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T R A N S F E R  OF B O N E - M A R R O W  M I C R O E N V I R O N M E N T  
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Colonies consis t ing of clones of b o n e - m a r r o w  s t roma l  f ib rob las t s ,  grown in monolayer  cu l tures  
of mouse  and guinea pig b o n e - m a r r o w  cel ls ,  t r a n s f e r  the hematopoie t ic  mic roenv i ronmen t  on 
re t ransp lan ta t ion  into the animal.  Individual clones s imul taneous ly  fo rm bone t i s sue  and c r e a t e  
a m ic roenv i ronmen t  fo r  all  t h r ee  b ranches  of medul la ry  hematopoies is :  e ry thro id ,  myeloid,  and 
megakaryocy t i c .  

KEY WORDS: bone m a r r o w ,  hematopoie t ic  mic roenv i ronment .  

The w r i t e r s  showed p rev ious ly  [6] that the fo rmat ion  of a new hematopoie t ic  organ at the s i te  of h e t e r o -  
topic t ransplanta t ion  of bone m a r r o w  takes  p lace  as a resu l t  of survival  of s t r oma l  mechanocytes ,  which fo rm 
a t e r r i t o r y  fo r  colonization by hematopoie t ie  cel ls ,  i .e.,  they c r ea t e  a hematopoie t ic  mic roenv i ronment .  
S t romal  mechanocy tes  a r e  local ,  and no t  repopulat ing cells:  In the hematopoie t ic  t i s sue  of r a d i o c h i m e r a s  they 
p r e s e r v e  the i r  rec ip ien t  origin,  whe rea s  in he tero topic  g ra f t s  they r ema in  of donor origin [8]. The h e m a t o -  
poiet ic organs  contain clonogenic s t r o m a l  p r e c u r s o r s ,  which can be detected by the fo rmat ion  of colonies con-  
s is t ing  of clones of f ib roblas t s  in cul tures  [3]. During subcul ture  of these cul tures  diploid s t r a ins  of f i b ro -  
b las t s  a r i s e  and, if r e t r ansp lan ted  into the an imal ,  they t r a n s f e r  the hematopoie t ic  mic roenv i ronmen t  [6]. The 
question a r i s e s  whether  individual clones of s t r oma l  mechanoey tes  can t r a n s f e r  the b o n e - m a r r o w  m i c r o e n -  
v i ronmen t  or  whether  coopera t ion  between s e v e r a l  d i f ferent  clonogenic s t roma l  p r e c u r s o r s  is requi red  for  
this purpose .  The invest igat ion desc r ibed  below was c a r r i e d  out to study this p rob lem.  

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  cel l s  f r o m  adult CBA mice  and guinea pigs were  used f o r  cloning b o n e - m a r r o w  mechano-  
cytes  [5, 7]. Mouse bone m a r r o w  was ex t rac ted  f r o m  the f e m o r a  of the kil led donors;  guinea pig bone m a r r o w  
cel l s  w e r e  flushed out of the f e m u r  by means  of a needle through the dis ta l  epiphysis  of the anes thet ized an i -  
mal ,  a f t e r  c o m p r e s s i o n  of the f em ora l  a r t e ry .  Cell suspens ions  were  f i l te red  through four  l aye r s  of nylon 
and explanted into Roux f lasks ,  the bot tom of which was f i r s t  covered  with collagen gel. Guinea pig cel ls  we re  
cul tured in medium No. 199 with 20% bovine s e r u m ,  mouse  cel ls  in F i s h e r ' s  medium with 15% embryonic  
s e rum.  On the t6 th-30th  day colonies of f ib rob las t s  together  with the collagen gel w e r e  cut out and t r a n s -  
planted into animals .  Colonies of mouse  cel ls  w e r e  t ransplanted  into syngeneic  rec ip ien ts  beneath the capsule  
of the kidney; colonies of guinea pig cel ls  w e r e  autograf ted by introducing them in to the diaphysis  of a homol -  
ogous f emur ,  f r eed  f r o m  bone m a r r o w  and i r r ad ia ted  in a dose  of 5000 R, which was then implanted into the 
musc l e  of the a n t e r i o r  abdominal  Wall. In control  exper iments  collagen gel was implanted beneath the capsule  
of the kidney and i r r ad ia ted  cy l inders  of bone without colonies of f ib rob las t s  w e r e  implanted into the abdominal 
musc le .  After  30-90 days the kidneys and the bone cyl inders  we re  fixed in alcohol and formol ,  decalcif ied,  
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Fig. 1. Focus  of bone and hematopoie t ic  t i s sue  at s i t e  
o f  t ransplanta t ion  of colonies of guinea pig b o n e - m a r r o w  
f ib rob las t s .  T i m e  of invest igat ion 50 days.  Object ive 
20 x .  

and embedded in paraf f in  wax; s e r i e s  of sect ions  were  stained with hematoxyl in -eos in  and a z u r e - e o s i n  and the 
Hotchkiss reac t ion  was c a r r i e d  out. 

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

In cu l tu res  of col lagen gel colonies of f ib rob las t s  fo rmed  by the 8th-10th day in the s a m e  way as was 
desc r ibed  p rev ious ly  for  monolayer  cul tures  of bone m a r r o w  cel ls  on g lass  [3, 5-7].  Colonies of guinea pig 
cel ls  w e r e  contaminated with a v e r y  few maerophages  or  they consis ted en t i re ly  of f ib rob las t s ,  whereas  in 
cul tures  of mouse  bone m a r r o w  contaminat ion with maerophages  was considerable .  

