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The number,  prol i fera t ive  activity, and degree of se l f -maintenance of hematopoietic stem ceils are 
control led in vivo by a hematopoietie microenvi ronment  of s t romal  nature [ 5]. Dependence of the state of the 
microenvi ronment  on the cha rac t e r  of hematopoiesis  taking place in it has not been studied. Meanwhile, in 
clinical pract ice  d i seases  (myelof ibrosis ,  mye losc le ros i s )  have been found in which the predominant  features 
are  lesions of the hematopoiet ic  s t roma,  whereas the p r ima ry  lesions are  located, not in that s t roma,  but in 
hematopoietic cells [3].  This suggests  that the cha rac te r  of hematopoiesis  plays an important  role in the 
maintenance of its hematopoiet ic  s t roma.  

The aim of the present  investigation was an experimental  study of the effect of hematopoiesis  on p r ecu r -  
sor  ceils of the hematopoietic s t roma,  which are  able to t r ans fe r  the hematopoietic microenvi ronment  in vivo 
with the formation of loci of ectopic hematopoiesis ,  and in vitro with the format ion of a layer  of adherent  cells,  
maintaining hematopoiesis  in long- te rm bone mar row cultures.  

EXPERIMENTAL M E T H O D  

Female  CBA, CBAT6T6, (CBA • C57BL)Fj,  and (CBAT6T6• C57BL)F 1 mice aged 8-30 days were used. 
To obtain chimeras ,  the mice were i r radia ted in a dose of 12-13 Gy with laTCs y - r a y s ,  in a dose rate  of 0.25 
Gy/min.  The following types of ch imeras  were obtained: s tandard ch imeras  - syngeneic bone mar row f rom 
normal  donors,  differing in their  ch romosomal  marke r ,  was injected intravenously into i r radia ted  mice in a 
dose of one- thi rd  of a femoral  equivalent (this dose also was used to obtain all other  groups of ch imeras ) ,  one- 
passage ch imeras  - i r radia ted  mice were r e s to red  with bone mar row of s tandard ch imeras  (obtained not 
ea r l i e r  than 2 months af ter  creat ion of the ch imera ) ,  two-passage ch imeras  - i r radia ted mice were r e s to red  
with bone mar row from one-passage  ch imeras ,  and double ch imeras  - s tandard ch imeras  were i r radia ted  
again in the same lethal dose and res to red  with bone mar row f rom normal  donors.  Experiments  were ca r r i ed  
out 3-9 months after  creat ion of the ch imeras .  Self-maintenance of hematopoietic s tem cells was determined 
f rom the number of daughter CFU-C in an 11-day splenic colony, produced by the s tem cells under invest iga-  
tion in an i r radia ted  (12.5 Gy) recipient  (10 in a group).  Long- t e rm culture of bone mar row fragments  was 
ca r r i ed  out as descr ibed previously [1].  The  bone mar row or the removed sublayer  of 3-4-week old cultures 
was implanted beneath the renal  capsule of syngeneie normal  or  i r radia ted  (standard ch imeras)  mice,  and the 
size of the foci or  ectopic hematopoiesis  thus formed was determined 1 month la ter  on the basis  of their cell 
content. In some cases  the ectopic focus was implanted entirely in re i r rad ia ted  recipients .  Karyological  in- 
vestigations were ca r r i ed  out [2]. 

E X P E R I M E N T A L  RESULTS 

All groups of ch imeras  used in metaphase analysis  in the bone mar row contained only donors '  hemato-  
poietic ceils (no fewer than 100 metaphases  were analyzed f rom the pool of bone mar row cells of all ch imeras  
of the group).  The absence of rever tan ts  indicates that hematopoietic cells in the different groups actually 
passed through 1, 2, or  3 cycles  of intensive prol iferat ion in the course  of res tora t ion  of hematopoiesis  in the 
ch imeras ,  and they were not the progenies of the i r radia ted  rec ip ient ' s  cells. As regards  the degree of d i rec t  
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Fig. I. Size of eetopic loci of hematopoiesis produced 

by normal bone marrow (A) or after culture (B) in 

syngeneic recipients. Abscissa, groups of donors: l) 

normal mice, 2) standard chimeras, 3) one-passage 
chimcras, 4) two-passage chimeras, 5) double chi- 

meras; ordinate, cell content offoci (I x 10-s). Unshaded 

columns - intact recipients. Numbers in parentheses 

give number of loci studied (A - mean of three experi- 

ments, B - mean of two experiments). ND) No data. 
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Fig.  2. Se l f -ma in tenance  of p r e c u r s o r s  of 
hematopoietic s t r o m a  f rom ec topic  foei. 1) 
Normal  mice;  2) s t anda rd  c h i m e r a s ;  3) 
pas sage  c h i m e r a s .  

r ad ia t ion  in jury ,  the s t r o m a s  of the c h i m e r a s  of groups  1, 2, and 3 were  thus equivalent;  d i f f e rences  between 
them were  r e s t r i c t e d  to the p r o l i f e r a t i v e  h i s to ry  of the s tem ce l l s  mainta in ing hematopo ies i s  in the c h i m e r a s .  

