e s  " c o m e s  out  onto a p l a t e a u " ) .  S ince  
in the  c a s e  of t r a n s p l a n t a t i o n  of c e l l s  f r o m  i r r a d i a t e d  d o n o r s  
i t  w a s  n e c e s s a r y  to w o r k  ( see  below} wi th  ju s t  th i s  n u m b e r  
of c e l l s ,  c o r r e l a t i o n  b e t w e e n  the  n u m b e r  of g r o w i n g  c o l o n i e s  
and the  n u m b e r  of i n j e c t e d  i r r a d i a t e d  c e l l s  w a s  i n v e s t i g a t e d  
add i t i ona l l y .  The  r e s u l t s  showed  tha t  a f t e r  t r a n s p l a n t a t i o n  
of 1 �9 1 0 s - 5  �9 106 bone  m a r r o w  c e l l s  f r o m  i r r a d i a t e d  (400 R) 
d o n o r s ,  the  n u m b e r  of c o l o n i e s  in the  f e m u r  of F 1 h y b r i d  
r e c i p i e n t s  i r r a d i a t e d  in a d o s e  of 900 R i n c r e a s e d  as  a l i n -  
e a r  func t ion  of t he  n u m b e r  of i n j e c t e d  c e l l s  (F ig .  l a ,  c u r v e  

2). A s i m i l a r  r e l a t i o n s h i p  w a s  found f o r  c e l l s  f o r m i n g  c o l o n i e s  in the  s p l e e n  (Fig .  l b ,  c u r v e  2). 

W h e r e a s  the  n u m b e r  of c o l o n i e s  in t he  bone  m a r r o w  and s p l e e n  was  c o n s t a n t  a f t b r  t r a n s p l a n t a t i o n  of 
1 �9 1 0 5 - 5  �9 106 i n t ac t  bone  m a r r o w  c e l l s ,  if  the  s a m e  n u m b e r  of i r r a d i a t e d  c e l l s  was  i n j ec t ed ,  the  n u m b e r  of 
c o l o n i e s  a r i s i n g  in t h e s e  o r g a n s  l ay  on the  l i n e a r  p a r t  of the  d o s e - e f f e c t  c u r v e .  
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T A B L E  2. R e l a t i o n s h i p  Be tween  N u m b e r  of C o l o n i e s  G r o w i n g  in 
F e m u r  and N u m b e r  of Bone M a r r o w  C e l l s  f r o m  I r r a d i a t e d  F 1 
H y b r i d  D o n o r s  I n j e c t e d  (M • m) 

Dose 
(in R) 

0 
100 
200 
300 
400 
500 
600 

Number 
of cells 
!injected 
i(" lo~) 

0,5 
1,0 
2.5 
5,0 
5,0 

10,0 
20,0 

Type of hematopoiefic colonies 

erythroid 

22,0--6,0 
4,0-'-0,8 
2,5--0,4 
0,8--0,2 
0,8"+'0,3 
1,6--0,5 

0,234-0,02 

myeloid 

38,0--7,0 
8,0----- 1,0 
2,8--0,5 
1,2--0,3 
2,0--0,4 
1,8--0,5 

0,37--0,03 

megakary- 
ocytlc 

12,0--2,0 
9,0--2,0 
1,7-----0,3 
2.4+0,6 
1,6--0,4 
1,2-----0,2 

0,26--0,04 

mixed 

2,0--0,4 
0 

0,6+0,3 
0 
0 
0 
0 

Mean number 
of colonies 
per femur 

74,0-- 16,0 (25) 
21,0"+-4,0 (12) 
7,6___0,8 (13) 
4,4_ 1,0 (11) 
4,4-----0,9 (10) 
4,6----- 1,2 (15) 

0,86~0,04 (12) 

Legend .  C a l c u l a t e d  p e r  106 t r a n s p l a n t e d  c e l l s ,  i r r a d i a t i o n  c o n t r o l  
deduc ted .  N u m b e r  of  r e c i p i e n t s  t e s t e d  on 9th day  a f t e r  t r a n s p l a n -  
t a t i on  of c e l l s  g iven  in p a r e n t h e s e s .  

