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Hematopoiesis  with prol i ferat ion of polypotent hematopoietic s tem cells (HSC), giving r i se  to growth of 
colonies in three distinct directions - erythroid,  granuloeytie,  and megakaryocyt ic  - on transplantat ion into i r -  
radiated mice [1, 2], can be maintained for  a long t ime in organ cultures of mouse embryonic  liver.. Mean- 
while e ry thropoies i s  cannot be maintained during culture under these conditions, and morphological ly r ecog -  
nizable e ry thro id  p r e c u r s o r s  can be observed to be presen t  in significant numbers  only for  5-10 da:vs [5, 7]. 
Terminat ion of erythropoies is  cannot evidently be explained ent irely by the fact  that a sufficient concentration 
of erythropoiet in  is absent in the nutrient medium, for  addition of s e rum f rom anemic ani rmls  to it was not fol-  
lowed by activation of e ry thropoies is  [4]. Taking these facts into consideration,  it was decided to investigate 
whether differentiation of polypotent HSC into ea r ly  ery throid  p r e c u r s o r s  takes place in embryonic  l iver  culture.  

The wr i t e r s  showed previously [3] that normal  mouse bone marrow contains erythropoiet in- independent  
erythroid  p r e c u r s o r s  which, during culture in a p lasma clot in the presence  of mouse se rum as s t imulator ,  
give r i se  to colonies of two types:  small  colenies of hemoglobin-centaining cells detectable on the 3rd day 
of culture,  and large colonies,  unicentrie or  mult icentr ic ,  consisting of e ry thro id  cells detectable on the 5th 
day of culture.  The 3-day colony-forming units (CFUei) are  la ter  e ry throid  p r e c u r s o r s  than the 5-day burs t -  
forming units (BFUei). 

In the investigation descr ibed below the content of CFUei and BFUei was determined in long- te rm organ 
cul tures of mouse embryonic  l iver.  

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

The l iver of 17-day CBA or  (CBA • C57BL)F 1 mouse embryos was cultured as descr ibed previously [6] 
on the phase boundary between nutrient medium and a mixture of a ir  with 5% CO 2. The composition of the nu- 
t r ient  medium was: a clinically defined medium (Waymouth's MB 752/1 or  Serumless  Medium), to which glu- 
cose and ascorbic  acid were added to final concentrat ions of 500 and 7.5 mg % - 67%, calf s e rum - 20%, mouse 
s e rum - 2%, chick embryonic  ex t rac t  - 10%, L-glutamine 200 m M -  1%, 100 IU penicillin and 50 pg s t reptomycin  
to 1 ml of nutrient mixture.  Every  7 days cells were washed out of the cultures and the number  of erythroid  
p r e c u r s o r s  among them was determined.  Culture ended after  16 to 53 days, and on those days the p r e c u r s o r s  
were determined both in washed out cells  and among cells isolated f rom the remains  of the cul tures .  CFUei 
and BFUei were  determined by the method descr ibed previously [3] in p lasma cul tures  with 10% normal  mouse 
s e rum without the addition of erythropoiet in.  The morphological  composit ion of hematopoietic cells f rom the 
organ cul tures was calculated af ter  examination of f i lms stained by Romanovsky 's  method. 

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

Data on the number  of CFUei and BFUei in hematopoietic cells f rom organ cultures of embryenic  l iver  
are  given in Tables 1 and 2. In only one of the 11 experiments  were  no CFUei and BFUei found at any stage 
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TABLE 1. C o n c e n t r a t i o n  of CFUci  and B F U e i  
in  Hematopoie t i c  Ce l l s  of E m b r y o n i c  L i v e r  
C u l t u r e s  (mean  and s t a n d a r d  deviat ion)  

Experimental 
conditions 

Culture 
7-9 days 

14-16 days 
18-25 days 
28-32 days 
46-56  days 

U n c u l t u r e d  e m b r y o n i c  
liver 

U n c u l t u r e d  bone  
m a r r o w  

CFUei / I 0 ~ cells 

in washings in residues 

[4,72• (9) 
I 29,8=k23,0 (10} 7 ( I )  
35,864-29,45 (7) 34 { 1 ) 
23,4:h35,4 (3} 15,4+ 11,3 (3) 
12,5• (3) 8 (1) 

