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Exogenous cloning of hematopoie t ic  s t e m  cells  of bone m a r r o w  and spleen in the femur  and 
spleen of rec ip ien t  mice  showed that  during hypokinesia  the kinet ics  of the s t e m  cell  popula-  
tion dif fers  in the two organs  (spleen and bone mar row) .  The cha rac t e r  of differentiat ion of 
the t ransplanta t ion  s t e m  cells f r o m  the different sources  was undisturbed in the r ec ip i en t s '  
spleen.  Bone m a r r o w  s t e m  cel ls ,  set t l ing in the f emur ,  changed their  cha rac t e r  of d i f fer -  
entiation toward an inc rease  in e ry thropoie t ic  function, whereas  the direct ion of d i f ferent ia-  
tion of the splenic  s t e m  cells was unchanged. 
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A p rev ious  invest igat ion showed that  in r a t s  with l imi ted  movements  bes ides  a dec rea se  in thei r  body 
weight,  the number  of cel ls  in the hematopoie t ic  organs  also dec rea sed  [7]. To study the kinetics of the 
population and the di rect ion of differentiat ion of the hematopoie t ic  s t e m  cells  in mice  during hypokinesia,  
a method [10] based  on the abil i ty of hematopoie t ic  cel ls  when t ransp lan ted  into lethal ly i r r ad ia ted  r e c i p -  
ients to f o r m  colonies in the spleen [10, 11] and bone m a r r o w  [8, 12] was used. 

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

Female  (CBA • C57BL)F 1 mice  weighing 20-22 g were  kept in specLal sma l l  conta iners .  On the f i r s t ,  
th i rd ,  seventh,  15th, 30th, and 45th days of hypokinesia  the f emora l  bone m a r r o w  and spleen were  r e m o v e d  
f r o m  the mice .  Cell suspens ions  were  p r e p a r e d  f r o m  them and injected in t ravenously  into the s a m e  mice  
a f t e r  i r rad ia t ion  in a dose of 900 R with Cs 137 Y r ays  (dose r a t e  37 R/rain) .  On the ninth day af ter  t r a n s -  
plantat ion of the cell  suspens ion  the spleen and f e m o r a  of the rec ip ien t s  were  removed .  The ma te r i a l  was 
fixed in Bouin's fluid and embedded in paraf f in  wax. The number  of colonies was counted in sec t ions  cut at 
in tervals  of 50 p and s ta ined with hematoxyl in-eos in .  Colonies were  identified as e ry thro id ,  myeloid,  m e g a -  
karyocyt ic ,  and mixed. 

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

It  will be c l ea r  f r o m  Table 1 that  af ter  t ransplanta t ion  of bone m a r r o w  cells  f r o m  mice  af ter  a per iod  
of hypokinesia ,  colonies of e ry thro id ,  myeloid ,  megaka ryocy t i c ,  and mixed types fo rmed  in the f emora l  
m a r r o w  of the rec ip ien t s .  The r a t io  between the numbers  of e ry th ro id  and myeloid  colonies (E/M) was in- 
c r e a s e d  up to 2, whereas  a f te r  t ransplanta t ion  of bone m a r r o w  cells of intact an imals  the value of E / M  was 
below 1. When spleen cel ls  of exper imenta l  mice  were  t ransp lan ted  into the f emora l  m a r r o w  of rec ip ien t s ,  
the s a m e  types of colonies were  f o r m e d  (Table 2) as af ter  t ransplanta t ion  of bone m a r r o w  cel ls .  However,  
the E / M  ra t io  was the s a m e  for  co lony- forming  units (CFU) in the spleen of the ez~perimental mice as for 
the control  an imals .  The kinet ics  of the CFU population f r o m  different  sources  (bone m a r r o w  or spleen),  
set t l ing and pro l i fe ra t ing  in the f e m o r a  of the rec ip ien t s ,  was the s a m e  in both intact and exper imenta l  mice  
at all t imes  of invest igation.  
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TABLE 1. 
Bone Marrow Cells f rom "Hypokinetic" Mice (M 4-m) 

Day of 
expt. 

0 
! 
3 
7 

15 
30 
45 

Charac ter  of Colonies in Femoral  Marrow of I r radiated Mice Receiving 5.106 

No. of Type of hematopoietic colonies Mean number of 
recipients E M Mk mixed E/M zolonies per femur 

20 
10 
11 
9 

l0 
12 
13 

1,3• 
1,5• 
2,2• 
2,0• 
1,6• 
1,7• 
1,8• 

2,0• 
1,0• 
1,6• 
1,0• 
1,0• 
1,4• 
1,4~0,2 

1,3• 
0,2• 
1,6• 
0,1• 
0,4• 
1,1~0,2 
1,0• 

0,1• 
0,3• 

0 
0 
0 

0,1• 
0,2• 

0,6 
1,5 
1,4 
2,0 
1,6 
1,2 
1,3 

4,7• 
3,0~0,4 
5,4• 
3,1• 
3,0• 
4,3• 
4,4~0,4 

Legend. Here and in Table 2: E) erythroid ,  M) myeloid, IVIK) megakaryocyt ic .  