T A B L E  3. R a d i o s e n s i t i v i t y  of Bone  M a r r o w  C e l l s  F o r m i n g  C o l o n i e s  
in Spleen  and Bone M a r r o w  (M + m) 

Organ 

Spleen 

Bone 
marrow 

Donor mice 

C57BL * 
F1 (CBA • C57BL) * 
F 1 (CBA • C57BL) T 
C57B L * 
Fz (CBA X C57BL) * 
F1 (CBA • C57BL) 1" 

�9 " I r r ad ia t ion  of d o n o r s .  

D and extra olaRon 
erythroid myeloid megakar 
colonies c61onies yocytie 

I I Ico.lonies 

~f : I r radiat ion of c e l l  s u s p e n s i o n .  

80"4-6 
108+---7 
95-----6 

160--8 
217-4-20 
170--11 

85----- 5 
115-----5 
95+6 

170-----6 
197-- 18 
167-- 10 

90-- 5 
110• 
103-----8 
165• 
180----- 12 
170~ 12 

number (n) 

total number of 
colonies 

82• n=2,1 
110+5 n=l,1 
100-----7 n=l , l  
165~7 n=l,4 
195 -+- 18 n=0,9 
170-- 12 n=0,85 

M o r p h o l o g i c a l  a n a l y s i s  of the  c o l o n i e s  (Fig .  2) showed  that ,  un l ike  in the  sp leen , '  c o l o n i e s  of m y e l o i d  
t ype  p r e d o m i n a t e d  in  the  bone m a r r o w ,  be ing  1 .5-2  t i m e s  m o r e  n u m e r o u s  than the  e r y t h r o i d  c o l o n i e s ,  
w h e r e a s  in the  s p l e e n  t h e r e  was  an equal  p r e p o n d e r a n c e  of e r y t h r o i d  c o l o n i e s .  D i f f e r e n c e s  in d i f f e r e n t i a -  
t i o n o f  s t e m  c e l l s  p r o l i f e r a t i n g  in the  bone  m a r r o w  and s p l e e n  a r e  now r e g a r d e d  a s  a m a n i f e s t a t i o n  of the  
e f fec t  of the  m i e r o e n v i r o u m e n t  of t he  s t r o m a .  A c c o r d i n g  to s o m e  w o r k e r s ,  v a r i o u s  f a c t o r s  inducing  h e m a -  
t o p o i e s i s  ex i s t  in the  s t r o m a  of  the  s p l e e n  and bone  m a r r o w ,  and they  d i r e c t  d i f f e r e n t i a t i o n  of the  s t e m  c e l l s  
in the  e r y t h r o i d  (in the  s p l e e n  i o r  m y e l o i d  (in the  bone  m a r r o w )  d i r e c t i o n  [5, 6]. The  a b i l i t y  of the  s t r o m a  
of h e m a t o p o i e t i c  o r g a n s  to r e g u l a t e  d i f f e r e n t i a t i o n  of the  t r a n s p l a n t e d  s t e m  c e l l s  had  not  y e t  b e e n  c o m -  
p l e t e l y  p r o v e d .  H o w e v e r ,  the  r e s u l t s  ob t a ined  in  t h e s e  e x p e r i m e n t s  can  b e  i n t e r p r e t e d  a s  s u p p o r t  f o r  t h i s  
h y p o t h e s i s .  

E x p e r i m e n t a l  d a t a  on t h e  a b i l i t y  of t r a n s p l a n t e d  i r r a d i a t e d  bone  m a r r o w  c e l l s  to f o r m  c o l o n i e s  in the  
f e m o r a l  m a r r o w  a r e  g iven  in T a b l e  2. 

