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The development  of methods of cloning hematopoiet ic  cel ls  in v i t ro  has led to the d i scove ry  of morpho-  
logical ly  unidentifiable e ry thro id  p r e c u r s o r  cel ls ,  capable  of fo rming  e ry thro id  colonies in the p r e s e n c e  of 
e ry thropoie t in  p repa ra t ions  in the cul ture  medium [5, 6, 12]. By the use  of syngeneic s e r u m  as s t imula to r  
during cul ture  of mouse  bone m a r r o w  [ 1, 2], two types of e ry th ro id  p r e c u r s o r s  have been d iscovered:  the 
co lony- forming  unit (CFUen) and the b u r s t - f o r m i n g  unit (BFUen),  yielding colonies and b u r s t s  without the ad-  
dition of erythropoiet in .  According to some p rope r t i e s  ( t imes of d i scovery ,  absence  of e ry thropoie t in  r eq u i r e -  
ment,  d imensions  of the colonies)  these p r e c u r s o r s  differ  f r o m  those desc r ibed  in the l i t e ra ture .  

The object  of this invest igat ion was to study the r e sponse  of e ry thro id  p r e c u r s o r s  during s t imulat ion of 
e ry th ropo ies i s  in vivo and to invest igate  p ro l i f e ra t ive  act ivi ty  of new ery thro id  p r e c u r s o r s .  

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

Bone m a r r o w  of (CBA • C57BL)FI  mice  was cul tured in a p l a s m a  clot  in the p r e s e n c e  of 10% mouse  
s e r u m  without the addition of e ry thropoie t in  [2]. Pos t - t r ans fu s ion  polycythemia  was induced in mice  by two 
in t raper i tonea l  injections of an 80~ suspension of washed mouse  e ry th rocy tes  in a dose of 1 ml  pe r  mouse.  

TABLE 1. Detection of Ery thro id  P r e c u r s o r s  
during Bone Mar row Culture in the P r e s e n c e  
of Polycythemic  Mouse Serum 

M O U S e  S e r u I i 1  

.Normal 
Polyeythemla 

Number of precursors/10 s ceils 
CFUen I BFUen 

M ~ m n M ::i: m 

57• 
56• 7,0 

66 ] 18• 
22::k4,2 

TABLE 2. Changes in Number  of Ery thro id  
P r e c u r s o r s  during Stimulation of E ry th ro -  
poies is  !n-Vivo 

Treatment of bone 
marrow donors 

Contt61 
Blood loss 
P olycythemia 
Polycythemi a + 2 i.u; 

erytnropoietin 
Polyeythemia + blood 

loss 

Number of precursors/10 s 
cells 

CFUen 
M-4-m n 

11,5• 9 
15,0• 4 
25,0• 9 

21,o• 9 

15,0-+--5;0 5 

BFUen 

M ::t= m 

8,0• 1,78 
7,2• 2, 5 
8,7• 1,5 

9,0• 1,91 

.!2,5• 

9 
4 
9 
9 

5 
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Erythropoiesis was stimulated in rive either by blood loss (2~ of body weight) or by injection of erythro- 
poietin (2 units per mouse). Bone marrow was obtained 24 h after stimulation. 

In order to study the radiosensitivity of the erythroid precursors, a suspension of bone-marrow cells 
was irradiated with 137Cs T-rays on the IPK apparatus with a dose rate of 100 rads/min. 

The proliferative activity of the erythroid precursors was determined by the "thymidime suicide" 
method [7]. After incubation of 4• 10 G cells/ml with 3H-thymidine (100 ~Ci/ml) for 25 rain at 37~ the cells 
were washed twice with medium containing I00 pg/ml of nonradioactive thymidine. Proliferative activity was 
assessed from the number of surviving colony-forming cells. 

EXPERIMENTAL RESULTS 

Serum of polycythemic mice with suppressed production of endogenous erythropoietin, in a concentra- 
tion of I0%, did not lower the cloning efficiency of the erythroid precursors (Table 1). 

During culture of bone marrow from mice with posttransfusion polycythemia (i.e., with inhibited ery- 
thropoiesis) a significant increase was observed in the number of CFUen, whereas the number of BFUen was 
indistinguishable from the control (Table 2). Injection of erythropoietin (2 units per mouse) did not change 
the number of CFUen and BFUen in the bone marrow of the polycythemic mice. In mice subjected to acute 
blood loss against the background of polycythemia, the number of CFUen in the bone marrow decreased a 
little (but not significantly) compared with that in polycythemic mice, but the number of BFUen increased 
(also not significantly). Acute blood loss in normal mice had virtually no effect on the number of CFUen and 
BFUen (Table 2). 

Determination of proliferative activity showed that the proportion of precursors in the S-period of the 
cell cycle (killed by 3H-thymidine) was under 50% for CFUen and BFUen (Table 3). The system used re- 
vealed two precursors: CFUen, forming colonies on the 2nd-3rd days of culture, and BFUen, giving bursts on 
the 5th day of culture. It was suggested previously [ I, 2] that CFUen and BFUen detectable on bone marrow 
culture in the presence of syngeneic serum without the addition of an erythropoietin preparation are erythro- 
poietin-independent in nature. The facts described in this paper confirm this hypothesis. In particular, poly- 
cythemic serum, with no endogenous erythropoietin, stimulated both precursors just as effectively as the 
erythropoietin-enriched serum of animals subjected to blood loss. 