The r e su l t s  of t ransplanta t ion  of colonies of b o n e - m a r r o w  f ibroblas t s  we re  essen t ia l ly  as follows. In 
the control  exper imen t s  the cavi t ies  of the i r rad ia ted  bone cyl inders  were  filled with connect ive t i s sue  with 
no evidence of os teogenes i s  or  hematopoies i s ;  the walls  of the cyl inders  we re  thin and contained no os teocytes .  
In the kidneys,  at the s i te  of control  t ransplanta t ion  v e r y  sl ight thickening of the capsule  was p re sen t  or  no 
changes were  obse rved  whatsoever .  The s a m e  resu l t s ,  indist inguishable f rom the control ,  we re  obtained at 
the s i te  of t ransplanta t ion  of about 80% of the f ib rob las t  colonies.  Otherwise  t ransplanta t ion  of the colonies 
led to the development  of bone t i s sue  alone o r  bone and hematopoie t ic  t i ssue.  

The mos t  in teres t ing  d i scover i e s  we re  bony loci  with a medul la ry  cavi ty  filled with bone mar row.  These  
loci  inside the bone cyl inders  we re  round in shape and had a capsule  composed  of bone t i s sue  with os teocytes  
and a wel l -developed l a y e r  of os teoblas ts .  The medu l l a ry  cavi ty  contained re t i cu la r  t i s sue  with myeloid  and 
ery thro id  cel ls  (Fig. 1). In the kidney the bony capsule  covered  a medu l l a ry  cavi ty  only on i ts  ou te r  su r face .  
I-Iematopoietic cel ls  (about 4 �9 105 p e r  graft)  consis ted  of myeloid  or  e ry thro id  cel ls  and megakaryocy tes  (Figs. 
2 and 3). At the s i te  of t ransplanta t ion  of some of the colonies beneath the kidney capsu le ,bone  t i s sue  with no 
t r ace  of hematopo ies i s  was found. Some of these  foci consis ted  of compac t  bone t i s sue  with os teocytes  and an 
incomplete  l a y e r  of os teoblas ts ;  in o ther  c a se s  the newly fo rmed  bone t i s sue  was a l r eady  dead at the moment  
of fixation, i .e. ,  it contained no os teocytes  and no l a y e r  of os teoblas ts .  

The fo rma t ion  of a new hematopoie t ic  organ a f t e r  t ransplanta t ion  of bone m a r r o w  was de te rmined  by 
surviva l  of the s t r om a l  and not of the hematopoie t ic  cel ls  or  maerophages .  This  is c l e a r  f r o m  the resu l t s  of 
t ransplanta t ion  of bone m a r r o w  of r a d i o c h i m e r a s  into animals  of the donor ' s  and r ec ip i en t ' s  s t r a in  [4] and 
t ransplanta t ion  of bone m a r r o w  f r o m  heterotopic  graf t s  [2]. All s t r oma l  mechanocytes  and the i r  p r e c u r s o r s  
p r e s e r v e  the i r  donor ' s  or ig in  in heterotopie  graf t s  [8]. F o r  that reason ,  the fo rmat ion  of hematopoiet ic  t i s sue  
on t ransplanta t ion  of s t r om a l  cel ls  can s e rve  as a t e s t  of the i r  abil i ty to t r a n s f e r  the hematopoie t ic  m i c r o e n -  
v i ronment ,  and that  contaminat ion of colonies of s t roma l  mechanocytes  with macrophages  does not p revent  the 
s t roma l  colonies f r o m  being r ega rded  as c a r r i e r s  of the mic roenv i ronment .  Evidence that  the cel ls  forming 
colonies in monolayer  cu l tures  of bone m a r r o w  a re  indeed meehanocytes  was given by the i r  morphologica l  
f ea tu res ,  by the synthes is  of col lagen by these  cel ls ,  and by the p r e s e n c e  of su r face  r e c e p t o r s  and antigens 
specif ic  for  f ib rob las t s  but not fo r  hematopoie t ic  cel ls  or  macrophages  on them [1]. The clonal na ture  of the 
colonies was demons t r a t ed  by c h r o m o s o m a l  m a r k e r s ,  by int ravi ta l  motion p ic ture  f i l m i n g a n d b y ~ H ] - t h y m i d i n e  
labeling [1, 3]. The resu l t s  conf i rmed the osteogenie powers  of s t r oma l  mechanocytes  grown in cul ture  [3] and 
a lso  showed that  the hematopoie t ie  mic roenv i ronmen t  can be t r a n s f e r r e d  by the i r  t ransplanta t ion.  

1634 



Fig. 2 Fig. 3 

Fig. 2. Focus of bone tissue with bone marrow at site of transplantation of colony of mouse 
bone-marrow fibroblasts. Time of investigation 90 days. Objective 20 • 

Fig. 3. The same section, objective 40 x. 

The main result  of the investigation was to establish the fact that individual clones of stromal cells and, 
consequently, individual bone-marrow stromal p recursors  can create a hematopoietic microenvironment for  
all three branches of hematopoiesis at the same time: erythroid, myeloid, and megakaryocytic. It is too early 
as yet to judge the order of precedence of the clonogenic cells forming nonself-supporting (dying in the grafts) 
bone tissue and cells forming bone capable of supporting itself for a long time and, at the same time, t rans-  
ferr ing the mieroenvironment for hematopoiesis. Nor is it known to what degree the processes taking place 
during development of clones influence their ability to t ransfer  the microenvironment during subsequent t rans-  
plantation. For  all these reasons i t  is impossible as yet to assess what proportion of all clonogenic s tromal 
cells can t ransfer  the cellular mieroenvironment, but the possibility cannot be ruled out that it is in fact low, 
and that there are  only a few stromal ceils with the propert ies of stem cells. 
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