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It was  shown by a modified a g a r - c u l t u r e  method that the number  of p r e c u r s o r  ce l l s  of g ranu-  
locytes  and m a c r o p h a g e s  in the bone mar row,  spleen, and embryonic  l i ve r  of mice  is 60-80, 
20-50, and 0.4-2 p e r  105 ce l l s ,  r espec t ive ly .  The p ro l i f e ra t ive  act ivi ty of these  p r e c u r s o r s ,  
as  re f lec ted  in the f igure for  " thymidine suicide,"  is twice as high in the bone m a r r o w  and 
embryonic  l i ve r  as  in the spleen.  
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When hematopoie t ic  ce l l s  a r e  grown in cul ture ,  they fo rm colonies  in nutrient  aga r  medium c o n s i s t -  
ing of c lones ,  a r i s ing  f rom one single ce l l  o r  co lony- fo rming  unit (CFU) in the cul ture .  The suggestion has 
been made  that CFUs belong to the c l a s s  of hematopoie t ic  s e m i s t e m  cel l s  d i f ferent ia t ing into granulocytes ,  
i .e. ,  that they a r e  an in t e rmed ia te  s tage  between polypotent  s t em cel l s  and mye lob las t  - monoblas t s  [4]. 
Determina t ion  of these  ear ly  p r e c u r s o r s  in hematopoie t ic  t i s sues  is of g rea t  impor tance  to the study of the 
m e c h a n i s m s  regula t ing hematopoies i s .  

Data  on the re la t ive  num ber  of p r e c u r s o r  ce l l s  of granulecytes  and mac rophages  in the bone mar row,  
spleen,  and embryonic  l i v e r  of mice  and of the p ro l i f e r a t ive  act ivi ty of these  ce l l s  a r e  given in this paper .  

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

CBA m i c e  of both sexes ,  aged 2-4 months,  w e r e  used. Embryonic  l i ve r  was obtained f rom 17-19-day 
embryos  of CBA and C57BL mice .  The number  of CFUs was de te rmined  by a modif ied method of cloning 
hematopoiet ic  ce l l s  in semiso l id  0.3 % nutr ient  aga r  medium,  fully desc r ibed  e a r l i e r  [1]. Medium in which 
kidney ce l l s  f rom 7-14-day mice  had been cul t ivated was used as the co lony-s t imula t ing  fac tor  (CSF). The 
cu l tu res  we re  grown in a c losed s y s t em  (Leighton 's  tubes) in an a t m o s p h e r e  of a i r  containing 10% CO 2 at 
37 ~ C. Af te r  7-10 days  the colonies  w e r e  counted under an inverted m i c r o s c o p e  (magnification 25). Cell 
aggrega tes  containing not l ess  than 50 cel ls  we re  r ega rded  as colonies.  Each sample  was reproduced  twice. 
Di f fe rences  between the resu l t s  of two tes t s  did not exceed + 10%. P ro l i f e r a t i ve  act ivi ty of the p r e c u r s o r  
ce l l s  was  studied by the " thymidine suicide" method in vi t ro ,  the bas i s  of which is that,  given high specif ic 
act ivi ty of the isotope,  it ki l ls  only those ce l l s  in whose DNA it has been incorpora ted .  In the p re sen t  in-  
vest igat ion thymidine-H 3 with specif ic  act ivi ty of 11 C i / m m o l e  (USSR) and 22.55 C i / m m o l e  (Czechoslovakia) 
was used in a concentra t ion Of 100 pC i / m l .  Incubation was c a r r i e d  out at 37 ~ C for  20 min. Full deta i ls  of 
the method w e r e  desc r ibed  previous ly  [2]. To p reven t  fu r the r  incorpora t ion  of thymidine-H 3 into DNA the 
cel l  ~uspension was washed with 50 volumes of cold medium No. 199 containing nonradioact ive  thymidine 
(100 ~g/ml) .  