TABLE 2. Character  of Colonies in Femora l  Marrow of I r radia ted Mice Receiving 106 
Spleen Cells f r o m  "Hypoktnettc" Mice (M• 

Day of 
expt. 

0 
1 
3 
7 

15 
30 
45 

No. of 
recipients 

25 
10 
11 
9 
t0 
12 
13 

Type of hematopoietic colonies 

1,2• 
2,4• 
2,3• 
2,6• 
2,0• 
2,4• 
1,8• 

M 

0,8• 
1,2• 
1,4• 
1,3• 
1,1• 
1,3~0,1 
1,l• 

Mk 

1,1• 
1,0• 
1,0• 
0,8• 
0,9• 
1,2• 
1,0• 

mixed 

0,2• 
0,4• 
0,1• 

0 
0 

0,2• 
0,1• 

1,5 
2,0 
1,6 
2,0 
1,8 
1,7 
1,6 

Mean number of 
colonies per femur 

3,3---+0,2 
5,0--+0,5 
4,8+ 0,3 
4,7• 
4,0--- + 0,3 
5,1• 
4,0-- + 0,3 

In mice with r e s t r i c t ed  movements the ability of hematopoietic s t em cells isolated f rom different 
sou:cces to f o r m  colonies in the femora l  mar row was thus undisturbed. The charac te r  of differentiationwas 
changed only for CFU of the bone marrow,  whereas the direction of differentiation of the splenic CFU of 
the experimental  mice remained  unchanged. Somewhat different resul ts  were obtained for CFU of the m a r -  
row and spleen forming colonies in the rec ip ients '  spleen. In experiments ca r r i ed  out at all t imes of hypo- 
kinesia, the CFU (from the different sources)  settl ing in the r ecipients '  spleen retained their  powers of 
differentiation. Changes in the number of CFU (the "splenic colonies" test) in the bone mar row of the ex- 
per imenta l  mice were fluctuating in cha rac te r :  The number of CFU reached a maximum on the f i rs t  to 
thi rd  and 30th-45th days of hypokinesia, whereas the number of CFU in the spleen decreased  exponentially. 

Many workers  [4, 5] r ega rd  limitation of movement  as a spec[a /k ind  of s t r e s s .  One indication of the 
development of a s t r e s s  response  is atrophy of the thymicolymphatic  apparatus [6]. The decrease  in the 
number of lymphocytes was due to two causes :  death of the cells and inhibition of their  reproduct ion [6], 
and migrat ion of cells into other organs ,  especial ly  into bone mar row [3]. In other words,  during s t r e s s  
the permeabi l i ty  (barr ier  function) of bone mar row for lymphocytes is reduced. In this connection it can 
be assumed  that the test  suspension of bone mar row cells f rom the experimental  animals with s t r e ss  dif- 
fered  f rom the suspension of bone mar row cells f rom the control animals in that it contained lymphocytes 
of thymus origin (T lymphocytes).  This suggests  that the change in direction of differentiation of the bone 
mar row CFU settling in the femur  was due to the "arrival of T lymphocytes in the bone mar row of the ex- 
per imenta l  mice. Indirect  evidence h~ support of this view is given by the fact that after transplantation of 
spleen cells,  these pro l i fera ted  in the rec ip ients '  bone mar row,  where they formed colonies chiefly of 
e ry throid  type. The mouse spleen is known to contain about 35% of T lymphocytes [9]. Direct proof  of the 
influence of T lymphocytes on the choice of direct ion of differentiation of the s t em cells is given by the 
w r i t e r s '  unpublished data, obtained after  transplantat ion of a mixture of syngeneic bone mar row cells and 
thymocytes  (F 1 b.m. +F  1 thy--*F1). Such a mixture apparently simulates the population of spleen cells.  Af-  
ter  transplantat ion of a mixture of syngeneic bone mar row Cells and thymocytes ,  colonies chiefly of e ry th -  
roid type are  formed in the bone mar row of the i r radia ted  recipients ,  i.e., differentiation of s t em cells of 
bone mar row origin under the influence of T lymphocytes is of the "splenic type." In this case the E / M  
ra t io  in the spleen was unchanged by transplantat ion of bone mar row cells,  either alone or mixed with thy-  
mocytes .  

It can accordingly be concluded f rom these resu l t s  that during res t r i c t ion  of movement,  evidently as 
a resu l t  of a redis tr ibut ion of lymphocytes and, possibly,  of s t em cells,  the relat ions between these two 
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types of cells are such that they lead to a change in the character of differentiation of the stem cells and in 
their population in different hematopoietic organs. 

The biological significance of this phenomenon is evidently that, because of the deficiency of muscu- 
lax function and the accompanying reduced demand of oxygen by the skeletal muscles, the surface of the 
erythron is reduced through inhibition of the erythroplastic function of the bone marrow [1, 2] and, possibly, 
hemolysis of erythrocytes.  The role of the T lymphocytes coupled with the unchanged hematopoiesis may 
be to compensate for the deficiency of precursors  of erythropoiesis and to increase the nonspecific r e s i s -  
tance of the organism. 
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