--  47,5+ 15,5 (3) 

--  23,22+_ 10,27 (23: 

BFUei/105- 
cells 

in washings 

1,77=i: 28 (4) 
5,5(1) 
S,0 (1) 
2,5(D 

4,75:i= 1,06 (2) 

3,1-+2,82 (I0) 

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

TABLE 2. C o n c e n t r a t i o n  of CFUe i  and BFUei  and Morpholog ica l  C ompos i t i on  of Hematopo ie t i c  
Cel l s  in  E m b r y o n i c  L ive r  C u l t u r e s  

Source of 
cells 

Washings 

Residue 
Washings 

Residue 
Washings 
Residue 
Washings 

Residue 
Washings 
Residue 
Washings 

w 

Expt. No. 

l a  
2 

lh 
3 
4a 

4b 

5a 
5b 
lc 

;b 
lb 
3 
3 

Duration 
of culture, 
days 

Number of erythroid 
cursors per 10 5 cells 

BFUei CFU ei 

pre-Morphological composition of hematopoietic cells, % 
~ U - -  V---U-~.. V - - - -  

' able blast erythrold [granmocyt- macronha~es 
and lym- cells ic cells * ~ - 
phoid cells 

14 
16 

16 
28 
29 

;9 
2% 
29 
32 
s 
46 
46 
46 

- -  1 0 , 5  

- -  87 
7 

5~ 28 
2,5 
2,6 39 
0 122 

2,2 80,5 
1,6 153 

0 0 
0 0 

0,2 63,6 
1 , 6  26 
- -  2 0  

- -  8 

- -  15 
-- 2,5 

32,3 
6,5 
15 

21,8 
14,3 

22 
14 
28 
19 
12 

4 

30,4 
18,9 

18 
3,6 

10,4 
5,5 

4 
0,25 

3 
t 

1 

0 
0 
0 
0 
0 
0 

0,7 
0,5 
0,2 
0 

0.2 
o 

Legend.  a, b, c) D i f f e ren t  s a m p l e s  of calf  s e r u m  added to n u t r i e n t  m e d i u m .  

31 
80,7 
68,5 
58,2 
56,6 
45 
68 
33 
65 
35 
44 

50,9 
61 

46,2 
86,6 
67,2 
54,5 

32,7 
12,5 
13,5 
17 
28 
33 
18 
39 
16 
53 
53 
18 

19,6 
34,4 
9,6 

22,2 
38 

{from the 8th to the 53rd day). In a l l  o ther  e x p e r i m e n t s  both types  of e r y t h r o i d  p r e c u r s o r s  were  p r e s e n t  in the 
c u l t u r e s  throughout  the p e r i o d  of cu l tu re  (until  the 56th day); t h e i r  ave rage  c o n c e n t r a t i o n  and the r a t io  be tween  
the n u m b e r s  of e a r l i e r  and l a t e r  p r e c u r s o r s  r e m a i n e d  the s a m e  as in bone m a r r o w  and the o r ig ina l  e m b r y o n i c  
l i v e r .  Morpholog ica l ly  r e c o g n i z a b l e ,  a l though a typ ica l ,  e r y t h r o i d  ce l l s  w e r e  p r e s e n t  a f t e r  2 weeks  in  c u l t u r e  
in  low c o n c e n t r a t i o n  only in  those c u l t u r e s  which  w e r e  g rowing  on W a y m o u t h ' s  MB 752 / 1  m e d i u m  (Table  2, 
e x p e r i m e n t s  Nos.  1-3) .  C o m p a r i s o n  of the morpho l og i c a l  compos i t i on  of the hematopo ie t i c  ce l l s  and the n u m -  
b e r  of C F U e i  and B F U e i  among  t h e m  shows that  a low content  o r  absence  of morpho log ica l l y  iden t i f i ab le  n u -  
c l ea t ed  e r y t h r o i d  ce l l s  did not c o r r e l a t e  with the n u m b e r  of CF U e i  and BFUe i .  An a ve r a ge  l eve l  of c o r r e l a t i o n  
was o b s e r v e d  be tween  CFUe i  and the p e r c e n t a g e  of morpho log ica l l y  un iden t i f i ab l e  ce l l s ,  i nc lud ing  b l a s t  ce l l s  
and l ymphocy t e - l i ke  ce l l s  (r = 0.482, which  is the s a m e  as r m i  n for  a 9570 leve l  of p robab i l i t y ) .  