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

Hematopoiet ic  ce l l s  f rom all th ree  sources  fo rmed  colonies of the usual  type: granulocyt ic ,  m a c r o -  
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TABLE 1. N u m b e r  of Deve lop ing  C o l o n i e s  C o m p a r e d  with N u m b e r  
of Explanted  Mouse  Hematopo ie t i c  C e l l s  

l " bone marrow l 
number of I ~, t 
-expla~ted ~ 5 ~" 
cells  

Source of cells 
spleen 

Expt. 

11 550 9 82 
23 100 20 87 
49 000 39 77 
99 000 62 62 

198 000 I57 78 

50000 36 68 
100 000 64 63 
150000 97 63 
200 000 136 68 

embryonic liver 

number, of 
cffpI~nted 
cells 

24 OCO 11 
48 OCO 24 
96 000 48 

192 000 96 

23 000 5 
46 000 10 
92 000 19 

184 000 37 

46 
50 
50 
60 

I 22 
22 
21 
20 

number of 
e2planted 
cells 

248 000 
496 0CO 
744 000 
992 000 

I 980 000 

520 000 
1 040 000 
2 080 000 
2 600 000 

r ~ 

s 

6 
12 6 

3 6 
5 5 

15 7 
21 8 

1 770 000 
3 540 000 
5 310 000 

25 14 
45 13 
70 13 

480 000 
860 000 

1 920 000 
3 840 000 

12 24 
24 24 
44 23 
84 22 

T A B L E  2. P r o l i f e r a t i v e  Ac t iv i ty  of P r e c u r s o r  Ce l l s  of Mouse  
G r a n u l o c y t e s  and Macrophages  [ n u m b e r  of co lon ie s  (M :L rn) p e r  
l 0  s ce l l s ]  

Source of cells 
Nu.mber I of ex- 
pert- control 
meRts 

Bone marrow 

Embryonic liver 

Spleen 

36 
71~8 

97 
65 + 6 

3,1 
2,2• 

Treatment , 

thymidtne- tttymi- 
H a dine 

17 36 
38~4 

58 
39~ 11 

1,9 &-,O 
1 , 6 - ~ 0 , 4  

~hymidinIPercent of 
H~+ C t'~Js which 
thym- died 
idme 

37 52 
47----- 2,5 

40 " 
40-'-0,5 

29 
- -  2 7  + 2 , 6  

phagal ,  and mixed  [1]. S ince  the n u m b e r  of c o l o n i e s  f o r m e d  was  a l i n e a r  func t ion  of the n u m b e r  of c e l l s  
explanted ,  it was  p o s s i b l e  to d e t e r m i n e  the  n u m b e r  of p r e c u r s o r  c e l l s  of g r a n u l o c y t e s  and m a c r o p h a g e s  in 
the  v a r i o u s  hematopo ie t i c  t i s s u e s .  Data  on the r e l a t i v e  n u m b e r  of C F U s  in the  bone m a r r o w ,  sp leen ,  and 
embryon i c  m o u s e  l i v e r  a r e  g iven in Tab l e  1. C l e a r l y ,  the l i n e a r  r e l a t i o n s h i p  held  good for  exp lana t ion  of 
be tween  1 �9 104 and 2" 105 e m b r y o n i c  l i v e r  and b o n e - m a r r o w  c e l l s  and f rom 2" 104 to 5" 106 sp leen  c e l l s .  On 
the whole the h ighes t  n u m b e r s  of C F U s  w e r e  found in the bone  m a r r o w :  60-80  pe r  105 c e l l s .  They w e r e  
half  as  n u m e r o u s  in the e m b r y o n i c  l i ve r .  Of a l l  the hematopo ie t i c  o r g a n s  s tudied,  the sp l een  con ta ined  
fewest  CFUs ,  only 5-~20 p e r  106 c e l l s ,  tWO o r d e r s  of ma gn i t ude  l e s s  than w e r e  p r e s e n t  in the bone  m a r r o w .  

