
m o r e o v e r ,  include not only highly different ia ted,  but also s t em cells  [2]. Stem cells spend a l a rge  par t  of the i r  
l ife c y d e  in a res t ing  s ta te .  E l e c t r o n - m i c r o s c o p i c  invest igat ions have shown that nucleoli  of different ia ted 
cells a re  cha rac t e r i zed  by cer ta in  definite morphologica l  f ea tu res  (c i rcular  nucleoli).  On t rans i t ion  of the 
cel ls  f r o m  the res t ing  s ta te  into the cell cycle and, in pa r t i cu la r ,  during PHA-dependent  s t imulat ion of pro l i f -  
e ra t ion  of human pe r iphera l  blood leukocytes ,  the fine s t ruc tu re  of the nucleoli  undergoes cer ta in  changes [15]; 
the o r d e r  of these  changes,  m o r e o v e r ,  is opposi te  to that obse rvab le  during e ry thro id  cell different iat ion [13]. 
It is s t r ik ing that the nudeo lus ,  as a morphologica l  s t ruc tu re ,  undergoes spec i f ic  changes f i r s t  in all these  
cases  [12]. When the data given in Table 1 a re  analyzed,  a s i m i l a r  re la t ionship  can be observed .  

The data descr ibed  above suggest  that act ivat ion of the nucleoli  and an i nc rea se  in the i r  number  cannot 
be speci f ic  c h a r a c t e r i s t i c s  of any pa r t i cu l a r  pathological  s ta te .  Any d isease  connected with dis turbance of the 
nprol i fera t ive  h o m e o s t a s i s "  of a t i s sue  will lead to a change in the ra t io  between pro l i fe ra t ing  and quiescent  
cells and to an i nc r ea s e  in the number  of nucleoli .  
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Colonies in the spleen of i r r ad i a t ed  mice  are  known to be produced by polypotent,  highly se l f - suppor t ing  
hematopoie t ic  p r e c u r s o r  cel ls  [5]. In this connection the identity of hematopoie t ic  s t em cells  (HSC) and of cel ls  
fo rming  colonies in the spleen (CFU s) appeared  evident.  The two t e r m s  a re  often used as synonyms.  Never -  
the less ,  no s t r i c t  proof  of this dogma has yet been  obtained; indeed, on the cont ra ry ,  t he re  is weighty, although 
indirect ,  evidence of d i f ferences  between HSC and CFU s [1]. It  has recen t ly  been  shown exper imenta l ly  that 
some  splenic  colonies a r e  produced by bone m a r r o w  cel ls  incapable of se l f  support  [2]. These  colonies a re  
t r ans ien t  in nature ,  i .  e. ,  they can be detected 7-9 days,  but not 10-12 days a f t e r  injection of the cel ls .  T r a n -  
s ient  colonies also a re  distinguished by the fact  that they contain no polypotent p r e c u r s o r s  capable of forming 
mixed colonies of e ry thro id  and myeloid  cel ls  in cul ture (CFUem), and also unipotent p r e c u r s o r s  of granulo-  
cytes and mac rophages  (CFH c) and of e ry th rocy te s  (PFU e) although more  ma tu re  e ry thro id  p r e c u r s o r s  (CFU e) 
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F i g .  1. S c h e m e  of m a p p i n g  
s p l e n i c  c o l o n i e s  7 and 11 days  
a f t e r  i n j e c t i o n  of e m b r y o n i c  
l i v e r  c e l l s .  B lack  a r e a s  - co l -  
on i e s  o b s e r v e d  on ly  a f t e r  7 
d a y s ;  o b l i q u e l y  s h a d e d  a r e a s  - 
c o l o n i e s  o b s e r v e d  on ly  a f t e r  11 
d a y s .  Cont inuous  and b r o k e n  
l i n e s  s u r r o u n d  co lon i e s  o b -  
s e r v e d  a f t e r  7 and a f t e r  11 
days  r e s p e c t i v e l y .  

