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The use of a modified method of cloning hematopoietic cells in semisol id  nutrient media showed 
that among human per iphera l  blood leukocytes there are committed p r e c u r s o r  cells of the g ran-  
ulocytic se r i e s  (CFUc). In healthy adults and children (aged f rom 4 days to 10 years)  the num- 
ber  of these p r e c u r s o r s  is 0.05-6.38 and 0.2- 2.9/105 nucleated cells respect ively .  The number 
of CFUc in the blood of patients with infectious mononucleosis is within normal  limits {0.5-14/ 
10 ~ nucleated cells). In acute leukemia ve ry  low colony-forming activity of the nucleated blood 
cells is found (0-0.3/105 cells). 
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By culturing hematopoietic cells in semisolid agar it is possible to determine the committed precursor 
cells of the granulocytes [I, 2]. In some animals (mice, rats) colony formation has been shown to depend on 
the presence of exogenous colony-stimulating factor (CSF), eontained in the serum and urine of man and mice 
and also in various tissue extracts and culture media of hematopoietic cells, kidneys, lungs, or tissues of the 
whole embryo [3-6]. In other species and, in particular, in man, autonomous growth is observed in the ab- 
sence of exogenous CSF in high cell concentrations [7]. Colony-forming cells (CFUc) are found in man not 
only in the bone marrow but also in the peripheral blood [8, 9]. 

The writers have attempted to culture peripheral blood leukocytes from healthy persons and patients 
with blood diseases, using a closed system of culture in Leighton's tubes, as previously adopted for mouse 
bone marrow culture [i0]. 

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

Blood f rom 34 men and women of different ages was used. 

McCoy's  single medium for  agar  cultures (medium 1) was prepared  as follows: McCoy's medium 5A 
500 ml, 5% sodium bicarbonate  solution 5.6 ml, MEM vitamins 100 • solution 2.5 ml, MEM essential  amino 
acids 10 • solution 2.5 hal, HEM nonessential  amino acids 50 • solution 5 ml, 2.2% sodium pyruvate 6.25 ml. 
This mixture was kept for  severa l  months at 4~ 

Modified McCoy's  medium (medium 2) was prepared  immediately before use by mixing the following in- 
gredients:  medium 1 83.5 ml, embryonic  calf s e rum 15 ml, L-glutamine (200 mM) 0.4 ml, L-asparagine (20 
mg/ml)  0.16 mI, penicillin and s t reptomycin,  20,000 uni t s /ml  of each, 0.25 ml. 

The nutrient agar  medium for  blood culture (medium 3) was prepared  immediately before the exper i -  
ments by mixing nine parts  of medium 2 and 1 par t  of a 3.3~ aqueous solution of Bactoagar,  and was kept at 
4~ The pH of the media was 7.2. The 3.3~c solution of Bactoagar  was made up in triple distilled water  im-  
mediately before use, s ter i l ized by boiling, and kept at 60~ 

The blood was taken into s te r i le  tubes containing heparin solution (32 uni t s /ml  blood). The plasma was 
drawn off 1-2 h after  sedimentation of the e ry throcytes  and the number of nucleated cells was counted. 
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Fig.  1. Number  of colonies  as a function of cul t iva t ion  t ime.  C i r c l e s ,  squa res ,  and 
t r i a n g l e s  r e p r e s e n t  d i f ferent  expe r imen t s .  A b s c i s s a ,  cu l t iva t ion  t ime  (in days);  o r -  
dinate,  number  of co lonies  p e r  105 nuclea ted  ce l l s .  

Fig.  2. Number  of CFUc of human p e r i p h e r a l  blood in d i f ferent  expe r imen t s .  Ab-  
s c i s s a ,  No. of expe r imen t s ;  o rd ina te ,  number  of co lonies  p e r  105 nuclea ted  ce l l s .  
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Fig. 3. Number of CFUc Irom 

normal and pathological human 

peripheral blood�9 Abscissa, 

experimental groups: i) healthy 

adults, 2) healthy children aged 
from 4 days to i0 years, 3) child- 

ren with infectious mononucleosis 

aged from 3 to 5 years, 4) pa- 

tients with acute leukemia; ordi- 

nate, number of colonies per 10 5 

nucleated cells. 