In a l l  t h r e e  t i s s u e s  the  C F U s  f o r m e d  ac t ive ly  p r o l i f e r a t i n g  ce l l  popu la t ions .  As T a b l e  2 shows,  thy-  
m i d i n e - H  3 c a u s e d  death of 4 0 - 5 0 %  of the C F U s  in the bone  m a r r o w  and e m b r y o n i c  l i v e r ,  and 20-30% of 
C F U s  in the sp leen ,  The  effect  of r a d i o a c t i v e  t h y m i d i n e  was  highly  spec i f ic .  N o n r a d i o a c t i v e  t h y m i n e  i t -  
se l f  is  nontoxic  fo r  the  C F U s  (Table  2), and i t  v i r t u a l l y  c o m p l e t e l y  abo l i shed  the cytotoxic  ac t ion  of the 
t h y m i d i n e - H  3. It thus  fol lows that  a t  any  m o m e n t  about  hal f  of the  C F U s  in  the  bone  m a r r o w  and e m b r y o n i c  
l i v e r  and about  a q u a r t e r  of the  C F U s  in  the sp leen  w e r e  in  the S - p e r i o d  of the  ce l l  cyc le .  

The  r e s u l t s  c o n f i r m  that  p r e c u r s o r  c e l l s  of g r a n u l o c y t o p o i e s i s  a r e  p r e s e n t  in l a r g e  n u m b e r s  in h e m a -  
topoiet ic  t i s s u e s .  The  r e l a t i v e l y  s m a l l e r  n u m b e r  of C F U s  in the sp l een  can  evident ly  be  a t t r i b u t e d  to i ts  
h ighe r  con ten t  of lymphocy topo ie t i c  c e l l s  than  the  o the r  two hema topo ie t i c  t i s s u e s .  The  d i s c o v e r y  of a high 
con t en t  of C F U s  in the e m b r y o n i c  l i v e r  i s  p a r t i c u l a r l y  i n t e r e s t i n g .  It is  wel l  known that g r a n u l o c y t o p o i e s i s  
is  v i r t ua l l y  a b s e n t  in  th is  o rgan  and that  m o s t  of the  hematopo ie t i c  c e l l s  be long  to the e r y t h r o i d  s e r i e s .  We 
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do not yet  know whether  the di rect ion of different ia t ion of hematopoiet ic  s t em cel l s  is a pure ly  s tochast ic  
p r o c e s s  [5] o r  whether  it is de te rmined  by induction of hematopo ies i s  by the mic roenv i ronmen t  [6]. Since 
the re  is no "demand" for  granulocytopoies is  in the embryonic  l iver ,  t he re  is no mic roenv i ronmen t  to induce 
myeloid hematopoies i s ,  and in that c a s e  the high content of CFUs found in the embryonic  l ive r  is a p o w e r -  
ful a rgument  in suppor t  of the f i r s t  hypothesis .  

The data showing the lower  p ro l i f e r a t ive  act ivi ty of CFUs in the spleen than in the bone m a r r o w  a r e  
important .  The ra t e  of pro l i fe ra t ion  of CFUs is known to depend on the demand for  granulocytopoies is .  It 
has been shown, in pa r t i cu la r ,  that the i r  p ro l i fe ra t ion  is acce le ra t ed  in the r egenera t ing  bone m a r r o w  in 
i r r ad ia t ed  an imals  [3], and it has  accordingly been postulated that it is control led  by r emote ly  act ing fac -  
t o r s ,  poss ib ly  by a co lony-s t imula t ing  fac to r  [4]. The d i scovery  of di f ferent  deg ree s  of p ro l i fe ra t ion  of 
CFUs in the hematopoiet ic  t i s sues  of the s a m e  mouse  shows that pro l i fe ra t ion  of CFUs is regulated not only 
by remote ly  act ing but also by local  f ac to r s  and, in pa r t i cu la r ,  the mic roenv i ronmen t  of the spleen has l e s s  
effect on p ro l i fe ra t ion  of CFUs than that  of the bone m a r r o w  and embryonic  l iver .  An a l t e rna t ive  explana-  
tion could be  that the population of CFUs is he terogeneous ,  and that the i r  f rac t ion  p r e sen t  in the spleen is 
dist inguished by reduced p ro l i f e ra t ive  act ivi ty.  
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