Data on the abi l i ty  of s t r o m a l  p r e c u r s o r s  to t r a n s f e r  the hematopoie t ic  mic roenv i romnent  in v i v o a r e  
given in Fig .  1A. Foci  formed in s t andard  r ec ip i en t s  by bone m a r r o w  f rom s tandard  c h i m e r a s  were  only half 
the s ize  of loci  p roduced  by no rma l  bone mar row.  Foe i  p roduced  by bone m a r r o w  from double c h i m e r a s  were  
only half  as l a rge  again,  in good a g r e e m e n t  both with the r a d i o s e n s i t i v i t y  of s t r o m a l  p r e c u r s o r s  [4] and with 
the i r  inab i l i ty  to r e c o v e r  comple t e ly  f rom rad ia t ion  in ju r i e s  [71. Abi l i ty  of the pas sage  c h i m e r a s  to t r a n s f e r  
the m i e r o e n v i r o n m e n t  was d e p r e s s e d  jus t  as s t rong ly  as that  of the double c h i m e r a s ,  although the total dose 
of i r r a d i a t i o n  they r e c e i v e d  was only half  as high. Di f fe rences  s i m i l a r  in p r inc ip le ,  but r a t h e r  l e s s  in degree ,  
a l so  were  found in the i r r a d i a t e d  r ec ip i en t s .  

Onexplanta t ion  into l o n g - t e r m  cul ture  the bone m a r r o w  of a l l  c h i m e r a s  main ta ined  hematopo ies i s  about 
equal ly,  but qua l i t a t ive ly  worse  than no rma l  bone m a r r o w .  This was e x p r e s s e d  morpho log ica l ly  as the s m a l l e r  
a r e a  of the bot tom of the f lask  covered  by regions  of act ive hematopo ies i s  ( region of "cobb le  s t o n e s " ) .  The 
number  of hematopoie t i e  ce i l s  in the cu l tu res  of c h i m e r a s  was 1 x 10 j to 5 x 104/ml throughout the per iod  of 
cu l ture ,  whe reas  in cu l tu re s  of no rma l  bone m a r r o w  it  was mainta ined  at the Ievel  of 1 x 10S/ml. The r e su l t s  
of the s tudy of the number  of s t r o m a l  p r e c u r s o r s  in the l a y e r  of adheren t  ce i l s  of the cul ture  a r e  given in Fig.  
1/3. On implan ta t ion  of the sub l aye r  into u n i r r a d i a t e d  r ec ip i en t s  the s ize  of the loci  of ec topic  hematopo ies i s  
fo rmed  was r educed  in the s t anda rd  c h i m e r a s  by 25Yo e o m p a r e d  with the sub l aye r  of no rma l  bone mar row.  A 
subs t an t i a l l y  g r e a t e r  d e c r e a s e  (by 80%) was obse rved  in the case  of double c h i m e r a s .  One- and two-pas sage  
c h i m e r a s ,  in which the s i ze  of the foci was about 40~ of the control ,  occupied an i n t e r m e d i a t e  posi t ion.  Conse-  
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Fig. 3. Self-maintenanee of hematopoietie 
s tem cells of different  origin. Abscissa ,  
groups of donors:  1) normal  mice, 2) 
s tandard ehimeras ,  3) double ch imeras ,  4) 
passage ch imeras .  Ordinate, number  of 
CFU-C in l 1-day-old splenic colony. 

quently these resul ts  agree,  in principle,  with those obtained in vivo: Damage to the s t roma was determined 
not only by the dose of i r radiat ion,  but also by the quality of the hematopoietic cells prol i ferat ing on it. After  
implantation of the l ayer  of adherent  cells into i r radia ted  recipients  the size of the loci was reduced about 
equally for cul tures  of all groups of ch imeras .  

The s imi lar i ty  in the behavior  of s t romal  p r e c u r s o r s  in culture and on t ransfer  f rom culture into an i r -  
radiated recipient ,  manifested as maintenance of hematopoiesis  equally in all groups in the f i rs t  case and the 
formation of foci of eetopic hematopoiesis  of equal size in the second case,  suggests  that this resul t  is not 
fortuitous. Among the many possible explanations, the s imples t  would seem to be the presence  of a special  
population of s t romal  p r e c u r s o r s ,  responding to external  influences ( interrogation by the i r radia ted  organism 
in vivo or  the creat ion of a sublayer  on the whole a rea  of the bottom of the flask in vitro) together with s t romal  
s tem cells not responding to interrogation,  so that their  number  cor responds  to the degree of injury and it dif- 
fers  in different ch imeras .  

After  repeated t rans fe r  of foci produced both by normal  bone mar row and by mar row obtained from 
standard or  passage ch imeras  to re i r rad ia ted  recipients ,  the size of the daughter foci of ectopie hematopoiesis  
was not reduced (Fig. 2). Hence it follows that, although the number of p r e c u r s o r s  t ransfe r r ing  the mic roen-  
vi ronment  was reduced in the ch imeras ,  their  high self-maintaining ability, charac te r i s t i c  of s tem cells,  was 
fully p reserved .  

Hematopoiesis  in all groups of ch imeras  was basical ly  the same as regards  both cell content of the femur  
and number  of CFU-C per  femur and per  1 • 10 5 nucleated cells (data not given).  As regards  self-maintenance,  
the hematopoiet ic  stem cells af ter  one passage were indistinguishable f rom normal;  se l f -maintenance of s tem 
ceils of passage ch imeras ,  which had gone through two cycles  of intensive prol iferat ion,  was sharply reduced 
(Fig. 3). These resul ts  are in good agreement  with the observed decrease  in se l f -maintenance of s tem cel ls  
which have gone through at least  two passages  [6].  

The resul ts  provide the f i rs t  experimental  proof  that cooperat ive interact ions between s t romal  and hemat -  
opoie t iccel ls ,  lying at the basis  of the local regulation of hematopoiesis ,  are not one-way in charac te r  in the 
direct ion f rom s t romal  to hematopoiet ic  cells.  In par t icular ,  prol i ferat ion of s tem cells with reduced self-  
maintenance in bone mar row leads to additional secondary  damage to the s t romal  p r e c u r s o r s  of radiation 
ch imeras .  Mechanisms of this sor t  a re  not clear ,  although the resul ts  descr ibed above provide the opportunity 
for their  fur ther  study. 
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