Dur ing  o rgan  cu l tu re  p ro longed  d i f f e r en t i a t i on  of both e a r l y  and  l a t e r  e r y t h r o i d  p r e c u r s o r s  can  thus take 
p lace  in  e m b r y o n i c  l i v e r  exp lan t s .  C o m p a r i s o n  of the r e s u l t s  with data  in  the l i t e r a t u r e  on d i f f e r en t i a t i on  of 
e r y t h r o i d  p r e c u r s o r s  in ano the r  l o n g - t e r m  hema topo ie t i c  cu l tu re  (a l iquid  cu l tu re  of bone m a r r o w  by D e x t e r ' s  
method) is  no t  ea sy  because  the t e s t  cu l tu re  which  we u s e d  iden t i f i e s  e ry th ropo ie t i r~ - independen t  p r e c u r s o r s ,  
w h e r e a s  in  bone m a r r o w  c u l t u r e s  e r y t h r o p o i e t i n - d e p e n d e n t  e r y t h r o i d  p r e c u r s o r s  w e r e  t e s t ed .  It m u s t  be po in ted  
out tha t  e r y t h r o p o i e t i n - i n d e p e n d e n t  m o n o -  and polypotent  e r y t h r o i d  p r e c u r s o r s  w e r e  found in  m o u s e  e m b r y o n i c  
l i v e r  and bone m a r r o w  by o ther  w o r k e r s  in o the r  t e s t  s y s t e m s ,  fo r  e x a m p l e ,  in  a g a r  c u l t u r e  s t i m u l a t e d  by m e d i -  
um condi t ions  with mouse  s p l e e n  ce l l s ,  c u l t u r e d  with pokeweed mi togen  [11, 12]. The c o n c e n t r a t i o n  of e a r l y  
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erythropoiet in-independent  e ry throid  p r e c u r s o r s  in 17-18-day mouse embryonic  l iver,  according to data given 
by these workers  [13], was close to the concentrat ion of BFUei which we found in the l iver of 17-day embryos .  
It is not yet  known whether erythropoiet in-independent  and erythropoie t iu-dependent  BFU and CFU are the 
same p r e c u r s o r s ,  which can prol i fera te  and differentiate into e ry thro id  cells under the influence of var ious 
s t imulators ,  depending on as yet  unidentified conditions of culture,  or  whether  they are  independent popula- 
tions, each of which responds to its own stimulus [9, 13]. All workers  who have studied liquid bone marrow 
cultures have observed prolonged differentiation of ear ly  ery throid  p r e c u r s o r s  (BFUe), but their  fur ther  dif- 
ferentiat ion into CFUe ended ear ly  or  was not observed at all [10, 14]. Under these c i rcumstances  the addi- 
tion of erythropoiet in  to the nutrient medium may promote differentiation of CFUe only ~fter special  changes in 
the conditions of culture [8]. Nevertheless ,  i r respect ive  of the solution to this problem of identity of the tested 
p r ec u r so r s ,  it must  be pointed out that differentiation in the e ry thro id  direction in organ cultures of embryonic  
l iver  p rog re s sed  as fa r  as more  mature  p r e c u r s o r s  (FEUei), and in some cultures prolonged (more than 4 
weeks), although on a very  small  scale,  differentiation to morphological ly identifiable nucleated erythroid  cells 
also was observed (Table 2). 

The resul ts  show that the block to e ry thropoies i s  in organ cultures of embryonic  l iver  is due, not to a 
disturbance of differentiation of HSC into ear ly  e ry thro id  p r e c u r s o r s  {BFUei and CFUei), but to events taking 
place at the level of more  mature p r e c u r s o r  cells than CFUei. Differentiation of more mature  e ry thro id  cells 
perhaps does not take place because of the insufficient level of erythropoiet in and (or) absence of the neces sa ry  
cell contacts as has been shown in cultures of adult bone mar row [8]. 
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