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A study of the number of stem cells in splenic colonies and of marked chromosomes in the 
progeny of the stem cells that recirculating colony-forming units from peripheral  blood or  
from a focus of ectopic hematopoiesis have reduced self-support potential compared with 
settling (from bone marrow) colony-forming units. The powers of differentiation of the two 
subpopulations of stem cells  were identical. 
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Hematopoietic stem cells are  found in the blood of normal mice [4, 5]. It has been suggested that they 
are  part  of a single population of hematopoietic stem cells which have accidentally left  the hematopoietic 
organs [1]. On the other hand, there  is evidence that circulating stem cells are  a special subpopulation, dif- 
fering from the settled hematopoietic stem cells  in, for example, proliferative activity [3]. The reduced 
ability of hematopoistic stem cells  from the blood to support themselves has been reported [6]. This could 
imply that the WolderW stem cells  migrate into the blood and that a mechanism exists in the bone marrow to 
maintain the increased probability that stem cells  which have passed through a cycle of intensive proliferation 
migrate into the blood stream. 

In the investigation described below these findings were confirmed and the ability of stem cells  from 
blood, which have repopulated a newly formed focus of ectopic hematopoiesis ,  also was studied. 

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

Experiments were car r ied  out on female CBA (subsequently described as O), CBAT6T6 (subsequently 
T6T6), and F 1 (CBA x CBAT6T6) (subsequently T6) mice. To obtain foci of ectopic hematopoiesis, femoral 
bone marrow, irradiated in vitro in a dose of  1000 rad to destroy the donor's hematopoietic cells, was im- 
planted beneaththe capsule of the kidney of a recipient  anesthetized with hexobarbital. C ells from the foci 
were obtained after 1.5-2 months. The hematopoietic stem cells were counted by the splenic colonies method 
[7] in mice irradiated in a dose of 1300 tad.  Self-support of stem cells from different sources was determined 
by counting colony-forming units (CFUs) in splenic colonies and with the aid of chromosomal markers .  In 
the f i rs t  case, cells from bone marrow or  an ectopic focus were injected into irradiated intermediate r e -  
cipients in a dose of 4 �9 104; blood cells were injected ei ther in a dose of 106 washed leukocytes (Table 1), 
experiment No. 1, o r  as 0.3 ml blood (about 2.5 �9 106 leukocytes; Table 1, experiment No. 1). Some of the 
intermediate recipients were killed 8-10 days la ter  and the number of colonies counted in their  spleens. The 
remaining recipients were killed on the 12th day and their  spleen cells  were injected, in doses equivalent to 
0.05-1.0 colony, into the final irradiated recipient.  The number of colonies in the lat ter  gave the number of 
CFUs in a 12-day colony in the intermediate recipient.  Some donors were irradiated sublethally in a dose of 
400 rad or  in a dose of 1300 rad  followed by injection of syngeneic bone marrow in a dose of 10 Y cells  1.5 
months before the hematopoietic cells  were taken from them. To study the proliferative potential of the 
hematopoietic stem cells,  cells from bone marrow, ectopic loci of hematopoiesis, or  peripheral blood from 
animals carrying various chromosomal markers  were injected into karyologically irradiated recipients; the 
recipients themselves were always unmarked. To abolish the effect of possible differences in the rate  of 
proliferation cel ls  of individual sublines, different marker  combinations were always used in the experiments 
(Table 2). Since proliferation of cel ls  of all th ree  sublines was identical, the resul ts  a re  described together.  
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TABLE 1. Self-Support  of CFUs in Splenic Colonies of I r rad ia ted  Mice Receiving 
Hematopoiet ic  Cel l s  f rom Bone Marrow,  Per iphera l  Blood, o r  a Focus  of Ectopic 
t tematopoies is  (M �9 m) 

No. o f  
~x -  
~eri- Cell donor 
rnent 

Intact 

Irradiated 
400 tad 

Chimera 

Intact 

2 

TABLE 2. 

