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The radiosensit ivi ty of guinea-pig bone marrow cells forming colonies consisting of f ibro-  
blast  clones in monolayer  cul tures was determined. The cells were i r radia ted  in suspen-  
sion in vi t ro  before explantation. Colony formation was suppressed virtually completely 
af ter  i r radiat ion in doses of 600 R or  more. Suppression of colony formation in the suspen- 
sions after  i r radiat ion depended on its action on the colony-forming cell and not on the bone 
marrow cells which play the role of natural "feeder cells" in the cultures.  The mean lethal 
dose o r  37% dose D o =178 + 15 R and the extrapolation number n=1.44. 

Colonies consist ing of clones of fibroblasts are  formed in monolayer  cultures of bone marrow cells. 
The efficiency of cloning is about 1:105 for  guinea-pig and human bone marrow [3-5]. Growth of f ibroblasts  
in the form of isolated colonies evidently takes place on account of the considerable dissociation of the 
colony-forming cells and because of the presence  of large numbers  of cells in the bone mar row which do 
not part icipate in colony formation but which condition the medium (natural feeder cells). Colony-forming 
cells can maintain themselves  for a long time, which follows f rom the high prol i ferat ive pool in the colonies 
[1, 3] and the possibil i ty of repeated subculture with retention of the diploid set of chromosomes  [2, 3], 
Transplantat ion of f ibroblasts  f rom bone marrow cultures to in vivo conditions in a diffusion chamber  
demonst ra tes  their  osteogenic potential [4-6, 8], i.e., shows that they are s t romal  cells, p r e c u r s o r s  of bone 
marrow. The nature  of these cells  requires  fur ther  study. 

This paper  descr ibes  the results  of a study of the radiosensit ivi ty of colony-forming cells of guinea- 
pig and human bone marrow after  i r radiat ion in vi tro.  

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

Bone marrow ceils were washed out with medium no. 199 from the femora  of adult guinea-pigs and 
f rom the resec ted  ribs of hematologically healthy adult persons .  The cell suspensions were  pipetted and 
fi l tered through four layers  of Kapron, after  which their concentration was adjusted to 1 • 107-2 x l0 T 
ee l ls /ml .  Each cell suspension was then poured into several  tubes, one of which was used as the control 
while the res t  were i rradiated at 4~ f rom a cobalt source with a dose rate of 166 rad/min.  

The i r radia ted  and control suspensions were  explanted in equal quantities and in identical volumes of 
medium in Roux flasks. In some experiments  mixtures of i r radia ted and unirradiated cells used was too 
small  to allow the formation of f ibroblast  colonies on explantation in flasks with a standard surface. The 
medium either was changed once, 48 h after  explantation, or  was unchanged throughout the period of culti- 
vation. On the 8th-12th day the cul tures were  fixed with 96 ~ alcohol, stained with azure-eos in ,  and the num- 
ber  of colonies of f ibroblasts  was  counted under a binocular loupe. 

*Deceased.  

Labora tory  of Immunomorphology, N. F. Gamaleya Institute of Epidemiology and Microbiology, 
Academy of Medical Sciences of the USSR, Moscow. (Presented by Academician of the Academy of Medical 
Sciences of the USSR P. A. Vershilova.) Transla ted from Byulleten' ]s Biologii i Meditsiny, 
Vol. 74, No. 10, pp. 94-97, October, 1972. Original ar t icle  submitted January  17, 1972. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West I7th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $I5.00. 

1316 



TABLE 1. Effect of I rradiat ion on Number of Colonies Growing 
in Cultures of Guinea-pig Bone Marrow 

Explantation into 250-ml 
flasks with base area about 
78 em z 

Dose of ir- 
radiation 
(in R) 

150 
300 
600 

Number of ex- 

planted ceils 

1,04 x 10 v 

1,04 x 10 v 
1,04 X 10 v 
1,04 x 10 r 

N;. of grow- Mean ECF 

colonies cellsper l0 s 

129; 132 
166; 157 1,4 
103; 149 1,2 

26; 35 0,29 
7:10 0,08 

Explantationinto 250-m1 
flasks with base area about 
78 a m  2 

Explantation into 50- ml 
flasks with base area about 
28 c m  2 

Exptantatton into 50- ml 
flasks with base area about 
28 c m  2 

150 
300 
400 
500 
600 

100 
200 
450 

600 
1200 

1 x l 0  r 1; 128; 83 1 x 10 v 74; 58 
1 x 107 36; 37 
1 x 10 r 13; 20 
1 x 107 7; 7 
1 X 107 3; 0; 2; 0 

2,5xI0 n 
2,5xI0 n 
2,5 x 10 s 
2,5 x I06 

2,6x106 
2,6 x 106 
2,6 x l0 n 
2,6 x 106 

102; 93 
60; 67; 83 

64; 38 
7; 12; 13 

48; 30 
6; 15 

1;4 
0; 0 

1,06 
0,66 
0,37 
0,17 
0,07 
0,01 

3,91 
2,81 
1,84 
0,43 

1,42 
0,4 
0,08 

Explantation into 5 0- ml 
flasks with base area about 
28 cm 2 

Control 
+ 
600 

1,3xlO ~ 
1,3 x 106 

2,6• 106 

20; 21; 16 

21; 24; 33 

1,46 

0,67 

T A B L E  2.  E f f e c t  o f  I r r a d i a t i o n  on  N u m b e r  o f  C o l o n i e s  o f  