Experimental polycythemia in mice causes a marked decrease in the number of CFUen in the bone 
marrow, which ~s completely restored after injection of I i.u. of an erythropoietin preparation into the mice. 
The number of BFUen in these Situations remains unchanged [3, 4, I0, II, 13]. The behavior of the precur- 
sors now discovered was different. Not only did the number of CFUen not decrease in posttransfusion poly- 
cythemia but, on the contrary, it increased statistically significantly; injection of erythropoietin into poly- 
cythemic mice, and likewise blood loss, did not lead to an increase in the number of CFUen. The number of 
BFUen in the bone m a r r o w  of mice  in a l l  f o rms  of s t imula t ion  s tudied r e m a i n e d  v i r tua l ly  unchanged. 

F u r t h e r m o r e ,  e r y t h r o i d  p r e c u r s o r s  d i s c o v e r e d  during cul ture  under  the above condit ions d i f fered  f rom 
e ry th ropo ie t i n -dependen t  p r e c u r s o r s  d e s c r i b e d  p rev ious ly  in other  p r o p e r t i e s  a lso.  F o r  ins tance ,  they a r e  
more  r a d i o - r e s i s t a n t :  for  CFUen, D o = 206 r ads ,  n (ex t rapola t ion  number)  = 1.3; for  BFUen, D o = 118 rads ,  
n = 1.4 (the app rop r i a t e  data  wil l  be publ ished in m o r e  de ta i l  s e p a r a t e l y ) .  The CFUen a lso  have lower  p r o -  
l i f e r a t i ve  activity. 

Taken as awhole, these results confirm that the two precursors are capable of clonal proliferation ir- 
respective of the presence or absence of the hormone erythropoietin. This agrees with data in previous pub- 
lications on the existence of erythroid precursors detectable with the aid of factors other than erythropoietin: 
splenic factor [ 9 ], myeloproliferative factor [ 14], and "burst-promotor activity" [ 8 ]. Perhaps in this system 

TABLE 3. Effect of 3H-Thymidine on Ery- 
throid Precursors In Vitro 

Treatment of bone 
marrow donors 

Control 
Polycythemia 

Number or precursors kilted 
by 3H-thyrrddine, % 

CFUen BFUen 
M d:m 

42• 12,5 
44:k8,0 

n M ~ m  ] n 

E 
519 



mouse  s e r u m  is the sou rce  of the non-ery thropoie t in  s t imula to r  of e ry th ro id  colony format ion.  The essen t i a l  
d i f ference of this s y s t e m  is abil i ty to fo rm clones without erythropoiet in ,  whereas  in all  other  cases  descr ibed  
above its p r e sence  is essent ia l .  
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Adrenocor t ica l  hormones  and, in pa r t i cu la r ,  hydrocor t i sone  have a ma rked  effect  on the s ta te  of the 
ske le ta l  s y s t e m  and the organ of vision, in which they give r i s e  to metabol ic  changes [ 1, 8, 12, 14]. Cor t ico-  
s t e ro ids  change the act ivi ty  of l y sosomal  enzymes  of bone t i s sue  and of the t i s sues  of the eye; act ivi ty of gly-  
cos idases  in different  types of connect ive t i s sue  is va r ious ly  changed [ 10]. Invest igat ions [ 3, 4, 6] have 
shown that co r t i cos te ro ids  can affect  l y sosomal  enzyme act ivi ty  in the t i s sues  of the eye, and on that bas i s  it 
has been postulated that enzyme s y s t e m s  of connective t i ssue  a r e  espec ia l ly  sens i t ive  to the action of ho r -  
mones.  It has also been shown that these  t i s sues  a re  t a rge t  t i s sues  for  the action of cor t i so l  [7]. No inves t i -  
gations into incorpora t ion  of s t e ro id  ho rmones  into bone and ca r t i l age  could be  found in the acces s ib l e  l i t e r -  
a ture .  Meanwhile,  the poss ib i l i ty  of b iochemica l  pa ra l l e l s  in the t i s sue  me tabo l i sm  of the eyes  and of bone and 
ca r t i l age  t i s sues  can be  deduced f r o m  observa t ions  showing that les ions  of the ske le ta l  s y s t e m  (os teogenes is  
imper fec t a ,  P a g e t ' s  d i sease ,  os t eo la thyr i sm,  mucopo lysacehar idoses ,  etc.) a re  accompanied  by d i s tu rbances  
in the organ of vision [2, 5, 13, 15]. 

The object  of this invest igat ion was to study the distr ibution,  dynamics  of accumulat ion,  and excre t ion  
of cor t isol -3H in the cor t i ca l  and cancel lous bones,  cos ta l  car t i l age ,  and also in the s c l e r a  and cornea ,  in o r -  
der  to examine the speci f ic i ty  of the link between these t i s sues  and the hormone.  
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