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The principal  functional p roper t i es  of the hematopo[etic stem cell (HSC), namely proliferat ion,  differ- 
entiation, and circulation, are  interdependent [1, 10]. According to the hypothesis  of Rosendaal et al. [14], 
HSC in the bone mar row acquire mobility and the ability to receive differential stimuli after  repeated passage 
through the cell cycle.  HSC circulat ing tn the per iphera l  blood differ significantly f rom medul la ry  HSC in their  
prol i fera t ive  activity, capaci ty  for self-maintenance,  settling in the spleen of i r radiated animals,  and expres -  
sion of antigen bound with the brain [13]. The differential  potential of HSC in the per iphera l  blood under nor .  
real conditions and during vartous p rocedures  has been inadequately studied, although according to the few 
investigations descr ibed in the l i terature  [2, 7], d i f ferences  in differentiation of HSC in the bone mar row and 
per iphera l  blood of normal  mice are  not significant, but af ter  thymectomy,  differentiation of medul lary  and 
circulat ing HSC changes in the same direction:  cloning of the cel ls  revea ls  a standard decrease  in the inten- 
sity of granulocytopo[esis  [5]. 

The aim of this investigation was to study the cha rac te r i s t i c s  of differentiation of HSC in the bone m a r -  
row and per ipheral  blood of adult animals and the effect of thymic fac tors  on it. 

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

Exper iments  were ca r r i ed  out on 240 male CBA mice weighing 20-22 g: thymectomy was per formed on 
20 mice,  a mock operat ion on another 20 mice, and 200 intact mice also were used; the animals  were obtained 
f rom "Rappotovo" Nursery ,  Academy of Medical Sciences of the USSR. Thymeetomy was pe r fo rmed  on mice 
aged 4-6 weeks by the method in [12], and they were used in exper iments  in vivo and in vi tro 11-13 weeks later.  

In the exper iments  in vivo physiological saline or  thymal[ne in 0.5 ml of physiological saline in a dose 
of 20 ~g was injected subcutaneously into the mice after thymectomy and the mock operation, daily for  10 days. 
Thymalin is a preparat ion of calf thymus obtained by acetic acid extraction [4]; it consis ts  of complexes of 
f ract ions  of polypeptide nature with tool. wt. < 10,000 daltons. Two days after  the end of the course  of injec- 
tions the mice were decapitated, and the femora l  mar row and per ipheral  blood f rom four or  five mice, with 
added heparin,  were pooled to prepare  cell suspensions.  The cel ls  were then washed three t imes in 10 vol- 
umes of medium 199. The number of HSC in the result ing suspensions was counted by the exogenous colonies 
method [15], by transplanting 5.105 nucleated blood cells  or  105 bone mar row cel ls  into a syngeneic recipient,  
totally i r radiated with x rays  in a dose of 8.5 Gy. On the 8th day after transplantat ion of the cells  the animals 
were killed and their  spleens fixed in Bouin ' s  solution and used to prepare  histological specimens.  Differen- 
t ia t ion  and the number of HSC (taken to be equal to the number of splenic colony-forming u n i t s - C F U s )  were 
determined by counting hematopoietic colonies of different types in three paraffin sections through the spleen 
(two subcapsular  and one central),  stained with hematoxylin and eosin [8]. The method used, which is widely 
adopted nowadays to a s se s s  differentiation of HSC [3, 9], was previously descr ibed in detail [6]. 

In the exper iments  in vitro per ipheral  blood f rom normal  or  thymectom[zed animals was cultured for 
1o5 h at 37~ with thymalin in a concentration of 10 #g/ml  o r  physiological saline. Subsequently the technique : 
was identical with that used in the experiments  in vivo. 
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TABLE 1. Histological Analysis of CFU s Formed by Exogenous Cloning of Bone ~ a r r o w  and 
Per iphera l  Blood Cells f rom Mice Stimulated with Thymalin in Experiments  in v i v o  or  in vitro 

Method o f  

stimulation 
with th~malin 

In vivo 

In vivo 

In vitro 

Source of 
CFU s 

Peripheral 
blood 

[]one mar- 
Iow 

Peripheral 
blood 

Conditions 

No. of col- 
onies counter 
under mi- �9 
c~O~cope 

Mock operation + - 
phy~io togical saline 

9lock operation + 
thyma]in 

rhyrneetomy + physi- 
ological saline 

rhymectomy + 
thymalin 

Vlock operation + 
physiological saline 

Phymectomy + physi- 
oligical saline 

rhymectomy + 
thymalin 

dock operation + 
physiological saline 

dock operation + - 
thymalin 

Fhymectomy + physi- 
ological saline 

Fhymectomy + 
thymalin 

5,9--+0,9 

2,7+0,6* 

10.7• 

6,6• 1,5" 

8,3• 1,8 4,8.+ 1,4 

7,1• 3,1.+0,7" 