Source of CFUs 

Bone marrow 

Focus of ectopic 
hematopoiesis 

Blood 

Bone marrow 

Blood 

Bone marrow 

Blood 

Bone marrow 
Focus of ectopic 
B h e m a t o p o i e s i s  

tooo  

Primary re- Secondary recipient 
cipient (hum 
ber of number of cells number ot1 
colonies per injected (in number of I_~.. l P (compared with 

, [ bone marrow of spleen) colony equiv- colonies per ~us  per 
alence) spleen cotony [ inact donors) 

11,7-+0,9 

12,4_0,7 

1,4+--0,3 

15,4-+1,8 

1,6-4-0,4 

11,7-+2,4 

3,0-+0,5 

9,8-+0,8  
5,3-+0,7 

1,0 Confluent 
0,2 7,7_0,9 
1,0 48,0+2,2 
0,2 6,8+-I ,4 
0,225 15, I__.2, l 
0,045 2,7___0,6 
1,0 36,4• 
0,2 9,7_+1,6 
0,5 21,7-+'2,0 
0, I 5,6__. 1,0 

1,0 18,8+3,3 
0,2 7,6--+2,0 
1,0 41,0-+1,6 
0,2 8,7-+1,3 

0,2 
0,2 

0,2 

36,9___I ,4 
14,0__. I, I 

12,1• 

39 

36 

64 

42 

DO 

29 

42 

I 
185 
70 

6o 7 2+1 0 

Not significant 

Not significant 

t Not significant 

Not significant 

Not significant 

<0,001 

<0,001 

Karyologic Cha rac t e r i s t i c s  of t tematopoietic Cel ls  Used 

No. of[ 
experi[ 
ment | 

Source of CFUs 

1 [ Bone marrow 
1 Blood 
I Heterotopic hematopoietic focus 

2 I Bone marrow 
I Heterotopic hematopoietic focus 

Genotype of donor's ceils (number of CFUs injected given in paren- 
theses ) in different groups 

T6T6 (6,3) 
T6 (! ,7) 
0 (3,5) 

T6 (440) 
T6T6 (270) 

T6 (8,6) 
T6T6 (2,5) 

0 (3,5) 
T6T6 (195) 

T6 (180) 

I I I  

0 (5,7) 
T6 (1,7) 

T6T6 (6,3) 

Each rec ipient  rece ived  approximately  the same number  of  CFUs  f rom different sources  (Table 2). The 
number  of CFUs  was determined in the r ec ip ien t s '  bone mar row,  spleen, and thymus (3 o r  4 at each time) and 
the  number  of metaphases  with the different m a r k e r s  was determined 7, 14, and 21 days af ter  injection of 
small  doses  of  CFUs  and 10 days and 1, 2, and 4 months af ter  injection of  l a rge  doses  of  CFUs.  Colcemid,  
in a dose of  10 ~ g / g ,  was injected intraperi toneal ly into the mice  1-1 .5h  before  sacr i f ice;  ch romosome  prepa-  
ra t ions  were  obtained as  in [2]. 

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

As  the data in Table  1 show, the method of r ecord ing  the number  of CFUs in p r i m a r y  colonies formed 
by hematopoietic s tem cel ls  f rom different sources  is not ve ry  re l iable  for  the determination of self support 
of  the C FU. In exper iment  No. 1 s ta t is t ica l ly  significant differences were  not found in the self support of 
rec i rcn la t ing  and sett led CFUs;  no difference l ikewise was found by means  o f  this tes t  between intact s tem 
cel ls  and sublethally i r radia ted  (400 rad) cel ls  o r  ce l l s  which had gone through a cyc le  of intensive p ro l i f e ra -  
tion (radiation ch imeras) .  However, despite the absence of differences in the number  of  CFUs in the colonies,  
the s ize  of the colonies fo rmed by bone mar row was l a rge r  than that of  colonies produced by rec i rcula t ing  
CFUs.  Meanwhile, in experiment  2 self  support of  s tem cel ls  f rom bone m a r r o w  was significantly g rea te r  
than of migra t ing  ce l ls .  

