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Colonies of fibroblasts are formed in monolayer cultures of circulating blood cells of guinea 
pigs, indicating that categories of cells which are precursors of fibroblasts exist among the 
blood leu_kocytes. Their concentration is not less than 2.5 per 105 leukocyteso 

Following explantation of c irculat ing blood cel ls ,  growth of f ibroblasts  forming collagen f ibers is 
observed [2-5]~ The same result  is found in cul tures of bone mar row and spleen [1, 9,10].  Previous  in- 
vest igat ions [6-8] have shown that if the concentrat ion of explanted cells  is not too high, growth of f ibro-  
blasts  in monoIayer  cul tures of guinea pig bone mar row and spleen takes place in the forrn of d iscre te  
colonies,  and the evidence obtained suggests  that these are  clones.  

Formation of colonies of fibroblasts in cultures of circulating blood cells from guinea pigs is des- 
cribed below. 

EXPERIMENTAL M E T H O D  

Blood obtained f rom guinea pigs by cardiac  puncture was used for cultivation~ Heparinized blood, 
mixed with gelatin solution, was allowed to stand at room t empe ra tu r e  for  40-60 rain~ After  sedimentation 
of the e ry th rocy tes ,  the supernatant  layer ,  r ich in leukocytes,  was t r ans fe r red  to a tes t  tube and cent r i -  
fuged for  10 rain at  1000 rpm. The residue was resuspended in medium NOo 199 and cultivated in 100-ml 
glass flasks or  plast ic dishes 50 r a m  in diameter~ Para l le l  cul tures were car r [ed  out on cover  slips in 
Leighton 's  tubes. Between 2 • 105 and 3 • 105 cells in 1o5 ml medium was added to each Leighton 's  tube, 
between 8 • 106 and 15 • 106 cells in 12 ral medium to each flask, and betvceen I x 106 and 4 • I0 ~ cells in 
6 ml medium to each dish. 

Besides medium NOo 199, the culture medium contained 20% bovine or calf serum and 50 units each 
of penicillin and streptomycin per ralo The medium was changed once 24 h after expiantation, and the dura- 
tion of cultivation did not exceed 12 days. Cultures on cover slips were fixed at successive intervals (frora 
1 to 12 days) for morphological investigations, while the flasks and dishes were fixed on the 12th day so that 
the number of colonies could be counted. Fixation was carried out with 96 ~ alcohol or formalin, and the 
material was stained with hematoxylin or by Gomori's method for reticulin fibers~ 

The proliferative pool in foci of fibroblast-like cells was also determined in autoradiographs of the 
cultures on cover slips. Thymidine-H 3 was added to the medium of these cultures in a concentration of 
1 #Ci/mlat various stages of cultivation. 

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

The culture morphology passed through a ser ies  of success ive  changes~ During the f i r s t  few hours 
af ter  explantation, all blood ceils were  found among cells  adherent  to the glass  or  plastic.  During the next 
24 h, however ,  mos t  of the cells degenerated.  The cells which remained intact had the morphology of h is -  

N. F. Gamaleya Institute of Microbiology and Epidemioiogy, Academy of Medical Sciences of the 
USSR, Moscow. (Presented by Academician of the Academy of Medical Sciences of the USSR Oo V. Baro- 
yah.) Translated from Byulteten' Eksperiraental'noi Biologii i Meditsiny, Volo 70, No. 11, pp. 96-98, No- 
vember, 1970. Original article submitted April 16, 1970. 

�9 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 IVes~ 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 $15.00. 