T A B L E  1. M a c r o s c o p i c  Co lon ie s  on O u t e r  Su r f a c e  
of Sp leen  7 and 11 Days  a f t e r  I n j e c t i o n  of E m b r y o n -  
ic  L i v e r  C e l l s  

o'~ 

o E 

N o ; ~  

12--13 
17 
I8 

~umber of 
:olonies mapped 

after af~e~ 11 
7 days days 

Number of colonies 
which 

:emained l is- ~ppeared 
ppeared pe novo 

103 [ 74 
48 48 
22 19 

51 
23 
13 

52 23 
25 256 

a r e  found in t h e m .  Hence  i t  can be conc luded  tha t  t r a n s i e n t  c o l o n i e s  a r e  p r o d u c e d  not by s t e m  c e l l s ,  but  by  
t h e i r  m o r e  m a t u r e  p r o g e n i e s  ( these  wi l l  s u b s e q u e n t l y  be  c a l l e d  C F U t r ) ,  p o s s i b l y  i d e n t i c a l  with e a r l y  e r y t h r o i d  
p r e c u r s o r s .  

T h e s e  f a c t s  a r e  of  f u n d a m e n t a l  i m p o r t a n c e  f o r  the  d e s c r i p t i o n  of HSC, fo r  in the  o v e r w h e l m i n g  m a j o r i t y  
of i n v e s t i g a t i o n s ,  co lon ie s  in the  s p l e e n  w e r e  r e c o r d e d  7-9 days  a f t e r  i n j e c t i o n  of the  c e l l s  and,  c onsequen t l y ,  
not on ly  HSC, but  a l s o  C F U t r  , w e r e  i nc luded  in the  count ing.  C F U t r  have  r e c e n t l y  b e e n  found in adu l t  m o u s e  
bone m a r r o w .  It i s  no l e s s  i m p o r t a n t  to e s t a b l i s h  w h e t h e r  C F U t r  a r e  an e s s e n t i a l  s t e p  in  d i f f e r e n t i a t i o n  of  a l l  
HSC, and in  p a r t i c u l a r ,  of e m b r y o n i c  HSC. The  i n v e s t i g a t i o n  d e s c r i b e d  b e l o w  was  devo ted  to the  s tudy  of  t h i s  p r o b -  
l e m .  

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

E x p e r i m e n t s  w e r e  c a r r i e d  out  on f e m a l e  (CBA x C57BL )F  1 m i c e  aged  8-12 w e e k s  and a l so  on e m b r y o s  of 
th i s  s a m e  geno type  o b t a i n e d  f r o m  f e m a l e s  a t  the  12 th-13 th  and 17 th-18 th  d a y s  of p r e g n a n c y .  R e c i p i e n t  m i c e  
w e r e  i r r a d i a t e d  with  137Cs T - r a y s  on the I P K  a p p a r a t u s  in  a d o s e  of 13 Gy and with a d o s e  r a t e  of 0.25 Gy /min .  
The  e m b r y o n i c  l i v e r  was  m i n c e d  in a g l a s s  h o m o g e n i z e r  and 1 �9 105 to 1.6 �9 105 c e l l s  w e r e  i n j e c t e d  i n t r a v e n o u s l y  
into r e c i p i e n t s  in the  c o u r s e  of 2 h a f t e r  i r r a d i a t i o n .  A f t e r  7 d a y s ,  u n d e r  g e n e r a l  a n e s t h e s i a ,  l a p a r o t o m y  was  
p e r f o r m e d  on s o m e  of  the  r e c i p i e n t s ,  and the  d i s t r i b u t i o n  of co lon i e s  on the  o u t e r  s u r f a c e  of the  s p l e e n  was  r e -  
c o r d e d  with  a b i n o c u l a r  l oupe .  To f a c i l i t a t e  m a p p i n g  of  the  co lon i e s ,  an o c u l a r  wi th  g r i d  was  u s e d .  A f t e r  11 
d a y s  the  m i c e  w e r e  k i l l e d  and the c o l o n i e s  aga in  m a p p e d  both on f r e s h  s p l e e n s  and on s p l e e n s  f i xed  in  B o u i n ' s  
f lu id .  The  n u m b e r  of C F U e m ,  P F U e ,  and  CFU e in  i nd iv idua l  7 -  and l l - - d a y  s p l e n i c  co lon i e s  was  s t u d i e d  in  s o m e  
of the  r e c i p i e n t s .  F o r  th i s  p u r p o s e  c e l l s  of e a c h  i nd iv idua l  co lony  w e r e  e x p l a n t e d  into two w e l l s  of a 24--well 
p l a t e  in to  0.3 % a g a r i z e d  m e d i u m  (based on m e d i u m  DMEM with  s e r u m  of m i c e  t r e a t e d  with  endo tox in  as  s t i m ~  
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TABLE 2. P r e c u r s o r s  Forming Colonies in Vitro in Individual 7-  and l l - D a y  Splenic Colonies, 
Produced by Embryonic  Liver  Cells 