More  accura te  resu l t s  were  obtained by direct  compar i son  of repopulation of  the hematopoietic t i ssue  
with the progenies  o f  sett led and rec i rcn la t ing  CFUs by means  of ch romosomal  m a r k e r s .  In the experiments  
of se r i e s  I each recipient  rece ived  a mixture  of  CFU f rom all th ree  sources  {bone marrow,  ectopic focus, 
blood). Al together  6-8 CFUs f rombone  marrow,  3-6 CFUs f rom an ectopic focus, and 2-3 CFUs f rom per iph-  
era l  blood was injected. Each recipient  r ece ived  al together  13-15 CFUs,  the equivalent (as r ega rd s  the 
number  o f  CFUs) to 5 * 104 bone m ~ r o w  cel ls .  This  dose is significantly l e s s  than mtfficient to give complete 
protect ion to mice,  and investigations could be ca r r i ed  out only during the f i r s t  th ree  days af ter  injection of 
the ce l l s  (Fig. 1). The resu l t s  for  all hematopoietic o rgans  studied (bone mar row,  spleen, thymus) showed 
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Fig .  1. Composi t ion  of  r e g e n e r a t i n g  hematopoie t ic  t i ssue  af ter  inject ion of sma l l  doses  of  
r ec i r cu l a t i ng  and se t t led  hematopoie t ic  s t em ce l l s .  Continuous l ines  r e p r e s e n t  p rogenies  
of  hematopoie t ic  s t em cel ls ;  b roken  l ine - p rogen ies  of  s t em ce l l s  f r o m  blood; l ines  of  dots  
and dashes  p rogen ies  of  s t em ce i l s  f r o m  foci  o f  ectopic hematopo ies i s  n u m b e r s  in p a r e n -  
t h e s e s  give absolute  number  of m e t a p h a s e s  analyzed for  that  s ame  point. Absc i s sa ,  t i m e  
a f t e r  injection of ce l l s  (in days); ord ina te ,  r e l a t i ve  number  of different  m a r k e r s  (in %). 

F ig .  2. Composi t ion  of r e g e n e r a t i n g  hematopoie t ic  t i s sue  a f t e r  injection of l a rge  doses  of 
r ec i r cu la t ing  and se t t led  hematopoie t ic  s t em ce l l s .  Legend as  in Fig.  1. 

comple te  ag reemen t .  In the f i r s t  week the exis t ing number  of  dividing ce l l s  belonged to progenies  of  migra t ing  
CFUs .  During the second week the i r  contr ibution fell  sharply ,  and a f t e r  t h r ee  weeks about 90% of  al l  m e t a -  
phases  analyzed belonged to the donor of  bone m a r r o w .  The r e s u l t s  thus conf i rmed  the data mentioned above 
[6]. I t  was also shown that  r educed  abil i ty of  cel l  support  is  c h a r a c t e r i s t i c  not only of CFUs  in the blood, 
but also of s t em ce l l s  which have  r e se t t l ed  in hematopoie t ic  t i s sue s  and in pa r t i cu la r ,  in a focus of  ectopic 
hematopo ies i s .  Hence it follows that  s t em ce l l s  that  take  p a r t  in repopula t ion  a r e  not  se lec ted  fo r  inc reased  
abil i ty of  se l f  support  f r o m  the total  population of migra t ing  CFUs .  A stay of 1-1.5 months  in a focus of  
no rma l  hematopo ies i s  by the mig ra t ing  s t em cel ls ,  in contac t  with the  hematopoiet ic  mic roenv i ronment ,  did 
not r e s t o r e  the i r  abil i ty of  s e l f - suppor t .  