1319 



TABLE 1. Colony-Forming  Activity of Blood Cells 

Vessel  
Number of 
explanted 

cells 

Glass flasks 15.5 
8.8 

14.5 
11~ 

Plast ic  dishes 3.6 
3.5 

Plas t ic  dishes 3.5 
3.5 
3.5 
3.5 

~ 106 
. 1 0 6  

�9 106 
�9 106 

. 1 0 6  
�9 106 

. 1 0 6  
�9 106 

. 1 0 6  

. 1 0 6  

Number of 
colonies 

198 

175 
303 
166 

64 
68 

104 
108 
103 

66 

Effectiveness of 
colony formation 

per  105 
cells 

1.3 
2.0 
2.0 
1o5 
1.7 
2.0 
3.0 
3.0 
3.0 
2.0 

mean 

1.7 

2.5 

Fig. 1. Cultures of circulat ing blood cells .  Colonies of f ibroblasts  

(10 days), hematoxylin, 10 • 

t ioeytes.  Sometimes the f i rs t  colonies, consist ing of a few f ibroblast- l ike cells,  appeared only 24 h af ter  
the beginning of cultivation. On the fourth day these colonies were  considerably increased in both number  
and size.  No other  cell forms were  present  in the culture at  this t ime, and only d iscre te  colonies of f ibro-  
blasts remained.  On the 10th-12th day of cultivation, large colonies of f ibroblasts  could be seen with the 
unaided eye, and each one consisted of several  hundred cells.  After  fur ther  cultivation the number  of 
colonies did not increase ,  but they continued to increase  in size.  The colonies consisted of typical f ibro-  
blasts ,  forming collagen f ibers and containing ton. f ibr i l s  in their  cytoplasm. Sometimes the colonies dif- 
fered in the packing density of their  ceils (Fig. 1). As a rule they were round in shape, with smal le r  ceils 
in the center ,  where they were more  densely packed�9 

Cells in the colony possessed  high mitotic activity,  and this was responsible for the rapid growth of 
the colonies.  Following addition of thymidine-H 3 to the 4-day  cul tures ,  at 24 h all cells forming the colony 
had incorporated label. In 7-day colonies,  more  than 80% of cells were labeled at 24 h. 

The number  of colonies formed in the cul tures was a l inear  function of the number  of explanted blood 
leukocytes.  The effect iveness of colony formation per  105 explanted leukocytes was 1.7 and 2.5, respect ively,  
for  cul tures in glass  flasks and plastic dishes (Table 1). The distribution of the number  of foci in the cul-  
tures  varied f rom the mean value only slightly in the same experiment .  

Judging f rom the l inear  distribution of the number  of colonies in relation to the number  of explanted 
cel ls ,  by the dynamics of development of the colonies, by their  morphology,  and also by the fact  that s imi-  
l a r  colonies,  growing in mort . layer  cul tures  of spleen and bone m a r r o w  are  clones,  it may be considered 
that the colonies of f ibroblasts  in cul tures of circulat ing blood leukocytes were also celt clones. In this 
case they were formed f rom a constant number  of p r e c u r s o r  cel ls .  In special exper iments ,  the number  of 
colonies growing in cul tures following the taking of blood by a single and by five repeated punctures of the 
hear t  was compared.  In this case no difference was found between the number  of colonies.  
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P r e c u r s o r s  of f ib rob las t s  a r e  thus p r e sen t  in the c i rcu la t ing  blood of guinea pigs.  They number  not 
l e s s  than 2.5 pe r  105 nucleated ce l l s .  

Since five repeated  punctures  of the hea r t  did not i nc r ea se  the number  of loci  growing in the cul tures  
compared  with that obtained a f t e r  a single puncture ,  it is evident that the p re sence  of p r e c u r s o r  cel ls  for  
colonies of f ib rob las t s  was not the r e su l t  of a su rge  in the i r  number  during the taking of blood. These  ce l l s  
a r e  the only ones in the population of blood ce l l s .  A s i m i l a r  conclusion was reached by St if l ing et alo, who 
cult ivated blood cel ls  in a diffusion cham be r  [11]. 

Hence,  bes ides  the two ca tegor i e s  of p r e c u r s o r  ce l l s  a l r eady  known to be p resen t  in blood ( immuno- 
competent  ce l l s  and hematopoie t ic  s tem cel ls) ,  yet  another  ca tegory  of p r e c u r s o r  ce l l s  can be counted 
among the c i rcu la t ing  blood leukocytes ,  in this case  fo rming  colonies (probably clones) of f ib rob las t s .  The 
method as  developed enables  the num ber  of these  p r e c u r s o r  cel ls  in the blood to be de te rmined .  
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