S ince  no d i f f e r e n c e s  w e r e  found in co lony  f o r m a t i o n  by  c e l l s  i r r a d i a t e d  u n d e r  d i f f e r e n t  c o n d i t i o n s  
(in vivo o r  in v i t ro ) ,  the  e x p e r i m e n t a l  r e s u l t s  w i l l  b e  d e s c r i b e d  t o g e t h e r .  T h e  i n v e s t i g a t i o n  w a s  c a r r i e d  
out  on C57BL a n d  F i (CBA •  m i c e .  On the  9th day  a f t e r  t r a n s p l a n t a t i o n  of the  c o r r e s p o n d i n g  n u m -  
b e r  of i r r a d i a t e d  bone  m a r r o w  c e l l s ,  an exponen t i a l  r e l a t i o n s h i p  was  found b e t w e e n  the  d o s e  of i r r a d i a t i o n  
and the  n u m b e r  of  c o l o n i e s  in t h e  f e m u r  and a t  the  s a m e  t i m e  in the  s p l e e n  of t he  s y n g e n e i c  r e c i p i e n t .  I r -  
r e s p e c t i v e  of the  d o s e  of i r r a d i a t i o n  of the  s t e m  c e l l s  t he  m e a n  s i z e  of the  e r y t h r o i d ,  m y e l o i d ,  and m e g a -  
k a r y o c y t i c  c o l o n i e s  in the  bone  m a r r o w  (0 .4-0 .5 ,  0 .5 -0 .7 ,  and 0 .2 -0 .3  m m ,  r e s p e c t i v e l y )  w a s  i n d i s t i n g u i s h -  
a b l e  f r o m  the  s i z e  of the  h o m o n y m o u s  c e l l  c o l o n i e s  ob t a ined  by t r a n s p l a n t a t i o n  of in t ac t  u n i r r a d i a t e d  c e l l s .  
The  m e a n  d i a m e t e r  of t h e s e  t y p e s  of c o l o n i e s  in t he  s p l e e n  was  0 .8 -0 .9 ,  0 .4 -0 .5 ,  and  0 .2 -0 .3  ram,  r e s p e c -  
t ive ly .  The  e r y t h r o i d  c o l o n i e s  thus  g r e w  to the  l a r g e s t  s i z e  in the  s p l e e n ,  and the  m y e l o i d  c o l o n i e s  in the  
bone  m a r r o w .  W h e r e a s  in the  s p l e e n  u n d e r  the  in f luence  of r a d i a t i o n  the  t r a n s p l a n t e d  c e l l s  f o r m e d  s i g -  
n i f i can t ly  s m a l l e r  c o l o n i e s  of the  t h r e e  m a i n  t y p e s ,  in the  bone  m a r r o w  u n d e r  the  s a m e  c o n d i t i o n s  of i r -  
r a d i a t i o n  the  d i m e n s i o n s  of the  c o l o n i e s  w e r e  unchanged .  
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Quantitative analysis  of the colony counts in the femur af ter  t ransplantat ion of i r radia ted bone m a r -  
row cel ls  made it possible to es t imate  the value of the effective dose leading to a dec rease  in the number of 
s tem cel ls  by 63 % (Do). In this case  lower  rad iores i s tance  of the cells  forming colonies in the bone m a r -  
row than of the cel ls  forming colonies in the spleen was found (Table 3). 

Charac ter i s t ica l ly ,  the value of the extrapolation number for  cel ls  forming colonies in the bone m a r -  
row was below one, whereas  for  cel ls  forming colonies in the spleen the extrapolation number was over  one. 

It can be postulated on the basis  of these resul ts  that the population of stem cel ls  is heterogeneous,  
consist ing of groups differing in radiosensi t ivi ty and extrapolation number.  One group of stem cel ls  pos -  
sibly may form colonies in the spieen - spleen co lony- forming  units (CFUs). F o r  this fraction of cells  D O 
is 80-100 R and n > 1. The other group of s tem cel ls  forms colonies in the bone mar row - b o n e  mar row 
colony-forming  units (CFUbm). For  this fraction of cel ls  D o is about 160-200 R and n < 1. This agrees  to 
some extent with the resul ts  of investigations showing that s tem cel ls  settling in the spleen or  bone mar row 
possess  different kinetic pa rame te r s ,  ra te  of growth [1], and hemoglobin production [4]. On the other hand, 
the radiosensit ivi ty of the stem cel ls  may be due to specific features of the organ (spleen, bone marrow) i n  
which the colonies a re  formed.  In this connection it may be postulated that i r radia ted  (partly injured) stem 
cells,  on entering the bone marrow,  exhibit a higher capaci ty for  repa i r  than cel ls  settling in the spleen. As 
a resul t  the cloning efficiency in the bone mar row is much higher  than in the spleen. By cloning efficiency 
is meant the manifestat ion of ability to form colonies either by all s tem cel ls  settling in a given o rde r  or  by 
some of them. The possibi l i ty cannot therefore  be ruled out that in both organs what is determined is the 
effect of radiation on the ability of s tem cel ls  to undertake effective cloning ra ther  than colony formation. 
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