26,7.+2,6 4,6• 1,9 

Type of heamtopotetic colonies 

Gr Mg 

209• It3 4+2:0 
24,0.+3,3 12,6-+- 1,1 

8,9• 1,8 6,8_ + 1,3 

10,4• 1,9 7,4+ 1,4 

7,6• 5,6• 

7,8.+ l, 1 5,4__+0,7 

Mx[  
1,1• 

O, ~• 0,0• 

1,2+0,3 0,1+0,0 

0,9• 0,0• 

1,6+0,4 0,1• 

0 8• 0,3• 

1 9___1,[ 0,2.+0,2 

05• 0,0• 

06+0,1 0,0_0,0 

0 7 + 0 , 4  0,0+0,0 

0,4+-0,3 0,0+0,0 

0.1• 2.4• 1,0 t 

0,8• 

1,4• 

1,1+0,3 

5,4+0.8 

3,6• 

4,7+0,8 

0,5+0.2 

1,1+0.5 

0,7• 

0,9• 

E/Gr 

4,9 

1,2 

5,3 

1,6 

2,9 

4,6 

2,7 

5,7 

5,0 

5,9 

5,4 

Legend. E, Gr, IV[g, Mx, and U denote different types of hematopoietic colonies:  erythroid,  
granuloeytic,  megakaryocyt ic ,  mixed, and undifferentiated respect ively.  *P < 0.05 compared  
with animals undergoing mock operation and receiving physiological saline. Number  of medul-  
la ry  CFUs given per  105 transplanted nucleated cells, number of blood C F U s -  per  106 cells.  

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

The total number of CFU s in blood f rom animals undergoing the mock operation and thymectomy,  and 
t reated with physiolog!cal saline, did not differ significantly in the exper iments  in vivo and in vitro, and varied 
from 7.6 to 10.7; the number of colonies of different types likewise did not differ significantly, and the ratio of 
the number of erythroid  colonies to the number of granulocytic colonies (E/Gr) varied from 4.9 to 5.9 (Table 1). 

Injection of thymalin into the animals undergoing the mock operation and thymectomy led to qualitatively 
s imi lar  changes in the colony-forming proper t i es  of the HSC from their  blood: the number of erythroid col-  
onies formed was significantly reduced, the number of granulocytic colonies was increased,  and the E / G r  ratio 
was 1.2 and 1.6 respectively.  Changes in the colony-forming proper t i es  of the blood HSC under the influence 
of thymalin were-associated with a decrease  in the number of CFUs in circulat ion:  In mice undergoing the 
mock operation this pa rame te r  fell f rom 10.7~0.9 to 6.6=~1.5 (P < 0.05), and in the thymectomized mice it fell 
f rom 8.3=~1.8 to 7.1~1.3. 

By cont ras t  with the exper iments  in vivo, t rea tment  of blood cel ls  f rom mice undergoing the mock oper-  
ation and thymectomy with thymatin in the exper iments  in vitro was not accompanied by any change in the total 
number of CFUs o r  in the number of hematopoietic colonies of the var ious  types. 

Blood HSC from mice undergoing the mock operation differed significantly f rom the blood cel ls  of the 
same animals in exhibiting increased granulocytic differentiation: their E / G r  ratio was 2.9. After t h y m e c -  
tomy, the colony-forming proper t i es  of the medullary HSC changed: The number  of granulocytic  colonies de- 
creased and the E /Gr  ratio was 4.6, which did not differ quantitatively from the E / G r  rat io for  autologous 
blood cells. Thymalin in the exper iments  in vivo normalized the colony-forming proper t ies  of the medul lary  
HSC of the thymectomized mice.  

The resul ts  of this investigation are  evidence that the colony-forming proper t i es  of medul lary  and per i -  
pheral  blood HSC of normal animals differ significantly. Evidently under ord inary  conditions cel ls  with en- 
hanced erythropoiet ic  differentiation are  expelled into the circulation. A change in the co lony-forming prop-  
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er t ies  of the circulat ing cel ls  could be achieved in the exper iments  in vivo, but not in vitro, by injecting thy- 
malin into normal  or  thymectomized mice,  which led to a decrease  in the number of circulating HSC. The 
colony-forming proper t i es  of the blood HSC of animals  undergoing thymectomy and the mock operation, when 
stimulated by thymalin in exper iments  in vivo, were s imi lar  to those of the medul lary  HSC of normal  mice. 

This combined change in the number of circulat ing HSC and in their  colony-forming proper t i es  under 
the influence of thymalin can be explained on the grounds that this substance inhibits erythroid  differentiation 
of medul lary  HSC, and so prevents  the expulsion of cel ls  with enhanced erythroid  differentiation f rom the bone 
mar row into the blood. 

The effect of thymalin on HSC may perhaps  be mediated through a component of the m[croenvironment  
that is present  in bone mar row but not in per ipheral  blood, since this substance modifies the colony-forming 
proper t i es  of HSC in exper iments  in vivo but does not affect them in exper iments  in vitro. Differences in the 
resu l t s  of the action of thymalin in exper iments  in vivo and in vitro may also depend on the absence of HSC in 
the per ipheral  blood at an ea r l i e r  ancestral  stage than those detectable by counting 8-10-day CFUs. Indirect  
evidence of the existence of such HSC in bone mar row was published recent ly  [11]. 
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