Leukocytes  were  added at  the r a t e  of 106 nuclea ted  ce l l s  to 1 
ml a g a r  medium,  ca re fu l ly  pipeted,  and d i s t r ibu ted  among Leighton 's  
tubes in a volume of 2 ml. Twenty minutes  a f t e r  ge la t in iza t ion  of 
the aga r  at  room t e m p e r a t u r e  the tubes were  a e r a t e d  for  10 sec  with 
a mix tu re  of a i r  (90%) and CO 2 (10~). The tubes were  sea l ed  with 
a i r t i gh t  r u b b e r  s toppe r s  and incubated at 37~ Colonies were  
counted 10-20 days  l a t e r  under  an inver t ed  m i c r o s c o p e  with a magni -  
f ica t ion  of 25-40. F o r  cy to log ica l  inves t iga t ions  the colonies  were  
r emoved  f rom the aga r  with a fine P a s t e u r  p ipet  and appl ied to a 
s l ide .  The colonies  we re  s t a ined  with 0.4~ o r c e i n  solut ion in 60~ 
ace t ic  acid,  cove red  with a cover  s l ip ,  and the ce l l s  were  c l a s s i f i ed  
under  a magni f ica t ion  of 400-1000. The colonies  appea red  on the 
s ixth to tenth day and contained f rom 5 to 50 ce l l s  of the granulocyt ic  
s e r i e s .  During growth the colonies  i n c r e a s e d  in s i z e  and became  
s p h e r i c a l  in shape.  P a r a l l e l  with the i n c r e a s e  in s i ze  of the individ-  
ual colonies  in the cu l tu re s ,  new colonies  were  fo rmed  r ight  up to 
the 17th day of cu l t iva t ion  (Fig.  1). By the 18th-20th day the colonies  
a t ta ined  t h e i r  m a x i m u m  development  and each conta ined 200-800 
ce l l s .  

In man, jus t  as in mice ,  th ree  types of colonies  of hematopo ie -  
t ic ce l l s  can be d is t inguished.  Colonies of the f i r s t  type a re  compact ,  
c l e a r l y  outl ined,  s p h e r i c a l  co l lec t ions  of ce l l s ,  mainly  ce l l s  of the 
g ranu locy t ic  s e r i e s  f rom mye lob l a s t s  to ma tu re  g ranu locy tes ,  with 
numerous  mi toses  but ha rd ly  any macrophages .  Colonies of the s e c -  
ond type have a dense,  compac t  nucleus,  containing ce l l s  of the g r a n -  
u locyt ic  s e r i e s  at d i f ferent  s t ages  of d i f ferent ia t ion ,  and a halo of 
mac rophages .  The th i rd  type of colony is a loose  s p h e r i c a l  co l l e c -  
t ion of mononuc lea r  ce l l s  without a c e n t r a l  nucleus.  

EXPERIMENTAL RESULTS 

The study of the co lony - fo rming  ac t iv i ty  of the blood ce l l s  of 21 heal thy pe r sons  aged f rom 18 to 45 y e a r s  
showed that  the number  of colonies  a f t e r  explanta t ion  of 2 �9 106 nuclea ted  ce i l s  p e r  tube v a r i e d  cons ide rab ly  in 
d i f fe ren t  subjec ts :  The number  of CFUc v a r i e d  f rom 0.05 to 6.38 p e r  105 nuclea ted  ce l l s  (Fig. 2) and in one 
ca se  the number  of CFUc r eached  l l . 6 A 0 5  nuclea ted  ce l l s .  
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The number  of CFUc in the per iphera l  blood of five healthy children aged f rom 4 days to 10 years  v a r -  
ied from ~.2 to 2.9/105 nucleated cells (Fig. 3), i.e., it was virtually indistinguishable f rom the number in the 
adults. 

Investigation of blood f rom five chi ldren aged 3-5 yea r s  with infectious mononucleosis showed that the 
number of CFUc was within normal  limits (Fig. 3). Very low colony-forming activity was found in 11 patients 
with acute leukemia. In six cases  cul tures  of leukemic cells gave no colonies,  and in five other cases  the num- 
ber  of CFU c var ied from 0.03 to 0.3/105 nucleated cells (Fig. 3). 

The sys tem for culture of hematopoiet ic  cells in agar  descr ibed above thus enables p r e c u r s o r  cells of 
the granulocytic  se r i e s  to be determined in human blood without the use of special  incubators with controlled 
humidity and gas composition. Determination of CFUc in the per iphera l  blood does not require  the presence  
of CSF, evidently because the blood contains monocytes which produce CSF [~, 11, 12]. 

It is difficult to say what is the reason for the large variat ions (by 100 • in the number of CFUcinhea l thy  
persons.  They could be based on differences in the intensity of leukopoiesis  in different subjects,  differences 
in the t ime of day, differences in the activi ty of the cells producing CSF, and so on. The problem requires  
special  study. 

In infectious mononucleosis  the number of CFUc was unchanged, in good agreement  with the presumed 
localization of the lesion in this d isease  in lymphopoietic but not in the granulocytopoietic cells. 

The sharp  dec rease  in the number  of CFUc in acute leukemia has been observed previously in the bone 
mar row [13]. It was accompanied by a correspondingly  low level of CFUc in the blood. It has been suggested 
that in acute leukemia the lesion is often localized at the CFUc level, where ability to form colonies is lost [14]. 
It has also been suggested that in acute leukemia there  are  no cells producing CSF in the blood. This problem 
will be studied by the wr i te r s  with the use of exogenous CSF. 
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