F i b r o b l a s t s  G r o w i n g  i n  C u l t u r e s  o f  H u m a n  B o n e  M a r r o w  

Dose of tr- No.  of ex- 
radiation planted 
(in R) celtn 

No. of grow- 

i ng co Io hies 

Explantation into 50- ml flasks 
with base area about 28 cmZ 

1200 
2400 

3,4xi06 
3,4xi06 
3,4xi06 
3,4 x 106 

124; 145 
0 ;0  
0 ,0  
0 ;0  

Mean ECF 
per 10 s 
cells 

3,95 

Explantation into 50-ml flasks 
with base area about 28 cm z 

300 
600 

3• 106 
3• 
3 x 10 e 
3 x 106 

23; 8 
15; 5 
2; 0 

o; 0 

0,53 
0,33 
0,04 

T h e  p r o p o r t i o n  o f  s u r v i v i n g  c o l o n y - f o r m i n g  c e l l s  a f t e r  i r r a d i a t i o n  i n  e a c h  p a r t i c u l a r  d o s e  w a s  d e t e r -  

m i n e d  b y  c o m p a r i n g  t h e  n u m b e r  o f  c o l o n i e s  g r o w i n g  i n  t h e  c o n t r o l  a n d  i r r a d i a t e d  c u l t u r e s .  T h e  s u r v i v a l  

c u r v e  w a s  p l o t t e d  a n d  f r o m  i t  t h e  d o s e  r e q u i r e d  to r e d u c e  t h e  s u r v i v i n g  f r a c t i o n  to  0 .37  on  t h e  e x p o n e n t i a l  

p a r t  o f  t h e  c u r v e  (D O o r  1330 a n d  t h e  e x t r a p o l a t i o n  n u m b e r  (n) f o r  t h e  c o l o n y - f o r m i n g  c e l l s  of  g u i n e a - p i g  

b o n e  m a r r o w  w e r e  o b t a i n e d  f r o m  i t .  

EXPERIMENTAL RESULTS 

The morphology of the colonies growing in the irradiated and control cell suspension was similar on 

the whole and has been described previously [5]. Meanwhile, the number of colonies formed in the cultures 

of irradiated cells decreased progressively with an increase in the dose of irradiation. The results for 
guinea-pig bone marrow are given in Table 1 and those for human bone marrow in Table 2. 

It will be noted that the efficiency of colony formation (ECF) of the unirradiated bone marrow from 
individual guinea-pigs varied from 1.06 to 3.91 per 105 e:~planted cells, while the ECF of the human marrow 
varied from 0.53 to 3.95. The effect of irradiation on the ECF was approximately the same in cultures of 
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Fig. i. Curve of survival of 
colony-forming guinea-pig bone 
marrow cells on irradiation in 
vitro. Abscissa, dose of i rradia-  
tion (in R); ordinate, log of p e r -  
centage of surviving colony- 
forming units. D o =178 • 15 R; 
n =1.44. 

guinea-pig and human bone marrow: virtually complete suppression 
of colony formation was observed after irradiation in doses of 600 R 
or more; smaller doses led to partial suppression. 

When bone marrow irradiated in a dose of 600 R was mixed 
with unirradiated bone marrow the number of colonies which grew 
was approximately the same as that expected from the unirradiated 
part of the suspension. The expected ECF was 0.56 per 105 explanted 
cells, while its actual value in the experiment was 0.67. 

The curve of survival of the colony-forming cells is plotted 
in Fig. 1. 

The fact that after  explantation of a mixture of bone marrow 
cells i r radia ted in a dose of 600 R and of unirradiated cells the ECF 
of the mixture corresponded to the ECF of the unirradiated cells 
shows that suppression of colony formation in the i r radia ted suspen- 
sions depends on the action of i r radiat ion on the colony-forming cells 
and not on the bone mar row cells which play the role of feeders.  

The degree of inhibition of colony formation in i r radia ted sus-  
pensions of bone marrow cells is thus an index of the radiosensit ivi ty 
of the p r e c u r s o r  cells of the f ibroblasts  with respect  to their ability 
to form colonies in vitro. 

It is est imated from the resul ts  obtained that for co lony- form-  
ing guinea-pig bone marrow cells D O =178 • 15 R and n=1.44; the 
radiosensit ivi ty of the colony-forming cells on human bone marrow 
is evidently s imilar .  

It is noteworthy that the radiosensit ivi ty of the hematopoietic stem cells of mouse bone marrow,  
which form hematopoietic colonies in the spleen of i r radiated recipients (D O =108 R; n = 1.34) [7], differs 
f rom the radiosensi t ivi ty obtained in the present  experiments for bone marrow cells forming colonies of 
f ibroblasts ,  and belonging to the category of s t romal  p r e c u r s o r  cells. This could reflect  qualitative dif- 
fe rences  between cells of these two categories  and the relat ively lower  radiosensit ivi ty of the s t romal  cells. 
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