r of donors of 
3mbryonie liver, 
lays 

12--13 
18 

V-Day splenic colonies 

agarized cultures 

number of number of 
colonies colonies 

without ~tudied precursors 

24 12 (50%) 

methyleellulose cultures 

mmber of number of 
:olonies 

;olonies without 
;tudied ~recursors 

24 11 (45%) 
24 12 (50%) 

ll-Day splenic colonies 

agarized cultures methylcellulose cultures 

number of 
colonies 
studied 

19 

ulator of CFUc), and into two wells into 0.8% methylcel lulose medium 

lumber of number of 
:olonies :olonies 
r162 
)recursors ;tudied 

6 (31%) 
36 
22 

number of 
colonies 
without 
)r e cu r so r s  

2 6 (17%) 
(9 % ) 

9ased on medium DMEM) to which m e -  
dium conditioned by C57BL mouse spleen cells, st imulated by pokeweed lect in [3] was added as s t imulator  of 
CFUem , PFUe, and CFUc, and se rum of i r rad ia ted  mice t rea ted  with phenylhydrazine [4] was added as a 
source of erythropoiet in.  The cultures were incubated at close to 100% humidity at 37~ in an a tmosphere  
with 5% CO 2 for  7-8 sec (agarized cultures) or  10-11 sec (methylcellulose cultures), after  which the number 
of cell aggregates  was counted under an inverted microscope .  

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

Colonies in the spleen of 21 recipients  were mapped. Typical schemes of the mapped spleens are  shown 
in Fig. 1. Clear ly  only some of the 7-day colonies survived uutil the l l t h  day and many of them disappeared.  
Among the l l--day colonies there  were some which had appeared de novo and were not present  on recording 
after  7 days.  The complete data are  shown in Table 1. After  addition of both ear ly  and late embryon ichema-  
topoietic cells a large  proport ion (40-50%) of the 7-day splenic colonies consisted of t ransient  colonies. Mean- 
while about one- thi rd  of the l l - d a y  colonies consisted of colonies not recorded  after  7 days, f rom which it fol-  
lows that not all CFU s give macroscop ic  colonies by the 7th day after  injection. The reason for this may be 
either the delayed onset of prol i ferat ion of such CFU s after transplantat ion or  the long generat ion t ime of their  
progenies .  

Not all colonies in the spleen contained p r e c u r s o r s  forming colonies in culture (Table 2). About half of 
the 7-day colonies (45-50%) did not contain ear ly  p r e c u r s o r s  capable of forming colonies in culture.  This 
corresponded completely to the f rac t ion of t ransient  colonies detected by the mapping method. Meanwhile most  
of the l l - d a y  colonies (80-90%) contained ear ly  hematopoiet ic  p r e c u r s o r  cells, including CFUem, which were 
found in about one-fifth of the l l - d a y  colonies.  

On the whole these resul ts  are  very  s imi lar  to those obtained in experiments  with adult mouse bone m a r -  
row [2]. In the embryonic  l iver  CFUtr  account for up to 50% of the total cell population capable of forming 
macroscop ic  colonies in the spleen of i r radia ted  recipients .  It can be tentatively suggested that CFUtr are  an 
essential  step in differentiation of, evidently, all categories  of HSC. Whatever the case they are  found not only 
in adult mice,  but also during embryogenes is  - i n  the ea r l i e s tpe r iods  of hepatic hematopoiesis .  
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