The r e su l t s ,  I ike those  obtained by o ther  w o r k e r s  [6], have  two impor tan t  shor t comings .  Since a smal l  
d o s e  of ce l l s  was injected, f i r s t ,  it was  imposs ib le  to study the  fa te  of the hematopoie t ic  ce i l s  in the l a t e r  
s tages;  second, wEh a smal l  dose  of  ce l l s  they had to p a s s  through a very  intensive cyc le  of p ro l i fe ra t ion  in 
the  c o u r s e  of r egenera t ion ,  and th is  m a y  be beyond the capaci ty  of r ec i rcu la t ing  ce l l s .  The r e s u l t s  may  have 
been different  if the demand had been r e l a t ive ly  s m a l l e r  o r  if the invest igat ion had been c a r r i e d  out at l a t e r  
s t ages .  The poss ib i l i ty  of  conducting an invest igat ion with high doses  of CFUs was l imi ted  prev ious ly  by t he i r  
smal l  n u m b e r  in the pe r iphe ra l  blood. Now that  the identi ty of migra t ing  CFUs f r o m  pe r iphe ra l  blood and 
f r o m  an ectopic focus of  hematopo ies i s ,  in which they  a r e  jus t  as  numerous  as  in bone m a r r o w ,  has  been 
es tab l i shed  in pr inciple ,  th is  difficulty has  been o v e r c o m e .  In the  expe r imen t s  of s e r i e s  II each rec ip ient  
r ece ived  200-300 CFUs f r o m  an ectopic  focus and 200-400 CFUs f r o m  bone m a r r o w  (Table 2), a total  of 400- 
700 CFUs,  equivalent to the number  of CFUs in a comple te  p ro tec t ive  dose of bone m a r r o w  (1-2 �9 106 cel ls) .  
The resu l t s  w e r e  in p r inc ip le  the s ame  as in s e r i e s  I (Fig.  2). In all  the hematopoie t ic  organis  
studied the f rac t ion  of dividing cel ls  of different  or igin  was the s a m e .  Not until 10 days a f te r  t r a n s -  
plantat ion did r egene ra t ion  o fhema topo ie s i s  due to p rogen ies  of  the  migra t ing  s t e m  cel ls  resul t ,  the con- 
t r ibut ion of which at this  t ime  was only 30% of all  dividing ce l l s .  By the f i r s t  month this f rac t ion  
had fallen to 5-10~,  by two months it was  below 3%, and by 4 months all the dividing ce l l s  we re  
descendants  of set t led (bone mar row)  CFUs.  
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The results  show that migrating stem cells do not differ from settled cells in the probability of divergent 
differentiation, e.g., myeloid and lymphoid, as can be deduced from the identical fraction of the two subpopula- 
tions of CFUs in the bone marrow and spleen, where myeloid hematopoiesis predominates during regeneration 
after irradiation, compared with the thymus, where differentiation is entirely lymphoid. Meanwhile, in their 
ability to support themselves, migrating CFUs are significantly inferior to settled, llence it follows that 
migrating CFUs are not members of a single population of CFUs that have accidentally entered the circulation, 
but are  a special subpopalation of stem cells with reduced proliferative potential. Possibly only stem cells 
which have already passed through a process of clonal aging, removed from the bone marrow as spent pre- 
cursors,  migrate into the blood stream. The problem of whether a special structural organization is present 
in the bone marrow to produce displacement of the stem cells during aging into regions from which migration 
into the circulation is easier requires further study. 
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I N V E S T I G A T I O N  OF E R Y T H R O I D  P R E C U R S O R S  BY MOUSE 

BONE M A R R O W  C U L T U R E  IN A P L A S M A  C L O T  

T .  E.  M a n a k o v a  a n d  S. Yu .  S h e k h t e r  UDC 612.111.3-08:612,419-085.23 

Two types of erythroid precursors  were isolated during culture of mouse bone marrow in a 
plasma ciot in the presence of mouse serum and without the addition of exogenous erythropoie- 
tin to the medium. The f i rs t  type of precursor  was more similar in its characterist ics to the 
erythroid colony-forming unit  described previously. The second type of precursor was an 
erythroid burst-forming unit, s imilar in its properties to that described previously. The 
optimal concentration of mouse serum in the culture medium was 10-15%. The clonal nature 
of the colonies and bursts  described is confirmed by the linear relationship between their  
number and the cell concentrations in culture. 

KEY WORDS: erythroid colony-forming unit; erythroid burst-forming unit; erythropoietin; 
mouse serum. 

Methods of culture of hematopoietic t issue in semisolid media whereby precursors  of cells of the 
erythroid series at different levels of differentiation can be identified have recently been developed [1, 5, 6, 
9]. The most mature of them, the erythroid colony-forming unit (CFU-E) gives r ise  to colonies consisting of 
8-32 erythroid cells after culture for 48h in the presence of tow concentrations of erythropoietin. The least 
mature precursor,  the erythroid burst-forming unit (BFU-E), forms either isolated colonies consisting of 
64 to 10,000 erythroid cells or colonies consisting of several small cell clusters after culture for 8 h. 

This paper describes a system by means of which two precursors can be discovered: One forms eryth- 
roid colonies of 8-32cells on the third day, the otherforms erythroidbursts onthe fifth day in culture. 
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